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EXECUTIVE SUMMARY  

Risks assessments serve as the link between the Remedial Investigation and the Feasibility Study, since 
they provide quantitative information on the nature and magnitude of potential risks, which in turn form 
the basis for remedial goals for site media.  The objective of the baseline human health and ecological risk 
assessment (HERA) is to characterize potential human health and ecological risks under baseline 
conditions (i.e., assuming no additional remediation is performed), and to help evaluate whether or not 
remedial response actions are warranted. 

The Sutton Brook Disposal Area Superfund Site (Site) is located in Tewksbury, Massachusetts and is 
comprised of an inactive landfill primarily surrounded by open space, farming operations, a composting 
operation, and residential dwellings. Sutton Brook flows east to west through the Site, dividing the 
landfill into Northern and Southern lobes. Soil, groundwater, sediment, surface water, landfill gas and 
ambient air data have been collected at the Site as part of various site assessment activities conducted 
between 1989 and 2006. Sampling events and site data are described in sections of the previously 
submitted RI Report (February 2007). For the most part, the risk assessment considered the data set 
established for the RI, which excluded some historical data provided without laboratory reports, screening 
data, and data rejected via data validation methods.  

Activities associated with the RI, risk assessment, and FS were developed and implemented with the 
presumption that the existing waste material in the two landfill lobes will be closed in-place using current 
landfill capping technology. Additional soil characterization sampling within the landfill lobes for risk 
characterization was not performed; samples for physical characteristics of the cover material and from 
adjacent groundwater, surface water, and sediments were collected and included in the RI and risk 
characterizations. The conclusions of the risk characterizations are thus predicated on this presumption 
with regard to the landfill lobes. 

Each of the risk assessments completed for the Site is discussed in more detail below. 

HUMAN HEALTH RISK ASSESSMENT 

The Baseline Human Health Risk Assessment (HHRA) is presented in Section 3 of this report. The 
purpose of the HHRA is to understand the potential health risks associated with chemicals at/or migrating 
from the Site in order to evaluate the need for remedial actions. 

The HHRA consists of four components: 

•	 Hazard Identification, which describes the data used in the risk assessment, including reference 
data, evaluates the data with respect to its usability, and presents the selection of the Chemicals 
of Potential Concern (COPC); 

•	 Exposure Assessment, which presents a detailed description of the Conceptual Site Model, 
including relevant receptors, exposure pathways and exposure scenarios; 

•	 Dose-Response Assessment, in which toxicity information for the COPCs is identified; and 

•	 Risk Characterization, in which cancer risk estimates and non-cancer hazard indices are 
quantified for each identified receptor and, as applicable, concentrations of COPCs are 
compared to applicable standards.  

In addition, an Uncertainty Analysis is conducted as part of the HHRA. The Uncertainty Analysis 
identifies and, where possible, quantifies the uncertainties and biases associated with the risk assessment. 
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Due to different property uses, activities, ownership, and/or nature and extent of contamination, the Site 
was divided into the following seven Groups (areas): 

• Groups 1 and 2 – former Northern and Southern Landfill lobes, respectively 

• Group 3 - Former Drum Disposal Area and Adjacent Disturbed Area 

• Group 4 - Former Residence, Garage and Storage Area 

• Group 5 - Sutton Brook and Associated Tributary and Wetland Areas 

• Group 6 - Area South of Southern Lobe, and 

• Group 7 - Reference Locations 

The following scenarios were evaluated in the human health risk assessment: 

1. Current/Future Trespasser/Recreational User 

2. Hypothetical Future Site Resident 

3. Hypothetical Future Site Facility Worker 

4. Hypothetical Future Site Construction Worker 

In keeping with USEPA guidance, both the central tendency (CT) and “Reasonable Maximum Exposure” 
(RME) were evaluated for each of these receptor groups. The intent of evaluating a more typical (CT) as 
well as an upper bound (RME) intensity exposure is to better understand the range of these potential 
exposures and associated risks across the relevant population. Based on the types of activities and 
specific routes of exposure to various site media (i.e., soil, groundwater, sediment, surface water and/or 
air), these receptors were assumed to be exposed to COPCs in some or all of the site Groups described 
above.  

Cumulative risk estimates for each receptor, for all relevant exposure pathways, were compared to 
USEPA risk limits.  Specifically, the cumulative non-cancer risks, expressed as Hazard Indices (HI), were 
compared to the non-cancer target HI of 1 (one). Cumulative incremental lifetime cancer risks (ILCR) 
were compared to the USEPA cancer risk range of 10-6 to 10-4. Risks quantified under both central 
tendency (CT) and reasonable maximum exposure (RME) scenarios were evaluated, primary risk drivers 
identified, and site-related risks discussed relative to risks attributable to reference sources. 

In summary, the site-related human health risk estimates that were most significantly above the USEPA 
target risks or risk ranges were associated with exposure to groundwater, primarily through its assumed 
potable use in the future and through vapor intrusion into a future on-site building. The chemicals 
contributing most significantly to these groundwater risks included arsenic, phenols, aromatic VOCs, and 
tetrahydrofuran in Groups 1&2 groundwater, and arsenic, acrylonitrile, xylenes, ketones and phenolic 
compounds in Groups 3-6 groundwater. Exposure to upland soils in Group 3 generally resulted in risks 
below or within the target risk range, whereas residential exposures to upland soils in Group 4 were 
associated with risks above the risk range, primarily associated with exposure to carcinogenic PAHs (e.g., 
benzo(a)pyrene). Exposures to wetland soils and/or surface water in Groups 5&6 by 
trespassers/recreational users and/or future site residents were not associated with risks above the 
applicable risk limit or range; however, the cumulative non-cancer risks from arsenic in Group 5/6 
sediments for trespassers/recreational users and/or hypothetical future site residents were above the target 
risk limit. 
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A further summary of the potential risk to each receptor is provided on the following tables.  Three 
cumulative risks are presented in these risk tables: total risk, reference-related risk and site-related risk. 
The ‘total’ risk reflects risk posed by both site-related COPCs and COPCs that are attributed to reference 
(i.e., not site-related) conditions. The risk summaries below also show the primary risk “drivers” at each 
exposure point (in all cases, these include chemicals with concentrations resulting in a cumulative 
noncancer hazard index >1 or a cumulative ILCR > 1 x 10-6). 

Current and Future Youth Trespasser or Recreational User 

It was assumed that a current youth (ages 8-18 years) trespasser or recreational user may encounter 
COPCs in upland soils in Groups 3 or 4, ambient air across the Site, and wetland soil, sediment and 
surface water in the Groups 5 and 6 (wetland) areas of the Site.  The only difference between the Group 3 
versus Group 4 trespasser risks is the exposure to upland soils in Group 3 or Group 4.  

Current/future youth trespasser/recreational user, Group 3 

Central Tendency Exposure Reasonable Maximum 
Exposure Exposure Point 

HI ILCR HI ILCR 

Group 3 (0-10’ bgs) 

Total Risk 4 x 10-1 3 x 10-5 6 x 10-1 4 x 10-5 

Reference-related risk 3 x 10-1 2 x 10-5 5 x 10-1 3 x 10-5 

Site-related risk 8 x 10-2 6 x 10-6 1 x 10-1 9 x 10-6 

Group 3 Primary Risk 
Drivers: None Benzo(a)pyrene; 

Arsenic None 
Benzo(a)pyrene; 

arsenic; 
phthalates 

Current youth trespasser/recreational user, Group 4 

Reasonable Maximum Central Tendency Exposure Exposure 

HI ILCR HI ILCR 

Exposure Point 

Group 4 (0-1’ bgs) 

4 x 10-1 3 x 10-5 5 x 10-1 4 x 10-5 
Total Risk 

Reference-related risk 3 x 10-1 2 x 10-5 5 x 10-1 3 x 10-5 

Site-related risk 5 x 10-2 3 x 10-6 7 x 10-2 4 x 10-6 

Group 4 Primary Risk Benzo(a)pyrene; Benzo(a)pyrene; None None Drivers: arsenic arsenic 
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The future youth trespasser/recreational user scenario is identical to that of the current trespasser scenario, 
with the exception that this receptor is assumed to be exposed to both surface and subsurface upland soil 
(0-10’bgs) in Group 4. Cumulative risks for the Group 4 future youth trespasser/recreational user 
scenario are presented below. 

Future youth trespasser/recreational user, Group 4 

Central Tendency Exposure Reasonable Maximum Exposure Exposure Point 

HI ILCR HI ILCR 

Group 4 (0-10’ bgs) 

Total Risk 
4 x 10-1 7  x 10-5 6  x 10-1 1 x 10-4 

Reference-related risk 3 x 10-1 3 x 10-5 5  x 10-1 4  x 10-5 

Site-related risk 6 x 10-2 4 x 10-5 8  x 10-2 6  x 10-5 

Group 4 Primary Risk 
Drivers: None PAHs; arsenic None PAHs; arsenic 

In summary, neither the Group 3 or Group 4 current Trespasser/Recreational user scenarios had non-
cancer risks above the cumulative limit of 1 or cancer risks above the upper end of the USEPA risk range 
(i.e., greater than 1 x 10-4) . 

Future Area or Site Resident 

Under current conditions, local neighborhood residents are anticipated to have an exposure potential 
similar to that of the trespasser/recreational user. Media evaluated included ambient air, wetland soil, 
sediment and surface water. As required by USEPA guidance for baseline HHRAs, we also assumed that 
Groups 3 and 4 may be redeveloped as residences in the future, and that site groundwater (Groups 3-6) 
may be used as a potable water source. 

Thus, in addition to impacted wetland media, future residents may be exposed to COPCs in upland soil, 
indoor air and drinking water. The table below summarizes the cumulative cancer and noncancer risks 
for a resident in Group 3 and Group 4. Note that risks for both Group 3 and Group 4 scenarios include 
risks for exposure to all wetland media (surface water, wetland soil and sediment), ambient air, and 
potable water from Groups 3-6. 
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Future Resident, Groups 3 & 4 

Central Tendency Exposure Reasonable Maximum Exposure Exposure 
Point/Receptor HI ILCR HI ILCR 

Group 3 

Total Risk 1 x 103 2 x 10-2 2 x 103 9 x 10-2 

Reference-related 
risk 

6 x 101 6 x 10-5 1 x 102 1 x 10-4 

Site-related risk 9 x 102 2 x 10-2 2 x 103 9 x 10-2 

Primary Risk 
Drivers: 

Tetrahydrofuran; 
methylphenols; 

acrylonitrile; toluene; 
phthalates; xylenes; 

metals 

chlorinated VOCs; 
phthalates; arsenic; 

PAHs 

Tetrahydrofuran; 
methylphenols; 

acrylonitrile, 
toluene, 2
butanone, 

xylenes, metals 

bis-2-ethylhexyl 
phthalate 

chlorinated VOCs; 
arsenic 

Group 4 

Total Risk 9 x 102 2 x 10-2 2 x 103 9 x 10-2 

Reference-related 
risk 

6 x 101 1 x 10-4 1 x 102 2 x 10-4 

Site-related risk 
9 x 102 2 x 10-2 2 x 103 9 x 10-2 

Primary Risk 
Drivers: 

Tetrahydrofuran; 
methylphenols; 

acrylonitrile, 
toluene, xylenes, 

metals 

bis-2-ethylhexyl 
phthalate; chlorinated 

VOCs; PAHs; 
acrylonitrile arsenic 

Tetrahydrofuran; 
methylphenols; 

acrylonitrile, 
toluene, 

ethylbenzene, 
xylenes, metals 

chlorinated 
VOCs; benzene, 
bis-2-ethylhexyl 

phthalate, PAHs, 
arsenic 

As indicated in this table, both cancer risks and non cancer HIs are well above EPA risk limits for both 
Group 3 and Group 4. Risks are primarily attributed to use of groundwater as a potable water supply. A 
variety of both chlorinated and non-chlorinated VOCs (including primarily vinyl chloride and xylenes, 
respectively) and metals (including arsenic, manganese, and beryllium) contribute to the majority of 
cancer and noncancer risks. 

Childhood residential lead exposures for the RME scenario were evaluated separately for Groups 3 and 4 
of the Site using the EPA Integrated Exposure Uptake Biokinetic (IEUBK) model for lead. Model results 
indicate estimated probabilities well below the EPA probability limit indicating that lead in soil does not 
pose a significant risk to future residents. 

A separate quantitative evaluation of future residential health risks associated with potable use of 
groundwater in Groups 1 and 2 was also conducted. As shown in the table below, noncancer hazard 
indices and ILCRs for both CT and RME scenarios exceed EPA risk limits. As with Groups 3-6 
groundwater, risks are driven primarily by VOCs and metals, as well as SVOCs. 
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Future Resident, Groups 1 & 2 

Reasonable Maximum Central Tendency Exposure Exposure 
HI ILCR HI ILCR 

Exposure Point/Receptor 

Group 1 and 2 

5 x 102 2 x 10-2 9 x 102 5 x 10-2 
Total Risk 

4 x 101 -- 7 x 101 --Reference-related risk 

5 x 102 2 x 10-2 9 x 102 5 x 10-2 
Site-related risk 

metals, metals, 
methylphenols, Chlorinated methylphenols, Chlorinated 

Primary Risk Drivers: toluene, VOCs, toluene, VOCs, 
naphthalene, arsenic naphthalene, arsenic 

tetrahydrofuran tetrahydrofuran 
Note: risk estimates are presented to one significant figure. Due to rounding, risks do not always 
appear to sum correctly. 

In addition to the quantitative risks presented above, groundwater EPCs (maximum detected 
concentrations) were compared to Federal Drinking Water Standards (MCLs).  Numerous constituents 
had EPCs in excess of these standards.  

Future Commercial or Industrial Facility Worker 
It was assumed that Group 3 and 4 of the Site may be developed for commercial or industrial purposes 
under future conditions, and that, consequently, future facility workers may be exposed to COPCs in soil 
within each group and to indoor air, should VOCs in groundwater migrate into a future building. 
Furthermore, in keeping with USEPA guidance, it was assumed that groundwater from Groups 3-6 could 
be used as a potable water source for a future facility.  Cumulative risks for each exposure point are 
presented below. 

Future Facility Worker 

Reasonable Maximum Central Tendency Exposure Exposure 
HI ILCR HI ILCR 

Exposure Point/Receptor 

Group 3 

1 x 102 2 x 10-3 2 x 102 2 x 10-2 
Total Risk 

7 x 100 3 x 10-7 9 x 100 2x 10-6 
Reference-related risk 

9x 101 2 x 10-3 2 x 102 2 x 10-2 
Site-related risk 
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Reasonable Maximum Central Tendency Exposure Exposure Point/Receptor Exposure 
HI ILCR HI ILCR 

Group 4 

Total Risk 9x 101 2 x 10-3 2 x 102 2 x 10-2 

Reference-related risk 7x 100 3 x 10-6 1 x 101 1 x 10-5 

Site-related risk 8 x 101 2 x 10-3 2 x 102 2 x 10-2 

Acrylonitrile, 4- Arsenic, Acrylonitrile, Arsenic, 

Primary Risk Drivers: methyl-2-
pentanone,toluene, 

acrylonitrile, 
chlorinated 

toluene, 
xylenes, 

acrylonitrile, 
chlorinated 

xylenes, arsenic, VOCs; PAHs arsenic VOCs; PAHs 
Note: risk estimates are presented to one significant figure. Due to rounding, risks do not always 
appear to sum correctly. 

As indicated above, cumulative hazard indices for both areas of the Site and for both CT and RME 
scenarios are over the EPA threshold of one.  Cancer risks for the RME scenarios are above the upper 
limit of the EPA cancer risk range of 1 x 10-4. Noncancer risks are primarily associated with ingestion of 
and dermal contact with VOCs, SVOCs and metals in drinking water; to a lesser extent, volatile COPCs 
(notably xylenes) in indoor air contribute to non-cancer risks.  Risks from soil exposures are substantially 
lower than those from groundwater exposures.  Cancer risks are driven primarily by chlorinated VOCs 
and arsenic in drinking water and acrylonitrile in both indoor air and drinking water.  Primary non-cancer 
risk drivers in drinking water include heavy metals (arsenic), 4-methyl-2-pentanone, 2-butanone and 
toluene. Although some of the heavy metals (antimony, beryllium, zinc and silver) present in 
groundwater are at levels consistent with reference concentrations, site-related risks, exclusive of 
reference-related risks, exceed EPA risk limits.  For lead exposures, model results indicate estimated 
probabilities well below the EPA probability limit indicating that lead in soil does not pose a significant 
risk to future facility workers. 

Future Construction Worker 

During future site redevelopment, construction workers may be exposed to COPCs in soil and shallow 
groundwater within Groups 3 and 4.  Additionally, as VOCs are present in shallow groundwater within 
each of these areas, it was assumed that construction workers may inhale volatiles that have emanated 
from standing water or saturated soils in an excavation trench.  Cumulative risk estimates for the 
construction worker scenario are provided in the table below. 
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Future Construction Worker 
Central Tendency Exposure Reasonable Maximum Exposure 

Exposure Point/Receptor 
HI ILCR HI ILCR 

Group 3 

Total Risk 
8 x 10-1 9 x 10-7 2 x 100 2 x 10-6 

Reference-related risk 
1 x 10-1 8 x 10-8 1 x 10-1 2 x 10-7 

Site-related risk 
7 x 10-1 9 x 10-7 1 x 100 2 x 10-6 

Primary Risk Drivers: Toluene, 
xylenes 

Tetrachloroethene, 
bis-2-ethyl hexyl 

phthalate 

Toluene, 
xylenes, bis-2-

ethylhexyl 
phthalate 

Tetrachloroethene, 
benzo(a)pyrene, 
bis-2-ethyl hexyl 

phthalate 

Group 4 

Total Risk 
6 x 10-2 4 x 10-6 1 x 10-1 8 x 10-6 

Reference-related risk 
3 x 10-2 5 x 10-7 6 x 10-2 1 x 10-6 

Site-related risk 
3 x 10-2 3 x 10-6 6 x 10-2 7 x 10-6 

Primary Risk Drivers: None PAHs None PAHs 
Note: risk estimates are presented to one significant figure. Due to rounding, risks do not always 
appear to sum correctly. 

As indicated in the table above, cumulative noncancer risks for a construction worker in the former drum 
disposal area (Group 3) do not exceed EPA risk limits for the RME scenario.  Cancer risks are also below 
the EPA upper-bound ILCR limit of 1 x 10-4, and are driven by PCE and bis-2-ethylhexyl phthalate 
(BEHP) and, to a lesser extent, benzo(a)pyrene and arsenic in soil.  Cumulative cancer risks, however, are 
within the EPA risk limits. 

For construction workers exposed to media in the former residence, garage, and storage area (Group 4), 
both cumulative cancer and noncancer risks were within or below EPA acceptable risk limits. 
Benzo(a)pyrene and other PAHs in Group 4 soils contribute most to cumulative cancer risk. 

For lead exposures, model results indicate estimated probabilities well below the EPA probability limit 
indicating that lead in soil does not pose a significant risk to future construction workers. 

ECOLOGICAL RISK ASSESSMENT  
Section 4 presents the methods and results of a Baseline Ecological Risk Assessment (BERA).  The first 
component of the BERA, the Screening-Level Ecological Risk Assessment (SLERA) was prepared and 
submitted to the EPA in 2006.  The SLERA evaluated five distinct habitat areas through the use of 
generic benchmarks and toxicity values.  The SLERA was completed in accord with EPA, 1997 
Ecological Risk Assessment for Superfund, and had as the primary objective the identification of exposure 
pathways and compounds that present a potential risk of adverse effects to ecological receptors.  In accord 
with EPA guidance, the evaluation compared maximum concentrations of identified COPCs to generic 
no-effect or threshold-effect benchmarks to identify compounds that have a potential for adverse effect. 
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The results of the SLERA identified compounds exceeding benchmarks in each of the five habitat areas, 
indicating that further evaluation of these COPCs was warranted.   

The BERA consists of the further evaluation of the pathways and COPCs identified in the SLERA.  The 
conservative assumptions used in the SLERA were reviewed and, where appropriate, replaced by site-
specific values to obtain a more accurate understanding of the ecological risks at the site.  In addition, the 
results of additional sampling and site-specific toxicity tests are included to more accurately assess the 
potential for exposure and effect in selected portions of the Site.  The goal of this assessment is to identify 
COPCs that present a potential risk to ecological receptors, and, for each of these COPCs, to describe the 
upper bounds of the threshold of effects.  

In the BERA, concentrations of COPCs in surface water, sediment and soils were used to estimate the 
potential for effects on aquatic and semi-aquatic receptors, waterfowl, and terrestrial wildlife at the Site. 
Potential risks to aquatic and semi-aquatic receptors were evaluated by a comparison of media 
concentrations to ecological benchmarks, while risks to waterfowl and wildlife were evaluated by the 
estimation of an exposure dose and comparison to established Toxicity Reference Values (TRVs). Risks 
were evaluated separately for the following Habitat Areas and assessment endpoints at the Site:    

•	 Upper Sutton Brook - consists of an Eastern Reach, extending from the access road to the 
bridge/crossing; the Southern Tributary, which enters Sutton Brook from the south; and the 
Site Channel, which extends from the bridge/crossing downstream to and including sample 
location SD/SW-34. 
-	 Assessment endpoints:  benthic and pelagic macroinvertebrates and fish 

•	 Aquatic Wetlands - consists primarily of emergent, shrub-scrub and forested wetlands that 
exist at various locations at the Site. 
-	 Assessment endpoints: benthic and pelagic macroinvertebrates, amphibian, wildlife 

herbivore (black duck), omnivores (mallard), and carnivores (heron) 
•	 Pond - shallow man-made pond south of the Southern Lobe. 

-	 Assessment endpoints: benthic and pelagic macroinvertebrates, amphibian, and in 
conjunction with the Aquatic Wetland, wildlife herbivore, omnivores, and carnivores 

•	 Wetland Soils - consists of saturated, but not inundated, soils that exist adjacent to the 
Aquatic Wetland areas. 
-	 Assessment endpoints:  terrestrial plants and soil invertebrates, wildlife herbivores 

(rabbit) and carnivores (shrew) 
•	 Uplands - consists of open packed dirt and fields on the northern portion of the Site (e.g., 

Former Drum Disposal Area, former residence and garage). 
-	 Assessment endpoints:  terrestrial plants and soil invertebrates, wildlife herbivores 

(meadow vole) and carnivores (robin) 

A review of rare, threatened and endangered species databases and information sources indicated that the 
New Jersey Tea Inchworm (Apodrepanulatrix liberaria) (an Endangered moth) and frosted elfin 
(Callophrys irus) (a Special Concern butterfly) have been documented in the vicinity of the site.  The 
search also indicated that the project area is located within a priority habitat, Priority Habitat 380 (PH 
X380). Both of these species are upland species that are dependent on one or two specific host plants for 
reproduction and/or feeding, a characteristic that limits the suitability of many apparently appropriate 
habitats. Based on an assessment conducted as part of this BERA, neither of these species is considered 
likely to occur at the Site because of the lack of available populations of critical host plants; however, an 
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evaluation of the potential effects of contaminants on these species was considered in the BERA. 

Risks in the Upper Sutton Brook Site Channel and the Former Drum Disposal Area portion of the Upland 
Soils habitat were not evaluated in the BERA.  The potential for risk in these areas was based on the 
conclusions of the SLERA. 

Risk calculations are represented by the use of Hazard Quotients (HQs), which quantifies the comparison 
between the exposure experienced by a receptor to the exposures associated with toxicological effects 
(published in the literature). For receptors other than wildlife, the exposure concentration is the 
concentration of COPC detected at each location in surface water or sediment.  The waterfowl or wildlife 
receptors were evaluated based on average, 95% UCL, and maximum contaminant concentrations, to 
allow for three levels of conservatism in risk estimates.  An exception is the shrew, which, because of a 
small home range, was evaluated by use of maximum values.  

Measured or estimated exposures are refined and compared to concentrations associated with the lowest 
or probable level of effect.  These values, categorically referred to in this document as lowest observed 
adverse effect (LOAEL)-based benchmarks or TRVs, are used as a representative of an upper bound of 
the potential for effect.  These values typically consisted of generic probable effect level benchmarks or 
the lowest of the range of applicable effects values identified in the scientific literature.   

Risk was evaluated by several methods.  First, for each compound, the number, magnitude, and location 
of no-observed-adverse-effect level (NOAEL)-based HQs >1.0 were evaluated.  Because of the 
conservatism of NOAEL-based benchmarks, small and infrequent exceedances are typically not 
associated with a likelihood of adverse effect.  Compounds exceeding NOAEL-based benchmarks by a 
large number or in more than three samples were compared to LOAEL-based benchmarks.  The resulting 
LOAEL-based HQs were evaluated in conjunction with the number and location of LOAEL exceedances 
and the scientific representativeness of the LOAEL value itself.  These considerations were combined to 
arrive at an assessment of potential risk. As an additional measure, a comparison of detected 
concentrations of inorganics to reference concentrations was conducted in some instances.   

Based on the results of the BERA, potential risks were identified as follows:   

Upper Sutton Brook: 

Reach:   Eastern Reach 
Media: Surface water 
Assessment Endpoints: Fish and pelagic invertebrates  
COPCs: Iron (exceedance of chronic WQC) 

Reach:   Site Channel 
Media: Surface water 
Assessment Endpoints: Fish and Pelagic invertebrates  
COPCs: DDT, ethylbenzene, toluene, xylenes, barium, and manganese (from 

NOAEL exceedances in SLERA) 

Reach:   Site Channel 
Media:   Sediment 
Assessment Endpoints: Benthic invertebrates  
COPCs: 1,2,4-trimethylbenzene, 1,3,5-trimethylbenzene, 2-methylphenol, 3-

methylphenol/4-methylphenol, 4-methyl-2-pentanone, acetone, carbon 
disulfide, chloroethane, ethylbenzene, xylenes, toluene, arsenic, and 
manganese (from NOAEL exceedances in SLERA) 
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Aquatic Wetland 

Media: Surface water 
Assessment Endpoint: Aquatic life 
COPCs: Iron (exceedance of chronic WQC) 

Media: Surface Water 
Assessment Endpoint: Amphibians 
COPCs:  Aluminum 

Former Drum Disposal Area Soils (from SLERA):

 Assessment Endpoint: Plants 
COPCs: Bis(2-Ethylhexyl)phthalate, ethylbenzene, naphthalene, xylenes  

Assessment Endpoint:  Soil invertebrates 
COPCs: 1,2,4-Trimethylbenzene, 1,3,5-Trimethylbenzene, ethylbenzene, toluene, 

xylenes  

Assessment Endpoint: Carnivores (robin) 
COPCs: 1,2,4-Trimethylbenzene, bis(2-ethylhexyl)phthalate, di-n-octylphthalate, 

xylenes  

Upland Soils (excluding Former Drum Disposal Area): 

Assessment Endpoint: Soil Invertebrates 
COPCs: Zinc 

Assessment Endpoint: Carnivores 
COPCs: di-n-octylphthalate and lead 
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1. INTRODUCTION 

The Sutton Brook Potentially Responsible Party (PRP) Group (the Group) has entered into an 
Administrative Order by Consent (the Order) with the U.S. Environmental Protection Agency (EPA) to 
perform a Remedial Investigation (RI) and Feasibility Study (FS) at the Sutton Brook Disposal Area 
Superfund Site (the Site) (U.S. EPA Region 1 Docket No. CERCLA-01-2004-0002).  The Sutton Brook 
Disposal Area, also referred to as Rocco’s Landfill, is located off South Street on the eastern boundary of 
the Town of Tewksbury, Middlesex County, Massachusetts.  A small portion of the Site also extends into 
the Town of Wilmington.  The general location of the Site is presented as Figure 1-1.   

Consistent with the Order, a Draft RI/FS Workplan was prepared and submitted to EPA and the 
Massachusetts Department of Environmental Protection (MassDEP) on June 23, 2004.  On July 21, 2004, 
EPA approved, with conditions, the Draft Workplan.  During July and August, comments were reviewed 
and addressed and a Revised RI/FS Workplan was prepared and submitted to EPA and MassDEP on 
September 10, 2004.   

As indicated in the Workplan, activities associated with the RI, risk assessment, and FS were developed 
and implemented with the presumption that the existing waste material in the two landfill lobes will be 
closed in-place using current landfill capping technology.  This allowed the RI/FS to focus on areas of 
potential impact outside of the landfill footprint.  Additional soil characterization sampling within the 
landfill lobes for risk characterization was not performed; samples for physical characteristics of the cover 
material and from adjacent groundwater, surface water, and sediments were collected and included in the 
RI and risk characterizations.  The conclusions of the risk characterizations are thus predicated on this 
presumption with regard to the landfill lobes. 

Field activities associated with the RI (Phase 1A) were initiated in September 2004.  Consistent with the 
Order and schedule of deliverables, following the Phase 1A RI activities, a Draft Phase 1A RI Deliverable 
was prepared and submitted to EPA and the MassDEP on March 4, 2005.  The Phase 1A RI Deliverable 
was comprised of: an updated Conceptual Site Model; the First Interim Deliverable for the Risk 
Assessment; a proposed scope for the Phase 1B RI Field Investigation; a Pre-Record of Decision (ROD) 
Monitoring and Sampling Plan; and an updated RI/FS Schedule.  

On August 18, 2005, EPA provided formal comments on the Phase 1A RI Deliverable.  On September 16, 
2005, a revised Phase 1B RI Workplan was submitted to EPA and field activities associated with the 
Phase 1B RI were initiated.  A response to comments submittal on the Phase 1A RI Deliverable was 
prepared and submitted to EPA on September 22, 2005.  Additional comments on the Phase 1A RI 
Deliverable, predominantly on the risk assessment, were provided by EPA on January 13, 2006. 

The data collected during the Phase 1A and 1B RI was used to develop a Draft Screening Level 
Ecological Risk Assessment (SLERA), which was submitted to EPA and MassDEP on May 4, 2006, and 
a Draft RI Report, including a draft human health risk characterization, which was submitted to EPA and 
MassDEP on April 28, 2006.  EPA provided comments on the Draft RI report on July 3, 2006 and 
responses to these comments were submitted on August 11, 2006 with a comment discussion meeting 
conducted on September 6, 2006.  Responses to issues identified in the September 2006 meeting were 
submitted to EPA on November 13, 2006 with comments to these responses provided by EPA on 
November 29, 2006. 

EPA provided comments on the Draft SLERA on June 6, 2006 and based on responses to comments and 
follow-up comments and discussions, a Preliminary Data Refinement (initial steps in the Baseline 
Ecological Risk Assessment refinement) was submitted on September 19, 2006.  Following review of this 
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interim deliverable by EPA, additional sediment samples were collected in two distinct areas of the site to 
aid in the ecological risk characterization of the Site.  These samples were collected in November 2006. 
The results and evaluation from these sediment samples were submitted to EPA in December 2006 and 
January 2007. 

On March 8, 2007, a draft Baseline Risk Assessment consisting of the human health risk assessment 
(HHRA) and the baseline ecological risk assessment (BERA) was submitted to the EPA and MassDEP. 
This document reflected the comments on the previous interim deliverables and incorporated the results 
of all sampling conducted as part of the RI.  Following submittal of this document, comments and 
discussions on the submittal were conducted with EPA in April and May 2007. 

This document comprises the revised Baseline Risk Assessment prepared for the site and includes the 
HHRA and BERA.  It reflects the comments made by EPA and other reviewers on the previous 
deliverables. 

1.1 RISK ASSESSMENT OBJECTIVES 
Risks assessments serve as the link between the Remedial Investigation and the Feasibility Study, since 
they provide quantitative information on the nature and magnitude of potential risks, which in turn form 
the basis for remedial goals for site media.  Human health and ecological assessments differ in approach 
and methodology but share in general a consistent set of objectives, as follows: 

•	 To identify populations which, through behavior,  proximity, or other life history characteristics, 
are likely to be exposed to site contaminants; 

•	 To identify the type and magnitude of potential risk that populations may experience as the result 
of that exposure.  

The evaluation of risks to human and ecological receptors proceeds through different means, and are 
described in the following sections.   

1.2 REPORT ORGANIZATION 

This report is organized into this introduction and the following sections: 

Section 2 – Summary of Remedial Investigation Results– A summary of the findings of the RI is 
provided in this section.  This provides an overall understanding of the site features and the source, nature 
and distribution of contaminants on the property.  This understanding forms the basis of the exposure 
assumptions in both the human and ecological risk assessments.     

Section 3 – Human Health Risk Assessment - This section presents the methodology and results of the 
human health risk assessment for the site.  Components of the Hazard Identification, Exposure 
Assessment, Risk Characterization, and Uncertainty Assessment are presented and discussed.  A listing of 
applicable references is provided. 

Section 4 – Baseline Ecological Risk Assessment - This section presents the methodology and results of 
the baseline ecological risk assessment for the site.  A Problem Formulation, Analysis, and Risk 
Estimation and Description are presented for each of five different habitat areas at the site.  A listing of 
applicable references is provided.  

Section 5 – HERA Conclusions – A summary of the conclusions is presented for each of the respective 
risk assessments.   
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2. SUMMARY OF REMEDIAL INVESTIGATION RESULTS 

Tewksbury is a semi-rural community located in northeastern Massachusetts, approximately 20 miles 
north of Boston and occupies approximately 20 square miles of land.  For purposes of presentation and 
discussion, the Site has been divided into two major source areas (Landfill Lobes [Northern and Southern 
lobes] and Former Drum Disposal Area).  The solid waste source areas on the Site are referred to as the 
Northern Lobe and Southern Lobe.  These Solid Waste Areas comprise about 40 acres of the Site.  In 
2000, between 300 to 400 buried drums were removed from an area located northwest of the Northern 
Lobe (referred to as the Former Drum Disposal Area). 

Sutton Brook (and associated wetlands) flows east to west through the property, dividing the landfill into 
Northern and Southern lobes.  Additional wetland areas are located south of the landfill and along the 
eastern and western portions of the property.  Potentially sensitive areas and/or human or ecological 
receptors located in the vicinity of the Site include Sutton Brook, mapped medium and high yield 
potentially productive aquifers, freshwater wetlands, areas of protected open space, and approved Zone 2 
water supply areas.  In addition, several private residential wells are located in the neighborhoods in the 
vicinity and the Town of Tewksbury has five inactive public water supply wells located southwest of the 
Site. According to the Town of Tewksbury, all of their former wells on Poplar Street were abandoned in 
place around the mid 1990's.  Tewksbury is relying on the Merrimack River as its (main and) only source 
of drinking water. 

Figure 2-1 depicts the site features and ground surface contours, including the locations of the inactive 
former town wells and those private wells (most inactive) proximate to the site. 

2.1 DATA COLLECTION AND DATA QUALITY ASSESSMENT 

The data collected at the Site and surrounding areas and to be used in the Remedial Investigation and Risk 
Assessment is comprised of both previous site investigations and the recently completed Phase 1A and 
Phase 1B Remedial Investigations.  These data encompass sampling and investigation activities 
performed from 1989 to 2006 (together referred to as the RI).  

The recent RI field activities (i.e., 2004 and 2006) consisted of activities related to the following tasks: 

•	 Site Survey (elevation and location surveys of investigation points) 

•	 Soils and Sources of Contaminants Investigation (soil borings, surficial soil sampling, and test 
pit excavations) 

•	 Subsurface and Hydrogeological Investigation (installing temporary and permanent monitoring 
wells; groundwater sampling; stream piezometer installation; water level measurements; stream 
gauging; in situ hydraulic conductivity testing; and groundwater modeling) 

•	 Air Quality Assessment (landfill gas sampling) 

•	 Surface Water and Sediment Investigation (surface water, wetland soil/sediment, and sediment 
sampling) 

•	 Ecological Assessment (wetland delineation; floodplain delineation; habitat characterization, 
and fish survey of Upper Sutton Brook) 

Samples were analyzed by the off-site laboratory for VOCs, SVOCs, metals, PCBs, pesticides, and 
general chemistry parameters.  A summary of the combined data set developed as part of this RI, which 
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includes previous data deemed “usable” through the data review process and the recently collected data, is 
provided in the table below. 

Table 2-1 Summary of RI Data Collection Locations 

Sample Media 
Total Number of 

Locations - 
Previous 

Investigations  

Total Number of 
Locations - 

Phase 1A RI, 1B RI, 
and pre-ROD  
(2004 – 2006) 

Total Number of 
Locations 

Test Pit Explorations 10 38 48 

Soil Samples (Surface, 
Wetland, and Sub-Surface) 

55 41 96 

Monitoring Wells, including 
Temporary Wells and 
Piezometers 

64 46 110 

Groundwater Sampling 
Events1 

4 8 13 

Landfill Gas 3 8 11 

Sediment 27 45 72 

Surface Water 16 28 44 
Ambient Air 7 0 7 
Leachate 0 2 2 

Notes: 1 Not all monitoring wells were sampled during each sampling event. 

Following analyses, the data’s usability was assessed by reviewing laboratory data for each medium and 
assessing whether it meets the prescribed PQOs developed in the QAPP.  These data have been reviewed 
in terms of their precision, accuracy, representativeness, completeness, and comparability (PARCC).  The 
historic data deemed “usable” (see above) was determined to be generally consistent with QAPP 
requirements and suitable for use in the RI.   

Based on the results of the data quality assessment, the data collected during the RI are considered to be 
‘suitable’ for its intended use in satisfying the RI objectives.  These objectives (or end uses) include 
evaluating the contaminant sources; determining the nature, extent, and distribution of contaminants; and 
assessing the current and future potential risks to human health and the environment.   

2.2 ENVIRONMENTAL SETTING 
The majority of the Site is unpaved and relatively flat, aside from the steeply sloped landfill lobes. 
Outside the landfill lobes, the Site primarily consists of wetlands including several individual wetland 
areas (red maple swamp/floodplain associated with Sutton Brook [greater than 50 acres]; small isolated 
man-made pond [approximately 2 acres]; isolated man-made areas subject to flooding [small forested 
wetland area and a borrow pit]; and an isolated emergent wetland area).  Refer to Figure 2-1 for a 
depiction of these wetland locations. 
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The overburden geology of the area is characterized by glacial features (e.g., outwash and till deposits). 
The site-specific unconsolidated materials underlying these surficial deposits consist primarily of sand 
layers (stratified drift) underlain by a till laid down on top of bedrock.  Depth to rock at the Site ranges 
from 20 to 60 feet below ground surface (ft bgs).  The mapped rock along with the rock cores obtained 
during the RI, indicate that two types of rock were encountered beneath the Site. A granite or 
granodiorite, referred to as the Andover Granite, is classified as a light to medium-gray, foliated, medium 
to coarse grained muscovite-biotite granite.  The other rock type, gneiss, is classified as a thinly bedded to 
massive amphibolite; minor biotite gneiss.  A weathered zone was observed at the top of the rock 
followed by more competent rock with moderate fracturing. 

Unlike the ground surface topography (aside from the landfills), the bedrock surface topography varies 
considerably across the site.  A bedrock outcrop was observed on the western portion of the area adjacent 
to Sutton Brook.  The bedrock surface generally slopes in a southerly to southwesterly direction across 
the site. A valley on the southwestern portion of the site was filled with glacial drift deposits creating a 
higher transmissive water zone (e.g., the Town’s former Poplar Street wellfield).   

The ground surface across the Site consists of landfill lobes or fill areas, wetland soils, or an upper sand 
layer.  The upper sand layer (10 to 45 feet in thickness) is comprised of a brown to gray medium to fine 
sand with a little silt and exists across the entire site.  The units underlying this layer are controlled by the 
depth to bedrock and the presence and thickness of a till layer.  In areas of deeper bedrock, coarser sand 
with some gravel was encountered beneath this upper sand, as seen on the western portion of the Site. 

The main hydrologic feature at the Site is Sutton Brook and associated tributaries and wetlands.  Sutton 
Brook is a medium gradient stream that includes both moderately moving water through established 
banks and slower moving water through much wider and less-established channels.  The stream bed is 
comprised of sand and gravel with some areas of muck and peat.  Sutton Brook originates in an upland 
area north of the Site in Andover and flows southerly, turning westerly to northerly through the Site with 
discharge to the Shawsheen River approximately 2,500 feet northwest of South Street.  As Sutton Brook 
traverses the Site, the character of the brook is affected by the channel width, the channel depth, the 
composition of the soils underlying the brook, and tributaries that contribute to the brook.   

Based on the majority of the water table elevations, surface water elevations, and the stream gauging 
measurements, overall, groundwater was found to be discharging to the brook, whereas the wetlands area 
and smaller tributaries experienced variable elevations suggesting periods of groundwater discharge and 
recharge throughout the season. 

To characterize groundwater flow across the Site, potentiometric surveys were conducted between 
October 2004 and October 2006 during which water level measurements were made at the monitoring 
wells and surface water staff gauges installed at the site at the time of each survey.  Of these events, 
September 2005 and October 2006 represent low water conditions at the Site, while April 2005 and May 
2006 represent high water conditions.  The data collected after December 2005 are the most complete 
potentiometric surveys due to the inclusion of the monitoring wells and well points installed during the 
Phase 1B RI field activities. 

Depth to groundwater at the site ranges from approximately near/at ground surface to 12 feet below 
ground surface. In general, the water table surface (i.e., top of the groundwater surface) mimics the 
natural land surface topography of the area and is influenced by the streams and wetland areas.  To aid in 
understanding regional groundwater flow conditions, a 3-dimensional groundwater flow model 
(MODFLOW) was developed for the area.  Simulated groundwater flow north of the Site is southerly 
towards Sutton Brook or westerly towards the Shawsheen River.  Groundwater to the east flows westerly 
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or southerly towards Sutton Brook and an un-named tributary.  Groundwater to the south flows northerly 
towards Sutton Brook or the Shawsheen River.  Groundwater west of the site flows either northerly 
toward the Shawsheen River or easterly towards Sutton Brook.   

Groundwater flow patterns specific to the Site are similar to regional patterns with the brook acting as the 
main hydrologic feature controlling shallow groundwater flow directions.  During low water conditions, 
the hydraulic gradient decreases; however, groundwater continues to flow southwesterly towards Sutton 
Brook on the northern portion of the Site and northerly towards the brook on the southern portion.  As 
indicated on the potentiometric surface maps, the brook is the main hydrologic feature controlling 
groundwater flow directions regardless of season.  A similar groundwater flow pattern was observed in 
the intermediate overburden groundwater. 

Based on a review of the hydraulic gradients, groundwater flow is in a predominantly horizontal direction 
(horizontal gradients greater than vertical gradients) with an upward flow component, where the brook 
and wetland areas act as discharge zones for site groundwater.  The horizontal hydraulic gradient 
increased slightly under higher groundwater conditions.  The hydraulic gradients observed at the 
upgradient Perkins property and residential neighborhood were steeper than those observed on the 
northwestern and southwestern portions of the Site. The flattest hydraulic gradient, regardless of season, 
was observed in the intermediate overburden aquifer (e.g., course sand) on the northwest portion of the 
Site, in the area of the Former Drum Disposal Area. 

A comparison of the average hydraulic conductivity values for each of the hydrogeologic units indicates 
the estimated hydraulic conductivity generally decreases with depth in the overburden with the exception 
of the deeper coarser sand layer, where encountered.  Estimated groundwater seepage velocities under 
water table conditions ranged from 130 to 400 feet per year and 4 to 14 feet per year in the intermediate 
overburden.  The calculated groundwater velocities represent estimated flow rates between various 
monitoring wells located on the site and specific geologic units, and not the entire aquifer.  In addition, 
the estimated groundwater flow velocities are not necessarily indicative of the rate of contaminant 
transport. 

2.3 NATURE AND EXTENT OF CONTAMINANTS 

For discussion purposes, the nature and extent of contaminants at the Site have been divided into the 
following areas: 

• Landfill Lobes 
• Former Drum Disposal Area and Adjacent Disturbed Area 
• Former Residence, Garage, and Storage Area 
• Sutton Brook and Associated Tributaries and Wetland Areas 
• Area-Wide Groundwater 

A summary of the principal RI findings for each of these areas is presented in the following sections. 

2.3.1 Landfill Lobes 

Of the two landfill lobes, the Northern Lobe is the largest at approximately 30 acres (1.9 million cubic 
yards of material), whereas the Southern Lobe comprises approximately 10 acres (0.3 million cubic yards 
of material).  Small debris/waste piles have also been identified in five distinct areas proximate to the 
landfill lobes. The landfill lobes constitute the primary source areas at the Site. 
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The primary migration pathways for contaminants from the landfill lobes are: 

•	 infiltration/leaching of contaminants with subsequent transport via groundwater flow; 

•	 soil erosion and wind blown transport of contaminants that are exposed at the surface, and 
includes both dust and surface water runoff; and  

•	 volatile air emissions and transport. 

Landfill gases generated from the two lobes ranged from 14 to 70 % methane; 15 to 34% carbon dioxide; 
and 0.7 to 540 ppm total VOCs.  These levels are generally consistent with other New England municipal 
solid waste landfills of this size.  The VOCs detected at the greatest frequency in the samples were 
toluene, xylene, ethyl benzene, n-hexane, and dichlorofluoromethane.  Potential air emissions from the 
uncapped landfill were evaluated by ambient air samples.  Results indicated low parts per billion 
concentrations of several VOCs were detected in only two of the seven samples. 

Based on the RI data (visual observations of the slopes; groundwater samples proximate to the lobes; 
surface water and sediment samples; and landfill gas and ambient air samples), groundwater migration is 
the primary contaminant migration pathway associated with the lobes given: 1) the uncapped/uncontained 
nature of the landfill does not limit infiltration and subsequent leaching; 2) wastes are most likely located 
at or near the water table surface; 3) the proximity of Sutton Brook to the landfill lobes; 4) typical landfill 
gas levels in the subsurface and low to non-detect concentrations of VOCs in ambient air indicating 
minimal mass transport; and 5) the majority of the material in the lobes is covered on the ground surface 
with soil and/or vegetation, thereby reducing transport by runoff. 

The primary constituents detected in groundwater samples were VOCs and metals. The highest 
concentrations of VOCs were detected in the groundwater collected from monitoring wells located 
adjacent to the northern sides of the Southern Lobe.  Total VOC concentrations in these wells ranged 
from 3,450 to 57,210 ug/l.  The VOC generally detected at the highest concentration in the wells was 
toluene. Groundwater data from the wells along the perimeter of the Northern Lobe were much lower in 
concentration (total VOCs ranged from 53 to 842 ug/l).  Unlike the Southern Lobe, the VOC generally 
detected at the highest concentration in the wells was either 1,4-dioxane or tetrahydrofuran. 

The overall distribution of the total VOCs in groundwater supports groundwater flow directions with flow 
in the direction of Sutton Brook. Similar constituents to those detected in groundwater were also detected 
in leachate samples and in surface water and sediment samples.  The samples with the highest 
concentrations were detected in the stretch of Sutton Brook between the two lobes. 

2.3.2 Former Drum Disposal Area 

A removal action was conducted in this area by EPA in 2000, in which approximately 300 to 400 crushed 
drums were excavated and 13,786 tons of soil was transported off-site for disposal.  Post-excavation data 
indicates that residual levels of VOCs (TCE, toluene, PCE, ethyl benzene, trimethylbenzenes, and 
xylenes) are present in soils with toluene, ethyl benzene, and xylenes exhibiting the highest 
concentrations and greatest frequency of detection.  The highest total VOC concentration was detected in 
samples located on the southeast portion of the area.  This area (southeast portion) also corresponds to an 
area of elevated SVOCs, specifically bis(2-ethylhexyl)phthalate, di-n-octylphthalate, and naphthalene and 
the area where more of the drums were formerly located. 

The primary migration pathways for these residual contaminants are infiltration/leaching with subsequent 
transport via groundwater flow.  In addition, soil erosion and volatile air emissions are potential migration 
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pathways for contaminants that may be exposed or migrate to the surface.  However, the highest 
concentrations of contaminants are not located at the ground surface.   

As described above, groundwater and surface water runoff from this source area is toward Sutton Brook 
and the downgradient wetlands. Migration of volatiles in soil vapor is limited because the groundwater is 
at the land surface across most of this area, thereby eliminating soil pore spaces. 

Similar to soils, VOCs were the primary constituents detected in the groundwater samples with benzene, 
toluene, ethyl benzene and xylenes (BTEX) and lower concentrations of 1,1,1-TCA, TCE, and 1,1-DCA 
being detected at the greatest frequency. Elevated concentrations of 4-methyl-2 pentanone, 2-butanone, 
and phenols were also detected in groundwater proximate to the area of the former drum disposal. 

The dissolved VOC concentrations in groundwater were found to be decreasing with distance from this 
source area.  The highest concentrations of VOCs are migrating at an intermediate depth within the 
overburden aquifer and within a low hydraulic conductivity medium to fine sand layer.  The groundwater 
data also indicates that impact is limited to the overburden and has not migrated into the bedrock aquifer.   

As the groundwater plume approaches Sutton Brook, a portion of the plume discharges into the 
brook/wetlands area.  This is evident from the potentiometric heads of the wells; the results of the USGS 
PVD Study, similar contaminant concentrations detected in shallow groundwater (wetland piezometers), 
sediments, and surface water; and the lower concentrations and type(s) of VOCs in hydraulically 
downgradient wells.   

The groundwater flow patterns and the presence of conditions amenable to natural degradation appear to 
be the controlling factors to the nature and extent of the groundwater contamination in this area. 
Groundwater on either sides of the brook and wetland areas flows east or west, respectively towards the 
brook and wetlands.  There is also a northerly component flow that parallels the flow of the brook.  This 
flow regime results in a net northerly groundwater flow pattern in this area.  The horizontal hydraulic 
gradients are relatively flat, especially in the intermediate overburden (area of higher groundwater 
contamination) as groundwater approaches the wetlands/brook.  These low gradients and low hydraulic 
conductivity result in a reduced groundwater velocity and subsequent contaminant migration rates.   

Based on the investigation activities conducted in the “disturbed” area adjacent to the Former Drum 
Disposal Area, there is not a significant source of contaminants within this area.  Low concentrations of 
some VOCs consistently detected across the site have been detected in groundwater in this area.  This 
area is almost totally comprised of a wetland area that was most likely created as a result of topsoil 
removal and equipment compaction (as evidenced by the exposed soil cuts on the limits of the area and 
presence of sand and gravel on the surface). 

2.3.3 Former Residence, Garage, and Storage Area 

This area is located on the northern portion of the Site and consists of the former residence, garage, and 
storage areas.  The majority of the area contains surficial debris from past storage activities.  Impacted 
soils (petroleum hydrocarbons and PAHs) are present on the south central portion of the area and most 
likely were caused by former storage or operation activities in this area.  A subsurface fill area, comprised 
of wood, metal, and concrete, is present on the southern portion of the area.  Groundwater is not impacted 
from operations within this area.  
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2.3.4 Sutton Brook and Associated Wetlands Areas 

The main hydrologic feature at the Site is Sutton Brook and its associated tributaries and wetlands. 
Sutton Brook is a medium gradient stream that includes both moderately moving water through 
established banks and slower moving water through much wider and less-established channels. The 
stream bed is comprised of sand and gravel with some areas of muck and peat.  Sutton Brook originates in 
an upland area north of the Site and flows southerly, turning westerly to northerly through the site with 
discharge to the Shawsheen River approximately 2,500 feet northwest of South Street. 

As Sutton Brook traverses the Site, the character of the brook is affected by the channel width, the 
channel depth, the composition of the soils underlying the brook, and tributaries that contribute to the 
brook.  Along its path, additional flow is discharged to Sutton Brook via three separate tributaries.  One 
tributary flows northerly, draining a wetland area southeast of the site and discharging into the brook on 
the southeast side of the site. Another tributary flows northerly, draining an area south of the Site and 
discharging into the brook on the western portion of the Site.  The third tributary flows southerly, draining 
a wetland area north of the site and discharging into the brook on the northwest portion of the site. 

Water table and surface water elevations across the entire site were measured during the RI. Stream 
gauging was also performed on multiple occasions.  These events aid in understanding the site 
groundwater-surface water flow interactions as well as any contributions from tributaries to Sutton Brook, 
incorporating seasonal variation.  The measurements indicate that, overall, groundwater discharges to the 
brook; whereas, the wetlands area and smaller tributaries experienced variable elevations suggesting 
periods of discharge and recharge throughout the seasons.  At times of low water (late summer and early 
fall), the smaller tributaries (southeast of the site and north of the site) have areas that dry up or form 
smaller, trickling channels through the muck or peat.  

Outside the landfill lobes, the Site primarily consists of wetlands including several individual wetland 
areas (red maple swamp/floodplain associated with Sutton Brook [greater than 50 acres]; small isolated 
man-made pond [approximately 2 acres]; isolated man-made areas subject to flooding [small forested 
wetland area and a borrow pit]; and an isolated emergent wetland area).  These wetland areas are shown 
on Figure 2-1.   

The area south of the Southern Lobe is located on the southern portion of the Site and is mainly 
comprised of a shallow pond and dirt trails routinely used by recreational vehicles.  The pond appears 
man-made given the presence of a berm along the pond’s edge and exposed sand substrates, which 
suggest past excavation activities.  Based on the surface water and sediment sample results, there does not 
appear to be an impact to the pond from site operations. 

Another feature within this area is an isolated forested wetland located northeast of the pond and adjacent 
to the Southern Lobe.  Portions of this area also appear to be man-made as a result of past excavation 
activities. Samples collected within this area indicate that the area has been impacted by VOCs, SVOCs, 
and metals.   

The highest concentrations of constituents (primarily VOCs and metals) were detected in surface water 
and sediment samples from the brook in the reach that traverses closest to the landfill lobes.  The RI data 
indicates that there are two primary contaminant plumes in groundwater beneath the Site. The sources of 
these plumes are the Former Drum Disposal Area and the Southern Lobe.  As contaminants within these 
plumes migrate away from the source area, these plumes discharge into the wetland area and the brook. 
The results of the surface water and sediment sampling (PVD and laboratory analytical) within the brook 
and wetland areas correlate well with groundwater contamination and groundwater plume discharge 
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areas.  Contaminants (VOCs, SVOCs, and metals) were also detected in surface water, sediment, and 
shallow groundwater in the wetland area/marsh located adjacent to the southern side of the Southern 
Lobe. 

2.3.5 Area-Wide Groundwater 

As discussed above, the primary impacted media and migration pathway from the source areas is 
groundwater. Other affected media include sediment and wetland soils; however, these affected areas are 
localized. 

Based on a review of the analytical data collected from groundwater, the primary constituents detected in 
site groundwater are VOCs, metals, and SVOCs.  The most frequently detected VOCs and those detected 
at the higher concentrations in groundwater were:  xylenes, toluene, ethylbenzene, 1,4-dioxane, and 
tetrahydrofuran.  Other more frequently detected VOCs were generally detected at lower concentrations 
(1,1-dichloroethane and benzene) and some of the VOCs detected at higher concentrations (4-methyl-2-
pentanone and 2-butanone) were not widely distributed in groundwater across the Site.   

The detected inorganic constituents in area wide groundwater were arsenic, nickel, aluminum, zinc, 
cobalt, vanadium, beryllium, chromium, cadmium, copper, lead, silver, cyanide, thallium, antimony and 
mercury (in descending order of frequency detected).  For relative comparison purposes, metals 
concentrations were compared to maximum contaminant levels (MCLs).  This comparison indicated that 
total arsenic was the most predominant metal detected in excess of the applicable MCL.   

The predominant SVOCs detected in groundwater were phenols (2,4-dimethylphenol, 2-methylphenol, 3-
methylphenol/4-methtylphenol, 4-methylphenol, and phenol) and phthalates (primarily diethyl phthalate). 

The predominant factors that will ultimately control the migration pathways of the contaminant plumes 
are the hydrogeologic environment, the location and characteristics of the source areas, and the 
partitioning/migration characteristics of the specific contaminants comprising the plume.  Based on the 
characteristics of the source areas, fate and transport characteristics of the predominant contaminants, and 
the site-specific hydrogeologic environment, advection, dispersion, and natural degradation/attenuation 
are the primary characteristics controlling the migration of the dissolved VOC plumes away from the 
source areas in groundwater.   

Plume configurations depict the Southern Lobe and the Former Drum Disposal Area as the primary 
source areas for these contaminant plumes at the Site.  The purgeable aromatic hydrocarbons and 
tetrahydrofuran plumes are similar in configuration; whereas the 1,4-dioxane plume is more widespread, 
detected at lower concentrations, and suggests contribution from both landfill lobes.  This may be 
attributable to 1,4-dioxane being more soluble and less degradable than the aromatic hydrocarbons.  The 
plume configurations also show that the plumes are generally contained within the immediate boundaries 
of the Site (i.e., plume configurations are controlled by groundwater flow, discharge to the brook and 
associated wetlands, along with degradation/attenuation mechanisms). 

Similar to the VOC contaminant plumes, the highest concentrations of total arsenic are present in the 
areas immediately adjacent to the source areas.  However, unlike the VOC plumes, arsenic concentrations 
in groundwater in excess of MCLs are also detected in upgradient wells; indicating that, arsenic 
concentrations may be naturally occurring at “elevated” levels (e.g., concentrations that exceed the 
drinking water standards).   

As groundwater flows through the source areas, the constituents partition into the groundwater and 
migrate with groundwater flow away from the source areas forming a dissolved plume.  The predominant 
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mechanism for migration of the plume away from the source area is through advection.  In the area of the 
Southern Lobe, it appears that groundwater (based on potentiometric head data) and the dissolved VOCs 
(based on concentrations detected in monitoring wells) initially migrates away from the source area in a 
predominantly northeasterly to northerly direction.  In the area of the Former Drum Disposal Area, the 
dissolved VOCs initially migrate in a southwesterly to westerly direction towards Sutton Brook and the 
associated wetlands.   

Once both plumes reach the general vicinity of the brook/wetlands, the plumes merge with regional 
groundwater flow and travel in a predominantly northerly flow direction.  Based on hydraulic gradients, 
the dissolved VOC plume predominantly migrates in the horizontal direction with a slight upward 
component of flow as the plume approaches the brook/wetlands.   

Simulated regional groundwater flow patterns within the area (based on the site-specific groundwater 
flow model) in relation to these plumes indicates groundwater flow patterns correlate well with the 
contaminant plume configurations.  These flow directions also suggest that groundwater flow further 
downgradient of the Site would be predominantly along the reaches of Sutton Brook and that due to the 
configuration of surface water bodies (Sutton Brook, Shawsheen River, and associated tributaries) the 
majority of the surrounding areas, including the residential neighborhoods, are located hydraulically 
upgradient of the Site and therefore, in general, the groundwater plumes migrate toward and discharge to 
Sutton Brook and associated wetlands along the brook.   

The higher VOC concentrations are detected in the intermediate overburden.  Hydraulic gradients in this 
zone of the aquifer are relatively flat (0.001 ft/ft range) and combined with low hydraulic conductivities 
result in a reduced groundwater velocity and subsequent reduced contamination migration rates.   

No significant increasing trends in concentrations of dissolved VOCs or SVOCs or significant changes in 
the shape of the dissolved VOC plumes have been detected at the site throughout the sampling events. 
Although a significant amount of new groundwater data has been recently collected, the extent and 
concentration distribution of the plume on the site appears to be generally consistent throughout the past 
ten years of sampling (dating back to 1995).  Additionally, decreasing contaminants trends in VOCs are 
apparent especially for the VOC contaminant mass across the site.   

The analytical and geochemical data indicate that natural attenuation processes are degrading and 
reducing the mass of site contaminants.  These natural attenuation processes, including biodegradation, 
dispersion, dilution, sorption, volatilization and chemical or biological stabilization, transformation, or 
destruction, have stabilized and/or decreased the size of the contaminant plume.  In addition, chemical 
footprint indicators, including the absence of electron acceptors oxygen, nitrate and sulfate and the 
presence (and subsequent increase spatially on-site) of metabolic byproducts methane and ferrous iron 
have been measured within and immediately downgradient of source areas on-site, indicating that 
biodegradation processes are interacting with contaminants in groundwater.   

A review of the results of the RI indicate that sufficient information has been collected to evaluate the 
source(s), nature, extent, and distribution of contaminants and to assess the current and future potential 
risks to human health and to the environment. 
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3. HUMAN HEALTH RISK ASSESSMENT 

The purpose of the Baseline Human Health Risk Assessment (HHRA) is to understand potential risks 
associated with chemicals at/or migrating from the Site in order to evaluate the need for remedial actions. 
This baseline HHRA was conducted for the Site based on USEPA risk assessment guidance and policy, 
and the Site-specific risk assessment scope of work, the RI/FS Workplan, first and second interim 
deliverables for the HHRA, comment-responses on these deliverables, and discussions with EPA. 

The HHRA consists of four components:  

•	 Hazard Identification, which describes the available data to be used in the risk assessment, 
including reference data, evaluates the data with respect to its usability, and presents the 
selection of the Chemicals of Potential Concern (COPC); 

•	 Exposure Assessment, which presents a detailed description of the Conceptual Site Model, 
including relevant receptors, exposure pathways and exposure scenarios; 

•	 Risk Characterization, in which cancer risk estimates and non-cancer hazard indices are 
quantified for each identified receptor and, as applicable, concentrations of COPCs are 
compared to applicable standards; and 

•	 Uncertainty Analysis, which identifies and, where possible, quantifies the uncertainties 
associated with the risk assessment.  

This HHRA incorporates several rounds of comments provided by and discussions with EPA in response 
to the Phase IA Deliverable (September 22, 2005 and January 13, 2006) and draft HHRA submitted in 
April 2006 (July 3, 2006; September 6, 2006; November 29, 2006; and January 2007) and revised draft 
HHRA submitted in March 2007 (April 2007). 

As noted previously, activities associated with the RI, risk assessment, and FS were developed and 
implemented with the presumption that the existing waste material in the two landfill lobes will be closed 
in-place using current landfill capping technology.  Additional soil characterization sampling within the 
landfill lobes for risk characterization was not performed; samples for physical characteristics of the cover 
material and from adjacent groundwater, surface water, and sediments were collected and included in the 
RI and risk characterizations.  The conclusions of the risk characterizations are thus predicated on this 
presumption with regard to the landfill lobes. 

3.1 HAZARD IDENTIFICATION 

3.1.1 Site Description and History 

Please refer to Section 2 of this report for a description and history of the Site.  Briefly, the Site is an 
inactive landfill primarily surrounded by open space, farming operations, a composting operation, and 
residential dwellings. Sutton Brook flows east to west through the Site, dividing the landfill into 
Northern and Southern lobes.  For presentation and nomenclature purposes, specific areas of the Site have 
been grouped into Data Groups.  For example, the Northern and Southern Lobes are referred to as Groups 
1 and 2, respectively.  The Former Drum Disposal Area (Group 3) is located northwest of the Northern 
Lobe. Group 4, located in the northern portion of the Site, includes the former Rocco residence (currently 
vacant), the landfill entrance, a garage and a storage area.  Wetland areas associated with Sutton Brook 
and minor tributaries (Group 5) are located throughout the area. Forested uplands and a small man-made 
pond (Group 6) are located south of the Southern lobe and abut a residential neighborhood; this area is 
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used for recreation, as indicated by the numerous trails and bike jumps that run through the woods and 
around the pond.   

3.1.2 Nature and Extent of Contamination and Selection of Chemicals of Potential Concern 

The objective of the Hazard Identification is to present the relevant sampling data, evaluate its usability, 
and select the COPCs for each medium.  Soil, groundwater, sediment, surface water, landfill gas and 
ambient air data have been collected at the Site as part of various site assessment activities conducted 
between 1989 and 2006.  Sampling events and site data are described in sections of the previously 
submitted RI Report (February 2007).   

3.1.2.1 Data Usability in the HHRA 

Data usability was extensively discussed in Section 3 of the previously referenced RI report.  The risk 
assessment considered the data set established for the RI, which excluded some historical data provided 
without laboratory reports, screening data, data rejected via data validation methods, and tentatively 
identified compounds (TICs) that were screened out in accordance with the project-specific TIC Data 
Assessment process.  This evaluation includes one exception to the general exclusion of data qualified as 
rejected (‘R’-flagged); R-flagged data for non-detected compounds from select sediment samples with 
low percent moisture were retained in this evaluation as described in Section 3.1.2.5.  TICs are discussed 
further in Section 3.1.3.4 and the uncertainty analysis (refer to Section 3.5).   

With the limited exceptions noted below, this same RI data set was used in the risk assessment. 
Analytical results for the environmental media at the Site, including reference locations, are provided in 
Appendix A. These tables were created and are provided as electronic filtered “look-up” Excel tables to 
review specific data at the Site, due to the large amount of data available.   

We have included as Appendix B analytical testing summary (ATS) tables, which identify the samples 
collected from the Site by group and the analyses performed on each sample. 

As indicated on the ATS tables in Appendix B, samples not included in the risk assessment are 
highlighted. Generally, we considered most available data for use in the risk assessment; however, some 
reasons for data exclusion from the risk assessment included:  1) the age of data set, i.e., the data were 
collected 10 or more years ago, or represent pre-remediation conditions, and more recent data have since 
been collected that are more representative of current and future conditions; and 2) historic data where no 
laboratory sheet or detection limit was provided. 

We conducted a separate evaluation of groundwater data usability in this risk assessment. As multiple 
rounds of groundwater data from 1995 to 2006 have been collected at the Site, we evaluated the available 
data for each well relative to number of sampling rounds, concentration trends and project action limits, 
and retained or eliminated groundwater data based on these criteria. Appendix C describes the dataset 
evaluated for each wellhead location. Groundwater data from both monitoring wells and temporary wells 
were considered in the risk assessment.  Groundwater and surface water samples were analyzed in some 
instances for both total and dissolved metals. In general, a higher number of total metals were detected 
than dissolved metals, more samples were analyzed for total metals, and total metals concentrations were 
higher than dissolved concentrations. Based on these statistics, total metals data (instead of dissolved 
metals data) for both groundwater and surface water were conservatively used in the risk assessment. 

For each monitoring well or surface water location in which more than one sampling event was 
conducted, we treated each sampling event as a discrete sampling point; thus, statistical summaries are 
based on this approach. As described above, for groundwater a well-by-well analysis was performed to 
select the appropriate number of sampling rounds to be considered in this assessment (Appendix C). 
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These individual sampling events were then used as the basis for the statistical frequencies of detection, 
minimum, and maximum detected values.  

In some instances, samples (groundwater, surface water, soil and sediment) were analyzed via more than 
one analytical method resulting in two (or more) results for a given compound (e.g., naphthalene may be 
reported in analyses for VOC, SVOC, EPH and VPH analyses). When multiple results for a compound 
were present, the maximum result among the various methods was selected.  For constituent results 
reported by isomer (e.g., o-xylenes and p/m-xylenes), we summed the results from the separate isomers 
reported for a particular sample and reported one ‘total’ compound result (e.g., total xylenes). 

In calculating the average concentration and 95% upper confidence limits (UCL) of the mean 
concentration for soil, sediment and surface water1, we included one-half of the laboratory reporting limit 
(LRL) as the concentration for non-detect results, with one exception. For non-detect results where the 
LRL exceeded twice the maximum detected concentration of a given dataset, we excluded that LRL from 
calculation of the mean and 95% UCL, in accordance with EPA risk assessment guidance (EPA 1989). 
The appropriateness of this exclusionary criterion is discussed further in Section 3.2.1.5 (Methods for 
Estimating Exposure Point Concentrations).  As described in Section 3.2.1.5, however, this resulted in the 
exclusion of only a very small number of non-detects from the calculation of these statistics. 

Figure 3-1 presents the aforementioned data groups and those specific RI sampling locations for all 
sampling points used in the human health risk assessment.  A discussion of the specific data sets for each 
area of the Site is presented in the following sections. 

3.1.2.2 Landfill Lobes (Group 1 and 2) 

Soil, groundwater, landfill gas and ambient air samples have been collected from the landfill lobes.  The 
Northern and Southern Landfill Lobes are collectively grouped together as “Groups 1 and 2” in the risk 
assessment, since it is presumes that both lobes will be capped; hence, similar (limited) exposure exists. 

Soil: Given that it has been assumed that the landfill lobes will be capped, the risk assessment, consistent 
with the RI/FS, has focused on areas of potential impact adjacent to/outside the landfill footprint, because 
it is presumed that the existing waste material (identified through test pits, borings and well installation) 
will be closed in-place using current landfill capping technology.  Accordingly, this risk assessment is 
based on the assumption that the landfill contents (i.e., waste materials and associated soils) will be 
capped and landfill gas properly managed.  We also assumed an approximate 50 foot perimeter around 
the extent of waste limit and other adjacent areas of debris, which represents an area that may potentially 
be included/disturbed during the remedy implementation.  The risk assessment assumes that direct 
exposure to constituents within the landfill soils will be eliminated; therefore, soil from this area of the 
Site was not considered further in the risk assessment.   

Groundwater: In contrast to soil, we have included an evaluation of risks associated with groundwater 
from the two landfill lobes, since groundwater is a mobile medium and as the Site is located in a potential 
drinking water source area.  Summary statistics for groundwater collected from wells located in these two 
areas (collectively known as Groups 1 and 2) are presented in Table 3-1; complete data sets are provided 
in Appendix A.  We relied on all available groundwater monitoring well data for this area, with the 
exception of 1995 data from wells MW-3B, MW-4S and MW-4B. Up to nine additional rounds have been 
collected in these wells between 1999 and 2006; thus, these more recent data provide a better 
representation of current (and potential future) groundwater quality in these wells. 

1 As requested by the USEPA, groundwater was evaluated through use of maximum detected concentrations. 
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The results indicated that numerous VOCs, SVOCs, and metals were detected in groundwater from this 
area. Many of the highest levels of constituents were detected in wells MW-4S, MW-4B, GP-12 and GP
13, located adjacent to the Southern Lobe. Benzene, tetrahydrofuran, 1,4-dioxane, toluene, and metals 
were generally detected with the greatest frequency. 

Ambient Air: An ambient survey completed on the landfill lobes in August 1992 was evaluated within 
this risk assessment.  During this survey, EPA collected seven ambient air samples (STA-1 through STA
7) in August 1992 from the landfill and analyzed the samples for VOCs (EPA TO-14 analysis).  Summary 
statistics for ambient air data are based on data collected from locations STA-1 through STA- 6 (STA-7 
reflects a reference location).  This summary is provided in Table 3-2; the dataset is presented in 
Appendix A. 

As indicated in Section 3.1.3.5 of this report, the maximum detected ambient air concentration of each 
detected constituent from 1992 data (consisting of six site samples) was compared to Region 9 
Preliminary Remediation Goals (PRGs) for Ambient Air when selecting the chemicals of potential 
concern (COPCs) for this medium. As detection limits were obtained for this dataset, we utilized these 
data in our evaluation. Constituents were detected in only two of the six samples collected from across the 
landfill and both of these samples were from the northern lobe of the landfill. No constituents were 
detected in samples collected beyond the lobe limits. Maximum concentrations of benzene, xylenes, 
1,2,4-trimethylbenzene and 1,3,5-trimethylbenzene exceeded Region 9 PRGs and were therefore carried 
through the quantitative risk assessment as COPCs in ambient air. 

As indicated on Table 3-2, constituents were detected only in samples STA-2 and STA-3, collected from 
the Northern Lobe of the landfill; as previously stated, no constituents were detected in samples collected 
beyond the lobes or along South Street.  Although these data were collected in 1992, these data have been 
assumed to reflect existing site conditions (or are conservative in nature).  Given site conditions, the 
existing ambient air data likely reflect similar or even historically elevated ambient air conditions at the 
Site. Furthermore, release of vapors into ambient air will be mitigated as part of lobe capping and a gas 
venting system to be installed as part of the remedy. There is some uncertainty associated with use of 
these historical data; however, the concentrations of constituents in the landfill are anticipated to be either 
in steady state or decreasing and therefore, the benefit of including these data outweighs these 
uncertainties. 

3.1.2.3 Former Drum Disposal Area and Adjacent Disturbed Area – Group 3 

As described in Section 5 of the RI report, EPA conducted a removal action in the former drum disposal 
area (Group 3) in 2000, in which approximately 300 to 400 crushed drums and 13,786 tons of soil were 
transported off-site for disposal. The adjacent “disturbed” area is almost totally comprised of a wetland 
area. This wetland was most likely created as a result of topsoil removal and equipment compaction.   

Upland (i.e., non-wetland/non-hydric) soil data from Group 3 were evaluated in the human health risk 
assessment, as the former drum disposal area represents an area with known sources of contamination and 
could potentially be developed under future conditions. In this risk assessment, all wetland soil, surface 
water and sediment data initially collected from this area of the Site (and initially categorized under 
Group 3) have been regrouped with Group 5-6 wetland media, due to the similarities in potential for 
human exposure between the “disturbed” area and Sutton Brook and wetlands (see Figure 3-1).  Thus, the 
only media considered from Group 3 include upland soil and groundwater. 

Soil:  As discussed, a large volume of contaminated soil and debris was removed from the former drum 
disposal area in 2000.  As presented in Section 2 and 3 of the RI report, laboratory analytical data sheets 
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from the post-excavation data collected from this area in 2000 were not provided.  Only summary tables 
of select compounds were available.  As such these data were not evaluated in the risk assessment.   

The post-remediation soil samples (collected in 2004) have been retained for use in the risk assessment, 
since they represent current soil conditions.  A review of the data indicates that the general areas of more 
elevated contamination correlate well with the 2000 post-excavation data set. With the exception of one 
soil sample, all soil data from this Group were collected from subsurface (i.e., >1’ bgs) depths. 

As further described in Section 3.2.1.5, we generally used surface soil data to evaluate current exposures, 
if it was representative of the area under evaluation. The surface soil data in Group 3 included post-
excavation soil samples collected by EPA following the removal action; however, the depths of these 
samples were not provided in the report and it was not evident that backfilling had occurred over these 
sample locations. The follow-up sampling conducted during the RI focused on collecting samples from 
the most contaminated depth intervals, based on soil jar headspace testing. 

Based on this information and visual inspection of the area, there appears to have been some backfilling 
of portions of the excavated area. Low points still remain in this area relative to the surrounding ground 
surface. The analytical results from the shallow soil sample (0 to 2 feet below grade) collected in 2004 
indicate the presence of contaminants at this depth interval; however, the more elevated concentrations of 
contaminants were detected from depths around 4 to 6 feet below grade. 

For the purposes of the risk assessment specific to this area of the Site, the 0-10’ interval was 
conservatively used to evaluate both current (which typically are only exposed to surface soil) and future 
(all depths to 10’ bgs) scenarios. This is considered a conservative estimate of current exposures, as 
surficial concentrations are likely to be lower than those found in deeper samples. 

A summary of the risk assessment soil data for this area is provided on Table 3-3; soil analytical results 
are presented in Appendix A.  As indicated in this table, VOCs (in particular, BTEX and several 
chlorinated solvents) were the most prevalent constituents detected in Group 3 soils, with highest 
concentrations primarily occurring in samples SB-1(04), SB-5(04) and SB-6(04). Phthalates and other 
SVOCs were also present in Group 3 soils. 

Groundwater: As a removal action was conducted in 2000 in Group 3, we excluded all groundwater data 
collected from Group 3 from 1999 and previous sampling rounds in the risk assessment, in order to 
represent current groundwater quality in this area of the Site.  A summary of the Group 3 groundwater 
data is provided on Table 3-4; complete data sets are provided in Appendix A.  Results indicated that 
chlorinated and non-chlorinated VOCs, SVOCs (primarily phenolic compounds), and inorganics were 
detected in groundwater from this area, with VOCs and inorganics detected at the greatest frequency. 
Highest concentrations of most VOCs were detected primarily in wells MW-9 and MW-7M. 

3.1.2.4 Former Residence, Garage and Storage Area – Group 4 

This area, characterized by Group 4 samples, encompasses the former Rocco residence, the landfill 
entrance, a garage, and a storage area.  Currently, the residence is not inhabited; however, storage and 
related activities occur in this portion of the Site.  

Soil and groundwater data have been collected from this upland Site area.  Data collected from all soil 
sampling locations were considered in the human health risk assessment, with the exception of sample 
WED-07(99), collected at 15-17 feet below ground surface. This depth interval is assumed to be greater 
than that to which typical receptors would be exposed and thus was excluded as not representative of Site 
soil exposures. A summary of the soil sampling data from Group 4 is provided on Table 3-5.  The results 
indicated that VOCs, SVOCs, pesticides, PCBs, petroleum constituents and metals were detected at least 
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once in soil in this area with PAHs and metals detected at the greatest frequency. Concentrations of 
constituents in Group 4 soils are generally lower than those detected in Group 3. 

All groundwater data collected from this area were retained for evaluation, with the exception of 1995 
data from well MW-1S. Since 1995, five additional rounds of data have been collected from this well; 
therefore, inclusion of the more recent data (1999-2005) provides a more accurate reflection of 
groundwater quality in this well. A summary of the risk assessment groundwater data for Group 4 is 
provided on Table 3-6; complete data sets are provided in Appendix A.  The results indicated that several 
VOCs and SVOCs were sporadically detected in this area, and typically only in wells MW-1S or MW
1R; numerous metals were detected at a higher prevalence in these and other wells of this Group. 

3.1.2.5 Sutton Brook and Associated Tributary and Wetland Areas – Group 5 

Group 5 is comprised of a portion of the Site not located within the limits of the landfill lobes, former 
drum disposal area, or former residence, garage and storage area. Group 5 is comprised primarily of 
wetland areas associated with Sutton Brook and its tributaries.  As Sutton Brook traverses the Site, 
additional flow is discharged to the brook via three separate tributaries.  A very large red maple swamp 
(greater than 50 acres) associated with the brook is a significant feature across the entire Site.  It includes 
floodplain and wetland basins associated with Sutton Brook and the tributary streams.  Wetland soil, 
groundwater, sediment and surface water have been collected from this area between 1999 and 2006.   

As discussed in Section 4.2 of the RI Report, the water level in Sutton Brook and associated tributaries is 
highly variable throughout the year, ranging from several inches to several feet.  In the summer and fall, 
when human exposures are most likely, some of the smaller tributaries were observed to become 
relatively shallow or dry up entirely.  Sutton Brook, although, maintained surface water flow throughout 
these time periods. However, as described in more detail in the BERA (Section 4 of this report), the water 
depths in Sutton Brook remained fairly shallow throughout these time periods, ranging from 
approximately one to four feet in depth. Thus, it is believed that all sediment data considered in the 
HHRA are representative of potentially accessible sediments. 

Wetland soil samples (defined as surface soil that may be covered by water a portion of the year and 
exhibits hydric characteristics) were evaluated as a distinct medium in this risk assessment. As discussed, 
three wetland soil samples originally classified as Group 3 (GP-23(04), SS-13(04) and SS-14(04)) have 
been considered as part of the Group 5 wetland area for this risk assessment.  

A summary of the wetland soil data is provided on Table 3-7; analytical results are provided in Appendix 
A. Metals were detected with the highest frequency in these soils.  VOCs were typically detected at low 
to moderate frequencies of detection; however, chemical concentrations were typically within a factor of 
10 of method detection limits.  SVOCs and several chlorinated pesticides were detected at relatively low 
concentrations in only one sample, SD-12(99), which is located at the eastern (and upgradient) portion of 
Group 5, near the dirt access road  to the composting facility. 

Groundwater data from all available sampling rounds (1999-2006) in Group 5 wells have been included 
in this risk assessment.  Groundwater data are summarized on Table 3-8; analytical results are provided in 
Appendix A.  The results indicated that VOCs, SVOCs, inorganics and alpha-BHC were detected in 
various Group 5 wells, with the highest concentrations reported in wells MW-8M, located adjacent to 
Group 3 (former drum disposal area) and MW-22M, located west of the Southern landfill lobe.  Both 
wells are immediately downgradient of these two source areas. 

Sediment samples (defined as solids covered by surface water throughout the year) were collected from 
Sutton Brook and its tributaries.  Data collected from 1999 through 2006 were retained for evaluation in 
the risk assessment; earlier data from 1989 and 1995 were not included since additional, more recent 
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samples have been collected in similar or comparable areas.  As discussed earlier, we have incorporated 
sediment and surface water data (samples SS-12(04) and SW-111(05)) formerly considered as Group 3 
into Group 5. 

With respect to sediment data, EPA Region I Functional Guidelines (1996) governing data validation 
defines sediment by the same criteria used to define soils, which is containing greater than 30% solids. 
As part of an aquatic system, many shallow sediments from quiescent water bodies do not meet this soils-
based definition. As a result, and in accordance with the EPA 1996 guideline, all detected compound 
results are flagged as estimated (J) and non-detected compound results (e.g., reporting limits) are flagged 
as rejected (R). Samples typically contained about 15% solid material, which is typical for wetlands and 
slow-moving streams.  In consequence, the sediment samples contain a high percentage of moisture, 
which cannot be removed in the field by conventional techniques.  It was agreed to stay with the current 
sampling methods of extensive decanting in the field and collecting extra volume to compensate for the 
low percent solids. 

With the addition of six samples collected in 2006, the Deep Marsh, southwest of the southern landfill 
lobe, is represented by 13 samples, which provides adequate coverage of the sample variability.  Based on 
the total solids results detected in these sediment samples over the three separate sampling events and the 
use of decanting the free liquids along with collecting extra volume, the non-detected R-flagged data are 
considered to be representative of non-detected compounds at the reporting limits, with the understanding 
that these values are estimates.  This is the same approach used for J-flagged data, which is used 
throughout the risk assessment.  The non-detected values that were included in the risk assessment 
calculations at ½ their reported values typically had elevated detection limits.  This approach, which 
supplies qualified information, was considered preferable to eliminating the non-detected results entirely. 

Unless rejected for reasons other than moisture content (as described above) data from all locations and 
from sampling dates 1999 to present were considered as usable in the risk assessment. 

The resulting sediment data set for Group 5 is summarized on Table 3-9; analytical results are provided in 
Appendix A. The results indicated that VOCs, SVOCs, pesticides and metals were detected in sediments. 
Highest concentrations of contaminants were predominantly detected in samples collected in Sutton 
Brook between or near the two landfill lobes. 

Surface water samples were also collected from Sutton Brook and its tributaries.  Surface water data from 
1999 through 2006 were evaluated in this risk assessment.  The 1995 data were considered as not 
representative of current and future site conditions. Some surface water sample locations were monitored 
over successive sampling events; in such cases, we treated each sampling event as a discrete data point; 
this approach was used as the basis for calculating summary statistics. Surface water summary results for 
Group 5 are presented on Table 3-10; analytical results are provided in Appendix A.  The results indicated 
that SVOCs and pesticides were detected infrequently (<5%), typically at locations SW-02(99), SW
05(99) and SW-33(05), while VOCs, volatile petroleum hydrocarbons (VPH) and metals were detected at 
frequencies ranging from 3% to 100%.  As with sediment, highest concentrations of contaminants were 
typically present in samples collected in between the landfill lobes. 

3.1.2.6 Area South of Southern Lobe – Group 6 

This area is located on the southern portion of the Site and is mainly comprised of a shallow, man-made 
pond and dirt trails currently used by recreational vehicles.  Another feature within this area is a small 
isolated forested wetland located northeast of the pond and adjacent to the Southern lobe of the landfill. 
A portion of this area also appears to be man-made as a result of past excavation activities.  This wetland 
area drains across the trail from the Southern Lobe into the larger wetland area located north of this area.  
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Groundwater, sediment and surface water samples have been collected from the Group 6 area between 
1999 and 2006.  Additionally, sample SD-02(99), formerly assigned to Group 2, was included in Group 6 
sediments. 

Table 3-11 presents the sediment results for this area and indicates that VOCs and SVOCs were detected 
in the several of the samples collected from Group 6; most metals were detected in the sediment samples 
collected from this area of the Site. Eight surface water samples were collected in 2004 and 2005; these 
data are summarized on Table 3-12.  Both chlorinated and non-chlorinated VOCs and metals were 
detected in surface water samples, with highest concentrations occurring in samples SW-102(05), SW
103(05) and SW-105(05), located immediately south/downgradient of the landfill’s Southern lobe.  

Groundwater has been collected in Group 6 from monitoring wells and temporary wells from 1999 to 
2006.  VOCs, phenols and inorganics were detected, as summarized on Table 3-13. The highest 
concentrations of constituents were detected in wells located closest to the Southern landfill lobe.  

3.1.2.7 Reference Locations – Group 7 

To establish a reference data set (herein referred to as “reference” locations, or Group 7) for this RI/FS, 
both previous Site investigation data and data collected during the RI have been considered.  Note that 
data from Group 7 have not been used to eliminate site COPCs but are instead used to identify 
constituents at the Site that are present at levels consistent with reference conditions.  

Samples used in defining reference areas included samples collected from areas that have similar 
physical, chemical, geological, and biological characteristics as the Site, but have not been affected by 
site activities or releases.  Reference data may be representative of naturally-occurring geochemical 
conditions, or may represent areas of low-level contamination that have not been impacted from Site use 
or disposal, but where impacts may be present due to off-site anthropogenic sources, such as automotive 
emissions or storm-water runoff, which may contain measurable levels of contaminants. As per RAGs 
(USEPA, OERR, December 1989), both of these types of background reference constituents and levels 
can be considered to distinguish between site-related and “reference” area risk, such that one can 
ultimately make informed decisions regarding the need for and extent of remedial response measures at a 
site. As described in Section 5.6 of the RI report and in Section 3.1.4 of this report, the data and statistics 
support that these data sets are representative of the variation in reference levels reflective of this 
geographic and geological setting. 

To establish a reference data set for this RI/FS, both previous site investigation data and newly collected 
data during the RI have been considered. Samples used in defining reference areas included samples 
collected from areas that have similar physical, chemical, geological, and biological characteristics as the 
site, but have not been affected by site activities or releases.  These areas may be impacted from other 
“sources” not related to the site.  For example, areas include the adjacent Krochmal farm, the adjacent 
composting facility, all-terrain vehicle use of dirt roads in the area, or vehicular traffic impacts. 

The reference areas have been divided into three categories, as described below and in the following 
paragraphs. 

• Sutton Brook and Associated Tributaries 
• Undeveloped Areas Located Hydraulically Upgradient of the Site 
• Off-Site Residential Areas 

These areas are collectively referred to as Group 7 areas, and represent areas where no specific sources of 
constituents, other than those naturally-occurring or from incidental anthropogenic non-point sources 
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(e.g., atmospheric deposition of vehicle emissions, roadway run-off etc.), would be expected as well as 
areas which have not been impacted from Site use or disposal. A detailed description of the Reference 
sample locations is provided in Section 5.6 and on Figure 5-6a of the RI report.  Data for reference 
samples for all media are presented in Appendix A.  

With regard to Sutton Brook, reference samples were collected immediately upstream of the Site and 
further downstream at the confluence with the Shawsheen River, respectively. In addition, surface water 
and sediment samples were collected from the upstream portion of the southern tributary, which flows 
northerly past the composting facility and discharges into the brook on the southeastern portion of the 
Site. 

As described in Section 4 of the RI report, Sutton Brook is the primary hydrologic feature on the site and 
its location controls groundwater flow directions in this vicinity, and thus areas considered hydraulically 
upgradient of the site.  There are two areas that are considered both undeveloped and hydraulically 
upgradient to the site: the first is located to the east of the landfill on property generally referred to as the 
Perkins Development Trust property and the second is located to the south of the landfill lobes.  These 
areas, therefore provide good site reference locations. 

As part of the RI, reference soil and groundwater samples have been collected from both of these areas. 
A summary of the specific sampling locations collected from this area is presented in Section 5.6 of the 
RI report. 

Since the early 1990’s, numerous investigations and sampling activities have been conducted by the 
MassDEP and EPA within the residential neighborhood located to the northwest of the Site. Based on a 
review of historical information and aerial photographs, no site-related landfill operations appear to have 
occurred in these residential areas prior to development as residences (most of these properties pre-date 
the landfill).  As presented in Section 4 of the RI report, this residential neighborhood is hydraulically 
upgradient of or crossgradient to the groundwater contaminant plumes associated with the Former Drum 
Disposal Area and landfill lobes. This was confirmed further upon installation, monitoring and sampling 
of the new monitoring wells installed at Bemis Circle (MW-25/25M) and Serenity Drive (MW-24/24M). 
Additional discussion on the installation of these wells and the determinations made based on the 
hydrogeologic features encountered are provided in Sections 2 and 4 of the RI report. 

The groundwater data set collected from this area (MW-24 and MW-25 well couplets) was not 
quantitatively considered in this risk assessment.  However, the numerous soil samples collected within 
the neighborhood were used as part of the reference data set, based on their general consistency with soil 
reference data collected from undeveloped areas, as described below.  As indicated in Section 3.1.4 of this 
report, comparison of soil samples from the neighborhood area had lower levels of PAHs typically 
associated with combustion by-products/anthropogenic activities (e.g., 4-6 ring, high molecular weight 
PAHs) relative to reference samples collected from undeveloped areas. With respect to naturally-
occurring metals, the neighborhood samples typically had higher concentrations relative to the samples 
from undeveloped reference areas. Furthermore, as part of the exposure assessment, the residential area is 
discussed and qualitatively evaluated. 

Soil, groundwater, sediment and surface water samples have been collected from reference locations 
throughout the investigation activities at the site (1989 through 2006).  For the purpose of the risk 
assessment, the only sample identified in the RI data set that was excluded from the reference data set is 
sediment sample SD-02, collected in 1989 from Sutton Brook adjacent to the dirt access roadway on the 
Perkins property, since more recent data have been collected in this area.  
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Soil data were collected from various reference locations, as shown on Figure 3-1.  Site soil and reference 
soil data are provided Appendix A.  VOCs, SVOCs, pesticides, PCBs and inorganics were detected at 
various frequencies among site samples. Only the data potentially related to either naturally-occurring 
constituents (e.g., metals) and/or constituents associated with non-release related anthropogenic activities 
(e.g., PAHs from automobile/truck emissions or fires) were considered in the subsequent reference to site 
comparisons.   

Group 7 groundwater data represent sampling rounds conducted from 1999 through 2006. Metals were 
detected at a range of frequencies, depending on the metal; VOCs and SVOCs were only sporadically 
detected. Surface water and sediment samples were collected from Reference areas between 1999 and 
2006.  Inorganics were detected at a high frequency in Group 7 samples; SVOCs, VOCs and several 
pesticides were also detected in some samples. 

With respect to comments previously received from USEPA regarding the presence of low levels of 
organic constituents found in Reference samples (e.g., Comment 21, Response to Comments, August 11, 
2006), some of the constituents detected in the reference samples were not detected at either frequencies 
or concentrations high enough to be selected as COPCs in site media or were not COPCs in site media 
that could likely be transported via a migration pathway to the reference medium (e.g., COPC only 
detected in groundwater and was found in Reference surface soils from upgradient locations). 
Furthermore, although toluene is a key COPC at the site, the detected concentrations in the reference 
samples used as examples by the USEPA (Comment 21), were all lower than 0.002 mg/kg, and were 
estimated values below the laboratory’s MDL.  There are numerous sources of such low levels (close to 
the detection limit and within the “noise” of the analytical method) of toluene in soils, such as a small 
spill of gasoline/emissions from lawn mowers, vehicles, paints, etc.  Lastly, it should be noted that the 
HERA did not identify any VOCs in site media as being “consistent with reference” and hence did not 
remove them from calculation of site-related risks.   

A statistical evaluation of site conditions relative to reference concentrations is presented in Section 3.1.4 
and Appendix D. 

3.1.3 Selection of Chemicals of Potential Concern 

The objective of the Hazard Identification is to present the relevant sampling data and select the 
Chemicals of Potential Concern (COPCs) for each medium.  Soil, groundwater, ambient air, surface 
water, and sediment data have been collected at the Site as part of various site assessment activities 
conducted between 1989 and 2006.  As described in previous sections of the HHRA, the vast majority of 
the data that were collected during assessment activities was retained for use in the risk assessment.   

COPCs were selected for each of the HHRA Groups 1 through 6, identified above. As previously 
discussed, we did not identify COPCs for Groups 1 and 2 soil, as this area of the Site has been assumed to 
be capped as part of the remedy for the landfill lobes and therefore be rendered inaccessible to potential 
receptors. We identified COPCs for groundwater in Groups 1 and 2 (combined) and in Groups 3 through 
6. As discussed, COPCs were not identified for Group 7 media, as these data were used only to 
distinguish the risk contribution of site-related COPCs relative to reference risks, as described in Section 
3.1.4.   

The selection process used to determine site COPCs conforms to EPA guidance.  Criteria used in this 
selection process are described below. 
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3.1.3.1 Frequency of Detection 

Per EPA guidance, chemicals that were not detected at least once in a medium per group were not 
retained as a COPC. However, since several of the datasets used in this HHRA were comprised of fewer 
than twenty samples, we did not exclude any compounds as COPCs based on a low frequency of 
detection (typically considered as a prevalence of less than or equal to 5%). 

3.1.3.2 Elimination of Essential Nutrients 

The following several inorganics are common elements and nutritionally essential minerals and are not 
considered human health COPCs:  calcium, iron, magnesium, potassium and sodium. 

3.1.3.3 Elimination of Laboratory Contaminants 

Chemicals considered to be common laboratory contaminants (e.g., acetone and methylene chloride) were 
not selected as COPCs if they were present in samples at levels less than ten times those reported in 
associated blank samples (EPA, 1989). However, blank contamination was rarely reported in site 
samples, and so this criterion ultimately was not used in the selection of COPCs for this HHRA. 

3.1.3.4 Tentatively-Identified Compounds (TICs) 

As previously discussed in Section 3.1.2, TICs were not retained as COPCs in the quantitative risk 
assessment if the constituent was characterized as “unknown”, was present as an analyte in another 
laboratory method, was present at a low frequency (<5%) or if no health-based screening criteria were 
available for that constituent. Based on this preliminary screening presented in Section 3 of the RI 
Report, two TICs, chlorodifluoromethane and n,n-dimethylformamide, were identified as potential 
COPCs. 

Chlorodifluoromethane was detected via TIC analysis in groundwater from four wells (MW-3S, MW-11, 
PMW-2 and PMW-3).  As the highest detected concentration of 23 ug/L is well below the Region 9 
tapwater PRG of 85,000 ug/L; this TIC was excluded as a COPC in groundwater.  Thus, this compound 
has been screened out from further quantification in the risk characterization. 

N,N-dimethylformamide was detected in groundwater from six wells (MW-4B, MW-5, MW-7M, MW
8M, MW-9 and WP-7) during various sampling rounds.  Concentrations in only well MW-9 (9,400 ug/L 
to 19,000 ug/L) exceed the Region 9 tapwater PRG of 3,600 ug/L.  Results from MW-9 indicated the 
highest concentration of organic compounds were detected in site groundwater from this well.  Given that 
n,n-dimethylformamide was detected at concentrations elevated above the tapwater PRG in only one of 
56 wells sampled (2%), this compound was excluded from quantification in the risk characterization.   

The uncertainty and bias associated with exclusion of TICs in the quantitative risk assessment is further 
discussed in Section 3.5. 

3.1.3.5 Screening Criteria 

COPCs were further identified by comparing maximum detected concentrations to EPA-recommended 
toxicity-based screening criteria and applicable standards. Chemicals with maximum detected 
concentrations exceeding the screening criteria or standards were identified as COPCs and carried 
through the HHRA.  When possible, we used screening criteria from structurally similar compounds for 
chemicals that did not have toxicological information.  The following screening criteria were used for 
comparison: 
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Soil –USEPA Region 9 Preliminary Remediation Goals (PRGs) for residential soil. If a PRG was not 
available for a particular detected constituent (for example, petroleum hydrocarbon fractions); the 
maximum detected concentration of this constituent was compared to the risk-based Massachusetts 
Contingency Plan (MCP; 310 CMR 40.0000) Method 1 soil standard for S-1/GW-1 soils.  These S-1/GW
1 soil standards are protective of residential land use, assuming the underlying aquifer may be used for 
potable water. PRGs and Method 1 cancer-based standards correspond to an incremental lifetime cancer 
risk (ILCR) of one in one million (1 x 10-6), whereas noncancer-based screening levels are adjusted to 
reflect a hazard quotient (HQ) of 0.1. Soil screening levels are presented in Table 3-3 (Group 3), Table 3
5 (Group 4) and Table 3-7 (Group 5). 

Sediment – No sediment-specific screening criteria were identified for the HHRA.  However, in order to 
address the potential human exposure to sediment, the USEPA requested that the maximum sediment 
concentration be compared to the Region 9 PRGs for residential soils.  These criteria are conservative 
since the potential for exposure to soil, even under non-residential scenarios, is substantially greater than 
the potential for exposure to sediment beneath surface water bodies.  Because PRGs were not available 
for all of the detected constituents, concentrations without Federal criteria were compared to MCP (MCP; 
310 CMR 40.0000) Method 1 soil standards for S-1/GW-1 (residential) soils, as described above. 
Sediment screening levels are presented in Table 3-9 (Group 5) and Table 3-11 (Group 6). 

Groundwater – Groundwater at the Site is classified by the MassDEP as a GW-1 (potable) aquifer. 
Therefore, Region 9 tap water PRGs were used as comparison criteria for groundwater. For constituents 
for which PRGs were not available, maximum concentrations were compared to MCP Method 1 GW-1 
groundwater standards, which are protective of exposures associated with potable water use. As with soil 
screening levels, PRGs and Method 1 groundwater standards are based on an ILCR of 1 x 10-6 and HQ of 
0.1. Maximum groundwater concentrations were also compared to Federal drinking water standards 
(Federal Maximum Contaminant Levels, or MCLs). Using these criteria, we selected COPCs for Groups 
1 and 2 (combined) groundwater and Groups 3-6 groundwater, as shown on Tables 3-1 and 3-14, 
respectively.  These two groundwater groupings reflect the evaluation of potable water use described in 
Section 3.2.1.5.  In addition, groundwater COPCs were separately selected for all of the Group 3, 4, 5 and 
6, and quantitatively assessed for Groups 3 and 4 (see Tables 3-4 and 3-6) to evaluate potential dermal 
contact and/or inhalation exposures that may occur in these individual site areas. 

Surface Water – Per EPA’s response to the Phase IA RI deliverable, maximum detected concentrations of 
constituents in surface water were compared to Federal MCLs. For compounds without MCLs, 
concentrations were compared to Region 9 PRGs for tap water and/or MCP GW-1 standards.  Surface 
water screening levels are presented in Table 3-10 (Group 5) and Table 3-12 (Group 6). 

Ambient Air – Ambient air concentrations were compared to Region 9 Preliminary Remediation Goals 
for ambient air. As with other screening levels, PRGs are based on an ILCR of 1 x 10-6 and HQ of 0.1. 
Ambient air screening levels are presented in Table 3-2. 

For constituents with no the relevant screening criteria, we used screening criteria from structurally 
similar compounds as surrogate values. Where no appropriate surrogates were identified, we eliminated 
those compounds as COPCs, as there are no readily available toxicological information with which to 
quantify risks for these compounds.  

Tables 3-1 through 3-14 present statistical summaries of the analytical data for each Site group, by 
medium, and a comparison of maximum detected concentrations to the relevant screening levels 
identified above. Table 3-15 presents a summary of the COPCs by group medium.  
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In general, groundwater COPCs in Groups 1/2, 3 and 5 included the largest number of VOCs relative to 
other Groups and media. Groundwater COPCs in all groups contained several metals and select SVOCs 
and petroleum associated VOCs. Wetland and upland soils COPCs consisted primarily of PAHs and 
metals; COPCs in sediment and surface water in Groups 5 and 6 were largely limited to metals. Ambient 
air COPCs consisted of aromatic VOCs. 

3.1.4 Preliminary Evaluation of Reference Locations 

Local reference concentrations were not considered in the identification of COPCs. However, these 
conditions were assessed to evaluate whether concentrations of inorganic or PAH COPCs or possible 
laboratory contaminants identified in each medium at the site may be consistent with reference 
concentrations. Reference samples were collected from off-site locations where no overt sources of 
constituents were present, other than those naturally-occurring or related to anthropogenic non-point 
sources (such as roadway run-off).  The locations identified as reference are provided in Table D-1.  A list 
of COPC for each medium is presented in Table D-2. 

The comparison of site inorganic and PAH COPC concentrations to reference COPC concentrations is 
pertinent to all media evaluated (upland soils, wetland soils, groundwater, surface water, sediment), due 
to both naturally-occurring constituents present in the region, as well as anthropogenic sources of 
constituents, which may be present. As inorganics are naturally-occurring and are also constituents that 
often may exert elevated toxicity, inorganic COPC concentrations that, based on the statistics described 
below, were not significantly different from the reference concentrations are identified as a “Reference” 
throughout the risk assessment. This approach was also used for PAHs which are ubiquitous in the 
environment. This identification was performed to understand how potential site risks compare to 
reference-related risks.  

3.1.4.1 Method of Comparison 

The comparison of Site to Reference concentrations was performed in accordance with EPA’s Guidance 
for Comparing Background and Chemical Concentrations in Soil for CERCLA Sites (USEPA, 2002). 
Statistical methods that are used to compare site to reference locations generally include either parametric 
or non-parametric tests. Parametric statistical tests assume the data follow a known distribution, while 
non-parametric tests do not assume a specific underlying distribution. As described in EPA’s guidance 
(USEPA, 2002), for data sets less than 20, non-parametric tests should be used to avoid incorrectly 
assuming the data are normally distributed when there may not be enough information. 

Data distributions were evaluated for pertinent SVOCs and inorganics within the groundwater, surface 
water, soil, and sediment datasets. The majority of the distributions were highly right-skewed. Few of 
the data sets approximated a normal distribution and, in the majority of cases, standard log 
transformations failed to normalize the data. Due to this condition, and because fewer than 20 Reference 
samples were generally analyzed from each medium or area, the non-parametric Wilcoxon Rank Sum 
test, which compares medians of the data sets, was utilized. The Wilcoxon Rank Sum test, a non-
parametric test that evaluates whether measurements from one data set are different from another set, 
ranks data from both sets together and compares the relative ranks of the two underlying data sets. The 
assumption is that the difference between Reference and Site data is due to a shift in the site 
concentrations to higher values, due to site contamination. Distributions of the COPC data for each 
medium, for both Reference and Site locations, are provided in Appendix D. 

The Wilcoxon Rank Sum test has been described by EPA as having three advantages for background 
comparisons: 

1. The data sets are not required to be from a known type of distribution; 
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2. It allows for non-detect measurements to be present in both data sets; and, 

3. It is robust with respect to outliers. 

The Wilcoxon Rank Sum test was performed to test the null hypothesis (H0) that the median of the 
inorganic or PAH Site data is equal to the median of Off-Site data.  The alternative hypothesis (HA) is that 
the median of on-site data does not equal the median of Reference data. EPA recommends an 80 – 95% 
confidence value be used. According, a p-value (alpha) of 0.05 (i.e., 95% confidence) was used as the cut
off value for rejection of the null hypothesis in all analyses. 

EPA’s Guidance for Comparing Background and Chemical Concentrations in Soil for CERCLA Sites 
(USEPA, 2002) recommends that the Wilcoxon Rank Sum test not be used in cases where greater than 
40% of the data are non-detects. In such cases, significant differences may be the result of detection 
limits being elevated in one group, rather than the result of an actual difference in concentrations between 
the sites. For all of the analyses, comparisons for which the data sets contain greater than 40% non-
detects are noted, and the results from these tests should be interpreted with caution. However, in all of 
these cases, the inorganic or PAH constituent was determined to be site-related (i.e., higher in site data 
than in reference data. 

3.1.4.2 Outliers 

The determination of outliers was made based upon qualitative evaluation of histograms of the data for 
each COPC. Outlier analysis techniques that are typically used for normally distributed data cannot be 
applied to highly skewed data sets, as data that fall in the extreme right-tail of the distributions may be 
incorrectly removed from the analysis. A data point was only tentatively considered an outlier if the 
value was several orders of magnitude greater than other data points, and if it was the only data point in 
the set exhibiting such a high value. Table D-3 lists potential outliers. 

Analyses were conducted both by including and excluding these outliers. The results of the analyses, for 
all comparisons made, were very similar. These outliers were therefore conservatively included in all 
analyses to prevent inadvertent removal of a data point that represents important site or reference data. 

3.1.4.3 Comparisons 

Northwest “Neighborhood” compared to undeveloped locations 

Numerous soil samples were collected in the residential neighborhood located northwest or north of the 
Site. These “neighborhood” reference points were compared to the other reference points in undeveloped 
areas to determine if a significant difference exists for any COPCs between the two reference groups. 
Table D-4 lists the locations included as “neighborhood” sites. These comparisons were made for soil 
and groundwater, the two media for which “neighborhood” sampling data exist. Table D-5 details the 
results of these comparisons.  

For several of the metals and PAHs evaluated, it was determined that there was a significant difference 
between “neighborhood” sampling locations and undeveloped reference locations. However, there was 
no consistent trend for these constituents to be consistently higher in either of the reference group – some 
were higher in the “neighborhood” locations while some were higher in the undeveloped locations.  Many 
of the PAHs, which would be expected to be higher in developed locations due to the possible presence of 
fill material or other sources, were significantly lower in the “neighborhood” locations relative to the 
undeveloped locations. The inorganic compounds show no pattern of being greater at one type of 
reference location versus another. These results suggest that there are not significant anthropogenically
driven impacts on the “neighborhood” locations that differentiate these locations substantially from the 
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undeveloped locations.  The differences most likely reflect variation in background levels of these 
constituents. Additionally, many of the significant comparisons result from using data sets with greater 
than 40% non-detect values.  The significant differences in these cases may be due to the laboratory 
detection limits rather than actual differences between the “neighborhood” and undeveloped sampling 
locations. 

In conclusion, it is reasonable to use both neighborhood and undeveloped locations collectively as a 
reference data set, and the remaining comparisons utilize both “neighborhood” and undeveloped sampling 
locations collectively as the soil reference data set. 

Site compared to Reference locations 

For each medium and COPC, concentrations at the Site were compared to the reference locations using 
non-parametric Wilcoxon tests.  Table D-6 provides details of the tests and the summary table below lists 
the results of these comparisons.  Statistical outputs for the Wilcoxon Rank Sum test for each COPC are 
provided in Appendix D.  Each COPC that was identified as being consistent with or significantly lower 
than the Reference concentration is identified as “Reference” in the table below.  Blank cells mean that 
the chemical was not identified as a COPC for that medium.   

Constituent Groundwater Sediment Soil Surface Water 

Aluminum, Total Reference Reference 
Antimony, Total Reference 
Arsenic, Total Site-related Reference Reference Site-related 
Barium, Total Site-related Site-related 
Benzo(a)anthracene Reference Site-related 
Benzo(a)pyrene Reference Site-related 
Benzo(b)fluoranthene Reference Site-related 
Benzo(e)Pyrene Reference Reference 
Benzo(ghi)perylene Reference Site-related 
Benzo(k)fluoranthene Reference Site-related 
Beryllium, Total Reference Reference 
Cadmium, Total Reference Site-related Reference 
Chromium, Total Reference Site-related 
Cobalt Site-related 
Copper Reference 
Dibenzo (a,h) anthracene Reference 
Fluoranthene Site-related 
Indeno(1,2,3-cd)Pyrene Site-related 
Lead, Total Reference Reference Site-related 
Manganese, Total Site-related Reference Site-related Reference 
Naphthalene Site-related Reference Reference 
Nickel, Total Reference Site-related 
Phenanthrene Site-related 
Pyrene Site-related 
Selenium, Total Reference Reference 
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Constituent Groundwater Sediment Soil Surface Water 

Silver, Total Reference Reference 

Thallium, Total Reference 

Vanadium, Total Reference Reference Site-related Reference 

Zinc, Total Reference Site-related Reference 

Reference = Constituent determined to be present at concentrations consistent with or lower than Reference concentrations.
 
Site-Related = Constituent determined to be present at concentrations elevated above Reference.
 
Bold = data set has fewer than 40% non-detects.
 
Blank cell = Constituent is not a COPC in the medium.
 

Concentrations of numerous COPCs were found to be significantly higher in the Site (“Site-related”) than 
in the Reference locations. However, in many of these cases, greater than 40% of the data values were 
non-detects. Those COPCs for which the Site was significantly higher than the reference values, and for 
which fewer than 40% of the values are non-detects, are listed in bold above. These COPCs are, for 
groundwater - arsenic, barium and manganese, for soil - chromium, manganese, nickel, vanadium, and 
zinc, and for surface water - arsenic. A more in-depth evaluation may be necessary for setting cleanup 
levels based on reference concentrations. 

3.2 EXPOSURE ASSESSMENT 
The objective of the Exposure Assessment is to estimate the type and magnitude of potential exposure to 
site-related COPCs present at or migrating from the Site. Exposure is quantified for the populations 
potentially exposed to contaminated media via specific exposure pathways, based on current and future 
potential land use. The exposure estimates are first calculated using chemical-specific exposure point 
concentrations (EPCs) and receptor-specific exposure parameters and then combined with dose-response 
information to characterize the potential risk to human receptors. 

As previously discussed, exposures were evaluated assuming that no direct contact exposures to materials 
and soils within the landfill lobes (Groups 1 or 2) will occur, due to a landfill cap. Exposures to COPCs 
in environmental media in areas proximate to and outside the waste boundaries were evaluated by “data 
group”. Each group represents a distinct area (exposure point) of the Site that is characterized by a 
particular type of contamination (e.g., metals in Group 4), a particular historic use (i.e., drum disposal in 
Group 3), and/or particular characteristics that may limit future use (i.e., future development is not 
assumed in Sutton Brook or associated wetland areas [Groups 5-6]). These data groups are depicted on 
Figure 3-1. 

3.2.1 Exposure Scenarios / Conceptual Site Model 

Complete and potentially complete exposure pathways are identified and quantitatively evaluated as part of 
the human health risk characterization. A complete exposure pathway, which links COPCs in an 
environmental medium to a human receptor, consists of the following elements: 

• a source and mechanism of chemical release; 

• a retention or transport medium; 

• a point of potential human contact (exposure point); and 

• an exposure route (e.g., dermal contact, ingestion, or inhalation). 

Human exposure may be direct (i.e., the receptor contacts the COPC in the affected medium such as air, 
water or soil) or may be indirect, involving exposure to chemicals from the Site through the food chain (for 
example, one may ingest COPCs via consumption of vegetables grown at the Site that have absorbed COPCs 
from soil). 
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The exposure assessment has been conducted in a manner consistent with USEPA risk assessment 
guidance. For each identified receptor at each exposure point, complete or potentially complete exposure 
pathways were identified based on current or potential site activities and uses and the presence of COPCs in 
environmental media. Age groups that represent the longest or most intense exposure periods were 
selected to be adequately protective of all stages of the receptor’s life.  For all receptors, we evaluated 
both Central Tendency (CT) and Reasonable Maximum Exposures (RME) to provide both central and 
upper-bound estimate of health risks.  The USEPA requires evaluation of the CT and RME scenarios to 
provide information on the possible range of potential risks to each receptor; however, the need for 
remedial action is based on the risks estimated under the RME scenario. 

Figure 3-2 presents a Conceptual Site Model (CSM) summary of potential human receptors, exposure 
points and potentially complete exposure pathways identified for the various Site areas.  The CSM is 
based on a review of historical information, analytical data collected to-date, and observations made 
during the field activities. 

Exposure profiles for each identified receptor are provided in the following sections.  Exposure scenarios 
reflect current and potential future conditions for the trespasser and local resident receptors, and 
hypothetical future conditions for the Site resident, construction and facility worker receptors. 

Youth Trespasser/Recreational User 

Given the accessibility of the Site and its proximity to residential areas, we have assumed that trespassers 
or recreational users may occasionally be present on the Site.  This assumption is verified through visual 
observation of dirt-bike paths and trails, which indicate that portions of the Site are used at least 
occasionally for recreational purposes.   

Risks were quantified separately for a Group 3 and Group 4 trespasser. Although under current 
conditions, surface soils in Groups 1 and 2 (Northern and Southern Lobes) are accessible to trespassers, 
we did not quantify risks for these areas of the Site, as it is presumed that the cap to be installed as part of 
the remedy will eliminate this exposure pathway. Since the decision to cap the former landfill waste areas 
(to both contain the waste materials and eliminate potential exposures) has been presumed, it is not 
necessary to quantify exposures. 

Thus, trespassers/recreational users of Groups 3 and 4 may have dermal contact with or incidentally 
ingest COPCs in impacted, exposed surface2 soils (defined as 0-1 foot below grade) under current 
conditions and with surficial and subsurface soils (0-10 feet below grade) under future conditions, 
assuming site redevelopment occurs.  Although the trespasser may also potentially inhale volatiles 
emanating from surface soils or COPCs entrained in particulate dust, risks from this exposure pathway are 
assumed to be negligible relative to direct contact risks and therefore were not quantified for this receptor 
(EPA Region 1, January 2006. Review by EPA of Response to Comments on the March 2005 Draft Phase 
IA RI Deliverable, Sutton Brook Disposal Area Superfund Site, Tewksbury, Massachusetts [Dated 
September 22, 2005]). We did assume, however, that this receptor may inhale VOCs in ambient air 
across the landfill. 

Trespassers may also encounter COPCs in surface water, sediment and wetland soil in the numerous 
streams and wetland areas of the Site, primarily in the areas defined as Group 5 and Group 6.  As the 
streams/wetlands are relatively shallow and heavily vegetated, it is hypothetically possible that trespassers 
may occasionally walk/wade through these areas; however, swimming or boating would not likely occur. 

2 Note that only one surface soil sample is available for Group 3 soils. We have therefore used Group 3 soil data 
from samples collected 0-10’ to evaluate both current and future trespasser exposure scenarios for this area of the 
Site. 
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FIGURE 3-2
 
EXPOSURE ASSESSMENT SUMMARY
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Medium Exposure Exposure Receptor Receptor Exposure Type of Rationale for Selection or Exclusion 
Timeframe Medium Point Population Age Route Analysis of Exposure Pathway 

Soil Surface Soil (0-1' 
bgs) 

Groups 3 & 4; 
Group 5 

Trespasser/Recreational 
User/Local Resident 

Pre-Adolescents 
/ Adolescents 

Dermal Contact, 
Incidental Ingestion Quantitative 

Because soils in Groups 1 & 2 will be capped, they are not included in 
this evaluation. Trespassers and recreational users could be exposed to 
surface soils in Groups 3 & 4, and to surficial wetland soil in Group 5. 

Wetland Soil Wetland Soil (0-1' 
bgs) Group 5 Trespasser/Recreational 

User/Local Resident 
Pre-Adolescents 

/ Adolescents 
Dermal Contact, 

Incidental Ingestion Quantitative 
Because the site is accessible to the public, trespassers and recreational 
users could be exposed to wetland soil when wading or walking in the 

wetland areas comprised by Groups 5. 

Current 

Sediment Sediment Groups 5 & 6 
Trespasser/Recreational 

User/Local Resident 
Pre-Adolescents 

/ Adolescents 
Dermal Contact, 

Incidental Ingestion Quantitative 

Because the site is accessible to the public, trespassers and recreational 
users could be exposed to sediment when wading or walking in the 

wetland areas comprised by Groups 5 & 6. 

Surface Water Surface Water Groups 5 & 6 Trespasser / Recreational 
User/Local Resident 

Pre-Adolescents 
/ Adolescents Dermal Contact Quantitative 

Because the site is accessible to the public, trespassers and recreational 
users could be exposed to surface water when wading or walking in the 

wetland areas comprised by Groups 5 & 6. 

Air Ambient Air Site Trespasser / Recreational 
User/Local Resident 

Pre-Adolescents 
Child / Adult Inhalation Quantitative These receptors may be exposed to landfill gas that emanates into 

ambient air. 
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EXPOSURE ASSESSMENT SUMMARY
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario 
Timeframe 

Medium Exposure 
Medium 

Exposure 
Point 

Receptor 
Population 

Receptor 
Age 

Exposure 
Route 

Type of 
Analysis 

Rationale for Selection or Exclusion 
of Exposure Pathway 

Future 

Soil 

Surface and 
Subsurface Soil (0-

10' bgs) 
Groups 3 & 4 

Trespasser/Recreational User, 
Site Resident, Construction 

Worker, Commercial Facility 
Worker 

Child/Adult 

Adult 
Dermal Contact, 

Incidental Ingestion 

Quantitative Future trespassers, residents, construction workers and commercial 
workers may be exposed to surface and subsurface soils in Groups 3 & 4 

through construction activities, or following re-development of these 
areas for either residential or commercial purposes. 

Particulates, 
Volatiles Groups 3 & 4 Construction Worker 

Commercial Worker Adult Inhalation Quantitative 
Future construction workers and commercial workers may be exposed to 

the particulates and volatiles emitted from soils through construction 
activities or following re-development of Groups 3 & 4. 

Wetland Soil Wetland Soil (0-1' 
bgs) Group 5 Trespasser/Recreational 

User/Local Resident 
Pre-Adolescents 

/ Adolescents 
Dermal Contact, 

Incidental Ingestion Quantitative 
Because the site is accessible to the public, trespassers and recreational 
users could be exposed to wetland soil when wading or walking in the 

wetland areas comprised by Groups 5. 

Groundwater 

Groundwater Groups 1 & 2 
Groups 3, 4, 5 & 6 

Site Resident, Commercial 
Worker Child / Adult Dermal Contact, 

Ingestion and Inhalation 

Quantitative The Site is a potential source of potable water. Potential exposures to 
groundwater via potable water use are evaluated distinctly for Groups 1 
and 2 (combined) since these areas will be capped and Groups 3, 4, 5 & 
6 (combined). Commercial workers are anticipated to have only dermal 

contact with and ingestion of potable water. Inhalation exposures 
relevant to showering are applicable to only the resident. 

Groundwater Groups 3 & 4 Construction Worker Adult 
Dermal Contact Quantitative 

Construction workers may be exposed to groundwater in Groups 3 & 4 
during construction activities involving excavation in areas where 

groundwater is shallow. 

Indoor Air Groups 3 & 4 Site Resident 
Commerical Worker 

Child / Adult 
Adult Inhalation Quantitative 

Potential exposures to volatiles released into indoor air may occur, 
assuming redevelopment of Groups 3 & 4 for residential or commercial 

purposes. 

Trench Air Groups 3 & 4 Construction Worker Adult Inhalation Quantitative 
Potential exposures to volatiles released into ambient air of an 

excavation pit or trench may occur during redevelopment of Groups 3 & 
4 for residential or commercial purposes. 

Air Ambient Air Site Trespasser/Recreational User, 
Site Resident Child / Adult Inhalation Quantitative While playing or working outside, future trespassers and Site residents 

may be exposed to landfill gas that emanates into ambient air. 

Sediment Sediment Groups 5 & 6 Trespasser/Recreational User, 
Site Resident Child / Adult Dermal Contact and 

Ingestion Quantitative 
While Groups 5 & 6 do not contain developable land, trespassers or 

residents could be exposed to sediment when walking or wading in these 
areas. 

Surface Water Surface Water Groups 5 & 6 Trespasser/Recreational User, 
Site Resident 

Child / Adult Dermal Contact Quantitative While Groups 5 & 6 do not contain developable land, trespassers or 
residents could be exposed to surface water when wading or walking in 

the area comprised of Groups 5 & 6. 
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At times of low water (late summer and early fall), the smaller tributaries (southeast of the site and north 
of the site) have areas that dry up or form smaller, trickling channels through the muck and peat found in 
those areas. We assumed that exposure to surface water would occur primarily through dermal contact, 
and that incidental ingestion of surface water was unlikely. 

It was also assumed that trespassers would not catch and ingest fish from Sutton Brook and its associated 
tributaries and wetlands. While a trespasser could potentially fish in site surface water, due to the shallow 
nature of the Brook and difficulty walking through the wetlands, it is expected that the frequency of 
fishing would be low.  Furthermore, many of the site water bodies are intermittent in nature and would 
not likely support a fish population, especially during dry periods of the year (i.e., summer, fall) when 
human receptors are most likely to be present at the Site. This condition appears to be supported by the 
unsuccessful fish collection efforts conducted at the Site as part of the ecological risk assessment.  As 
described in the BERA (Section 4), numerous tadpoles were also present in the site pond, indicating the 
lack of fish since they typically consume these organisms.  Thus, we did not quantify risks for the fish 
ingestion exposure pathway. 

Local Resident/Future Site Resident 

The Site is bordered to the south and west by residential neighborhoods, primarily consisting of single-
family homes. South Street runs southwest to northeast of the Site, crossing over Sutton Brook (see 
Figure 3-1) approximately 800 feet west of Group 3 (the former drum disposal area). Two cul-de-sacs 
(Serenity Drive and Bemis Circle, known as the “northwest” neighborhood), abut the wetlands 
appurtenant to Sutton Brook and are located approximately 800 feet from the northern landfill lobe’s 
northwestern limits.  The neighborhood to the south of the Site is also comprised of two cul-de-sacs 
(Homestead Lane and Carleton Road Extension), while the neighborhood north of the Site contains the 
residences along South Street. 

As discussed in Section 5.5 and presented on Figure 5-5e of the RI report, several private wells (water 
supply and irrigation) are located in the vicinity of the Site within the residential neighborhoods located to 
the north and south of the Site.  As this figure depicts, all of these wells are located in areas hydraulically 
upgradient of the landfill and former drum disposal area.  As such, impacts to these wells from Site 
operations are expected to be minimal.  As presented in Section 5.6 of the RI report, EPA collected 
groundwater samples from several of these wells for VOC, SVOC, pesticides/PCBs, and metals analysis. 
No concentrations of site-related VOCs were detected in any of these wells.  As part of the RI, four 
monitoring wells (two well couplet locations) were installed in the neighborhood to the west of the Site 
(Bemis Circle and Serenity Drive).  All of these residences are supplied with public water.  No site-
related VOCs were detected in groundwater from any of these monitoring wells.  Given this information, 
adequate data has been considered collected to support the CSM, indicating that the site groundwater 
plume does not extend into these areas. 

As these off-site wells are located either cross-gradient or upgradient of the site groundwater plume and 
as the detected concentrations are relatively consistent with those found in groundwater samples from 
reference areas, it is postulated that the presence of these constituents is, for metals, likely a result of 
naturally-occurring conditions (i.e., local geochemistry) or, for organics, associated with other non-site 
plume conditions; therefore, the RI concluded that the constituents detected in off-site wells are unrelated 
to the landfill’s presence. For this HHRA, we have thus assumed that local residents could be potentially 
exposed to COPCs only in impacted media present at the Site. 

Given the proximity to the Site, we have assumed that a local resident/future site resident may be exposed 
to COPCs in soil, surface water, sediment, and wetland soil at the Site in a manner similar to that of the 
trespasser/recreational user scenario.  It has also been assumed that residents of these areas may also 
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potentially inhale volatile emissions from the landfill.  Vapor intrusion of VOCs from the subsurface into 
indoor air of these current residences is not considered to be a complete exposure pathway, as the 
majority of the residential properties proximate to the Site (e.g., Bemis Circle, Serenity Drive, Carleton 
Road extension, etc.) are hydraulically upgradient or cross-gradient with respect to groundwater flow 
patterns. Given the assumed dates of releases, groundwater flow rates, and natural attenuation 
mechanisms, it is not expected that the current plume configuration would significantly change in the 
future. In addition, the mapped extent of the dissolved VOC plume in groundwater associated with the 
Site does not extend to the areas of these residences. Therefore, since site-related VOCs are not present in 
groundwater located within 100 feet of these residences3 and the plume has stabilized, no additional 
assessment of the potential for vapor intrusion in this area was conducted.  Refer to Section 5.5 and 5.6 of 
the RI report for additional details supporting the conceptual site model (CSM), groundwater flow and 
hydrogeological conditions in the vicinity of the neighborhood monitoring and private drinking water 
wells. Since the supportive information indicates that groundwater in these areas is not impacted by site-
related VOCs, groundwater is not a potential source of VOCs to indoor air in these areas; we therefore did 
not quantify vapor intrusion risks for these off-site residential areas. 

Under future conditions, we have assumed that upland portions of the Site may be redeveloped for 
residential use. Under this hypothetical scenario, residents may be exposed to COPCs in upland soil in 
HHRA Group 3 and Group 4 areas.  Since this is a hypothetical future scenario, and redevelopment will 
displace, excavate and potentially move currently subsurface soils to the surface, exposure point 
concentrations for this future receptor are based on the 0-10 feet below ground surface (fbgs) soil interval. 
Due to the presence of VOCs in groundwater, future residents may also inhale volatile COPCs that have 
migrated from the subsurface into indoor air of a future site residence (vapor intrusion), or ingest, contact 
or inhale COPCs in potable water, assuming site groundwater is used for this purpose.  Groundwater from 
beneath the landfill lobes may potentially be drawn upon if site groundwater is used as a potable water 
source. 

Although it is possible that VOCs in soils from Groups 3 or 4 may also contribute to vapor intrusion, their 
contribution to the indoor air pathway was determined to be insignificant relative to groundwater for the 
following reasons: 

•	 Shallow vadose zone soil concentrations of VOCs in Group 3 were orders of magnitude lower 
than in deeper samples.  The highest levels of VOCs in soils from this area were generally present 
at depths at or near the water table (4-6 fbgs).  As such, these samples represent either capillary 
fringe soils or saturated conditions.  Similar chemicals with similar or higher concentrations, and 
higher frequencies of detection were identified in groundwater from this area.  Therefore, 
although unsaturated soil could potentially contribute VOCs to indoor air, the contribution from 
shallow, highly contaminated groundwater would dominate, due to the prevalence of elevated 
concentrations. 

•	 The levels of VOCs in unsaturated zone soils in Group 4 were lower than even the conservative 
screening levels used to select COPCs.  Thus, no VOCs were selected as COPCs for soil in this 
area and thus, these soils do not significantly contribute to potential indoor air risks.   

This condition is further discussed in the uncertainty section. 

3 This 100 foot criteria reflects “Question #2” in the Primary Screening performed when evaluating the potential for 
vapor intrusion in accordance with draft EPA Vapor Intrusion Guidance (EPA, November 2002).  
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As part of the risk characterization, we quantified risks for only one residential receptor, which reflects 
both current and future potential site uses. This scenario evaluates residential exposure to COPCs in 
upland soil, groundwater, indoor air, ambient air, surface water, sediment, and wetland soil.  As 
previously described, it is assumed that under current conditions a local off-site resident may be exposed 
to COPCs in ambient air across the Site, and to surface water, sediment, and wetland soil in Groups 5 & 
6. Although the local resident may also be exposed under current conditions to upland soils in Groups 3 
& 4, the evaluation of higher intensity exposures by future site residents is adequately protective of those 
shorter duration/lower intensity (current) exposures.  Furthermore, current/future soil exposures to 
trespassers are also evaluated, as previously described.  In the future use scenario, it was assumed that 
upland site areas outside of the cap (i.e., Groups 3 & 4), would be redeveloped for residential use.  Thus, 
it was assumed that that this receptor would be exposed to soil in Groups 3 and 4, groundwater underlying 
all site areas (Groups 1/2 and Groups 3-6) as well as the surface soil, sediment and surface water and 
ambient air risks quantified for the “current” resident described above.  By summing both the current and 
future risks for this receptor together, the scenario captures the highest intensity/fullest use of all site 
areas. Risks were quantified separately for a Group 3 and Group 4 hypothetical on-site resident, 
assuming that a future (on-site) resident would be exposed to COPCs in soil in either Group 3 or Group 4 
following their (hypothetical) redevelopment. 

Construction/Utility Worker 

If the Site is redeveloped in the future, construction or utility workers may be exposed to COPCs in soil, 
shallow groundwater or ambient air.  Routes of exposure may include dermal contact with COPCs in soil 
and shallow groundwater, and incidental ingestion of COPCs in soil.  Construction or utility workers may 
also inhale volatile COPCs that have migrated from the subsurface into the ambient air of an excavation 
trench or inhale COPCs bound to air-borne particulates (fugitive dust).  Risks were quantified separately 
for a Group 3 and Group 4 construction/utility worker. 

Future Site Industrial or Commercial Worker 

Future facility workers may be exposed to COPCs in soil via direct contact (i.e., dermal contact and 
incidental ingestion) and fugitive dust via inhalation, as well as to VOCs that have migrated from the 
subsurface into indoor air of a future building.  The facility worker exposure assumptions conservatively 
assume an 8-hour exposure to volatile constituents in indoor air, in addition to an 8-hour exposure to 
fugitive dust in outdoor air. These receptors also assumed to receive the full daily dose of soil contact and 
ingestion exposures during this 8 hour work day. Since on-site groundwater may hypothetically be used 
as a potential future source of potable water, we have also assumed that a facility worker may dermally 
contact or ingest COPCs in tap water during the work day.  Risks were quantified separately for a Group 
3 and Group 4 industrial/commercial worker. 

Exposures to COPCs in sediment, wetland soil or surface water were assumed to be unlikely exposure 
pathways for these workers and were not evaluated under the industrial/commercial scenarios. 

3.2.1.1 Quantification of Exposure 

The quantitative exposure assessment describes a conservative estimate of exposure to a representative 
individual within the subpopulation (receptor group) based on the defined exposure profiles.  The 
exposure dose therefore, represents the amount of a COPC to which an individual receptor may come into 
contact. It is a function of receptor-specific exposure assumptions and chemical-specific exposure 
parameters.  The material that reaches the receptor’s absorption barrier (such as the skin, lung, or 
gastrointestinal tract) is referred to as the applied dose (for ingestion and inhalation exposures), while the 
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absorbed (or internal) dose is defined as the amount of material that actually crosses the receptor’s 
exchange boundary (as in dermal exposures). 

Exposure doses are calculated as the daily amount of constituent taken into the body per unit body weight 
per unit time (mg/kg-day).  Average daily doses (ADDs) are based on conservative exposure assumptions 
and factors developed in accordance with EPA risk assessment guidelines. 

The general equation used to estimate Average Daily Doses (ADD), Lifetime Average Daily Dose 
(LADD), Average Daily Exposure (ADE) and Lifetime Average Daily Exposure (LADE) is: 

ADD (or LADD) = Total amount of COPC contacted/ingested * Absorption Adjustment Factor 

Body weight * Averaging Period 

For inhalation exposures, ADEs or LADEs are calculated, instead of ADDs or LADDs, to make them 
compatible with the inhalation dose-response values presented as reference concentrations or unit risks 
(expressed in units of mg/m3 and (mg/m3)-1, respectively). Exposures are then estimated by normalizing 
fugitive dust or vapor exposure point concentrations (EPCs) with averaging times: 

ADE or LADE = Time-weighted exposure concentration for airborne chemicals 

Averaging Period 

Exposure doses are calculated using receptor-specific exposure variables and chemical-specific exposure 
parameters, (e.g., the appropriate exposure point concentration, absorption adjustment factors, skin 
permeability coefficients, etc.) unique to each receptor and exposure pathway. 

Subchronic ADDs and ADEs are calculated for evaluation of non-carcinogenic effects associated with 
short-term exposures (i.e., less than 10% of a lifetime, or 7 years), such as for the construction worker. 
Chronic ADDs and ADEs are calculated for the evaluation of noncarcinogenic effects that occur over a 
time period greater than 7 years, such as for the (hypothetical) future site residents or facility workers. 
LADDs or LADEs are estimated for evaluation of carcinogenic effects. 

The equations specific to each exposure pathway and the assumptions used to estimate exposure doses are 
presented on Tables 3-16 through 3-21.  These tables and assumptions reflect both central tendency (CT) 
and reasonable maximum exposure (RME) scenarios so that the potential range of risk may be evaluated. 
We generally used EPA default exposure parameters for residential and commercial/industrial scenarios 
for soil, indoor air and groundwater exposures.  Where appropriate and available, central tendency 
assumptions reflect 50th percentile of the variables distribution (e.g., tap water ingestion rate for the 
resident) and an upper bound percentile (typically 90-95%) for the RME scenarios.  For exposure to 
wetlands media, we used both EPA-recommended exposure parameters as well as professional judgment 
in estimating exposures for the recreational and residential scenarios.  

For simplicity in calculating ADDs, ADEs, LADEs and LADDs, we first calculated an intermediate term 
called a “receptor-specific exposure factor.” This exposure factor is a value that represents the 
combination of all applicable receptor-specific exposure variables and conversion factors in the dose 
equations presented above, excluding the chemical concentration in the relevant environmental medium 
(i.e., the exposure point concentration, described in Section 3.2.1.5).  This factor is then multiplied by the 
chemical-specific exposure parameters, e.g., the appropriate exposure point concentration, absorption 
adjustment factors, and skin permeability coefficients, to calculate the chemical-specific doses or 
exposures for each receptor and pathway. 
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Exposure assumptions and receptor-specific exposure factors for each receptor are documented in Tables 
3-16 through 3-21. 

3.2.1.2 Dermal Soil Absorption Fractions 

The routes of exposure and the exposure matrices upon which toxicological studies and resultant toxicity 
values are based are often different from the route of exposure and exposure matrix of a chemical at a 
particular site.  This may result in different absorption rates and efficiencies.  The dermal absorption 
fraction (ABSd) is used to account for these differences in the absorption of a chemical.  This assessment 
relied on chemical-specific dermal ABSd provided in Exhibit 3-4 of USEPA 2004.  For semi-volatile 
organic constituents without published ABSd, we assumed a value of 0.1 (10%), in accordance with 
USEPA 2004 guidance (Page 6-1, USEPA 2004). For VOCs and inorganic constituents lacking ABSd, 
we did not quantify risks from the dermal exposure pathway but instead qualitatively addressed potential 
risks from these constituents in the Uncertainty Analysis (Section 3.5).  

We conservatively assumed an absorption fraction of 100% for oral and inhalation exposure pathways. 
Dermal absorption fractions are summarized in Table 3-22a. 

3.2.1.3 Dermal Absorption from Water 

For groundwater and surface water exposures, we used the EPA-recommended equations (EPA 2004) to 
estimate dermal absorption of COPCs for each exposure scenario.  Dermal absorption is a function of the 
concentration of the COPC, the chemical/physical properties of a COPC, as well as the receptor’s 
exposure time. The skin permeability coefficient (Kp) is a key parameter in estimating dermal absorption 
of chemicals in water.  Kp (cm/hour) represents the permeability of a chemical from an unspecified 
(aqueous) vehicle (such as groundwater) through the skin.  Published literature on experimentally-
measured or estimated values of Kp were used for constituents in groundwater (USEPA, 2004).  For those 
chemicals without published values or default Kp values, values were obtained from the U.S. Department 
of Energy’s Risk Assessment Information System (RAIS) on-line database. 

Some constituents, such as PCBs, PAHs and other lipophilic organics, have Kp values outside the 
effective predictive domain (EPC) of the model used to estimate Kp. In such instances, EPA guidance 
suggests applying a Fraction Absorbed (FA) value to the Kp (USEPA 2004).  Where a published FA 
value existed, we used this value to quantify aqueous dermal exposures.  In instances where no published 
FA value existed, we assumed an FA of 1.  Permeability coefficients, lag-time (tau) and FA values used 
to estimate the average daily doses for the COPCs are summarized in Table 3-22b.  

As an intermediate step in the calculation of health risks associated with dermal groundwater exposures, 
we first calculated a “dermal absorbed dose factor” (DA-factor), which employs the EPA dermal 
absorption equations for aqueous exposures, taking into account Kp, FA and tau, as well as the exposure 
time specific to each exposure scenario. Calculation of this DA-factor for each receptor is presented in 
Table 3-22c. This factor is then used in conjunction with the receptor-specific exposure factor (described 
in Section 3.2.1.2) and exposure point concentration (described in Section 3.2.1.5) to quantify noncancer 
hazards and cancer risks. 

3.2.1.4 Lead Exposures 

The dose equations presented above do not apply to lead exposures.  Different procedures were used to 
evaluate a child’s and adult’s exposure to lead, in accordance with USEPA guidance (USEPA 1994, with 
updates). For children (under a residential scenario), a model developed by the USEPA, the Integrated 
Exposure Uptake Biokinetic (IEUBK win Model V.1.0 build 263, December 2005), estimates blood lead 
levels (BLL) from multiple environmental exposures such as soil, diet, water, and air. The IEUBK model 
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calculates the likelihood that the BLL in the child exposed to lead in site soil will exceed the action BLL 
of 10 µg/dL.  USEPA model default values were used in the model, with the exception of the relevant site 
exposure point concentrations in soil and groundwater.  

USEPA has also published an adult lead exposure model (the Adult Lead Methodology, or ALM) to 
evaluate lead risks for non-residential, adult exposure scenarios (USEPA 1996 with updates).  This model 
is similar to the IEUBK, but instead estimates the BLL in the fetus of a pregnant adult worker, assuming 
that the adult female body burden of lead is available for transfer to the developing fetus.  As a fetus is a 
more sensitive receptor than an adult, then lead risks calculated for the fetus will also be protective of a 
worker. The ALM calculates the likelihood that the BLL in the fetus of the exposed worker will exceed 
the action BLL of 10 µg/dL.  The ALM was utilized to evaluate risks to both the facility worker and 
construction worker scenarios, modifying the model default exposure parameters to reflect the exposure 
assumptions used for these scenarios, as described previously. 

No lead uptake model currently is available for older children (8-18 years)4. We qualitatively evaluated 
risks for this scenario based on results from the IEUBK model, which is assumed to be protective of 
exposures to older children. 

Supporting documentation for both lead models is provided in Appendix E. 

3.2.1.5 Methods for Estimating Exposure Point Concentrations 

The identification of exposure points and the derivation of exposure point concentrations (EPCs) for 
receptors evaluated in the HHRA are presented in this section. Exposure point concentrations are 
estimates of the chemical concentrations to which a potential receptor is likely to be exposed under 
current and reasonable foreseeable future site activities and uses and are dependent upon the exposure 
period and pathway. 

As discussed with the EPA on September 6, 2006, for groundwater CT and RME exposure point 
concentrations (EPCs), we used the maximum concentration for each COPC detected at each well during 
any of the sampling events.   

To clarify the approach with regard to the other site media, as discussed in more detail below, EPCs for 
most media were based on the minimum value between the 95% Upper Confidence Limit (UCL) of the 
mean concentration and the maximum detected concentration.  For non-detect results, we generally used 
one-half the laboratory reporting limit (LRL) in calculating the 95% UCL; however, in instances where 
one-half the LRL exceeded the maximum detected concentration within a dataset (i.e., the LRL was 
greater than 2 times the maximum concentration), we excluded that data point from the EPC. 

This approach is consistent with EPA risk assessment guidance (USEPA 1989), which instructs the risk 
assessor to exclude elevated SQLs from the quantitative risk assessment “if they cause the calculated 
exposure point concentration to exceed the maximum detected concentration for a particular sample set” 
(p. 5-10). Where a detection limit exceeded more than twice the maximum detected value, use of one-
half the SQL for the non-detect value would result in inclusion of a value greater than the maximum 
detected concentration, thereby artificially inflating the EPC above the maximum positive result.    

We evaluated the soil, sediment, and surface water datasets used in each exposure point for instances in 
which the elevated non-detect results were removed from the dataset, such as not to artificially inflate the 
EPC above the maximum detected concentration for a particular COPC.  As the maximum individual 

4 Although EPA has released a draft All-Ages Lead Model, this model is not currently available for use in 
conducting risk assessments. 
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detection was used for the groundwater EPC for the RME scenarios, we did not conduct this evaluation 
for groundwater.  

The table below summarizes, by medium and exposure point, the non-detect data we removed from EPC 
calculations using the rationale provided above: 

Exposure Point Group 3 Group 4 Group 5 Groups 5 & 6 
Exposure Medium Soil Soil Wetland 

Soil 
Surface 
Water 

Sediment 

COPCs affected Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(e)pyrene 

Benzo(b)fluoranthene 
Benzo(k)fluoranthene 

Indeno(1,2,3-cd)pyrene 

Bis(2
Chloroethoxy) 

methane 

Perylene None None 

Samples 
removed SB-6(04) SB-8 (04) SS-5(04) 

GP-8(04) 
GP-7(04) 

Results of this evaluation indicate that only a limited number of data points were removed from the EPC 
dataset and that the approach used in the HHRA is unlikely to underestimate exposures at the site. As 
indicated in the table above, the only media affected by this approach include: upland soil in Group 3, 
where results for six polycyclic aromatic hydrocarbons (PAHs) in only one sample (SB-6(04)) were 
excluded; upland Soil in Group 4, where one result for one COPC (bis(2-chloroethoxy)methane) was 
excluded; and wetland soil in Group 5, where results from one sample was excluded for only one COPC, 
perylene. 

With respect to the six PAHs in Group 3 soil referenced above, since only one location in this area was 
excluded and the ratios of ½ SQL to the maximum detected for all those PAHs were less than or equal to 
5, the potential for actual underestimation of the EPCs for those compounds is very low.  For the Group 4 
soil, only one COPC result was excluded from the EPC calculations, for a compound that was detected 
infrequently in that area (only twice out of 13 samples analyzed), and again, with a ratio of ½ SQL: 
maximum concentration less than 5. With respect to perylene in wetland soils, this compound is not a 
significant risk driver for any relevant receptor and no toxicity information is available for perylene.  No 
data for COPCs from other media at the Site were removed as a result of applying this approach.   

We summarized the data points excluded for each COPC detected in each medium in our response to 
EPA comments dated November 13, 2006.   

Soil 

As previously discussed, we have divided the Site into five separate areas based on the potential for 
exposure (Groups 1 and 2 combined, and Groups 3, 4, 5 and 6).  It is assumed that none of the evaluated 
receptors will be exposed to upland soils within Groups 1 and 2 (the northern/southern lobes), since this 
former landfill area will be capped.  Upland soil data are available in Groups 3 and 4, whereas wetland 
soil data are available for Group 5.  Upland soil exposures were evaluated separately for Group 3 and 
Group 4 areas, as each of these areas may be (separately) redeveloped in the future.  Furthermore, since 
Group 3 and Group 4 are located in noncontiguous areas of the Site, each area was evaluated as a distinct 
exposure point.  We evaluated wetland soil exposures in Group 5 separately from upland soil exposures in 
Groups 3 or 4, to address the differences in exposure potential between these two types of media/areas at 
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the Site. In addition, due to differences in physical characteristics and exposure settings, sediments were 
separately assessed, as described later in this section. 

Different receptors may have a different potential for exposure based on the nature of the activities that 
they may undertake at the Site.  Current receptors such as a trespasser/recreational user are anticipated to 
encounter COPCs only in surface soils, whereas future receptors are assumed to be exposed to a greater 
depth interval (0-10 feet bgs), since currently-located subsurface soils may become exposed if the area is 
redeveloped. 

For Group 4 soils, we utilized surficial soil data from 0-1 foot bgs to derive EPCs for the current 
trespasser scenario. As only one upland soil sample was collected from 0-1 foot in Group 3, however, we 
used all Group 3 soil data (0-10 feet bgs) to evaluate the trespasser scenario under both current/future 
conditions. The follow-up sampling conducted during the RI focused on collecting samples from the 
most contaminated depth intervals based on soil jar headspace testing.  In other words, the RI sampling 
was biased toward the most highly-contaminated areas/depths. Based on this information and visual 
inspection of this area, there appears to have been some backfilling of portions of the excavated area. 
Low points still remain in this area relative to the surrounding ground surface.  The analytical results from 
the shallow soil sample (0 to 2 feet below grade) collected in 2004 indicate the presence of contaminants 
at this depth interval; however, the more elevated concentrations of contaminants were detected from 
depths around 4 to 6 feet below grade.   

For the purposes of the risk characterization specific to this area of the Site, the 0-10 foot interval was 
conservatively used to evaluate both current (which typically are only exposed to surface soil) and future 
(all depths to 10 feet) scenarios for Group 3.  This is considered a conservative estimate of current 
exposures, as surficial concentrations are likely to be lower than those found in deeper samples. To 
evaluate trespasser exposure to soils under future conditions, the 0-10 foot interval was used to estimate 
the EPCs for both Groups 3 and 4. 

Under future land use scenarios, we have assumed that future receptors such as construction workers, 
facility workers or hypothetical residents may encounter both surface and subsurface soils, up to depths of 
10 feet bgs, which is the depth interval recommended by EPA Region 1 (1995).  This depth interval is 
based on the assumption that currently subsurface soils may be brought to the surface as part of 
excavation/re-development activities. 

Within each soil or wetland soil exposure point, we used the lesser value between the maximum detected 
concentration and the 95% Upper Confidence Level (UCL) of the arithmetic mean soil concentration as 
the Exposure Point Concentration (EPC).  In accordance with USEPA guidance, this value was used as 
the EPC for both CT and RME scenarios.  Upper confidence limits were calculated using USEPA’s 
ProUCL software (Version 3.00.02); UCLs used in the EPC were the appropriate statistic recommended 
in the model output.  ProUCL output for each COPC in each exposure point are provided in Appendix F. 
For results reported as non-detect, we assumed a concentration of one-half the laboratory reporting limit 
(LRL) in the estimation of the UCL. In instances where the detection limit for a non-detect result was 
more than two times greater than the maximum detected concentration in a data group, we excluded the 
LRL from the dataset.   

Upland soil EPCs are summarized in Table 3-23a for Group 3 soils and Table 3-23b and 3-23c for Group 
4 soils. Wetland soil EPCs are summarized in Table 3-24. 

Emissions from Soil (Fugitive Dust and Volatiles) 

Soil particles may be suspended in ambient air and inhaled as dust by receptors.  Additionally, VOCs in 
soil may volatilize into ambient air and be inhaled by receptors.  We estimated concentrations of COPCs 
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in air resulting from fugitive dust emissions for each upland soil exposure point using the USEPA default 
particulate emission factor (PEF) of 1.36 x 109  m3/kg (USEPA 2002) in conjunction with chemical-
specific volatilization factors, based on equations presented in USEPA 1996.  Fugitive dust emission 
calculations are presented in Appendix G; fugitive dust EPCs are summarized in Tables 3-25a and 3-25b 
for Groups 3 and 4, respectively. 

Groundwater: Ingestion/dermal exposures 

As described in the HHRA workplan, we divided site groundwater data into two separate exposure points 
for the evaluation of potable water use. Groundwater from Groups 1 and 2 was treated as one exposure 
point representing aquifer conditions beneath the landfill lobes. Groundwater from the remainder of the 
Site, which includes Groups 3-6, was considered as a second exposure point for evaluation of potable 
water use. Although site groundwater is not currently used as a potable water source, we assumed that 
this use may occur in the future, and that receptors may draw from groundwater from any point within 
each of these two areas. 

At EPA’s direction (September 2006 meeting), we used the maximum detected concentration of each 
COPC in groundwater, within each exposure point, as the EPC for both CT and RME scenarios involving 
groundwater exposures.  These EPCs are based on select monitoring well data from each wellhead. We 
first evaluated all available data for each groundwater monitoring well and selected data to be used in 
calculating EPCs, based on number of available sampling rounds, trends in concentrations and relevance 
to project action limits. This evaluation is presented in Appendix C. Of this dataset, we then chose the 
maximum detected concentration of each COPC as the EPC for each Group. Groundwater EPCs for 
Groups 1 and 2 and Groups 3-6 are provided in Tables 3-26a and 3-26b, respectively. 

We assumed that a future construction/utility worker may be dermally exposed to COPCs in groundwater 
in either Group 3 or Group 4.  Accordingly, we derived EPCs for each of these two groups to address the 
dermal exposure pathway for the construction worker scenario.  For both the CT and RME scenarios, we 
used the maximum concentration among the wells located in either Group 3 or Group 4 as the EPC for 
each exposure point. Groundwater EPCs for Groups 3 and Groups 4 are provided in Tables 3-26c and 3
26d, respectively. 

Ambient Air 

For ambient air EPCs, we conservatively used the maximum detected concentration of each COPC as the 
EPC to evaluate ambient air exposures for the trespasser/recreational user and the future site resident. 
Ambient air EPCs are provided in Table 3-27a. 

To evaluate a construction worker’s exposure to trench air, ambient air concentrations of volatile COPCs 
were estimated from shallow groundwater analytical results using a USEPA air emissions model 
(USEPA, 1990). This model conservatively assumes that volatile compounds in soil gas or groundwater 
vaporize from the subsurface into the ambient air of a trench throughout the workday.  A combination of 
two exposure models was used to estimate EPCs of volatile constituents in groundwater that may 
accumulate and volatilize into an excavation trench. A conservative screening-level model (RTI Model; 
USEPA, 1990) describing simple mass transfer of volatile constituents from liquid surfaces to air was 
used to predict mass emission rates (mass/time) based on an individual constituent’s overall mass transfer 
coefficient, the area of the liquid surface, and the concentration of the constituent in the liquid phase. The 
compound-specific flux rate is then entered into a simple one-box mass balance model which integrates 
the effects of air movement through the trench.  This model estimates the concentration of contaminant in 
air, which is then used as the ambient air EPC for construction workers who may conduct subsurface 
work at the Site.   
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The groundwater EPCs for Groups 3 and 4 were used to estimate trench air EPCs for the construction 
worker scenario. A discussion of the models used to estimate trench air EPCs (and supporting 
calculations) is provided in Appendix H. Trench air EPCs are summarized in Tables 3-27b and 3-27c for 
Groups 3 and 4, respectively. 

Emissions from Groundwater: Vapor Intrusion into Indoor Air 

Based on the shallow depth to groundwater at the Site, the presence of volatile constituents in 
groundwater, and the possibility that buildings could be constructed in Groups 3 and 4 of the Site, vapor 
intrusion risks were evaluated for the hypothetical future resident and facility worker receptors. As 
discussed in Section 3.2.1, we did not evaluate vapor intrusion risks for neighborhood areas adjacent to 
the Site, based on the Site Conceptual Model and the negligible potential for vapor migration into these 
buildings.  

Indoor air concentrations were estimated from groundwater EPCs using the USEPA Johnson & Ettinger 
(J&E) vapor intrusion model (USEPA, 2004).  When possible, site-specific geochemical characteristics 
were incorporated into the model; otherwise, USEPA default parameters were used where site-specific 
information was not available.    

A description of the model used to estimate indoor air concentrations is included in Appendix H.  Indoor 
air EPCs are summarized in Tables 3-28a for Group 3 and Table 3-28b for Group 4. 

Emissions from Soil 

Although VOCs in soil may potentially contribute toward vapor intrusion into indoor air, we did not 
estimate indoor air concentrations based on soil data from Groups 3 or 4.  Due to the shallow groundwater 
table within each of these two areas (approximately 4-5 feet on average), many of the soil samples 
collected from these areas were saturated with groundwater. Furthermore, shallow unsaturated soils 
would likely be removed/graded when clearing an area for development. In this section, we have 
evaluated Group 3 and 4 soil data with respect to the potential for vapor intrusion. 

Group 3 Soils:  Concentrations of VOCs in Group 3 soils are relatively elevated.  During the Remedial 
Investigation (RI), the samples for laboratory analyses were selected from the soil depth intervals that 
exhibited the highest relative responses on the field screening instrumentation.  This screening step 
resulted in most samples being collected from depths at or near the water table (4-6 feet bgs).  As such, 
these samples represent either capillary fringe soils or saturated conditions.  The one surficial soil sample 
from Group 3 (SB-3[04]), collected from 0-2 feet bgs, indicates VOC concentrations orders of magnitude 
lower than in deeper samples.  Additional unsaturated zone soils collected from soils directly above the 
water table (approximately 4-5 feet bgs) did contain elevated concentrations of chlorinated VOCs similar 
to the suite of COPCs evaluated in the groundwater vapor intrusion analysis (soils from SB-5[04] and SB
6[04]).  That is, since the majority of soil samples collected from this area represents saturated conditions, 
groundwater is more appropriate for evaluating the potential for vapor intrusion. Although unsaturated 
soil could potentially contribute VOCs to indoor air, the contribution from shallow, highly contaminated 
groundwater is likely more significant due to the prevalence of elevated concentrations.   

Group 4 Soils:  An evaluation of the soil dataset from Group 4 indicates that only residual low levels of 
VOCs are present in unsaturated-zone soil within this area.  The maximum detected concentrations of 
VOCs in Group 4 soils were below the conservative levels used to select COPCs.  Thus, no VOCs are 
COPCs for Group 4 soils. Accordingly, due to the low levels of VOCs present in this area of the Site, it is 
considered that VOCs in Group 4 soils do not significantly contribute to potential indoor air risks. 

Sutton Brook Disposal Area Superfund Site (210517) 3-27 Woodard & Curran 

Section 3 Human Health Risk Assessment.doc May 2007 




 

 

 
 
 

 
  

 
 

 

 
 

 
 

  
 

 

 

  

  

 

  
 

Based on this evaluation, we did not quantitatively evaluate vapor intrusion related to surface soil 
contamination in Groups 3 and 4. Inclusion of soil data in predicting indoor air concentrations would 
likely over-estimate indoor air concentrations by essentially “double-counting” the contribution from 
groundwater. As further detailed in our response to EPA comments dated November 13, 2006, the 
majority of soil VOC contamination in these areas is at the capillary fringe or below the water table 
(Group 3) or not at concentrations elevated above conservative COPC selection criteria (Group 4).  Thus, 
we have assumed that volatile COPCs in groundwater will primarily contribute to vapor intrusion, 
whereas the VOCs present in unsaturated soils will contribute only a negligible amount. 

Emissions from Groundwater: Volatilization from Potable Water 

As VOCs are present in groundwater, which may be used as a potable water supply, there is the potential 
for these constituents to volatilize into indoor air while a future resident is bathing or showering. We 
estimated an inhalation concentration for each volatile COPC using the Foster and Chrostowski inhalation 
model (Foster and Chrostowski, 1987).  Potable groundwater EPCs for Groups 1 and 2 and Groups 3-6, 
as described above, were used to derive shower air exposure concentrations. A discussion of the model 
used to estimate shower air EPCs (and supporting calculations) is provided in Appendix I. 

Sediment 

Groups 5 and 6 comprise Sutton Brook and associated wetland areas at the Site. For the purposes of this 
evaluation, we considered sediment in Groups 5 and 6 collectively as one exposure point for both 
trespasser/recreational users and residents, as it is assumed that these receptors would likely have similar 
exposures to these areas of the Site.  As previously stated, all sediment samples were collected from 
locations that are beneath surface water year-round. As discussed in Section 4.2 of the RI Report, the 
water level in Sutton Brook and associated tributaries is highly variable throughout the year, ranging from 
several inches to several feet. In the summer and fall, when human exposures are most likely, some of the 
smaller tributaries were observed to become relatively shallow or dry up entirely.  Sutton Brook, 
although, maintained surface water flow throughout these time periods. We have conservatively assumed 
that all site sediment may be potentially accessible to receptors who may be exposed to wetland media. 

We first calculated 95% UCLs for sediment data in these two groups; the lesser value between the 
maximum detected concentration and the 95% UCL was then used as the EPC for both CT and RME 
exposures. As with other media, one-half the method detection limit was included in the derivation of the 
UCL for results reported as non-detect. ProUCL output for each COPC in sediment are provided in 
Appendix F. Sediment EPCs are summarized in Table 3-29. 

Surface Water 

Surface water samples have been collected from Sutton Brook, its northern and western tributaries, 
aquatic wetlands, and from the on-site (man-made) pond. For the purposes of this assessment, we have 
grouped together surface water data from Sutton Brook, its tributaries, the aquatic wetlands, and the pond 
(Groups 5 and 6) to provide a more robust dataset that represents a conservative estimate of overall 
average exposure to surface water at the Site.  To estimate surface water exposures, the lesser value 
between the maximum detected concentration and the 95% UCL (calculated using ProUCL) in surface 
water samples from Group 5 and Group 6 (collectively) was used as the EPC.  As with other media, one-
half the method detection limit was included in the derivation of the UCL for results reported as non-
detect. ProUCL outputs for each COPC in surface water are provided in Appendix F.  Surface water EPCs 
are summarized in Table 3-30. 
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3.3 DOSE-RESPONSE EVALUATION 

The dose-response evaluation describes the relationship between the level of exposure to a particular 
chemical and the likelihood and/or severity of an adverse effect.  The dose-response assessment quantifies 
the toxicity of each chemical of concern using information obtained from published literature describing 
epidemiologic or toxicological studies.  The products of the dose-response assessment are the toxicity 
values used to predict the likelihood of adverse health effects in identified receptors at site-specific 
exposure levels. 

For each of the COPCs, toxicity values for the relevant exposure periods (i.e., chronic and/or lifetime) 
were selected according to the following hierarchy, as recommended by USEPA (USEPA, December 
2003): 

• Tier 1: 	 USEPA IRIS database (USEPA, 2007) 

•	 Tier 2: USEPA Provisional Peer Reviewed Toxicity Values (PPRTVs), as provided by 
the Superfund Technical Support Center (STSC) 

•	 Tier 3: Other sources, including the Health Effects Assessment Summary Tables  
(HEAST; USEPA, 1997), California Environmental Protection Agency 
(CalEPA), Agency for Toxic Substance Disease Registry (ATSDR), and state  
hazardous waste site programs (e.g., Massachusetts Department Environmental 
Protection). 

Sources of toxicological information for each COPC have been documented in the relevant toxicity 
tables. If no toxicity information was available for a particular COPC, a structurally-similar compound 
was identified as a surrogate for that COPC, and its toxicity values used to quantify risks. Where 
appropriate surrogate compounds were not identified, we did not quantify risks for that particular 
compound but rather qualitatively discussed the impacts of these constituents as part of the uncertainty 
analysis (refer to Section 3.5).   

Dose-response information is divided into three major categories: (1) toxicity data associated with 
threshold (non-carcinogenic) effects; (2) toxicity data concerning carcinogenicity; and (3) the absorption 
adjustment factors used to relate toxicity information identified from the literature to the exposure 
pathways evaluated for the Site.   

3.3.1 Dose-Response Criteria for Non-Carcinogenic Effects 

Non-carcinogenic effects, such as organ damage or reproductive effects, are evaluated by reference doses 
(RfDs) or Reference Concentrations (RfCs). RfDs and RfCs are developed based upon the assumption 
that there exists a threshold dose or concentration below which there will be minimal risk, if any, for 
adverse health effects.  These values provide a benchmark for the daily dose to which humans may be 
subjected without an appreciable risk of deleterious effects during a given period of exposure.  These 
values incorporate modifying and/or uncertainty factors to ensure they are protective even for sensitive 
subpopulations. RfDs for oral and dermal exposure are presented in milligrams per kilogram body 
weight-day (mg/kg-day) and RfCs for inhalation exposure are typically presented in milligrams per cubic 
meter (mg/m3). The chronic RfD and RfCs are conservative estimates of concentrations below which no 
adverse non-cancer effects are expected to occur over long periods of exposure.  Subchronic RfDs and 
RfCs are designed to be protective of shorter duration exposures days to less than or equal to seven years. 
For this evaluation, we only used chronic RfDs/RfCs for each receptor, regardless of the exposure period; 
use of the chronic value is a conservative approach for receptors with shorter-term exposures, such as the 
construction worker. 
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Table 3-31a provides a summary of the noncancer ingestion and dermal toxicity values for each COPC at 
the Site. Dermal toxicity values were derived from oral RfDs using the gastrointestinal ABS values 
(ABSgi) recommended in USEPA 2004. Where no ABSgi was recommended for a particular COPC, we 
assumed an ABSgi of 100%.  Noncancer inhalation toxicity values are provided in Table 3-31b. 

Lead Endpoint 

As previously mentioned, residential childhood exposures to lead were evaluated using the IEUBK 
model, and adult non-residential lead exposures (i.e., construction and facility workers) were evaluated 
using the ALM.  Each model estimates a blood lead level (BLL) from environmental exposures (including 
off-Site sources, such as air, water and food), and compares the estimated BLL to a target BLL of 10 
µg/dL. This target value is defined by the USEPA as the lower limit of the range of known possible 
adverse neurobehavioral effects in young children (USEPA 1994)5. 

Both models calculate the likelihood that the BLL in a child or fetus in the subject population will exceed 
the target BLL of 10 µg/dL. The EPA threshold level for this risk is 5%; in other words, there is a 95% 
likelihood that a child or fetus would not have a blood lead level exceeding 10 µg/dL as a result of lead 
exposures. 

3.3.2 Dose-Response Criteria for Carcinogenic Effects 

Previously, the USEPA had developed a classification system for compounds based upon the strength of 
evidence that a compound is a human carcinogen.  The classification system was defined as follows: 

• Group A - Human Carcinogen 

• Group B - Probable Human Carcinogen 

• B1 - Limited human data are available 

• B2 - Sufficient evidence in animals and inadequate or no evidence in humans 

• Group C - Possible Human Carcinogen 

• Group D - Not classifiable as to human carcinogenicity 

• Group E - Evidence of non-carcinogenicity for humans 

In 2005, USEPA identified a new method for classifying carcinogens by a weight-of-evidence narrative 
(USEPA, 2005). Because USEPA has not updated the classification system in its IRIS database for all 
COPCs at this time, the previous weight-of-evidence classification was retained for this report to maintain 
internal consistency. 

The USEPA's Carcinogen Assessment Group reviews human, animal, and in vitro data regarding 
suspected chemical carcinogens and derives oral cancer slope factors (CSFs) and inhalation unit risks 
(URs) for those chemicals determined to be known, probable or possible carcinogens (Groups A, B, or C; 

5 BLLs exceeding 10 µg/dL in children trigger a tiered approach to reducing exposure and possibly absorption of lead from the environment. 
Individualized case management, which includes parent education, medical monitoring, and nutritional supplements, usually begins in children 
with BLLs exceeding 20 µg/dL. At BLLs greater than or equal to 45 µg/dL, chelation therapy is generally considered (AAP, 1998). 
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however, a CSF or UR may not be derived for all of these known/probable/possible carcinogens).  CSFs 
are upper-bound estimates of the excess risk of developing cancer as a result of a period of continuous 
exposure to a chemical averaged throughout the course of a 70-year lifetime and are developed based on 
the assumption that there is no threshold level of exposure below which adverse effects will not be seen. 
CSFs are generally derived using data from animal bioassays, although human data are used when 
available. The excess carcinogenic risk for an experimental animal is then extrapolated to an expected 
excess carcinogenic risk for humans.  The resulting values are more likely to overestimate than to 
underestimate the potential risk.  A CSF has units of the inverse of milligrams of chemical per kilogram 
of body weight per day [1/(mg chemical/kg body weight-day)] or 1/(mg/kg-day). 

The inhalation UR is the 95% Upper Confidence Limit of the mean incremental lifetime cancer risk 
estimated to result from lifetime exposure to an agent if it is in the air at a concentration of 1 microgram 
per cubic meter (µg/m3). These values are used in lieu of the chemical's slope factor when an estimate of 
a lifetime average concentration of the chemical is available (MADEP, 1995).  Table 3-31c summarizes 
oral and dermal carcinogenic toxicity values for the COPCs identified at the Site. Dermal CSFs were 
derived from oral CSFs using the gastrointestinal ABS values (ABSgi) recommended in USEPA 2004. 
Where no ABSgi was recommended for a particular COPC, we assumed an ABSgi of 100%. Carcinogenic 
inhalation toxicity values are summarized in Table 3-31d. 

Mutagenic Mode of Action Carcinogens 

Cancer risk typically has been associated with aging, resulting from extended exposure durations and 
prolonged latency periods. However, exposures early in life can result in the development of cancer. As 
described in “Supplemental Guidance for Assessing Susceptibility from Early-Life Exposure to 
Carcinogens”, EPA 2005, evidence suggests that chemicals with a mutagenic mode of action, which 
would be expected to cause irreversible changes to DNA, would exhibit a greater effect in early-life 
versus later-life exposures. 

For carcinogens that are known to have a mutagenic mode of action, an Age-Dependent Adjustment 
Factor (ADAF) is applied to early-life exposures (USEPA, 2005). The ADAF accounts for susceptibility 
differences between early and later-life exposures, and is applied to the CSF or inhalation UR.  For 
children under the age of two, an ADAF of 10 is applied to cancer toxicity values; for children ages 2 
through 15, an ADAF of three is applied, in accordance with USEPA guidance. 

For this Site, ADAFs are applicable only to the resident and trespasser scenarios, each of which 
encompasses age groups younger than 16 years.  Residents encompass either a 9 year (CT) or 30 year 
(RME) exposure duration, whereas trespassers encompass a 14 year exposure duration. Mutagenic 
COPCs identified for the Site include vinyl chloride and the carcinogenic PAHs.  For vinyl chloride, the 
USEPA IRIS database provides a “lifetime” cancer slope factor and unit risk for long-term scenarios that 
incorporate childhood exposures and “adulthood” cancer toxicity values for adult exposures. We used the 
“lifetime” cancer toxicity values when evaluating cancer risks for the resident scenario, whereas we used 
the “adulthood” cancer values to evaluate the facility worker and construction worker scenarios.  (Vinyl 
chloride was not a COPC in the media to which we assumed a trespasser/recreational user would be 
exposed.) 

For the carcinogenic PAHs, we derived age-weighted ADAFs for both scenarios, in accordance with 
USEPA guidance (2005). For receptors ages younger than two years, we applied an ADAF of 10.  For 
receptors between the ages of 2 and 15, we applied an ADAF of 3.  These factors were applied to the 
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exposure dose calculated for each relevant age range; thus, cancer risks for these receptors incorporated 
ADAFs specific to each type of exposure pathway6 and age group. 

3.4 RISK CHARACTERIZATION 

Risk characterization is the final step of the risk assessment process, which combines the information 
from the Exposure and Dose-Response Assessments to yield estimated non-cancer health hazard and 
cancer risks from exposure to site contaminants. The risk characterization step also includes an evaluation 
of the uncertainties in the risk assessment process. These uncertainties are discussed in Section 3.5. 

Cumulative risk estimates for each receptor, for all relevant exposure pathways, are compared to USEPA 
risk limits.  In this section, risks under both central tendency (CT) and reasonable maximum exposure 
(RME) scenarios are evaluated, primary risk drivers identified, and site-related risks discussed relative to 
risks attributable to reference sources. 

3.4.1 Non-Cancer Risk 

Not all chemicals are carcinogenic, but exposure to them may affect developmental, reproductive, 
neurobehavioral, and other physiological functions.  These effects are assumed to have a threshold dose, 
below which no effects are expected.  The potential for non-carcinogenic health effects is characterized 
by the Hazard Quotient (HQ), which is the ratio of the estimated average daily dose (or exposure) and a 
toxicity value considered to be the level above which adverse health effects would not be observed (i.e., 
RfD or RfC): 

HQ = ADD / RfD or HQ = ADE/RfC 

To account for exposures that a receptor may receive from multiple chemicals and exposure routes, the 
cumulative noncancer risk estimate, known as the Hazard Index (HI), is calculated as the sum of the 
chemical-specific HQs.  As shown in the following two equations, the cumulative HI for the receptor is 
calculated by summing the route-specific HI.  Route-specific HIs are calculated as the sum of all 
chemical-specific HQs: 

Total HIroute-specific  = ∑ HQchemical-specific 

Cumulative HIreceptor  = ∑ HIroute-specific 

Route-specific HIs may also be broken down further by summing the cumulative risks for each target 
organ or adverse effect. The cumulative HI for each receptor is then compared with the USEPA 
noncancer risk threshold of one.  If the HI is less than or equal to one, a condition of no significant risk of 
harm to human health exists for the Site.  In this assessment, and as described further in Section 3.4.2, 
segregation of non-cancer risks by target organ was not performed because this segregation would not 
alter the results of the HHRA.  Groundwater (Groups 1/2 and Groups 3-6) was the only source/ exposure 
medium that had non-cancer cumulative risks greater than one.  However, the risks for this medium were 
so much greater than one (e.g., for the Group 3-6 RME residential scenario receptor, the non-cancer HI 
for exposures to groundwater was approximately 2,000) with many individual chemicals contributing to 
these risks also with HIs greater than one, that segregation by target organ would not result in a reduction 
of risks to less than one, and thus, would not alter the results.   

6 PAHs were not COPCs for inhalation exposure pathways; thus, the ADAFs were not applied to unit risks for any 
receptor. 
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For this assessment, we have segregated risks attributable to reference contaminants (identified in the 
Hazard Identification) from risks attributed to site-related COPCs.  Differentiating reference risks from 
site-related risks aids in focusing remedial efforts, if warranted.  

3.4.1.1 Cancer Risk 

As discussed previously, the dose-response assessment for carcinogens assumes that there is no threshold 
dose for carcinogenicity. The potential for carcinogenic health effects is characterized as the Incremental 
Lifetime Cancer Risk (ILCR) above background.  The ILCR represents the incremental probability of an 
individual developing cancer over a lifetime as a result of exposure to a potential carcinogen.  For a given 
chemical, the ILCR is the product of the quantified exposure and the measure of carcinogenic potency 
(i.e., CSF or UR): 

ICLR = ADD  x CSF or ADE x UR 

The ILCR, which represents the probability of developing cancer relative to the background incidence of 
cancer in the general population, is presented in scientific notation.  For example, the ILCR of a specific 
chemical might be expressed as 1 x 10-6 or one in one million, which means that the probability of an 
individual developing cancer is one in one million, over a lifetime of exposure to the potential carcinogen. 

To account for exposures that a receptor may receive from multiple chemicals, the ILCRs for all COPCs 
are summed to calculate a route-specific ILCR.  The cumulative ILCR is then calculated by summing all 
of the route-specific ILCRs for each type of exposure, as demonstrated by the following equations: 

Total ILCRroute-specific = ∑ILCRchemical-specific 

Cumulative ILCR  = ∑ILCRroute-specific 

The cumulative ILCR is compared to USEPA’s cumulative receptor cancer risk limits, which range from 
one-in-one million (1 x 10-6) to one in ten thousand (1 x 10-4). If the cumulative cancer risk exceeds the 
upper end of the target ILCR range, then it may be concluded that a condition of no significant risk of 
harm to human health does not exist for the Site. 

3.4.2 Quantification of Carcinogenic and Noncarcinogenic Risk Estimates  

Cumulative risk estimates were calculated for all evaluated receptors, by medium and exposure pathway, 
and these cumulative non-cancer and cancer risk estimates were compared to the relevant EPA risk limits. 
Both cancer and noncancer risks were quantified for the relevant exposure pathways, and cumulative risks 
were calculated by summing all of the pathway-specific risks for each identified receptor.  Both central 
tendency (CT) and reasonable maximum exposure (RME) scenarios were evaluated for each receptor. 
Cumulative noncancer hazard indices (HI) were compared to the EPA noncancer risk limit of one; 
cumulative incremental lifetime cancer risks (ILCR) were compared to the EPA target risk range of 1 x 
10-6 to 1 x 10-4.  As indicated in Section 3.4.1 above, though it is permissible to segregate cumulative non-
cancer risks (HIs) by target organ and compare these segregated risks to the limit of 1, this segregation 
was not performed for this risk characterization since it would not impact the results or conclusions.  That 
is, for the one medium that had non-cancer risks in excess of 1 (groundwater), several individual 
chemicals (affecting various target organs) had non-cancer risks above 1.  Thus, the target organ risks 
would also exceed 1, confirming the results presented herein.   

Calculation of risk estimates for each receptor and the relevant exposure pathways is provided in Tables 
3-32 through 3-35; cumulative risks for each receptor are discussed in the following sections.  As 
described in the HHRA First Interim Deliverable (March 2005), three cumulative risks are presented in 
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the risk tables: total, reference-related risk and site-related risk.  The ‘total’ reflects risk posed by both 
site-related COPCs and COPCs that are attributed to reference (i.e., not site-related) conditions. Risk 
summaries showing the primary risk “drivers” at each exposure point (in all cases, these include 
chemicals with concentrations resulting in a cumulative noncancer hazard index >1 or a cumulative ILCR 
> 1 x 10-6) are provided in Table 3-36 through Table 3-39.  

3.4.2.1 Current and Future Youth Trespasser or Recreational User 

We assumed that a current youth (ages 8-18 years) trespasser or recreational user may encounter COPCs 
in upland soils in Groups 3 or 4, ambient air, and wetland soil, sediment and surface water in the Groups 
5 and 6 (wetland) areas of the Site. Calculation of cumulative cancer risks and noncancer hazard quotients 
for Group 3 trespassers are presented in Table 3-32a for CT exposures and Table 3-32b for RME 
exposures. CT and RME risk estimates for Group 4 trespassers are presented in Tables 3-32c and 3-32d, 
respectively. The only difference between these two sets of trespasser risks is the exposure to upland soils 
in Group 3 or Group 4.  Risk summary tables for trespassers/recreational users for each Group (Group 3 
or Group 4), future or current scenarios, and for CT and RME exposure scenarios is presented in Tables 
3-32g through 3-32l.  Calculation of cumulative cancer risks for COPCs with a mutagenic mode of action 
for current/future trespassers is provided in Table 3-32m (CT) and Table 3-32n (RME). 

Cumulative risks for these receptors are summarized below. 
Current/future youth trespasser/recreational user 

Central Tendency Exposure Reasonable Maximum 
Exposure Exposure Point 

HI ILCR HI ILCR 

Group 3 (0-10’ bgs) 

Total Risk 4 x 10-1 3 x 10-5 6 x 10-1 4 x 10-5 

Reference-related risk 3 x 10-1 2 x 10-5 5 x 10-1 3 x 10-5 

Site-related risk 8 x 10-2 6 x 10-6 1 x 10-1 9 x 10-6 

Group 3 Primary Risk 
Drivers: None Benzo(a)pyrene; 

Arsenic None 
Benzo(a)pyrene; 

arsenic; 
phthalates 

Note: risk estimates are presented to one significant figure. Due to rounding, risks do not always 
appear to sum correctly. 
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Current youth trespasser/recreational user 

Reasonable Maximum Central Tendency Exposure Exposure 

HI ILCR HI ILCR 

Exposure Point 

Group 4 (0-1’ bgs) 

4 x 10-1 3 x 10-5 5 x 10-1 4 x 10-5 
Total Risk 

Reference-related risk 3 x 10-1 2 x 10-5 5 x 10-1 3 x 10-5 

Site-related risk 5 x 10-2 3 x 10-6 7 x 10-2 4 x 10-6 

Group 4 Primary Risk Benzo(a)pyrene; Benzo(a)pyrene; None None Drivers: arsenic arsenic 
Note: risk estimates are presented to one significant figure. Due to rounding, risks do not always 
appear to sum correctly. 

The future youth trespasser/recreational user scenario is identical to that of the current trespasser scenario, 
with the exception that this receptor is assumed to be exposed to both surface and subsurface upland soil 
(0-10 feet bgs) in Group 47. Cumulative risks for the Group 4 future youth trespasser/recreational user 
scenario are presented below: 

Future youth trespasser/recreational user 

Central Tendency Exposure Reasonable Maximum Exposure Exposure Point 

HI ILCR HI ILCR 

Group 4 (0-10’ bgs) 

Total Risk 4 x 10-1 7 x 10-5 6 x 10-1 1 x 10-4 

Reference-related risk 3 x 10-1 3 x 10-5 5 x 10-1 4 x 10-5 

Site-related risk 6 x 10-2 4 x 10-5 8 x 10-2 6 x 10-5 

Group 4 Primary Risk 
Drivers: None PAHs; arsenic None PAHs; arsenic 

Cumulative hazard indices for the CT and RME exposure scenarios for both the Group 3 and Group 4 
trespasser/recreational user scenarios are below the EPA HI limit of one. The cumulative ILCRs 
estimated for all trespasser scenarios do not exceed the upper limit (1 x 10-4) of the EPA cancer risk range 
of 1 x 10-6 to 1 x 10-4, although the future Group 4 scenario ILCR is at the upper limit of the range. The 
primary noncancer and cancer risk drivers in all cases include benzo(a)pyrene and arsenic in wetland 

7 As discussed in Section 3.2.1.5, data from samples collected 0-10’ in Group 3 were used to evaluate both current 
and future exposure scenarios; thus, we did not differentiate between current and future exposures for the Group 3 
trespasser. 
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sediment, with benzo(a)pyrene and other carcinogenic PAHs in upland and/or wetland soils also 
contributing to the cumulative cancer risks. Note that arsenic is present at concentrations consistent with 
reference concentrations. When risks for arsenic, as well as the other constituents identified in Section 
3.1.4 as Reference-related, are removed from cumulative receptor risks, the site-related risk estimates 
decrease by approximately one order of magnitude. COPCs in surface soils located at the former 
residence, garage, and storage area soils (in Group 4) and in surface water of Sutton Brook do not drive 
risks for the current trespasser/recreational user scenario. The elevated concentrations of PAHs in 
subsurface Group 4 soils, however, contribute approximately 60% of the cumulative cancer risk for this 
scenario. In summary, neither the Group 3 or Group 4 current Trespasser/Recreational user scenarios had 
non-cancer risks above the cumulative limit of 1 or cancer risks above the upper end of the USEPA risk 
range (i.e., greater than 1 x 10-4) . 

3.4.2.2 Future Area or Site Resident 
Under current conditions, local neighborhood residents are anticipated to have an exposure potential 
similar to that of the trespasser/recreational user, under both current and future conditions. Media 
evaluated included ambient air, wetland soil, sediment and surface water. As required by USEPA 
guidance for baseline HHRAs, we also assumed that Groups 3 and 4 may be redeveloped as residences in 
the future, and that site groundwater (Groups 3-6) may be used as a potable water source. Thus, future 
residents may be exposed to COPCs in upland soil, indoor air and drinking water. The table below 
summarizes the cumulative cancer and noncancer risks for a resident in Group 3 and Group 4. Risk 
calculations for these two receptors are provided in Tables 3-33a through 3-33d for both CT and RME 
scenarios. Note that risks for both Group 3 and Group 4 scenarios include risks for exposure to all 
wetland media (surface water, wetland soil and sediment), ambient air, and potable water from 
Groups 3-6. 

Future Resident 

Central Tendency Exposure Reasonable Maximum Exposure Exposure Point/Receptor 
HI ILCR HI ILCR 

Group 3 

Total Risk 1 x 103 2 x 10-2 2 x 103 9 x 10-2 

Reference-related risk 6 x 101 6 x 10-5 1 x 102 1 x 10-4 

Site-related risk 9 x 102 2 x 10-2 2 x 103 9 x 10-2 

Primary Risk Drivers: 

Tetrahydrofuran; 
methylphenols; 

acrylonitrile; toluene; 
phthalates; xylenes; 

metals 

chlorinated VOCs; 
phthalates; arsenic; 

PAHs 

Tetrahydrofuran; 
methylphenols; 

acrylonitrile, 
toluene, 2
butanone, 

xylenes, metals 

bis-2-ethylhexyl 
phthalate 

chlorinated VOCs; 
arsenic 
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Central Tendency Reasonable Maximum Exposure Exposure Point/Receptor 
HI ILCR HI ILCR 

Group 4 

Total Risk 9 x 102 2 x 10-2 2 x 103 9 x 10-2 

Reference-related risk 6 x 101 1 x 10-4 1 x 102 2 x 10-4 

Site-related risk 9 x 102 2 x 10-2 2 x 103 9 x 10-2 

Primary Risk Drivers: 

Tetrahydrofuran; 
methylphenols; 

acrylonitrile, 
toluene, xylenes, 

metals 

bis-2-ethylhexyl 
phthalate; chlorinated 

VOCs; PAHs; 
acrylonitrile arsenic; 

cadmium 

Tetrahydrofuran; 
methylphenols; 

acrylonitrile, 
toluene, 

ethylbenzene, 
xylenes, metals 

chlorinated 
VOCs; benzene, 
bis-2-ethylhexyl 

phthalate, PAHs, 
arsenic; 
cadmium 

Note: risk estimates are presented to one significant figure. Due to rounding, risks do not always 
appear to sum correctly. 

As indicated in this table, both cancer risks and non cancer HIs are well above EPA risk limits for both 
Group 3 and Group 4. Risks are primarily attributed to use of groundwater as a potable water supply.  A 
variety of both chlorinated and non-chlorinated VOCs (including primarily vinyl chloride and xylenes) 
and metals (including arsenic, manganese, and beryllium) contribute to the majority of cancer and 
noncancer risks. Although many of the metals detected in site groundwater are present at Reference 
concentrations, subtracting Reference risks from the cumulative estimated risks still results in site-related 
risks significantly above EPA limits.   

Childhood residential lead exposures for the RME scenario were evaluated separately for Groups 3 and 4 
of the Site using the IEUBK lead model. IEUBK parameters and output are presented in Appendix E. 
Model results indicate estimated probabilities of 0.08 % and 0.4% of the exposed population will have 
BLL above the EPA threshold BLL of 10 µg/dL for Group 3 and 4 soils, respectively. This probability is 
well below the EPA probability limit of 5%, indicating that lead in soil does not pose a significant risk. 
As indicated previously, lead is present at Reference concentrations in Group 3 soil; slightly higher 
concentrations were detected in Group 4 soil.  

We also conducted a separate quantitative evaluation of residential health risks associated with potable 
use of Groups 1 and 2 groundwater. Risk estimates for the CT and RME scenarios are presented in Tables 
3-33e and Table 3-33f, respectively.  As shown in the table below, noncancer hazard indices and ILCRs 
for both CT and RME scenarios exceed EPA risk limits. As with Groups 3-6 groundwater, risks are 
driven primarily by VOCs and metals, as well as SVOCs. 
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Future resident 

Reasonable Maximum Central Tendency Exposure Exposure 
HI ILCR HI ILCR 

Exposure Point/Receptor 

Group 1 and 2 

5 x 102 2 x 10-2 9 x 102 5 x 10-2 
Total Risk 

4 x 101 -- 7 x 101 --Reference-related risk 

5 x 102 2 x 10-2 9 x 102 5 x 10-2 
Site-related risk 

metals, metals, 
methylphenols, Chlorinated methylphenols, Chlorinated 

Primary Risk Drivers: toluene, VOCs, toluene, VOCs, 
naphthalene, arsenic naphthalene, arsenic 

tetrahydrofuran tetrahydrofuran 
Note: risk estimates are presented to one significant figure. Due to rounding, risks do not always 
appear to sum correctly. 

We did not evaluate lead risks for Group 1 and 2 groundwater; however, the lead EPC of 0.07 mg/L in 
Groups 1 and 2 groundwater is slightly higher than the lead EPC in Groups 3-6 of 0.02 mg/L.  This lead 
EPC exceeds the Federal drinking water standard of 0.015 mg/L. 

In addition to the quantitative risks presented above, groundwater EPCs (maximum detected 
concentrations) were compared to Federal Drinking Water Standards (MCLs).  Numerous constituents 
had EPCs in excess of these standards, as indicated on Tables 3-1 and 3-14.  

Risk summary tables for the resident for each Group under CT and RME exposure scenarios is presented 
on Tables 3-33g through 3-33l.  Calculation of cumulative cancer risks for COPC with a mutagenic mode 
of action in all Groups is provided in Table 3-33m (CT) and Table 3-33n (RME). 

3.4.2.3 Future Commercial or Industrial Facility Worker 
We assumed that Group 3 and 4 of the Site may be developed for commercial or industrial purposes under 
future conditions, and that, consequently, future facility workers may be exposed to COPCs in soil within 
each group and to indoor air, should VOCs in groundwater migrate into a future building. Furthermore, in 
keeping with USEPA guidance, we assumed that groundwater from Groups 3-6 could be used as a 
potable water source for a future facility. Cumulative risks for each exposure point are presented in Table 
3-34a through 3-34d and summarized below. 

Future Facility Worker 
Reasonable Maximum Central Tendency Exposure Exposure 

HI ILCR HI ILCR 
Exposure Point/Receptor 

Group 3 

1 x 102 2 x 10-3 2 x 102 2 x 10-2 
Total Risk 

7 x 100 3 x 10-7 1x 101 2x 10-6 
Reference-related risk 

9x 101 2 x 10-3 2 x 102 2 x 10-2 
Site-related risk 
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Reasonable Maximum Central Tendency Exposure Exposure Point/Receptor Exposure 
HI ILCR HI ILCR 

Group 4 

9 x 101 2 x 10-3 2 x 102 2 x 10-2 
Total Risk 

7x 100 3 x 10-6 1 x 101 1 x 10-5 
Reference-related risk 

Site-related risk 8 x 101 2 x 10-3 2 x 102 2 x 10-2 

Acrylonitrile, 4 Arsenic, Acrylonitrile, Arsenic, 

Primary Risk Drivers: methyl-2
pentanone,toluene, 

acrylonitrile, 
chlorinated 

toluene, 
xylenes, 

acrylonitrile, 
chlorinated 

xylenes, arsenic VOCs; PAHs arsenic VOCs 
Note: risk estimates are presented to one significant figure. Due to rounding, risks do not always 
appear to sum correctly. 

As indicated above, cumulative hazard indices for both areas of the Site and for both CT and RME 
scenarios are well over the EPA threshold of one. Cancer risks for the RME scenarios are above the upper 
limit of the EPA cancer risk range of 1 x 10-4. Noncancer risks are primarily associated with ingestion of 
and dermal contact with VOCs, SVOCs and metals in drinking water; to a lesser extent, volatile COPCs 
(notably, xylenes) in indoor air contribute to noncancer risks.  Risks from soil exposures are substantially 
lower than those from groundwater exposures.  Cancer risks are driven primarily by  chlorinated VOCs 
and arsenic in drinking water and acrylonitrile in both indoor air and drinking water.  Primary noncancer 
risk drivers in drinking water include heavy metals (arsenic), 4-methyl-2-pentanone, 2-butanone and 
toluene. Although some of the heavy metals (antimony, beryllium, zinc and silver) present in 
groundwater are at levels consistent with Reference concentrations, site-related risks, exclusive of 
Reference-related risks, still exceed EPA risk limits. 

For lead exposures, we used the ALM to estimate fetal BLLs in pregnant workers. Results from the ALM 
model are presented as the estimated probability that fetal blood lead levels (BLLs) in a pregnant worker 
will exceed the EPA target lead blood level of 10 µg/dL. The EPA threshold probability is 5%.  ALM 
model results are presented in Appendix E; the estimated probabilities for each scenario are summarized 
in the table below. 

Exposure Point Central Tendency 
Exposure 

Reasonable Maximum 
Exposure 

Group 3 Facility Worker 0.7 % 0.8% 

Group 4 Facility Worker 0.8% 1% 

As noted in the above table, estimated probabilities of exceeding the BLL of 10 µg/dL for all 
commercial/industrial scenarios in Groups 3 and 4 are well below the USEPA “limit” of 5%. 
Furthermore, note that lead in Group 3 soils is present at levels consistent with Reference concentrations. 
Thus, lead in soil in either Groups 3 or 4 is not likely to result in adverse health effects to future facility 
workers. 

Risk summary tables for the future commercial facility worker for each Group under CT and RME 
exposure scenarios is presented on Tables 3-34e through 3-34h.   
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3.4.2.4 Future Construction Worker 

During future site redevelopment, construction workers may be exposed to COPCs in soil and shallow 
groundwater within Groups 3 and 4. Additionally, as VOCs are present in shallow groundwater within 
each of these areas, we assumed that construction workers may inhale volatiles that have emanated from 
standing water or saturated soils in an excavation trench. Risk estimates for a Group 3 and Group 4 
construction workers are provided in Tables 3-35a through 3-35h. Cumulative risk estimates for the 
construction worker scenario are provided in the table below. 

Future Construction Worker 
Central Tendency Exposure Reasonable Maximum Exposure 

Exposure Point/Receptor 
HI ILCR HI ILCR 

Group 3 

Total Risk 8 x 10-1 9 x 10-7 2 x 100 2 x 10-6 

Reference-related risk 1 x 10-1 8 x 10-8 1 x 10-1 2 x 10-7 

Site-related risk 7 x 10-1 9 x 10-7 1 x 100 2 x 10-6 

Primary Risk Drivers: Toluene, 
xylenes 

Tetrachloroethene, 
bis-2-ethyl hexyl 

phthalate 

Toluene, 
xylenes, bis-2

ethylhexyl 
phthalate 

Tetrachloroethene, 
benzo(a)pyrene, 
bis-2-ethyl hexyl 

phthalate 

Group 4 

Total Risk 6 x 10-2 4 x 10-6 1 x 10-1 8 x 10-6 

Reference-related risk 3 x 10-2 5 x 10-7 6 x 10-2 1 x 10-6 

Site-related risk 3 x 10-2 3 x 10-6 6 x 10-2 7 x 10-6 

Primary Risk Drivers: None PAHs None PAHs 
Note: risk estimates are presented to one significant figure. Due to rounding, risks do not always 
appear to sum correctly. 

As indicated in the table above, cumulative noncancer risks for a construction worker in the former drum 
disposal area (Group 3) exceed EPA risk limits for the RME scenario, primarily due to the presence of 
Aroclor 1254 in groundwater. Cancer risks are driven by PCE and bis-2-ethylhexyl phthalate (BEHP) 
and, to a lesser extent, benzo(a)pyrene and arsenic in soil; cumulative cancer risks, however, are within 
the EPA risk limits. 

For construction workers exposed to media in the former residence, garage, and storage area (Group 4), 
both cumulative cancer and noncancer risks were within or below EPA acceptable risk limits. 
Benzo(a)pyrene and other PAHs in Group 4 soils contribute most to cumulative cancer risk. 

For lead exposures, we used the ALM to estimate fetal BLLs in hypothetical pregnant workers. ALM 
model results are presented in Appendix E; the estimated probabilities for each exposure point are 
summarized in the table below.  
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Exposure Point Central Tendency 
Exposure 

Reasonable Maximum 
Exposure 

Group 3 

Construction Worker 0.8 % 1% 

Group 4 

Construction Worker 1% 2% 

As noted in the above table, estimated probabilities for all scenarios are below the USEPA threshold of 
5%. Thus, lead in soil in either Groups 3 or 4 is not likely to result in adverse health effects to future 
construction workers. 

Final risk summary tables for each receptor group and CT and RME exposure scenario are presented in 
Tables 3-36a – 3-36d (trespasser), Tables 3-37a – 3-37d (future resident), Tables 3-38a – 3-38d (facility 
worker), and Tables 3-39a – 3-39b (construction worker). 

3.5 UNCERTAINTY ANALYSIS 

Uncertainty analysis is an important component of all risk characterizations.  The uncertainty analysis 
identifies and evaluates the uncertainties typically associated with key parameters in the risk 
characterization, including the environmental concentrations, toxicity values and exposure assumptions 
used to estimate magnitude of exposure and to quantify health risks.  Each section of the risk 
characterization is based on a number of assumptions intended to be protective of human health. 
Uncertainties in this risk characterization may bias the risk result to either overestimate or underestimate 
risk. Many assumptions incorporated into this risk characterization are inherently conservative (i.e., 
protective). Therefore, the risk estimates presented in this report are typically more likely to overestimate 
rather than underestimate the potential risk from a Site.  

The summary table on the following pages highlights some of the potential sources of uncertainty and the 
likely direction of their effect.   

It is also important to stress that the risks calculated are estimated risks. When using high dose toxicity 
data to predict risks for a chemical exposure at low doses, there is considerable uncertainty whether any 
disease will occur due to exposure; therefore, the risks generated in this evaluation are hypothetical rather 
than actual and are by design intended to be conservative (tend to overestimate actual risks).   
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Component of Risk 
Characterization Description of Uncertainty 

Potential Bias in Risk Estimate 

Underestimate Overestimate 

We included historic soil, sediment, surface water and groundwater data in our data set. 
Generally, these data are consistent with relatively recent data collected from the Site. In 
some instances, however, use of older data may reflect higher concentrations of certain 
contaminants (such as VOCs) that have since decreased with time. 

X X 

The assessment included use of censored (non-detect) data that in many instances, 
especially for sediment and wetland soil samples, had elevated detection limits due to 
high moisture content of the sample. Inflated detection limits may potentially mask the 
presence of contaminants in these media, providing a false negative result (i.e., the 
compound is truly present, but at a level below laboratory reporting limits). We have 
included ½ the detection limit in derivation of the exposure point concentrations as a 
means of balancing use of these elevated results. However, this inclusion may potentially 
overestimate actual exposures if the COPC is not truly present at the Site. 

X X 

Hazard Identification 

For selection of sediment COPCs, we compared maximum detected concentrations to 
residential soil screening criteria (PRGs), as directed by the EPA.  This comparison is very 
conservative since these soil PRGs reflect a much higher frequency and intensity of use 
relative to sediment exposures. Likewise, we compared surface water concentrations to 
drinking water standards or tap water PRGs; however, Sutton Brook and standing water in 
the adjacent wetlands is not used a potable source of water. These conservative 
screening criteria led to the inclusion of numerous detected constituents as COPCs when, 
in reality, risks from many of these constituents are negligible. 

X 

TICs were not quantitatively evaluated as part of the risk assessment, due to the 
significant uncertainty associated with the lack of identification of compounds and/or 
appropriate surrogates, the associated lack of toxicity information and/or standards, and 
the imprecision associated with quantification of concentrations of these chemicals.  
Although this may potentially lead to an underestimate of risk, the relative contribution of 
risk by these TICs is anticipated to be small relative to the large number of positively 
identified COPCs carried through this analysis. N-n-dimethylformamide was characterized 
as a TIC and consequently not included as a COPC, although it was present at a relatively 
high concentration. The presence of this constituent (and other TICs) could therefore 
potentially increase cumulative risks. 

X 
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Component of Risk 
Characterization Description of Uncertainty 

Potential Bias in Risk Estimate 

Underestimate Overestimate 

This risk analysis includes evaluation of the “Reasonable Maximum Exposure” (RME) 
for each receptor as well as evaluation of “Central Tendency” (CT) exposures.  The 
RME exposure assumptions (including receptor specific variables, such as ingestion 
rate of soil or water) reflect upper-bound or maximum values and thus likely overstate 
risks. Some specific sources of uncertainty are described below. 

X 

For the evaluation of future hypothetical on-site potable water use, it was assumed that 
all of the daily water ingestion would occur at the home, with no proportion from the 
workplace and/or school.  Similar assumptions were made for evaluation of soil 
ingestion and contact. Thus, potential risks are likely overestimated.  

X 

Exposure Assessment 

In the derivation of soil, sediment, and surface water exposure point concentrations 
(EPC), for each COPC, 95% UCL or maximum concentrations were calculated in each 
dataset. The lower of these two concentrations was selected as the EPC for each 
COPC. EPCs for these media likely provide a conservative estimate of average site 
exposures. However, the EPC may be underestimated by use of the maximum if the 
conservative estimate of the mean (95% UCL) exceeds the maximum concentration. 

X X 

We used the maximum detected concentration as the EPC for groundwater exposures. 
In many instances, EPCs were biased toward only a few site monitoring wells and thus 
do not represent likely/typical groundwater exposures at the Site.  We assumed that 
future residents or facility workers may be drawing in water from any area of the Site, 
including areas under the landfill lobes. Although contaminants in groundwater may 
migrate from these areas, groundwater data indicate natural attenuation is occurring 
with distance from source areas.  Furthermore, the plume appears to be stable.  Thus, 
use of upper-bound values to estimate potential future drinking water exposures likely 
overstates risks associated with potable water use. 

X 

The maximum detected concentration in ambient air samples was used as the EPC for 
the relevant exposure scenarios. The highest concentrations of COPCs were detected in 
samples collected from the landfill lobes. As discussed, these lobes will be capped and 
landfill gas managed. Use of the maximum concentration biases ambient air inhalation 
risks toward areas of the Site that will be remediated or controlled in the future, thereby 
overestimating potential health risks. 

X 
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Component of Risk 
Characterization Description of Uncertainty 

Potential Bias in Risk Estimate 

Underestimate Overestimate 

For the trespasser and residential scenarios, we did not quantify risks associated with 
the inhalation of fugitive dust at the Site. The exclusion of this exposure pathway may 
potentially underestimate health risks for these receptors; however, this pathway 
generally contributes relatively minimal risks compared to the dermal and oral exposure 
routes. 

X 

Contributions from soil to the vapor intrusion pathway were not quantified, based on the 
relatively higher levels and prevalence of VOCs in groundwater from Groups 3 & 4.  
Though this may potentially underestimate the full contribution of VOCs from the 
subsurface into indoor air, the extent of the bias is likely to be low due to the much lower 
prevalence and concentration of volatile constituents in soil relative to groundwater. 

X 

Exposure Assessment For the trespasser and resident, we assumed that these receptors would be exposed to 
wetland media for 90 days per year, each year of their respective exposure duration.  
Furthermore, we used adherence factors associated with high intensity activities (e.g., 
children playing in wet soil) to estimate dermal risks. Given that Sutton Brook and 
associated wetlands are heavily vegetated and not used as a primary recreational area, 
this assumption about exposure frequency is highly conservative and likely 
overestimates risks for these exposure scenarios.   

X 

Facility workers were assumed to be exposed to both fugitive dust emissions and indoor 
air 8 hours per day. This effectively double-counts risks, as it is unlikely that a worker 
would be exposed to both media for the same length of time on a routine basis. 

X 

Although VOCs are present in upland soil, we did not quantify the contribution of VOCs 
from soil into indoor air of a future building, as impacted soils were typically collected 
from the saturated zone and thus reflect groundwater impacts (which were evaluated 
through use of the J&E vapor intrusion model).  

X 
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Component of Risk 
Characterization Description of Uncertainty 

Potential Bias in Risk Estimate 

Underestimate Overestimate 

Dermal absorption of VOCs and select inorganics was not evaluated in the HHRA for 
the soil exposure pathway, due to a lack of published dermal absorption fraction values. 
Although dermal absorption of these constituents is unlikely to be significant (e.g., VOCs 
would be expected to volatilize from the skin surface before penetrating the skin), the 
exclusion of these COPCs from the dermal pathway may potentially underestimate 
cumulative risks.   

X 

Estimated dermal permeability coefficients for PAHs and PCBs are outside of the model 
predictive domain and therefore, we did not quantify risks for these COPCs associated 
with dermal aqueous exposures. This exclusion may potentially underestimate 
cumulative risks.   

X 

High intensity exposures to soil for the construction worker were assumed to persist 
every day over an assumed one-year project. This included use of the 330 mg/event 
soil ingestion rates (RME), and the 95th percentile soil adherence (to skin) factor, as well 
as breathing soil-borne dust 8 hours/day.  In reality, soil excavation and grading 
activities that could result in these high intensity exposures typically occur for only a 
fraction of the project, such as prior to installation of a foundation or slab.  

X 

Cancer slope factors developed by EPA represent plausible upper-bound estimates, 
which means that the EPA is reasonably confident that the actual cancer risk will not 
exceed the estimated cancer risk calculated using the cancer slope factor. 

X 

Dose Response 
Assessment 

RfDs and RfCs are defined by EPA as estimates (with uncertainty spanning perhaps an 
order of magnitude) of a daily oral exposure to the human population (including sensitive 
subgroups) that is likely to be without an appreciable risk of deleterious effects during a 
lifetime. It is more likely that these toxicity values overestimate rather than 
underestimate potential health hazards. 

X 

The cancer slope factor for trichloroethylene is under review by EPA. Estimates of the 
cancer potency ranges over nearly two orders of magnitude. The high end of the range 
of values was used in this assessment. Because a toxicity value for tetrachloroethylene 
is not available from EPA, a peer-reviewed value developed by the California EPA was 
used, consistent with EPA’s tiered approach to the selection of toxicity values. 

X X 
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Component of Risk 
Characterization Description of Uncertainty 

Potential Bias in Risk Estimate 

Underestimate Overestimate 

Oral toxicity values were converted to dermal toxicity values for several COPCs 
(primarily metals). For other compounds, we used the oral toxicity values to evaluate 
dermal risks. Use of oral values may potentially over- or underestimate potential risks 
via dermal exposure routes. 

X X 

For some compounds lacking toxicity data, we utilized toxicity values from surrogate 
compounds with similar chemical structure. For example, pyrene is used as a surrogate 
compound for the C11-C22 aliphatic hydrocarbon range. Use of surrogate compounds 
may potentially over or underestimate risks associated with these compounds. 

X X 

Risk Characterization In general, conservative assumptions and parameters were used in developing risk 
estimates. X 

Trespasser/recreational user risks associated with exposure to lead were not calculated, 
as the IEUBK and ALM models are not appropriate for the trespasser age range.  
Because residential lead risks for a child resident, calculated using the IEUBK model, 
were below the EPA threshold, we have assumed that lead risks for trespassers will also 
be within EPA acceptable limits. Thus, this uncertainty is considered to be small. 

X 

Cumulative non-cancer risks in excess of 1 can be segregated by target organ and then 
compared to the non-cancer risk limit.  In this HHRA, the non-cancer risks in excess of 1 
were associated with facility worker and residential exposure to groundwater via its 
assumed use for potable purposes.  However, since the risks associated with these 
pathways were so far in excess of 1, and even individual chemical risks were well above 
1 in many cases, this segregation by target organ was not necessary and thus not 
included. Therefore, the cumulative non-cancer risks presented in the risk 
characterization reflect threshold effects associated with exposure to all COPCs, not just 
those with the same target organ, and likely overestimate the non-cancer risks.  

X 
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Characterization Description of Uncertainty 
Potential Bias in Risk Estimate 

Underestimate Overestimate 

Trespasser/recreational user risks associated with exposure to both upland (soil) and 
wetland soil, sediment and surface water were summed, though it is unlikely that the 
same youth (8-18) would actually contact COPCs in all these media during each 
exposure event, every time they ventured onto the Site.   

X 
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3.6 SUMMARY 

In summary, cumulative noncancer hazard indices for the Group 3 and 4 trespasser and Group 4 
construction worker scenarios are below the EPA target HI of one, and cumulative ILCRs do not exceed 
the upper end of the EPA target ILCR range of 1x 10-4. Cumulative risks for future Group 3 and 4 Site 
residents and facility workers and Group 3 construction workers, however, exceed the EPA target risk 
limits for carcinogenic and/or noncarcinogenic effects. 

For facility workers and residents, excess risks are primarily driven by various COPCs (notably 
chlorinated VOCs, phthalates and heavy metals) in groundwater, which is assumed to be used as a potable 
water source under future hypothetical residential and commercial development scenarios for Groups 1-2 
(i.e., landfill lobes) and Groups 3-6 (remainder of Site). Volatile organic compounds in groundwater also 
may volatilize and migrate into indoor air of a future site building(s), resulting in indoor air 
concentrations that may also pose a potential risk to these receptors. For Group 3 and 4 future residents 
and facility workers, cumulative cancer and noncancer risk estimates associated with the vapor intrusion 
pathway exceed EPA risk management criteria. Note that site groundwater risks were based on the 
maximum groundwater concentrations detected at the Site, however, and represent a highly conservative 
estimate of exposure. Highest levels of many of the compounds detected in groundwater at the Site are 
located in the former drum disposal area (Group 3). 

Soils in the former drum disposal area (Group 3) and the former residence, garage, and storage area 
(Group 4) also contribute to excess health risks, with primary site-related risk drivers in upland soil 
including bis(2-ethylhexyl)phthalate, tetrachloroethene, PAHs, and arsenic. Furthermore, as described in 
Section 3.1.2.3 of this report, the potential for soil to impact indoor air of a future building exists for 
Group 3 soils. However, the risks associated with potential volatile emissions from soils are anticipated to 
be low relative to those associated with potable groundwater use. Lastly, arsenic and benzo(a)pyrene in 
sediment and wetland soil contribute to risks for the future site resident. In all cases where potable water 
exposures were assessed (i.e., for future site residents and facility workers), the risks for this exposure 
medium contributed most significantly to the cumulative receptor risks, relative to other media.  
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TABLE 3-1 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPC) 

Group 1-2 - Groundwater 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area - Tewksbury, Massachusetts 

Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 

Exposure 

Point 

CAS 

Number 

Chemical  Minimum 
Concentration 

(1) 

Maximum 

Concentration 

(1) 

Units Location 

of Maximum 

Concentration 

Detection

Frequency 
Range of Detection 

Limits 

Concentration 
Used for 

Screening

(2) 

Background 

Value 

(3) 

Screening 

Toxicity Value 

(N/C) 

(4) 

Potential 

ARAR/TBC 

Value 

Potential 

ARAR/TBC 

Source 

(5) 

COPC 

Flag 

(Y/N) 

Rationale for 

Selection or 

Deletion 

(6) 

Group 1-2 

Groundwater 

57-12-5 Cyanide, Total 0.0028 0.0053 mg/L MW-3S 4 / 10 0.0009 - 0.01 0.0053 0.073 0.2 MCL N SL 

7429-90-5 Aluminum, Total 0.023 2.5 mg/L PMW-2 22 / 47 0.0075 - 0.1 2.5 -- NA NA N NTX 

7440-36-0 Antimony, Total 0.0013 0.0052 mg/L MW-5 3 / 60 0.001 - 0.1 0.0052 0.0015 0.006 MCL Y SL 

7440-38-2 Arsenic, Total 0.0038 J 2 mg/L MW-4B 62 / 77 0.002 - 0.05 2 0.000045 0.01 MCL Y SL 

7440-39-3 Barium, Total 0.004 J 1.59 mg/L MW-4B 50 / 51 0.0025 - 0.01 1.59 0.26 2 MCL Y SL 

7440-41-7 Beryllium, Total 0.0005 J 0.03 mg/L MW-2S 13 / 57 0.0001 - 0.004 0.03 0.0073 0.004 MCL Y SL 

7440-43-9 Cadmium, Total 0.0004 0.36 mg/L MW-5 23 / 76 0.0001 - 0.01 0.36 0.0018 0.005 MCL Y SL 

7440-70-2 Calcium, Total 13 501 mg/L MW-4S 47 / 47 0.025 - 1 501 NA NA NA N EN 

7440-47-3 Chromium, Total 0.0012 J 0.0082 mg/L MW-3B 20 / 62 0.001 - 0.06 0.0082 0.011 0.1 MCL N SL 

7440-48-4 Cobalt, Total 0.001 J 0.0763 mg/L MW-4B 30 / 47 0.001 - 0.01 0.0763 0.073 NA NA Y SL 

7440-50-8 Copper, Total 0.003 0.179 mg/L PMW-3 16 / 64 0.002 - 0.01 0.179 0.15 1.3 MCL Y SL 

7439-89-6 Iron, Total 0.26 780 J mg/L MW-4S 65 / 65 0.01 - 1 780 1.1 0.3 SMCL N EN 

7439-92-1 Lead, Total 0.0014 J 0.24 mg/L MW-5 18 / 77 0.001 - 0.05 0.24 0.015 0.015 MCL Y SL 

7439-95-4 Magnesium, Total 1.2 153 mg/L MW-4B 60 / 60 0.025 - 0.1 153 NA NA NA N EN 

7439-96-5 Manganese, Total 0.04 20.2 J mg/L MW-4S 64 / 64 0.0025 - 0.01 20.2 0.088 0.05 SMCL Y SL 

7440-02-0 Nickel, Total 0.0016 J 0.21 mg/L MW-4B 42 / 59 0.0007 - 0.025 0.21 0.073 0.1 ORSG Y SL 

7440-09-7 Potassium, Total 2.04 170 J mg/L MW-4S 47 / 47 0.15 - 50 170 NA NA NA N EN 

7782-49-2 Selenium, Total 0.0024 J 0.07 mg/L MW-5 5 / 64 0.0018 - 0.05 0.07 0.018 0.05 MCL Y SL 

7440-22-4 Silver, Total 0.0007 J 0.009 mg/L MW-3S 3 / 64 0.0004 - 0.01 0.009 0.018 0.1 SMCL N SL 

7440-23-5 Sodium, Total 2.46 414 mg/L MW-4B 47 / 47 0.15 - 100 414 NA 20 ORSG N EN 

7440-28-0 Thallium, Total 0.0038 0.0047 J mg/L MW-4B 3 / 60 0.0001 - 0.2 0.0047 0.00024 0.002 MCL Y SL 

7440-62-2 Vanadium, Total 0.001 J 0.03 J mg/L MW-4S 27 / 47 0.0008 - 0.01 0.03 0.0036 NA NA Y SL 

7440-66-6 Zinc, Total 0.005 0.35 mg/L MW-3B 29 / 64 0.0025 - 0.05 0.35 1.1 5 SMCL N SL 

1031-07-8 Endosulfan sulfate 0.000031 J 0.000031 J mg/L MW-4B 1 / 12 0.00002 - 0.0001 0.000031 0.022 NA NA N SL 

95-50-1 1,2-Dichlorobenzene 0.00063 J 0.005 mg/L MW-4B 8 / 75 0.00024 - 2.5 0.005 0.037 0.6 MCL N SL 

106-46-7 1,4-Dichlorobenzene 0.00048 J 0.011 J mg/L GP-5 20 / 74 0.001 - 2.5 0.011 0.0005 0.005 MCL Y SL 

105-67-9 2,4-Dimethylphenol 0.058 J 0.058 J mg/L MW-4S 1 / 46 0.0038 - 5 0.058 0.073 NA NA N SL 

121-14-2 2,4-Dinitrotoluene 0.000586 0.000586 mg/L MW-3S 1 / 46 0.0005 - 3 0.000586 0.0073 0.1 DWEL N SL 

91-57-6 2-Methylnaphthalene 0.00083 0.00083 mg/L MW-12 1 / 49 0.0008 - 4 0.00083 0.00062 NA NA Y SL 

95-48-7 2-Methylphenol 0.018 0.18 J mg/L MW-4B 13 / 46 0.001 - 3 0.18 0.18 NA NA N SL 

108-39-4/106-44-5 3-Methylphenol/4-Methylphenol 0.0066 10 mg/L MW-4S 20 / 38 0.0015 - 3 10 0.018 NA NA Y SL 

106-44-5 4-Methylphenol 6.6 J 11 mg/L MW-4S 4 / 8 0.01 - 2.5 11 0.018 NA NA Y SL 

100-02-7 4-Nitrophenol 0.00118 0.00118 mg/L MW-6 1 / 46 0.0005 - 5 0.00118 0.0032 NA NA N SL 

83-32-9 Acenaphthene 0.000714 0.000714 mg/L MW-2S 1 / 49 0.0005 - 2.5 0.000714 0.037 NA NA Y SL 

98-86-2 Acetophenone 0.0049 J 0.0308 mg/L MW-4B 3 / 40 0.0008 - 10 0.0308 NA NA NA Y SL 

65-85-0 Benzoic acid 0.12 J 12 J mg/L MW-4S 13 / 38 0.01 - 25 12 15 NA NA N SL 

84-66-2 Diethyl phthalate 0.0024 J 0.163 mg/L MW-4S 15 / 46 0.0013 - 2.5 0.163 2.9 NA NA N SL 

84-74-2 Di-n-butylphthalate 0.00143 0.00143 mg/L MW-12 1 / 46 0.0008 - 2.5 0.00143 0.36 NA NA N SL 

78-59-1 Isophorone 0.000549 0.000549 mg/L MW-2S 1 / 46 0.0005 - 2.5 0.000549 0.071 NA NA N SL 

91-20-3 Naphthalene 0.00048 0.24 J mg/L MW-4B 15 / 77 0.0003 - 2.5 0.24 0.00062 0.14 ORSG Y SL 

924-16-3 N-Nitrosodi-n-butylamine 0.00108 0.00108 mg/L MW-6 1 / 9 0.0005 - 0.0135 0.00108 0.000002 NA NA Y SL 

930-55-2 N-Nitrosopyrrolidine 0.00968 0.00968 mg/L MW-12 1 / 9 0.0005 - 0.0135 0.00968 0.0000032 NA NA Y SL 

95-53-4 o-Toluidine 0.00316 0.00316 mg/L MW-12 1 / 9 0.0025 - 0.0675 0.00316 0.00035 NA NA Y SL 
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TABLE 3-1 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPC) 

Group 1-2 - Groundwater 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area - Tewksbury, Massachusetts 

Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 

Exposure 

Point 

CAS 

Number 

Chemical  Minimum 
Concentration 

(1) 

Maximum 

Concentration 

(1) 

Units Location 

of Maximum 

Concentration 

Detection

Frequency 
Range of Detection 

Limits 

Concentration 
Used for 

Screening

(2) 

Background 

Value 

(3) 

Screening 

Toxicity Value 

(N/C) 

(4) 

Potential 

ARAR/TBC 

Value 

Potential 

ARAR/TBC 

Source 

(5) 

COPC 

Flag 

(Y/N) 

Rationale for 

Selection or 

Deletion 

(6) 

Group 1-2 

Groundwater 

108-95-2 
Phenol 0.000287 2.6 mg/L MW-4S 17 / 46 0.0003 - 3.5 2.6 1.1 2 EPA Health Advisory -

Lifetime 
Y  SL  

110-86-1 Pyridine 0.029 J 0.042 mg/L MW-5 2 / 38 0.0013 - 25 0.042 0.0036 NA NA Y SL 

71-55-6 1,1,1-Trichloroethane 0.13 0.13 mg/L GP-13 1 / 72 0.0005 - 1 0.13 0.32 0.2 MCL N SL 

75-34-3 1,1-Dichloroethane 0.00028 0.53 mg/L GP-13 26 / 74 0.0007 - 1 0.53 0.081 0.07 ORSG Y SL 

75-35-4 1,1-Dichloroethene 0.00024 J 0.00024 J mg/L MW-4B 1 / 73 0.0005 - 1 0.00024 0.034 0.007 MCL N SL 

95-63-6 1,2,4-Trimethylbenzene 0.00043 J 2.6 mg/L GP-12 15 / 65 0.00043 -1 2.6 0.0012 NA NA Y SL 

107-06-2 1,2-Dichloroethane 0.002 J 0.0069 J mg/L MW-4B 2 / 73 0.0005 - 1 0.0069 0.00012 0.005 MCL Y SL 

540-59-0 1,2-Dichloroethene (Total) 0.15 0.15 mg/L MW-4S 1 / 6 0.01 - 1 0.15 0.0061 0.07 MCL Y SL 

540-59-0 cis-1,2-Dichloroethene 0.00047 J 0.45 mg/L GP-11 20 / 68 0.0005 - 0.25 0.45 0.0061 0.07 MCL Y SL 

540-59-0 trans-1,2-Dichloroethene 0.00057 J 0.00057 J mg/L MW-4B 1 / 67 0.00075 - 0.3 0.00057 0.012 0.1 MCL N SL 

78-87-5 1,2-Dichloropropane 0.00037 J 0.0034 J mg/L MW-4B 2 / 73 0.001 - 1 0.0034 0.00016 0.005 MCL Y SL 

108-67-8 1,3,5-Trimethylbenzene 0.0013 J 0.64 mg/L GP-12 9 / 63 0.00043 - 1 0.64 0.0012 NA NA Y SL 

123-91-1 1,4-Dioxane 0.0022 0.83 mg/L MW-4B 40 / 53 0.005 - 1 0.83 0.0061 0.003 ORSG Y SL 

78-93-3 2-Butanone 0.017 27 J mg/L MW-4S 21 / 65 0.005 - 2 27 0.7 4 ORSG Y SL 

591-78-6 2-Hexanone 0.0094 0.45 J mg/L MW-4S 4 / 65 0.005 - 2 0.45 0.2 NA NA Y SL 

108-10-1 4-Methyl-2-pentanone 0.01 13 J mg/L MW-4B 28 / 65 0.005 - 2 13 0.2 0.35 ORSG Y SL 

67-64-1 Acetone 0.0025 21 J mg/L MW-4S 25 / 65 0.005 - 2 21 0.55 6.3 ORSG Y SL 

71-43-2 Benzene 0.00031 J 0.038 J mg/L MW-4S 28 / 69 0.00028 - 1 0.038 0.00035 0.005 MCL Y SL 

75-15-0 Carbon disulfide 0.00037 J 0.00037 J mg/L MW-4B 1 / 64 0.001 - 2 0.00037 0.1 NA NA N SL 

108-90-7 Chlorobenzene 0.00037 J 0.028 mg/L GP-5 20 / 68 0.00017 - 1 0.028 0.011 0.1 MCL Y SL 

75-00-3 Chloroethane 0.00051 J 4.3 mg/L GP-13 11 / 73 0.001 - 1 4.3 0.0046 NA NA Y SL 

67-66-3 Chloroform 0.0017 0.0017 mg/L MW-5 1 / 73 0.0007 - 1 0.0017 0.00017 0.07 ORSG Y SL 

74-87-3 Chloromethane 0.002 J 0.002 J mg/L MW-4B 1 / 73 0.001 - 1 0.002 0.016 0.03 Health Advisory 
(Lifetime) 

N  SL  

75-71-8 Dichlorodifluoromethane 0.00058 J 0.095 J mg/L GP-15 7 / 66 0.001 - 2 0.095 0.039 1.4 ORSG Y SL 

60-29-7 Ethyl Ether 0.0015 J 0.3 J mg/L MW-4B 25 / 59 0.0025 - 1 0.3 0.12 NA NA Y SL 

100-41-4 Ethylbenzene 0.0013 2 mg/L GP-12 32 / 74 0.00031 - 0.25 2 0.13 0.7 MCL Y SL 

98-82-8 Isopropylbenzene 0.00055 0.048 J mg/L GP-12 25 / 65 0.00037 - 0.25 0.048 0.066 NA NA N SL 

1634-04-4 Methyl tert butyl ether 0.00038 J 0.00056 J mg/L MW-12 2 / 57 0.001 - 0.4 0.00056 0.011 0.07 ORSG N SL 

75-09-2 Methylene Chloride 0.00042 J 2.14 mg/L MW-4S 8 / 72 0.0005 - 3.8 2.14 0.0043 0.005 MCL Y SL 

103-65-1 n-Propylbenzene 0.00042 J 0.26 mg/L GP-12 14 / 63 0.00044 - 0.25 0.26 0.024 NA NA Y SL 

99-87-6 p-Isopropyltoluene 0.0055 J 0.015 J mg/L MW-4S 4 / 62 0.0005 - 0.25 0.015 0.066 NA NA N SL 

100-42-5 Styrene 0.24 0.24 mg/L GP-11 1 / 66 0.0005 - 1 0.24 0.16 0.1 MMCL Y SL 

104-51-8 n-Butylbenzene 0.00918 0.00918 mg/L MW-12 1 / 60 0.0005 - 0.25 0.00918 0.024 NA NA N SL 

98-06-6 tert-Butylbenzene 0.0228 0.0228 mg/L MW-12 1 / 60 0.001 - 1 0.0228 0.024 NA NA N SL 

127-18-4 Tetrachloroethene 0.00072 0.017 J mg/L MW-4S 3 / 72 0.0005 - 1 0.017 0.0001 0.005 MCL Y SL 

109-99-9 Tetrahydrofuran 0.0025 10 mg/L GP-13 40 / 57 0.005 - 4 10 0.0016 1.3 ORSG Y SL 

108-88-3 Toluene 0.00053 21 mg/L GP-13 39 / 76 0.0003 - 0.5 21 0.072 1 MCL Y SL 

79-01-6 Trichloroethene 0.0011 0.076 J mg/L MW-4S 9 / 74 0.0005 - 1 0.076 0.000028 0.005 MCL Y SL 

75-69-4 
Trichlorofluoromethane 0.00068 J 0.41 J mg/L MW-4S 9 / 67 0.001 - 1 0.41 0.13 2 EPA Health Advisory -

Lifetime 
Y  SL  

75-01-4 Vinyl chloride 0.001 0.035 J mg/L GP-16 4 / 72 0.001 - 1 0.035 0.00002 0.002 MCL Y SL 

1330-20-7 Xylenes (total) 0.00038 0.49 mg/L GP-12 46 / 76 0.0004 - 0.25 0.49 0.021 10 MCL Y SL 

95-49-8 
o-Chlorotoluene 0.0028 J 0.0028 J mg/L GP-14 1 / 60 0.001 - 1 0.0028 0.012 0.1 Health Advisory 

(Lifetime) 
N  SL  

106-46-7 
1,2,4-Trichlorobenzene 0.0025 J 0.0025 J mg/L MW-3B 1 / 73 0.00075 - 2.5 0.0025 0.00072 0.07 MMCL Y SL 

Footnotes: 

(1) Summary statistics were calculated from groundwater samples from monitoring wells in Groups 1 and 2 of the site. See Appendix C for wells and sampling events used in risk assessment. 

(2) Maximum detected concentration in groundwater was chosen as the concentration used for screening.Bold = concentration exceeds screening level and constituent retained as COPC. 

(3) We conducted a statistical evaluation of site conditions relative to background/reference conditions. See Appendix D for details. 

(4) EPA Region 9 Preliminary Remediation Goals (PRGs; October 2004) for tapwater were used as screening toxicity values. PRGs based on noncancer effects were adjusted downward by a factor of 0.1 to reflect a hazard quotient of 0.1. 

(5) For compounds without MCLs, we used federal health advisories or MADEP Office of Research and Standards Guidelines (OSRG). TBC = To be considered. ARAR =Applicable or relevant and appropriate requirements. MCL = Maximum contaminant level. 

(6) SL = Constituent was selected / not selected as a COPC based on whether the detected concentration exceeds the screening level or if no screening level is available. EN = Constituent was not selected as a COPC because it is considered to be an essential nutrient. 

NTX = no toxicity information available. 
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TABLE 3-2 
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPC) 

Landfill Ambient Air 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 
Scenario Timeframe: Current / Future 
Medium: Air 
Exposure Medium: Ambient Air 

Exposure 
Point 

CAS 
Number 

Chemical  Minimum 
Concentration 

(1) 

Maximum 
Concentration 

(1) 

Units Location 
of Maximum 
Concentration 

Detection 
Frequency 

Range of
Detection 

Limits 

Concentration 
Used for 
Screening

(2) 

Background 
Value 

(3) 

Screening 
Toxicity Value 

(N/C) 

(4) 

Potential 
ARAR/TBC 

Value 

Potential 
ARAR/TBC 

Source 
(5) 

COPC 
Flag 

(Y/N) 

Rationale for 
Selection or 

Deletion 
(6) 

Ambient 
Air 

100-41-4 Ethylbenzene 22 83 ug/m3 STA 2 (92) 2 / 6 4.407 - 4.407 83 -- 110 -- -- N 
98-82-8 Isopropylbenzene 4 7.8 ug/m3 STA 2 (92) 2 / 6 4.989 - 4.989 7.8 -- 40 -- -- N 
95-63-6 1,2,4-Trimethylbenzene 3 3.0 ug/m3 STA 2 (92) 1 / 6 4.989 - 4.989 3 -- 0.62 -- -- Y SL 
108-67-8 1,3,5-Trimethylbenzene 6.2 9.9 ug/m3 STA 2 (92) 2 / 6 4.989 - 4.989 9.9 -- 0.62 -- -- Y SL 
71-43-2 Benzene 4 4 ug/m3 STA 2 (92) 1 / 6 3.243 - 3.243 4 -- 0.25 -- -- Y SL 
103-65-1 n-Propylbenzene 4 4 ug/m3 STA 2 (92) 1 / 6 4.989 - 4.989 4 -- 15 -- -- N 
99-87-6 p-Isopropyltoluene 3 3 ug/m3 STA 2 (92) 1 / 6 5.572 - 5.572 3 -- 40 -- -- N 
108-88-3 Toluene 22 22 ug/m3 STA 2 (92) 1 / 6 3.825 - 3.825 22 -- 40 -- -- N 
1330-20-7 Xylenes (total) 21 92 ug/m3 STA 2 (92) 2 / 6 13.221 - 13.221 92 -- 11 -- -- Y SL 

Footnotes: 
(1) Summary statistics were calculated from ambient air samples STA-1(92) through STA-6(92), collected from Areas 1 and 2 in 1992. 
(2) Maximum detected concentration in ambient air was chosen as the concentration used for screening. Bold = concentration exceeds screening level. 
(3) No constituents were detected in the one background sample collected for the site (STA-7(92)). 
(4) EPA Region 9 Preliminary Remediation Goals (PRGs; October 2004) for air were used as screening toxicity values for sediment. PRGs based on noncancer effects were adjusted downward by a factor of 0.1 to reflect a hazard quotient of 0.1.  
No PRG available for p-isopropyltoluene; used value for isopropylbenzene as surrogate. 
(5) TBC = To be considered. ARAR =Applicable or relevant and appropriate requirements. EPA National Ambient Air Quality Standards (NAAQS) are applicable ARARs for ambient air; however, no NAAQS are available for the constituents 
detected in ambient air at the site. 
(6) SL = Constituent was selected as a COPC if the detected concentration exceeded the screening level or if no screening level is available. 
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TABLE 3-3 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPC) 

Group 3 - Soil 

Remedial Investigation and Feasibility Study 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Scenario Timeframe: Current / Future 
Medium: Soil 
Exposure Medium: Soil 

Exposure 

Point 

CAS 

Number 

Chemical  Minimum 
Concentration 

(1) 

Maximum 

Concentration 

(1) 

Units Location 

of Maximum 

Concentration 

Detection 

Frequency 

Range of

Detection 

Limits 

Concentration 
Used for 

Screening

(2) 

Background 

Value 

(3) 

Screening 

Toxicity Value 

(N/C) 

(4) 

Potential 

ARAR/TBC 

Value 

Potential 

ARAR/TBC 

Source 

(5) 

COPC 

Flag 

(Y/N) 

Rationale for 

Selection or 

Deletion 

(6) 

Group 3 

Soil 

7429-90-5 Aluminum 3900 7400 mg/kg SB-1 (04) 6/6 100% 4.5-5.1 7400 -- N NTX 

7440-38-2 Arsenic 4.2 6.7 mg/kg SB-1 (04) 6/6 100% 0.22-0.26 6.7 0.39 Y SL 

7440-39-3 Barium 12 35 mg/kg SB-1 (04) 3/6 50% 0.45-9.9 35 540 N SL 

7440-43-9 Cadmium 0.5 3.8 mg/kg SB-5 (04) 2/6 33% 0.22-0.26 3.8 3.7 Y SL 

7440-47-3 Chromium 7.3 19 mg/kg SB-5 (04) 6/6 100% 0.45-0.51 19 30 N SL 

7440-48-4 Cobalt 1.7 4.4 mg/kg SB-1 (04) 6/6 100% 0.89-1 4.4 900 N SL 

7440-50-8 Copper 21 25 mg/kg SB-1 (04) 2/6 33% 0.45-4.5 25 310 N SL 

7439-89-6 Iron 3100 10000 mg/kg SB-1 (04) 6/6 100% 2.2-2.6 10000 2300 N EN 

7439-92-1 Lead 4.6 73 mg/kg SB-1 (04) 3/6 50% 2.2-2.6 73 40 Y SL 

7439-95-4 Magnesium 1800 2500 mg/kg SB-1 (04) 4/6 67% 4.5-1200 2500 NA N EN 

7439-96-5 Manganese 38 140 mg/kg SB-1 (04) 6/6 100% 0.45-0.51 140 180 N SL 

7439-97-6 Mercury 0.11 0.17 mg/kg SB-1 (04) 2/6 33% 0.09-0.1 0.17 2.3 N SL 

7440-02-0 Nickel 4.4 12 mg/kg SB-1 (04) 6/6 100% 1.1-1.3 12 160 N SL 

7440-62-2 Vanadium 6.1 16 mg/kg SB-1 (04) 6/6 100% 0.45-0.51 16 7.8 Y SL 

7440-66-6 Zinc 25 65 mg/kg SB-1 (04) 3/6 50% 2.2-16 65 2300 N SL 

120-12-7 Anthracene 0.43 0.43 mg/kg SB-1 (04) 1/6 17% 0.37-7.6 0.43 2200 N SL 

56-55-3 Benzo(a)anthracene 1.1 1.1 mg/kg SB-1 (04) 1/6 17% 0.37-7.6 1.1 0.62 Y SL 

50-32-8 Benzo(a)pyrene 1.1 1.1 mg/kg SB-1 (04) 1/6 17% 0.37-7.6 1.1 0.062 Y SL 

205-99-2 Benzo(b)fluoranthene 0.84 0.84 mg/kg SB-1 (04) 1/6 17% 0.37-7.6 0.84 0.62 Y SL 

192-97-2 Benzo(e)Pyrene 0.76 0.76 mg/kg SB-1 (04) 1/6 17% 0.37-7.6 0.76 0.062 Y SL 

191-24-2 Benzo(g,h,i)perylene 0.8 0.8 mg/kg SB-1 (04) 1/6 17% 0.37-7.6 0.8 500 N SL 

207-08-9 Benzo(k)fluoranthene 0.96 0.96 mg/kg SB-1 (04) 1/6 17% 0.37-7.6 0.96 6.2 N SL 

117-81-7 Bis(2-Ethylhexyl)phthalate 3.6 1500 mg/kg SB-6 (04) 5/6 83% 0.85-300 1500 35 Y SL 

85-68-7 Butylbenzylphthalate 1.1 2.3 mg/kg SB-5 (04) 2/6 33% 0.37-7.6 2.3 1200 N SL 

218-01-9 Chrysene 1.2 1.2 mg/kg SB-1 (04) 1/6 17% 0.37-7.6 1.2 62 N SL 

117-84-0 Di-n-octylphthalate 0.98 1600 mg/kg SB-6 (04) 5/6 83% 0.43-150 1600 240 Y SL 

206-44-0 Fluoranthene 0.37 2.4 mg/kg SB-1 (04) 2/6 33% 0.37-7.6 2.4 230 N SL 

193-39-5 Indeno(1,2,3-cd)Pyrene 0.72 0.72 mg/kg SB-1 (04) 1/6 17% 0.37-7.6 0.72 0.62 Y SL 

91-20-3 Naphthalene 0.024 J 100 mg/kg SB-6 (04) 6/7 86% 0.0035-49 100 5.6 Y SL 

85-01-8 Phenanthrene 1.6 1.6 mg/kg SB-1 (04) 1/6 17% 0.37-7.6 1.6 350 N SL 

129-00-0 Pyrene 2.1 2.1 mg/kg SB-1 (04) 1/6 17% 0.37-7.6 2.1 230 N SL 

71-55-6 1,1,1-Trichloroethane 420 420 mg/kg SB-6 (04) 1/6 17% 0.0007-9.8 420 1200 N SL 

95-63-6 1,2,4-Trimethylbenzene 0.0098 J 590 mg/kg SB-6 (04) 5/6 83% 0.0035-49 590 5.2 Y SL 

108-67-8 1,3,5-Trimethylbenzene 2.4 200 mg/kg SB-6 (04) 4/6 67% 0.0035-49 200 2.1 Y SL 

67-64-1 Acetone 0.0083 0.024 J mg/kg SB-1 (04) 2/6 33% 0.007-98 0.024 1400 N SL 

71-43-2 Benzene 0.0035 0.0035 mg/kg SB-1 (04) 1/6 17% 0.0007-9.8 0.0035 0.64 N SL 

100-41-4 Ethylbenzene 0.0018 J 400 mg/kg SB-6 (04) 5/6 83% 0.0007-9.8 400 400 N SL 

98-82-8 Isopropylbenzene 0.00094 J 39 mg/kg SB-6 (04) 5/6 83% 0.0007-9.8 39 57 N SL 

104-51-8 n-Butylbenzene 0.013 J 54 mg/kg SB-6 (04) 5/6 83% 0.0007-9.8 54 240 N SL 

103-65-1 n-Propylbenzene 0.0012 J 82 mg/kg SB-6 (04) 5/6 83% 0.0007-9.8 82 240 N SL 

99-87-6 p-Isopropyltoluene 0.0024 J 26 mg/kg SB-6 (04) 5/6 83% 0.0007-9.8 26 57 N SL 

127-18-4 Tetrachloroethene 27 27 mg/kg SB-6 (04) 1/6 17% 0.0007-9.8 27 0.48 Y SL 

108-88-3 Toluene 0.0025 710 mg/kg SB-6 (04) 5/6 83% 0.001-15 710 520 Y SL 
1330-20-7 Xylenes (total) 0.0041 J 1500 mg/kg SB-6 (04) 5/6 83% 0.0007-9.8 1500 27 Y SL 

Footnotes: 
(1) Summary statistics were calculated from soil samples collected within the 0-12' depth interval (includes: SB-1(04) (4'-5'), SB-1(04) (5'-6'), SB-2(04) (6'-8'), SB-2(04) (8'-10'), SB-2(04) (10'-12'), SB-3(04) (0'-2'), SB-3(04) (4'-6'), SB-4(04) (5'-7'), SB-4(04) (7'-8'), SB-5(04) (2'-4'), SB-
5(04) (4'-6'), SB-6(04) (4'-5') and SB-6(04) (5'-7').) J = estimated value. EB = equipment blank contamination. 
(2) Maximum detected concentration in upland soil from Group 3 was chosen as the concentration used for screening. Bold = concentration exceeds screening level and was retained as a COPC. 

(3) We conducted a statistical evaluation of Site and background/reference concentrations. See Appendix D. 

(4) EPA Region 9 Preliminary Remediation Goals (PRGs; October 2004) for residential soil were considered as screening toxicity values for soil. PRGs based on noncancer effects were adjusted downward by a factor of 0.1 to reflect a hazard 


quotient (HQ) of 0.1. For constituents lacking PRGs, Massachusetts Contingency Plan Method 1 S-1/GW-1 soil standards were substituted (adjusted by 0.5 to reflect a HQ of 0.1).  NA = No standard available.
 

(5) ARAR =Applicable or relevant and appropriate requirements. TBC = To be considered. No ARARs/TBCs were identified for soils. 

(6) SL = Constituent was selected / not selected as a COPC based on whether the detected concentration exceeded the screening level or if no screening level is available. EN = Constituent was not selected as a COPC because 

it is considered to be an essential nutrient. NTX = no toxicity information available.
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TABLE 3-4 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPC) 

Group 3 - Groundwater 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area - Tewksbury, Massachusetts 

Scenario Timeframe: Future 

Medium: Groundwater 

Exposure Medium: Groundwater 

Exposure 

Point 

CAS 

Number 

Chemical  Minimum 

Concentration 

(1) 

Maximum 

Concentration 

(1) 

Units Location 

of Maximum 

Concentration 

Detection

Frequency 
Range of Detection Limits 

Concentration 

Used for 

Screening

(2) 

Background 

Value 

(3) 

Screening 

Toxicity Value 

(N/C) 

(4) 

Potential 

ARAR/TBC 

Value 

Potential 

ARAR/TBC 

Source 

(5) 

COPC 

Flag 

(Y/N) 

Rationale for 

Selection or 

Deletion 

(6) 

Group 3 7429-90-5 Aluminum, Total 0.019 J 1 mg/L GP-24 13 / 17 0.0075 - 0.13 1 -- NA NA N NTX 

7440-38-2 Arsenic, Total 0.0056 0.58 mg/L MW-7M 17 / 20 0.0025 - 0.005 0.58 0.000045 0.01 MCL Y SL 

7440-39-3 Barium, Total 0.03 0.3 mg/L MW-7M 17 / 17 0.0025 - 0.01 0.3 0.26 2 MCL Y SL 

7440-41-7 Beryllium, Total 0.0004 J 0.004 J mg/L MW-9 4 / 17 0.0004 - 0.003 0.004 0.0073 0.004 MCL N SL 

7440-43-9 Cadmium, Total 0.0005 J 0.002 mg/L GP-25 8 / 20 0.0001 - 0.002 0.002 0.0018 0.005 MCL Y SL 

7440-70-2 Calcium, Total 27 366 mg/L MW-16B 17 / 17 0.025 - 0.1 366 NA NA NA N EN 

7440-47-3 Chromium, Total 0.002 J 0.007 J mg/L MW-9 4 / 15 0.0025 - 0.01 0.007 0.011 0.1 MCL N SL 

7440-48-4 Cobalt, Total 0.001 J 0.14 mg/L MW-9 11 / 17 0.0025 - 0.01 0.14 0.073 NA NA Y SL 

7440-50-8 Copper, Total 0.003 J 0.1 mg/L MW-7M 4 / 17 0.0025 - 0.01 0.1 0.15 1.3 MCL N SL 

7439-89-6 Iron, Total 0.0541 280 mg/L MW-9 22 / 23 0.023 - 0.05 280 1.1 0.3 SMCL N EN 

7439-92-1 Lead, Total 0.0058 J 0.0058 J mg/L MW-7M 1 / 20 0.0015 - 0.01 0.0058 0.015 0.015 MCL N SL 

7439-95-4 Magnesium, Total 0.83 48 mg/L GP-25 20 / 20 0.025 - 0.1 48 NA NA NA N EN 

7439-96-5 Manganese, Total 0.02 29 mg/L MW-9 20 / 20 0.0025 - 0.01 29 0.088 0.05 SMCL Y SL 

7439-97-6 Mercury, Total 0.00002 J 0.00007 J mg/L MW-7S 4 / 17 0.0002 - 0.0002 0.00007 0.0011 0.002 MCL N SL 

7440-02-0 Nickel, Total 0.0033 J 0.058 mg/L MW-9 10 / 17 0.0025 - 0.025 0.058 0.073 0.1 ORSG N SL 

7440-09-7 Potassium, Total 3.1 73 mg/L MW-7M 17 / 17 0.15 - 2.5 73 NA NA NA N EN 

7440-22-4 Silver, Total 0.0012 J 0.0014 J mg/L MW-9 3 / 17 0.0007 - 0.007 0.0014 0.018 0.1 SMCL N SL 

7440-23-5 Sodium, Total 14 137 mg/L MW-10 17 / 17 0.15 - 20 137 NA 20 ORSG N EN 

7440-28-0 Thallium, Total 0.00005 B 0.00005 B mg/L MW-10 1 / 17 0.00005 - 0.025 0.00005 0.00024 0.002 MCL N SL 

7440-62-2 Vanadium, Total 0.001 J 0.01 mg/L MW-9 10 / 17 0.0025 - 0.01 0.01 0.0036 NA NA Y SL 

7440-66-6 Zinc, Total 0.013 J 0.044 J mg/L MW-7M 7 / 17 0.0025 - 0.05 0.044 1.1 5 SMCL N SL 

11097-69-1 Aroclor 1254 0.0012 J 0.0012 J mg/L MW-16D 1 / 3 0.0002 - 0.0002 0.0012 0.000034 NA NA Y SL 

120-82-1 1,2,4-Trichlorobenzene 0.0004 J 0.0004 J mg/L GP-25 1 / 24 0.001 - 12 0.0004 0.00072 0.07 MMCL N SL 

95-50-1 1,2-Dichlorobenzene 0.00027 J 0.00036 J mg/L GP-25 2 / 24 0.001 - 12 0.00036 0.037 0.6 MCL N SL 

106-46-7 1,4-Dichlorobenzene 0.0011 J 0.0012 J mg/L GP-25 2 / 24 0.001 - 12 0.0012 0.0005 0.005 MCL Y SL 

105-67-9 2,4-Dimethylphenol 0.16 0.18 mg/L MW-7M 2 / 16 0.0053 - 2.1 0.18 0.073 NA NA Y SL 

95-48-7 2-Methylphenol 0.43 1 J mg/L MW-9 6 / 16 0.0053 - 1.3 1 0.18 NA NA Y SL 

108-39-4/106-44-5 3-Methylphenol/4-Methylphenol 0.04 2.1 mg/L MW-9 7 / 13 0.006 - 1.3 2.1 0.018 NA NA Y SL 

65-85-0 Benzoic acid 3.3 J 5.2 J mg/L MW-9 6 / 13 0.05 - 10 5.2 15 NA NA N SL 

117-81-7 Bis(2-Ethylhexyl)phthalate 0.61 0.61 mg/L MW-9 1 / 16 0.00013 - 1 0.61 0.0048 0.006 MCL Y SL 

131-11-3 Dimethyl phthalate 0.08 J 0.08 J mg/L MW-9 1 / 16 0.005 - 1 0.08 360 NA NA N SL 

91-20-3 Naphthalene 0.00049 J 0.011 mg/L MW-7M 3 / 24 0.001 - 12 0.011 0.00062 0.14 ORSG Y SL 

108-95-2 Phenol 5 9.4 mg/L MW-9 6 / 16 0.0053 - 1.5 9.4 1.1 2 
EPA Health Advisory -

Lifetime Y  SL  

71-55-6 1,1,1-Trichloroethane 0.00058 0.00058 mg/L MW-10 1 / 24 0.0005 - 2.5 0.00058 0.32 0.2 MCL N SL 

75-34-3 1,1-Dichloroethane 0.00023 J 0.0028 mg/L MW-7S 9 / 24 0.00075 - 3.8 0.0028 0.081 0.07 ORSG N SL 

75-35-4 1,1-Dichloroethene 0.0004 J 0.0015 mg/L MW-10 2 / 24 0.0005 - 2.5 0.0015 0.034 0.007 MCL N SL 

95-63-6 1,2,4-Trimethylbenzene 0.6 1.4 mg/L MW-7M 5 / 24 0.001 - 12 1.4 0.0012 NA NA Y SL 
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TABLE 3-4 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPC) 

Group 3 - Groundwater 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area - Tewksbury, Massachusetts 

Scenario Timeframe: Future 

Medium: Groundwater 

Exposure Medium: Groundwater 

Exposure 

Point 

CAS 

Number 

Chemical  Minimum 

Concentration 

(1) 

Maximum 

Concentration 

(1) 

Units Location 

of Maximum 

Concentration 

Detection

Frequency 
Range of Detection Limits 

Concentration 

Used for 

Screening

(2) 

Background 

Value 

(3) 

Screening 

Toxicity Value 

(N/C) 

(4) 

Potential 

ARAR/TBC 

Value 

Potential 

ARAR/TBC 

Source 

(5) 

COPC 

Flag 

(Y/N) 

Rationale for 

Selection or 

Deletion 

(6) 

Group 3 

Groundwater 

107-06-2 1,2-Dichloroethane 0.00038 J 0.00038 J mg/L GP-25 1 / 24 0.0005 - 2.5 0.00038 0.00012 0.005 MCL Y SL 

540-59-0 cis-1,2-Dichloroethene 0.00024 J 0.0014 mg/L GP-25 5 / 24 0.0005 - 2.5 0.0014 0.0061 0.07 MCL N SL 

78-87-5 1,2-Dichloropropane 0.00035 J 0.00035 J mg/L GP-25 1 / 24 0.001 - 8.8 0.00035 0.00016 0.005 MCL Y SL 

108-67-8 1,3,5-Trimethylbenzene 0.35 0.42 mg/L MW-7M 2 / 24 0.001 - 12 0.42 0.0012 NA NA Y SL 

123-91-1 1,4-Dioxane 0.0016 J 3 J mg/L MW-9 15 / 24 0.005 - 10 3 0.0061 0.003 ORSG Y SL 

78-93-3 2-Butanone 52 77 mg/L MW-9 6 / 24 0.005 - 25 77 0.7 4 ORSG Y SL 

108-10-1 4-Methyl-2-pentanone 0.086 J 190 mg/L MW-9 7 / 24 0.005 - 25 190 0.2 0.35 ORSG Y SL 

67-64-1 Acetone 40 UJ 73 mg/L MW-9 6 / 24 0.005 - 25 73 0.55 6.3 ORSG Y SL 

71-43-2 Benzene 0.00014 J 0.0036 mg/L GP-25 4 / 24 0.0005 - 2.5 0.0036 0.00035 0.005 MCL Y SL 

75-15-0 Carbon disulfide 0.00065 J 0.00065 J mg/L GP-25 1 / 24 0.005 - 25 0.00065 0.1 NA NA N SL 

108-90-7 Chlorobenzene 0.0002 J 0.0042 mg/L GP-25 3 / 24 0.0005 - 2.5 0.0042 0.011 0.1 MCL N SL 

75-00-3 Chloroethane 0.0018 2.3 mg/L MW-7M 3 / 24 0.001 - 5 2.3 0.0046 NA NA Y SL 

74-87-3 Chloromethane 0.0005 0.0005 mg/L MW-16B 1 / 24 0.001 - 12 0.0005 0.016 0.03 Health Advisory (Lifetime) N  SL  

75-71-8 Dichlorodifluoromethane 0.012 0.012 mg/L MW-10 1 / 24 0.001 - 25 0.012 0.039 1.4 ORSG N SL 

60-29-7 Ethyl Ether 0.00042 J 0.019 mg/L GP-25 6 / 24 0.0025 - 12 0.019 0.12 NA NA N SL 

100-41-4 Ethylbenzene 1.3 8.4 mg/L MW-9 8 / 24 0.0005 - 2.5 8.4 0.13 0.7 MCL Y SL 

98-82-8 Isopropylbenzene 0.00011 J 0.057 mg/L MW-7M 5 / 24 0.0005 - 2.5 0.057 0.066 NA NA N SL 

1634-04-4 Methyl tert butyl ether 0.00083 J 0.005 mg/L GP-23 3 / 24 0.001 - 5 0.005 0.011 0.07 ORSG N SL 

75-09-2 Methylene Chloride 2.2 2.2 mg/L MW-9 1 / 24 0.001 - 25 2.2 0.0043 0.005 MCL Y SL 

103-65-1 n-Propylbenzene 0.082 0.082 mg/L MW-7M 1 / 24 0.0005 - 2.5 0.082 0.024 NA NA Y SL 

135-98-8 sec-Butylbenzene 0.00007 J 0.00007 J mg/L MW-10 1 / 24 0.0005 - 2.5 0.00007 0.024 NA NA N SL 

127-18-4 Tetrachloroethene 0.00022 J 0.00022 J mg/L MW-16D 1 / 24 0.0005 - 2.5 0.00022 0.0001 0.005 MCL Y SL 

109-99-9 Tetrahydrofuran 0.002 J 20 J mg/L MW-9 13 / 20 0.01 - 50 20 0.0016 1.3 ORSG Y SL 

108-88-3 Toluene 0.00032 J 78 mg/L MW-9 9 / 24 0.00075 - 3.8 78 0.072 1 MCL Y SL 

79-01-6 Trichloroethene 0.0001 J 0.00039 J mg/L GP-24 2 / 24 0.0005 - 2.5 0.00039 0.000028 0.005 MCL Y SL 

75-69-4 Trichlorofluoromethane 0.00033 J 0.00033 J mg/L MW-16D 2 / 24 0.001 - 12 0.00033 0.13 2 
EPA Health Advisory -

Lifetime N  SL  

75-01-4 Vinyl chloride 0.00044 J 0.00044 J mg/L GP-25 1 / 24 0.001 - 5 0.00044 0.00002 0.002 MCL Y SL 

1330-20-7 Xylenes (total) 0.00043 28.2 mg/L MW-9 10 / 24 0.0005 - 2.5 28.2 0.021 10 MCL Y SL 

7440-36-0 Antimony, Total 0.0038 J 0.0038 J mg/L MW-9 1 / 17 0.001 - 0.006 0.0038 0.0015 0.006 MCL Y SL 

7782-49-2 Selenium 0.01 0.012 mg/L MW-9 2 / 17 0.0025 - 0.005 0.012 0.018 0.05 MCL N SL 

107-13-1 Acrylonitrile 0.8 J 1.3 J mg/L MW-9 3 / 24 0.005 - 25 1.3 0.000039 NA NA Y SL 

97-63-2 Ethyl Methacrylate 4 J 4 J mg/L MW-9 1 / 24 0.005 - 25 4 0.055 NA NA Y SL 

99-87-6 p-Isopropyltoluene 0.096 0.096 mg/L MW-7M 1 / 24 0.0005 - 2.5 0.096 0.066 NA NA Y SL 

Footnotes: (1) Summary statistics were calculated from groundwater samples from monitoring wells in Group 3 of the site. See Appendix C for wells and sampling events used in risk assessment. 

(2) Maximum detected concentration in groundwater was chosen as the concentration used for screening. Bold = concentration exceeds screening level and constituent retained as COPC. 

(3) We conducted a statistical evaluation of site conditions relative to background/reference conditions. See Appendix D for details. 

(4) EPA Region 9 Preliminary Remediation Goals (PRGs; October 2004) for tapwater were used as screening toxicity values. PRGs based on noncancer effects were adjusted downward by a factor of 0.1 to reflect a hazard quotient of 0.1. 

(5) For compounds without MCLs, we used federal health advisories or MADEP Office of Research and Standards Guidelines (OSRG). TBC = To be considered. ARAR =Applicable or relevant and appropriate requirements. MCL = Maximum contaminant level. 

(6) SL = Constituent was selected / not selected as a COPC based on whether the detected concentration exceeds the screening level or if no screening level was available. EN = Constituent was not selected as a COPC because it is considered to be an essential nutrient. 

NTX = no toxicity information available. 
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TABLE 3-5 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPC) 

Group 4 - Soil 

Remedial Investigation and Feasibility Study 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Scenario Timeframe: Current / Future 
Medium: Soil 
Exposure Medium: Soil 

Exposure 

Point 

CAS 

Number 

Chemical  Minimum 
Concentration 

(1) 

Maximum 

Concentration 

(1) 

Units Location 

of Maximum 

Concentration 

Detection 

Frequency 

Range of

Detection 

Limits 

Concentration 
Used for 

Screening

(2) 

Background 

Value 

(3) 

Screening 

Toxicity Value 

(N/C) 

(4) 

Potential 

ARAR/TBC 

Value 

Potential 

ARAR/TBC 

Source 

(5) 

COPC 

Flag 

(Y/N) 

Rationale for 

Selection or 

Deletion 

(6) 

Group 4 

Soil 

7429-90-5 Aluminum 3910 J 8100 mg/kg SB-10 (04) 13/13 100% 4.4-4.8 8100 -- N NTX 

7440-38-2 Arsenic 4.2 J 9.4 mg/kg SO-05 (99) 11/13 85% 0.22-3.6 9.4 0.39 Y SL 

7440-39-3 Barium 14 60.5 J mg/kg SO-07 (99) 13/13 100% 0.44-0.48 60.5 540 N SL 

7440-41-7 Beryllium 0.2 J 0.34 J mg/kg SO-05 (99) 9/13 69% 0.22-0.24 0.34 15 N SL 

7440-43-9 Cadmium 0.23 J 0.91 mg/kg SB-8 (04) 7/13 54% 0.1-0.24 0.91 3.7 N SL 

7440-70-2 Calcium 318 J 8500 mg/kg SB-8 (04) 10/13 77% 4.5-1900 8500 NA N EN 

7440-47-3 Chromium 7.5 J 28.3 J mg/kg SO-05 (99) 13/13 100% 0.44-0.48 28.3 30 N SL 

7440-48-4 Cobalt 2 J 5.9 J mg/kg SO-07 (99) 13/13 100% 0.89-0.97 5.9 900 N SL 

7440-50-8 Copper 6.7 J 88.3 J mg/kg SO-01 (99) 13/13 100% 0.44-0.48 88.3 310 N SL 

7439-89-6 Iron 6740 J 22000 J mg/kg SO-10 (99) 13/13 100% 2.2-2.4 22000 2300 N EN 

7439-92-1 Lead 8 J 233 J mg/kg SO-01 (99) 13/13 100% 2.2-2.4 233 40 Y SL 

7439-95-4 Magnesium 1060 J 3000 mg/kg SB-8 (04) 12/13 92% 4.5-1200 3000 NA N EN 

7439-96-5 Manganese 70.5 J 224 J mg/kg SO-10 (99) 13/13 100% 0.44-0.48 224 180 Y SL 

7439-97-6 Mercury 0.13 0.29 mg/kg SB-8 (04) 3/13 23% 0.05-0.13 0.29 2.3 N SL 

7440-02-0 Nickel 5.8 J 23.2 J mg/kg SO-07 (99) 13/13 100% 1.1-1.2 23.2 160 N SL 

7440-09-7 Potassium 399 J 1070 J mg/kg SO-07 (99) 9/13 69% 440-1500 1070 NA N EN 

7440-22-4 Silver 0.42 J 1.1 J mg/kg SO-10 (99) 8/13 62% 0.29-0.48 1.1 39 N SL 

7440-62-2 Vanadium 9.2 J 19 mg/kg SB-8 (04) 13/13 100% 0.44-0.48 19 7.8 Y SL 

7440-66-6 Zinc 19.8 J 379 J mg/kg SO-07 (99) 13/13 100% 2.2-2.4 379 2300 N SL 

12672-29-6 Aroclor 1248 0.019 J 0.11 mg/kg SO-06 (99) 5/13 38% 0.034-0.438 0.11 0.22 N SL 

11097-69-1 Aroclor 1254 0.119 0.119 mg/kg SB-10 (04) 1/13 8% 0.034-0.438 0.119 0.22 N SL 

11096-82-5 Aroclor 1260 0.012 J 0.096 mg/kg SO-04 (99) 8/13 62% 0.034-0.438 0.096 0.22 N SL 

72-54-8 4,4'-DDD 0.0016 J 1.08 mg/kg SB-8 (04) 8/13 62% 0.0029-0.702 1.08 2.4 N SL 
72-55-9 4,4'-DDE 0.00048 J 0.0086 mg/kg SO-04 (99) 7/13 54% 0.00048-0.702 0.0086 1.7 N SL 

50-29-3 4,4'-DDT 0.014 J 0.014 J mg/kg SO-07 (99) 1/6 17% 0.0029-0.702 0.014 1.7 N SL 

309-00-2 Aldrin 0.00041 J 0.00041 J mg/kg SO-10 (99) 1/12 8% 0.00145-0.351 0.00041 0.029 N SL 

5103-71-9 alpha-Chlordane 0.002 J 0.002 J mg/kg SO-10 (99) 1/7 14% 0.0018-0.0019 0.002 1.6 N SL 

319-86-8 Delta-BHC 0.0014 J 0.0014 J mg/kg SO-09 (99) 1/13 8% 0.00145-0.351 0.0014 0.09 N SL 

60-57-1 Dieldrin 0.0011 J 0.0056 J mg/kg SO-09 (99) 5/13 38% 0.0029-0.702 0.0056 0.03 N SL 

33213-65-9 Endosulfan II 0.0013 J 0.0013 J mg/kg SO-08 (99) 1/13 8% 0.0029-0.702 0.0013 37 N SL 

72-20-8 Endrin 0.00088 J 0.0062 J mg/kg SO-09 (99) 3/11 27% 0.0029-0.702 0.0062 1.8 N SL 

7421-93-4 Endrin aldehyde 0.00092 J 0.0021 J mg/kg SO-06 (99) 4/10 40% 0.0029-0.702 0.0021 1.8 N SL 

72-43-5 Methoxychlor 0.0046 J 0.017 J mg/kg SO-09 (99) 5/13 38% 0.0145-3.51 0.017 31 N SL 

-- C11-C22 Aromatic Hydrocarbons 13 130 mg/kg SO-05 (99) 7/9 78% 8.5-9 130 100 Y SL 

-- C19-C36 Aliphatic Hydrocarbons 64 820 mg/kg SO-05 (99) 8/9 89% 4-4.2 820 1250 N SL 

-- C9-C10 Aromatic Hydrocarbons 12 12 mg/kg SO-09 (99) 1/9 11% 7.6-15 12 50 N SL 

120-82-1 1,2,4-Trichlorobenzene 0.054 J 0.56 mg/kg SO-07 (99) 3/16 19% 0.0035-4.4 0.56 6.2 N SL 

90-12-0 1-Methylnaphthalene 12 12 mg/kg SB-8 (04) 1/4 25% 0.36-4.4 12 5.6 Y SL 

108-60-1 2,2'-Oxybis(1-chloropropane) 0.34 J 0.34 J mg/kg SO-07 (99) 1/9 11% 0.34-0.37 0.34 2.9 N SL 

88-06-2 2,4,6-Trichlorophenol 0.043 J 0.39 mg/kg SO-07 (99) 2/13 15% 0.34-4.4 0.39 0.61 N SL 

120-83-2 2,4-Dichlorophenol 0.28 J 0.28 J mg/kg SO-07 (99) 1/13 8% 0.34-8.8 0.28 18 N SL 

105-67-9 2,4-Dimethylphenol 0.089 J 0.089 J mg/kg SO-07 (99) 1/13 8% 0.34-8.8 0.089 120 N SL 

51-28-5 2,4-Dinitrophenol 0.068 J 0.068 J mg/kg SO-07 (99) 1/13 8% 0.85-18 0.068 12 N SL 

606-20-2 2,6-Dinitrotoluene 0.22 J 0.22 J mg/kg SO-07 (99) 1/13 8% 0.34-4.4 0.22 6.1 N SL 

91-58-7 2-Chloronaphthalene 0.19 J 0.19 J mg/kg SO-07 (99) 1/13 8% 0.014-5.3 0.19 490 N SL 

95-57-8 2-Chlorophenol 0.44 0.44 mg/kg SO-07 (99) 1/13 8% 0.34-5.3 0.44 6.3 N SL 

91-57-6 2-Methylnaphthalene 0.27 17 mg/kg SB-8 (04) 2/13 15% 0.34-7 17 5.6 Y SL 

88-75-5 2-Nitrophenol 0.28 J 0.28 J mg/kg SO-07 (99) 1/13 8% 0.34-18 0.28 18 N SL 

91-94-1 3,3'-Dichlorobenzidine 0.34 0.34 mg/kg SO-08 (99) 1/13 8% 0.34-44 0.34 1.1 N SL 

534-52-1 4,6-Dinitro-2-methylphenol 0.25 J 0.25 J mg/kg SO-07 (99) 1/9 11% 0.85-0.93 0.25 0.61 N SL 

35421-08-0 4-Chloro-3-methylphenol 0.038 J 0.37 mg/kg SO-07 (99) 2/9 22% 0.34-0.37 0.37 NA Y SL 
100-02-7 4-Nitrophenol 0.22 J 0.22 J mg/kg SO-07 (99) 1/13 8% 0.35-8.8 0.22 23 N SL 
83-32-9 Acenaphthene 0.053 J 25 mg/kg SB-8 (04) 4/13 31% 0.34-4.4 25 370 N SL 
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TABLE 3-5 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPC) 

Group 4 - Soil 

Remedial Investigation and Feasibility Study 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Scenario Timeframe: Current / Future 
Medium: Soil 
Exposure Medium: Soil 

Exposure 

Point 

CAS 

Number 

Chemical  Minimum 
Concentration 

(1) 

Maximum 

Concentration 

(1) 

Units Location 

of Maximum 

Concentration 

Detection 

Frequency 

Range of

Detection 

Limits 

Concentration 
Used for 

Screening

(2) 

Background 

Value 

(3) 

Screening 

Toxicity Value 

(N/C) 

(4) 

Potential 

ARAR/TBC 

Value 

Potential 

ARAR/TBC 

Source 

(5) 

COPC 

Flag 

(Y/N) 

Rationale for 

Selection or 

Deletion 

(6) 
Group 4 

Soil 
120-12-7 Anthracene 0.035 J 54 mg/kg SB-8 (04) 7/13 54% 0.34-4.4 54 2200 N SL 
56-55-3 Benzo(a)anthracene 0.046 J 45 mg/kg SB-8 (04) 10/13 77% 0.34-4.4 45 0.62 Y SL 
50-32-8 Benzo(a)pyrene 0.042 J 27 mg/kg SB-8 (04) 10/13 77% 0.18-4.4 27 0.062 Y SL 
205-99-2 Benzo(b)fluoranthene 0.066 J 19 mg/kg SB-8 (04) 10/13 77% 0.34-4.4 19 0.62 Y SL 
192-97-2 Benzo(e)Pyrene 0.63 17 mg/kg SB-8 (04) 2/4 50% 0.36-4.4 17 0.062 Y SL 
191-24-2 Benzo(g,h,i)perylene 0.042 J 11 mg/kg SB-8 (04) 10/13 77% 0.25-4.4 11 500 N SL 
207-08-9 Benzo(k)fluoranthene 0.08 J 24 mg/kg SB-8 (04) 8/13 62% 0.08-4.4 24 6.2 Y SL 
92-52-4 Biphenyl 4.4 4.4 mg/kg SB-8 (04) 1/4 25% 0.36-4.4 4.4 300 N SL 
111-91-1 Bis(2-chloroethoxy)methane 0.054 J 0.49 mg/kg SO-07 (99) 2/13 15% 0.34-4.4 0.49 NA Y SL 
117-81-7 Bis(2-Ethylhexyl)phthalate 0.066 J EB 1.3 EB mg/kg SO-09 (99) 9/13 69% 0.34-8.8 1.3 35 N SL 
85-68-7 Butylbenzylphthalate 0.051 J 0.66 mg/kg SO-07 (99) 6/13 46% 0.34-4.4 0.66 1200 N SL 
86-74-8 Carbazole 0.086 J 26 mg/kg SB-8 (04) 3/13 23% 0.34-4.4 26 24 Y SL 
218-01-9 Chrysene 0.05 J 43 mg/kg SB-8 (04) 10/13 77% 0.34-4.4 43 62 N SL 
53-70-3 Dibenzo(a,h)anthracene 0.068 J 4.5 mg/kg SB-8 (04) 5/13 38% 0.34-4.4 4.5 0.062 Y SL 
132-64-9 Dibenzofuran 0.044 J 24 mg/kg SB-8 (04) 3/13 23% 0.34-4.4 24 15 Y SL 
84-66-2 Diethyl phthalate 0.09 J 0.56 mg/kg SO-07 (99) 3/13 23% 0.34-4.4 0.56 4900 N SL 
131-11-3 Dimethyl phthalate 0.051 J 0.46 mg/kg SO-07 (99) 3/13 23% 0.34-4.4 0.46 100000 N SL 
84-74-2 Di-n-butylphthalate 0.037 J 0.43 mg/kg SO-07 (99) 4/13 31% 0.34-4.4 0.43 610 N SL 
117-84-0 Di-n-octylphthalate 0.099 J 0.56 mg/kg SO-09 (99) 3/13 23% 0.34-4.4 0.56 240 N SL 
206-44-0 Fluoranthene 0.083 J 100 mg/kg SB-8 (04) 11/13 85% 0.34-4.4 100 230 N SL 
86-73-7 Fluorene 0.073 J 37 mg/kg SB-8 (04) 3/13 23% 0.34-4.4 37 270 N SL 
118-74-1 Hexachlorobenzene 0.22 J 0.22 J mg/kg SO-07 (99) 1/13 8% 0.34-4.4 0.22 0.3 N SL 
87-68-3 Hexachlorobutadiene 0.05 J 0.55 mg/kg SO-07 (99) 3/16 19% 0.0035-8.8 0.55 6.2 N SL 
67-72-1 Hexachloroethane 0.13 J 0.13 J mg/kg SO-07 (99) 1/13 8% 0.34-4.4 0.13 35 N SL 
193-39-5 Indeno(1,2,3-cd)Pyrene 0.11 J 10 mg/kg SB-8 (04) 9/13 69% 0.2-4.4 10 0.62 Y SL 
78-59-1 Isophorone 0.044 J 0.31 J mg/kg SO-07 (99) 2/13 15% 0.34-4.4 0.31 510 N SL 
91-20-3 Naphthalene 0.0077 J 19 mg/kg SB-8 (04) 6/16 38% 0.0035-4.4 19 5.6 Y SL 
98-95-3 Nitrobenzene 0.26 J 0.26 J mg/kg SO-07 (99) 1/13 8% 0.34-4.4 0.26 2 N SL 
87-86-5 Pentachlorophenol 0.18 J 0.18 J mg/kg SO-07 (99) 1/13 8% 0.85-18 0.18 3 N SL 
198-55-0 Perylene 5.1 5.1 mg/kg SB-8 (04) 1/4 25% 0.36-4.4 5.1 5.6 N SL 
85-01-8 Phenanthrene 0.05 J 160 mg/kg SB-8 (04) 11/13 85% 0.34-4.4 160 350 N SL 
108-95-2 Phenol 0.048 J EB 0.24 J EB mg/kg SO-07 (99) 2/13 15% 0.34-6.1 0.24 1800 N SL 
129-00-0 Pyrene 0.09 J 93 mg/kg SB-8 (04) 11/13 85% 0.34-4.4 93 230 N SL 
57-12-5 Cyanide 0.17 J 1.6 J mg/kg SO-01 (99) 9/9 100% - 1.6 120 N SL 
78-93-3 2-Butanone 0.025 0.12 J mg/kg SB-10 (04) 2/13 15% 0.007-1.2 0.12 2200 N SL 
67-64-1 Acetone 0.022 J 0.33 J mg/kg SB-10 (04) 8/13 62% 0.007-1.2 0.33 1400 N SL 
71-43-2 Benzene 0.0044 J 0.028 mg/kg SO-10 (99) 3/13 23% 0.0007-0.38 0.028 0.64 N SL 
75-15-0 Carbon disulfide 0.001 J 0.001 J mg/kg SO-05 (99) 1/12 8% 0.005-1.2 0.001 36 N SL 
100-41-4 Ethylbenzene 0.0008 J 0.7 mg/kg SB-8 (04) 4/13 31% 0.0007-0.38 0.7 400 N SL 
98-82-8 Isopropylbenzene 0.015 J 0.21 mg/kg SB-8 (04) 2/4 50% 0.0007-0.12 0.21 57 N SL 
104-51-8 n-Butylbenzene 0.54 0.54 mg/kg SB-8 (04) 1/3 33% 0.0007-0.12 0.54 240 N SL 
103-65-1 n-Propylbenzene 0.005 J 0.24 mg/kg SB-8 (04) 2/4 50% 0.0007-0.12 0.24 240 N SL 
99-87-6 p-Isopropyltoluene 0.27 0.27 mg/kg SB-8 (04) 1/3 33% 0.0007-0.12 0.27 57 N SL 
100-42-5 Styrene 0.74 0.74 mg/kg SB-8 (04) 1/12 8% 0.0007-0.12 0.74 1700 N SL 
108-88-3 Toluene 0.0006 J 0.23 mg/kg SB-8 (04) 6/13 46% 0.001-1.1 0.23 520 N SL 

1330-20-7 Xylenes (total) 0.0028 J 0.96 mg/kg SB-8 (04) 4/13 31% 0.0007-0.12 0.96 27 N SL 

Footnotes: 
(1) Summary statistics were calculated from soil samples collected within the 0-10' depth interval. Includes: SO-1(99) (0'-0.5'), SO-2(99) (0'-0.5'), SO-4(99) (0'-0.5'), SO-5(99) (0'-0.5'), SO-6(99) (0'-0.5'), SO-7(99) (0'-0.5'), SO-8(99) (0'-0.5'), SO-9(99) (0'-0.5'), SO-10(99) (0'-0.5'), SB-7(04) (0.5'-1'), SB-7(04) (1.5'-2'), SB-7(04) 
(2'-2.5'), SB-8(04) (2.5'), SB-8(04) (2'-2.5'), SB-8(04) (2.5'-3'), SB-9(04) (2.8'), SB-9(04) (2.5'-3.5'), SB-10(04) (1.5'-2'), SB-10(04) (4'-5') and SB-10(04) (7.5').  J = estimated value. EB = equipment blank contamination. 
(2) Maximum detected concentration in upland soil from Group 4 was chosen as the concentration used for screening.Bold = concentration exceeds screening level and was retained as a COPC. 

(3) We conducted a statistical evaluation of Site and background/reference concentrations. See Appendix D. 

(4) EPA Region 9 Preliminary Remediation Goals (PRGs; October 2004) for residential soil were considered as screening toxicity values for soil. PRGs based on noncancer effects were adjusted downward by a factor of 0.1 to reflect a hazard quotient (HQ) of 0.1. For constituents lacking 

PRGs, Massachusetts Contingency Plan Method 1 S-1/GW-1 soil standards were substituted (adjusted by 0.5 to reflect a HQ of 0.1).  NA = No standard available. 

(5) ARAR =Applicable or relevant and appropriate requirements. TBC = To be considered. No ARARs/TBCs were identified for soils. 

(6) SL = Constituent was selected / not selected as a COPC based on whether the detected concentration exceeded the screening level or if no screening level is available. EN = Constituent was not selected as a COPC because 

it is considered to be an essential nutrient. NTX = no toxicity information available.
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TABLE 3-6
 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPC)
 

Group 4 - Groundwater
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area - Tewksbury, Massachusetts 

Scenario Timeframe: 
Medium: 
Exposure Medium: 

Future 
Groundwater 
Groundwater 

Exposure 

Point 

CAS 

Number 

Chemical  Minimum 
Concentration 

(1) 

Maximum 

Concentration 

(1) 

Units Location 

of Maximum 

Concentration 

Detection

Frequency Range of Detection Limits 
Concentration 

Used for 

Screening

(3) 

Background 

Value 

(4) 

Screening 

Toxicity Value 

(N/C) 

(5) 

Potential 

ARAR/TBC 

Value 

Potential 

ARAR/TBC 

Source 

(6) 

COPC 

Flag 

(Y/N) 

Rationale for 

Selection or 

Deletion 

(7) 

Group 4 

Groundwater 

57-12-5 Cyanide, Total 0.0024 0.0104 mg/L WES-06 4 / 5 0.0009 - 0.0009 0.0104 0.073 0.2 MCL N SL 

7429-90-5 Aluminum, Total 0.0000269 2.34 mg/L WES-06 11 / 11 0.0075 - 0.1 2.34 -- NA NA N NTX 

7440-38-2 Arsenic, Total 0.0000195 0.43 mg/L MW-1S 7 / 14 0.0025 - 0.05 0.43 0.000045 0.01 MCL Y SL 

7440-39-3 Barium, Total 0.004 J 0.14 mg/L WED-07 9 / 11 0.0023 - 0.01 0.14 0.26 2 MCL N SL 

7440-41-7 Beryllium, Total 0.56 0.56 mg/L MW-1S 1 / 14 0.0001 - 0.003 0.56 0.0073 0.004 MCL Y SL 

7440-43-9 Cadmium, Total 0.025 0.025 mg/L MW-1S 1 / 14 0.0001 - 0.005 0.025 0.0018 0.005 MCL Y SL 

7440-70-2 Calcium, Total 0.0282 140 mg/L WED-07 11 / 11 0.025 - 0.1 140 NA NA NA N EN 

7440-48-4 Cobalt, Total 0.003 J 0.009 mg/L DEP-4 2 / 11 0.0006 - 0.01 0.009 0.073 NA NA N SL 

7440-50-8 Copper, Total 0.003 J 0.04 mg/L MW-1S 2 / 14 0.002 - 0.0121 0.04 0.15 1.3 MCL N SL 

7439-89-6 Iron, Total 0.11 26 mg/L WES-06 9 / 11 0.025 - 0.05 26 1.1 0.3 SMCL N EN 

7439-92-1 Lead, Total 0.0059 0.06 mg/L MW-1S 2 / 14 0.001 - 0.02 0.06 0.015 0.015 MCL Y SL 

7439-95-4 Magnesium, Total 0.00259 32 mg/L WED-07 11 / 11 0.025 - 0.1 32 NA NA NA N EN 

7439-96-5 Manganese, Total 0.0000595 3.71 J mg/L DEP-4 11 / 11 0.0025 - 0.01 3.71 0.088 0.05 SMCL Y SL 

7440-02-0 Nickel, Total 0.0026 B 0.08 mg/L MW-1S 6 / 14 0.0007 - 0.025 0.08 0.073 0.1 ORSG Y SL 

7440-09-7 Potassium, Total 0.00151 38 mg/L WES-06 10 / 11 0.15 - 2.5 38 NA NA NA N EN 

7440-22-4 Silver, Total 0.8 0.8 mg/L MW-1R 1 / 14 0.0004 - 0.007 0.8 0.018 0.1 SMCL Y SL 

7440-23-5 Sodium, Total 0.00932 160 mg/L WES-06 11 / 11 0.15 - 20 160 NA 20 ORSG N EN 

7440-62-2 Vanadium, Total 0.001 J 0.0044 mg/L MW-1S 3 / 11 0.0008 - 0.01 0.0044 0.0036 NA NA Y SL 

7440-66-6 Zinc, Total 0.0048 B 0.22 mg/L MW-1S 6 / 14 0.0025 - 0.05 0.22 1.1 5 SMCL N SL 

117-81-7 Bis(2-Ethylhexyl)phthalate 0.0073 0.0073 mg/L MW-1S 1 / 14 0.00039 - 0.01 0.0073 0.0048 0.006 MCL Y SL 

84-74-2 Di-n-butylphthalate 0.00149 0.00149 mg/L MW-1R 1 / 14 0.00075 - 0.01 0.00149 0.36 NA NA N SL 

75-34-3 1,1-Dichloroethane 0.0003 J 0.0003 J mg/L MW-1R 1 / 16 0.00075 - 0.01 0.0003 0.081 0.07 ORSG N SL 

100-41-4 Ethylbenzene 0.001 J 0.001 J mg/L MW-1S 1 / 16 0.0005 - 0.01 0.001 0.13 0.7 MCL N SL 

127-18-4 Tetrachloroethene 0.00034 J 0.00034 J mg/L MW-1R 1 / 16 0.0005 - 0.01 0.00034 0.0001 0.005 MCL Y SL 

79-01-6 Trichloroethene 0.00034 J 0.00034 J mg/L MW-1R 1 / 16 0.0005 - 0.01 0.00034 0.000028 0.005 MCL Y SL 

1330-20-7 Xylenes (total) 0.0001 J 0.02 mg/L MW-1R 7 / 16 0.001 - 0.01 0.02 0.021 10 MCL N SL 

18540-29-9 Chromium, Total 0.0011 J 0.0029 mg/L WES-06 2 / 14 0.001 - 0.06 0.0029 0.011 0.1 MCL N SL 

106-44-5 4-Methylphenol 0.004 J 0.004 J mg/L WED-07 1 / 7 0.0056 - .01 0.004 0.018 NA NA N SL 

75-00-3 Chloroethane 0.0025 0.0025 mg/L WES-06 1 / 16 0.001 - 0.01 0.0025 0.0046 NA NA N SL 

Footnotes: 

(1) Summary statistics were calculated from groundwater samples from monitoring wells in Group 4 of the site. See Appendix C for wells and sampling events used in risk assessment. 

(2) Maximum detected concentration in groundwater was chosen as the concentration used for screening.Bold = concentration exceeds screening level and constituent retained as COPC. 

(3) We conducted a statistical evaluation of site conditions relative to background/reference conditions. See Appendix D for details. 

(4) EPA Region 9 Preliminary Remediation Goals (PRGs; October 2004) for tapwater were used as screening toxicity values. PRGs based on noncancer effects were adjusted downward by a factor of 0.1 to reflect a hazard quotient of 0.1. 

(5) For compounds without MCLs, we used federal health advisories or MADEP Office of Research and Standards Guidelines (OSRG). TBC = To be considered. ARAR =Applicable or relevant and appropriate requirements. MCL = Maximum contaminant level. 

(6) SL = Constituent was selected / not selected as a COPC based on whether the detected concentration exceeds the screening level or if no screening level is available. EN = Constituent was not selected as a COPC because it is considered to be an essential nutrient. 
NTX = no toxicity information available. 
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TABLE 3-7 
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPC) 

Group 5 - Wetland Soil 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 
Scenario Timeframe: Current / Future 
Medium: Wetland Soil 
Exposure Medium: Wetland Soil 

Exposure 
Point 

CAS 
Number 

Chemical  Minimum 
Concentration 

(1) 

Maximum 
Concentration 

(1) 

Units Location 
of Maximum 
Concentration 

Detection 
Frequency 

Range of
Detection 

Limits 

Concentration 
Used for 

Screening
(2) 

Background 
Value 

(3) 

Screening 
Toxicity Value 

(N/C) 

(4) 

Potential 
ARAR/TBC 

Value 

Potential 
ARAR/TBC 

Source 
(5) 

COPC 
Flag 

(Y/N) 

Rationale for 
Selection or 

Deletion 
(6) 

Group 5 
Soil 

7429-90-5 Aluminum 3800 12000 J mg/kg WS-106 (05) 12/12 100% 4.7-18 12000 -- -- -- -- N NTX 
7440-36-0 Antimony 0.29 J 0.29 J mg/kg SS-13 (04) 1/12 8% 1.3-8.9 0.29 -- 3.1 -- -- N SL 
7440-38-2 Arsenic 2.3 J 30 J mg/kg SS-9 (04) 12/12 100% 0.24-0.89 30 -- 0.39 -- -- Y SL 
7440-39-3 Barium 9 43.4 mg/kg SD-13 (99) 12/12 100% 0.47-1.8 43.4 -- 540 -- -- N SL 
7440-41-7 Beryllium 0.12 4.2 mg/kg GP-7 (04) 6/12 50% 0.24-0.89 4.2 -- 15 -- -- N SL 
7440-43-9 Cadmium 0.03 J 1.2 J mg/kg WS-106 (05) 7/12 58% 0.24-0.89 1.2 -- 3.7 -- -- N SL 
7440-70-2 Calcium 120 8300 J mg/kg WS-106 (05) 12/12 100% 4.7-18 8300 -- NA -- -- N EN 
7440-47-3 Chromium 4.2 15 mg/kg SS-14 (04) 12/12 100% 0.47-1.8 15 -- 30 -- -- N SL 
7440-48-4 Cobalt 0.67 J 8.6 mg/kg WS-107 (05) 12/12 100% 0.94-3.6 8.6 -- 900 -- -- N SL 
7440-50-8 Copper 0.6 J 43.9 mg/kg SD-13 (99) 12/12 100% 0.47-1.8 43.9 -- 310 -- -- N SL 
7439-89-6 Iron 1200 12000 mg/kg SS-14 (04) 12/12 100% 2.4-8.9 12000 -- 2300 -- -- N EN 
7439-92-1 Lead 3.8 104 mg/kg SD-12 (99) 12/12 100% 2.4-8.9 104 -- 40 -- -- Y SL 
7439-95-4 Magnesium 320 2300 mg/kg SS-14 (04) 12/12 100% 4.7-18 2300 -- NA -- -- N SL 
7439-96-5 Manganese 12 1000 mg/kg WS-107 (05) 12/12 100% 0.47-1.8 1000 -- 180 -- -- Y SL 
7439-97-6 Mercury 0.027 J 0.3 J mg/kg WS-106 (05) 10/12 83% 0.09-0.36 0.3 -- 2.3 -- -- N SL 
7440-02-0 Nickel 2 9.3 J mg/kg WS-106 (05) 12/12 100% 1.2-4.5 9.3 -- 160 -- -- N SL 
7440-09-7 Potassium 93 J 1700 mg/kg SS-14 (04) 12/12 100% 120-450 1700 -- NA -- -- N EN 
7782-49-2 Selenium 0.24 J 2.4 J mg/kg WS-106 (05) 9/12 75% 0.47-1.8 2.4 -- 39 -- -- N SL 
7440-22-4 Silver 1.1 1.1 mg/kg SS-14 (04) 1/11 9% 0.1-1.8 1.1 -- 39 -- -- N SL 
7440-23-5 Sodium 29 J 560 J mg/kg WS-106 (05) 10/12 83% 94-360 560 -- NA -- -- N EN 
7440-62-2 Vanadium 2.6 16.1 mg/kg SD-13 (99) 12/12 100% 0.47-1.8 16.1 -- 7.8 -- -- Y SL 
7440-66-6 Zinc 4.8 76.9 mg/kg SD-12 (99) 12/12 100% 2.4-12 76.9 -- 2300 -- -- N SL 

72-54-8 4,4'-DDD 0.013 0.044 mg/kg SS-13 (04) 2/9 22% 0.00317-0.118 0.044 -- 2.4 -- -- N SL 
72-55-9 4,4'-DDE 0.01 0.0381 mg/kg SS-13 (04) 2/9 22% 0.00317-0.118 0.0381 -- 1.7 -- -- N SL 
50-29-3 4,4'-DDT 0.00602 J 0.00602 J mg/kg SS-13 (04) 1/8 13% 0.00317-0.118 0.00602 -- 1.7 -- -- N SL 
309-00-2 Aldrin 0.0051 J 0.0051 J mg/kg SD-12 (99) 1/9 11% 0.00159-0.0592 0.0051 -- 0.029 -- -- N SL 
56-55-3 Benzo(a)anthracene 1.2 1.2 mg/kg SD-12 (99) 1/9 11% 0.4-1.1 1.2 -- 0.62 -- -- Y SL 
50-32-8 Benzo(a)pyrene 1.2 1.2 mg/kg SD-12 (99) 1/9 11% 0.4-1.1 1.2 -- 0.062 -- -- Y SL 

205-99-2 Benzo(b)fluoranthene 1.7 1.7 mg/kg SD-12 (99) 1/9 11% 0.4-1.1 1.7 -- 0.62 -- -- Y SL 

191-24-2 Benzo(g,h,i)perylene 0.82 J 0.82 J mg/kg SD-12 (99) 1/9 11% 0.4-1.1 0.82 -- 500 -- -- N SL 

207-08-9 Benzo(k)fluoranthene 0.58 J 0.58 J mg/kg SD-12 (99) 1/9 11% 0.4-1.1 0.58 -- 6.2 -- -- N SL 
65-85-0 Benzoic Acid 0.48 J 0.78 J mg/kg SS-9 (04) 2/8 25% 4-11 0.78 -- 100000 -- -- N SL 

117-81-7 Bis(2-Ethylhexyl)phthalate 0.29 J 0.29 J mg/kg SS-13 (04) 1/9 11% 0.79-2.2 0.29 -- 35 -- -- N SL 
218-01-9 Chrysene 1.4 1.4 mg/kg SD-12 (99) 1/9 11% 0.4-1.1 1.4 -- 62 -- -- N SL 
206-44-0 Fluoranthene 2.6 2.6 mg/kg SD-12 (99) 1/9 11% 0.4-1.1 2.6 -- 230 -- -- N SL 
193-39-5 Indeno(1,2,3-cd)Pyrene 0.96 J 0.96 J mg/kg SD-12 (99) 1/9 11% 0.4-1.1 0.96 -- 0.62 -- -- Y SL 
198-55-0 Perylene 0.25 J 0.25 J mg/kg SS-9 (04) 1/8 13% 0.4-1.1 0.25 -- 5.6 -- -- N SL 
85-01-8 Phenanthrene 1.5 1.5 mg/kg SD-12 (99) 1/9 11% 0.4-1.1 1.5 -- 350 -- -- N SL 
129-00-0 Pyrene 2.3 2.3 mg/kg SD-12 (99) 1/9 11% 0.4-1.1 2.3 -- 230 -- -- N SL 
78-93-3 2-Butanone 0.089 J 0.089 J mg/kg GP-7 (04) 1/9 11% 0.0069-0.038 0.089 -- 2200 -- -- N SL 
591-78-6 2-Hexanone 0.0027 J 0.0027 J mg/kg GP-23 (04) 1/8 13% 0.0064-0.026 0.0027 -- 530 -- -- N SL 
67-64-1 Acetone 0.025 0.33 J mg/kg GP-7 (04) 9/9 100% 0.0064-0.026 0.33 -- 1400 -- -- N SL 
71-43-2 Benzene 0.00054 J 0.017 J mg/kg SS-9 (04) 3/9 33% 0.00064-0.026 0.017 -- 0.64 -- -- N SL 
108-90-7 Chlorobenzene 0.0095 J 0.019 J mg/kg SS-9 (04) 2/9 22% 0.00064-0.026 0.019 -- 15 -- -- N SL 
75-00-3 Chloroethane 0.0087 J 0.029 J mg/kg GP-7 (04) 2/9 22% 0.0013-0.026 0.029 -- 3.0 -- -- N SL 

540-59-0 cis-1,2-Dichloroethene 0.0023 J 0.0061 J mg/kg SS-5 (04) 2/9 22% 0.00064-0.026 0.0061 -- 4.3 -- -- N SL 
60-29-7 Ethyl ether 0.0046 J 0.0046 J mg/kg SS-9 (04) 1/8 13% 0.0032-0.011 0.0046 -- 1800 -- -- N SL 
99-87-6 p-Isopropyltoluene 0.01 J 0.01 J mg/kg GP-8 (04) 1/8 13% 0.00064-0.026 0.01 -- 57 -- -- N SL 
108-88-3 Toluene 0.0043 0.11 mg/kg GP-23 (04) 5/8 63% 0.00097-0.026 0.11 -- 520 -- -- N SL 

Footnotes: 
(1) Summary statistics were calculated from soil samples collected within the 0-2' depth interval. Includes: GP-23(04) (0'-1'), SS-13(04) (0'-1'), SS-14(04) (0'-1'), SD-12(99) (0'-0.5'), SD-13(99) (0'-0.5'), GP-7(04) (0'-1'), GP-8(04) (0'-1'), SS-5(04) (0'-2'), WS-6(04) (0'-1'), SS-9(04) 
(0'-1'), WS-106(05) (0'-1'), and WS-107(05) (0'-1'). J = estimated value. EB = equipment blank contamination. 
(2) Maximum detected concentration in wetland soil from Group 5 was chosen as the concentration used for screening.Bold = concentration exceeds screening level and was retained as a COPC. 
(3) We conducted a statistical evaluation of site and background/reference concentrations. See text and Appendix D for details. 
(4) EPA Region 9 Preliminary Remediation Goals (PRGs; October 2004) for residential soil were considered as screening toxicity values for wetland soil. PRGs based on noncancer effects were adjusted downward by a factor of 0.1 to reflect a hazard quotient (HQ) of 0.1.
 For constituents lacking PRGs, Massachusetts Contingency Plan Method 1 S-1/GW-1 soil standards were substituted (adjusted by 0.5 to reflect a HQ of 0.1).  NA = No standard available. 
(5) ARAR =Applicable or relevant and appropriate requirements. TBC = To be considered. No ARARs/TBCs were identified for soils. 
(6) SL = Constituent was selected / not selected as a COPC based on whether the detected concentration exceeded the screening level or if no screening level is available. EN = Constituent was not selected as a COPC because 
it is considered to be an essential nutrient. NTX = no toxicity information available. 
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TABLE 3-8
 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPC)
 

Group 5 - Groundwater
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area - Tewksbury, Massachusetts 

Scenario Timeframe: Future 

Medium: Groundwater 

Exposure Medium: Groundwater 

Exposure 

Point 

CAS 

Number 

Chemical  Minimum 
Concentration 

(1) 

Maximum 

Concentration 

(1) 

Units Location 

of Maximum 

Concentration 

Detection

Frequency Range of Detection Limits 
Concentration 

Used for 

Screening

(2) 

Background 

Value 

(3) 

Screening 

Toxicity Value 

(N/C) 

(4) 

Potential 

ARAR/TBC 

Value 

Potential 

ARAR/TBC 

Source 

(5) 

COPC 

Flag 

(Y/N) 

Rationale for 

Selection or 

Deletion 

(6) 

Group 5 

Groundwater 

57-12-5 Cyanide, Total 0.0016 J 0.004 mg/L MW-8M 3 / 4 0.0009 - 0.0009 0.004 0.073 0.2 MCL N SL 

7429-90-5 Aluminum, Total 0.0187 5.9 mg/L MW-13B 36 / 86 0.0075 - 0.1 5.9 -- NA NA N NTX 

7440-36-0 Antimony, Total 0.0036 J 0.1 mg/L MW-13D/MW-8R 3 / 90 0.001 - 0.05 0.1 0.0015 0.006 MCL Y SL 

7440-38-2 Arsenic, Total 0.0037 J 2.32 mg/L MW-11 64 / 94 0.0025 - 0.05 2.32 0.000045 0.01 MCL Y SL 

7440-39-3 Barium, Total 0.0086 0.36 mg/L MW-8M 86 / 86 0.0025 - 0.01 0.36 0.26 2 MCL Y SL 

7440-41-7 Beryllium, Total 0.0004 J 0.03 mg/L MW-11 14 / 88 0.0001 - 0.003 0.03 0.0073 0.004 MCL Y SL 

7440-43-9 Cadmium, Total 0.0004 J 0.06 mg/L MW-11 8 / 94 0.0001 - 0.005 0.06 0.0018 0.005 MCL Y SL 

7440-70-2 Calcium, Total 1.8 150 mg/L MW-22M 86 / 86 0.025 - 0.1 150 NA NA NA N EN 

7440-47-3 Chromium, Total 0.001 J 0.03 mg/L MW-13B 24 / 88 0.0003 - 0.06 0.03 0.011 0.1 MCL Y SL 

7440-48-4 Cobalt, Total 0.001 J 0.04 mg/L MW-22M 49 / 86 0.0006 - 0.01 0.04 0.073 NA NA N SL 

7440-50-8 Copper, Total 0.0026 J 0.02 mg/L MW-13B 7 / 90 0.002 - 0.01 0.02 0.15 1.3 MCL N SL 

7439-89-6 Iron, Total 0.032 J 680 mg/L GP-10 81 / 91 0.025 - 0.186 680 1.1 0.3 SMCL N EN 

7439-92-1 Lead, Total 0.0083 J 0.04 mg/L MW-8R 2 / 94 0.001 - 0.02 0.04 0.015 0.015 MCL Y SL 

7439-95-4 Magnesium, Total 0.089 J 56 mg/L MW-22M 90 / 90 0.025 - 0.1 56 NA NA NA N EN 

7439-96-5 Manganese, Total 0.001 J 8.77 mg/L MW-11S 87 / 90 0.0025 - 0.01 8.77 0.088 0.05 SMCL Y SL 

7439-97-6 Mercury, Total 0.00001 J 0.00001 J mg/L MW-17D 2 / 90 0.0001 - 0.0005 0.00001 0.0011 0.002 MCL N SL 

7440-02-0 Nickel, Total 0.0008 J 0.04 mg/L MW-11 66 / 90 0.0007 - 0.025 0.04 0.073 0.1 ORSG N SL 

7440-09-7 Potassium, Total 0.95 J 100 mg/L MW-8M 86 / 86 0.15 - 50 100 NA NA NA N EN 

7782-49-2 Selenium, Total 0.0021 J 0.0021 J mg/L MW-8M 1 / 90 0.0018 - 0.05 0.0021 0.018 0.05 MCL N SL 

7440-22-4 Silver, Total 0.0007 J 0.37 mg/L MW-8R 9 / 90 0.0004 - 0.007 0.37 0.018 0.1 SMCL Y SL 

7440-23-5 Sodium, Total 8.6 310 mg/L MW-11 86 / 86 0.15 - 40 310 NA 20 ORSG N EN 

7440-28-0 Thallium, Total 0.0035 J 0.0048 J mg/L MW-13B 5 / 90 0.00005 - 0.2 0.0048 0.00024 0.002 MCL Y SL 

7440-62-2 Vanadium, Total 0.001 J 0.01 mg/L MW-13B 37 / 86 0.0008 - 0.01 0.01 0.0036 NA NA Y SL 

7440-66-6 Zinc, Total 0.0041 B 20 mg/L WP-9 21 / 90 0.0025 - 0.25 20 1.1 5 SMCL Y SL 

319-84-6 Alpha-BHC 0.000047 J 0.000047 J mg/L MW-8M 1 / 14 0.00001 - 0.00005 0.000047 0.000011 NA NA Y SL 

120-82-1 1,2,4-Trichlorobenzene 0.00036 J 0.00036 J mg/L MW-21M 1 / 92 0.00075 - 0.25 0.00036 0.00072 0.07 MMCL N SL 

95-50-1 1,2-Dichlorobenzene 0.00036 J 0.0012 J mg/L MW-22M 2 / 92 0.001 - 0.25 0.0012 0.037 0.6 MCL N SL 

106-46-7 1,4-Dichlorobenzene 0.00056 J 0.0032 J mg/L GP-7 8 / 92 0.001 - 0.25 0.0032 0.0005 0.005 MCL Y SL 

105-67-9 2,4-Dimethylphenol 0.00061 J 0.066 J mg/L MW-8M 5 / 40 0.00375 - 0.055 0.066 0.073 NA NA N SL 

95-48-7 2-Methylphenol 0.0033 J 0.26 mg/L MW-8M 7 / 40 0.001 - 0.053 0.26 0.18 NA NA Y SL 

108-39-4/106-44-5 3-Methylphenol/4-Methylphenol 0.048 1.68 mg/L MW-11 4 / 26 0.0015 - 0.033 1.68 0.018 NA NA Y SL 

106-44-5 4-Methylphenol 0.0011 J 0.27 mg/L MW-8M 5 / 14 0.0052 - 0.053 0.27 0.018 NA NA Y SL 

117-81-7 Bis(2-Ethylhexyl)phthalate 0.008 0.008 mg/L MW-11 1 / 40 0.00016 - 0.1 0.008 0.0048 0.006 MCL Y SL 

105-60-2 Caprolactam 0.01 J 0.01 J mg/L MW-11S 1 / 10 0.0052 - 0.053 0.01 1.8 NA NA N SL 

84-66-2 Diethyl phthalate 0.0016 J 0.0394 mg/L MW-11 9 / 40 0.00125 - 0.1 0.0394 2.9 NA NA N SL 

91-20-3 Naphthalene 0.0018 J 0.0032 mg/L MW-22M 2 / 94 0.00075 - 0.25 0.0032 0.00062 0.14 ORSG Y SL 

108-95-2 Phenol 0.089 J 0.26 mg/L MW-8M 2 / 40 0.00025 - 0.089 0.26 1.1 2 
EPA Health Advisory -

Lifetime N  SL  

71-55-6 1,1,1-Trichloroethane 0.00059 J 0.49 J mg/L MW-8M 5 / 94 0.0005 - 0.05 0.49 0.32 0.2 MCL Y SL 

79-00-5 1,1,2-Trichloroethane 0.003 J 0.00692 mg/L MW-8M 2 / 93 0.00075 - 0.075 0.00692 0.0002 0.005 MCL Y SL 

75-34-3 1,1-Dichloroethane 0.00027 J 3.6 J mg/L MW-8M 29 / 95 0.00075 - 1 3.6 0.081 0.07 ORSG Y SL 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran 
\\Andover\projects\210517 Sutton Brook\wip\Human Health Risk Assessment\COPC Tables\GW COPC selec.xlsgrp 5 Page 1 of 2 May 2007 



  

 

TABLE 3-8
 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPC)
 

Group 5 - Groundwater
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area - Tewksbury, Massachusetts 

Scenario Timeframe: Future 

Medium: Groundwater 

Exposure Medium: Groundwater 

Exposure 

Point 

CAS 

Number 

Chemical  Minimum 
Concentration 

(1) 

Maximum 

Concentration 

(1) 

Units Location 

of Maximum 

Concentration 

Detection

Frequency Range of Detection Limits 
Concentration 

Used for 

Screening

(2) 

Background 

Value 

(3) 

Screening 

Toxicity Value 

(N/C) 

(4) 

Potential 

ARAR/TBC 

Value 

Potential 

ARAR/TBC 

Source 

(5) 

COPC 

Flag 

(Y/N) 

Rationale for 

Selection or 

Deletion 

(6) 

Group 5 

Groundwater 

75-35-4 1,1-Dichloroethene 0.00055 0.13 J mg/L MW-8M 9 / 94 0.0005 - 0.05 0.13 0.034 0.007 MCL Y SL 

95-63-6 1,2,4-Trimethylbenzene 0.0022 J 0.62 J mg/L MW-8M 26 / 91 0.001 - 0.25 0.62 0.0012 NA NA Y SL 

107-06-2 1,2-Dichloroethane 0.00029 J 0.0444 mg/L MW-11 18 / 94 0.0005 - 0.05 0.0444 0.00012 0.005 MCL Y SL 

540-59-0 1,2-Dichloroethene (Total) 0.002 J 0.13 mg/L MW-8M 2 / 4 0.01 - 0.01 0.13 0.0061 0.07 MCL Y SL 

540-59-0 cis-1,2-Dichloroethene 0.00018 J 0.22 J mg/L MW-8M 35 / 91 0.0005 - 0.05 0.22 0.0061 0.07 MCL Y SL 

78-87-5 1,2-Dichloropropane 0.00043 J 0.0036 J mg/L MW-11S 2 / 94 0.001 - 0.18 0.0036 0.00016 0.005 MCL Y SL 

108-67-8 1,3,5-Trimethylbenzene 0.0017 J 1.2 J mg/L MW-8M 25 / 91 0.001 - 0.25 1.2 0.0012 NA NA Y SL 

123-91-1 1,4-Dioxane 0.0016 J 0.81 mg/L GP-7 40 / 85 0.005 - 0.5 0.81 0.0061 0.003 ORSG Y SL 

78-93-3 2-Butanone 0.022 J 2.2 mg/L MW-8M 3 / 90 0.005 - 0.5 2.2 0.7 4 ORSG Y SL 

108-10-1 4-Methyl-2-pentanone 0.001 J 7.1 J mg/L MW-8M 7 / 91 0.005 - 0.5 7.1 0.2 0.35 ORSG Y SL 

67-64-1 Acetone 0.0021 J 2 mg/L MW-8M 9 / 89 0.005 - 0.5 2 0.55 6.3 ORSG Y SL 

71-43-2 Benzene 0.00012 J 0.045 mg/L MW-8M 32 / 94 0.0005 - 0.05 0.045 0.00035 0.005 MCL Y SL 

75-15-0 Carbon disulfide 0.00044 J 0.00044 J mg/L MW-11D 1 / 89 0.004 - 0.5 0.00044 0.1 NA NA N SL 

56-23-5 Carbon tetrachloride 0.052 0.052 mg/L MW-8M 1 / 93 0.0005 - 0.05 0.052 0.00017 0.005 MCL Y SL 

108-90-7 Chlorobenzene 0.00099 0.0038 mg/L WP-9 10 / 92 0.0005 - 0.05 0.0038 0.011 0.1 MCL N SL 

75-00-3 Chloroethane 0.00056 J 2.5 J mg/L MW-8M 36 / 95 0.001 - 0.1 2.5 0.0046 NA NA Y SL 

67-66-3 Chloroform 0.00028 J 0.00028 J mg/L MW-17D 1 / 93 0.00075 - 0.075 0.00028 0.00017 0.07 ORSG Y SL 

74-87-3 Chloromethane 0.006 0.006 mg/L MW-8M 1 / 93 0.001 - 0.25 0.006 0.016 0.03 
Health Advisory 

(Lifetime) N  SL  

75-71-8 Dichlorodifluoromethane 0.00043 J 0.036 J mg/L MW-8M 11 / 89 0.001 - 0.5 0.036 0.039 1.4 ORSG N SL 

60-29-7 Ethyl Ether 0.00041 J 0.076 mg/L MW-22M 37 / 86 0.0025 - 0.25 0.076 0.12 NA NA N SL 

100-41-4 Ethylbenzene 0.00004 J 2.8 J mg/L MW-8M 25 / 95 0.0005 - 1 2.8 0.13 0.7 MCL Y SL 

98-82-8 Isopropylbenzene 0.0014 J 0.082 mg/L MW-22M 25 / 91 0.0005 - 0.05 0.082 0.066 NA NA Y SL 

1634-04-4 Methyl tert butyl ether 0.00019 J 0.0016 J mg/L GP-7 10 / 85 0.001 - 0.1 0.0016 0.011 0.07 ORSG N SL 

75-09-2 Methylene Chloride 0.00055 J 0.282 mg/L MW-8M 4 / 93 0.001 - 1.8 0.282 0.0043 0.005 MCL Y SL 

103-65-1 n-Propylbenzene 0.00039 J 0.092 J mg/L MW-8M 23 / 91 0.0005 - 0.05 0.092 0.024 NA NA Y SL 

99-87-6 p-Isopropyltoluene 0.0003 J 0.0092 J mg/L MW-22M 6 / 89 0.0005 - 0.05 0.0092 0.066 NA NA N SL 

100-42-5 Styrene 0.00005 J 0.00005 J mg/L MW-17B 1 / 92 0.0005 - 0.05 0.00005 0.16 0.1 MMCL N SL 

104-51-8 n-Butylbenzene 0.0022 0.0899 mg/L MW-8M 2 / 88 0.0005 - 0.05 0.0899 0.024 NA NA Y SL 

98-06-6 tert-Butylbenzene 0.015 0.0668 mg/L MW-8M 2 / 88 0.001 - 0.25 0.0668 0.024 NA NA Y SL 

127-18-4 Tetrachloroethene 0.00046 J 0.006 mg/L MW-17D 7 / 93 0.0005 - 0.05 0.006 0.0001 0.005 MCL Y SL 

109-99-9 Tetrahydrofuran 0.0021 J 2.1 mg/L MW-22M 23 / 80 0.01 - 1 2.1 0.0016 1.3 ORSG Y SL 

108-88-3 Toluene 0.00032 J 21 J mg/L MW-8M 17 / 95 0.00075 - 1 21 0.072 1 MCL Y SL 

79-01-6 Trichloroethene 0.00026 J 0.006 mg/L MW-8M 17 / 94 0.0005 - 0.05 0.006 0.000028 0.005 MCL Y SL 

75-69-4 Trichlorofluoromethane 0.0345 0.0345 mg/L MW-11 1 / 89 0.001 - 0.25 0.0345 0.13 2 
EPA Health Advisory -

Lifetime N  SL  

75-01-4 Vinyl chloride 0.00031 J 0.071 J mg/L MW-8M 13 / 93 0.001 - 0.1 0.071 0.00002 0.002 MCL Y SL 

95-47-6 o-Xylene 0.00037 J 0.64 mg/L MW-8M 19 / 77 0.0005 - 0.05 0.64 0.021 10 MCL Y SL 

106-42-3/108-38-3 p/m-Xylene 0.002 2.1 mg/L MW-8M 21 / 77 0.0005 - 0.05 2.1 0.021 10 MCL Y SL 

1330-20-7 Xylenes (total) 0.00027 J 13 J mg/L MW-8M 28 / 95 0.001 - 1 13 0.021 10 MCL Y SL 

156-60-5 trans-1,2-Dichloroethene 0.00097 0.00097 mg/L MW-22M 1 / 89 0.00075 - 0.075 0.00097 0.012 0.1 MCL N  SL  

87-68-3 Hexachlorobutadiene 0.00049 J 0.00049 J mg/L MW-17S 1 / 95 0.000052 - 0.25 0.00049 0.00086 NA NA N  SL  

135-98-8 sec-Butylbenzene 0.00066 0.00066 mg/L MW-22M 1 / 88 0.0005 - 0.05 0.00066 0.024 NA NA N  SL  

Footnotes: (1) Summary statistics were calculated from groundwater samples from monitoring wells in Group 5 of the site. See Appendix C for wells and sampling events used in risk assessment. 

(2) Maximum detected concentration in groundwater was chosen as the concentration used for screening.Bold = concentration exceeds screening level and constituent retained as COPC. 

(3) We conducted a statistical evaluation of site conditions relative to background/reference conditions. See Appendix D for details. 

(4) EPA Region 9 Preliminary Remediation Goals (PRGs; October 2004) for tapwater were used as screening toxicity values. PRGs based on noncancer effects were adjusted downward by a factor of 0.1 to reflect a hazard quotient of 0.1. 

(5) For compounds without MCLs, we used federal health advisories or MADEP Office of Research and Standards Guidelines (OSRG). TBC = To be considered. ARAR =Applicable or relevant and appropriate requirements. MCL = Maximum contaminant level. 

(6) SL = Constituent was selected / not selected as a COPC based on whether the detected concentration exceeds the screening level or if no screening level is available.  EN = Constituent was not selected as a COPC because it is considered to be an essential nutrient.
 

NTX = no toxicity information available.
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TABLE 3-9 
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPC) 

Group 5 - Sediment 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 
Scenario Timeframe: Current / Future 
Medium: Sediment 
Exposure Medium: Sediment 

Exposure 
Point 

CAS 
Number 

Chemical  Minimum 
Concentration 

(1) 

Maximum 
Concentration 

(1) 

Units Location 
of Maximum 
Concentration 

Detection 
Frequency 

Range of
Detection 

Limits 

Concentration 
Used for 

Screening
(2) 

Background 
Value 

(3) 

Screening 
Toxicity Value 

(N/C) 

(4) 

Potential 
ARAR/TBC 

Value 

Potential 
ARAR/TBC 

Source 
(5) 

COPC 
Flag 

(Y/N) 

Rationale for 
Selection or 

Deletion 
(6) 

Group 5 
Sediment 

95-63-6 1,2,4-Trimethylbenzene 0.0024 J 3 mg/kg SD-22 (99) 7/28 25% 0.0038-0.56 3 -- 5.2 -- -- N SL 
95-50-1 1,2-Dichlorobenzene 0.012 J 0.012 J mg/kg WS-15 (04) 1/31 3% 0.0038-23 0.012 -- 600 -- -- N SL 

108-67-8 1,3,5-Trimethylbenzene 0.014 J 16 mg/kg SD-23 (99) 6/28 21% 0.0038-0.56 16 -- 2.1 -- -- Y SL 
106-46-7 1,4-Dichlorobenzene 0.062 J 0.062 J mg/kg WS-15 (04) 1/31 3% 0.0038-23 0.062 -- 3.4 -- -- N SL 
78-93-3 2-Butanone 0.0069 J 0.61 J mg/kg SD-216 (06) 20/33 61% 0.006-1.1 0.61 -- 2200 -- -- N SL 
108-10-1 4-Methyl-2-pentanone 0.034 0.1 mg/kg SD-21 (99) 2/28 7% 0.006-1.1 0.1 -- 530 -- -- N SL 
67-64-1 Acetone 0.011 4.4 J EB mg/kg WS-101 (05) 25/33 76% 0.0075-1.1 4.4 -- 1400 -- -- N SL 
71-43-2 Benzene 0.0021 J 0.063 mg/kg SD-23 (99) 8/29 28% 0.00075-0.11 0.063 -- 0.64 -- -- N SL 
75-15-0 Carbon Disulfide 0.006 J 0.017 J mg/kg SD-216 (06) 5/29 17% 0.006-1.1 0.017 -- 36 -- -- N SL 
108-90-7 Chlorobenzene 0.0013 J 0.16 J mg/kg WS-15 (04) 5/29 17% 0.00075-0.22 0.16 -- 15 -- -- N SL 
75-00-3 Chloroethane 0.005 J 0.085 mg/kg SD-23 (99) 5/29 17% 0.0015-0.22 0.085 -- 3 -- -- N SL 

540-59-0 cis-1,2-Dichloroethene 0.0013 J 1.7 J mg/kg SD-33 (04) 5/28 18% 0.00075-0.11 1.7 -- 4.3 -- -- N SL 
60-29-7 Ethyl ether 0.0059 J 0.0059 J mg/kg WS-15 (04) 1/21 5% 0.0038-0.56 0.0059 -- 1800 -- -- N SL 

100-41-4 Ethylbenzene 0.0022 J 3.3 mg/kg SD-22 (99) 10/30 33% 0.00075-0.11 3.3 -- 400 -- -- N SL 
98-82-8 Isopropylbenzene 0.01 J 0.58 mg/kg SD-32 (04) 9/30 30% 0.00075-0.11 0.58 -- 57 -- -- N SL 
75-09-2 Methylene Chloride 0.006 J 0.006 J mg/kg SD-24 (99) 6/30 20% 0.004-1.1 0.006 -- 9.1 -- -- N SL 
91-20-3 Naphthalene 0.25 J 1.5 mg/kg SD-32 (04) 4/31 13% 0.0038-23 1.5 -- 5.6 -- -- N SL 
104-51-8 n-Butylbenzene 0.023 J 0.13 mg/kg SD-33 (04) 2/29 7% 0.00075-0.11 0.13 -- 240 -- -- N SL 
103-65-1 n-Propylbenzene 0.011 J 0.69 mg/kg SD-32 (04) 8/28 29% 0.00075-0.11 0.69 -- 240 -- -- N SL 

1330-20-7 Xylenes (Total) 0.004 10.2 mg/kg SD-22 (99) 13/33 39% 0.0012-0.11 10.2 -- 27 -- -- N SL 
99-87-6 p-Isopropyltoluene 0.011 J 0.14 mg/kg SD-33 (04) 5/28 18% 0.00075-0.11 0.14 -- 57 -- -- N SL 

135-98-8 sec-Butylbenzene 0.005 J 0.007 J mg/kg WS-15 (04) 2/28 7% 0.00075-0.11 0.007 -- 220 -- -- N SL 
127-18-4 Tetrachloroethene 0.012 J 0.012 J mg/kg WS-101 (05) 1/28 4% 0.00075-0.11 0.012 -- 0.48 -- -- N SL 
109-99-9 Tetrahydrofuran 0.025 J 0.21 J mg/kg WS-15 (04) 3/21 14% 0.015-2.2 0.21 -- 9.4 -- -- N SL 
108-88-3 Toluene 0.00086 J 4.8 J mg/kg SD-33 (04) 20/32 63% 0.0011-0.17 4.8 -- 520 -- -- N SL 
79-01-6 Trichloroethene 0.062 0.062 mg/kg SD-33 (04) 1/28 4% 0.00075-0.11 0.062 -- 0.053 -- -- Y SL 
95-48-7 2-Methylphenol 0.24 J 0.24 J mg/kg SD-21 (99) 1/31 3% 0.21 - 28 0.24 -- 310 -- -- N SL 

108-39-4/106-44-5 3-Methylphenol/4-Methylphenol 1.2 1.2 mg/kg SD-33 (04) 1/21 5% 0.21 - 28 1.2 -- 31 -- -- N SL 
50-32-8 Benzo(a)pyrene 0.44 J 0.44 J mg/kg SD-14 (99) 1/31 3% 0.17 - 23 0.44 -- 0.062 -- -- Y SL 
65-85-0 Benzoic Acid 0.2 J 2.9 J mg/kg WS-101 (05) 2/21 10% 1.7 - 230 2.9 -- 100000 -- -- N SL 

117-81-7 bis(2-Ethylhexyl)phthalate 0.27 J 6.4 mg/kg SD-33 (04) 4/31 13% 0.35 - 47 6.4 -- 35 -- -- N SL 
117-84-0 Di-n-octylphthalate 0.65 0.65 mg/kg SD-33 (04) 1/31 3% 0.17 - 23 0.65 -- 240 -- -- N SL 
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TABLE 3-9 
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPC) 

Group 5 - Sediment 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 
Scenario Timeframe: Current / Future 
Medium: Sediment 
Exposure Medium: Sediment 

Exposure 
Point 

CAS 
Number 

Chemical  Minimum 
Concentration 

(1) 

Maximum 
Concentration 

(1) 

Units Location 
of Maximum 
Concentration 

Detection 
Frequency 

Range of
Detection 

Limits 

Concentration 
Used for 

Screening
(2) 

Background 
Value 

(3) 

Screening 
Toxicity Value 

(N/C) 

(4) 

Potential 
ARAR/TBC 

Value 

Potential 
ARAR/TBC 

Source 
(5) 

COPC 
Flag 

(Y/N) 

Rationale for 
Selection or 

Deletion 
(6) 

Group 5 
Sediment 

72-54-8 4,4'-DDD 0.0088 0.012 mg/kg SD-16 (99) 2/24 8% 0.0035-0.356 0.012 -- 2.4 -- -- N SL 
72-55-9 4,4'-DDE 0.0018 J 0.0066 J mg/kg SD-24 (99) 4/24 17% 0.00376 - 0.356 0.0066 -- 1.7 -- -- N SL 

33213-65-9 Endosulfan II 0.0018 J 0.0018 J mg/kg SD-21 (99) 1/24 4% 0.00376 - 0.356 0.0018 -- 37 -- -- N SL 
7429-90-5 Aluminum, Total 1600 7300 J mg/kg WS-11 (04) 30/30 100% 4.9-26 7300 -- -- -- -- N NTX 
7440-38-2 Arsenic, Total 2.1 767 J mg/kg SD-15 (99) 42/42 100% 0.24 - 5.8 767 -- 0.39 -- -- Y SL 

7440-39-3 Barium, Total 8.4 66 J mg/kg WS-101 (05) 30/30 100% 0.49-2.6 66 -- 540 -- -- N SL 

7440-41-7 Beryllium, Total 0.043 J 2.1 J mg/kg WS-11 (04) 10/30 33% 0.19-1.3 2.1 -- 15 -- -- N SL 

7440-43-9 Cadmium, Total 0.067 J 1.5 J mg/kg WS-11 (04) 12/30 40% 0.08-1.3 1.5 -- 3.7 -- -- N SL 
7440-70-2 Calcium, Total 570 J 9500 J mg/kg WS-101 (05) 30/30 100% 4.9-26 9500 -- NA -- -- N EN 
7440-47-3 Chromium, Total 1.6 J 19.6 mg/kg SD-26 (99) 30/30 100% 0.49-2.6 19.6 -- 30 -- -- N SL 
7440-48-4 Cobalt, Total 0.54 J 18 mg/kg SD-33 (04) 30/30 100% 0.97-5.3 18 -- 900 -- -- N SL 
7440-50-8 Copper, Total 1.4 J 110 J mg/kg SD-33 (04) 24/30 80% 0.47-4.4 110 -- 310 -- -- N SL 
7439-89-6 Iron, Total 1600 J 85300 J mg/kg SD-15 (99) 42/42 100% 2.4 - 58 85300 -- 2300 -- -- N EN 
7439-92-1 Lead, Total 1.9 J 120 mg/kg SD-33 (04) 27/30 90% 2.4-13 120 -- 40 -- -- Y SL 
7439-95-4 Magnesium, Total 200 1930 mg/kg SD-20 (99) 30/30 100% 4.9-26 1930 -- NA -- -- N EN 
7439-96-5 Manganese, Total 28.1 550 mg/kg SD-33 (04) 30/30 100% 0.49-2.6 550 -- 180 -- -- Y SL 
7439-97-6 Mercury, Total 0.032 J 0.3 mg/kg SD-216 (06) 9/34 26% 0.04 - 0.55 0.3 -- 2.3 -- -- N SL 
7440-02-0 Nickel, Total 2.2 15 J mg/kg SD-33 (04) / WS-11 (04) 28/30 93% 0.4-6.6 15 -- 160 -- -- N SL 
7440-09-7 Potassium, Total 74.5 650 mg/kg WS-15 (04) 30/30 100% 120-660 650 -- NA -- -- N EN 
7782-49-2 Selenium, Total 0.54 J 5.1 J mg/kg WS-11 (04) 7/18 39% 0.49-2.6 5.1 -- 39 -- -- N SL 
7440-23-5 Sodium, Total 38 J 710 mg/kg WS-15 (04) 21/30 70% 97-530 710 -- NA -- -- N EN 
7440-62-2 Vanadium, Total 2.2 28 J mg/kg WS-11 (04) 30/30 100% 0.49-2.6 28 -- 7.8 -- -- Y SL 
7440-66-6 Zinc, Total 4.6 J 240 J mg/kg SD-33 (04) 26/30 87% 2.4-13 240 -- 2300 -- -- N SL 
75-34-3 1,1-Dichloroethane 0.0035 J 0.0035 J mg/kg SD-218 (06) 1/29 3% 0.0011 - 0.17 0.0035 -- 51 -- -- N SL 

198-55-0 Perylene 0.22 0.22 mg/kg SD-215 (06) 1/21 5% 0.17 - 23 0.22 -- 5.6 -- -- N SL 

Footnotes: 
(1) Summary statistics were calculated from sediment samples SD-14(99), SD-15(99), SD-16(99), SD-17(99), SD-20(99), SD-21(99), SD-22(99), SD-23(99), SD-24(99), SD-25(99), SD-26(99), SD-28(99), SD-31(04), SD-32(04), SD-33(04), SD-34(04), SD-35(04), SD-36(04), 
SD-37(04), SD-38(04), SD-43(04), SS-12(05), WS-7(04), WS-10(04), WS-11(04), WS-15(04), WS-16(04), WS-101(05), WS-111(05) and SD-202(06) through SD-221(06). J = estimated value. EB = equipment blank contamination. 
(2) Maximum detected concentration in sediment was chosen as the concentration used for screening.Bold = concentration exceeds screening level and was retained as a COPC. 
(3) We conducted a statistical evaluation of site and background/reference concentrations. See text for explanation. 
(4) EPA Region 9 Preliminary Remediation Goals (PRGs; October 2004) for residential soil were considered as screening toxicity values for sediment. PRGs based on noncancer effects were adjusted downward by a factor of 0.1 to reflect a hazard quotient (HQ) of 0.1. For 
constituents lacking PRGs, Massachusetts Contingency Plan Method 1 S-1/GW-1 soil standards were substituted (adjusted by 0.5 to reflect a HQ of 0.1).  NA = No standard available. 
(5) ARAR =Applicable or relevant and appropriate requirements. TBC = To be considered. No ARARs/TBCs were identified for sediment. 
(6) SL = Constituent was selected / not selected as a COPC based on whether the detected concentration exceeded the screening level or if no screening level is available. DL = Constituent selected as a COPC as maximum detection limit exceeded screening toxicity value. EN = Constituent was not selected 
as a COPC because it is considered to be an essential nutrient; NTX = no toxicity information available. 
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TABLE 3-10 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN 

Group 5 - Surface Water 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Scenario Timeframe: Current / Future 
Medium: Surface Water 
Exposure Medium: Surface Water 

Exposure 

Point 

CAS 

Number 

Chemical  Minimum 
Concentration 

(1) 

Maximum 

Concentration 

(1) 

Units Location 

of Maximum 

Concentration 

Detection 

Frequency 

Range of

Detection 

Limits 

Concentration 
Used for 

Screening

(2) 

Background 

Value 

(3) 

Screening 

Toxicity Value 

(N/C) 

(4) 

Potential 

ARAR/TBC 

Value 

(4) 

Potential 

ARAR/TBC 

Source 

COPC 

Flag 

(Y/N) 

Rationale for 

Selection or 

Deletion 

(5) 

Group 5 

Surface Water 

67-64-1 Acetone 2.3 180 J ug/l SW-08 (99) 18/33 55% 5-14 180 -- 550 6300 ORSG N SL 

71-43-2 Benzene 0.3 J 3 J ug/l SW-05 (99) / WS-08 (99) 7/37 19% 0.5-10 3 -- 0.35 5 MCL N SL 

78-93-3 2-Butanone 1.9 180 J ug/l SW-08 (99) 15/33 45% 5-10 180 -- 700 4000 ORSG N SL 

108-90-7 Chlorobenzene 0.38 J 3 J ug/l SW-05 (99) 4/37 11% 0.5-10 3 -- 11 100 MCL N SL 

75-00-3 Chloroethane 0.48 J 2.7 ug/l SW-33(05) 10/37 27% 1-10 2.7 -- 4.6 NA N SL 

540-59-0 cis-1,2-Dichloroethene 0.34 J 1.3 ug/l SW-33(05) 5/31 16% 0.5-5 1.3 -- 6.1 70 MCL N SL 

541-73-1 1,3-Dichlorobenzene 1 J 1 J ug/l SW-05 (99) 1/37 3% 1-12 1 -- 18 600 
EPA Health Advisory-

Lifetime N  SL  

106-46-7 1,4-Dichlorobenzene 0.29 J 0.76 J ug/l SW-33 3/37 8% 1-12 0.76 -- 0.5 5 MCL N SL 

75-34-3 1,1-Dichloroethane 0.29 J 5 J ug/l SW-08 (99) 12/37 32% 0.75-10 5 -- 81 70 ORSG N SL 

123-91-1 1,4-Dioxane 1.4 J 110 ug/l SW-110 (05) 21/27 78% 5-5 110 -- 6.1 3 ORSG Y SL 

60-29-7 Ethyl ether 0.36 J 3 ug/l SW-110 (05) 11/27 41% 2.5-2.5 3 -- 120 NA N SL 

100-41-4 Ethylbenzene 0.31 J 12 ug/l SW-05 (99) 14/37 38% 0.5-10 12 -- 130 700 MCL N SL 

98-82-8 Isopropylbenzene 0.32 J 2 ug/l SW-33(05) 7/31 23% 0.5-5 2 -- 66 NA N SL 

75-09-2 Methylene Chloride 0.51 13.4 ug/l SW4-99 9/37 24% 5-10 13.4 -- 4.3 5 MCL Y SL 

108-10-1 4-Methyl-2-pentanone 0.49 J 120 ug/l SW-08 (99) 16/33 48% 5-10 120 -- 200 350 ORSG N SL 

1634-04-4 Methyl tert butyl ether 0.16 J 2.6 ug/l SW-38 (04) 4/28 14% 1-5 2.6 -- 11 70 ORSG N SL 

91-20-3 Naphthalene 0.47 2.6 ug/l SW-110 (05) 8/37 22% 0.75-50 2.6 -- 0.62 140 ORSG N SL 

103-65-1 n-Propylbenzene 0.34 J 2.2 ug/l SW-33(05) 5/31 16% 0.5-5 2.2 -- 24 NA N SL 

109-99-9 Tetrahydrofuran 0.86 J 61 ug/l SW-33(05) 19/27 70% 10-10 61 -- 1.6 1300 ORSG N SL 

108-88-3 Toluene 0.32 J 123 ug/l SW4-99 23/37 62% 0.75-10 123 -- 72 1000 MCL N SL 

71-55-6 1,1,1-Trichloroethane 0.37 J 9.98 ug/l SW4-99 10/37 27% 0.5-10 9.98 -- 320 200 MCL N SL 

75-69-4 Trichlorofluoromethane 0.36 J 0.66 J ug/l SW-33 2/31 6% 2.5-5 0.66 -- 130 2000 
EPA Health Advisory -

Lifetime N  SL  

95-63-6 1,2,4-Trimethylbenzene 0.45 J 14 ug/l SW-33(05) 14/31 45% 2.5-5 14 -- 1.2 NA Y SL 

108-67-8 1,3,5-Trimethylbenzene 0.39 J 3.4 ug/l SW-33(05) 8/31 26% 2.5-5 3.4 -- 1.2 NA Y SL 

108-05-4 Vinyl acetate 1.6 J 1.6 J ug/l SW-34 (04) / SW-35 (04) 2/27 7% 5-5 1.6 -- 41 NA N SL 

75-01-4 Vinyl Chloride 0.44 J 0.44 J ug/l SW-33 1/37 3% 1-10 0.44 -- 0.02 2 MCL N SL 

1330-20-7 Xylenes (Total) 2.41 50.1 ug/l SW4-99 22/38 58% 5-10 50.1 -- 21 10000 MCL N SL 

105-67-9 2,4-Dimethylphenol 1 J 1 J ug/l SW-05 (99) 1/22 5% 3.75-12 1 -- 73 NA N SL 

95-48-7 2-Methylphenol 2.73 3 J ug/l SW-05 (99) 2/22 9% 1-12 3 -- 180 NA N SL 

108-39-4/106-44-5 3-Methylphenol/4-Methylphenol 11.7 11.7 ug/l SW4-99 1/16 6% 1.5-6.4 11.7 -- 18 NA N SL 

106-44-5 4-Methylphenol 2 J 15 ug/l SW-05 (99) 2/6 33% 10-12 15 -- 18 NA N SL 

117-81-7 bis(2-Ethylhexyl)phthalate 1 J 1 J ug/l SW-02 (99) / SW-05 (99) 2/22 9% 2-12 1 -- 4.8 6 MCL N SL 

108-95-2 Phenol 20.2 20.2 ug/l SW4-99 1/22 5% 0.25-12 20.2 -- 1100 2000 
EPA Health Advisory -

Lifetime N  SL  

-- C9-C12 Aliphatic Hydrocarbons 16.5 68.3 ug/l SW3-99 4/4 100% 15-15 68.3 -- 2000 700 ORSG N SL 
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TABLE 3-10 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN 

Group 5 - Surface Water 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Scenario Timeframe: Current / Future 
Medium: Surface Water 
Exposure Medium: Surface Water 

Exposure 

Point 

CAS 

Number 

Chemical  Minimum 
Concentration 

(1) 

Maximum 

Concentration 

(1) 

Units Location 

of Maximum 

Concentration 

Detection 

Frequency 

Range of

Detection 

Limits 

Concentration 
Used for 

Screening

(2) 

Background 

Value 

(3) 

Screening 

Toxicity Value 

(N/C) 

(4) 

Potential 

ARAR/TBC 

Value 

(4) 

Potential 

ARAR/TBC 

Source 

COPC 

Flag 

(Y/N) 

Rationale for 

Selection or 

Deletion 

(5) 

Group 5 

Surface Water 

50-29-3 4,4'-DDT 0.009 J 0.009 J ug/l SW-05 (99) 1/16 6% 0.04-0.12 0.009 -- 0.2 NA N SL 

319-84-6 alpha-BHC 0.006 J 0.006 J ug/l SW-05 (99) 1/16 6% 0.02-0.06 0.006 -- 0.011 NA N SL 

959-98-8 Endosulfan I 0.004 J 0.004 J ug/l SW-02 (99) 1/16 6% 0.02-0.06 0.004 -- 22 NA N SL 

7429-90-5 Aluminum, Total 26 3170 ug/l SW-10 (99) 21/31 68% 29-250 3170 -- -- NA N NTX 

7440-38-2 Arsenic, Total 4.4 147 ug/l SW-05 (99) 27/35 77% 1-50 147 -- 0.045 10 MCL Y SL 

7440-39-3 Barium, Total 10 194 ug/l SW-05 (99) 31/31 100% 10-10 194 -- 260 2000 MCL N SL 

7440-41-7 Beryllium, Total 0.4 0.8 J ug/l SW-109 (05) 4/35 11% 0.4-3 0.8 -- 7.3 4 MCL N SL 

7440-43-9 Cadmium, Total 20 30 ug/l SW2-99 2/35 6% 1-5 30 -- 1.8 5 MCL Y SL 

7440-70-2 Calcium, Total 9000 110000 ug/l SW-110 (05) 31/31 100% 100-100 110000 -- NA NA N EN 

7440-47-3 Chromium, Total 1 J 4.7 J ug/l SW-10 (99) 13/35 37% 1-60 4.7 -- 11 100 MCL N SL 

7440-48-4 Cobalt, Total 1 J 5.5 J ug/l SW-10 (99) 23/31 74% 1-10 5.5 -- 73 NA N SL 

7440-50-8 Copper, Total 2.3 J 20 ug/l SW-109 (05) 12/35 34% 1-10 20 -- 150 1300 MCL N SL 

7439-89-6 Iron, Total 760 110000 ug/l SW-109 (05) 31/31 100% 50-50 110000 -- 1100 300 SMCL N EN 

7439-92-1 Lead, Total 5 50 ug/l SW-109 (05) 11/35 31% 1-20 50 -- 15 15 MCL Y SL 

7439-95-4 Magnesium, Total 2800 50000 ug/l SW-110 (05) 31/31 100% 100-100 50000 -- NA NA N EN 

7439-96-5 Manganese, Total 120 1480 ug/l SW-05 (99) 31/31 100% 10-10 1480 -- 88 50 SMCL Y SL 

7439-97-6 Mercury, Total 0.03 J 0.19 J ug/l SW-05 (99) 7/35 20% 0.1-0.5 0.19 -- 1.1 2 MCL N SL 

7440-02-0 Nickel, Total 1.5 J 30 J ug/l SW3-99 34/35 97% 10-25 30 -- 73 100 ORSG N SL 

7440-09-7 Potassium, Total 3300 J 100000 ug/l SW-110 (05) 31/31 100% 2500-25000 100000 -- NA NA N EN 

7782-49-2 Selenium, Total 1 J 4.2 J ug/l SW-109 (05) 3/35 9% 1-50 4.2 -- 18 50 MCL N SL 

7440-23-5 Sodium, Total 8000 200000 ug/l SW-110 (05) 31/31 100% 2000-20000 200000 -- NA 20000 ORSG N EN 

7440-28-0 Thallium, Total 2 2 ug/l SW4-99 1/35 3% 1-200 2 -- 0.24 2 MCL N SL 

7440-62-2 Vanadium, Total 1 20 ug/l SW-109 (05) 15/31 48% 1-10 20 -- 3.6 NA Y SL 

7440-66-6 Zinc, Total 6 J 9440 ug/l SW-10 (99) 33/35 94% 10-50 9440 -- 1100 5000 SMCL Y SL 

87-61-6 1,2,3-Trichlorobenzene 0.41 0.41 ug/l SW-214 1/31 3% 2.5-5 0.41 -- 0.72 NA NA N SL 

120-82-1 1,2,4-Trichlorobenzene 0.29 2.5 ug/l SW-214 2/37 5% 0.75-12 2.5 -- 0.72 70 MMCL N SL 

7440-36-0 Antimony, Total 3.5 3.5 J ug/l SW-36 1/35 3% 2-50 3.5 -- 1.5 6 MCL N SL 

87-68-3 Hexachlorobutadiene 0.5 0.5 ug/l SW-33 1/37 3% 0.19-12 0.5 -- 0.86 NA N SL 

Footnotes: 

(1) Summary statistics were calculated from surface water samples: SW-1, SW-2, SW-3 and SW-4 (June 1999), SW-02, SW-03, SW-05, SW-08, SW-09 and SW-10 (Aug 99), SW-31, SW-32, SW-33, SW-34, SW-35, SW-36, SW-37, SW-38 and SW-43 (Oct 2004 through Oct 2006);
 SW-101, SW-106, SW-107, SW-108, SW-109, SW-110 and SW-111 (Dec 2005); and SW-214 and SW-215 (November 2006). J = estimated value. 

(2) Maximum detected concentration in surface water from Group 5 was used as the concentration used for screening. Bold = concentration exceeds screening level and is retained as a COPC. 

(3) We conducted a statistical evaluation of site and background/reference concentrations. See Appendix D for explanation. 

(4) TBC = To be considered. ARAR =Applicable or relevant and appropriate requirements. Maximum Contaminant Levels (MCLs) were used as the primary screening criteria for the selection of surface water COPCs. For compounds without MCLs, we compared screening concentrations to USEPA Drinking Water Health 
Advisories or Massachusetts Office of Research and Standards (ORSG) drinking water guidelines. If neither of these alternative drinking water standards were available, we compared surface water concentrations to EPA Region 9 Preliminary Remediation Goals (PRGs; October 2004) for tap water. PRGs based on noncancer effects 
were adjusted downward by a factor of 0.1 to reflect a hazard quotient (HQ) of 0.1. For constituents lacking PRGs, Massachusetts Contingency Plan Method 1 GW-1 groundwater standards were substituted (adjusted by 0.5 to reflect a HQ of 0.1).  NA = No standard available. 

(5) SL = Constituent was selected / not selected as a COPC based on whether the detected concentration exceeds the screening level or if no screening level is available. EN = Constituent was not selected as a COPC because it is considered to be an essential nutrient.
 
NTX = no toxicity information available.
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TABLE 3-11 
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPC) 

Group 6 - Sediment 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 
Scenario Timeframe: Current / Future 
Medium: Sediment 
Exposure Medium: Sediment 

Exposure 
Point 

CAS 
Number 

Chemical  Minimum 
Concentration 

(1) 

Maximum 
Concentration 

(1) 

Units Location 
of Maximum 

Concentration 

Detection 
Frequency 

Range of
Detection 

Limits 

Concentration 
Used for 

Screening
(2) 

Background 
Value 

(3) 

Screening 

Toxicity Value 

(N/C) 

(4) 

Potential 
ARAR/TBC 

Value 

Potential 
ARAR/TBC 

Source 

(5) 

COPC 
Flag 

(Y/N) 

Rationale for 
Selection or 

Deletion 
(6) 

Group 6 
Sediment 

75-34-3 1,1-Dichloroethane 0.0076 J 0.038 J mg/kg WS-104 (05) 3/10 30% 0.001-0.17 0.038 -- 51 -- -- N SL 
95-63-6 1,2,4-Trimethylbenzene 0.0099 J 0.036 J mg/kg SD-02 (99) 4/10 40% 0.0035-0.57 0.036 -- 5.2 -- -- N SL 
108-67-8 1,3,5-Trimethylbenzene 0.014 J 0.014 J mg/kg WS-104 (05) 1/9 10% 0.0035-0.57 0.014 -- 2.1 -- -- N SL 
78-93-3 2-Butanone 0.14 J 0.17 J mg/kg WS-104 (05) 4/10 40% 0.005 - 1.1 0.17 -- 2200 -- -- N SL 
108-10-1 4-Methyl-2-pentanone 0.061 J 0.082 J mg/kg SD-01 (99) 2/10 20% 0.005 - 1.1 0.082 -- 530 -- -- N SL 
67-64-1 Acetone 0.009 2.1 J EB mg/kg WS-102 (05) 6/10 60% 0.005 - 1.1 2.1 -- 1400 -- -- N SL 
71-43-2 Benzene 0.014 J 0.14 J mg/kg SD-02 (99) 4/10 40% 0.00069-0.11 0.14 -- 0.64 -- -- N SL 
75-15-0 Carbon Disulfide 0.0014 J EB 0.0016 J EB mg/kg SD-39 (04) 2/10 20% 0.005 - 1.1 0.0016 -- 36 -- -- N SL 
75-00-3 Chloroethane 0.017 J 0.35 J mg/kg SD-02 (99) 5/10 50% 0.0014-0.23 0.35 -- 3 -- -- N SL 
67-66-3 Chloroform 0.0068 J 0.0068 J mg/kg WS-104 (05) 1/10 10% 0.001-0.17 0.0068 -- 0.22 -- -- N SL 
540-59-0 cis-1,2-Dichloroethene 0.0089 J 0.04 J mg/kg WS-104 (05) 3/10 30% 0.00069-0.11 0.04 -- 4.3 -- -- N SL 
100-41-4 Ethylbenzene 0.047 J 0.24 J mg/kg SD-02 (99) 4/10 40% 0.00069-0.11 0.24 -- 400 -- -- N SL 
98-82-8 Isopropylbenzene 0.01 J 0.063 J mg/kg SD-02 (99) 4/10 40% 0.00069-0.11 0.063 -- 57 -- -- N SL 
103-65-1 n-Propylbenzene 0.017 J 0.024 J mg/kg WS-104 (05) 2/10 20% 0.00069-0.11 0.024 -- 240 -- -- N SL 

1330-20-7 Xylenes (Total) 0.104 J 0.6 J mg/kg SD-02 (99) 4/10 40% 0.00069-0.11 0.6 -- 27 -- -- N SL 
99-87-6 p-Isopropyltoluene 0.002 J 0.0082 J mg/kg WS-102 (05) 3/10 30% 0.00069-0.11 0.0082 -- 57 -- -- N SL 
127-18-4 Tetrachloroethene 0.012 J 0.012 J mg/kg WS-104 (05) 1/10 10% 0.00069-0.11 0.012 -- 0.48 -- -- N SL 
109-99-9 Tetrahydrofuran 0.033 J 0.075 J mg/kg WS-103 (05) 2/8 25% 0.014-2.3 0.075 -- 9.4 -- -- N SL 
108-88-3 Toluene 0.0085 J 8.4 J mg/kg SD-02 (99) 4/10 40% 0.001-0.17 8.4 -- 520 -- -- N SL 
540-59-0 trans-1,2-Dichloroethene 0.0062 J 0.037 J mg/kg SD-02 (99) 2/10 20% 0.001-0.17 0.037 -- 6.9 -- -- N SL 
79-01-6 Trichloroethene 0.027 J 0.027 J mg/kg WS-104 (05) 1/9 10% 0.00069-0.11 0.027 -- 0.053 -- -- N SL 
75-01-4 Vinyl chloride 0.023 J 0.023 J mg/kg WS-104 (05) 1/10 10% 0.0014-0.23 0.023 -- 0.079 -- -- N SL 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran 
\\Andover\projects\210517 Sutton Brook\wip\Human Health Risk Assessment\COPC Tables\Sed COPCs.xlsGroup 6 Sed COPC Page 1 of 2 May 2007 



  
 

TABLE 3-11 
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPC) 

Group 6 - Sediment 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 
Scenario Timeframe: Current / Future 
Medium: Sediment 
Exposure Medium: Sediment 

Exposure 
Point 

CAS 
Number 

Chemical  Minimum 
Concentration 

(1) 

Maximum 
Concentration 

(1) 

Units Location 
of Maximum 

Concentration 

Detection 
Frequency 

Range of
Detection 

Limits 

Concentration 
Used for 

Screening
(2) 

Background 
Value 

(3) 

Screening 

Toxicity Value 

(N/C) 

(4) 

Potential 
ARAR/TBC 

Value 

Potential 
ARAR/TBC 

Source 

(5) 

COPC 
Flag 

(Y/N) 

Rationale for 
Selection or 

Deletion 
(6) 

Group 6 
Sediment 

50-32-8 Benzo(a)pyrene 0.53 J 0.53 J mg/kg SD-01 (99) 1/10 10% 0.42-2.6 0.53 -- 0.062 -- -- Y SL 
65-85-0 Benzoic Acid 3.8 J 5.5 J mg/kg WS-104 (05) 3/8 38% 4.2-26 5.5 -- 100000 -- -- N SL 

117-81-7 bis(2-Ethylhexyl)phthalate 0.66 J 3.8 J mg/kg WS-102 (05) 3/10 30% 0.66-5.1 3.8 -- 35 -- -- N SL 
7429-90-5 Aluminum, Total 1500 J 3100 mg/kg SD-40 (04) 10/10 100% 5-30 3100 -- -- -- -- N NTX 
7440-38-2 Arsenic, Total 2 J 27.9 J mg/kg SD-01 (99) 10/10 100% 0.25-1.5 27.9 -- 0.39 -- -- Y SL 

7440-39-3 Barium, Total 5.4 76 J mg/kg WS-102 (05) 10/10 100% 0.5-3 76 -- 540 -- -- N SL 

7440-41-7 Beryllium, Total 0.7 J 1.5 J mg/kg WS-103 (05) 4/10 40% 0.039-3.7 1.5 -- 15 -- -- N SL 

7440-43-9 Cadmium, Total 0.093 J 0.32 J mg/kg SD-01 (99) 3/10 30% 0.18-1.5 0.32 -- 3.7 -- -- N SL 
7440-70-2 Calcium, Total 260 J 13900 mg/kg SD-01 (99) 10/10 100% 5-30 13900 -- NA -- -- N EN 
7440-47-3 Chromium, Total 1.6 J 5.3 J mg/kg SD-40 (04) 10/10 100% 0.5-3 5.3 -- 30 -- -- N SL 
7440-48-4 Cobalt, Total 1.1 J 4.5 mg/kg SD-02 (99) 10/10 100% 0.99-6.1 4.5 -- 900 -- -- N SL 
7440-50-8 Copper, Total 2.6 J 15.8 mg/kg SD-01 (99) 10/10 100% 0.5-3 15.8 -- 310 -- -- N SL 
7439-89-6 Iron, Total 1900 J 24800 J mg/kg SD-01 (99) 10/10 100% 2.5-15 24800 -- 2300 -- -- N EN 
7439-92-1 Lead, Total 2.9 J 75.6 mg/kg SD-01 (99) 10/10 100% 2.5-15 75.6 -- 40 -- -- Y SL 
7439-95-4 Magnesium, Total 510 1600 J mg/kg WS-104 (05) 10/10 100% 5-30 1600 -- NA -- -- N EN 
7439-96-5 Manganese, Total 36 341 J mg/kg SD-02 (99) 10/10 100% 0.5-3 341 -- 180 -- -- Y SL 
7439-97-6 Mercury, Total 0.08 J 0.22 J mg/kg WS-102 (05) 6/10 60% 0.09-0.59 0.22 -- 2.3 -- -- N SL 
7440-02-0 Nickel, Total 2.6 J 8.4 J mg/kg SD-01 (99) 10/10 100% 1.2-7.6 8.4 -- 160 -- -- N SL 
7440-09-7 Potassium, Total 133 667 mg/kg SD-01 (99) 10/10 100% 120-760 667 -- NA -- -- N EN 
7782-49-2 Selenium, Total 1.6 J 1.8 J mg/kg WS-102 (05) / WS-103 (05) 4/9 44% 0.5-3 1.8 -- 39 -- -- N SL 
7440-23-5 Sodium, Total 180 J 979 mg/kg SD-02 (99) 6/10 60% 99-610 979 -- NA -- -- N EN 
7440-28-0 Thallium, Total 0.28 J 0.29 J mg/kg SD-42 (04) 2/10 20% 0.5-3 0.29 -- 0.52 -- -- N SL 
7440-62-2 Vanadium, Total 3.1 13.6 mg/kg SD-02 (99) 10/10 100% 0.5-3 13.6 -- 7.8 -- -- Y SL 
7440-66-6 Zinc, Total 6.7 J 138 mg/kg SD-01 (99) 6/10 60% 2.5-15 138 -- 2300 -- -- N SL 

Footnotes: 
(1) Summary statistics were calculated from sediment samples SD-01(99), SD-02(99), SD-39(04), SD-40(04), SD-41(04), SD-42(04), WS-102(05), WS-103(05), WS-104(05) and WS-105(05). J = estimated value. EB = equipment blank contamination. 
(2) Maximum detected concentration in sediment was chosen as the concentration used for screening. Bold = concentration exceeds screening level and was retained as a COPC. 

(3) We conducted a statistical evaluation of site and background/reference concentrations. See text for explanation. 
(4) EPA Region 9 Preliminary Remediation Goals (PRGs; October 2004) for residential soil were considered as screening toxicity values for sediment. PRGs based on noncancer effects were adjusted downward by a factor of 0.1 to reflect a hazard quotient (HQ) of 0.1. 
For constituents lacking PRGs, Massachusetts Contingency Plan Method 1 S-1/GW-1 soil standards were substituted (adjusted by 0.5 to reflect a HQ of 0.1).  NA = No standard available. 
(5) ARAR =Applicable or relevant and appropriate requirements. TBC = To be considered. No ARARs/TBCs were identified for sediment. 
(6) SL = Constituent was selected / not selected as a COPC based on whether the detected concentration exceeded the screening level or if no screening level is available. DL = Constituent selected as a COPC as maximum detection limit exceeded screening toxicity value. 
EN = Constituent was not selected as a COPC because it is considered to be an essential nutrient; NTX = no toxicity information available. 
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TABLE 3-12 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPC) 

Group 6 - Surface Water 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Scenario Timeframe: Current / Future 
Medium: Surface Water 
Exposure Medium: Surface Water 

Exposure 

Point 

CAS 

Number 

Chemical  Minimum 
Concentration 

(1) 

Maximum 

Concentration 

(1) 

Units Location 

of Maximum 

Concentration 

Detection 

Frequency 

Range of

Detection 

Limits 

Concentration 
Used for 

Screening

(2) 

Background 

Value 

(3) 

Screening 

Toxicity Value 

(N/C) 

(4) 

Potential 

ARAR/TBC 

Value 

(5) 

Potential 

ARAR/TBC 

Source 

COPC 

Flag 

(Y/N) 

Rationale for 

Selection or 

Deletion 

(6) 

Group 6 

Surface Water 

67-64-1 Acetone 1.8 J 2.3 J ug/l SW-105 (05) 3/8 38% 5-5 2.3 -- 550 6300 ORSG N SL 

75-00-3 Chloroethane 1.1 1.1 ug/l SW-105 (05) 1/8 13% 1-1 1.1 -- 4.6 NA N SL 

540-59-0 cis-1,2-Dichloroethene 0.41 J 0.41 J ug/l SW-102 (05) 1/8 13% 0.5-0.5 0.41 -- 6.1 70 MCL N SL 

75-34-3 1,1-Dichloroethane 0.32 J 0.32 J ug/l SW-102 (05) 1/8 13% 0.75-0.75 0.32 -- 81 70 ORSG N SL 

123-91-1 1,4-Dioxane 1.7 J 1.7 J ug/l SW-105 (05) 1/8 13% 5-5 1.7 -- 6.1 3 ORSG N SL 

100-41-4 Ethylbenzene 0.38 J 0.38 J ug/l SW-103 (05) 1/8 13% 0.5-0.5 0.38 -- 130 700 MCL N SL 

60-29-7 Ethyl ether 0.5 J 0.5 J ug/l SW-105 (05) 1/8 13% 2.5-2.5 0.5 -- 120 NA N SL 

109-99-9 Tetrahydrofuran 0.96 J 5.8 J ug/l SW-105 (05) 3/8 38% 10-10 5.8 -- 1.6 1300 ORSG N SL 

108-88-3 Toluene 1.7 1.7 ug/l SW-103 (05) 1/8 13% 0.75-0.75 1.7 -- 72 1000 MCL N SL 

1330-20-7 Xylenes (Total) 1.31 J 1.31 J ug/l SW-103 (05) 1/8 13% 0.5-0.5 1.31 -- 21 10000 MCL N SL 

7429-90-5 Aluminum, Total 160 330 ug/l SW-40 (04) 3/8 38% 79-190 330 -- -- NA N NTX 

7440-36-0 Antimony, Total 5.1 J 5.1 J ug/l SW-102 (05) 1/8 13% 6-6 5.1 -- 1.5 6 MCL N SL 

7440-38-2 Arsenic, Total 3.9 J 6 ug/l SW-105 (05) 2/8 25% 5-5 6 -- 0.045 10 MCL N SL 

7440-39-3 Barium, Total 8 J 30 ug/l SW-105 (05) 8/8 100% 10-10 30 -- 260 2000 MCL N SL 

7440-70-2 Calcium, Total 2000 15000 ug/l SW-102 (05) 8/8 100% 100-100 15000 -- NA NA N EN 

7440-47-3 Chromium, Total 2 J 2 J ug/l SW-40 (04) 1/8 13% 10-10 2 -- 11 100 MCL N SL 

7440-48-4 Cobalt, Total 1 J 1 J ug/l SW-39 (04) 4/8 50% 10-10 1 -- 73 NA N SL 

7440-50-8 Copper, Total 3 J 5 J ug/l SW-105 (05) 5/8 63% 10-10 5 -- 150 1300 MCL N SL 

7439-89-6 Iron, Total 540 6600 ug/l SW-105 (05) 8/8 100% 50-50 6600 -- 1100 300 SMCL N EN 

7439-92-1 Lead, Total 5.2 J 22 ug/l SW-40 (04) 8/8 100% 10-10 22 -- 15 15 MCL Y SL 

7439-95-4 Magnesium, Total 860 3300 ug/l SW-102 (05) 8/8 100% 100-100 3300 -- NA NA N EN 

7439-96-5 Manganese, Total 27 430 ug/l SW-39 (04) 8/8 100% 10-10 430 -- 88 50 SMCL Y SL 

7440-02-0 Nickel, Total 1.6 J 2.7 J ug/l SW-105 (05) 5/8 63% 25-25 2.7 -- 73 100 ORSG N SL 

7440-09-7 Potassium, Total 810 J 19000 ug/l SW-102 (05) 8/8 100% 2500-2500 19000 -- NA NA N EN 

7440-22-4 Silver, Total 1.3 J 10 ug/l SW-41 (04) 2/8 25% 1.1-7 10 -- 18 100 SMCL N SL 

7440-23-5 Sodium, Total 4000 17000 ug/l SW-102 (05) 8/8 100% 2000-2000 17000 -- NA 20000 ORSG N EN 

7440-62-2 Vanadium, Total 1 J 2 J ug/l SW-102 (05) 5/8 63% 10-10 2 -- 3.6 NA N SL 

7440-66-6 Zinc, Total 5 J 100 ug/l SW-102 (05) 8/8 100% 50-50 100 -- 1100 5000 SMCL N SL 

Footnotes: 

(1) Summary statistics were calculated from surface water samples: SW-39, SW-40, SW-41 and SW-42 (Oct 2004) and SW-102, SW-103, SW-104 and SW-105 (Dec 2005). J = estimated value. 

(2) Maximum detected concentration in surface water from Group 6 was used as the concentration used for screening.Bold = concentration exceeds screening level and is retained as a COPC. 

(3) We conducted a statistical evaluation of Site and background/reference concentrations. See Appendix D for explanation. 

(4) TBC = To be considered. ARAR =Applicable or relevant and appropriate requirements. Maximum Contaminant Levels (MCLs) were used as the primary screening criteria for the selection of surface water COPCs. For compounds without MCLs, we compared screening concentrations to 
USEPA Drinking Water Health Advisories or Massachusetts Office of Research and Standards (ORSG) drinking water guidelines. If neither of these alternative drinking water standards were available, we compared surface water concentrations to EPA Region 9 Preliminary Remediation Goals 
(PRGs; October 2004) for tap water. PRGs based on noncancer effects were adjusted downward by a factor of 0.1 to reflect a hazard quotient (HQ) of 0.1. For constituents lacking PRGs, Massachusetts Contingency Plan Method 1 GW-1 groundwater standards were substituted (adjusted by 0.5 to 
reflect a HQ of 0.1). NA = No standard available. 
(5) SL = Constituent was selected / not selected as a COPC based on whether the detected concentration exceeds the screening level or if no screening level is available. EN = Constituent was not selected as a COPC because it is considered to be an essential nutrient. 

NTX = no toxicity information available. 
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TABLE 3-13 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPC) 

Group 6 - Groundwater 

Remedial Investigation and Feasibility Study 
Sutton Brook Disposal Area - Tewksbury, Massachusetts 

Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 

Exposure 

Point 

CAS 

Number 

Chemical  Minimum 
Concentration 

(1) 

Maximum 

Concentration 

(1) 

Units Location 

of Maximum 

Concentration 

Detection

Frequency 
Range of Detection 

Limits 

Concentration 
Used for 

Screening

(2) 

Background 

Value 

(3) 

Screening 

Toxicity Value 

(N/C) 

(4) 

Potential 

ARAR/TBC 

Value 

Potential 

ARAR/TBC 

Source 

(5) 

COPC 

Flag 

(Y/N) 

Rationale for 

Selection or 

Deletion 

(6) 

Group 6 

Groundwater 

7429-90-5 Aluminum, Total 0.0363 0.81 mg/L MW-18B 7 / 8 0.0075 - 0.1 0.81 -- NA NA N NTX 

7440-38-2 Arsenic, Total 0.0035 1.11 mg/L GP-18 11 / 13 0.0025 - 0.05 1.11 0.000045 0.01 MCL Y SL 

7440-39-3 Barium, Total 0.004 J 0.37 mg/L WP-7 7 / 8 0.0025 - 0.01 0.37 0.26 2 MCL Y SL 

7440-41-7 Beryllium, Total 0.0004 J 0.009 mg/L MW-15 2 / 9 0.0001 - 0.003 0.009 0.0073 0.004 MCL Y SL 

7440-43-9 Cadmium, Total 0.02 0.02 mg/L MW-15 1 / 13 0.0001 - 0.005 0.02 0.0018 0.005 MCL Y SL 

7440-70-2 Calcium, Total 12 144 mg/L MW-18B 8 / 8 0.025 - 0.1 144 NA NA NA N EN 

7440-47-3 Chromium, Total 0.0007 0.0087 mg/L MW-18B 4 / 9 0.0025 - 0.06 0.0087 0.011 0.1 MCL N SL 

7440-48-4 Cobalt, Total 0.001 J 0.005 mg/L WP-6 3 / 8 0.0006 - 0.01 0.005 0.073 NA NA N SL 

7440-50-8 Copper, Total 0.0022 J 0.015 mg/L MW-18B 3 / 9 0.0025 - 0.01 0.015 0.15 1.3 MCL N SL 

7439-89-6 Iron, Total 0.106 140 mg/L GP-21 13 / 13 0.025 - 0.05 140 1.1 0.3 SMCL N EN 

7439-92-1 Lead, Total 0.0087 J 0.0087 J mg/L WP-7 1 / 13 0.001 - 0.02 0.0087 0.015 0.015 MCL N SL 

7439-95-4 Magnesium, Total 0.0357 53 mg/L GP-18 12 / 12 0.025 - 0.1 53 NA NA NA N EN 

7439-96-5 Manganese, Total 0.11 3.7 mg/L GP-19 11 / 12 0.0025 - 0.01 3.7 0.088 0.05 SMCL Y SL 

7440-02-0 Nickel, Total 0.0029 J 0.04 mg/L MW-15 3 / 9 0.0007 - 0.025 0.04 0.073 0.1 ORSG N SL 

7440-09-7 Potassium, Total 1.6 J 29 mg/L WP-7 8 / 8 0.15 - 2.5 29 NA NA NA N EN 

7440-22-4 Silver, Total 0.01 0.01 mg/L MW-15 1 / 9 0.0004 - 0.007 0.01 0.018 0.1 SMCL N SL 

7440-23-5 Sodium, Total 10 71 mg/L WP-7 8 / 8 0.15 - 2 71 NA 20 ORSG N EN 

7440-62-2 Vanadium, Total 0.001 J 0.006 J mg/L MW-18B 4 / 8 0.0008 - 0.01 0.006 0.0036 NA NA Y SL 

7440-66-6 Zinc, Total 0.005 J 55 mg/L WP-7 5 / 9 0.0025 - 0.25 55 1.1 5 SMCL Y SL 

95-48-7 2-Methylphenol 0.0017 J 0.0017 J mg/L WP-7 1 / 9 0.001 - 0.01 0.0017 0.18 NA NA N SL 

106-44-5 4-Methylphenol 0.0053 J 0.0053 J mg/L MW-18D 1 / 3 0.0053 - 0.01 0.0053 0.018 NA NA N SL 

65-85-0 Benzoic acid 0.01 J 0.01 J mg/L WP-6 1 / 6 0.01 - 0.055 0.01 15 NA NA N SL 

100-51-6 Benzyl Alcohol 0.0019 J 0.0019 J mg/L WP-7 1 / 6 0.001 - 0.011 0.0019 1.1 NA NA N SL 

84-74-2 Di-n-butylphthalate 0.001 J 0.011 mg/L WP-6 2 / 9 0.00075 - 0.01 0.011 0.36 NA NA N SL 

108-95-2 Phenol 0.000559 0.011 J mg/L MW-18B 3 / 9 0.00025 - 0.01 0.011 1.1 2 
EPA Health Advisory -

Lifetime N  SL  

75-34-3 1,1-Dichloroethane 0.0054 0.0054 mg/L WP-7 1 / 13 0.00075 - 0.015 0.0054 0.081 0.07 ORSG N SL 

95-63-6 1,2,4-Trimethylbenzene 0.00009 J 0.52 mg/L GP-21 3 / 12 0.001 - 0.05 0.52 0.0012 NA NA Y SL 

107-06-2 1,2-Dichloroethane 0.0037 0.0083 mg/L GP-18 2 / 13 0.0005 - 0.01 0.0083 0.00012 0.005 MCL Y SL 

540-59-0 cis-1,2-Dichloroethene 0.0013 J 0.0092 mg/L GP-18 2 / 12 0.0005 - 0.01 0.0092 0.0061 0.07 MCL Y SL 

108-67-8 1,3,5-Trimethylbenzene 0.03 0.13 mg/L GP-21 2 / 12 0.001 - 0.05 0.13 0.0012 NA NA Y SL 

123-91-1 1,4-Dioxane 0.048 0.14 mg/L GP-18 3 / 11 0.005 - 0.05 0.14 0.0061 0.003 ORSG Y SL 

78-93-3 2-Butanone 0.075 J 0.075 J mg/L MW-15 1 / 12 0.005 - 0.1 0.075 0.7 4 ORSG N SL 

108-10-1 4-Methyl-2-pentanone 0.17 J 0.17 J mg/L MW-15 1 / 12 0.005 - 0.1 0.17 0.2 0.35 ORSG N SL 

67-64-1 Acetone 0.12 J 0.12 J mg/L MW-15 1 / 12 0.005 - 0.1 0.12 0.55 6.3 ORSG N SL 

71-43-2 Benzene 0.0086 0.025 mg/L GP-21 3 / 13 0.0005 - 0.01 0.025 0.00035 0.005 MCL Y SL 

75-27-4 Bromodichloromethane 0.00015 J 0.00015 J mg/L MW-18B 1 / 13 0.0005 - 0.01 0.00015 0.00018 0.08 MCL N SL 

75-15-0 Carbon disulfide 0.00006 J 0.00006 J mg/L MW-18B 1 / 12 0.005 - 0.1 0.00006 0.1 NA NA N SL 

75-00-3 Chloroethane 0.00049 J 0.088 mg/L GP-21 4 / 13 0.001 - 0.02 0.088 0.0046 NA NA Y SL 

67-66-3 Chloroform 0.0057 0.0057 mg/L MW-18B 1 / 13 0.00075 - 0.015 0.0057 0.00017 0.07 ORSG Y SL 

60-29-7 Ethyl Ether 0.00042 J 0.064 mg/L GP-18 4 / 11 0.0025 - 0.05 0.064 0.12 NA NA N SL 

100-41-4 Ethylbenzene 0.00012 J 0.32 mg/L GP-21 5 / 13 0.0005 - 0.01 0.32 0.13 0.7 MCL Y SL 

98-82-8 Isopropylbenzene 0.04 0.044 mg/L GP-21 2 / 12 0.0005 - 0.01 0.044 0.066 NA NA N SL 

75-09-2 Methylene Chloride 0.0016 0.0016 mg/L WP-7 1 / 13 0.001 - 0.1 0.0016 0.0043 0.005 MCL N SL 

103-65-1 n-Propylbenzene 0.011 0.052 mg/L GP-21 2 / 12 0.0005 - 0.01 0.052 0.024 NA NA Y SL 

109-99-9 Tetrahydrofuran 0.0019 J 1.7 mg/L GP-21 4 / 11 0.01 - 0.2 1.7 0.0016 1.3 ORSG Y SL 

108-88-3 Toluene 0.0045 0.067 mg/L WP-7 4 / 13 0.00075 - 0.015 0.067 0.072 1 MCL N SL 

1330-20-7 Xylenes (total) 0.00081 J 1.75 mg/L GP-21 5 / 13 0.001 - 0.005 1.75 0.021 10 MCL Y SL 

Footnotes: 

(1) Summary statistics were calculated from groundwater samples from monitoring wells in Group 6 of the site. See Appendix C for wells and sampling events used in risk assessment. 

(2) Maximum detected concentration in groundwater was chosen as the concentration used for screening.Bold = concentration exceeds screening level and constituent retained as COPC. 

(3) We conducted a statistical evaluation of site conditions relative to background/reference conditions. See Appendix D for details. 

(4) EPA Region 9 Preliminary Remediation Goals (PRGs; October 2004) for tapwater were used as screening toxicity values. PRGs based on noncancer effects were adjusted downward by a factor of 0.1 to reflect a hazard quotient of 0.1. 

(5) For compounds without MCLs, we used federal health advisories or MADEP Office of Research and Standards Guidelines (OSRG). TBC = To be considered. ARAR =Applicable or relevant and appropriate requirements. MCL = Maximum contaminant level. 

(6) SL = Constituent was selected / not selected as a COPC based on whether the detected concentration exceeds the screening level or if no screening level is available. EN = Constituent was not selected as a COPC because it is considered to be an essential nutrient.
 
NTX = no toxicity information available.
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TABLE 3-14
 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPC)
 

Group 3-6 - Groundwater
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area - Tewksbury, Massachusetts
 

Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 

Exposure 

Point 

CAS 

Number 

Chemical  Minimum 
Concentration 

(1) 

Maximum 

Concentration 

(1) 

Units
Range of Detection 

Limits 

Concentration 
Used for 

Screening

(2) 

Background 

Value 

(3) 

Screening 

Toxicity Value 

(N/C) 

(4) 

Potential 

ARAR/TBC 

Value 

Potential 

ARAR/TBC 

Source 

(5) 

COPC 

Flag 

(Y/N) 

Rationale for 

Selection or 

Deletion 

(6) 

Group 3-6 57-12-5 Cyanide, Total 0.0016 J 0.0104 mg/L 0.01  - 0.01 0.0104 0.073 0.2 MCL N SL 

7429-90-5 Aluminum, Total 0.0187 5.9 mg/L 0.0075  - 0.13 5.9 -- NA NA N NTX 

7440-36-0 Antimony, Total 0.0036 0.1 mg/L 0.001 - 0.05 0.1 0.002 0.006 MCL Y SL 

7440-38-2 Arsenic, Total 0.0000195 2.32 mg/L 0.0025 - 0.05 2.32 0.000 0.01 MCL Y SL 

7440-39-3 Barium, Total 0.004 J 0.37 mg/L 0.0023 - 0.01 0.37 0.260 2 MCL Y SL 

7440-41-7 Beryllium, Total 0.0004 J 0.56 mg/L 0.0001 - 0.003 0.56 0.007 0.004 MCL Y SL 

7440-43-9 Cadmium, Total 0.0004 J 0.06 mg/L 0.0001 - 0.005 0.06 0.002 0.005 MCL Y SL 

7440-70-2 Calcium, Total 0.0282 366 mg/L 0.025 - 0.1 366 NA NA NA N EN 

7440-47-3 Chromium, Total 0.0007 0.03 mg/L 0.0003 - 0.06 0.03 0.011 0.1 MCL Y SL 

7440-48-4 Cobalt, Total 0.001 J 0.14 mg/L 0.0006 - 0.01 0.14 0.073 NA NA Y SL 

7440-50-8 Copper, Total 0.0022 J 0.1 mg/L 0.002 - 0.0121 0.1 0.150 1.3 MCL N SL 

7439-89-6 Iron, Total 0.032 J 680 mg/L 0.023 - 0.186 680 1.100 0.3 SMCL N EN 

7439-92-1 Lead, Total 0.0058 J 0.06 mg/L 0.001 - 0.02 0.06 0.015 0.015 MCL Y SL 

7439-95-4 Magnesium, Total 0.00259 56 mg/L 0.025 - 0.1 56 NA NA NA N EN 

7439-96-5 Manganese, Total 0.0000595 29 mg/L 0.0025 - 0.01 29 0.088 0.05 SMCL Y SL 

7439-97-6 Mercury, Total 0.00001 J 0.00007 J mg/L 0.0001 - 0.0005 0.00007 0.001 0.002 MCL N SL 

7440-02-0 Nickel, Total 0.0008 J 0.08 mg/L 0.0007 - 0.025 0.08 0.073 0.1 ORSG Y SL 

7440-09-7 Potassium, Total 0.00151 100 mg/L 0.15 - 50 100 NA NA NA N EN 

7782-49-2 Selenium, Total 0.0021 J 0.012 mg/L 0.0018 - 0.05 0.012 0.018 0.05 MCL N SL 

7440-22-4 Silver, Total 0.0007 J 0.8 mg/L 0.0004 - 0.007 0.8 0.018 0.1 SMCL Y SL 

7440-23-5 Sodium, Total 0.00932 310 mg/L 0.15 - 40 310 NA 20 ORSG N EN 

7440-28-0 Thallium, Total 0.00005 0.0048 mg/L 0.00005 - 0.2 0.0048 0.0002 0.002 MCL Y SL 

7440-62-2 Vanadium, Total 0.001 J 0.01 mg/L 0.0008 - 0.01 0.01 0.004 NA NA Y SL 

7440-66-6 Zinc, Total 0.0041 B 55 mg/L 0.0025 - 0.25 55 1.10 5 SMCL Y SL 

11097-69-1 Aroclor 1254 0.0012 J 0.0012 J mg/L 0.0002 - 0.001 0.0012 0.00003 NA NA Y SL 

319-84-6 Alpha-BHC 0.000047 J 0.000047 J mg/L 0.00001 - 0.00005 0.000047 0.00001 NA NA Y SL 

120-82-1 1,2,4-Trichlorobenzene 0.00036 J 0.0004 J mg/L 0.00075 - 12 0.0004 0.001 0.07 MMCL N SL 

95-50-1 1,2-Dichlorobenzene 0.00027 J 0.0012 J mg/L 0.001 - 12 0.0012 0.037 0.6 MCL N SL 

106-46-7 1,4-Dichlorobenzene 0.00056 J 0.0032 J mg/L 0.001 - 12 0.0032 0.001 0.005 MCL Y SL 

105-67-9 2,4-Dimethylphenol 0.00061 J 0.18 mg/L 0.00375 - 2.1 0.18 0.073 NA NA Y SL 

95-48-7 2-Methylphenol 0.0017 J 1 J mg/L 0.001 - 1.3 1 0.180 NA NA Y SL 

108-39-4/106-44-5 3-Methylphenol/4-Methylphenol 0.04 2.1 mg/L 0.0015 - 1.3 2.1 0.018 NA NA Y SL 

106-44-5 4-Methylphenol 0.0011 J 0.27 mg/L 0.0052 - 0.53 0.27 0.018 NA NA Y SL 

65-85-0 Benzoic Acid 0.01 J 5.2 J mg/L 0.01 - 10 5.2 15.0 NA NA N SL 

100-51-6 Benzyl Alcohol 0.0019 J 0.0019 J mg/L 0.001 - 2.1 0.0019 1.1 NA NA N SL 

117-81-7 Bis(2-Ethylhexyl)phthalate 0.0073 0.61 mg/L 0.00013 - 1 0.61 0.005 0.006 MCL Y SL 

105-60-2 Caprolactam 0.01 J 0.01 J mg/L 0.0052 - 0.053 0.01 1.8 NA NA N SL 

84-66-2 Diethyl phthalate 0.0016 J 0.0394 mg/L 0.00125 - 1 0.0394 2.9 NA NA N SL 

131-11-3 Dimethyl phthalate 0.08 J 0.08 J mg/L 0.00175 - 1 0.08 360 NA NA N SL 

84-74-2 Di-n-butylphthalate 0.001 J 0.011 mg/L 0.00075 - 1 0.011 0.360 NA NA N SL 

91-20-3 Naphthalene 0.00049 J 0.011 J mg/L 0.00075 - 12 0.011 0.001 0.14 ORSG Y SL 

108-95-2 Phenol 0.000559 9.4 mg/L 0.00025 - 1.5 9.4 1.100 2 
EPA Health Advisory -

Lifetime Y  SL  

Group 3-6 

Groundwater 

71-55-6 1,1,1-Trichloroethane 0.00058 0.49 J mg/L 0.0005 - 2.5 0.49 0.320 0.2 MCL Y SL 

79-00-5 1,1,2-Trichloroethane 0.003 J 0.00692 mg/L 0.00075 - 3.8 0.00692 0.0002 0.005 MCL Y SL 

75-34-3 1,1-Dichloroethane 0.00023 J 3.6 J mg/L 0.00075 - 3.8 3.6 0.081 0.07 ORSG Y SL 

75-35-4 1,1-Dichloroethene 0.0004 J 0.13 J mg/L 0.0005 - 2.5 0.13 0.034 0.007 MCL Y SL 

95-63-6 1,2,4-Trimethylbenzene 0.00009 J 1.4 mg/L 0.001 - 12 1.4 0.001 NA NA Y SL 

107-06-2 1,2-Dichloroethane 0.00029 J 0.0444 mg/L 0.0005 - 2.5 0.0444 0.0001 0.005 MCL Y SL 

540-59-0 1,2-Dichloroethene (Total) 0.002 J 0.13 mg/L 0.01 - 0.01 0.13 0.006 0.07 MCL Y SL 

78-87-5 1,2-Dichloropropane 0.00035 J 0.0036 J mg/L 0.001 - 8.8 0.0036 0.0002 0.005 MCL Y SL 

108-67-8 1,3,5-Trimethylbenzene 0.0017 J 1.2 J mg/L 0.001 - 12 1.2 0.001 NA NA Y SL 

123-91-1 1,4-Dioxane 0.0016 J 3 J mg/L 0.005 - 10 3 0.006 0.003 ORSG Y SL 

78-93-3 2-Butanone 0.022 J 77 mg/L 0.005 - 25 77 0.700 4 ORSG Y SL 

108-10-1 4-Methyl-2-pentanone 0.001 J 190 mg/L 0.005 - 25 190 0.200 0.35 ORSG Y SL 

67-64-1 Acetone 0.0021 J 73 mg/L 0.005 - 25 73 0.550 6.3 ORSG Y SL 

71-43-2 Benzene 0.00012 J 0.045 mg/L 0.0005 - 2.5 0.045 0.0004 0.005 MCL Y SL 

75-27-4 Bromodichloromethane 0.00015 J 0.00015 J mg/L 0.0005 - 2.5 0.00015 0.0002 0.08 MCL N SL 

75-15-0 Carbon disulfide 0.00006 J 0.00065 J mg/L 0.004 - 25 0.00065 0.100 NA NA N SL 
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TABLE 3-14
 

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPC)
 

Group 3-6 - Groundwater
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area - Tewksbury, Massachusetts
 

Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 

Exposure 

Point 

CAS 

Number 

Chemical  Minimum 
Concentration 

(1) 

Maximum 

Concentration 

(1) 

Units
Range of Detection 

Limits 

Concentration 
Used for 

Screening

(2) 

Background 

Value 

(3) 

Screening 

Toxicity Value 

(N/C) 

(4) 

Potential 

ARAR/TBC 

Value 

Potential 

ARAR/TBC 

Source 

(5) 

COPC 

Flag 

(Y/N) 

Rationale for 

Selection or 

Deletion 

(6) 

56-23-5 Carbon tetrachloride 0.052 0.052 mg/L 0.0005 - 2.5 0.052 0.0002 0.005 MCL Y SL 

108-90-7 Chlorobenzene 0.0002 J 0.0042 mg/L 0.0005 - 2.5 0.0042 0.011 0.1 MCL N SL 

75-00-3 Chloroethane 0.00049 J 2.5 J mg/L 0.001 - 5 2.5 0.005 NA NA Y SL 

67-66-3 Chloroform 0.00028 J 0.0057 mg/L 0.00075 - 3.8 0.0057 0.0002 0.07 ORSG Y SL 

74-87-3 Chloromethane 0.0005 0.006 mg/L 0.001 - 12 0.006 0.016 0.03 
Health Advisory 

(Lifetime) N  SL  

540-59-0 cis-1,2-Dichloroethene 0.00018 J 0.22 J mg/L 0.0005 - 2.5 0.22 0.006 0.07 MCL Y SL 

75-71-8 Dichlorodifluoromethane 0.00043 J 0.036 J mg/L 0.001 - 25 0.036 0.039 1.4 ORSG N SL 

60-29-7 Ethyl ether 0.00041 J 0.076 mg/L 0.0025 - 12 0.076 0.120 NA NA N SL 

100-41-4 Ethylbenzene 0.00004 J 8.4 mg/L 0.0005 - 2.5 8.4 0.130 0.7 MCL Y SL 

98-82-8 Isopropylbenzene 0.00011 J 0.082 mg/L 0.0005 - 2.5 0.082 0.066 NA NA Y SL 

1634-04-4 Methyl tert butyl ether 0.00019 J 0.005 mg/L 0.001 - 5 0.005 0.011 0.07 ORSG N SL 

75-09-2 Methylene chloride 0.00055 J 2.2 mg/L 0.001 - 25 2.2 0.004 0.005 MCL Y SL 

104-51-8 n-Butylbenzene 0.0022 0.0899 mg/L 0.0005 - 2.5 0.0899 0.024 NA NA Y SL 

103-65-1 n-Propylbenzene 0.00039 J 0.092 J mg/L 0.0005 - 2.5 0.092 0.024 NA NA Y SL 

99-87-6 p-Isopropyltoluene 0.0003 J 0.096 J mg/L 0.0005 - 2.5 0.096 0.066 NA NA Y SL 

135-98-8 sec-Butylbenzene 0.00007 J 0.00066 J mg/L 0.0005 - 2.5 0.00066 0.024 NA NA N SL 

100-42-5 Styrene 0.00005 J 0.00005 J mg/L 0.0005 - 2.5 0.00005 0.160 0.1 MMCL N SL 

98-06-6 tert-Butylbenzene 0.015 0.0668 mg/L 0.001 - 12 0.0668 0.024 NA NA Y SL 

127-18-4 Tetrachloroethene 0.00022 J 0.006 mg/L 0.0005 - 2.5 0.006 0.0001 0.005 MCL Y SL 

109-99-9 Tetrahydrofuran 0.0019 J 20 J mg/L 0.01 - 50 20 0.002 1.3 ORSG Y SL 

108-88-3 Toluene 0.00032 J 78 mg/L 0.00075 - 3.8 78 0.072 1 MCL Y SL 

79-01-6 Trichloroethene 0.0001 J 0.006 mg/L 0.0005 - 2.5 0.006 0.000028 0.005 MCL Y SL 

75-69-4 Trichlorofluoromethane 0.00033 J 0.0345 mg/L 0.001 - 12 0.0345 0.130 2 
EPA Health Advisory -

Lifetime N  SL  

75-01-4 Vinyl chloride 0.00031 J 0.071 J mg/L 0.001 - 5 0.071 0.00002 0.002 MCL Y SL 

1330-20-7 Xylenes (total) 0.0001 J 28.2 mg/L 0.001 - 1 28.2 0.021 10 MCL Y SL 

107-13-1 Acrylonitrile 0.8 1.3 J mg/L 0.005 - 25 1.3 0.00004 NA NA Y  SL  

97-63-2 Ethyl Methacrylate 4 4 J mg/L 0.005 - 25 4 0.055 NA NA Y  SL  

87-68-3 Hexachlorobutadiene 0.00049 0.00049 J mg/L 0.0001 - 12 0.00049 0.001 NA NA N  SL  

156-60-5 trans-1,2-Dichloroethene 0.00097 0.00097 mg/L 0.001 - 3.8 0.00097 0.012 0.1 MCL N  SL  

Footnotes: 

(1) Summary statistics were calculated from groundwater samples from monitoring wells in Groups 3-6 of the site. See Appendix C for wells and sampling events used in risk assessment. 

(2) Maximum detected concentration in groundwater was chosen as the concentration used for screening.Bold = concentration exceeds screening level and constituent retained as COPC. 

(3) We conducted a statistical evaluation of site conditions relative to background/reference conditions. See Appendix D for details. 

(4) EPA Region 9 Preliminary Remediation Goals (PRGs; October 2004) for tapwater were used as screening toxicity values. PRGs based on noncancer effects were adjusted downward by a factor of 0.1 to reflect a hazard quotient of 0.1 

(5) For compounds without MCLs, we used federal health advisories or MADEP Office of Research and Standards Guidelines (OSRG). TBC = To be considered. ARAR =Applicable or relevant and appropriate requirements. MCL = Maximum contaminant level. 

(6) SL = Constituent was selected / not selected as a COPC based on whether the detected concentration exceeds the screening level or if no screening level is available. EN = Constituent was not selected as a COPC because it is considered to be an essential nutrient. 
NTX = no toxicity information available. 
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TABLE 3-15
 
HUMAN HEALTH RISK ASSESSMENT
 

SUMMARY OF THE CHEMICALS OF POTENTIAL CONCERN
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, MA
 

Chemical of Potential Concern Groups 1 & 2 Group 3 Group 4 Group 5 Group 6 
Groundwater Ambient Air Upland Soil Groundwater Upland Soil Groundwater Surface Water Groundwater Wetland Soil Sediment Surface Water Groundwater Sediment 

Organics 
Acetone X X X 
Acetophenone X 
Acrylonitrile X 
Alpha-BHC X 
Aroclor 1254 X 
Benzene X X X X X 
Benzo(a)anthracene X X X 
Benzo(a)pyrene X X X X X 
Benzo(e)pyrene X X 
Benzo(b)fluoranthene X X X 
Benzo(k)fluoranthene X 
Bis(2-Chloroethoxy)methane X 
Bis(2-ethylhexyl)phthalate X X X X 
2-Butanone X X X 
n-Butylbenzene X 
t-Butylbenzene X 
C11-C22 Aromatics X 
Carbazole X 
Carbon tetrachloride X 
Chlorobenzene X 
Chloroethane X X X X 
Chloroform X X X 
4-Chloro-3-methylphenol X 
Dibenzo(a,h)anthracene X 
Dibenzofuran X
 Dichlorodifluoromethane X 
1,1-Dichloroethane X X 
1,2-Dichloroethane X X X X 
1,1-Dichloroethene X 
cis-1,2-Dichloroethene X X X 
1,2-Dichloroethene X X 
1,4-Dichlorobenzene X X X 
1,2-Dichloropropane X X X 
2,4-Dimethylphenol X 
Di-n-octylphthalate X 
1,4-Dioxane X X X X X 
Ethylbenzene X X X X 
Ethyl ether X 
Ethyl methacrylate X 
2-Hexanone X 
Indeno(1,2,3-cd)Pyrene X X X 
Isopropylbenzene X 
p-Isopropyltoluene X 
Methylene Chloride X X X X 
1-Methylnaphthalene X 
2-Methylnaphthalene X X 
4-Methyl-2-pentanone X X X 
2-Methylphenol X X 
3-Methylphenol/4-Methylphenol X X X 
4-Methylphenol X X 
Naphthalene X X X X X
 N-Nitrosodi-n-butylamine X
 N-Nitrosopyrrolidine X 
Perylene X 
Phenol X X 
n-Propylbenzene X X X X 
Pyridine X 
Styrene X 
Tetrachloroethene X X X X X 
Tetrahydrofuran X X X X 
Toluene X X X X 
o-Toluidine X 
1,1,1-Trichloroethane X 
1,1,2-Trichloroethane X 
Trichloroethene X X X X X 
Trichlorofluoromethane X 
1,2,4-Trimethylbenzene X X X X X X X 
1,3,5-Trimethylbenzene X X X X X X X X 
Vinyl Chloride X X X 
Xylenes X X X X X X 

Inorganics 
Antimony X X X 
Arsenic X X X X X X X X X X X 
Barium X X X X 
Beryllium X X X X 
Cadmium X X X X X X X 
Chromium X 
Cobalt X X 
Copper X 
Lead X X X X X X X X X X 
Manganese X X X X X X X X X X X 
Nickel X X 
Selenium X 
Silver X X 
Thallium X X 
Vanadium X X X X X X X X X X X 
Zinc X X X 

An X indicates that constituent was detected in medium and selected as a chemical of potential concern (COPC). 
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TABLE 3-16A 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
CENTRAL TENDENCY 

Remedial Investigation and Feasibility Study 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Scenario Timeframe: 
Medium: 
Exposure Medium: 

Current/Future 
Upland Soil 
Upland Soil* 

Exposure Route Receptor 
Population 

Receptor 
Age 

Exposure 
Point 

Parameter 
Code 

Parameter Definition Value Units Reference 

Incidental ingestion and Facility Adult Soil: EPC Exposure Point Concentration Chemical-specific mg/kg Chemical-specific 1 

dermal contact Worker Group 3 IRs Ingestion rate of soil 50 mg/event USEPA, 1999 2 

Group 4 AF Skin-soil adherence factor 0.2 mg/cm² - event USEPA, 2004 3 

SA Skin surface area 3300 cm² USEPA, 2004 4 

EF Exposure Frequency 150 events/year USEPA, 1994 5 

ED Exposure Duration 6.6 years USEPA, 1999 6 

BW Body weight 70 kg USEPA, 1994 7 

ATc Averaging Time-cancer 70 years USEPA, 1999 8 

ATnc Averaging Time-noncancer 6.6 years USEPA, 1989 9 

ABSd Dermal Absorption Fraction Chemical-specific unitless USEPA, 2004 10 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 1,000,000 mg/kg Constant 

Incidental ingestion and Construction Adult Soil: EPC Exposure Point Concentration Chemical-specific mg/kg Chemical-specific 1 

dermal contact Worker Group 3 IRs Ingestion rate of soil 100 mg/event USEPA, 2002a 11 

Group 4 AF Skin-soil adherence factor 0.3 mg/cm² - event USEPA, 2004 12 

SA Skin surface area 2479 cm² USEPA, 2004 4 

EF Exposure Frequency 130 events/year Professional judgement 13 

ED Exposure Duration 1 year Professional judgement 13 

BW Body weight 70 kg USEPA, 1994 7 

ATc Averaging Time-cancer 70 years USEPA, 1999 8 

ATnc Averaging Time-noncancer 1 year USEPA, 1989 9 

ABSd Dermal Absorption Fraction Chemical-specific unitless USEPA, 2004 10 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 1,000,000 mg/kg Constant 

Incidental ingestion and Resident Child (1-6 years) Soil: EPC Exposure Point Concentration Chemical-specific mg/kg Chemical-specific 1 

dermal contact (noncancer effects) Group 3 IRs Ingestion rate of soil-child, 1-6 years 100 mg/event USEPA, 2002b 14 

Group 4 IRs Ingestion rate of soil-older child, 7-9 years 50 mg/event USEPA, 1999 2 

Older Child AF Skin-soil adherence factor-child, 1-6 years 0.2 mg/cm² - event USEPA, 2004 15 

(1-9, Cancer effects) AF Skin-soil adherence factor-older child, 7-9 yrs 0.07 mg/cm² - event USEPA, 2004 15 

SA Skin surface area-child, 1-6 years 2800 cm² USEPA, 2004 15 

SA Skin surface area-older child, 7-9 years 3636 cm² USEPA, 2004 16 

EF Exposure Frequency 150 events/year USEPA, 1994 5 

EDnc Exposure Duration-child 6 years USEPA, 2004 17 

EDc Exposure Duration-older child 3 years USEPA, 2004 17 

BW Body weight, child, 1-6 years 15 kg USEPA, 1994 18 

BW Body weight, older child, 7-9 years 28 kg USEPA, 1999 18 

ATc Averaging Time-cancer 70 years USEPA, 1999 8 

ATnc Averaging Time-noncancer 6 years USEPA, 1989 9 

ABSd Dermal Absorption Fraction Chemical-specific unitless USEPA 2004 10 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 1,000,000 mg/kg Constant 

Incidental ingestion and Trespasser / Youth Soil: EPC Exposure Point Concentration Chemical-specific mg/kg Chemical-specific 1 

dermal contact Recreational (8-18 years) Group 3 IRs Ingestion rate of soil 50 mg/event USEPA, 1999 2 

User Group 4 AF Skin-soil adherence factor 0.09 mg/cm² - event USEPA, 2004 19 

SA Skin surface area 3220 cm² USEPA, 2004 20 

EF Exposure Frequency 90 events/year Professional judgement 21 

ED Exposure Duration 11 years Professional judgement 22 

BW Body weight 45 kg USEPA, 1999 23 

ATc Averaging Time-cancer 70 years USEPA, 1999 8 

ATnc Averaging Time-noncancer 11 years USEPA, 1989 9 

ABSd Dermal Absorption Fraction Chemical-specific unitless USEPA 2004 10 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 1,000,000 mg/kg Constant 
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TABLE 3-16A 

VALUES USED FOR DAILY INTAKE CALCULATIONS
 
CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Current/Future 
Medium: Upland Soil 
Exposure Medium: Upland Soil* 
Average Daily Intake (ADI) Equations: 

ADIingestion (mg/kg-d) = EPC * IR * EF * ED * 1/BW * 1/AT * 1/C1 * 1/C2 

ADIdermal (mg/kg-d) = EPC * SA * AF * EF * ED * 1/BW * 1/AT * 1/C1 * 1/C2 * ABSd
 

Note: Derivation of area-weighted soil-skin adherence factors is presented below.
 

Notes: 
1. EPCs for soil are based on the 95% upper confidence limit of the mean concentration or maximum detected concentration in soil samples collected from the site. 

2. Daily soil ingestion rate (IRs) is the recommended adult IR, from Table 4-23 of USEPA, 1999.s

3. Skin-soil adherence factor (AF) is the recommended reasonable maximum exposure (RME) AF for industrial workers, from Exhibit 3-5 of USEPA, 2004. Parts of the body include the face (1/3 of head), hands and forearms. 

Skin surface area (SA) for the facility worker is based on the default value for industrial scenarios, from Exhibit 3-5 of USEPA, 2004. Parts of the body include the head, hands and forearms. SA for the construction worker is based on the mean SA for industrial scenarios (both males 
4. and females), from Exhibit C-1 of USEPA, 2004. Parts of the body include the face (402 cm2), hands (904 cm2) and forearms (1,173 cm2). 

5. Exposure frequency (EF) describes how often the exposure event occurs over a given period of time. We assumed that facility workers and residents could be exposed to soil 150 days per year as recommended in EPA Region 1 guidance (USEPA, 1994). 

6. The exposure duration (ED) for facility workers was assumed to be 6.6 years. This value represents the median occupational tenure for adult workers. Obtained from Table 15-158 of USEPA, 1999. 

7. Body weight (BW) is the recommended adult body weight presented in USEPA 1994. 

8. The averaging time (AT) is set equal to a lifetime (i.e., 70 years) when estimating cancer risk. This is the recommended lifetime in USEPA, 1999.c

9. The averaging time for noncancer effects (AT) is set equal to the exposure duration.nc

10. Dermal ABS values were obtained from Exhibit 3-4 of USEPA, 2004. 

11. Daily soil ingestion rate (IRs) for outdoor workers is from Exhibit 1-2 of USEPA, 2002a. 

12. The 95th percentile AF is based on the "construction workers" study, presented in Exhibit C-2 of USEPA, 2004. The AF for body parts assumed exposed hands (0.518), forearms (0.215), and head (0.071). 

13. It was assumed that construction workers would be exposed to contaminants in soil for 5 days per week for six months, during a one-year period of site redevelopment work. 

14. Recommended soil ingestion rate for children, central tendency exposures, presented in Table 5-19 of USEPA, 2002b. 

15. Default dermal exposure values for RME residential scenarios. Exhibit 3-5, USEPA, 2004. 

16. Skin surface area for 7-9 year old based on face, forearms, hands, lower legs and feet. From Exhibit C-1, USEPA 2004. 

17. We evaluated a continuous nine year exposure duration, which is the EPA-recommended ED for central tendency residential scenarios (USEPA, 2004). The ED is divided into two age groups: child, ages 1-6, which we use to evaluate
 
noncancer effects; and child, ages 7-9. Both age groups are considered collectively to evaluate cancer effects over the entire ED of 9 years.
 

18. Body weight (BW) for the child is the default value provided in USEPA, 1994. For the older child (7-9 years), body weight is the mean body weight for boys and girls within that age range (Table 7-3 of USEPA 1999). 

19. The 95th percentile AF is based on the "soccer players" study, presented in Exhibit C-2 of USEPA, 2004. The AF for body parts assumed exposed hands (0.166), forearms (0.014), and lower legs (0.097). 

20. Skin surface area (SA) is based on the body part-specific surface area calculations for males and females from from US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual
 
(Part E, Supplemental Guidance for Dermal Risk Assessment) EPA/540/R/99/005, July 2004, Exhibit C-1. Parts of the body assumed to be exposed include hands, forearms, and lower legs.
 

21. The trespasser was assumed to be exposed to contaminants in soil for 3 days per week during the seven non-winter months when the ground
 
is not frozen.
 

22. The trespasser was assumed to be 8 through 18 years old, so an exposure period of 11 years was selected. 

23. Body weight (BW) is based on the mean body weights for boys and girls (8 through 18 years) from US EPA Exposure Factors Handbook EPA/600/C-99/001, February 1999, Table 7-3. The mean body weight for each age category was
 
averaged to calculate the body weight.
 

* Please refer to Tables 32 M & N and Tables 33 M & N for additional exposure parameters necessary to calculate risks associated with carcinogenic PAHs. 
References: 

USEPA, 2004. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) EPA/540/R/99/005, July 2004.
 

USEPA, 2002a. US EPA Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites OSWER 9355.4-24, December 2002.
 

USEPA, 2002b. US EPA Child-Specific Exposure Factors Handbook. EPA/600/P00/002B, September 2002.
 

USEPA, 1999. US EPA Exposure Factors Handbook EPA/600/C-99/001, February 1999.
 

USEPA, 1994. Risk Updates: No 2. USEPA Region 1, Waste Management Division, August 1994.
 

USEPA, 1989. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual. (EPA/540/1-89/002).
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TABLE 3-16A 

VALUES USED FOR DAILY INTAKE CALCULATIONS
 
CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Current/Future 
Medium: Upland Soil 
Exposure Medium: Upland Soil* 

CALCULATION OF SITE-SPECIFIC SOIL-SKIN ADHERENCE FACTORS 

Construction Worker Scenario (CT/RME) 
Upland Soil Exposures 

Hands Forearms Face* 
Adherence Factor: AF 0.518 0.215 0.071 
Skin Surface Area: SA 904 1173 402 cm2 

Total SA = 2479 cm 2 

Weighted adherence 
factor: 

(0.518 * 904) + (0.215 * 1173) + (0.071 * 402) 
(904 + 1173 + 402)

WAF = = 0.30 mg/cm² - event 

Based on "Construction Worker" Scenario, Exhibit C-2 of USEPA 2004. AF values are 95th percentile values. 
SA values for adult are mean values for males/females, presented in Exhibit C-1 of USEPA 2004. 

Youth Trespasser Scenario (CT/RME) 
Upland Soil Exposures 

Hands Forearms Lower legs 
AF 0.166 0.014 0.097 mg/cm2 

SA-7<18 700 787 1610 cm2 

SA-adult 904 1173 2370 cm2 

Age-weighted SA: Hands ((700 * 10)/11) + ((904 * 1/11)) 
Forearms ((787 * 10)/11) + ((1173 * 1)/11) 
Lower Legs ((1610 * 10)/11) + ((2370 * 1)/11) 

Based on "Soccer Players Nos. 2 & 3" Scenario, Exhibit C-2 of USEPA 2004. AF values are 95th percentile values. 

SA values for children are from Exhibit C-1 of USEPA 2004. 

SA values for adult are mean values for males/females, presented in Exhibit C-1 of USEPA 2004. 

(719 + 822 + 1679)
WAF = (0.166 * 719) + (0.014 * 822) + (0.097 * 1679) = 

= 
= 
= 

Total SA = 

mg/cm² - event0.09 

719 
822 

1679 

cm2 

cm2 

cm2 

3220 cm 2 
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TABLE 3-16B 

VALUES USED FOR DAILY INTAKE CALCULATIONS
 
REASONABLE MAXIMUM EXPOSURE
 
Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Current/Future 
Medium: Upland Soil 
Exposure Medium: Upland Soil* 

Exposure Route Receptor 
Population 

Receptor 
Age 

Exposure 
Point 

Parameter 
Code 

Parameter Definition Value Units Reference 

Incidental ingestion and Facility Adult Soil: EPC Exposure Point Concentration Chemical-specific mg/kg Chemical-specific 1 

dermal contact Worker Group 3 IRs Ingestion rate of soil 100 mg/event USEPA, 2002a 2 

Group 4 AF Skin-soil adherence factor 0.2 mg/cm2 - event USEPA, 2004 3 

SA Skin surface area 3300 cm2 USEPA, 2004 4 

EF Exposure Frequency 150 events/year USEPA, 1994 5 

ED Exposure Duration 25 years USEPA, 2004 6 

BW Body weight 70 kg USEPA, 1994 7 

ATc Averaging Time-cancer 70 years USEPA, 1999 8 

ATnc Averaging Time-noncancer 25 years USEPA, 1989 9 

ABSd Dermal Absorption Fraction Chemical-specific unitless USEPA, 2004 10 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 1,000,000 mg/kg Constant 

Incidental ingestion and Construction Adult Soil: EPC Exposure Point Concentration Chemical-specific mg/kg Chemical-specific 1 

dermal contact Worker Group 3 IRs Ingestion rate of soil 330 mg/event USEPA, 2002a 11 

Group 4 AF Skin-soil adherence factor 0.3 mg/cm2 - event USEPA, 2004 12 

SA Skin surface area 2479 cm2 USEPA, 2004 4 

EF Exposure Frequency 130 events/year Professional judgement 13 

ED Exposure Duration 1 year Professional judgement 13 

BW Body weight 70 kg USEPA, 1994 7 

ATc Averaging Time-cancer 70 years USEPA, 1999 8 

ATnc Averaging Time-noncancer 1 years USEPA, 1989 9 

ABSd Dermal Absorption Fraction Chemical-specific unitless USEPA, 2004 10 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 1,000,000 mg/kg Constant 

Incidental ingestion and Resident Child (1-6 years) Soil: EPC Exposure Point Concentration Chemical-specific mg/kg Chemical-specific 1 

dermal contact (noncancer effects) Group 3 IRs Ingestion rate of soil-child, 1-6 yrs 200 mg/event USEPA, 1994 14 

Group 4 IRs Ingestion rate of soil-adult 100 mg/event USEPA, 1999 2 

Child/Adult (1-31 years) AF Skin-soil adherence factor-child 0.2 mg/cm² - event USEPA, 2004 15 

(cancer effects) AF Skin-soil adherence factor-adult 0.07 mg/cm² - event USEPA, 2004 15 

SA Skin surface area-child 2800 cm² USEPA, 2004 15 

SA Skin surface area-adult 5700 cm² USEPA, 2004 15 

EF Exposure Frequency 150 events/year USEPA, 1994 5 

EDnc Exposure Duration-child 6 years USEPA, 2004 15 

EDc Exposure Duration-adult 24 years USEPA, 2004 15 

BW Body weight, child 15 kg USEPA, 1994 16 

BW Body weight, adult 70 kg USEPA, 1994 16 

ATc Averaging Time-cancer 70 years USEPA, 1999 8 

ATnc Averaging Time-noncancer 6 years USEPA, 1989 9 

ABSd Dermal Absorption Fraction Chemical-specific unitless USEPA 2004 10 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 1,000,000 mg/kg Constant 

Incidental ingestion and Trespasser / Youth Soil: EPC Exposure Point Concentration Chemical-specific mg/kg Chemical-specific 1 

dermal contact Recreational (8-18 years) Group 3 IRs Ingestion rate of soil 100 mg/event USEPA, 1999 17. 

User Group 4 AF Skin-soil adherence factor 0.09 mg/cm2 - event USEPA, 2004 18. 

SA Skin surface area 3220 cm2 USEPA, 2004 19. 

EF Exposure Frequency 90 events/year Professional judgement 20. 

ED Exposure Duration 11 years Professional judgement 21. 

BW Body weight 45 kg USEPA, 1999 22. 

ATc Averaging Time-cancer 70 years USEPA, 1999 8 

ATnc Averaging Time-noncancer 11 years USEPA, 1989 9 

ABSd Dermal Absorption Fraction Chemical-specific unitless USEPA 2004 10 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 1,000,000 mg/kg Constant 

RME 
EXP FACTOR 
FW-SOIL 
DC-C 1.38E-06 
DC-NC 3.87E-06 
II-C 2.10E-07 
II-NC 5.87E-07 

RME 
EXP FACTOR 
CW-SOIL 
DC-C 5.41E-08 
DC-NC 3.78E-06 
II-C 2.40E-08 
II-NC 1.68E-06 

RME 
EX FACTOR Child/ 
RES Child Adult 
DC-C -- 2.12E-06 
DC-NC 1.53E-05 --
II-C -- 6.71E-07 
II-NC 5.48E-06 --

CHECK NOTE 

RME 
EX FACTOR 
Trespasser = TP 
DC-C 2.52E-07 
DC-NC 1.61E-06 Upper percen 
II-C 8.61E-08 
II-NC 5.48E-07 

body wt for b 
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TABLE 3-16B 

VALUES USED FOR DAILY INTAKE CALCULATIONS
 
REASONABLE MAXIMUM EXPOSURE
 
Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Average Daily Intake (ADI) Equations: 
ADIingestion (mg/kg-d) = EPC * IR * EF * ED * 1/BW * 1/AT * 1/C1 * 1/C2 

ADIdermal (mg/kg-d) = EPC * SA * AF * EF * ED * 1/BW * 1/AT * 1/C1 * 1/C2 * ABS d
 

Note: Derivation of area-weighted soil-skin adherence factors is presented on Table 3-16A.
 

Notes: 
1. EPCs for soil are based on the 95% upper confidence limit of the mean concentration or maximum detected concentration in soil samples collected from the site. 

2. Daily soil ingestion rate (IRs) is the default IRs from USEPA, 1994. 

3. Skin-soil adherence factor (AF) is the recommended reasonable maximum exposure (RME) AF for industrial workers, from Exhibit 3-5 of USEPA, 2004. Parts of the body include the face (1/3 of head), hands and forearms. 

Skin surface area (SA) for the facility worker is based on the default value for industrial scenarios, from Exhibit 3-5 of USEPA, 2004. Parts of the body include the head, hands and forearms. SA for the construction worker is based on the mean SA for industrial 
4. scenarios (both males and females), from Exhibit C-1 of USEPA, 2004. Parts of the body include the face (402 cm2), hands (904 cm2) and forearms (1,173 cm2). 

5. Exposure frequency (EF) describes how often the exposure event occurs over a given period of time. We assumed that facility workers and residents would be exposed to soil 150 days per year, in accordance with EPA Region 1 guidance (USEPA, 1994). 

6. The exposure duration (ED) for facility workers was assumed to be 25 years, which is the RME value in Exhibit 3-5, USEPA, 2004.  

7. Body weight (BW) is the recommended adult body weight presented in USEPA 1994. 

8. The averaging time (AT) is set equal to a lifetime (i.e., 70 years) when estimating cancer risk. This is the recommended lifetime in USEPA, 1999.c

9. The averaging time for noncancer effects (AT) is set equal to the exposure duration.nc

10. Dermal ABS values were obtained from Exhibit 3-4 of USEPA, 2004. 

11. This is the default soil IRs recommended in USEPA, 2002a for construction worker scenarios. 

12. The 95th percentile AF is based on the "construction workers" study, presented in Exhibit C-2 of USEPA, 2004. The AF for body parts assumed exposed hands (0.518), forearms (0.215), and head (0.071). 

13. Assumed a construction worker would be present at the site 5 days per week for six months of a one-year construction period. 

14. Recommended soil ingestion rate for children, RME scenarios, presented in Table 5-19 of USEPA, 2002b. 

15. Default dermal exposure values for RME residential scenarios. Exhibit 3-5, USEPA, 2004. 

16. Body weight (BW) is the default value provided in USEPA, 1994. 

17. Daily soil ingestion rate is the recommended ingestion rate for children, from Table 4-23 of USEPA, 1999. 

18. The 95th percentile AF is based on the "soccer players" study, presented in Exhibit C-2 of USEPA, 2004. The AF for body parts assumed exposed hands (0.166), forearms (0.014), and lower legs (0.097). 

19. Skin surface area (SA) is based on the body part-specific surface area calculations for males and females. From Exhibit C-1 of USEPA , 2004. Parts of the body assumed to be exposed include hands, forearms, and lower legs. 

20. It was assumed that a trespasser would be exposed to contaminants in soil for 3 days per week during the 7 non-winter months of the year, or 90 days per year, when the ground is not frozen. 

21. The trespasser was assumed to be 8 through 18 years old, so an exposure period of 11 years was selected. 

22. Body weight (BW) is based on the mean body weights for boys and girls (8 through 18 years). From Table 7-3, USEPA, 1999. The mean body weight for each age category was averaged to calculate the body weight for this age range. 

* Please refer to Tables 32 M & N and Tables 33 M & N for additional exposure parameters necessary to calculate risks associated with carcinogenic PAHs. 
References: 

USEPA, 2004. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) EPA/540/R/99/005, July 2004.
 

USEPA, 2002a. US EPA Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites OSWER 9355.4-24, December 2002.
 

USEPA, 2002b. US EPA Child-Specific Exposure Factors Handbook. EPA/600/P00/002B, September 2002.
 

USEPA, 1999. US EPA Exposure Factors Handbook EPA/600/C-99/001, February 1999.
 

USEPA, 1994. Risk Updates: No 2. USEPA Region 1, Waste Management Division, August 1994.
 

USEPA, 1989. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual. (EPA/540/1-89/002).
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TABLE 3-17A 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
CENTRAL TENDENCY 

Remedial Investigation and Feasibility Study 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Scenario Timeframe: 
Medium: 
Exposure Medium: 

Current/Future 
Wetland Soil 
Wetland Soil* 

Exposure Route Receptor 
Population 

Receptor 
Age 

Exposure 
Point 

Parameter 
Code 

Parameter Definition Value Units Reference 

Incidental ingestion and Resident Child (1-6 years) Wetland Soil: EPC Exposure Point Concentration Chemical-specific mg/kg Chemical-specific 1 

dermal contact (noncancer effects) Group 5 IRs Ingestion rate of soil-child, 1-6 years 100 mg/event USEPA, 2002b 2 

IRs Ingestion rate of soil-older child, 7-9 years 50 mg/event USEPA, 1999 3 

Older child (1-9 years) AF Skin-soil adherence factor-child, 1-6 years 0.15 mg/cm² - event USEPA, 2004 4 

(Cancer effects) AF years 
Skin-soil adherence factor-older child 7-9 0.15 mg/cm² - event USEPA, 2004 4 

SA Skin surface area-child, 1-6 years 2027 cm² USEPA, 2004 5 

SA Skin surface area-older child 7-9 years 3522 cm² USEPA, 2004 5 

EF Exposure Frequency 90 events/year Professional judgement 6 

EDnc Exposure Duration-child 6 years USEPA, 2004 7 

EDc Exposure Duration-older child 3 years USEPA, 2004 7 

BW Body weight, child, 1-6 years 15 kg USEPA, 1994 8 

BW Body weight, older child 7-9 years 28 kg USEPA, 1999 8 

ATc Averaging Time-cancer 70 years USEPA, 1999 9 

ATnc Averaging Time-noncancer 6 years USEPA, 1989 10 

ABSd Dermal Absorption Fraction Chemical-specific unitless USEPA 2004 11 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 1,000,000 mg/kg Constant 

Incidental ingestion and Trespasser / Youth Wetland Soil: EPC Exposure Point Concentration Chemical-specific mg/kg Chemical-specific 1 

dermal contact Recreational (8-18 years) Group 5 IRs Ingestion rate of soil 50 mg/event USEPA, 1999 3 

User AF Skin-soil adherence factor 0.15 mg/cm² - event USEPA, 2004 4 

SA Skin surface area 3643 cm² USEPA, 2004 5 

EF Exposure Frequency 90 events/year Professional judgement 6 

ED Exposure Duration 11 years Professional judgement 12 

BW Body weight 45 kg USEPA, 1999 13 

ATc Averaging Time-cancer 70 years USEPA, 1999 9 

ATnc Averaging Time-noncancer 11 years USEPA, 1989 10 

ABSd Dermal Absorption Fraction Chemical-specific unitless USEPA 2004 11 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 1,000,000 mg/kg Constant 

Average Daily Intake (ADI) Equations: 
ADIingestion (mg/kg-d) = EPC * IR * EF * ED * 1/BW * 1/AT * 1/C1 * 1/C2 

ADIdermal (mg/kg-d) = EPC * SA * AF * EF * ED * 1/BW * 1/AT * 1/C1 * 1/C2 * ABS d
 

Note: Derivation of area-weighted soil-skin adherence factors is presented below.
 

Notes: 
1. EPCs for soil are based on the 95% upper confidence limit of the mean concentration or maximum detected concentration in wetland soil samples collected from the site. 

2. Recommended soil ingestion rate for children, central tendency exposures, presented in Table 5-19 of USEPA, 2002b. 

3. Daily soil ingestion rate (IRs) is the recommended adult IRs, from Table 4-23 of USEPA, 1999 . 

4. The wetland soil AF is the geometric mean AF from the "children playing (wet soil)" study presented in USEPA, 2004 (Exhibit C-2). The AF for body parts assumed exposed hands, forearms, face and lower legs. 

5. Skin surface area (SA) is an age-weighted factor based on the surface area of males and females within each age category. 	SA values for specific body parts were obtained from
 

Exhibit C-1 of USEPA 2004. Parts of the body assumed exposed to wetland soil included hands, forearms, lower legs and face.
 

6. Exposure frequency (EF) describes how often the exposure event occurs over a given period of time. We assumed that trespassers or residents could be exposed to wetland soil 3 days per week, 7 months per year, or 90 days per year. 

7. We evaluated a nine year exposure duration, which is the EPA-recommended ED for central tendency residential scenarios (USEPA, 2004). The ED is divided into two age groups: child, ages 1-6, which we use to evaluate
 

noncancer effects; and older child, ages 7-9. Both age groups are considered collectively to evaluate cancer effects over the entire ED of 9 years.
 

8. Body weights (BW) for the residents are the default values provided in USEPA, 1994. Body weight for the trespasser is the mean body weight of boys and girls 8-18 years, from Table 7-3 of USEPA 1999. 

9. The averaging time (ATc) is set equal to a lifetime (i.e., 70 years) when estimating cancer risk. This is the recommended lifetime in USEPA, 1999. 

10. The averaging time for noncancer effects (ATnc) is set equal to the exposure duration. 

11. Dermal ABS values were obtained from Exhibit 3-4 of USEPA, 2004. 

12. The trespasser was assumed to be 8 through 18 years old, so an exposure period of 11 years was selected. 

13. Body weight (BW) is based on the mean body weights for boys and girls (8 through 18 years) from US EPA Exposure Factors Handbook EPA/600/C-99/001, February 1999, Table 7-3. The mean body weight for each age category was 
averaged to calculate the body weight. 

* Please refer to Tables 32 M & N and Tables 33 M & N for additional exposure parameters necessary to calculate risks associated with carcinogenic PAHs. 
References: 

USEPA, 2004. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) EPA/540/R/99/005, July 2004.
 

USEPA, 2002a. US EPA Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites OSWER 9355.4-24, December 2002
 

USEPA, 2002b. US EPA Child-Specific Exposure Factors Handbook. EPA/600/P00/002B, September 2002.
 

USEPA, 1999. US EPA Exposure Factors Handbook EPA/600/C-99/001, February 1999.
 

USEPA, 1994. Risk Updates: No 2. USEPA Region 1, Waste Management Division, August 1994.
 

USEPA, 1989. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual. (EPA/540/1-89/002).
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TABLE 3-17A 

VALUES USED FOR DAILY INTAKE CALCULATIONS
 
CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Current/Future
 
Medium: Wetland Soil
 
Exposure Medium: Wetland Soil*
 
CALCULATION OF SITE-SPECIFIC SOIL-SKIN ADHERENCE FACTORS 

Youth Trespasser Scenario (CT/RME) 
Wetland Soil Exposures 

Hands Forearms Face Lower legs 
AF 0.656 0.015 0.004 0.026 
SA-7<18 700 787 425 1610 
SA-adult 904 1173 402 2370 
Age-Weighted SA: 

Hands ((700 * 10)/11) + ((904 * 1)/11) 
Forearms ((787 * 10)/11) + ((1173 * 1)/11) 
Face ((425 * 10)/11) + ((402 * 1)/11) 
Lower legs ((1610 * 10)/11) + ((2370 * 1)/11) 

(719 * 0.656) + (822 * 0.015) + (423 * 0.004) + (1679 * 0.026) 

Based on "Children Playing (wet soil)" Scenario, Exhibit C-2 of USEPA 2004. AF values are geometric mean values. 
SA values for children are from Exhibit C-1 of USEPA 2004. 
SA values for adult are mean values for males/females, presented in Exhibit C-1 of USEPA 2004. 

Residential Scenario 
Wetland Soil Exposures 

WAF = (719 + 822 + 423 + 1679) 

mg/cm2 

cm2 

cm2 

= 
= 
= 
= 

Total SA = 

= 

719 cm2 

822 cm2 

423 cm2 

1679 cm2 

3643 cm 2 

0.15 mg/cm 

Hands Forearms Face 
AF 0.656 0.015 0.004 
SA-<1 to <6 358 393 326 
SA <7 - <18 700 787 425 
SA-adult (18+) 904 1173 402 

Age-Weighted SA: 
Child Hands 
(<7) Forearms 

Face 
Lower legs 

Adult Hands 
(7-31) Forearms 

Face 
Lower legs 

CT & RM (415 * 0.656) + (459 * 0.015) + (343 * 0.004) + (810 * 0.026) 

CT (700 * 0.656) + (787 * 0.015) + (425 * 0.004) + (1610 * 0.026) 

Note: Used SA for <7 - <18 year age range (not age-weighted) to evaluate 7-9 year ED 

RME (811 * 0.656) + (996 * 0.015) + (413 * 0.004) + (2022 * 0.026)
Adult WAF = 

Adult WAF = 

Child WAF = 

Lower legs 
0.026 
650 

1610 
2370 

((700 * 1)/6) + ((358 * 5)/6) 
((787 * 1)/6) + ((393 * 5)/6) 
((425 * 1)/6) + ((326 * 5)/6) 
((1610 * 1)/6) + ((650 * 5)/6) 

((700 * 11)/24) + ((904 * 13)/24) 
((787 * 11)/24) + ((1173 * 13)/24) 
((425 * 11)/24) + ((402 * 13)/24) 
((1610 * 11)/24) + ((2370 * 13)/24) 

(811+ 996 + 413 + 2022)

(700 + 787 + 425 + 1610)

(415 + 459 + 343 + 810) 

mg/cm2 

cm2 

cm2 

cm2 

= 
= 
= 
= 

Total SA = 
= 
= 
= 
= 

Total SA = 

= 

= 

= 

Total SA = 3522 cm 2 

415 cm2 

459 cm2 

343 cm2 

810 cm2 

2026 cm 2* 

811 cm2 

996 cm2 

413 cm2 

2022 cm2 

4241 cm 2 

0.14 mg/cm 

0.15 mg/cm 

0.15 mg/cm 

Based on "Children Playing (wet soil)" Scenario, Exhibit C-2 of USEPA 2004. AF values are geometric mean values. 
SA values for children are from Exhibit C-1 of USEPA 2004. 
SA values for adult are mean values for males/females, presented in Exhibit C-1 of USEPA 2004.
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TABLE 3-17B 

VALUES USED FOR DAILY INTAKE CALCULATIONS
 
REASONABLE MAXIMUM EXPOSURE
 
Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Current/Future
 
Medium: Wetland Soil
 
Exposure Medium: Wetland Soil*
 

Exposure Route Receptor Receptor Exposure Parameter Parameter Definition Value Units Reference 
Population Age Point Code 

Incidental ingestion and Resident Child (1-6 years) Wetland Soil: EPC Exposure Point Concentration Chemical-specific mg/kg Chemical-specific 1. 

dermal contact (noncancer effects) Group 5 IRs Ingestion rate of soil-child, 1-6 yrs 200 mg/event USEPA, 1994 2 

IRs Ingestion rate of soil-adult 100 mg/event USEPA, 1999 2 

Child/Adult AF Skin-soil adherence factor-child 0.15 mg/cm² - event USEPA, 2004 3. 

(cancer effects) AF Skin-soil adherence factor-adult 0.14 mg/cm² - event USEPA, 2004 3. 

SA Skin surface area-child 2027 cm² USEPA, 2004 4. 

SA Skin surface area-adult 4242 cm² USEPA, 2004 4. 

EF Exposure Frequency 90 events/year Professional judgement 5 

EDnc Exposure Duration-child 6 years USEPA, 2004 6. 

EDc Exposure Duration-adult 24 years USEPA, 2004 6. 

BW Body weight, child 15 kg USEPA, 1994 7. 

BW Body weight, adult 70 kg USEPA, 1994 7. 

ATc Averaging Time-cancer 70 years USEPA, 1999 8 

ATnc Averaging Time-noncancer 6 years USEPA, 1989 9 

ABSd Dermal Absorption Fraction Chemical-specific unitless USEPA, 2004 10 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 1,000,000 mg/kg Constant 

Incidental ingestion and Trespasser / Youth Wetland Soil: EPC Exposure Point Concentration Chemical-specific mg/kg Chemical-specific 1 

dermal contact Recreational (8-18 years) Group 5 IRs Ingestion rate of soil 100 mg/event USEPA, 1999 11. 

User AF Skin-soil adherence factor 0.15 mg/cm2 - event USEPA, 2004 3. 

SA Skin surface area 3643 cm2 USEPA, 2004 4. 

EF Exposure Frequency 90 events/year Professional judgement 5 

ED Exposure Duration 11 years Professional judgement 6. 

BW Body weight 45 kg USEPA, 1999 7. 

ATc Averaging Time-cancer 70 years USEPA, 1999 8 

ATnc Averaging Time-noncancer 11 years USEPA, 1989 9 

ABSd Dermal Absorption Fraction Chemical-specific unitless USEPA, 2004 10 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 1,000,000 mg/kg Constant 

RME 
EX FACTOR Child/ 

Child Adult 
DC-C -- 1.15E-06 
DC-NC 4.96E-06 --
II-C -- 4.03E-07 
II-NC 3.29E-06 --

RME 
EX FACTOR 
Trespasser 
DC-C 4.55E-07 
DC-NC 2.90E-06 
II-C 8.61E-08 
II-NC 5.48E-07 

Average Daily Intake (ADI) Equations: 
ADIingestion (mg/kg-d) = EPC * IR * EF * ED * 1/BW * 1/AT * 1/C1 * 1/C2 

ADIdermal (mg/kg-d) = EPC * SA * AF * EF * ED * 1/BW * 1/AT * 1/C1 * 1/C2 * ABS d 

Note: Derivation of area-weighted soil-skin adherence factors is presented in Table 3-17a. 

Notes: 
1. EPCs for soil are based on the 95% upper confidence limit of the mean concentration or maximum detected concentration in wetland soil samples collected from the site. 

2. Daily soil ingestion rates (IRs) for adult and child are the default residential IRs from USEPA, 1994. 

3. The wetland soil AF is the geometric mean AF from the "children playing (wet soil)" study presented in USEPA, 2004 (Exhibit C-2). The AF for body parts assumed exposed hands, forearms, face and lower legs. 

4. Skin surface area (SA) is an age-weighted factor based on the surface area of males and females within each age category.  SA values for specific body parts are geometric mean values obtained from 
Exhibit C-2 of USEPA 2004. Parts of the body assumed exposed to wetland soil included hands, forearms, lower legs and face. Skin Surface areas are age-weighted to reflect age ranges of each receptor. 

5. Exposure frequency (EF) describes how often the exposure event occurs over a given period of time.  We assumed that residents and trespassers/recreational users would be exposed to wetland soil three days per week 
during the seven non-winter months when the ground is not frozen, or 90 days per year. 

6. Exposure duration for the resident is the recommended residential RME ED (EPA, 2004). The trespasser was assumed to be 8 through 18 years old, so an exposure period of 11 years was selected. 

7. Body weights for residential exposures are the recommended child and adult body weights presented in USEPA, 1989. Body weight for the trespasser is based on the mean body weights for boys and girls (8 through 18 years). From Table 7-3,  USEPA, 1999. 

8. The averaging time (ATc) is set equal to a lifetime (i.e., 70 years) when estimating cancer risk. This is the recommended lifetime in USEPA, 1999. 

9. The averaging time for noncancer effects (ATnc) is set equal to the exposure duration. 

10. Dermal ABS values were obtained from Exhibit 3-4 of USEPA, 2004. 

11. Daily adult soil ingestion rate is from Table 4-23 of USEPA, 1999. 

* Please refer to Tables 32 M & N and Tables 33 M & N for additional exposure parameters necessary to calculate risks associated with carcinogenic PAHs. 

References: 
USEPA, 2004. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) EPA/540/R/99/005, July 2004. 

USEPA, 1999. US EPA Exposure Factors Handbook EPA/600/C-99/001, February 1999. 

USEPA, 1994. Risk Updates: No 2. USEPA Region 1, Waste Management Division, August 1994. 

USEPA, 1989. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual. (EPA/540/1-89/002). 
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TABLE 3-18A 

Scenario Timeframe: 
Medium: 
Exposure Medium: 

Current/Future 
Soil (upland) 
Fugitive Dust 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
CENTRAL TENDENCY 

Remedial Investigation and Feasibility Study 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Exposure Route Receptor 
Population 

Receptor 
Age 

Exposure 
Point 

Parameter 
Code 

Parameter Definition Value Units Reference 

Inhalation Facility 
Worker 

Adult Soil: 
Group 3 
Group 4 

EPC 
EF 
ET 
ED 
ATc 

ATnc 

C1 
C2 

Exposure Point Concentration 
Exposure Frequency 
Exposure Time 
Exposure Duration 
Averaging Time-cancer 
Averaging Time-noncancer 
Units Conversion Factor 
Units Conversion Factor 

Chemical-specific 
150 

8 
6.6 
70 
6.6 
365 
24 

mg/m3 

events/year 
hours/event 

years 
years 
years 

days/year 
hours/day 

Chemical-specific 
USPEPA, 1994 

Professional judgement 
USEPA, 1999 
USEPA, 1999 
USEPA, 1989 

Constant 
Constant 

1 

2 

3 

4 

5 

6 

Inhalation Construction 
Worker 

Adult Soil: 
Group 3 
Group 4 

EPC 
EF 
ET 
ED 
ATc 

ATnc 

C1 
C2 

Exposure Point Concentration 
Exposure Frequency 
Exposure Time 
Exposure Duration 
Averaging Time-cancer 
Averaging Time-noncancer 
Units Conversion Factor 
Units Conversion Factor 

Chemical-specific 
130 

8 
1 

70 
1 

365 
24 

mg/m3 

events/year 
hours/event 

year 
years 
year 

days/year 
hours/day 

Chemical-specific 
Professional judgement 
Professional judgement 
Professional judgement 

USEPA, 1999 
USEPA, 1989 

Constant 
Constant 

1 

7 

3 

7 

5 

6 

Average Daily Exposure (ADE) Equations: 
ADIinhalation (mg/m

3) = EPC * EF * ET * ED * 1/AT * 1/C1 * 1/C2 
Where : EPC = Soil EPC (mg/kg) * (1/PEF (m³/kg) + 1/VF (m³/kg)) 

PEF = Particulate Emission Factor, EPA default of 1.36 x 109 m³/kg (EPA 1996). 
VF = Volatilization Factor. Chemical-specific. 

Notes: 
1. EPCs for outdoor particulates were estimated from soil EPCs using the default particulate emission factor (PEF) provided in USEPA, 2002. Additionally, volatile emissions from soil were estimated using a chemical-specific 


volatilization factor.
 

2. Exposure frequency (EF) describes how often the exposure event occurs over a given period of time. We assumed that facility workers could be exposed to soil 150 days per year, in accordance with USEPA Region 1 guidance (USEPA 1994). 

3. The exposure time (ET) describes how long each individual exposure event might last. For inhalation of outdoor particulates and volatiles, exposure time is assumed to be 8 hours/day (a typical work day). 

4. The exposure duration (ED) for facility workers was assumed to be 6.6 years. This value represents the median occupational tenure for adult workers. Obtained from Table 15-158 of USEPA, 1999. 

5. The averaging time (AT) is set equal to a lifetime (i.e., 70 years) when estimating cancer risk. This is the recommended lifetime in USEPA, 1999. 

6. The averaging time for noncancer effects is set equal to the exposure duration. 

7. It was assumed that construction workers would be exposed to contaminants in soil for 5 days per week for six months, during a one-year period of site redevelopment work. 

References: 
USEPA, 2004. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) EPA/540/R/99/005, July 2004.
 
USEPA, 2002. US EPA Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites OSWER 9355.4-24, December 2002.
 
USEPA, 1999. US EPA Exposure Factors Handbook EPA/600/C-99/001, February 1999.
 
USEPA, 1996. Soil Screening Guidance: Technical Background Document. Office of Emergency and Remedial Response: Washington, D.C. (EPA/540/R-95/128).
 
USEPA, 1994. Risk Updates: No 2. USEPA Region 1, Waste Management Division, August 1994.
 
USEPA, 1989. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual. (EPA/540/1-89/002).
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TABLE 3-18B 

Scenario Timeframe: 
Medium: 
Exposure Medium: 

Current/Future 
Soil (upland) 
Fugitive Dust 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Exposure Route Receptor 
Population 

Receptor 
Age 

Exposure 
Point 

Parameter 
Code 

Parameter Definition Value Units Reference 

Inhalation Facility 
Worker 

Adult Soil: 
Group 3 
Group 4 

EPC 
EF 
ET 
ED 
ATc 

ATnc 

C1 
C2 

Exposure Point Concentration 
Exposure Frequency 
Exposure Time 
Exposure Duration 
Averaging Time-cancer 
Averaging Time-noncancer 
Units Conversion Factor 
Units Conversion Factor 

Chemical-specific 
150 

8 
25 
70 
25 

365 
24 

mg/m3 

events/year 
hours/event 

years 
years 
years 

days/year 
hours/day 

Chemical-specific 
USEPA, 1994 
USEPA, 2004 
USEPA, 2004 
USEPA, 1999 
USEPA, 1989 

Constant 
Constant 

1 

2 

3 

4 

5 

6 

Inhalation Construction 
Worker 

Adult Soil: 
Group 3 
Group 4 

EPC 
EF 
ET 
ED 
ATc 

ATnc 

C1 
C2 

Exposure Point Concentration 
Exposure Frequency 
Exposure Time 
Exposure Duration 
Averaging Time-cancer 
Averaging Time-noncancer 
Units Conversion Factor 
Units Conversion Factor 

Chemical-specific 
130 

8 
1 

70 
1 

365 
24 

mg/m3 

events/year 
hours/event 

years 
years 
years 

days/year 
hours/day 

Chemical-specific 
Professional judgement 
Professional judgement 
Professional judgement 

USEPA, 1999 
USEPA, 1989 

Constant 
Constant 

1 

7 

3 

7 

5 

6 

Average Daily Exposure (ADE) Equations: 
ADIinhalation (mg/m

3) = EPC * EF * ET * ED * 1/AT * 1/C1 * 1/C2 
Where : EPC = Soil EPC (mg/kg) * (1/PEF (m³/kg) + 1/VF (m³/kg)) 

PEF = Particulate Emission Factor, EPA default of 1.36 x 109 m³/kg (EPA 1996). 
VF = Volatilization Factor. Chemical-specific. 

Notes: 
1. EPCs for outdoor particulates were estimated from soil EPCs using the default particulate emission factor (PEF) provided in USEPA, 2002. Additionally, volatile emissions from soil were estimated using a chemical-specific 


volatilization factor.
 

2. Exposure frequency (EF) describes how often the exposure event occurs over a given period of time. We assumed that facility workers could be exposed to soil 150 days per year, in accordance with USEPA Region 1 guidance (USEPA 1994). 

3. The exposure time (ET) describes how long each individual exposure event might last. For inhalation of outdoor particulates and volatiles, exposure time is 8 hours/day (a typical work day). 

4. The exposure duration (ED) for facility workers was assumed to be 25 years, which is the RME value in Exhibit 3-5, USEPA, 2004.  

5. The averaging time (AT) is set equal to a lifetime (i.e., 70 years) when estimating cancer risk. This is the recommended lifetime in USEPA, 1999. 

6. The averaging time for noncancer effects is set equal to the exposure duration. 

7. It was assumed that construction workers would be exposed to contaminants in soil for 5 days per week for six months, during a one-year period of site redevelopment work. 

References: 
USEPA, 2004. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) EPA/540/R/99/005, July 2004.
 
USEPA, 2002. US EPA Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites OSWER 9355.4-24, December 2002.
 
USEPA, 1999. US EPA Exposure Factors Handbook EPA/600/C-99/001, February 1999.
 
USEPA, 1996. Soil Screening Guidance: Technical Background Document. Office of Emergency and Remedial Response: Washington, D.C. (EPA/540/R-95/128).
 
USEPA, 1989. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual. (EPA/540/1-89/002).
 
USEPA, 1994. Risk Updates: No 2. USEPA Region 1, Waste Management Division, August 1994.
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TABLE 3-19A 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
CENTRAL TENDENCY 

Remedial Investigation and Feasibility Study 

Scenario Timeframe: 
Medium: 
Exposure Medium: 

Future 
Groundwater 
Groundwater/Surface Water 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Exposure Route Receptor 
Population 

Receptor 
Age 

Exposure 
Point 

Parameter 
Code 

Parameter Definition Value Units Reference 

Ingestion of potable Facility Adult Group 3 EPC Exposure Point Concentration Chemical-specific mg/L Chemical-specific 1 

water Worker Group 4 IRs Ingestion rate of drinking water 0.7 L/day Professional judgement 2 

EF Exposure Frequency 219 days/year USEPA, 2004 3 

ED Exposure Duration 6.6 years USEPA, 1999 4 

BW Body weight 70 kg USEPA, 1994 5 

ATc Averaging Time-cancer 70 years USEPA, 1999 6 

ATnc Averaging Time-noncancer 6.6 years USEPA, 1989 7 

C1 Units Conversion Factor 365 days/year Constant 
Dermal contact with Facility Adult Group 3 EPC Exposure Point Concentration Chemical-specific mg/L Chemical-specific 1 

Potable Water Worker Group 4 DAe Absorbed dose per event Chemical-specific mg/cm2-event Calculated 
Kp Permeability coeffiecient Chemical-specific cm/h USEPA, 2004 8 

FA Fraction Absorbed Chemical-specific Dimensionless USEPA, 2004 8 

BW Body weight 70 kg USEPA, 1994 5 

SA Skin surface area 2077 cm2 USEPA, 2004 9 

EV Event Frequency 8 events/day Professional judgement 10 

EF Exposure Frequency 219 days/year USEPA, 2004 3 

ED Exposure Duration 6.6 years USEPA, 1999 4 

tauevent Lag time per event Chemical-specific hours/event USEPA, 2004 8 

te Event duration 0.003 hours/event Professional judgement 10 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 0.001 L/cm3 Constant 
ATc Averaging Time-cancer 70 years USEPA, 1989 6 

ATnc Averaging Time-noncancer 6.6 years USEPA, 1989 7 

Dermal contact with Construction Adult Group 3 EPC Exposure Point Concentration Chemical-specific mg/L Chemical-specific 1 

Groundwater Worker Group 4 DAe Absorbed dose per event Chemical-specific mg/cm2-event Calculated 
Kp Permeability coeffiecient Chemical-specific cm/h USEPA, 2004 8 

FA Fraction Absorbed Chemical-specific Dimensionless USEPA, 2004 8 

BW Body weight 70 kg USEPA, 1994 5 

SA Skin surface area 2077 cm2 USEPA, 2004 9 

EV Event Frequency 1 events/day Professional judgement 11 

EF Exposure Frequency 52 days/year Professional judgement 11 

ED Exposure Duration 1 years Professional judgement 11 

tauevent Lag time per event Chemical-specific hours/event USEPA, 2004 8 

te Event duration 0.5 hours/event Professional judgement 11 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 0.001 L/cm3 Constant 
ATc Averaging Time-cancer 70 years USEPA, 1989 6 

ATnc Averaging Time-noncancer 1 years USEPA, 1989 7 

Ingestion of potable Resident Child (1-6 years) Groups 1-2 EPC Exposure Point Concentration Chemical-specific mg/L Chemical-specific 1 

water (noncancer effects) Groups 3-6 IRs Ingestion rate of drinking water, 1-9 years 0.7 L/day USEPA, 1999 12 

EF Exposure Frequency 350 days/year USEPA, 2004 13 

Child (1-9 years) EDnc Exposure Duration-child 6 years USEPA, 1999 14 

(cancer effects) EDc Exposure Duration-adult 3 years USEPA, 1999 14 

BW Body weight, 1-6 years 15 kg USEPA, 1999 15 

BW Body weight, 7-9 years 28 kg USEPA, 1999 15 

ATc Averaging Time-cancer 70 years USEPA, 1989 6 

ATnc Averaging Time-noncancer 6 years USEPA, 1989 7 

C1 Units Conversion Factor 365 days/year Constant 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran 
\\Andover\projects\210517 Sutton Brook\wip\Human Health Risk Assessment\exposure parameter tables 2006.xls Page 1 of 3 May 2007 



    

TABLE 3-19A Continued 

Scenario Timeframe: 
Medium: 
Exposure Medium: 

Future 
Groundwater 
Groundwater/Surfacewater 

Exposure Route Receptor 
Population 

Receptor 
Age 

Exposure 
Point 

Parameter 
Code 

Parameter Definition Value Units Reference 

Dermal contact with Resident Child (1-6 years) Groups 1-2 EPC Exposure Point Concentration Chemical-specific mg/L Chemical-specific 1 

potable water (i.e., showering) (noncancer effects) Groups 3-6 DAe Absorbed dose per event Chemical-specific mg/cm2-event Calculated 
Kp Permeability coeffiecient Chemical-specific cm/h USEPA, 2004 8 

Older child (1-9 years) FA Fraction Absorbed Chemical-specific Dimensionless USEPA, 2004 8 

(cancer effects) BW Body weight, 1-6 years 15 kg USEPA, 1999 15 

BW Body weight, 7-9 years 28 kg USEPA, 1999 15 

SA Skin surface area, 1-6 years 6600 cm2 USEPA, 2004 16 

SA Skin surface area, 7-9 years 9972 cm2 USEPA, 2004 16 

EV Event Frequency 1 events/day USEPA, 2004 13 

EF Exposure Frequency 350 days/year USEPA, 2004 13 

EDnc Exposure Duration-child 6 years USEPA, 1999 14 

EDc Exposure Duration-older child 3 years USEPA, 1999 14 

tauevent Lag time per event Chemical-specific hours/event USEPA, 2004 8 

te Event duration 0.33 hours/event USEPA, 2004 13 

B Ratio of permeability coefficients, stratum 
corneum to viable epidermis Chemical-specific Dimensionless USEPA, 2004 8 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 0.001 L/cm3 Constant 
ATc Averaging Time-cancer 70 years USEPA, 1989 6 

ATnc Averaging Time-noncancer 6 years USEPA, 1989 7 

Dermal contact Trespasser/ Youth Groups 5 & 6 EPC Exposure Point Concentration Chemical-specific mg/L Chemical-specific 17 

(surface water) Future Site (Ages 8-18 years) DAe Absorbed dose per event Chemical-specific mg/cm2-event Calculated 
Recreational User Kp Permeability coeffiecient Chemical-specific cm/h USEPA, 2004 8 

FA Fraction Absorbed Chemical-specific Dimensionless USEPA, 2004 8 

BW Body weight 45 kg USEPA, 1999 18 

SA Skin surface area 4194 cm2 USEPA, 2004 19 

EV Event Frequency 1 events/day Professional judgement 20 

EF Exposure Frequency 90 days/year Professional judgement 20 

ED Exposure Duration 11 years Professional judgement 21 

tauevent Lag time per event Chemical-specific hours/event USEPA, 2004 8 

te Event duration 1 hours/event Professional judgement 22 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 0.001 L/cm3 Constant 
ATc Averaging Time-cancer 70 years USEPA, 1989 6 

ATnc Averaging Time-noncancer 11 years USEPA, 1989 7 

Dermal contact Future Site Child (1-6 years) Groups 5 & 6 EPC Exposure Point Concentration Chemical-specific mg/L Chemical-specific 17 

(surface water) Resident (noncancer effects) DAe Absorbed dose per event Chemical-specific mg/cm2-event Calculated 
Older child (1-9 years) Kp Permeability coeffiecient Chemical-specific cm/h USEPA, 2004 8 

(cancer effects) FA Fraction Absorbed Chemical-specific Dimensionless USEPA, 2004 8 

BW Body weight, child 15 kg USEPA, 1999 15 

BW Body weight, older child 28 kg USEPA, 1999 15 

SA Skin surface area, child 2218 cm2 USEPA, 2004 19 

SA Skin surface area, older child 4046 cm2 USEPA, 1999 19 

EV Event Frequency 1 events/day Professional judgement 20 

EF Exposure Frequency 90 days/year Professional judgement 20 

ED Exposure Duration-child 6 years USEPA, 1999 14 

ED Exposure Duration-older child 3 USEPA, 1999 14 

tauevent Lag time per event Chemical-specific hours/event USEPA, 2004 8 

te Event duration 1 hours/event Professional judgement 22 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 0.001 L/cm3 Constant 
ATc Averaging Time-cancer 70 years USEPA, 1989 6 

ATnc Averaging Time-noncancer 13 years USEPA, 1989 7 
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TABLE 3-19A Continued 

Average Daily Intake (ADI) Equations: 
ADIingestion (mg/kg-d) = EPC * IR * EF * ED * 1/BW * 1/AT * 1/C1 

ADIdermal (mg/kg-d) = DA event * EV * EF * ED * SA * 1/BW * 1/AT * 1/C1 

where for inorganics: DA event (mg/cm2-event)= EPC * Kp * te * CF2 
where for organics: DA event = EPC * 2 FA * Kp * C2 * SQRT{(6 * tau-event * t-e)/pi} 

(short-duration exposures) 
and DA event = EPC * FA * Kp * C2 * [ (t-event/1 + B) + 2 tau-event {(1 + 3 B + 3 B2)/(1 + B)2} ] 
(long-duration exposures) 
Note: The DA "exposure factor" (DAevent not including the EPC) is presented on Table 3-22c. 

Notes: 
1. EPCs are the maximum groundwater concentration in each exposure point. 

2. Since the facility worker represents a non-residential, adult exposure, we used one-half of the 50th percentile drinking water ingestion rate for adults (1.4 L/day; Table 3-30; USEPA, 1999) for this exposure scenario, assuming that a facility worker spends 

only a portion of the day at the site and, accordingly, would not ingest the full daily allotment for adults.
 

3. Exposure Frequency (EF) describes how often the exposure event occurs over a given period of time. The exposure frequency is the recommended central tendency (CT) value for industrial scenarios, from Exhibit 3-5, USEPA, 2004. 

4. The exposure duration (ED) for facility workers was assumed to be 6.6 years. This value represents the median occupational tenure for adult workers, as recommended in Table 15-158 of USEPA, 1999. 

5. Body weight (BW) is the adult body weight presented in USEPA, 1994. 

6. The averaging time (AT) is set equal to a lifetime (i.e., 70 years) when estimating cancer risk. This is the recommended lifetime in USEPA, 1999.c

7. The averaging time for noncancer effects (AT) is set equal to the exposure duration.nc

8. Chemical-specific absorption coefficients/factors were obtained from USEPA, 2004. 

9. Skin surface area (SA) for both the facility and construction worker scenarios was based on the mean SA for hands and forearms, from USEPA, 2004. 

10. Handwashing frequency and event duration values were based on information provided by the Centers for Disease Control (CDC) and Prevention (CDC, 2002) and USEPA, 1999.  	USEPA (1999) also provides statistics on handwashing frequency in the United States.  
We assumed that a facility worker would wash his hands once per hour (or 8 times per day) under the CT scenario. Information provided by the CDC indicates an average observed handwashing time of 7-10 seconds among hospital workers, which we assumed would also 
reflect average handwashing habits among United States residents. The CDC recommends washing hands a minimum of 15 seconds (CDC, 2002). For the central tendency exposure scenario, we assumed that a facility worker spent 10 seconds per hand washing event. 

11. It was assumed that construction workers would be present at the site during a one-year period of site redevelopment work. Because OSHA mandates dewatering in excavation pits or trenches, construction workers were assumed to contact groundwater only while 

setting up or dismantling dewatering equipment at the beginning and ending of a work week (or 52 events per year, for six months of one year), for one-half hour per exposure event.
 

12. Drinking water ingestion rate is based on the 50th percentile tapwater intake rate for males and females within the 1-10 year age category. From Ershow and Cantor, 1989, as cited in Table 3-30, USEPA, 1999). 

13. These are the recommended exposure values for central tendency residential scenarios, as indicated in Exhibit 3-2, USEPA 2004. 

14. We evaluated a nine year exposure duration, which is the EPA-recommended ED for central tendency residential scenarios (USEPA, 1999). The ED is divided into two age groups: child, ages 1-6, which we use to evaluate
 
noncancer effects; and child, ages 7-9. Both age groups are considered collectively to evaluate cancer effects over the entire ED.
 

15. Body weight (BW) for the young child is the default value provided in USEPA, 1994. Body weight for the older child is the mean body weight for males and females ages 7-9 years, from Table 7-3 of USEPA 1999. 

16. Skin surface area for the child (1-6 years) is the recommended SA for central tendency residential scenarios, as indicated in Exhibit 3-2 of USEPA, 2004. SA for the 7-9 year old was calculated based on the 50th percentile total SA 

for both sexes within the age range, in USEPA 1999.
 

17. Surface water exposure point concentration is either the maximum detected concentration or 95% UCL concentration. 

18. Body weight (BW) is based on the mean body weights for boys and girls (8 through 18 years) from US EPA Exposure Factors Handbook EPA/600/C-99/001, February 1999, Table 7-3. The mean body weight for each age category was
 
averaged to calculate the body weight.
 

19. Skin surface areas for the trespasser and resident are based on the body part-specific surface area calculations for males and females within each age range, from US EPA, 2004. Parts of the body assumed to be exposed include hands, forearms, feet and lower legs. 

20. It was assumed that a trespasser or area resident would be exposed to contaminants in surface water for 3 days per week during the 7 non-winter months. 

21. The trespasser was assumed to be 8 through 18 years old, so an exposure period of 11 years was selected. 

22. We assumed that a trespasser or resident would be present at the site for only one hour per exposure event. 

References: 
USEPA, 1999. US EPA Exposure Factors Handbook EPA/600/C-99/001, February 1999.
 
USEPA, 2004. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) EPA/540/R/99/005, July 2004.
 
USEPA, 1989. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual. (EPA/540/1-89/002).
 
USEPA, 2002. US EPA Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites OSWER 9355.4-24, December 2002.
 
Center for Disease Control (CDC). 2002. Guideline for Hand Hygiene in Health-Care Settings: Recommendations of the Healthcare Infection Control Practices Advisory Committee 


and the ICPAC/SHEA/APIC/IDSA Hand Hygiene Task Force. Morbidity and Mortality Weekly Report. October 25, 2002 / Vol. 51 / No. RR-16. 
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TABLE 3-19B 

VALUES USED FOR DAILY INTAKE CALCULATIONS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater/Surface Water 

Exposure Route Receptor 
Population 

Receptor 
Age 

Exposure 
Point 

Parameter 
Code 

Parameter Definition Value Units Reference 

Ingestion of potable Facility Adult Group 3 EPC Exposure Point Concentration Chemical-specific mg/L Chemical-specific 1 

water Worker Group 4 IRs Ingestion rate of drinking water 1.15 L/day Professional judgment 2 

EF Exposure Frequency 250 days/year USEPA, 2004 3 

ED Exposure Duration 25 years USEPA, 2004 4 

BW Body weight 70 kg USEPA, 1994 5 

ATc Averaging Time-cancer 70 years USEPA, 1999 6 

ATnc Averaging Time-noncancer 25 years USEPA, 1989 7 

C1 Units Conversion Factor 365 days/year Constant 
Dermal contact with Facility Adult Group 3 EPC Exposure Point Concentration Chemical-specific mg/L Chemical-specific 1 

Potable Water Worker Group 4 DAe Absorbed dose per event Chemical-specific mg/cm2-event Calculated 
Kp Permeability coefficient Chemical-specific cm/h USEPA, 2004 8 

FA Fraction Absorbed Chemical-specific Dimensionless USEPA, 2004 8 

BW Body weight 70 kg USEPA, 1994 5 

SA Skin surface area 2077 cm2 USEPA, 2004 9 

EV Event Frequency 16 events/day Professional judgment 10 

EF Exposure Frequency 250 days/year USEPA, 1999 3 

ED Exposure Duration 25 years USEPA, 1999 4 

tauevent Lag time per event Chemical-specific hours/event USEPA, 2004 8 

te Event duration 0.01 hours/event Professional judgment 10 

C1 Units Conversion Factor 365.00 days/year Constant 
C2 Units Conversion Factor 0.001 L/cm3 Constant 
ATc Averaging Time-cancer 70 years USEPA, 1999 6 

ATnc Averaging Time-noncancer 25 years USEPA, 1989 7 

Dermal contact with Construction Adult Group 3 EPC Exposure Point Concentration Chemical-specific mg/L Chemical-specific 1 

Groundwater Worker Group 4 DAe Absorbed dose per event Chemical-specific mg/cm2-event Calculated 
Kp Permeability coefficient Chemical-specific cm/h USEPA, 2004 8 

FA Fraction Absorbed Chemical-specific Dimensionless USEPA, 2004 8 

BW Body weight 70 kg USEPA, 1994 5 

SA Skin surface area 2077 cm2 USEPA, 2004 9 

EV Event Frequency 1 events/day Professional judgment 11 

EF Exposure Frequency 130 days/year Professional judgment 11 

ED Exposure Duration 1 years Professional judgment 11 

tauevent Lag time per event Chemical-specific hours/event USEPA, 2004 8 

te Event duration 0.5 hours/event Professional judgment 11 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 0.001 L/cm3 Constant 
ATc Averaging Time-cancer 70 years USEPA, 1999 6 

ATnc Averaging Time-noncancer 1 years USEPA, 1989 7 

Ingestion of potable Resident Child (1-6 years) Groups 1-2 EPC Exposure Point Concentration Chemical-specific mg/L Chemical-specific 1 

water (noncancer effects) Groups 3-6 IRs Ingestion rate of drinking water, 1-6 years 1.3 L/day USEPA, 1999 12 

IRs Ingestion rate of drinking water, 7-31 years 1.98 L/day USEPA, 1994 13 

Child/adult (1-31 years) EF Exposure Frequency 350 days/year USEPA, 2004 14 

(cancer effects) EDnc Exposure Duration-child 6 years USEPA, 1999 15 

EDc Exposure Duration-adult 24 years USEPA, 1999 15 

BW Body weight, child 15 kg USEPA, 1994 16 

BW Body weight, adult 70 kg USEPA, 1994 16 

ATc Averaging Time-cancer 70 years USEPA, 1999 6 

ATnc Averaging Time-noncancer 6 years USEPA, 1989 7 

C1 Units Conversion Factor 365 days/year Constant 

RME 
EXP FACTOR 
FW-ING 
DWI-C 4.02E-03 
DWI-NC 1.13E-02 

note dermal units!!! Need to calc DA sep 
RME 
EXP FACTOR 
FW-DCW 
DC-C 1.16E+02 ev-cm2 /d-kg 
DC-NC 3.25E+02 

hands and lower arms, adult 
Assumed 3 times/hour 

assumed 20 seconds per han 

note dermal units!!! Need to calc DA sep 
RME 
EXP FACTOR 
CW-DCW 
DC-C 1.51E-01 ev-cm2 /d-kg 
DC-NC 1.06E+01 

hands and lower arms, adult 

RME 
EXP FACTOR 
RES-DWI 
DWI NC 0.08310502 child 
DWI C 0.01639922 child/adult 
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TABLE 3-19B Continued 
Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater/Surface Water 

note dermal units!!! Need to calc DA sep 
Exposure Route Receptor 

Population 
Receptor 

Age 
Exposure 

Point 
Parameter 

Code 
Parameter Definition Value Units Reference 

Dermal contact with Resident Child (1-6 years) Groups 1-2 EPC Exposure Point Concentration Chemical-specific mg/L Chemical-specific 1 

potable water (i.e., showering) (noncancer effects) Groups 3-6 DAe Absorbed dose per event Chemical-specific mg/cm2-event Calculated 
Kp Permeability coefficient Chemical-specific cm/h USEPA, 2004 8 

Child/adult FA Fraction Absorbed Chemical-specific Dimensionless USEPA, 2004 8 

(cancer effects) BW Body weight, child 15 kg USEPA, 1999 16 

BW Body weight, adult 70 kg USEPA, 1994 16 

SA Skin surface area, 1-6 years 6600 cm2 USEPA, 2004 17 

SA Skin surface area, 7-31 years 18000 cm2 USEPA, 2004 17 

EV Event Frequency 1 events/day USEPA, 2004 14 

EF Exposure Frequency 350 days/year USEPA, 2004 14 

EDnc Exposure Duration-child 6 years USEPA, 1999 15 

EDc Exposure Duration-adult 24 years USEPA, 1999 15 

tauevent Lag time per event Chemical-specific hours/event USEPA, 2004 8 

te Event duration, 1-6 years 1 hours/event USEPA, 2004 14 

te Event duration, 7-31 years 0.58 hours/event USEPA, 2004 14 

B Ratio of permeability coefficients, stratum corneum to 
viable epidermis Chemical-specific Dimensionless USEPA, 2004 8 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 0.001 L/cm3 Constant 
ATc Averaging Time-cancer 70 years USEPA, 1999 6 

ATnc Averaging Time-noncancer 6 years USEPA, 1989 7 

Dermal contact Trespasser/ Youth Groups 5 & 6 EPC Exposure Point Concentration Chemical-specific mg/L Chemical-specific 18 

(surface water) Future Site (Ages 8-18 years) DAe Absorbed dose per event Chemical-specific mg/cm2-event Calculated 
Recreational User Kp Permeability coefficient Chemical-specific cm/h USEPA, 2004 8 

FA Fraction Absorbed Chemical-specific Dimensionless USEPA, 2004 8 

BW Body weight 45 kg USEPA, 1999 19 

SA Skin surface area 4194 cm2 USEPA, 2004 20 

EV Event Frequency 1 events/day Professional judgment 21 

EF Exposure Frequency 90 days/year Professional judgment 21 

ED Exposure Duration 11 years Professional judgment 22 

tauevent Lag time per event Chemical-specific hours/event USEPA, 2004 8 

te Event duration 1 hours/event Professional judgment 23 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 0.001 L/cm3 Constant 
ATc Averaging Time-cancer 70 years USEPA, 1999 6 

ATnc Averaging Time-noncancer 11 years USEPA, 1989 7 

Dermal contact Future Site Child (1-6 years) Groups 5 & 6 EPC Exposure Point Concentration Chemical-specific mg/L Chemical-specific 18 

(surface water) Resident (noncancer effects) DAe Absorbed dose per event Chemical-specific mg/cm2-event Calculated 
Kp Permeability coefficient Chemical-specific cm/h USEPA, 2004 8 

Child/adult FA Fraction Absorbed Chemical-specific Dimensionless USEPA, 2004 8 

(cancer effects) BW Body weight, child 15 kg USEPA, 1994 16 

BW Body weight, adult 70 kg USEPA, 1994 16 

SA Skin surface area, child 2218 cm2 USEPA, 2004 20 

SA Skin surface area, adult 4927 cm2 USEPA, 2004 20 

EV Event Frequency 1 events/day Professional judgment 21 

EF Exposure Frequency 90 days/year Professional judgment 21 

ED Exposure Duration-child 6 years USEPA, 1999 15 

ED Exposure Duration-adult 24 years USEPA, 1999 15 

tauevent Lag time per event Chemical-specific hours/event USEPA, 2004 8 

te Event duration 1 hours/event Professional judgment 23 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 0.001 L/cm3 Constant 
ATc Averaging Time-cancer 70 years USEPA, 1999 6 

ATnc Averaging Time-noncancer 6 years USEPA, 1989 7 

RME 
EXP FACTOR 
RES-DCW 
DC-C 120.704501 
DC-NC 421.917808 

note dermal units!!! Need to calc DA sep 
RME 
EXP FACTOR 
TRES-DC_SW 
DC-C 3.61E+00 ev-cm2 /d-kg 
DC-NC 2.30E+01 

note dermal units!!! Need to calc DA sep 
RME 
EXP FACTOR 
RES-DC_SW 
DC-C 9.07558289 
DC-NC 36.460274 
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TABLE 3-19B Continued 

Average Daily Intake (ADI) Equations: 
ADIingestion (mg/kg-d) = EPC * IR * EF * ED * 1/BW * 1/AT * 1/C1 

ADIdermal (mg/kg-d) = DA event * EV * EF * ED * SA * 1/BW * 1/AT * 1/C1 
where for inorganics: DA event (mg/cm2-event)= EPC * Kp * te * C2 

where for organics: DA event = EPC * 2 FA * Kp * C2 * SQRT{(6 * tau-event * t-e)/pi} 
(short-duration exposures) 
and DA event = EPC * FA * Kp * C2 * [ (t-event/1 + B) + 2 tau-event {(1 + 3 B + 3 B2)/(1 + B)2} ] 
(long-duration exposures) 

Note: The DA "exposure factor" (DAevent not including the EPC) is presented on Table 3-22c. 
Notes:	 hands, lower arms, feet, low 

1. EPCs are the maximum groundwater concentration in each exposure point. 

2. Since the facility worker represents a non-residential, adult exposure, we used one-half of the RME drinking water ingestion rate (2.3 L/day), which is the 90th percentile ingestion rate  	for adults (Table 3-30; USEPA, 1999), for this exposure scenario, assuming 

that a facility worker spends only a portion of the day at the site and, accordingly, would not ingest the full daily allotment for adults.
 

3. Exposure Frequency (EF) describes how often the exposure event occurs over a given period of time. The exposure frequency is the default EF for industrial RME scenarios, in USEPA, 2004. 

4. The exposure duration (ED) for facility workers was assumed to be 25 years, which is the RME value in Exhibit 3-5, USEPA, 2004.  

5. Body weight (BW) is the adult body weight presented in USEPA, 1994. 

6. The averaging time (AT) is set equal to a lifetime (i.e., 70 years) when estimating cancer risk. This is the recommended lifetime in USEPA, 1999.c

7. The averaging time for noncancer effects (AT) is set equal to the exposure duration.nc

8. Chemical-specific dermal absorption coefficients/factors were obtained from USEPA, 2004. 

9. Skin surface area (SA) for both the facility and construction worker scenarios was based on the mean SA for hands and forearms, from USEPA, 2004. 

10. Handwashing frequency and event duration values were based on information provided by the Centers for Disease Control (CDC) and Prevention (CDC, 2002) and USEPA, 1999.  	USEPA (1999) also provides statistics on handwashing frequency in the United States.  

We assumed that a facility would wash his hands twice per hour (or 16 times per day) under the RME scenario. Information provided by the CDC indicates an average observed handwashing time of 7-10 seconds among hospital workers, which we assumed would also
 
reflect average handwashing habits among United States residents. The CDC recommends washing hands a minimum of 15 seconds (CDC, 2002). For the RME scenario, we assumed that a facility worker spent 20 seconds per hand washing event. 


11. It was assumed that construction workers would be present at the site during a one-year period of site redevelopment work. Because OSHA mandates dewatering in excavation pits or trenches, construction workers were assumed to contact groundwater only while 

setting up or dismantling dewatering equipment at the beginning and ending of a work week (or 52 events per year, for six months of one year), for one-half hour per exposure event.
 

12. Drinking water ingestion rate is based on the 90th percentile ingestion rate for children ages 1-10 yrs (Ershow and Cantor, 1989, as cited in Table 3-30, USEPA, 1999). 

13. Daily drinking water ingestion rate is based on the 90th percential tapwater intake rate for males and females within age categories 11-19 (conservatively used for the 7-19 age range) and 20 through 30 years. From Ershow and Cantor, 1989, as cited in Table 3-30, EPA 1999. 

14. These are the recommended exposure values for RME residential scenarios, as indicated in Exhibit 3-2, USEPA 2004. 

15. We evaluated a thirty year exposure duration, which is the EPA-recommended ED for RME residential scenarios (USEPA, 1999). The ED is divided into two age groups: child, ages 1-6, which we use to evaluate
 
noncancer effects; and child/adult, ages 7-31. Both age groups are considered collectively to evaluate cancer effects over the entire ED.
 

16. Body weight (BW) is the default value provided in USEPA, 1994. 

17. Skin surface areas are the recommended SAs for RME residential scenarios, as indicated in Exhibit 3-2 of USEPA, 2004. 

18. Surface water exposure point concentration is either the maximum detected concentration or 95% UCL concentration. 

19. Body weight (BW) is based on the mean body weights for boys and girls (8 through 18 years) from US EPA Exposure Factors Handbook EPA/600/C-99/001, February 1999, Table 7-3. The mean body weight for each age category was
 
averaged to calculate the body weight.
 

20. Skin surface areas for the resident and trespasser are based on the body part-specific surface area calculations for males and females within each age range, from US EPA, 2004. Parts of the body assumed to be exposed include hands, forearms, feet and lower legs. 

21. We assumed that a trespasser or area resident would be exposed to contaminants in surface water for 3 days per week during the 7 non-winter months. 

22. The trespasser was assumed to be 8 through 18 years old, so an exposure period of 11 years was selected. 

23. We assumed that a trespasser or resident would be present at the site for only one hour per exposure event. 

References: 
USEPA, 1999. US EPA Exposure Factors Handbook EPA/600/C-99/001, February 1999.
 
USEPA, 2004. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) EPA/540/R/99/005, July 2004.
 
USEPA, 1989. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual. (EPA/540/1-89/002).
 
USEPA, 2002. US EPA Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites OSWER 9355.4-24, December 2002.
 
Center for Disease Control (CDC). 2002. Guideline for Hand Hygiene in Health-Care Settings: Recommendations of the Healthcare Infection Control Practices Advisory Committee 


and the ICPAC/SHEA/APIC/IDSA Hand Hygiene Task Force. Morbidity and Mortality Weekly Report. October 25, 2002 / Vol. 51 / No. RR-16. 
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TABLE 3-20A 

Scenario Timeframe: 
Source Medium: 
Exposure Medium: 

Current/future 
Groundwater 
Air 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
CENTRAL TENDENCY 

Remedial Investigation and Feasibility Study 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Exposure Route Receptor 
Population 

Receptor 
Age 

Exposure 
Point 

Parameter 
Code 

Parameter Definition Value Units Reference 

Inhalation of Indoor Air Facility 
Worker 

Adult Group 3 
Group 4 

EPC 
EF 
ET 
ED 
ATc 

ATnc 

C1 
C2 

Exposure Point Concentration 
Exposure Frequency 
Exposure Time 
Exposure Duration 
Averaging Time-cancer 
Averaging Time-noncancer 
Units Conversion Factor 
Units Conversion Factor 

Chemical-specific 
219 

8 
6.6 
70 
6.6 
365 
24 

mg/m³ 
days/year 
hours/day 

years 
years 
years 

days/year 
hours/day 

Chemical-specific 1 

USEPA, 2004 2 

Professional judgement 3 

USEPA, 1999 4 

USEPA, 1999 5 

USEPA, 1989 6 

Constant 
Constant 

Inhalation of Ambient Air Construction 
Worker 

Adult Group 3 
Group 4 

EPC 
EF 
ET 
ED 
ATc 

ATnc 

C1 
C2 

Exposure Point Concentration 
Exposure Frequency 
Exposure Time 
Exposure Duration 
Averaging Time-cancer 
Averaging Time-noncancer 
Units Conversion Factor 
Units Conversion Factor 

Chemical-specific 
130 

8 
1 

70 
1 

365 
24 

mg/m³ 
days/year 
hours/day 

years 
years 
years 

days/year 
hours/day 

Chemical-specific 1 

Professional judgement 2 

Professional judgement 3 

Professional judgement 7 

USEPA, 1999 5 

USEPA, 1989 6 

Constant 
Constant 

Inhalation of Volatiles Resident Child (1-6 years) Groups 1-2 EPC Exposure Point Concentration Chemical-specific mg/m³ Chemical-specific 1 

while Showering/Bathing (noncancer effects) Groups 3-6 EF Exposure Frequency 350 days/year USEPA, 2004 2 

Older child (1-9 years) ET Exposure Time, child, 1-6 yrs. 0.33 hours/day USEPA, 2004 3 

(cancer effects) ET Exposure Time, child, 7-9 yrs. 0.25 hours/day USEPA, 2004 3 

EDnc Exposure Duration-child 6 years USEPA, 1999 8 

EDc Exposure Duration-older child 3 years USEPA, 1999 8 

ATc Averaging Time-cancer 70 years USEPA, 1999 5 

ATnc Averaging Time-noncancer 6 years USEPA, 1989 6 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 24 hours/day Constant 

Inhalation of Indoor Air Resident Child (1-6 years) 
(noncancer effects) 

Older child (1-9 years) 

(cancer effects) 

Group 3 

Group 4 
EPC 
EF 

ET 

EDnc 

EDc 

ATc 

ATnc 

C1 

C2 

Exposure Point Concentration 
Exposure Frequency 

Exposure Time 

Exposure Duration-child 

Exposure Duration-young/older child 

Averaging Time-cancer 

Averaging Time-noncancer 

Units Conversion Factor 

Units Conversion Factor 

Chemical-specific 
350 

24 

6 

9 

70 

6 

365 
24 

mg/m³ 
days/year 

hours/day 

years 

years 

years 

years 

days/year 
hours/day 

Chemical-specific 1 

USEPA, 2004 2 

USEPA, 1999 3 

USEPA, 1999 8 

USEPA, 1999 8 

USEPA, 1999 5 

USEPA, 1989 6 

Constant 
Constant 

Inhalation of Ambient Air Resident Child (1-6 years) 
(noncancer effects) 

Older child (1-9 years) 

(cancer effects) 

Groups 3 & 4 

and adjacent 

neighborhoods 

EPC 
EF 

ET 

EDnc 

EDc 

ATc 

ATnc 

C1 

C2 

Exposure Point Concentration 
Exposure Frequency 

Exposure Time 

Exposure Duration-child 

Exposure Duration-young/older child 

Averaging Time-cancer 

Averaging Time-noncancer 

Units Conversion Factor 

Units Conversion Factor 

Chemical-specific 
350 

4 

6 

9 

70 

6 

365 
24 

mg/m³ 
days/year 

hours/day 

years 

years 

years 

years 

days/year 
hours/day 

Chemical-specific 1 

USEPA, 2004 2 

USEPA, 1999 3 

USEPA, 1999 8 

USEPA, 1999 8 

USEPA, 1999 5 

USEPA, 1989 6 

Constant 
Constant 
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TABLE 3-20A 

Scenario Timeframe: 
Source Medium: 
Exposure Medium: 

Current/future 
Groundwater 
Air 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
CENTRAL TENDENCY 

Remedial Investigation and Feasibility Study 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Exposure Route Receptor 
Population 

Receptor 
Age 

Exposure 
Point 

Parameter 
Code 

Parameter Definition Value Units Reference 

Inhalation of Ambient Air Trespassers/ 
Recreational 

Users 

Youth 
(8-18 years) 

Group 3 

Group 4 
EPC 
EF 
ET 
ED 
ATc 

ATnc 

C1 
C2 

Exposure Point Concentration 
Exposure Frequency 
Exposure Time 
Exposure Duration 
Averaging Time-cancer 
Averaging Time-noncancer 
Units Conversion Factor 
Units Conversion Factor 

Chemical-specific 
90 
2 

11 
70 
11 

365 
24 

mg/m³ 
days/year 
hours/day 

years 
years 
years 

days/year 
hours/day 

Chemical-specific 
Professional judgement 
Professional judgement 
Professional judgement 

USEPA, 1999 
USEPA, 1989 

Constant 
Constant 

1 

2 

3 

9 

5 

6 

Average Daily Exposure (ADE) Equation: 
ADIinhalation (mg/m

3) = EPC * EF * ET * ED * 1/AT * 1/C1 * 1/C2 

1. Indoor air concentrations resulting from vapor intrusion were estimated from groundwater EPCs using the USEPA Johnson & Ettinger Vapor Intrusion Model, 2003. EPCs for ambient air were estimated from 
groundwater EPCs using a USEPA emissions model (USEPA, 1990). Indoor air concentrations resulting from bathing/showering exposures were estimated from groundwater EPCs using the Foster and Chrowstowski 
(1989) model. 

2. Exposure Frequency (EF) describes how often the exposure event occurs over a given period of time. 	The exposure frequencies for the facility worker and the resident are the recommended central tendency (CT) 

value for industrial and residential scenarios, from USEPA, 2004. The EF for construction workers assumes presence at the site 5 days per week for 6 months of a one-year construction period. The EF for the 

trespasser assumes a presence at the site 3 days per week during the 7 non-winter months.
 

3. The exposure time (ET) describes how long each individual exposure event might last. For industrial scenarios, we assumed an exposure time of 8 hours/day, a typical work day. The ET for the resident is the 

recommended value in Exhibit 3-2, EPA 1999 (and assumes 24 hour/day exposure for indoor air exposures). We assumed an ET of 2 hours per day for the trespasser scenario. 


4. The exposure duration (ED) for facility workers was assumed to be 6.6 years. This value represents the median occupational tenure for adult workers. Obtained from Table 15-158 of USEPA, 1999. 

5. The averaging time (ATc) is set equal to a lifetime (i.e., 70 years) when estimating cancer risk. This is the recommended lifetime in USEPA, 1999. 

6. The averaging time for noncancer effects (ATnc) is set equal to the exposure duration. 

7. It was assumed that construction workers would be present at the site 5 days per week during a one-year period of site redevelopment work. 

8. We evaluated a nine year exposure duration, which is the EPA-recommended ED for central tendency residential scenarios (USEPA, 1999). The ED is divided into two age groups: child, ages 1-6, which we use to evaluate 
noncancer effects; and older child, ages 7-9. Both age groups are considered collectively to evaluate cancer effects over the entire ED. 

9. The trespasser was assumed to be 8 through 18 years old, so an exposure period of 11 years was selected. 

References: 
USEPA, 1999. US EPA Exposure Factors Handbook EPA/600/C-99/001, February 1999.
 
USEPA, 2002. US EPA Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites OSWER 9355.4-24, December 2002.
 
USEPA, 2004. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) EPA/540/R/99/005, July 2004.
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TABLE 3-20B 

Scenario Timeframe: 
Source Medium: 
Exposure Medium: 

Current/future 
Groundwater 
Air 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Exposure Route Receptor 
Population 

Receptor 
Age 

Exposure 
Point 

Parameter 
Code 

Parameter Definition Value Units Reference 

Inhalation of Indoor Air Facility 
Worker 

Adult Group 3 

Group 4 
EPC 
EF 
ET 
ED 
ATc 

ATnc 

C1 
C2 

Exposure Point Concentration 
Exposure Frequency 
Exposure Time 
Exposure Duration 
Averaging Time-cancer 
Averaging Time-noncancer 
Units Conversion Factor 
Units Conversion Factor 

Chemical-specific 
250 

8 
25 
70 
25 

365 
24 

mg/m³ 
days/year 
hours/day 

years 
years 
years 

days/year 
hours/day 

Chemical-specific 1 

USEPA, 2004 2 

Professional judgement 3 

USEPA, 2004 4 

USEPA, 1999 5 

USEPA, 1989 6 

Constant 
Constant 

Inhalation of Ambient Air Construction 
Worker 

Adult Group 3 

Group 4 
EPC 
EF 
ET 
ED 
ATc 

ATnc 

C1 
C2 

Exposure Point Concentration 
Exposure Frequency 
Exposure Time 
Exposure Duration 
Averaging Time-cancer 
Averaging Time-noncancer 
Units Conversion Factor 
Units Conversion Factor 

Chemical-specific 
130 

8 
1 

70 
1 

365 
24 

mg/m³ 
days/year 
hours/day 

years 
years 
years 

days/year 
hours/day 

Chemical-specific 1 

Professional judgement 2 

Professional judgement 3 

Professional judgement 7 

USEPA, 1999 5 

USEPA, 1989 6 

Constant 
Constant 

Inhalation of Volatiles Resident Child (1-6 years) Groups 1-2 EPC Exposure Point Concentration Chemical-specific mg/m³ Chemical-specific 1 

while Showering/Bathing (noncancer effects) Groups 3-6 EF Exposure Frequency 350 days/year USEPA, 2004 2 

ET Exposure Time, child, 1-6 yrs. 1 hours/day USEPA, 2004 3 

Child/Adult ET Exposure Time, child/adult, 7-31 yrs. 0.58 hours/day USEPA, 2004 3 

(cancer effects) EDnc Exposure Duration-child 6 years USEPA, 1999 8 

EDc Exposure Duration-adult 24 years USEPA, 1999 9 

ATc Averaging Time-cancer 70 years USEPA, 1999 5 

ATnc Averaging Time-noncancer 6 years USEPA, 1989 6 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 24 hours/day Constant 

Inhalation of Indoor Air Resident Child (1-6 years) 
(noncancer effects) 

Child/Adult 

(cancer effects) 

Group 3 

Group 4 
EPC 
EF 
ET 

EDnc 

EDc 

ATc 

ATnc 

C1 
C2 

Exposure Point Concentration 
Exposure Frequency 
Exposure Time 
Exposure Duration-child 
Exposure Duration-adult 
Averaging Time-cancer 
Averaging Time-noncancer 
Units Conversion Factor 
Units Conversion Factor 

Chemical-specific 
350 
24 
6 

24 
70 
6 

365 
24 

mg/m³ 
days/year 
hours/day 

years 
years 
years 
years 

days/year 
hours/day 

Chemical-specific 1 

USEPA, 2004 2 

Professional judgement 3 

USEPA, 1999 8 

USEPA, 1999 8 

USEPA, 1999 5 

USEPA, 1989 6 

Constant 
Constant 

Inhalation of Ambient Air Resident Child (1-6 years) 
(noncancer effects) 

Child/Adult 

(cancer effects) 

Group 3 

Group 4 

Neighboring 
Residences 

EPC 
EF 
ET 

EDnc 

EDc 

ATc 

ATnc 

C1 
C2 

Exposure Point Concentration 
Exposure Frequency 
Exposure Time 
Exposure Duration-child 
Exposure Duration-adult 
Averaging Time-cancer 
Averaging Time-noncancer 
Units Conversion Factor 
Units Conversion Factor 

Chemical-specific 
350 

4 
6 

24 
70 
6 

365 
24 

mg/m³ 
days/year 
hours/day 

years 
years 
years 
years 

days/year 
hours/day 

Chemical-specific 1 

USEPA, 2004 2 

Professional judgement 3 

USEPA, 1999 8 

USEPA, 1999 8 

USEPA, 1999 5 

USEPA, 1989 6 

Constant 
Constant 
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TABLE 3-20B 

Scenario Timeframe: 
Source Medium: 
Exposure Medium: 

Current/future 
Groundwater 
Air 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Exposure Route Receptor 
Population 

Receptor 
Age 

Exposure 
Point 

Parameter 
Code 

Parameter Definition Value Units Reference 

Inhalation of Ambient Air Trespassers/ 
Recreational 

Users 

Youth 
(8-18 years) 

Group 3 

Group 4 
EPC 
EF 
ET 
ED 
ATc 

ATnc 

C1 
C2 

Exposure Point Concentration 
Exposure Frequency 
Exposure Time 
Exposure Duration 
Averaging Time-cancer 
Averaging Time-noncancer 
Units Conversion Factor 
Units Conversion Factor 

Chemical-specific 
90 
2 

11 
70 
11 

365 
24 

mg/m³ 
days/year 
hours/day 

years 
years 
years 

days/year 
hours/day 

Chemical-specific 
Professional judgement 
Professional judgement 
Professional judgement 

USEPA, 1999 
USEPA, 1989 

Constant 
Constant 

1 

2 

3 

9 

5 

6 

TABLE 3-20B continued 

Average Daily Exposure (ADE) Equation: 
ADIinhalation (mg/m

3) = EPC * EF * ET * ED * 1/AT * 1/C1 * 1/C2 

Notes: 
1. Indoor air concentrations resulting from vapor intrusion were estimated from groundwater EPCs using the USEPA Johnson & Ettinger Vapor Intrusion Model, 2003. EPCs for ambient air were 

estimated from groundwater EPCs using a USEPA emissions model (USEPA, 1990). Indoor air concentrations resulting from bathing/showering exposures were estimated from groundwater EPCs using the Foster 
and Chrowstowski (1989) model. 

2. Exposure Frequency (EF) describes how often the exposure event occurs over a given period of time. The exposure frequency for the facility worker and resident is the recommended reasonable maximum exposure
 (RME) value for industrial and residential scenarios, from USEPA, 2004. The EF for construction workers assumes presence at the site 5 days per week for 6 months of a one-year construction period. 

The EF for the trespasser assumes a presence at the site 3 days per week during the 7 non-winter months.
 

3. The exposure time (ET) describes how long each individual exposure event might last. For industrial scenarios, we assumed an exposure time of 8 hours/day, a typical work day. We conservatively assumed that 
residents were exposed to COPCs in indoor air 24 hours per day, in accordance with USEPA guidance. Trespassers were assumed to be at the site 2 hours per day. 

4. The exposure duration (ED) for facility workers was assumed to be 25 years, which is the RME value in Exhibit 3-5, USEPA, 2004.  

5. The averaging time (ATc) is set equal to a lifetime (i.e., 70 years) when estimating cancer risk. This is the recommended lifetime in USEPA, 1999. 

6. The averaging time for noncancer effects (ATnc) is set equal to the exposure duration. 

7. It was assumed that construction workers would be present at the site 5 days per week during a one-year period of site redevelopment work. 

8. We evaluated a thirty year exposure duration, which is the EPA-recommended ED for RME residential scenarios (USEPA, 1999). The ED is divided into two age groups: child, ages 1-6, which we use to evaluate 
noncancer effects; and child/adult, ages 7-31. Both age groups are considered collectively to evaluate cancer effects over the entire ED. 

9. The trespasser was assumed to be 8 through 18 years old, so an exposure period of 11 years was selected. 

References: 
USEPA, 1999. US EPA Exposure Factors Handbook EPA/600/C-99/001, February 1999.
 
USEPA, 2002. US EPA Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites OSWER 9355.4-24, December 2002.
 
USEPA, 2004. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) EPA/540/R/99/005, July 2004.
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TABLE 3-21A 

Scenario Timeframe: 
Medium: 
Exposure Medium: 

Current/Future 
Sediment 
Sediment* 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
CENTRAL TENDENCY 

Remedial Investigation and Feasibility Study 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Exposure Route Receptor 
Population 

Receptor 
Age 

Exposure 
Point 

Parameter 
Code 

Parameter Definition Value Units Reference 

Incidental ingestion and Trespasser / Youth Group 5 EPC Exposure Point Concentration Chemical-specific mg/kg Chemical-specific 1 

dermal contact Recreational User (8-18 years) Group 6 IRsed Ingestion rate of sediment 50 mg/day USEPA, 1999 2 

AF Sediment adherence factor 0.33 mg/cm² - d USEPA, 2004 3 

SA Skin surface area 4194 cm² USEPA, 2004 4 

EF Exposure Frequency 90 days/year Professional judgement 5 

ED Exposure Duration 11 years Professional judgement 6 

BW Body weight 45 kg USEPA, 1999 7 

ATc Averaging Time-cancer 70 years USEPA, 1999 8 

ATnc Averaging Time-noncancer 11 years USEPA, 1989 9 

ABSd Dermal Absorption Fraction Chemical-specific unitless USEPA 2004 10 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 1000000 mg/kg Constant 

Incidental ingestion and Resident Child (1-6 years) Group 5 EPC Exposure Point Concentration Chemical-specific mg/kg Chemical-specific 1 

dermal contact (noncancer effects) Group 6 IRs Ingestion rate of soil-child, 1-6 years 100 mg/event USEPA, 2002b 2 

IRs Ingestion rate of soil-older child, 7-9 years 50 mg/event USEPA, 1999 2 

Older child (1-9 years) AF Sediment adherence factor-child 0.34 mg/cm² - event USEPA, 2004 3 

(Cancer effects) AF Sediment adherence factor-adult 0.33 mg/cm² - event USEPA, 2004 3 

SA Skin surface area-child, 1-6 years 2218 cm² USEPA, 2004 4 

SA Skin surface area-older child, 7-9 years 4046 cm² USEPA, 2004 4 

EF Exposure Frequency 90 events/year Professional judgement 5 

EDnc Exposure Duration-child 6 years USEPA, 2004 6 

EDc Exposure Duration-older child 3 years USEPA, 2004 6 

BW Body weight, child, 1-6 years 15 kg USEPA, 1994 7 

BW Body weight, older child, 7-9 years 28 kg USEPA, 1999 7 

ATc Averaging Time-cancer 70 years USEPA, 1999 8 

ATnc Averaging Time-noncancer 6 years USEPA, 1989 9 

ABSd Dermal Absorption Fraction Chemical-specific unitless USEPA 2004 10 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 1,000,000 mg/kg Constant 

Sediment Average Daily Intake (ADI) Equations: 
ADIingestion (mg/kg-d) = EPC * IR * EF * ED * 1/BW * 1/AT * 1/C1 * 1/C2 

ADIdermal (mg/kg-d) = EPC * SA * AF * EF * ED * 1/BW * 1/AT * 1/C1 * 1/C2 * ABSd 

Note: Derivation of area-weighted sediment-skin adherence factors is presented in below. 

Notes: 
1. EPCs for sediment are based on the maximum detected concentration or 95% UCL among sediment samples collected at the site. 

2. Daily soil ingestion rate (IRsed) values are the recommended CT values from Table 4-23 of USEPA, 1999 (used the adult value for the trespasser scenario). 

3. The AF is the geometric mean AF from the "Reed Gatherers" study presented in Exhibit C-2, USEPA, 2004. The body parts assumed to be exposed included hands, forearms, lower legs and feet. The "Reed Gatherer" scenario is considered a high-end 
activity for sediment contact and is, per EPA guidance, a central tendency estimate (i.e., geometric mean) of a high-end activity. The streams, wetlands and pond at the site are shallow and generally not navigable by boats and there is limited
 
potential for exposure to sediments. Furthermore, the sediment samples were collected from locations typically inundated and thus, if actually contacted, will likely wash off. 


4. Skin surface area (SA) is an age-weighted factor based on the surface area of males and females within each age category. 	SA values for specific body parts were obtained from
 
Exhibit C-1 of USEPA 2004. Parts of the body assumed exposed to wetland soil included hands, forearms, lower legs and feet.
 

5. Exposure frequency (EF) describes how often the exposure event occurs over a given period of time. It was assumed that trespassers or area residents would be exposed to contaminants in sediment 3 times per week during the 7 non-winter months. 

6. The exposure duration (ED) describes the length of time over which the receptor comes into contact with contaminants. 	The trespasser was assumed to be 8 through 18 years old, so an exposure period of 11
 
years was selected. The residential ED values are the recommended CT values from USEPA 2004.
 

7. Body weights (BW) for the older child and trespasser are based on the mean body weights for males and females for each applicable age group, from Table 7-3, USEPA, 1999.  	The mean body weight for each age category was averaged to calculate the body weight for 
this age range. Body weight (BW) for the young child is the default value provided in USEPA, 2004. 

8. The averaging time (ATc) is set equal to a lifetime (i.e., 70 years) when estimating cancer risk. This is the recommended lifetime in USEPA, 1999. 

9. The averaging time for noncancer effects (ATnc) is set equal to the exposure duration. 

10. Dermal ABS values were obtained from Exhibit 3-4 of USEPA, 2004. 

* Please refer to Tables 32 M & N and Tables 33 M & N for additional exposure parameters necessary to calculate risks associated with carcinogenic PAHs. 

References: 
USEPA, 1999. US EPA Exposure Factors Handbook EPA/600/C-99/001, February 1999.
 

USEPA, 2004. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) EPA/540/R/99/005, July 2004.
 

USEPA, 1989. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual. (EPA/540/1-89/002).
 

USEPA, 2002. US EPA Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites OSWER 9355.4-24, December 2002.
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TABLE 3-21A 

VALUES USED FOR DAILY INTAKE CALCULATIONS
 

CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Current/Future 
Medium: Sediment 
Exposure Medium: Sediment* 
Youth Trespasser Scenario (CT/RME) 
Sediment Exposures 

Hands Forearms Feet Lower legs 
AF 0.658 0.036 0.633 0.159 
SA-7-<18 700 787 949 1610 
SA-adult 904 1173 1225 2370 

Age-Weighted SA: 
Hands ((700 * 10)/11) + ((904 * 1)/11) 
Forearms ((787 * 10)/11) + ((1173 * 1)/11) 
Feet ((949 * 10)/11) + ((1225 * 1)/11) 
Lower legs ((1610 * 10)/11) + ((2370 * 1)/11) 

(885 * 9.66) + (1138 * 0.115) + (1200 * 9.66) + (2301 * 3.4) 

Based on "Reed Gatherer" Scenario, Exhibit C-2 of USEPA 2004. AF values are geometric mean values. 

SA values for children are from Exhibit C-1 of USEPA 2004. 

SA values for adult are mean values for males/females, presented in Exhibit C-1 of USEPA 2004. 

WAF = 
(885 + 1138 + 1200 + 2301)

mg/cm2 

cm2 

cm2 

= 
= 
= 
= 

Total SA = 

= 

719 cm2 

822 cm2 

974 cm2 

1679 cm2 

4194 cm 2 

0.33 mg/cm 

Residential Scenario 
Sediment Exposures 

Hands Forearms Feet Lower legs 
AF 0.658 0.036 0.633 0.159 mg/cm2 

SA-<1 to <6 358 393 451 650 cm2 

SA <7 - <18 700 787 949 1610 cm2 

SA-adult 904 1173 1225 2370 cm2 

Age-Weighted SA: 
Child Hands ((700 * 1)/6) + ((358 * 5)/6) 
(<7) Lower ams ((787 * 1)/6) + ((393 * 5)/6) 

Feet ((949 * 1)/6) + ((451 * 5)/6) 
Lower legs ((1610 * 1)/6) + ((650 * 5)/6) 

Adult Hands ((700 * 11)/24) + ((904 * 13)/24) 
(7-31) Lower ams ((787 * 11)/24) + ((1173 * 13)/24) 

Feet ((949 * 11)/24) + ((1225 * 13)/24) 
Lower legs ((1610 * 11)/24) + ((2370 * 13)/24) 

CT & (415 * 9.66) + (459 * 0.115) + (534 *9.66) + (810 * 3.4) 

CT (700 * 9.66) + (787 * 0.115) + (949 * 9.66) + (1610 * 3.4) 

Note: Used SA for <7 - <18 year age range (not age-weighted) 

RME (811 * 9.66) + (996 * 0.115) + (1099 * 9.66) + (2022 * 3.4) 

Based on "Reed Gatherer" Scenario, Exhibit C-2 of USEPA 2004. AF values are geometric mean values. 
SA values for children are from Exhibit C-1 of USEPA 2004. 
SA values for adult are mean values for males/females, presented in Exhibit C-1 of USEPA 2004. 

Child WAF = (415 + 459 + 534 + 810)

 Adult WAF = 
(700 + 787 + 949 + 1610)

 Adult WAF = 
(811+ 996 + 1099 + 2022) 

Total SA = 

= 
= 
= 
= 

Total SA = 
= 
= 
= 
= 

Total SA = 

= 

= 

= 

4046 cm 2 

415 cm2 

459 cm2 

534 cm2 

810 cm2 

2218 cm 2 

811 cm2 

996 cm2 

1099 cm2 

2022 cm2 

4927 cm 2 

0.34 mg/cm 

0.33 mg/cm 

0.32 mg/cm 
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TABLE 3-21B 

Scenario Timeframe: 
Medium: 
Exposure Medium: 

Current/Future 
Sediment 
Sediment* 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Exposure Route Receptor 
Population 

Receptor 
Age 

Exposure 
Point 

Parameter 
Code 

Parameter Definition Value Units Reference 

Incidental ingestion and Trespasser / Youth Group 5 EPC Exposure Point Concentration Chemical-specific mg/kg Chemical-specific 1 

dermal contact Recreational User (8-18 years) Group 6 IRsed Ingestion rate of sediment 100 mg/day USEPA, 1999 2 

AF Sediment adherence factor 0.33 mg/cm² - d USEPA, 2004 3. 

SA Skin surface area 4194 cm² USEPA, 2004 4 

EF Exposure Frequency 90 days/year Professional judgement 5 

ED Exposure Duration 11 years Professional judgement 6 

BW Body weight 45 kg USEPA, 1999 7 

ATc Averaging Time-cancer 70 years USEPA, 1999 8 

ATnc Averaging Time-noncancer 11 years USEPA, 1989 9 

ABSd Dermal Absorption Fraction Chemical-specific unitless USEPA 2004 10 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 1,000,000 mg/kg Constant 

Incidental ingestion and Resident Child Group 5 EPC Exposure Point Concentration Chemical-specific mg/kg Chemical-specific 1 

dermal contact (1-6 years) Group 6 IRs Ingestion rate of soil-child 200 mg/event USEPA, 1994 2 

IRs Ingestion rate of soil-adult 100 mg/event USEPA, 1999 2 

AF Sediment adherence factor, child 0.34 mg/cm² - d USEPA, 2004 3. 

Adult AF Sediment adherence factor, adult 0.32 mg/cm² - d USEPA, 2004 3. 

(1-31 years) SA Skin surface area, 1-6 years 2218 cm² USEPA, 2004 4 

SA Skin surface area, 7-31 years 4927 cm² USEPA, 2004 4 

EF Exposure Frequency 90 days/year Professional judgement 5 

ED Exposure Duration-child 6 years USEPA, 2004 6 

ED Exposure Duration-adult 24 years USEPA, 2004 6 

BW Body weight, 1-6 years 15 kg USEPA, 1994 7 

BW Body weight, 7-31 years 70 kg USEPA, 1994 7 

ATc Averaging Time-cancer 70 years USEPA, 1999 8 

ATnc Averaging Time-noncancer 6 years USEPA, 1989 9 

ABSd Dermal Absorption Fraction Chemical-specific unitless USEPA 2004 10 

C1 Units Conversion Factor 365 days/year Constant 
C2 Units Conversion Factor 1,000,000 mg/kg Constant 

Sediment Average Daily Intake (ADI) Equations: 
ADIingestion (mg/kg-d) = EPC * IR * EF * ED * 1/BW * 1/AT * 1/C1 * 1/C2 

ADIdermal (mg/kg-d) = EPC * SA * AF * EF * ED * 1/BW * 1/AT * 1/C1 * 1/C2 * ABSd 

Note: Derivation of area-weighted soil-skin adherence factors is presented in Table 3-21a 

Notes: 
1. EPCs for sediment were based on the maximum detected or 95% UCL of the mean concentration from sediment samples collected at the site. 

2. Daily soil ingestion rate (IRsed) values are the recommended RME values from Table 4-23 of USEPA, 1999 (used the adult value for the trespasser scenario). 

3. The AF is the geometric mean AF from the "Reed Gatherers" study presented in Exhibit C-2, USEPA, 2004. The body parts assumed to be exposed included hands, forearms, lower legs and feet. The "Reed Gatherer" scenario is considered a high-end 
activity for sediment contact and is, per EPA guidance, a central tendency estimate (i.e., geometric mean) of a high-end activity. The streams, wetlands and pond at the site are shallow and generally not navigable by boats and there is limited 
potential for exposure to sediments. Furthermore, the sediment samples were collected from locations typically inundated and thus, if actually contacted, will likely wash off. 

4. Skin surface area (SA) is an age-weighted factor based on the surface area of males and females within each age category.  SA values for specific body parts were obtained from 
Exhibit C-1 of USEPA 2004. Parts of the body assumed exposed to wetland soil included hands, forearms, lower legs and feet. 

5. Exposure frequency (EF) describes how often the exposure event occurs over a given period of time.  It was assumed that trespassers or area residents would be exposed to contaminants in sediment 3 times per week during the 7 non-winter months. 

6. The exposure duration (ED) describes the length of time over which the receptor comes into contact with contaminants.  The trespasser was assumed to be 8 through 18 years old, so an exposure period of 11 
years was selected. Residential ED values are the recommended values for RME scenarios, EPA 2004. 

7. Body weight (BW) for the trespasser is based on the mean body weights for both sexes (8 through 18 years) from Table 7-3 of USEPA 1999. The mean body weight for each age category was averaged to calculate the body weight for each age group. 
Body weights for the residential child and adult are the default values provided in USEPA, 1994. 

8. The averaging time (ATc) is set equal to a lifetime (i.e., 70 years) when estimating cancer risk. This is the recommended lifetime in USEPA, 1999. 

9. The averaging time for noncancer effects (ATnc) is set equal to the exposure duration. 

10. Dermal ABS values were obtained from Exhibit 3-4 of USEPA, 2004. 

* Please refer to Tables 32 M & N and Tables 33 M & N for additional exposure parameters necessary to calculate risks associated with carcinogenic PAHs. 

References: 
USEPA, 1999. US EPA Exposure Factors Handbook EPA/600/C-99/001, February 1999. 

USEPA, 2004. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) EPA/540/R/99/005, July 2004. 

USEPA, 1989. US EPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual. (EPA/540/1-89/002). 

USEPA, 2002. US EPA Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites OSWER 9355.4-24, December 2002. 
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TABLE 3-22a
 

DERMAL ABSORPTION FRACTIONS FOR SOIL 


Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical 
of Potential 

Concern 

Dermal Absorption 
Fraction from Soil Source* 

Organics 

1,1,1-Trichloroethane Not available* 

1,1,2-Trichloroethane Not available* 

1,1-Dichloroethane Not available* 

1,1-Dichloroethene Not available* 

1,2,4-Trimethylbenzene Not available* 

1,2-Dichloroethane Not available* 

1,2-Dichloroethene Not available* 

1,2-Dichloropropane Not available* 

1,3,5-Trimethylbenzene Not available* 

1,4-Dichlorobenzene Not available* 

1,4-Dioxane Not available* 

1-Methylnaphthalene 1.30E-01 Default for PAHs; USEPA 2004 

2,4-Dimethylphenol 1.00E-01 Default for SVOCs; USEPA 2004 

2-Butanone Not available* 

2-Methylnaphthalene 1.30E-01 Default for PAHs; USEPA 2004 

2-Methylphenol 1.00E-01 Default for SVOCs; USEPA 2004 

3-Methylphenol/4-Methylphenol 1.00E-01 Default for SVOCs; USEPA 2004 

4-Chloro-3-methylphenol 1.00E-01 Default for SVOCs; USEPA 2004 

4-Methyl-2-pentanone Not available* 

4-Methylphenol 1.00E-01 Default for SVOCs; USEPA 2004 

Acetone Not available* 

Alpha-BHC 1.00E-01 Default for SVOCs; USEPA 2004 

Aroclor 1254 1.40E-01 Value from USEPA 2004 

Benzene Not available* 

Benzo(a)anthracene 1.30E-01 Default for PAHs; USEPA 2004 

Benzo(a)pyrene 1.30E-01 Default for PAHs; USEPA 2004 

Benzo(b)fluoranthene 1.30E-01 Default for PAHs; USEPA 2004 

Benzo(e)pyrene 1.30E-01 Default for PAHs; USEPA 2004 

Benzo(k)fluoranthene 1.30E-01 Default for PAHs; USEPA 2004 

Bis(2-Chloroethoxy)methane 1.00E-01 Default for SVOCs; USEPA 2004 

Bis(2-ethylhexyl)phthalate 1.00E-01 Default for SVOCs; USEPA 2004 

C11-C22 Aromatics 1.00E-01 Default for SVOCs; USEPA 2004 

Carbazole 1.00E-01 Default for SVOCs; USEPA 2004 

Carbon tetrachloride Not available* 

Chloroethane Not available* 

Chloroform Not available* 

cis-1,2-Dichloroethene Not available* 

Dibenzo(a,h)anthracene 1.30E-01 Default for PAHs; USEPA 2004 

Dibenzofuran 1.00E-01 Default for SVOCs; USEPA 2004 

Di-n-octylphthalate 1.00E-01 Default for SVOCs; USEPA 2004 

Ethylbenzene Not available* 

Indeno(1,2,3-cd)pyrene 1.30E-01 Default for PAHs; USEPA 2004 

Isopropylbenzene Not available* 

Methylene Chloride Not available* 

Naphthalene 1.30E-01 Default for PAHs; USEPA 2004 
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TABLE 3-22a
 

DERMAL ABSORPTION FRACTIONS FOR SOIL 


Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical 
of Potential 

Concern 

Dermal Absorption 
Fraction from Soil Source* 

n-Butylbenzene Not available* 

n-Propylbenzene Not available* 

Perylene 1.30E-01 Default for PAHs; USEPA 2004 

Phenanthrene 1.30E-01 Default for PAHs; USEPA 2004 

Phenol 1.00E-01 Default for SVOCs; USEPA 2004 

Styrene Not available* 

tert-Butylbenzene Not available* 

Tetrachloroethene Not available* 

Tetrahydrofuran 1.00E-01 Default for SVOCs; USEPA 2004 

Toluene Not available* 

Trichloroethene Not available* 

Trichlorofluoromethane Not available* 

Vinyl Chloride Not available* 

Xylenes (total) Not available* 

Inorganics 

Antimony Not available* 

Arsenic 3.00E-02 Value from USEPA 2004 

Barium Not available* 

Beryllium Not available* 

Cadmium 1.00E-03 Value from USEPA 2004 

Chromium Not available* 

Cobalt Not available* 

Copper Not available* 

Lead Not available* 

Manganese Not available* 

Nickel Not available* 

Selenium Not available* 

Silver Not available* 

Thallium Not available* 

Vanadium Not available* 

Zinc Not available* 

Footnotes: 
*Unless otherwise noted, values are from USEPA 2004. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation 

Manual (Part E, Supplemental Guidance for Dermal Risk Assessment), Final. EPA/540/R/99/005. 
Risks associated with dermal exposure to volatile organic compounds and inorganics are qualitatively evaluated in the uncertainty analysis. 
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TABLE 3-22b
 
CONSTITUENT-SPECIFIC PARAMETERS USED IN ESTIMATING DERMAL ABSORPTION FROM WATER
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical of Potential Concern 
Permeability

Coefficient (Kp) 
(cm/hour) 

Tau 
(hour/event) 

Fraction 
Absorbed (FA) 

(unitless) 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 
Aroclor 1254 
Alpha-BHC 
C11-C22 Aromatic Hydrocarbons 
2-Methylphenol 
3-Methylphenol/4-Methylphenol 
4-Methylphenol 
Acenaphthene 
Acetophenone 
Acrylonitrile 
Bis(2-Ethylhexyl)phthalate 
Naphthalene 
N-Nitrosodi-n-butylamine 
N-Nitrosopyrrolidine 
o-Toluidine 
Phenol 
Pyridine 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
1,1-Dichloroethane 
1,1-Dichloroethene 
1,2,4-Trichlorobenzene 
1,2,4-Trimethylbenzene 
1,2-Dichloroethane 
1,2-Dichloroethene (Total) 
cis-1,2-Dichloroethene 
1,2-Dichloropropane 
1,3,5-Trimethylbenzene 
1,4-Dioxane 
2-Butanone 
2-Hexanone 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Dichlorodifluoromethane 
Ethyl Ether 
Ethylbenzene 
Ethyl methacrylate 
Isopropylbenzene 
Methyl tert butyl ether 
Methylene Chloride 
2-Methylnaphthalene 
n-Propylbenzene 

1.0E-03 
1.0E-03 
1.0E-03 
1.0E-03 
1.0E-03 
1.0E-03 
4.0E-04 
1.0E-03 
1.0E-04 
1.0E-03 
2.0E-04 
1.0E-03 
6.0E-04 
1.0E-03 
1.0E-03 
6.0E-04 

1.6E-02 
4.6E-01 
1.0E-02 
8.0E-03 
8.0E-03 
8.4E-02 
4.7E-03 
1.2E-03 
2.4E-02 
4.7E-02 
3.8E-03 
3.4E-04 
3.0E-03 
8.1E-03 
1.8E-03 
1.3E-02 
6.4E-03 
6.7E-03 
1.2E-02 
6.6E-02 
1.1E-01 
4.2E-03 
7.7E-03 
7.7E-03 
7.8E-03 
6.1E-02 
3.3E-04 
1.1E-03 
4.5E-03 
4.0E-03 
5.2E-04 
1.5E-02 
1.6E-02 
2.8E-02 
6.1E-03 
6.8E-03 
9.0E-03 
2.3E-03 
4.9E-02 
9.1E-03 
7.0E-02 
2.1E-03 
3.5E-03 
4.7E-02 
9.2E-02 

c 
c 
c 
c 
b 
b 
b 
c 
b 
c 
b 
c 
b 
c 
c 
b 
i 
f 
f 
g 
f 
f 
f 
g 
a 
f 
a 
a 
g 
a 
a 
g 
a 
a 
a 
a 
a 
f 
a 
a 
f 
a 
f 
a 
g 
f 
g 
f 
a 
a 
a 
a 
a 
a 
a 
a 
g 
f 
f 
a 
d 
f 

Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 

1 
1 
1 
1 
1 
1 
1 

0.21 
16.64 
0.56 
0.82 

1 
0.42 
0.36 

1 
0.6 
0.6 
0.38 
0.37 
1.11 

1 
0.38 
0.37 
0.37 
0.46 

1 
0.33 
0.27 

1 
0.39 

1 
0.29 
0.78 
0.46 
0.24 
0.5 
0.51 
0.28 
0.42 

1 
1 
1 

0.32 
0.56 

1 

i 
h 
h 
h 
h 
h 
h 
h 
d 
d 
d 
d 
h 
d 
d 
h 
d 
d 
d 
d 
d 
h 
d 
d 
d 
d 
h 
d 
d 
h 
d 
h 
d 
d 
d 
d 
d 
d 
d 
d 
h 
h 
h 
d 
d 
h 

Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 

1 
1 
1 
1 
1 
1 
1 
1 

0.8 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

i 
h 
h 
h 
h 
h 
h 
h 
d 
d 
d 
d 
h 
d 
d 
h 
d 
d 
d 
d 
d 
h 
d 
d 
d 
d 
h 
d 
d 
h 
d 
h 
d 
d 
d 
d 
d 
d 
d 
d 
h 
h 
h 
d 
d 
h 
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TABLE 3-22b
 
CONSTITUENT-SPECIFIC PARAMETERS USED IN ESTIMATING DERMAL ABSORPTION FROM WATER
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical of Potential Concern 
Permeability

Coefficient (Kp) 
(cm/hour) 

Tau 
(hour/event) 

Fraction 
Absorbed (FA) 

(unitless) 
p-Isopropyltoluene 
Styrene 
n-Butylbenzene 
tert-Butylbenzene 
Tetrachloroethene 
Tetrahydrofuran 
Toluene 
Trichloroethene 
Trichlorofluoromethane 
Vinyl chloride 
Xylenes (total) 

1.4E-01 
3.7E-02 
1.8E-01 
1.4E-01 
3.3E-02 
1.3E-03 
3.1E-02 
1.2E-02 
1.3E-02 
5.6E-03 
7.0E-02 

f 
a 
f 
f 
a 
f 
a 
a 
a 
a 
g 

1 
0.41 

1 
1 

0.91 
1 

0.35 
0.58 
0.63 
0.24 
0.42 

h 
d 
h 
h 
d 
h 
d 
d 
d 
d 
d 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

h 
d 
h 
h 
d 
h 
d 
d 
d 
d 
d

 NOTES: 
a Kp value obtained from US EPA, RAGS Part E, Supplemental Guidance for Dermal Risk
 

Assessment Final, EPA/540/R/99/005, July 2004. Exhibit B-2. 

b Kp value obtained from US EPA, RAGS Part E, Supplemental Guidance for Dermal Risk
 

Assessment Final, EPA/540/R/99/005, July 2004. Exhibit 3-1. 

c A default value of 0.001 cm/hr was used to represent the Kp for inorganic compounds not
 

tested, as recommended in US EPA, RAGS Part E, Supplemental Guidance for Dermal Risk
 
Assessment Final, EPA/540/R/99/005, July 2004. Exhibit 3-1.
 

d Tau and FA obtained from US EPA, RAGS Part E, Supplemental Guidance for Dermal Risk 
Assessment Final, EPA/540/R/99/005, July 2004. Exhibit B-3. 


e Versar Inc., PCB Risk Assessment Review Guidance Document, June 1998.
 
f Compound-specific molecular weight (MW) and Kow values obtained from U.S. EPA Office of Health and Environment and
 

Hampshire Research Institute, Risk Assistant, 1991, unless otherwise noted. 

Log Kow value obtained from Illustrated Handbook of Physical-Chemical Properties and Environmental Fate of Organic
 
Compounds, Volume II, Mackay, Donald, Shiu, Wan Ying, and Ma, Kuo Ching, 1992.
 
Molecular weight and log Kow value obtained from Howard, 1989.
 
Molecular weight and log Kow value obtained from Groundwater Chemical Desk Reference, J.H. Montgomery; L.M. Welkon,
 
1990
 
Molecular weight and log Kow value obtained from Montgomery, John H., Groundwater Chemical Desk Reference Volume 2,
 
1991
 
Equation 5.8 from U.S. EPA, "Dermal Exposure Assessment: Principles and Applications," Interim Report, Office 

of Reasearch and Development, EPA 600/8-91/001B, January 1992, was used to calculate estimated Kp value.
 
log Kp = -2.72 + 0.71 log Kow - 0.0061 MW
 

g	 Values obtained from the Risk Assessment Information System (RAIS), April 2006, which were calculated using 
USEPAs DERMWIN (The Dermal Permeability Coefficient) Program, which utilizes the equation listed above. 

h A default value of 1 hr/event, and 1 (unitless) was used to represent the Tau and FA, respectively, for compounds not
 
tested.
 
Kp is outside the effective prediction domain of the model; therefore, aqueous dermal risks not quantified for Aroclor 1254.
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TABLE 3-22c
 
CALCULATION OF THE DERMAL ABSORBED (DA) FACTOR
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical of Potential Concern Permeability
Coefficient (Kp) 

(cm/hour) 
Tau 

(hour/event) 

Fraction 

Absorbed (FA) 
(unitless) 

C2 

L/cm3 

Const

2FA 

ants 
te 

(hr/event) pi 

Group 3-4, F

SQRT(6tau*t/pi) 

acility Worker, CT 
DAfactor 
grp 3-4 

FW 

te 

(hr/event) 

G

pi 

roup 3-4, Faci

SQRT(6tau*t/pi) 

lity Worker, RME 
DAfactor 
grp 3-4 

FW 
Antimony 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 2.8E-09 5.6E-03 3.1E+00 5.6E-09 
Arsenic 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 2.8E-09 5.6E-03 3.1E+00 5.6E-09 
Barium 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 2.8E-09 5.6E-03 3.1E+00 5.6E-09 
Beryllium 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 2.8E-09 5.6E-03 3.1E+00 5.6E-09 
Cadmium 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 2.8E-09 5.6E-03 3.1E+00 5.6E-09 
Chromium 2.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 5.6E-09 5.6E-03 3.1E+00 1.1E-08 
Cobalt 4.0E-04 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 1.1E-09 5.6E-03 3.1E+00 2.2E-09 
Copper 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 2.8E-09 5.6E-03 3.1E+00 5.6E-09 
Lead 1.0E-04 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 2.8E-10 5.6E-03 3.1E+00 5.6E-10 
Manganese 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 2.8E-09 5.6E-03 3.1E+00 5.6E-09 
Nickel 2.0E-04 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 5.6E-10 5.6E-03 3.1E+00 1.1E-09 
Selenium 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 2.8E-09 5.6E-03 3.1E+00 5.6E-09 
Silver 6.0E-04 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 1.7E-09 5.6E-03 3.1E+00 3.3E-09 
Thallium 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 2.8E-09 5.6E-03 3.1E+00 5.6E-09 
Vanadium 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 2.8E-09 5.6E-03 3.1E+00 5.6E-09 
Zinc 6.0E-04 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 1.7E-09 5.6E-03 3.1E+00 3.3E-09 
Aroclor 1254 0.0E+00 4.6E+00 6.0E-01 1.0E-03 2.0E+00 2.8E-03 3.1E+00 1.6E-01 0.0E+00 5.6E-03 3.1E+00 2.2E-01 0.0E+00 
Alpha-BHC 1.6E-02 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 7.3E-02 2.3E-06 5.6E-03 3.1E+00 1.0E-01 3.3E-06 
2,4-Dimethylphenol 1.1E-02 5.2E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 5.3E-02 1.2E-06 5.6E-03 3.1E+00 7.4E-02 1.6E-06 
3-Methylphenol/4-Methylphenol 8.0E-03 4.3E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 4.8E-02 7.6E-07 5.6E-03 3.1E+00 6.8E-02 1.1E-06 
4-Methylphenol 8.0E-03 4.3E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 4.8E-02 7.6E-07 5.6E-03 3.1E+00 6.8E-02 1.1E-06 
Acetophenone 4.7E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 7.3E-02 6.8E-07 5.6E-03 3.1E+00 1.0E-01 9.6E-07 
Acrylonitrile 1.2E-03 2.1E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 3.3E-02 8.0E-08 5.6E-03 3.1E+00 4.7E-02 1.1E-07 
Bis(2-Ethylhexyl)phthalate 2.4E-02 1.7E+01 8.0E-01 1.0E-03 2.0E+00 2.8E-03 3.1E+00 3.0E-01 1.1E-05 5.6E-03 3.1E+00 4.2E-01 1.6E-05 
Ethyl methacrylate 9.1E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 7.3E-02 1.3E-06 5.6E-03 3.1E+00 1.0E-01 1.9E-06 
Naphthalene 4.7E-02 5.6E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 5.5E-02 5.1E-06 5.6E-03 3.1E+00 7.7E-02 7.2E-06 
N-Nitrosodi-n-butylamine 3.8E-03 8.2E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 6.6E-02 5.0E-07 5.6E-03 3.1E+00 9.3E-02 7.1E-07 
N-Nitrosopyrrolidine 3.4E-04 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 7.3E-02 5.0E-08 5.6E-03 3.1E+00 1.0E-01 7.0E-08 
o-Toluidine 3.0E-03 4.2E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 4.7E-02 2.8E-07 5.6E-03 3.1E+00 6.7E-02 4.0E-07 
Phenol 8.1E-03 3.6E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 4.4E-02 7.1E-07 5.6E-03 3.1E+00 6.2E-02 1.0E-06 
Pyridine 1.8E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 7.3E-02 2.7E-07 5.6E-03 3.1E+00 1.0E-01 3.8E-07 
1,1,1-Trichloroethane 1.3E-02 6.0E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 5.6E-02 1.5E-06 5.6E-03 3.1E+00 8.0E-02 2.1E-06 
1,1,2-Trichloroethane 6.4E-03 6.0E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 5.6E-02 7.2E-07 5.6E-03 3.1E+00 8.0E-02 1.0E-06 
1,1-Dichloroethane 6.7E-03 3.8E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 4.5E-02 6.0E-07 5.6E-03 3.1E+00 6.4E-02 8.5E-07 
1,1-Dichloroethene 1.2E-02 3.7E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 4.4E-02 1.1E-06 5.6E-03 3.1E+00 6.3E-02 1.5E-06 
1,2,4-Trichlorobenzene 6.6E-02 1.1E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 7.7E-02 1.0E-05 5.6E-03 3.1E+00 1.1E-01 1.4E-05 
1,2,4-Trimethylbenzene 1.1E-01 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 7.3E-02 1.6E-05 5.6E-03 3.1E+00 1.0E-01 2.3E-05 
1,4-Dichlorobenzene 4.2E-02 7.1E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 6.1E-02 5.2E-06 5.6E-03 3.1E+00 8.7E-02 7.3E-06 
1,2-Dichloroethane 4.2E-03 3.8E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 4.5E-02 3.8E-07 5.6E-03 3.1E+00 6.4E-02 5.3E-07 
1,2-Dichloroethene 7.7E-03 3.7E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 4.4E-02 6.8E-07 5.6E-03 3.1E+00 6.3E-02 9.7E-07 
cis-1,2-Dichloroethene 7.7E-03 3.7E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 4.4E-02 6.8E-07 5.6E-03 3.1E+00 6.3E-02 9.7E-07 
1,2-Dichloropropane 7.8E-03 4.6E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 4.9E-02 7.7E-07 5.6E-03 3.1E+00 7.0E-02 1.1E-06 
1,3,5-Trimethylbenzene 6.1E-02 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 7.3E-02 8.9E-06 5.6E-03 3.1E+00 1.0E-01 1.3E-05 
1,4-Dioxane 3.3E-04 3.3E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 4.2E-02 2.8E-08 5.6E-03 3.1E+00 5.9E-02 3.9E-08 
2-Butanone 1.1E-03 2.7E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 3.8E-02 8.4E-08 5.6E-03 3.1E+00 5.4E-02 1.2E-07 
2-Hexanone 4.5E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 7.3E-02 6.6E-07 5.6E-03 3.1E+00 1.0E-01 9.3E-07 
4-Methyl-2-pentanone 4.0E-03 3.9E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 4.5E-02 3.6E-07 5.6E-03 3.1E+00 6.4E-02 5.1E-07 
Acetone 5.2E-04 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 7.3E-02 7.6E-08 5.6E-03 3.1E+00 1.0E-01 1.1E-07 
Benzene 1.5E-02 2.9E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 3.9E-02 1.2E-06 5.6E-03 3.1E+00 5.5E-02 1.7E-06 
Carbon tetrachloride 1.6E-02 7.8E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 6.4E-02 2.1E-06 5.6E-03 3.1E+00 9.1E-02 2.9E-06 
Chlorobenzene 2.8E-02 4.6E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 4.9E-02 2.8E-06 5.6E-03 3.1E+00 7.0E-02 3.9E-06 
Chloroethane 6.1E-03 2.4E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 3.6E-02 4.4E-07 5.6E-03 3.1E+00 5.0E-02 6.2E-07 
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TABLE 3-22c
 
CALCULATION OF THE DERMAL ABSORBED (DA) FACTOR
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical of Potential Concern Permeability
Coefficient (Kp) 

(cm/hour) 
Tau 

(hour/event) 

Fraction 

Absorbed (FA) 
(unitless) 

C2 

L/cm3 

Const

2FA 

ants 
te 

(hr/event) pi 

Group 3-4, F

SQRT(6tau*t/pi) 

acility Worker, CT 
DAfactor 
grp 3-4 

FW 

te 

(hr/event) 

G

pi 

roup 3-4, Faci

SQRT(6tau*t/pi) 

lity Worker, RME 
DAfactor 
grp 3-4 

FW 
Chloroform 6.8E-03 5.0E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 5.2E-02 7.0E-07 5.6E-03 3.1E+00 7.3E-02 9.9E-07 
Dichlorodifluoromethane 9.0E-03 5.1E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 5.2E-02 9.4E-07 5.6E-03 3.1E+00 7.4E-02 1.3E-06 
Ethyl Ether 2.3E-03 2.8E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 3.9E-02 1.8E-07 5.6E-03 3.1E+00 5.5E-02 2.5E-07 
Ethylbenzene 4.9E-02 4.2E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 4.7E-02 4.6E-06 5.6E-03 3.1E+00 6.7E-02 6.5E-06 
Isopropylbenzene 7.0E-02 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 7.3E-02 1.0E-05 5.6E-03 3.1E+00 1.0E-01 1.4E-05 
Methylene Chloride 3.5E-03 3.2E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 4.1E-02 2.9E-07 5.6E-03 3.1E+00 5.8E-02 4.1E-07 
2-Methylnaphthalene 4.7E-02 5.6E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 5.5E-02 5.1E-06 5.6E-03 3.1E+00 7.7E-02 7.2E-06 
n-Propylbenzene 9.2E-02 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 7.3E-02 1.3E-05 5.6E-03 3.1E+00 1.0E-01 1.9E-05 
p-Isopropyltoluene 1.4E-01 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 7.3E-02 2.0E-05 5.6E-03 3.1E+00 1.0E-01 2.9E-05 
Styrene 3.7E-02 4.1E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 4.7E-02 3.5E-06 5.6E-03 3.1E+00 6.6E-02 4.9E-06 
n-Butylbenzene 1.8E-01 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 7.3E-02 2.6E-05 5.6E-03 3.1E+00 1.0E-01 3.7E-05 
tert-Butylbenzene 1.4E-01 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 7.3E-02 2.0E-05 5.6E-03 3.1E+00 1.0E-01 2.9E-05 
Tetrachloroethene 3.3E-02 9.1E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 6.9E-02 4.6E-06 5.6E-03 3.1E+00 9.8E-02 6.5E-06 
Tetrahydrofuran 1.3E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 7.3E-02 1.9E-07 5.6E-03 3.1E+00 1.0E-01 2.7E-07 
Toluene 3.1E-02 3.5E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 4.3E-02 2.7E-06 5.6E-03 3.1E+00 6.1E-02 3.8E-06 
Trichloroethene 1.2E-02 5.8E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 5.5E-02 1.3E-06 5.6E-03 3.1E+00 7.8E-02 1.9E-06 
Trichlorofluoromethane 1.3E-02 6.3E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 5.8E-02 1.5E-06 5.6E-03 3.1E+00 8.2E-02 2.1E-06 
Vinyl chloride 5.6E-03 2.4E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 3.6E-02 4.0E-07 5.6E-03 3.1E+00 5.0E-02 5.7E-07 
Xylenes (total) 7.0E-02 4.2E-01 1.0E+00 1.0E-03 2.0E+00 2.8E-03 3.1E+00 4.7E-02 6.6E-06 5.6E-03 3.1E+00 6.7E-02 9.4E-06 

Notes: 
1. ADIdermal (mg/kg-d) = DA event * EV * EF * ED * SA * 1/BW * 1/AT * 1/C1 

Where for inorganics: DA event = EPC * Kp * C2 * t-e 
Where for organics: DA event = EPC * 2 FA * Kp * C2 * SQRT{(6 * tau-event * t-e)/pi} 

(short-duration exposures) 
and DA event = EPC * FA * Kp * C2 * [ (t-event/1 + B) + 2 tau-event {(1 + 3 B + 3 B2)/(1 + B)2} ] 

(long-duration exposures) 
2. DAfactor includes all above variables except for the groundwater EPC. (DA  = DA event / EPC)factor

3. CT = Central Tendency; RME = Reasonable Maximum Exposure; EPC = groundwater exposure point concentration 
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TABLE 3-22c
 
CALCULATION OF THE DERMAL ABSORBED (DA) FACTOR
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical of Potential Concern Permeability
Coefficient (Kp) 

(cm/hour) 
Tau 

(hour/event) 

Fraction 

Absorbed (FA) 
(unitless) 

C2 

L/cm3 

Const

2FA 

ants 
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(hr/event) 
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SQRT(6tau*t/pi) 
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grp 3-4 

CW 
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CW 

rker, RME 
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Res 

CT 
te 
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Group 5 T
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DAfactor 

grp 5 
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esident, CT 

Antimony 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 5.0E-07 5.0E-01 5.0E-07 3.3E-01 3.3E-07 1.0E+00 1.0E-06 
Arsenic 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 5.0E-07 5.0E-01 5.0E-07 3.3E-01 3.3E-07 1.0E+00 1.0E-06 
Barium 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 5.0E-07 5.0E-01 5.0E-07 3.3E-01 3.3E-07 1.0E+00 1.0E-06 
Beryllium 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 5.0E-07 5.0E-01 5.0E-07 3.3E-01 3.3E-07 1.0E+00 1.0E-06 
Cadmium 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 5.0E-07 5.0E-01 5.0E-07 3.3E-01 3.3E-07 1.0E+00 1.0E-06 
Chromium 2.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 1.0E-06 5.0E-01 1.0E-06 3.3E-01 6.6E-07 1.0E+00 2.0E-06 
Cobalt 4.0E-04 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 2.0E-07 5.0E-01 2.0E-07 3.3E-01 1.3E-07 1.0E+00 4.0E-07 
Copper 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 5.0E-07 5.0E-01 5.0E-07 3.3E-01 3.3E-07 1.0E+00 1.0E-06 
Lead 1.0E-04 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 5.0E-08 5.0E-01 5.0E-08 3.3E-01 3.3E-08 1.0E+00 1.0E-07 
Manganese 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 5.0E-07 5.0E-01 5.0E-07 3.3E-01 3.3E-07 1.0E+00 1.0E-06 
Nickel 2.0E-04 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 1.0E-07 5.0E-01 1.0E-07 3.3E-01 6.6E-08 1.0E+00 2.0E-07 
Selenium 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 5.0E-07 5.0E-01 5.0E-07 3.3E-01 3.3E-07 1.0E+00 1.0E-06 
Silver 6.0E-04 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 3.0E-07 5.0E-01 3.0E-07 3.3E-01 2.0E-07 1.0E+00 6.0E-07 
Thallium 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 5.0E-07 5.0E-01 5.0E-07 3.3E-01 3.3E-07 1.0E+00 1.0E-06 
Vanadium 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 5.0E-07 5.0E-01 5.0E-07 3.3E-01 3.3E-07 1.0E+00 1.0E-06 
Zinc 6.0E-04 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 3.0E-07 5.0E-01 3.0E-07 3.3E-01 2.0E-07 1.0E+00 6.0E-07 
Aroclor 1254 0.0E+00 4.6E+00 6.0E-01 1.0E-03 2.0E+00 5.0E-01 2.1E+00 0.0E+00 5.0E-01 2.1E+00 0.0E+00 3.3E-01 1.7E+00 0.0E+00 1.0E+00 3.0E+00 0.0E+00 
Alpha-BHC 1.6E-02 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 9.8E-01 3.1E-05 5.0E-01 9.8E-01 3.1E-05 3.3E-01 7.9E-01 2.5E-05 1.0E+00 1.4E+00 4.4E-05 
2,4-Dimethylphenol 1.1E-02 5.2E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 7.0E-01 1.6E-05 5.0E-01 7.0E-01 1.6E-05 3.3E-01 5.7E-01 1.3E-05 1.0E+00 1.0E+00 2.2E-05 
3-Methylphenol/4-Methylphenol 8.0E-03 4.3E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 6.4E-01 1.0E-05 5.0E-01 6.4E-01 1.0E-05 3.3E-01 5.2E-01 8.3E-06 1.0E+00 9.1E-01 1.5E-05 
4-Methylphenol 8.0E-03 4.3E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 6.4E-01 1.0E-05 5.0E-01 6.4E-01 1.0E-05 3.3E-01 5.2E-01 8.3E-06 1.0E+00 9.1E-01 1.5E-05 
Acetophenone 4.7E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 9.8E-01 9.1E-06 5.0E-01 9.8E-01 9.1E-06 3.3E-01 7.9E-01 7.4E-06 1.0E+00 1.4E+00 1.3E-05 
Acrylonitrile 1.2E-03 2.1E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 4.5E-01 1.1E-06 5.0E-01 4.5E-01 1.1E-06 3.3E-01 3.6E-01 8.7E-07 1.0E+00 6.3E-01 1.5E-06 
Bis(2-Ethylhexyl)phthalate 2.4E-02 1.7E+01 8.0E-01 1.0E-03 2.0E+00 5.0E-01 4.0E+00 1.5E-04 5.0E-01 4.0E+00 1.5E-04 3.3E-01 3.2E+00 1.2E-04 1.0E+00 5.6E+00 2.2E-04 
Ethyl methacrylate 9.1E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 9.8E-01 1.8E-05 5.0E-01 9.8E-01 1.8E-05 3.3E-01 7.9E-01 1.5E-05 1.0E+00 1.4E+00 2.5E-05 
Naphthalene 4.7E-02 5.6E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 7.3E-01 6.9E-05 5.0E-01 7.3E-01 6.9E-05 3.3E-01 5.9E-01 5.6E-05 1.0E+00 1.0E+00 9.7E-05 
N-Nitrosodi-n-butylamine 3.8E-03 8.2E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 8.9E-01 6.7E-06 5.0E-01 8.9E-01 6.7E-06 3.3E-01 7.2E-01 5.5E-06 1.0E+00 1.3E+00 9.5E-06 
N-Nitrosopyrrolidine 3.4E-04 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 9.8E-01 6.7E-07 5.0E-01 9.8E-01 6.7E-07 3.3E-01 7.9E-01 5.4E-07 1.0E+00 1.4E+00 9.5E-07 
o-Toluidine 3.0E-03 4.2E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 6.3E-01 3.8E-06 5.0E-01 6.3E-01 3.8E-06 3.3E-01 5.1E-01 3.1E-06 1.0E+00 9.0E-01 5.4E-06 
Phenol 8.1E-03 3.6E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 5.9E-01 9.5E-06 5.0E-01 5.9E-01 9.5E-06 3.3E-01 4.8E-01 7.7E-06 1.0E+00 8.3E-01 1.3E-05 
Pyridine 1.8E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 9.8E-01 3.6E-06 5.0E-01 9.8E-01 3.6E-06 3.3E-01 7.9E-01 2.9E-06 1.0E+00 1.4E+00 5.0E-06 
1,1,1-Trichloroethane 1.3E-02 6.0E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 7.6E-01 2.0E-05 5.0E-01 7.6E-01 2.0E-05 3.3E-01 6.2E-01 1.6E-05 1.0E+00 1.1E+00 2.8E-05 
1,1,2-Trichloroethane 6.4E-03 6.0E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 7.6E-01 9.7E-06 5.0E-01 7.6E-01 9.7E-06 3.3E-01 6.2E-01 7.9E-06 1.0E+00 1.1E+00 1.4E-05 
1,1-Dichloroethane 6.7E-03 3.8E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 6.0E-01 8.1E-06 5.0E-01 6.0E-01 8.1E-06 3.3E-01 4.9E-01 6.6E-06 1.0E+00 8.5E-01 1.1E-05 
1,1-Dichloroethene 1.2E-02 3.7E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 5.9E-01 1.4E-05 5.0E-01 5.9E-01 1.4E-05 3.3E-01 4.8E-01 1.2E-05 1.0E+00 8.4E-01 2.0E-05 
1,2,4-Trichlorobenzene 6.6E-02 1.1E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 1.0E+00 1.4E-04 5.0E-01 1.0E+00 1.4E-04 3.3E-01 8.4E-01 1.1E-04 1.0E+00 1.5E+00 1.9E-04 
1,2,4-Trimethylbenzene 1.1E-01 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 9.8E-01 2.2E-04 5.0E-01 9.8E-01 2.2E-04 3.3E-01 7.9E-01 1.7E-04 1.0E+00 1.4E+00 3.0E-04 
1,4-Dichlorobenzene 4.2E-02 7.1E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 8.2E-01 6.9E-05 5.0E-01 8.2E-01 6.9E-05 3.3E-01 6.7E-01 5.6E-05 1.0E+00 1.2E+00 9.8E-05 
1,2-Dichloroethane 4.2E-03 3.8E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 6.0E-01 5.1E-06 5.0E-01 6.0E-01 5.1E-06 3.3E-01 4.9E-01 4.1E-06 1.0E+00 8.5E-01 7.2E-06 
1,2-Dichloroethene 7.7E-03 3.7E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 5.9E-01 9.2E-06 5.0E-01 5.9E-01 9.2E-06 3.3E-01 4.8E-01 7.4E-06 1.0E+00 8.4E-01 1.3E-05 
cis-1,2-Dichloroethene 7.7E-03 3.7E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 5.9E-01 9.2E-06 5.0E-01 5.9E-01 9.2E-06 3.3E-01 4.8E-01 7.4E-06 1.0E+00 8.4E-01 1.3E-05 
1,2-Dichloropropane 7.8E-03 4.6E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 6.6E-01 1.0E-05 5.0E-01 6.6E-01 1.0E-05 3.3E-01 5.4E-01 8.4E-06 1.0E+00 9.4E-01 1.5E-05 
1,3,5-Trimethylbenzene 6.1E-02 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 9.8E-01 1.2E-04 5.0E-01 9.8E-01 1.2E-04 3.3E-01 7.9E-01 9.7E-05 1.0E+00 1.4E+00 1.7E-04 
1,4-Dioxane 3.3E-04 3.3E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 5.6E-01 3.7E-07 5.0E-01 5.6E-01 3.7E-07 3.3E-01 4.6E-01 3.0E-07 1.0E+00 7.9E-01 5.2E-07 
2-Butanone 1.1E-03 2.7E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 5.1E-01 1.1E-06 5.0E-01 5.1E-01 1.1E-06 3.3E-01 4.1E-01 9.2E-07 1.0E+00 7.2E-01 1.6E-06 
2-Hexanone 4.5E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 9.8E-01 8.8E-06 5.0E-01 9.8E-01 8.8E-06 3.3E-01 7.9E-01 7.1E-06 1.0E+00 1.4E+00 1.2E-05 
4-Methyl-2-pentanone 4.0E-03 3.9E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 6.1E-01 4.8E-06 5.0E-01 6.1E-01 4.8E-06 3.3E-01 5.0E-01 3.9E-06 1.0E+00 8.6E-01 6.9E-06 
Acetone 5.2E-04 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 9.8E-01 1.0E-06 5.0E-01 9.8E-01 1.0E-06 3.3E-01 7.9E-01 8.3E-07 1.0E+00 1.4E+00 1.4E-06 
Benzene 1.5E-02 2.9E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 5.3E-01 1.6E-05 5.0E-01 5.3E-01 1.6E-05 3.3E-01 4.3E-01 1.3E-05 1.0E+00 7.4E-01 2.2E-05 
Carbon tetrachloride 1.6E-02 7.8E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 8.6E-01 2.8E-05 5.0E-01 8.6E-01 2.8E-05 3.3E-01 7.0E-01 2.2E-05 1.0E+00 1.2E+00 3.9E-05 
Chlorobenzene 2.8E-02 4.6E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 6.6E-01 3.7E-05 5.0E-01 6.6E-01 3.7E-05 3.3E-01 5.4E-01 3.0E-05 1.0E+00 9.4E-01 5.3E-05 
Chloroethane 6.1E-03 2.4E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 4.8E-01 5.8E-06 5.0E-01 4.8E-01 5.8E-06 3.3E-01 3.9E-01 4.7E-06 1.0E+00 6.8E-01 8.3E-06 
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TABLE 3-22c
 
CALCULATION OF THE DERMAL ABSORBED (DA) FACTOR
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical of Potential Concern Permeability
Coefficient (Kp) 

(cm/hour) 
Tau 

(hour/event) 

Fraction 

Absorbed (FA) 
(unitless) 

C2 

L/cm3 

Const

2FA 

ants 
te 

(hr/event) 

Group 3-

SQRT(6tau*t/pi) 

4 Construction Worker, CT 
DAfactor 
grp 3-4 

CW 

te 

(hr/event) 

Group 3-4 C

SQRT(6tau*t/pi) 

onstruction Wo
DAfactor 
grp 3-4 

CW 

rker, RME 
te 

(hr/event) 

Gr

SQRT(6tau*t/pi) 

oup 3-4 Resident, 
DAfactor 
grp 3-4 

Res 

CT 
te 

(hr/event) 

Group 5 T

SQRT(6tau*t/pi) 

respasser/Future R
DAfactor 

grp 5 
TP/FR 

esident, CT 

Chloroform 6.8E-03 5.0E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 6.9E-01 9.4E-06 5.0E-01 6.9E-01 9.4E-06 3.3E-01 5.6E-01 7.6E-06 1.0E+00 9.8E-01 1.3E-05 
Dichlorodifluoromethane 9.0E-03 5.1E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 7.0E-01 1.3E-05 5.0E-01 7.0E-01 1.3E-05 3.3E-01 5.7E-01 1.0E-05 1.0E+00 9.9E-01 1.8E-05 
Ethyl Ether 2.3E-03 2.8E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 5.2E-01 2.4E-06 5.0E-01 5.2E-01 2.4E-06 3.3E-01 4.2E-01 1.9E-06 1.0E+00 7.3E-01 3.4E-06 
Ethylbenzene 4.9E-02 4.2E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 6.3E-01 6.2E-05 5.0E-01 6.3E-01 6.2E-05 3.3E-01 5.1E-01 5.0E-05 1.0E+00 9.0E-01 8.8E-05 
Isopropylbenzene 7.0E-02 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 9.8E-01 1.4E-04 5.0E-01 9.8E-01 1.4E-04 3.3E-01 7.9E-01 1.1E-04 1.0E+00 1.4E+00 1.9E-04 
Methylene Chloride 3.5E-03 3.2E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 5.5E-01 3.9E-06 5.0E-01 5.5E-01 3.9E-06 3.3E-01 4.5E-01 3.1E-06 1.0E+00 7.8E-01 5.5E-06 
2-Methylnaphthalene 4.7E-02 5.6E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 7.3E-01 6.9E-05 5.0E-01 7.3E-01 6.9E-05 3.3E-01 5.9E-01 5.6E-05 1.0E+00 1.0E+00 9.7E-05 
n-Propylbenzene 9.2E-02 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 9.8E-01 1.8E-04 5.0E-01 9.8E-01 1.8E-04 3.3E-01 7.9E-01 1.5E-04 1.0E+00 1.4E+00 2.5E-04 
p-Isopropyltoluene 1.4E-01 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 9.8E-01 2.7E-04 5.0E-01 9.8E-01 2.7E-04 3.3E-01 7.9E-01 2.2E-04 1.0E+00 1.4E+00 3.9E-04 
Styrene 3.7E-02 4.1E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 6.3E-01 4.6E-05 5.0E-01 6.3E-01 4.6E-05 3.3E-01 5.1E-01 3.8E-05 1.0E+00 8.9E-01 6.5E-05 
n-Butylbenzene 1.8E-01 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 9.8E-01 3.5E-04 5.0E-01 9.8E-01 3.5E-04 3.3E-01 7.9E-01 2.9E-04 1.0E+00 1.4E+00 5.0E-04 
tert-Butylbenzene 1.4E-01 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 9.8E-01 2.7E-04 5.0E-01 9.8E-01 2.7E-04 3.3E-01 7.9E-01 2.2E-04 1.0E+00 1.4E+00 3.9E-04 
Tetrachloroethene 3.3E-02 9.1E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 9.3E-01 6.2E-05 5.0E-01 9.3E-01 6.2E-05 3.3E-01 7.6E-01 5.0E-05 1.0E+00 1.3E+00 8.7E-05 
Tetrahydrofuran 1.3E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 5.0E-01 9.8E-01 2.5E-06 5.0E-01 9.8E-01 2.5E-06 3.3E-01 7.9E-01 2.1E-06 1.0E+00 1.4E+00 3.6E-06 
Toluene 3.1E-02 3.5E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 5.8E-01 3.6E-05 5.0E-01 5.8E-01 3.6E-05 3.3E-01 4.7E-01 2.9E-05 1.0E+00 8.2E-01 5.1E-05 
Trichloroethene 1.2E-02 5.8E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 7.4E-01 1.8E-05 5.0E-01 7.4E-01 1.8E-05 3.3E-01 6.0E-01 1.5E-05 1.0E+00 1.1E+00 2.5E-05 
Trichlorofluoromethane 1.3E-02 6.3E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 7.8E-01 2.0E-05 5.0E-01 7.8E-01 2.0E-05 3.3E-01 6.3E-01 1.6E-05 1.0E+00 1.1E+00 2.9E-05 
Vinyl chloride 5.6E-03 2.4E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 4.8E-01 5.4E-06 5.0E-01 4.8E-01 5.4E-06 3.3E-01 3.9E-01 4.4E-06 1.0E+00 6.8E-01 7.6E-06 
Xylenes (total) 7.0E-02 4.2E-01 1.0E+00 1.0E-03 2.0E+00 5.0E-01 6.3E-01 8.9E-05 5.0E-01 6.3E-01 8.9E-05 3.3E-01 5.1E-01 7.2E-05 1.0E+00 9.0E-01 1.3E-04 

Notes: 
1. ADIdermal (mg/kg-d) = DA event * EV * EF * ED * SA * 1/BW * 1/AT * 1/C1 

Where for inorganics: DA event = EPC * Kp * C2 * t-e 
Where for organics: DA event = EPC * 2 FA * Kp * C2 * SQRT{(6 * tau-event * t-e)/pi} 

(short-duration exposures) 
and DA event = EPC * FA * Kp * C2 * [ (t-event/1 + B) + 2 tau-event {(1 + 3 B + 3 B2 

(long-duration exposures) 
2. DAfactor includes all above variables except for the groundwater EPC. (DA  = DA event / EPC)factor

3. CT = Central Tendency; RME = Reasonable Maximum Exposure; EPC = groundwater exposure point concentration 
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TABLE 3-22c
 
CALCULATION OF THE DERMAL ABSORBED (DA) FACTOR
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical of Potential Concern Permeability
Coefficient (Kp) 

(cm/hour) 
Tau 

(hour/event) 

Fraction 

Absorbed (FA) 
(unitless) 

C2 

L/cm3 

Const

2FA 

ants 
te 

1-6yr 
(hr/event) 

te 
7-31yr 

(hr/event) 
1-6yr 

SQRT(6tau*t/pi) 

Group 3-4 R

7-31yr 
SQRT(6tau*t/pi) 

esident, RME 
DAfactor 
grp 3-4 
Res NC 

DAfactor 
grp 3-4 
Res C 

te 

(hr/event) 

Group 5 Tr

SQRT(6tau*t/pi) 

espasser/Future R
DAfactor 

grp 5 
TP/FR 

esident, RME 

Antimony 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.0E-06 5.8E-07 1.0E+00 1.0E-06 
Arsenic 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.0E-06 5.8E-07 1.0E+00 1.0E-06 
Barium 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.0E-06 5.8E-07 1.0E+00 1.0E-06 
Beryllium 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.0E-06 5.8E-07 1.0E+00 1.0E-06 
Cadmium 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.0E-06 5.8E-07 1.0E+00 1.0E-06 
Chromium 2.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 2.0E-06 1.2E-06 1.0E+00 2.0E-06 
Cobalt 4.0E-04 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 4.0E-07 2.3E-07 1.0E+00 4.0E-07 
Copper 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.0E-06 5.8E-07 1.0E+00 1.0E-06 
Lead 1.0E-04 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.0E-07 5.8E-08 1.0E+00 1.0E-07 
Manganese 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.0E-06 5.8E-07 1.0E+00 1.0E-06 
Nickel 2.0E-04 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 2.0E-07 1.2E-07 1.0E+00 2.0E-07 
Selenium 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.0E-06 5.8E-07 1.0E+00 1.0E-06 
Silver 6.0E-04 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 6.0E-07 3.5E-07 1.0E+00 6.0E-07 
Thallium 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.0E-06 5.8E-07 1.0E+00 1.0E-06 
Vanadium 1.0E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.0E-06 5.8E-07 1.0E+00 1.0E-06 
Zinc 6.0E-04 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 6.0E-07 3.5E-07 1.0E+00 6.0E-07 
Aroclor 1254 0.0E+00 4.6E+00 6.0E-01 1.0E-03 2.0E+00 1.0E+00 5.8E-01 3.0E+00 2.3E+00 0.0E+00 0.0E+00 1.0E+00 3.0E+00 0.0E+00 
Alpha-BHC 1.6E-02 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.4E+00 1.1E+00 4.4E-05 3.4E-05 1.0E+00 1.4E+00 4.4E-05 
2,4-Dimethylphenol 1.1E-02 5.2E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.0E+00 7.6E-01 2.2E-05 1.7E-05 1.0E+00 1.0E+00 2.2E-05 
3-Methylphenol/4-Methylphenol 8.0E-03 4.3E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 9.1E-01 6.9E-01 1.5E-05 1.1E-05 1.0E+00 9.1E-01 1.5E-05 
4-Methylphenol 8.0E-03 4.3E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 9.1E-01 6.9E-01 1.5E-05 1.1E-05 1.0E+00 9.1E-01 1.5E-05 
Acetophenone 4.7E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.4E+00 1.1E+00 1.3E-05 9.8E-06 1.0E+00 1.4E+00 1.3E-05 
Acrylonitrile 1.2E-03 2.1E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 6.3E-01 4.8E-01 1.5E-06 1.2E-06 1.0E+00 6.3E-01 1.5E-06 
Bis(2-Ethylhexyl)phthalate 2.4E-02 1.7E+01 8.0E-01 1.0E-03 2.0E+00 1.0E+00 5.8E-01 5.6E+00 4.3E+00 2.2E-04 1.6E-04 1.0E+00 5.6E+00 2.2E-04 
Ethyl methacrylate 9.1E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.4E+00 1.1E+00 2.5E-05 1.9E-05 1.0E+00 1.4E+00 2.5E-05 
Naphthalene 4.7E-02 5.6E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.0E+00 7.9E-01 9.7E-05 7.4E-05 1.0E+00 1.0E+00 9.7E-05 
N-Nitrosodi-n-butylamine 3.8E-03 8.2E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.3E+00 9.5E-01 9.5E-06 7.2E-06 1.0E+00 1.3E+00 9.5E-06 
N-Nitrosopyrrolidine 3.4E-04 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.4E+00 1.1E+00 9.5E-07 7.2E-07 1.0E+00 1.4E+00 9.5E-07 
o-Toluidine 3.0E-03 4.2E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 9.0E-01 6.8E-01 5.4E-06 4.1E-06 1.0E+00 9.0E-01 5.4E-06 
Phenol 8.1E-03 3.6E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 8.3E-01 6.3E-01 1.3E-05 1.0E-05 1.0E+00 8.3E-01 1.3E-05 
Pyridine 1.8E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.4E+00 1.1E+00 5.0E-06 3.8E-06 1.0E+00 1.4E+00 5.0E-06 
1,1,1-Trichloroethane 1.3E-02 6.0E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.1E+00 8.2E-01 2.8E-05 2.1E-05 1.0E+00 1.1E+00 2.8E-05 
1,1,2-Trichloroethane 6.4E-03 6.0E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.1E+00 8.2E-01 1.4E-05 1.0E-05 1.0E+00 1.1E+00 1.4E-05 
1,1-Dichloroethane 6.7E-03 3.8E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 8.5E-01 6.5E-01 1.1E-05 8.7E-06 1.0E+00 8.5E-01 1.1E-05 
1,1-Dichloroethene 1.2E-02 3.7E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 8.4E-01 6.4E-01 2.0E-05 1.5E-05 1.0E+00 8.4E-01 2.0E-05 
1,2,4-Trichlorobenzene 6.6E-02 1.1E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.5E+00 1.1E+00 1.9E-04 1.5E-04 1.0E+00 1.5E+00 1.9E-04 
1,2,4-Trimethylbenzene 1.1E-01 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.4E+00 1.1E+00 3.0E-04 2.3E-04 1.0E+00 1.4E+00 3.0E-04 
1,4-Dichlorobenzene 4.2E-02 7.1E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.2E+00 8.9E-01 9.8E-05 7.5E-05 1.0E+00 1.2E+00 9.8E-05 
1,2-Dichloroethane 4.2E-03 3.8E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 8.5E-01 6.5E-01 7.2E-06 5.5E-06 1.0E+00 8.5E-01 7.2E-06 
1,2-Dichloroethene 7.7E-03 3.7E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 8.4E-01 6.4E-01 1.3E-05 9.9E-06 1.0E+00 8.4E-01 1.3E-05 
cis-1,2-Dichloroethene 7.7E-03 3.7E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 8.4E-01 6.4E-01 1.3E-05 9.9E-06 1.0E+00 8.4E-01 1.3E-05 
1,2-Dichloropropane 7.8E-03 4.6E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 9.4E-01 7.1E-01 1.5E-05 1.1E-05 1.0E+00 9.4E-01 1.5E-05 
1,3,5-Trimethylbenzene 6.1E-02 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.4E+00 1.1E+00 1.7E-04 1.3E-04 1.0E+00 1.4E+00 1.7E-04 
1,4-Dioxane 3.3E-04 3.3E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 7.9E-01 6.0E-01 5.2E-07 4.0E-07 1.0E+00 7.9E-01 5.2E-07 
2-Butanone 1.1E-03 2.7E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 7.2E-01 5.5E-01 1.6E-06 1.2E-06 1.0E+00 7.2E-01 1.6E-06 
2-Hexanone 4.5E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.4E+00 1.1E+00 1.2E-05 9.5E-06 1.0E+00 1.4E+00 1.2E-05 
4-Methyl-2-pentanone 4.0E-03 3.9E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 8.6E-01 6.6E-01 6.9E-06 5.2E-06 1.0E+00 8.6E-01 6.9E-06 
Acetone 5.2E-04 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.4E+00 1.1E+00 1.4E-06 1.1E-06 1.0E+00 1.4E+00 1.4E-06 
Benzene 1.5E-02 2.9E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 7.4E-01 5.7E-01 2.2E-05 1.7E-05 1.0E+00 7.4E-01 2.2E-05 
Carbon tetrachloride 1.6E-02 7.8E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.2E+00 9.3E-01 3.9E-05 3.0E-05 1.0E+00 1.2E+00 3.9E-05 
Chlorobenzene 2.8E-02 4.6E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 9.4E-01 7.1E-01 5.3E-05 4.0E-05 1.0E+00 9.4E-01 5.3E-05 
Chloroethane 6.1E-03 2.4E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 6.8E-01 5.2E-01 8.3E-06 6.3E-06 1.0E+00 6.8E-01 8.3E-06 
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TABLE 3-22c
 
CALCULATION OF THE DERMAL ABSORBED (DA) FACTOR
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical of Potential Concern Permeability
Coefficient (Kp) 

(cm/hour) 
Tau 

(hour/event) 

Fraction 

Absorbed (FA) 
(unitless) 

C2 

L/cm3 

Const

2FA 

ants 
te 

1-6yr 
(hr/event) 

te 
7-31yr 

(hr/event) 
1-6yr 

SQRT(6tau*t/pi) 

Group 3-4 R

7-31yr 
SQRT(6tau*t/pi) 

esident, RME 
DAfactor 
grp 3-4 
Res NC 

DAfactor 
grp 3-4 
Res C 

te 

(hr/event) 

Group 5 Tr

SQRT(6tau*t/pi) 

espasser/Future R
DAfactor 

grp 5 
TP/FR 

esident, RME 

Chloroform 6.8E-03 5.0E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 9.8E-01 7.4E-01 1.3E-05 1.0E-05 1.0E+00 9.8E-01 1.3E-05 
Dichlorodifluoromethane 9.0E-03 5.1E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 9.9E-01 7.5E-01 1.8E-05 1.4E-05 1.0E+00 9.9E-01 1.8E-05 
Ethyl Ether 2.3E-03 2.8E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 7.3E-01 5.6E-01 3.4E-06 2.6E-06 1.0E+00 7.3E-01 3.4E-06 
Ethylbenzene 4.9E-02 4.2E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 9.0E-01 6.8E-01 8.8E-05 6.7E-05 1.0E+00 9.0E-01 8.8E-05 
Isopropylbenzene 7.0E-02 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.4E+00 1.1E+00 1.9E-04 1.5E-04 1.0E+00 1.4E+00 1.9E-04 
Methylene Chloride 3.5E-03 3.2E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 7.8E-01 6.0E-01 5.5E-06 4.2E-06 1.0E+00 7.8E-01 5.5E-06 
2-Methylnaphthalene 4.7E-02 5.6E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.0E+00 7.9E-01 9.7E-05 7.4E-05 1.0E+00 1.0E+00 9.7E-05 
n-Propylbenzene 9.2E-02 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.4E+00 1.1E+00 2.5E-04 1.9E-04 1.0E+00 1.4E+00 2.5E-04 
p-Isopropyltoluene 1.4E-01 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.4E+00 1.1E+00 3.9E-04 2.9E-04 1.0E+00 1.4E+00 3.9E-04 
Styrene 3.7E-02 4.1E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 8.9E-01 6.7E-01 6.5E-05 5.0E-05 1.0E+00 8.9E-01 6.5E-05 
n-Butylbenzene 1.8E-01 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.4E+00 1.1E+00 5.0E-04 3.8E-04 1.0E+00 1.4E+00 5.0E-04 
tert-Butylbenzene 1.4E-01 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.4E+00 1.1E+00 3.9E-04 2.9E-04 1.0E+00 1.4E+00 3.9E-04 
Tetrachloroethene 3.3E-02 9.1E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.3E+00 1.0E+00 8.7E-05 6.6E-05 1.0E+00 1.3E+00 8.7E-05 
Tetrahydrofuran 1.3E-03 1.0E+00 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.4E+00 1.1E+00 3.6E-06 2.7E-06 1.0E+00 1.4E+00 3.6E-06 
Toluene 3.1E-02 3.5E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 8.2E-01 6.2E-01 5.1E-05 3.9E-05 1.0E+00 8.2E-01 5.1E-05 
Trichloroethene 1.2E-02 5.8E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.1E+00 8.0E-01 2.5E-05 1.9E-05 1.0E+00 1.1E+00 2.5E-05 
Trichlorofluoromethane 1.3E-02 6.3E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 1.1E+00 8.4E-01 2.9E-05 2.2E-05 1.0E+00 1.1E+00 2.9E-05 
Vinyl chloride 5.6E-03 2.4E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 6.8E-01 5.2E-01 7.6E-06 5.8E-06 1.0E+00 6.8E-01 7.6E-06 
Xylenes (total) 7.0E-02 4.2E-01 1.0E+00 1.0E-03 2.0E+00 1.0E+00 5.8E-01 9.0E-01 6.8E-01 1.3E-04 9.6E-05 1.0E+00 9.0E-01 1.3E-04 

Notes: 
1. ADIdermal (mg/kg-d) = DA event * EV * EF * ED * SA * 1/BW * 1/AT * 1/C1 

Where for inorganics: DA event = EPC * Kp * C2 * t-e 
Where for organics: DA event = EPC * 2 FA * Kp * C2 * SQRT{(6 * tau-event * t-e)/pi} 

(short-duration exposures) 
and DA event = EPC * FA * Kp * C2 * [ (t-event/1 + B) + 2 tau-event {(1 + 3 B + 3 B2 

(long-duration exposures) 
2. DAfactor includes all above variables except for the groundwater EPC. (DA  = DA event / EPC)factor

3. CT = Central Tendency; RME = Reasonable Maximum Exposure; EPC = groundwater exposure point concentration 
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EXPOSURE POINT CONCENTRATION SUMMARY: CENTRAL TENDENCY AND REASONABLE MAXIMUM EXPOSURES 

TABLE 3-23A 

Group 3 - Upland Soil (all depths) 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Scenario Timeframe: Current and Future Scenarios (trespasser, resident, facility worker, construction worker) 
Medium: Upland soil 
Exposure Medium: Soil (0-10' bgs)* 

Exposure Point Chemical of 
Concern 

Arithmetic Mean 
Concentration1 95% UCL of Mean1 Maximum 

Concentration1 
Exposure Point 
Concentration2 Units Statistical Measure Rationale 

0-10 feet Benzo(a)anthracene 0.381 1.16 1.10 1.10 (mg/kg) 

Benzo(a)pyrene 0.381 1.16 1.10 1.10 (mg/kg) 

Benzo(e)pyrene 0.313 0.801 0.760 0.760 (mg/kg) 

Benzo(b)fluoranthene 0.329 0.886 0.840 0.840 (mg/kg) 

Bis(2-ethylhexyl)phthalate 312 4905 1500 1500 (mg/kg) 

Di-n-octylphthalate 294 5646 1600 1600 (mg/kg) 

Indeno(1,2,3-cd)Pyrene 0.305 0.758 0.720 0.720 (mg/kg) 
95% UCL of the mean (or

Naphthalene 

Toluene 

18.1 

139 

217 

3209 

100 

710 

100 

710 

(mg/kg) 

(mg/kg) 
Minimum between 95% UCL and 

Maximum 

maximum) concentration is a 
conservative, upper-bound 

estimate of exposure for Group
Tetrachloroethene 4.81 109 27.0 27.0 (mg/kg) 3 soils. 
1,2,4-Trimethylbenzene 139 3075 590 590 (mg/kg) 

1,3,5-Trimethylbenzene 47.7 1049 200 200 (mg/kg) 

Xylenes (total) 413 897 1500 897 (mg/kg) 

Arsenic 5.13 5.89 6.70 5.89 (mg/kg) 

Cadmium 0.791 6.80 3.80 3.80 (mg/kg) 

Lead 25.0 283 73.0 73.0 (mg/kg) 

Vanadium 10.0 13.4 16.0 13.4 (mg/kg) 

Footnotes: 

One-half the detection limit value was used in the calculation of arithmetic mean and UCL concentrations for samples in which results were reported as not detected (ND). 

(1) The mean, maximum and 95% Upper Confidence Level (UCL) value for each COPC were calculated using EPA's ProUCL software (version 3.00.02). Outputs are provided in Appendix F. 
Selected UCL values are the statistic recommended by the ProUCL model output. 

(2) Exposure Point Concentrations (EPCs) represent the minimum value between the 95% UCL and the Maximum Detected Concentration. 

*With the exception of soil sample (SB-3(04)), all soil samples in Group 3 were collected from subsurface (>1'bgs) depths up to 12' bgs. Most samples were collected at or near the water table, at 
approximately 4-6' bgs, where levels of COPCs are generally highest. We have therefore considered all samples collected from 0-10' bgs in the Group 3 soil EPC for both current and future exposure scenarios. 
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TABLE 3-23B 

EXPOSURE POINT CONCENTRATION SUMMARY: CENTRAL TENDENCY AND REASONABLE MAXIMUM EXPOSURES 

Group 4 - Upland Soil (surface, 0-1' bgs) 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Scenario Timeframe: Current Scenarios (local resident/youth trespasser) 
Medium: Upland soil 
Exposure Medium: Surface soil (0-1' bgs) 

Exposure Point Chemical of 
Concern 

Arithmetic Mean 
Concentration1 

95% UCL of 
Mean1 

Maximum 
Concentration1 

Exposure Point 
Concentration2 Units Statistical Measure Rationale 

0-1 feet Benzo(a)anthracene 0.376 0.538 0.810 0.538 (mg/kg) 

Benzo(a)pyrene 0.369 0.552 0.990 0.552 (mg/kg) 

Benzo(b)fluoranthene 0.475 0.676 1.10 0.676 (mg/kg) 95% UCL of the mean (or 

Indeno(1,2,3-cd)Pyrene 

Arsenic 

0.355 

5.48 

0.516 

7.02 

0.940 

9.40 

0.516 

7.02 

(mg/kg) 

(mg/kg) 

Minimum between 95% UCL and 
Maximum 

maximum) concentration is a 
conservative, upper-bound 

estimate of exposure for Group 

Lead 99.5 138 233 138 (mg/kg) 4 soils. 

Manganese 147 173 224 173 (mg/kg) 

Vanadium 13.9 15.6 18.0 15.6 (mg/kg) 

Footnotes: 

One-half the detection limit value was used in the calculation of arithmetic mean and UCL concentrations for samples in which results were reported as not detected (ND). 

(1) The mean, maximum and 95% Upper Confidence Level (UCL) value for each COPC were calculated using EPA's ProUCL software (version 3.00.02). Outputs are provided in Appendix F. 

Selected UCL values are the statistic recommended by the ProUCL model output. 

(2) Exposure Point Concentrations (EPCs) represent the minimum value between the 95% UCL and the Maximum Detected Concentration. 
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Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

EXPOSURE POINT CONCENTRATION SUMMARY: CENTRAL TENDENCY AND REASONABLE MAXIMUM EXPOSURES 

TABLE 3-23C 

Group 4 - Upland Soil (0-10' bgs) 

Remedial Investigation and Feasibility Study 

Scenario Timeframe: Future Scenarios (resident, trespasser, facility worker, construction worker) 
Medium: Upland soil 
Exposure Medium: Soil (0-10' bgs) 

Exposure Point Chemical of 
Concern 

Arithmetic Mean 
Concentration1 

95% UCL of 
Mean1 

Maximum 
Concentration1 

Exposure Point 
Concentration2 Units Statistical Measure Rationale 

0-10 feet Benzo(a)anthracene 3.82 38.0 45.0 38.0 (mg/kg) 

Benzo(a)pyrene 2.43 22.8 27.0 22.8 (mg/kg) 

Benzo(e)pyrene 4.50 57.6 17.0 17.0 (mg/kg) 

Benzo(b)fluoranthene 1.872 16.10 19.0 16.10 (mg/kg) 

Benzo(k)fluoranthene 2.081 20.27 24.0 20.27 (mg/kg) 

Bis(2-Chloroethoxy)methane 0.196 1.032 0.490 0.490 (mg/kg) 

Carbazole 2.15 22 26.0 21.9 (mg/kg) 

4-Chloro-3-methylphenol 0.185 1.021 0.370 0.370 (mg/kg) 
95% UCL of the mean (or 

Dibenzo(a,h)anthracene 

Dibenzofuran 

0.552 

1.99 

3.882 

20 

4.50 

24.0 

3.882 

20.2 

(mg/kg) 

(mg/kg) 
Minimum between 95% UCL and 

Maximum 

maximum) concentration is a 
conservative, upper-bound 

estimate of exposure for Group
Indeno(1,2,3-cd)Pyrene 1.06 8.49 10.0 8.49 (mg/kg) 4 soils. 
1-Methylnaphthalene 3.15 32.51 12.0 12.0 (mg/kg) 

2-Methylnaphthalene 1.51 14.4 17.0 14.4 (mg/kg) 

Naphthalene 1.45 13.2 19.0 13.2 (mg/kg) 

C11-C22 Aromatics 46.3 71.6 130 71.6 (mg/kg) 

Arsenic 5.87 7.10 9.40 7.1 (mg/kg) 

Lead 102 134 233 134 (mg/kg) 

Manganese 149 170 224 170 (mg/kg) 

Vanadium 14.3 15.8 19.0 15.8 (mg/kg) 

Footnotes: 

One-half the detection limit value was used in the calculation of arithmetic mean and UCL concentrations for samples in which results were reported as not detected (ND). 

(1) The mean, maximum and 95% Upper Confidence Level (UCL) value for each COPC were calculated using EPA's ProUCL software (version 3.00.02). Outputs are provided in Appendix F. 

Selected UCL values are the statistic recommended by the ProUCL model output. 
(2) Exposure Point Concentrations (EPCs) represent the minimum value between the 95% UCL and the Maximum Detected Concentration. 

N/R = UCL not calculated due to low number of datapoints. 
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EXPOSURE POINT CONCENTRATION SUMMARY: CENTRAL TENDENCY AND REASONABLE MAXIMUM EXPOSURES 

TABLE 3-24 

Group 5 - Wetland Soil 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Scenario Timeframe: Current/Future Scenarios (resident, trespasser) 
Medium: Wetland soil 
Exposure Medium: Wetland soil (0-1') 

Exposure Point Chemical of 
Concern 

Arithmetic Mean 
Concentration1 95% UCL of Mean1 Maximum 

Concentration1 
Exposure Point 
Concentration2 Units Statistical Measure Rationale 

Surface soils in wetland Benzo(a)anthracene 0.41 0.64 1.2 0.64 (mg/kg) 

Group 5 Benzo(a)pyrene 0.41 0.64 1.2 0.64 (mg/kg) 

Benzo(b)fluoranthene 0.47 0.80 1.7 0.80 (mg/kg) 
95% UCL of the mean (or

Indeno(1,2,3-cd)Pyrene 

Perylene 

0.39 

0.30 

0.56 

0.39 

0.96 

0.25 

0.56 

0.25 

(mg/kg) 

(mg/kg) 
Minimum between 95% UCL and 

Maximum 

maximum) concentration is a 
conservative, upper-bound 

estimate of exposure for Group
Arsenic 9.7 15 30 15 (mg/kg) 5 soils. 
Lead 34 63 104 63 (mg/kg) 

Manganese 259 578 1000 578 (mg/kg) 

Vanadium 9.2 12 16 12 (mg/kg) 

Footnotes: 

One-half the detection limit value was used in the calculation of arithmetic mean and UCL concentrations for samples in which results were reported as not detected (ND). 
(1) The mean, maximum and 95% Upper Confidence Level (UCL) value for each COPC were calculated using EPA's ProUCL software (version 3.00.02). Outputs are provided in Appendix F 
Selected UCL values are the statistic recommended by the ProUCL model output. 
(2) Exposure Point Concentrations (EPCs) represent the minimum value between the 95% UCL and the Maximum Detected Concentration 
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TABLE 3-25A
 

CALCULATION OF FUGITIVE DUST EXPOSURE POINT CONCENTRATIONS (EPCS): GROUP 3
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Exposure Point Chemical of 
Potential Concern 

Soil EPC (1) 1/PEF (2) 
(1/m³/kg) 

1/VF (3) 
(1/m³/kg) 

Fugitive Dust EPC (4) 

Value Units Value Units 

Group 3 Soils Benzo(a)anthracene 1.10 mg/kg 7.4E-10 NC 8E-10 mg/m³ 

0-10 feet Benzo(a)pyrene 1.10 mg/kg 7.4E-10 NC 8E-10 mg/m³ 

Benzo(e)pyrene 0.760 mg/kg 7.4E-10 NC 6E-10 mg/m³ 

Benzo(b)fluoranthene 0.840 mg/kg 7.4E-10 NC 6E-10 mg/m³ 

Bis(2-ethylhexyl)phthalate 1500 mg/kg 7.4E-10 NC 1E-06 mg/m³ 

Di-n-octylphthalate 1600 mg/kg 7.4E-10 NC 1E-06 mg/m³ 

Indeno(1,2,3-cd)Pyrene 0.720 mg/kg 7.4E-10 NC 5E-10 mg/m³ 

Naphthalene 100 mg/kg 7.4E-10 2.5E-05 3E-03 mg/m³ 

Toluene 710 mg/kg 7.4E-10 3.5E-04 3E-01 mg/m³ 

Tetrachloroethene 27.0 mg/kg 7.4E-10 6.3E-04 2E-02 mg/m³ 

1,2,4-Trimethylbenzene 590 mg/kg 7.4E-10 1.1E-04 7E-02 mg/m³ 

1,3,5-Trimethylbenzene 200 mg/kg 7.4E-10 1.1E-04 2E-02 mg/m³ 

Xylenes (total) 897 mg/kg 7.4E-10 2.3E-04 2E-01 mg/m³ 

Arsenic 5.89 mg/kg 7.4E-10 NC 4E-09 mg/m³ 

Cadmium 3.80 mg/kg 7.4E-10 NC 3E-09 mg/m³ 

Lead 73.0 mg/kg 7.4E-10 NC 5E-08 mg/m³ 

Vanadium 13.4 mg/kg 7.4E-10 NC 1E-08 mg/m³ 

Notes: 
1. The soil EPC is the lowest value between the maximum detected concentration and the 95% upper confidence limit of the mean 
concentration in Group 3 soil (0-10' bgs). 

2. The EPA default Particulate Emission Factor (PEF), 1.36 X 109 mg³/kg, was obtained from the USEPA Soil Screening Guidance (2002). 
3. The volatilization factor was derived as shown in Appendix G. 
4. Fugitive dust EPC = Soil EPC * (1/PEF + 1/VF). 
NC = not calculated as the volatility is negligible. 
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TABLE 3-25B
 

CALCULATION OF FUGITIVE DUST EXPOSURE POINT CONCENTRATIONS (EPCS): GROUP 4 SURFACE / SUBSURFACE SOILS
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Exposure Point Chemical of 
Potential Concern 

Soil EPC (1) 1/PEF (2) 
(1/m³/kg) 

1/VF (3) 
(1/m³/kg) 

Fugitive Dust EPC (4) 

Value Units Value Units 

Group 4 Soil Benzo(a)anthracene 37.97 mg/kg 7.35E-10 NC 3E-08 mg/m³ 

0-10 feet Benzo(a)pyrene 22.8 mg/kg 7.35E-10 NC 2E-08 mg/m³ 

Benzo(e)pyrene 17.0 mg/kg 7.35E-10 NC 1E-08 mg/m³ 

Benzo(b)fluoranthene 16.10 mg/kg 7.35E-10 NC 1E-08 mg/m³ 

Benzo(k)fluoranthene 20.27 mg/kg 7.35E-10 NC 1E-08 mg/m³ 

Bis(2-Chloroethoxy)methane 0.490 mg/kg 7.35E-10 NC 4E-10 mg/m³ 

Carbazole 21.9 mg/kg 7.35E-10 NC 2E-08 mg/m³ 

4-Chloro-3-methylphenol 0.370 mg/kg 7.35E-10 NC 3E-10 mg/m³ 

Dibenzo(a,h)anthracene 3.882 mg/kg 7.35E-10 NC 3E-09 mg/m³ 

Dibenzofuran 20.2 mg/kg 7.35E-10 NC 1E-08 mg/m³ 

Indeno(1,2,3-cd)Pyrene 8.49 mg/kg 7.35E-10 NC 6E-09 mg/m³ 

1-Methylnaphthalene 12.0 mg/kg 7.35E-10 6.0E-05 7E-04 mg/m³ 

2-Methylnaphthalene 14.4 mg/kg 7.35E-10 2.1E-05 3E-04 mg/m³ 

Naphthalene 13.2 mg/kg 7.35E-10 2.5E-05 3E-04 mg/m³ 

C11-C22 Aromatics 71.6 mg/kg 7.35E-10 2.0E-05 1E-03 mg/m³ 

Arsenic 7.10 mg/kg 7.35E-10 NC 5E-09 mg/m³ 

Lead 134 mg/kg 7.35E-10 NC 1E-07 mg/m³ 

Manganese 170 mg/kg 7.35E-10 NC 1E-07 mg/m³ 

Vanadium 15.8 mg/kg 7.35E-10 NC 1E-08 mg/m³ 

Notes: 
1. The soil EPC is the lowest value between the maximum detected concentration and the 95% upper confidence limit of the mean 
concentration in Group 4 soil (0-10' bgs). 
2. The EPA default Particulate Emission Factor (PEF), 1.36 X 109 mg³/kg, was obtained from the USEPA Soil Screening Guidance (2002). 
3. The volatilization factor was derived as shown in Appendix G. 
4. Fugitive dust EPC = Soil EPC * (1/PEF + 1/VF). 
NC = not calculated as the volatility is negligible. 
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Remedial Investigation and Feasibility Study 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

TABLE 3-26A 

Group 1-2 - Groundwater 
EXPOSURE POINT CONCENTRATION SUMMARY: CENTRAL TENDENCY AND REASONABLE MAXIMUM EXPOSURE 

Scenario Timeframe: Future (Resident/Facility Worker) 
Medium: Groundwater 
Exposure Medium: Group 1-2* 

Exposure Point Chemical of 
Potential Concern 

Arithmetic Mean 
Concentration1 

95% UCL 
of Mean1 

Maximum 
Concentration2 

Exposure Point 
Concentration Units Statistical Measure Rationale 

Group 1-2 1,4-Dichlorobenzene 0.0110 0.011 mg/L The maximum 
Groundwater 2-Methylnaphthalene 0.000830 0.001 mg/L Maximum detected 

3-Methylphenol/4-Methylphenol 10.0 10.00 mg/L concentration was 
4-Methylphenol 11.0 11.00 mg/L chosen as a 
Acetophenone 0.0308 0.03 mg/L conservative estimate 

Naphthalene 0.240 0.24 mg/L of exposure. 

N-Nitrosodi-n-butylamine 0.00108 0.001 mg/L 
N-Nitrosopyrrolidine 0.00968 0.010 mg/L 
o-Toluidine 0.00316 0.003 mg/L 
Phenol 2.60 2.60 mg/L 
Pyridine 0.0420 0.04 mg/L 
1,1-Dichloroethane 0.530 0.530 mg/L 
1,2,4-Trichlorobenzene 0.00250 0.00250 mg/L 
1,2,4-Trimethylbenzene 2.60 2.60 mg/L 
1,2-Dichloroethane 0.00690 0.01 mg/L 
1,2-Dichloroethene 0.150 0.15 mg/L 
cis-1,2-Dichloroethene 0.450 0.45 mg/L 
1,2-Dichloropropane 0.00340 0.003 mg/L 
1,3,5-Trimethylbenzene 0.640 0.64 mg/L 
1,4-Dioxane 0.830 0.83 mg/L 
2-Butanone 27.0 27.00 mg/L 
2-Hexanone 0.450 0.45 mg/L 
4-Methyl-2-pentanone 13.0 13.00 mg/L 
Acetone 21.0 21.00 mg/L 
Benzene 0.0380 0.04 mg/L 
Chlorobenzene 0.0280 0.03 mg/L 
Chloroethane 4.30 4.30 mg/L 
Chloroform 0.00170 0.002 mg/L 
Dichlorodifluoromethane 0.0950 0.10 mg/L 
Ethyl Ether 0.300 0.30 mg/L 
Ethylbenzene 2.00 2.00 mg/L 
Methylene Chloride 2.14 2.14 mg/L 
n-Propylbenzene 0.260 0.26 mg/L 
Styrene 0.240 0.24 mg/L 
Tetrachloroethene 0.0170 0.02 mg/L 
Tetrahydrofuran 10.0 10.00 mg/L 
Toluene 21.0 21.00 mg/L 
Trichloroethene 0.0760 0.08 mg/L 
Trichlorofluoromethane 0.410 0.41 mg/L 
Vinyl chloride 0.0350 0.04 mg/L 
Xylenes (total) 0.490 0.49 mg/L 
Antimony 0.00520 0.005 mg/L 
Arsenic 2.00 2.00 mg/L 
Barium 1.59 1.59 mg/L 
Beryllium 0.0300 0.03 mg/L 
Cadmium 0.360 0.36 mg/L 
Cobalt 0.0763 0.08 mg/L 
Copper 0.179 0.18 mg/L 
Lead 0.240 0.24 mg/L 
Manganese 20.2 20.20 mg/L 
Nickel 0.210 0.21 mg/L 
Selenium 0.0700 0.07 mg/L 
Thallium 0.00470 0.005 mg/L 
Vanadium 0.0300 0.03 mg/L 

Footnotes: 

(1) The arithmetic mean and 95% Upper Confidence Level (UCL) was not calculated for groundwater COPCs, as the maximum was used as the EPC 
(2) Maximum Concentration represents the maximum detected concentration of each COPC sample within both Group 1 and Group 2 

*We used groundwater data from Groups 1 and 2, collectively, to evaluate potential risks associated with future potable water use at the Site. 
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Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

EXPOSURE POINT CONCENTRATION SUMMARY: CENTRAL TENDENCY AND REASONABLE MAXIMUM EXPOSURE 

TABLE 3-26B 

Group 3-6 - Groundwater 

Scenario Timeframe: Future (resident, facility worker) 

Medium: Groundwater 

Exposure Medium: Groups 3, 4, 5 and 6* 

Exposure Point Chemical of 
Potential Concern 

Arithmetic Mean 
Concentration1 

95% UCL of 
Mean1 

Maximum 
Concentration2 

Exposure Point 
Concentration 

Exposure Point 
Concentration Units Statistical Measure Rationale 

Groups 3, 4, 5, 6 1,4-Dichlorobenzene 0.00320 0.00320 mg/L The maximum detected 
Groundwater 2,4-Dimethylphenol 

2-Methylphenol 

0.180 

1.00 

0.180 

1.00 

mg/L 

mg/L 
Maximum 

concentration was chosen as a 
conservative estimate of 

exposure.
3-Methylphenol/4-Methylphenol 2.10 2.10 mg/L 

4-Methylphenol 0.270 0.270 mg/L 

Aroclor 1254 0.00120 0.00120 mg/L 

Alpha-BHC 0.0000470 0.0000470 mg/L 

Bis(2-Ethylhexyl)phthalate 0.610 0.610 mg/L 

Naphthalene 0.0110 0.0110 mg/L 

Phenol 9.40 9.40 mg/L 

1,1,1-Trichloroethane 0.490 0.490 mg/L 

1,1,2-Trichloroethane 0.00692 0.00692 mg/L 

1,1-Dichloroethane 3.60 3.60 mg/L 

1,1-Dichloroethene 0.130 0.130 mg/L 

1,2,4-Trimethylbenzene 1.40 1.40 mg/L 

1,2-Dichloroethane 0.0444 0.0444 mg/L 

1,2-Dichloroethene 0.130 0.130 mg/L 

1,2-Dichloropropane 0.00360 0.00360 mg/L 

1,3,5-Trimethylbenzene 1.20 1.20 mg/L 

1,4-Dioxane 3.00 3.00 mg/L 

2-Butanone 77.0 77.0 mg/L 

4-Methyl-2-pentanone 190 190 mg/L 

Acetone 73.0 73.0 mg/L 

Acrylonitrile 1.30 1.30 mg/L 

Benzene 0.0450 0.0450 mg/L 

Carbon tetrachloride 0.0520 0.0520 mg/L 

Chloroethane 2.50 2.50 mg/L 

Chloroform 0.00570 0.00570 mg/L 

cis-1,2-Dichloroethene 0.220 0.220 mg/L 

Ethylbenzene 8.40 8.40 mg/L 

Ethyl methacrylate 4.00 4.00 mg/L 

Isopropylbenzene 0.0820 0.0820 mg/L 

Methylene Chloride 2.20 2.20 mg/L 

n-Propylbenzene 0.0920 0.0920 mg/L 

n-Butylbenzene 0.0899 0.0899 mg/L 

p-Isopropyltoluene 0.0960 0.0960 mg/L 

tert-Butylbenzene 0.0668 0.0668 mg/L 

Tetrachloroethene 0.00600 0.00600 mg/L 

Tetrahydrofuran 20.0 20.0 mg/L 

Toluene 78.0 78.0 mg/L 

Trichloroethene 0.00600 0.00600 mg/L 

Vinyl chloride 0.0710 0.0710 mg/L 

Xylenes (total) 28.2 28.2 mg/L 

Antimony 0.100 0.100 mg/L 

Arsenic 2.32 2.32 mg/L 

Barium 0.370 0.370 mg/L 

Beryllium 0.560 0.560 mg/L 

Cadmium 0.0600 0.0600 mg/L 

Chromium 0.0300 0.0300 mg/L 

Cobalt 0.140 0.140 mg/L 

Lead 0.0600 0.0600 mg/L 

Manganese 29.0 29.0 mg/L 

Nickel 0.0800 0.0800 mg/L 

Silver 0.800 0.800 mg/L 

Thallium 0.00480 0.00480 mg/L 

Vanadium 0.0100 0.0100 mg/L 

Zinc 55.0 55.0 mg/L 

Footnotes: 

(1) The arithmetic mean and 95% Upper Confidence Level (UCL) was not calculated for groundwater COPCs, as the maximum was used as the EPC. 
(2) Maximum Concentration represents the maximum detected concentration of each COPC sample within the Group. 
*We used groundwater data from Groups 3, 4, 5 and 6, collectively, to evaluate potential risks associated with future potable water use at the Site. 
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Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

EXPOSURE POINT CONCENTRATION SUMMARY: CENTRAL TENDENCY AND REASONABLE MAXIMUM EXPOSURE 

TABLE 3-26C 

Group 3 - Groundwater 

Scenario Timeframe: Future (Resident, Facility Worker, Construction Worker) 

Medium: Groundwater 

Exposure Medium: Group 3* 

Exposure Point Chemical of 
Potential Concern 

Arithmetic Mean 
Concentration1 

95% UCL of 
Mean1 

Maximum 
Concentration2 

Exposure Point 
Concentration Units Statistical Measure Rationale 

Group 3 1,2,4-Trimethylbenzene 1.40 1.40 mg/L 
Maximum The maximum detected 

Groundwater 1,2-Dichloroethane 0.00038 0.00038 mg/L concentration was chosen as a 

1,2-Dichloropropane 0.00035 0.00035 mg/L conservative estimate of 
exposure. 

1,3,5-Trimethylbenzene 0.420 0.420 mg/L 

1,4-Dichlorobenzene 0.0012 0.0012 mg/L 

1,4-Dioxane 3.00 3.00 mg/L 

2,4-Dimethylphenol 0.18 0.18 mg/L 

2-Butanone 77 77 mg/L 

2-Methylphenol 1 1 mg/L 

3-Methylphenol/4-Methylphenol 2.10 2.10 mg/L 

4-Methyl-2-pentanone 190 190 mg/L 

Acetone 73 73 mg/L 

Acrylonitrile 1.3 1.3 mg/L 

Aroclor 1254 0.0012 0.0012 mg/L 

Benzene 0.0036 0.0036 mg/L 

Bis(2-Ethylhexyl)phthalate 0.610 0.610 mg/L 
Chloroethane 2.30 2.30 mg/L 

Ethylbenzene 8.40 8.40 mg/L 

Ethyl methacrylate 4.00 4.00 mg/L 

Methylene Chloride 2.20 2.20 mg/L 

Naphthalene 0.011 0.011 mg/L 

n-Propylbenzene 0.082 0.082 mg/L 

p-Isopropyltoluene 0.096 0.096 mg/L 

Phenol 9.40 9.40 mg/L 

Tetrachloroethene 0.00022 0.00022 mg/L 

Tetrahydrofuran 20 20 mg/L 

Toluene 78 78 mg/L 

Trichloroethene 0.00039 0.00039 mg/L 

Vinyl chloride 0.00044 0.00044 mg/L 

Xylenes (total) 28.2 28.2 mg/L 

Antimony 0.0038 0.0038 mg/L 

Arsenic 0.58 0.58 mg/L 

Barium 0.30 0.30 mg/L 

Cadmium 0.002 0.002 mg/L 

Cobalt 0.140 0.140 mg/L 

Lead 0.0058 0.0058 mg/L 

Manganese 29 29 mg/L 

Nickel 0.0580 0.0580 mg/L 

Thallium 0.00005 0.00005 mg/L 

Vanadium 0.010 0.010 mg/L 

Footnotes: 

(1) The arithmetic mean and 95% Upper Confidence Level (UCL) was not calculated for groundwater COPCs, as the maximum was used as the EP 
(2) Maximum Concentration represents the maximum detected concentration of each COPC sample within the Grou 
(3) ND = Constituent not detected in groundwater samples collected from this group 
*Groundwater data for Group 3 were used to evaluate potential health risks associated with vapor intrusion to indoor air (for the future facility worker and resident) 
and ambient air (for the future construction worker) at the Site (volatile COPCs only), as well as dermal contact for the future construction worker (all COPCs). 
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Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

TABLE 3-26D 

Group 4 - Groundwater 

EXPOSURE POINT CONCENTRATION SUMMARY: CENTRAL TENDENCY AND REASONABLE MAXIMUM EXPOSURE 

Scenario Timeframe: Future (Resident, Facility Worker, Construction Worker) 

Medium: Groundwater 

Exposure Medium: Group 4* 

Exposure Point Chemical of Potential 
Concern 

Arithmetic Mean 
Concentration1 

95% UCL of 
Mean1 

Maximum 
Concentration2 

Exposure Point 
Concentration Units Statistical Measure Rationale 

Group 4 

Groundwater 

Bis(2-Ethylhexyl)phthalate 

Tetrachloroethene 

0.00730 

0.000340 

0.00730 

0.000340 

mg/L 

mg/L 
Maximum 

The maximum detected 
concentration was chosen as a 

conservative estimate of 
Trichloroethene 0.000340 0.000340 mg/L exposure. 

Arsenic 0.430 0.430 mg/L 

Beryllium 0.560 0.560 mg/L 

Cadmium 0.0250 0.0250 mg/L 

Lead 0.0600 0.0600 mg/L 

Manganese 3.71 3.71 mg/L 

Nickel 0.0800 0.0800 mg/L 

Silver 0.800 0.800 mg/L 

Vanadium 0.00440 0.00440 mg/L 

Footnotes: 

(1) The arithmetic mean and 95% Upper Confidence Level (UCL) was not calculated for groundwater COPCs, as the maximum was used as the EPC. 

(2) Maximum Concentration represents the maximum detected concentration of each COPC sample within the Group. 

*Groundwater data for Group 4 were used to evaluate potential health risks associated with vapor intrusion to indoor air (for the future facility worker and resident) 

and ambient air (for the future construction worker) at the Site (volatile COPCs only), as well as dermal contact for the future construction worker (all COPCs). 
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TABLE 3-27A 

Ambient Air 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

EXPOSURE POINT CONCENTRATION SUMMARY: CENTRAL TENDENCY AND REASONABLE MAXIMUM EXPOSURES 

Scenario Timeframe: Current/Future Scenarios (all receptors) 

Medium: Air 

Exposure Medium: Ambient Air 

Exposure Point Chemical of 
Concern 

Arithmetic Mean 
Concentration1 

95% UCL of 
Mean2 

Maximum 
Concentration 

Exposure Point 
Concentration2 Units Statistical Measure Rationale 

Site 

1,2,4-Trimethylbenzene 

1,3,5-Trimethylbenzene 

Benzene 

Xylenes (total) 

0.00260 

0.00472 

0.00210 

0.0266 

NC 

NC 

NC 

NC 

0.00300 

0.00990 

0.00400 

0.0920 

0.00300 

0.00990 

0.00400 

0.0920 

(mg/m3) 

(mg/m3) 

(mg/m3) 
(mg/m3) 

Maximum 

The maximum detected 
concentration was chosen as a 

conservative estimate of 
exposure. 

Footnotes: 

One-half the detection limit value was used in the calculation of arithmetic mean concentrations for samples in which results were reported as not detected (ND). 
(1) NC: 95% UCLs were not calculated for ambient air due to limited dataset. 
(2) Exposure Point Concentrations (EPCs) represent the Maximum Detected Concentration. 
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Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

EXPOSURE POINT CONCENTRATION SUMMARY: CENTRAL TENDENCY AND REASONABLE MAXIMUM 
EXPOSURES 

TABLE 3-27B 

Ambient Air in a Trench: Group 3 

Scenario Timeframe: Future (Construction Workers) 

Medium: Groundwater 

Exposure Medium: Ambient Air in a Trench 

Exposure Point Chemical of 
Potential Concern 

Estimated Ambient 
Air Concentration1 Units Basis 

Group 3 1,4-Dichlorobenzene 1.8E-07 mg/m3 Calculated from maximum 

Naphthalene 1.3E-06 mg/m3 detected concentration in 
Group 3 groundwater. 

1,2,4-Trimethylbenzene 2.5E-04 mg/m3 

1,2-Dichloroethane 6.1E-08 mg/m3 

1,2-Dichloropropane 6.1E-08 mg/m3 

1,3,5-Trimethylbenzene 7.5E-05 mg/m3 

2-Butanone 1.8E-03 mg/m3 

4-Methyl-2-pentanone 1.3E-02 mg/m3 

Acetone 2.6E-03 mg/m3 

Acrylonitrile 9.3E-05 mg/m3 

Benzene 7.9E-07 mg/m3 

Chloroethane 5.6E-04 mg/m3 

Ethylbenzene 1.6E-03 mg/m3 

Ethyl methacrylate 7.6E-04 mg/m3 

Methylene Chloride 4.3E-04 mg/m3 

n-Propylbenzene 1.2E-05 mg/m3 

p-Isopropyltoluene 1.6E-05 mg/m3 

Tetrachloroethene 3.4E-08 mg/m3 

Tetrahydrofuran 1.0E-03 mg/m3 

Toluene 1.6E-02 mg/m3 

Trichloroethene 6.7E-08 mg/m3 

Vinyl chloride 1.1E-07 mg/m3 

Xylenes (total) 5.3E-03 mg/m3 

Footnotes: 

(1) Ambient air concentrations were estimated from maximum groundwater concentrations using 
an EPA emissions model (EPA 1990). Please see Appendix H for model description and 
supporting calculations. 
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Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

EXPOSURE POINT CONCENTRATION SUMMARY: CENTRAL TENDENCY AND REASONABLE MAXIMUM EXPOSURES 

TABLE 3-27C 

Ambient Air in a Trench: Group 4 

Scenario Timeframe: Future (Construction Workers) 

Medium: Air 

Exposure Medium: Ambient Air in a Trench 

Exposure Point Chemical of 
Concern 

Estimated Ambient Air 
Concentration1 Units Basis 

Group 4 Tetrachloroethene 

Trichloroethene 

5.3E-08 

5.9E-08 

mg/m3 

mg/m3 

Calculated from maximum 
detected concentration in Group 4 

groundwater. 

Footnotes: 

(1) Ambient air concentrations were estimated from maximum groundwater concentrations using 
an EPA emissions model (EPA 1990). Please see Appendix H for model description and 
supporting calculations. 
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TABLE 3-28A 
EXPOSURE POINT CONCENTRATION SUMMARY: CENTRAL TENDENCY AND REASONABLE MAXIMUM EXPOSURES 

Group 3 - Vapor Intrusion Pathway, Predicted Indoor Air Concentrations 
Sutton Brook Disposal Area 

Scenario Timeframe: Future (Resident, Facility Worker) 
Medium: Groundwater 
Exposure Medium: Indoor Air/ Vapor Intrusion from Groundwater 

Exposure Point Chemical of 
Potential Concern 

Groundwater 
Exposure Point 
Concentration 

Exposure Point 
Concentration 

Units 

Predicted Indoor 
Air Exposure Point 

Concentration 

Exposure Point 
Concentration Units 

1,4-Dichlorobenzene 1.2E+00 ug/L 3.2E-05 mg/m3 

Group 3 Naphthalene 1.1E+01 ug/L 5.1E-05 mg/m3 

Groundwater 1,2,4-Trimethylbenzene 1.4E+03 ug/L 8.3E-02 mg/m3 

1,2-Dichloroethane 3.8E-01 ug/L 7.3E-06 mg/m3 

1,2-Dichloropropane 3.5E-01 ug/L 1.5E-05 mg/m3 

1,3,5-Trimethylbenzene 4.2E+02 ug/L 2.4E-02 mg/m3 

2-Butanone 7.7E+04 ug/L 1.1E-01 mg/m3 

4-Methyl-2-pentanone 1.9E+05 ug/L 4.4E-01 mg/m3 

Acetone 7.3E+04 ug/L 9.6E-02 mg/m3 

Acrylonitrile 1.3E+03 ug/L 3.5E-03 mg/m3 

Benzene 3.6E+00 ug/L 3.5E-04 mg/m3 

Chloroethane 2.3E+03 ug/L 8.7E-01 mg/m3 

Ethylbenzene 8.4E+03 ug/L 8.6E-01 mg/m3 

Ethyl methacrylate 4.0E+03 ug/L 3.3E-02 mg/m3 

Methylene Chloride 2.2E+03 ug/L 1.0E-01 mg/m3 

n-Propylbenzene 8.2E+01 ug/L 8.6E-03 mg/m3 

p-Isopropyltoluene 9.6E+01 ug/L 1.0E-02 mg/m3 

Tetrachloroethene 2.2E-01 ug/L 5.4E-05 mg/m3 

Tetrahydrofuran 2.0E+04 ug/L 1.2E-01 mg/m3 

Toluene 7.8E+04 ug/L 8.3E+00 mg/m3 

Trichloroethene 3.9E-01 ug/L 6.3E-05 mg/m3 

Vinyl chloride 4.4E-01 ug/L 3.2E-04 mg/m3 

Xylenes (total) 2.8E+04 ug/L 2.5E+00 mg/m3 

Notes: 
1. Groundwater exposure point concentration is the maximum detected concentration in Group 3 
groundwater. 
2. Predicted indoor air concentrations were estimated from groundwater EPCs using the EPA 
Johnson & Ettinger Vapor Intrusion Model (2004). Please see Appendix H-2 for supporting calculations. 
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TABLE 3-28B 
EXPOSURE POINT CONCENTRATION SUMMARY: CENTRAL TENDENCY AND REASONABLE MAXIMUM EXPOSURES 

Group 4 - Vapor Intrusion Pathway, Predicted Indoor Air Concentrations 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Scenario Timeframe: Future (Resident, Facility Worker) 
Medium: Groundwater 
Exposure Medium: Indoor Air/ Vapor Intrusion from Groundwater 

Exposure Point Chemical of 
Potential Concern 

Groundwater 
Exposure Point 
Concentration 

Exposure Point 
Concentration 

Units 

Predicted Indoor Air 
Exposure Point 
Concentration 

Exposure Point 
Concentration Units 

Group 4 Tetrachloroethene 
Trichloroethene 

3.4E-01 
3.4E-01 

ug/L 
ug/L 

4.1E-06 
2.8E-06 

mg/m3 

mg/m3 

Notes: 
1. Groundwater exposure point concentration is the maximum detected concentration in Group 4 
groundwater. 
2. Predicted indoor air concentrations estimated from groundwater EPCs using the EPA 
Johnson & Ettinger Vapor Intrusion Model (2004). Please see Appendix H-2 for supporting calculations. 
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EXPOSURE POINT CONCENTRATION SUMMARY: CENTRAL TENDENCY AND REASONABLE MAXIMUM EXPOSURES 

TABLE 3-29 

Remedial Investigation and Feasibility Study Group 5 & 6 Sediment 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Scenario Timeframe: Current/Future Scenarios (resident, trespasser) 
Medium: Sediment 
Exposure Medium: Sediment 

Exposure Point Chemical of 
Concern 

Arithmetic Mean 
Concentration1 95% UCL of Mean1 Maximum 

Concentration1 
Exposure Point 
Concentration2 Units Statistical Measure Rationale 

Sediment in Groups 5 & 6 Benzo(a)pyrene 1.29 5.76 0.53 0.53 (mg/kg) 

Wetlands Trichloroethene 0.389 2.29 0.062 0.06 (mg/kg) 
95% UCL of the mean (or

1,3,5-Trimethylbenzene 

Arsenic 

2.07 

54.5 

11.6 

158 

16 

767 

11.6 

158 

(mg/kg) 

(mg/kg) 
Minimum between 95% UCL and 

Maximum 

maximum) concentration is a 
conservative, upper-bound 
estimate of exposure for

Lead 15.4 20.5 120 20.5 (mg/kg) Group 5/6 sediments. 
Manganese 120 147 550 147 (mg/kg) 

Vanadium 7.46 8.7 28 8.69 (mg/kg) 

Footnotes: 

One-half the detection limit value was used in the calculation of arithmetic mean and UCL concentrations for samples in which results were reported as not detected (ND). 
(1) The mean, maximum and 95% Upper Confidence Level (UCL) value for each COPC were calculated using EPA's ProUCL software (version 3.00.02). Outputs are provided in Appendix F 
Selected UCL values are the statistic recommended by the ProUCL model output. 
(2) Exposure Point Concentrations (EPCs) represent the minimum value between the 95% UCL and the Maximum Detected Concentration 
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EXPOSURE POINT CONCENTRATION SUMMARY: CENTRAL TENDENCY AND REASONABLE MAXIMUM EXPOSURES 

TABLE 3-30 

Groups 5 & 6 - Surface Water 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Scenario Timeframe: Current/Future Scenarios (resident, trespasser) 

Medium: Surface Water 

Exposure Medium: Surface Water 

Exposure Point Chemical of 
Concern 

Arithmetic Mean 
Concentration1 

95% UCL of 
Mean1 

Maximum 
Concentration1 

Exposure Point 
Concentration2 Units Statistical Measure Rationale 

Surface Water in Groups 5 1,4-Dioxane 0.0125 0.0490 0.110 0.0490 (mg/L)
and 6 

Methylene Chloride 0.00343 0.00517 0.0134 0.00517 (mg/L) 

1,2,4-Trimethylbenzene 0.00218 0.00428 0.0140 0.00428 (mg/L) 

1,3,5-Trimethylbenzene 0.00133 0.00187 0.00340 0.00187 (mg/L) 95% UCL of the mean (or 

Arsenic 

Cadmium 

0.0231 

0.00237 

0.0696 

0.00664 

0.147 

0.0300 

0.0696 

0.00664 

(mg/L) 

(mg/L) 

Minimum between 95% UCL and 
Maximum 

maximum) concentration is a 
conservative, upper-bound 
estimate of exposure for 

Lead 0.00907 0.0150 0.0500 0.0150 (mg/L) Group 5/6 surface water 

Manganese 0.465 0.581 1.48 0.581 (mg/L) 

Vanadium 0.00312 0.00548 0.0200 0.00548 (mg/L) 

Zinc 0.268 2.44 9.44 2.44 (mg/L) 

Footnotes: 

One-half the detection limit value was used in the calculation of arithmetic mean and UCL concentrations for samples in which results were reported as not detected (ND). 
(1) The mean, maximum and 95% Upper Confidence Level (UCL) value for each COPC were calculated using EPA's ProUCL software (version 3.00.02). Outputs are provided in Appendix F. 

Selected UCL values are the statistic recommended by the ProUCL model output. 
(2) Exposure Point Concentrations (EPCs) represent the minimum value between the 95% UCL and the Maximum Detected Concentration. 

Woodard & Curran 
\\Andover\projects\210517 Sutton Brook\wip\Human Health Risk Assessment\EPC tables - RME_CT\soil-sed-FD EPC RME-210517.xls\grp 5-6 SW Page 1 of 1 May 2007
Sutton Brook Superfund Site (210517) 



TABLE 3-31A
 
NON-CANCER TOXICITY DATA - ORAL/DERMAL
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical 

of Potential 
Concern 

Basis of 

Study 

(Chronic/ 

Subchronic) 

Oral RfD 

(1) 

Oral 
Absorption 

Efficiency for 
Dermal 
(ABSgi) 

Absorbed RfD for Dermal (2) Primary 

Target 
Organ(s) 

Combined 

Uncertainty/Modifying 
Factors 

RfD: Source 

Value Units Value Units Source Date 

Organics 

1,1,1-Trichloroethane Chronic 7.00E-01 mg/kg/day -- 7.00E-01 mg/kg/day Nervous system 100 ATSDR MRL (intermediate)/STSC 5/23/2006 

1,1,2-Trichloroethane Chronic 4.00E-03 mg/kg/day -- 4.00E-03 mg/kg/day Blood 1000 x 1 IRIS 3/7/2007 

1,1-Dichloroethane Chronic 2.00E-01 mg/kg/day -- 2.00E-01 mg/kg/day Nervous system PPRTV 1/27/2005 

1,1-Dichloroethene Chronic 5.00E-02 mg/kg/day -- 5.00E-02 mg/kg/day Liver 100 x 1 IRIS 3/7/2007 

1,2,4-Trimethylbenzene -- -- -- -- --

1,2-Dichloroethane Chronic 2.00E-01 mg/kg/day -- 2.00E-01 mg/kg/day Kidney 300 x 1 ATSDR MRL (intermediate) 9/1/2001 

1,2-Dichloroethene Chronic 9.00E-03 mg/kg/day -- 9.00E-03 mg/kg/day Liver HEAST 1997 

1,2-Dichloropropane -- -- -- -- --

1,3,5-Trimethylbenzene -- -- -- -- --

1,4-Dichlorobenzene Chronic 9.00E-02 mg/kg/day -- 9.00E-02 mg/kg/day None observed 1000 x 1 IRIS (4) 3/7/2007 

1,4-Dioxane Chronic 1.00E-01 mg/kg/day -- 1.00E-01 mg/kg/day Liver 100 x 1 ATSDR MRL 10/1/2004 

1-Methylnaphthalene Chronic 4.00E-03 mg/kg/day -- 4.00E-03 mg/kg/day Lungs 1000 x 1 IRIS (value for 2-methylnaphthalene) 4/13/2006 

2,4-Dimethylphenol Chronic 2.00E-02 mg/kg/day -- 2.00E-02 mg/kg/day Blood; whole body 3000 x 1 IRIS 3/7/2007 

2,4-Dinitrotoluene Chronic 2.00E-03 mg/kg/day -- 2.00E-03 mg/kg/day Nervous system; liver 100 x 1 IRIS 3/7/2007 

2-Butanone Chronic 6.00E-01 mg/kg/day -- 6.00E-01 mg/kg/day Whole body 1000 x 1 IRIS 3/7/2007 

2-Hexanone -- -- -- -- --

2-Methylnaphthalene Chronic 4.00E-03 mg/kg/day -- 4.00E-03 mg/kg/day Lungs 1000 x 1 IRIS 3/7/2007 

2-Methylphenol Chronic 5.00E-02 mg/kg/day -- 5.00E-02 mg/kg/day Whole body; nervous system 1000 x 1 IRIS 3/7/2007 

3-Methylphenol/4-Methylphenol Chronic 5.00E-02 mg/kg/day -- 5.00E-02 mg/kg/day Whole body; nervous system 1000 x 1 IRIS (value for 3-methylphenol) 3/7/2007 

4-Chloro-3-methylphenol Chronic 7.00E-02 mg/kg/day -- 7.00E-02 mg/kg/day Whole body PPRTV** 4/14/2005 

4-Methyl-2-pentanone Chronic 8.00E-02 mg/kg/day -- 8.00E-02 mg/kg/day Whole body 3000 HEAST 1997 

4-Methylphenol Chronic 5.00E-02 mg/kg/day -- 5.00E-02 mg/kg/day Whole body; nervous system 1000 x 1 IRIS (value for 3-methylphenol) 3/7/2007 

Acetone Chronic 9.00E-01 mg/kg/day -- 9.00E-01 mg/kg/day Kidney 1000 x 1 IRIS 3/7/2007 

Acetophenone Chronic 1.00E-01 mg/kg/day -- 1.00E-01 mg/kg/day Whole body 3000 x 1 IRIS 3/7/2007 

Acrylonitrile Chronic 1.00E-03 mg/kg/day 1.00E-03 mg/kg/day Reproductive 1000 HEAST 1997 

Alpha-BHC -- -- -- -- --

Aroclor 1254 Chronic 2.00E-05 mg/kg/day -- 2.00E-05 mg/kg/day Eyes; immune system 300 x 1 IRIS 3/7/2007 

Benzene Chronic 4.00E-03 mg/kg/day -- 4.00E-03 mg/kg/day Blood; immune system 300 x 1 IRIS 3/7/2007 

Benzo(a)anthracene -- -- -- -- --

Benzo(a)pyrene -- -- -- -- --

Benzo(b)fluoranthene -- -- -- -- --

Benzo(e)pyrene -- -- -- -- --

Benzo(k)fluoranthene -- -- -- -- --

Benzyl alcohol Chronic 5.00E-01 mg/kg/day -- 5.00E-01 mg/kg/day None observed PPRTV 9/29/2005 

Bis(2-Chloroethoxy)methane -- -- -- -- --

Bis(2-ethylhexyl)phthalate Chronic 2.00E-02 mg/kg/day -- 2.00E-02 mg/kg/day Liver 1000 x 1 IRIS 3/7/2007 

C11-C22 Aromatics Chronic 3.00E-02 mg/kg/day -- 3.00E-02 mg/kg/day Kidney MADEP 2003 
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TABLE 3-31A
 
NON-CANCER TOXICITY DATA - ORAL/DERMAL
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical 

of Potential 
Concern 

Basis of 

Study 

(Chronic/ 

Subchronic) 

Oral RfD 

(1) 

Oral 
Absorption 

Efficiency for 
Dermal 
(ABSgi) 

Absorbed RfD for Dermal (2) Primary 

Target 
Organ(s) 

Combined 

Uncertainty/Modifying 
Factors 

RfD: Source 

Value Units Value Units Source Date 

Carbazole -- -- -- -- --

Carbon tetrachloride Chronic 7.00E-04 mg/kg/day -- 7.00E-04 mg/kg/day Liver 1000 x 1 IRIS 3/7/2007 

Chlorobenzene Chronic 2.00E-02 mg/kg/day -- 2.00E-02 mg/kg/day Liver 1000 x 1 IRIS 3/7/2007 

Chloroethane -- -- -- -- --

Chloroform Chronic 1.00E-02 mg/kg/day -- 1.00E-02 mg/kg/day Liver 100 x 1 IRIS 3/7/2007 

Chloromethane -- -- -- -- --

cis-1,2-Dichloroethene Chronic 1.00E-02 mg/kg/day -- 1.00E-02 mg/kg/day Blood PPRTV 3/1/2006 

Dibenzo(a,h)anthracene -- -- -- -- --

Dibenzofuran Chronic 2.00E-03 mg/kg/day -- 2.00E-03 mg/kg/day Not available EPA Region 9 2004 

Dichlorodifluoromethane Chronic 2.00E-01 mg/kg/day -- 2.00E-01 mg/kg/day Whole body 100 x 1 IRIS 3/7/2007 

Di-n-octylphthalate Chronic 4.00E-02 mg/kg/day -- 4.00E-02 mg/kg/day Not available EPA Region 9 2004 

Ethyl ether Chronic 2.00E-01 mg/kg/day -- 2.00E-01 mg/kg/day Whole body 3000 x 1 IRIS 3/7/2007 

Ethylbenzene Chronic 1.00E-01 mg/kg/day -- 1.00E-01 mg/kg/day Liver; kidney 1000 x 1 IRIS 3/7/2007 

Ethyl methacrylate Chronic 9.00E-02 mg/kg/day -- 9.00E-02 mg/kg/day Kidney 100 HEAST 1997 

Indeno(1,2,3-cd)pyrene -- -- -- -- --

Isopropylbenzene Chronic 1.00E-01 mg/kg/day -- 1.00E-01 mg/kg/day Kidney 1000 x 1 IRIS 3/7/2007 

Methylene Chloride Chronic 6.00E-02 mg/kg/day -- 6.00E-02 mg/kg/day Liver 100 x 1 IRIS 3/7/2007 

Naphthalene Chronic 2.00E-02 mg/kg/day -- 2.00E-02 mg/kg/day Whole body 3000 x 1 IRIS 3/7/2007 

n-Butylbenzene -- -- -- -- --

n-Nitrosodi-n-butylamine -- -- -- -- --

n-Nitrosopyrrolidine -- -- -- -- --

n-Propylbenzene -- -- -- -- --

o-Chlorotoluene Chronic 2.00E-02 mg/kg/day -- 2.00E-02 mg/kg/day Whole body 1000 x 1 IRIS 3/7/2007 

o-Toluidine -- -- -- -- --

p-Isopropyltoluene Chronic 1.00E-01 mg/kg/day -- 1.00E-01 mg/kg/day Kidney 1000 x 1 IRIS (value for isopropylbenzene) 3/7/2007 

Perylene -- -- -- -- --

Phenanthrene -- -- -- -- --

Phenol Chronic 3.00E-01 mg/kg/day -- 3.00E-01 mg/kg/day Development/Fetus 300 x 1 IRIS 3/7/2007 

Pyridine Chronic 1.00E-03 mg/kg/day -- 1.00E-03 mg/kg/day Liver 1000 x 1 IRIS 3/7/2007 

Styrene Chronic 2.00E-01 mg/kg/day -- 2.00E-01 mg/kg/day Blood; liver 1000 x 1 IRIS 3/7/2007 

tert-Butylbenzene -- -- -- -- --

Tetrachloroethene Chronic 1.00E-02 mg/kg/day -- 1.00E-02 mg/kg/day Liver 1000 x 1 IRIS 3/7/2007 

Tetrahydrofuran -- -- -- -- --

Toluene Chronic 8.00E-02 mg/kg/day -- 8.00E-02 mg/kg/day Kidney 3000 x 1 IRIS 3/7/2007 

Trichloroethene -- -- -- -- --

Trichlorofluoromethane Chronic 3.00E-01 mg/kg/day -- 3.00E-01 mg/kg/day Whole body 1000 x 1 IRIS 3/7/2007 

Vinyl Chloride Chronic 3.00E-03 mg/kg/day -- 3.00E-03 mg/kg/day Liver 30 x 1 IRIS 3/7/2007 

Xylenes (total) Chronic 2.00E-01 mg/kg/day -- 2.00E-01 mg/kg/day Whole body 1000 x 1 IRIS 3/7/2007 
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TABLE 3-31A
 
NON-CANCER TOXICITY DATA - ORAL/DERMAL
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical 

of Potential 
Concern 

Basis of 

Study 

(Chronic/ 

Subchronic) 

Oral RfD 

(1) 

Oral 
Absorption 

Efficiency for 
Dermal 
(ABSgi) 

Absorbed RfD for Dermal (2) Primary 

Target 
Organ(s) 

Combined 

Uncertainty/Modifying 
Factors 

RfD: Source 

Value Units Value Units Source Date 

Inorganics -- -- -- -- --

Antimony Chronic 4.00E-04 mg/kg/day 0.15 6.00E-05 mg/kg/day Blood; whole body 1000 x 1 IRIS 3/7/2007 

Arsenic Chronic 3.00E-04 mg/kg/day -- 3.00E-04 mg/kg/day Skin; cardiovascular system 3 x 1 IRIS 3/7/2007 

Barium Chronic 2.00E-01 mg/kg/day 0.07 1.40E-02 mg/kg/day Kidney 300 x 1 IRIS 3/7/2007 

Beryllium Chronic 2.00E-03 mg/kg/day 0.007 1.40E-05 mg/kg/day Intestines 300 x 1 IRIS 3/7/2007 

Chromium Chronic 3.00E-03 mg/kg/day 0.025 7.50E-05 mg/kg/day None observed 3000 x 3 IRIS (values for hexavalent Cr) 3/7/2007 

Cadmium pathway-specific mg/kg/day pathway-specific mg/kg/day 

Food Chronic 1.00E-03 mg/kg/day 0.025 2.50E-05 mg/kg/day Kidney 10 x 1 IRIS 3/7/2007 

Water Chronic 5.00E-04 mg/kg/day 0.05 2.50E-05 mg/kg/day Kidney 10 x 1 IRIS 3/7/2007 

Cobalt -- -- -- -- --

Copper -- -- -- -- --

Lead NA (3) -- NA (3) mg/kg/day IRIS 3/7/2007 

Thallium Chronic 8.00E-05 mg/kg/day -- 8.00E-05 mg/kg/day Blood 3000 x 1 IRIS* 3/7/2007 

Manganese pathway-specific mg/kg/day pathway-specific mg/kg/day 

Diet, soil Chronic 1.40E-01 mg/kg/day 0.04 5.60E-03 mg/kg/day Nervous system 1 x 1 IRIS 3/7/2007 

Water Chronic 4.67E-02 mg/kg/day 0.04 1.87E-03 mg/kg/day Nervous system 1 x 1 IRIS (5) 3/7/2007 

Nickel Chronic 2.00E-02 mg/kg/day 0.04 8.00E-04 mg/kg/day Whole body 300 x 1 IRIS 3/7/2007 

Selenium Chronic 5.00E-03 mg/kg/day -- 5.00E-03 mg/kg/day 
Cardiovascular, alimentary and 

nervous systems 3 x 1 IRIS 3/7/2007 

Silver Chronic 5.00E-03 mg/kg/day 0.04 2.00E-04 mg/kg/day Skin 3 x 1 IRIS 3/7/2007 

Vanadium Chronic 9.00E-03 mg/kg/day 0.026 2.34E-04 mg/kg/day Hair cysteine 100 x 1 IRIS 3/7/2007 

Zinc Chronic 3.00E-01 mg/kg/day -- 3.00E-01 mg/kg/day Blood 3 x 1 IRIS 3/7/2007 

Footnotes:
 

IRIS = USEPA's Integrated Risk Information System (www.epa.gov/iris). Searched March 2007.
 

PPRTV = Provisional Peer-Review Toxicity Values, obtained from Superfund Technical Support Center (individual PPRTV dates reported above).
 

Region 9 = USEPA Region 9 Preliminary Remediation Goal (PRG) table, October 2004 (with December 2004 updates).
 

Region 6 = USEPA Region 6 Human Health Medium-Specific Screening Levels, 2006. (Revised 12/22/05). http://www.epa.gov/arkansas/6pd/rcra_c/pd-n/screenexpanded.xls
 

MADEP, 2003 = Massachusetts Department of Environmental Protection. 2003. Updated Petroleum Hydrocarbon Fraction Toxicity Values for the VPH/EPH/APH Methodology.
 

ATSDR MRL = Minimal Risk Levels, December 2005. (http://www.atsdr.cdc.gov/mrllist_12_05.pdf)
 

HEAST = National Center for Exposure Assessment, Health Effects Assessment Summary Tables, 1997.
 

-- = No information available.
 

* Value for Thallium chloride and thallium carbonate.
 

**Note: Only a subchronic value of 0.7 mg/kg-d was available for 4-chloro-3-methylphenol. We have adjusted the subchronic value by an uncertainty factor of 10 for chronic effects.
 

(1) Source: Exhibit 4-1, from USEPA, Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual, Part E (Supplemental Guidance for Dermal Risk Assessment), Final, July 2004. Compounds lacking ABSgi values


 were assumed to have an oral absorption efficiency of 100%.
 

(2) Derivation of dermal RfD based on absorbed dose
 

RfDABS = RfDo * ABSGI (USEPA, 2004) 

(3) Lead risks were calculated using EPA's IEUBK model and Adult Lead Model. See Appendix E for details. 

(4) RfD for 1,2-Dichlorobenzene used as surrogate. 

(5) A modifying factor of 3 was applied to the oral RfD for manganese to account for drinking water exposures, in accordance with EPA IRIS recommendations. 
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TABLE 3-31B
 
NONCANCER TOXICITY DATA - INHALATION
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical 

of Potential 
Concern 

Chronic/ 

Subchronic 

Inhalation RfC Primary 

Target 
Organ(s) 

Combined 

Uncertainty/Modifying 
Factors 

RfC:Source 

Value Units Source Date 

Organics 

1,1,1-Trichloroethane Chronic 3.80E+00 (mg/m³) Nervous system ATSDR MRL (intermediate)/STSC 5/23/2006 

1,1,2-Trichloroethane Chronic 1.40E-02 (mg/m³) Blood Calculated (1) 

1,1-Dichloroethane Chronic 5.00E-01 (mg/m³) None observed HEAST 1997 

1,1-Dichloroethene Chronic 2.00E-01 (mg/m³) Liver 30 x 1 IRIS 3/7/2007 

1,2,4-Trimethylbenzene - -

1,2-Dichloroethane Chronic 2.43E+00 (mg/m³) Liver 90 ATSDR MRL (0.6 ppm) 2005 

1,2-Dichloroethene Chronic 6.00E-02 (mg/m³) Respiratory system; liver PPRTV (value for trans isomer) 3/1/2006 

1,2-Dichloropropane Chronic 4.00E-03 (mg/m³) Nasal mucosa 300 x 1 IRIS 3/7/2007 

1,3,5-Trimethylbenzene - -

1,4-Dichlorobenzene Chronic 8.00E-01 (mg/m³) Liver 100 X 1 IRIS 3/7/2007 

1,4-Dioxane Chronic 3.00E+00 (mg/m³) Not available CalEPA REL 9/21/2006 

1-Methylnaphthalene Chronic 2.45E-01 (mg/m³) Respiratory system 1000 ATSDR MRL (Calculated from RfD) 2005 

2,4-Dimethylphenol Chronic 7.00E-02 (mg/m³) Blood; whole body Calculated (1) 

2,4-Dinitrotoluene - -

2-Butanone Chronic 5.00E+00 (mg/m³) Development/fetus 300 x 1 IRIS 3/7/2007 

2-Hexanone - -

2-Methylnaphthalene Chronic 1.40E-01 (mg/m³) Respiratory system 100 ATSDR MRL (Calculated from RfD) 2005 

2-Methylphenol Chronic 1.75E-01 (mg/m³) Whole body; nervous system Calculated (1) 

3-Methylphenol/4-Methylphenol Chronic 1.75E-02 (mg/m³) Whole body; nervous system Calculated (1) 

4-Chloro-3-methylphenol - -

4-Methyl-2-pentanone Chronic 3.00E+00 (mg/m³) Development/fetus 300 x 1 IRIS 3/7/2007 

4-Methylphenol Chronic 1.75E-02 (mg/m³) Whole body; nervous system Calculated (1) 

Acetone Chronic 3.15E+00 (mg/m³) Kidney Calculated (1) 

Acetophenone - --

Acrylonitrile Chronic 3.50E-03 (mg/m³) Respiratory system 1000 x 1 IRIS (value for isopropylbenzene; calculated from RfD) 3/7/2007 

Alpha-BHC Chronic 1.75E-03 (mg/m³) Not available Calculated (1) 

Aroclor 1254 Chronic 7.00E-05 (mg/m³) Eyes; immune system Calculated (1) 

Benzene Chronic 3.00E-02 (mg/m³) Blood; immune system 300 x 1 IRIS 3/7/2007 

Benzo(a)anthracene - -

Benzo(a)pyrene - -

Benzo(b)fluoranthene - -

Benzo(e)pyrene - -

Benzo(k)fluoranthene - --

Benzyl alcohol - --
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TABLE 3-31B
 
NONCANCER TOXICITY DATA - INHALATION
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical 

of Potential 
Concern 

Chronic/ 

Subchronic 

Inhalation RfC Primary 

Target 
Organ(s) 

Combined 

Uncertainty/Modifying 
Factors 

RfC:Source 

Value Units Source Date 

Bis(2-Chloroethoxy)methane - -

Bis(2-ethylhexyl)phthalate Chronic 7.00E-02 (mg/m³) Liver Calculated (1) 

C11-C22 Aromatics Chronic 5.00E-02 (mg/m³) Liver, kidney MADEP 2003 

Carbazole - -

Carbon tetrachloride Chronic 2.45E-03 (mg/m³) Liver Calculated (1) 

Chlorobenzene Chronic 5.00E-02 (mg/m³) Kidney; liver 1000 x 3 PPRTV 10/17/2005 

Chloroethane Chronic 1.00E+01 (mg/m³) Development/fetus 300 x 1 IRIS 3/7/2007 

Chloroform Chronic 3.00E-01 (mg/m³) Kidney; development/fetus; alimentary system CalEPA REL 9/21/2006 

Chloromethane Chronic 9.00E-02 (mg/m³) Nervous system 1000 x 1 IRIS 3/7/2007 

cis-1,2-Dichloroethene Chronic 6.00E-02 (mg/m³) Respiratory system; liver PPRTV (value for trans isomer) 3/1/2006 

Dibenzo(a,h)anthracene - --

Dibenzofuran Chronic 7.00E-03 (mg/m³) Not available Calculated (1) 

Dichlorodifluoromethane Chronic 2.00E-01 (mg/m³) None observed HEAST 1997 

Di-n-octylphthalate Chronic 1.40E-01 (mg/m³) Not available Calculated (1) 

Ethyl ether Chronic 7.00E-01 (mg/m³) Whole body Calculated (1) 

Ethylbenzene Chronic 1.00E+00 (mg/m³) Development/fetus 300 x 1 IRIS 3/7/2007 

Ethyl methacrylate Chronic 3.15E-01 (mg/m³) Kidney Calculated (1) 

Indeno(1,2,3-cd)pyrene - --

Isopropylbenzene Chronic 4.00E-01 (mg/m³) Kidney/adrenal gland 1000 x 1 IRIS 3/7/2007 

Methylene Chloride Chronic 3.00E+00 (mg/m³) Liver 100 x 1 HEAST 1997 

Naphthalene Chronic 3.00E-03 (mg/m³) Respiratory system 3000 x 1 IRIS 3/7/2007 

n-Butylbenzene Chronic 1.40E-01 (mg/m³) Not available Calculated (1) 

n-Nitrosodi-n-butylamine - -

n-Nitrosopyrrolidine - -

n-Propylbenzene Chronic 1.40E-01 (mg/m³) Not available Calculated (1) 

o-Chlorotoluene Chronic 7.00E-02 (mg/m³) Whole body Calculated (1) 

o-Toluidine - -

p-Isopropyltoluene Chronic 4.00E-01 (mg/m³) Kidney/adrenal gland 1000 x 1 IRIS 3/7/2007 

Perylene - --

Phenanthrene - -

Phenol Chronic 2.00E-01 (mg/m³) Alimentary, cardiovascular, nervous systems; kidney CalEPA REL 9/21/2006 

Pyridine Chronic 3.50E-03 (mg/m³) Liver Calculated (1) 

Styrene Chronic 1.00E+00 (mg/m³) Nervous system 30 x 1 IRIS 3/7/2007 

tert-Butylbenzene Chronic 1.40E-01 (mg/m³) Not available Calculated (1) 

Tetrachloroethene Chronic 3.50E-02 (mg/m³) Nervous system; eyes; respiratory system CalEPA REL 1/17/2006 

Tetrahydrofuran Chronic 3.01E-01 (mg/m³) Calculated (1) 

Toluene Chronic 5.00E+00 (mg/m³) Nervous system 10 x 1 IRIS 3/7/2007 
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TABLE 3-31B
 
NONCANCER TOXICITY DATA - INHALATION
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical 

of Potential 
Concern 

Chronic/ 

Subchronic 

Inhalation RfC Primary 

Target 
Organ(s) 

Combined 

Uncertainty/Modifying 
Factors 

RfC:Source 

Value Units Source Date 

Trichloroethene Chronic 6.00E-01 (mg/m³) Nervous system; eyes CalEPA REL 9/21/2006 

Trichlorofluoromethane - -

Vinyl Chloride Chronic 1.00E-01 (mg/m³) Liver 30 x 1 IRIS 3/7/2007 

Xylenes (total) Chronic 1.00E-01 (mg/m³) Nervous system 300 x 1 IRIS 3/7/2007 

Inorganics - -

Antimony - -

Arsenic Chronic 3.00E-05 (mg/m³) Not available CalEPA REL 9/21/2006 

Barium Chronic 5.00E-04 (mg/m³) Fetus 1000 HEAST 1997 

Beryllium Chronic 2.00E-05 (mg/m³) Respiratory system 10 x 1 IRIS 3/7/2007 

Cadmium - -

Chromium Chronic 1.00E-04 (mg/m³) Respiratory system 300 x 1 IRIS (hexavalent Cr) 3/7/2007 

Cobalt Chronic 1.00E-04 (mg/m³) Respiratory system 10 x 1 ATSDR MRL 10/1/2004 

Copper - -

Lead NA (2) -

Manganese Chronic 5.00E-05 (mg/m³) Nervous system 1000 x 1 IRIS 3/7/2007 

Nickel Chronic 5.00E-05 (mg/m³) Not available CalEPA REL 9/21/2006 

Selenium - -

Silver - -

Thallium - -

Vanadium - -

Zinc - -

Footnotes: 

IRIS = USEPA's Integrated Risk Information System (www.epa.gov/iris). Searched March 2007. 
CalEPA = California Environmental Protection Agency. REL = Reference Exposure Level. PELs are chronic unless otherwise noted. February, 2005. http://www.oehha.ca.gov/air/chronic_rels/AllChrels.html 

PPRTV = Provisional Peer-Review Toxicity Values, obtained from Superfund Technical Support Center (individual PPRTV dates reported above). 

MADEP, 2003 = Massachusetts Department of Environmental Protection. 2003. Updated Petroleum Hydrocarbon Fraction Toxicity Values for the VPH/EPH/APH Methodology. 

ATSDR MRL = Minimal Risk Levels, December 2005. (http://www.atsdr.cdc.gov/mrllist_12_05.pdf) 

HEAST = National Center for Exposure Assessment, Health Effects Assessment Summary Tables, 1997. 

-- = No information available. 

(1) RfC calculated from the oral RfD or, if no oral RfD was available, from the inhalation RfD provided in the EPA Region 9 PRG table (October 2004). RfC = RfDi * (70 kg / 20 m3/day). 

(2) Lead risks were calculated using EPA's IEUBK model and Adult Lead Model. See Appendix E for details. 
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TABLE 3-31C
 
CANCER TOXICITY DATA - ORAL/DERMAL
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

USEPA 1986 

Chemical Oral Cancer Slope Factor Weight of Evidence/ CSF: Source 

of Potential Cancer Guideline 
Concern Value Units Value Units Description Source Date 

(1) 

Organics 

1,1,1-Trichloroethane -- -- -- -- -- D 

1,1,2-Trichloroethane 5.70E-02 (mg/kg-day)-1 
-- 5.70E-02 (mg/kg-day)-1 

C IRIS 3/7/2007 

1,1-Dichloroethane -- -- -- -- -- C 

1,1-Dichloroethene -- -- -- -- -- C 

1,2,4-Trimethylbenzene -- -- -- -- -- --

1,2-Dichloroethane 9.10E-02 (mg/kg-day)-1 
-- 9.10E-02 (mg/kg-day)-1 

B2 IRIS 3/7/2007 

1,2-Dichloroethene -- -- -- -- -- --

1,2-Dichloropropane 6.80E-02 (mg/kg-day)-1 
-- 6.80E-02 (mg/kg-day)-1 

-- HEAST 1997 

1,3,5-Trimethylbenzene -- -- -- -- -- --

1,4-Dichlorobenzene 2.40E-02 (mg/kg-day)-1 
-- 2.40E-02 (mg/kg-day)-1 

-- HEAST 1997 

1,4-Dioxane 1.10E-02 (mg/kg-day)-1 
-- 1.10E-02 (mg/kg-day)-1 

B2 IRIS 3/7/2007 

1-Methylnaphthalene -- -- -- -- -- --

2,2'-Oxybis(1-chloropropane) -- -- -- -- -- --

2,4-Dimethylphenol -- -- -- -- -- --

2,4-Dinitrotoluene 3.10E-01 (mg/kg-day)-1 
-- B2 CalEPA 2005 

2-Butanone -- -- -- -- -- --

2-Hexanone -- -- -- -- -- --

2-Methylnaphthalene -- -- -- -- -- --

2-Methylphenol -- -- -- -- -- C 

3-Methylphenol/4-Methylphenol -- -- -- -- -- --

4-Chloro-3-methylphenol -- -- -- -- -- --

4-Methyl-2-pentanone -- -- -- -- -- --

4-Methylphenol -- -- -- -- -- C 

Acetone -- -- -- -- -- --

Acetophenone -- -- -- -- -- D 

Acrylonitrile 5.40E-01 (mg/kg-day)-1 
5.40E-01 (mg/kg-day)-1 

B1 IRIS 3/7/2007 

Alpha-BHC 6.30E+00 (mg/kg-day)-1 
-- 6.30E+00 (mg/kg-day)-1 

B2 IRIS 3/7/2007 

Aroclor 1254 Pathway-specific (mg/kg-day)-1 
-- Pathway-specific (mg/kg-day)-1 

--

Aroclor 1254-Food/soil 2.00E+00 (mg/kg-day)-1 
-- 2.00E+00 (mg/kg-day)-1 

B2 IRIS 3/7/2007 

Aroclor 1254-Water 4.00E-01 (mg/kg-day)-1 
-- 4.00E-01 (mg/kg-day)-1 

B2 IRIS 3/7/2007 

Benzene 5.50E-02 (mg/kg-day)-1 
-- 5.50E-02 (mg/kg-day)-1 

A IRIS 3/7/2007 

Benzo(a)anthracene 7.30E-01 (mg/kg-day)-1 
-- 7.30E-01 (mg/kg-day)-1 

-- IRIS (2) 3/7/2007 

Benzo(a)pyrene 7.30E+00 (mg/kg-day)-1 
-- 7.30E+00 (mg/kg-day)-1 

B2 IRIS 3/7/2007 

Benzo(b)fluoranthene 7.30E-01 (mg/kg-day)-1 
-- 7.30E-01 (mg/kg-day)-1 

B2 IRIS (2) 3/7/2007 

Benzo(e)pyrene -- -- -- -- -- --

Benzo(k)fluoranthene 7.30E-02 (mg/kg-day)-1 
-- 7.30E-02 (mg/kg-day)-1 

B2 IRIS (2) 3/7/2007 

Benzyl alcohol -- -- -- -- -- --

Bis(2-Chloroethoxy)methane -- -- -- -- -- D 

Bis(2-ethylhexyl)phthalate 1.40E-02 (mg/kg-day)-1 
-- 1.40E-02 (mg/kg-day)-1 

B2 IRIS 3/7/2007 

Oral Absorption 
Efficiency for 

Dermal (ABSgi) 

Absorbed Cancer Slope Factor for 
Dermal (1) 
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TABLE 3-31C
 
CANCER TOXICITY DATA - ORAL/DERMAL
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical 

of Potential 
Concern 

Oral Cancer Slope Factor 

(1) 

Oral Absorption 
Efficiency for 

Dermal (ABSgi) 

Absorbed Cancer Slope Factor for 
Dermal (1) 

USEPA 1986 

Weight of Evidence/ 

Cancer Guideline 
Description 

CSF: Source 

Value Units Value Units Source Date 

C11-C22 Aromatics -- -- -- -- -- --

Carbazole 2.00E-02 (mg/kg-day)-1 
-- 2.00E-02 (mg/kg-day)-1 

-- HEAST 1997 

Carbon tetrachloride 1.30E-01 (mg/kg-day)-1 
-- 1.30E-01 (mg/kg-day)-1 

B2 IRIS 3/7/2007 

Chlorobenzene -- -- -- -- -- D 

Chloroethane -- -- -- -- -- --

Chloroform 3.10E-02 (mg/kg-day)-1 
-- 3.10E-02 (mg/kg-day)-1 

B2 CalEPA 2005 

Chloromethane -- -- -- -- -- D 

cis-1,2-Dichloroethene -- -- -- -- -- D 

Dibenzo(a,h)anthracene 7.30E+00 (mg/kg-day)-1 
-- 7.30E+00 (mg/kg-day)-1 

B2 IRIS (2) 3/7/2007 

Dibenzofuran -- -- -- -- -- D 

Dichlorodifluoromethane -- -- -- -- -- --

Di-n-octylphthalate -- -- -- -- -- --

Ethyl ether -- -- -- -- -- --

Ethylbenzene -- -- -- -- -- D 

Ethyl methacrylate -- -- -- -- -- --

Indeno(1,2,3-cd)pyrene 7.30E-01 (mg/kg-day)-1 
-- 7.30E-01 (mg/kg-day)-1 

B2 IRIS (2) 3/7/2007 

Isopropylbenzene -- -- -- -- -- --

Methylene Chloride 7.50E-03 (mg/kg-day)-1 
-- 7.50E-03 (mg/kg-day)-1 

B2 IRIS 3/7/2007 

Naphthalene -- -- -- -- -- C 

n-Butylbenzene -- -- -- -- -- --

n-Nitrosodi-n-butylamine 5.40E+00 (mg/kg-day)-1 
-- 5.40E+00 (mg/kg-day)-1 

B2 IRIS 3/7/2007 

n-Nitrosopyrrolidine 2.10E+00 (mg/kg-day)-1 
-- 2.10E+00 (mg/kg-day)-1 

B2 IRIS 3/7/2007 

n-Propylbenzene -- -- -- -- -- --

o-Chlorotoluene -- -- -- -- -- --

o-Toluidine 2.40E-01 (mg/kg-day)-1 
-- 2.40E-01 (mg/kg-day)-1 

-- HEAST 1997 

p-Isopropyltoluene -- -- -- -- -- --

Perylene -- -- -- -- -- --

Phenanthrene -- -- -- -- -- D 

Phenol -- -- -- -- -- D 

Pyridine -- -- -- -- -- --

Styrene -- -- -- -- -- --

tert-Butylbenzene -- -- -- -- -- --

Tetrachloroethene 5.40E-01 (mg/kg-day)-1 
-- 5.40E-01 (mg/kg-day)-1 

B1 CalEPA 2005 

Tetrahydrofuran -- -- -- -- -- --

Toluene -- -- -- -- -- --

Trichloroethene 4.00E-01 (mg/kg-day)-1 
-- 4.00E-01 (mg/kg-day)-1 

-- EPA 2001 

Trichlorofluoromethane -- -- -- -- -- --
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TABLE 3-31C
 
CANCER TOXICITY DATA - ORAL/DERMAL
 

Remedial Investigation and Feasibility Study
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical 

of Potential 
Concern 

Oral Cancer Slope Factor 

(1) 

Oral Absorption 
Efficiency for 

Dermal (ABSgi) 

Absorbed Cancer Slope Factor for 
Dermal (1) 

USEPA 1986 

Weight of Evidence/ 

Cancer Guideline 
Description 

CSF: Source 

Value Units Value Units Source Date 

Vinyl Chloride age-specific (mg/kg-day)-1 
-- age-specific (mg/kg-day)-1 

--

Vinyl chloride-Adult exposure 7.20E-01 (mg/kg-day)-1 
-- 7.20E-01 (mg/kg-day)-1 

A IRIS 3/7/2007 

Vinyl chloride-Lifetime exposure 1.50E+00 (mg/kg-day)-1 
-- 1.50E+00 (mg/kg-day)-1 

A IRIS 3/7/2007 

Xylenes (total) -- -- -- -- -- --

Inorganics -- -- -- -- --

Antimony -- -- -- -- -- --

Arsenic 1.50E+00 (mg/kg-day)-1 
-- 1.50E+00 (mg/kg-day)-1 

A IRIS 3/7/2007 

Barium -- -- -- -- -- D 

Beryllium -- -- -- -- -- B1 

Cadmium -- -- -- -- -- B1 (via inhalation) 

Chromium -- -- -- -- -- A (via inhalation) 

Cobalt -- -- -- -- -- --

Copper -- -- -- -- -- D 

Lead -- -- -- -- -- B2 

Manganese -- -- -- -- -- D 

Nickel -- -- -- -- -- --

Selenium -- -- -- -- -- D 

Silver -- -- -- -- -- D 

Thallium -- -- -- -- -- D 

Vanadium -- -- -- -- -- --

Zinc -- -- -- -- -- D 

Footnotes:
 

References apply to both oral and dermal slope factors.
 

IRIS = USEPA's Integrated Risk Information System (www.epa.gov/iris). Searched March 2007.
 

CalEPA = California Environmental Protection Agency, Office of Environmental Health Hazard Assessment, Toxicity Criteria Database. August 10, 2005. http://www.oehha.ca.gov/risk/pdf/cancerpotalpha81005.pdf.
 

Region 9 = USEPA Region 9 Preliminary Remediation Goal (PRG) table, October 2004.
 

HEAST = National Center for Exposure Assessment, Health Effects Assessment Summary Tables, 1997.
 

EPA 2001. Trichloroethylene Health Risk Assessment: Synthesis and Characterization (External Review Draft). EPA/600/P-01/002A. August 1, 2001. Office of Research and Development, National Center for
 

Environmental Assessment, Washington Office, Washington, D.C.
 

-- = No information available.
 

(1) Derivation of dermal CSF based on absorbed dose 

SFABS = SFo / ABSGI 

Source: Exhibit 4-1, from USEPA, Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual, Part E (Supplemental Guidance for Dermal Risk Assessment), Final, July 2004. 

(2) The following toxicity equivalency factors (TEFs) were applied to the toxicity value for benzo(a)pyrene to derive a toxicity value for the seven carcinogenic PAHs: 

Benzo(a)pyrene 1 chrysene 0.001 

Benzo(a)anthracene 0.1 dibenz(a,h)anthracene 1 

benzo(b)fluoranthene 0.1  indeno(1,2,3-cd)pyrene 0.1 

benzo(k)fluoranthene 0.01 
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TABLE 3-31D
 

CANCER TOXICITY DATA - INHALATION
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical 

of Potential 
Concern 

Unit Risk Inhalation Cancer Slope Factor Weight of Evidence/ 

Cancer Guideline 
Description 

Unit Risk or Inhalation CSF: Source 

Value Units Value Units Source Date 

Organics 

1,1,1-Trichloroethane - - - - D 

1,1,2-Trichloroethane 1.60E-02 (mg/m³)-¹ 5.60E-02 (mg/kg-d)-1 C IRIS* 3/7/2007 

1,1-Dichloroethane - - - - C 

1,1-Dichloroethene - - - - C 

1,2,4-Trimethylbenzene - - - - -

1,2-Dichloroethane 2.60E-02 (mg/m³)-¹ 9.10E-02 (mg/kg/day)-¹ B2 IRIS* 3/7/2007 

1,2-Dichloroethene - - - - -

1,2-Dichloropropane - - - - -

1,3,5-Trimethylbenzene - - - - -

1,4-Dichlorobenzene - - - - -

1,4-Dioxane 7.70E-03 (mg/m³)-¹ 2.70E-02 (mg/kg-d)-1 B2 CalEPA* 2005 

1-Methylnaphthalene - - - - -

2,2'-Oxybis(1-chloropropane) - - - - -

2,4-Dimethylphenol - - - - -

2,4-Dinitrotoluene 8.90E-02 (mg/m³)-¹ 3.12E-01 (mg/kg-d)-1 B2 CalEPA* 2005 

2-Butanone - - - - -

2-Hexanone - - - - -

2-Methylnaphthalene - - - - -

2-Methylphenol - - - - C 

3-Methylphenol/4-Methylphenol - - - - -

4-Chloro-3-methylphenol - - - - -

4-Methyl-2-pentanone - - - - -

4-Methylphenol - - - - C 

Acetone - - - - --

Acetophenone - - - - D 

Acrylonitrile 6.80E-02 (mg/m³)-¹ 2.38E-01 (mg/kg/day)-¹ B1 IRIS 3/7/2007 

Alpha-BHC 1.80E+00 (mg/m³)-¹ 6.30E+00 (mg/kg-d)-1 B2 IRIS* 3/7/2007 

Aroclor 1254 Pathway-specific (mg/m³)-¹ Pathway-specific (mg/kg-d)-1 

Aroclor 1254-Food/soil 5.71E-01 (mg/m³)-¹ 2.00E+00 (mg/kg-d)-1 B2 IRIS* 3/7/2007 

Aroclor 1254-Water/air 1.00E-01 (mg/m³)-¹ 3.50E-01 (mg/kg-d)-1 B2 IRIS* 3/7/2007 

Benzene 7.80E-03 (mg/m³)-¹ 2.73E-02 (mg/kg/day)-¹ A IRIS* 3/7/2007 

Benzo(a)anthracene 1.10E-01 (mg/m³)-¹ 3.90E-01 (mg/kg/day)-¹ -- CalEPA 2005 

Benzo(a)pyrene 1.10E+00 (mg/m³)-¹ 3.90E+00 (mg/kg/day)-¹ B2 CalEPA 2005 

Benzo(b)fluoranthene 1.10E-01 (mg/m³)-¹ 3.90E-01 (mg/kg/day)-¹ B2 CalEPA 2005 

Benzo(e)pyrene - - - - -

Benzo(k)fluoranthene 1.10E-01 (mg/m³)-¹ 3.90E-01 (mg/kg/day)-¹ B2 CalEPA 2005 

Benzyl alcohol - - - - --
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TABLE 3-31D
 

CANCER TOXICITY DATA - INHALATION
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical 

of Potential 
Concern 

Unit Risk Inhalation Cancer Slope Factor Weight of Evidence/ 

Cancer Guideline 
Description 

Unit Risk or Inhalation CSF: Source 

Value Units Value Units Source Date 

Bis(2-Chloroethoxy)methane - - - - D 

Bis(2-ethylhexyl)phthalate 2.40E-03 (mg/m³)-¹ 8.40E-03 (mg/kg/day)-¹ B2 CalEPA 2005 

C11-C22 Aromatics - - - - --

Carbazole - - - - -

Carbon tetrachloride 1.50E-02 (mg/m³)-¹ 5.25E-02 (mg/kg-d)-1 B2 IRIS* 3/7/2007 

Chlorobenzene - - - - D 

Chloroethane - - - - -

Chloroform 2.30E-02 (mg/m³)-¹ 8.05E-02 (mg/kg-d)-1 B2 IRIS* 3/7/2007 

Chloromethane - - - - D 

cis-1,2-Dichloroethene - - - - D 

Dibenzo(a,h)anthracene 1.20E+00 (mg/m³)-¹ 4.10E+00 (mg/kg/day)-¹ B2 CalEPA 2005 

Dibenzofuran - - - - D 

Dichlorodifluoromethane - - - - -

Di-n-octylphthalate - - - - -

Ethyl ether - - - - --

Ethylbenzene - - - - D 

Ethyl methacrylate - - - - -

Indeno(1,2,3-cd)pyrene 1.10E-01 (mg/m³)-¹ 3.90E-01 (mg/kg/day)-¹ B2 CalEPA 2005 

Isopropylbenzene - - - - --

Methylene Chloride 4.70E-04 (mg/m³)-¹ 1.65E-03 (mg/kg/day)-¹ B2 IRIS* 3/7/2007 

Naphthalene - - - - C 

n-Butylbenzene - - - - -

n-Nitrosodi-n-butylamine 1.60E+00 (mg/m³)-¹ 5.60E+00 (mg/kg/day)-¹ B2 IRIS* 3/7/2007 

n-Nitrosopyrrolidine 6.10E-01 (mg/m³)-¹ 2.14E+00 (mg/kg/day)-¹ B2 IRIS* 3/7/2007 

n-Propylbenzene - - - - -

o-Chlorotoluene - - - - -

o-Toluidine - - - - -

p-Isopropyltoluene - - - - --

Perylene - - - - --

Phenanthrene - - - - D 

Phenol - - - - D 

Pyridine - - - - -

Styrene - - - - -

tert-Butylbenzene - - - - --

Tetrachloroethene 5.90E-03 (mg/m³)-¹ 2.07E-02 (mg/kg/day)-¹ B1 CalEPA 2005 

Tetrahydrofuran - - - - -

Toluene - - - - --

Trichloroethene 2.00E-03 (mg/m³)-¹ 7.00E+00 (mg/kg/day)-¹ -- CalEPA 2005 
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TABLE 3-31D
 

CANCER TOXICITY DATA - INHALATION
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical 

of Potential 
Concern 

Unit Risk Inhalation Cancer Slope Factor Weight of Evidence/ 

Cancer Guideline 
Description 

Unit Risk or Inhalation CSF: Source 

Value Units Value Units Source Date 

Trichlorofluoromethane - - - - -

Vinyl Chloride age-specific (mg/m³)-¹ age-specific (mg/kg/day)-¹ -

Vinyl chloride-Adult exposure 4.40E-03 (mg/m³)-¹ 1.54E-02 (mg/kg/day)-¹ A IRIS* 3/7/2007 

Vinyl chloride-Lifetime exposure 8.80E-03 (mg/m³)-¹ 3.08E-02 (mg/kg/day)-¹ A IRIS* 3/7/2007 

Xylenes (total) - - - - --

Inorganics - - - -

Antimony - - - - -

Arsenic 4.30E+00 (mg/m³)-¹ 1.5E+01 (mg/kg/day)-¹ A IRIS* 3/7/2007 

Barium - - - - D 

Beryllium 2.40E+00 (mg/m³)-¹ 8.40E+00 (mg/kg-d)-1 B1 IRIS* 3/7/2007 

Cadmium 1.80E+00 (mg/m³)-¹ 6.30E+00 (mg/kg/day)-¹ B1 (via inhalation) IRIS* 3/7/2007 

Chromium 1.20E+01 (mg/m³)-¹ 4.20E+01 (mg/kg-d)-1 A (via inhalation) IRIS* 3/7/2007 

Cobalt - - - - -

Copper - - - - D 

Lead - - - - B2 

Manganese - - - - D 

Nickel - - - - -

Selenium - - - - D 

Silver - - - - D 
Thallium - - - - D 

Vanadium - - - - -
Zinc - - - - D 

Footnotes: 
References apply to both slope factors and unit risk values, unless otherwise noted (* indicates slope factor calculated from unit risk; ** indicates unit risk calculated from slope factor). 

Slope factors were calculated from unit risk values using the following equation: SF = 70 kg/ 20 m3-d-1 * UR 
Unit risk values were calculated from slope factors using the following equation: UR = 20 m3-d-1 / 70 kg * SF 

IRIS = USEPA's Integrated Risk Information System (www.epa.gov/iris). Searched March 2007. 
CalEPA = California Environmental Protection Agency, Office of Environmental Health Hazard Assessment, Toxicity Criteria Database. August 10, 2005. http://www.oehha.ca.gov/risk/pdf/cancerpotalpha81005.pdf.
 

Region 9 = USEPA Region 9 Preliminary Remediation Goal (PRG) table, October 2004 (with December 2004 updates).
 
A blank space indicates that no toxicity information is available.
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TABLE 3-32A
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Current/Future 

Receptor Population: Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EP C Cancer Risk Calculations Non-Cancer Ha7ard Calculations 

Potential Concent 
Value Units Intake/Exposuie Concentiation CSF/i Jnit Risk* Intake/Exposuie Concentration RtOiRtC 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Soil Upland Soil Group 3 Ber__o(a)anthracene 1.1E+00 (mg/kg) * * 8 5E-08 3 0I--07 mg/kg-da> -

Upland Area Benzo(a)p\rene 1.1E+00 (mg/kg) * * 8 5E-07 3 0M-07 mg/"kg-da\ - -

Benzo(e)pyrene 7.6E-O1 (mg/kg) 3.3E-08 mg/kg-day - - 2.1E-07 mg/kg-day -

Benzo(b)fluoranthene 8 4E-01 (mg/kg) * * 6 511-08 2 3E-O7 mg/kg-da\ -

Bis(2-eth\ lhexy Dphthalate 1.5E+03 (mg/kg) 6.5F-05 mg/kg-day 1 4E-02 (mg/kg-da\)-l 9 0E-07 4 1F-04 mg/kg-da\ 2 0F-02 mg/kg/da\ 2 lli-02 

Di-n-octy lphthalate I 651+03 (mg/kg) 6 9F-05 mg/kg-da) - - 4 4K-0J mg/lg-dj) 4 Oli-02 mg/kg/dav 1 1F.-02 

lndeno( 1.2,3-cd)P^ rene 7.2E-0! (mg/kg) * * 5 6E-08 2 OE-07 mg/kg-da\ -

Naphthalene 1.0E+02 (nig/kg) 4.3E-06 mg/kg-day - - 2.7E-05 nig/kg-day 2.0E-02 mg/kg/day 1.4E-03 

Incidental Ingestion loluene 7.1E+02 (mg/kg) 3.1E-O5 mg/kg-da\ - 1 9E-04 mg/'kg-daN 8 0E-02 mg/'kg/da\ 2.411-03 

1 etrachloroethene 2 7E+0! (mg/kg) 1 2E-06 mg/kg-dav 5 4E 01 (ing/kg-da\")-l 6 3E-07 7 4M-O6 mg/kg-da^ 1 .Of-02 mg/kg/dav 7 4H-04 

! ,2.4-Trimethyibenzene 5 9E+02 (mg/kg) 2 5E-O5 mg/kg-da\ - 1 6E-04 mg/kg-daN -

1.3,5-1 riineth\ lbenzene 2 0EH)2 (mg/kg) 8 6E-06 mg/kg-da\ - 5 5E-05 mg/kg-dav - -

X\ lenes (total) 9.0EK.2 (mg/kg) 3.9E-05 mg/kg-day - 2 5E-04 mg/kg-da> 2 0E-0! mg/kg/da) 1 2E-03 

Arsenic 5.9E+OO (mg/kg) 2.5E-07 mg/kg-day 1.5E+00 (mg/kg-day>l 3.8E-07 1.6E-06 mg/kg-day 3.0E-04 mg/kg/day 5.4E-03 

Cadmium 3 8EiOO (mg/kg) 1 6F-07 mg/kg-dai, L_. - — 
1 OE-06 mg/kg-da\ 1 0F-03 mg/kg/da\ 1 0E-03 

Lead 7 3E+01 (mg/kg) 3.1F-06 mg/kg-daN 2 011-05 mg/kg-da> NA (3) 

Vanadium 1.3E+01 (mg/kg) 5.8E-07 mg/kg-day - - 3.7E-06 mg/lg-dd} 9.OE-O3 mg/kg/day 4 1M-04 

Exp. Route I otal 3 OE-06 4 4L-02 

Benzo(a)antluacene 1 1E+00 (mg/kg) — :  — ______ . 
6 4E-08 2 3F-07 mg/l_g-da\ 

-  - ________ _____ -: 
Benzo(a)p\rene 1.1EK)O (mg/kg) * 6 4F-07 2 3E-07 mg/kg-da> 

Benzo(e)pyrene 7.6E-01 (tng/kg) 2 5E-08 mg/kg-day - - 1.6E-07 mg/kg-day - -

BenzcnJ.)_luoranthene 8 4E-03 (mg/kg) 4 9F-08 1 8F-07 mg/kg-da\ 

!3is(2-eth\lhexvl)phthalate 1 5F.4 03 (mg/kg) 3 8K-05 mg/kg-da\ 1 4E-02 (mg/kg-da\)-l 5 3E-O7 2 4F-04 nig/kg-da\ 2 OF-02 mg/kg/da\ 1 2F-02 

Di-n-oct\ lphthalate 1 6E+03 (mg/kg) 4 0F-05 mg/kg-da> - - 2 6F.-04 mg//kg-da\ 4 0F.-()2 mg/'kg/da\ 6 -JF-03 

Indeno(l,2.3-cd)P\rene 7 2E-01 (mg/kg) 4 2E-08 1.5E-07 mg/kg-dav 

Naphthalene 1.0E+02 (mg/kg) 3.3E-06 mg/kg-dav - 2.1E-05 mg/kg-day 10E-02 mg/kg/day 1 OE-03 

Dermal Contact loluene 7 IE-i02 (mg/kg) 0 0E+00 nig/kg-da_. - 0 OF.+00 :ng/kg-da\ 8 0M-02 mg/kg/da\ 0 0FJ00 

1 eti achloroethene 2.7E+01 (mg/kg) 0.0E+00 mg,kg-da\ 5.4E-01 (mg/kg-da\)-l 0.0E+00 0 0E+00 mg/kg-da\ 1 01-1-02 mg/kg/da\ ooi;-too 

1.2.4- ]'rimeth> lbenzene 5 9E^02 (mg/kg) 0 OIi+00 mg/kg-da\ - 0 01: t 00 mg/kg-da\ -

1.3.5- riimeth\ lbenzene 2 0EH)2 (mg/kg) 0 0I£+00 mg/kg-da\ _____ " . _  _ -
0 OIi+00 mg/T-g-das 

X> lenes (total) 9 0E+02 (mglg) 0.0F+0O mg/kg-da\ 0.0E+00 mg/kg-da\ 2 0E-01 mg/kg/dav 0 OE+00 

Arsenic 5.9E+OO {mg/kg) 4.5E-08 mg/kg-da\ 1.5E+00 (mg/kg-dav )-l 6.7E-08 2.8E-07 tng/kg-dav 3.0E-04 mg/kg/dav 9.5E-04 

Cadmium 3 8F>00 (mg/kg) 9 61--1" mg.kg-da\ - 6.H-1-09 mg/lg-dav 2 5E-05 mg/kg/da\ 2 4F-0-S 

Lead 7 3EHM (mg/kg) O.OL+00 mg/kg-da> - 0 0E-! 00 mg/kg-daN NA (3) -

Vanadium 1.3E+01 (mg/kg) 0.0E+00 mg/kg-das ... - 0 0E+00 mg/kg-dd\ 2 3E-04 mg/kg/dav 0 OIi+00 

Exp Route Total 1.4E-06 2 H.-02 

Exposure Point Total 4.4E-06 6 5E-02 

Exposure Medium Total 4 4E-06 6 5E-02 

4.5E-07 8.7E-03 

Risk from Site 3 9E-06 5 6F-02 

Sutton Brook Disposal Area Superfund Site (210517) 
G:\210517ByttpnBrook\wip\Human Health Risk Assessment\Risk calculations.xls Page 1 of 3 

Woodard & Curran 
May 2007 



TABLE 3-32A
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Current/Future 

Receptor Population: Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Medium E\posuie Point Exposuie Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern 
Value Units Intake/Exposure Concentration CSI-,1 nit Risk* Intake/Exposure Concentration RfD/KfC 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Wetland Soil (Jioup 5/6 

Wetlands 

Benzo(a)anthracene 

Benzo(a)p\iene 

6E-01 

6E-01 

(mg'lg) 

(mg'T<g) 
_* T " — 

4 9F.-08 

4 911-07 

1 8F.-07 

1 8E-07 

mg/kg-da\ 

mg/kg-da\ 
" -  - -

I3enzo(b)fluoranthene 8E-01 (mg/kg) * * 6 2E-08 2 2F-07 mg/icg-daN -

Iideno(l,2,3-cd)P\rene 6E-01 (mg/kg) 4.3K-O8 1 5E-07 mg/lvg-daj -

Incidental lngestion Pervlene 3E-01 (mg/kg) 1 1E-08 mg/kg-da\ - 6 8E-08 mg/lig-dav 

Aisemc 2E+01 (mg/kg) 6.5E-07 mg/kg-day 1.5E+00 (mg/kg-day)-1 9.7E-07 4.1E-06 mg/kg-day 3.0E-04 mg/kg/day 1.4E-02 

Lead 6E-l01 (mg/kg) 2 7F-06 mg/kg-da> 1 7F-05 mg/lg-daN NA (3) 
" " " 

Manganese 6F.-02 (mg/kg) 2 5E-O5 mg/kg-da\ 1 6F.-04 mg/kg-da> 1 4F-0) mp/kg/da\ 1 1E-03 

Vanadium IE KM (mg/kg) 5.2E-07 mg/lcg-day - 3.31--06 mg/lcg-day 9 0F.-03 mg/kg/day 3.7E-04 

Exp. Route I otal 1 6E-06 1.5E-02 

Ben/-O(a)anthracene 6E-01 (mg/kg) * * 4 9E-08 2 4F-07 mg/kg-da\ 

Benzo(a)p>iene M£-01 (mg/kg) * 4 9F.-07 2 4E-O7 mg/Ts.g-da\ 

Benzo(b )fiucra nthene 8E-01 (mg/kg) * 6 IF-08 3 0F-07 mg/'kg-da\ -

I ideno(1.2,3-cd)P\rene 6E-01 (mg/kg) * 4 2F.-08 2 1E-07 mg/kg-dai, ~ 

Dermal Contact Peniene 3E-01 (mglg) 1 5E-08 mg/kg-da> - 9 4F-08 mg/kg-da\ -

Arsenio 2E+01 (mg/kg) 2.0E-07 mg/kg-day I.5E+00 (mg/kg-day)-l 3.1E-07 1.3E-06 mg/kg-day 3.0E-04 mg/kg/day 4.3E-03 

Lead 61-+01 (mg/kg) 0.0E+00 mg/kg-da\ - OOL-fOO mg/kg-da> NA (3) 

Manganese 6LM02 (mg/kg) O.OE+00 mg/kg-da\ - (i OE+00 mg/"kg-da\ 5 6F.-03 mg/kg/da\ 0OF.HX1 

Vanadium IP.+01 (mg/kg) O.OE+OO mg/lg-da\ - 0 0EH 00 mg/kg-da\ 2 3E-04 mp/kg/daj 0.0E+00 

Exp Route Iotal 9 4E-07 4 3F-O3 

Exposure Point Total 2 6F-06 2 OE-02 

Exposure Medium Iotal 2 6E-06 2 OH-02 

Risk Frofn Reference I.3E-06 1.8E-02 

Risk from Site I 31--06 1 5H-O3 

Medium Total 6 9F.-06 8 411-02 

Surface Wain Surface Water Group 5/6 1,4-Dioxanc 5E-02 (mg/L) 9 3F.-08 mg/kg-dav 1 IF,-02 (mg/kg-da\)-l 1 0E-09 5 9E-07 mg/kg-da\ 1 OE-01 mg/ivg/day 5 9F-06 

Wetlands Meth^lene Chloride 5E-O3 (mg/L) 1 0H-07 mg/kg-da\ 7 5E-O3 (mg/kg-da\)-l 7 711-10 6 5E-07 mg/lg-da\ 6 0I--02 mg/kg/da\ 1 1F-05 

1.2.4-1 rimeth\ lbenzene 4K-03 (mg/1.) 4 7F-06 mg/kg-da\ 3 0K-05 mg/kg-da^ 

1,3.5-1 rimetin lbenzene 2F.-01 (mg/\) 1 1F-06 mg/kg-da\ 7 2E-06 mg/kg-dav 

Dermal Contact 
Aisenic 71-;-02 (mg/L) 2 5E-07 mg/kg-da\ 1 5E+00 (mg/"kg-da>)-l 3 8E-07 1 6F-06 ing/kg-da\ 3 0E-04 mg/lvg/da\ 5 3M-O3 

Cadmium 7E-03 (mg/L) 2 4E-08 mg/kg-day - - 1.5E-07 mg/kg-day 2.5E-05 mg/kg/day 6.1E-03 

Lead Ili-O2 (mg/L) 5.4E-09 mg/kg-da> - 3 4F.-08 rng/"kg-da\ NA (3) 

Manganese 6E-01 (mg/L) 2.1E-06 mg/kg-day - 1.3E-05 mg/kg-day 1.9E-03 mg/kg/day 7.2E-03 

Vanadium 5E-03 (mg/L) 2.0E-08 mg/kg-day - - 1.3E-07 mg/kg-day 2.3E-04 mg/kg/day" 5.4E-04 

Zinc 2E+D0 (mg/L) 5.3E-06 mg/kg-day - -  3.4E-05 mg/kg-day 3.0E-01 mg/kg/day 1.1E-04 

Exp Route Iotal 3.8E-07 1 9E-02 

Exposure Point Iotal 3 8E-07 ! 91-.-02 

Exposuie Medium Iotal 3 8E-07 1 9E-O2 

Risk From Reference 0.OE+00 I.4E-02 

Riskjiom Site 3 8F.-07 5 4F-O3 

Medium lolul 3 8E-07 1 9E-02 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran 

G:\210517 Sutton Brook\wip\Human Health Risk Assessment\Risk calculations.xls May 2007 



TABLE 3-32A
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Current/Future 

Receptor Population: Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Medium Exposure Point Exposure Route Chemical ot EPC Ca ncer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern 
Value Units Intake/Exposure Concentration CSF/UnitRisk* Intake/Exposure Concentration RiD'Rtr 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Sediment Sediment Group 5/6 Benzo(a)pyrene 5E-01 (mg/kg) * * 4.1E-07 I.5E-07 mg/kg-day - -

Wetlands I nchloroethene 6K-02 (mg/kgi 2 7E-09 mg/kg-da\ 4 0E-0I (mg/kg-da\)-l 1 1E-09 1 7E-08 mg/kg-da> -

1.3.5-1 rimeth> lbenzene 11-401 (mg/kg) 5 OE-07 mg/kg-da\ - 3.2H-06 mg/kg-da^ -

ncidental Ingestion Arsenic 2E+02 (mg/kg) 6.8E-06 mg/kg-day 1.5E+00 (ing/kg-day)-l 1.0E-05 4.3E-05 mg/kg-day 3.OE-04 mg/kg/day 1.4E-01 

Lead 2E+01 (mg/kg) 8,8E-07 mg/kg-day - - 5.6E-06 mg/kg-day NA (3) -

Manganese 1E+02 (mg/kg) 6.3E-06 mg/kg-day - - 4.0E-05 mg/kg-day 1.4E-01 mg/kg/day 2.9E-04 

Vanadium 9EfO0 (mg/kg) 3.7E-D7 mg/kg-day - - 2.4E-0S mg/kg-day 9.0E-03 mg/kg/day 2.6E-04 

Exp Route Total 1.1E-05 1 4F.-01 

Benzo(a)pyrene 5E-0I (mg/kg) 1.5E-06 5.2E-07 mg/kg-day - -

Yichloroethene 6K-02 (mg/kg) O.OE+00 mg/kg-da\ 4 OL-01 O.OE+00 0.0E-*00 mg/kg-da\ 

1,3,5-1 rinieth\ lbenzene IK MM (mg/lg) O.OE+00 mg/kg-dai. - 0 0F.+00 mg/kg-da> 

Dermal Contact Arsenic 2E+02 (mg/kg) 5.6E-06 mg/kg-day 1.5E+00 (mg/kg-day)-l 8 5E-06 3.6E-05 mg/kg-day 3.OE-04 mg/kg/day 1 2E-D1 

Lead 2E+01 (mg/kg) O.OE+00 mg/kg-day - - O.OE+00 mg/kg-day NA (3) -

Manganese 1E+02 (mg/kg) O.OE+00 mg/kg-day - O.OE+00 mg/kg-day 5.6E-O3 mg/kg/dav O.OE+00 

Vanadium 9E+00 (mg/kg) 0.0E+0Q mg/kg-day - O.OE+00 mg/kg-day 2JE-04 mg/kg/day O.OE+00 

Exp. Route Total 9 9E-06 1 21'.-01 

Exposure Point lolal 2 1E-05 2 6E-0I 

Exposure Medium I otal 2.1L-O5 2 6E-01 

Risk From Reference 2JE-05 2.6E-01 

Risk fiom Site 1.1E-09 O.OE+00 

Medium Iotal 2 lh-05 2 6H-01 

Air Ambient Air Site 1.2.4- rrimeth\ lbenzene 3E-O3 (mg/rn3) 9.7E-06 mg/m' - - 6 2H-05 mg/m -

1,3,5-rnmeth)lbenzene 1E-02 (mg/m3) 3.2E-05 mg/m - - 2 OE-04 mg/m1 

Benzene 4E-03 (mg/m 3) I.3E-05 mg/m3 7.8E-03 (mg/kg-day)-1 1.OE-07 8 2E-05 mg/m 3 OE-02 mg/Ts.g/da\ 2.7E-03 

Xylenes (total) 9E-02 (mg/m3) 3.0E-04 mg/m3 - 1 9E-03 mg/m 1 OE-01 mg/kg/day 1.9E-02 

Exp. Route Total 1.OE-07 2.2E-02 

Exposure Point Total 1.OE-07 2.2E-02 

Exposure Medium Total 1.OE-07 2 2E-02 

;;iiiliiiiiiiiiilll: Illlllllllllllll :iiiaiiji:: O.OB+00 

Risk from Site 1 .OE-07 2.2E-02 

Total of Receptor Risks Across All Media 3E-05 Total of Receptor Hazards Across All Media 4E-01 

Risks from Reference 2E-05 3E-0I 

Risks from Site 6E-06 8E-02 

(1) EPC = Exposure Point Concentration; CSF = Cancer Slope Factor; RfD = Reference Dose; RfC = Reference Concentration 

(2) Cancer risk = Intake/exposure equation * CSF or Unit Risk; Hazard Index = Intake/exposure equation / RfD or RfC. 

(3) Lead risks were evaluated separately. SSe text for explanation. 
Shaded = Concentrations of contaminant are consistent with reference concentrations. 
* Cancer risks for benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a,h)anthracene and indeno(l ,2,3-cd)pyrene include a receptor-specific Age-Dependent Adjustment Factor. Derivation of cancer risk for these compounds is shown on Table 32M. 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran
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TABLE 3-32B
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Current/Future 

Receptor Population: Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calcu ations 

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Intake/Exposure Concentration RfD/RfC 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Soil Upland Soil Group 3 Benzo(a)anthiacene 1 1E+00 (mg/kg) * * 1.7E-07 6.0E-07 mg/kg-day , _ -

Upland Area Benzo(a)p\iene 1 1F+00 (mg/kg) * * 1 7E-06 6 OE-07 mg/kg-da\ - -

Benzo(e)pyrene 7 6E-01 (nig/kg) 6.5E-08 tng/kg-day - _ 4.2E-07 mg/kg-day -

Benzo(b)fluoranthene 8 4E-01 (mg/kg) * * 1.3E-07 4.6E-07 mg/kg-day -

Bis(2-ethylhexyl)phthalate 1 5E+O3 (mg/kg) 1.3E-04 mg/kg-day 1.4E-02 (mg/kg-day)-1 1.8E-06 8.2E-04 mg/kg-day 2 0E-02 mg/kg/dav 4 IF.-02 

Di-n-octylphthalate 1 6E+03 (mg/kg) 1.4E-04 mg/kg-day - 8.8E-04 mg/kg-day 4 0E-02 mg/kg/da\ 2.21--02 

I ndeno( 1 ^J -cd) ]^ i ene 7 2E-01 (mg/kg) * 1 1E-07 3 9E-07 mg/'kg-da\ 

Naphthalene 1.0E+02 (mg/kg) 8.6E-06 mg/kg-day - - 5.5E-05 mg/kg-dav 2.OE-O2 mg/kg/dav 2.7E-03 

Incidental Jngestion I oluene 71E+02 (mg/kg) 6.1E-05 mg/kg-dav 3 9E-04 mg/kg-d.i\ 8 OF-02 mg/kg/da\ 4 9E-O3 

Tetrachloroethene 2.7E+01 (mg/kg) 2.3E-06 mg/kg-day 5.4E-01 (mg/kg-day)-1 1.3E-06 1.5E-05 mg/kg-day 1.0E-02 mg/kg/dav 1 5E-03 

1,2.4-Trimelln Ibenzene 5 9E+02 (mg/kg) 5 1E-05 mg/kg-da\ - 3 2F-04 mg/kg-dai| -

1.3.5-1 rimethv Ibenzene 2 OE+02 (mg/kg) 1 7L-05 mg/kg-day 1 1E-04 mg/kg-da> 

X\lenes (total) 9 OH+02 (mg/kg) 7 7L-05 mg/kg-day 4 9E-04 mg/kg-du\ 2 0I--01 mg/kg/da\ 2 5I--O3 

Arsenic 5.9E+00 (mg/kg) 5.IE-07 mg/kg-day 1.5E+00 (mg/kg-dayVl 7.6E-O7 3 2E-06 mg/kg-dajr 3.0E-04 mg/kg/day I.1E-02 

Cadmium 3.8E+OO (mg/kg) 3 3K-07 mg/kg-da\ - 2 1E-06 mg/kg-da\ l.OE^O^ mg/kg/dav 2 1 F.-03 

Lead 7 3E4-01 (mg/kg) 6.3E-06 mg/kg-day 4 OE-05 mg/lg-da\ NA (3) 

Vanadium 13E+01 (mg/kg) 1 2E-06 mg/kg-day 7 4E-06 mg/lg-da\ 9.OE-O3 mg/lg/day 8 2E-04 

Exp. Route Total 5 9E-06 8 8I--02 

Benzo(a)anthracene 1 IE+00 (mg/kg) — . :  — 
6 4F-C8 2 3F-07 IUg/lg-daN 

- : _ 
Benzo(a)p\rene 1 lE-̂ OC (mg/kg) * 6 4E-07 2 3F.-O7 mg/"kg-da\ 

Benzo(e)pyrcne 7.6E-01 (mg/kg) 2.5E-08 mg/kg-day - - 1.6E-07 mg/kg-dav -

Benzo(b)iluoranthene 8 4E-01 (mg/kg) 4.9E-08 1 RE-07 mg/"kg-da\ 

Bis(2-eth> lhexv Dphthalate 1 5E+03 (mg/kg) 3 8E-05 mg/kg-day 1 4E-02 (mg/kg-day )-l 5 3E-07 2 4E-04 mg/kg-da\ 2 OIi-02 mg/liE/daN 1.2F-02 

Di-n-octT, lphthalate 1.6E+03 (mg/kg) 4 OE-05 mg/kg-day - 2 6E-04 mg/kg-da\ 4 OE-02 mg/kg/dav 6 4 [--03 

Indeno(l .2,3-cd)Pvrene 7 2E-01 (mg/kg) * * 4 2E-08 1 5E-07 mg/kg-da\ 

Naphthalene I.OE+02 (mg/kg) 3.3E-06 -mg/kg-day - - 2.1E-05 mg/kg-day 2.0E-02 mg/kg/day 1.0E-03 

Dermal Contact Toluene 71E+02 (mg/kg) 0 OE+00 mg/kg-day - - 0 OE+00 mg/kg-dav 8 OE-02 mg/kg/day 0 OE+00 

I etrachloroethene 2 7E+01 (mg/kg) O.OE+00 mg/kg-day 5 4E-01 (mg/kg-day)-1 0 OE+00 0 OE+00 mg/kg-dav 1 OE-02 mg/kg/da> 0 OE+00 

1,2,4-Irimetlrs Ibenzene 5 9F>02 (mg/kg1* 0 OE+00 mg/kg-da\ - - 0OE+00 mg/lvg-daN - -

1.3,5- Irimethv Ibenzene 2 0EK12 (rng'T^g) 0 OE-'-OO ing/kg-dav - 0 OE+00 nlg/'kg-da^ - _ 

Xslenes (total) 9 OE+02 (mg/kg) 0 OE+00 mg/kg-da\ 0.0EJ 00 mg/kg-dav 2 0E-01 mg/kg/dav 0 OE+00 

Arsenic 5.9E+0O (nig/kg) 4.5E-08 mg/kg-day 1.5E+00 (mg/kg-day>l 6.7E-08 2.8E-07 mg/kg-day 3.0E-04 mg/kg/day 9.5E-Q4 

Cadmium 3 8H+00 (mg/kg) -" -E-10 mg/kg-dav - 6 1E-09 mg/lg-da\ 2 5I-:-05 mg/^g/dav 2 4F-04 

lead 7 3E+01 (mg/kg) 0 0E->00 mg."kg-da\ -
—  " 

- o oi-:+oo mg/lg-daN NA (3) -

Vanadium I 3E+01 (mg/kg) 0 Ofc+00 mg/kg-day ... - 0.0E+00 mg/kg-dav 2 3E-04 mg/'kg/day 0.0E4 00 

Exp. Route "I olal 1 4E-06 2 1E-02 

Exposure Point Total 7.3E-06 1.1E-01 

Exposure Medium Total 7 3E-06 1.1E-01 

RisK:F-r:bm:R£f£re^ 8.3E-07 1.5E-02 

Risk from Site 6.5E-06 9.3E-02 

Sutton Brook Disposal Area Superfund Site (210517) 
G:\210517 Sutton Brook\wip\Human Health Risk Assessment\Risk calculations.xls Page 1 of 3 Woodard & Curran 
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TABLE 3-32B
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Current/Future 

Receptor Population: Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Ca cu ations 

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Intake/Exposure Concentration RfD/RfC 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Wetland Soil Group 5/6 Benzo(a)anthracene 6E-01 (mg/kg) * * 9.9E-08 3.5E-07 mg/kg-day -

Wetlands Benzo(a)pNTene 6E-01 (mg/kg) * 9.9E-07 3.5E-07 mg/kg-day - -

Benzo(b)fluoranthene 8E-01 (mg/kg) * * 1.2E-07 4.4E-07 mg/kg-dav - -

Indeno(l ,2,3-cd)Pyrene 6E-01 (mg/kg) * 8.6E-08 3.1E-07 mg/kg-day - -

ncidental Ingestion Penlene 3E-01 (mg/lg) 2 2E-08 mg/kg-da\ 1 4I-;-07 mg/kg-da\ 

Arsenic 2E+01 (mg/kg) 1.3E-06 mg/kg-dav 1.5E+00 (mg/kg-dav)-l 1.9E-06 8.2E-06 mg/kg-day 3.0E-04 mg/kg/day 2 7E-02 

I e,id 6E+01 (mg/kg) 5.4E-06 mg/lcg-da\ - - 3.5E-05 mg/"kg-da\ NA (3) 

Manganese 6E+02 (mg/kg) 5.0E-05 mg,lg-da\ - 3.2E-04 mg/kg-da\ ! 4r-01 mg/kg/da\ 2 3H-03 

Vanadium 1E+01 (mg/kg) 1.0E-06 mg/iig-daN - 6.6E-06 mg/kg-da\ 9 OL-03 mg/kg/da\ 7 3H-04 

Exp. Route Total 3.2E-06 3 01- -02 

Benzo(a)anthracene 6E-01 (mg/kg) * * 4 9E-08 2 4E-07 mg/kg-da\ -

Beiuo(a )p\ rene 6E-01 (mg/kg) * 4 9E-07 2 4E-07 mg/kg-da\ . . . . 
Renzo(b)fluoranthene 8E-01 (mg/kg) 6 1E-08 3 OE-07 mg/lcg-da\ 

Indeiio(l ,2.3-cd)I\iene 6F-01 (nig/kg) 
-

4 2E-08 2 1F-07 mg/kg-da\ 
. _  

Dermal Contact Penlene 3E-01 (mg/kg) 1 5E-08 mg/'kg-da\ 9.4E-08 mg/ivg-dav 

Arsenic 2E+01 (mg/kg) 2.0E-07 mg/kg-day 1.5E+00 (mg/kg-day)-l 3.1E-07 1.3E-06 mg/kg-da>r 3.0E-O4 mg/kg/day 4.3E-03 

Lend 6E+01 (mg/kg) 0 OE+00 mg/Tcg-da) 
— " - ''

0 OE+00 mg/'kg-daN NA (3) 

Manganese 6E+02 (mg/kg) 0 OE+00 mg/kg-da} 0 OH t-00 mg/kg-da\ 5 6F.-03 mg/kg/day 0OE+00 

Vanadium 1E+01 (mg/kg) 0.0E+00 mg/kg-da\ - - 0.0E+00 mg/kg-dav 2 3E-04 mg/kg/da> 0.0E+00 

Exp. Route I otal 9 4E-07 4.3E-03 

Exposure Point Total 4 2E-06 3 5E-O2 

Exposure Medium Total 4 2E-06 3 5E-02 

Risk^Erom.Re^i^nceivwK : j ; J:-;;>;f ;.£i: 1;«I !&:&•:•:; i & S  ; :£s H:; ;> •4 '•.;;-:':: ;:ls;; ::X*K:fe?: S : •; f ; M  : :•*•?•: !ci &  i ^ i: & ':• •:? 2.2E-06 3.2E-02 

Risk from Site 1.9E-06 3 0E-03 

Medium Total 1 1E-05 1 4E-01 

Surface Water Surface Water Group 5/6 1,4-Dioxane 5F.-02 (mg/L) 9 3E-08 mgi'kg-da\ 1 IE-02 (mg/kg-day)-l 1 0I-:-09 5 9E-07 mg/lg-da> 1 0F.-01 mg/Tvg/dav 5 9F.-06 

Wetlands Methjlene Chloride 5E-03 (mg/L) ! OE-07 mg/lg-daN 7 5H-03 (mg/kg-da\)-l 7 7E-10 6 5E-07 mg/'kg-da\ 6 0E-02 mg/kg/da\ ! lh-05 

1,2,4-1 rimetln lbenzene 4E-03 (mg/L) 4 7E-06 mg/kg-da\ 3 OE-05 mg/lg-dav 

1.3.5-Irimetrr\Ibenzene 2E-03 (mg/L) 1 1E-06 mg/kg-da\ - - 7 2E-06 mg/kg-da> -

Dermal Contact 
Aisenic 7E-O2 (irg/L) 2 5E-07 mg/"kg-da\ 1 5EHX) (mg/kg-da\)-l 3 8E-07 1 6F-06 mg *g-d^ 3 0I--04 mg/lg/dav 5 3F.-O3 

Cadmium 7E-03 (mg/L) 2.4E-08 mg/kg-day - 1 5E-07 mg/kg-day 2.5E-05 mg/kg/day 6.1E-03 

! .cad 1K-02 (mg/L) 5 4E-09 mg/"kg-da> - 3 4E-08 mg/kg-dai, NA (3) -

Manganese 6E-01 (mg/L) 2.1E-06 mg/kg-day - - L3E-05 mg/kg-day 1.9E-03 tng/kg/day 7.2E-03 

Vanadium 5E-O3 (mg/L) 2.0E-08 mg/icg-day - - 1.3E-07 mg/kg-day 2.3E-04 mg/kg/day 5 4E-04 

Zinc 2E+00 (mg/L) 5.3E-O6 mg/'kg-day - - 3.4&-05 mg/kg-day 3.0E-O3 • mg/kg/day 1.1E-04 

Exp. Route Total 3 8E-07 1.9F.-02 

Exposure Point Total 3 8E-07 1.9E-02 

Exposure Medium Total 3.8E-O7 1.9E-02 

R i sk: From :'RefeteSSsMis 0,0E+00 1.4E-02 

Risk from Site 3 8E-07 5.4E-03 

Medium Total 3 8E-07 1 9E-02 

Woodard & Curran 
Sutton Brook Disposal Area Superfund Site (210517) May 2007 
G:\210517 Sutton Brook\wip\Human Health Risk Assessment\Risk calculations.xls 



TABLE 3-32B
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Current/Future 

Receptor Population: Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calcu ations 

Potential Concern Vaiue Units Intake/Exposur e Concentration CSWUnit Risk Intake/Exposure Concentration RfD/RfC 

Value Units Value Units Cancer Risk Vaiue Units Vaiue Units Hazard Quotient 

Sediment Sediment Group 5/6 Benzo(a)pvrene 5E-01 (ma/kg) * * 8.2E-07 2.9E-07 mg/kg-day - -

Wetlands richloroethene 6E-02 (mg/kg) 5.3E-O9 mg/kg-dav 4.0E-01 (mg/kg-daO-l 2 1 F.-09 3 4E-08 mg/kg-da\ 

AS-lrimethUbeii/.ene 1E-01 (mg/kg) 1 OE-06 mg/'kg-da^ - 6 4E-06 ing/kg-da\ -

ncidental Ingestion Arsenic 2E+O2 (mg/kg) 1.4E-05 mg/kg-day 1.5E+00 (mg/kg-day)-1 2.0E-05 8 7E-05 mg/kg-day 3.OE-04 mg/kg/dav 2.9E-0I 

Lead 2E+Q1 (mg/kg) 1.8E-06 mg/kg-day - LlE-05 mg/kg-day NA(3  ) -

Manganese 1E+02 (mg/kg) 1.3E-05 mg/kg-day - - 8.1E-05 mg/kg-day 1.4E-01 mg/kg/day 5.8E-04 

Vanadium 9E+00 (mg/kg) 7.5E-07 tng/kg-day - 4.8E-06 rng/kg-day 9.OE-O3 mg/kg/day 5.3E-04 

Exp. Route Total 2.1E-05 2.9E-01 

Benzo(a)pyrene 5E-01 (mg/kg) * 1.5E-06 5.2E-07 tng/kg-dsv - -

richloroethene 6F.-02 (mg/kg) 0 OE+00 mg/kg-dav 4 OE-01 (mg/kg-da>)-l 0 0E100 0 OE+00 mg/kg-da\ 

1,3,5-Trimeth\lbenzene 1E+01 (mg/kg) 0 OE+00 mg/kg-da\ O.OE+00 mg/kg-da\ 

Dermal Contact Arsenic 2E+02 (mg/kg) 5.6E-O6 mg/kg-day 1.5E+00 (mg/kg-day)-1 8.5E-06 3.6E-05 mg/kg-day 3.OE-04 mg/kg/day 1.2E-01 

Lead 2E+01 (mg/kg) O.OE+00 mg/kg-day - - O.OE+00 mg/kg-day NA (3) -

Manganese 1E+02 (mg/kg) 0.0E+00 mg/kg-day - - O.OE+00 mg/kg-day 5.6E-03 mg/kg/day O.OE+00 

Vanadium 9E+00 (rag/kg) O.OE+00 mg/kg-day - - O.OE+00 rdg/kg-day 2.3E-04 mg/kg/day O.OE+00 

Exp. Route Iotal 9 9E-06 1.2E-01 

Exposure Point Total 3.1E-05 4.1E-01 

Exposure Medium Total 3.1E-05 4.1E-01 

Ri5ic:.Erorfiî fetence;:.;;:;; ::i: lilllllliiilillili liiliiiiii SSss#S:g;:isJsi:;ss;:gs lilllillliili illliiiliillll 3.1E-Q5 4.1E-0I 

Risk from Site 2.1E-09 O.OE+00 

Medium Total 3.1E-O5 4.1E-01 

Air Ambient Air Site 1,2,4-Triinethylbenzene 3E-03 (mg/m 3) 9.7E-06 mg/m - 6 2E-05 mg/m3 -

1,3,5-Trimethylbenzene 1E-02 (mg/m3) 3.2E-05 mg/m3 - 2 OE-04 mg/m -

Benzene 4E-03 (mg/m3) 1.3E-O5 mg/m 7.8E-03 (mg/kg-day)-1 1 .OE-07 8 2E-O5 mg/m1 3 OE-02 mg/kg/day 2.7E-O3 

Xylenes (total) 9E-02 (mg/m3) 3.0E-04 mg/m3 - - 1.9E-03 mg/m 1.OE-01 mg/kg/day 1.9E-02 

Exp. Route Total 1.OE-07 2.2E-02 

Exposure Point Total 1.OE-07 2.2E-02 

Exposure Medium Total 1.OE-07 2.2E-02 

Ri sfe; Frplij :K^iireTO|:;|li liPiitiiiti liiiillllli iPiillilllliii illllllllil: Ilillllllllll lllllilllliii:; 
Risk from Site 1.OE-07 2.2E-02 

Total of Receptor Risks Across All Media 4E-05 Tot al of Receptor Hazards Across All Media 6.E-01 

Risks from Reference Mlllolli liiiiQllli 
Risks from Site 9E-06 1E-01 

(1) EPC = Exposure Point Concentration; CSF = Cancer Slope Factor; RfD = Reference Dose; RK = Reference Concentration 

(2) Cancer risk = Intake/exposure equation * CSF or Unit Risk; Hazard Index = Intake/exposure equation / RfD or RfC. 

(3) Lead risks were evaluated separately. See text for explanation. 
Shaded = Concentrations of contaminant are consistent with reference concentrations. 
* Cancer risks for benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(n,h)anthracene and indeno(l ,2,3-cd)pyrene include a rec tr-specific Age-Dependent Adjustment Factor. Derivation of cancer risk for these compounds is shown on Table 32N. 

Woodard & Curran 
Sutton Brook Disposal Area Superfund Site (210517) May 2007 
G:\210517 Sutton Brook\wip\Human Health Risk Assessment\Risk calculations.xls 



TABLE 3-32C
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Thneframe: Current 

Receptor Population: Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Noi l-Cancer Hazard Calculations 

Potential Concern Value Units Intake/Exposure Concentration CSF/UmtRisk* Intake/Exposure Concentration RiD/RfC 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Soil Upland Soil Group 4 Benzo(a)anthracene 5 411-01 (mg/kg) * 4 2E1-08 1 5F-O7 mg/kg-da\ -

(0-1'bgs) Upland Area Benzo(a)p\rene 5 5E-01 (mg/kg) * 
.... ... 

* 
._. 

4 3E-07 1 5E-07 mg/kg-da\ 
- 

Benzo(b)fluoranthene 6 8E-01 (mg/kg) 5 211-08 1 9E-07 mg/kg-da\ 

lndeno(l,2.3-cdjPviene 5 2E-0) (mg/kg) * 4 OF-08 1 411-07 mg/kg-da\ -

Arsenic 7.GE+00 (mg/kg) 3.0E-07 mg/kg-da\ ] .5E+00 (mg/kg-day}-1 4.5E-07 1.9E-06 mg/kg-day 3.0E-04 mg/Tvg/day 6.4E-03 

Lead 1 4E+02 (mg/kg) 5 9E-06 mg/kg-dav . 
3 8E-05 ing/kg-da\ NA (3) 

Manganese 1 7FJ02 (mg/kg) 7 4E-06 mg/kg-da\ 4 711-05 mg/kg-da\ 1 4E-01 mg/kg/da\ 3 4H-04 
____ 

Vanadium 1 6E+01 (mg/kg) 6.7E-07 mg/kg-da\ 4 3E-06 mg/kg-da\ 2 3E-04 mg/kg/dav 1.8E-02 

Exp. Route Total I OE-06 2 5E-02 

Benzo(a)anthracene 5 4K-01 (mg/kg) * 3 1E-08 1 iil-07 mg/kg-da\ - -

Benzo(a)p\iene 5 5E-01 3 2E-07 1 2F.-07 mg/kg-da\ 
-

Benzo(b)fluoranthene 6 8E-01 (mg/kg) ; — 3 9E-08 1 4E-07 mg/kg-da\ 

Dermal Contact lndeno(l ,2.3-cd)P\ rene 5.2E-01 (rngAg) * * 3 011-08 1 1E-07 mg/kg-da> -

Arsenic 7.0E+00 (mg/kg) 5.3E-08 mg/kg-day 1 5E+00 (mg/kg-day)-l 8.0E-08 3.4E-07 mg/kg-dav 3.0E-04 mg/kg/day L1E-03 

Lead ! 4F.4 02 (mg/kg) 0 0E+00 mg/kg-da% - 0 0E+00 mg/kg-dav NA (3) -

Manganese 1 7E+O2 (mg/kg) 0 0E+00 mg/kg-da^, -: — - !!___ . 0 0E4 00 mg/kg-day 5 6E-03 mg/kg/da\ 0 0E-HK) 

Vanadium 1 6E+01 (mg/kg) O.OE'OO mg/kg-da\ 0 0E+00 mg/kg-dav 2 3E-04 mg/T\.g/da> 0.0E+00 

Exp. Route Iotal || 5.OE-O7 1.1E-03 

Exposure Point Total 1 5E-06 2 6E-02 

Exposure Medium Total 1 5E-06 2 6E-02 

5.3E-07 7.5E-03 

Risk from Site 9 8E-07 1 9E-02 

Sutton Brook Disposal Area Superfund Site (210517) 
G:\2105t7 Sutton Brook\wip\Human Health Risk Assessment\Risk calculations.xls Page 1 of 3 

Woodard & Curran 
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TABLE 3-32C
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksburv, Massachusetts
 

Scenario Timeframe: Current 

Receptor Population: Trespasser/Recreational User 

Receptor Age Youth (ages 8-18 \ears) 

Medium Exposure Medium Exposure Point Exposure Route Chemical of LPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value Units Intake/Exposure Concentration CSF/UnitRisk* Intake/Exposu e Concentration RlD/RfC 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Soil Wetland Soil Gioup 5/6 Benzo(a)anthraccne fSE-Ol (mg/kg) * 4 9F-08 1 8E-07 mg/kg-dav 

Wetlands Benzo(a)pvrene 6E-01 (mg/kg) * 4 9F-07 1 8F-07 mg/kg-da\ -

Benzo(b)fiuoranthene 8F01 (mg/lg) * * 6 2F.-08 2 2F.-07 mg/kg-da\ 

lndeno(L2.3-cd)Pyrene 6F.-01 (mg/kg) * 4 3E-O8 1 5E-07 mg/kg-da\ - -

ncidental Ingestion Pen lene 3E-01 (mg/lg) 1 1E-08 mg/kg-da\ - - 6 8E-08 mg/kg-day - -

Arsenic 2E+01 (mg/kg) 6.5E-07 mg/kg-day L5E+00 (mg/kg-day)-1 9 7E-07 4.1E-06 mg/kg-day 3.0E-Q4 mg/kg/day 1.4E-02 

Lead 6E+01 (mg/lg) 2.7E-06 mg/kg-day 1 7E-05 mg/lg-daN NA (3) -

Manganese 6E4 02 (mg/lg) 2 5E-05 mg/kg-da\ - 1 61 --04 mg/kg-da\ 1 4F,-01 mg/kg/day 1.1E-03 

Vanadium 1E+01 (mg/kg) 5.2L-O7 mg/kg-day - - 3.3E-O6 rng/lg-day 9 0I;-03 mg/kg/day 3 7E-04 

Exp Route lotal 1 6E-06 1 5E-02 

Benzo(,a)anthracene 6E-0! (mg/Kg) * * 4 9E-08 2 4E-O7 mg/"kg-da\ -

Benzo(a1p\rene 6F-01 (mg/kg) * * 4 9F-07 2 4E-07 mg/kg-day - -

Benzo(b)fluoranthene 8E-0! (mg/kg) * * 6 IE-08 3 0E-07 mg/kg-da\ 

lndeno(1.2,3-cd)Pyrene 6E-01 (mg/kg) 
— 

4 2F.-08 2 1L-07 mg/kg-da\ 
— :: . 

Dermal Contact Pen lene 3E-O3 (mg/kg) 1 5F.-08 mg/kg-day 9 4E-08 mg/lvg-day 

Arsenic 2E+01 (mg/kg) 2.0E-07 mg/kg-day 1.5E+00 (mg/kg-doy)-! 3.1E-07 1.3E-06 mg/kg-day 3.0E-04 mg/kg/day 4.3E-03 

Lead 61^01 (mg/kg) 0 0L+00 mg/lg-dav 0 0E+00 mg/kg-da1! NA (3) 

Manganese 6EKJ2 (mg"kg) 0 0F-+00 mg/kg-day OOE'OO mg/h.g-day 5 6E-03 mg/kg/day O.OIi+00 

Vanadium 1E+-01 (mg/kg) 0.0E^ 00 mg/kg-day OOE^OO mg/kg-da\ 2 3E-04 mg/kg/dav 0.0E+00 

Exp Route Total 9 4E-07 4 3E-03 

Exposure Point 1 otal 2 6F-06 2 0E-02 

Exposure Medium lotal 2 6E-06 2 0E-02 

Risk From Refer ence L3E-06 1.8E-02 

Risk from Site 1.3E-06 1.5E-03 

Medium lotal 4.1E-06 4.6E-02 

Surface Walei Surface Water Group 5/6 1,4-Dioxane 5F.-02 (mg'L) 9 3E-08 mg/kg-day 1 1F.-02 (mg/kg-da\)-l 1 .OH-09 5 9E-07 mg/lg-da^ 1 01--01 mg/kg/day 5 9F.-06 

Wetlands Meth\ lene Chloride 5E-O3 (mgi ) 1 0E-07 mg/kg-da\ 7 5E-03 (mg/kg-day )-l 7 7F-10 6 5E-07 mg/kg-dav 6 01 "-02 mg/kg/da\ 1 1I--05 

1,2.4-1 rimethy lbenzene 4E-03 (mg/L) 4 7I--06 mg/kg-da\ 3 OF-05 mg/kg-da\ 

1,3.5-11 iineth\lbenzene 2E-O3 (mg/L) 1 1E-06 mg/kg-day 7 2F-06 mg/lg-day 

Arsenic 7I--02 (mg/L) 2 5F.-07 mg/kg-dav 1 5E+00 (mg/kg-da\)-i 3 8E-07 1 6E-06 mg/lg-day 3 OE-04 mg/kg/da\ 5 3E-O3 

Cadmium 7E-03 2.4E-08 mg/kg-day - - 1.5E-O7 mg/kg-day 2,5E-05 mg/kg/day 6.1E-O3 

Lend 1E-02 (mg/L) 5 4F-09 mg/kg-day - 3 4E-08 mg/lg-daN NA (3) -

Manganese 6E-01 (mg/L) 2.LE-06 mg/kg-day - - 1.3E-OS mg/kg-day 1.9E-03 mg/kg/day 7.2E-03 

Vanadium 5E-03' (mg/L) 2.0E-08 mg/kg-day _ - 1.3E-07 mg/kg-day 2.3E-04 mg/kg/day 5.4E-04 

Zinc 2E+00 (mg/L) 5.3E-06 nig/kg-d"ayr - 3.4E-05 iug/lcg*day lOE-Oi nig/kg/day 1.1E-04 

Exp. Route lotal 3.8E-07 1 9E-02 

Exposure Point lotal 3 8E-07 1 91--02 

Exposure Medium 1 otal 3 8E-07 1 9E-02 

Risk From Reference O.OE+00 L4E-O2 

Risk from Site 3.8E-07 5 4E-03 

Medium lotal 3.8E-07 1 9E-02 

Woodard & Curran Sutton Brook Disposal Area Superfund Site (210517) 
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TABLE 3-32C
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Current 

Receptor Population: Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Medium Exposure Point Exposure Route Chemical of FT'C Cancer Risk Calcu ations Non-Cancer Hazard Calcu ations 

Potential Concern Value Units Intake/Exposure Concentration CSWUmt Risk* Intake/Exposure Concentration RfD/RfC 

Value Units Value Units Cancer Risk Vaiue Units Value Units Hazard Quotient 

Sediment Sediment Group 5/6 Benzo(a)pyrene 5E-Q1 (mg/kg) 4.1E-07 1.5E-07 mg/kg-day -

Wetlands nchloroethene 6E-02 (mg/kg) 2 7F-09 mg/kg-da\ 4 0E-0; (mg/kg-daj)-l 1 1F--09 1 7E-08 mg/kg-da\ -

1,3.5-1rimelrrs lbenzene 1E+01 (mg/kg) 5 OF-07 mg/kg-da> - 3 21--06 mg/kg-da\ -

Incidental Ingestion Arsenic 2E+02 (mg/kg) 6.8E-06 mg/kg-day 1.5E+00 (mg/kg-day)-1 1.0E-05 4.3E-05 mg/kg-day 3.0E-04 ing/kg/day 1.4E-01 

Lead 2E+01 (mg/kg) 8.8E-07 mg/kg-day - - 5.6E-O6 mg/kg-day NA (3) -

Manganese 1E+02 (mg/kg) 6JE-06 mg/kg-day - - 4.0E-05 mg/kg-day 1.4E-01 mg/kg/day 2.9E-04 

Vanadium 9E+00 (mg/kg) 3.7E-07 mg/kg-day - - 2.4E-06 mg/kg-day 9.0E-03 rng/kg/day 2.6E-04 

Exp. Route Total 1.1E-05 1.4K-01 

Benzo(a)pyrene 5E-01 (mg/kg) • * 1.5E-06 5.2E-07 mg/kg-day - -

nchloroethene 6K-02 (mg/kg) 0 OE+00 mg/kg-day 4 0H-01 (mg/kg-day)-1 0 OE+00 0 0F.+00 mg/kg-da\ H_. 
— 

1,3.5-1 rimetlnibenzene 1E+01 (mg/kg) O.OE+00 mg/kg-da> O.OE+00 rng/Tig-daN 

Dermal Contact Arsenic 2E+02 (mg/kg) 5.6E-06 mg/kg-day 1.5E+00 (mg/kg-day>l 8.5E-06 3.6E-05 mg/kg-day 3.0E-04 mg/kg/day 1.2E-01 

Lead 2E+OL (mg/kg) O.OE+00 mg/kg-day - O.OE+00 mg/kg-day Not quantified (3) -

Manganese iE+02 (mg/kg) O.OE+00 mg/kg-day - - 0,OE+00 mg/kg-day 5.6E-03 mg/kg/day O.OE+00 

Vanadium 9E+00 (mg/kg) O.OE+00 nlg/kg-day - - O.OE+00 mg/kg-dav 2.3E-04 mg/kg/day O.OE+00 

Exp. Route lotal 9.9E-06 1 2F.-01 

Exposure Point Total 2.1E-05 2 6F-01 

Exposure Medium Total 2.1E-05 2 6E-01 

Risk Froiii REierericeKii: mmmmxmmmmmmmmmwmmmmmmmmmmi mwmmmmm :;:^;;x:xi:;:::^:::>::;:|:g;:^^ 2.6E-01 

Risk:from Site 1.1E-09 O.OE+00 

Medium Total 2.1E-05 2.6E-01 

Air Ambient Air Site 1,2,4-Trimethylbenzene 3E-O3 (mg/m3) 9.7E-06 mg/m3 _ 6.2E-05 mg/m3 -

1,3,5-Trimethylbenzene 1E-02 (mg/m 3) 3.2E-05 mg/m 2.0E-04 mg/m3 -

Benzene 4E-03 (mg/m3) I.3E-05 mg/m3 7.8E-03 (mg/kg-day)-1 1.0E-07 8.2E-05 mg/m3 3.0E-02 mg/kg/day 2.7E-O3 

Xylenes (total) 9E-02 (mg/m3) 3.0E-04 mg/m3 - 1.9E-O3 mg/m3 I.0E-01 mg/kg/day 1.9E-02 

Exp. Route Total 1.0E-07 2.2E-02 

Exposure Point Total 1.0E-07 2.2E-02 

Exposure Medium Total 1.0E-07 2.2E-02 

RiskFroin-Refereritlii;;;: :.;:.:;::::.;;.:.::..yy. x:\
: 
:;:;:.:;: 

: 
:v:;::..::::.:;:;;::: ;: :;:•:; x:;:;;:;::; :;::;:;::y::::; y^yyy;y:yyyyyyy-yy\y:y:::,yy:y y. |i||:||;:;;::|||i;;|:|| ||||;:|;||||;||l||||||;|||||li;:||||;. | | | | | | ; : | | | 1 | |  : IilII::lllllIllllllliili Illllllllliilllll;:;: 

Risk from Site 1.0E-07 2 2E-02 

Total of Receptor Risks Across All Media 3E-O5 Total of Receptor H azards Across All Media 4E-01 

F sks from Reference iillllilliis 3.E-01 

Risks from Site 3E-06 5.E-02 

(1) EPC = Exposure Point Concentration; CSF = Cancer Slope Factor; RfD = Reference Dose; RfC = Reference Concentration 

(2) Cancer risk = Intake/exposure equation * CSF or Unit Risk; Hazard Index = Intake/exposure equation / RfD or RfC. 

(3) Lead risks were evaluated separately. See text for explanation. 
Shaded = Concentrations of contaminant are consistent with reference concentrations. 
* Cancer risks for benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a,h)anthrac ie and indeno(l ,2,3-cd)pyrene include a receptor-specific Age-Dependent Adjustment Factor. Derivation of cancer risk for these compounds is shown on Table 32M. 

Woodard & Curran Sutton Brook Disposal Area Superfund Site (210517) 
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TABLE 3-32D
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfiind Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Current 

Receptor Population: Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value Units Intake/Exposure Concentration CSF/UmtRisk* Intake/Exposure Concentration RfD/RfC 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Soil Upland Soil Group 4 Benzo(a)anthracene 5.4E-01 (mg/kg) * * 8 3E-08 2 9E-07 mg/kg-da^ 

(O-I'bgs) Upland Area Benzo(a)pyrene 5.5E-01 (mg/kg) * * 8 5E-07 3 OE-07 mg/kg-da\ - -

Benzo(b)fluoranthene 6.8E-01 (mg/kg) * * 1 OE-07 3 7E-07 mg/kg-da^ -

Incidental Ingestion 
Indeno(1.2.3-cd)^rene 

Arsenic 

5 2E-01 

7.0E+00 

(mg/kg) 

(mg/kg) 6.0E-07 mg/kg-day 

* 

1.5E+00 (mg/kg-day)-1 

8 OE-08 

9.1E-07 

2 8E-07 

3.8E-06 

mg/kg-da\ 

mg/kg-day 3.0E-04 mg/kg/day 1.3E-02 

Lead 1.4E+02 (mg/kg) I 2E-05 mg/kg-da\ - 7 5E-05 mg/kg-da\ NA (3) 
-   

Manganese 1.7E+02 (mg/kg) 1 5E-05 mg/kg-dav 9 5K-05 mg/kg-da\ I 4E-01 mg/kg/d^ 6 8E-04 

Vanadium 1.6E+01 (mg/kg) 1.3E-06 mg/kg-day _ - 8 5E-06 mg/kg-day 2 3E-04 mg/kg/day 3.6E-02 

Exp. Route Total 2.0E-06 5.0E-02 

Benzo(a)anthracene 5.4E-01 (mg/kg) * * 3 1E-08 1 1E-07 mg/kg-day -

Benzo(a)pyrene 5.5E-01 (mg/kg) * * 3 2E-07 1 2E-07 mg/kg-day _ 

Benzo(b)fluoranthene 6.8E-01 (mg/kg) * * 3 9E-08 1 4E-07 mg/kg-day - -

Dermal Contact 1 ndeno( 1.2.3-cd)P> rene 5 2E-01 (mg/kg) * 3 OE-08 1 1E-07 mg/kg-da\ -

Arsenic 7.0E+00 (mg/kg) 5.3E-08 mg/kg-day 1.5E+00 {mg/kg-day)-I S.OE-08 3.4E-07 mg/kg-day 3.0E-04 mg/kg/day UE-03 

I ead 14E-»02 (mg/kg) 0 0E+00 mg/kg-day - - 0.0E+00 mg/kg-dav NA (3) -

Manganese 1 7E (-02 (mg/kg) 0.0E+00 mg/kg-dav _ - 0 0E+00 mg/kg-dav 5 6E-03 mg/kg/day 0 0E+00 

Vanadium 1 6E+01 (mg/kg) 0.0E+00 mg/kg-da\ - 0.0E+00 mg/kg-day 2 3E-04 mg/kg/day 0.0E+00 

Exp. Route Total jj 5.0E-07 1.1E-03 

Exposure Point Total 2.5E-06 5.1E-02 

Exposure Medium Total 2.5E-06 5.1E-02 

Risk Fxom££[er^ce|§ Slliiliililllliilillii 9,9E-07 L4E-02 

Risk from Site 1.5E-06 3.7E-02 

Woodard & Curran 
Sutton Brook Disposal Area Superfund Site (210517) 
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TABLE 3-3 2D
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Current 

Receptor Population: Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium- Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calcu ations 

Potential Concern Value Units Intake/Exposure Concentration CSF/UnitRisk* Intake/Exposure Concentration RfD/RfC 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Wetland Soil Group 5/6 B enzo(a )anthracene 6E-01 (mg/kg) * * 9 9E-08 3.5E-07 mg/kg-day - -

Wetlands Benzo(a)p\rene 6E-01 (mg/kg) 9 9E-07 3 5E-07 nig/kg-day -

Benzo(b)fluoranthene 8E-0! (mg/kg) * * 1 2E-07 4 4E-07 mg/kg-day - -

Indeno(l ,2,3-cd)Pvrene 6E-01 (mg/kg) * * 8 6E-08 3 1E-07 mg/kg-day -

Incidental Ingestion Pervlene 3E-01 (mg/kg) 2.2E-08 mg/kg-da) - 1 4E-07 mg/kg-day - -

Arsenic 2E+01 (mg/kg") 1.3E-06 mg/fcg-day 1.5E+00 (mg/kg-day)-1 1.9E-Q& 8.2E-06 mg/kg-day 3.0E-04 tng/kg/day 2.7E-02 

Lead 6E+01 (mg/kg) 5 4E-06 rng/kg-da> - 3 5E-05 mg/kg-dav NA (3) 

Manganese 6E+02 (mg/kg) 5 OE-05 mg/kg-da\ - 3 2E-04 mg/kg-dav 1 4E-01 mg/kg/da} 2 3E-O3 

Vanadium 1E+01 (mg/kg) 1.0E-06 mg/kg-dav - - 6.6E-06 mg/kg-day 9 0E-03 mg/kg/day 7 3E-04 

Exp. Route Total 3 2E-06 3 OE-02 

Benzo(a)anthracene 6E-01 (mg/kg) * 4.9E-08 2 4E-07 mg/kg-day -

Benzo(a)p>rene 6E-01 (mg/kg) * * 4 9E-07 2 4E-07 mg/kg-dav -

Benzo(b)fluoranthene 8E-01 (mg/kg) * * 6 1E-08 3 OE-07 mg/kg-day -

Indeno(l,2,3-cd)Pyrene 6E-01 (mg/kg) * 4 2E-08 2 1E-07 mg/kg-day -

Dermal Contact Per) lene 3E-01 (mg/kg) 1.5E-08 mg/kg-day - 9 4E-08 mg/kg-day -

Arsenic 2E+01 (mg/kg} 2.0E-07 mg/kg-day 1.5E+00 {mg/kg-day)-! 3.1E-07 I.3E-06 mg/kg-day 3.0E-04 mg/kg/day 43E-03 

Lead 6E+01 (mg/kg) O.OE+00 mg/kg-day - 0.0E+00 mg/kg-day NA (3) -

Manganese 6E+02 (mg/kg) 0.0E+00 mg/kg-da^ - 0.0E+00 mg/kg-day 5 6E-03 mg/kg/day 0 0E+00 

Vanadium 1E+01 (mg/kg) 0.0E+00 mg/kg-day - 0.0E+00 mg/kg-day 2.3E-04 mg/kg/day 0 0E+00 

Exp. Route Total |_ 9 4E-07 4 3E-03 

Exposure Point Total 4 2E-06 3.5E-02 

Exposure Medium Total 4 2E-06 3.5E-02 

2.2E-Q& 3.2E-02 

Risk from Site 1.9E-06 3 0E-03 

Medium Total 6.7E-06 8 6E-02 

Surface Water Surface Water Group 5/6 1,4-Dioxane 5E-02 (mg/L) 9.3E-08 mg/kg-day 1.1E-02 (mg/kg-day)-1 1 .OE-09 5.9E-07 mg/kg-day 1.0E-01 mg/kg/day 5.9E-06 

Wetlands Methylene Chloride 5E-O3 (mg/L) 1.0E-07 mg/kg-day 7.5E-03 (mg/kg-day )-l 7.7E-10 6.5E-07 mg/kg-day 6.0E-02 mg/kg/day 1.1E-05 

! .2.4-1 rimeth\ lbenzcne 4E-03 (mg/L) 4 7E-06 mg/kg-da) 3 OE-05 mg/kg-dai, 

1.3.5-1rimeth\ Iben7ene 211-03 (mg/L) 1 1E-06 mg/kg-da> 7 2E-06 mg/kg-da i, 

Dermal Contact 
Arsenic 7E-02 (mg/L) 2.5E-07 iug/kg-da\ 1.5E+00 (mg/kg-day)-l 3.8K-07 1 6E-06 mg/kg-day 3 0F.-04 ing/kg/'da\ 5 3E-O3 

Cadmium 7E-03 (mg/L) 2.4E-O8 mg/kg-day - - 1.5E-O7 mg/kg-day 2.5E-05 mg/kg/day 6.1E-03 

Lead 1E-02 (mg'L) 5 4E-09 mg/kg-day 3 4K-08 mg/kg-da\ NA (31 

Manganese 6E-01 (mg/L) 2.1E-06 mg/kg-day I.3E-05 mg/kg-day 1 9E-03 mg/kg/day 7.2E-03 

Vanadium 5E-03 (mg/L) 2.0E-08 mg/kg-day - - 1.3E-07 mg/kg-day 2.3E-04 mg/kg/day 5.4E-04 

Zinc 2E+00 (rag/L) 5 3E-06 mg/kg-day - - 3.4E-05 mg/kg-day 3.0E-01 mg/kg/day 1.1E-04 

Exp. Route 1 otal 3 8E-07 1 9E-02 

Exposure Point Total 3 8E-07 1 9E-O2 

Exposure Medium Total 3.8E-07 1.9E-02 

§§ill*t>il 1.4E-02 

Risk from Site 3.8E-07 5 4E-03 

Medium Total 3.8E-07 1.9E-02 

Sutton Brook Disposal Area Superfund Site (210517) 
Woodard & Curran 
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TABLE 3-32D
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfiind Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Current 

Receptor Population: Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Medium Exposure Point Exposure Route Chemical of F.PC Cancer Risk Calculations Noi l-Cancer Hazard Calculations 

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk* Intake/Exposure Concentration RiD/RfC 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Sediment Sediment Group 5/6 Benzo(a)pyrene 5E-01 (mg/kg) * * S.2E-07 2.9E-07 mg/kg-day - -

Wetlands Irichloroethene 6E-02 (mg/kg) 5.3E-O9 mg/kg-da> 4 0E-01 (mg/kg-dav )-l 2.1E-09 3 4E-08 mg/kg-dav -

1,3,5- Irimethylbenzene 1E+01 (mg/kg) 1.0E-06 mg/kg-day - - 6.4E-06 mg/kg-dav - -

ncidental Ingestion Arsenic 2E+02 (rag/kg) 1.4E-05 Tng/kg-doy 1.5E+00 (mg/kg-day)-1 2.0E-05 8.7E-05 mg/kg-day 3.OE-04 mg/kg/day 2.9E-01 

Lead 2E+01 (mg/kg) L8E-06 mg/kg-day _ - 1.1E-05 mg/kg-dav NA (3) -

Manganese 1E+02 (mg/kg) UE-05 mg/kg-day - - 8.1E-05 mg/kg-day 1.4E-0I tng/kg/day 5 8E-04 

Vanadium 9E+00 (mg/kg) 7.5E-07 mg/kg-day - - 4.SE-06 mg/kg-day 9.0E-03 mg/kg/day 5.3E-04 

Exp. Route lotal 2.1E-05 2.9E-01 

Benzo(a)pyrene 5E-01 (mg/kg) • • 1.5E-06 5.2E-07 mg/kg-day - -

nchloioethene 6E-02 (mg/kg) 0OE+00 mg/kg-dav 4 0E-01 (mg/kg-dav VI O.OE+00 0 OE+00 mg/kg-dav - -

I.3,5-rnmeth\lbenzene 1E+01 (mg/kg) 0 OE+00 mg/kg-da\ - - 0 OE+00 mg/kg-dav -

Dermal Contact Arsenic 2E+O2 (mg/kg) 5.6E-06 mg/kg-day 1.5E+00 (mg/kg-day)-1 8.5E-06 3.6E-05 mg/kg-day 3.OE-04 mg/kg/day L2E-01 

Lead 2E+01 (mg/kg) O.OE+00 mg/kg-day - - O.OE+00 mg/kg-dav NA (3) -

ManganesE 1E+02 (mg/kg) 0.0E+00 mg/kg-day - - O.OE+00 mg/kg-day 5.6E-03 mg/kg/day O.OE+00 

Vanadium 9E+00 (mg/kg) O.OE+00 mg/kg-day - _ O.OE+00 mg/kg-dav 2.3E-04 mg/kg/day 0,OE+00 

Exp. Route lotal 9.9E-06 1 2E-01 

Exposure Point Total 3.1E-05 4.1E-01 

Exposure Medium Total 3.1E-05 4.1E-01 

RiskiErnnvReference IlIliMiiiiiliiiiiliiiiliillill liiiliiii iiiiiiiiiiiiiiiil liilli mmmmm 4.1E-01 

Risk from Site 2.1E-09 O.OE+00 

Medium Total 3.1E-O5 4.1E-01 

Air Ambient Air Site 1,2,4-Trimethylbenzene 3E-O3 (mg/m 3) 9.7E-06 mg/m3 6 2E-05 mg/m3 -

1,3,5-Trimethylbenzene 1E-02 (mg/m3) 3.2E-05 mg/m3 - 2 OE-04 mg/m _ 

Benzene 4E-03 (mg/m3) 1.3E-05 mg/m3 7.8E-03 (mg/kg-day VI 1.0E-07 8.2E-05 mg/m3 3.0E-02 mg/kg/day 2.7E-03 

Xylenes (total) 9E-02 (mg/m3) 3.OE-04 mg/m - 1.9E-03 mg/m3 1.0E-01 mg/kg/day 1.9E-02 

Exp. Route Total 1.0E-07 2.2E-02 

Exposure Point Total 1.0E-07 2.2E-02 

Exposure Medium Total 1.0E-07 2.2E-02 

Rig:|wiiliitie|:;:i; llilllilllllliillll Itlllliili 
Risk from Site 1 .OE-07 2.2E-02 

Total of Receptor Risks Across All Media 4E-05 Total of Receptor Hazards Across All Media 5.E-01 

Risks from Reference llllliiiil lilSii. 
Risks from Site 4E-06 7.E-02 

(1) EPC = Exposure Point Concentration; CSF = Cancer Slope Factor; RtD = Reference Dose; RfC = Reference Concentration 

(2) Cancer risk = Intake/exposure equation * CSF or Unit Risk; Hazard Index = Intake/exposure equation / RfD or RfTJ. 

(3) Lead risks were evaluated separately. See text for explanation. 
Shaded = Concentrations of contaminant are consistent with reference concentrations. 
* Cancer risks for benzo(a)anthracene, benzo(a)pyrene, benzo(b)fiuoranthene, dibenzo(a,h)antliracene and indeno( 1,2,3-cd)pv,Tene include a receptor-specific Age-Dependent Adjustment Factor. Derivation of cancer risk for these compounds is shown on Table 32N. 

Woodard & Curran Sutton Brook Disposal Area Superfund Site (210517) 
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TABLE 3-32E
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Trespasser/Recreational User 

Receptor Age; Youth (ages 8-18 years) 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk* Intake/Exposure Concentration RfD/RfC 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Soil Upland Soil Group 4 Benzo(a)anthracene 3 8E+01 (mg/kg) * * 2 9E-06 1 0E-05 mg/kg-day -

(0-10' bgs) Upland Area Benzo(a)pyrene 2 3E-HH (mg/kg) * * 1 8E-05 6 2E-06 mg/kg-day 

Benza(e)pyrene 1.7E+01 (mg/kg) 7.3E-07 mg/kg-day - - 4.7E-06 mg/kg-day - -

Benzo(b)fluoranthene 1.6E+01 (mg/kg) * 1.2E-06 4 4E-06 mg/kg-day -

Benzo(k)fluoranthene 2.0E+01 (mg/kg) * * 1.6E-07 5 6E-06 mg/kg-day -

Bis(2-Chloroethoxy)methane 4.9E-01 (mg/kg) 2.1E-08 mg/kg-day - 1 3E-07 mg/kg-day -

Carbazole 2 2E+01 (mg/kg) 9 4E-07 mg/kg-dav 2 OE-02 (mg/kg-day)-1 1 9E-08 6 OE-06 mg/kg-day -

4-Chioro-3-methy]phenol 3 7E-01 (mg/kg) 1 6E-08 mg/kg-day - 1 0E-07 mg/kg-dav 7 OE-02 mg/kg/day 1 4E-06 

Dibenzo(a,h)aiithracene 3.9E+OO (mg/kg) • 3>0E-06 1.1E-06 mg/kg-day - -

Incidental Ingestion Dibenzofuran 2 0E+01 (mg/kg) 8 7E-07 mg/kg-day - - 5 5E-06 mg/kg-day 2 OE-03 mg/kg/dav 2 8E-O3 

Indeno( 1,2 J-cd)Pyrene 8.5E+00 (mg/kg) * * 6.5E-O7 2 3E-06 mg/kg-day -

1 -Methy lnaphthaiene 1 2EKH (mg/kg) 5 2E-07 mg/kg-day - - 3 3E-06 mg/kg-day 4 0F-03 mg/kg/day 8 2E-04 

2-Meth>lnaphthalene ! 4E-01 (mg-kg) 6 2E-07 mg/kg-day - - 3 9E-06 mg/kg-day 4 OE-03 mg/kg/day 9 8E-04 

Naphthalene 1.3E+01 (mg/kg) 5JE-07 mg/kg-day - - 3.6E-0S mg/kg-day 2.DE-02 mg/kg/day 1.8E-04 

C11-C22 Aromatics 7 2E-KJI (mg/kg) 3 1E-06 mg/kg-day - 2 0E-05 mg/kg-dav 3 OE-02 mg/kg/day 6 5F-04 

Arsenic 71E+00 {mg/kg) 3 IE-07 mg/kg-day 1.5E+00 {mg/kg-day)-l 4.6E-07 1.9E-06 mg/kg-day 3.0E-O4 mg/kg/day 6.5E-03 

Lead 1 3EH>2 (mg'kg) 5 8E-06 mg/kg-day - 3 7E-05 mg/kg-day NA (3) -

Manganese 1.7E+02 (mg/kg) 7.3E-06 mg/kg-day - - 4 7E-05 mg/kg-day 1 4E-01 mg/kg/dav 3 1E-04 

Vanadium 1.6E+01 (mg/kg) 6.8E-07 mg/kg-day - - 4 3E-06 mg/kg-day 2 3E-04 mg/kg/day 1 9E-02 

Exp. Route Total 2 6E-05 3 2E-02 

Benzo(a)anthracene 3.8E+01 (mg/kg) * * 2.2E-06 7 9E-06 mg,kg-da> -

Benzo(a )pyTene 2 3E+01 (mg/kg) * * 1 1E-05 4 8E-06 mg/kg-day -

Benzo(e)pyrene U7E+01 (mg/kg) 5 6E-07 mg/kg-day -

11!
 3.5E-06 mg/kg-day 

Benzo(b)fluoranthene 1 6E+01 (mg/kg) * * 9 4E-07 3 4E-06 mg/kg-day 

Benzo(k)fluoranthene 2.0E+01 (mg/kg) 1.2E-07 4 2E-06 mg/kg-dav 

Bis(2-Chloroethoxy)methane 4.9E-01 (mg/kg) 1.2E-08 mg/kg-dav - 7 9E-08 mg/kg-day 

Carbazole 2.2E+01 (mg/kg) 5.5E-O7 mg/kg-day 2.0E-02 (mg/kg-dav)-1 1.1E-08 3 5E-06 mg/kg-dav 

4-Chloro-3-methvlphenol 3 7E-01 (mg/kg) 9 3E-09 mg/kg-day - 5 9E-08 mg/kg-da\ 

Dibenzo(fl,h)anthracene 3.9E+00 (mg/kg) * * 4.5E-06 8.1E-07 tng/kg-day 

Dermal Contact Dibenzofuran 2 0E-»01 (mg/kg) 5 1E-07 mg/kg-da\ - 3 2E-06 mg/kg-day 

Indeno(l ,2,3-cd)Pyrene 8.5E+00 (mg/kg) * * 4.9E-07 1 8E-06 mg/kg-day 

1 -Methylnaphthalene 1.2E+01 (mg/kg) 3.9E-07 mg/kg-day - 2 5E-06 mg/kg-day 

2-Methy lnaphthaiene 1 4E-HM (mg/kg) 4 7E-07 mg/kg-day - 3 OE-06 mg/kg-dav 

Naphthalene UE+Ol (mg/kg) 4.3E-07 mg/kg-day - - 2.7E-06 mg/kg-day 

C11-C22 AromaUcs 7 2E+O1 (mg/kg) 1 8E-06 mg/kg-day - 1 1E-05 mg/kg-da> 

Arsenic 7.1E+00 <mg/kg) 5.4E-08 mg/kg-day 1.5E+D0 (mg/kg-day>l 8.1E-08 3.4E-07 mg/kg-day 

Lead 1 3E+O2 (mg/kg) 0 OE+00 mg/kg-day - - 0.0E+00 mg/kg-day 

Manganese 1 7E+02 (mg/kg) 0 OE+00 mg/kg-da\ - - 0.0E+00 mg/kg-day 

Vanadium i 6E+01 (mg/kg) 0 OE+00 mg/kg-day - 0.0E+00 mg/kg-day 

Exp. Route Total 2 2E-05 

Exposure Point Total 4.8E-05 

Exposure Medium Total 4.8E-05 

liilliaililllliii Hmmmmmmmi 

Risk from Site 4.0E-05 

_ 

-

7 OE-02
 

-


2 OE-03
 

4 OE-03 

4 OE-03 

2.0E-02 

3 OE-02 

-3.0E-04 

NA (3) 

5.6E-03 

2.3E-04 

mg/kg/dav 

mg/kg/day 

mg/kg/day 

mg/kg/dav 

mgykg/day 

mg/kg/dav 

mg/kg/day 

mg/kg/dav 

mg/kg/day 

-

-

-

8 5E-07 

-

! 6E-03 

-

6 3E-O4 

7 5E-O4 

1.4E-04 

3 8E-04 

1.1E-03 

0.0E+00 

0.0E+00 

4.7E-03 

3.6E-02 

3.6E-02 

2.8E-02 
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TABLE 3-32E
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Vaiue Units Intake/Exposure Concentration CSF/Unit Risk* Intake/Exposure Concentration RfD/RfC 

Value Units Value Un:ts Cancer Risk Value Units Value Units Hazard Quotient 

Soil Wetland Soil Group 5/6 Benzo(a)anthiacene 6E-01 (mg/kg) * 4 9E-08 I 8E-07 mg/kg-day - -

Wetlands Benzo(a1p\ rene 6E-01 (mg/kg) * 4 9E-07 1 8E-07 mg/kg-day -

Benzo(b)fluoranthene 8E-01 (mg/kg) * 6 2E-08 2 2E-07 mg/kg-day -

Indeno( 1,2,3-cd)Pyrene 6E-01 (mg/kg) * * 4 3E-08 I 5E-07 mg/kg-day -

Incidental Ingestion Pen lene 3E-01 (nig/kg) 1 1E-08 mg/kg-da} - - 6 8E-08 mg/kg-da\ - -

Arsenic 2E+01 (mg/kg} 6.5E-07 mg/kg-day 1.5E+00 (mg/kg-day)-l 9.7E-07 4.1E-06 mg/kg-day 3.0E-04 mg/kg/day 1.4E-02 

Lead 6E+01 (mg/kg) 2 7E-06 mg/kg-da\ - 1 7E-05 mg/kg-day NA (3) -

Manganese 6E+02 (mg'kg) 2 5E-O5 mg/kg-da\ - 1 6E-04 mg/kg-da) 1 4E-01 mg/kg/day 1.1E-03 

Vanadium 1E+01 (mg/kg) 5 2E-07 mg/kg-da\ - - 3 3E-06 mg/kg-da) 9.0E-O3 mg/kg/day 3.7E-04 

Exp. Route I otal 1 6E-06 1.5E-02 

Benzo(a)anthracene 6E-01 (mg/kg) * * 4 9E-08 2 4E-07 mg/kg-day - -

Benzo(a)p) rene 6E-01 (mg/kg) * 4 9E-07 2 4E-07 mg/kg-day - -

Benzo(b)fluoranthene 8E-01 (mg/kg) * * 6 1E-08 -? OE-07 mg/kg-day - -

Indeno(l ,2,3-cd)P\ rene 6E-01 (mg/kg) * 4 2E-08 2 1E-07 mg/kg-day -

Dermal Contact Pen lene 3E-01 (mg/kg) 1 5E-08 mg/kg-dd\ - 9 4E-08 mg/kg-da% -

Arsenic 2E+0] (mg/kg) 2.DE-07 mg/kg-day 1.5E+00 (mg/kg-day)-I 3.1E-07 I.3E-06 mg/kg-day 3.0E-04 mg/kg/day 4.3E-O3 

lead 6F+01 (mg/kg) 0 OE+00 mg/kg-da\ - 0 OE+00 mg/kg-da)' NA (3) -

Manganese 6E+02 (mg/kg) 0 OE+00 mg/kg-da) - - 0 OE+00 mg/kg-day 5.6E-03 mg/kg/day 0.0E+00 

Vanadium 1E+01 (mg/kg) 0 OE+00 mg/kg-day - - 0 OE+00 mg/kg-day 2.3E-04 mg/kg/day 0.0E+00 

Exp. Route T otal 9 4E-07 4.3E-O3 

Exposure Point Total 2 6E-06 2.0E-02 

Exposure Medium Total 2 6E-06 2.0E-02 

RiskFr<m:R|l||i||| L3E-0& lllliillliiilililll mmmm 
Risk Iran Site 1 3E-06 1.5E-03 

Medium Total 5 OE-05 5.6E-02 

Surface Water Surface Water Group 5/6 1,4-Dio\ane 5E-02 (mg/L) 9 3F-08 mg/kg-da\ 1 1E-02 (mg/kg-da\)-l 1 OE-09 5 9E-O7 mg/kg-day I.OE-01 mg/kg/day 5.9E-06 

Wetlands Metlniene Chloride 5E-O3 (mg/L) 1 OE-07 mg/kg-da\ 7 5E-O3 (rng/kg-da\)-l 7 7E-10 6 5E-O7 mg/kg-day 6.0E-02 mg/kg/day 1.1E-05 

1,2,4-Tnmeth\lbenzene 4E-03 (mg/L) 4 7E-06 mg/kg-dd\ - - 3 OE-05 mg/kg-day 

1,3.5-Tnmeth\lbenzene 2E-03 (mg-L) 1 1E-06 mg/kg-day - 7 2E-06 mg/kg-day -

Arsenic 7E-02 (mg/L) 2 5E-07 mg/kg-da\ 1 5E+00 (mg/kg-da\)-l 3 8E-07 i 6E-06 mg/kg-da\ 3 OE-04 mg/kg/day 5 3E-O3 

Cadmium 7E-03 (mg/L) 1 4E-08 mg/kg-day - - 1.5E-07 mg/kg-day 2.5E-05 mg/kg/day 6.1E-03 

Lead 1E-02 (mg/L) 5 4E-09 mg/kg-da\ - * 4E-08 mg/kg-da) NA (3) -

Manganese 6E-01 (mg/L) 2.IE-06 mg/kg-day - - 1JE-05 mg/kg-day 1 9E-03 mg/kg/day 7.2E-03 

Vanadium 5E-O3 (mg/L) 2.0E-08 mg/kg-day - - I.3E-07 rag/kg-day 2.3E-04 mg/kg/day 5.4E-04 

Zinc 2E+00 {mg/L) 5.3E-06 mg/kg-day - - 3.4E-O5 mg/kg-day 3.0E-01 mg/kg/day 1.1E-04 

Exp. Route lotal 3 8E-07 1 9E-02 

Exposure Point Total 3 8E-07 1 9E-02 

Exposure Medium Total 3 8E-07 i 9E-02 

RisfcfromSite 3 8E-07 5 4E-03 

Medium lotal 3.8E-07 1.9E-02 

Woodard S Curran 
Sutton Brook Disposal Area Superfund Site (210517) 
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TABLE 3-32E
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timerrame: Future 

Receptor Population: Trespasser/Recreational User 

Receptor Age; Youth (ages 8-18 years) 

Medium Exposure Medium Exposuie Point Exposuie Route Chemical of E P  C C ancer Risk Calculations Non-Cancer Hazard Calcu ations 

Potential Concern Value Units Intake/Exposure Concentration CSF/Umt Risk* Intake/Exposure Concentration RfD/RfC 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Sediment Sediment Group 5/6 Benzo(a)pyrene 5E-01 (mg/kg) • * 4.1E-07 13E-07 mg/kg-day - -

Wetlands fnchloroethene 6F-02 (mg/kg) 2 7E-09 mg/kg-da\ 4 0E-01 (mg/kg-da\)-1 1 1E-09 1 7E-08 mg/kg-dav 7   _ - ___r_.. 
,3,5- rrimeth) Ibenzene 1EH)1 (mg/kg) 5 OE-07 mg/kg-da) 3 2E-06 

Incidental Ingestion Arsenic 2E+02 (mg/kg) 6 8E-06 mg/kg-day ] .5E+00 (mg/kg-day)-l 1 .OE-05 4.3E-05 mg/kg-day 3.OE-O4 mg/kg/dny 1.4E-01 

Lead 2E+0i (mg/kg) 8.8E-07 mg/kg-day - 5.6E-06 mg/kg-day NA (3) -

Manganese I £+02 (mg/kg) 6L3E-O6 mg/kg-day - - 4.0E-05 mg/kg-day 14E-01 mg/kg/day 2.9E-04 

Vanadium 9E+00 {mg/kg) 3.7E-07 mg/kg-day - - 2.4E-06 mg/kg-day 9-0E-03 mg/kg/day 2.5E-D4 

Exp. Route Total 1 1E-05 1 4E-01 

Benzo(a)pyrene 5E-01 (mg/kg) • * 1.5E-06 5.2E-07 mg/kg-day -

frichloroethene 6E-02 (mg/kg) O.OE+00 mg/kg-da\ 4 0E-01 (mg/kg-da\)-l 0OE+00 0OE+00 mg/kg-da> -

1,3,5-Tnmeth\ Ibenzene IE+01 (mg/kg) 0 0E100 mg/kg-da\ - OOEiOO mg/kg-daj - -

Dermal Contact Arsenic 2E+02 (mg/kg) 5.6E-06 mg/kg-day 1.5E+00 (mg/kg-day>l S.5E-06 3.6E-D5 mg/kg-day 3.0E-04 mg/kg/day L2E-01 

Lead 2E+01 (mg/kg) O.OE+00 mg/kg-day - - O.OE+00 mg/kg-day Not quantified (3} -

Manganese 1E+02 img/kg) 0 OE+00 mg/kg-day - - O.OE+00 mg/kg-day 5 6E-03 mg/kg/day O.OE+00 

Vanadium 9E+00 <mg/kg) O.OE+OO mg/kfrday - - O.OE+00 mg/kg-day 2.3E-04 mg/kg/day O.OE+00 

Lxp. Route Total 9 9E-06 1 2E-01 

Exposure Point Total 2 1E-05 2 6E-01 

Exposure Medium Total 2 1E-05 2 6E-01 

Risk From Reference 2.1E-05 2.6E-01 

Risk from Site 1 1E-09 O.OE+00 

Medium Total 2 1E-05 2 6E-01 

Ai  r Ambient Air Sue 1.2,4-Tnmelh) Ibenzene 3E-O3 (mg/m3) 9 7E-06, me'nT - 6 2E-05 me'in - -

1.3,5- Trimeth) Ibenzene 1E-02 (mg/m3) 3 2E-05 m e/m - 2 OE-04 mg/m -

Benzene 4E-03 (mg/m3) 1 3E-O5 mg/rn 7 8E-O3 (mg/kg-da\)-l 1 OE-07 8 2E-05 mg.m' ? 0F.-02 mg/kg/da\ 2 7E-O3 

Xylenes (total) 9E-02 (mg/m3) 3.0E-04 mg/m - - 1 9E-03 mem 1 OL-01 mg/kg/day 1 9E-02 

Exp. Route total 1 OE-07 2 2E-02 

Exposure Point Total 1 OE-07 2 2E-02 

Exposure Medium I otal 1 OE-07 2 2E-02 

RiskFtorh Reference 

Risk from Site 1 OE-07 2 2E-02 

I otal ot Receptor Risks Across All Media 7E-O5 Total of Receptor Hazards Across All Media 4E-0! 

Rlsks from Reference 3E-05 3.E-01 

Risks from Site 4E-05 6E-02 

(1) EPC = Exposure Point Concentration; CSF = Cancer Slope Factor; RiD = Reference Dose; RfC = Reference Concentration 

(2) Cancer risk = Intake/exposure equation *-CSF or Unit Risk; Hazard Index = Intake/exposure equation / RfD or RfC 

(3) Lead risks were evaluated separately. See text for explanation. 

Shaded = Concentrations of contaminant are consistent with reference concentrations. 
* Cancer risks for benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a,h)anthracene and indeno( 1,2,3-cd)pyrene include i receptor-specific Age-Dependent Adjustment Factor. Derivation of cancer risk for these compounds is shown on Table 32M. 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran 
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TABLE 3-3 2F
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility- Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk* Intake/Exposuie Concentration RfP/Rft: 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Soil Upland Soil Group 4 Benzo(a)antliracene 3 8E+01 (mg/kg) * * 5 9E-06 2 1E-05 mg/kg-da) 

(0-10' bgs) Upland Area Benzo(8)pyrene 2 3E+01 (nig/kg) 3 5E-O5 1 2E-O5 mg/kg-day - -

Benzo(e}pyrenB 1.7E+01 {mg/kg) 1.5E-06 rdg/kg-day - - 9.3E-06 mg/kg-day -

Benzo(b)fluoranthene 1.6E+01 (mg/kg) * 2.5E-06 8 8F-06 mg/kg-day - -

Benzo(k)fluoranthene 2.0E+01 (mg/kg) * * 3.1E-O7 1 1E-05 mg/kg-dav - -

Bis(2-Chloroetho.\7)methane 4.9E-OI. (mg/kg) 4.2E-08 mg/kg-day - 2 7E-07 mg/kg-da> 

Carbazole 2.2E+01 (mg/kg) 1.9E-06 mg/kg-day 2.0E-02 (mg/kg-day)-1 3.8E-08 1 2E-05 mg/1kg-da> -

4-Chloro-3-methv lphenol 3 7E-01 (mg/kg) 3 2E-08 mg/kg-day - - 2 OE-07 mg/kg-da\ 7 OE-02 mg/ivg/day 2 9E-06 

Dibenzo(a,h)anthracene 3.9E+00 <mg/kg) * 6.0E-06 2.1E-Q6 mg/kg-day - -

Incidental Ingestion Dibenzofuran 2 0E+01 (mg/kg) 1 7E-06 mg/kg-dav - - ! 1E-05 mg/kg-day 2 OL-03 mg/lvg/day 5 5E-03 

Indeno(l,2,3-cd)Pvrene 8 5E+00 (mg/kg) « 1 1F-06 4 7E-06 mg/kg-da\ -

1 -Methv lnaphthalene 1 2E+01 (mg/kg) 1 OE-06 mg/kg-day - 6 6E-06 nlg/kg-da^ 4 0E-03 mg/kg/da\ I 6E-03 

2-Methy lnaphthalene 1 4E+01 (mg/kg) 1 2E-06 mg/kg-da) - - 7 9E-06 mg/kg-day 4 0E-03 mg/kg/day 2 0E-03 

Naphthalene 1.3E+01 (rag/kg) UE-06 mg/kg-day - - 7.2E-06 mg/kg-day 2.DE-02 mg/kg/day 3.5E-04 

C! 1-C22 Aromatics 7 2E+01 (mg/kg) 6 2E-06 mg/kg-day - 3 9E-05 mgy'kg-day 3 OE-02 mg/kg/day I 3F-O3 

Arsenic 7.1E+0D (mg/kg) 6.1E-07 mg/kg-day J.5E+00 (mg/kg-day)-l 9JE-07 3.9E-06 mg/kg-day 3.0JB-04 mg/kg/day 1.3E-02 

Lead 1 3E+O2 (mg/kg) 1 2E-O5 mg/kg-da) - - 7 3E-O5 mg/kg-day NA (3) -

Manganese 1 7E+02 (mg/kg) 1 5E-05 mg/kg-dav - - 9 3E-05 mg/kg-dav 1 4E-01 rng/kg/dav 6 7E-04 

Vanadium 1.6E+01 (mg/kg) 1.4E-06 mg/kg-day - - 8.7E-06 mg/kg-day 2.3E-04 mg/kg/day 3 7E-02 

Exp. Route Total 5.2E-05 6 3E-02 

Benzo(a)antluacene 3 8E+01 (mg/kg) * 2 2E-06 7 9E-06 mg/kg-da\ - -

Benzo(a)pyrene 2 3E+01 (mg/kg) * * 1 3E-05 4 8E-06 mg/kg-dav -

Benzo(e)pyrene 1.7E+01 {mg/kg) 5.6E-07 rag/kg-day - - 3.5E-06 mg/kg-day - -

Benzo(b)fluoranthene 1 6E+01 (mg/kg) * * 9 4E-07 3 4E-06 mg/kg-dav - -

Benzo(k )fluorantliene 2 0E+01 (mg/kg) * 1 2E-07 4 2E-06 mg/kg-da\ -

Bis(2-Chloroethoxv "(methane 4 9E-01 (mg/kg) 1 2E-08 mg/kg-dav - - 7 9E-08 mg/kg-dav - -

Carbazole 2 2E+01 (mg/kg) 5 5E-07 mg/kg-dav 2 OE-02 (mg/kg-da\)-l 1 1E-08 3 5F-06 mp/kg-dav - -

4-Chloro-3~methv lphenol 3 7E-01 (mg/kg) 9 3E-09 mg/kg-dav - 5 9E-08 mg/kg-dav 7 0F-02 mg/kg/dav 8 5E-07 

Dibenzo(a,h)anlhracene S.9E+00 {ing/kg) * 2.3E-06 8.1E-0T tng/kg-day _ -
Dermal Contact 

Dibenzofuran 2 0E+01 (mg/kg) 5 1E-07 mg/kg-day - 3 2F-06 mg/kg-da) 2 0E-01 mg/kg/dav ! 6F-03 

!ndeno(l,2,3-cd)Pvrene 8 5F.+00 (mg/kg) * * 4 9E-07 1 8E-06 mg/kg-dav -

1 -Meth\ lnaphthalene 1 2E+01 (mg/kg) 3 9E-07 mg/kg-day _ - 2 5E-06 mg/kg-dav 4 0E-03 rng/kg/dav 6 3F-04 

2-Methy lnaphthalene I 4E+01 (mg/kg) 4 7E-07 mg/kg-da) - - 3 OE-06 mg/kg-day 4 0E-03 mg/kg/dav 7 5E-04 

Naphthalene 1.3E+0T Cmg/kg) 4.3E-07 mg/kg-day - - 2.7E-06 mg/kg-day 2 OE-02 mg/kg/day 1.4E-O4 

Cl 1-C22 Aiomatics 7 2E+01 (mg/kg) 1 8E-06 mg/kg-day - 1 1E-05 mg/kg-day 3 OE-02 mg/1Kg/da) 3 8E-04 

Arsenic 7.IE+00 (mg/kg) 5.4E-08 mg/kg-day L5E+00 (mg/kg-dayM 8 1E-08 3.4E-O7 mg/kg-day 3.DE-04 mg/kg/day l.lE-03 

Lead 3 3E+O2 (mg/kg) 0 0E+00 mg/kg-dav - - 0 OE+00 mg/kg-day NA (3) 

Manganese 1 7E+02 (mg/kg) 0 0E+00 mg/kg-day - 0 OE+00 mg/kg-dav 5 6F-0* mg/kg/dav 0 OE+00 

Vanadium 1 6E-J01 (mg/kg) 0.0E+00 mg/kg-da\ - - 0 OE+00 mp/kg-day 2 3E-04 mg/kg/dav 0 OE+00 

Exp. Route Total | 1 9F-05 4 7E-O3 

Exposure Point Total 7 1E-05 6 8E-02 

Exposure Medium Total 7 1E-05 6 8E-02 

9.2E-D6 1.5E-02 

Risk from Site 6 2E-05 5 4E-02 

Woodard & Curran 
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TABLE 3-3 2F
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site -Tewksbury, Massachusetts
 

Scenario Timefrttnie: Future 

Receptor Population: Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value Units Intake/Exposure Concentration CSF/UnitRisk* Intake/Exposure Concentration RfD/RiC 

Value Units Value Units Cancer Ribk Value Units Value Units Hazard Quotient 

Soil Wetland Soil Group 5/6 Benzo(a)anthracene 6E-01 (mg/kg) * * 9.9E-08 3 5r-07 mgylg-da% -

Wetlands Benzo(a)pyrene 6E-01 (mg/kg) * 9.9E-07 3 51 -07 mg/kg-da\ 

Benzo(b)fluoranthene 8E-01 (mg/kg) * * 1.2E-07 4 41 -07 mg/kg-da\ 

Indeno(l,2,3-cd)Pyrene 6E-0S (mg/kg) * 8.6E-08 3 11-07 mg/kg-da\ - -

ncidental Ingestion Penlene 3E-01 (mg/kg) 2 2E-08 mg/kg-da\ - - 1 4r-07 mg/kg-day - -

Arsenic 2E+01 (mgftg) 1.3E-06 mg/kg-day 1.5E+00 (mg/kg-day>l 1.9E-06 8 2E-06 mg/kg-day 3.0E-D4 mg/kg/day 2.7E-02 

Lead 6E-H)] (mg/kg) 5 4E-06 mg/kg-da\ 3 5F-05 mg/kg-da\ NA (3) 
— - -  " 

Manganese 6CK>2 (mglg) 5 OE-05 mg/kg-da\ 3 2F-04 mg/kg-day 1.4E-0I mg/kg/dav 2.3E-O3 

Vanadium 1E+01 (mg/kg) 1 OE-06 mg/kg-da> _ - 6 6F-06 mg/kg-day 9.0E-03 mg/kg/day 7.3E-04 

Exp. Route Total 3 2E-C6 3.OE-02 

Benzo(a)anthracene 6E-01 (mg/kg) + 4 9E-C8 2 4E-07 mg/kg-day - -

Benzo(a)pvrene 6E-01 (mg/kg) * * 4.9E-07 2 4F-07 mg/kg-day -

Benzo(b)fluoranthene 8E-01 (mg/kg) * 6 1L-C8 3 OF-07 mg/lvg-da\ -

Indeno(!,2,3-cd)P\rene 6E-01 (mg/kg) * • 4 2E-08 2 I t -07 mg/"kg-da\ -

Dermal Contact Perylene 3F.-01 (mg/kg) 1 5E-08 mg/kg-da\ - - 9 41 -08 mg/'kg-da\ - -

Arsenic 2E+01 <mg/kg) 2.0E-D7 mg/kg-day 1.5E+00 (mg/kg-day)-1 3-1E-07 1.3E-06 mg/kg-day 3.0E-04 mg/kg/day 4.3E-O3 

I ead 6E-HH (mg/kg) 0 OE+00 mg/kg-da\ - - 0OE+00 mg/T^g-dav NA (3) 

Manganese 6Ex02 (mg/kg) 0 OE+00 mg/kg-da\ ; i  _  . .  . . . _ _  Z 0 OE+00 mg/kg-da) 5 6F-03 mg/kg/da\ 0 OE-̂ OO 

Vanadium !E+0? (mg/kg) 0 OE+00 mg/kg-day 0 OE+00 mg/kg-day 2 3E-04 mg/lg/dav 0 OE+00 

Exp. Route I otal 9 4E-07 4 3E-O3 

Exposure Point 1 otal 4 2E-06 3 5E-02 

Exposure Medium Total 4 2E-06 3 5E-O2 

mSkiim:iiiihiii 2.2E-06 . 3.2E-02 

Risk from Site 1 9E-06 3 0E-03 

Medium Total 7 6E-05 1 0E-01 

Surface Water Surface Water Group 5/6 1,4-Dio\ane 5E-O2 (n-g/IO 9 3E-08 mg/kg-dav 1 1E-02 (mg/kg-da\)-l 1 OE-09 5 9E-O7 mgJkg-da^ ] 0E-01 mg/T\.g/da> 5 9E-06 

Wetlands Methylene Chloride 5E-O3 (rrg/L) 3 OE-07 mg/kg-da^ 7 5E-O3 (mg/kg-da\)-l 7 7E-10 6 5F-07 mg/kg-da\ 6 OE-02 mg/\g/da\ 1 1E-05 

1,2,4- rrimeth) lbenzene 4E-O3 (mg/L) 4 7E-06 mg/kg-da\ - 3 0E-05 mg/l^g-da) -

1.3,5- Innieth) ibenzene 2E-O3 (mg/L) 1 1E-06 mgAg-dav - 7 2E-06 mg/kg-da\ - -

Arsenic 7E-02 (nig/L) 2 5E-07 mg/kg-da> 1 5EK>0 (mg/kg-da>)-l 3 8L;-O7 ! 6E-06 mg/"kg-da> 3 OE-04 mg/kg/da> 5 3E-O3 

Cadmium 7E-03 (mg/L) 2.4E-08 mg/kg-day - - 1.5E-07 mg/kg-day 15^-05 mg/kg/day 6.1E-O3 

Lead 1E-02 (mg/L) 5 4E-09 mg/kg-da) - - 3 4E-08 mg/kg-da> NA (3) -

Manganese 6E-01 (mg/L) 2.1E-06 mg/kg-day - - 1.3E-O5 mg/kg-day 1.9E-03 mg/kg/day 7.2E-03 

Vanadium 5E-03 (mg/L) 2.0E-0& mg/kg-day - 1.3E-07 mg/kg-day 2.3E-D4 mg/kg/day 5.4E-D4 

Zinc 2E+00 (mg/L) 5.3E-0S mg/kg-day - - 3f4E-05 mg/kg-day 3.0E-01 mg/kg/day 1.1E-04 

Exp. Route lotal 3 8E-07 1 9E-02 

Exposure Point I otal 3 8E-07 1 9E-02 

Exposure Medium Total 3 8E-07 I 9E-02 

Risk Riij^iinSi O.OE+00 1.4E-O2 

Risk from Site 3 8E-07 5 4E-03 

Medium Total 3 8E-07 1 9E-02 

Woodard S Curran 
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TABLE 3-32F
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value Units Intake/Exposuie Concentration CSF/UutRisk* Intake/Exposure Concentration RfD/RIC 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Sediment Sediment Group 5/6 Benzo(a}pyrene 5E-01 (mg/kg) • * 8.2E-07 2.9E-O7 mg/kg-day .  . -

Wetlands Tnchloroethene 6E-02 (mg/kg) 5 3E-09 mg/kg-dav 4CE-01 (mg/kg-da\)-l 2 1E-09 3 4E-08 mg/kg-da\ 

1,3,5-Tnmeth} lbenzene 1E-H)1 (mg/kg) 1 OE-06 mg/kg-dav - 6 4E-06 mg/kg-da-y 

Incidental lngestion Arsenifc 2E+02 {mg/kg) 1.4E-D5 mg/kg-day 1 5E+00 (mg/kg-day>l 2.0E-05 8.7E-05 mg/kg-day 3.QE-O4 mg/kg/doy 2.9E-01 

Lead 2E+Q1 {mg/kg) 1JJE-06 mg/kg-day - - UE-0  5 mg/kg-day NA (3) -

Manganese 1E+02 {mg/kg) 1JE-05 mg/kg-day - - 8.1E-05 mg/kg-day 1.4E-DI mg/kg/day 5.8E-04 

Vanadium 9E+00 (mg/kg) 7.5E-07 mg/kg-day • - 4.8E-06 mg/kg-day 9.0E-03 mg/kg/day 5.3E-04 

Exp Route Total 2 1E-05 2 9E-0! 

Benzo(a)pyrene 5E-01 (mg/kg) * I.5E-06 5.2E-07 mg/kg-day - -

Trichloroetliene 6E-02 (mg/kg) 0 OE+00 mg/kg-da\ 4 OE-01 (mg/Kg-da>)-I 0 OE+00 0 OE+00 mg/kg-da> 

1,3,5-1 nmeth) lbenzene 1E+01 (mg/lwg) 0 OE+00 mg/kg-da\ - 0.0E+00 mg/kg-da\ 

Dermal Contact Arsenic 2E+02 (mg/kg) 5.6E-06 mg/kg-day 1.5E+00 (mg/kg-day)-I 8.5E-06 3.6E-05 mg/kg-day 3.0E-04 mg/kg/dny 1.2E-01 

Lead 2E+01 <mg/kg) 0.0E+Q0 Jng/kg-day - - 0.0E+00 mg/kg-day NA (3) -

MangBiiesG 1E+02 Crag/kg) 0.0E+00 mg/kg-day - - O.OE+00 mg/kg-day 5 6&-01 mg/kg/day O.OE+00 

Vanadium 9E+00 {mg/kg) OJOE+OG rag/kg-day - - D.OE+00 mg/kg-day 2.3E-04 mg/kg/day 0.0E+00 

Exp Route Total 9 9E-06 1 2E-01 

Exposure Point Total 3 1E-05 4 1E-01 

Exposure Medium I otal 3 1E-05 4 1E-0! 

Risk From REference 3.1E-05 4JE-01 

Risk from Site 2.1E-O9 0 OE+00 

Medium Iotai 3 1E-05 4 1E-01 

Air Ambient Air Site ,2,4- Trimethylbenzene 3E-O3 (Tiig/m3) 9 7E-06 mg/m 6 2E-O5 mg'm -

Inhalation 
1.3,5-1 nmeth} lbenzene 1E-02 (ing/m3) 3 2E-O5 mg/m3 - 2 OE-04 mg/m' 

Benzene 4E-O3 (mg/m3) i 3E-O5 mg/m 7 8E-03 (mg/kg-da\)-l i OE-07 8 2E-O5 mg/m' 3 OE-02 mg/'kg/daN 2 7E-O3 

X>lenes (total) 9E-02 (mg/m3) 3.0E-04 mg/m3 - 1.9E-O3 mg/m" 1 Ot'-Ol mg/kg/dav 1 9E-02 

Exp. Route Total 1 OE-07 2 2E-02 

Exposure Point Total 1 OE-07 2 2E-02 

Exposure Medium Total 1 OE-07 2 2E-02 

Risk Ftoltt Reference O.QE+00 f O.OE+00 

Risk from Site 1 OE-07 2 2E-02 

Iotal of Receptor Risks Across All Media 1E-04 Total of Receptor Hazards Across All Media 6E-01 

Risks from Reference 4E-05 5.E-01 

Risks from Site 6E-05 8E-02 

(1) EPC = Exposure Point Concentration; CSF = Cancer Slope Factor; RfD = Reference Dose; RfC = Reference Concentration 

(2) Cancer risk = Intake/exposure equation * CSF or Unit Risk; Hazard Index = Intake/exposure equation / RfD or RfC. 

(3) Lead risks were evaluated separately. See text for explanation. 
Shaded = Concentrations of contaminant are consistent with reference concentrations. 

* Cancer risks for benzo(o)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a,h)anthracene and indeno(l ,2,3-cd)pyrene include a receptor-specific Age-Dependent Adjustment Factor. Derivation of cancer risk for these compounds is shown on Table 32N. 
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TABLE 3-32G 

RISK SUMMARY 

CENTRAL TENDENCY EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Supcrfund Site-Tcwksbury, Massachusetts 

Scenario Timeframe: Current/Future 

Receptor Population: Area 3 Trespasser/Rec 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

ConL-em Ingcstion Inhalation Dermal Exposure Priji«iry Ingestion Inlialabon Dermal Expos-urt; 

Routes Tola! I arget Organ(sj Rouies Tou.1 

Soi! Upland Soil Group 3. Upland Benzofajanlliracene 8.5E 08 6.4E-08 1E-07 - - -

(O-iO'bgs) Benzol ajpyrene 8.5E-O7 - 6 4E-07 1E-06 - - - -

Benzofejpyrene - - - - - - - - -

Benzol bjiluoranthene 6.5E-O8 - 4.9E-08 1E-07 - - - - -

Bis(2-ediyDiexyl)phtliaJale 9OE-O7 - 5 3E 07 1E-06 Liver 2 1E-02 1 2E-02 IF. 02 

Di-n-octylnhthalate - - - - iNol available ! 1E 02 6 4E-03 2E-O2 

ndeno(l,2.3-cd)Pyrene 5.6E-O8 - 4 2F.-08 1E-07 - -

Naphthalene - - - Whole body 1.4E-03 - 1.0E-03 2E-03 

Toluene - - - Kidney 2 4F.-C - 0OE+00 2E-01 

retrachJoroethene 6.3E-07 O.OE+00 6E-O7 Li^er 7 4E-04 - 0 OE+00 7E-O4 

1,2,4-Trimctliylbenzene - - - -

1.3.5-iriiijcUrylbenzene - - -

Xylenest total) - - - Wjole body 1 2E-0? - 0 OE+00 1E-0? 

Arsenic 3.8E-O7 • - 6.7E-08 4E-07 Skin: cardiovascular system 5.4E-03 - 9.5E-O4 6E-O3 

Cadmium - - ! .0E-0^ 2 4E-04 1E-0? 

Lead - _ - - - -

Vanadium - - - - Ha.rcys.eine 4 1E-04 0 OE+00 4E-O4 

Chemical Total 3.OE-IX5 j  | O.OE+00 ]j L4E-06 || 4E-O6 4.4E-02 jj 0.0E+<M) 2.1E-02 |j SE-02 

Exposure Point Total || 1OE-06 jj 0 OE+00 jj 1.4E-06 jj 4E-06 j{ jj 4.4E-02 || 0 OE+OO |j 2.1E-02 6E-02 

Exposure Medium Total |j 3.0E-06 (| O.OE+00 jj 1.4E-06 |j 4E-06 | jj 4.4E-02 jj O.OE+00 jj 2.1E-02 6E02 

MediumTotal jj 3.0E-06 |j O.OE+00 |J 1.4E-06 jj 4E-06 |J jj 4.4E-02 jj O.OE+00 jj 2.1E-02 6E-02 

Soil Wedand Soil Groups 5/6. Wetlands Benzoi a lanlliraccne 4.UE-08 - 4 9E-O8 1E-07 - - - -

Bcnzo{ajpyrenc 4.9E-07 - 4 9E-O7 1E-06 - - - - -

Bcnzofbjfluorajjtljeiie 6.2E-08 _ 6.! E-08 1E-07 - - _ - _ 

Indenoi 1.2,3-cdjPyrcne 4 3E-O8 - 4.2E-08 9E-08 - - _ 

Perylene - - - - - -

Arsenic 9.7E-07 - 3.1E-O7 IE-06 Skin; cardiovascular system 1.4E-02 - 43E-03 2E-O2 

Lead - - - -

Manganese - - 1 1F.-03 OOE-.+OO IE-03 

Vanadium - - - Hair cysteine 3.7E-CM - O.OIi+00 4E-O4 

jjChemical Total 1.6E-06 j  | O.OE+00 |j 9.4E-07 j  | 3E-06 1!  ! - 5 E -» 2 O.0E+OO |[ 4.3E-U3 ^ 2E-O2 

Exposure Point Total 1.6E-06 | O.OE+00 j[ 9.4E-07 ] [  _ 3E-O6 | 1.5E-02 jj O.OE+00 jj 4 3E-03 jj 2E-O2 

Exposure Medium Total 1.6E-O6 jj O.OE+00 jj 9.4E-O7 jj 3F.-OG j | ! 5E-02 jj O.OE+00 jj 4 3E-O3 jj 2E-O2 

Medium Total ] jj 1.6E-06 jj 0 0E+00 j  | 9.4E-07 jj 3E-O6 | | I.5E-O2 | OOEfOO fj 4 3E-O3 | 2E-02 
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TABLE 3-32G 

RISK SUMMARY 

CENTRAL TENDENCY EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site-Tewksbury. Massachusetts 

Scenario Timeframe: Current/Future 

Receptor Population: Area 3 Trespasser/Recreatio nal User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Exposure Chemical Care .ogenicRisk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ijigcstion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organi's) Routes Total 

Surface Water Groups 5/6. Wetlands 1,4-Dioxane - 1.0E-09 1E-09 Liver 5.9E-06 6E-06 

MeUiylene Cldoride - 7.7E-1O HE-10 Liver - - I. IE-OS IE-OS 

1,2,4-Trimetliylbeiuene - - - -

1.3,5-Trimethylbenzene _ - - -

A.«.-nic 3.8E-07 4E-07 Skin, cardiovascular system S.3E-O3 SE-03 

Cadmium •  - - - - - 6.1E-03 6E-03 

Lead - - - - -

Manganese - - - - - - - 7.2E-03 7E-03 

Vanadium _ - - • _ 
Haircysleine - - 5.4E-O4 5E-O4 

Zinc - - - -

Blood - - I.1E-04 1E-04 

Chemical Total O.OE+00 O.OE+00 3.8E-07 | 4E-07 O.OE+00 O.OE+00 j  | 1.9E-02 2E-O2 

Exposure Point Total O.OE+00 O.OE+00 3.8E-07 4E-O7 ~  | O.OE+00 O.OE+00 || I.9E-02 | 2E-O2 

Exposure Medium Total O.OE+00 O.OE+00 3.8E-O7 4E-07 | || O.OE+00 | O.OE+00 || 1.9E-02 2E-O2 

Medium Total O.OE+00 O.OE+00 3.8E-O7 4E-07 || O.OE+00 [ O.OE+00 1 1.9E-02 2E-O2 

Sediment Sediment Groups 5/6, Wetlands Benzou)pyrcDC 4.1E-07 - 1.5E-O6 2E-06 - - •  - -

Tricliloroelhene l.IE-09 O.OE+00 1E-09 - -

1.3.5-Trimeihylben/.ene - - -

Arsenic 1.0E-05 - 8.JE-O6 2E-05 Skin; cardiovascular system 1.4E-01 - 1.2E-01 3E-01 

Lead - _ - _ - - - - -

Manganese - - - - - 2.9E-04 - O.OE+00 3E-O4 

Vanadium - - - - Haircyscinc 2.6E-O4 - O.OE+00 3E-O4 

Chemical Total 1.1E-05 j O.OE+00 1 9.9E-06 2E-0S 1.4E-01 0.0E+0O 1.2E-01 3E-01 

Exposure Point I otal 1.111-05 O.OE+00 9.9E-06 2E-O5 1.4E-01 O.OE+00 1.2E-01 3E-01 

Exposure Medium Total 1. IE-OS O.OE+00 9.9E-06 2E-05 || 1.4E-01 O.OE+00 1.2E-01 3E-01 

Medium Total J| 1. IE-OS O.OE+00 9.9E-06 2E-05 || 1 4E-01 O.OE+00 1.2E-01 3E-01 

Air Ambient Air Site ,2.4-Trimcthylbenzene - - - - - - -

13^-TrimeUiylbenzene - - - - - - -

Benzene 1.0E-07 1E-07 Blood; immune system - 2 7E-O3 3E-03 

Xylenes (total) - - Nenous system 1.9E-O2 2E-02 

Chemical Total O.OE+00 1.0E-07 | O.OE+00 1E-07 || O.OE+00 2.2E-02 || O.OE+00 2E-O2 

Exposure Point Total O.OE+00 1.0E-07 | O.OE+00 1E-07 || O.OE+00 2.2E-02 || O.OE+00 2E-02 

| Exposure Medium Total 1 O.OE+00 1.0E-07 | O.OE+00 1E-07 || O.OE+00 2.2E-02 1 O.OE+00 2E-02 

Medium I otal || 1 O.OE+00 1 .0E-07^p O.OE+00 1E-07 O.OE+00 2.2E-02 || O.OE+00 2E-02 

Receptor Total 3E-0S Receptor III Total 4E-01 

Site Related Receptor Risk Total 6E-06 8E-02 

Reference Related Receptor RiskToUI 2E-05 3E-01 

Iralions of contaminant are consistent with reference concentrations. 
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TABLE 3-32H 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Remedial Investigation ami Feasibility Study 

Sutton Brook Disposal Area Superfund Site-Tewfcsbury. Massachusd 

:: Current/Future 

ceptor Population: Area 3 Xrcspasser/r iai User 

ceptor Age: Youth (ages 8-18 years) 

Medium Exposure Exposure Chemical Care logenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Ingcstion Inlialation Dermal Ex|x>su re Primary Ingestion Inhalation Dermal Fixfxisure 

Routes Total Target Organ! s; Routes Total 

Soil Upland Soil Group 3, Upland Bcnzoi a.tanlJiracene i 7E-07 6 4E-OS 2E-07 - -

fO-10'bgs) Benzou)pyrene 1.7E-06 - 6 4E-O7 2E-06 - - -

BenzoCejpyrene. - - _ - - - - - -

Benzofbjfluoranthene I 3E-O7 - 4 9E-08 2E-O7 - - -

Bisi'2-etliylhexyljphUialale I.8E-06 5.3E-O7 2E-06 Lher 4 IE-02 - i ?E-02 51--02 

Di-n-octylphUiaJate - - Nof available 2 2E-02 6 4E-03 31102 

Indenof 12.3-cd)Pyrene 1.1E-07 - 4.2E-0S 2E-07 ~ - - -

NapblhaJcne _ - - - WhDlebody 2.7E-03 - 1.0E-03 4E-O3 

Toluene - - - Kidney 4.9E-03 O.OE+00 5r-O3 

Tetrachloroeihene I.3E-06 - O.OE+00 IE-06 Liver I 5E-03 - 0 0L+00 IE-03 

1,2.4-TrimelliyIbenzene _ _ - - - -

1,3.5-Trimelhylbenzene - - - - -

Xylenes (total) - - - - Whole body 2.5E-03 - O.OE+00 ?i-; 03 

Arsenic 7.6E-07 - 6.7E-08 8E-07 Skin; cardiovasai lar systmi I.1E-02 - 9.5E-04 1E-02 

Cadmium - _ _ - 2.IE-O3 - 2.4F.-O4 2E 03 

Lead - - -

Vanadium - - - Hair cysteine 8 2E-O4 O.OE+00 8E-04 

jjChemicHl Tola] 5.9E-06 jj O.OE+00 || 1.4E-06 | 7E-<H> | jj 8.8E-02 O.OE+00 | 2.1E-i!2 If 1E-01 

Exposure Point Total If 5.9E-O6 O.OE+00 1.4E-06 ]f 7E-0G ||^ 8 8E-02 jf O.OE+00 i lE-02 IE-01 

Exposure Medium Total Jj 5.9E-06 O.OE+00 1.4E-O6 ] |^ 7E-O6 ][ 8.8E-O2 |j 0 OE+00 2.1E-02 1E-01 

Medium Total 5.9E-O6 O.OE+00 1.4E-06 j |  _ 7E-06 ][ 8 RE-02 || O.OE+00 2.1E-02 1E-0I 

Soil WeUandSoil Groups 5/6, Wetlands Benzol amnthracene 9.9E-08 - 4 9E-0S IE-07 - -

Benzo(a)pyn3ie 9.9E-O7 - 4 9E-O7 iE-06 - - -

Benzcxhjfluoranlhene 1 2E-07 - G 1E-08 2E-07 - - -

Indenofl23-cdjpyrene 3 6E-08 4 2E-0S IE-07 - - -

Perylene - - - - _ 

Arsenic 1.9E-06 - 3.1E-07 2E-06 Skin; cardiovascular system 2.7E-02 - 4.3E-03 3E-O2 

Lead - - - - - - -

Manganese - - - - 2 3E-0? 0OE+00 2E-O3 

Vanadium - - Hair cysteine 7 3E-O4 - 0.0F.+OO 7E(>4 

Chemical Total 3.2E-06 || O.OE+00 Jj 9.4E-07 jj 4E-06 ][ J.OE-02 ]| O.OE+IM) ~jf 4-3E-03 ]f 3E-O2 

Exposure Point Total 3.2E-O6 jj O.OE+00 jj 9.4E-07 | 4E-06 ] [  ~ 3.OE-02 ]f"^ O.OE+00 }[ 4 3E-03 ] [ _  ̂  3E-O2 

1 Exposure Medium Total 3.2E-06 jj O.OE+00 |j 9.4E-07 j  | 4E-06 |  P 3OE-O2 |f OOE+00 | 4.3E-O3 ]f 3E-O2 

Medium Total | | | 3.2E-06 j  | O.OE+00 jj 9.4E-07 Jj 4E-O6 Jj 3 OE-02 J  [ O.OE+00 Jj 4 3E-O3 _ j j  ̂  ?E-°2 

Sulton Bnx)k Disposal Area Superium] Site (210517)
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TABLE 3-32H
 

RISK SUMMARY
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutlon Brook Disposal Area Superfund Site-Tewksbury, Massachusel 

Scenario Timefra ne: Current/Future 

Receptor Population: Area 3 Trespasscr/Recreoljoniil User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingestion Inhalation Dcimal Exposure- Primary Ingestion Inhalation Derma! Exposure 

Routes Total Target Organ.si Routes Total 

Surface Water Groups 5/6, Wetlands 1,4-Dioxane 1 OH-09 1E-09 Liver 5.9E-06 6K-06 

MeUiylene Chloride - 7 7E-10 KE-10 I.i\er 1.1F. 0_<! SI".-05 

1.2,4-Trimethylbenzene -

1.3,5-TrimetliyJben/cne - -

Arsenic - 3.8E-O7 4E-07 Skin; cardiovascular system 5.3E-O3 5E-O3 

Cadmium - - - - - - - 6.1E-03 6E-03 

Lead - - - - -

Manganese - - - - - - - 7.2E-03 7E-03 

Vanadium - - - Haircysteine - - 5.4E-O4 5E-O4 

Zinc - - - - Blood - - 1.IE-CM 1E-04 

Chemical Total O.OE+00 O.OE+00 3.8E-07 || 4E-07 O.OE+00 O.OE+00 1.9E-02 2E-02 

Exposure Point Total O.OE+00 O.OE+00 3.8E-07 4E-07 O.OE+00 O.OE+00 I.9E-02 2E-02 

Exposure Medium Total O.OE+00 O.OE+00 3.8E-O7 4E-07 "jj O.OE+00 O.OE+00 1 9E-02 1 2E-O2 

Medium Total O.OE+00 O.OE+00 3.8E-O7 4E-07 |[ O.OE+00 | O.OE+00 | 1.9E-02 ! 2E-02 

Sediment Sediment Groups 5/6, Wetlands Benzo(a)pyrenc 8.2E-07 - 1.5E-06 2E-06 - - - - -

TrichloroeUiene 2. IE-09 - O.OE+00 2E-09 - -

,3,5-Trimctliylbenzenc - - - -

Arsenic 2.0E-05 - 8.5E-06 3E-05 Skin; caniiovasmlar system 2.9E-0I - 1.2E-01 4E-01 

Lead - - - - - - - - -

Manganese - - - - - 5.8F.-04 - O.OE+00 6E-O4 

Vanadium - - - - Hair cystcinc 5.3E-O4 - O.OE+00 5E-O4 

Chemical Total 2.1E-O5 0.OE+IHI 9.9E-06 3E-05 2.9E-01 O.OE+00 1.2E-01 4E-01 

Exposure Point 1 oul 2.1E-05 O.OE+00 9.9E-06 3E-05 2.9E-01 O.OE+00 1.2E-01 41- -01 

Exposure Medium Total 2.1E-05 O.OE+00 9.9E-O6 3E-O5 " ] f 2.9E-0I O.OE+00 I 2E-01 4F.-01 

Medium Total || 2.IE 05 O.OE+00 9.9E-06 3E-O5 ] ^  P 2.9E-01 O.OE+00 1 2E-01 4E-01 

Ambient Air Site 1,2,4-Trimethyibenzene - - -

3.5-TrimeUiylben/.ene -

Benzene 1.0E-07 - 1 E-07 Blood; immune system 2 7E-03 ^H-03 

Xylenes (total.) - Nervous system 1 9E-02 - 2E-O2 

Chemical Tola! O.OE+00 1.0E-07 O.OE+00 1E-07 n.oE+oo 2.2E-O2 O.OE+00 2E-O2 

Exposure Point Total O.OE+00 1.0E-07 O.OE+00 j 1E-07 O.OE+00 2.2E-O2 O.OE+00 2E-O2 

Exposure Medium I otal I O.OE+00 1.0E-07 O.OE+00 | 1 E-07 O.OE+00 2.2E-02 O.OE+00 2E-02 

Medium Total ! O.OE+00 1.0E-07 | O.OE+00 1 1E-07 O.OE+00 2.2E-02 O.OE+00 2E-02 

Receptor Total 4E-05 Receptor III ToUl 6E-0I 

Site Related Receptor Risk Total 9K-O6 IE-0I 

Reference Related Receptor Risk ToUl 3E-05 SE-OI 

Sutton Brook Disposal Area Superfund Site (210517) 
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-

-

-

-

TABLE 3-721
 

RISK SUMMARY
 

• CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Stud}
 

Sutton Brook Disposal Area Superfund Site-Tew ksbury. Massachusetts
 

:enario Timefrnme: Current 

Receptor Population: Area 4 Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Exposure 

Medium Point 

Soil Upland Soil Group 4, Upland 

(O-l'bgs) 

Exposure Point Total 

Exposure Medium Total 

Medium Toial 

Expos uic
 

Routes Total
 

7E-08
 

7E-07
 

-


9E-O8
 

-


-


-


_
 

-


7i:-os
 

-


-


5E-07
 

-

2E-06 

2E-06 

2E-06 

2.-M, 

Non-Carcinogenic Hazard Quotient 

Primary Ingestion Lilialjtion Dermal Exposure 
Target Organ(») Routes Tola! 

- - - _ 

- - - - -

- -

- - - -

- - - - -

-

\\ hole bod\ 

- - - _ 

Not d\ailabie - -

-

Lungs - - -

Lungs -

Whole body - - -

-

KKIJK*\ - -

Skin: i;urdio\'Ja-cu!arsvstenl 6 4E-03 - i.i E-n? SE-03 

-

' 4L-04 - • 0.0F.+00 3E-04 
Hair c\stcinc 1 SE-02 0.0EH1O 2E-02 

2.5E-D2 J| 0.0E+00 j  | l.lE-4)3 3E-O2 

2 5E-O2 | 0.0E+00 || I.IK-03 3E-O2 

2 5E-O2 | 0.0H+00 ~|[ 1.1E-03 | ' 3E-O2 

2 51-"? Ij 0.01--H.0 Ij I.ll-Mr, | 3 W  2 

Chemical 

of Potential 

Concern 

Benzo(a)anthracene 

Benzo(a)p\icne 

Benzo(e)pvrene 

Bi:nzo(b)fluoranthene 

Benzo(k)nuomnthcne 

Bis(2-C'hloioethox\)methane 

Caibazole 

4-Chloio-i-melli\ Iphcnol 

Dibenzo(.a.Ii)anlhracene 

Dibenzofuran 

Indcno(l 2 3-cd)P\renc 

1-Melh\lnaphthj|ene 

2-Mctln Inaphthalcnc 

Naphthalene 

Pei\lcne 

C I I-C22 Aiomatics 

Arsenic 

Lead 

Manganese 

Vanadium 

Chemical Total 

Ingcslion 

4 2E-O8 

4 7L-07 

_ 

5 2E-0* 

_ 

•i 01 -08 

-

-

-

4 5E-O7 

-

-

-

i.OE-06 

1 OE-06 

i oi:-n6 

. M , . r . 

Carcinogenic Risk 

inhalation Dermal 

- 3.1E-O8 

- 3 2E-07 

_ 

- 3 9E-03 

-

-

-

-


-


- or--os
 

-

-

8 OE-OR 

-

-

0.0E-MI0 || 5.0E-07 

0 0E-K)0 || 5.0L-07 

0 0L-H1O J| 5OE-O7 

o n , - , || 5 ' .L - -

Woodard Cunan 
Sutton Brook Disposal Area Supcrt'und Site (2105 17) 
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TABLE 3-321 

RISK SUMMARY 

CENTRAL TENDENCY EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site-Tew ksbuiy. Massachusetts 

Scenario Timeframe: Current 

Receptor Population: Area 4 Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Exposure Exposure Chemical Caici logemc Risk Non-Carcinogenic Ila^aid Quotient 

Medium Point ol Potential 

C onecrn Digestion Inhalation Dermal I.\pO.slUC P n n u  p Digestion Inhalation Dcimal I:\posuie 

Routes Fetal Iaigcl Oigan(s) Routes 1 otal 

Soil Wetland Soil Groups 5/6. Wetlands Benx:o(a)antiu-acene 4 9E-08 - 4.9E-08 lh-07 -

Benzo(a)p\rcne 4.9E-07 - 4 9F.-07 1E-P6 -

Benzo(b)fluoranthene 6 2E-08 6.1E-08 IL-07 -

Lideno( 1.2.3-cd)P\ rene 4 31--08 4 2E-08 9E-08 - - - -

Pen lene - - - -

Arsenic 9.7E-07 - 3.1E-Q7 1E-06 Skin: cardiovascular system 1.4E-02 4.3E-O3 2E-02 

Lead - - - - - - -

Manganese - - - 1 lL-ir, - I) ir, 

Vanadium - - - - Haiicxsteine i 71 -04 0 0E-HH) 41-.-04 

Chemical Total 1.6E-06 O.OE+00 9.4E-07 3E-06 |j | 1.5E-02 ~] O.OE+00 || 4.3E-03 2E-O2 

{[Exposure Point Total jj 1 6E-06 O.OE+00 9.4E-07 3F.-06 | j  | 1 5E-02 | 0.0I--KK) || 4 IE-OI 2F-O2 

Exposure Medium Total 1 6E-06 j O.OE+00 9.4E-07 ,h-06 |j 1 5E-02 | U0l>00 || 4 iH-Ol 2L-O2 

Medium Total |J |j 1 6E-O6 j O.OE+00 9.4E-07 | ,E-06 |j 1 5E-02 j O.OE+00 |j 4 311-0^ | 2F-(,2 

Surface Water Surface Water Groups 5/6. Wetlands 1.4-Dioxane - - 1 0E-09 IF;-09 I.i\ er - 5 9I--0r, 6F.-06 

MetlnleneClilonde - - 7 7E-10 «F;-IO Lh ei 1 IF-05 11--05 

I 2 4-1 nmclh\ Ibenzene - - - -

1.1.5- Fnmelh\ lben/cne - -

Ai.senic Skm.caidun asculars> stem - 5 3L-0' 

Cadmium - - - _ - _ - 6 IJE-03 6E-O3 

Lead - - - -

Manganese - - - _ - _ 7.2E-03 7E-O3 

Vanadium - - - - Hair cvsteine - - 5.4E-04 5E-04 

Zinc - - - - Blood - - I.lli-O4 IFJ-04 

Chemical Total O.OE+00 | O.OE+00 | 3.SE-07 | 4E-O7 || | O.OE+00 | O.OE+00 Ij 1.9E-O2 | 2E-02 

Exposure Point Total O.OE+00 | O.OETOO 1 3.8E-O7 | 4L-07 j  | j O.OE+00 j 0 OE+00 || 1 9K-02 | 2F.-02 

Exposure Medium Total j O.OE+00 | O.OE+00 ] 3.8E-07 | 41,07 I | O.OL+00 j O.OE+00 |j 1 91.-02 | 2E-O2 

Medium Total | O.OE+00 J O.OE+00 j 3.8E-O7 | 4F,-07 || | O.OE+00 | O.OE+00 || 1 9E-O2 | 2F-02 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran 
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TABLE 3-321
 

RISK SUMMARY
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Supcrfund Site-Tew ksbun. Massachusetts
 

:cnario Timeframe: Current 

iccptor Population: Area 4 Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Exposure Chemical Care nogenic Risk Non-Carcinogenic Hazard Q uolicnt 

Medium Point of Poicntial 

Concern bigeslion Inhalation Derma i E\po=.llie I't-mm bigcMion Iduldiion Demi.il I:\posuie 

Routes Iota! Roule.N I otdl 

Sediment Sediment Groups 5/6. Wetlands Benzo^jnrcne 4 fE-07 - 1 5E-06 2E-06 - - - -

Tnchloroclhcnc ! IE-09 - 0 OC+00 IE-09 - - -

1.3 5-1 nmcth\ lbenzene - - - -

Arsenic LOE-05 _ 8JE-06 2E-Q5 Stm: cnrdio\"asciilar ir\ stem 1.4E-01 - 1.2E-01 3E-01 

Lead _ - - - - - - -

Manganese - _ - - - 2.9E-04 - 0.0E+00 3E-04 

Vanadium - - - - Hair cvsteine 16E-04 - 0.0E+00 3E-04 

Chemical Total 1.1E-05 0.0E+00 9.9E-«6 1 2E-05 ! !.4E-(H | | (I.0E-HHI I.2E-H1 3L-III 

1 \posuic_ Point IOIJI | I ICO, 0 OL+00 9 9F 06 i 21 0  , j 141-0  1 | | 0 0E+OO i:i:-oi IF - . '  ! 

1 \posuie Medium ioLii | 1 . L 0  , 0 Ot-KiO | 9 9EO6 1 21 n  , j | 1 4I--01 | | ODE-nio I 2 L - 0  1 -r-ni 

Medium i otdl j l i r  , 0 OC+00 [ 9 9! (6 | 21 co 1.4E-01 | | Oor.-HX) 1.2E-0I 3E-01 

Air Ambient An <MtC 1 2 4 Inmeth\lbcn7ene - _ -

I -o Irimcui\Iben7e>ie 

Bcn/ene 10F0  7 blooJ immune -.\ stem - 2 7i.;_03 

\\lencs (total) - Nenous s\ -.tem - ! 9E-02 21 -01 

Chemieal r-it.il I a O E + I I  O I 0L-!(7 I) IIE+IH1 IE 07 0.0E+0(l | | 2.2C-02 D.OE+OI) 2E-D2 

L\po,uic. Point lolal J O O i ^  n 1 OL 07 [ 0 OL-H 0 0.011-HV 

L\po-.ure Medium lotjl i n O L + 0  0 1 0L07 0 0LH0 | 11 07 | 0.0E+O0 || 2 2E-O2 O.OE+OC1 2E-O2 

Medium TOIJI jj o or+oo 1 Oh 07 [ oor-nra j IF 07 | 0.0E+OO 1 2 2E-O2 O.OE+00 2r-O2 

Receptor Total | 3E-«< ! Receptor HI Intul ; 

Site Related Reeeptor Risk Total j 3E-06 | 5E-O2 

Reference Related Receptor Risk Total | 2E-05 j 3E-0I 

Sutton Brook Disposal Area Supcrfund Site (210517)
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Scenario Tirneframe: Current 

Receptor Population: Area 4 Trespasser/Recreational User 

Receptor Age: Youth (ages 8-IS years) 

Medium Exposuie Exposure 

Medium Point 

Soil Upland Soil Group 4. Upland 

(O-l'bgs) 

Ifxposuic Point Foul 

|| Exposuic Medium Iolal 

Medium Total 

Chemical 

ol Potential 

Concern 

Benzo(a)anlhiacene 

Benzo(u)puene 

Benzo(e)pvreae 

Benzo(b)fluoranthene 

Bcnzo(k)fluoranthenc 

Bis(2-Chlorocthox\ )mctJiane 

Caibazole 

4-Chloro-3-mcth\ iphenol 

DibenzafaJiVmlhracenL1 

Dibenzoluian 

lndcno( 1.2.3-cd)P} 1 enc 

1 -Melh\ [naphthalene 

2-Metln Inaphthcilcnc 

Naphthalene 

Peijlenc 

L11-C22 /Vjonutics 

Arsenic 

Lead 

Manganese 

Vanadium 

Chemical Total 

TABLE 3-32.1
 

RISK SUMMARY
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Supcrfund Sitc-Tewksburv. Massachusetts
 

Non-Cdicmogenic lla^aid QuotientCaiuinogenic Risk 

Ingeslion Inhalation Dermal Exposui e Pnman mflcstion bilulalion Dei nial 

Routes Iotal luiget Organ(s) 

8 31-08 - 3 113-08 1L-07 -

8 5E-O7 3 2E-07 1E-06 - -

- - - - -_ _ _ 

1 0E-07 _ 3 9E-08 1E-07 -

- - - - - - -

- - - -

- -

- - - \\ hole bod> - -_ 

- - - - - - - -

- - - Not a\ ailablc - - -

8 013-08 3 0E-H8 1E-07 - - -

Lungs - - -

- - - - Lungs -

- - - - Whole body - -

- - -_ _ _ _ _ 

- - Kidnc} -

9 1E-07 - BflE-08 1E-06 Skirt: i;ardio\aaculars\rsteiii 1 3E-O2 - 1.IE-03 

- - - - - -

- - ft SE-04 0 PE-H.10 

- - Han c\steinc 3 6E-02 OOEHW 

2.0E-06  j | 0.0E+00 5.0E-07 3E-06 5.0E-02 | | O.OE+00 !| 1.1E-03 

1 2 OL-06 0.0E+OO 5.0E-O7 1 .E-06 ^0E-02 | | 0 0E-K>0 || 1 1E-03 

O.0E-MX) 5 0E-07 5 0E-O2  j | 0 0E-H10 | | 1 113-03 

2 OL-06 | OOL-H'O 5O..-,7 1 w II I ^ , L - O  : || o o r  ̂  |j i n . , .  . 

1 xposuic 

Routes Iotal 

-

-

-

-

-

-

-

-

IE-02 

-

7L-04 

413-02 

5E-II2 

5l-A)2 

M.-02 

Sutton Brook Disposal Area Supeiiund Sile (210517) Woodard Cunan 
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TABLE 3-32.1 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superlund Site-Tew ksbury. Massachusetts 

Scenario Timeframe: Current 

Receptor Population: Area 4 Trespasser/Recreational Use 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Exposui e Chemical CJH; logcnie Risk Non-Carcinogenic Hazard Quotient 

Medium PoinI ol Potential 

C oncem liigesliou Inhalation Dermal l;\po>uie Pnmai\ Ingcstion InJialution Dermal l-.\posuic 

Routes lotal Iaigcl Oigan(s) Routes lolai 

Soil Wetland Soil Groups 5/6. Wetlands Benzo(a)andiracene 9 9F.-O8 4 9E-08 1E-0" -

Beiizo(a)p_\rene 9.9E-O7 4 9E-O7 lE-or, - -

Benzo(b)fluoranthene 1 2E-O7 - * IE-OS 2E-07 - - -

bidcno( 1,2.3-cd)P\ rene 8 6E-0S - 4 2E-08 IE-07 - -

Pen lene - - - - - - -

Arsenic 1.9E-06 - ? IE-07 2E-06 •Skin: cardiovascular system 2.7E-02 4.3E-03 3E-O2 

Lead - - - - -

Manganese - - 2 3h-0; - DOF-H u> 21 -"' 

Vanadium - - - liairc.Nslcine 7 M.-04 - O.OL+00 -J.. .4 

Chemical Total | 3.2E-06 | (I.OE+IIO || 9.4E-07 || 4E-06 | || 3.IIE-02 || II.OE+00 | 4.3E-03 | 3E-02 

HExposure Point lotal
I  !

 j  |
 11

 3 2E-06 ||
 Jl

 0 OE+00 ||
 i  s

 9 4E-D7 ||
 II

 4E-06 1
 t  l

 ||
 M

 3.0E-02 II
 i  t

 O.OE+00 jj
 El

 4.3E-03 |
 i  l 

 31.-02 

| Exposure Medium Total 3 2E-06 || O.OE+00 |j 9 4E-07 || 4E-06 || Jj 3.OE-O2 jj O.OE+00 jj 4 3E-03 | 3E-O2 

Medium Total ] | 3 2E-O6 |  p O.OE+00 | ~ 9 . 4 L - 0 7 ~ |  | 4E-06 || ||~ 3.0E-02 "][ O.OE+00 ] | 4 3E-O3 | 3E-O2 

1.4-Dio\ane 1 OE-09 IE-09 Liver _ 5.9E-06 6E-O6 

MetinlcneChloiide - - 7 7i;.i() 8F-m U\ er - - 1 1E-05 1E-05 

1 2 4-Inmcth\ lben/cne 

1 3.5-rrimL-th> lben/cne - -

Aiscmc - " S1-.-07 4E-H7 Skin. caidio\aseulai s\ stem 5 3E-O3 5E-O3 

Cadmium - - - - - - - 6.1JE-D3 6E-O3 

I ead - . . 

Manganese - - - _ - - 7.2E-0.3 7E-O3 

Vanadium _ - - - Haircvsteine - - 5.4E-04 5E-O4 

Zinc - - - - Blood - - 1.1E-04 1E-04 

Chemical Total |j O.OE+00 || O.OE+00 || 3.SE-07 || 4E-07 || | O.OE+00 i! O.OE+00 || 1.9E-02 || 2E-02 

[JExposui-e Point lotal || O.OE+00 jj O.OE+00 ]| 3 8E-07 || 4E-07 | || O.OE+00 || O.OE+00 || 1 911-02 || 2E-02 

|| Exposure Medium Total . || O.OE-rtK) | O.OL+00 j  | 3 8L-O7 | 4E-07 jj || O.OE+00 || O.OE+00 | I 9E-02 || 2F-02 

Medium Total || 0 OE+00 j] O.OE+00 |j 3.8E-07 j  | 4E-07 | | O.OE+00 || O.OE+00 || 1 9E-02 || 21--02 

Sulton Brook Disposal Area Superfund Site (210517) Woodard Cuniin 
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TABLE 3-32J 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site-Tewksbury. Massachusetts 

Scenario Timeframe: Current 

Receptor Population: Area 4 Trcspasscr/Rccrcalional Use 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure I:\po"!uic Che.-mii.dl CJICI logemc Risk 

Medium I'oint oi Potential 

Concern higeslion Inhalation Dermal Lxposuie Piinun 

Routes Iotdl laigct Oigdii(s) 

Sediment Sediment Group1; 5/6 W etlands Ber&o^pvrene 8 2E-07 15E-06 2E-06 -

Tnchloroethcne 2 1C-09 - 0OE+00 2F-09 -

1 3.5-1 nmelh\ lbenzene - - -

Arsenic 2J)£-05 - 8.5E-06 3E-O5 Skin*, cardiovascular s\ ^leia 

Lead - - - - -

Manganese _ _ _ _ -

Vanadium - - - - Hair cv steine 

Chemical Total 2 1E-05 IUIE+00 9.9E-06 3E-..5 

E x p o s u i c Point lo id l 2 1L-05 0 Ot+Ol) 9 9E-06 

Exposure Medium Total 2 IE-05 0 0E-HX1 9 9E-06 3E-O5 

Medium Total 2 IE-05 0 OE-HX) 9 9E-06 3E-O5 

Air Ambient Air <Mte 1 2 4-rnmeth\lbcnzene 

1 3 5-rnmeur\lbcnzene - -

Benzene 1 OE-07 - in-07 Blood immune SM.tem 

X\lcnes (toul) - - Nen ous s\stem 

Chemical Total o.HE+im I.0E-II7 o.oE+on IE-07 

Exposuic Point lotjl 0 OE+00 1 OL-07 0OE+00 IE-07 

i 
Exposure Medium lolal 0 OE+00 1 OE-07 0OE+00 IE-07 

Medium Total 0.0E+00 1.0E-07 0OE+00 IE-07 

Receptor Total 4E-05 

Site Related Reccptnr Risk Total 4E-06 

Reference Related Receptor Risk Total 3E-fl5 

SluJed = Conccntrdtions ol contaminant JIC consi^lcnl \̂  ilh iclciencc conccntiations 

Non-L 

hiEcslion 

-

-

2.9E-01 

5.8E-04 

53E-04 

2.9E-01 

2 911-01 

2 9E-01 

2.9E-01 

-

-

-

0.0E+00 

0OE+00 

0OE+00 

0.OE+00 

j Linogcmc Ilj/.jrd Quotient 

Iiiluljiion Demul L\posuie 

Routes Total 

-_ 

- -

- - -

- 1 2E-01 4E-01 

- - -

- O.OE+00 

- O.OE+00 5E-04 

(MIE+00 I.2E-III 4E-0I 

0 OE+00 1 2L-01 41-01 

O.OE+00 1.2E-01 4i:-oi 

0.0E+00 1.2E-01 4H-01 

- -

2.7E-O3 u;-o> 
S.9E-O2 2L-O2 

2.2E-02 o.oE+im 2E-O2 

2.2E-O2 0 OE+00 21-.-O2 

2.2E-02 0OE+00 :i--02 

2.2E-02 O.OE+00 2F-O2 

Receptor HI Tnlal 5E-01 

J 7E-O2 

j | 5E-D1 

Woodard CuiTan 

Sutton Brook Disposal Area Superfund Site (210517) 
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TABLE 3-32K
 

RISK SUMMARY
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutlon Brook Disposal Area Supcrtund Sitc-Tewksbury. Massachusetts
 

Scenario Timeframc: Future 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Poiril of Potential 

Concern Ingestion hihalalion Dermal Exposuic Primarv Ingc.slion Lillalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total 

Soil Upland Soil Group 4. Upland Bcnzo(a)anthracene 2.9E-06 - 2.2E-06 5E-06 - - - -

(0-10'bgs) Bcnzo(a)pjrene 1 8E-O5 - i H: -05 3E-O5 - -

Bcnzo(c)pvreiK - - - - - - - - -

Benzo(b)nuoranthene 1 Zn-dG - 9 4E-O7 21--06 - - - -

Benzo(k)fluoranlhene 1.6E-07 1.2E-07 3E-O7 - -

Bis(2-Chloroethoxy)metJianc _ - - - -

Caibuzole ! 9E-08 ! 1K-08 31"-08 - - -

4-Chioro-3-mclh\ Iplicnol \ \ hole bod\ 1 4L-0C - 8 5! 07 2!" 06 

Dibenzof a Jitanlhracenc 3 0E-C16 - 4 5E-0f. 8E-06 - - -

Diberuofuran - - Not a\ailablc 2 SI-Z-03 - 1 ftr-0' Jl -Oi 

Indeno( 1 r2.3-cd)Pyrene 6.5E-07 4.9E-07 1E-06 _ 

1 -Methylnaphthalcne - - Luna1; s 2r o-i - 6 M"-04 n:-o^ 
2-Melhy lnaphthalene - - Lungs 9 SI -<u - 7 5E-O4 21- 0^ 

Naphthalene - - - Whole body l .SE-04 - I.4E-04 3E-04 

Pen lene - _ .. - -

C 1 1-C22 Aiomatics - Kid>iev (•> 51  )4 - > SL-(>4 li >r. 

Arsenic 4 6E-07 - S IE-OS iE-07 Skin: cardio\ascu!drs\ stein 6 5E-O3 - 1.1E-03 SE-03 

Lead - - -

Manganese - - - ".3E-O4 0 OE+00 "I"-04 

Vanadium - - - Han L\.slcmc 1.9E-02 0 0E+O0 21-. -02 

Chemical Tdtai II 2.6E-05 II IMIE+00 II 2.2E-05 II 5L-05 jj II 3.2E-02 || O.OE+00 | | 4.7E-03 II 4E-02 

Exposure Point Total 2 6E-O5 || 0 OE+00 2 2E-05 5L-O5 |! V2E-02 II 0.0E+O0 1 4.7E-03 11 4E-02 

1 Exposure Medium Total 2 M.-f-5 o on-i-oo 2 2II-('5 5Y-r>5 ! V2F.-O2 || O.OE+00 |j 4.7E-O3 || 4E-02 

Medium Total 2M.-15 | | " " l - i  o : 2i i'f 51  '5 1 V2E-02 ][ 0.0E+O0 |  P 4.7E-03 \\~ 4E-0; 

Sulton Brook Disposal Area Supcrfund Site (210517) Woodard Curran 

\\Ando\er\projects\2 10517 Sutton Brook\wip\Human Health Risk Assessment\Risk Summary tablcs..\lsArea 4_CT(futurc) 5/22/2007 



TABLE 3-32K
 

RISK SUMMARY
 

CENTRA!. TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Supertund Site-Tew ksbury. Massachusetts
 

Scenario Timeframe: Future 

Receptor Popu lation: Area 4 Trcspasser/Reci calional User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Exposure Chemical Caici loacnic Risk Non-Carcinogenic Huzaid Qtoticnt 

Medium Point of Potential 

Concern Ingestioii inhalaluiii Dermal Exposuie Pumun Ingestion Inhalation Dcmwl l-.xposuic 

Routes Total Iaigel Organ(s) Routes Total 

Soil Wetland Soil Groups 5/6. Wetlands Benzo(a)anthracene 4.9E-08 _ 4.9E-08 1E-07 - -

Benzo(a)pyrene 4.9E-07 _ 4.9E-07 1E-06 - -

Benzo(b)fluoranthene 6.2E-08 - 6.1E-08 1E-07 - -

Indcno( 1.2.3-cd)Pyrene 4.3E-08 4.2E-O8 9E-08 _ -

Pen lene - L -

Arsenic 9 7E-07 - 3.IE-O7 1E-06 Skin: cardiovascular system 1.4E-02 - 4.3E-03 2E-O2 

Lead - - - -

Manganese - - - - 1 1E-03 - OOE+00 11-03 

Vanadium IIairc\steine 3 7E-04 0 OE+00 4L-04 

Chemical Total [ 1.6E-06 O.OE+00 9.4E-07 3E-06 1 || 1.5E-02 || O.OE+00 || 4.3E-03 2E-02 

Exposure Point Total 1.6E-06 O.OE+00 9.4E-07 3E-06 || 1 5E-02 | O.OE+00 1 4 3E-O3 || 2L-02 

Exposure Medium Total 1.6E-06 O.OE+00 9.4E-07 3E-06 || 1 5E-02 || O.OE+00 | 4 3E-O3 2E-02 

Medium Total 1.6E-06 O.OE+00 9.4E-O7 3E-06 | 1 5E-O2 _||_ O.OE+00 1 4 3E-O3 2E-O2 

Surface Water Surface-Water Groups 5/6. Wetlands I.4-Dio\anc 1 Or-09 1F-09 Lher 5 9E-06 AE-06 

Meth\leneChlonde 7-L-H) SI.-IO Lh er 1 1E-05 1M-05 

2 4- 1 nmetlu Iben/cne - -

3.5-1 nmethv Ibeiucnc -

,'Viscmc - - " 8L-D7 4E-07 5 3E-O3 5L-O3 

Cadmium - - - _ - - - 6 1JE-O3 6E-03 

Lead -

Manganese - - - - - _ - 7.2E-03 7E-O3 

Vanadium - - - - Hair cvsteine - - 5.4E-04 5E-04 

Zinc - - - - Blood - 1.1E-04 1K-04 

Chemical 1 otai O.OE-MM) | O.OE+00 J.SE-..7 | 4E-O7 || O.OE+00 | O.OE+00 || I.9E-O2 1 2E-O2 

||Exposure Point Total 0 OE-00 O.OE+00 3.8E-07 j 4L-07 | || O.OE+00 || O.OE+00 || 1 9E-02 | 2F.-02 

1 Exposure Medium Total O.OE+00 0.0E+U0 3 8E-07 j 4L-07 || O.OE+00 || O.OE+00 || 1 9E-02 | 2L-O2 

Medium Total O.OE+00 O.OE+00 3.8E-07 4E-07 || O.OE+00 1 O.OE+00 | 1 9E-02 2E-02 

Sutton Brook Disposal Area Supertund Site (210517) Woodard Cunun 
\\Andovcr\projecis\2105 17 Sulton Brook\\vip\I Iuman Health Risk AsscssmentVRisk Sur y tables.xls.Area 4_CT(futurc) 5/22/2007 



TABLE 3-32K
 

RISK SUMMARY
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Supcrfund Site-Tew ksbury. Massachusetts
 

Receptor Population: Area 4 Trespasser/Reereutionu] User 

Receptor Age: Youth (ages 8-18 years) 

Medium Lxposuic Lxpo.iuie Ciiemicdl Ciic logcnic Risk Non-Ct rcinogenic Hazard Quotient 

Medium IVlllI of Potcntwl 

Concern Ligestion Inlidldtion Dei-mal Exposure Pnmji\ Ligestion inhalation Dermal lixposure 

Routes lotdl ljigclOigdn(s) Routes Total 

Sediment Sediment Cuoups 5,6. Wetlands Benzo(a)pj rene 4 1E-07 1 5E-O6 2E-06 - - - - -

Fnchloioethene i in-09 - 0OE+00 iE-09 - - -

1 3.5-rnmcth\lbenzene - - - -

Arsenic l.QE-05 _ 8JE-06 2E-05 Skin. cardin\Ti5cularinstEm 1.4E-01 - 1.2E-0I 3E-01 

Lead - - - - - - - - -

Manganese. _ _ _ 2.9E-04 - O.OE+00 3E-O4 

Vanadium - - - - Hair c\ steine 16E-04 - O.OE+00 3E-04 

Chemical Total I.1E-05 O.OE-HM) 9.9E-H6 1 2E-05 1 1.4E-0! 0.0E+..0 J I.2E-DI 3E-01 

Lxposuic Point lotdl || 1 IL-05 0 O E + 0  0 9 9E-06 ! -L05 1 1.4E-01 j O.OE+00 | 1.2E-0, | 3E-0I 

|| L\posuic Medium Ioldl 1 IL-05 OOE-KH) 9 9E-06 i 2E-05 || [ 1.4E-01 O.OE+00 | 1.2E-0! | 3E-01 

Medium ToUl

Aii

I P 
II 

Ambient An Site 1.2.4-Inmelh\!bcnzcne 

1 IL-05 

-

0 OE+00 9 9E-06 

-

1 W li 
-

1.4E-01 

-

O.OE+00 

-

1.2E-01 j 3E-0! 

1 3.5-Inmclh\lbcnzene _ - - - - -

Benzene - 1 OE-07 - lE-o: Blood, immune s\stein 2.7E-03 3E-O3 

X\lencs (totai) - Ner\ ous s\ stern 1.9E-O2 - 2E-02 

Chemical I ot.ii II.OE+OU 1.I1E-07 II.OE+00 I E.-07 (U1E+00 2.2E-O2 O.OE+OII 2E-<>2 

||L\posuie Point Ioldl 0 OL+00 1 OE-07 O.OE+00 i H:-07 I 0 OE+00 2.2E-02 O.OE+00 | 2E-02 

Exposuic Medium IOIJF O.OE+00 1.OE-07 O.OE+00 i 1H-07 || f 0OE+00 | 2.2E-02 ! O.OE+00 2E-02 

Medium Total 0 0E-H30 1.OE-07 0 OE-KX) i »>;-07 ii 0 OE+00 2.2E-O2 j O.OE+00 2E-02 

Receptor Total | 7E-05 | Receptor HI Total | 4E-II1 

Site Related Receptor Risk Total 1 4E-..5 || | 6E-02 

R|Krenc|Relii ie(l Receptor Risk Total 

.Shaded = Concentration.-, of contaminant me consistent w ith ictcicncc concentrations 
1  > ™ II 1 3E-0I 

Sutton Brook Disposal Aiea Supcrlund Site (210517) Woodard Curran 
\\Andover\projects\210517 Sutton Brook\\\ ipVHuman Health Risk Asscssmcnt\Risk Summan lables.xls.'Vrea 4_CT(Tuture) Page 3 of ? 5/22/2007 



TABLE 3-32L 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Supcrlund Site-Tewksburv. Massachusetts 

Receptor Population: Area 4 Trespasser/Reercationai User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Exposure Chcimc.il Caiemogenie Risk Non-Cjicmogcnic Ilj/did Quotient 

Medium Point ol Potential 

Concern Lngcstion Inhalation Denn.il E\posuie Pnnwn ingcstion LnlulJlion Hem i,i 1 Lxposuie 

Routes 1 olal ! aiact Oigjn(s) Routes Iotal 

Soil Upland Soil Group 4. Upland Ben/o(a)anthracene 5 9E-(»6 - 2 2E-06 8I>06 " -

(0-10-bgs) Benzo(a)p\rene > 5E-O5 - 1 3E-O5 5E-O5 - - - -

Bcnzo(e)pvretK: - - - - - - - - -

Beruo(b)fluoranthene 2 5E-06 9 412-07 'E-06 - -

Benzo(k)fiuoranlhene * n:-cn 1 2E-07 4E-07 -

Bis(2-Chloioethov\)meth.ine - _ - - - - -

Catbjzole " 8E-08 1 1L-08 5E-O8 -

4-Chloio-3-meth_\ lphcnol \\ hole bod\ 2 9L-P(-. - S M 07 4L-06 

Diben£o(a Ii'iunlhracene 6 t)E-06 - 2.3E-06 8E-06 - - - -

Dibcnzotuiiin - - Not a\ ailable - 1 nl -0^ :\ 0i 

lndcno(l 2.3-t.d)P\rcnc 1 ^E-nis - 4 91-01 2E-06 - .  . -

1 -Mclhv lnaphthalenc - - Lungs 1 61 -0* 21 -(n 

2-Mcth\ lnaphthiilenc - - - Luiigs 2 0L-03 ~ 5\ 04 

Naphthalene - _ _ _ Whole bodj ? 6E-04 - I.4E-04 5E-04 

Pen lenc _ - - _ - -

C 1I-C22 Ajomalies - klJpC\ ' F̂ -01 21 -(V, 

Arsenic 9 2E-O7 - S IE-OS 1B-06 Skin: cardio\ uscular svstem I 3E-02 - 1 1E-03 IE-02 

Lead - - - - - - - -

Manganese - 0 OL'+OO 7L-04 

Vanadium - - IIjucNaleuie > 7E-02 41 02 

Chemical Total 5.2E-05 O.IIE+00 jj 1.9E-05 7E-..5 6.3E-02 | 0.I1E+IMI |j 4.7E-II3 7E-02 

Exposure Point Total 5 2E-05 0.OE+O0"|f 1.9E-05 7E-C5 6 iL-02 jj 0 OL-tOO jj 4 71 -(H j 
1 Exposure Medium Total 5 2L-O5 0 OE-HH") 1 1 9E-O5 7E-O5 ~ l 6^E-02 ]P ooi>on ^][ 171 o; | 7L-o; 

Medium Total 5 2U>5 j uul.-nii "][ ! >;L-'15 1 -L-,.5 ' . ^ . . 1  2 jj D U L - ,  0 |j 1 7  1 . .  . 

Sutton Brook Disposal Area Superfund Site (210517) 
Woodnrd CuiTan 

\\Andover\prqjccts\210517 Sution Brook\\vip\Human Health Risk AsscssmcntVRisk Summan tables.xlsArea 4_RKlE(luture) Page 1 of 3 5/22/2007 



TABLE 3-32L
 

RISK SUMMARY
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

SuUon Brook Disposal Area Superfund Site-Tew ksbury. Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Area 4 Trespasser/Ret 

Receptor Age: Youth (ages 8-18 years) 

Non-C j cinogcmc Ila/aul Quolicnl Medium Exposure Exposure Chemical	 C J I C logenic Ri.-k 

Medium Point ol Potential 

Concern Inge.-tion Inhalation Dermal E\po.-uie Insiehtion Inhiiljlion IX-im.il l:\po.suie Pimui \ 

Routes foUil Route.- lotal UgclOigJ iHs) 

Soil Wetland Soil Groups 5/6. Wetlands	 Benzo(a)anthracene 9 9I,-<~>S - X 9H-OS 

Benzo(a)p) rene 9 9I-.-0- - 4 9E-07 1E-06 

Benzo(b)fluoranthcne 1 2E-O7 6 1K.-0S 2L-O7 -


Indeno( 1.2.3-cd)P\ rene X<M -ox 4 2E-0K 1F-0"
 

I'crylenc - - - 

_	 Skin: cardio\ascular system Arsenic 1 9E-0G 3.1E-07 2E-06 2.7E-02 4.311-03 31--O2 

Lead - - 

Manganese - : ?r.-o? „,,, . , ,> 21 -o ; 

Vanadium Han c\sieme 7 3E-O* onr.MM- 7! 1-04 

Chemical Total 3.2E-06 O.OE+00 9.4E-07 4E-06 | 3.0E-02 O.OE+00 ~  | 4.3E-03 3E-02 

Exposure Point Total " 2F-06 || O.OE+00 9 4E-07 4L-06 | ;OE-02 O.OE+00 || 4 M.-f»- ^K-02 

|| Exposure Medium Total 3 21 .--''6 0 OE+00 9.4E-07 4K-06 | 3OE-O2 ! 0 OE+00 || "1--02 

Medium Total | ^ 2L-0r, 0.0E+O0 9 4E-07 4L-06 1 " 01 .-02 | O.OE+00 1 4M-T, 31 -02 

Surface Water Surface Water Groups 5/6. Wetlands 1.4-Dioxane 1 0E-09 11-"9 l.n cr 5 91 -or. 6I'-06 

Metl-nleneChioiide - 7 7! -10 SI- in I.r\ ei 1 11 "^ iF-0> 

1.2.4-lnmetlnlhen/cnc 

1.5.5-1 nmclh\ Iben/ene  --

_Cadmium	 6 ll-Z-03 6E-03 

Lead - - 

Manganese - - - - 7.2E-O3 7E-H3 

Vanadium - - - - Hair c\steine- - - 5.4E-O4 5F-04 

Zinc	 Blood -- - - - -- 1 1F-04 IH-04 

Chemical Total O.IIEHIO O.OE+00 3.SE-O7 4E-O7 O.OE+00 0.OL+00 1 I 9K-II2 1 2L..2 

Exposure Point Total O.OE+00 O.OE+00 ? 8E-O7 ] 4H-07 0 OK+UO 0 0K+O0 1 1 l>j.-i>2 2.:-(,2 sExposure Medium Total	 0.01.-4)0 0 OL+00 3.8E-O7 | 41-07 O.OKn'10 OOE-410 | | 1 ;i -"2 | 2L-n2 !Medium Total	 0.0L-KK) ! O.OE+00 3.8E-O7 j 4L-U7 0.0E+OO || 0.0E+O0 || 1 91.-02 ! 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran 
\\Andover\prqjecls\210517 Sutton Brook\\\ ipXMuman Health Risk AssessmentVRisk Summary tables.xlsArca 4__RME(futuie) Page 2 of: 5/22/2007 



TABLE 3-32L
 

RISK SUMMARY
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutlon Brook Disposal Area SupciTund Site-Tew ksbury. Massachusetts
 

Scenario Time frame: Future 

Receptor Population: Area 4 Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Exposure Chemical Care logenic Risk Non-C L-miu-enicIKuuidC. uotienl 

Medium Point of Potential 

Concern Ingestion Inhalation Dcmiul Expo> uic limc>lion [nluljiion HUPIUI 

Routes Iol.il largel Oig.m(s) Roulc> Iotal 

Sediment Sediment Groups 5/6. Wetlands Benzofa^pyrene S 2E-07 - I 5E-0G 2E-06 - - - - -

Inchloiocthene 2 1F.-09 0 OE+iX) 2i:-09 - -

i 3.5-rnmclh\lbenzenc - - - - -

Arsenic 2HE-05 _ 8.5E-0fi 3E-05 Skin: cardiovascular s\ stErn 2.9E-01 - 1 2E-0I 4E-01 

Lead - - - - - - - -

Manganese _ _ _ - - 5 8E-04 _ O.OE+00 GE-04 

Vanadium - - - - Hair cysteine 5.3E-O4 - O.OE+00 5E-O4 

Chemical Total 2.1 E-05 O.IIE+00 9.9E-II6 3E-O5 2.9E-W1 O.OE+00 I.2E-0I 4L-0. 

Exposure Point Tolul 2 1E-05 0 OE-KW 9 9E-06 M-05 2 9,-01 0 OE+00 .2 . -0  1 | 4! -.11 

|| Exposure Medium Total 2 1 E-05 0 OE+00 9 9E-06 3L-O5 1 2.9L-.)1 0 0L+00 1.211-01 41,M 

Medium Total 2.1 E-05 O.OE+00 9.9E-06 31 -05 2.9E-0! 0 0L+O0 1.2H-0I ! 4E-0! 

Air Ambient Air Site 1.2.4-Trimelhvlbenzene -. - - _ -

1.3.5-Trimeirn lbenzcne - - - -

Benzene _ 1.0E-07 - 1E-07 Blood, immune system _ 2 ~\ -tr. 3i-:-o3 

Xylcncs (total) - - Ncnous system - 1 9! -02 2E-02 

Chemical Total O.OE+Oil 1.0E-07 O.OE+00 1E-07 O.OE+00 2 2E-02 0.0E+00 2E-O2 

j Lxposuie Medium Total 

Exposure Point lolui 11 
0.0E+O0 

O.OE+00 

1.0E-07

1.0E-07 

 || O.OE+00 

O.OE+00 

11.-07 

1L-07 
I 
|j

O.OE+00 

 O.OE+00 

2 21-02 

2 21-02 [

0.0E+00 

 0.0E+00 

21,02 

2E-02 

Medium Total O.OE+00 1.0E-07 O.OE+00 IE-07 O.OE+00 2 2,-02 | 0.0E+00 2E-02 

Receptor Total 1E-04 RLccptur HI Total 6E-«1 

Site Related Receptor Risk Total 6E-05 8E-02 

Reference Related Receptor Risk Tflbil iSiiiiiiiiiiiii! »••! iiii4iiiiii m liiiiiii: :i^iii|5Eiiiii!iii!;i 

Woo Jar J Cun-un Sutton Brook Disposal Area Supcrfund Site (210517) 
\\Andovcr\piojecls\2i05l7 Sutton Brook\\\ip\Human Meallh Risk AsscssmcntXRisk Summary tables.xls.Ajea 4_RME(future) 5/22/2007 



TABLE 3-32M
 
CALCULATION OF CANCER RISKS FOR COPCS WITH A MUTAGENIC MODE OF ACTION
 

CENTRAL TENDENCY EXPOSURES 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts •,. 

Exposure Point: Group 3 
Exposure Medium: Upland Soil (0-10') 
Receptor: Current/Future Trespasser 

Exposure Pathway COPC EPC Age BW IR EF ED AT CF SF ADAF Risk 

(mg/kg) (years) (kg) (mg/day) (days/year) (years) (days) (kg/mg) (mg/kg-d)-l (unitless) 

Incidental Ingestion of Soil 
Benzo(a)anthracene 1.10 

1.10 
8 through <16 
16 through <19 

45 
45 

50 
50 

90 
90 

8 
3 

25550 
25550 

1.00E-06 
1 .OOE-06 

0.73 
0.73 

3 
1 

7.5E-08, 
9.4E-09 

CUMULAT1V15" RISK - Incidental I lgestion ofSoil:Benzo(a)cmthracene 8.5E-08 

Benzo(a)pyrene 1.10 8through<16 45 50 90 8 25550 1.00E-06 7.3 3 7.5E-O7 

1.10 16 through <19 45 50 90 3 25550 1 .OOE-06 7.3 1 9.4E-08 

CUMULATIVE RISK - Incidental Ingestion ofSoil:Benzo(a)pyrene 8.5E-07 

Benzo(b)fluoranthene 0.840 8 through <16 45 50 90 8 25550 1. OOE-06 0.73 3 5.8E-08 
0.840 16 through <19 45 50 90 3 25550 1 .OOE-06 0.73 1 7.2E-09 

CUMULA TIVE RISK - Incidental Ingestion ofSoil:Benzo(b)fluoranihene 6.5E-08 
Indeno( 1,2,3-cd)pyrene 0.720 8 through <16 45 50 90 8 25550 1.OOE-06 0.73 3 4.9E-08 

0.720 16 through <19 45 50 90 3 25550 1.OOE-06 0.73 1 6.2E-09 
CUMULATIVE RISK - Incidental Ingestion ofSoiI:Indeno(I,2J-cd)pyrene 5.6E-08 

CUMULATIVE RISK: Incidental Ingestion of Soil 1.1E-06 

Exposure Pathway COPC EPC Age BW SA ABSd AF EF ED AT CF SF ADAF Risk 

(mg/kg) (years) (kg) (cm2) (unitless) mg/cm (davs/vear) (years) (days) (kg/mg) (mg/kg-d)-I (unitless) 

Dermal Contact with Snil Benzo(a)anthracene 1.10 8 through <16 45 3220 0.13 0.09 90 8 25550 1. OOE-06 0.73 3 5.7E-08 
1.10 16 through <19 45 3220 0.13 0.09 90 3 25550 1.OOE-06 0.73 1 7.1E-09 

CUMULATIVE RISK - Dermal Contact with Soil:Benzo(a)anthracene 6.4E-08 

Benzo(a)pyrene 1.10 8 through <16 45 3220 0.13 0.09 90 8 25550 1.OOE-06 7.3 3 5.7E-07 
1.10 16 through <19 45 3220 0.13 0.09 90 3 25550 1.OOE-06 7.3 1 7.1E-08 

CUMULA TIVE RISK - Dermal Contact with Soil:Benzo(a)pyrene 6.4E-07 

Benzo(b)fluoranthene 0.840 8 through <16 45 3220 0.13 0.09 90 8 25550 1.OOE-06 0.73 3 4.3E-08 

0.840 16 through <19 45 3220 0.13 0.09 90 3 25550 1.OOE-06 0.73 1 5.4E-09 
CUMULATIVEE RISK - Dermal Coi itact with Soi l:Benzo(b)fltoranthene 4.9E-08 

Indeno( 1,2,3-cd)pyrene 0.720 8 through <16 45 3220 0.13 0.09 90 8 25550 1.OOE-06 0.73 3 3.7E-08 
0.720 16 through <19 45 3220 0.13 0.09 90 3 25550 1. OOE-06 0.73 1 4.7E-09 

CUMULA TIVE RISK - Dermal Contact with Soil:Indeno(1,2,3-cd)pyrene 4.2E-08 

CUMULATIVE RISK: Dermal Contact with Soil 7.9E-07 

CUMULATIVE RISK, Group 3, Upland Soil (0-10'): Current/Future Trespasser 1.8E-06 

Notes: 
COPC = chemical of potential concern; BW = body weight; IR = soil or sediment ingestion rate; EF = exposure frequency; ED = exposure duration; AT = averaging time; CF = units conversion factor; 
SA = skin surface area; AF =skin-soil adherence factor; ABSd = dermal absorption fraction; SF = oral/dermal cancer slope factor; ADAF = age-dependent adjustment factor (USEPA 2005); 
Risk = Incremental lifetime cancer risk. 

Incidental Ingestion Risk = EPC * IR * EF * ED * CF * SF * ADAF * 1/BW * I/AT 
Dermal Contact Risk = EPC * SA * AF * ABSd * EF * ED * CF * SF * ADAF *1/BW * I/AT 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran
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TABLE 3-32M, CONTINUED
 
CALCULATION OF CANCER RISKS FOR COPCS WITH A MUTAGENIC MODE OF ACTION
 

CENTRAL TENDENCY EXPOSURES 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tevvksbury, Massachusetts 

Exposure Point: Group 4 
Exposure Medium: Upland Soil (0-1') 
Receptor: Current Trespasser 

Exposure Pathway COPC EPC Age BW IR EF ED AT CF SF ADAF Risk 
(mg/kg) (vears) (kg) (mg/day) (davs/vear) (vears) (davs) (kg/mg) (mg/kg-d)-l (unitless) 

Incidental Ingestion of Soil Benzo(a)anthracene 0.538 
0.538 

8 through <16 
16 through <19 

45 
45 

50 
50 

90 
90 

8 

3 

25550 
25550 

1.00E-06 
1.00E-06 

0.73 
0.73 

3 
1 

3.7E-08 
4.6E-09 

CUMULATlViE RISK - Incidental I igestion ofS oil :Benzo (a) anthracene 4.2E-08 
Benzo(a)pyrene 0.552 8 through <16 45 50 90 8 25550 1.00E-06 7.3 3 3.8E-07 

0.552 16 through <19 45 50 90 3 25550 1.00E-06 7.3 1 4.7E-08 
CUMULATlViE RISK - Incidental Ingestion ofSoH:Bemo(a)f,yrene 4.3E-07 

B enzo(b )fl uoranthene 0.676 8 through <16 45 50 90 8 25550 1.00E-06 0.73 3 4.6E-08 
0.676 16 through <19 45 50 90 3 25550 1.00E-06 0.73 1 5.8E-09 

CUMULATlViE RISK - Incidental I igestion ofSoil:Benzo(b)fhioranthene 5.2E-08 
Indeno( 1,2,3-cd)pyrene 0.516 8 through <16 45 50 90 8 25550 1.00E-06 0.73 3 3.5E-O8 

0.516 16 through <19 45 50 90 3 25550 1.00E-06 0.73 1 4.4E-09 
CUMULATIVE RISK - Incidental Ingestion ofSoil:Indeno(l,2,3-cd)pyrene 4.0E-08 

CUMULATIVE RISK: Incidental Ingestion of Soil 5.6E-07 

Exposure Pathway COPC EPC Age BW SA ABSd AF EF ED AT CF SF ADAF Risk 

(mg/kg) (years) (kg) (cm2) (unitless) mg/cm2 
(days/year) (years) (davs) (kg/mg) (mg/kg-d)-l (unitless) 

Benzo(a)anthracene 0.538 8 through <16 45 3220 0.13 0.09 90 8 25550 1.00E-06 0.73 3 2.8E-08 
0.538 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 0.73 1 3.5E-09 

CUMULATIVE RISK - Dermal Contact with Soil:Benzo(a)anthracene 3.1E-08 
Benzo(a)pyrene 0.552 8 through <16 45 3220 0.13 0.09 90 8 25550 1.00E-06 7.3 3 2.9E-07 

0.552 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 7.3 1 3.6E-08 
CUMULA TIVE RISK - Dermal Contact with Soil:Benzo(a)pyrene 3.2E-07 

Benzo(b)fluoranthene 0.676 8 through <16 45 3220 0.13 0.09 90 8 25550 1.00E-06 0.73 3 3.5E-08 
0.676 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 0.73 I 4.4E-09 

CUMULATIVE RISK - Dermal Contact with Soil:Benzo(b)fluoranthene 3.9E-08 
Indeno( 1,2,3-cd)pyrene 0.516 8 through <16 45 3220 0.13 0.09 90 8 25550 1.00E-06 0.73 3 2.7E-08 

0.516 16 through <19 45 3220 0.13 0.09 90 3 25550 1 .OOE-06 0.73 1 3.3E-09 
CUMULATIVE RISK - Dermal Contact with Soil:Indeno(I,2,3-cd)pyrene 3.0E-08 

CUMULATIVE RISK: Dermal Contact with Soil 4.2E-07 

CUMULATIVE RISK, Group 4, Upland Soil (0-1'J : Current Trespasser 9.8E-07 

Notes: 
COPC = chemical of potential concern; BW = body weight; IR = soil or sediment ingestion rate; EF = exposure frequency; ED = exposure duration; AT = averaging time; CF = units conversion factor; 
SA = skin surface area; AF =skin-soil adherence factor; ABSd = dermal absorption fraction; SF = oral/dermal cancer slope factor; ADAF = age-dependent adjustment factor (USEPA 2005); 
Risk = Incremental lifetime cancer risk. 

Incidental Ingestion Risk = EPC * IR * EF * ED * CF * SF * ADAF *1/BW * I/AT 
Dermal Contact Risk = EPC * SA * AF * ABSd * EF * ED * CF * SF * ADAF *I/BW * I/AT 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran
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TABLE 3-32M, CONTINUED
 
CALCULATION OF CANCER RISKS FOR COPCS WITH A MUTAGENIC MODE OF ACTION
 

CENTRAL TENDENCY EXPOSURES
 
Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Exposure Point: Group 4 
Exposure Medium: Upland Soil (0-10') 
Receptor: Future Trespasser 

Exposure Pathway COPC EPC Age BW IR EF ED AT CF SF ADAF Risk 
(mg/kg) (years) (kg) (mg/dav) (days/year) (years) (days) (kg/mg) (mg/kg-d)-l (unitless) 

I  T • 1 B enzo( a)anthracene 38.0 8 through <16 45 50 90 8 25550 1.00E-06 0.73 3 2.6E-06 
38.0 16 through <19 45 50 90 3 25550 1.00E-06 0.73 3 3.3E-07 

CUMULATIVE RISK - Incidental I ngestion ofS oil:Benzo(a)cnthracene 2.9E-06 
Benzo(a)pyrene 22.8 8 through <16 45 50 90 8 25550 1.00E-06 7.3 3 1.6E-05 

22.8 16 through <19 45 50 90 3 25550 1.00E-06 7.3 1 2.0E-06 
CUMULATIVE RISK - Incidental Ingestion ofSoil:Benzo(a)pyrene , 1.8E-05 

Benzo(b)fluoranthene 16.1 8 through <16 45 50 90 8 25550 1.00E-06 0.73 3 I 1.1E-06 
16.1 16 through <19 45 50 90 3 25550 1.00E-06 0.73 1 1.4E-07 

CUMULA TIVE RISK - Incidental Ingestion ofSoil:Benzo(b)flnoranthene I.2E-06 
Benzo(k)fluoranthene 20.3 8 through <16 45 50 90 8 25550 1.00E-06 0.073 3 1.4E-07 

20.3 16 through <19 45 50 90 3 25550 1.00E-06 0.073 1 1.7E-08 
CUMULA TlVi E RISK - Incidental I igestion ofS oil:Benzo(k)fuoranthene 1.6E-07 

Dibenzo(a,h)anthracene 3.88 8 through <16 45 50 90 8 25550 1.00E-06 7.3 3 2.7E-06 
3.88 16 through <19 45 50 90 3 25550 1.00E-06 7.3 1 3.3E-07 

CUMULATIVE RISK - Incidental Ingestion ofSoil:Dibenzo(a,h)anthracene 3.0E-06 
Indeno( 1,2,3-cd)pyrene 8.49 8 through <16 45 50 90 8 25550 1.00E-06 0.73 3 5.8E-07 

8.49 16 through <19 45 50 90 3 25550 1.00E-06 0.73 1 7.3E-08 
CUMULATIVE RISK - Incidental Ingestion ofSoil:Indeno(I,2,3-cd)pyrene 6.5E-07 

CUMULATIVE RISK: Incidental Ingestion of Soil 2.6E-05 

Exposure Pathway COPC EPC Age BW SA ABSd AF EF ED AT CF SF ADAF Risk 

(mg/kg) (years) (kg) (cm2) (unitless) mg/cm (days/year) (years) (days) (kg/mg) (mg/kg-d)-l (unitless) 

Benzo(a)anthracene 38.0 8 through <16 45 3220 0.13 0.09 90 8 25550 1.00E-06 0.73 3 2.0E-06 
38.0 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 0.73 1 2.5E-07 

CUMULATIVE E RISK  Dermal Coiitact with SoiI :Benzo(a) anthracene 2.2E-06 
Benzo(a)pyrene 22.8 8 through <16 45 3220 0.13 0.09 90 8 25550 1.00E-06 7.3 3 1.2E-05 

22.8 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 7.3 1 1.5E-06 
CUMULATIViE RISK - Dermal Co?itact with Soil:Benzo(a)py•ene |_ 1.3E-05 

Benzo(b)fluoranthene 16.1 8 through <16 45 3220 0.13 0.09 90 8 25550 1.00E-06 0.73 3 8.3E-O7 

16.1 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 0.73 1 l.OE-07 
CUMULA TIVE RISK - Dermal Contact with Soil:Benzo(b)fluoranthene 9.4E-07 

Benzo(k)fluoranthene 20.3 8 through <16 45 3220 0.13 0.09 90 8 25550 1.00E-06 0.073 3 l.OE-07 
20.3 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 0.073 1 1.3E-08 

CUMULATIVE RISK - Dermal Contact with Soil:Benzo(k)fluoranthene I.2E-07 
Dibenzo(a,h)anthracene 3.88 8-through <16 45 3220 0.13 0.09 90 8 25550 1.00E-06 7.3 3 2.0E-06 

3.88 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 7.3 1 2.5E-07 
CUMULATIVE RISK - Dermal Contact with Soil:Dibenzo(a,h)anthracene 4.5E-06 

Indeno( 1,2,3-cd)pyrene 8.49 8 through <16 45 3220 0.13 0.09 90 8 25550 1.00E-06 0.73 3 4.4E-07 
8.49 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 0.73 1 5.5E-08 

CUMULA TIVE RISK - Dermal Contact with Soil:Indeno(1,2,3-cd)pyrene 4.9E-07 
CUMULATIVE RISK: Dermal Contact with Soil 2.2E-05 

CUMULATIVE RISK, Group 4, Upland Soil (0-101) : Future Trespasser 4.7E-05 

Notes: 
COPC = chemical of potential concern; BW = body weight; IR = soil or sediment ingestion rate; EF = exposure frequency; ED = exposure duration; AT = averaging time; CF = units conversion factor; 
SA = skin surface area; AF =skin-soil adherence factor; ABSd = dermal absorption fraction; SF = oral/dermal cancer slope factor; ADAF = age-dependent adjustment factor (USEPA 2005); 
Risk = Incremental lifetime cancer risk. 

Incidental Ingestion Risk = EPC * IR * EF * ED * CF * SF * ADAF *1/BW * I/AT 
Dermal Contact Risk = EPC * SA * AF * ABSd * EF * ED * CF * SF * ADAF *1/BW * I/AT 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran 
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TABLE 3-32M, CONTINUED
 
CALCULATION OF CANCER RISKS FOR COPCS WITH A MUTAGENIC MODE OF ACTION
 

CENTRAL TENDENCY EXPOSURES 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Exposure Point: Group 5 
Exposure Medium: Wetland Soil (0-1') 

[[Receptor: Current/Future Trespasser 

Exposure Pathway COPC EPC Age BW IR EF ED AT CF SF ADAF Risk 
(mg/kg) (years) (kg) (mg/dav) (davs/vear) (years) (days) (kg/mg) (mg/kg-d)-l (unitless) 

Incidental Ingestion of Soil Benzo(a)anthracene 0.640 
0.640 

8 through <16 
16 through <19 

45 
45 

50 
50 

90 
90 

8 
3 

25550 
25550 

1.00E-06 
1.00E-06 

0.73 
0.73 

3 
1 

4.4E-08 
5.5E-09 

CUMULA TIVE RISK - Incidental Ingestion ofSoil:Benzo(a)anthracene 4.9E-08 
Benzo(a)pyrene 0.640 8 through <16 45 50 90 8 25550 1.00E-06 7.3 3 4.4E-07 

0.640 16 through <19 45 50 90 3 25550 1.00E-06 7.3 1 5.5E-08 
CUMULATIVE RISK - Incidental Ingestion of Soil:Benzo(a)pyrene 4.9E-07 

Benzo(b)fluoranthene 0.800 8 through <16 45 50 90 8 25550 1.00E-06 0.73 3 5.5E-08 
0.800 16 through <19 45 50 9t) 3 25550 1.00E-06 0.73 1 6.9E-09 

CUMULATIVE RISK - Incidental Ingestion ofSoil:Benzo(b)fluoranthene 6.2E-08 
Indeno( 1,2,3-cd)pyrene 0.560 8 through <16 45 50 90 8 25550 1.00E-06 0.73 3 3.8E-08 

0.560 16 through <19 45 50 90 3 25550 1.00E-06 0.73 1 4.8E-09 
CUMULATIVE RISK - Incidental Ingestion ofSoil:Indeno(I,2,3-cd)pyrene 4.3E-08 

CUMULATIVE RISK: Incidental Ingestion of Soil 6.5E-07 

Exposure Pathway COPC EPC Age BW SA ABSd AF EF ED AT CF SF ' ADAF Risk 

(mg/kg) (years) (kg) (cm2) (unitless) mg/cm2 
(days/year) (years) (days) (kg/mg) (mg/kg-d)-l (unitless) 

B enzo( a)anthracene 0.640 8 through <16 45 3643 0.15 0.09 90 8 25550 1.00E-06 0.73 3 4.3E-08 
0.640 16 through <19 45 3643 0.15 0.09 90 3 25550 1.00E-06 0.73 1 5.4E-09 

CUMULA TIVE RISK - Dermal Contact with Soil:Benzo(a)anthracene 4.9E-08 
Benzo(a)pyrene 0.640 8 through <16 45 3643 0.15 0.09 90 8 25550 1.00E-06 7.3 3 4.3E-07 

0.640 16 through <19 45 3643 0.15 0.09 90 3 25550 1.00E-06 7.3 1 5.4E-08 
CUMULA TIVE RISK - Dermal Contact with Soil:Benzo(a)pyrene 4.9E-07 

B enzo(b )fl uoranthene 0.800 8 through <16 45 3643 0.15 0.09 90 8 25550 1.00E-06 0.73 3 5.4E-08 
0.800 16 through <19 45 3643 0.15 0.09 90 3 25550 1.00E-06 0.73 1 6.7E-09 

CUMULATIVl5" RISK - Dermal Co tact with Soil:Benzo(b)flioranthene 6.1E-08 
Indeno( 1,2,3-cd)pyrene 0.560 8 through <16 45 3643 0.15 0.09 90 8 25550 1.00E-06 0.73 3 3.8E-08 

0.560 16 through <19 45 3643 0.15 0.09 90 3 25550 1.00E-06 0.73 1 4.7E-09 
CUMULATIVE RISK - Dermal Contact with Soil:Indeno(I,2,3-cd)pyrene 4.2E-08 

CUMULATIVE RISK; Dermal Contact with Soil 6.4E-07 

CUMULATIVE RISK, Group 5, Wetland Soil (0-F) : Current/Future Trespasser 1.3E-06 

Notes: 
COPC = chemical of potential concern; BW = body weight; IR = soil or sediment ingestion rate; EF = exposure frequency; ED = exposure duration; AT = averaging time; CF = units conversion factor; 
SA = skin surface area; AF =skin-soil adherence factor; ABSd = dermal absorption fraction; SF = oral/dermal cancer slope factor; ADAF = age-dependent adjustment factor (USEPA 2005); 
Risk = Incremental lifetime cancer risk. 

Incidental Ingestion Risk = EPC * IR * EF * ED * CF * SF * ADAF *1/BW * I/AT 
Dermal Contact Risk = EPC * SA * AF * ABSd * EF * ED * CF * SF * ADAF *1/BW * I/AT 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran
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TABLE 3-32M, CONTINUED
 
CALCULATION OF CANCER RISKS FOR COPCS WITH A MUTAGENIC MODE OF ACTION
 

CENTRAL TENDENCY EXPOSURES
 
Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

IlExposure Point: Groups 5&6 
Exposure Medium: Sediment (0-T) 

||Receptor: Current/Future Trespasser 

Exposure Pathway COPC EPC Age BW IR EF ED AT CF SF ADAF 
(mg/kg) (years) (kg) (mg/day) (days/year) (years) (days) (kg/mg) (mg/kg-d)-l (unitless) 

Incidental Ingestion of Benzo(a)pyrene 0.53 8 through <16 45 50 90 8 25550 1.00E-06 7.3 3
 
Sediment 0.53 16 through <19 45 50 90 3 25550 1.00E-06 7.3 1
 

CUMULATIVE RISK - Incidental Ingestion of Soil:Benzo(a)pyrene 
CUMULATIVE RISK: Incidental Ingestion of Soil 

Exposure Pathway COPC EPC Age BW SA ABSd AF EF ED AT CF 

(mg/kg) (years) (kg) (cm2) (unitless) mg/cm2 (days/year) (years) (days) (kg/mg) 
Benzo(a)pyrene 0.53 8 through <16 45 4194 0.13 0.33 90 8 25550 1.00E-06 

0.53 16 through <19 45 4194 0.13 0.33 90 3 25550 1.00E-06 
CUMULATIVE RISK - Dennal Contact with Sediment:Benzo(a)pyrene 

CUMULATIVE RISK: Dermal Contact with Soil 

CUMULATIVE RISK, Groups 5&6, Sediment (0-1'): Current/Future Trespasser 

Notes:
 
COPC = chemical of potential concern; BW = body weight; IR = soil or sediment ingestion rate; EF = exposure frequency; ED = exposure duration; AT = averaging time; CF = units conversion factor;
 
SA = skin surface area; AF =skin-soil adherence factor; ABSd = dermal absoiption fraction; SF = oral/dermal cancer slope factor; ADAF = age-dependent adjustment factor (USEPA 2005);
 
Risk = Incremental lifetime cancer risk.
 

Incidental Ingestion Risk = EPC * IR * EF * ED * CF * SF * ADAF *1/BW * I/AT 
Dermal Contact Risk = EPC * SA * AF * ABSd * EF * ED * CF * SF * ADAF *1/BW * I/AT 

-

Risk 

3.6E-07 

4.5E-08 
4.IE-07 

4.1E-07 

SF ADAF Risk 

(mg/kg-d)-l (unitless) 

7.3 3 1.3E-06 
7.3 1 1.6E-07 

1.5E-06 
1.5E-06 

1.9E-06 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran
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TABLE 3-32N
 
CALCULATION OF CANCER RISKS FOR COPCS WITH A MUTAGENIC MODE OF ACTION
 

REASONABLE MAXIMUM EXPOSURES 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Exposure Point: Group 3 
Exposure Medium: Upland Soil (0-101) 

[[Receptor: Current/Future Trespasser 

Exposure Pathway COPC EPC Age BW IR EF ED AT CF SF ADAF Risk 
(mg/kg) (vears) (kg) (mg/dav) (days/year) (years) (days) (kg/mg) (mg/kg-d)-l (unitless) 

Incidental Ingestion of Soil B enzo( a)anthracene 1.10 
1.10 

8 through <16 
16 through <19 

45 
45 

100 
100 

90 
90 

8 
3 

25550 
25550 

1.00E-06 
1.00E-06 

0.73 
0.73 

3 
1 

1.5E-07 
1.9E-08 

CUMULATIVE RISK - Incidental Ingestion of Soil:Benzo(a)anthracene /. 7E-07 
Benzo(a)pyrene 1.10 8 through <16 45 100 90 8 25550 1.00E-06 7.3 3 1.5E-06 

1.10 16 through <19 45 100 90 3 25550 1.00E-06 7.3 1 1.9E-07 
CUMULATIVE RISK - Incidental Ingestion ofSoil:Benzo(a)pyrene 1.7E-06 

Benzo(b)fluoranthene 0.840 8 through <16 45 100 90 8 25550 1.00E-06 0.73 3 1.2E-07 
0.840 16 through <19 45 100 90 3 25550 1.00E-06 0.73 1 • 1.4E-08 

CUMULATIVE RISK - Incidental Ingestion of Soil: Benzo(b)fluoranthene I.3E-07 
Indeno( 1,2,3-cd)pyrene 0.720 8 through <16 45 100 90 8 25550 1.00E-06 0.73 3 9.9E-08 

0.720 16 through <19 45 100 90 3 25550 1.00E-06 0.73 1 1.2E-08 
CUMULATIVE RISK - Incidental Ingestion ofSoil:Indeno(l,2,3-cd)pyrene 1.1E-07 

CUMULATIVE RISK: Incidental Ingestion of Soil 2.1E-06 

Exposure Pathway COPC EPC Age BW SA ABSd AF EF ED AT CF SF ADAF Risk 

(mg/kg) (years) (kg) (cm2) (unitless) mg/cm2 
(days/year) (years) (days) (kg/mg) (mg/kg-d)-l (unitless) 

Benzo(a)anthracene 1.10 8 through <16 45 3220 0.13 0.09 90 8 25550 1.00E-06 0.73 3 5.7E-08 
1.10 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 0.73 1 7.1E-09 

CUMULAT1VE RISK - Dermal Contact with Soil.Benzo(a)anthracene 6.4E-08 
Benzo(a)pyrene 1.10 8 through <16 45 3220 0.13 0.09 90 8 25550 1.00E-06 7.3 3 5.7E-07 

1.10 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 7.3 1 7.1E-08 
CUMULATIVl 5 RISK - Dermal Coi Uact with Soil:Benzo(a)py 'ene 6.4E-07 

B enzo(b )fluoranthene 0.840 8 through <16 L 45 3220 0.13 0.09 90 8 25550 1.00E-06 0.73 3 4.3E-08 
0.840 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 0.73 1 5.4E-09 

CUMULATIVl 1 RISK - Dermal Coiitact with Soil:Benzo(b)fliioranlhene 4.9E-08 
Indeno(l ,2,3-cd)pyrene 0.720 8 through <16 45 3220 0.13 0.09 90 8 25550 1.00E-06 0.73 3 3.7E-08 

0.720 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 0.73 1 4.7E-09 
CUMULATIVE RISK - Dermal Contact with Soil:Indeno(I,2,3-cd)pyrene 4.2E-08 

CUMULATIVE RISK: Dermal Contact with Soil 7.9E-07 

CUMULATIVE RISK, Group 3, Upland Soil (0-10'): Current/Future Trespasser 2.9E-06 

Notes: 
COPC = chemical of potential concern; BW = body weight; IR = soil or sediment ingestion rate; EF = exposure frequency; ED = exposure duration; AT = averaging time; CF = units conversion factor; 
SA = skin surface area; AF =skin-soil adherence factor; ABSd = dermal absorption fraction; SF = oral/dermal cancer slope factor; ADAF = age-dependent adjustment factor (USEPA 2005); 
Risk = Incremental lifetime cancer risk. 

Incidental Ingestion Risk = EPC * IR * EF * ED * CF * SF * ADAF *1/BW * I/AT 
Dermal Contact Risk = EPC * SA * AF * ABSd * EF * ED * CF * SF * ADAF *1/BW * 1 /AT 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran 
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TABLE 3-32N, CONTINUED
 
CALCULATION OF CANCER RISKS FOR COPCS WITH A MUTAGENIC MODE OF ACTION
 

REASONABLE MAXIMUM EXPOSURES 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Exposure Point: Group 4 
Exposure Medium: Upland Soil (0-T) 

eceptor: Current Trespasser 

Exposure Pathway COPC EPC Age BW IR EF ED AT CF SF ADAF Risk 
(mg/kg) (years) (kg) (mg/day) (days/year) (years) (days) (kg/mg) (mg/kg-d)-i (unitless) 

I  T • f C - \ B enzo( a)anthracene 0.538 8 through <16 45 100 90 8 25550 1.00E-06 0.73 3 7.4E-08 
0.538 16 through <19 45 100 90 3 25550 1.00E-06 0.73 1 9.2E-09 

CUMULATIVE RISK - Incidental Ingestion of Soil:Benzo(a)qnthracene 8.3E-08 
Benzo(a)pyrene 0.552 8 through <16 45 100 90 8 25550 1.00E-06 7.3 3 7.6E-07 

0.552 16 through <19 45 100 90 3 25550 1.00E-06 7.3 1 9.5E-08 
CUMULATIVE RISK - Incidental Ingestion ofSoil:Benzo(a)pyrene 8.5E-07 

Benzo(b)fluoranthene 0.676 8 through <16 45 100 90 8 25550 1.00E-06 0.73 3 9.3E-08 
0.676 16 through <19 45 100 90 3 25550 1.00E-06 0.73 1 1.2E-08 

CUMULATIVE RISK - Incidental Ingestion ofSoil:Benzo(b)fluoranthene 1.0E-07 
Indeno( 1,2,3-cd)pyrene 0.516 8 through <16 45 100 90 8 25550 1.00E-06 0.73 3 7.1E-08 

0.516 16 through <19 45 100 90 3 25550 1.00E-06 0.73 1 8.8E-09 
CUMULATIVE RISK - Incidental Ingestion ofSoil:Indeno(I,2,3-cd)pyrene 8.0E-08 

CUMULATIVE RISK: Incidental Ingestion of Soil 1.1E-06 

Exposure Pathway COPC EPC Age BW SA ABSd AF EF ED AT CF SF ADAF Risk 

(mg/kg) (years) (kg) (cm2) (unitless) rag/cm2 
(days/year) (years) (days) (kg/mg) (mg/kg-d)-l (unitless) 

Dermal Contact with Snil B enzo( a)anthracene 0.538 
0.538 

8 through <16 
16 through <19 

45 
45 

3220 
3220 

0.13 
0.13 

0.09 
0.09 

90 
90 

8 
3 

25550 
25550 

1.00E-06 
1.00E-06 

0.73 
0.73 

3 
1 

2.8E-08 
3.5E-09 

CUMULA TIVE RISK - Dermal Contact with Soil:Benzo(a)anthracene 3.IE-08 
Benzo(a)pyrene 0.552 8 through <16 45 • 3220 0.13 0.09 90 8 25550 1.00E-06 7.3 3 2.9E-07 

0.552 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 7.3 1 3.6E-08 
CUMULATIVE RISK - Dermal Contact with Soil:Benzo(a)pyrene 3.2E-07 

Benzo(b)fluoranthene 0.676 8 through <16 45 3220 0.13 0.09 90 8 25550 1.00E-06 0.73 3 3.5E-08 
0.676 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 0.73 1 4.4E-09 

CUMULATIVE RISK - Dermal Contact with Sotl.Benzo (b)fluoranthene 3.9E-08 
Indeno(l ,2,3-cd)pyrene 0.516 8 through <16 45 3220 0.13 0.09 90 8 25550 1.00E-06 0.73 3 2.7E-08 

0.516 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 0.73 1 3.3E-09 
CUMULATIVE RISK - Dermal Contact with Soil:Indeno(l,2,3-cd)pyrene 3.0E-08 

CUMULATIVE RISK: Dermal Contact with Soil 4.2E-07 

CUMULATIVE RISK, Group 4, Upland Soil (0-1'): Current Trespasser 1.5E-06 

Notes: 
COPC = chemical of potential concern; BW = body weight; IR = soil or sediment ingestion rate; EF = exposure frequency; ED = exposure duration; AT = averaging time; CF = units conversion factor; 
SA = skin surface area; AF =skin-soil adherence factor; ABSd = dermal absorption fraction; SF = oral/dermal cancer slope factor; ADAF = age-dependent adjustment factor (USEPA 2005); 
Risk = Incremental lifetime cancer risk. 

Incidental Ingestion Risk = EPC * IR * EF * ED * CF * SF * ADAF *1/BW * I/AT 
Dermal Contact Risk = EPC * SA * AF * ABSd * EF * ED * CF * SF * ADAF *1/BW * I/AT 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran 
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TABLE 3-32N, CONTINUED
 
CALCULATION OF CANCER RISKS FOR COPCS WITH A MUTAGENIC MODE OF ACTION
 

REASONABLE MAXIMUM EXPOSURES 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Exposure Point: Group 4 
Exposure Medium: Upland Soil (0-10') 

[[Receptor: Future Trespasser 

Exposure Pathway COPC EPC Age BW IR EF ED AT CF SF ADAF Risk 
(mg/kg) (years) (kg) (mg/day) (days/year) (years) (days) (kg/mg) (mg/kg-d)-l (unitless) 

Incidental Ingestion of Soil Benzo(a)anthracene 38.0 
38.0 

8 through <16 
16 through <19 

45 
45 

100 
100 

90 
90 

8 
3 

25550 
25550 

1.00E-06 
1.00E-06 

0.73 
0.73 

3 
1 

5.2E-06 
6.5E-07 

CUMULATIVE RISK - Incidental Ingestion ofSoil:Bemo(a)anthracene 5.9E-06 
Benzo(a)pyrene 22.8 8 through <16 45 100 90 8 25550 1.00E-06 7.3 3 3.1E-05 

22.8 16 through <19 45 100 90 3 25550 1.00E-06 7.3 1 3.9E-06 
CUMULATIVE RISK - Incidental Ingestion ofSoil:Benzo(a)pyrene 3.5E-05 

B enzo(b )fl uoranthene 16.1 8 through <16 45 100 90 8 25550 1.00E-06 0.73 3 2.2E-06 
16.1 16 through <19 45 100 90 3 25550 1.00E-06 0.73 1 2.8E-07 

CUMULATIVlE RISK - Incidental Ingestion ofSoil:Benzo(b)tluoranthene 2.5E-06 
B enzo(k)fl uoranthene 20.3 8 through <16 45 100 90 8 25550 1.00E-06 0.073 3 2.8E-07 

20.3 16 through <19 45 100 90 3 25550 1.00E-06 0.073 1 3.5E-08 
CUMULATIVE RISK - Incidental Ingestion ofSoil:Benzo(k)fluoranthene 3.IE-07 

Dibenzo(a,h)anthracene 3.88 8 through <16 45 100 90 8 25550 1.00E-06 7.3 3 5.3E-06 
3.88 16 through <19 45 100 90 3 25550 1.00E-06 7.3 1 6.7E-07 

CUMULATIVE RISK - Incidental Ingestion ofSoil:Dibenzo(a,h)anthracene 6.0E-06 
Indeno(l ,2,3-cd)pyrene 8.49 8 through <16 45 100 90 8 25550 1.00E-06 0.73 3 1.2E-06 

8.49 16 through <19 45 100 90 3 25550 1.00E-06 0.73 1 1.5E-07 
CUMULATIVE RISK - Incidental Ingestion ofSoil:Indeno(I,2,3-cd)pyrene I.3E-06 

CUMULATIVE RISK: Incidental Ingestion of Soil 5.1E-05 

Exposure Pathway COPC EPC Age BW SA ABSd AF EF ED AT CF SF ADAF Risk 

(mg/kg) (years) (kg) (cm2) (unitless) mg/cm2 
(davs/year) (years) (days) (kg/mg) (mg/kg-d)-l (unitiess) 

B enzo( a)anthracene 38.0 8 through <16 45 3220 0.13 0.09 90 8 25550 1.00E-06 0.73 3 2.0E-06 
38.0 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 0.73 1 2.5E-07 

CUMULATIVlE RISK - Dermal Co tact with So l:Benzo(a)anthracene 2.2E-06 
Benzo(a)pyrene 22.8 8 through <16 45 3220 0.13 0.09 90 8 25550 1.00E-06 7.3 3 1.2E-05 

22.8 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 7.3 ' 1 1.5E-06 
CUMULA TIVE RISK - Dermal Contact with Soil:Benzo(a)pyrene I.3E-05 

Benzo(b)fluoranthene 16.1 8 through <16 45 3220 0.13 0.09 90 8 25550 1.00E-06 0.73 3 8.3E-07 
16.1 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 0.73 1 1.0E-07 

CUMULATIVlE RISK - Dermal Co itact with Soil:Benzo(b)fluoranthene 9.4E-07 
Benzo(k)fluoranthene 20.3 8 through <16 45 3220 0.13 0.09 90 8 25550 1.00E-06 0.073 3 1.0E-07 

20.3 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 0.073 1 1.3E-08 
CUMULA TIVE RISK - Dermal Contact with Soil:Benzo(k)fluoranthene 1.2E-07 

Dibenzo(a,h)anthracene 3.88 8 through <16 45 3220 0.13 0.09 90 8 25550 1.00E-06 7.3 3 2.0E-06 
3.88 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 7.3 1 [_ 2.5E-07 

CUMULATIVE RISK - Dermal Contact with Soil:Dibenzo(a,h)anthracene 2.3E-06 
Indeno(l ,2,3-cd)pyrene 8.49 8 through <16 45 3220 0.13 0.09 90 8 25550 1.00E-06 0.73 3 4.4E-07 

8.49 16 through <19 45 3220 0.13 0.09 90 3 25550 1.00E-06 0.73 1 5.5E-08 
CUMULATIVE RISK - Dermal Contact with Soil:Indeno(I,2,3-cd)pyrene 4.9E-07 

CUMULATIVE RISK: Dermal Contact with Soil 1.9E-05 

CUMULATIVE RISK, Group 4, Upjand Soil (0-10'): Future Trespasser 7.0E-05 

Notes: 
COPC = chemical of potential concern; BW = body weight; IR = soil or sediment ingestion rate; EF = exposure frequency; ED = exposure duration; AT = averaging time; CF = units conversion factor; 
SA = skin surface area; AF =skin-soil adherence factor; ABSd = dermal absorption fraction; SF = oral/dermal cancer slope factor; ADAF = age-dependent adjustment factor (USEPA 2005); 
Risk = Incremental lifetime cancer risk. 

Incidental Ingestion Risk = EPC * IR * EF * ED * CF * SF * ADAF *1/BW * I/AT 
Dermal Contact Risk = EPC * SA * AF * ABSd * EF * ED * CF * SF * ADAF *1/BW * I/AT 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran
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TABLE 3-32N, CONTINUED
 
CALCULATION OF CANCER RISKS FOR COPCS WITH A MUTAGENIC MODE OF ACTION
 

REASONABLE MAXIMUM EXPOSURES 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

(Exposure Point: Group 5 
Exposure Medium: Wetland Soil (0-1') 
[Receptor: Current/Future Trespasser 

Exposure Pathway COPC EPC Age BW IR EF ED AT CF SF ADAF Risk 
(mg/kg) (years) (kg) (mg/dav) (davs/year) (years) (days) (kg/mg) (mg/kg-d)-l (unilless) 

Incidental Ingestion of Soil B enzo( a)anthracene 0.64 
0.64 

8 through <16 
16 through <19 

45 
45 

100 
100 

90 
90 

8 
3 

25550 
25550 

l.OOE-06 
l.OOE-06 

0.73 
0.73 

3 
1 

8.8E-08 
1.1E-08 

CUMULATIVlE RISK - Incidental I igestion ofSoil:Benzo(a)cmthracene 9.9E-08 
Benzo(a)pyrene 0.64 8 through <16 45 100 90 8 25550 l.OOE-06 7.3 3 8.8E-07 

0.64 16 through <19 45 100 90 3 25550 l.OOE-06 7.3 1 1.1E-07 
CUMULATIVE RISK - Incidental Ingestion ofSoil:Benzo(a)pyrene 9.9E-07 

B enzo(b )fl uoranthene 0.80 8 through <16 45 100 90 8 25550 l.OOE-06 0.73 3 1.1E-07 
0.80 16 through <19 45 100 90 3 25550 l.OOE-06 0.73 1 1.4E-08 

CUMULATIVE RISK - Incidental Ingestion ofSoil:Benzo(b)fluoranthene I.2E-07 
Indeno( 1,2,3-cd)pyrene 0.56 8 through <16 45 100 90 8 25550 l.OOE-06 0.73 3 7JE-0S' 

0.56 16 through <19 45 100 90 3 25550 l.OOE-06 0.73 1 9.6E-09 
CUMULATIVE RISK - Incidental Ingestion ofSoil:Indeno(l,2,3-cd)pyrene 8.6E-08 

CUMULATIVE RISK: Incidental Ingestion of Soil 1.3E-06 

Exposure Pathway COPC EPC Age BW SA ABSd AF EF ED AT CF SF ADAF Risk 

(mg/kg) (years) (kg) (cm2) (unitless) mg/cm2 
(davs/vear) (years) (davs) (kg/mg) (mg/kg-d)-l (unitless) 

Dermal Contact with Soil Benzo(a)anthracene 0.64 
0.64 

8 through <16 
16 through <19 

45 
45 

3643 
3643 

0.15 
0.15 

0.09 
0.09 

90 
90 

8 
3 

25550 
25550 

l.OOE-06 
1.00E-06 

0.73 
0.73 

3 
1 

4.3E-08 
5.4E-09 

CUMULATIVE5" RISK - Dermal Coiitact with Soil:Benzo(a)mthracene 4.9E-08 
Benzo(a)pyrene 0.64 8 through <16 45 3643 0.15 0.09 90 8 25550 l.OOE-06 7.3 3 4.3E-07 

0.64 16 through <19 45 3643 0.15 0.09 90 3 25550 l.OOE-06 7.3 1 5.4E-08 
CUMULATIVE RISK - Dermal Contact with Soil:Benzo(a)pyrene 4.9E-07 

Benzo(b)fluoranthene 0.80 8 through <16 45 3643 0.15 0.09 90 8 25550 l.OOE-06 0.73 3 5.4E-08 
0.80 16 through <19 45 3643 0.15 0.09 90 3 25550 l.OOE-06 0.73 1 6.7E-09 

CUMULATIVE RISK - Dermal Contact with Soil:Benzo(b)fluoranthene 6.1E-08 
tndeno(l ,2,3-cd)pyrene 0.56 8 through <16 45 3643 0.15 0.09 90 8 25550 l.OOE-06 0.73 3 3.8E-08 

0.56 16 through <19 45 3643 0.15 0.09 90 3 25550 l.OOE-06 0.73 1 4.7E-09 
CUMULATIVE RISK - Dermal Contact with Soil:lndeno(l,2,3-cd)pyrene 4.2E-08 

CUMULATIVE RISK: Dermal Contact with Soil 6.4E-07 

CUMULATIVE RISK, Group 5, Wetland Soil (0-1') : Current/Future Trespasser 1.9E-06 

Notes: 
COPC = chemical of potential concern; BW = body weight; IR = soil or sediment ingestion rate; EF = exposure frequency; ED = exposure duration; AT = averaging time; CF = units conversion factor; 
SA = skin surface area: AF =skin-soii adherence factor; ABSd = dermal absorption fraction; SF = oral/dermal cancer slope factor; ADAF = age-dependent adjustment factor (USEPA.2005); 
Risk = Incremental lifetime cancer risk. 

Incidental Ingestion Risk = EPC * IR * EF * ED * CF * SF * ADAF *1/BW * I/AT 
Dermal Contact Risk = EPC * SA * AF * ABSd * EF * ED * CF * SF * ADAF *1/BW * I/AT 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran
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TABLE 3-32N, CONTINUED 
CALCULATION OF CANCER RISKS FOR COPCS WITH A MUTAGENIC MODE OF ACTION 

REASONABLE MAXIMUM EXPOSURES 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Exposure Point: 
Exposure Medium: 
Receptor: 

Groups 5&6 
Sediment (0-1') 
Current/Future Trespasser 

Exposure Pathway 

Incidental Ingestion of 
Sediment 

COPC 

Benzo(a)pyrene 

EPC 
(mg/kg) 

0.53 
0.53 

Age 
(years) 

8 through <16 
16 through <19 

BW 
(kg) 

45 
45 

IR 
(mg/dav) 

100 
100 

EF 
(davs/year) 

90 
90 

CUMULATIVE RISK - Incidental Ingestion ofSoil:Bemo(a)pyrene 
CUMULATIVE RISK: Incidental Ingestion of Soil 

ED 
(years) 

8 
3 

AT 
(days) 

25550 
25550 

CF 
(kg/mg) 

1.00E-06 
1.00E-06 

SF 
(mg/kg-d)-l 

7.3 
7.3 

ADAF 
(unitless) 

3 
1 

Risk 

7.3E-07 
9.1E-08 
8.2E-07 

8.2E-07 

Exposure Pathway COPC 

Benzo(a)pyrene 

EPC 

(mg/kg) 

0.53 
0.53 

Age 

(years) 

8 through <16 
16 through <19 

CUMULATIVE RISK: Dermal Contact with Soil 

BW 

(kg) 

45 
45 

SA 

(cm2) 

4194 
4194 

ABSd 

(unitless) 

0.13 
0.13 

AF 

mg/cm2 

0.33 
0.33 

EF 

(days/year) 

90 
90 

ED 

(years) 

8 
3 

AT 

(days) 

25550 
25550 

CF 

(kg/mg) 

1.00E-06 
1.00E-06 

SF 

(mg/kg-d)-l 

7.3 
7.3 

ADAF 

(unitless) 

3 
1 

Risk 

1.3E-06 
1.6E-07 

I.5E-06 

CUMULATIVE RISK, Groups 5&6, Sediment (0-1') : Current/Future Trespasser 2.3E-06 

Notes: 
COPC = chemical of potential concern; BW = body weight; IR = soil or sediment ingestion rate; EF = exposure frequency; ED = exposure duration; AT = averaging time; CF = units conversion factor; 
SA = skin surface area; AF =skin-soil adherence factor; ABSd = dermal absorption fraction; SF = oral/dermal cancer slope factor; ADAF = age-dependent adjustment factor (USEPA 2005); 
Risk = Incremental lifetime cancer risk. 

Incidental Ingestion Risk = EPC * IR * EF * ED * CF * SF * ADAF *1/BW * I/AT 
Dermal Contact Risk = EPC * SA * AF * ABSd * EF * ED * CF * SF * ADAF *1/BW * I/AT 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran
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TABLE 3-33A 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS 

CENTRAL TENDENCY 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal .Area Superfund Site - Teuksbury. Massachusetts 

Scenario Timeframe: CurrentTuture 

Receptor Population: Area 3 Resident 

Receptor Age: Child/Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of r PC- Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value Tnits Intake. Exposure Concentration CSF/Umt Risk* Intake.Exposure Concentration Rn?RfC 

\alue Units \alue Units Cancer Risk Value I nits \ aiue Units Hazard Ouotient 

Soil Upland Soil Group 3 Benzo(a)anthracene I IE-00 (mglcg) * * 8 6E-07 3 0E-06 mg kg-da> - -

(0-10') Upland Area Benzo(a)pyrene I IE-00 (mgkg) * * 8 6E-06 3 OF.-06 mgkg-da> -

BenzoMpyrene 7.6E-O1 (mg*g> ZOE-07 mg'-kg-day _ - 2.1E-06 mg^g-<lay - -

Benzo(b)fluoranthene 8 4E-0I (mglcg) • * 6 6E-07 2 3E-06 mgke-dav 

Bis(2-eth\lhexyl)phthalate (mgkg) 4 OE-04 mg kg-day 1 4L-02 (mg.kg-da\>l 5 6E-06 4 1E-03 mg'kg-day 2 0LMU mg,kg.da> 2 lE-ni 

Di-n-oct>lphthalate 1 6E-- 03 (mglcg) 4 3E-04 mg'kg-da> - - 4 4F-03 mg.kg-dav 4 OE-02 mgkg.dav 1 1E-01 

Indeno( 1.2.3-cd)P> rene 7 2F-01 (mg kg) • * 5 6E-07 2 OF-06 mgkg-daj - -

Naphthalene LOE+02 (mgfltg) 2.7E-05 mg/kg-diry - - 2.7E-04 mg/kg-day 2.0E-02 mg/kg/<foy 1.4E-02 

Incidental Ineeslion loluene 7 1E-+02 (mgkg) I 9L-04 mg.kg-da> - - 1 9E-03 mg.kg-day 8 OE-02 mg/kg da\ 2 4L-02 

I etrachloroethene 2 7E'O1 (mgkg) 7 2E 06 mgkg-da> 5 4E-0I (mgkg-da\)-l 3 9E-06 7 IE-05 mg.kg-day 1 OL-02 mg,kg/da> 7 4E-03 

I.2.4-Trimethylbenzene 5 9E-02 (mgitg) 1 6E-04 mg kg-da> 
: : .  _ 

1 6L-03 

1,3,5-TrimethyIbenzene 2OE-02 (mgkg) 5 3E-05 mgkg-dav I . 5 5E-04 mgkg-da> 

\>lenes (total) 9 OE-02 2 4E-04 mg.kg-dav 2 5E-03 mg/kg-da-v 2 0E-01 mgkg/dav 1 2E-02 

Arsenic 5.9E+O0 (»g*») 1.6E-0S mg*g-day 1.5E+00 (mg'kg-dayM 2.4E-C6 1.6E-O5 mg-'kg-day 3.0E-0+ mg-Teg/day 14E-02 

Cadmium 3 81.-00 (mgkg) 1 OF.-06 mekg-dav - - 1 OL-05 mg,kg-da> 1 0I--03 mg kg/day 1 OL-02 

Lead 73E-01 (mgkg) 1 9F.-05 mg kg-day - - 2 OE-04 m e.kg-day N'A (3) -

\ anadium 1.3E-01 (mgkg) 3.6E-06 mg.kg-day - - 3 7H.-05 mg/kg-day 9 OE-03 mg/kg/day 4 1E-03 

Exp. Route I otal 2 3L-05 4 4E-01 

Benzo(a)anthracene IE-00 (mgkg) * * 6 2E-07 2 2E-06 mg.kg-da> - -

Benzo(a)pyrene IE-00 (mgkg) * * 6 2E-06 2 2E-06 mg.kg-day -

Benzo(e)pyrene 8E-01 (mgfcg) UE-07 rag-kg-day - - I.5E-06 mg,1cg-day -

Benzo(b)fluoranthene 8E-01 (mgkg) * 4 8E-07 1 7E-06 mg.kg-da> -

Bis(2-ethvlhexyl)phthalate 2E-03 (mgkg) 2 2E-04 mg kg-da> 1 4F.-02 (mg,kg-da))-l 3 1E-06 2 3F.-03 mg. kg-day 2 0I-.-02 mg'kg da) 1 2E-01 

Di-n-oct\lphtha!ste (mgkg) 2 41>04 mg/kg-day 2 5E-O3 me kg-da\ 4 OE-02 mg'kg'day 6 1E-02 

lndeno(1.2.3-cd)P)rene 7E-01 (mg kg) • * 4 IF-07 1.4E-06 mg kg-day -

Xaphthatene 1E+02 (mg/kg) 1.9E-05 mg/kg-day - - 2.0E-04 mg..ig-day 2.0E-02 mg'kg/day t.OE-02 

Dermal Contact I oluene 7E-02 (mgkg) 0 OE-'-OO mgkg-da> - - 0 0E<-00 mekg-day 8 OE-02 mgkg.day 0 0L-00 

fetiachloroethene 3F.-01 (mg kg) 0 0E 00 mgkg-daj 5 4I.-0! (mgkg-da5)-I 0 OE-00 oor-oo mgkg-da\ 1 OE-02 mgkg,da\ o OEJ-OO 

1.2.4-1 nmetlnlbenzene 6E-02 (mgkp) 0 OE-00 mgkg-da> - - 0 OE-00 mg.kg-day - -

U.S-TrimethjIbenzene 2!->02 (mgkg) 0 0E->-00 mg.kg-day - - ()0!>00 mgkg-dav -

Xjlenes(lolal) 9E-02 (mgkg) 0 0E+00 mg kg-day - - 0 0E 00 mgkg-day 2 0E-01 mg'kg da\ OOE'OO 

.Arsenic 6E-00 (n»g*g) 2.6E-07 mg leg-day I.5E+0O (mg,1cg-day)-l 3.9E-07 2.7E-06 mg/fcg-day 3.0E-04 m&/kg/any 9.0E-03 

Cadmium 4EJ-00 (mgkg) 5.6E-09 mg kg-day J: 
" 

5 8E-08 2 5F.-05 mgkg'day 2 3F-O3 

Lead 7E-MH OngJtE) _ 0 0F>00 mg.kg-day _ 
OOEtOO mg.kg-day 

\ anadium 1E-01 (mgkg) 0 OE-00 mg/kg-day 0 OE-00 mg.kg-day 2 3E-04 mg.kg'day OOEtOO 

Exp. Route Total 1 1E-0? 2 0E-0I 

Exposure Point Total 3 4E-05 6 4E-01 

Exposure Medium Total j  | 3 4E-05 6 4E-01 

Risk From Reference | | 2.7E-06 8.6E-02 

Risk from Site | | 3 1E-05 ][ 5 5E-01 

Sutton Brook Disposal Area Superfund Site (210517) 
Woodard & Curran 

G:\210517 Sutton Brool<\wip\Human Health Risk AssessmentNrisk calcs_residential scenarios.xls\Area 3 Resident CT 
May 2007 



TABLE 3-33A
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 

Sutlon Brook Disposal .\iea Superfund Site - I ewkshun. Massachusetts
 

Scenaiio Iimeframe: Current rutuic 

Receptor Population: Area 3 Resident 

Receptor Age: Child. Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of T.PC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value (nits Intake Exposure Concentration CSI-L nit Ribk* Intake. Exposure Concentration Rfl) Rir 

Value Units \ alue Inits CancerR.sk Value Units Value Units Hazard Ouotient 

Wetland Soil GioupS 6 Benzo(a)anthracene 6K-01 (mgkg) 3 0F.-07 1.11,-06 mg kg-da> 

Wetlands Ben7o(a)P>rene 6E-0I (ing kg) 3 Oh-06 1 11,-06 mgkg-da> 

Benzo(b)fiuoranthene 8F.-01 (mgkg) 3 8E-07 1 3F.-06 mg kg-da\ 

Indeno(1.2.3-cd)l\rcne 6E-01 (mgkg) 2 6E-07 9 2E-07 mg kg-da> 

Incidental Ingestion Pen lene 3E-01 (mg kg) 4.0I-.-08 mg kg-da> 4.1F.-07 mg kg-day 

Arsenic 2EJ 01 (mg*g> 2.4E-06 ma kg-day 1.5E-00 (mgkg-day)-! 3.6E-06 2.5E-05 mc/kg-day 3.0E-04 ing'ke'day 8.2E-02 

Lead 6E'O1 (mg kg) 1.0E-05 mg kg-day 1 OE-04 mgkg-da> NA (3) 

Manganese 6E-02 (mgkg) 9.2E-05 mg kg-da> 
. : : 

9.5E-04 mgkg-da> 1.4F.-01 mg kg day 6.8I-.-03 

Vanadium IE 01 (mgkg) 1.9E-06 mgkg-da> 2.0E-05 mg kg-day 9.0I--03 mg.kg.day 2.2K-0? 

Exp. Route Total 7 5E-06 9 li;-02 

Ueii7o(a)anthracene 6E-01 (mgkg) 1 4E-07 4.IF.-07 mg kg-da> 

Benzo(a)pyrene 6E-0I (mg kg) 1 4E-06 4 1E-07 mg kg-da> 

Benzo(b)fluoranthenc 8E-01 (mg kg) 1.8E-07 5 2I>07 mg kg-dav 

Indcno( 1.2.3-cd)P> rene 6F.-01 (mg kg) 1.3E-07 3.6E-07 mg kg-da> 

Dermal Contact Pen lene 3L-01 (ing kg) 2.0K-08 mg kg-day 1.6E-07 mgkg-da\ 

Arsenic 2EMH (mgkg) 2.8E-07 mg/kg-day 1.5E--00 (mg/kg-day)-! 4.2E-07 2.2E-06 mg.k-g-day 3.0E-04 mg.kg.-day 7.5E-03 

Lead 6L-01 (mg kg) 0.01, 00 mg kg-da\ OOF. '00 mg kg-da> NA (3) 

Manganese 6E-02 (mgkg) 0.0K00 mg kg-day 0 OF, • 00 mgkg-da) 5.61.-03 mg'kg da> OOF,-00 

Vanadium n-.oi (mgkg) 0.0L-00 mg kg-da> 0.0E -00 mg kg-da> 2.3F.-04 mg kg day 0.0E-00 

Exp. Route Total 2 3E-06 7.51.-03 

Exposure Point f otal 9 9E-06 9 9K-02 

Exposure Medium I otal 9.9L-06 9.91-;-02 

Risk from Reference 4.0E-06 9.0E-02 

Risk from Site 5.8E-06 ]  [ 9 0F.-03 

Medium iotal 4.4E-05 7.4!:.-01 

Surface Water SuifaceWatei GioupS 6 .4-Dioxane 5F.-02 (mg I-) 1.2F.-07 mg kg-da\ l.lh-02 (mgkg-da\)-I 1 ^E-O'J 4.3I-X17 mg kg-da> 1 0F.-01 mg kg da, 4 3F.-06 

Wetlands Mcthvlene Chloride 5E-O3 (mg L) I.3T.-07 mg kg-day 7.51.-03 (mgke-da>)-l 9.9E-I0 4.8E-07 mckc-dav 6.0E-02 mg ke da\ 7.9F.-06 

1.2.4-Trimcth\ Ibcn/ene 4E-03 (mgl,) 6.1K-06 mg kg-da> 2 2F.-05 mg kg-dav 

2E-03 _ (mgl.)_ 1.5K-O6 mg kg-da\ 5.3F.-06 mg kg-day 

Dermal Contact 
Arsenic 7E-02 (mg I.) 3 2K-07 mg kg-da\ 1 5K-00 (mgkg-da>)-l 4 9E-07 1 2E-06 mg kg-da> 3 01.-04 mg kg da\ 3 9r.-03 

Cadmium 7E-03 (mg'L) 3.1E-08 mg kg-day 1.1E-07 mgkg-day 2.5E-05 mg-kg/day 4.5E-03 

Lead 1E-02 C«gL) 7.0F.-09 mg kg-da> 
:: 

2 51--08 mg kg-da> NA (3) 

Manganese 6E-0I (mg-L) 2.7E-06 xag/kg-day 
: 9.8E-06 mgkg-da> 1.9E-0? mg.'kg.'dny 5.2E-03 

Vanadium 5E-O3 

2E-00 

(fflg-L) 

(mg'L) 

2.5.E-08 

6.8E-06 

mg/kg-day 

mg/kg-day 
- - -  - - I 9.2E-08 

2.5E-05 

mg kg-day 

mglcg-day 

2.3E-04 

3.0E-01 

mg'kg/day 

mg/kg/day 

3.9E-04 

8.2E-05 

Exp. Route I otal 4.9E-07 1 4I--02 

Exposure Point I otal 4 9E-07 1 4F.-02 

Exposure Medium I otal 4 9K-07 1 4E-02 

Risk From Reference O.OE-'OO I.OE-02 

Risk from Site 4.9E-07 3 91XI3 

Medium Total 4.9IC-07 1 1.4E-02 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran
 
G:\210517 Sutton Brook\wip\Human Health Risk Assessment\risk calcs_residenti arios.xls\Area 3 Resident CT May 2007
 



TABLE 3-33A
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Tiinefrnme: Current/Tuture 

Receptor Population: Area 3 Resident 

Receptor Age: Child/Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern \alue Lmh Intake Exposure Concentration CSF/L n t Risk* Intake. Exposure Concentration RiDRfC 

Value Units Value Lmts Value Units Value Units Hazard Ouotient 

Sediment Sediment Group 5/6 Benzo{a)pyrene SE-01 (mE'kg) 2.5E-O6 8.7E-07 mg/kg-day - -

Wetlands 1 richloroethene 6E-02 (mgVg) 9 9F.-09 mg kg-day 4 OL-01 (mg kg-day)-! 4 OE-09 1 OE-07 mgkg-dav -

1.3.5-Trimetlnlbenzene 1I>O1 (mgTsg) 1 9L-06 mg1tg-day - - I 9E-05 mg.kg-day - -

Incidental Ingestion Arsenic 2E+O2 2.5E-05 mg-Tcg-day 15E-00 (mgAg-day)-l 3.BE-O5 2.6E-04 mg/lcg-Aiy 3.0E-04 mg:Tcg,'day 8.7E-0I 

Lead 2E+01 (mg%g} 3.3E-06 tng/iig-day - 3.4E-05 mg.'kg-day NA (3) -

Manganese 1E-MJ2 ttngfltg) 2.4E-05 mg,Ttg-da> - - 2.4E-04 mg/kg-<Jay J.4E-0! mg.kg/day 1.7E-O3 

Vanadium 9E+0Q (iDg/kg) 1.4E-Q6 tng/kg-day - - 1.46-05 mate-day 9.QE-Q3 iflgAg/day 1.6E-O3 

Exp. Route I otal 4.0E-05 8 7E-01 

Benza(a)pyrene 5E-01 (»g*B) * 3.0E-06 8.5E-07 mg-'Tcg-day - -

rrichloroethene 6H-02 (mglvg) 0 OE-̂ OO me Vg-da> 4 0E-01 (mgkg-da>)-l O.OE-00 0 0E- 00 mgkg-daj -

1.3.3-1 nmethjlbenzene 1F.J-01 (mgitg) 0.0E-00 mglig-day - - OOE-00 mg.kg-da> - -

Dermal Contact Arsenic 2E+02 (mg,<kg> 7.4E-06 mg-Tcg-day 1.5E-K>0 <mg*g-day)-J 1.1E-05 5.9E-05 mfrig-day 3.QE-04 mg/Ttg/day 2.0E-0I 

Lead 2E+01 fag/kg) O.OE-00 rng/kg-day - 0 0E+00 mglcg-day NA (3) -

Manganese 1E+02 Cmg/kg> O.OE-00 me-icg-day - O.OE+00 mg^g-day 5.6E-03 mgiTcg'day o.oE+oo 

Vanadium <>E-K)0 (meAe) O.OE+QO mg/kg-day - - • 0.0E+0Q me,4g-day 2.3E-04 mg/kg/day 0 0E+00 

Lxp. Route 1 otal 1 4E-05 2 OL-01 

Exposure Point Total 5.4E-05 1 1E+00 

Exposure .Medium Total 5.4E-05 1 1E-00 

Risk From Reference 5.4E-05 l.lE-'-OO 

Risk from Site 4.0E-09 0.0E+00 

Medium Total 5 4E-05 1 1E^OO 

Air Ambient Air Site 1.2.4- Trimelh> lbenzene 3E-03 (mg m3) 6 2E-05 mg m _ 4 8F.-04 mgm ' - -

Inhalation 
1.3.5-1 nmctn\lbenzsne 1E-02 (mg,m3) 2 0I.-04 

-  " " 
nipni' 

Benzene 4E-03 6 4F;-04 3 OE-02 mg>kg'da> 2 1E-02 

Xylenes (total) 9E-02 (mg'm3) ! .9E-03 mg;m3 - - 1.5E-02 1 0E-0I mg'lcgiday 1 5E-0I 

Exp. Route Total 6.4E-07 1 7E-01 

Exposure Point Total I 6 4E-07 1 7E-01 

Exposure Medium Total 6 4E-07 1.7E-01 

RisKEr6rn;Mfeat|ii iiliiliiiliiillil 
Risk from Site 6 4E-07 1 7K-01 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran
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TABLE 3-33 A
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury. Massachusetts
 

Receptor Population: Area 3 Resident 

R-eceptor Age: Child/Adult 

Medium Exposure Medium Exposure Point Exposure Route 

FUTURE SITE RESIDENTS ONLY 

Air Indoor Air Group 3 Inhalation 

EPC Cancer Risk Calcula ions Non-Cancer Hazard Calcu ations 

Value Units Intake/Exposure Concentration CShUmtRisk* Intake Exposure Concentration RfD RfC 

Value Units \ alue | t nits Cancer Risk Value j I nits \alue J Units Hazard Quotient 

3E-O5 mg/m3 4.0E-06 mg m3 - 3 lE-O^ me m3 8 or -oi (mg m') 3.9E-05 

1E-05 mg/m3 1.6E-06 mg m3 - - 1 3E-O5 mg m' 7 OF-02 (mg m>) I.8E-04 

1E-04 mg/m3 I.2E-O5 mg m ' - 9 6E-05 mg m3 1 8E-0I (mgm') 5.5E-04 

2E-04 mg/m3 1.9E-O5 mg m3 - - - 1 5F.-04 mg m.i 1 8F-02 (mg ml) 8.4E-03 

- mg/m3 - mg m3 - - - - mg m ' 1 8E-02 (mg m') 

5E-O5 mg/m3 6.3E-06 mg m3 - 4 9F-05 me m3 1 0E-0' (me m'l 1.6E-02 

1E-04 mg/m3 1.7E-05 mg m3 - - - 1 3F-04 me m3 2 0E-01 (mgm') 6.7E-04 

OE+OO 0E+00 0.0E+00 mg m3 - 0 0L-00 me m3 ' 8L-00 (mg m') 0.0E+00 

- mg/m3 - mgm3 I 6E-02 (mg m')-1 - mg m3 1 4F-O2 (mg mJ) 

OE+OO 0E+00 0.0E+00 me m^ - - 0 0E-00 mg m3 <0F.-01 (mg m') 0.0E+0O 

OE+OO 0E+00 0.0E+00 mg m3 - - - OOL'OO me m3 2 0E-0I (mg mJ) O.OE+00 

8E-02 mg/m3 1.OE-02 mg m? - 8 OF-02 mg mi _ 

7E-06 mg/m3 9.1E-07 mg m? 2 6E-02 (mg m )' 2 4F-08 7 OE-06 mg m3 2 If -00 (mg m') 2.9E-06 

Chemical of
 

Potential Concern
 

1.4-Dichlorobenzene 

2.4-DimetliyIphenol 

2-Methylpheno! 

3-.\!ethylphenol/4-Methylphenol 

4-MethylphenoI 

Naphthalene 

Phenol 

l.l.i-Trichioroethane 

I.I.2-Trichloroethane 

1.1-Dichloroethane 

l.l-Dichloroethene 

1.2.4-Trimeth\lbenzene 

1.2-Dichloroethane 

1.2-Dichloroethene mg m3 -

1 
T

O
 

3"
 

3"
 

1 6 OE-02 (mg mJ) 

cis-1.2-Dichloroethene OL+00 0E+00 0 0E+00 

1,2-Dichloropropane 2E-05 mg/m3 1.9E-06 mg m1 

1.3.5-Trimeth\lbenzene 2E-02 mg/m3 2.9E-03 mg m? 2 3F-02 
- m ; m  7 -

1.4-Dioxane OL+00 mg/m3 0.0E+00 mg m3 7 7E-03 (me m>y OOE-00 0 0E-00 mg m3 3 or oo (mgm') 0.0E+00 

2-Butanone 1E-01 mg/m3 1.3E-02 mgm3 - - - i or-oi mg m3 5 01,-00 (me m1) 2.0E-02 

4-Methyl-2-pentanone 4E-01 mg/m3 5.4E-02 mg m3 - 4 2F-01 mg m.' 3 0E-00 (mg m') 1.4E-0I 

Acetone 1E-01 mg/m3 I.2E-02 m e m  ' - - 9 2L-02 m g m ' ' 2F <00 (me m') 2.9E-02 

Acrylonitrile 4E-03 mg/m3 4.4E-04 me m' 6 8E-02 (mg m')-' ' nr,-0< 3 JE-O' mg m3 ' M-,0' (mg in') 9.7E-01 

Benzene 4E-04 mg/m3 4.4E-05 m g m ' 7 8F-0' (mg m')-' 3 1E-07 ' 4E-14 mg in' ' OE-02 (mg in') 1. IE-02 

Carbon tetrachlonde _ mg/m3 - mgm3 1 5E-02 (mg mJ)-' - - mg m3 2 5E-0' (mg m') -

Chloroform _ mg/m3 m g m ' 2 3E-02 (mgm')-' m ? m  ' 3 0E-01 (mg m>) -

Chloroethane 9E-01 mg/m3 L1E-0I m g m ' - - - 8 41-01 me m3 1 0F-01 (mg m>) 8.4E-02 

Ethylbenzene 9E-01 mg/m3 l.IE-01 mg m3 _ - - 8'E-01 mg m3 1 01,-00 (mg m') 8.3E-01 

Ethyl methacrv late _'E-02 mg/m3 4.0E-03 mgm3 - "_ __ 
3 IE-02 "!*?:\ ' 2L--01 (mg mJ) 9.9E-02 

mg m3 mg m3 (mg inJ) 
MethyleneChionde 1E-0I mg/m3 1.3E-02 * ^E-04 (mg m')' 6IT-06 s or.-oi 3 0E 00 (mg m') 

3.3E-02 

n-Propylbenzene 9L-03 mg/m3 1.1E-03 mg m3 - - - 8 'E-03 mv m3 1 4E-01 (mgm') 5.9E-02 

n-Butylbenzene OE+OO mg/m3 0.0E+00 mg m.' - _ o or,-oo mg n,3 1 tE-01 (mg m>) O.OE+00 

ert-Butylbenzene Of+00 mgimi 0.0E+00 mg m3 - - - 0OE-00 mg m.« 1 1E-01 (mg m') 0.0E+00 

p-Isopropylloluene 11-02 mg m3 1.3E-03 mg m3 - - 9 8E-O3 mg m3 4or-oi (mg m') 2.5E-02 

Tetrachloroethene T-05 mg ml 6 6E-06 mg m' 5 9E-03 (mg m')-1 3 9E 08 5 2f -0< m e m  ' 3 51.-02 (mg m') 1.5E-03 

Tetrahydrofuran 11-01 mem3 1 4E-02 mg m3 - i ir-oi mg in3 '01-01 (mg m') 3.7E-01 

Toluene 8F 00 mg m3 1 OE -̂00 mg tn3 _ _ 7 9E 00 me m3 5 Of,-00 (mg m3) 1.6E+00 

Trichloroethene 6L-05 mg m3 7.7E-06 mg m3 2 0E-03 (mem')-' 1 5r-08 6 0E-05 m e m  ' 6 0E-0I (mg m') 1.0E-04 

Vinyl chloride ' t - 04 mg in3 3 9E-05 mgm? 8 8E-03 (mg m')-' 3 4F-0^ 3 0F-04 mg m3 i or.-oi (me m') 3.0E-03 

Xylenes (total) 'L-00 mg m3 3 1E-01 mg m3 - - - 2 4E-00 mg m3 I OE-01 (mg m') 2.4E+01 

Exp. Route Total 3 7E-05 2 9E+01 

Exposure Medium Total || 3 7F-05 2 9E+01 

Risk From Reference || 

Risk from Site |j 3 7E-O5 | 2 9E+01 

Medium Total 3 7E-05 | 2 9E+01 

Woodard & Curran 
May 2007 



TABLE 3-33A
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tevvksbury, Massachusetts
 

Scenario Timeframe: Current/Future 

Receptor Population: Area 3 Resident 

Receptor Age: Child/Adult 

Medium Exposure Medium Exposure Point Exposure Route 

Groundwater Potable Groundwater Groups 3-6 Ingestion 

Exp. Route Total 

lies residential scenarios.xIsXArea 3 Resident CT 

Chemical of 

Potential Concern 

1.4-Dichlorobenzene 

2.4-Dimethylphenol 

2-Methylphenol 

S-Methylphenol/4-Methylphenol 

4-Methylphenol 

%oclorl254 

Alpha-BHC 

Bis(2-Ethylhexyl)phthalate 

Naphthalene 

Phenol 

l.I,l-Trichloroethane 

I.1.2-Trichloroethane 

U-Dichtoroethane 

U-Dichloroethene 

1.2,4-Trimethylbenzene 

1,2-Dichloroethane 

L2-Dichloroethene 

1,2-Dichloropropane 

1.3,5-Trimelhylbenzene 

1,4-Dioxane 

2-Butanone 

4-Methyl-'!-pentanone 

Acetone 

Acrylonitrile 

Benzene 

Carbon tetrachloride 

Chloroethane 

Chlorofonn 

cis-1,2-Dichloroethene 

Ethylbenzene 

Ethyl methacrylate 

sopropylbenzene 

Methylene Chloride 

n-Propylbenzene 

n-Butylbenzene 

p-Isoprop> ltoluene 

cri-Butj Ibenzene 

Tetrachloroethcne 

retrain drofuran 

Toluene 

I richloroethcne 

Viml chloride 

Xjlcnes (total) 

Antimony 

Vl'Olic 

3anwn 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Lead 

Manganese 

Nickel 

Silver 

Thallium 

Vanadium 

Zinc 

EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Value Units Intake/Exposure Concentration CSF/Unit Risk* Intake/Exposure Concentration RfD'T^C 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

3E-03 mg/L 1.6E-05 mg/kg-day 2.4E-02 (mg/kg-day>l 3.7E-07 1.4E-04 mg/kg-day 9.0E-02 mg/kg/day 1.6E-03 

2E-01 mg/L 8.8E-04 mg/kg-day - - 8.1E-03 mg/kg-day 2.0E-02 mg/kg/day 4-0E-01 

1E+00 mg/L 4.9E-03 mg.kg-day - - 4.5E-02 mg/kg-day 5.0E-02 mg/kg/day 8.9E-01 

2E+00 mg/L 1.0E-02 mg/kg-day - - 9.4E-02 mg/kg-day 5.0E-02 mg/kg/day 1.9E+00 

3E-01 mg/L 1.3E-03 mg/kg-day - - 1.2E-02 mg/kg-day 5.0E-02 mg/kg/day 2.4E-01 

1E-03 mg/L 5.8E-06 mg/kg-day 4.0E-0I (mg/kg-day)-l 2.3E-06 5.4E-05 mg/kg-day 2.0E-05 mg/kg/day 2.7E+00 

5E-O5 mg/L 2.3E-07 mg/kg-day 6.3E+00 (mg/kg-dayH 1.4E-06 2.1E-06 mg/kg-day -

6E-01 mg/L 3.0E-03 mg/kg-day 1.4E-02 (mg/kg-day)-l 4.2E-05 2.7E-02 mg.kg-day 2.0E-02 mg/kg/day 1.4E+00 

1E-02 mg/L 5.3E-O5 mg/kg-day - 4.9E-04 mg/kg-day 2.0E-02 mg/kg/day 2.5E-02 

9E+00 mg/L 4.6E-02 mg/kg-day - 4.2E-01 mg/kg-day 3.0E-01 mg/kg/day 1.4E+00 

5E-01 mg/L 2.4E-03 mg/kg-day - 2.2E-02 mg/kg-day 7.0E-01 mg/kg/day 3.1E-02 

7E-03 mg/L 3.4E-05 mg/kg-day 5.7E-02 (mg/kg-day)-l 1.9E-06 3.1E-04 mg/kg-day 4.0E-03 mg/kg/day 7.7E-02 

4E-J-00 mg/L 1.8E-02 mg/kg-day - 1.6E-0I mg/kg-day 2.0E-01 mg/kg/day 8.1E-01 

1E-01 mg'L 6.3E-04 mg/kg-day - - 5.8E-03 mg/kg-day 5.0E-02 mg/kg/day 1.2E-01 

1E+00 mg/L 6.8E-03 mg/kg-day - - 6.3E-02 mg/kg-day -

4E-02 mg/L 2.2E-04 mg/kg-day 9.1E-02 (mg/kg-day)-l 2.0E-O5 2.0E-03 mg/kg-day 2.0E-01 mg/kg/day 9.9E-03 

1E-01 mg/L 6.3E-04 mg/kg-day - - 5.8E-03 mg/kg-day 9.0E-03 mg/kg/day 6.5E-01 

4E-03 mg/L 1.8E-05 mg/kg-day 6.8E-02 (mg/kg-day)-l 1.2E-06 1.6E-04 mg,/kg-day - -

1E+00 mg/L 5.8E-03 mg/kg-day - - 5.4E-02 mg/kg-day -

3E+00 mg/L 1.5E-02 mg/kg-day l.IE-02 (mg/kg-day)-l 1.6E-04 I.3E-01 mg'kg-day 1.0E-01 mg/kg/day 1.3E+00 

8E+01 mg/L 3.7E-0I mg/kg-day - - 3.4E+00 mg/kg-day 6.0E-01 mg/kg/day 5.7E+00 

2E+02 mg/L 9.2E-01 mg/kg-day - - 8.5E+00 mg/kg-day 8.0E-02 mg,kg/day 1.1E+02 

7E+01 mg/L 3.6E-01 mg/kg-day - - 3.3E+00 mg/kg-day 9.0E-01 mg/kg/day 3.6E+00 

1E+00 mg/L 6.3E-03 mg/kg-day 5.4E-01 (mg-kg-day>l 3.4E-03 5.8E-02 mg/kg-day 1.OE-03 mg/kg/day 5.8E+O1 

5E-02 mg/L 2.2E-04 mg/kg-day 5.5E-02 (mg.kg-day>I 1.2E-05 2.0E-03 mg'kg-day 4.0E-03 mg/kg/day 5.OE-01 

5E-02 mg/L 2.5E-04 mg/kg-day 1.3E-01 (mg/kg-day)-l 3.3E-05 2.3E-03 mg/kg-day 7.0E-04 mg/kg/day 3.3E+00 

3E+00 mg/L 1.2E-02 mg-kg-day - - UE-01 mg/kg-day 

6E-03 mg/L 2.8E-05 mg/kg-day 3.1E-02 (mg/kg-day)-l 8.6E-07 2.6E-04 mg/kg-day 1.0E-02 mgkg/day 2.6E-02 

2E-01 mg/L 1.1E-03 mg,kg-day - - 9.8E-03 mg/kg-day 1.0E-02 mg/kg/day 9.8E-01 

8E+00 mg/L 4.1E-02 mg/kg-day - - 3.8E-0I mg/kg-day 1.0E-01 mg/kg/day 3.8E+00 

4E+00 mg/L 1.9E-02 mg/kg-day - - 1.8E-01 mg/kg-day 9.0E-02 mg/kg/day 2.0E+00 

8E-02 mg/L 4.0E-04 mg/kg-day - - 3.7E-03 mg/kg-day 1.0E-01 mg/kg/day 3.7E-02 

2E+00 mg/L l.IE-02 mg/kg-day 7.5E-03 (mg/kg-day)-l 8.0E-05 9.8E-02 mg/kg-day 6.0E-02 mg/kg'day 1.6E+00 

9E-02 mg/L 4.5E-04 mg/kg-day - - 4.1E-03 mg/kg-day - -

9E-02 mg/L 4.4E-04 mg/kg-day - - 4.0E-03 mg/kg-day _ -

1E-01 mgL 4 7F-04 mg kg-da> - 4 3E-03 mg kg-da> ! OE-01 mgkg.dai 4 3F-02 

7E-02 mgL 3 2L-04 mg kg-da> 3 OE-03 mg kg-da> 

(me ke-da>)-l 1 6E-05 2 7E-0 * me kE-dav i or.-02 mEkg.diiy 2 7E-02 

2E-01 mg L 9 7E-02 mg kg-day - 8 9E-01 mg kg-da\ -

8E+01 mg L 3 8r.-01 mgkg-da\ - - 3 5E-00 mgkg-da> 8 OE-02 mg-kg da> 4 4EJ-01 

6E-03 mgl 2 9P.-05 mg kg-day 4 0F.-01 (mgkg-dii>)-l 1 2E-05 2 •'E-04 mg,kg-da> _ -

7E-02 mgL 3 5E-04 mgkg-da} 1 5E-00 (mgkg-da» l 5 2E-04 3 2E-03 mgkg-da) 3 Oh-03 mg kg day 1 1E-00 

3E-0I mgL 1 4E-01 mg kg-da^ 1 iE '0  0 mg-kg-daj 2 0E-01 mg.Vg day 6 3E-00 

1E-01 mg.L 4 9E-04 mg'kg-day _ - 4.5E-03 mg/kg-day 4.0E-04 tng,kg/day l.lE^Ol 

2K-MH) mpL 1 1E-02 mg-kg-dav 1.5E-00 (mgkg-da>)-l 1 7E-02 1 OE-01 mgkg-da\ 3 OE-04 mg-kg day 3 5F.<02 

4E-01 mgL 1 8F.-03 mg.kg-da> - I 7E-02 mgkg-da> 2 OE-01 mg/Tig/day 8 31-02 

6E-01 mg'L 2.7E-03 ttig.kg-day - - 2.JE-02 mg&g-day 2.0E-03 mg/kg,-day 1.3E+01 

6E-02 mg/L 2 9E-D4 mgkg-day - - 2.7E-03 mg>kg-Aiy 5.0E-04 ingkg/day 5 4E+00 

3E-02 mg/L 1.5 E-04 mg/kg-day - - 1.3E-03 mg'kg-day 5.0E-04 mg/kg/day 2.7E-H10 

1E-0I mgl . 6 8F-01 mgkg-dav - - 6 3E-03 mgkg-da\ - " -

6E-02 tng/L 2.9JE-O4 mg'kg-day - - 2.7E-03 m|kg-day NA (3) -

1E-01 mgL i 4F,-01 mgkg-daj - - 1 3E-00 mg.kg-da> 4 7F-02 mg "kg day 2 8f 01 

8E-02 rog/L 3.9E-04 mg,kg-day - - 3.6E-03 mg.kg-day 2.0E-02 mg.kg'day 1.8E-01 

8E-01 ng/L 3.9E-03 mg/kg-day - 3.6E-O2 mgJkg-day S.0E-03 mg/kg'day 7.2E+00 

5E-O3 mgL 2.3E-G5 trig kg-day - - 2.J E-04 mg/kg-day 8.0E-O5 rng/kg/day 2.7E-00 

JE-02 mgL 4.9E-05 wgkg-day - - 4.5E-04 mg.'kg-day 9.0E-03 mg-^kg/day 5.0E-02 

eE^-01 m*-L 2.7E-01 mgikg-day - - 2.5E+Q0 mg.kg-day 3.0E-01 mg'kg/day S.2E+00 

2.1F-02 6 7E-02 



- -

TABLE 3-33A
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury\ Massachusetts
 

Scenario Timeframe: Current/Future 

Receptor Population: Area 3 Resident 

Receptor Age: Child/Adult 

Medium Exposure Medium Exposure Point Exposure Route 

Groundwater Potable Groundwater Groups 3-6 Dermal Contact 

EPC Cancer Ri k Calculations Non-Cancer Hazard Caku ations
 

\ alue I nits Intake Exposure Concent! ation CSFlmtRik* Intake'Exposun. Concentration RfD/RfC
 

\ alue i n n \ alue | Unite Value I nits \alue I nits Cancer Risk Hazard Ouotient 

mpl 9 11 -06 mg kg-dav 2 4E-02 (mg kg-dav )-l 2 2E-07 7 6F-05 mg kg-dav 9 OF-02 me kg dav 8 41 -04 

21-01 mgl 1 21 -04 mg kg-dav - - 9 6E-0l me kp-dav 2 01 -02 mg kg dav \ 81 -02 

1 L 0  0 mg,L 5.3L-04 mg kg-dav - - 4 4F-0^ mg kg-dav < Oh 02 me kg dav 8 91 -02 

2E+00 mg/L 8.9E-04 m g  l -dav 7 4E-03 ms kg-dav s Of -02 me kg dav 1 M -01 

3E-01 mg'X 1.1E-04 mg kg-dav 9 5E-04 mg kg-dav < OF-02 mg ke dav 1 91 -02 

mg "kg day 

5E-05 mg L 6.1E-08 mglg-dav 6 ^E-'-OG (mg kg-day)-I 3 8E-07 5 OE-07 mg kg-dav 

6E-01 mgX 3.9E-03 mg kg-dav 1 4E-02 (mg lg-day)-l 5 4E-05 3 2E-02 mg kg-dav 2 01--02 mg kg d-iy 1 6E 00 

IE-02 mgL 3.1E-05 mg kg-dav 2 6E-04 mg ke-dav 2 01 -02 mg kg dav 1 3E02 

9E+00 mg/I. 3.7E-03 mg kg-dav 3 IE-02 mg ke-dav '01-01 mg kg dav 1 OF 01 

5E-01 mg'X 4.0E-04 mg kg-dav 3 3E-0, mg kg-dav 7 01,-01 mglgdav 4 7F 0 

4E+00 mg'L 1.2E-03 mg lvg-dav _ 1 OE-02 mg kg-dav 2 0F-01 mglgd iv 5 0E02 

1E-01 mgX 7.7E-05 mg kg-day - 6 4E-04 mg kg-dav 15 01 -02 mg kg diy 1 3E02 

1E+00 mgL 1.2E-02 mglg-day - - 1 OE-01 mg kg-dav 

4E-02 mgX 9.3E-06 mg kg-dav 9 11-02 (mgl;g-day)-l 8 4E-07 7 7E-05 mg kg-dav 2 01,-01 mg kg dav 3 9E04 

1E-01 m g l 4.9E-05 mg/kg-dav - - 4 1E-04 mg ke-dav 9 Oh-03 mg kg dav 4 5F02 

4E-03 mg'L 1.5E-06 mg kg-dav 6 8 E 0 2 (mglg-day)-l 1 0E07 I 3E-05 mg kg-dav 

1E+00 mg'L 5.9E-03 mg'kg-da - 4 9E-02 me kg-dav 

3E+00 mg'X 4.6E-05 mg Ig-day 1 IE-02 (mgkg-dav)-l 5 OE-07 3 8E-04 mg kg-dav I 0L-01 me kg dav T8F0' ' 

8E+01 mg.L 3.6E-03 mg kg-day 3 OE-02 mg kg-dav 6 01 -01 mg ke div <0E0? -

mg kg-dav mg kg-dav 

7E+01 mgl 3.1E-03 2 5E-02 9 01,-01 mg ke dav 2 8F 02 mg Ig-dav mg kg-dav 

5E-02 2.9E-05 mg kg-dav "5 "5E-O2 (mg kg-dav )-l 1 6E-06 2 4E-04 mg kg-dav 4 01-03 mg kg dry 6 IF 02 

5E-02 mg/L 5.9E-05 mglg-dav 1 iF-01 (mglg-da )-l 7 7E-06 4 9E-04 mg kg-dav 7 01 -04 mg ke di) 7 0E01 

3E4 00 mgL 6.0E-04 mg<kg-day - - 5 OE-0' mg kg-dav 

6E-03 mg/L 2.2E-06 mglg-dav 3 IE-02 (mg/kg-dav )-l 6 9F-08 1 8FX1? mg kg-dav 1 01 -02 mglgday 1.8E-03 

2E-01 mg'X 8.3E-05 mg kg-dav - 6 9E-04 mg kg-dav 1 OF -02 mg kg day 6.9E-02 

8E-I-00 mg/L 2.2E-02 mg kg-dav - 1 8E-01 mg kg-dav 1 01,-01 mg kg day 1.8E+00 

4E+00 mgX 2.9E-03 mgkg-da - 2 4E-02 mglg-dav 9 01 -02 mglgday 2.7E-01 

8E-02 mg'L 4.6E-04 mglg-dav •* 8F-03 mg kg-dav 1 OF-01 mg kg day 3.8E-02 

2E+00 mgL 3.5E-04 mglg-dav 7 E-03 (mg Ig-dav >1 2 6E-06 2 9E-0' mg kg-dav 6 01 -02 mg kg day 4.9E-02 

9E-02 mgL 6.8E-04 mg kg-dav - - 5 7E-0' mg kg-dav _ 

9E-02 mgl 1.3E-03 mg kg-dav - - 1 IE-02 mg kg-dav 

1E-01 mgl 1.1E-03 mglg-dav - - 9 OE-0' mg kg-dav i or.-oi mg kg day 9.0E-02 

7E-02 mgL 7.5E-04 mg kg-dav - - 6 ''E-O'* mg kg-dav _ 

6E-03 mgl 1.5E-O5 mglg-day 4F-01 (mg Ig-dav H 8 2E-06 1 3E-04 mg kg-dav 1 01 -02 mg<kg day 1.3E-02 

2E+01 mgX 2.1E-03 mg Ig-dav 1 7E-02 mg kg-dav --

_ 

71 -02 me 1 1.6F-05 mg kg-dav 1 M 00 (mg kg-dav )-i 2.4F-0* 1 'I -04 mg kg-dav '01 -0- me kg dav 4.4F.-02 

31 01 mgl 1.0E-01 mg ke-dav 8 61 -01 mg kg-dav 2 01,-01 mekediv 4.3F. 00 

1E-01 mg'L 1.7E-06 mg kg-day 1.4E-05 mg kg-day 6 0F.-05 mg.kg day 2.3E-01 

2F.'0<) mg I, 3.9F-05 me kg-dav 1.5F. 00 (mgkg-da>)-l 5.8E-O5 3.2F-04 mg kg-dav ' 01 -04 mg kg dav 1 IF. 00 

41-.-01 mg I. 6.2E-06 me kg-dav 5.2E-05 mg kg-dav 1 4F-02 mg kg dav 3.7I-.-03 

6E-01 mgL 

6E-03 mgl 4.4E-06 melg-day 4 OE-01 (mg kg-dav )-l 1.8E-06 3 7F-05 mg kg-dav 

9.4E-06 mg/kg-day 7.8E-05 mg kg-dny 1.4E-05 trtc.'kc dav 5.6EMK) 

6E-02 mg/L 1.0E-06 mgkg-day - - 8.4E-06 mgk-g-da> 2 5E-05 mp.kg/dny 3.3E-01 

3E-02 1 .OE-06 mgkg-day 8.4E-06 mg kg-dav 2 5E-05 3.3E-01 ~ . 

Chemical of 

Potential Concern 

1.4-Dichloroben/ene 

2.4-Dimethylphenol 

2-Methylphenol 

3-Methylphenol/4-Methy!phenol 

4-Methylphenol 

Alpha-BHC 

Bis(2-Ethylhexyl)phthalate 

Naphthalene 

Phenol 

1,1,1-Trichloroethane 

1,1-DichIoroethane 

1,1-Dichloroethene 

K2r4-Trimefhylbenzene 

1,2-Dichloroethane 

L2-Dichloroethene 

1,2-Dichloropropane 

1,3,5-Trimethylbenzene 

1.4-Dioxane 

2-Butanone 

Acetone 

Carbon tetrachloride 

Chloroethane 

Chloroform 

cis-l,2-Dichloroethene 

Ethylbenzene 

Ethyl methacrylate 

Isopropylbenzene 

Methylene Chloride 

n-Propylbenzene 

n-Butylbenzene 

>-Isopropvltoluene 

tert-Butylbenzene 

Tetrachloroethene 

Tetrahydrofuran 

Trichloroethene 

Vinyl chloride 

\  v lenes (total) 

Antimony 

\isenic 

Beryllium 

Cadmium 

Chromium 

Cobalt 1K-01 

||l|
| 9.4E-07 me kg-dav 7.8F.-06 mg kg-dav .... . . 

Lead 6E-02 1.OE-07 make-day 8.4E-07 ing tcg-day NA (3) 

Manganese 3E-0I mgl, 4.9E-04 mg kg-dav - 4.0E-03 mg kg-dav I 9F-03 mg kg dav 2 21". • 00 

Nickel 8E-02 2.7E-07 2.2E-06 mg kg-day 8 OE-04 ing kg-day 2.8E-0? 

Silver mg'L 8.0E-06 mgkg-day 
— -_ 

6.7E-05 mg Ig-day 2.0E-04 mg'kg'day 3.3E-O1 

Thallium 5E-O3 mgT. 8.OE-0 8 tngkg-day - 6.7E-07 mg'kg-day 8 0E-05 mgkgday 8.4E-03 

Vanadium IE-02 mgL 1.7E-07 mg/kg-dnv - 1.4E-06 mg kg-dav 2 3E-04 mg kg.day 6.0E-03 

Zinc 6E+01 mg'L 5.5E-04 mg.kg-dav - 4.6E-03 mg,kB-daV 3.OE-01 mg/kg'day 1.5E-02 

Exp. Route Total 1.9E-04 3.61-;- 01 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran 
G:\210517 Suttpn- Brosk\wip\Human Health Risk AssessmentVisk calcs_residential scenarios,xls\Area 3 Resident CT May 2007 



TABLE?-3?A 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS 

CENTRAL TENDENCY 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksburj", Massachusetts 

Scenario Timeframe: Current/Future 

Receptor Population: Area 3 Resident 

Receptor Age: Child/Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculat Non-Cancer Hazard Calcu ations 

Potential Concern Value Units Intake/Exposure Concentration CSF/U nit Risk* Intake.Evpo ure Concentration RfDUfC 

Value Units Value Units Cancer Risk Value I nits Value I nits Hazard Ouotient 

Uroundwater Potable Groundwater Groups 3-6 Shower Air 1 4-Dichloroben7ene NC(4) 3.1E-05 (mg/in3) 6.7E-01 

2 4-DimetlrvIphenol NC (4) 2.0E-05 (mg/m3) - - 4.5E-04 (mp m3) 7.0E-02 (mg m') 6 4F.-03 

2-MetM Iphenol NC (4) 2.0E-03 (mg/m3) 7.3E-0' (me m3) 1.8E-01 (mp m1) 4.2E-02 

1-Metln Iphenol 4-Meth\ Iphenol \ C ( 4  ) 3.6E-03 (mg/m3) _ 1.3E-02 (mem3) 1.8E-02 (mg m') 7.3E-O1 

4-Meth\ Iphenol NC(4) 4.6E-04 (mg/m3) - - 1.6E-01! (mg m3) 1.8E-O2 (mg m') 9.4E-02 

\roclor 1 2M N'C (4) NA (mg/m3) 1.0E-01 (mg mJ)-' NA 

Alphj-BHC \C(4) NA (mg/ra3) 1.8E+00 (mgm5)-' - NA (mE m3) I.8E-03 (mgm') -

Bis(2-tth\lhex^)phthalate NC(4) 2.0E-06 (mg/m3) 2.4E-03 (mgm')-> 4.8E-09 4.4E-0"! (mR m3) 7.0E-02 (mg m') 6.2E-04 

Naphthalene NC(4) 8.6E-05 (mg/m3) - - 1.9E-(H (me m3) 3.0E-03 (me mJ) 6.3E-01 

Phenol NC(4) 2.4E-04 (mg/m3) - - 5.3E-OT (mg m3) 2.0E-OI (mg m1) 2.7E-02 

.1.1-irichloroethane \C(4) 5.2E-03 (mg/m3) - - 1.1E-01 (mg m?) 3.8E+00 (mg m1) 3.0E-02 

1 2-Tnchloroethane NC(4) 6.1E-05 (mg/m3) 1.6E-02 (mgm3)-' 9.8E-07 1.3F.-0' (me m3) 1.4E-02 (mgm') 9.6E-02 

,1-Dichloroethane NC(4) 4.2E-02 (mg/m3) - - 9.1E-0I (me mi) 5.0E-01 (mg m') 1.8E+00 

.I-Dichloroethene NC(4) 1.6E-03 (mg/m3) _ 3.4E-02 (me m3) 2.0E-0I (mg m3) 1.7E-01 

.2.4-1 nmeth\lbenzene NC(4) 4.2E-01 (mg/m3) - 1.5E-H10 (mg m3) - -

2-Dichloroelhane NC(4) 4.5E-04 (mg/m3) 2.6E-02 (mgm! )- ' 1.2E-05 9.8E-0^ (me m3) 2.4E+00 (mgm1) 4.0E-03 

.2-Dichloroethene \C(4 ) 1.5E-03 (mg/m3) _ _ 3.4E-02 

,2-Dichloropropane NC (4) 3.9E-05 (mg/m3) - 8.4E-04 (HIE in3) 4.0E-03 (mg m') 2.1E-01 

.3 5-Tnmetlulbenzene NC(4) 3.7E-01 (mg/m3) - 1.3E+ 00 (me m3) - -

4-Dioxane NC(4) 9.7E-04 (mg/m3) 7 7E-03 (mg m')-' 7.5K-06 2.1F.-02 (me ml1) 3.0E+00 (mg mJ) 7.1E-03 

-Butanone NC (4) 1.4E-01 (mg/m3) - - 3.0E*00 (me m3) 5.0E+00 (mg m') 6.0E-01 

-Mettnl-2-pentanone NC(4) 9.7E-01 (mg/m3) 2.1E-01 (msm3) 3.0E+00 (mi- m») 7.0E+00 

Acetone \C(4) 1.9E-01 (mg/m3) 4.2E-00 (mg m3) 3.2E+00 (me m') 1.3E+00 

\cr\lonitnle NC(4) 6.7E-03 (mg/m3) 6 8E-02 (mg mJ)-' 4.5E-04 I.5F.-01 (mem?) 3.5E-03 (mg mJ) 4.2E+0I 

Ben/ene N'C (4) 5.7E-04 (mg'm3) 7 8F-O3 (mg m >  ' 4.4E-06 1.2E-02 (mpm?) 3.0E-02 (mgm') 4.2E-01 

Carbon tetrachlonde NC(4) 5.2E-04 (mg/m3) 1 5E-02 (mg m >  ' 7.9E-06 1.1E-02 (me m3) 2.5E-03 (mg ,„') 4.7E+00 

Chloroethane NC(4) 1.0E+00 (mg/m3) - - 3.8E+00 (mem?) 1.0E+01 (me m») 3.8E-0! 

Chloroform \C(4) 6.1E-05 (mg/tn3) 2 3E-02 (mg m'K 1.4E-06 1.3E-03 (me ml) 3.0E-0I (mE m') 4.4E-03 

is-1 2-Dichloioethene NC(4) 2.5E-03 (mg/m3) - 5.6E-02 (mg IT.3) 6.0E-02 (me in1) 9.3E-01 

Etlnlbenzcne NC(4) 9.6E-02 (mg/m3) - - 2.1E+00 (me ml  ) 1.OE+00 (mg m») 2.1E+00 

Ltlnlmethacrvlate NC(4) 3.4E-02 (mg/m3) - - 7.5E-0! (mg m3) 3.2E-01 (mgm') 2.4E+00 

sopropAIbenzene \C(4) 2.6E-02 (mg/m3) - 9.2E-02 (in" ml  ) 4.0E-01 (mg m') 2.3E-01 

leth\lene Chloride NC (4) 2.6E-02 (mg/m3) 4 7L-04 (mg m')-' 1.2E-05 5.6E-01 (mem?) 3.0E+00 (me m') 1.9E-01 

-Prop>Iben/ene NC(4) 6.8E-02 (mg/m3) _ - 2.5E-01 (nig m l  ) I.4E-0I (me m') 1.8E+00 

-Burvlbenzene NC(4) 2.7E-02 (mg/m3) - - 9.5E-02 (me ml) 1.4E-01 (mg m>) 6.8E-01 

-Isopropyltoluene NC (4) 1 .OE-03 (mg/m3) _ - 2.2E-02 (mgm?) 4.0E-01 (mg m') 5.5E-02 

ert-But\lbenzcne NC (4) 2.0E-02 (mg/m3) - 7.1E-02 (me m3) 1.4E-0I (m.P m') 5.1E-01 

etrnchloroethene NC (4) 5.9E-05 (mg'm3) 5 9F-03 (mg m*)-1 3.5E-07 1.3E-03 (m g m3) 3.5E-02 (mg m') 3.7E-02 

etralndiofuian NC (4) 7.4E+00 (mg/m3) _ - 2.7E+0I (mgm?) 3.0E-0I (mg m!) 8.8E+01 

oluene NCJ4)_ 9.4E-01 (mg/m3) - 2.0E+01 (mem3) 5.OE+00 (mg m1) 4 1E+00 

NC(4) 

inU chloride NC(») 
9.9E-04 (mg/m3) 8 8E-03 (mgm')- ' 8.7E-06 2.2E-02 (mgm?) 1.0E-01 (mg m1) 2 2E-01 

\\lenes (total) NC (4) 3.2E-01 (mg/m3) _ - 7 OE+00 (me m3) 1 0E-OI (me m>) 7 OE+01 

Exp Route Total 5 1E-04 2 3E+02 

Exposure Medium Total 1 1 2 2E-02 9 4E+02 

Q.tiE-'-OO 1.4.E-KI1 

Risk from Site 2E-02 887 

Total of Receptor Risks Across All Media 2E-02 Total of Receptor Hazards Across All Media 972 

Risks from Reference 6E-05 55 

Risks from Site 2E-02 J 917 

(1) EPC = Exposure Point Concentration: CSF = Cancer Slope Factor; RJD Refei enc Dose. RiC =• Reteience Concentration 

(2) Cancer risk = Intake/exposure equation * CSF or Unit Risk; Hazard Index  Intake xposure equation ' RfD or Rit_". 

(3) Lead risks were evaluated separately. See text for explanation. 

(4) Shower model calculates an intake concentration. 

Shaded = Concentrations of contaminant are consistent with reference concentrations. 

* Cancer risks for benzo(a)anthracene. benzo(a)pyrene. benzo(b)fluoranthene. dibenzo(a.h)anthracene and indeno(1.2,3-cd)pyrene includes a receptor-specific Age-Dependent Adjustmi 

Woodard & Curran 
Sutton Brook Disposal Area Superfund Site (210517) May 2007 
G:\210517 Sutton Brook\wip\Human Health Risk AssessmentVisk calcs_residential scenarios.xls\Area 3 Resident CT 



TABLE 3-33B 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfiind Site  Tewksbury, Massachusetts 

Scenario Timeframe: Future 

Receptor Population: 

Receptor Age: 

Area 3 Resident 

Child/Adult 

Medium 

Soil 

Risk From Reference 

Risk from Site 

Exposure Medium 

Upland Soil 

(0-10') 

Exposure Medium I otal 

Exposure Point 

Group 3 

Upland Area 

Exposure Point Total 

Exposure Route 

Incidental Ingestion 

Exp. Route Tola! 

Dermal Contact 

Exp. Route Total 

Chemical of 

Potential Concern 

Benzo(a)anthracene 

Benzo(a)pviene 

Benzo(e)pjrene 

Benzo(h)fluoranthene 

Bis(2-eth\lhex>l)phthalate 

Di-n-oct\lphthalale 

Indeno(1.2.3-cd)Pyrene 

Naphthalene 

I olucne 

I etrachloroethene 

1.2.4-Trimeth) Ibenzene 

1.3.5-1 rimethylbenzene 

\>lenes (total) 

Arsenic 

Cadmium 

Lead 

Vanadium 

Benzo(a)anthracene 

Benzo(a)p>rene 

Benzofejpyrene 

Benzo(b)nuoranthene 

Bis(2-eth\lhexyl)phthalate 

Di-n-octvlphthalate 

Indeno(1.2.3-cd)P)rene 

Nuphthatene 

1 oluene 

I etrachloroethene 

.2.4-1 nmcth\ Ibenzene 

1.3.5-rrimelh) Ibenzene 

Xvienes (total) 

Arsenic 

Cadmium 

ead 

Vanadium 

EPC 

Value 

l.iE-'-OO 

1 1E-00 

7.6E-01 

8 4I-.-01 

15E'O^ 

1 61", 03 

7 2K-01 

I.OE+02 

7 I E - 0  2 

2 7E+01 

5 9F>02 

2 OF,-02 

9.0F-02 

S.9E+00 

3 8E-00 

1 3E-01 

I'mts 

(mg kg) 

(mg kg) 

(mg.kg) 

(mgkg) 

(mgkg) 

(mg kg) 

(mg kg) 

(mgtg) 

(mgkg) 

(mgkg) 

(mg kg) 

(mgkg) 

(mgftg) 

(mg kg) 

(mgkg) 

(mgkg) 

IE-00 

1E • 00 

8E-01 

8E-0! 

2E 03 

2E-03 

7E-01 

1E-T02 

7LViO2 

3E-01 

6F.-02 

2 b ' 0 2 

9E-02 

6E-00 

4i; -oo 

7F-0I 

1F.-01 

(mg kg) 

(mg kg) 

(mg'kg) 

(mgkg) 

(mg kg) 

(mg kg) 

(mg kg) 

(mg'kg) 

(mgkg) 

(mgkg) 

(mgkg) 

(mg kg) 

(mg kg) 

(mg'-kg) 

(mg kg) 

(mgkg) 

(mgkg) 

Cancer Risk Calculations 

IntakeE.\posure Concentration 

Value 

* 

5JE-07 

• 

1 0E-03 

1 1F.-03 

• 

6.7E-0J 

4 8F.-01 

1 8F.-05 

4 Oh-04 

1 3L-04 

6.0E-04 

4.0E-06 

2 5E-O6 

1 9E-05 

9 OE-06 

* 

* 

2.1E-07 

* 

3 2E-0 \ 

3 4E-04 

2.8E-05 

o OE-no 

0 0EJ-00 

0 0E-00 

0 0E-00 

0 0E -00 

3.7E-07 

8 OE-09 

0 0I.-00 

0 0E-"-00 

Lmls 

mg.-kg-day 

mg kg-day 

mg,kg-da) 

mg/kg-day 

mg.kg-dav 

mgkg-dav 

mg kg-da) 

mg,kg-day 

mg kg-da) 

mg/kg-day 

mgkg-da) 

mg/kg-dav 

mgkg-da) 

mg'kg-day 

mgkg-dav 

mg kg-dav 

mgkg-day 

mg kg-dav 

mg.kg-da) 

mg kg-da) 

mg.kg-da) 

mg-kg-day 

mg.kg-da) 

mgkg-di) 

mg/kg-dav 

CSF'LmtRisk* 

Value 

• 

* 

_ 

• 

1 4F-02 

_ 

_ 

-

5 4E-0I 

-

l.SE+OO 

-

-

Lnik 

(mg kg-da) )-l 

-

(mg,kg-da))-l 

(mg-kg^ayM 

• 

-

* 

1 4E-02 

z 

_ 

5 iE-01 

I.5E+00 

—I 
-

(mg.kg-da) )-l 

-

(mg kg-da> )-l 

_ .  _ _ _ 

(mg'kg-day)-! 

— " 

Cancer Risk 

1 SE-06 

I 8E-05 

-

I 4E-06 

1 4E-05 

1.2E-06 

-

-

9 8i:-06 

-

5.9E-06 

... : _ .  . 

-

5 2E-05 

7.2F.-07 

7 2E-06 

-

5 5F-07 

4 4F-06 

4 7E-07 

-

o o r • o  o 

-

- >  " 

5.6E-07 

I—" 
-

1 4E-05 

6.6E-0J | 

6.6E-05 J 

6.5E-06 | | 

6 OE-05 ^ |  p 

Non-Cancer Hazard Calculations 

Intake'Exposure Concentration 

Value 

6 0E-0C

6 OE-06 

4 2E-06 

4 6E-06 

8 2F.-03 

8 8E-03 

3 9E-06 

5 5E-O4 

3 9E-01 

1 5F;-04 

•< 2F.-03 

1 lb-03 

4 9E-03 

3.2E-05 

2 1E-0J 

4 0E-IM 

7 4E-05 

Units 

mg kg-da\ 

mg kg-da) 

mg •kg-day 

mg kg-day 

mgkg-da) 

mg-kg-dii) 

mg.kg-da) 

mg/kg-day 

mg.kg-da\ 

mg kg-da\ 

mgkg-da) 

mgkg-da) 

mg'kg-day 

mgkg-da) 

mgkg-da^ 

mgkg-da) 

2 2F.-06 

2 2E-06 

1.5E-06 

1 7E-06 

2 'E-0^ 

2 5E-03 

1 4E-06 

2.0E-04 

0 0E- 00 

0 0E-00 

OOE-00 

0 0U-00 

O0E-00 

2.7E-06 

5 8E-08 

0 OL-00 

0 0E<0O 

mg kg-day 

mgkg-dav 

mg'kg-dpy 

mgkg-dav 

mg kg-day 

mg kg-dav 

mg'kg-day 

mg.kg-dav 

mg kg-day 

mg kg-dav 

mg kg-dav 

mg.Tcg-day 

mg kg-dav 

meka-Ai) 

mg kg-day 

RfDRftT 

Value 

-

-

-

-

2 OE-02 

4 OE-02 

2.0E-02 

8 OF-,-02 

1 OE-02 

-

2 0L-0I 

3.0E-04 

i or-03 

NA (3) 

9 0F.-03 

-

_ 

-

2 OE-02 

4 OE-02 

2.0E-02 

8 nr-02 

1 OE-02 

-

2 0E-OI 

3.0E-04 

2.5E-05 

\  \ (3) 

2 3E-04 

Units 

mg.kg day 

mg/kg.dav 

mg'kg.'day 

mgkg.dav 

mgkg day 

• Ii*gS~ 
mg'kg da) 

mg/kg'day 

mg.kg-dav 

mgkg,da) 

mgiTce'day 

mg.kg da) 

mgkg.day 

ing/kg.day 

mgkgdav 

mg.kg da) 

Hazard Ouotient 

-

-

4 1E-01 

2 2F.-01 

-

2.7E-02 

4 9F,-02 

I 5II-02 

-

2 5E-02 

1.1E-0I 

2 IE-02 

8 2E-03 

8 8E-01 

-

-

I 2E-01 

6 IE-02 

1. OE-02 

OOF.-00 

o or,'00 

0 0F>00 

9.0E-03 

2 T-03 

00E-00 

2 0E-01 

1 IE-00 

I IE-00 

I.5E-0I 

9M;-OI 

Woodard & Curran Sutton Brook Disposal Area Superfund Site (210517) 
May 2007 G:\21Q517 Sutton Brook\wip\Human Health Risk AssessmentVisk calcs_residential scenarios.xls\Area 3 Resident RME 
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CALCl LAIION Or CHFA1IC.U CANCER RISKS AND NON-CANCER Fi.AZ \RDS
 

REASONABLE MAXIMl M EXPOSl'RE 

Remedial ln\estigation and F easibihh Studi
 

Sutton Brook Disposal Area Supeifund Site - 1 euksbun. Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Area 3 Resident 

Receptor Age: Child/Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Ca c u ations 

Potential Concern \ aluc I nils Intake Exposure Concentration CSFl'nilRisk* Intake Exposure Concentration Rff) RfC 

\alue Units Value I nits Cancer Risk Value Lnits V slue I'nits Ila7ardO"°'ient 

Wetland Soil Group 5/6 Denzo(a)anthracene 6r-oi (me kg) 6 31,-07 2 1F-06 mg kg-da> 

Wetlands Benzo(a)pjrene 6F-01 (mgkg) 6 M"-06 2 1E-06 mgkg-da> 

Benzo(b)fluoranthene 8E--01 (mg kg) 7 8F;-07 2 6F -06 mg \g-da\ 

Indeno(1.2.3-cd)P^rene 6E-01 _(mg1<g) 5 5F-07 1 8F-06 mg\g-d«\ 

Incidental Ingestion Perjlene 3E-01 (nig kg) 1 OL-07 mgkg-da\ 8 21,-07 mclsg-da\ 

Arsenic 2E-MH (mg'-kg) 6.0E-06 mgkg-day 1 5E+00 (niE'1cg-<Ja»-l 9.1E-06 4 9E-05 mg kg-dny 3.0E-04 mgU'day 1.6E-01 

1 ead 6E-0I 

6E-02 

(nig kg) 

(mgkg) 

2 51--05 

2 3E-04 

me ke-da\ 

mg kg-da> 
- - ;  ; -I' ~ 2 11-04 

1 9E-03 

mgkg-da\ 

mg kg-da\ 

\ \ H) 

1 4F-01 mgVgda> ! 41 -02 

\ anadium 1E-01 (mg kg) 4 8E-06 mg kg-da\ 

Lxp Route 1 otal 1 7r-05 1 8F-01 

Benzo(a)anthracene 6E-01 (mg kg) 2 1 F-.-07 4 lf-07 mg kg-d.^ 

Benzo(a)pjrene 6L-01 (mg kg) 2 1F-06 4 IF-07 mg kg-da\ 

Benzo(b)fluoranthene 8E-01 (mgkg) ; - 2 6E-07 i 21-07 mg kg-da> 

Indeno(1.2.3-cd)P\rene 6E-01 (mgkg) 1 8E.-07 
3 6E-07 mgitg-da^ 

Dermal Contact Pervlene 3E-01 (mgkg) 3 7F-08 mg kg-d« I 6F-07 mg kg-dm 

Arsenic 2E-01 (mg-kg) 5.2E-07 mg'kg-day 1 5E+00 (mg leg-day)-! 7.8E-07 2 2E-06 tng1tg-day 3.0E-04 mgkgdiiy 7.4E-03 

Lead 6E-0I (ing kg) 0 0E-00 mgkg-daj 0 0E 00 mgke-dn> \  \ 0) 

Manganese 6L-02 (mgkg) 0 0E-00 mg kg-dn> _ "1 _ 0 0E-00 mgkg-Ja-s " 6F-01 mg kg da> 0 01 >00 

Vanadium 0 0PX)0 mg kg-da\ 2 3E-04 mgkg dn> 0 OL-00 

Exp. Route Total 3 5F.-06 7 4t-03 

Exposure Point 1 olal 2 1F.-05 1 91-01 

Exposure Medium 1 otal 2 1E-05 1 9F-01 

t & j i g ^  : Reference 9.«E-06 J.7E-01 

Risk from Site I 1E-05 ~~]\ 1 8F-02 

. Medium I oUl 8 71,-05 1 'F'OO 

Surface Water Suiface Water Group 5 6 1.4-Dio\ane 5E-O2 (mgL) 2 3F-07 mgkg-da^ 1 1F-02 (mgkg-da\)-I 2 61, 09 9 4F -07 mg kS-dnN i or oi mg\gd.n 9 H -06 

Wetlands Methvlene Chloride 5E-0? (mg I.) 2 6L-07 mg kg-da\ 7 n~,-Qi (mgkg-da>)-l 1 9F-09 I 01 ",-06 mg kg-dav 6 OE-02 mg kg daN 1 7F-0< 

.2.4-Irimeth\lben/.ene 4E-03 (mg I.) 1 2L0S mg kg-da> 4 71-05 mg.kg-da> 

.3.5-Inmeth\lbenzene 2E-03 (mgL) 2 9E-06 mgkg-da\ i lr.-o-i mg\g-da\ 

Dermal Contact 
.Arsenic 7E-02 6 3E-07 mg kg-da\ 1.5L-00 (me kg-da\)-l 9 5F-07 2 iIZ-06 _ nigT,g-daN 3 0E-04 mgkg dn> 8 51-0? 

Cadmium 7E-O3 (mg/L) 6.0E-08 mg'kg-day 2.4E-07 mg'kg-dav 2.5E-05 mg.Tcg'day 9.7E-03 

Lead 1E-02 (mgL) 1 4E-08 
- _ . 

- 5 5E-O8 mg.kg-da\ NA (3) -

Manganese 6E-0I (mg/L) 5.3E-06 rng'Tig-day - 2.1E-O5 tng/kg-day 1.9E-03 me1<E.'dny l.IE-02 

Vanadium 5E-03 (mg'L) 5.0E-08 mg/kg-day - - 2.0E-07 mg'ltg-day 2.3E-04 mg.-kg/day 8.5E-04 

Zinc 2E+00 (mg/L) 1.3E-O5 mg-kg-dav - - 53E-05 niEivg-dflV 3.0E-01 mg/kg./day 1.8E-04 

Exp. Route Total 9 5E-07 3 1E-02 

Exposure Point ~\ otai 9 5F.-07 i 11.-02 

Exposure Medium 1 otal 9 5E-O7 3 1E-02 

RjsKErSffi: Reference 0.0E+00 2.2E-02 

Risk from Site 9 5E-O7 8 5E-03 

Medium Iotal 9.5E-07 3 1E-02 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran
 
G:\210517 Sutton Brook\wip\Human Health Risk Assessment\rlsk calcs_residential scenarios.xls\Area 3 Resident RME May 2007
 



TABLE 3-33B
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal .Area Superfiind Site - Tewksbury, Massachusetts
 

Future 

Receptor Population: Area 3 Resident 

Receptor Age: Child'Adult 

Medium Ex'posure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern \ aluc Units Intake Exposur e Concentration CSF Unit Risk* Intake-Exposur e Concentration RfDRfC 

\alue Units \alue Units Cancer Risk Value Units Value Units Hazard Ouotient 

Sediment Sediment Group 5 6 Benzo(a)pyrene 5E-01 (mg'-kg) * * 5.2E-06 I.7E-06 mgVg-day - -

Wetlands Tnchloroethene 6E-02 (mg'kg) 2 5E-08 mg kg-day 4 OE-01 (mg.kg-da\)-l ! OL-08 2 0F,-07 mg kg-da\ -

1.3.5-1 nmethvlbenzene 1E-HU (mgU ) 4 7E-06 mgVg-daj - - 3 8E-O5 mg.'kg-day - -

Incidental Ingestion Arsenic 2E+02 (mg/kg) 6.4E-05 mg/fcg-day 1JE-MJ0 (mg/kg-dayH 9.^E-05 3.2E-04 mg/kg-day 3.OE-04 trig.tg/'day UE-̂ -OO 

Lead 2E+01 (mgfcg) 8.3E-0S mg/kg-day - - 6 8E-05 mg/kg-day NA (3) 

Mnflgdnese 1E-02 (mg/kg) 5.9E-05 mg/ka-dav - - 4.8E-04 mg'-kg-day 1.4E-0I mg>T;g;day 3.5E-03 

Vanadium 9E+GG (mg/kg) 3.5E-Q6 mg/kg-day - - 2.9E-05 mg/fcg-day 9.0E-03 mg^g/day 3.2E-03 

Exp. Route I otal 1 OE-04 1 7EMJ0 

Benzc(a)pyrene 5E-01 (mg-icg) * * 4.4E-06 8.5E-07 mg-kg-day _ -

frichloroethene 6E-02 (mg.kg) O.OE-00 4 OE-01 (mgkg-dav)-I 0 0E-M10 0 0L-00 mg1ig-da> 
— " .  _ _ „ . _  . 

1.3.5-Tnm ethv Ibcnzene 1E-01 (mgkg) 0 OE-00 me kg-da> OOE-00 mg kg-da> 

Dermal Contact Arsenic 2E-02 (mg/kg) 1.4E-Q5 mg/kg-day 1JE-MX) (mg/kg-dayy-l 2.1E-05 5.9E-O5 mg/icg-day 3.0E-Q4 Wg.Tcg/day 2.0E-0I 

Lead 2E+01 (mg'kg) O.OE i-00 mg/kg-day - - 0.0E+00 rag/kg-day NA (3) -

.Manganese 1E+02 (mg*g) O.OE+00 mgig-day - - 0.0E+00 mg/kg-day 5.6E-03 mg.1<g'day o.oE+oo 

Vanadium 9E+00 Cng*g) 0.0E+DO mg/kg-day - - 0.0E+00 mg/kg-dfly 2.3E-04 mgritg/day O.OE-00 

Exp. Route I otal 2 6E-05 2 OE-01 

Exposure Point Total 1 3L-04 ] 9E-00 

Exposure Medium Total I 3E-04 1.9E-00 

•Risk From Reference 13E-04 1.9E+00 

Risk ft om Site 1 OE-08 0 OE-00 

Medium 1 otal 1 3E-04 L_ 1 9E-00 

\ir Ambient Air Site 1.2.4-1 nmethvlbenzene 3E-03 (mg.m3) I 6E-04 mgm' - 4 8E-0 \ mem* - -

1.3.5-1 nmethvlbenzene 1E-02 (mg.m3) 5 4E-04 mem ' - 1 6E-0.' mg m -

Benzene 4E-03 (mg m3) 2 2E-04 mg m' 7 8F.-03 (mg'kg-daj)-l 1 7K-06 6 4E-0 * mgm ' 3 OE-02 mg kgday 2 1E-02 

Xylenes (total) 9E-02 (mg m3) 5 OE-03 me m3 - - 1 5E-O2 mg m" 1 OE-01 " mg/kg/dav 1 ^t-01 

Exp. Route Total 1 7E-06 1 7E-0I 

Exposure Point Total 1 7F-:-06 1 7E-01 

Exposure Medium Total 1.7E-06 1.7E-01 

RisfcHbthRererBnce: 

Risk from Site il 1 7K-06 1 7E-01 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran 
G:\210517 Sutton Brook\wip\Human Health Risk AssessmentVisk calcs_residential seer irios.xls\Area 3 Resident RME May 2007 



TABLE 3-33B
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Area 3 Resident 

Receptor Age: Child/Adult 

Medium Exposure Medium Exposure Point Exposure Route 

FUTURE SITE RESIDENTS ONLY 

Air Indoor Air Group 3 Inhalation 

EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Value I nits Intake/Exposure Concentration CSF Unit Risk* Intake Exposure Concentration RfD/HfC 

Value Lnits Value Units Cancer Risk Value lnits Value Units Hazard Quotient 

mg ml 1 IE 05 mg/rn^ - T. I  F o*; mgnrl 8.0E-01 (mg/mJ) 3 9E-05 

1E05 ngol 4^E06 mg m3 - I ^E05 mg m% 7.0E-02 (ing/m5) 1 8E04 

IF 04 mg m^ 3 3E05 mg m^ 9 6E0< mgm^ 1.8E-01 (mg/m>) 5 ^E-04 

2E04 mg/m^ 5 1E0* m g m  3 - 1 ^E-04 mgm^ 1.8E-02 (mg/m3) 8 4F-0T 

mg m'' m t  ̂  - - B g B  l 1.8E-02 (mg/m3) 

mgm^ (mg/m5) 1 6E-02 

IE 04 mg m3 4 6E0<i mg m"! - - 1 ^E-04 mg m'' 2.0E-01 (mg/m3) 6.7E-04 

OF-'-OO OC-00 0 OE+00 mg m^ - - 0 OE+00 mgm l 3.8E+00 (mg/m3) 0.0E+00 

« «  ' m g m  i 1 6E02 (mg/mV - - mg mi 1.4E-02 (mg/m3) -

OE+00 OF 00 0 OE+00 mg m^ - 0 OE+00 mgmi 5.0E-01 (mg/m3) 0.0E+00 

0E+00 0F+00 0 0E-00 mgm^ - 0 OE+00 mgin^ 2.0E-01 (mg/m3) 0.0E+00 

8E02 mett.3 2 7E02 mem^ - - 8 OE-02 msm^ - -

mgrn^ mg m^ 2.4E+00 (mg/m3) 2.9E-06 

- mg/m3 - mg'mi - - - mgrn^ 6.0E-02 (mg/m3) 

OE+00 OE+00 O.OE^OO mg ml - - 0 OE+00 mgm3 6.0E-02 (mg/m3) O.OE+00 

2E-05 mg.'m3 5.0E-06 mg m^ - - 1 SE01 mg m^ 4.0E-03 (mg/m3) 3.7E-03 

2E-02 mgm? 7.8E-03 mg ml - - 2 ^E-02 mg m^ -

OE+00 mgrnS O.OE^OO mg m"< 7 7E-03 (mg m y 0 OE+00 0 OE+00 mg ml 

1E-0I mg m3 3.5E-02 mg m^ - I 0E-01 mg m^ 5.OE+00 (mg/m3) 2.0E-02 

4E-01 mg m3 1.5E-01 mg m^ - 4 2E-01 mg ml 3.OE+00 (mg/m3) 1.4E-0I 

1E-01 mg/m3 3.2E-02 mgm^ - - - 9 21--02 mg m^ 3.2E+00 (mg/m3) 2.9E-02 

4E-03 mg/m3 1.2E-03 mgm^ 6 8E-02 (mg m y 7 9E-05 3 4E-01 mg m'' 3.5E-03 (mg/m3) 9.7E-01 

4E-04 mgm3 1.2E-04 mg'm"! 7 SE-O^ (mg m ) l 9IF-07 3 4E-04 mg m^ 3.OE-02 (mg/m3) 1.1E-02 

_  _ . 
mg/m3 mgm^ 1 1E-02 (mg m y - mgm^ 2.5E-03 (mg/m3) 

mg/m3 mg/ni* 2 ^E-02 (mgm y 1 mg m^ 3.0E-01 (mg/m3) -

9E-01 mg/m3 2.9E-01 mg,.m 8 4EO1 8.4E-02 

9E-01 mg/m3 2.8E-01 mg m"* - - - 8 3F-01 mgmi 1.OE+00 (mg/m3) 8.3E-01 

3E-02 mg/m3 1.1E-02 mgm^ _ - 3 IE-02 mgmi 3.2E-01 (mg/m3) 9.9E-02 

OE+00 mgm^ O.OE+00 mg m^ - 0 OE+00 mg ml 4.0E-01 (mg/m3) 0.0E+00 

1E-01 mg/m3 3.4E-02 mg/m3 4 7E-04 (mg m y l eE-Ci 1 0E-01 mg'm^ 3.0E+00 (mg/m3) 3.3E-02 

9E-03 mg m3 2.8E-03 ing ml - 8 3F-03 mg m^ 1.4E-01 (mg/m3,) 5.9E-02 

OE+00 mgm3 O.OE-rOO mgnr* - 0 OE+00 I.4E-01 (mg/m3) 0.0E+00 

OE+00 mg m3 0.0E+00 mgnrt - - - 0 OE+00 mg m^ 1.4E-01 (mg/m3) 0.0E+00 

1E-02 mg'm3 3.4E-03 m g n  n 9 8E-0T mg m̂< 4.0E-01 (mg/m3) 2.5E-02 

5E-O5 mg m3 1.8E-O5 mgm3 5 9E-03 (mg m>y 1 OE-07 1 2E-05 mg m^ 3.5E-02 (mg/m3) 1.5E-03 

1E-01 mg m3 3.8E-02 mgm3 - - - 1 IF 01 m g m  ' 3.0E-01 (mg/m3) 3.7E-01 

Chemicil of
 

Potential Concern
 

1 4 Dichlorobenzene 

2 4 Dimeth>lphenol 

2 Metlnlphenol 

3 Metlnlphenol 4 \Ieth\Iphenoi 

4\Ieth>lphenol 

Naphthalene 

Phenol 

I 1 Tnchloroethane
 

I 2 Tnchloroethane
 

1 Dichloroethane
 

1 1 Dichloroethene 

1 2 4 Trimethylbenzene 

2 Dichloroethane 

,2-Dichloroethene 

cis-L2-DichIoroethene 

.2-Dichloropropane 

,3,5-TrimethyIbenzene 

,4-Dioxane 

2-Butanone 

4-Methyl-2-pentanone 

Acetone 

A.crylonitrile 

Benzene 

Carbon tetrachloride 

Chloroform 

Chloroethane 

Ethylbenzene 

Miyl methacrylate 

sopropylbenzene 

Methylene Chloride 

n-Propylbenzene 

n-Butylbenzene 

ert-Butylbenzene 

)-Isopropyltoluene 

Tetrachloroethene 

Tetrahydrofuran 

(mg/m3)Toluene 8E+00 mg,m^ - 7 9E+00 1.6E+00 5.OE+00 E 
E j "i 

(mgm3)Trichloroethene 6E-05 mg'm3 2.1E-05 mgm i 2 0E-0^ (mg m>y 4 1F-08 1 .OE-04 6 OE-05 6.0E-01 

Yin\1 chloride 3F.-04 mgm3 1.0E-04 mgm3 8 8E-03 (mgm)- ' 9 1F-07 3.0E-03 3 0E-04 1.0E-01 (mg m>) 

\\lencs (total) 3r,-oo mg;m3 8.4E-01 mg'm3 - 2 4E+00 mg m^ 1.0E-01 (mg m3) 2.4E+01 

Exp. Route Total 9 7E-05 2.9E^0I 

Exposure Medium Total 1 9 7E-05 2 .9ETO 1 

Risk From Reference 

Risk from Site 9 7E-05 2.9E+01 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran
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TABLE 3-33B
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tevvksbury. Mass! 

H'C Cancer Risk Calculations 

\ alue Units Intake Exposure Concentration CSF/t nit Risk* 

\ alue I nits \ alue I nits 

iF-O' 5 21 -05 mg kg-da> 2 4L-02 (mg kg-da\ )-l 

2F-01 mgL 3 OL-03 mgfcg-dav 

i r op HIP L I 61 -02 mg kg-day _ 

2E-00 mg 1 3 41 -02 mgVg-dav 

3L-01 __mgL 4 41 -03 mg T\e-dav 

1F.-03 m e  L 2 OF 05 mg ka-dav 4 0I-.-01 fmgkg-da>)-I 

5E-O5 mgL 7 7F-07 mgkg-da\ 6 M -00 (mg kg-dav )-l 

6E-01 mgL 1 f'E -02 mg kg-dav 
( }~  " - 

1E-02 me 1 1 8I"-04 mg kg-dav 

9E-00 mg L 1 5E-0I _ mgkg-da^ 

5E-01 mg L 8 OE-01 mgTcg-dav 

7E-03 mgL I 1E-04 meVg-dav 5 7E-02 (mgke-da\)-l 

4E+00 mg L 5 9L-02 mg Ve-dav 

1E-01 mgL 2 1F-01 mgTte-dav 

1E > 00 me! 2 if-02 mg kg-dav 

4E-02 mgL 7 3F-04 mg kg-dav 9 lT-02 (mgkg-da\)-l 

1E-01 2 ll-0"i mg ke-da> 

4E-03 mgl 5 9E.-05 mg kg-da\ 6 8' -02 (mgka-da\)-l 

1E-00 mgL 2 0E-02 mg kg-dav 

3E-00 mg L 1 91 -02 mg.kg-dav I lE-02 (mg kg-dav)-l 

8F-01 mgl i ->E-00 mg kg-dav 

mg kg-dav 

7E-0I mgL 1 21; 00 me Vg-djv " " " 

IE-00 mg L 2 IF.-02 mgkg-da\ 5 4L-0I (mg,kg-d.iv)-I 

5E-02 m g L 7 4E-04 mg kg-dav 5 5F.-02 (mekg-da>)-l _
5E-02 8 5F-0-1 mg kg-dav I 31.-01 (mgke-d.n)-l 

3E-00 me L 4 11,-02 mg kg-dav 

6F.-03 9 3H-05 mg kg-dav 3 IF.-02 (mgkg-da>)-l 

2E-0! mg L 1 6F -Oi mgke-ddv 

8EH10 mgL 1 4F-01 mg ke-dav 

4E-00 mg I 6 6E-02 mg"ke-dav 

8E-02 mgL 1 3E-O3 mg kg-dav 

(mgkg-dn»-l 

9E-02 mgL 1 5F-03 mg kE-dav 

9E-02 mg L 1 <F-0i mg kg-dav 

1E-01 mg L 1 61 -0^ mg kg-dav 

7E-02 mgT 1 It 03 mg-kg-da* _ 

&E-03 me L 9 8F-05 me ke-iiav 5 4E-01 (mgka-d:nM 

2E+01 mgL 3 iF-01 mg kg-dav 

8E'O! mgl, ! IF (10 mg ke-d.iv 

6F.-03 mg I, 9 8K-05 mgT.g-da, 4 0F.-01 (mgkg-da\)-l 

7E-02 1 2E.-03 mg kg-dav 1 H>00 (mgkg-da>)-l 

mg kg-dav 

JE-01 ing'L 1.6E-D3 mg1cg-daj 

2E-00 mgl . 3 8L-02 mgl>g-dn\ 1 5L-00 (mgkg-cia>)-l 

4E-01 _ _ m g ] - ^ _ 6 U - 0 ' mglvg-dav _ 

6E-01 mg'L 9.2E-03 mg/kg-day 

6E-02 mg/L 9.8E-04 mg.lsg-day 

3E-02 mg'L 4.9E-04 ing'Ttg-day 

1C-01 meL 2.3F-03 ms ke-dav
 

6E-02 mg'L 9.8E-04 mg.Tjg-day 

1E-01 mgL 4 8L-01 mg kg-dj>
 

8E-02 mg/L 1.3E-03 mg'kg-day 

8E-01 mg'L 1.3E-02 mg kg-day
 

5E-03 mg'L 7.9E-O5 ma kg-dav 

1E-02 mg'L l.GE-04 m-kg-day 

eE^-oi mg'L 9.QE-01 mg'1cg-day 

1 

Future 

Receptor Population: Area 3 Resident 

Receptor Age: Child/Adult 

Medium Exposure Medium Exposure Point Evposure Route 

Groundwater Potable GTOundwater Groups 3-6 Ingestion 

Chemical of 

Fotenti.il Concern 

I 4-Dichlorobenzene 

2 4-Dimetlnlphenol 

2-Methvlpheno! 

i-Meth\lphenol 4-Methvlphenoi 

4-MeUijlphenoI 

4roclorl254 

Alpho-BHC 

Naphthalene 

Phenol 

l.I.l-Trichloroethane 

I.I.2-Trichloroethane 

1.1-Dichloroethnne 

1.1-Dichloroethene 

1,2,4-Trimethylbcnzene 

1.2-Dichloroethane 

1.2-Dichloroethene 

;.2~DichIoropropane 

1.3.5-Trimethylbenzene 

1.4-Dioxane 

2-Butanone 

4-Methvl-2-pentanone 

Acetone 

Acrylonitrile 

Benzene 

Carbon tetrachloride 

Chloroethane 

Chloroform 

cis-1.2-Dichloroelhene 

Ethylbenzene 

Ethyl methacrylate 

sopropylbenzene 

n-Propylbenzene 

n-Butylbenzene 

>-IsopropyltoIuene 

ert-Butylbenzene 

Tetrachloroethene 

Tetrahydrofiiran 

Toluene 

rrichloroethene 

\ invl chloride 

Xvlenes (total) 

Antimony 

\jseiiic 

Barium 

Beryllium  " ~ 

Cadmium 

Chromium 

Cobalt 

Lend 

Manganese 

Vickel 

Silver 

Thallium 

Vanadium 

Zinc 

Non-Cancer Hazard Calculations 

Intake E\posur e Concentration RiDRJV 

\ alus I nits \alue Units Hazard Ouotient 

1 T-06 2 7L-04 mg kg-da> 9 (>I--02 mgkgdav i oi -oi 

1 T-02 mg kg-dav 2 01 -02 mg kg dav 7 5F.-0I 

8 if-02 mgkg-da-v < OF-02 mgkg.da^ 1 7F-00 

1 7E-01 mg.kg-d_a> ^ Of -02 ma kg dav i <E 00 

2 2E-02 mg.kg-dav ^ 0F.-02 mg kg da\ 4 5F-O1 

7 9h-0fi i OF-04 me ke-dav 2 0t-0< me-"ke day 5 OF,' 00 

4 <5E-O6 3 9E-06 mg kg-daN - -

. . 9 1 r-0} mgkg-da\ 2 OF-02 mgkgdav 4 6F-02 

7 8F.-01 mg kg-da\ 3 0E-01 mgkgdav 2 61 00 

i ir-02 mg kg-dj> 7 0E-01 mg kg dav < 8F-02 

6 5E-06 5 8F-04 mg-kg-da> 4 OF-03 mg kg An 1 11-01 

3 0F-01 mg ke-drn 20F-01 me kg dav 1 H.-00 

- 1 It-02 mg kg-da\ 5 OE-02 mg kg da> 2 2L.-01 

I 2E-0I mg kg-dav -

6 6F.-05 3 7E-03 mgliB-dav 2 oi; oi mgUda  v 1 8E-02 

! 11,-0 2 mg kg-da^ 9 OL-03 mg kg dav ! 21- < 00 

4 01 -06 "< OF-'U ma kg-dav 

1 01 -01 mg kg-dav -

5 4t-04 2M.-01 mg kg-da\ 1 OE-01 me kp d.iv 2 ?r 00 

6 4F,l00 mg^g-da\ 6 or-oi mgkgda) 1 11-01 

„ 6 IF,-00 mgkg-dfl> 9 0E-01 me kg da> 6 71 00 

1 21.-02 1 IE-01 mg kg-dav 1 01 -IP me kg dav 1 1L'O2 

4 11,-05 7 7F-m mg kg-dav • f'E-03 •ngVgda) 9 'F-01 

1 11-01 4 3E-0' mgkg-djv 7 0! -04 mg kg day 6 2F 0" 

- 2 11--01 mg-kg-dav 

2 9L-06 » 71,-04 mgkg-da\ 1 OE-02 mgkgdav 4 7L-02 

1 8L-02 mg kg-dav 1 0U-02 mg "kg*da\ 1 81 -00 

7 0F-OI mg kg-djv I Ot -0! mg kg dav 7 01 4 no 

3 iE-01 mg kg-dav 9 01--02 me kg dav i 71 00 

6 8L-01 mg kg-da) 1 01 -01 mgkgdav 6 81 -02 

1 81,-01 me ]\£-dav 6 01 -02 mg kg dav ~ 01 00 

7 6E-03 mgkg-da\ 

7 5E-<)3 mg "kg-dav -

- 8 0L-03 mg Vg-dav 1 0F-0! me kg dav 8 OF-02 

- 5 IF-0^ mg kg-dav -

5 3E-05 5 Of-0! mgkg-da> I 0( -02 mg kg dav 5 01,-02 

1 7F 00 mgVg-An -

6 <L 00 mg_kg-da> 8 01 -02 meVg'dav 8 1F - 01 

' 9F-05 5 f'L-04 maVg-dav 

1 7E-03 5 9r-0"< mg kg-dav ' 01 -1)1 mg ke dav 2 01 00 

- 2 ' l  . 00 mg kg-d.iv 2or.-oi mg kg.da> 1 21, 01 

- 8 3E-03 mg.1cg-doy 4 0E-04 mg/Ttg/daj 2 1 E ) O  I 

5 7F-02 1 91 -01 mg kg-da\ 3 0ET-()t mg ke dav 6 4F 02 

3 1L-02 mg Vg-dj\ 2 OE-01 mg kg da> I 5 F-01 

4.7E-02 nig..'kg-ddy 2 0E-03 tug Teg, day 2 3E-0I 

- 5 0E-O3 mg kg-day 5 0E-04 mg Teg day 1.OE-01 

- 2.5E-03 mg •kg-day 5 0E-04 mgiTt '̂dav 5-OE-tOO 

- 1 2E-02 mgkg-dav -

- SOE-fli mg'kg-day NA (3) -

2 4F.-00 mg kg-da-v 4 7i--02 me kg.dav 5 21 Mil 

- 6 6E-03 mg'kg-day 2 OE-02 mg'Ttg day 3.3E-0I 

- 6.6E-02 mg'kg-day 5.0E-03 mg'today 1.3E-01 

- 4.0E-04 mg,i£g-dny 8.OE-O5 mg/fcg'day 5 OE+00 

- 8 3E-04 ing-T.g-d.iy 9.0E-03 mg.1cg.day 9.2E-02 

- 4 6E+O0 mg'Tig-day 3 OE-01 mg-Ttg/day 3 . 5 E T O  1 

7 2E -02 1 2E-03 Exp. Route Total 

Woodard & Curran 
Sutton Brook Disposal Area Superfund Site (210517) 
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TABLE 3-33B
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - 1 euksbun . Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Area 3 Resident 

Receptor Age: Child-Adult 

Exposure Medium Exposure Point Chemical of Cancer Risk Calculation Non-Cancer Hazard Calculations 

Potential Concern 

I n 

Potable Groundwaler Dermal Contact 1.4-Dichlorobenzene 3E-03 2 9F-05 mgkg-dav mg kg-da\ 9 01 -02 mg kg da> 

unetlnlplienol 2F-01 "< 61 -04 mglvg-da\ me kg-da> 2 01 -02 me kg da\ 

2-Meth>lphenol i r; • oo 1 7E-03 mgkg-daj mg kg da* 

l-Meth\ Iphenol 4-Methj Iphenol 2I--00 mg L 2 8E-O3 me kg-da\ I 3F-02 

4-Meth>lphenol 3E-01 m g L 3 6E-04 1 71--03 mg kg da> 

.\roclor 1254 1 ££-03 mg I 0 0E-00 _mgkg-di\ 4 0E-0I (mg\g-da>)-I OOE-00 0 or '-oo mg kg-d« mgkgdav 

Alpha-BHC 5E-05 1 913-07 6 3 r -00 (mg.kg-da>H 1 213-06 8 8E-07 mg \g-da\ 

B.s(2-Ettnlhex>l)phlhalate 6E-01 I 2E-02 mgkg-day 1 4E-02 (mg,kg-da>)-l 1 7E-04 5 6E-02 mgkg-da> 2 OF-02 2 8K-00 

.aphthalene 1F.-02 9 8F.-05 _mg.kg-da> 4 5F-0* 2 013-02 mg.kg da> 2 T-02 

Phenol 9E-00 1 2F-02 mg1cg-da\ 5 3r-02 3 0E-01 mg kg dav 1 81-01 

1.1.1-I richloroethane 5E-01 1 3E-03 mglg-daj 5 8E-03 mg kg-da\ 7 0E-01 8 2K-03 

.1.2-1 richloroethane "F.-03 8 713-06 mgltg-da> 4 0L-0* mgkgdny I 0I'-02 

,1-Dichloroethane 4E 00 3 8F-O3 mgkg-dav 1 7[ -02 mg kg da> 8 "T.-02 

.1-Dichloroelhene 1E-01 mg L 2 4E-04 mg Vg-da> I.IF-O"5 

.2.4-1 rimethylbenzene IF,-00 mp L 3 9E-02 mgT<g-da> 

.2-DichIoroethane 2 01--01 mgkgda> 6 T.-04 

.2-D>ch!oroethene 1E-01 1 5F-04 7 IE-04 mg kg-da\ 9 0E-01 mg \g dn\ 7 «I -02 

.2-Dichloropropane 4E-03 4 8F-06 mg'kg-dav (mg leg-da* )-l 3 313-07 2 2F-05 mg kg-da> 

.3.5-1 rimeth\ Ibenzene IF.-00 1 9L-P2 mg kg-da\ 8 5K-02 mgkg-da. 

.4-Dioxane 3E-00 mgL 1 4E-04 mg kg-da\ (mgkg-da>)-l 1 6E-06 6 61--04 mg kg-dn^ 1 013-01 6 6C-01 

2-Butanone 8E-01 mgL 1 1E-02 mglvg-dav 5 21,-02 mg kg-da\ 6 0L-0I 8 6F-02 

-Mettnl-2-pentiinone 2E-02 mgL 1 2E-01 mg1\g-da> 5 513-01 me kg-d;n 8 OL-02 6 Qf • 00 

7E-01 mgl 9 6F-01 4 OL-02 

Acrjlonitrile IE-00 mgl I 8E-0 ^ mg kg-da> mg kg daj 8 31-01 

Benzene 5E-02 mg 1. 9 2E-05 me kg-dn* 5 5E-02 ( m g k g - M  H 5 1E-06 4 2F-04 mg kg-dai mg kg toy 1 11-01 

Carbon tetrachlonde 5F.-02 1 9E-04 mgkg-d.n 1 3F-01 (mgkg-da>)-l 2 4E-O5 8 6F-04 lngkg-da^ mg kg da\ 1 21. '00 

Miloroethane 3E+00 1 9L -03 mekg-dn 8 7E-03 mgVg-da> 

Phlorofonn 6E-03 7 OE-06 rngkg-da) 3 2L-05 me kg-da> 1 0C-02 3 21 - 0 ' 

is-1.2-DichIoroethene 2F.-0! 2 6h-04 mgkg-da^ 1 2F-03 mgkg-da> 1 OE-02 mg kg d.\-\ 1 21" 01 

ithylbenzene 8E-00 6 8E-02 ' IE-01 mg kg-dav i or-oi mg kg day i H,-on 

Etlnimcihncrvlate 4E-00 9 3E-03 mgkg-d.-n 4 3E-02 ^9 OE-02 me kg da\ 4 7F 01 

Isopropjlbenzene 8E.-02 1 5F-O3 mg kg-da\ 6 713-0-! 1 013-01 6 7F.-02 

,teth\lene Chloride 2E-00 1 1E-03 6 Of -02 8 51--02 

i-Prop\lbenzene 9E-02 mg] 2 2L-03 9 9E-03 mgke-dav 

i-BuMbenzene 4 1L3-O3 1 91"-02 mg kg-dn\ 

p-Isoprop\ltoluene lh-01 mgl . 3 4E-03 I 6E-02 mgkg-da\ mg kg da\ 

lert-Buhlbenzene 713-02 2 4E-03 1 113-02 

etrachloroethene 6E-01 i 8E-O5 2 2E-04 mg kg-da> 

~etrah>drofuran 2E-01 6 613-03 3 0F-02 me ke-dai, 

8E-0I ^ fiE-01 1 7F-00 mg kg-da^ 

nchloroelhene 

in> 1 chloride 7F-02 

.\lenes (total) 3E-01 3 3E-01 1 5E<00 mg \g-da\ _mgkgdaj__ 7 5E-OO 

Ajittmony 1E-01 mg'L 7.0E-06 4.2E-O5 rag leg-day jrng'Ttg 'da> ^ 7 0E-01 

2E 00 mgL 1 6t-04 mg kg-da> 9 81--04 mg kg dav 

4L-01 mg L 2 6F-O5 mg kg-da} I 6F-04 1 41,-02 mg kg da\ i i r-02 

6E-0J mg't 3.9E-05 mg/fcg-day uig'lig-day I 4E-O5 mg-'kg.'day 1.7E-01 

ng/kg-day mgicg'dny 

3E-02 4.2E-06 I.5E-05 mg-Tig-day^ 

robalt 1E-0I 3 9E-06 2 4E-05 mg_kg-da> 

6E-O2 mg'L 2.SE-06 mg.itg-day NA (3) 

3E-OI me kg-da> 1 2E-02 1 9E-03 6 5L-00 

_8E-D2_ mg/1vB-day 6.8E-0S mg^g-day 8.0E-04 givgjday 8.4E-03 

8E-O1 2.0E-04 mg Tig-day 2.0E-04 1.0EJ-00 

5E-03 2 5E-02 

1.8E-02 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran
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TABLE 3-33B 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfiind Site - Tewksbury. Massachuse 

Scenario Timeframe: 

Receptor Population: Area 3 Resident 

Receptor Age: Child/Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calcu ations Non-Cancer Hazard Calculations 

Potential Concern Value I nits Intake/Exposur e Concentration CSF L nit Risk* Intake/Exposure Concentration RfD/RfC 

Value Units \alue Units Cancer Risk \alue Units \ alue Units Hazard Ouotient 

Groundwater Potable Groundwater Groups 3-6 Showei Air .4-Dichlorobcnzcnc NC(4) 8 6E-04 (mg m?) 
1 1F.-0? (mgm?) 8 0E-01 (mg mJ) ? 9L-0? 

2.4-Dimethyiphenol NC(D 5 7E-04 (mg m1) 
- 

2 IE-03 

2-Methvlphenol NC(4) 2 0E-03 (mgm?) - - 7 UVO1 (mg m3) 1.8E-01 (me m') 4.2E-02 

1-Melhylphenol/4-Methylphenol NC(4) 3 6E-O3 (mgm1 ) - - 1 -E-02 (mg m3) 1.8E-02 (mg m') 7.3E-01 

4-Methylpheno! NC (4) 4 6E-04 (mg m3) - - I 61X13 (mg m3) 1.8E-02 (mg m') 9.4E-02 

Aroclor 1254 NC (4) NA (mg m1) i or-oi (m£ m3) ' - \ \ (mg m?) 7.OE-O5 (mgm') 

Alpha-BHC NC(») NA (mg m?) 1 8F*00 (mgm1)-1 - N  \ (mg m3) 1.8E-0' (mg m1) 

Bis(2-Ethylhexvl)phthalate NC (4) 5 6E-05 (mg m3) 2 tC-01 (mg m3)-1 1 "-L 07 2 PL-04 (mg m3) 7.0E-02 (mg m3) 2.9E-03 

Naphthalene NC (4) 2 4E-03 (mgm?) 8 6E-0? (mg m3) 3.0E-01 (me m*) 2.9E+00 

Phenol NC(4) 6 8E-O3 (mg m1) - - 2 <r,-02 (mg m3) 2.0E-01 (mg m') 1.2E-01 

.1.1-Trichloroethane NC (4) I 5E-01 (mgm?) < 2F.-01 (mem3) 3.8E+00 (me m1) 1.4E-01 

.1.2-Trichloroethane NC (4) 1 7E-03 (mg m?) 1 6F-02 (mg m')' 2 8M)< 6 2E-01 (mg m?) 1.4E-02 (mg m3) 4.4E-01 

I.l-Dichloroethane NC (4) ! 2E+00 (mg m?) - 4 21  00 (mg m3) 5.0E-0I (mg m') 8.4E+00 

,1-Dichloroethene NC (4) 4 4E-02 (mgm1 ) - - I 6F.-01 (me m3) 2.0E-01 (mg m') 7.9E-01 

,2.4-Trimethvlbenzene NC(4) 4 2E-01 (mgm3) - - 1 <E-00 (mg m?) 

.2-Dichloroethane NC(4) 13E-02 (mgm3) 2 6F-02 (me m3)-1 1 *E-04 4 H.-02 (mg m3) 2.4E+00 (mp, m') 1.9E-02 

.2-Dichloroethene NC (4) 4 3 E-02 (mg m3) - 1 6E-01 (mg m3) 6.0E-02 (mem1) 2.6E+00 

.2-Dichloropropane NC (4) 1 1E-03 (mgm1) 1 91.-0? (mg m3) 4.0E-01 (mg m') 9.7E-01 

.3.5-Trimethylbenzene NC (4) 3 7E-01 (mg.m3) - 1  1 L-00 (mg m3) - -

.4-Dioxane NC (4) 2 7E-02 (mgm1) 7 71-01 (me m') • 2 IF 04 9 8F-02 (mg m3) 3.0E+00 (mg m3) 3.3E-02 

2-Butanone NC(4) 3 8E+00 (mg..,,1) - - 1 4E-01 (mg n,3) 5.0E+00 (in? m') 2.8E+00 

4-Methyl-2-pentanone NC (4) 2 7E+01 (mgm1) - - 9 7F 01 (mg m3) 3.0E+00 (mg m') 3.2E+01 

Acetone NC(4) 5 4E+00 <mg.m3, - 2 01 ' 0  ! (me m3) 3.2E+00 (mgm1) 6.2E+00 

\crvlonitrile NC (4) l 9E-0I (mgm1 ! 6 8E-02 (mg m')-! 1 M -02 6 7L-01 (me m?) 3.5E-03 (mg m') 1.9E+02 

Benzene NC (4) 1 6E-02 (mgm?) 7 81 -n1 (me m') ' 1 21 04 •! 71-D2 (mg m3) 3.0E-02 (mg in') 1.9E+00 

1 5E-02 

Chloroethane NC (4) 1 OE+00 (mg in?) „ ' 1 8E 00 (mg m3) 1.0E+01 (mg m') 3.8E-01 

Chlorofonn NC(4) 1 7E-03 (mg,m?) 2 31-02 (mg m3) ' 1 9I--0* 6 IF 03 (mp m3) 3.0E-01 (mem1) 2.0E-02 

c.s 1 2-Dichloroethene NC (4) 7 1 E-02 (mg.m1) _ 2 6r-01 (mg m3) 6.0E-02 (mp m1) 4.3E+00 

th\lben7ene NC(4) 2 71> 00 (mg.m1) - - 9 71 • 00 (mg m3) 1.0E+00 (me m') 9.7E+00 

Etlnl methacnlate NC(4) 9 6P-01 (mgm *) - - 1 41 ' 00 (mg ..,3) 3.2E-01 (mg m') 1.1E+01 

soprop\Ibenzene NC (4) 2 6E-02 (mg.m?) Q 21 -02 (mg m3) 4.0E-01 (mE m3) 2.3E-01 

Metl»!ene Chloride NC (4) 7 2E-01 (mg.ni1) 4 71:-Ot (mg in')-1 l 4F-04 2 61'00 (me m3) 3.0E+00 (mp m1) 8.6E-01 

n-Prop\lbenzene NC(4) 6 8E-02 (mg mil - - :  M -OI (mgm?) 1.4E-01 (memJ) 1.8E+00 

n-But\lbenzene NC(4) 2 7L-02 (mgm?) - 9 <F-02 (mg m3) 1.4E-01 (me mJ) 6.8E-01 

p-Isoproj^ Holuene NC (4) 2 8E-02 (mg/m3) - I ni-01 (me m3) 4.0E-01 (mgm3) 2.5E-O1 

ert BuUlbenzene NC (4) 2 OE-02 (mg/m3) - 7 IF.-02 (mg m3) 1.4E-01 (mp mJ) 5.1E-01 

1 etrachloroethene NC(4) 1 6E-01 (mg.m1) 5 9L-03 (mg m3)-1 9 71 06 < 9F -o1 (mg m3) 3.5E-02 (mg in') 1.7E-01 

retrain droiuran NC (4) 7 IE-00 (mg.m1) 27L-01 (mg m3) 3.0E-01 (mg m3) 8.8E+01 

1 oluene NC(4) 2 6L-01 (ing.m?) - 9 4E-01 (mg m3) 5.0E+00 (mgm') 1.9E+0! 
_ 

nchloroethene NC(4) (mg m?) (mg m3)-1 

\ m \  l chloride NC(4)_ 2 8E-O2 (mg.m?) 8 8E-01 

(mg m')
2 4! -04 1 01-01 (mg m?) ! 0E-01 (m«* m1) 1 OF,-00 

\>lenes (total) NC(4) 9 OEi-00 (mg,m?) ' 2 L - 0  1 (mg m?) 1.0E-01 (mg in1) 3.2E-02 

E\p. Route Total 1 1 41 02 1 7 'E-02 

Exposure Medium Total 1 8 6E 02 1 2 U > 0  3 

Risk From Reference : 0 OE-rOO |[ 1.1ETO2 

Risk from Site | | 8 6E-02 _J[ 2 0I..0? 

Total of Receptor Risks Across All Media 9L-02 j I otal of Receptor Hazards Across All Media 2093 

Risks from Reference IE-04 | | 110 

Risks from Site 9F -02 2JI 1983 

(1) EPC = Exposure Point Concentration: CSF = Cancer Slope Factor; RfD = Reference Dose; RIC =• Reference ConLent 

(2) Cancer risk = Intake/exposure equation * CSF or Unit Risk; Hazard Index = Intake/exposure equation • RfD or RfC. 

(3) Lead risks were evaluated separately. See text for explanation. 

(4) Shower model calculates an intake concentration. 

Shaded = Concentrations of contaminant are consistent -with reference concentrations. 

* Cnncer risks for benzo(a)anthracene, benzo(a)pyrene, benzo(b)fiuoranthene, dibenzo(arh)anthracene and indeno( 1,2.3-cd) eceptor-specific Age-Dependent Adjustment Factor. Derivation of ca ounds is shown on Table 33-N. 

Woodard & Curran Sutton Brook Disposal Area Superfund Site (210517) 
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TABLE 3-33C
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL I ENDENCY
 

Remedial Instigation and Jeasibilitv Studv
 

Sutton Brook Disposal Aiea Superfund Site - Tewksbun. Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Area 4 Resident 

Receptor Age: Child-Adult 

Medium Exposure Medium Exposure Point Exposuie Route Chemical or F.PC Cancer Risk Calculations Non-Cancer i iazard Caic jlations 

Potential Concern CSMnitR.sk* Intake Exposur e Concentration RfO RfC 

\ alue Units \alue Units Cancer Risk Value Units \ alue I nits Fiazard Ouotient 

Soil Upland Soil Group 4 Benzo(a)anthracene 3 8K'O1 (mg kg) _ l._ _ . ! -
3 OE-05 1 0] -04 mg kg-dav . .  . . . . 

(0-10') Upland Aiea Benzo(a)pviene 2 3E-01 (mgkg) 1.8E-04 6 3E-O5 mg.kg-dav 

Bcnzo(e)pyrsne I.7E-01 (mgkg) 4.5E-06 mg.Tcg-day _ - 4.7E-05 mg.'kg-day - -

Benzo(b)fluornnthene 1 6E 01 I 3E-O5 4 IE-OS mg.kg-day 

Benzo(k)fluoranthene 2 OK-01 (mgkg) ! -  1 6E-06 mgkg-dav -:_ _. -
Bis(2-Chloroethoxv)methane 4 9E-01 (mg kg) ! 3E-07 mgkg-dav 1 3E-06 me kg-dav 

Carbazole 2 2K'O1 (meVg)_ 5 8E-06 mg.kg-day 2 OE-02 (mg kg-dav )-l 1 2E-07 6 OI'-O* me kg-dav 

4-Chloro-3-metlivlphcnol 3 7L-01 (mgkg) 9 9E-08 mgkg-dav 1 OE-06 mg kg-da\ 7 PF-02 mg kg,day 14E-0S  ~ " 
Incidental Ineestion Dibenzo(aii)anthracene 3.9E-'OO (mgkg) * 3.OE-0 5 UE-05 in g 'kg-da y - -

Dibenzofuran 2 0E-01 (mg kg) 5 4E-06 mgkg-dav - 5 <E-05 mgkg-dav 2 OE-0' mg kg dav 2 8E-02 

Indeno(1.2.3-cd)Pyrene 8 5E-00 (mgkg) 
-

6 6E-06 2 3E-0? mgkg-da> 

~ 
2-Methvlnaphthalene 1 4E-01 (mg ke) 3 8F.-06 me kg-dav 3 9E-05 

Naphthalene 1.3E+01 <mg/kg) 3.5E-06 mg-kg-day 3.6E-05 mgkg-day 2.0E-02 mgTvg.'day I.8E-03 

Perv lene (mg kg) - mgkg-day - - mgkg-dav -

CI1-C22 Aromatics 7.2E-01 (mgkg) 1 9E-05 mg kg-day - - 2 OE-04 mg'kg-day 3 01,-02 mg kg day 6 51,-03 

Arsenic 7.1E-00 (mg'icg) 1.9E-06 mg.lcg-day 1.5E-M)0 (mglg-diyM 2.«£-06 1.9E-05 mg'lig-day 3.0E-04 mg/kg/da\ 6.5E-02 

I ead 1 3EJ02 3 6E-O5 mg kg-dav 3 •'L-04 mg kg-dav \'.\ (') 

Manganese 1.7E-02 (mgkg) 4 5E-0" meke-dav . . ." 4 7E-04 mgkg-day ! ir.-ni mg kg dav 

\ anadium 1 6E-01 (me kg) 4.2E-06 mg.kg-day 4 3E-O5 mgkg-day 9 OE-01 mg.kg-day 4.8E-03 

E\p. Route Total [j 2.6E-04 ]j I 4E-01 

Benzo(a)antliracene 4E-01 (mgkg) • _. . . . 
2 lF-ns 7 6E-D5 mgkg-dav -

Benzo(a)pvrcne 2E-I01 (mg kg) * • 1 3E-04 4 6E-05 mgkg-day 

Benzo(e)pyrene 2E+01 (mg.kg) 3.3E-06 mg Tig-day -. - 3.4E-O5 mg Tig-day _ 

2 
' 

| 
| 

Benzo(b)fluoranthene 2E-0I (mg kg) me kg-day 

Bcnzo(k)fluoranthene 2F.-01 (mg kg) 4 01.-0^ mg kg-day 

I3is(2-Chloroethoxy)methane 5L-01 (mgkg) 7 2F-08 7 51,-07 " . ;: 
Carbazole 2E-0! (mgkg) 3 2E-06 mg kg-dav 2 OE-02 (mg kg-day )-l 3 4E-05 mgkg-dav 

4-Chloro-3-inethv iphenol 

Dibenzo(a.h)anlhracene 

Dibcnzofurnn 

Indeno(1.2.3-cd)Pyiene 

-Methvlnaphthalene 

2-MelhvlnaphtIialene 

Naphthalene 

Peiylcne 

CU-C22 Aromatics 

Arsenic 

Lead 

Manganese 

\ anadium 

Exp. Route i otal 

Exposure Point I otal 

Exposure Medium I otal 

Risk from Site 

4E-0I (mgkg) 5.5E-O8 mg.kg-day - * 7E-07 mgkg-dav ~ OE-02 

4E-00 (mg/kg) * 2.3E-05 7.7E-06 mg kg-day -

2E 01 (mgkg) 3 OE-06 mgkg-dav_ .. 
3 1E-05 mg kg-day 2 OE-03 

s r - o  o (mg kg) 4 8F.-06 1 7E-05 mg kg-dav 

IF-, 01 (mg kg) 2 3E-06 mg.kg-da\ - - 2 4E-015 mgkg-dnv 4 01,-03 

1E • 01 _ _ (m.£Jig) _ 2 8E-06 mgkg-day _ r. _ -
2 9E-05 mgkg-dav 4 01--03 

1E-HH (mg/kg) 2.5E-06 mgkg-day 2 6E-O5 mg kg-day 2.0E-02 

(mgkg) - mg kg-dav - - mg kg-dav 

7F-0! (mg kg) 1 1E-05 mg.kg-day - I 1E-04 mg.kg-day 3 OE-02 

7E-00 (mgkg) 3,1E-O7 mg-kg-day I.5E-00 (mg.kg-day)-! 4,7E-07 3.3E-O6 mgTtg-daj 3.0E-04 

Hi-02 0 0E-00 mgkg-dav __ 11 . _  _ 0 0E-00 mgkg-dav NA (3) 

2E- 02 (mgkg) 0 0E-00 
. 

: — OOL'OO mg kg-dav 5 6E-0? 

2E-01 (mgkg) 0 OL-00 mgkg-dav 0 0E-00 mgkg-day 2 3E-04 

1 9E-04 

4 JF-04 

4 5L-04 

5.7E-O5 

3 9E-04 

mg kg day 

mg kg dav 

mgkg day 

mg/kg'dfly 

mgkg. day 

mg/kg'ddv 

mgkg. dav 

mgkg.day 

8 l t -06
 

-


1 6F-02
 

6 0F.-03 

7 2F-03 

1.3E-03 

-

' 7L-03 

1.1E-02. 

0 0E-00
 

0 0E-00
 

4 5F-02
 

1 8E-01
 

1 8E-01
 

7.9E-02
 

I OE-01
 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran
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TABLE 3-33C
 

C U.CLLAI ION 01- CHEMICAL CANCtR RISKS AND NON-CANCER HAZ-VRDS
 

CENTRAL IENUENCY
 

Remedial Investigation and Feasibilitv Studv
 

Sutlon Brook Disposal Area Superfund Site - I e«ksburv. Massachusetts
 

Receptor Population: Area 4 Resident 

Receptor Age: Child/Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calcu ations Non-Cancer Hazard Calculations 

Potential Concern CSFLnitRisk* Intake-Exposure Concentration RID RiC 

\alue I nits Value Units Value Lnits Value Units Hazard Quotient 

Wetland Soil Group 5/6 Benzo(a)anthracene 6E-01 (mgkg) 
-   

_ __ _ . _ _ 
3 OE-07 1 IF-06 mg kg-da> 

Wetlands Benzo(a)pvrene 6E-0I (mp kg) •  • ; " 3 OE-06 I 11-06 mg kg^-n 

Benzo(b)fluoranthene 8E-01 (mgkg) * 
3 8K-07 I 3 E-06 mg kg-da\ 

Indeno(l .2.3-cd)Pvrene 6F-0I (nig kg) • 2 f.E-O"' 9 2L-07 mg kg-da> _ -

Incidental Ingestion Pervlene 3E-01 _(ingj«g)_ 4 OTL-08 mgkg-dav - 4 1E-07 mg kg-da> 

Arsenic 1.5E+01 (mg/kg) 2.4E-06 mg&g-day l.SEtOO (mg/kg-day)-! 3.6E-06 2.5E-05 mgkg-day 3.0E-04 mg'kg/dny 8.2E-02 

Lead 6E--01 (mgkg) 1 OE-05 mgkg-dav - 1 0E-04 mgkg-da-v NA ( ') 

Manganese 6E-02 (mg kg) 9 2E-05 mgkg-dav - 9 5E-04 mg kg-dav 1 tr-OI mg kgdav 6 8F.-O3 

\ anadium 1E-01 (mg.kg) 1 9E-06 mg'kg-day - 2 0F.-05 mg.kg-dav 9 0E-03 mg/kg dav 2 2F.-03 

Exp. Route I otal |[ 

Ben?o(a)anlhracene 6E-01 
J|_ 

(mgkg) • * 

7 5E-06

1 4E-07 

 ][ 

4 It"-07 mg kg-da> 

9 1C-02 

Benzo(a)pvrene 6E-0! (mgkg) • * 1 4E-06 4 1T-07 mgkg-da^ -

Benzo(b)fluoranthene 8E-01 (mgkg) 1 8F-07 5 2F-07 mgl.g-d.rt - ' 

lndeno(1.2.3-cd)Pyene 6E-0I (mgkg) 1 3E-07 3 6K-07 mg kc-da> 

Dermal Contact I'erjlene 3F-01 (mg kg) 2 OE-08 mg<kg-da> I 6K-07 mg kg-dav 

.Arsenic 2E-0I (ntg'kg) 2.8E-07 mgtg-day I.SE-^OO (.ng'tcg-da>)-l •UE-07 2.2E-O6 mg/kg-day 3.0E-04 mg'kg.'dny 7.5E-03 

Lead 6E-0I (mgkg) OOE-00 mg kg-da> - - 0 OF.-00 mgkg-da> NA ( ' ) 

Maneanese m g k g  ̂  _ 0 OF.-00 mg kg-da> 5 6E-0"! mgkgdav 0 01. 00 

Vanadium 1E-01 (mgkg) 0 OE-00 mg.kg-dav - 0 0E-00 mg kg-daj 2 3E-04 mg,kg day 0 0E- 00 

txp. Route Total 2 3E-06 |f 7 5F.-O3 

Exposure Point Total 9 9H-06 9 91,-02 

Exposure Medium I otal 9.9E-06 9 9E-02 

Risk From Reference 4.0E-06 9.OE-02 

Risk from Site 5 8F.-06 9.0E-03 

Medium Total 4 6F.-04 2 8E-01 

Surface \\ ater Surface W ater Group 5 6 1.4-Dioxane 5E-02 (mgl.) 1 2E-07 mg.kg-da> 1 1E-02 (mgkg-da>M 1 3E-09 4 3E-07 mgkg-daN 1 0K-01 mg kg da> 4 3F-O6 

Wetlands mg kg-da> 7 9r-0b 

.2.4-Trimethylbenzene 

1.3.5- Tnmethv Ibenzene 

4E-03 

2E-03 

(mgl.) 

(mgL) 

6 1E-06 

1 5E-O6 

mg kg-da> 

mg kg-d« 
-  I  2 2I-.-05 

< 3F.-06 

mg kg-dav 

mg kg-dav 

Dermal Contact 
\rsenic 7E-02 (mg L) 3 2E-07 mg.kg-daj 1 SE-OO (mgkg-dajH 4 9E-07 I 2K-06 mg kg-dai, .' 0F,-04 mg kg dav ? 9r,-O"s 

Cadmium 7E-03 (tng/L) 3.1E-08 mg/kg-day _ - 1.1E-07 mg'kg-day 2.5E-05 ragks.'dny 4.JE-03 

1E-02 (mgL) 7 OE-09 mg kg-da> 2 5E-08 mg kg-dav NA (3) 

Manganese 6E-01 (mg'L) 2.7E-06 mg'lg-day 9 8E-06 tng/Tcg-dny 1.9E-03 mg/kg.diiy 5.2E-03 

Vanadium 5E-O3 (tng/L) 2.5E-08 mg/kg-day - - 9.2E-08 rag'kg-day 2.3E-04 mg-Tsg/day 3.9E-04 

Zinc 2E+00 (mg'-L) 6.8E-06 mg'kg-day _ 2.5E-O5 mg/kg-day 3.0E-Q1 mg/kg/day 8.2E-05 

Dtp. Route Total 4.9E-07 1 4E-02 

Exposure Point Total 4 9F-07 1 4r-02 

Exposure Medium I otai 4 9E-07 1 4E-02 

Risk From Reference O.OE+00 1.0E-02 

Risk from Site 1 4 9E-07 ]| 3 9E-03 

Medium Total j  | 4 9E-07 J  Q 1 4E-02 

Woodard & Curran 
rient\risk calcs_residential scenarios.xlsNArea 4 Resident CT May 2007 



TABLE 3-33C
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER H.AZARDS
 

CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Aien Superfund Site - re»ksbur\. Massachusetts
 

Future 

Receplor Population: Area 4 Resident 

Child/Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value I nits Intake Exposure Concentration CSF/L.nilRisk* IntakeE\posure Concentration Rf[3 •RfC 

Value Units Value Units Cancer Risk Value Units \alue Units Hazard Ouotient 

Sediment Sediment Group 5/6 Benzo(n)pyrene 5E-01 (mE1<g) 2.5£-0S 8.7E-07 mt ' lcHey - -

Wetlands 1 richloroethene 6E-02 (mgkg) 9 9E-09 mgVg-dxn 4.0E-01 frng/kg-da})-! 4 OF-09 i or-07 mg kg-daj 

l.3.5-Tnmeth\!benzene 1E-0I (mg/kg) 1 9E-06 mg1ig-da> _ - I 9E-05 mg1<g-dav -

Incidental Ingestion Arsenic 2E-HB2 2.5E-05 mg/kg-day 1JE+00 (mS/kg-day)-t 3 8E-05 2.6E-04 mg^g-dtry 3.0E-04 mg'Ttg.'day 8 7E-01 

Lead 2E+01 (mg'Tig) 3.3E-06 mg/kg-day - - 3.4E-05 mg/kg-dsj N A ( 3  ) -

Manganese 1E-M12 (mg'tg) 2.4E-05 mg.'TcE-day - - 2.4E-04 mg leg-day 1.4E-01 mg leg day J.7E-03 

Vanadium .9E+00 Cmg/ki) 1.4E-06 jng/kg-day - - L4E-04 fflg/kg-dny 9.0E-03 wg-Vday 1.6E-03 

Exp Route Total 4 OE-05 8 7E-01 

Benzo(ajpyrene 5E-01 (mg/fcBJ * 3 0E-06 X.5E-07 mg'-kg-day - -

Tnchloroethene 6E-02 (mgVg) 0 OE-00 mg-1ig-da> 4 0E-01 (mg1tg-da\)-l 0 OE -̂00 0 OEJ-00 mgke-da\ -

I.3.5-Trimetrn!benzene lE-^OI (mgite) OOF.-00 mgVg-day - - 0 0E-00 mgTig-daj --

Deimal Contact Arsenic .2E-M)2 (mgttg) 7.4E-06 mg/kg-day JJE.+00 Cmg/kfe-^J'H 1 IE-05 53E-05 mgykg-day 3 0E-04 ttlgTcg/day 2.0E-0I 

Lead 2E+01 (mg*g) O.OE+00 mg/kg-day - - O.OE+00 mg/Ttfi-day NA (3) 

Manganese 1E+02 (mgftg) O.OE+00" mgAg-day - O.OE+00 5.6E-03 mg^g'day O.OE -̂00 

Vanadium 9E+QQ {•8*0 d.Df>00 mtlkz-^y - - O.OE+00 mgricg-day 2.3E-04 rng/kg/day O.OE+00 

E\p Route Total 1 4E-05 2 0E-01 

Exposure Point Total 5 4E-O5 ] [  ̂  1 I E ' 0  0 

Exposure Medium 1 otal 11 5 4E-05 1 1 lErOO 

Risk From Reference. • 11 5 4E-05  j | 1.1E+00 

Risk from Site 4 OE-09 ~\\^ 0 0EJ 00 

Medium Total 1 5 4E-05 1 lE'-OO 

Air Ainbtent Air Site .2T4- Trimelh\ Ibenzene (mgm3) 6 2E-0J i n ' 1 8E01 mg m 

1.3,5-1 nmeth) ibenzene 1 6E-O3 i mg in _ 

4E-03 (mgm3) 8 2L-O5 mem ' (mg-kg-daj)-! 2 IT 02 

Xjlenes (total) 9E-02 (mg m3) I 9E-03 mg m' 1 5b-O2 I OE-Ot 1 ?fc-01 

Exp. Route Total || 6 4E-07 1 7E-0! 

Exposure Point Total 1 6 4E-07 1 7E-0I 

Exposure Medium Total 1 6 4E-07 I 7E-01 

Risk From Reference  j | 

Risk from Site jj 6 4E-07 I 7D-01 

FUIURE SITE RES1DEN TS ONLN. 

Indoor Air Group 4 Inhalation Tetrochloroelhene 4E-06 mgm3
II 
| 5 OE-07 mg m3 5 9E-03 (mg m1)-1 3 OE-09 •< 9E-06 mp m3 3 5E-02 (mg m') 1 IE 04 

1 richloroethene 3E-06 mg/m3 1 3 5E-07 mgm3 2 0E-O3 (rng.m-)-' 7 0F-I0 2 7E-06 mg ni* 6or-oi (mgm») 4 5E-O6 

Exp Route Total i II 3 7E-09 1 2E-04 

Exposure Medium Total j | 3 7E-09 1 2E-04 

Risk from Site 1 3 7E-09 ~~\\ I 2E-04 

Medium Total I 3 7E-09 j 1 2E-04 

Woodard & Curran 
iarios.xis\Area 4 Resident CT May 2007 



TABLE 3-33C 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS 

CENTRAL TENDENCY 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Scenario Timeframe: Future 

Receptor Population: Area 4 Resident 

Receptor Age: Child/Adult 

Exposure Medium Exposure Point Chemical of Non-Cancer Ha7nrd Calculations 

Potential Concern Intake Exposure Concentration CSF/Unit Risk* [ntnke,E\posure ConcentrJlion 

Potable Groundwater U4-Dichlorobcnzene •ngl mglvg dav 1 61 - 0  ' 

2,4-Dimetlnlphenol Hlgl. 8 8L-04 _mgkg-div 4 0! 01 

2-Methylphenol mg/L 4.9E-03 _mekg-d  n mg kg-dav 8 9L-01 

3-Methylphenol/4-Methylphenol 1.0E-02 mekg-dn  _ 9.4F -o : mg kg-d.-» me kg dav 1 91 00 

4-Methylphenol 1.3E-03 mg ke-dj\ 1 2L-02 mg kg dnv 2 II 01 

Aroclorl254 >ngkgd->v 2 ~l • 00 

is(2-EthyIhexyl)phthalate me kg-dav mgke-dav 2 0[ -02 mg kg dav 

mg kg-d.iv mg kg-da\ 2 01 -0 2 mg kg dav 2 M 02 

9E+00 4.6E-02 me kg-da\ 1 IF • (10 

5E-01 2.4E-0? mg Jvg-dn\ mgkg-d.n me kg dav i 1F-02 

1,2-Trichloroethane 7E-03 3.4E-05 me kg-dav mg kg-da\ mg kg dnv 7 :  i - o  : 

1.1-Dichloroethane 4E+00 1.8E-02 me ke-dav mg kg-da^ 2 or in me ke dav 

,1-Dichloroethene 1E-01 mg/L 6.3E-04 ma kg-dav mg kg-dav "5 OF; 02 me Vg dav 

1.2,4-Trimethylbenzene 6.8E-03 _mg kg-dfl ing kg-d.n 

4E-02 

.2-Dichloroethene 1E-0I me kg-dav 5 81 -03 mg ke-dav 

.2-Dichloropropane me kg-da\ i r.r-oi mg kg-dav 

_mg kg-d.iv ^ 41 -0? mg kg-dav 

me kg-dav 

8E+01 me kg-dav 

4-Methyl-2-pentanone 2E+02 mg kg-dav 

Acetone me kg-dav i 61 00 

mg kg-dii\ s 81 01 

5E-02 mg kg-dav mg U dav 

5E-02 2.5E-04 me ke-dav mg kg tla\ 

Chloroethan 1.2E-02 mg kg-d.iv 

2.8E-05 me kg-dav i or (u mg kg dav 

,2-Dichloroethene 1.1E-03 mg kg-dav i oi o  : mg kg dav 

Ethylbenz 8E+00 mg kg-dav mg kg day ^ 8! 00 

4E+00 mg kg-d.iv mg kg dav 2 or oo 

me kg-dav me Vc d.iv 

me ke-dav me kg dav 

e kg-da\ me ke-dav 

mg kg-d.iv 

p-Isopropyltoluene mg kg dd> mg kg d.,v 

tert-Butylbenzene 3.2E-04 mg kg-day mg kg-dav 

etrachloroethene 2 9FL-05 me ke-da> 1 ''E-04 me ke-dav mg kg dav 

"etrahvdroturan 2F-01 9 T.-02 8 91-01 mgkg-d.n 

olucne 8E-0I 3 8F.-01 mg kg-da> 3 51 -00 mg kg-dav mg kg dav 

richlotoethene 2 9i;-O5 mgkg-da,, 4 0C-01 (mgkg-da))-I 1 2E-O5 2 71,-04 me ke-dav 

inv! chloride 3 5E-0* _ mgkg-da> i ?H oo (mgkg-da>)-l ? 2E-0 i 3 21 -0 ^ me kg-dav 3 01 -en mekgd.iv i is -no 

Xvlenes (total) 1.4L-01 mg.'kg-day 1 3 b 00 me kg-dav 2 OF -01 6 M 00 

itimony 4.9E-04 4.5E-O3 mg Icg-dav 4 OE-04 rngkg day 1.1EJOI 

2E • 00 1 1F.-02 mgke-da)_ 1 0E-01 me ke-d.iv 1 01 (14 mg kg dav 3 ^ 02 

4i:-o i 1 8E-03 mg^kg-day^ 1 7F -02 me kg-dav 2 01-01 mgkgdav 

2.7E-03 mg'-kg-day 2.5E-O2 2 0E-C13 mgkg'day 

6E-02 2.9E-04 g'Ttg-day 2 7E-03 5 OE-04 

3E-02 mg 'L  _ l.SE-04 mg^kg-dav 

IE-0I mg I. 6 8F.-04 mg kg-dav 

6E-02 m g l  , 2.9E-04 

anganese 3E-01 mg L I 4E-01 4 7L 02 ^nekgdav 2 8L 01 

Nickel 8E-02 3.9E-04 2.0E-02 mg'T>g day 1.8E-0L 

8E-01 3.9E-03 5 OE-03 mgkg'day 7.2E+00 

5E-03 mg/ke-day mg/kg-dny 8 0E-0< 2.7EJ-00 

1E-02 mgitg-day 9 0E-03 

6E+01 mgitg-day 

Woodard & Curran 
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TABLE 3-33C 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS 

CENTRAL TENDENCY 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfiind Site - Tewksbury, Massachusetts 

Scenario Timeframe: Future 

Receptor Population: Area 4 Resident 

Receptor Age: Child/Adult 

Medium Exposure Medium Exposure Point Exposure Route 

Groups 3-6 

EPC Cancer Risk Calcu ations Non Cancer Hazard Calculations 

Value Units Inlake-Exposu re Concentration CSF Unit Risk* Intake,E\posure Concentration RiDRfC 

Value Units Valu j Lnils Cancer Riik \alue I nils \ilue iniL Hazard Quoliail 

mg/L mg/kg-day 

2E-01 mg/L 1.2E-04 mg/kg-day - mgkgda . mekgdnv 

1E+00 mg/L 5.3E-04 mgkg-day 4 IF 01 mgkEdn> * OL 02 mekgdi> 8 9F 02 

2E+00 mg/L 8.9E-O4 mg/kg-day 7 4F 01 mEkgda> 5 OF (P me kg da> 1 11 01 

3E-01 mg'L 1.1E-04 mg/kg-day 9 ^ 04 mekE di\  ̂ OF 02 mE kg dn> 1 9F ()"> 

1E-03 mg/L 0.0E+00 mg/kg-day 4.0E01 (mEkeda^H 0 Ofc 00 0 0L 00 mg kg da\ 2 OF OS mekg da> 0 01 00 

5E-05 mg/L 6.1E-08 mg/kg-day 6.3E 00 (meke <la\) 1 i 8t 07 5 0E 07 me kg da\ 

6E-0! mg/L 3.9E-03 mgicg-day 1.4E 02 (rnEkeda^l 1 61 00 

1E-02 mg/L 3.1E-05 mg/kg-day - 1 M (P 

9E-00 mg'L 3.7E-0? mg/kg-day — .  - i IF 02 mE kg-da> i or oi mgkgda> 1 OF 01 

5E-01 mg/L 4.0E-04 mgkg-day - - H E  0 me kg dm 7 01 01 me kg da^ 4 71 0 < 

7E-03 mg/L 2.8E-06 mgkg-day 5.7E02 (mgkEda>)l 1 b} 07 2 IF 0< mpkgda\ 40F 01 mg kg da> 5 -"I 01 

4E+00 mg/L 1.2E-03 mgkg-day 1 01 02 mEkgda> 10L01 mrke daj * OF 02 

1E-01 mgL 7.7E-05 mg/kg-day - 6 4F 0 mgkeda\ s OF 02 mg kg d-n 1 IE <P 

1E+00 mg/L 1.2E-02 mg/kg-day - I Ofc 01 mekeda^ 

mg/L 

1E-01 mg/L 4.9E-05 mg/kg-day _ 4 IF  0 ) mgkeda> 9 01 0i mgkedn 4^1  0 1 

4E-03 mg/L 1.5E-06 mg*g-day 6.8F 02 (mgkgdj^)-! 1 0F-07 1 M 0< mgkeda\ 

1E+00 mg/L 5.9E-03 mg-kg-day - - 4 9F02 mska da\ 

3E+Q0 mg/L 4.6E-05 mg-kg^ay I.IF C (mEHda}>-l S 0 E 0 7 i 8E01 me kg da\ 1 OF 01 niE kg da> 8 t 01 

8E+01 mgL 3.6E-O3 tng/kg-day - 10F 02 mEkg da> 6 OF 01 ingkedj^ <^0t 0^ 

2E+02 mgL 3.8E-02 mg/kg-day l2 rT01 me kg dn\ 8 01 (P mgk b d i \ i 9F 00 

7E+01 mg'L 3.1E-03 mgkg-day 2 <t 02 mgkgda> 9 01 01 mEkcdn-s ->8f  0 ' 

1E+00 mgl 5.8E-05 mgkg-day 5.41 01 (mg kg da\)-l "> l E O  ' 4 8t 04 niEkgda\ 1 OF 01 mg kr da> 18F.01 

5E-02 mg/L 2.9E-05 mg/kg-day 5.5L02 (mekedaj) I 1 6E06 2 4r 04 6 1F0"> 

Chemical of 

Poientia! Concern 

2.4-Dimethylphenol 

2-Methylphenol 

3 -N ielhy Iphenol/4-Methylphenol 

4-Methylphenol 

Aroclorl254 

Alpha-BHC 

Bis(2-Ethylhexyl)phthalate 

Naphthalene 

Phenol 

U.l-Trichloroethane 

1,1.2-Trichloroethane 

U-Dichloroethone 

U-Dichloroethene 

1.2.4-Trimethylbenzene 

L2-Dich1oroethene 

1,2-Dichloropropane 

1,3,5-Trimethylbenzene 

1.4-Dioxane 

2-Butanone 

4-Methyl-2-pentanone 

Acetone 

Acrylonitrile 

Benzene 

Carbon tetrachloride 5E-02 | 
f 

5.9E-05 mg/kg-day 1.3F 01 7 01 01 

6.0E-04 mgkg-day ^01 03 incke da>Chloroethane 3E-00 

2E-01 

8E+00 

4E+00 

8E-02 

9E-02 

9E-02 

1E-0! 

7E-02 

2E+01 

8E+01 

6E-O3 

7E-02 

3E-01 

1E-0I 

2E-00 

4E-PI 

6E-0J 

66-02 

3E-02 

IE-01 

66-02 

3E 01 

8E-02 

8E-01 

5E-03 

1E412 

6E-01 

mg/L 

mgL 

mg/L 

mgL 

mg/L 

mg/L 

mg'L 

mg.t 

mg/L 

mgL 

mgL 

m g l 

mg/L. 

m g l 

mgL 

mg/L 

trig! 

jngiL 

mg.L 

mg'l. 

m g l 

mg/L 

mg'L 

ing/L 

m g l . 

me'L 

8.3E-05 

2.2E-02 

2.9E-03 

4.6E-04 

6.8E-04 

1.3E-03 

1.1E-03 

7.5E-04 

2.1E-03 

1.2E-0! 

4 4E-06 

1 6E-O5 

1 OE-0! 

1.7E-06 

3 9E-05 

6 2E-06 

9.4E-D6 

1.0E-06 

1.0E-06 

9 4E-07 

J.OE-07 

4 9E-04 

2.7E-07 

8.0E-06 

fc.OE-08 

1.7E-07 

S.SE-04 

II 

mg/kg-day 

mg/kg-day 

mg/kg-day 

mgkg-day 

mgkg-day 

mgkg-day 

mg/ke-day 

mg.'kg-day 

mgkg-day 

mg/kg-day 

mg kg-da> 

mgkg-da> 

mgkg-dav 

jngtg-day 

mg kg-day 

mgkg-da> 

mg%-day 

mg*g-<ky 

mg'kg-day 

mgkg-daj 

mg'ljg-day 

mg/kg-daj 

mg/TvgJay 

mg/tg-day 

mg/kg-day 

mgU-day 

mgkg-day 

-

_ 

-

-

4 0E-01 

1 5E-00 

-

-


1 5E+00
 

-


-

-

-

-

-

-

-

-

(mgkg-da5)-l 

(mgkg-da>)-l 

(mgkg-da>)-l 

-

-

-


I 8E-06
 

2 4E-05
 

-


-


5 8E-05
 

-


-


-


_ 

-

-

-

-

-

-

-

-

1 9E-04 J j _ 

6 9E04 

1 8F 01 

2  4 t 0^ 

i 81 01 

< 7E01 

1 1[ 02 

6 IF 01 

1.7E-02 

9.6E-01 

3 7F-05 

I 3E-04 

8 6F.-01 

1.4E-O5 

3 2L-04 

5 2E-05 

7.8E-05 

S4E-06 

8.4E-06 

7 8E-06 

8.4E-07 

4 0E-O1 

2.2E-0S 

6.7E-05 

6.7E-07 

14E-O6 

4.6E-O3 

mE kg da\ mekEdn> 

mekg dn> 1 OF (P mgkgda> f 9E02 

mEkeda> 1 01 01 mg kg day 1 8t 00 

mekEdaj 9 0E (P mgVgdn^ ~>n oi 

mEkgda> 1 OF 01 mgkEda^ i 8E01 

" — " 
mgkgdav 

m g k g d  ̂  _ 

me k g d  ̂  

mgkg-day _ 

rog-kg-day 8.0E-02 me kg da^ 1 2L-01 

mgkg-An 

mgkE-da^ i Oh 03 mgkgda> 4 4r 02 

mg kg-da\ 2 0F-01 mgkgdaj 4 (L--00 

mg-itfi-dity 6QE-O5 rng.lcg/day 2.3E-D1 

mg kg-daj i OE-04 ing kg dnj 1 IE-00 

mg kg-dav 1 41-02 mgkgday 171-()< 

mgkg-dny I 4E-05 mg.1tg''clay 5 6E-t-00 

mg/Ttfi-day 2.3E-05 ffl8.1cg.'d«y 3.3E-0I 

mgkg-day 2 5B-O5 mgikg/day 3.3E-01 

mgkg-da, 

mg.'kg-day NA (3) _ 

mgkg-da> 1 91-03 mg kg da> 2 2Er00 

rag'lcg-day 8.0E-04 mg/kg/day Z8E-03 

mgkg-day 2 OE-04 mg-kg/dny 13E-0! 

mg/kg-day & 0E-05 tng-ice/dity 8.4E-03 

mgkg-daj. 2.3E-04 mg/ks'&y 6 0E-03 

ro^'Ttg-dav 3.OE-01 mg kg/day 1.5E-02 

i 6E+01Exp. Route Total 

cis-1,2-Dichloroethene 

Ethylbenzene 

Ethyl methacrylate 

Isopropylbenzene 

n-Propylbenzene 

n-Burylbenzene 

>-Isopropyltoluene 

ert-Butyibenzene 

. etrahvdrofuran 

Toluene 

rnchloroethene 

iml chloride 

\>lenes (total) 

Antimony 

Arsenic 

Barium 

ieryilium 

Cadmium 

Chromium 

Cobalt 

Lead 

langanese 

Nickel 

iiver 

haMum 

anadiura 

inc 

Woodarcf S Curran 

Sutton Brook Disposal Area Superfund Site (210517) May 2007 
G:\21O517 Sutton Brook\wip\Human Health Risk Assessment\risk calcs_residential scenarios.xls\Area 4 Resident CT 



TABLE 3-33C
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury. Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Area 4 Resident 

Receptor Age: Child/Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculation Non Cancer Hazard Calculations 

Potential Concern Value Units Intake/Exposure Concentration CSFTJmtRi k* Intake Expo ure Concentration RfDTifC 

\alue Units Value Units Cancer Ri k Value Units Value I nits Hazard Ouotient 

Groundwater Potable Groundwater Groups 3-6 Shower Air ,4-Dichlorobenzene NC(4) 3 1E-05 (mg/m3) _ - 6 7E04 (m ml) 8 0E01 (m in ) 8 4F04 

2.4-Diinethylpheno! NC(4) 2.0E-05 (mg/m3) - 4 E04 (me ml) 7 0E 02 (m m ) 6 4F 0i 

2-Methvlphenol NC(4) 2.0E-03 (mgm3) - 7 IE 01 (me ml) 1 8L01 (memJ) 4 2F <P 

3-MethylphenoI'4-Methvlphenol NC(4) 3.6E-03 (mg'm3) - I El 2 (me ml) 1 8f (P (m m ) 7 F 01 

4-Methylphenol NC(4) 4.6E-04 (mg/ml) - - I 6F01 (me ml) 1 8E 02 (mg m3) 9 4F 0"> 

Aroclor 1254 NC (4) NA (mg/m3) 1.0E01 (me m y - NA (m ml) " 0 F  0 (me m ) 

Alpha-BHC NC (4) NA (mg/m3) 1.8E 00 (m  m y NA (me mi) 1 8F ()i (me m3) 

Bis(2-Ethylhexyl)phthalate NC (4) 2.0E-06 

Naphthalene NC (4) 8.6E-05 (mg/m3) 1 9 E 0  ' (me ml) l 0E 01 (mg m ) 6 IE 01 

Phenol NC (4) 2.4E-04 (mg/m3) 5 3H 01 (me ml) 20E01 (mem ) •>7E02 

.1.1-Trichloroethane NC (4) 5.2E-03 (mg/m3) 1 1E01 (m m ) i 8E 00 (me m ) l OF 0"1 

1,1.2-Trichloroethane NC (4) 6.1E-05 (mg/m3) 1.6E02 (mg m ) • 9 8E07 

1.1-Dichloroethane NC (4) 4.2E-02 (mg/m3) - 9 1F01 (m ml) (me m ) 1 8F 00 

1.1-Dichloroethene NC(4) 1.6E-03 (mg/m3) - - 14E02 (me ml) •>0F01 (me m3) 1 7F 01 

1,2.4-Tnmethvlbenzene NC (4) 4.2E-01 (mg/ml) 1 <E+00 (m m^) 

1.2-Dichloroethane NC (4) 4.5E-04 (mg/ml) 2.6E- 02 (me m3) 4 OF 01 

1,2-Dichloroethene NC(4) 1.5E-O3 (mg/m3) 14E02 (me ml) 6 0E(P (me m ) *> 6F 01 

1.2-Dichloropropane NC(4) 3.9E-05 (mg/m3) - 8 4E04 (me ml) 4 0E 01 (mg m3) 2 1 F 0  I 

I.3.5-Trimethylbenzene NC(4) 3.7E-01 (mg/m3) 1 1E-00 (mem?) 

1.4-Dioxane NC(4) 9.7E-04 (mg/m3) 7.7F 0i (me m3 ) ! 7^E06 2 I E 0  2 (me ml) 10E 00 (me in ) 7  I t 01 

2-Butanone NC (4) 1.4E-01 (mg.m3) - 10E 00 (mgml) s 0F+00 (mgm3) 6 OF 01 

4-Methvl-2-pentanone NC(4) 9.7E-01 (mg/m3) - 2 1F+01 (mg mi) 10E 00 (in m ) 7 OF*00 

Acetone NC(4) 1.9E-01 (mg/m3) - - 4 2E 00 (me mi) l 2E 00 (mg m1) 1 E+00 

-\cnlonitrile NC(4) 6.7E-03 (mg/m3) 6.8F02 (mg m>y 4 *E 04 M E 01 (m ml) i <F 01 (me m ) 4 ' 01 

Benzene NC(4) 5.7E-04 (mg/m3) 7.8E01 (me m } 1 4 4E 06 1 2E02 (me ml) 10E02 (me m ) 4 ^F 01 

NC (4) 5.2E-04 (mg/m3) 1.5E02 (me m ) 7OE06 1 IE 07 

Chloroethane NC (4) 1.0E+00 (mg/m3) 1 8E-00 (me ml) 1 0E 01 (me m3) 1 8t 01 

Chloroform NC(4) 6.IE-05 (mg/ml) 2.3E 02 (me m3) 1 4E06 H E 01 (m ml) 10F 01 (mg m3) 4 4E0 

is-1.2-Dichloroethene NC (4) 2.5E-03 (mgm3) - - <6E02 (m m i) 6 01 0^ (m in ) 9 IF 01 

Ethvlbenzene NC (4) 9.6E-02 (mgml) - - 21F+00 (me ml) 1 OF 00 (m m') 2 IE 00 

Ethyl methacrylate NC(4) 3.4E-02 (mg/m3) _ - 7^F 01 (me mi) 12F 01 

sopropylbenzene NC (4) 2.6E-02 (mg/m3) 4 OF 01 

I I 2 IF 01 

Methylene Chloride NC(4) 2.6E-02 (mg/m3) 4.7E 04 (mem') ' 12F0^ ^6E01 (me m"*) 10F 00 (m  m ) 

-Propylbenzene NC (4) 6.8E-02 (mg/ml) (m m^) 1 4E01 (m  m ) 

-Butylbenzene NC(4) 2.7E-02 (mg/m3) 9<E02 (me mi) 1 4F01 (m m ) 

-Isopropyltoluene NC (4) 1 .OE-03 (mg'm3) - - 2 2E02 (me mi) 4 0E01 (m m3) 

ert-Butvlbenzene NC(4) 2.0E-02 (mg/m3) - - 7 IF 02 (me ml) 1 4E01 (mg m3) 

etrachloroelhene NC(4) 5.9E-05 (mg;m3) 5.9E01 (me m3)-1 K E 0  7 1 1E-01 (mg ml) l "iF 02 (mem ) 

Tetrahvdrofuran NC(4) 7.4E+00 (mg/ra3) 2 7E 01 (mgml) 10E01 (me mJ) 

oluene NC(4) 9.4E-0I (mg/m3) - - 20E 01 (mgml) "5 01-^00 (in m1) 

richloroethene \ C (4) 6 4E-05 (mgml) 2 0FP1 (me m'y I IE 07 1 4E01 (mgml) 6 OF 01 (mg m') 

nU chloride NC(4) 9 9J -01 (mg m3) 8 8F '11 (m mJ)' 8 7E06 2 2E02 (m6 ml) 1 OF 01 (mg m ) 

\ylenes (total) NC (4) 3 2E-01 (mg ml) - 7 0E-00 (mgml) 1 0E01 (mg m3) 

Aposure Medium I otal 

Exp. Route Total 1! 
II 

< 1 E O  4

2 2E02 

J 

.Risk tram Reference || 0 OE+00 

Risk from Site || 2 2E 02 "*][* 

rota! of Receptor Risks Across All Media 2E 02 ||Total of Receptor Hazirds Aero AH N edia 

Risks ft om Reference IE-04 ft 
Risks from Site 2E 02 |[ 

(1) EPC = Exposure Point Concentration. CS.F =- Cancer Slope I actor. RfD  Reference Dose. RiC  Reference Concent 

(2) Cancer risk =- Intake exposure equation * CSI or Unit Risk. Hazard Index  Intake exposure equation RfD oi RfC 

(3) Lead risks were evaluated separately. See text for explanation. 

Shaded = Concentrations of contaminant are consistent with reference concentrations. 

* Cancer risks for benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a,h)anthrac and indeno( 1 r2,3-cd)pyrene includes a receptor-specific Age-Dependent Adjustment Factor. Derivation of cancer risk for these compounds is shov 

I F 01 

1 81+00 

6 8F 01 

<E02 

•> IF 01 

7L02 

8 8E 01 

4 lF^00 

2 H 01 

2 2E01 

7 0E 01 

21F+02 

9 4F-rO2 

5 4E+01 

8 9E+02 

9 4E-02 

-! 5E+01 

8 9E+02 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran 
May 2007 



TABLE ?-??D 

CALCULATION OF CHEMICAL CAiNCER RISKS AND NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 

Remedial In\esligalion and Feasibility Studv 

Sutton Brook Disposal .Area Superfund Site - Tewksbun. Massachusetts 

Scenario Timeframe: Future 

Receptor Population: Area 4 Resident 

Receptor Age: Child;Adult 

Medium Exposure Medium Exposure Point Exposure Route Chem.cal of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value L'nits Intake/Exposure Concentration CSF.UnitRisk* Intake-Etposure Concentration RiD RfT 

\alue Lmts \ Blue Units Canc-rRisk Value Unit-; Value I nils Hazard Ouotient 

Upland Soil Croup 4 Benzo(a)anthracene 3 SE^Ol (mgVg) * • 6 2E-0"; 2 U-04 mgl tg- to - -

(0-10') Upland Area Benzo(a)pvrene 2?EJ-01 (nig kg) • * 3 7E-04 i n.-04 mgVg-da) - -

Benzo(e)pyrene 1.7E-01 (TUS'tg) J.lE-OJS mg&g-dnjr _ - 9 3E-O5 mg'1cg-dBy - -

Benzo(b)fluoranlhene 1 6E-0! (mgkg) • • 2 6E-C 8 8E-O5 mg kg-da5 -

Benzo(k)fluoranthene 

Bis(2-Chloroetlioxv )methane 

2 0E-01 

4 9E-0! 

(me leg) 

(mgVg) 

» 

3 3E-07 mg kg-dav 
' t 3 3E-06 

-

I 1L-04 

2 7E-06 

mg kg-da> 

mg Vg-da> 

-

- -

Carbazole 2 2E-<-01 (mglcg) 1 5E-05 mgkg-da. 2 OE-02 (mg.U-da\)-l 2 9E-07 1 2E-04 mgkg-da> - -

Incidental Ingcstion 4-ChIoro-3-methvlphenol 3 7E-0I (mpVg) 2 5L-O7 mg^g-dq _ - 2 OL-06 mg'kg-da\ 7 0h-O2 mgkg.dav 2 9E-0< 

Dibeji2o(a^L)anlhracene 3 9EJ-0D (mglcg) * 6 3E-0S 2.1E-O5 mg Tig-day -

Dibenzofuran 2 0E^-01 (mg kg) 1 4E-O5 me kg-dav - - i ir-04 mg.kg-da\ 2 0E-03 mg'Vg da\ 5 <E-02 

Indeno(1.2.3-cd)Pvrene 8 "iE-00 (mgtg) • • 1 4E-05 4 7r.-05 mE\E-daN - -

1-Methv [naphthalene I 2E-01 (mgkg) 8 1E-06 mg1<g-dav - - 6 6r-P5 mg.kg-dav 4 OF-03 mg kg.dav I 6E-02 

2-Methvlnaphlhalene 1 4E-01 (mgkg) 9 6E-06 mg'kg-dav - - 7 9E-05 mg kg-da) J Oh-03 mg kg'dav 2 OE-02 

Naphthalene 1.3E+01 (mg/kg) 8.8E-06 mg/Tig-day - - 7.2E-O5 mg-Tcg-day 2.0E-02 mg/kg.day 3.6E-03 

Cil-C22.Aromatics 7 2E-01 (mgkg) 4 8E-O5 mg^g-da> - - 3 9E-04 mg kg-An) 3 OE-02 mgkgdav ! 3E-02 

Arsenic 7j£-M)0 (mg'kg) 4 8E-06 mg/lig-daj 15E+00 (mg/kg-dayH 7 1E-06 3.9E-05 3 0E-O4 mg/Tcg.'day 1.3E-0I 

Lead 13E->02 (mgltg) 9 OE-05 mgkg-da> - - 7 n"-04 mgkg-dav NA (?) 

Manganese I 7E-M)2 (mg kg) 1 1E-04 mgltg-da; - - 9 3L-04 mg kg-da> I 4E-01 mg^g.dav 6 71,-0? 

Vanadium I 6E-01 (mgkg) I IE-05 mg/kg-da-v - 8 7E-05 mg,kg-da> 9 OE-03 mg-kg-dav 9 6F-03 

E\p. Route Total j  | ]j^ 5 5E-O4 2 7E-0! 

Benzo(a)anthracene 4K-01 (mgltg) 2 5E-05 7 6E-05 mgkg-da> - -

Benzo(a)p>rene 2r-oi Ong^g) • • 1 1E-04 4 6E-O5 mg kg-da) - -

Benzo(e)pynsn= 2E+QI (mgftg) 4.7E-G6 mg'Tcg-day - - 3 4E-05 mgicg-dav - -

Benzo(b)lluoranthcne 2F>oi (mgKg) • • I IE-05 3 2E-05 mel^g-da) - -

Benzo(k)fluoranthene 2K-0! (mgkg) • • ! ^E-06 4 OC-05 mgke-<5a\ -

Bis(2-Chloroetho-sv)melhane 5E-01 (mglcg) I OE-07 mg-kg-dav - - 7^1-07 mgVg-da\ - -

Carbazole 2E-01 (mgVg) 4 6E-06 mg.kg-da> 2 OE-02 (mg, kg-dav M 9 3E-O8 3 41"-05 mg kg-da-* - -

Dermal Contact 4-Cliloro-3-melhvlphenol 4E-0I (mglcg) 7 8E-O8 mg.kg-daj _ - 5 7 M  7 mg kg-da\ 7 0F-02 mgkg.dnv 8 1 t,-P6 

Dibenzo(a,h}anthracenc 4E+00 (mg'-kg) * * 2.5E-05 7.7E-06 mg'kg-Jny -

Dibenzofuran 2E-01 _ 3 IE 05 mg kg-dav 2 OF  0 ' mgkg-dav i 6E-02 

lndeno(1.2J-cd)Pvrene SF.-'-OO (mglcg) * ' ^E-06 i 7F-05 mg kg-dav - -

I-Methvlnaphthalene IE-PI (mg-kg) 3 3E-06 mgkg-da> - 2 ir-o'1 mg kg-dav 1 OF. C mg kg dav 6 OF 03 

2-MethjlnaphthaIene 1E+01 (mg kg) 4 OE-06 mg kg-da> - - 2 9h-0< mglcg-<L.v 4 0I.-0' nip kg.djj 7 2E 03 

Naphthalene 1E-01 (mg*B) 3.6E-06 rag/kg-day - - 16E-05 me/kE-day 2.0E-02 mg'1(g/day 1.3E-03 

C11-C22 Aromatics 7E-01 (mg-Tcg) 1 5E-05 mg-Vg-daj _ - I 1E-04 mg kg-dav 3 OE-02 mgkg,dav 3 7b 03 

Arsenic 7E-MJ0 (mgtg) 4.5E-07 mg.'kg-day 1JE+00 (mg/kg-day)-l 6 8E-07 3.3E-06 mglig-day 3.0E-04 mg*g/day 1.1E-02 

Lead I E-^02 Jmgkg) 0 OE-00 mg kg-da\ - - OOL-00 me kg-dav NA (?) -

Manganese 2E-02 (mgkg) 0OE-00 mgVg-da> 

\ anadium 2E-01 (mg'kg) 0 OE-00 mg.'kg-dav _ 0 OE-00 mg kg-dav 2 3E-04 mg/kg/day OOL'OO 

Exp Route Total 2 2E-04 4 5E-02 

Exposure Point Total 7 7E-04 |j 3 2E-01 

Exposure Medium Total 7 7E-04 |! 3 2L-01 

Risk From ReFerence 9.7E-05 |[ I.5E-01 

Risk from Site 6 7E-04 || 1.7E-0! 

Sutton Brook Disposal Area Superfund Site (210517) 
G:\210517 Sutton Brook\wlp\Human Health Risk Assessment\rlsk calcs__resldentlal scenarios.xls\Area 4 Resident RME 



TABLE '<-.''?D
 

CAI.CL'LAI ION OF CHEMICAL CANCER RISKS AND NOVCANCFR HAZARDS
 

REASONABLE MAXIMl M bXPOSl RE
 

Remedial Investigation and Feasibilih Stud\
 

Sutton Brook Disposal Area Superfund Site - leuksburv. Massachusetts
 

Scenario Timeframe: i utnre 

Receptor Population: Area 4 Resident 

Receptor Age: Child'Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Ca c i ations 

Potential Concern \alue Intake Exposure Concentration CSF-l'nit Risk* Intake Exposure Concentration RID RfC 

Value Intts \alue Units Cancer Risk \ alue L nits \alue t nits Hazard Ouotient 

Wetland Soil Group 5 6 Benzo(a)anthracene 6E-01 (me 1<t>) 6 3F-07 2 II3-0G mg ke^-^ 

Wetlands Ben/o(a)p>rene 6E-n 1 (me leg) 6 3E-06 2 ! L-06 mg kg-da> 

Benzo(b)fluoranlhene 8E-01 (me kg) 7 8i:-07 2 6F-06 mg kg-da* 

lndeno(1.2.3-cd)P\rene 6E-01 (me kg) 5 5F-07 1 8F-06 mg_kg-d« 

Incidental Ingestion Pen lene 3E-01 (mg kg) 1 OE-07 mgkg-da\ 8 2F.-07 mg kg-dav 

Arsenic 2E-01 (mgkg) 6.0E-0G mg'kg-dav 1.5E+00 (mg'kg-dayM 9.1E-06 4.9E-05 mg kg-day 3.0E-04 mgiiig'day 1.6E-01 

Lend 6E-01 (mg'kg) 2 5h-O5 mg kg-dav 2 1F-04 mg kg-da> N  \ (3) 

Manganese 6E- 02 (mgkg) 2 3E-04 mg kg-da\ 
~

1 9K-03 mgkg-da) 1 413-01 mg kg da\ 1 41 -02 
_  __ 

Vanadium 1E-01 (mg kg) 4.8L-06 mg<kg-dav 3.9K-05 mgkg-da> 9.0L-03 mg kg-da> 4 4E-03 

Exp. Route Total 1.7E-05 1 8F.-0I 

Benzo(a)anthracene 6E-01 (mgkg) 2 1E-07 4 1E-07 mg kg-da> 

Benzo(a)pvrenc 6E-0i (mgkg) 2 IE-06 4 1E-07 mg kg-dav 

Benzo(b)f1uoranthene 8F-01 (mgkg) 2 6E-07 5 2F.-07 mgkg-da> 

Indeno(1.2.3-cd)P>rene 6E-0I (mg kg) 1 8E-07 3 613-07 mgkg-da, 

Derma! Contact Pen lene 3E-01 {mg kg) 3 7E-08 mg kg-dav 1 6L-07 mg kg-da\ 

.Arsenic 2EJ-01 (mgTcg) 5.2E-07 maTcg-day I 5E---00 (mnkg-dny)-! 7.8E-07 2.2E-06 mgkg-day 3..OE-O4 mg'kg'day 7.4E-03 

fib-01 Ongkg) 0 OE'OO mg.kg-da> 0.0K-00 mg kg-da> N\. O) 
~ - "  — 

Manganese 6F.-02 (mgkg) OOE'OO mgkg-diu 0OE-00 me kg-da\ ^GL'-O1 mg kg da% 0 013-00 

\anadium IE-01 (mg kg) 0.0E-00 mg.kg-dav 0OE-00 mg kg-daj 2 3E.-04 mg.kg da> 0 0 E ' 0  0 

hxp Route T otal j  | 3 5E-06 | | 7 41" -03 

Exposure Point 1 otai 2 1F-05 1 9L-01 

Exposure Medium I otal 2 1F-05 1 9F-01 

Risk from ftefereaes 9.8E-0G 1.7E-01 

Risk from Site 1 IE-05 1 8F-02 

Medium lotal 7 9E-04 5 lh-01 

Surface Water Surface Water Group 5 6 1.4-Dioxane 5E-02 (mgL) 2 3E-07 mg kg-da> 1. IE-02 (mgkg-da\)-l 2 6I.-09 9 4E-07 mg kg-da> 1 01 -01 me kg day 9 4L-0h 

Wetlands Melh) lene Chloride 5E-03 (mgL) 2 6E-07 mgVg-dav 7 513-03 (mg.kg-daj)-I 1 9E-09 1 013-06 mg kg-da\ 6 01- -02 mg kg da\ 1 T-0^ 

1.2.4-1 rimethylbenzene 4E-0? (mgL) 1 2E-O5 mg kg-da> 4 7(--05 mg kg-das 

! .?.?-! rimetln Iben/ene 2E-0T (mgL) 2 9E-06 mgkg-da> 1 IE-05 mgkg-da\ 

Dermal Contact 
.\rsemc 7E-02 6 3E-07 mg kg-da> 1 5E- 00 (mgka-da))-! 9 5E-07 2  ̂  I--06 mg kg-dav 3 (ll -04 mgkgda> 8 'r-.rH 

Cadmium 7E-O3 (mg/L) S.OE-08 mg/kg-day 2.4E-07 mgke-day 2.5E-05 mgkg'day 9 7E-03 

Load IE-02 (mg L) 1 4E-08 mg kg-da> - - 5 .''F-OS mg kg-da\ NA (3) 

Manganese 6E-01 (mg/L) 5.3E-06 mg/kg-day - - 2.1E-05 mgkg-drty mg.kgiday 1.IE-02 

Vanadium 

Zinc 

5E-0? 

2E-00 

(mg'L) 

(mg/L) 

5.0E-08 

1.3E-05 

mgicg-Aiy 

mg'kg-day 
—y 2.0E-07 

5.3E-05 

mgkg-day 

mg/kg-day 

2JE-04 

3.0E-01 

' mg/kg/day 

ma-kg/dny 

8.5E-04 

I.8E-04 

Exp. Route I otal 9.5E-07 3 IE-02 

Exposure Point [ otal 0 51 07 •< IE 02 

Exposure Medium I otal 9 5E-07 3 1L-.-02 j 

Risk From Reference O.OE+00 2.2E-02 

Risk from Site jj j 9.5E-07 8 51- -03 

Sutton Brojjk Disposal Area Superfund Site (210517) Woodard & Curran
 

G:\210517SuttoriferookAwip\Human Health Risk Assessment\risk calcs_residential scenarios.xls\Area 4 Resident RME May 2007
 



TABLE 3-33D
 

CALCl LATION OF CHEMICAL CANCER RISKS -\AD NON-CANCLR HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Stud>
 

Sultan Brook Disposal .Area Superfund Site - I e^ksbun. Massachusetts
 

Scenario riineframe Future 

Receptor Population Aren 4 Resident 

Receptor Age. Child Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of 

Potential Concern 

LPC 

Value I'nil. Intake* Exposu 

\ alue 

-c Concentration 

Lmts 

Cancer Risk Caicu ations 

CSf-/Unit Rjsk' 

\ alue Units Cancer Risk 

Non-Cancer Hazard Calc 

Intake. Exposure Concentration 

\alue I nits 

jlations 

RJDRlt: 

Value Units Hnzsrd O^oticnl 

Sediment Sediment Group 5 6 

Wetlands 

Incidental Ingestion 

Exp. Rouie 1 otai 

Dermal Contact 

Benzc(n)pjTene 

rnchloroethene 

1,3.5-Tnmetli> Ibenzene 

Arsenics 

Lead 

Manganese 

Vanadium 

Bmza{a)pyteae 

Tnchloroethene 

,3.5-1 nmclri^ Ibetizcns 

Arsenic 

Lead 

Manganese 

Vanadium 

5E-01 

6E-02 

1E-01 

2E---02 

2E+01 

1E-HJ2 

.9E+00 

5E-01 

6E-02 

1C-01 

3E+02 

2E+0J 

1E-HJ2 

9ETQ0 

(mg/kg) 

(me Teg) 

(mgkg) 

(mg.'1<g) 

(mg'kg) 

[mgfte) 

(ing/ite) 

(mgrtcg) 

(mgfcg) 

(mgkg) 

(mg/kg) 

(me<1tg) 

(mg.'kg) 

(rng/kg) 

* 

2 5E-08 

4 7E-06 

6.4E-05 

8.3E-06 

5.9E-05 

3.5E-06 

* 

0 0E-K10 

OOE'OO 

1.4E-05 

O.DE-DO 

O.OE+OO 

O.DE^OO

mg.-kg-da\ 

mg.lcg-da\ 

mg-tcg-dav 

mg/kE-day 

uigikg-dav 

jng/k^-day 

mgkg-da> 

mE'kg-da> 

mg;fcg-dfl> 

mg'1tg-day 

mg.'feg-day 

me/Kg-day 

4 OE-01 

JJE+OO 

-

-

-

* 

4 OE-01 

-

I.5E+0Q 

-

-

-

(mg:kg-d3>>l 

(me-Tcg-da3)-l 

(mg/kg-davH 

(rng,-kfi-dai'>l 

5.2E-06 

I 0E-08 

9.5E-O5 

-

-

-

1 OE-04 

4.4E-06 

0 0E-00 

-

2.IE-05 

-

-

-

1.7E-06 

2 OE-07 

3 8E-05 

5 2E-04 

6.8E-05 

4.8E-04 

2.9E-05 

8^E-07 

0 0E-00 

0 0E-00 

i.9E-05 

0 0E+00 

O.OE+00 

O.OE+00 

mgltg-dny 

me kg-da> 

mgkg-dav 

rng-lcg-diiy 

mg-kg-dn) 

mg Tvg-daj' 

nigriterday 

mg.ltg-day 

mg kg-da> 

mg kg-da> 

mg*g-day 

mg-kg-day 

mg.kg-day 

mg/kg.-day 

-

— :  - 

3.DE-fl4 

NA (3) 

1.JE-0] 

$.OE-fl3 

mg/kg'£Lr>' 

mg.kg/day 

ing'kg/diiy 

-

-

-

3.0E-04 

NA (3) 

3.6E-03 

2.3E-04 

mg leg/day 

' mg,Tcg/day 

mg/kg/day 

_ 

-

I.7E+00 

3.5E-O3 

3.2E-03 

I 7E-00 

-

-

2.0E-01 

-

d.oE-oo 

O.OE+00 

Exp Route Total 2 6E-05 2 OE-01 

Exposure Point Total 

E\posure Medium Total 

Risk From Reference 

Risk from Sits 

Medium Tola! 

Air Ambient Air Site 

Exposure Point I olal 

Exposure Medium 1 olal 

.Risk From Reference 

Risk from Site 

I-UIURE SHE RESIDENTS ONLY 

\ i  r Indoor Air 

Exposure Medium 1 otai 

Group 4 

Risk From Reference 

Risk from Site 

Exp. Route Total 

inhalation 

Exp. Route I otai 

1.2.4-1 nmeth\ ibenzene 

1.3.5-Trimetln Ibenzene 

Benzene 

\\lenes (total) 

T etrachloroethene 

1 nchloroethene 

3E-03 

1E-02 

4E-03 

9E-02 

(mg m?) 

(mg m3) 

(mg m3) 

(mg-m3) 

1! 
4E-06 

3E-06 

me m3 

mgm3 

j| 

I 6E-04 

5 4F--04 

2 2L-04 

5OE-O3 

mem1 

mg m 

ing m 

mpm' 

! 3E-06 

9 3E-07 

mg.m3 

mg m3 

-

-

7 8E-O3 

-

(mem')-' 

5 9E-03 

2.0E-03 

<mgm>>-' 

(mg m'y* 

\

1

1 3E-O4 

1.3E-04 

 1.3E-04 

' 0 E  - °  8 It 
! 3E-04 

-

-

1 7E-06 

-

4 8F-0S 

1 6F-0? 

6 4E-04 

1 5E-02 

ma in3 

mg m 

me in 

mem5 

-

-

3 OF-02 

1 OE-01 

mg kg da> 

mg\g.da> 

i 7E-06 |j 

1 7E-06 

1 7E-06 

JL 
I 7E-O6 || 

| | 

7 9E-09 

I 9E-09 

3 9E-06 

2 7E-06 

9 8E-09 £ 

9 8E-09 |i 

me m * 

mg m"* 

? ; r -02 

6 Of-01 

(mg m') 

(mg mJ) 

|[ 
9 8E-09 ^ J  L 

I 95 --00 

1 9E+00 

1.9E+00 

0 Ot.'-OO 

1 91 J 00 

-

2 1F-02 

1 <E-01 

1 7E-01 

t 7E-0I 

1 7E-0! 

1 7E-01 

1 1F-IH 

4 5F-06 

1 2F-04 

1 7E-04 

1 2F.-O4 

Medium I ota! 9 812-09 1 2E-04 

Woodard & Curran 
May 2007 



TABLE 3-33D
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE 

Remedial Investigation and Feasibility Study 

>n Brook Disposal Area Superftnd Site - Tewksbury. Mas: 

Scenario Timeframe: Future 

Receptor Population: Area 4 Resident 

Receptor Age: Child'Adult 

Medium Exposure Medium Exposure Point Exposure Route 

Groundvvater Potable Groundwater Groups 3-6 Ingeslion 

Chemical of 

Potential Concern 

I.4-Dichlorobenzene 

2,4-Dimethylphenol 

2-Methylphenol 

3-Methylphenol/4-Methylphenol 

4-Methylphenol 

Aroclor 1254 

Alpha-BHC 

Naphthalene 

1.1.1-Trichloroethane 

1.1.2-Trichioroethane 

1.1-Dichloroethane 

1.2,4-Trimethvibenzene 

1.2-Dichloroethane 

1.2-Dichloroethene 

1.2-Dichloropropane 

1,3,5-Trimethylbenzene 

1,4-Dioxane 

2-Butanone 

4-Methyl-2-pentanone 

Acetone 

Acrylonitrile 

Benzene 

Carbon tetrachloride 

Chloroethane 

Chloroform 

cis-l,2-Dichloroethene 

Ubylbenzene 

Ethyl methacrylate 

sopropylbenzene 

Methylene Chloride 

l-Propvlbenzene 

n-Butvlben/ene 

)-hopropv Itoiuene 

ert-Butvlbenzene 

"etrachloroethene 

letrahvdrofutan 

nchloroethene 

mvi chlcride 

\v enes (total) 

Antimony 

Msenic 

)aiium 

Beryllium 

Cadmium 

Chromium 

obalt 

.sad 

langancse 

Nickel 

Iver 

hallium 

'anadium 

inc 

EPC
 

Value Units
 

31 -0^ mg I 

2r-01 mel 

IF 00 n g l 

21 - 00 m r l 

31 01 •ngl 

n m m g l 

51 05 mgl 

ir-02 mgl 

5L01 meL
 

7L m m g l
 

4F 00 mel
 

mg I
 

IE 00
 mgl 

4F 02 mgl 

1E-01 mgl 

4F-0< m g l 

IF 00 mg ! 

3F 00 ipgL 

8F 01 me L 

21 -02 mel 

7t-01 mel 

IF 00 mg I 

5E-02 mg I 

5E02 meL 

3F 00 m p l 

61  0 ' raL 

2L-0I n g l 

8L 00 mg I 

4L 00 mgl 

8F 02 mel 

2E-00 

91 -02 mgl 

91 02 

IF 01 meL 

7F-02 

61 -03 mgl 

21-01 mgl 

8E-01 mg_L _ 

6E-01 mg L 

7F-02 mgL 

3E-01 mgL 

1E-0I mg/L 

2E • 00 mg L 

4E-01 mgL 

6E-0J meL 

6E-02 mg.L 

3E-02 mg/L 

1E-01 mgL 

6E-02 mg.-L 

3E-01 mg L 

8E-02 mg/L 

8E-01 mg/L 

5E-O3 met 

1E-02 mg/L 

6E-01 mgL 

IntakeExposu 

Value 

5.2E-05 

'.OE-03 

'.6E-02 

\4E-02 

4.4E-03 

2.0E-05 

7.7E-07 

1.8E-04 

8.0E-03 

1.1E-04 

V9E-02 

2.3E-02 

7.3E-04 

2.1E-03 

V9E-05 

2.0E-02 

4.9E-02 

1 3E+00 

31E+00 

1 2E+00 

2.1E-02 

7.4E-04 

8.5E-04 

1.1E-02 

9.3E-05 

\6E-03 

1.4E-01 

6.6E-02 

1 3E-03 

"< 6E-02 

1 5F.-(P 

1 6E-03 

1 1L-03 

9 8E-05 

'3E-01 

1 3E-00 

9 8E-05 

1 2F-03 

4 6P.-01 

1.6E-03 

^ 8E-02 

6 1E-03 

9.2E-03 

9.8E-04 

4.9E-04 

2 3E-03 

9.8E-04 

4 8E-01 

1.3E-03 

1.3E-02 

7.9E-05 

1.6E-04 

9.0E-01 

Cancer Risk Calcuhtions 

re Concentration CSrimtRisk* 

1 nils Value I nils Cancer Risk 

mg kg-dav 2 ! E ( 2 (mgkgd ivM 1 1 06 

mgkg-dav 

mg kg-dav 

mg ke-dav 

mg kg-dav 

mg kg-dav •1 OF: 0 ' (meke div) 1 •> or 06 

mg kg-dav 6 'F. 00 (nig ke div) 1 i °f 06 

mg kg-dav 

_mg kg-dav 

me Ke-dav 5 7E 0 : ( m g k g d i v ) l 6 <l 06 

mg Kg-dav -; _
 

mg Kg-dav
 

mg kg-dav
 

mg ke-dav 9 IF 02 (meKediv) 1 6 ft- (>•> 

me ke-dav 

mgkg-da> 6 8F; 02 (mg Ke-o.iv) 1 4 OF 06 

mg Kg-dav 

mgkg-dav i n ; 02 (meKe div) 1 VH 01 

mg ke-dav 

me ke-d.iv 

mgkg-dav _ 

mg ke-da\ -̂  41. PI (ing Kg div) I 1.21-02 

me kg-dav < M.02 (meke dav) 1 4.11 )< 

mg Kg-dav 1 »L 01 (meke dav) 1 111 04 

mgkg-d.v 

me ke-dav t V 02 (mekpdav) I 2.9F 06 

me kg-dav 

mg ke-dav - 

mg ke-dav 

me kg-dav 

mg kg-dav 7 5! -0 ' (me kg div) 1 2~F0» 

mgkg-dav _ 

mg kg-dav 

mg ke-dav 

mg ke-dav 

mg Ke-dav 5 4F-01 (me Ke-dav)-l 

mg Kg-dav 

mgkg-dav_ 

mgkg-dav 4 0E-01 (mg ke-dav )-l i 9F-0? 

mgkg-dav 1 51- 00 (mg Kg-dav)-! 1 7F.-03 

mg Kg-dav - 

mg.'kg-day - 

mg Kg-dav 1 5E-00 (mg Kg-dav )-l 5 7L-02 

mgkg-dav - 

mg leg-day - 

mg*g-day _ 

mg/kg-day _ _ 

mg kg-dav - 

me Teg-day - 

mgkg-dav - 

mg Teg-day - 

mg/kg-day - 

mg/1<e-day - 

mg'kg-day - 

mg/kg-day 

7 2E-02 ! 

Non Cancer Hizird Calculation 

Inlike t \ p  o u re Concentration RID RFC 

\ ilui. I nit \ illli. I nt< Hazard Quolitnl 

2 ""I 01 me ke div 9 01 IP meked iv 1 01 0i 

l <1 02 me Ke div 2 0! 02 me ke div - M 01 

8 T 02 me U dav < Of- 02 me Kg div 1 "I- 00 

1 71 01 m e k e div < OF 02 meKediv " M 00 

2 21 01 me Ke div < 0! 02 meKediv 1 <-\ 0 ' 

I 01 04 meKe d v 2 01 0< meKediv "! 01 0 ) 

^ )\ 06 me Ke div 

o i l 04 meKe div 2 01 (P me Ke div in (P 

4 11 IP me Ke div 7 0! 11 meKg div < 81 ( P 

* 81 04 m e k e civ 4 OF Oi me Ke div 1 IF 01 

•" 01 01 meKediv 2 01 (1 meKediv 1 «F 00 

1 i\ 01 me Ke div 

Wl 0- me ke div ' 0 1 01 mekediv I 81 n-> 

1 11 02 me ke div 9 01 (H meKediv 1 •" 0 0 

ioro4 m e k e div 

i OF 01 meKe div 

2 M 01 me KC div 1 01 01 meKediv •> M 0 0 

( tr oo me ke dav 6 0! 01 meKediv I IF 01 

1 61 oi 

"T6 11 00 meKedi  v 9 0! 01 in Ked.v 6  00 

I IF 01 m e k  e div 1 01 0* meKediv 1 It (P 

i -I in meKediv t 01 in meKediv 9 I 01 

4 '! 0 me Ke div "" 01 0 me U div 6 ~>l 00 

•> 11 01 meKa div 

4 "'I 01 me Ke div 1 01 (P mekediv 4 ""I O"1 

1 8! 02 meKe div 1 01 (P mekedi  v 1 SI 00 

7 01 01 meKedi  v 1 )I 01 mekedi  v "" 01 00 

^ 1 01 m c  U div 1 01 0"> me ke div ' "1 00 

6 81  ( " meKe dav 1 01 01 me ke div 6 81 (P 

1 SI 01 OF 00 

"6  1 01 meKe dav 

mg Ke dav 

8 OF".-03 me Kg-dav 1 01 -01 me ke dav 8 01 02 

5 6F.-01 me Ke-dav 

5 0F.-04 me kg-dav i or-02 mg Kg d.iv < 01.-02 

l 7F"-nn mg kg-dav 

6 M- -00 mgkg-dav me Kg dav 81 r. o i 

5 01.-04 me Kg-dav 

5 9E-03 me ke-dav mgKednv 2 0E 00 

2 3K 00 me kg-dav 2 OF -01 me Kg dav 1 2F.01 

8.3E-03 mg leg-day 4.0E-04 mj.'kg'dirv 2.1E-01 

1 9F-01 me Kg-dav ' or-04 mg Kg dav 6 IF-02 

3 1 T.-02 me Kg-dav 2 0! -01 me Kg dav i <r-oi 

4.7E-02 rng'Tcg-day 2.0E-03 mgicg/dny 2.3E-01 

5.0E-03 mg leg-day 5OE-O4 mg.Tlg.day l.OE-'Ol 

2.5E-03 m gleg-day 3.0E-04 mg kg'dav 5.0E+00 

1 2L-02 me Ke-dav .. _ 
"  " 

5.0E-03 nigTeg-day NA (3) 

2 41:.-00 mg kg-dav 4 7E-02 mg Kg dav 5 21.- 01 

6.6E-03 m gleg-day 2.0E-02 mg'Teg'day 3.3E-01 

6.6E-02 mgkg-day 5.OE-03 mg kgiday 1.3E-01 

4.0E-04 mg.kg-day 8.0E-O5 ' mg.lcg/dny 5.0E-00 

8.3E-04 mg.1eg-dny 9 OE-03 mg.-kg.day 9 2E-02 

•1.6E+O0 mg Teg-day 3.0E-01 mg'leg/day J.5E+01 

i 1 2E 03 Exp. Route Total 

Woodard & Curran 
is.xls\Area 4 Resident RME May 2007 



TABLE ?-?3D
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tenksbury. Massachusetts
 

Future 

Receptor Population: Area 4 Resident 

Receptor Age: Child'Adult 

Medium Exposure Medium Exposure Point Exposure Route 

Groundwater Potable Groundwater Groups 3-6 Dermal Contact 

Chemical of 

Potential Concern 

1.4-Dichlorobcnzene 

2.4-Dimelhvlphenol 

2-Methv!phenol 

*-Melhv]phenol4-Melhvlphenol 

4-Melhvlphenoi 

Ar odor 1254 

Alpha-BHC 

Bi5(2-Ethvlhe\vl)phthalate 

Naphthalene 

Phenol 

1.1.1-Tnchloroethane 

.1.2-Trichioroethane 

.1-Dichloraethane 

.1-Dichloroethene 

.2.4-1 nmethv Ibenzene 

2-Dichloroethane 

.2-Dichloroethene 

-2-Dichloropropane 

.3.5-1 nmethv Ibenzene 

,4-Dioxane 

2-Butanone 

-Methvl-2-pentanone 

Acetone 

\cr-vlomtnle 

Benzene 

Carbon tctrachlonde 

Chloroethane 

Chloroform 

is-1.2-Dichlorocthene 

Elhvlbenzene 

Ethvlmethacrvlnte 

sopropvIbenzene 

Methvlene Chloride 

-Propv Ibenzene 

n-Butv Ibenzene 

i-lsopropv Itoluene 

erl-Butv Ibenzene 

elrachlcroeihene 

rctrahydrofuran 

Toluene 

nchloroethene 

mvl chloride 

Xvlenes (total) 

"Vntimony 

\rseinc 

Banum 

Baritium 
Cadmium 

Chromium 

Cobalt 

Lend 

Manganese 

Nickel 

Silver 

Thallium 

anadium 

Zinc 

EPC 

\ aiue 

3t-O3 

2E-01 

IE 00 

2E---00 

*t-01 

1E-03 

5F 05 

6E-01 

1E-02 

9E-00 

5E-01 

7E-03 

iF - 00 

1L-01 

U'-CO 

4F-02 

IE-01 

IT'00 

3E-00 

8E-01 

2E-02 

7t'01 

lE-tOO 

5F02 

5E-02 

3E+00 

6F 03 

2E-01 

8E 00 

4E-00 

8F.-02 

2E-00 

9F-02 

9E-02 

1F-0I 

7E-02 

2D0I 

8E-0! 

6E-03 

7E-02 

3E-01 

IE-01 

2F'OO 

4F,-01 

6E-01 

6E-02 

3E-02 

l r -oi 

6E-O2 

3F.-0I 

8E-02 

8E-01 

5E-03 

1E-02 

6E+01 

Cancer Risk Calculations 

LmH Intake Exposur z Concentration CSF.bmtRisk* 

Value Lnits \alue Units 

mgL 2 9F.-O5 mg-kg-dav 2 4E-02 (mg.kg-dav )-l 

mgL ^ 6F-04 _ m f k E - d a v _ 
_ 

mgT I 7F-03 

mg  l 2 8E-O3 mg kg-dav _ 

1 6E-04 

mgL 0 0L-00 4 0E-0! (mgkg-dav VI 

i 9E-07 mg kg-dav 6 3E-00 (mg kg-dav V ! _  _ 

mgl 

9 8E-05 mg kg-dav 

mg L I 2E-02 mg kg-dav 

mgl 1 3E-C mg kg-dav 

mgL 8 7E-06 mg kg-dav 5 7E-02 (mg kg-dav VI 

mg 1 T 8E-01 mg kg-dav 

2 4E-04 mg kg-dav _ 
" " 

mgL ' 9E-02 mg kg-dav 

n-g L 2 9E-O5 mg kg-dav 9 IE 02 (mg.Tvg-da.Wl 

mgL 1 5F-04 mg kg-dav -

mg_1._ I 9E-02 mg kg-dav 

mgl 1 4E-04 mg kg-dav 1 It-02 (me kg-dav)-l 

1 1F-02 mg kg-dav _ 

mgl. 1 2E-0I 
_ - _ — 

9 6EJ13 mg kg-dav 

meL 

n g l . 9 2E05 mg kg-dav 5 5E-02 (ma kg-dav VI 

r rgl 1 9F-04 mg kg-dav I 3E-01 (mg.kg-dav VI 

mgL 1 9E-03 mg kg-dav 

mgL 7 OF-06 mg.kg-dav 3 1E-02 (mgkg-dav VI 

mgL 2 6F-04 mgkg-dav 

mgL 6 8E-O2 mg kg-dav 

mgl. 9 3E-O3 
. _ / : . . 

1 5E-03 mgkg-dav 

mgL ! 1F-03 me kg-dav 7 5F-O3 (mg.kg-dav VI 

mg  l 2 2E-03 mg ke-dav 

mgL 4 IE-01 mg ke-dav _ 

m a  l 3 4E-03 mekE-dav _ 

mgL 2 4E-01 mgkg-dav -

mgkg-dav 5 4E-0! (mgkg-dnvVl 

mgL 6 6E-03 mg kg-dav 

mgL 16E-0! mg kg-dav 

mgl I 4F.-0< mg kg-dav 4 0E-01 (mg-kg-daWI 

(mgkg-dovVi 

mgL 3 3E-01 mgkg-dav 

mil 7.0E-06 mfe/fcg-da} 

mgL 1 6E-04 mgkg-dav 1 <E-00 (mgkg-da>)-I 

mgL 2 6E-05 mg kg-da> 

mg'L. 3.5E-0S mg<kg-day _ 

mg/L 4.2E-D6 mg.-kp-dny _ 

mg/L 4.2E-06 mgfcg-dav _ 

mgl. 1 9L-06 mgkg-dav 

_mg/L 4.2E-07 mglg-day 

mg L 2 OE-03 mg kg-da> 

mgi'L 1.1E-06 tng/kg-day 

mg/L 3.4E-05 mg/kg-day 

IDg'l 3.4E-D? jr,e*g-dny 

mg L 7 0E-CI7 mg-lg-day 

mS/h 2.3E-03 mg'Tcg-day 

1 

Non-Cancer Hazard Calculations 

Intake Exposure Concentration RfH RK 

CancerR.sk \alue I nits \ aluc LniU Hazard Ouotient 

6 9F-07 1 3F-04 mgkg-dav 9 OE-02 mgkgdn> 1 ' t -0  3 

1 7F 03 mgkg-dav 2 or. o: mg kg dav _ 8 3F-O2 

—": ~ 1 5F-0! 

_ 1 '£-02 ing kg-dav ' or-02 mg.kg dav 2 6r 01 

1 7r 01 mg kg-dav 5 0E 02 mg kg dav 

o OEJ-OO 0 0E-00 mgka-dav 2 OE-05 rngke-dav OOF-00 

I 2E-06 8 8E-07 mgkg-dav 

1 7E-04 5 6F 02 mg kg-dav 2 OL-02 mg kg dav 2 8F- 00 

- 4 5 E 0  ! mgkg-dav 2 OF-02 mgkgdnv 2 3L-02 

- 5 3L-02 me kg-dav 3 OL-01 mg kg-dnv 1 81 01 

- * sr-o* mg kg-dav 7 0E-0! mg kg dav 8 2E-0"< 

5 OE-07 4 0E-05 mg kg-dav 4 0E-0 me kg dav 1 OF-02 

- ! 7F-02 mgkg-dav 2 OF 01 mg.kg'dnv 8 71 -02 

1 1 E 0  ' rngke-dnv s OE-02 mgkgdav 2 2F 02 

1 8E-'M mgkg-dav 

2 7E-06 I 3F-04 mgkg-dav 2 01 -01 mgkgdav 6 7F 04 

- 7 1E 04 mg kg-djv oo_r^n_ mgkgdnv 7 9F02 

_ mgkg-dav 

8 5E-02 
_ _ : _  _ 

1 6E-06 

- < 2L02 mg kg-dav 6 OF 01 mg kg dav 8 6F 02 

< 5F-01 mg kg-dav 8 OF 02 mg kg dav 

-  : 

8 31 01 

5 1F-06 4 2F-04 mg kg-dav 4 0E 0  1 mg ke dav i i r-oi 

2 4E-0<; 8 6F-04 mg kg-dav 7 OK 04 mg kg dav ! 2F-00 

8 7F 0^ mg kg-dav 

2 2F-07 3 2E 05 mg ke-dav i OF-02 me, kg dav 3 2F-0̂ < 

! 2F-03 mg kg-dav i or-02 mg kg dnv I 21-01 

- 3 IE-01 mgTv.e-dav I OE-01 mgkgdn) i I F - 0  0 

mg.kg'dav 4 'F-0! 

9 9F-03 mg kg-d.n 

- 1 9E-02 mgkg-dav _ 

1 6r 02 meke-d,iv 1 01-01 mgkgdav IfiF O) 

I IF-02 mg kg-dav 

2 6F-O5 2 :F-01 mg kg-dav 1 Oi -02 mgkg-dav 2 2F,-02 

1 OF-02 mgkg-dav 

- 1 7F.-00 mg kg-dav 8 OF 02 mgkg dav 2 11 -01 

5 6F.06 6 «E-05 mg kg-dav -

7 4F-05 2 3 [-04 mgkg-dav 3 PE 0^ mgkgdav 7 6E07 

1 5F-00 mg kg-dnv 2 01 01 mg kg.daj 7"E'0O 

- 4 2E-03 mgHg-dsy 6.0E-05 mg/1<g,da> 7.0E-01 

2 4E-04 9 8E-04 mgkg-dav 3 0L 04 mgkgdav ^ IF. 00 

- 1 6E--04 mgkg-da} I 4F--02 mg kg dav ! 1F-02 

_ 2.4E-04 mg.itg.-day 1.4&0S me/kg'dny I7E+01 

- 2.5E-O5 mg/kg-dny 2 5E-O5 mgikgiday 1.0E+0O 

- 2.5E-05 mg.Ttg-day 2.5E-05 mg -kg/day 1.0E+00 

- 2 4E-05 mg kg-£b) -

- 15E-O6 mg'icg-day NA (?) 

- I 2F-02 mgkg-dav 1 9L Oi mg.kg dav 6 5E--00 

- 6.8E-06 mg-kg-daj «.0E-04 mg'Tvg'day 8.-1E-03 

- 2.0E-O4 mg.-kg-dny 2 0E-04 mg/kg/day 1.0E-00 

- 2.DE-O6 mgritg-day S.0E-O5 mg'kgi'day X5EJ32 

- 4 2E-06 jngtg-dny 2 3E-04 mg'kg^day 1 8E-02 

- 1.4E-02 mg^g-day 3.0E-01 mc/kB/day 4.6E-02 

6 6E-04 7 6E-01 Exp. Route Total 

Woodard & Outran 
May 2007 



TABLE 3-??D 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal .Area Superfiind Site - Tewksbury. Massachusetts 

Scenario Timeframe: 

Receptor Population: Area 4 Resident 

Receptor Age: Child'Adult 

Cancer Risk Calculations r Ha/ird CiLuIjtio 

Intake t \ p  o ure Concentration 

Hazird Quotient 

Potable Groundwater 

7 01 0"1 
(m p m ) 2 91 02 

1 81 01 (m e in ) 4 21 02 

1 8F 02 (m P,n ' ) 

1 81 02 ( "  ' e » ) 

I OF- 01 (me m')-' (m e m ) 

1 8F 00 (mem')-' 

2 4F 03 (me mJ) 2 01 04 

8 6F ()i 2 Or 00 

(me m') 1 21 01 

(me in1) 1 41 01 

1 4f 02 1 11 0! 

M)F 01 8 II 00 

4 IF 02 (me m i  ) 2 01 0, 7 91 01 

4 21 01 (me m ) 

I i) 02 (me m 1 

4 M 02 (me m'  ) 

1 11 01 (me i m  ) 

171 01 .me m i  ) 

2 7F 02 Cme ml) 'OH 00 

' IF 01 5 01 00 

271 01 
9 

"fc 0! < 01 00 i 2t 01 

^ 4F-00 2 01 01 21 00 6 21 00 

1  9 r o i 6 8l 02 n , 0  2 •71 01 l M 01 

I 6F 02 7 8F 01 ,2f -0  4 71 02 1  n l 02 

1 M 02 2 21 04 IF 0? 2 21 01 

101 0) 1 8F 0! 

1 "I 01 6 I 1 01 2 OF (f 

7 11 02 2 61 01 4 1 0( 

2 71 00 9 71 00 

9 6F 0! i 4F 00 

2 6F02 9 21 02 

7 2F"1 

6 81 02 (me mi) 

2 7F 02 (mg.iH) 6 8f 01 

2 81 02 (me n ) 2M 01 

2 01 02 < U 01 

1 01 01 

* 01 00 

2 81 u 2 1 OF 01 

9 0L-00 i 2L 0' (me mi) 

exposure Medium I otal 

Risk From Reference 

1 otal of Receptor Ri ks Vcro All Media I otal of Receptor Hazards \cross A.IS \ltdia 

(I)LTC-Exposi 'omt Concentration; CSI- = Cancer Slope Factor; RJD = Reference Dose. RfU = Reference Concentration 

(2) Cancer risk = ke/exposure equation * CSF or Unit Risk; Hazard Index = Intake/exposure equation RiU or R1C. 

(3) Lead risks wer alualed separately. See te r explanation, 

s of t nt h refenShadeShadedd —ConcentrationConcentrations ofcontaminancontaminant are consistentwitwith reference concentrations. 

* Cancer risks for benzo(a)anthracene, bicene. benzo(a)pyrene. benzo(b)fluoranthene. dibenzo(a.h)an(hiacene and indeno(1.2.3-cd)pyrene includes a receptor-specific Age-Dependent Adjustment Factor. Derivation of cancer risk for these compounds is shown 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran
 

G:\210517 Sutton Brook\wip\Human Health Risk AssessmentArisk calcs_residentia! scenarios.xls\Area 4 Resident RME May 2007
 



TABLE 3-33E
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury. Massachusetts
 

Receptor Population: .Area I &2 Resident 

Receptor Age: Child/Adult 

Medium Exposure Medium Exposure Point Exposure Route 

Groundvvater Potable Groundwater Groups 1-2 Ingestion 

Chemii-ai of 

Potentini Concern 

.4-Dichlorobenzene 

2-Methvlnaphthalene 

i-Melhvlphenol 4-Methvlphenol 

4-Methvlphenol 

Uetophenone 

Naphthalene 

N-Nitrosodi-n-butviamme 

VNitrosopvrroiidinc 

o-Toluidme 

Undine 

.1-Dichloroethane 

.2. J-Tnmethv Ibenzene 

.2-Dichloroelhene 

cis-l,2-Dichloroethene 

.2-Dichloropropane 

.2.4-1 nchloiobenzene 

.3.5-1 rimethvlbeiizene 

.4-Dioxane 

2-Bulnnone 

2-Hexanone 

4-Methvl-2-pentanone 

Acetone 

Benzene 

Chlorobenzene 

Chloroethane 

Chloroform 

Dichlorodifluoromethane 

EthvIEther 

Etliv Ibenzene 

Methvlene Chloride 

n-PropvIbenzene 

Stvrenr 

letrachloroelhene 

Tetrahvdrofuran 

Tnchloroethene 

Tnchlorofiuoromethane 

mvl chloride 

\vlenes (total) 

Antimony 

\.reemc 

Banum 

Beryllium 

Cadmium 

'ohalt 

Copper 

Lead 

Manganese 

Nickel 

Selenium 

ThaUium 

•'anadium 

EPC 

Value 

1E-02 

8E-04 

1E-01 

IE-0! 

3E-02 

2E-01 

1E-03 

1E-02 

3E-O3 

3E-0P 

4E-02 

<E-01 

3E-00 

2E-01 

JE-01 

3F.-03 

3E-03 

6E-01 

8E-01 

IE.01 

5E-01 

IE-0! 

2E-0I 

4E-02 

1E-02 

4E-00 

2E-03 

I E-01 

3E-CI 

2F.-00 

2E 00 

3E-01 

2E-0I 

2E-02 

1E-01 

2E-0I 

8E-02 

4F-01 

4E-02 

5 E-01 

5E-O3 

2E<-00 

2E-00 

3E-C2 

4E-0! 

8E-02 

2E-01 

2E-01 

2E-M)! 

2E-0t 

7E-02 

JE-03 

3E-02 

Cancer Risk Calcu ations 

Units Intake Exposure Concentration CSF/Unit Risk Cancer Risk 

\a!ue Units \ aluc I nils 

m g  l 5 3 E-0 5 me kg-dav 2 4E-02 (me Tig-dav )-l 1 3L-O6 

mgl % OL-06 mg kg-dav - -

4 9F 02 mg kg-dav 
-

mgL 5 3F-02 mgkg-dav 

mgl. 1 5E 04 mgkg-dav - -

nig 1 1 2E-03 mgkg-dav 

mg I 

nigl. 

5 3 E-0 6 

4 ~E-05 

mg Tig-dav 

mg kg-dav 

5 4E-00 

2 1E-00 (mg kg-dav )-l -ii:
mgL 2 4 E-01 _ (mgVe-davH "< 7E-06 

m g  l 1 3 E-0 2 mg.kg-dav 

mgl  . 2 OF-04 mg kg-dav -

mgl 2 6F-P3 mekg-d.iv -

mgL 1 3E-O2 mg Tig-dav 

9 ! E-0 •> 

mgL 7 3F. 04 mg kg-dav 

mgL mg kg-d.,v 

1 7[--05 mgkg-dav 6 8 E-0 2 — ^ " .  ̂  " ! IE-06 

mg 1 1 2E-05 mgkg-dav -

3 1E-03 

4 OE-03 me kg-dav I lE-02 4 4F-05 

m g  l 1 3F-01 me kg-d.n -

meL 2 2F-03 meke-dav _ -

6 3F-02 mg kg-dav 
—  - ' — 

1 0F-0I 

1 8E.-04 mg kg-A-iv 5 5 E-0 2 (mg\g-dav)-l 1 0E-05 

m g  l 1 4F-04 

me I 2 I E-0 2 mgkg-dav - -

mgL 8 3E-06 mg kg-dav 3 IF 02 (mg kg-dav H 2 61.-07 

m g  l 4 6E-04 mgkg-dJV - -

mgL 1 5F-03 mgkg-dav - -

me L 9 7F-03 me Tig-dav -

mg l 1 OF. 02 mg kg-dav 7 ^E-0* (me kg-dav}-l 7 8E-0< 

mgl ! 3E-03 

meL 1 2F.-03 me Tig-dav _ -

m g  l 8 3 E-0 5 me kg-dav 5 I E-01 (mglie-dav)-l 4 ^E-05 

mgL 4 9E-02 mg.kg-dav _ Z  _ 
mgl 1 OE-01 : 

1 T. 04 me ke-dav 4 0E-01 1 5E-0J 

mgl 

mgL me kg-dav 1 5L-00 (me kg-dav >-l 2 6t-04 

mgL 2 4E-03 mg/kg-dav - -

mg'L 2.5E-05 mg^g-dny - -

mgL 9 7F-03 mg.kg-dav I 5E-00 (mg kg-dav)-! 1 *F 02 

mg L 7 7E-03 mgkg-da> - -

mg/L 15E-04 rag/kg-day - -

mg/L 1.8E-O3 m?1cg-day -

mgL 3 7E-04 mgkg-dav _ -

mgl. 8 7E-04 mg Tig-dav - -

mg/L 1.2E-03 mg Tig-day - -

mg I 9 8E-02 mg kg-da> - -

mg.'L 1 OE-03 tngfcg-day - -

mg/L 3.4E-04 mg/kg-dny - -

mg-L 2.3 E-0 5 mg.Tig-day - -

mg/L 1.5E-04 ms/kg-day - -

1 5E-Q2 

Non-Cancer Hazard Calc ulations 

Intake Exposu eConcentialion RfDRfC Hnznrd Quotient 

\alue I nits \ alue I nits 

4 91 -04 mgkg-dav 9 0! 02 mgkgdav 5 ? E 0  i 

3 7E-01 mg kg-dav 4 OF 03 mg.kg djv 

4 5F--0! mgkg-dav 5 OF 02 ma kg dav 8 9E-00 

4 9F-01 * OF 02 mgVgdav 9 8E<-00 

1 4E 03 mgkg-dav 1 Of 01 mg kg dav 1 ^F02 

1 lt-02 mgkg-dav 2 0F-02 mg'Tie'dav M  E 01 

4 8F-O5 

4-<E04 mgT.g-dav 

! 4F.-0J mg Vg-dav 

I 2E01 mgVg-dav "<0F 01 me kg dav 3 91 01 

1 9F.-01 mgVg-da^ i or  o ' n.g.lg d-v i 9F 00 

2 4F.-02 mg kg-dav 2 0F-01 mgXed«v 1 2E-01 

1 2E-01 mgke^av 

mp ke dav 

6 7E-03 " mgkg-dav ' 9 OF. 03 me kg dav 7M;-n " 

2 OE-02 1 0E 02 mg kg dav 2 OF-00 

I 5E-04 m5k!-daf" 
1 IE 04 me kg-dav 1 OL-02 mg ke dav 1 1F-02 

2 9F-02 
1 7E 02 me ke-da\ ! OF 01 mg kg dav i 7E-01 

1 21 -00 mg kg-dav 6 (1F-0I mg kg An 2 OF-00 

2 OL-02 meke-dav - -

5 8E01 me kg-dav 8 0L 02 mg kg dav 7 ^F-00 

9 4E-01 mg kg-da> 9 OF 01 me kg dav 1 01 .00 

1 7F -03 mg Tig-dav 4 01 0"! mg kg dav 4 «E-01 

1 3F-0-* mg kg-dav 2 0F-0 2 6 3F-02 

1 91 01 mg kg-dav _ 

TSE-ns me kg-dav 1 0E 02 me kg dav 7 6E 03 

4 3 E-0 3 me kg-dav 2 0F-01 mgl-gdav 2 IE 02 

1 3 E-0 2 mgkg-dav 2 OF -01 mg kg dav 6 7F 02 

8 9F-02 mgkg-dav i or oi mg ke dav 8 9b-01 

96!--02 inn ke-dav 6 OF 02 mg kg dav 1 6f 00 

I 26-02 mG ke-dav 

! 1 E-0 2 mg kg-dav 2 OF 01 mg kg dav 5 IF 02 

7 f.E-04 me kg-dav 1 0! -02 mg.kg.dav 7 6F. 02 

4 5F-01 mgkg-dav 

9 4F-0I mgkg-dav 8 OF-02 mgkg.dav 1 2L 01 

* 4F 03 mg kg-dav 

i 8F-02 me ke-dav 10F-0I mg kg dav 6 IF 02 

I 6F,-0' mg kg-dav ' 0E 0  ' mgkgdav J2F-O1 

2 2F.-02 mgTig-dnv 2 0E-0I mg Tig dav 1 IF 01 

2.3E-04 mgkg-dav 4.0E-04 mg/kB'day 5.8E-O1 

8 9E-02 mglig-dav TO E 0  4 mg Tig dav • t O F - 0  2 

7 1F-02 mg kg-dav 2 01-01 mgkgdaj 3 6f-01 

I.3E-03 mgtg-dny 2.0E-03 mg/kg/day G7E-01 

1.6E-02 mg-kg-day 5.0E-04 mg.kg day 12E-01 

3 4E-0"< mg kg-dav _ 

8 0F-0* mg kg-dav - -

l.IE-02 mg'Tc-e-dny NA (3) 

9 01-01 me kg-da> 4 7E-02 mgkgdav 1 9F-0I 

9.4E-03 mg'kg-day 2 OE-02 ing/kg'day 4 7E-O1 

3.JE-D3 mgltg-day 5.0E-03 tng.kg/day 6.3E-01 

2.1E-04 mg leg-day 8.0E-O5 mg/Tig day 2.6E+00 

1.3E-03 mg'icg-dny 9.0E-03 mg.ig/day 1 3E-01 

4 1E-02 Exp. Route 7 otal 

Sutton Brook Disposal Area Superfund Site (210517) Woodard S Curran
 
G:\21O517 Sutton Brook\wip\Human Health Risk Assessment\risk calcs_resldential si is.xls\Area 1&2 Resident CT May 2007
 



TABLE 3-33E
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenar ioTimeframe: Futui e 

Recep or Population: Area l&2Re ident 

Recep or Age: Child Adult 

Chemical of Cancer Risk Colcul ihoi \o  n Cancer Hnzird L ilculatioi 

Potential Concern intake/Expo ure Concentration CSI I nit Risk Inhke Exposure Conctntration 

I nits 

Potable Groundwater ,4-Dichlorobenzene 1E-02 meka-dav 2 1C02 (i 

8E-04 2.4E-06 me ke-d.iv me ke dav 

S-Methylphenol/4-Methylphenol 1E+01 4.2E-03 me Ve-dav i n o: 

4.7E-03 mekgd.iv 91 02 

mg'L 1.2E-05 mg ke <ia\ 

mg/L 6.8E-04 mekg-dav 

N-N itrosodi-n-butylam ini 1E-03 3.0E-07 meke dav (me ke dj\)-\ 1 61 06 

1E-02 2.7E-07 mgke-dav (mgkpda\) 1 < 61 0 mg ke d-n 

5.0E-07 mgke-dav (mgkeda\)-l 1 2F 07 me ke di> 

I .OE-03 mg kg-dav_ 2 81 O1 

4E-02 6.2E-06 mg kg-dav me "kg div 
11 II (  . 

,1-Dichloroethane 5E-01 1.8E-04 mg kg-dav me ke div 

.2.4-Trimethylbenzene 2.3E-O2 mgkg dav ineki. dav 

r2-Dichloroethane 1.4E-06 mg'kg-dav ma Kg div 

,2-Dichioroethene 2E-01 5.7E-05 meVgdav 

5E-01 1.7E-04 mg kg-dav mekedn 

1.5E-06 mgkgdav 1 21 0< 

,2,4-Trichlorobenzene 3E-03 1.4E-05 mg kg-dav 1 ">I 04 

.3.5-Trimethylbenzene 6E-01 me kg-dav 2 61 02 me Kg div 

.4-Dioxane mg L ma kg-dn 111 04 

2-Butanone mgl. mg kg dav 1 01 02 me kg d  n 

2-Hexanone 1 6J-0t me kg-div ma Kg div 

4-Mcthv!-2-penlanone IF 01 2 61 -03 me kg-dav 

\cetone 2!",' 01 8 8F-04 me kg-dav 8 11 (I' 

4E-02 mgke-dav ' H 0"1 

3I--P2 mg kg-dav 
me ke div I 81 0"> 

Chloroethjne 41,. 00 me kg-dav 

Chloroform 2C-O3 me kg-d.iv 

Dichlorodifluoromethane 11-01 mg kg dav 
2 01 01 

DhjlLlher 3 M  l 2 0! 01 meke div 

Ctlnlbenzene 2E- 00 me kg-da\ 4 I 02 mgkgdnv 

Methvlene Chloride 2F. 00 me ke-da\ ~> 81 0 me kg dav mg kg div 

i-Propvlbenzene 31-01 mg kK 4  H 1(1 02 me kg dav 

Stv re-ie :n-oi mE kgda> " 81 0 

etrachloroethene 21 .-02 mg ka da\ •» 61 (4 

etrnhvdiofiiran me kc-da% me ke dav 

oluene me ke dav 

nchloroelhene me ke div 

richlorofluoroin ethane 41-01 2 81 0 me ke dav me ke div 

invl chloride 4F-02 6 4! -05 mg kg-dav mg kg dav 

\vienes (totai) 5t-01 _mgL_ 1 <I -02 me kg-dav 2 01-01 ' M.-02 

Anlimony iE-03 mg-L 7.2E-07 jnekg-da  y ^ 6.0E-05 1.2E412 

2f-on 2 8C-04 me kg-dav •< or 04 me kg dav 9 M 01 

21 00 2 2} -04 i ti.-o: mg kg dav I 6r-02 

3E-02 4.2E-06 mg kg-day 1.4E-05 nig Tig'day 3.0E-OI 

_4E-01_ 5.0E-O.5 mg Tig-day 2.5E-05 mg Teg day 2.0E-00 

"ohalt mgl 4 21 -"6 

:oppcr 2L-01 me L 2 "4,-05 me kg-da> 

2E-01 mg'L 3.3E-0G me Tig-day NA (3) _ 

mg L 3 4L-04 I 9L-03 

2E-01 mg'L 7.0E-07 mgltg-day 5.8E-06 mgicg-dny 8.0E-04 

7E-02 nig-Tcg-day 5.0E-03 

5E-03 7.9E-08 6.5E-07 mg kg-dny 8.0E-05 8.2E-O3 

3E-02 mg'L 5.0E-07 4.2E-06 mg'lig-day 2.3E-04 1.8E-02 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran 
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Scenario Timeframe: Future 

Receptor Population: Area 1 &2 Resident 

Receptor Age: Child/Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of 

Potential Concern 

Groundwater Potable Groundwater Groups I -2 Shower Air 1.4-Dichlorobenzene 

2-MethyInaphthalene 

3-Methylphenol'4-Methvlphenol 

4-Methvlphenol 

•\cetophenone 

Naphthalene 

^-Nitrosopvrrolidine 

o-Toluidine . 

Pvridine 

M-Dichloroethane 

1.2.4-Trimethylbenzene 

1.2-Dichloroethane 

1.2-Dichloroethene 

cis-1.2-Dichloroethene 

1 .2-Dichloropropane 

.2.4-Trichlorobenzene 

1.3.5-Trimethvlbenzene 

.4-Dioxane 

2-Butanone 

2-Hexanone 

4-Methyl-2-pentonone 

Acetone 

-hlorobenzene 

Chloroethane 

Dichlorodifluoromethane 

Ethyl Ether 

^.thvlbenzcnc 

Methylene Chloride 

n-Propylbenzene 

Stvrene 

Tetrachloroethene 

Tetrnhydrofuran 

Toluene 

Trichloroetliene 

Trichlorofluoromethane 

\ iny] chloride 

\ylenes (total) 

Exp. Route Total 

Exposure Medium Total 

(1) EPC = Exposure Point Concentration; CSF = Cancer Slope Factor. RfD = Reference Dose; RfC = Reference Concentration
 

(2) Cancer risk = Intake, exposure equation * CSF or Unit Risk: Hazard Index = Intake/exposure equation / RfD or RfC.
 

(3) Leadrisks were evaluated separately. See text for explanation.
 

(4) Refer to Appendix I for supporting information.
 

Shaded = Concentrations of contaminant are consistent with reference concentrations.
 

TABLE ?-?3E
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfimd Site - Teuksbury. Massachusetts
 

EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake.Exposur e Concentration RSV RfC 

Value Unto Value UniLs Value Units Value I'niU 

NC(4) !.1I 04 (me m3) 2.3 E-01 (me ml) 8.0E-0I (mg m') 

NC(4) 6.3E 06 (me m3) - - 1.4E-01 'me mi) 1.4E-0I (mg m') 

NC(4) I.7E 02 (mg m3) - - 6 1F.-02 (me mi) I.8E-O2 (me m3) 

NC(4) 1.9E 02 (me m3) - - 6.7F.-02 (me.nl) I.8E-02 (mg m') 

NC(4) 5.2E 04 (me m3) - 1.9E-0' (me ml) 

NC(4) 1.9E 0i (me m3) 
__ . ~ _.. . _ _ 

4IE-02 (me ml) 3.0E-03 (mg m') 

NC{4) 

NC(4) 8.4E <T (merr.3) 6.1 E-01 5.1 E-07 3.0E-06 (mem'  ) 

NC(4) ME  0 ' (me m3) 
-

3 8E-0S (me mi) 

NC(4) 

NC(4) 8.7E 04 (me m3) _ 3.1E-01 (mem'  ) 3.5E-03 (mgm1) 

NC(4) 6.2E 0i (me m3) - - 1.3 E-0! ( m e n l  ) 5.0E-01 (me m ) 

NC(4) 7.9E 01 (me m3) - - 2.8E-00 (me ml) 

NC (4) 7.0E 0< (m«m3) 2.6 E-0 2 (me in')-' 1.813-06 I.5E-01 (me ml) 2 4E+00 (me m') 

NC(4) 1.8E 0 (me m3) 

NC(4) 5.21 01 (me m3) - 1.1E-01 (me mi) 6.0E-02 (me m * 

NC (4) 3.6E 05 (me m3) - 8 OE-0 t (me mi) 4.0E-03 (me m ) 

NC(4) 2.8E 0< (me m3) (mp m ) 

NC(4) 2.0E 0! (mem?) - - 7.0E-0I (me ml) -

NC(4) 2.7E 0 4 (me n,3) -.7E-0? (mem')- ' 2 1 F.-06 5.9E-01 (me ml) 3.0E+00 (mp m ) 

NC(4) 4.8E 02 (mg m3) _ I IEJ 00 (me mi) 5.0E+00 (mp m') 

NC(4) 5.0E 02 f«n3) - - I.8E-01 (ing ml) 

NC(4) 6.61 02 (me m3) - - I.4E-PO (me mi) 3.0E+00 (me m ) 

NC(4) 5.6E 07 (me m3) 1.2E' 00 (mr m ) 3.2E+00 

NC (4) 4.8E 04 (me ml) -• 8E-03 3.8E-06 

NC (4) 3.0E 0? (me m3) - - 6 "E-0' (nip mi) 5.OE-O2 ( m  e iTi 1 

NC(4) 1.8E 00 (me m3) - 6.5E-00 (me ml> 1.0E+01 (me m ) 

NC (4) 
- "  — ~ 

NC(4) 3.0E 0-> (men3) 1.1E-01 (me m<) 2.0E-01 (mpm ) 

NC(4) 7.5E 0i (mem3) - 2.7E-02 (mp m 1 7.0E-0! (m m ) 

NC(4) 2.3E 02 (me m3) - - 5.OE-01 (me mi) 1.0E+00 (me m ) 

NC(4) 2.5E 02 (me. m3) 4.7F.-04 (mem')' 1.2E-05 5.5F.-OI (me ml) 3.0E+00 (me mJ) 

NC(4) 1.9E 0! (mg ml) - 7 OE-01 (me ml) 1.4E-01 (mp in ) 

NC(4) 2.6E oi (me m3) - - 5 8 E-0 2 (me ml) 1.0E+00 (me mJ) 

NC{4) 1.7E Ot (me m3) 5 9E-03 (me m>y< 9.8E-07 i 6E-01 (me mi) 3.5E-02 (me m') 

NC{4) 3.7E-00 (me m3) - - I 3E+01 (me mil 3.0E-0! (me m ) 

NC (4) 2.5E-O1 (me m3) - - 5.?F.'00 (mg/m3) 5.0E+00 (me m ) 

NC(4) 8.IE 04 {we m3) 2.0E-03 (mgmJ)-' 1.6E-06 1 8 E-0 2 (me m3) 6.0E-OI (me m ) 

NC(4) 1.2E PI (me m3) 4 4E-01 (rng m3) _ 

NC(4) 4.9E 04 (mg m3) 8.8E-03 (mgm')-' 4.3E-06 I.IE-02 (mg m3) 1 0F.-0! (me mM 

NC(4) 5.61 01 (me m3) - - 1.2E-0! (mgm3) i 0F.-01 (me m 1 

3.3E-04 i 
1.6E-02 ! 

Total of Receptor Risks Across All Media 1.6E-02 Total of Receptor Hazards Across All Media 

Risks from Reference ••;,;:::dE+00.:;v: 

Risks from Site 2E-02 

Hazard Quotient 

2.9E-03 

9.8E-O4 

3.5E+00 

3.8E+OO 

-

I.4EX0I 

8 91 01 

2 71 01 

6 *F 04 

1 C'F 00 

2 OF 01 

11 r oi 

2 Oh 01 

2 IF 01 

A «F 0! 

' 9V Oi 

1 11 01 

6 n ()' 

< t Oi 

1 91 02 

M1F 01 

1 8! 01 

* 0E 00 

^ 8F 02 

1 Of- 01 

i )F 01 

l i t 00 

2 9F 02 

1 IF 01 

I 2[ 00 

8 0t 01 

* 0L 02 

<0F 02 

4 OE+01 

4 6E 02 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran 
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TABLE 3-33F
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal .Area Supetfund Site - Tewksbury. Massachusetts
 

Scenario Timefrnme: Future 

Receptor Population: Area 1 &2 Resident 

Receptor Age: Child/Adult 

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk 

Value Units Value Units 

Potable Groundwater Ingestion 1.4-Dichlorobcnzcne 1E-02 mg/L 1.8E-04 mg.kg-day 2.4E-02 (mg/kg-day)-l 

8E-O4 I.4E-05 mg/kg-day 

3-Mettniphenol/4-Methy!phenol 1E+01 1.6E-01 mg/kg-day -

4-Methy!phenol 1E+01 mg/L 1.8E-01 mg/kg-day 

Acetophenone 3E-O2 mg/L 5.1E-04 mg<kg-day -

N-Nitrosodi-n-butylamine 1E-03 ~^giT^ 1.8E-05 mg/kg-day 5.4E+00 (mg'kg-day)-l 

N-Nitrosopyrrolidine 1E-02 mg/L 1.6E-04 mg/kg-day 2.1E+00 (mg'kg-day)-l 

Phenol 3E+00 mg/L 4.3E-02 mgkg-day _ 

Pyridine 4E-02 —™I±— 6.9E-04 mg<1cg-day 

1 !-Dichloroethane 

L2.4-Trimcthylbenzene 3E+00 mg/L 4.3E-02 mg/kg-day 

I ">-Dichloroethane 

1.2-Dichloroethene 2E-01 mg/L 2.5E-03 mg/kg-day 

cis-1,2-Dich!oroethene 5E-0I mg/L 7.4E-03 mg-kg-day -

1.2-Dichloropropane 3E-03 mgL 5.6E-05 mg/kg-day 6.8E-02 

1.2.4-Trichlorobenzene 3E-O3 mg/L 4.1E-05 me-kg-day -

! .3.5-Trimethylbenzene 6E-0! mg'L 1.0E-02 mg'kg-day -

1,4-Dioxane 8E-01 mg/L I.4E-02 mg/kg-day 1.IE-02 (me/kg-dayM 

2-Butanone 3E+01 mg/L 4.4E-01 mg,-kg-day -

2-He.xanone 5E-OJ mg/L 7.4E-03 mg-itg-day -

4-Methyl-2-pentanone 1E+0! mg/L 2. IE-01 mg/kg-day _ 

Acetone 2E+0I mg'L 3.4E-01 mg/kg-day 

Benzene 

3E-02 mg/L 4.6E-04 mg,Tig-day 

Chloroethane 4E+00 mg/L 7.IE-02 mg/kg-day 

Chloroform 2E-03 mg/L 2.8E-05 mg.'kg-day 3.1E-02 (mg.kg-day>l 

Dichlorodifluoromethane 1E-01 mg/L 1.6E-03 mg/kg-day _ 

Ethyl Ether 3E-01 mg/L 4.9E-03 mg/kg-day _ 

Elhylbenzene 2E+00 mg/L 3.3E-02 mg.kg-day -

lethylene Chloride 2E+00 mg/L 3.5E-O2 mg'lvg-doy 7.5E-O3 (mg.kg-dayH 

-Propylbenzene 3E-0I mg,L 4.3E-03 mgkg-day -

Tetrachloroethene 2E-02 mg/L 2.8E-04 mg/kg-day 5.4E-01 (mg/kg-day)-l 

etrahydrofiiran 1E+0I mg/L I.6E-0! mgkg-day 

oluene 2E+0I mg/L 3.4E-01 mg-kg-dav _ 

nchloroethcne 8E-02 mgL 1 2E-03 me kg-da\ 4 0F-OI (mgkg-da>)-l 

richloronuoromethane 4E-01 mg L 6 7C-03 me ke-da> 

•ii;-02 p-gl. 5 7F.-04 mg k g  ̂  1 5E-00 
-  - — "  d 0  -  1 " 

•ylenes (total) 5E-01 8 Of-03 mg kg-daj 

Antimony 5E-03 mg/L 8.3E-05 mg leg-day -

\rsenic 2E-00 mgL 3 3L-02 mg kg-da> 1 5E-00 (mg'kg-da\)-l 

anum 2E.-00 mgL 2 6C-02 mgkg-da> -

eryllmm 3E-02 IDg/L 4.9E-04 mg*g-day -

Zndttiium. 4E-01 mg/L 5.9E-03 mg'kg-day 

obalt 8E-02 mgL mgkg-daN 
. .  _ 

opper 2E-0! 2 9! 03 mgkg-dav 

cad 2E-01 mS'L 3.9E-0? mg-ke-day _ 

langanese 2E-01 mgL 3.31 0] mg kg-da^ -

icke! iE-01 mg.l 3.4F.-03 mgicg-day _ 

elenium 7E-02 mg/L 1JE-03 mgAg-day -

hallium 5E-03 mg/L 7.7E-O5 mg-Tig-daj _ 

nnadium 3E-02 nig/L 4.9E-04 mg/kg-dav -

Non Cancer Hazard Cnh 

Cancer Risk intake t \po urc Concentration RID "RfC Hnrard Quotiui! 

Value In t \ lue Irits 

4.3E-06 9.1E-04 .0E02 " 

- 11* n 

9.1E-0I mekedav I 81 (1 

- 2.6E-01 mekgd ^ 1 0*- 01 mq kg d , 7 6F 02 

9.6E-05 g.OE-O1! mgked \ 

3.3E-04 8.OE-O4 mekgda> 
- 

2.2E-0' me kg da\ •̂  oi oi m e U d  ,  , 7 "I 01 

- 3.5E-0, mqkeda5 1  H r )T mgkednv 1 <F 00 

2.2E-0! meked \ 

mgkgda\ i r oo 

- 3.7E-02 i oro-> mg ke da> E 00 

- 2.1E-0 mskedav 1 01  0 1 mq kg da> 7 !L P 

- 5 3E 0? meked-.^ 

1.5E-04 6 9E-.-0" 
1 mekeda, I OF 0] mekgd.v ( 95 01 

- 2 2E-0T mekeda\ 6 01 01 inekeda\ ^ I 00 

- 3 7E-0T mg ke-d.n 

- I IE-00 m e k c  d > s i  r  o 1 mi, kg tb\ I (F 01 

1 7L-00 me ke da> 9 o  r M 1 9F- 1)0 

7 L 01 

1 F 01 
_ _ 

3 6T-01 me ks da\ 

8.6E-07 1 4E-0 t me ke d \ 1 OF 07 m e k e  d \ 1 I  K 2 

7 9E-0 

_ 2 5E-07 mekedi> 7 01 01 me ke di\ i ^r oi 

- I T-ni mekgd-n i or oi melsdai I •'F 0  0 

2.6E-04 i 8F-01 me ke d  n 6 (ir 0 me ke di\ OF 10 

- 2 2H-07 mekMa> 

1.5E-04 ! 41 -03 m e k e  d v 1 OF  0 1 me kg di> ! 4F 0! 

_ s?r-oi meke da\ 

_ 1 7F-00 •> F 01 

5 OF-04 6 "i;-o me ke d \ 

3 4E-0, meke-d > 101- 0! meked, 1 IF 01 

mg kg dai 
_ 4 lh-02 mg kg-da> 2 OF, 0! me kg<da\ 2 0E-0I 

- 4.3E-04 mg'Tcg-day 4.0E-O4 mg-kg-day 1.1E+00 

4 9E-02 1 7E-01 mgkg-da^ 3 OE-04 mE/ke-da> 5^F-02 

- 1 3E-01 mg.kg-dav 2 0E-01 mgkg.da\ 6 6! -1)1 

- 2JE-03 • mgkg-day 2 OE-03 mgTig'day 1.2E-00 

- 3.0E-02 mgfcg-day 5.0E-04 mg/kg/day S.OE-̂ 01 

6 3E-03 mg kg-da) 
_ _ ~_ . 

1 5E-02 mg:kg-dav 

- 2.0E-02 mg'kg-day NA (3) -

- 1 7E- 00 mg.kg-dn) 4 7E 02 mg kg,daj 3 6E>01 

- 1.7E-02 ms,1cg-day 2 0E-02 mg.-kg/day 8 7E-Q1 

- 5 «E-03 mfe'kg-day 5.DE-03 mg/kgiday 1.2E+00 

3.9E-04 nig-kg-day 8.0E-O5 mE'kE,dny 4.9E-00 

- 2.5E-03 mg/Tcg-day 9.0E-03 mg4g/da> 2.HE-01 

Sutton Brook Disposal Area Superfund Site (210517) 
Woodard & Curran 
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I \BI F. i - n r
 

C UXl 'L VI ION 01 CIII MIC \L C \NCER RISKS AND NON-C VNCI-.R H \7. VRDS
 

RE VSON U3LE M VMMtM EM'OSl RE
 

Remedial Investigation and I easibilitv Studv
 

Sullen Brook Disposal Vrea Supeifund Site - I euksbuiv. Massachusetts
 

Scenario Timeframe: Future 

R-eceptor Population: Area 1 &2 Resident 

Receptor Age: Child/Adult 

Medium Exposure Medium Exposure Point Esposuie Route 

Groundwater Potable Groundwater Groups 1 -2 Dermal Contact 

Chemical of 

1.4-Dichlorobenzene 

2-MethvInnphthalene 

3-Methvlphenol 4-\lethvlphenol 

t-Methvlphenoi 

Vcelophenone
 

Naphthalene
 

N-Nitrosodi-n-hutvlamine
 

N-N ltrosopv rrolidine
 

o-Toluidme
 

Phenol 

Pvridme 

1.1-Dichlotoethane 

1 2.4-1 nmethvlbenzene 

1.2-Dichloroethane 

1.2-Dichloroethene 

as-I.2-Dichloroethene 

1.2-Dichloropropone 

1.2.4-1 nchlorobenzene 

1.3.5-1 nmethvlbcnzene 

1.4-Dioxane 

">-Butanone 

2-He\anone 

4-Mcthvl-2-pentanone 

\celone 

Henzunc 

Chlorobenzene 

Chloroethane 

Chloroform 

Dichlorodifluoromethane 

Ethvl Ether 

ElhvIbenzene 

Melhvlene Chloride 

l-PropvIbenzene 

Shrenc 

etrnchioroethene 

etrahvdroiuran 

nUilorofluoromethane 

mvl chloride 

Xvlenes (total) 

Antimony 

\r-onic 

13 an urn 

Beryllium 

Cadmium 

"obalt 

~oppcr 

Lead 

iangnnese 

Nickel 

elenium 

hallium 

anadium 

L P  C Cancer Risk Calcu aions Non-Cancer Hazard Calculations 

\alue Lmts \ alue Lints \ alue \ nits \ alue I nits 

Hazard Quotient 

U -02 

8r-04 

11 -01 

11 01 

3F-02 

2F-01 

1K-03 

11-02 

M-01 

in oo 

41 -02 

<F-01 

m g l 

mgL 

mgL 

mgl 

iPf l 

mg L 

mgl 

ITIPT 

mgl 

myl 

mg I. 

mgl 

9 9E-0* 

7 lfc-06 

1 3F-02 

1 <E-02 

3 7F-0< 

2 1L-03 

9 JF-07 

8 4E-07 

1 6E-06 

1 21 -0i 

1 9E-0* 

5 6 E-0 4 

mg kg-d.v 

mg'kg-dn 

mg kg-dav 

mg kg-dav 

mg kg-dav 

me ke-da\ 

me kg-dav 

mg kg-dav 

mgkg-da\ 

mg kg-dav 

me kg-dav 

mg kg-dav 

2 JL-02 

-

-

5 4L 00 

21E-00 

2 4L-01 

-

(me ke-da\)-l 

(mg kg-dav )-l 

(me kg-dav )-l 

(mgkg-dav>l 

2 4J -06 

-

-

~ 

-

-

5 11 06 

1 81 06 

i -r.n

-

-I - 1 - 0 ! 

2 61 0< 

1 71 02 

5 1F. 02 

I 3F-04 

7 T -03 

i 31 -06 

2 9F-06 

s •![ 06 

1 IF 02 

6 8L0< 

1 91 -03 

me kg-dav 

mg kg-dav 

mg kg-dav 

me ke-dav 

mg kg-d.iv 

me kg-dav 

mgkg-dat 

mg kg-dav 

me ke-djv 

mg kg-dav 

mg kg-d.»v 

mgkg-d.iv 

9 01 02 

* 01  0 ' 

' or-02 

< 01 02 

1 01 01 

2 IM -02 

-

i o  t n | 

1 ()!  0 ' 

2 OF 01 

me kg dav 

mg kg d.iv 

mgkgdav 

mg kg d.iv 

me kg dav 

mg kg dav 

me kg dav 

mg kg dav 

mgkgdav 

5 or-oi 

6 M, 01 

9 ' l - n i 

1 OF 01* 

I 11 01 

1 71.01 

' -i o : 

6 81 0? 

9 7I -0" 

ih-00 

7F-01 

2F-01 

5I.-01 

ir-oi 

3I.-03 

61-01 

8E-01 

mgl 

mgl 

mgl 

mg L 

meL 

mgL 

mg L 

m P i_ 

7 iL-02 

4 51 -06 

! 8L 04 

5 iE-04 

4 61 -06 

4 4F-05 

9 91"-01 

4O!-05 

me kg-dav 

mg kg-dav 

mg kg-dav 

mg kg-dav 

mg kg-dav 

mg kg-dav 

mg kg-dav 

mg kg-dav 

-

c in 02 

6 8F 02 

-

-

1 I E-0 2 

(me kg-dav )-l 

(mg kg-dav y\ 

(mg kg-dav )-l 

-

4 11 -07 

-

-

3 IE-07 

4 4F-07 

2 M-01 

1 61 05 

6 2F 04 

1 91 -01 

1 6F-0*! 

1 <F 04 

i M - 0  2 

1 4F-01 

mg ku-dav 

mg kg-dav 

mg kg-dav 

mg kg-dav 

me kg-dav 

me kg-dav 

mg kc-dav 

mg kg-dav 

-

2 01 01 

9 01 ()i 

I 01 -02 

1 01 02 

1 OF-01 

mg ke dav 

mg kg d.iv 

mg kg dav 

mg kg d,iv 

mg kg d.»v 

~ oi ()-; 

6«1 0? 

1 91 -01 

-

1 H 02 

-

1 11 - 0 ' 

mg kg-dav 

51-01 

IE 01 

21. 01 

•11 - 0 2 

31 -02 

41-no 

2F-03 

I E-01 

3 E-01 

21.-00 

21' 00 

1L-01 

2F-0! 

21-02 

11 01 

2L-01 

m £ L 

mgl 

mpL 

mgl 

meL 

me 1. 

meL 

mgL 

mg L 

mg I 

mgL 

mgL 

meL 

mg! 

meL 

mel 

5 IE-04 

8 2E-03 

2 8 E-0 3 

7 8E-0< 

1 4 E-0 4 

3 iE-03 

2 1F-06 

1 6F-04 

9 iF-05 

1 6F-02 

1 1E-01 

6 1L-01 

1 4F-01 

1 41 -04 

3 U - 0 ' 

9 8L-02 

mg kg-d.n 

mg kg-dav 

mg kg-da^ 

mg kg-dav 

mg kg-dav 

mg ke-dav 

mg ke-dav 

mg kg-dav 

mg kg-dav 

mg kg-dav 

mg kg-dav 

mg kg-dav 

mgkg-da\ 

mg kg-dav 

mg kg-dav 

mg kg-dav 

-

5 "E-02 

-

-

3 1E-02 

-

(mg kg-dav )-I 

(me kg-dav )-l 

1 

7< M . r r (mgkg-davH 

-
5 4L-01 

-

-

(me kg-dav )-l 

-

4 31 -06 

-

6 11 08 

-

-

8 1 F -06 

-

7 31-0* 

-

18F-01 

2 9F-02 

9 7F-03 

2 ~l 04 

4 71 -04 

1 11-02 

7 31 -06 

S 4F 04 

1 2F 04 

5 61 -02 

1 81 -01 

2 IE 02 

< I E-01 

4 8F-04 

1 2E -02 

3 4F-01 

me kg-dav 

me ke-d.iv 

mg kg-dav 

mg kg-dav 

mg ke-dav 

mg kg-dav 

mg kg-dav 

me kg-dav 

me kg-Aiv 

me kg-dav 

ma kg-dav 

me kg-dnv 

me kg-dav 

me kg-dav 

mg kg-dav 

mg kg-dav 

8 OF-02 

9 01-0] 

(01 0> 

2 01 -02 

-

1 01 -02 

2 0 E-01 

2 OF 01 

1 01-01 

6 OF-02 

-

2 01 01 

i or 02 

-

8 01 -02 

mgkgdav 

mgkgd.iv 

me kg dav 

me kg dav 

me kg dav 

mg kg d.iv 

me kg d.iv 

mg kg dav 

mg kg dav 

me ke dav 

mg kg d.iv 

mg kg dav 

1 61 0 1 

1 11-02 

6 8F 02 

2 (I -02 

-

7H--01 

2 7F  P ' 

1 61 -C3 

< 61 01 

6 *I -02 

-

2 M 02 

4 81 02 

-

4 11 ' 00 

11.-01 

41 -02 

M -01 

5E-O3 

2F - no 

2E 00 

3E-02 

4E-0I 

81--02 

2L-CM 

2E-01 

2E-01 

my I. 

mgl 

m  c I 

mg'L 

mgL 

mgL 

mgL 

m g  l 

mgL 

m g l 

mg'L 

mg l . 

1 1T-01 

2 4E-0' 

* 7F-01 

3.6E-07 

1 4F-04 

1 IF.-04 

2.1E-06 

2.5E-0S 

2 H"-06 

1 3 E-0 5 

1.7E-06 

1 4E-0? 

mg kg-dav 

__ mg kg-dav 

n  g leg-day 

mg kg-dav 

mg kg-dav 

mg-Ttg-day 

mgits-day 

mg kg-dav 

mg kg-dav 

mg kg-dav 

mekg-d-iv 

1 "E-00 

_ 

1 5E-00 

_ 

-

-

_ 

-

-

(mg kg-davM 

— 

(mg kg-dav )-l 

3_7I-0< 

__ _ 

2 11-04 

-

-

-

-

-

i 81" 01 

8 M -05 

1 3E-06 

* 91 -04 

' 9I.-04 

7.3E-06 

8.8E-O5 

7 5F-06 

4 4F.-05 

5 9E-06 

4 91 -01 

me ke-d.iv 

mg kg-dav 

mg.-kg-dav 

mg kg-dav 

me kg-dav 

mg'kg-day 

mg kg-day 

me kg-dav 

me kg-dav 

mgkg-day 

mg kg-dav 

i OF 01 

10F 01 

6 0E-05 

3 01 04 

I 4E 02 

1 4E-O5 

2 5E-05 

-

NA (3) 

1 9L-03 

me ke dav 

mg kg dav 

' mgftg-doy 

mgkgdav 

me kg dav 

mg'T\g day 

mg.kg/dav 

mg kg daj 

1 H-02 

2 1E-02 

1 61 00 

2 8F 02 

5 2E-01 

3.5.E-00 

-

_ 

2 6E-00 

2E-0I fflg-L 2 9E-06 tneivg-day - - 1.0F-05 tng, leg-day 8 0E-04 mg.-kg'day 1.3E-02 

i 

7E-02 

5E-03 

3E-02 

ing/L 

fflg'L 

4.9E-06 

3 3E-07 

2.1E-06 

rngftg-day 

mg'kg-da> 

tngkg-day 

-

_ 

-

-

-

4 1L-04 j 

I 7E-05 

1.2E-06 

7.3E-06 

mg'kg-day 

mg'kg-daj 

mg'1«g-day 

5.0E-03 

8 0E-O5 

2JE-04 

mg'kgidnV 

mg.Vg day 

mg-kg'day 

3.4E-03 

1 4E-02 

3 1E-02 

1 7E-01 Exp. Route I otal 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran
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Scenario Tiinefrnme: Future 

Receptor Population: Area 1 &2 Resident 

Receptor Age: Child/Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of 

Potential Concern 

Groundwater Potable Groundwater Groups ! -2 Shower Air 1.4-Dichlorobenzene 

2-Methylnaphlhalene 

3-Methylphenol/4-Methylphenol 

4-Methylphenol 

-\cetophenone 

Naphthalene 

N-Nitrosodi-n-butylamine 

N-NitrosopvTrolidine 

o-Toluidine 

Phenol 

Pvridine 

1.1-DichloroeUiane 

1.2.4-Trimethylbenzene 

1.2-Dichloroethane 

,2-Dichloroethene 

cis-1.2-Dichloroethene 

.2-Dichloropropane 

.2,4-Trichlorobenzene 

.3r5-Trimethvlbenzene 

.4-Dioxane 

2-Butanone 

2-Hexanone 

4-Methyl-2-pentanone 

Acetone . 

-hlorobenzene 

Chloroethane 

Chlorofonn 

Dichlorodifluoromethane 

Ethvl Ether 

Ethvlbenzene 

n-Propylbenzene 

Stvrene 

Tetrachloroethene 

Tetrahydrofuran 

Toluene 

Trichlorofluoromelhane 

Vinyl chloride 

Xylenes (total) 

Exp. Route Total 

Exposure Medium Total 

(1) EPC = Exposure Point Concentration: CSF = Cancer Slope Factor RfD = Reference Dose: RfC = Reference Concenti 

(2) Cnncer risk = Intake/exposure equation * CSF or Unit Risk: Hazard Index - Intake/exposure equation / RID or RfC. 

(3) Lead risks were evaluated separately. See text for explanation. 

(4) Refer to Appendix I for supporting information.
 

Shaded = Concentrations of contaminant are consistent with reference concentrations.
 

TABLE 3-33F
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal .Area Superfbnd Site - Tewksbury. Massachusetts
 

EPC Cancer Risk Calculations Non-Cancer Hazard C lcul tion 

Value Units Intake/Exposure Concentration CSF/UnitRisk Cancer Risk Intake/Exposure Concentration R.H) "RR 

Value Units Value Units Value Units Value I nits 

NC(4) 2.9E-03 (mg;'m 3) 1.1E-02 8.0E-0! 

NC(4) 1.8E-04 (mg/m 3) - - 6.3E-04 (mg m3) I.4E-01 (me m ) 

NC(4) 1JE-02 (mg.'m3) - - 6.1E-02 (mg m3) 1.8E-02 (me n 

NC(4) I.9E-02 (mg/m3) - - 6.7E-02 (mg ml) 1.8E-02 (IT C n ) 

NC(4) 5-2E-O4 (mg'm3) - - 1.9E-03 (mS m3) -

NC(4) 5.2E-02 (mg-rn?) - - 1.9E-0I (mem3) 3.OE-O3 (n P r ) 

NC(4) 1.9E-04 (mg/m3) 1.6E+00 (mg/mV 3.0E-04 6.7E-04 (mg m3) -

NC(4) 8.4E-07 (mg/m3) 6.1E-0I (mg/m')-' 5.1E-07 3.0E-06 (mg in3) 

NC (4) 1.1E-05 (mg/tn3) - - 3.8E-O5 (mg m l  ) -

NC (4) 1.9E-03 (mgm3) - - 6.8E-O3 (mg m"!) 2.0E-OI m^ m ) 

NC (4) 8.7E-04 (mg/m3) _ 3.1E-03 

NC(4) 1.7E-01 (mg.'m?) - - 6.2E-0I (mg m3) 5.0E-0! (n.« m ) 

NC(4) 7.9E-0! (mg/m 3) - - 2.8E-00 (me ml) -

NC(4) 2.OE-O3 (mg/m3) 2.6E-02 (mg/m1)-' 5.1E-05 7.0E-03 (mgm') 2.4E+00 (me in ) 

NC(4) 5.OE-O2 (mg/m?) - I 8h 0! (mg m3) 6.0E-02 (me, m ) 

NC(4) I.5E-0! (mg/m:, <7f 01 (mg m3) 6.0E-02 (me m ) 

NC(4) 1.0E-03 (mg/m3) - 3 7F 03 (mg m?) 4.0E-03 (mem) 

NC(4) 7.4E-04 (mg/m 3^ - - 2 -F 03 (me mi) 2.0E-01 (mg m ) 

NC (4) 2.0E-01 (mg/m3) -or oi (mg m3) -

NC(4) 7.5E-03 (mg m?) 7 7F0  1 (me m ) <8F0<; 2 I 02 (mgm3) 3.0E+00 (n g m ) 

NC(4) 1.3E+00 (mg'mj) - - 4 8F 00 (mgm') 5.0E+00 (me mJ) 

NC(4) 5.0E-O2 (mg/m3) - 1 8F 01 (my m3) -

NC(4) 1.8E+00 (mg<m3 > - C c 00 (me m3) 3.0E+00 (me mJ) 

NC(4) 1.6E+00 (mg'm3) < 6F 00 

NC(4) 1.3E-02 (mg/mj) - S E O  ̂  (mg m y 

NC (4) 8.5E-O3 (mg/m:) ^ IF 02 (mg m3) 5.0E-02 (me in1) 

NC(4) 1.8E+00 (mg/m3) - 6 <E 00 (me m ^) I.0E+0I (rrem1) 

NC (4) 5.1E-04 (mgm:) 2 T 02 (mem) I 8E 03 (mg m3) 3.0E-01 (mem1) 

NC(4) 4.0E-02 (mg/m3) - - 1 4^ 01 (me m3) 2.0E-01 (mp m') 

NC (4) 7.5E-03 (mg/m3) - 2 F 02 (mg m3) 7.0E-01 (me IT') 

NC(4) 6.4E-0! (mg/m3) 2 ^  L 00 (mg m3) 1.0E+0O (me m1) 

NC(4) I.9E-01 (mg>m3) •>0F 01 (me m?) 1.4E-01 (mg m1) 

NC(4) 7.4E-02 (mg/m3) - 2 7E0I (mg m3) 1.0E+00 (me m1) 

NC(4) 4.6E-03 (mg/m:) S 9 E 0  T (me m )-' 7 n en 1 7} 02 (mg m3) 3.5E-O2 (mp in') 

NC (4) 3.7E+0Q (mg/m3) - 1 ^F+ 0! (mg m3) 3.0E-01 (HIP m') 

NC (4) 7.0E+00 (mg/m2) - 7<L 0! (mgm 3) 5.0E+00 (me m') 

NC(4) (mp m ) 

NC(4) I.2E-0I (mg;m2) 4 (I 01 (mg m3) 

NC(4) I.4E-02 (mg/m3) S 8 F i  i (mem) 1 "I 04 4 9F02 (mp m3) K0E-01 (men1 ) 

NC(4J 1.6E-0I (mg/m3) - - •5 6  C 0  1 (mg^mJ) 1.0E-01 (mgm1) 

1 OF 03 

< 3F 02 

Total of Receptor Risks Aero All Media ^F 02 Total of Receptor Hazards Across All Media 

Risks from Ri ference OE+00 

Risks from Site <E-02 

Hazard Quotient 

1 f" H7 

4 ^F 0 ' 

' ^F 00 

1 8! 00 

6 ^E 01 

1 1 ( 1 ' 

I 7f (10 

7 "F 0 

i i r o i 

H L 00 

9 7i 01 

M F f l ' 

9 01 0"! 

9.7E-01 

2.2E+00 

S.8E+00 

I.6E+00 

S.IE-01 

6.5E-01 

6.IE-03 

7 2E-01 

3.9E-02 

2.3E+00 

5.0E+00 

2.7E-01 

4.8E-01 

4.4E+01 

5.1E+00 

- - 7 
4 9F-01 

5 6F 00 

! 61-02 

9 3F-02 

9 31: 02 

7.3E-D1 

8 6F-02 

Sutton Brook Disposal Area Superfund Site (210517) 
Woodard & Curran 

G:\210517 Button Brook\wip\Human Health Risk AssessmentVisk ci s_residential scenarios.xls\Area 1&2 Resident RME May 2007 



TABLE 3-33G 

RISK SUMMARY 

CENTRAL TENDENCY EXPOSURE 

Remedial Investigation and Feasibility Study 

•n Brook Disposal Area SuperTund Site-Tewkshury. Mas: 

Receptor Age: Child. Adult 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point ol" Potential 

Ingestion Inhalation Dermal Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target C)rgan(s) Routes Total 

Soil Upland Soil Group 3. Upland Benzo(a)anthraeene X.GE-07 6.2E-07 1E-06 

(0-K)') Benzo(a)p>rene X.6E-06 6.2E-06 1E-05 

&ilP|iJrp|;ill|l::;|l:||I| iiiiliils iiililisllili? - - -

3enzo(b)lluoranthen<; 6.6E-07 4.8E-07 I E-06 

3is(2-cthylhe.\yl)phthalate 5.6 E-06 3.1E-06 9E-06 Liver 2.1E-01 1.2E-0I 3E-01 

Di-n-ocU Iphthalate . . Not available 1.1E-01 6 I E-02 2E-0I 

ndeno(1.2.3-cd)Pyrene 5.6E-07 4.1E-07 1 E-06 

^|>!ll^^Kllliiii?iiii §§§||i|| illiiil iiiiiii ll lf |EM)2 - I.OE-02 2E-02 

Toluene - - Kidney 2.4E-02 O.OE-tOO 2E-02 

Tetrachloroelhene 3.9 E-06 (1.0EHK) 4E-06 Liver 7.4E-03 - 0.OE • 00 7E-03 

.2.4-Trimethylbcnzenc 

.3.5-Trimethylbcnzene - -

Xylenes (total) - Whole body 1.2E-02 OOEtOO 1 E-02 

wmwMB lllllillll l|iSkW;;:S|r3iBv«SSar:swileni:5i; 9.0E-03 6E-02 

Cadmium - - 1.0E-02 2 3E-03 1 E-02 

U>ad 

Vanadium - - Ha.rcy.steme 4.1E-03 0.0E • 00 4E-03 

Chemical Total 2.3E-05 O.OE-HHI 1 1.1E-05 | 3E-05 | 4.4E-01 | 0.0E+00 | 2.0E-01 | 6E-01 

Exposure Point Tola! 2.3 E-05 0.0E+00 I.1E-05 | 3E-05 4.4E-01 O.()E-*OO | 2.0E-01 6E-01 

Exposure Medium Total 2.3E-05 O.OE+00 1.1E-05 | 3E-05 4.4E-01 0.0E-00 | 2.0E-01 6E-01 

Medium Total 2.3E-05 O.OEH-00 1.1E-05 | | 3E-05 4.4E-0I 0.0E-00 | 2.0E-01 6E-01 

Soil Wetland Soil Groups 5 6. Wetlands Benzo(a)anthraccne 3.0E-07 1.4E-07 4 E-07 

Ben?.o(a)pyrene 3.0E-06 1.4E-06 4 E-06 -

Ben/o(b)iluoranilienc 3 XE-07 1 8I--07 6E-07 

lndeno( l.2.3-cd)P>,rene 2 6T.-07 - 1 3 E-07 4E-07 

Pen lene 

Arsrt ic 3.6E-06 - 4.2E-07 4E-06 Skin: cardiovascular system 8.2E-02 7.5E-03 yE-02 

I.-Cld -

Manganese 6 8E-03 - O.OE-00 7E-03 

Vanadium Haircyslcinc 2.2E-03 0.0E-00 2E-03 

Chemical Total | 7.5E-06 O.()E+(H) | 2.3E-06 1E-05 I 9.1E-02 O.OE+00 7.5E-03 1E-01 

Exposure Point Total 7 5L-06 OOE -̂OO | 2.3E-06 1E-05 1 9.1E-02 O.OE'OO 7.5E-03 lt-01 

Exposure Medium Total 7 5L-O6 0 0E '00 | 2.3E-06 1 E-05 | 9.1 E-02 O.OE-00 7.5E-03 1E-01 

Medium Total 7 5E-06 | O.OE-00 | 2.3E-06 1 1E-0J | 9.1 E-02 O.Ol-XX) 7.JE-03 1E-01 

Siitton Brook Disposa leriiind Site (210517) 



TABLE 3-33G
 

RISK SIWIMARY
 

CENTRAL TENDENCY EXPOSl'RE
 

Remedial Investigation and Feasibility Study
 

Sutton Brodk Disposal Area Superl'und Site-Tcwksbury. M
 

F 

Popi ; : : : : Ai ea 3 Re side 

Ke^epto. Cl ild •Yd ult Vg-' 

Non-C rcinogenic Hazard Quotient Meduim Exposure Chemical Care logenie Risk 

Medium Point 

mot ion Inhala.lon Deimal Inge.l ioi, Inhalation Hennal 

Routes Total large! Olgan(s) 

j.31'.-()'; ; i-.-o'j •  i ^  1 ••(',(: 

Lue, 

1.2.4- Tnmctlnlhct.ene 

1.3.VTnmclh\Iben/ene 

Arsenic Skin.cauliovascularsN.tem 3.'.'i-.-()3 

MetlnieneChloiidL. • ; . . J E - I O ll-.-IW 7 9, -()„ 

Cadmium - - - •UV.-G3 

Lead 

Manganese - - - 5.2K-03 

Vanadium - 3.9K-04 Hair c^tcinc 

Zinc - - 8.2K-05 Blood 

( 'hc-minil Total 0.01X10 || 0.01X10 || 4.9K-07 || 5K-07 (1.0K+00 0.01X10 1.4K 112 

Exposure Point "lotal O.OI-.-OO O.OI-.-OO 1 4K-O2 

Exposure Medium Total O.OI-.-OO ]  | O.OI-.-OO 4.-JE-07 5I-.-07 O.OI-.-OO O.OI-.-OO 1 41-.-O2 

Medium lotal o.oi;-oo o.oi;-oo 4.9T.-07 5I-;-07 O.OK'OO 0.0I-. -00 I.41-.-02 

Sediment Groups 5/6. Wei lands lk im^ajpyrais 2.5I>06 - 3.0K-06 5K-06 -

Tnchloiocihene 4.01,-0'J 0.01-.-00 4E-09 

1.3.5-lnmeth\lben/etie 

Arsenic 3.8F.-O5 - l.Ui-05 5E-O5 8.7E-01 2.0F.-01 Skin; cardiovascularsvsiem 

l.,a,t - - - - - 

Manganese - 1.7K-03 - O.0!'->00 

IUirc>-xtciiK V.muliimi - - 1.M--03 - 0.0I-. • 00 

( lu-miinl Total 4.0K-05 II.IIK+IMI 1.4K-O5 5K-05 S.7K-IH O.OiXIO 2.lll-:-lll 

Exposure Point '1 Dial 4.OE-O5 O.OI-.-OO l.41>()5 5I-.-O5 X 7H-01 O.OI-.-OO 2.01--01 

Exposure Medium Total 4.0E-05 o.oi-.-oo I.4K-O5 5I-.-O5 X.71-.-01 O.OI-.-OO 2.01--01 

Medium lotal 4 0I-.-05 O.Oh-00 1.4 K-O? 5K-O5 X.7K-0I O.OI-.-OO 2.oi:-oi 

A  n .2.4-T,,metlnlben/ene 

.3.5-1 nmcth\lben/cne 

lilood. immune sNstem l!en/ene (. 41-.-07 (•I.-.J7 2 11-.-02 

\>lenesilolai.) 1.5I-.-0I 
Nenou.ssN.slem 

( lu-mii-.il Tut.il II.OE+OO 6.4K-07 (I.OK+IHI 6K-07 O.OI-XIO 1.7K-III O.OI-XIO 

•.xposure Point Total o.oi-.-oo (..41-.-07 0 0E-00 (.1-.-07 o.oi:-oo I.7E-0I 0 0I-.-00 

Exposure Medium Total O.OI-.-OO (..4K-07 o.oi-. oo 6I-.-07 OOK-00 I.71-.-0I o . o i - . - o o 

Medium Total O.OK-00 (•.4E-07 OOI-.-OO f.i-;-o7 O.OK-OO I.7E-0I 0 OK-00 

Indoor Ail .l-Dichloroben/ene 3.91.-0? 

2.4-l)imeth\lphenol - Blood, whole bod> 1 XI-.-04 

2-MellnlphenoI Whole bod\. nenous s\slem 5 5I-.-04 

X 4I-.-03 

•4-Melhslphenol \\ hole hods: nervous s>stem 

Naphllialcnc Respiralon ssslem l.(>|-;-02 

Aiimenlais. cardiovascular. 

Mienol neiAous s\stems-. kidne\ 6 7K-0-1 

.I.i-Trichloroelhane Nervous astern O.OI-.-OO 

Hiood 

.1-Diehloroelhane None olvsen ed 0 01-.-00 

I.l-Dichloroethene Liver 0.01- 00 

.:.4-TnmclhYlbc,,/cn,> 

I.ixe, 2 41-.-0X 21,-OX - : - ; i - - o < , 

1.2-l)iehloroelbene 

Re>pir..!on ss stem: In e, e i -1 .2 -1 )iehloroelhene 0 01-.-00 

Nasal mueosa 3 71-.-O3 

1.3.5- h imel ln lhen/ene 

Not available 1.4-Dio\ane O.OI-.-OO 0 01-. -00 

1- lulanone IX-\L.-lopment Tetlis 2 O1-.-O2 

Developnienl Ictus 

KldllCA 

4-Me1hsl-2-penlanone I.41-.-0I 

2.91-.-02 

Route- T0l.1l 

41- -()(. 

Kl-()(. 

41- -01 

4F-03 

SE-0.7 

4K-04 

8E-05 

I  K 112 

11-.-02 

11.-02 

1I-.-02 

IE -00 

2E-03 

2I-.-03 

1K+I1II 

I1-.-U0 

IT.-00 

11-: • 00 

2i •-():. 

11- -01 

21-. 01 

2K-0I 

2I-.-0I 

2I-.-0I 

•41 -OS 

21- - 0 4 

51.-04 

XI 0 1 

21.-02 

71.-0-1 

IE-IK. 

4F-0) 

21 -02 

1 I-.-0I 

31--(;2 

Sutton Brook Disposal Area Supeifund Site (210517) 



TABLE 3-33G
 

RISK SUMMARY
 

CENTRAL TENDENCY KXPOSl !RE
 

Remedial Investigation and Feasibility Study
 

ok Disposal Area Superfund Sitc-Tewksbury. Massachusetts
 

S e e lano Tim | •am.. : Fun re 

R e c eptor P o  p llatioi : Area esident 

R e c eplor A g e Chil J. Adul 

Medium Exposure Exposure Chemical Care nogenic Risk 

Medium of Potential 

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Routes Total Target Organ(s) 

Indoor Air	 Respiratory sssiem Group 3	 Aervlonitrile 3.OE-O5 3E-05 9~i-01 1E > 00 

Benzene 3.4F.-07 3F-07 Blood: immune system 1 IE-02 1 E-02 

Carbon telrachloride Liver 

Kidnev: development fetus. 

Chloroform 

Development fetus Chloroethane - -	 X41 02 81 02 

Development fetus	 XI 01 Ethvlbenzene	 X U 01 

Ethyl methaerylale - - Kidney <)')] 02 11 01 

Isopropylbenzene Kidney adrenal gland - 0 01 00 

Liver Methylene Chloride 6.IE-06 6K-06 3 31 02 31 02 

Not available n-Propylbeiucne < '>! 02 61 02 

n-Butylbenzene i )0[ 00 Not available 

Not available lert-Butylbenzene - - <")J 00 

Kidney adrenal gland p-Isopropylloluene	 2 M 02 21 02 

Tetrachloroethene 3.9E-O8 4E-08 system 1 ^ 03 IF 03 

Tetrahydrofuran 3 7F 01 4! 01 

Toluene - Nervous system I fit 00 21 00 

Nervous system: eyes Trichloroethene 1.5E-08 2E-O8 I Ot 04 11 04 

Vinyl chloride 3.4E-07 3E-07 3 01 03 31- 03 Liver 

Nervous system Xylenes (total) 2 4E 01 21 01 

Chemical Total II.UE+OO 3.7E-O5 O.OE+00 4E-05 0.0E+IMI 2 9H-0I 0 111'+00 3E+II1 

Exposure Pomt Total 0.01->00 3.7E-05 O.OEMX) 4E-05 O.OE+00 2 9E + 01 0 OL-t 00 3F 01 

Exposure Medium Total 0.0E K)C) 3.7E-05 O.OE-i 00 4E-05 0.0E+00 2 91 101 0 OF K)0 31 »()! 

Medium Total 0.0E-00 3.7E-05 O.OE'OO 4E-05 O.OE+00 2 9E-01 OOFt-00 31 K)l 

Potable Groundwaler Groups 3-6 .4-Dichlorobenzene 3.7E-07 2.2E-07 6E-07 None ohserved I.6E-03 X 41 04 X 41 04 31 03 

2.4-DimethvlpheiH)l Blood: u hole body 4.0E-01 '> 4T 03 4 XT 02 M 01 

2-Methylphenoi Whole bods': nervous system X.9E-0I 4 21 02 8 91 02 11 00 

3-Mcthylphcnol 4-Methvlphenol - Whole bod>: nervous system 1.9K i 0t> 7 3F 01 1 M 01 31 00 

4-Melhylphenoi Whole body: nervous system 2.4F.-0) 9 41 02 1 91 02 41 01 

Aroclor 1254 2.3E-06 0.0E • 00 2E-06 Eyes: immune system 2.7E.00 OOF 00 31 00 

Alpha-HIIC 1.4E-06 3.XE-07 2E-06 

}is(2-ElhylhexyI)phlhalale 4.2E-O5 4.SE-09 5.4F.-0J 1E-04 Liver 1.4E + 00 (, 21 04 1 6F '00 31 00 

Naphthalene Whole body 2.5E-O2 6 31 01 1 31 02 71 01 

"hcnol -- - Development Fetus 1.4E+00 2 7F 02 1 01 01 21 00 

l.l.I-Trichloroelhanc Nervous system 3.1E-02 3 01 02 4 71 03 71 02 

I.l.2-Triehloroelhane 1.9E-06 9.8E-07 1.6E-07 3E-O6 Blood 7.7E-02 9 6E 02 5 •>]• 0 3 2F 01 

I.l-Dichloroethane -- Nervous system 8.1E-01 1 8F 00 Mil 02 31 00 

Ll-Diehloroethcne Liver 1.2E-01 1 71 01 1 31 02 31 01 

L2.4-Trimelhylben/.ene -

1.2-Dichloioclhane 2.OE-O5 1.2E-05 8.4E-07 3E-05 11 02 Kidney	 9.9E-03 4 01 03 3 91 04 

6.5E-01 4 M 02 1.2-Dichloroelhcne	 Liver Sbi 01 11 00 

.2-Dichloropropane 1.2E-O6 1.0K-07 1 K-06 - - 2 11 01 21 01 

.3.5- Inmeth\ Ihcnzene 

,4-Dioxanc 1.6 E-04 7.5K-OC. 5.0E-07 2 E-04 1 .iver 1.3EHM) 7 11 03 3 M 03 u 'oo 

2-Bulanone - Whole body 5.7EMK) 6 01 01 101 02 61 00 

4-Melhyl-2-pentanone Whole body I.1E + 02 7 01 00 3 91 -00 If '02 

Acetone Kidney 3.6EUK) 1 31 00 2 XI 02 51 00 

Verylonitrile 3.4E-03 4.5E-04 3 1E-05 4K-03 Reproductive 5.XE<01 4 2F 01 4XF 01 11 02 

Benzene 1.2E-05 4.4E-06 1.6E-06 2E-O5 Blood: immune system J.OE-OI 4 2h 01 f II 02 11 00 

Carbon tetraehloride 3.3E-O5 7.9E-06 7.7E-06 5K-O5 3.31^00 4 71 00 •7 01 01 91 00 

Chloroelhane - 3 SI 01 41 01 

Cilorolbrm 8.6E-07 i JI-;-O<I 6.9F.-0X 2F-06 Liver 2.6E-02 4 41 03 1 81 03 31 02 

cis-1.2-Dichloroethene Blood 9.8E-01 9 11 01 6 91 02 21 00 

Ethvlbenzene Liver, kidney 3.XE-00 2 11 00 1 81 H)0 Xr 00 

Kidney 2.0E • 00 2 41 00 2 71 01 <F 00 



TABLE 3-33G
 

RISK SUMMARY
 

CENTRAL TENDENCY EXPOSl :RK
 

Remedial Investigation and Feasibility Study
 

Scenario Time rame: Lulu 

Reeeplor Popt lation: Area -» Resident 

Receploi Age: Child/Adult 

Exposure Carcinogenic Risk 

Medium 

Exposuie Exposu 

Routes Total Routes T 

Potable Groundwaler
 

Mellnlene Chloride
 

Blood; whole body
 

Skin: cardiovascular sysU:
 

Chcmk'Dl Tutul 

Receptor III Tolal 

c Kchileil Ret.ptor Risk I utnl 

n Brook Disposal Area Superiiind Site (210517) 



TABLE 3-33H 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Remedial investigation and Feasibility Study 

Sulton Brook Disposal Area Superfund Site-Tewksbury. Mass 

Scenario Timcl rame: Future 

Receptor Popul ition: Area 3 Resi dent 

Receptor Age: Child/Adult 

Medium Hxposure Hxposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure Priman' Ingestion Inhalation Dermal 

Routes Total Target Organ(s) Routes Total 

Soil Upland Soil Group 3. Upland Bcnzo(a)anlliraccne 1.8E-06 7.2E-O7 3E-06 - -

(0-10') Benzo(a)pyrene I.8K-O5 - 7.2E-O6 3E-O5 -

Illillllll I l l l l l l l 
Ben7.o(b)nuoranthene L4E-06 - 5.5E-O7 2Ii-06 - .. 

lJis(2-clhylhexyl)phlhalale I.4E-05 4.4E-06 2E-05 Liver 4.1E-01 - 1.2E-0I 51--01 

Di-n-octvlphthalale - Not available 2.2E-O) - 6.1E-02 3i i-oi 

Indeno(1.2.3-cd)Pyrene I.2E-06 - 4.7E-07 2E.-06 - -
::• :;;:\"< • • : ' ; : - ' - • ' : , • ; : . : • • • : • 

Toluene - - - - Kidney 4.91-;-02 0.01-+00 51--02 

Tetraehloroethene 9.8H-O6 _ O.OE+00 IF.-05 Liver 1.51--02 - O.OE+00 IE-02 

1.2.4- Trimetlnibenzene _ - • " 

1.3.5-Trimelhylbenzene - - -

Xvlcncs (lota!) - - Whole body 2.5I-:-O2 O.OE+00 2VA)2 

SlfsE-blil |i§ilil ^SKmlJcajdiS^eiiijat^pftciri';: ::|:f;pi:pEl3;;!;l|Ii::::i 

Cadmium - 2.IE-O2 - 2.3E-O3 2F.-O2 

Lead - - -

Vanadium - - - Hair eysteine 8.2E-03 - O.OE+00 8E-O3 

Chemical Total jjj 5.2E-05 | O.OE+00 I.4E-05 7E-05 | S.8E-01 O.OE+00 2.0E-01 IE+00 

Hxposure Point Total 5.2E-O5 0.0E+00 1.4E-O5 7E-O5 8.8E-01 O.OE+00 2.0E4)l 1H+00 

Hxposure Medium "Total 5.2E-O5 O.OE+00 I.4E-05 7E-O5 8.8E-OI O.OE+00 2.0H-01 1E+00 

Medium Total 5.2E-05 O.OE+00 1.4E-05 7E-05 8.8E-01 O.OE+00 2.0E-01 1 F:.+00 

Soil Wetland Soil (iroups 5/6. Wetlands 13enzo(a)anthracene 6.3E-07 2.1E-07 81-;-O7 - -

Benzo(a)pyrenc 6.31 '.•-06 - 2.1E-06 8E-O6 -

Bcnzo(b)11uorunthcnc 7.8E-07 - 2.6E-07 1H-06 

Indcno(l .2.3-cd)Pyrene 5.5E-O7 - 1.8E-O7 7E-07 -

I'erviene - - - - -

Aisraii^^|!|li^:'::isi:K«:?I^W*i::.;S^Si: Illilli lliiil ||||I|E-p|: Sfciir caTO|.pyaSTOiaf:;^^iciB|v;| 

Lead - - - -

Manganese - - 1.4E-02 - O.OE+00 1I.C-02 

Vanadium - - I lair eysteine 4.4E-03 - O.OE+00 4E-O3 

Chemical Total 1.7E-05 0.0E-HI0 3.5E-06 2E-05 1.8E-01 O.OE+00 7.4E-03 2E-01 

exposure Point Total 1.7E-05 O.OE+00 3.5E-O6 2E-05 1.8E-01 O.OE+00 7.4li-O3 2I--0I 

Exposure Medium Total >f 1.7E-O5 O.OE+00 3.5E-O6 2E-O5 | 1.8E-01 O.OE+00 7.4E-03 2E-01 

Medium Tola! 1.7E-05 O.OE+00 3.5E-06 2E-O5 1.8E-01 O.OE+00 7.4E-O3 2E-01 

Woodurd Cumin 
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TABU-: 3-3311 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Remedial Investigation and Feasibility Study 

Sulton Brook Disposal Area Supcrfund Site-Tcwksbury. Massachusetts 

Receptor Population: Area 3 Resident 

Receptor Age: Child/Adult 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic I la/.ard Quotient 

Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total 

1.4-Dioxane 2.6E-09 3E-O9 Liver - 9.4E-06 913-06 

Methylcne Chloride - - 1.9J3-O9 2H-09 i 71-3-05 2E-O5 

.2.4-Trimclhylbcn/cnc 

1.3.5-Trimeth\ lbenzene -

Arsenic - _ 9.5E-07 Skin: cardiovascular sj stem 8 51-3-03 81-3-03 

Cadmium _ - - - - - 9.7E-03 1E-02 

Lead -

Manganese - - - - - - 1.1E-02 1E-02 

Vanadium - Hair eysteine - - 8.5E-O4 9E-04 

Zinc - - - Siood - - LSE-04 2E-O4 

Chemical Total 0.0E+00 | O.OE+00 | 9.5E-07 | IE-06 | O.OE+00 || O.OE+00 || 3 .1E-02 3E-02 

Exposuie Point Total 0.0E+00 | O.OE+00 | 9.5E-07 | 1E-06 | O.OE+00 O.OE+00 | 3.1E-02 3E-02 
_ 

Exposure Medium lotal 0.0E+00 | O.OE-HK! | 9.5E-07 | 1E-06 II O.OE+00 O.OE+00 | 3.11-3-02 313-O2 

Medium Tolul O.OE+00 O.OE+00 9.5E-07 1E-06 O.OE+00 O.OE+00 || 3.1E-02 1 31-3-02 

Sediment Groups 5/6. Wetlands B enzo(a)py reiie 5.2E-06 - 4.4E-06 1E-05 _ - - r 

Trichloroethene 1 .OK-08 O.OE+00 1E-08 

1.3.5-Trimethylbenzene - - -

Arsenic 9JE-05 - 2JE-05 1E-04 Skin: cardiovascular system 1.7E+00 - 2.0E-01 2E+00 

Lead - . _ _ - - - -

Manganese - - - - 3.5E-03 _ 0.0E+O0 3K-O3 

Vanadium - _ - - Hair cys'teme 3.2E-03 - 0.0E+00 3E-O3 

Chemical Total 1.0E-04 O.OE+00 | 2.6E-05 1E-04 | 1.7E+00 0 .0E+00 2.0E-01 2E+00 

Exposure Point Total 1 .OE-04 O.OE+00 2.6E-05 11--04 1.7E+00 0.0E+00 2.01-3-01 2E+00 

1 Exposure Medium Total 1 .OE-04 O.OE+00 2.6E-05 1E-04 I.7E+00 O.OE+00 2.01-3-01 21-3+00 

Medium Total 1.OE-04 O.OE+00 2.6E-05 1E-04 1.7E+00 0.01-3+00 2.01-3-01 21-3+00 

Air Ambient Air Site .2.4-Trimclhylben/enc - - - - - -

1.3.5- Trimethy lbcn/.ene -

Ben/ene 1.7E -06 - 2Iv-06 [Blood: immune system 2.1E-O2 - 213-02 

\> lencs (total) N e  n ous system 1.51-3-01 - 11-3-01 

Chemical Total O.OE+00 1.7E-O6 O.OE+00 2E-06 O.OE+00 1.7E-01 0 .0E+00 2E-01 

exposure Point Total O.OE+00 1.7E-06 O.OE+00 2E-06 O.OE+00 1.7E-01 | O.OE+00 213-01 

Exposure Medium lolal O.OE+00 1.7E-06 O.OE+00 2E-06 O.OE+00 1.7E-01 | 0.01-3+00 21-3-01 

Medium Total O.OE+00 1.7E-06 O.OE+00 2E-06 O.OE+00 1.713-01 | 0 .0E+00 21-3-01 

Sutlon Brook Disposal Area Supcrfund Site (210517) Woodard Cumin 
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TABU- 3-3311
 

RISK SUMMARY
 

REASONABLE MAXIMUM EXPOSURE
 

Remediai Investigation and Feasibility Study
 

Sutlon Brook Disposal Area Superl'und Site-Tew k.sbury. Massachusetts
 

Sccnai 10 Time runic: Future i 
Rcc cp or Popi lalion: Area 3 Res ident 1 

Reu ep or Age: Child/Adult 1 
Medium lixposurc Exposure 

Medium Point 

(iroundwulcr Indoor Air Ch-oup 3 

Chemical 

ol Potential 

Concern 

1.4-Dichlorobeivenc 

2.4-Dimeth\ Iphenol 

2-MethylphenoI 

3-Mclhy iphenoi/4-Mcthv lphenol 

4-Methylpheno! 

Naphtha lene 

Phenol 

i.l.l-Trichloroethdne 

1.! .2-Triehlorocthane 

1.1 -Dichlorocthane 

1.1 -Diehloroethene 

1.2.4-Trimethv Ibeniene 

1.2-Diehloroelhane 

1.2-Diehloroelhenc 

cis-l.2-Dichloroethene 

1.2-Diehloropropjne 

! .3.5-Trimethv Iben/ene 

1.4-Dioxanc 

2-13utunonc 

4-Methyl-2-pentjnone 

Acetone 

Aerylonilrilc 

Benzene 

Carbon tetraehlonde 

Chloroform 

hloroelhane 

ilhylbenzene 

thylmethacnlate 

sopropylbeivcne 

Melhylene Chloride 

-Propylbenzene 

-Butylbenzcne 

rt-Butvlben/ene 

j-lsopropyltolucne 

'ctrdchloroclhcnc 

etnihydroluran 

olucne 

riehloroethene 

inyl chloride 

ylcncs (total) 

hemical Total 

ixpusurc Point Total 

hxposure Mcuimn Total 

Medium Total 

Ingestion 

-

-

-

-

-

-

-

-

-

-

-

-

0.0E+00 

O.OE+00 

O.OE+00 

O.OIi-HK) 

Care nogente Risk 

Inhalation Dermal 

-

-

_ 

-

-


-


6 3L-O8
 

_
 

-

-


0OL+00
 

-


7 91-05
 

9 11-07 

-

-

1.6E-O5 

-

-

1.0E-07 

-

- _ 

4.IE-08 

9.IK-07 

9.7E-05 O.OE+00 

9.7E-O5 0.0E+O0 

9.7E-O5 O.OE+00 

9.7E-05 0.0E-KK) 

Exposure
 

Routes Total
 

-

-

-

-

612-08 

-

-

8E-05 

9E-07 

-

-

2E-O5 

-

-

-

1E-07 

-

4i-:-o8 

9E-O7 

IE-04 

1E-04 

IE-04 

I E-04 

Non-Carcinogenic I la/.ard Quotient 

Primary Ingestion Inhalation IX-nnal 

1 arget Organ(s) 

Liver - 3 9E-O5 -

Blood: whole bodv 1 8E-04 -

Whole bodv: nenous svslem 5 5E-04 -

Whole bodv: nenous svstcm 8 4E-03 -

Whole bod%: nenous s\stcm 

Respiratory svstcm 1 6E-02 

Alimentary, cardiovascular, 
nenous systems: kidney „ 6 7E-O4 

Nenous system 
- O.OK-HK) 

Blood - -

None obscrv ed O.OIv-HK) 

Lher O.OE-KKI 

- - -

Lher - 2 9E-06 

Respiratory sjstcm: li\er - -

Respiratory system: li\cr _ 0.0K-KK) -

Nasal mucosa 3 7I--O3 

-

Not available O.OIi-HKI 

De\ elopment/fetus 2.O1-.-O2 

Developmentyfetus 1.4]>()1 

Kidne\ 
- 2 9H-O2 

Respiraton svstem 9.7E-0I 

Blood: immune svstcm - 1 1F.-02 -

Liver 

alimentary svslem -

Dev elopmenl/felLLS 8 4E-O2 

Dev elopment/fetus - 8.3E-O1 -

Kidnev 9.9E-02 

Kjdnev/adrenal gland O.OIi-HK) 

Liver 3 31--02 

Not available 5.9E-02 

Not available 0.0E+O0 -

Not available 0.0E-HK) -

Kidnev/adrenal gland 
- 2 5H-O2 -

ervous svslem. eyes, respiraton 
svslem 1.5E-O3 

- - 3 71--01 -

Nen ous sv stem 1 6E-KK) 

Ncn ous system: ev cs 1 0E-04 

Liver 3.OF.-O3 

Nen ous sv stem 
- 2.4E+OI _ 

0.0E+00 2.9E+01 0.(1 E+0II | 

0.0E-KK) 2.9E+01 0.0E+00 | 

0.0E+O0 2.9E+0I 0.0E+00 | 

0.0E+00 2.9E+01 0.0E+00 | 

Routes Total 

4E-O5 

2E-O4 

5 E-04 

8!-;-f)3 

2E-O2 

7E-O4 

-

-

-

3 F-0f> 

-

41,-03 

2E-O2 

IE-0I 

3J'-(>2 

II-.+OO 

IF.-02 

81-:-02 

8I--0I 

11--01 

31--O2 

6!;-02 

21-;-02 

IF.-03
 

4F.-01
 

2K+00
 

IF:-O4
 

3i:-(n 

2E+01 

3E+01 

3E+01 

3E-H11 

3E+01 

Sutton Brook Disposal Area Superl'und Site (210517) Woodard Cumin 
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TABLE 3-3311
 

RISK SUMMARY
 

R E A S O N A B L E ; M A X I M U M E X P O S U R E
 

Remedial Investigation and Feasibility Study
 

Sulton Brook Disposal Area Superfund Site-Tewksbun. Massachusetts
 

Scenario I imelVame: Future 

Receptor Population: Area 3 Resident 

Receptor Age: Child/Adult 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-C arcinogenie I lazurd Quotient 

Medium Point of Potential 

Concern Demial Exposure Primary Inuestion Inhalation Dennal 

Routes Total Target Orgun(s) Routes Total 

Ciroundualer Polable Ciroundwaler Ciroups 3-6 1.4-Diehlorobcnzene 1.3H-06 - 6.9E-07 2E-06 None observed 3.OH-O3 3.9I'-O3 1.5E-O3 8E-03 

2.4-Dimclhylphenol - Blood: whole body 7.5I--OI 2.9E-02 8.3F.-02 91' -01 

2-Mcthylphcnol - Whole body: nervous system 1.7E+00 4.2E -02 1.51--01 2E+00 

3-Methylphenol/4-Melhylphenol - Whole body: nervous system 3.5E+O0 7.3E-O1 2.6H-01 4i-;+oo 

4-Mcthylphenol - - - - Whole body: nervous system 4.5E-01 9.4E-02 3.31 '-02 6i;-oi 

Aroclor 1254 7.9E-06 O.OE-HK) 8H-06 lues: immune system 5.0K+00 - O.OIi+Ol) 5i-:-K)o 

Alpha-BIIC 4.9E-06 1.2E-06 6E-06 - -

Bi.s(2-Elhylhcxyl)phthalate 1.4E-04 1.3E-07 1.7E-O4 3E-O4 Liver 2.5E-HK) 2.9E-O3 2 81'+00 5 E-HK) 

Naphthalene - - - Whole body 4.6E-02 2.9E+OG 2.3E-O2 31'-K)0 

Phenol » - - Development/Fetus 2.6E-HKI 1.2E-0S 1.8I-: -oi 3F:+OO 

l.U-Trichloroethane Nervous system 5.8E-O2 I.4K-01 8 2!-:-O3 21--01 

1.1.2-Trichloroethune 6.5E-06 2.8E-O5 5.011-07 3E-O5 Blood 1.4E-01 4.4I-: -01 I.0E-02 6F:4>I 

i.l-Dichloroelhune - Nervous system 1.5E+00 8.4I-:-H)0 8 7I'-()2 IF: +OI 

1.1 -Diehloroclhene - -- Lner 2.2E-OI 7.9E-01 2.21-L-02 ll'+OO 

1.2.4-Trimethy Iben/ene - - -

1.2-Diehloroclhane 6.6E-05 3.3E-O4 2.7E-O6 4E-04 Kidney 1.8E-02 1.9E-02 6.7E-04 4F:-O2 

1.2-Diehloroethene Liver 1.21-;-HK) 2.6E-KX) 7 91'-O2 41 •:+()() 

1.2-Diehloropropanc 4.0H-06 - 3.3E-O7 4E-06 - 9.7E-0I - 1E+00 

1.3.5- Trimethylben/ene -

1.4-Dioxane 5.4E-04 2.1E-04 1.6E-06 81-:-04 Lner 2.5E+OO 3.3E-O2 r>.6I>03 3 E-HK) 

2-Butanone Whole body 1.1E-K) 1 2.8E+00 8 6E-02 IF:+OI 

4-Methyl-2-pentanone Whole body 2.0H+O2 3.2Ii-K)l 6.9I'+O0 2I-+O2 

Acetone - - Kidney 6.7li+0() 6.2Iv+00 4.9Iv-O2 1E+01 

Aervlonitrile 1.2Ii-C)2 1.3E-02 9.8E-05 2E-O2 Reproductive 1.1H+02 L91-+O2 X.3IC-01 3F:+O2 

benzene 4.1E-05 1.2E-04 5.IE-06 2E-04 Blood: immune system 9.3E-O1 I.9E-KX) 1.1E-0I 3F:+OO 

Carbon tetraehloride 1.1E-04 2.2E-04 2.4E-05 4E-04 Liver 6.2E-KK) 2.2F.+O1 1.2I-+OO 31-+OI 

Chloroelhane - 3.81- -01 4E-0I 

Chloroform 2.9E-06 3.9E-05 2.2E-O7 4E-O5 Lher 4.7!<-02 2.OE-O2 3 2!'-()3 7E-O2 

is-1.2-Diehloroethene - - Blood 1.8F.-KK) 4.31--KM) 1.2I--01 6E+00 

ilhylbenzene Liver: kidney 7.0E+00 9.7E+OO 3.1E+00 2F:+OI 

£thyl methacrylate - Kidney 3.7E+OO 1.IK-K)! 4.7F.-0I 2F;+OI 

sopropylbenzene - Kidney 6.8E-O2 2.3H-O1 6.7i;-02 4F.-01 

Methylene Chloride 2.7E-04 3.4E-04 8.3E-06 6E-04 Liver 3.0E-H)0 8.6E-01 8.51--02 41'+00 

-Propylben/.ene - 1.8E+00 - 2F:-H)O 

-Butylbenzcne - - - 6.8I--01 - 71--01 

i-Isopropyltoluene - - Kidney H.0)1-02 2.5F.-OI 1 6E-01 51'-01 

ert-Butylbenzene - 5.1E-01 5E-0! 

etrachloroelhene 5.3E-O5 9.7K-06 2.6E-05 9H-05 U\ er 5.0I'-02 I.71--0I 2.2E-O2 2I--0I 

"etrahydrofuran - - 8.81-;+01 91-+0I 

"oluene - Kidney 8.1E+01 i .9i-:+o i 2.1IC+01 IF-+02 

richloroethene 3.9E-05 3.6E-06 5.6E-06 5E-05 1.11--02 n; -02 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran 
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TABLE 3-33M 

RISK .SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Remedial Investigation and Fcnsibility Study 

Sutlon Brook Disposal Area Supcrlund Site-1 ewksbury. Mussaehusetts 

Scenario Timelrume: Future 

Receptor Population: Areu 3 Resident 

Receptor Age: Child/Adult 

Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic I fuzard Quotient 

Medium Point of Potential 

Concern Ingestion Exposure Ingeslion Exposure 

Routes Total Target Orgun(s) Routes Totai 

Xylcncs (total) 

Skin: cardiovascular svsteni 

Manganese 

11111111 

111111 

Chemical Total 

Exposure Point Total 

Medium Total 

Receptor Total Receptor HI Total 

lite Related Receptor Risk Total 

Shaded  Concentrations of contaminant are consistent with reference concentrations. 

Simon Brook Disposal Area Superlund Site (210517) Woodard CuiTan 
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TAB!.!-: 3-331
 

RISK SUMMARY
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study 

Sutlon Brook Disposal Area Supeifund Sile-Tewkshury. Massachusetts 

Receptor Population: Area 4 Resident 

Receptor Age: Child Adult 

Medium Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Ingestion Inhalation Dem,al Exposure Primary Inge.stion Inhatahon Dermal 

Routes Total Target t)rgan(s) 

Soil Upland Soil Group 4.1 pland Benzo(a)anthracene 3.OE-O5 2.1E-05 5 E-05 

(O-KD Benzo(a)pvrene 1.8E-04 1.3E-O4 3E-04 

iillilii iPiill mmsmm 
Benzo(h)lluoranthene 1.3 E-05 9.1E-06 2 E-05 

3cn7.o(k)nuoran«hcnc 1.6E-06 1.2E-06 3 E-06 

Bi.s(2-ChloroeUioxy)meihane - -
Carbazole 1.2E-07 6.5E-08 2E-07 

4-Chloro-3-metliylphenol - Whole body 1.4E-05 X.I E-06 

ililli mmmm i|f||||i||;|:|||i| 
Dibenzoluran - - Not available 2.KE-02 I.6E-02 

Indeno( 1 .2.3-cd)Pyrene 6.6E-06 4.8E-06 1 E-05 

-Metlivlnaphlhalene - Lungs 8.2E-O3 6.0K-03 

2-MethylnaphthaIenc - Lungs 9.8F.-03 7.2E-03 

Perylene 

CI1-C22 Aromatic* Kidney 6.5E-O3 3.7E-O3 -
lIxlEifllll ;iivi8::5Eiui|:#lillifl 

U-ad  -
Manganese 3.3E-O3 •O.OE'OO -

llaircyslcine Vanadium - 4.KE-03 O.OE'OO 

1.9E-04 | 5E-04 | 1.4E-III (MIE+IH) 4.5E-02 

Exposure Point Total 2.6E-04 O.OE+00 I.9E-04 5E-04 1.4E-0I O.OE+00 4.5 E-02 

Exposure Medium Total 2.6E-04 O.OE+00 1.9E-04 5E-04 1.4E-01 O.OE+00 4.5E-02 

Medium Total 2.6E-04 O.OE+00 1.9E-04 5E-04 I.4E-01 0.0E< 00 4.5E-02 

Soil Wetland Soil Croups 5.6. Wetlands Benzo(a)anthracene 3.0E-07 I.4E-07 4E-07 

3enzo(a)pyrene 3.0E-06 I.4E-06 4 E-06 

3en/.o(h)nuorantiiene 3.8E-O7 I.8E-07 6E-07 

ndeno(L2,3-cd)Pyrcne 2.6E-07 1.3E-07 4E-07 

Perylene 

i||jo^:^idyaOTtiiSr:sy?temX §mmm
Ixad 
Manganese 6.XE-03 O.OlvtOO 

llaircystcine Vanadium - - 2.2E-03 - O.OE+00 -
Chemical Total 7.5E-O6 (UIE-H)O 2-3E-06 1E-05 9.1E-02 0.0E+IH! 7^E-(O 

Exposure Point Total 7.5E-O6 O.OE+00 2.3 E-06 1 E-05 9.1E-02 O.OE+00 7.5E-O3 

Exposure Medium Total 7.JE-06 O.OE+00 2.3 E-06 1 E-05 9.1 E-02 O.OE+00 7.5E-03 

Medium Total 7.5E-O6 O.OErOO 2.3 E-06 1 E-05 9.1 E-02 O.OE+00 7.5E-03 

1.3E-09 1K-09 Liver 4.3 E-06 

Meth\ lene Chloride 9.9E-I0 1E-09 Liver 7.9E-06 

1.2.4- Irimethylbenzene 

3.5-1 rimethylbenzene - - 

Arsenic - 4.9!>()7 5K-07 Skin; cardiovascular .sNsleni 3.9E-03 

§mm§m ;;K|:iii:4,5E-O3;>:;;!:::?>V.-mmm 
Lead .. 

lisiliilllli 
]:.y?:Xyi::-':y ;>;•• : : :S#;*:i::-i9E-04y::.;::.:iij>: 

:.:.:;;:;;:x:v;:;; :;;::̂  
v^iiilii>:|;iili|iiii 

:

Snii««i5gs?i?.i»liii:ii mmmm mmmwsmm 
Chemical Total (1.IIE+00 j (I.I)E+(MI | 4.9E-II7 § SE-07 | O.IIE+00 O.I)E+I)(I I.4E-02 

Exposure 1'uint Total O.OE-00 1 O.OE+00 | 4.9E-07 | 5E-07 | | O.OE+00 | O.OE+00 | 1.4E-02 

Exposure Medium Total 0.0E+00 ] l.OE+00 | 4.9E-07 J 5H-07 | | O.OE-iOO | O.OE+00 | 1.4E-02 | 

Medium Total 0.0E+00 | O.OE+00 | 4.9E-1J7 | 5E-07 | | O.OE+00 L _ _ J J - 0 E + ( )  0 i 1-4E-02 | 

| 

Exposure
 

Routes Total
 

-

-

2 E-05 

4 E-02 

t E-02 

2 E-02 

1 E-02 

3i:-O3 

5E-O3 

2E-II1 

2E-01 

2E-0I 

2E-0I 

7E-O3 

2E-03 

1E-01 

1E-01v 

1 E-01 

IE-0I 

4 E-06 

KE-06 

4E-O3 

IK-112 

I E-02 

1 E-02 

1 E-02 

Sullon Brook Disposal Area Superlimd Site (210517) 
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TABLE 3-331 

RISK Sl'MMARY 

CENTRALTENDENCY EXPOSl'RE 

Remedial Investigation and Feasibility Study 

Suiton Brook Disposal .\rea Supcrfund Sile-1'euk.sbury. Massachusetts 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-C arcinogenie Hazard Quotient 

Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure Primar,' ingesfon inhalation Dermal Exposure 

Routes "Total Targel C)rgan(s) Routes Total 

Potable Crroundwater C'rroups 3-6 1.2.4-1 rirnelhvlben/.ene -

I.2-Dichloroelliane 2.OE-O5 L2E-O5 X.4E-07 3E-O5 Kidney 9.9E-03 4.0E-03 3.9E-04 I E-02 

L2-Dichloroethenc Liver 6.5E-OI 5.6E-OI 4.5 E-02 1E • 00 

1.2-Dichloropropane L2E-06 1.0E-07 1E-06 2.1E-0I - 2 E-01 

1.3.5-Trimelhylbenzene - -

1.4-Dioxane 1.6 E-04 7.5 E-06 5.OE-O7 2 E-04 Liver 1.3 E '00 7.1 E-03 3.X E-03 IE -00 

2-Butanone Whole body 5.7E < 00 6.0E-OI 5.OE-O2 6E'OO 

4-Methyl-2-pentanone - - Whole hods I.1E-02 7.0E-00 3.9E.O0 1 E • 02 

Acetone Kidney 3.6E-00 1.3 E '00 2.XE-O2 _Mv()0 

Benzene 1.2E-O5 4.4E-06 1.6E-06 2E-O5 Blood: immune system 5.0E-0I 4.2E-01 6.1 E-02 11- • 00 

Carbon letrachloride 3.3 E-0 J 7.9E-06 7.7E-06 5E-O5 Liver 3.3E-O0 4.7E-00 7.0E-0I 9E-00 

Chloroethane - 3.XE-01 41--01 

Chloroform S.6E-07 I.4E-06 6.9E-0X 2 E-06 Liver 2.OE-O2 4.4E-O3 I.XE-03 3 E-02 

eis-1.2-Dichloroethene Blood 9.XE-0! 9.3E-01 6.9E-02 2EKH) 

Kiln Iben/.ene - Liver: kidney 3.XE-00 2.1E > 00 l.XE;OO KE-00 

Ethyl melhaen late Kidney 2 . 0  E ••()() 2.4E-00 2.7E-O1 5E*00 

lsopropy lbenxene Kidney 3.7E-02 2.31-:-OI 3.8 E-0 2 3E-01 

Methylene Chloride X.OE-05 I.2E-O5 2.6E-06 9E-05 Liver 1.6 E- 00 1.9E-01 4.9 E-0 2 2!-: • oo 

n-l'rop> Iben/.ene I.XE-00 2E '00 

n-Butylbenzcne 6.XE-0! 7E-0I 

p-lsopropyllnluene - - Kidney 4.3E-O2 5.5E-O2 9.0E-02 2E-01 

lert-Bulylbenzene 5.1E-01 5E-01 

Telrachloroelhene 1.6E-O5 3.5E-07 X.2E-06 2E-O5 Liver 2.7E-O2 3.7i>02 I.3E-02 XE-02 

Tetrahydrofiiran X.XE-01 9E-'0l 

Toluene Kidnev 4.4E'()i 4. IE-00 1.2E-01 6E'O1 

Trichloroeliiene 1.2E-O5 1.3E-O7 l.XE-06 1 E-05 2.3 E-03 2l-:-O3 

Vinyl chloride 5.2 E-04 8.7E-06 2.4E-05 6E-04 Liver LIE-00 2.2E-OI 4.4E-02 11-; i oo 

Xylenes (total) Whole bodv 6.3E-00 7.0E- 01 4.3E+OO XEtOI 

^mmgm: 
: \ :: -'-'-:. Blp<^Ut :\yhdIC bouVf •:'. ::.'. V^Vi-.VrVJJE+j,,:-.;-:^;;-;-;:; 

1.7E-02 5.8E-O5 2E-O2 Skin: cardiovascular system 3.5I->02 LIE'OO 3E-O2 

Barium - Kidney X.3E-O2 3.7E-03 9|-:-02 

mmm WBmm •<&••; ;-v---2E+oi ••>•/,:??:: 

03Urn i l r iTJ : : : : ; : : : : : : : : : : : ' : : : ; *'; ;%'::v.-'-:-"-'"'•:::'::"->'-: -i::::-:'-'-:."':S:-: ^;:-::5;4E+ob;i;;::- ^my33\>aisM
•;•; ':i 

: 
-f^y>:M r: ̂ .;;v>:"::;S:None obslrv eti; WB:;:;: 

.:'V.V:::-i7Eiiil»HSt:; •;.;-:S :v.-3Et-00:;;;-:V-V::;v. 

Cobalt 

; , • : : . . - : ; •  ; :•:•• - :  . : : ; • : > > gr^giB-;^0&r:Bmm &$•¥:&&! *:?izC ::#::-.;v..£"; :•-
Manganese 2.XE'01 2.2E'OO 3 K 0  I 

^mMM^r:WM:£&^ :'. • ; . . - ; " : ..£•-•':.••':•:••: •;. y h K i: i :WHbU bodyjQ!l m 1 •: -••-:;:::.i:8E-t)if-::;-: ..:j;:;-;.Vr;::2E-Oi:/;r.l:; ;•:-:; 

™*m:&£m£f£&m: - mtimam ::• ••".••'•'-'•-':•>••••,. ; - - ' : - ' ' ' . ' : : V . ' - : V ! ' : T ;  : % : Vvv; •:;..-; •,7E+0(r:H:.:? •;:>:; 

&--:££• •mmm W^:W: ?M Blood;;: {is ;M:£:; 

mm^ 
£BmM-:mi 

Chemical Total 2. J E-02 5.1E-I14 1.9E-114 2 E-02 6.7E+II2 2JE+02 3.6E+01 9E+II2 

Exposure Point Total 2.1 E-02 5.1 E-04 1.9E-04 2E-02 6.7Et02 2.3E-02 3.6EMJ1 9EM)2 

Exposure \ 
2.1 E-02 5.1 E-04 1.9E-04 2E-02 6.7EfO2 2.3 E-02 3.6E+01 9E-02 

Medium Total | 2.1 E-02 5.1 E-04 1.9 E-04 2 E-02 6.7E-02 2.3 E^ 02 3.6E-O1 91> 02 

Receptor Total 2E-U2 j Receptor III Total | 9E+02 

s,U R, | . ,ud R u e p t o r Risk Total 2E-02 j 9E+02 

m§mmm^m-MB m^4 

Woodard Cumin 



TABLE 3-33J 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Remedial Investigation and Fcasibilily Study 

Sutton Brook Disposal Area Supcrfund Sile-Tcwksbury. Massachusetts 

Scenario Timefranic: Future 

Receptor Population: Area 4 Resident 

Receptor Age: Child/Adult 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingeslion Inhalation Dermal Exposure Primary Ingeslion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total 

Soil Upland Soil Group 4, Upland Bcn/.o(a)anlhraccnc 6.2E-05 - 2.5E-05 9E-05 - - -

(0-I01) Bcn/o(a)pyrcnc 3.7E-04 - 1.5E-04 5E-04 - - - -

Benzo(c)pyrene - - - - - - - - -

Bcn/.o(b)fluoranlhcnc 2 6E-05 - I 1E-05 4E-05 - - - -

Ben7.o(k)fluoranthcne 3 3E-O6 - 1 3E-06 5E-O6 - - - -

Bis(2-Chloroclhoxy)melhanc - - - - - - -

Carbazole 2 9E-07 - 9 3E-O8 4E-07 - - - -

4-Chloro-3-mclh\ iphcnol - - - Whole bod\ 2 9E-05 - 8 IE-06 4E-O5 

DibcTtzofa,h}ajititr3ceuc G.3E-05 - 2.5E-05 9E-05 - - - - -

Dibcn/.ofuran - - - - Not a\ailablc 5 5E-02 - ! 6E-02 7L:-O2 

lndcno(l .2.3-cd)P\rcnc ! 4E-05 - 5 5E-06 2E-O5 - - - - -

1 -MctliN Inaphtlialcnc - - - - Lungs 1 6E-02 - 6 OE-03 2E-O2 

2-Mcth> lnaphlhalcnc - - - . - Lungs 2.0E-02 7.2E-O3 3 E-02 

Naphthalene - - - - Whole body 3.6E-03 - J 3E-03 5E-03 

Pci\lcnc - - - - - - - - -

Cl 1-C22 Aromatics - - - Kidnc> 1 3 E-02 - 3 7E-03 2E-02 

Arsenic 7.1E-06 - 6.8E-07 RE-06 Skin; cardiovascular system I.3E-OJ - 1.1 E-02 1E-0I 

Lead -- - - -- - - - „ -

Manganese - - - 6.7E-03 - O.OE+00 7E-O3
 

Vanadium - - -- -- 9.6E-03 - O.OE+00 I E-02
 

1
1
1
1
 

Chemical Total | 2.7E-O1 ]5.5E-04 | O.OE+00 | | 2.2E-04 7.7E-04 | O.OE+00 4.5E-02 „ | 3.2E-OI 

1
1
 

2.7E-0. |||Exposure Point Total O.OE+00 4.5E-02 3E-01 5.5E-O4 | O.OE+00 ||_ 2.2E-04 8E-04 | 

5.5E-04 | O.OE+00 |  f 2.2E-04 8E-04 | 

5.5E-04 | O.OE+00 | | 2.2E-04 i 8E-04 " | 

Exposure Medium Total 2.7E-01 | O.OE+00 ] 4.5 E-02 3E-0I 

Medium Total 2.7E-01 ] O.OE+00 | 4.5E-02 | 3E-0I 

Sullon Brook Disposal Area Supcrfund Site (2105 I 7)
 

\\AndoYcr\projccts\2105 17 Sutton Brook\\\ip\Human Health Risk Asscssmenl\Risk Summary lables.xlsArca 4 r c s R M E Page I of 5
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TABLE 3-33J 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Supcrfund Sile-Tewksburv. Massachusetts 

Scenario Timeframc: Future 

Receptor Population: Area 4 Resident 

Receptor Age: Child/Adult 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingcstion Inhalation Dermal Exposure Primary Ingcstion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total 

Soil Wetland Soil Groups 5/6, Wetlands Bcn/.o(a)anthraccnc 6.3E-07 2.IE-07 8E-07 - - . . 

Ben/.o(a)p\ rene 6.3E-06 2.1E-06 8E-06 - - -

Bcn/.o(b)nuoranthene 7.8E-O7 2.6E-07 1E-06 - - --

Indcno( 1.2.3-cd)Pyrenc 5.5E-O7 1.8E-07 7E-07 - -

Pen. lenc - - - - - -

Arsenic 9.1E-06 „ 7.8E-07 1E-05 Skin; cardiovascular system 1.6E-0I - 7.4E-03 2E-01 

Lead - - - - - -

Manganese - -  - - 1.4E-02 - O.OE+00 1E-02 

Vanadium -  - - Hair cvstcine 4.4E-03 - O.OE+00 4E-03 

[|Chcmical Total |[ 1.7E-0S J[ O.OE+00 ||_ 3.5E-06 |[ 2E-05 _ | |  _ || 1.8E-01 | |  _ O.OE+00 |( 7.4E-03 |[ 2E-01 

[(Exposure Point Total 1.7E-05 |[ O.OE+00 | | 3.5E-06 |  [ 2E-05 J |  _ 1.8E-01 J  | O.OE+00 | | 7.4E-03 J| 2E-0I 

|] Exposure Medium Total I.7E-05 O.OE+00 || 3.5E-06 jj 2E-05 | | 1.8E-01 j[ O.OE+00 | | 7.4E-03 | | 2E-0I 

Medium Total S.7E-O5 O.OE+00 3.5E-06 | | 2E-05 | | 1.8E-01 | | O.OE+00 | | 7.4E-03 | | 2E-01 

Surface Water Surface Water Groups 5/6. Wetlands 1.4-Dioxanc - 2 6E-09 3E-09 Lhcr - 9 4E-06 9E-06 

Mctlnlcnc Chloride - - 1.9E-09 2E-09 Li\cr - - 1 7H-O5 2E-O5 

1.2.4-Trimcth\ Ibcn/.cnc - - - - - - - -

.3.5- Frimctln Ibcn/.cnc - - - - - - - -

Arsenic - - 9 5E-07 9E-07 Skin: cardio\ ascular s\ stem - 8 5E-O3 81--03 

Cadmium - - - - - - - 9.7E-03 1E-02 

.cad - - - - - - - -

Manganese - - - - " - - l.IE-02 1E-02 

Vanadium - - - - Hair cysteinc - - R.5E-04 9E-04 

Zinc - - - - Blood - - 1.8E-04 2E-04 

Chemical Total jj O.OE+00 | | O.OE+00 jj 9.5E-07 || 1E-06 jj || O.OE+00 jj O.OE+00 || 3.1E-02 jj 3E-02 

llExposurc Point Total II O.OE+00 il O.OE+00 II 9.5E-07 II 1E-06 If !! O.OE+00 if O.OE+00 1! 3.1E-02 || 3E-O2 

Medium Total
1Exposure Medium Total jj

 |j

 O.OE+00

 O.OE+00

 jj O.OE+00 ||

 [[ O.OE+00 jj

 9.5E-07

 9.5E-07

 j 

| 

1E-06

1 E-06

 | 

j 

J|

||

 O.OE+00

 O.OE+00

 J |

 | |

 O.OE+00

 O.OE+00

 J |

 ||

 3.IE-02

 3.1E-02

 | |

 jj

 3E-02 

 3E-02 
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TABLE 3-33J 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Supcrfund Silc-Tcwksbury. Massachusetts 

JjSccnario Timcframc: Future 

nRcccptor Population: Area 4 Resident 

Receptor Age: Child/Adult 

Non-Carcinogenic Hazard Quotient Medium Exposure Exposure Chemical	 Care nogenic Risk 

Medium Point of Potential 

Concern Ingcstion Inhalation Demial Exposure Primary Ingcstion inhalation Dermal Exposure 

Routes Iota! Routes I otal Target Oigan(s) 

Sediment Sediment Groups 5/6r Wetlands	 Benzo(a)pyrenc 5.2E-06 - 4.4E-06 1E-05 -- - - - 

rrichlorocthcne 1 OE-08 - O.OE+00 IE-08 

1.3.5-Trimcthy lbcn/.cnc - - - - - 

Arsenic 9.5E-05 - 2.IE-05 IE-04 SJvin; cardiovascular system 1.7E+U0 - 2.0E-0J 2E+00 

Lead	 - - - - - - - - 

Manganese - - - 3.5E-03 - O.OE+00 3E-03 

Vanadium .  - -- Hair cysteine 3.2E-03 - O.OE+00 3E-03 - J 
Chemical Total 1

1
 
1.7E+00 O.OE+00 | [ 2.6E-05 | I E-04 [ O.OE+00 P 2.0E-01 || 2E+00 

Exposure Point Total | 1.0E-04 | O.OE+00 | 2.6E-05 | IE-04 i 7E+00 j 0 OE+00 |j 2.0E-01 ] [ 2E+00 

Exposure Medium Total 1.0E-04 "~\ O.0E+O0~]| 2.6E-05 IE-04 I.7E+00 1 O.OE+00 |F ~~ 2 0E-01 1 2E+00 

Medium Total ][ LOE^oT J O.OE+00 ] 2.6E-05 || IE-04 J | _ I.7E+00 | | O.OE+00  _ J 2.0E-01 | 2E+00 

Air Ambient Air Site .2.4-1 rimclhy Ibcnzcnc - - - - - 

1.3.5-Trimclhvlbcnzene - - - -- - - .  . 

Benzene - 1.7E-06 - 2E-06 Blood: immune svstem - 2.1E-02 - 2E-O2 

Xylcncs (total) -- -- - Nervous system -- 1.5E-01 1E-01 

1 

1
1
1
 

Chemical Total | O.OE+00 1.7E-06 O.OE+00 | 2E-06 O.OE+00 j 1.7E-01 | O.OE+00 | 2E-0I 

Exposure Point Total O.OE+00 I.7E-06 O.OE+00 J 2E-06 O.OE+00 1.7E-01 O.OE+00 2E-0! 

j | Exposure Medium 1 olal 1.7E-06 | O.OE+Oo"] 2E-06 O.OE+00 1.7E-01 O.OE+00 2E-01 

Medium Total O.OE+00 1.7E-06 O.OE+00 | 2E-06 1 O.OE+00 1.7E-01 O.OE+00 2E-01 
Nervous system: eyes: respiratory 

Groundwatcr Group 4. Upland Tctrachloroethcnc 7.9E-09 8E-09 s> stern 1.1 E-04 IE-04 Indoor Air 

richlorocllicnc 2E-09 Nervous system; eyes 4.5E-06 5E-06 -- 1.9E-09 - -- 

[[Chemical Total O.OE+00 | 9.8E-09 j O.OE+00 j IE-08 O.OE+00 | 1.2E-04 O.OE+00 | IE-04 

Exposure Point Total	 O.OE+00 | 9.8E-09_| O.OE+00 | IE-08 I 

Exposure Medium 1 otal O.OE+00 ~] 9.8E-09J O.OE+00 | IE-08 | 

Medium Total	 O.OE+00 | 9.8E-09~] O.OE+00 J IE-08 | 

O.OE+00 | 1.2E-04 1 O.OE+00 | 1 E-04 

O.OE+00 | L2E-04 | O.OE+00 | 1 E-04 

O.OE+00 ""] I.2E-O4 | O.OE+00 | 1 E-04 

Sullon Brook Disposal Area Supcrfund Site (210517) Woodard Curran 
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TABLE 3-33J 

RISK SUMMARY
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Supcrfund Sile-Tcwksbury. Massachusetts
 

Scenario Timcframc: Future 

Receptor Population: Area 4 Resident 

Receptor Age: Child/Adult 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total 

Groundwatcr Potable Groundwalcr Groups 3-6 1.4-DichIorobcnzcne 1.3E-06 - 6.9E-07 2E-06 None observed 3.0E-03 3.9E-03 1.5E-O3 8E-03 

2:4-DimethyIphcnol - - - . . Blood; whole body 7.5E-01 2.9E-02 8.3E-O2 9E-01 

2-Mcthylphenol - Whole body: nervous system 1.7E+00 4.2E-02 1.5E-01 2E+00 

3-Mclhylphcnol/4-Mcth\ lphcnol - - - Whole body; nervous system 3.5E+OO 7.3E-01 2.6E-0I 4E+00 

4-Mctln lphenol - Whole body; nervous system 4.5E-01 9.4E-02 3.3E-02 6E-0I 

Aroclor 1254 7.9E-06 - 0.0E+00 8E-06 Eyes: immune system 5.0E+00 0.0E+00 5 E+00 

Alpha-BHC 4.9E-06 - 1.2E-06 6E-06 - -

Bis(2-Ethylhcxyl)phthalatc 1.4E-04 1.3E-O7 1.7E-04 3 E-04 Liver 2.5E+OO 2.9E-03 2.8E+OO 5 E+00 

Naphthalene - - - - Whole body 4.6E-02 2.9E+OO 2.3E-O2 3E+00 

Phenol - - - -- Dc\ clopment/Fetus 2.6E+00 1.2E-0I 1.8E-01 3E+00 

Ll.l-Trichioroethanc - - - . . Nervous system 5.8E-O2 I.4E-0I 8.2E-O3 2E-01 

1,1,2-Trichlorocthanc 6.5E-06 2.8E-05 5.0E-07 3E-O5 Blood 1.4E-01 4.4E-0I 1.0E-02 6E-01 

ST1-Dichloroethane - - „ Nervous svslcm 1.5E+00 8.4E+OO 8.7E-O2 IE+01 

1,1-Dichlorocthcnc - - - -  Liver 2.2E-01 7.9E-01 2.2E-02 1 E+00 

1.2,4-Trimclhylbcnzcnc - „ - -  - - - -

1.2-Dichloroelhane 6.6E-05 3.3E-04 2.7E-06 4E-04 Kidney 1.8E-02 1.9E-02 6.7E-04 4E-02 

I.2-Dichlorocthene - Liver 1.2E+00 2.6E+00 7.9E-02 4E+00 

1.2-Dichloropropane 4.0E-06 3.3E-07 4E-06 - 9.7E-0I 1 E+00 

1,3.5-Trimcth\ lbcnzene - - - - -

1.4-Dioxanc 5.4E-04 2.1E-04 I.6E-06 8E-O4 Liver 2.5E+OO 3.3E-02 6.6E-03 3 E+00 

2-Butanonc - - . Whole body 1.1E+01 2.8E+OO 8.6E-O2 IE+01 

4-Methyl-2-pcntanonc - - - . . Whole body 2.0E+02 3.2E+0I 6.9E+00 2E+02 

Acetone - - - Kidney 6.7E+00 6.2E+00 4.9E-02 IE+01 

Acrylonilrile 1.2E-02 1.3E-02 9.8 E-05 2E-02 Reproductive 1.1E+02 1.9E+02 8.3E-O1 3 E+02 

Benzene 4.1E-05 1.2E-04 5.1E-06 2E-04 Blood; immune system 9.3E-0I 1.9E+00 1.1E-01 3 E+00 

Carbon tctrachloride I.1E-04 2.2E-04 2.4E-05 4E-04 Liver 6.2E+00 2.2E+01 1.2E+00 3E+01 

Chloroethanc - - - - - 3.8E-O1 - 4E-01 

Chloroform 2.9E-06 3.9E-O5 2.2E-07 4E-05 Liver 4.7E-02 2.0E-02 3.2E-O3 7E-02 

cis-1.2-Dichloroethcnc - - - . . Blood 1.8E+00 4.3E+OO 1.2E-01 6 E+00 

Ethylbcnzene - - - Liver: kidney 7.0E+00 9.7E+00 3.IE+00 2E+01 

Ethyl methacrviate - - - - Kidney 3.7E+00 I.IE+01 4.7E-0I 2E+01 

Isopropylbenzene - - - - Kidney 6.8E-02 2.3E-0I 6.7E-O2 4E-01 

Methylcne Chloride 2.7E-04 3.4E-04 8.3E-O6 6E-04 Liver 3.0 E+00 8.6E-0! 8.5E-O2 4E+00 

i-Propylbcnzenc - . . . . . . 1.8E+00 2E+00 
n-Butvlbenzenc - . . - - 6.8E-O1 - 7E-0I 

3-isopropvltoluene Kidney 8.OE-O2 2.5E-01 1.6E-0I 5E-0I 

Sulton Brook Disposal Area Supcrfund Site (210517) Woodard Curran 
\VAndovcr\projccts\210517 Sutton BrookYvvip\Human Health Risk Asscssmcnt\Risk Summary tables.xlsArea 4 res RME Page 4 of 5 5/23/2007 



TABLE 3-33J 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Sitc-Tcwksbury. Massachusetts 

Scenario Tinicfrainc: Future 

Receptor Population: Area 4 Resident 

Receptor Age: Child/Adull 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingeslion Inhalation Dcnnal Exposure Primary Ingcstion Inhalation Demi a! Exposure 

Routes Total Target Organ(s) Routes Tola! 

Groundwalcr Potable Groundwaler Groups 3-6 icrt-Butylben/.cne - - - - - - 5.IE-0I - 5E-01 

Tctrachloroelhene 5.3E-O5 9.7E-06 2.6E-05 9E-05 Liver 5.UE-02 1.7E-01 2.2E-02 2E-0I 

Tctrahydrofuran - - - - - 8.8E+0I 9E+01 

Toluene - - . . Kidney 8.1E+01 I.9E+01 2.IE+0I 1 E+02 

Trichloiocthcnc 3.9E-05 3 6E-06 5 6E-06 5E-O5 - - 1 IE-02 - 1 E-02 

Vin\l chloiidc 1 7E-03 2 4E-04 7 4E-05 2E-03 Lhcr 2 OE-tOO i OE-t-00 7 6E-02 3 E *-()() 

X\ lencs (total) - Whole bod\ 1 2E+01 3 2E-+O2 7 5EHH) 3EH12 

Antimony - - - - Blood: whole body 2.1E+01 - 7 0E-01 2E+<)1 

Arsenic 5 7E-02 - 2 4E-04 6E-02 Skin. card^asculars\s tcm 64E+02 - 3 3Et()() 6[->02 

Barium - - - - Kidnc\ 1 5E-0I - i iF.-n: 2E-01 

Beryllium - - - - Intestines 2.3E+01 - 1.7E+01 4E+01 

Cadmium - - - - - I.OE+01 - 1.0E+00 IE+01 

Chromium - - - - None observed 5.0E+00 - 1.0E-HM) 6E-HK) 

Cobalt - - - - - - -

Lead - - - - - - - - -

Manganese - - - - 5 2EHJI - 6 5E+00 61-.'01 

Nickel - - - - Whole body 3.3E-01 - R.4E-03 3E-01 

Silver - - - - Skin 1.3E-H)! - 1.0E+00 IE+01 

Thallium - - - - Blood 5.0E-H)0 - 2.5E-0Z 5E+«() 

Vanadium - - - - Hair cysteine 9 2E-02 - I.8E-02 1E-0I 

Zinc - - - - Blood 1.5E-KH - 4.6E-02 2E+01 

[|Chcmical lotai 7.2E-02 I.4E-02 j( 6.6E-04 9E-02 1.2E+0J " ~ ]  | 7.3E+02 7/.E+01 ] | 2E-HI3 

Exposure Point Total 7 2E-02 1.4E-02 I! 6.6E-04 9E-02 1 2E+O3 ][ 7 3E+O2 7.6E+O! | | 2E + 03 

Exposure fv cd.um iotal | | 7 2 E  . ( )  2 1.4E-02 | | 6.6E-04 9E-02 1 2E+O3 I f " 7 3E-HJ2 7 0E + 0I |  | 2EtO3 

Medium Total jj 7 2E-02 | | 1.4E-02 | | 6 fiE-04 9E-02 | | 1 2E+03 || 7 3E-HJ2 7.6E-KJ1 | | 2F>03 

Receptor Total || 9E-02 | | Receptor HI Total jj 2E+03 

Site Related Receptor Risk Total | | 9E-02 | | 2E+O3 

S ^ i > i ^ ! i i i ^ M l l M ^ l ^ l i ^ M ^ ^ ^  ̂  1 2E-04 j | 1E+02 

Shaded = Concentrations of contaminant arc consistent with reference concentrations 

Sutton Brook Disposal Area Superfund Site (210517) 
Woodard Curran 
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TABLE 3-33K
 

RISK SUMMARY
 

CENTRAL TENDENCY
 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal .Area Supcrfund Site-Tcukshury. Mas 

Sccnar o lin,elian>e. Inline 

Reeept ir Population AICJ 1 2 Resident 

Recept ir Age. Child Adult 

Non-C urcinogenie Hazard Quotient 

Medium Poinl of Potential 

Concern ingestion Inhalation Dermal Exposure Primary Ingeslion Inhalation Dermal Exposure 

Routes Total Routes Total 

Medium i.Nposure Exposure Chemical CareinogenieRisk 

Target C)rgan(s) 

Potable Cirounduater Groups 1 <& 2	 1.4-Dichlorobenzene 1.3 E-06 7.5E-07 2 E-06 None observed 5.5K-03 2.9E-03 2.9E-03 1 K-02 

2-Melhylnaphthaiene -- Lungs 9.3E-O3 9.X E-04 4.9E-03 2E-02 

3-Methylphenol 4-Methylphenol Whole bodv: ncnous system X.9E+00 3.5E'O() 7.0E-01 1 K-i 01 

4-Methylphenot - Whole body: nervous system 9.8K+00 3.XEUK) 7.7K-01 IK-01 

Aeetophenonc Whole body 1.4E-02 9.6K-04 1E-02 

Naphlhalcnc - Whole bodv 5.4F.-01 1.4EKI1 2.XE-01 1E' 01 

N-Nilrosodi-n-butylamine 2.XE-O5 3.0K-04 1.6E-06 3E-04 - 

N-Nilrosopyrralidine 9.9E-O5 5.1E-07 5.6E-07 1E-04 

o-Toluidine 3.7E-06 1.2E-07 4E-06 - - 

Phenol -- Development Fetus 3.9E-01 7.4E-03 2.8E-O2 4E-01 

Pyridine Liver 1.91->00 X.9E-01 5.1E-O2 3 E'•()() 

1.1-Dichloroethane - Nervous system 1.2E-01 2.7E-01 7.3E-03 4E-01 

i.2.4-Trimelhylhenzene 

1.2-Diuhiornelhajn: 3.1 E-06 1.8 E-06 I.3E-07 5 E-06 Kidney 1.5E-03 6.3 E-04 6.0E-05 2K-O3 

1.2-Dichlorocthcnc Liver 7.5E-0I 6.5E-0I 5.2E-O2 1 K' 00 

e!s-1.2-DichIoroelhene Blood 2.0E f 00 1.9E • 00 I.4E-01 4E '00 

I.2-Dichioropropanc 1.1 E-06 9.9E-08 1 E-06 - 2.0E-01 2E-01 

1.2.4-1 richiorobenxene - Kidney 1.1K-02 3.1E-O3 1 2K-O2 3E-02 

13.5-TrimelhvIbenzene 

1.4-Dioxane 4.4E-05 2.1 E-06 1.4E-07 5E-O5 Liver 3.7E-01 2.0E-O3 1.1 E-03 4E-01 

2-Butanone - Whole body 2.01-XK) 2.1 E-0! I.7E-02 2K'()0 

2-1 Icxanone 

4-Metliyl-2-pentanone - Whole body 7.3 EHM) 4.8E-01 2.7!;-01 XE'OO 

Acetone !  E ' 00 Kidney I.OE'•()() 3 9 E-01 X. 1 E-03 

Benzene 1.0E-05 3.8E-06 1.4E-06 2E-O5 Blood: immune system 4.3E-O1 3.5 E-01 5.1E-O2 8 E-01 

Chlorobenzene Liver 6.3E-02 1.3E-01 I.XE-02 2K-0I 

Chloroethane 6E-0! - - 6.5 E-01 

Chlorolomi 2.6E-07 4.2E-07 2.0E-0X 7E-07 Liver 7.6E-03 1.3E-03 5.5K-04 9 E-03 

2.! K-02 Dichlorodilluoromethanc Whole body 5.3 E-0! 2.OE-O3 6E-0I 

Klhyl Ether 1 E-01 Whole body 6.7E-02 3.9E-O2 1.2E-O3 

EUiyibenzene Liver: kidney S.9E-01 5.0E-01 4.3E-01 2F.i(K! 

:a Superlund Site (210517) 



TABLE 3-33K 

RISK SUMMARY 

CENTRAL TENDENCY 

Remedial Investigation and Feasibility Study 

Receptor Population: Area 1 2 Resident 

Receptor Age: Child Adult 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium of Potential 

Ingest ion Inhalation Dermal Exposure Primar> Ingestion Inhalation Dcmuil Exposure 

Routes Total Target Organ(s) Routes Total 

7.8K-05 1.2K-0J 2.6F.-06 9E-05 Liver 1.6IMH) I.XE-UI 4.7E-O2 2E-00 

n-1'ropylbcnzcno 5.0E-00 5i-:-oo 

Slyrene - - Blood; liver 5.4E-O2 5.XE-O2 1.9E-02 i !•;-{) l 

Telrachloroelhene 4.5E-O5 y.XE-07 2.3E-O5 7E-05 Liver 7.6E-02 L0E-0I 3.6E-02 2E-0I 

Tclnihydrofuran - 4.4E*0l 4E-01 

Toluene Kidney 1.2E'O1 I. IE-00 3.2E-OO 2E.01 

Trichloroelhene I.5K-O4 I.6E-06 2.2E-O5 2E-04 - 2.9F.-02 3 E-02 

Trielilororiuoromcthane Whole body 6.1 E-02 9.4K-03 71--02 

Vinyl chloride 2.6E-04 4.3E-06 1.2E-O5 3E-04 Liver 5.2E-O1 1.1 !•:-(! 1 2.1 E-02 7E-01 

Xylenes (total) Whole bodv LIE-01 l . 2 E < 0  0 7.5 E-02 11-: • 0  0 

=£!$&£•& ;;;;• ̂ i ;Blotid: whole body:;:::;•:;; •:*.::::-'.;5.BE-OJ-;:::x; \:5 
;i%:H-iE-b2/:;%^ ••?;:v.:.-vv

:
;-:r-GE-dl::-':-V--;: 

: 
:::: 

:
 . 

Arsenic L5E-02 5.0E-0J 1 E-02 Skin: cardiovascular system 3. OH '02 9.3E-01 3EMJ2 

Barium Kidney 3.6F.-0I I.6M-02 4E-01 

:;:ir':SiS¥;::i&Mfnt̂ imi»sj::;.;;g?i:i;:\;::iiss 

•::?;-:::-:;.:-3;2Et01.;:':?i:-' \::;S.KV::v.3E+0l.;:;:^:"/:;:
:-

Cobalt - - -

^PP^BBWB-B;yM^k;i&
;.:r::::;r;;v::;:..;:..:>::;:: -: 

iiSS &$%?*¥*$& 

immmmmBwm, 
Manganese -

'$£§&$}$ 

1,9F. i (11 1.5 E' 00 2E-01 

m:£^±m:r:k • -::) 
:; :  | :?i;i^hb1e; hody;: g:;::;:f:; ̂ :; 

•lilii
Cardioyasculiir.alimi:n.tarj\and 

.:• v'i -•
:
'
::
:i i i e rv  

f 
6 t t s  

; 
! rvs te r rw 

: 
• :  •  < 

: : :  
; 

: •0Mk\MrtipM^ 

::v-:y^(Uii: . .;• :-iW:..:: ̂ 'i-:?-:; ::Bloiid::::.:- -yA^M -: ;¥J;;r:;2.6E:KKJ:-:;s^ ^;:;;-8iE-crXi:#.':;:;:'.;: 

j;v-S;::?ii5Er()i;;S|'.::K-; :.;,::y:,;:::i;;:H,:;;s;;.:;:,:,; VV:;.:iV.::i.8E-q2:;,:!:VA:::::::: .^V:m-;J;;2E-J)l:;-:v::--:'.:;: 

Chemical Total 1.SE-1I2 3JE-IM 1.2E-IM 2E-02 4.IE+02 8.IIE+1II I.1E+0I | 5K+II2 

Exposure Point Total I.5E-O2 3.3E-04 1.2E-O4 2E-02 4.1EM)2 8.0l->01 L I E . 0  1 5E'02 

Exposure Medium lolal 1.5E-02 3.3E-04 1.2E-04 2E-02 4.1E * 02 X.OE-OI L I E ' 0  1 5EMJ2 

Medium Total 1 I.5E-02 3.3E-04 1.2E-04 2F.-O2 4.1 E. 02 K.OE'O) LII->0l 5E+02 

Riicptur loin] 2K-(!2 Rci-cptor HI Total 5K+1I2 

Sid- lUUitd Kt'tiplnr Risk I <>t»l 2E-(I2 5K+II2 

Reference Related Receptor Risk ratal # : & l i : M i :  ̂  ,;..-..::--:,:,:̂ :;.:<4E+ui:v:-; .:;..;:.:;;.,•,: 

?rook Disposal Area Supeiltind Site (210517) 



TABLE 3-3.3L
 

RISK SUMMARY
 

REASONABLE MAXIMUM EXPOS! RE
 

Scenario Time lutur. 

Receptor Pnpu Area I 2 Res dent 

Receptor Age: Cl lid Adult 

Medium Exposure Exposure Chemical Carci logenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure Ingestion Inhalation Demul Exposure 

Routes Total Target Organ(s) Routes lolal 

Potable Groundualcr Groups 1 & 2 1.4-Dichlorobenzene 4.3E-06 - 2.4E-06 7E-06 None observed 1 .OE-02 1.3E-02 * 01 -03 31-02 

2-Methvlnaphthalone Lungs I.7E-O2 4.5E-03 6 *> I,-()t 31 02 

3-Meth> Iphenol'4-Methvlphenol - Whole body: nervous system 1.7K-0I 3.5E.OO 9 3) -01 21 01 

4-Melhvlphenol - Whole body; nervous .system I .XE' 01 3.KE-00 1 01 >00 21 -01 

Acetophcnone - - Whole body 2.6E-02 1 31-01 3] -02 

Naphthalene - - \\ hole body 1.0l->00 6.3E-0I 3 7F.-O1 6F -01 

N-Nitrosodi-n-butvlamine 9.6 E-05 3.0 E-04 S.1E-06 4 E-04 - -

N-Nilrosopyrrolidine 3..3E-04 S.IE-07 1.8E-06 3 E-04 -

o-Toluidine I.2E-O5 3.7E-07 I E-05 - -

Phenol - - Development Felus 7.2E-0I 3.4E-02 3 71 -02 8! -01 

Pyridine - - Liver 3.5E-OO 8.9E-O1 6 S! 02 41 '00 

I.l-Dichloroethane - - Nervous system 2.2E-0I 1.2E^00 9 7P-01 11 •()() 

1.2.4-Trimelhylbenzenc -

1.2-Dichloroethane 1.0E-05 5.1E-O5 4.IE-07 6E-05 Kidney 2.9E-03 2.9E-03 7 9F OS 61 -03 

1.2-Dichloroelhene - - Liver 1.4E'0() 3.0EKK) 6 9L-02 41 00 

eis-l.2-Diehloroclhene - - Blood 3.7EJ00 R.7l->00 1 9r 01 H 01 

1.2-DichIoropropane 3.8E-06 3.1E-07 4E-06 - 9.2E-0I 91 01 

I T2.4-Trichlorohen/.ene - - - Kidney 2.IE-02 L3E-02 1 SI 02 SI -02 

L.3.S-Trimelhylhcnzcne - -

1.4-Dioxane 1.5E-04 5.8 E-05 4.4E-07 2E-04 Liver 6.9E-01 9.0E-03 1 41-03 7! -01 

2-Uutanonc - - - Whole body 3.7E-00 9.7E-01 2 31 02 SI 00 

2-i lexanone 

4-Melhyl-2-pentanone _ Whole body I.4E-0! 2.2E-OO 3 61 -01 2! 01 

Acetone Kidney 1.9 E? 00 l.RI-XM) 1 11--02 41 00 

Benzene 3.4E-O5 1.1 E-04 4.3E-06 1 E-04 Blood: immune system 7.9K-01 l.f.EOO (, 8i -02 21 00 

Chiorobenzene Liver 1.2E-01 6.1E-01 2 41-02 XI 01 

Chlorocthane - - - 6.5E-OI 61 01 

Chloroform Liver 1.4E-02 6.1E-03 7 3! 04 2\ 02 

Dichloradiiluoromelhane - - Whole body 3.9E-O2 7.2E-01 2 71-03 XI 01 

Ethyl Ether - Whole hody I.2E-0I 3.9E-02 1 61 -03 21-01 

Ethylbenzene - - Liver: kidney 1.7EHK) 2.3 E'-00 S6I-01 S! 00 

Melhylene Chloride 2.6E-O4 3.3 E-04 8.1E-06 6E-04 Liver 3.0EHK) 8.4E-0I 6 31-02 41 >00 

n-Propvlben/.ene - - - 5.0E<00 SI 00 

Stvrene - Blood: liver 1.0E-01 2.7E-O1 2 Si -02 41 01 

Tetrachloroethene 1.5E-04 2.7E-O5 7.3E-O5 3 E-04 Liver 1.4E-01 4.8E-0I 4 XI 02 71-0! 

Telrahydroiuran - - - 4.4E-01 41 .01 

Toluene - Kidney 2.2E-'O1 5.1E;00 4 31 '00 31 '01 

Triehloroclhene 5.0E-04 4.5E-05 7.1E-05 6E-04 I.4E-0I 11 01 

1 richlorolluuroniethanc Whole hody 1.1E-01 1 31 02 11 01 
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TABLE 3-331.
 

RISK SUMMARY
 

REASONABLE MAXIMI'M EXPOSURE
 

Sulion Brook Disposal Area Superiund Site-Tew tsbury. Massachusetts
 

Scenario Time i:imc. luit i 

Receptor Pnpu nlinn. .Men 1 2 Resident 1 

Receptor Ago: Child Adult 1 

Medium Exposure l.\piliUIC Cheinic.il 

Medium Pom! nl Polenli.il 

ingesluin 

Potable Ciroundualer CiTlUlps | & 2 s nn 1 chloride X 61,-04 

.\>lcncx(lolj|) 

Antimonv -

4 9F.-02 

I3anum 

Beryllium -

Cadmium -

Cob.ilt 

Copper -

Lead -

Manganese 

Nickel -

Selenium -

ThaJlium -

Vanadium -

Chemical i otai 5.2E-02 

!.\posure Point loljl 5 2K-O2 

l.xposuie \ edium loUil 5.2H-02 

Medium ] i)L.i[ 5 2L-02 

Receptor rot.il 

Sin- Reiuleil Keiept.ir Risk I ot.it 

Reference Related Receptor Risk Totul 

CarcinogcniL- Risk 

inhalation 

1 21 -04 

-

-

-

-

-

-

-

-

1.IIE-II3 

! OR-03 

1 01.-03 

I Of -in 

Derma! 

3 71,-05 

-

2 11.-04 

-

-

-

-

-

-

-

-

4.1 M M 

4 i K M 

4 11.-04 

4 ! 11-04 

I \poMire
 

Routes It.LiI
 

IF-03 

-

5L-02 

-

-

-

-

-

-

5K-02 

5L-02 

5E-O2 

5K-O2 

5K-II2 

5K-O2 

0E+IH) 

larget l)rg.in(s) 

l.^er
 

Whole buds
 

Blaod. whole body
 

Skm: cardto\;Lsi:ular sWcm
 

Kidnes
 

rnteslincs 

-

-

-

Whole body 

Cardiovascular, alimtfnlary and
 

nervous svsttfrry;
 

Blnod
 

Haircysteine
 

Non-CarLinogenic li.i/ard yuotient 

Ingeslion !nhai.<lion IV-IT.1..I 

Routes ltil.il 

9 71-01 4 91 -01 2 SI-02 If '00 

2 0F-.-01 5 hi.-00 9 9I-.-02 ()! 00 

I.1E-KR) ; 2.1E-D2 JE-rOD 

5 5b>02 1 61-.'00 (.I.MI2 

(.61.-01 2 SI.-02 ""[-01 

1.2E+M : 5.2E-01 2E100 

fi.OEMH - 3.5EKH) r.E+oi 

- -

- - -

- : -

3 6 r*0 l 2 dh'00 4)' -01 

8.7E-01 : I.3E-02 9E-ni 

1.2E+00 1  3 4E-03 
lE+on 

4.!>E-'W . 1.4E-02 5E+00 

2.RE-01 i 3.1E-02 3E-(!1 

7.5E+02 1.6E+02 1.7E+01 9E+02 

7 5C-02 1 6L-.-02 1 71,'01 9I-.-02 

7.5 K-02 1 6I-.-02 1 71.'01 91-.'02 

7 51,-02 I.GIM12 1 7I-.'()1 91. '02 

Receptor HI iotui 9H-* (12 

9i'.+02 

! 7E+0I 

Woodard Curran 

5 23 2007 



TABLE 3-33M
 
CALCULATION OF CANCER RISKS FOR COPCS WITH A MIJTAGENIC MODE OF ACTION
 

CENTRAL TENDENCY EXPOSURES 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Exposure Point: Group 3 
Exposure Medium: Upland Soil (0-10') 
Receptor: Future Site Resident 

Exposure Pathway COPC EPC Age BW IR EF ED AT CF SF ADAF Risk 
(mg/kg) (years) (kg) (mg/day) (days/year) (years) (days) (kg/mg) (mg/kg-d)-l (unitless) 

Incidental Ingestion of Soil Benzo(a)anthracene 1.10 
1.10 

1 through <2 
2 through <7 

15 
15 

100 
100 

150 
150 

1 
5 

25550 
25550 

1.00E-06 
1.00E-06 

0.73 
0.73 

10 
3 

3.1E-07 
4.7E-07 

1.10 7 through <10 28 50 150 3 25550 1.00E-06 0.73 3 7.6E-08 
CUMULATIVE RISK - Incidental Ingestion of Soil: Benzo (a) anthracene 8.6E-07 

Benzo(a)pyrene 1.10 1 through <2 15 100 150 1 25550 1.00E-06 7.3 10 3.1E-06 
3.10 2 through <7 15 100 150 5 25550 1.00E-06 7.3 3 4.7E-06 
1.10 7 through <10 28 50 150 3 25550 1.00E-06 7.3 3 7.6E-07 

CUMULATIVE RISK - Incidental Ingestion of Soil: Benzo (a)pyrene 8.6E-06 
Benzo(b)fluoranthene 0i840 1 through <2 15 100 150 1 25550 1.00E-06 0.73 10 2.4E-07 

0.840 2 through <7 15 100 150 5 25550 1.00E-06 0.73 3 3.6E-07 
0.840 7 through <10 28 50 150 3 25550 1.00E-06 0.73 3 5.8E-08 

CUMULA TIVE RISK - Incidental Ingestion of Soil: Benzo (b)fluoranthene 6.6E-07 
Indeno(l ,2,3-cd)pyrene 0.720 1 through <2 15 100 150 1 25550 1.00E-06 0.73 10 2.1E-07 

0.720 2 through <7 15 100 150 5 25550 1.00E-06 0.73 3 3.1E-07 
0.720 7 through <10 28 50 150 3 25550 1.00E-06 0.73 3 5.0E-08 

CUMULATIVE RISK - Incidental Ingestion ofSoil:Indeno(I,2,3-cd)pyrene 5.6E-07 
CUMULATIVE RISK: Incidental Ingestion of Soil 1.1E-05 

Exposure Pathway COPC EPC Age BW SA ABSd AF EF ED AT CF SF ADAF Risk 

<mg/kg) (years) (kg) (cm2) (unitless) mg/cm2 
(days/year) (years) (days) (kg/mg) (mg/kg-d)-l (unitless) 

Benzo(a)anthracene 1.10 1 through <2 15 2800 0.13 0.2 150 1 25550 1.00E-06 0.73 10 2.3E-07 
1.10 2 through <7 15 2800 0.13 0.2 150 5 25550 1.00E-06 0.73 3 3.4E-07 
1.10 7 through <10 28 3636 0.13 0.07 150 3 25550 1.00E-06 0.73 3 5.0E-08 

CUMULATIVE RISK - Dermal Contact with Soil: Benzo (a) anthracene 6.2E-07 
Benzo(a)pyrene 1.10 1 through <2 15 2800 0.13 0.2 150 | 1 25550 1 ."00E-06 7.3 10 2.3E-06 

1.10 2 through <7 15 2800 0.13 0.2 150 5 25550 1.00E-06 7.3 3 3.4E-06 
1.10 7 through <10 28 3636 0.13 0.07 150 3 25550 1.00E-06 7.3 3 5.0E-07 

CUMULATIVE RISK - Dermal Contact with Soil:Benzo(a )pyrene 6.2E-06 
Benzo(b)fluoranthene 0.840 1 through <2 15 2800 0.13 0.2 150 _  j 1 25550 1.00E-06 0.73 10 1.7E-07 

0.840 2 through <7 15 2800 0.13 0.2 150 5 25550 1.00E-06 0.73 3 2.6E-07 
0.840 7 through <10 28 3636 0.13 0.07 150 3 25550 1.00E-06 0.73 3 3.8E-08 

CUMULATIVE RISK - Dermal Contact with Soil:Benzo(b )fliioranthen 4.8E-07 
Indeno(l ,2,3-cd)pyrene 0.720 1 through <2 15 2800 0.13 0.2 150 1 25550 1.00E-06 0.73 10 1.5E-07 

0.720 2 through <7 15 2800 0.13 0.2 150 5 25550 1.00E-06 0.73 3 2.2E-07 
0.720 7 through <10 28 3636 0.13 0.07 150 3 25550 1.00E-06 0.73 3 3.3E-08 

CUMULATIVE RISK - Dermal Contact with Soil:lndeno(l,2,3-cd)pyrene 4.1E-07 
CUMULATIVE RISK: Dermal Contact with Soil 7.7E-06 

CUMULATIVE RISK, Group^3, Upland Soil (0-10'] : Future Site Resident 1.8E-05 

Notes; 
COPC = chemical of potential concern; BW = body weight; IR = soil or sediment ingestion rate; EF = exposure frequency; ED = exposure duration; AT = averaging time; CF = units conversion factor; 
SA = skin surface area; AF =skin-soil adherence factor; ABSd = dermal absorption fraction; SF = oral/dermal cancer slope factor; ADAF = age-dependent adjustment factor (USEPA 2005); 
Risk = Incremental lifetime cancer risk. 

Incidental Ingestion Risk = EPC * IR * EF * ED * CF * SF * ADAF * 1/BW * I/AT 
Dermal Contact Risk = EPC * SA * AF * ABSd * EF * ED * CF * SF * ADAF * 1/BW * I/AT 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran 

G:\210517 Sutton Brook\wip\Human Health Risk Assessment\ADAF-adjusted risk calcs.xls\gr 3 soil res CT Page 1 of 4 May 2007 



TABLE 3-33M, CONTINUED
 

CALCULATION O F CANCER RISKS FOR COPCS WITH A MUTAGENIC MODE O F ACTION
 

CENTRAL TENDENCY EXPOSURES 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Exposure Point: Group 4 

Exposure Medium: Upland Soil (0-10') 

Receptor: Future Site Resident 

Exposure Pathway COPC EPC Age BW IR EF ED AT CF SF ADAF Risk 

<mg/kg) (years) (Kg) (mg/day) (days/year) (years) (days) (mg/k -̂dH (unities) 

Incidental Ingestion of Soil 
Benzo(a)anthracene 38.0 

38.0 

1 through <2 

2 through <7 

15 

15 

100 

100 

150 

150 

1 
5 

25550 

25550 

1.00E-06 

1.00E-06 

0.73 

0.73 

10 

3 
1.IE-05 

1.6E-05 

38.0 7 through <10 28 50 150 3 25550 1.00E-06 0.73 3 2.6E-06 

CUMULATm " RISK  Inciden al Ingestion fSoil.Benzo (a)anthracei e 3.0E-05 

Benzo(a)pvrene 22.8 1 through <2 15 100 150 1 25550 1.00E-06 7. 10 6.5E-05 

22.8 2 through <7 15 100 150 5 25550 1.00E-06 7. 3 9.8E-O5 

22.8 7 through <10 28 50 150 3 25550 1.00E-06 7. 3 1.6E-05 

CUMULATIll " RISK  Inciden al Ingestion fSoil.Benzo (a)pvrene 1.8E-04 

Benzo(b)fiuoranthene 16.1 1 through <2 15 100 150 1 25550 1.00E-06 0." 3 10 4.6E-06 

16.1 2 through <7 15 100 150 5 25550 1.00E-06 0." 3 3 6.9E-06 

16.1 7 through <10 28 50 150 3 25550 1.00E-06 o.- 3 1.1E-06 

CUMUL4TI11 ~ RISK  Inciden a I Ingeslion fSoil.Benzo (b)fluoranth ne I.3E-05 

Benzo(k)fluoranthene 20.3 1 through <2 15 100 150 1 25550 1.00E-06 0.073 10 5.8E-07 

20.3 2 through <6 15 100 150 5 25550 1.00E-06 0.073 3 8.7E-07 

20.3 7 through <10 28 50 150 3 25550 1.00E-06 0.073 3 1.4E-07 

CUMULATIll ~ RISK  Inciden al Ingestion fSoil.Benzo (k)fluorcmtht ne 1.6E-06 

Dibenzo(a,h)anthracene 3.88 1 through <2 15 100 150 1 25550 1.00E-06 7.3 10 1.1E-05 

3.88 2 through <6 15 100 150 5 25550 1.00E-06 7.3 3 1.7E-05 

3.88 7 through <10 28 50 150 3 25550 1.00E-06 7.3 3 2.7E-06 

CUMULATIll ~ RISK  bidden al Ingestion fSoiUDibei zo(a,h)anlhr icene 3.0E-05 

Indeno( 1,2,3-cd)pyrene 8.49 1 through <2 15 100 150 1 25550 1 .OOE-06 0.73 10 2.4E-06 

8.49 2 through <7 15 100 150 5 25550 1.00E-06 0.73 3 3.6E-06 

8.49 7 through <10 28 50 150 3 25550 1.OOE-06 0.73 3 5.8E-07 

CUMULATIVE RISK  Incidental Ingestion ofSoil:Indeno(l,2,3-cd)pvrene 6.6E-06 

CUMULATIVE RISK: Incidental Ingestion of Soil 2.6E-04 

Exposure Pathway COPC EPC Age BW SA ABSd AF EF ED AT CF SF ADAF Risk 

(mg.'kg) (years) (kg) (cra2) (unit! ess) mg/cm2 (days/year) (years)  (davs) Oie/rne) (miykn-dH (unitless) 

Dermal Contact with Soil 
Benzo(a)anthracene 38.0 

38.0 

1 through <2 

2 through <7 

15 
15 

2800 

2800 

0.13 

0.13 

0.2 

0.2 

150 

150 

1 
5 

25550 

25550 

1 .OOE-06 

1.OOE-06 

0.73 

0.73 

10 

3 
7.9E-06 

1.2E-05 

38.0 7 through < 10 28 3636 0.13 0.07 150 3 25550 1 .OOE-06 0.73 3 1.7E-06 

CUMULATIl 17 RISK  Dermal Contact will Soil:Benzo( )antliracene 2.1E-05 

Benzo(a)pyrene 22.8 1 through <2 15 2800 0.13 0.2 150 1 25550 1.OOE-06 7.3 10 4.7E-05 

22.8 2 through <7 15 2800 0.13 0.2 150 5 25550 1.OOE-06 7.3 3 7.1E-05 

CUMUL4T11 " RISK  Denial Contact wit! Soil:Benzo( )pvrene 1.3E-04 

Benzo(b)fluoranthene 16.1 1 through <2 15 2800 0.13 0.2 150 1 25550 1.OOE-06 0.73 10 3.3E-06 

16.3 2 through <7 15 2800 0.13 0.2 150 5 25550 1.OOE-06 0.73 3 5.0E-06 

16.1 7 through <10 28 3636 0.13 0.07 150 3 25550 1.00E-06 0.73 3 7.3E-07 

CUMULATIl RISK  Denial Contact witl Soil:Benzo( )fluoranthei e 9.1E-06 

Benzo(k)fluoranthene 20.3 1 through <2 15 2800 0.13 0.2 150 1 25550 1 .OOE-06 0.073 10 4.2E-07 

20.3 2 through <6 15 2800 0.13 0.2 150 5 25550 1.OOE-06 0.073 3 6.3E-07 

20.3 7 through <10 28 5700 0.13 0.07 150 3 25550 1.OOE-06 0.073 3 1.5E-07 

CUMUL4TII RISK  Denial Contact witl SoiLBenzoQ )fluoranthen e I.2E-06 

Dibenzo(a,h)anthracene 3.88 1 through <2 15 2800 0.13 0.2 150 1 25550 1.OOE-06 7.3 10 8.1E-O6 

3.88 2 through <6 15 2800 0.13 0.2 150 5 25550 1 .OOE-06 7.3 3 1.2E-05 

3.88 7 through <10 28 5700 0.13 0.07 150 3 ' 25550 1 .OOE-06 7.3 3 2.8E-06 

CUMULATE RISK-Dental Contact witl Soil.Dibenz (a,h)anthmc ene 2.3E-05 

Indeno(l,2,3-cd)pvrene 8.49 1 through <2 15 2800 0.13 0.2 150 1 25550 1.OOE-06 0.73 10 1.8E-06 

8.49 2 through <7 15 2800 0.13 0.2 150 5 25550 1 .OOE-06 0.73 3 2.6E-06 

8.49 7 through <10 28 3636 0.13 0.07 150 3 25550 1.00E-06 0.73 3 3.9E-07 

CUMULATIVE RISK - Dermal Contact with Soil:Indeno(],2,3-cd)pvrene 4 8E-06 
CUMULATIVE RISK: Dermal Contact with Soil 1.9E-04 

CUMULATIVE RISK, Group 4, Upland Soil (0-10'): Future Site Resident 4.5E-04 

Notes: 

COPC = chemical of potential concern; BW = body weight IR = soil or sediment ingestion rate; EF = exposure frequency; ED = exposure duration; AT = averaging time; CF = units conversion factor, 

SA = skin surface area; AF =skin-soil adherence factor; ABSd = dermal absorption fraction; SF = oral/dermal cancer slope factor; ADAF = age-dependent adjustment factor (USEPA 2005); 

Risk = Incremental lifetime cancer risk. 

Incidental Ingestion Risk = EPC * IR * EF * ED * CF * SF * ADAF *1/BW * I/AT 

Dermal Contact Risk = EPC * SA * AF * ABSd * EF * ED * CF * SF * ADAF *1/BW • I/AT 



TABLE 3-33M, CONTINUED
 
CALCULATION OF CANCER RISKS FOR COPCS WITH A MIJTAGENIC MODE OF ACTION
 

CENTRAL TENDENCY EXPOSURES 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Exposure Point: Group 5 
Exposure Medium: Wetland Soil (0-1') 
Receptor: Future Site Resident 

Exposure Pathway COPC E P  C Age B W m E  F ED A T CF SF ADA F Risk 
(mg/kg) (years) (kg) (mg/day) (days/year) (years) (days) (kg/mg) (mg/kg-d)-l (unitless) 

. B enzo (a)ant hracene 0.640 1 through <2 15 100 90 1 25550 l.OOE-06 0.73 10 1.1E-07 
0.640 2 through <7 15 100 90 5 25550 l.OOE-06 0.73 3 1.6E-07 
0.640 7 through <10 28 50 90 3 25550 l.OOE-06 0.73 3 2.6E-08 

CUMULATIVE RISK - Incidental Ingestion of Soil:Benzo(a)anthiacene 3.0E-07 
Benzo(a)pyrene 0.640 1 through <2 15 100 90 1 25550 l.OOE-06 7.3 10 1.1E-06 

0.640 2 through <7 15 100 90 5 25550 l.OOE-06 7.3 3 1.6E-06 
0.640 7 through <10 28 50 90 3 25550 l.OOE-06 7.3 3 2.6E-07 

CUMULA T1VE RISK - Incidental Ingestion of Soil :B enzo (a)pyrene 3.0E-06 
Benzo(b)fluoranthene 0.800 1 through <2 15 100 90 1 25550 l.OOE-06 0,73 10 1.4E-07 

0.800 2 through <7 15 100 90 5 25550 l.OOE-06 0.73 3 2.1E-07 
0.800 7 through <10 28 50 90 3 25550 l.OOE-06 0.73 3 3.3E-08 

CUMULATIVE RISK - Incidental Ingestion of Soil:Benzo(b)fluoranthene 3.8E-07 
Indeno(l ,2,3-cd)pyrene ; 0.560 1 through <2 15 100 90 1 25550 l.OOE-06 0.73 10 9.6E-08 

0.560 2 through <7 15 100 90 5 25550 l.OOE-06 0.73 3 1.4E-07 
0.560 7 through <10 28 50 90 3 25550 l.OOE-06 0.73 3 2.3E-08 

CUMULATIVE RISK - Incidental Ingestion of Soil:Indeno(I,2,3-cd)pynene 2.6E-07 
CUMULATIVE RISK: Incidental Ingestion of SoU 3.9E-06 

Exposure Pathway COPC E P  C Age BW SA ABSd AF EF ED AT CF SF ADAF Risk 

(mg/kg) (years) (kg) (cm2) (unitless) mg/cm2 (days/year) (years) (days) (kg/mg) Ung/kg-d>l (unitless) 

Benzo(a)anthracene 0.640 I through <2 15 2026 0.13 0.15 90 1 25550 l.OOE-06 0.73 10 4.3E-08 
0.640 2 through <7 15 2026 0.13 0.15 90 5 25550 l.OOE-06 0 73 3 6 5E-O8 
0.640 7 through <10 28 3522 0.13 0.15 90 3 25550 l.OOE-06 0 73 3 3 6E-08 

CUMULA TIVE RISK - Denial Contact with Soil:Benzo(a)anthracene I.4E-07 
Benzo(a)pyrene 0.640 1 through <2 15 2026 0.13 0.15 90 1 25550 l.OOE-06 73 10 4 3E-O7 

0.640 2 through <7 15 2026 0.13 0.15 90 5 25550 l.OOE-06 7 3 3 6 5E-07 
0.640 7 through <10 28 3522 0.13 0.15 90 3 25550 l.OOE-06 7 3 3 3 6E-07 

CUMULATIVE RISK - Deiwal Contact with Soil:Benzo(a)pyrene I.4E-06 
Benzo(b)f!uoranthene 0.800 1 through <2 35 2026 0.13 0.15 90 1 25550 l.OOE-06 0 73 10 5 4E-08 

0.800 2 through <7 15 2026 0.13 0.15 90 5 25550 l.OOE-06 0 73 3 8 1E-08 
0.800 7 through <10 28 3522 0.13 0.15 90 3 25550 l.OOE-06 0 73 3 4 5E-08 

CUMULATIVE RISK - Deiwal Contact with Soil :B enzo (b)fluoranthene I.8E-07 
Indeno(l,2,3-cd)pyrene 0.560 1 through <2 15 2026 0.13 0.15 90 1 25550 l.OOE-06 0 73 10 3 8E-08 

0.560 2 through <7 15 2026 0.13 0.15 90 5 25550 l.OOE-06 0 73 3 5 7E-08 
0.560 7 through <10 28 3522 0.13 0.15 90 3 25550 l.OOE-06 0 73 3 3 2E-08 

CUMULATIVE RISK - Denial Contact with Soil:Indeno(l,2,3-cd)pyrene 1.3E-07 
CUMULATIVE RISK: Dermal Contact with Soil 1.9E-06 

CUMULATIVE RISK, Group 5, Wetland Soil (0-1') : Future Site Resident 5.8E-06 

Notes: 
COPC = chemical of potential concern; BW = body weight; IR = soil or sediment ingestion rate; EF = exposure frequency; ED = exposure duration; AT = averaging time; CF = units conversion factor; 
SA = skin surface area; AF =skin-soil adherence factor; ABSd = dermal absorption fraction; SF = oral/dermal cancer slope factor; ADAF = age-dependent adjustment factor (USEPA 2005); 
Risk = Incremental lifetime cancer risk. 

Incidental Ingestion Risk = EPC * IR * EF * ED * CF * SF * ADAF *1/BW * I/AT 
Dermal Contact Risk = EPC * SA * AF * ABSd * EF * ED * CF * SF * ADAF *1/BW * I/AT 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran
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TABLE 3-33M, CONTINUED 
CALCULATION OF CANCER RISKS FOR COPCS WITH A MUTAGENIC MODE OF ACTION 

CENTRAL TENDENCY EXPOSURES 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Exposure Point: 
Exposure Medium: 
Receptor: 

Groups 5&6 
Sediment (0-11) 
Future Site Resident 

Exposure Pathway 

Incidental Ingestion of 
Sediment 

COPC 

Benzo(a)pyrene 

EPC 
(mg/kg) 

0.53 
0.53 
0.53 

Age 
(years) 

1 through <2 
2 through <7 
7 through <10 

BW 
(kg) 
15 
15 
28 

CUMULATIVE RISK - Incidental Ingestion
CUMULATIVE RISK: Incidental Ingestion of Soil 

IR 
(mg/day) 

100 
100 
50 

EF 
(days/year) 

90 
90 
90 

ofSoil:Bemo(a)pyrene 

ED 
(years) 

1 
5 
3 

AT 
(days) 

25550 
25550 
25550 

CF 
(kg/mg) 

1.00E-06 
1.00E-06 
1.00E-06 

SF 
(mg/kg-d)-l 

7.3 
7.3 
7.3 

ADAF 
(unitless) 

10 
3 
3 

Risk 

9.1E-07 
1.4E-06 
2.2E-07 
2.5E-06 

2.5E-06 

Exposure Pathway COPC 

Benzo(a)pyrene 

EPC 

(mg/kg) 

0.53 
0.53 
0.53 

Age 

(years) 

1 through <2 
2 through <7 
7 through <10 

BW 

(kg) 
15 
15 
28 

SA 

(cm2) 

2218 
2218 
4046 

ABSd 

(unitless) 

0.13 
0.13 
0.13 

CUMULATIVE RISK - Dermal Contact with Sediment:Benzo(a)pyrene 
CUMULATIVE RISK: Dermal Contact with Soil 

AF 

mg/cm2 

0.34 
0.34 
0.33 

EF 

(days/year) 

90 
90 
90 

ED 

(years) 

1 
5 
3 

AT 

(days) 

25550 
25550 
25550 

CF 

(kg/mg) 

1.00E-06 
1.00E-06 
1.00E-06 

SF 

(mg/kg-d)~l 

7.3 
7.3 
7.3 

ADAF 

(unitless) 

10 
3 
3 

Risk 

8.9E-07 
1.3E-06 
7.6E-07 
3.0E-06 

3.0E-06 

CUMULATIVE RISK, Groups 5&6, Sediment (0-l f ) : Future Site Resident 5.5E-06 

Notes: 
COPC = chemical of potential concern; BW = body weight; IR = soil or sediment ingestion rate; EF = exposure frequency; ED = exposure duration; AT = averaging time; CF = units conversion factor; 
SA = skin surface area; AF =skin-soil adherence factor; ABSd = dermal absorption fraction; SF = oral/dermal cancer slope factor; ADAF = age-dependent adjustment factor (USEPA 2005); 
Risk = Incremental lifetime cancer risk. 

Incidental Ingestion Risk = EPC * IR * EF * ED * CF * SF * ADAF *1/BW * I/AT 
Dermal Contact Risk = EPC * SA * AF * ABSd * EF * ED * CF * SF * ADAF *1/BW * I/AT 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran
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TABLE 3-33N 
CALCULATION OF CANCER RISKS FOR COPCS WITH A MUTAGENIC MODE OF ACTION 

REASONABLE MAXIMUM EXPOSURE 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury. Massachusetts 

Exposure Point: Group 3 
Exposure Medium: Upland Soil (0-10') 

Future Site Resident 

Exposure Pathway COPC EPC Age BW IR EF ED AT CF SF ADAF Risk 

(mg/kg) (years) (kg) (mg/day) (days/year) (year,) (days) (kg/mg) (mg/kg-d)-l (unitless) 

Incidental Ingestion of Soil 
Benzo(a)anthracene .10 

,10 
1 through <2 
2 through <6 

15 
15 

200 
200 

150 
150 

1 
4 

25550 
25550 

1.00E-06 
1.00E-06 

0.73 
0.73 

10 
3 

6.3E-07 
7.5E-07 

.10 6 through <16 45 100 150 10 25550 I.00E-06 0.73 3 3.1E-07 

.10 16-31 70 100 150 15 25550 1.00E-06 0.73 1 1.0E-07 
CUM UL4T1VE RISK - Incidental Ingestion of Soii:Bemo(a)anthracene 1.8E-06 

Benzo(a)pyrene .10 1 through <2 15 200 150 1 25550 1.00E-06 7.3 10 6.3E-06 
.10 2 through <6 15 200 150 4 25550 1.00E-06 7.3 3 7.5E-06 
.10 6 through <16 45 100 150 10 25550 1.00E-06 7.3 3 3.1E-06 
.10 16-31 70 100 150 15 25550 1.00E-06 7.3 1 1.0E-06 

CUMULATIl E RISK  Incidei al Ingestion ofSoiliBenz j(a)pvrene 1.8E-05 
Benzo(b)fluoranthene 0.840 1 through <2 15 200 150 1 25550 1.00E-06 0.73 10 4.8E-07 

0.840 2 through <6 15 200 150 4 25550 1.00E-06 0.73 3 5.8E-07 
0.840 6 through <16 45 100 150 10 25550 1.00E-06 0.73 3 2.4E-07 
0.840 16-31 70 100 150 15 25550 1.00E-06 0.73 1 7.7E-08 

CUMULATIl E RISK  hidden al Ingestion of Soil.Benz (b)fluorantl ene 1.4E-06 
Indeno( 1,2.3-cd)pvrene 0.720 1 through <2 15 200 150 1 25550 1.00E-06 0.73 10 4.1E-07 

0.720 2 through <6 15 200 150 4 25550 1.00E-06 0.73 3 4.9E-07 
0.720 6 through <16 45 100 150 10 25550 1.00E-06 0.73 3 2.1E-07 
0.720 16-31 70 100 150 15 25550 1.00E-06 0.73 1 6.6E-08 

CUMULATIVE RISK - Incidental Ingestion ofSoil:Indeno(l,2,3-cd)pvrene 1.2E-06 
CUMULATIVE RISK: Incidental Ingestion of Soil 2.2E-05 

Exposure Pathway COPC EPC Age BW SA ABSd AF EF ED AT CF SF ADAF Risk 

(mg'kg) (years) (kg) (cm2) (unitless) mg/cm" (days/year) (years) (days) (kg/mg) (mg.kg-dH (unitless) 

Benzo(a)anthracene .10 1 through <2 15 2800 0.13 0.2 150 1 ___, 25550 1.00E-06 0.73 10 2.3E-07 
1.10 2 through <6 15 2800 0.13 0.2 150 4 25550 1.00E-06 0.73 3 2.7E-07 
.10 6 through <16 45 5700 0.13 0.07 150 10 25550 1.00E-06 0.73 3 1.6E-07 
.10 16-31 70 5700 0.13 0.07 150 15 25550 1.00E-06 0.73 1 5.2E-08 

CUM ULATIl E RISK-Dermal Contact with Soil.Benzof a)anthracen 7.2E-07 
Benzo(a)pyrene .10 1 through <2 15 2800 0.13 0.2 150 1 25550 1.00E-O6 7.3 10 2.3E-06 

JO 2 through <6 15 2800 0.13 0.2 150 4 25550 1.00E-06 7.3 3 2.7E-06 
.10 6 through <16 45 5700 0.13 0.07 150 10 25550 1.00E-06 7.3 3 1.6E-06 
.10 16-31 70 5700 0.13 0.07 150 15 25550 1.00E-06 7.3 1 5.2E-07' 

CUMULATIl E RISK-Dermal Contact witr Soil:Benzo( ijpvrene 7.2E-06 
Ben zo(b)fl uoran th en e 0.840 1 through <2 15 2800 0.13 0.2 150 1 25550 1.00E-06 0.73 10 1.7E-07 

0.840 2 through <6 15 2800 0.13 0.2 150 4 25550 1.00E-06 0.73 3 2.1E-O7 
0.840 6 through <16 45 5700 0.13 0.07 150 10 25550 1.00E-06 0.73 3 1.2E-07 
0.840 16-31 70 5700 0.13 0.07 150 15 25550 1.00E-06 0.73 1 4.0E-08 

CUMULATIl' : RISK  Dermal Contact wit! Soil:Benzo( b)fluoranthe e 5.SE-07 
lndeno(1.2.3-cd)p\rene 0.720 1 through <2 15 2800 0.13 0.2 150 1 25550 1.00E-06 0.73 10 1.5E-07 

0.720 2 through <6 15 2800 0.13 0.2 150 4 25550 1.00E-06 0.73 3 1.8E-07 
0.720 6 through <16 45 5700 0.13 0.07 150 10 25550 1.00E-06 0.73 3 1.1E-07 
0.720 16-31 70 5700 0.13 0.07 150 15 25550 1.00E-06 0.73 1 3.4E-08 

CUMULATIVE RISK - Dermal Contact with Soil:Indeno(I,2,3-cd)pvrem 4.7E-07 
CUMULATIVE RISK: Dermal Contact with Soil 8.9E-06 

CUMULATIVE RISK, Group 3, Upland Soil (0-10'): Future Site Resident 3JE-05 

Notes: 
COPC = chemical of potential concern; BW = body weight; IR = soil or sediment ingestion rate: EF = exposure frequency; ED = exposure duration; AT = averaging time; CF = units conversion factor: 
SA = skin surface area; AF =skin-soil adherence factor: ABSd = dermal absorption fraction; SF = oral/dermal cancer slope factor; ADAF = age-dependent adjustment factor (USEPA 2005): 
Risk = Incremental lifetime cancer risk. \ 

Incidental Ingestion Risk = EPC * IR * EF * ED * CF * SF * ADAF *1/BW * I/AT 
Dermal Contact , Risk = EPC * SA * AF * ABSd * EF * ED * CF * SF * ADAF *1/BW * I/AT 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran
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TABLE 3-33N, CONTINUED
 
CALCULATION OF CANCER RISKS FOR COPCS WITH A iMUTAGENIC MODE OF ACTION

REASONABLE MAXIMUM EXPOSURE
 
Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfiind Site - Tewksbury, Massachusetts
 

(Exposure Point: 
(Exposure Medium: 
[I Receptor: 

Exposure Pathway COPC EPC Age BW IR Risk
 

(me/day) (davs/veart (vcarst (days, <k 'me)
 

Benzo(a)anthracene 38.0 1 throueh <2 15 200 150 1 25550 1.OOE-06 0.73 _^ 10 2.2E-05
 

38.0 2 through <6 15 200 150 4 25550 1.OOE-06 0.73 2.6E-05 

0.73 
38.0 16-31 7  0 100 150 15 25550 1.OOE-06 1 3.5E-06 0.73 

CUMULATIl RISK - Incidental Ingestion ofSoihBenzo a)anihracen 6.2E-05 
Benzo(a)pyrene 22.8 1 through <2 15 200 150 25550 1 .OOE-06 7.3 10 1.3E-04 

22.8 2 through <6 15 200 150 • 25550 1.OOE-06 7.3 3 1.6E-04 

22.8 16-31 70 100 5  0 5 25550 1.OOE-06 7.3 1 2.1E-05 
CUMULATE RISK - Incidental Ingestion fSoil-.Bemo a)p\rene 3.7E-04 

Benzo(b)fluoranthene 16.1 1 throueh <2 15 200 150 25550 1.OOE-06 0.73 10 9.2E-06 
16.1 2 through <6 15 200 5  0 4 25550 1.OOE-06 0.73 3 1.1E-05 
6.1 6 through <16 45 100 50 10 25550 1 .OOE-06 0.73 3 4.6E-06 
6.1 16-31 70 100 50 5 25550 1.OOE-06 0.73 1 1.5E-O6 

CUMULATIl RISK - Incidental Ingestion fSoiUBenzo b)iluoranthe ne 2.6E-05 
Benzo(k)fluornnthene 20.3 1 through <2 15 200 150 25550 1.OOE-06 0.073 10 1.2E-06 

20.3 2 through <6 15 200 50 $ 25550 1.OOE-06 0.073 3 I.4E-06 
20.3 6 through <16 45 100 150 10 25550 1.OOE-06 0.073 3 5.8E-07 
20.3 16-31 70 100 150 15 25550 1.OOE-06 0.073 1 1.9E-07 

CUMULATIV RISK - Incident al Ingestion fSoihBemo k)fluoranthe 3.3E-06 
Dibenzo(a.h)anthracene 3.88 I through <2 15 200 150 25550 1.OOE-06 7.3 10 2.2E-05 

3.88 2 through <6 15 200 150 25550 1.OOE-06 7.3 3 2.7E-05 
3.88 6 through <16 45 100 150 25550 1 .OOE-06 7.3 3 UE-05 
3.88 16-31 70 100 150 25550 1.OOE-06 7.3 1 3.6E-06 

CUMULATIV RISK - Incident 3/ Ingestion fSoihDibem o(a.h)anthra cene 6.3E-05 
Indeno(1.2.3-cd)pvrene 8.49 1 through <2 15 200 150 25550 1 .OOE-06 0.73 10 4.9E-06 

8.49 2 through <6 15 200 150 25550 1.00 E-06 0.73 3 5.8E-06 
8.49 6 through <16 45 100 150 0 25550 1 .OOE-06 0.73 3 2.4E-06 
8.49 16-31 70 100 150 15 25550 1.OOE-06 0.73 1 7.8E-07 

CUMULATIVE RISK - Incidental Ingestion ofSoil.indeno(l,2,3-cd)pvrene L4E-05 
CUMULATIVE RISK: Incidental Ingestion of Soil 5.4E-04 

Exposure Pathway COPC EPC ABSd ED 

me/cm" (davs/vcart (davs) (te'mgi (mei-e-di-! (unitless) 
Benzo(a)anthracene 38.0 1 through <2 15 2800 0.13 0.2 150 I 25550 1.OOE-06 0.73 10 7.9E-06 

38.0 2 through <6 15 2800 0.13 0.2 150 4 25550 I.OOE-06 0.73 3 J.5E-06 

38.0 5.6E-06 
16-31 70 5700 0.13 0.07 150 15 25550 I.OOE-06 0.73 I38.0 .8E-O6 

CUMULATIVE RISK - Dermal "ontact with SoiUBemol'a anthracene .5E-0S 
Benzo(a)pyrene 22.8 1 through <2 15 

||
 0.13 0.2 150 1 25550 1.00E-06 7.3 10 f.7E-05 
.7E-05 

22.8 5700 0.13 0.07 150 10 25550 1.OOE-06 
22.8 16-31 70 5700 0.13 0.07 150 15 25550 1.OOE-06 

CUMULATIl RISK-Dermal "ontact with Soil:Benzo(a pvrene 
Benzo(b)fluoranthene 16.1 1 through <2 15 2800 0.13 0.2 150 1 25550 1.OOE-06 

16.1 2 through <6 15 2800 0.13 0.2 150 4 25550 1.OOE-06 
16.1 6 through <16 45 5700 0.13 0.07 150 10 25550 1.OOE-06 
16.1 16-3! 70 5700 0.13 0.07 150 15 25550 1.OOE-06 

CUMULATH RISK-Dermal "ontact with SoiUBenzolb fluoranthen 
Benzo(k)fluoranthene 20.3 1 through <2 15 2800 0.13 0.2 150 I 25550 1 .OOE-06 

20.3 6 through <16 45 5700 0.13 0.07 150 10 25550 1.OOE-06 
20.3 16-31 70 5700 0.13 0.07 150 15 25550 1 .OOE-06 

CUMULATI] RISK-Dermal ontact M'ith Soil:Benzo(k fluoranthene 
Dibenzo(a7h)anthracene 3.88 1 through <2 15 2800 0.13 0.2 150 I 25550 1.OOE-06 

3.88 2 through <6 15 2800 0.13 0.2 150 4 25550 1.OOE-06 
3.88 6 through <16 45 5700 0.13 0.07 150 10 25550 1.OOE-06 
3.88 16-31 70 5700 0.13 0.07 150 15 25550 1.OOE-06 

CUMULATIV RISK-Dermal ontact with Soil.'Dibenzo aManthrac ne 
Indeno(l,2,3-cd)pyrene 8.49 1 throueh <2 15 2800 0.13 0.2 150 1 25550 1.OOE-06 

8.49 2 through <6 15 2800 0.13 0.2 150 4 25550 I.OOE-06 
8.49 6 through <16 45 5700 0.13 0.07 150 10 25550 1.00E-06 
8.49 16-31 70 5700 0.13 0.07 150 15 25550 1.OOE-06 

CUMULATIVE RISK - Dermal Contact with Soihlndeno(1.2.3-cd)pyrene 
CUMULATIVE RISK: Dermal Contact v 1th Soil 

CUMULATIVE RISK, Group 4, Upland Soil (0-101) : Future Site Resident 

Notes: 
COPC = chemical of potential concern; BW = body weight; IR = soil or sediment ingestion rate; EF = exposure frequency; ED = exposure duration; AT = averaging time; CF = units conversic 
SA = skin surface area; AF f skin-soil adherence factor; ABSd = dermal absorption fraction: SF = oral'dermal cancer slope factor, ADAF = age-dependent adjustment factor (USEPA 2005): 
Risk - Incremental lifetime cancer risk. 

Incidental Ingeslion Risk = EPC • IR * EF * ED * CF * SF * ADAF *1 /BW * 1 'AT 
Dermal Contact Risk = EPC * SA * AF * .ABSd * EF * ED * CF * SF • ADAF *1 /BW * I /AT 
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TABLE 3-33N, CONTINUED
 
CALCULATION OF CANCER RISKS FOR COPCS WITH A MUTAGENIC MODE OF ACTION
 

REASONABLE MAXIMUM EXPOSURE 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury. Massachusetts 

Group 5 
Wetland Soil (0-11) 
Future Site Resident 

Exposure Pathway COPC EPC Age BW IR EF ED AT CF SF ADAF Risk 
(tng.%1) (year,) (kg) (mg/day) (days/year) (years) (days) (kg/mg) (mg/1ig-d>l (unitless) 

Incidental Ingestion of Soil 
Benzo(a)anthracene 0.640 

0.640 
1 through <2 
2 through <6 

15 
15 

200 
200 

90 
90 

1 
4 

25550 
25550 

1.00E-06 
1.00E-06 

0.73 

0.73 
10 
3 

2.2E-07 
2.6E-07 

0.640 6 through <16 45 100 90 10 25550 1.00E-06 0.73 3 1.1E-07 
0.640 16-31 70 100 90 15 25550 1.00E-06 0.73 1 3.5E-08 

CUMULATIVE RISK - Incidental Insertion ofSoil.Benz (a)anthracene 6.3E-07 

Benzo(a)pyrene 0.640 1 through <2 15 200 90 1 25550 1.00E-06 7.3 10 2.2E-06 
0.640 2 through <6 15 200 90 4 25550 1.00E-06 7.3 3 2.6E-06 
0.640 6 through <16 .45 100 90 10 25550 1.00E-06 7.3 3 1.1E-06 
0.640 16-31 70 100 90 15 25550 1.00E-06 7.3 1 3.5E-O7 

CUMULATll E RISK  Inciden al Ingestion ofSoil.Benz (a)pvrene 6.3E-06 
Benzo(b)fluoranthene 0.800 1 through <2 15 200 90 1 25550 1.00E-06 0.73 10 2.7E-07 

0.800 2 through <6 15 200 90 4 25550 1.00E-06 0.73 3 3.3E-O7 
0.800 6 through <16 45 100 90 10 25550 1.00E-06 0.73 3 1.4E-07 
0.800 16-31 70 100 90 15 25550 1.00E-06 0.73 1 4.4E-08 

CUMULATll E RISK  Inciden al Ingestion ofSoil.Benz (b)flnoranth ene 7.8E-07 
Indeno(1.2.3-cd)pyrene 0.560 1 through <2 15 200 • 90 1 25550 1.00E-06 0.73 10 1.9E-07 

0.560 2 through <6 15 200 90 4 25550 1.00E-06 0.73 3 2.3E-07 
0.560 6 through <16 45 100 90 10 25550 1.00E-06 0.73 3 9.6E-08 
0.560 16-31 70 100 90 15 25550 1.00E-06 0.73 1 3.1E-08 

CUMULATIVE RISK - Incidental Ingestion ofSoil:1ndeno(I,2J-cd)p\rene 5.5E-07 
CUMULATIVE RISK: Incidental Ingestion of Soil 8.2E-06 

Exposure Pathway COPC EPC Age BW SA ABSd AF EF ED AT CF SF ADAF Risk 

(raj/kg) 

Dermal Contact with Soil 
Benzo(a)anthracene 0.640 

0.640 
1 through <2 
2 through <6 

15 
15 

2026 
2026 

0.13 
0.13 

0.15 
0.15 

90 
90 

1 
4 

25550 
25550 

1.00E-06 
l.OOE-06 

0.73 
0.73 

10 
3 

4.3E-08 
5.2E-08 

0.640 6 through <16 45 4241 0.13 0.14 90 10 25550 1.00E-06 0.73 3 8.5E-08 
0.640 16-31 70 4241 0.13 0.14 90 15 25550 l.OOE-06 0.73 1 2.7E-08 

CUMULATll E RISK  Dermal Contact with Soil:Benzo( a)anthracen 2.IE-07 
Benzo(a)pyrene 0.640 1 through <2 15 2026 0.13 0.15 90 1 25550 l.OOE-06 7.3 10 4.3E-07 

0.640 2 through <6 15 2026 0.13 0.15 90 4 25550 l.OOE-06 7.3 3 5.2E-07 
0.640 6 through <16 45 4241 0.13 0.14 90 10 25550 1.00E-06 7.3 3 8.5E-07 
0.640 16-31 70 4241 0.13 0.14 90 15 25550 l.OOE-06 7.3 1 2.7E-07 

CUMULATll E RISK  Denial Contact wit! SoiLBenzof i)p\rene 2.1E-06 
Benzo(b)fluoranthene 0.800 I through <2 15 2026 0.13 0.15 90 1 25550 l.OOE-06 0.73 10 5.4E-08 

0.800 2 through <6 15 2026 0.13 0.15 90 4 25550 l.OOE-06 0.73 3 6.5E-08 
0.800 6 through <16 45 4241 0.13 0.14 90 10 25550 l.OOE-06 0.73 3 1.1E-07 
0.800 16-31 70 4241 0.13 0.14 90 15 25550 l.OOE-06 0.73 1 3.4E-08 

CUMULATll E RISK  Dermal Contact witl Soil.Benzof b)fluoranthe e 2.6E-07 
Indeno(1.2.3-cd)pvrene 0.560 1 through <2 15 2026 0.13 0.15 90 1 • 25550 l.OOE-06 0.73 10 3.8E-08 

0.560 2 through <6 15 2026 0.13 0.15 90 4 25550 1.00E-06 0.73 3 4.6E-08 
0.560 6 through <16 45 4241 0.13 0.14 90 10 25550 l.OOE-06 0.73 3 7.4E-08 
0.560 16-31 70 4241 0.13 0.14 90 15 25550 1.00E-06 0.73 1 2.4E-08 

CUMULATIVE RISK - Denial Contact with Soil:lndeno(l,2,3-cd)pyrene 1.8E-07 
CUMULATIVE RISK: Dermal Contact with Soil 2.7E-06 

CUMULATIVE RISK, Group 5, Wetland Soil (0-11): Future Site Resident 1.1E-05 

Notes: 
COPC = chemical of potential concern; BW = body weight; IR = soil or sediment ingestion rate; EF = exposure frequency; ED = exposure duration: AT = averaging time; CF = units conversion factor; 
SA = skin surface area; AF =skin-soil adherence factor; ABSd = dermal absorption fraction; SF = oral/dermal cancer slope factor: ADAF = age-dependent adjustment factor (USEPA 2005): 
Risk = Incremental lifetime cancer risk. 

Incidental Ingestion Risk = EPC * IR * EF * ED * CF • SF * ADAF *1/BW * I/AT 
Dermal Contact Risk = EPC * SA * AF * ABSd * EF * ED * CF * SF * ADAF *1/BW * I/AT 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran
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TABLE 3-33N, CONTINUED
 
CALCULATION OF CANCER RISKS FOR COPCS WITH A MUTAGENIC MODE OF ACTION
 

REASONABLE MAXIMUM EXPOSURE 
Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Exposure Point: 
Exposure Medium: 

[[Receptor: 

Groups 5&6 
Sediment (0-1') 
Future Site Resident 

Exposure Pathway 

Incidental Ingestion of 
Sediment 

COPC 

Benzo(a)pyrene 

EPC 
(mg/kg) 

0.53 
0.53 
0.53 
0.53 

Age 
(years) 

1 through <2 
2 through <6 

6 through <16 
16-31 

BW 
(kg) 
15 
15 
45 
70 

CUMULATIVE RISK - Incidental Ingestion
CUMULATIVE RISK: Incidental Ingestion of Soil 

IR 
(mg/day) 

200 
200 
100 
100 

EF 
(days/year) 

90 
90 
90 
90 

ofSoil:Benzo(a)pyrene 

ED 
(years) 

1 
4 
10 
15 

AT 
(days) 

25550 
25550 
25550 
25550 

CF 
(kg/mg) 

1.00E-06 
1.00E-06 
1.00E-06 
1.00E-06 

SF 
(mg/kg-d)-l 

7.3 
7.3 
7.3 
7.3 

ADAF 
(unitless) 

10 
3 
3 
1 

Risk 

1.8E-06 
2.2E-06 
9.1E-07 
2.9E-07 
5.2E-06 

5.2E-06 

Exposure Pathway COPC 

Benzo(a)pyrene 

EPC; 

(mg/kg); 

0.53 
0.53 
0.53 
0.53 

Age 

(years) 

1 tlirough <2 
2 tlirough <6 

6 tlirough <16 
16-31 

BW 

(kg) 
15 
15 
45 
70 

SA 

(cm2) 

2218 
2218 
4927 
4927 

ABSd 

(unitless) 

0.13 
0.13 
0.13 
0.13 

CUMULATIVE RISK - Dermal Contact with Sediment:Benzo(a)pyrene 
CUMULATIVE RISK: Dermal Contact with Soil 

AF 

mg/cm 
0.34 
0.34 
0.32 
0.32 

. EF 

(days/year) 

90 
90 
90 
90 

ED 

(years) 

1 
4 
10 
15 

AT 

(days) 

25550 
25550 
25550 
25550 

CF 

(kg/mg) 

1.00E-06 
1.00E-06 
1.00E-06 
1.00E-06 

SF 

(mg/kg-d)-1 

7.3 
7.3 
7.3 
7.3 

ADAF 

(unitless) 

10 
3 
3 
1 

Risk 

8.9E-07 
1.1E-06 
1.9E-06 
6.0E-07 
4.4E-Q6 

4.4E-06 

CUMULATIVE RISK, Groups 5&6, Sediment (0-1f): Future Site Resident • 9.6E-06 

Notes: 
COPC = chemical of potential concern; BW = body weight; IR = soil or sediment ingestion rate; EF = exposure frequency; ED = exposure duration; AT = averaging time; CF = units conversion factor; 
SA = skin surface area; AF =skin-soil adherence factor; ABSd = dermal absorption fraction; SF = oral/dermal cancer slope factor; ADAF = age-dependent adjustment factor (USEPA 2005); 
Risk = Incremental lifetime cancer risk. 

Incidental Ingestion Risk = EPC * IR * EF * ED * CF * SF * ADAF *1/BW * I/AT 
Dermal Contact Risk = EPC * SA * AF * ABSd * EF * ED * CF * SF * ADAF *1/BW * I/AT 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran
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TABU" 3-34A
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY EXPOSURE
 

Remedial investigation and Feasibility Studv
 

Sutton Brook Disposal Area Superfund Site - Teuksbury. Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Facility v\ orker 

Receptor Age; Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value Units Intake/Exposure Concentration CSF/Uml Risk Intflk e/Bxposur e Concentration RIDRiC 

Value Units \alue Units Cancer Risk Value Units Value Units Hazard Quotient 

Soil Upland Soil Group 3 Benzo(a)anthracene 1 lE^OO (mg/kg) 3 0E-08 mg/kg-da\ 7 3E-0I (mg'kg-day)-! 2 2E-O8 3 2E-07 mg'kg-day - -

(O-10'bgs) Upland Area Benzo(a)p>rene 1 1E+00 (mgkg) 3 0E-08 mg kg-day 7.3E+OO (mg/kg-dn>}-l 2 2E-07 3 2E-07 mg/kg-day -

Benzote^yrene X6E-0I (mg/kg) 2.1 E-0* mg/kS-day - 2.2E-07 mg/kg-day -

Benzo(b)fluonmlhene 8 4E-01 (mgkg) 2 3E-08 mg/kg-day 7 3E-0! (mg/kg-da>)-l 1 7E-08 2 5E-07 mg.kg-daj - -

Bis(2-ethj lhexyi)phthalate 1 5E-*-03 (mgkg) 4 2E-05 mg/kg-da-y I 4E-02 (mg/kg-day )-l 5 8E-O7 4 4E-04 mg/kg-day 2 OE-02 mg/kg/day 2 2F-02 

Di-n-ocUlphthalate I 6E+03 (mg,kg) 4 4E-05 mg/kg-day - - 4 7E-04 mg/kg-da> 4 OE-02 mg/kg/day ! 2E-02 

Indeno(I.2.3-cd)Pyrene 7 2E-01 (mgkg) 2 0E-08 mg.kg-day 7.3E-0I (mg'kg-dayH 1 5E-O8 2 IE-07 mg/kg-daj - -

Naplrthalene 1.OE+02 (**&%} 2 8E-06 - - 23EHS mg/kg-day 2.0E-D2 mg/fcg/ddV I.5E-03 

Incidental Ingestion I oluene 7 IE+02 (mg/kg) 2 OE-05 mg/kg-day - - 2 1E-04 mg,kg-da> 8 OE-02 mg/kg/daj 2 6E-03 

Telrnchloroelhene 2 7E+01 (mgkg) 7 5E-07 mg/kg-day 5 4E-0I (mg/kg-day )-I 4 OE-07 7 9E-06 mg'kg-da\ 1 Ofc-02 mg kg/day 7 9E-04 

! .2,4-Trimethylbenzene 5 9E--02 (mg-kg) 1 6E-05 mg/kg-da> - I 7F-04 mg/kg-da\ - -

1.3.5-Trimetlnlbenzene 2 OE+02 (mg/kg) 5 5E-06 mg/kg-day - 5 9E-O5 mgkg-dav - -

Xjlenes (total) 9.0E+02 (mg'kg) 2.5E-O5 mg/kg-daj - - 2 6E-04 mg'kg-daj 2 0E-0I mgikg day 1 3E-03 

Arsenic. 5.9E+00 <*g*g> L 6 & 0 7 tng.tcg-day U E + 0 0 (mg/feAiy>t 24E-07 ITEJBo mg/kg-day 3 OE-04 •mg/kg/aay 5 8E-O3 

Cadmium 3 8F>00 (mg/kg) 1 IE-07 mg,kg-da> - - 1 IE-06 mg kg-da\ I OE-03 mg/kg/da\ i ir-o. 

Lead 7 3E-01 (mg/kg) 2 OE-06 mg.kg-day - - 2 1E-05 mg'kg-da> NA (3) -

Vanadium |_ 1.3E+01 (mg/kg) 3 7E-07 mg/kg-day _ - 3 9E-O6 mg'kg-day 9 OE-03 mg/kg/day 4 4E-04 

Exp. Route Total 15E-06 4 7E02 

Benzo(a)anthracene 1 IE+00 (mg-kg) 5 2E-O8 mg kg-day 7 3E-0! (mg/kg-davhl 3 8E-08 5 5E-07 mg'kg-daj - -

Benzo(a)pyrene 1 1E+00 (mg'kg) 5 2E-08 mg/kg-dav 7JE+00 (mg/kg-day>-i 3 8E-O7 5 5E-07 mg'kg-daj - -

Benzofe)piTe«e 7.6E-01 (mg.'kgj 3.6E-08 m&*g-day - - 3.8E-07 mg/kg-day -

Benzo(b)fluoranthene 8 4E-01 (mg/kg) 4 OE-08 mg/kg-da> 7.3E-01 (mg/kg-day)-I 2 9E-08 4 2E-07 mg/kg-da\ - -

Bis(2-ethjihexyl)phthaiate 1 5E+03 (mg-kg) 5 5E-O5 mg/kg-day 1 4E-02 (mg/kg-daj)-l 7.7E-07 5 8E-04 mg-kg-da> 2 OE-02 me-kg/day 2 9E-02 

Di-n-octylphthalate 1 6E+03 (mg'kg) 5 8E-O5 mg/kg-day _ - 6 2E-04 mg.'kg-da> 4 OE-02 mg/kg/day 1 5C-02 

Indeno(J,Z3-cd)Pyrene 7 2E-01 (mg/kg) 3 4E-08 mg/kg-daj 7.3E-01 (mg'kg-day>! 2 5C-08 3 6E-07 mg/kg-day - -

Naphlnnlene 1,OE+02 (tngftg) 4.7E-06 - - 5DE-05 Wg/kg-day 2 OE-02 ttig^g/'day 2.5E-03 

Dermal Contact Toluene 7 IE+02 (mg'kg) 0 OE-00 mg/kg-da\ - - 0 OE+00 mg kg-day 8 OE-02 mg'kg'dav OOE-'OO 

Tetrachloroethene 2 7E-01 (mg-kg) 0.0E+00 mg/kg-day 5 4E-01 (mg/kg-da>)-l 0 OE+00 0 OE-'-OO mg/kg-dav 1 OE-02 mg/kg/day 0OE+00 

1,2.4-InmethyIbenzene 5 9E+02 (mg/kg) 0 OE+00 mjj/kg-day _ _. Z  _ _ 0 OE-00 mg/kg-dnj r _ . 
i_?.5-Tnmethjlbcnzene 2 0E+-02 (mgkg) 0 OE-^00 mg'kg-day 0 PE+00 mg kg-daj 

Xjlenes (total) 9.0E+02 (tng*g) o.ot+oo mg.kg-day - - 0 OE-^00 mg/kg-day 2 0E-OI mgkg/da> 0 0E- 00 

Ancnic 5.9E+QB (mg/feg} 6.5E-O8 mg/kg^ay JjE+00 (mgftft-dttO-l 9.7E-08 6.8H-07 mfe/kg-Aiy 3.0£-d4 mg/fcg/dflT 2JE-03 

Cadmium 3 8E>-00 (mgkg) I 4E-09 mg/kg-dav - - 1 5E-O8 mg.kg-da> 2 5E-O5 mg/kg/dav 5 9L-01 

Lead 7 3E+01 (mg/kg) 0 OE+00 mg/kg-day _ - OOEtOO mg kg-day NA (3) -

Vanadium 1.3E+01 (mg'ltg) 0.0E+00 mg/kg-day _ - 0 OE+00 mg/kg-da) 2 3L-04 mg/kg/dav O.OE+00 

Exp. Route Total I.3E-06 5 OE-02 

Exposure Medium Total 2 8E-06 9 7L-02 

: Risk From Reference flHHiiiiiilB 3.4E-0T 1.2E-02 

Risk from Site jj 2 5E-06 8.5E-O2 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran
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TABLE 3-34A
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

m Brook Disposal Area Superfiind Site - Tewksbury, Massachusetts 

Scenario Timefrnme: Future 

Receptor Population: Facility Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value Units Inlake/Exposur •e Concentration CSF Unit Risk Intake/Exposur 
1 
v Concentration RiD RfC 

Soil Fugitive Dust Group 3 Soil Inhalation Benzo(a)anthracene 8 1E-10 mg'm3 1 OE-i 1 1 1E-0I (mg m>V I 1E-12 1 1E-10 mgm _ 
-

Benzo(a)pyrene 8 1E-10 mg/m' 10E-11 mg-m3 1 1E-00 (mg m'y J.1E-11 1 1E-I0 mg-m3 -

BaaH&pjnn* 5.6E-10 mgfm* 7.2E-12 rag/m3 - - 7.7E-11 tng/m3 -

Benzo(b)fluoranthene 6 2E-10 mg,m3 8 0E-12 mg,m3 I 1E-01 (mg m3> 8 8E-13 8SF-11 mgm^ 

Bis(2-ethylhexy!)phthniate I.1E-06 mg/mJ 1.4E-08 mgm3 2 4E-03 (mg.m'p 3 4E-1! I 5E-O7 mg m3 7 OE-02 (mg m s) 2 2F-06 

Di-n-octylphthaiate 1.2E-06 mg/m3 1 5E-08 mg™? 1 6F-07 mg m^ 1 4E-01 (mg m') ! 2E-06 

Indeno(l,2.3-cd)Pyrene 5.3E-1O mg m3 6 8E-12 mg m3 1.1E-01 (mg m'y 7 5E-13 7 3E-1! mg'm3 

NapTrthalene 1.3E-03 mg/m1 UE-di m?Jm3 - - - L8E-04 mg'm3 3.DE-03 png/itf) 6.0E-02 

Toluene 2 5E-01 mg,m3 3.2E-03 mg m3 3 4F-02 mg m3 5 0E-00 (mgm3) 6 9E-03 

Tetrachloroethene I 7E-02 mg m3 2 2E-04 mg m3 5 9F-01 (mg-m3)-1 ! 3 £-06 2 3E-03 mg m3 3 5E-02 (mgm1) 6 6L-02 

1.2.4-Trimeth>lbenzene 6 5F;-02 mg,mJ 8 4E-04 mgm3 8 9L-03 mg/tn3 

U.3-rnmerhylbenzene 2 1E-02 mg-m3 2 8E-04 mg m3 - - - 2 9E-OJ mgm3 

\>lenes(iotai) 2.1E-0I mg/m3 2 7E-03 mg/m3 - - - 2 8C-02 mgm? 1 OE-O! (mg mJ) 2 8E-O! 

Arsenic 4.3E-09 mg/m3 3.66-11 mg/rtt3 4 3E+0G (mgfm'y 2.4E-I0 5.9E-1O fflg'mS 3 OE-05 (Jng/mj) 2.0E-05 

Cadmium 2 8E-09 mg,m3 3 6E-1I mg'mJ I.8E+00 (mg m'y 6.5E-11 3.8E-10 -

lead 5 4E-08 6 9r--iO - - i 1F-09 mgm-i NA (2) 

Vanadium 9.9E-09 mg/m3 I.3E-10 mg-m3 - _ - 1 4E-C9 mg/m3 - -

Exp. Route Total 1 3E-06 4IE-01 

Medium Total 4.1E-06 5IE-01 

^^$Pii^!M^MKMnniMlMi fiilii -  j 2.4E-10 6.0E-02 

Risk from Site 4 IE-06 4 5E-01 

Sutton Brook Disposal Area Superfund Site (2105T7) Woodard & Curran
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TABLE 3-34A
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury% Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Facility Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value Units In Is Jc c/Exposii' B Concentration CSF/Unit Risk Inlake/t\posu x Concentration RID-RiC 

Value Units Value Units Cancer Risk Value Lmts Value lmts Hazard Ouotient 

Groundwater Potable Groundwater Groups 3-6 Ingestion 1,4-Dichlorobenzene 3E-O3 mg/L 1.8E-06 mg/kg-day 2.4E-02 (mg/kg-dayH 4 3E-08 1 QE-05 mgTvg-dav 9 0E02 mg kg dav 2.1E-04 

2.4-Dimethylphenol 2E-01 mg/L 3.OE-04 mg/kg-day - - ! IE-01 mg/kg-dav 2 Or-02 mekgdav 5.4E-O2 

2-Methylpheno! 1E+00 mg/L 5.7E-O4 mg/kg-day - 6 0 C 0  , mg kg-dav 5 Ot 02 me ke da> 1.2E-01 

mg/L 

4-Methylphenol 3E-0I mg/L 1.5E-04 mg/kg-day _ ! 6h 03 mg/kg-dav 1 0 F 0  2 mekgdav 3.2E-02 

Aroc!orl254 1E-03 mg/L 6.8E-O7 mg/kg-day 4.0E-01 (mg/kg-day)-! 2 7E-07 7 2E-06 mgkg-day 2 0E455 mg/kg/day 3.6E-01 

Alpha-BHC 5E-O5 mg/L 2.7E-08 mg/kg-day 6.3E+00 (mg/kg-day)-l 1 7E-07 2 8E-07 mg kg-dav - -

Bi5(2-Ethylhe.xyl)phthalate 6E-01 mg/L 3.5E-O4 mg/kg-day 1.4E-02 (mg.1tg-day>I 4.8E-06 3.7E-03 mg/kg-day 2.0E-02 mg/iig/day 1.8E-0! 

Naphthalene 1E-02 mg/L 6.2E-06 mg/kg-day - 6.6E-O5 mg/kg-day . 2.0E-02 mg/kg/day 3.3E-O3 

mg/kg/day 
LU-Trichloroethane 5E-01 mg/L 2.8E-04 mg/kg-day _ • _ 2.9E-03 mg/kg-day 7.0E-01 mg/kg/day 4.2E-03 

1,1,2-Trichloroethane 7E-O3 mg/L 3.9E-06 mg/kg-day 5.7E-O2 (mg/kg-day)-l 2.2E-07 4.2E-05 mg/kg-day 4.0E-03 mg/-kg,day I.OE-02 

U-Dichloroethane 4E+00 mg/L 2.OE-O3 mg/kg-day - - 2.2E-02 mg/kg-day 2.0E-01 mg/kg/day I.IE-01 

U-Dichloroethene IE-01 mg/L 7.4E-05 mg/kg-day - - 7.8E-04 mg/kg-day 5.OE-O2 mg/kg/day 1.6E-02 

L2,4-Trimethy!benzene 1E+00 mg/L 7.9E-04 mg/kg-day - 8.4E-O3 mg/kg-day -

K2-Dichloroethane 4E-02 mg/L 2.5E-05 mg/kg-dav 9.1E-02 (mg/kg-day}-l 2.3E-06 2.7E-04 mg/kg-day 2.0E-0! mg/"kg/day 1.3E-03 

1,2-Dichloroethene IE-01 mg/L 7.4E-05 mg/kg-day - - 7.8E-04 mg/kg-day 9.0E-03 mg,kg'day 8.7E-02 

L2-Dichloropropane 4E-03 mg/L 2.0E-06 mg/kg-day 6.8E-02 (mg/T;g-day^l 1.4E-07 2.2E-05 mg/kg-day - -

1,3,5-Trimethylbenzene 1E+00 mg/L 6.8E-04 mg/kg-day - - 7.2E-O3 mg/kg-day - -

1,4-Dioxane 3E+00 mg.L 1.7E-03 mg»1tg-day I.1E-02 (mg4g-day)-l 1.9E-05 1.8E-O2 mg/kg-day I.OF.-OI mg/kg/day S.8E-0I 

2-Butanone 8E+01 mg/L 4.4E-02 mg/kg-day - - 4.6E-0! mg/kg-day 6.0E-01 mg/kg/day 7.7E-01 

4-Melhyl-2-pentanone 2E+02 mg/L 1.IE-01 mg/kg-day _ - I.1E+00 mg/kg-day 8.0E-02 mg-lcg/day 1.4E+01 

Acetone 7E+01 mg/L 4.1E-O2 mg-kg-day - - 4.4E-01 mg/Tcg-day 9.0E-01 mg/Tcg/day 4.9E-01 

Acrylonitrile 1E+00 mg/L 7.4E-04 mg/kg-day 5.4E-O1 (mg/Tcg-day)-I 4.0E-04 7.8E-03 mg/kg-day 1.0E-03 mg/kg/day 7.8E+00 

Benzene 5E-02 mg/L 2.5E-05 mg/kg-day 5.5E-02 (mg^g-dayM 1.4E-06 2.7E-04 mg/kg-day 4.0E-03 mg/kg/day 6.8E-O2 

Carbon tetrachloride 5E-02 mg/L 2.9E-05 mg/kg-day 1.3E-01 (mg/kg-dayH 3.8E-06 3.1E-O4 mg/kg-day 7.0E-04 mg/kg/day 4.5 E-01 

Chloroethane 3E+00 mg/L 1.4E-03 mg/kg-day - - I.5E-02 mg/kg-day - -

Chloroform 6E-03 mg/L 3.2E-06 mg/kg-day 3.1E-02 (mg.1ig-dny)-l 1.0E-07 3.4E-05. mg/kg-day 1.0E-02 mg/kg/day 3.4E-03 

cis-i,2-Dicbloroethene 2E-01 mg.l 1.2E-04 mg/kg-day - - I.3E-O3 mgicg-day 1.0E-02 mg/kg/day I.3E-0I 

Ethylbenzene 8E+00 mg/L 4.8E-03, mg»kg-day - 5.0E-O2 mg/kg-day 1.0E-01 mg/kg-day J.OE-Ot 

Ethyl methacrylate 4E+00 mg/L 2.3E-03 mg/kg-day _ - 2.4E-02 mg*g-day 9.0E-02 mg.Tcg/day 2.7E-01 

lsopropylbenzene 8E-02 mg/L 4.6E-O5 mg/kg-day - - 4.9E-04 mg/kg-day LOE-01 mg/kg/day 4.9E-O3 

Methylene Chloride 2E+00 mg/L 1.2E-03 mg/kg-day 7.5E-O3 (mg,1cg-day)-l 9.3E-06 1.3E-02 mg/kg-day 6.0E-02 mg/kg/day 2.2E-0! 

n-Propylbenzene 9E-02 mg/L 5.2E-05 mg/kg-day 5.5E-04 mg/kg-day - -

n-Butvlbenzene 9L-02 mgL 5 1F-05 mg-kg-dav _ - 5 4E-04 mg/Tcg-daj - -

p-Isopropv ltolu ene '.E-01 mgL 5 4F-O5 mg.Ttg-dav - - 5 8F-0* mg kg-dav 1 0F-01 mg/kg-day 5.8E-03 

tert-Butylbenzcne _ 7 r . - 0 2 _  | mgL 3 8F-05 mg.kg-dav - 4 OE-04 mgT-g-dav -

mgl 5 4E-01 (mg,kg-day)-! 

letrahvdrofiiran 2F 0! mgL 1 lh-02 mg/kg-day I 2E01 mg kg-dav -  : 

Toluene 8L-0I mgL 4 4E-O2 mg/kg-dav - 4 7E-0! mg Tig-dav 8.0E-02 mg/kg.day 5.9E+00 

I nchloroelhene 6E-0* mgL 3 4E-06 mg.kg-daj 4 0E-01 (mg,i;g-da»-l I 4L-06 3 6E-0! me.kg-dav - -

\invl chloride 7E-02 mg.L 4OE-O5 mgkg-day 7 2E-0! (mg.-kg-daj)-! 2 9E-05 «*r-ot mg kg-dav 3 0E-03 mg/kg-day I 4E-01 

\\lenes (total) 3E-PI mgL ! 6F-02 mg kg-dav - - 1 7L-0I mg/kg-dav 2 0E-OI mg/kg/day 8.5E-01 

Vntimony IE-01 mgL 5 7E-05 mg kg-dav - - 6 OE-04 mg kg-dav 4 OE-04 mg/kg/day 1.5E+00 

Vrsenic 2E->00 mgL mg kg-day 1 5E-00 (mg-kg-dav)-! 2 0F-0* 1 4E-02 mg/kg-dav 3 OE 04 mg-Ttg-day 4.6E+01 

Banum 4E-01 mg/L 2 1E-04 mg/kg-day _ - 2 2E-03 mg/kg-day 2 0E-01 mgTcg-dav 1 1E-02 

B&fllltttt ffi-Ot 12E-O4 mg/kg-day - 3.4E-03 mg/kg-day 2.0E-03 mgftg.'dBy lJEtOO 

- Ca&ninm 6E-02 mg/L 3.4E-05 m£,kg^aV - 3.6E-04 mgicg-day 5.0E-04 mg.tcg/day 7.2E-01 

Chromium 3E-02 ogft. 1.7E-0J mg^g-day - - l.tE4!4 mg/kg-day 5.0E-04 mg/kg/day 3.6E-01 

CVbai! IE-01 mgL 7 9E-O5 mg/kg-day - - 8 4E-04 mg/Tcg-day - -

Laid 6E-02 ag/L 3.4E-05 me/Ttg-day - 3 6E-04 ittg/icg-day N A ( 3  ) -

Manganese 3E-0I mgL 3 6E 02 mg kg-dav - - 1 7E-01 mgkg-daj 1 7L-02 mg>ig dav 3 7EJ00 

Nickel SE-02 mg/L +.5E-05 mjc/kg-day - 4«E-04 mg/kg-dn> 2.DE-D2 tng/kg/day 2.4E-02 

Sihtf SE-01 mg.l 4.SE-04 mg'kg-dav - 4 8E-O3 mg/kg-day 5.OE-O3 mg/kg/day 9 6E-01 

Thallinm 5E-03 mg/L 2.7E-06 mg/kg-dav - - 2^&03 mgicg-day g.OE-05 mg/kg/day 3.6E-01 

Vflradfam JE-02 mg/L mj^g-^ay - - mevkg-day 9.0E-03 jng/kg/day 6JE-03 

Zfnc 6E+0I .me! 3JE-02 , mg-ig-diy - 33E-01 tng/kg-day 3 0E-QI mg/Ttg/day L1E+O0 

Exp. Route Total || 2 4E-03 9 0E-01 

Woodard & Curran 
May 2007 



TABLE 3-34A
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sulton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Facility Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Ca -ulations 

Potential Concern Value Units Intake/Exposu -e Concentration CSF/Unit Risk Intake E\posu e Concentration RfD/RfC 

Value Units Value Units Cancer Risk \alue I nits \a lue Units Hazard Ouotient 

Groundvvater Potable Groundvvater Groups 3-6 Dermal Contact I.4-Dichlorobenzene 3E-03 mgL 2.2E-07 mg/kg-day 2.4E-02 (mg/kg-day)-l 5 3F-09 2 4F--06 mek-g-dav 9 0E 0  : me kg dav 2 6L 05 

2,4-Dimethylphenol 2E-0! mg/L 2.8E-06 mg/kg-day - - 3 PF 0" mg kg-dav 2 OF 02 me kg djv ! ^F 03 

2-Methylpheno! IE+00 mg/L 1.3E-05 mg/kg-day 
" 

I 4E-01 mg kg-dav 5 OF 02 mgk-gdav 2 7t 03 

mg/L 

4-Methylphenol 3E-01 mg/L 2.8E-06 mg/kg-day 2 9L-05 mg kg-dav < OF 02 mgkgdaj ^OF 04 

Aroclor 1254 1 E-03 mg/L 0.0E+00 mg/kg-day 4.0E-01 (mg/kg-day )-l 0 OF -00 0.0E+00 mg kg-day 2 Ot OS me kg day OOL'OO 

Alpha-BHC 5E-O5 mg/L 1.5E-09 mg/kg-day 6.3E+00 (mg/kg-day )-l 9 31-09 I.6E-08 me kg-dav _ .  _ 

Naphthalene 1E-02 mg/L 7.6E-07 mg/kg-day _ 8.0E-06 mg kg-dav 2 OF- 02 me kg aav 4 Of 04 

Phenol 9E+00 mg'L 8.9E-O5 mg/kg-day - - 9.5E-04 mgkg-dav 3 OF 01 mg kg dav 3 21 03 

l.Ll-Trichloroethane 5E-01 mg/L 9.7E-06 mg/kg-day - - 1 .OE-04 mg kg-dav 7 01 0! mgkg dav 1 M 04 

l.L2-Trich!oroethane 7E-O3 mg'L 6.7E-08 mg/kg-day 5.7E-02 (mg/kg-day )-l 3 8L-09 7.1E-07 mgkg-dav 4 OF 03 mekgdiv 1 8r 04 

1.1-Dichloroethane 4E+00 mg/L 2.9E-05 mg/kg-day _ - 3.1E-04 mg kg-dav 2 OF 01 me kg day 1 ^F 03 

U-Dichloroethene IE-01 mg/L 1.9E-06 mg-kg-day - 2.OE-O5 mg kg-d.iv 5 Of- 02 mekgdjv 3 9<- 04 

1.2.4-Trimethylbenzene IE+00 mg/L 3.0E-04 mg/kg-day - 3.2E-03 mg kg dav 

1,2-DichIoroethane 4E-02 mg'L 2.2E-07 mg/kg-day 9.1E-02 (mg/kg-dav)-I 2 0L08 2.4E-06 mg kg-dav 2 01 01 me kg dav 1 2F 05 

1,2-Dichloroethene IE-01 mg/L 1.2E-06 mg/kg-day - - I.3E-05 mg kg-dav 9 or 03 me kg dav 1 I! 03 

1 ,2-Dichloropropane 4E-03 mg/L 3.7E-08 mg/kg-day 6.8E-02 (mg*g-dav,-i 2^-09 4.0E-07 mgkg-dav 

I .3,5-Tnfflet!iyl0enzene IE+00 mg/L 1.4E-04 mg/kg-day - 1.5E-03 mgkR-div 

1.4-Dioxane 3E+00 mg/L I.1E-06 mg/kg-day 1.1E-02 (mg/kg-dav)-! I 21 -08 I.2E-O5 mgkg-dav ! ni PI me kg dav 1 2\ 04 

2-Butanone 8E+0! mg/L 8.7E-05 mg/kg-day - 9.2E-04 mgkg-dav 6 01 01 mekediv 1 f̂- 03 

4-Melhj 1-2-pentanone 2E+02 mg'L 9.2E-04 mg/kg-day - 9.8E-03 mg kg-dav 8 OF 02 me kg di\ 1 2F 01 

Acetone 7E+01 mg-L 7.4E-05 mg'k-g-day 7.9E-04 mgkg-dav 9 01 "! me kg dav 8 8t 04 

Acrylonitrile IE+00 mg/L 
- E — 

me ke-day 1 OF 0  ' mekc dav 1 ^F 02 

Benzene 5E-02 mg/L 7.1E-07 mg/kg-day 1 91 03 

Carbon tetrachloride 5E-02 mg'L 1.4E-06 mg'k-g-day 1.3E-01 (mg/kg-dav )-l 1 9L 07 1.5E-O5 me ke-dav 7 OF 0 1 me kg day 2 21 02 

Chloroethane 3E+00 mg/L 1.5E-05 mg/kg-day - 1.6E-04 mg kg-dav 

Chlorofonn 6E-03 mg/L 5.4E-08 mg/kg-day 3.1E-02 (mg/kg-dav H 1 7F 09 . 5.7E-07 mgkg-dav 1 01 02 mekediv * 71 05 

cis-I,2-Dichloroethene 2E-01 mg/L 2.0E-06 mg/kg-day - - 2.1E-O5 mg kg-dav 1 Of 02 mekediv 2 1 [ 03 

Ethylbenzene 8E+00 mg/L 5.2E-04 mg/kg-day - 5.5 E-03 mgkedav I OF 01 me ke div "5 T 02 

Ethyl methacrylote 4E+00 mg/L 7.2E-05 mg/*g-day - - 7.6E-04 mgkg dav 9 or 02 mekedjv 8 4F 03 

sopropyibenzene 8E-02 mg/L 1.1E-05 mg/kg-day - - 1.2E-04 me ke-dav 1 01 01 mgkedat 1 2t 03 

Methylene Chloride 2E+00 mg/L 8.5E-06 mg/kg-day 7.5E-03 (mg/'kg-dav>l 6 4L-08 9.0E-05 me kg-dav 6 or 02 mgKediy 1 T 03 

-Propylbenzene 9E-02 mg/X 1.7E-05 mg'Tcg-day - 1.8E-04 mekg-div 

-Butylbenzene 9E-02 mg/L 3.2E-05 mg/kg-day - 3.4E-04 meke-dav 

-isopropyltoluene IE-01 mg/L 2.6E-05 mg/kg-day - 2.8E-04 mg'kg-day 1.0E-01 mg/kg/day 2.8E-O3 

ert-Butylbenzene 

etrachloroethene 6E-03 3 7E-07 mg-kg-day J4E-01 (mgkg-da))-I 2 OL-07 3 9E-06 me-kg-dav 1 OF-02 mgkg dav '9L-04 

etrahydrofuran 2E-01 mgL 5 1K-05 mgkg-dav 5 4F-04 mgkg-dav 

oluene 8EJ 0! mg I, 2 8F-03 mg kg-day^ mgkg-day 8 OE-02 mg kg dav 3 7E-01 

nchloroethene fiF,-03 mgL ! 1E-07 _ me kg-d.i>_ 4.0E-01 (mg kg-dav )-l 4 3E-08 ! IE-06 mgkg-dav 

mvl chloride mgL mgkg-dav 
-   - — 

Xvlenes (total) 3E-01 mgL 2.5 E-03 mgkg-day 2 7E-02 mg kg-day 2 OF 01 mg'kg'dav 1 3F01 

\ntimony _mg kg-day 

Usenic ! 5E-00 (mgTcg_-day)-l 1 3E-07 9 2E-07 mg kg-day 3 0!-;-04 mgkedav 3 1E-03 

Barium 4E-01 I.4E-08 mg.k-g-day 1 5E-07 mg.kg-dav 1.4E-02 mgkg'day 1 0L--05 

Beryllium 6E-01 ingi'L 2.1E-08 mg/kg-day - 2.2E-07 mg/kg-day 1.4E-05 mg/kg/day 1 SE-02 

^admrom 6E-02 mg.L 2.2E-09 mg/kg-day - - X4E-08 jng'kg-day 2.5E-03 mg/kg/day 9.5E-04 

Chromium 3E-02 mg/L 2.2E-09 mg-kg-day - 2.4E-08 mg'k-g-day 2.5E-05 mg-k-g.'day 9.5E-04 

Lobalt IE-01 mgL 2.1E-09 tngiig-day _ - 2.2E-08 mgVg-da) .. _ 

ead 6E-02 me'L 2.2E-J0 mg'kg-day - 2.4E-09 mgkg-day NTA (3) -

ianganese 3E-01 mgL 1 IB-06 mgkg-day Z_ _ 1 1E-05 mgkg-day 1 9E-03 mgkg day 6 1 E-03 

Nickel 8E-02 mg/L 6.0E-10 mg/kg-day 6.3E-09 mg-Ttg-day 8.0E-04 7.9E-06 

liver 8E-01 fng/L J.8E-O8 mg.'tcg-da> - - 1.9E-07 rrtg'Tvg-day 2.0E-04 mg.kg/day 9.5E-04 

hallium 5E-03 mg/L I.8E-10 mg/kg-day - 1.9E-09 mg.'kg-day 8.0E-05 mg/kg'day 2.4E-05 

"anadurm 1E-02 mg/L 3.7E-10 mgykg-day _ - 4.0E-09 ^g^g-day 2.3E-04 mg.'kg/d.-iv i .7E-05 

inc 6E-01 mg/L 1.2E-06 ing/ie-day - - L3E-05 mgiiig-day 3.0E-01 mg^g/day 4.4E-05 

Exp. Route Total jj jj 3.IE-O6 8 4E-01 

Exposure Medium Total jj jj 2 4E-03 9IE-01 

Risfcprom Reference || O.OE' 00 4 9E+00 

Risk from Site |f 2 4E-03 8 6E-01 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran
 
G:\210517 Sutton Brook\wip\Human Health Risk Assessment\Risk calculations.xls May 2007
 



TABLE 3-34A
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY EXPOSURE
 

Remedial investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfiind Site - Tewksbury, Massachusetts
 

Receptor Population: Facility Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value Units Intake/Exposure Concentration CSP/Umt Risk Intake/Exposure Concentration RfDKIC 

Value Units Value Units Cancer Risk Hazard Quotient Value Units \a luc Units 

Air Indoor Air Group 3 Inhalation 1,4-Dichlorobenzene 6 51-06 m g m  3 8 0E-0! (mg/m') 

2,4-DimethyIphenol 1E-05 mg/m3 2.5E-07 mgir3 — :  ; " _ 2 6E-06 mg m3 7 OE-02 (mg.m3) 3.8E-05 

2-Methylphenol IE-04 mg/m3 1.9E-06 ms m"* _ _ - 2 0E-05 m g m i i 8E-0I (mg/m!) !. IE-04 

3-Methy!phenol/4-Methylphenol 2E-04 mg/m3 2.9E-06 mg m3 _ _ - 3 1E-05 mg m3 1 8E-02 (mgm3) 1.8E-O3 

Naphthalene 5E-O5 mg'm3 9.6E-07 me n-,3 - - - ! OE-05 m g m  ' 1 OE-03 (mg/m3) 3.4E-0' 

Phenol IE-04 mg/m3 2.6E-06 mg m3 - - - 2 8F-O5 mg m"* 2 0E-0! (mg.m3) J.4E-O4 

L2,4-Trimethylbenzene 8E-02 mg/m3 1.6E-03 mg/m 3 - . - - I.7E-02 mgm3 - 

1.2-Dichloroethane 7E-06 n,g/m3 1.4E-07 mg/m3 2.6E-02 (mgm3)-' 3.6E-09 1.5E-06 m g m  ' 2 4E+00 (mgm') 6.0E-07 

1.2-DichIoropropane 2E-05 mg/m3 2.9E-07 mg/m3 - - - 3.1E-06 mgm3 4 OE-03 (mg/m3) 7.6E-04 

1,3,5-Trimelhy Ibenzene 2E-02 mg/m3 4.5E-04 mg/m3 - _ - 4.8E-03 mg'm3 - - 

2-Butanone IE-01 mg/m3 2.0E-03 mg/m3 - - - 2.1E-02 mg m3 5 OE+00 (mg/m') 4.2E-03 

4-Methyl-2-pentanone 4E-0! mg/m3 8.3E-03 mg/m3 - - - 8.8E-02 mg m3 3OE+00 (mg-'ni') 2.9E-02 

Acetone IE-01 mg/m3 1.8E-03 mg/m 3 - - - I.9E-02 mg ml 3 2E+00 (mgm') 6.1E-03 

Acrylonitrite 4E-03 mg/m3 6.7E-05 mg/m3 6.8E-02 (mg/m')-' 4.5E-06 7. IE-04 mgm3 3 5E-03 (mgm') 2.0E-OI 

Benzene 4E-04 mg/m3 6.7E-06 mg/m3 7.8E-O3 (mg/m')-' 5.2E-O8 7.1E-05 mg m3 3 OE-02 (mgm') 2.4E-03 

Chloroethane 9E-0I mg/m3 1.6E-02 mg/m3 - - 1.7E-01 mgm3 1 OE+01 (mgm3) S .7E-02 -

Ethylbenzene 9E-01 mg/m3 I.6E-02 mg/m 3 - - 1.7E-01 mg'm3 1 OE+00 (mgm') 1.7E-01 

Ethyl methacrylate 3E-02 mg/tn3 6. IE-04 mg/m 3 - - - 6.5E-03 mg mi 3 2E-01 (mgm') 2.IE-02 

Methylene Chloride IE-01 mg/m3 2.0E-03 mg/m3 4.7E-04 (mg/m3)-' 9.3E-07 2.1E-O2 mgm3 3 OE-00 (mg.m3) 7.0E-03 

n-Propylbenzene 9E-03 mg/m3 I.6E-04 mg/m3 - - - 1.7E-03 mg m3 I 4E-0! (mg.in3) 1.2E-02 

p-Isopropy!toluene 1E-02 mg/m3 1.9E-04 mg/tn3 - - - 2.1E-03 mg n,3 4 0E-0! (mg'm') 5.1E-03 

Tetrachloroethene 5E-05 mg/m3 1.0E-06 mg/m3 5.9E-O3 (mgm3}-' 6.0E-09 l.IE-05 m g m  ' ' 5E-02 (mgm') 3. IE-04 

Tetrahydrofuran IE-01 mg/m3 2.2E-03 mg/m3 - - - 2.3E-O2 mg m3 3 OE-01 (mgm3) 7.7E-02 

Toluene 8E+00 mg/m3 I.6E-01 mg/m3 - - - I.7E+00 mg m3 5 OE'00 (mg/m3) 3.3E-01 

Trichloroethene 6E-O5 mg/m3 I.2E-06 mg/m3 2.0E-03 (mg/m3)-' 2.4E-09 I.3E-05 mgm3 6 OE-OS (mg-m3) 2.1E-05 

Vinyl chloride 3E-04 mg/m 3 6.0E-06 mg/m3 4.4E-03 (mg/m>)-' 2.6E-08 6.3E-05 mg-m' 1 OE-01 (mg/m3) 6.2E-OA 

Xylenes (total) 3E+00 mg/m3 4.8E-02 mg/ni3 - - - 5.IE-01 mg<m3 I OE-01 (mg/m3) 5.1E+00 

Exp. Route Total | 5.6E-06 6.0E+00 

Exposure Medium Total 5.6E-O6 6 OE+00 

RIskEriilfiBriDciil jiiililigilliiiii iiiswiiliiftiiiiiliiii mmmmmmmi,.::;:;:|iliE*bjCi« fiiiilllliilill mmmxmmmmm:;• 0^3E+flO 

Risk from Site 5.6E-06 6OE+00 

Total of Receptor Risks Across AH Media 2E-03 Total of Receptor Hazards Across All Media 1E+02 

Risks from Reference % i ^ - O Q mmmmm 
Risks from Site 2E-03 9.E+0! 

(1) EPC = Exposure Point Concentration; CSF = Cancer Slope Factor. RfD = Reference Dose; RfC = Reference Concentration 

(2) Cancer risk - Intake/exposure equation * CSF or Unit Risk; Hazard Index = Intake/exposure equation / RID or RfC. 

(3) Lead risks were evaluated separately. See text for explanation. 

Shaded = Concentrations of contaminant are consistent with reference concentrations. 

Woodard & Curran Sutton Brook Disposal Area Superfund Site (210517) 
Page 5 of 5 May 2007 G:\210517 Sutton Brook\wip\Human Health Risk AssesstnentXRlsk calculations.xls 



TABLE 3-34B
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial In\estimation and Feasibility Study
 

Sutton Brook Disposal Area Superfiind Site - Tewksbur}. Massachusetts
 

Scenario 1 iinefrnine Future 

Receptor Population1 Facility Worker 

Receptor Age. Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC dancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern \alue Units IntakcExpos u r •e Concentration CSF/UmtRisk Intake/Exposure Concentration RfDRfC 

\alue bnits \alue Units Cancer Risk Value Units \aluc Units Hazard Quotient 

Soil LplandSoil Group 1 Benzo(a)anthracene 1 IE+00 (mg/kg) 2 3E-07 mgTcg-day 7 3E-01 (mg'kg-day)-! 1 7E-07 6 5E-O7 mg kg-day - -

(0-10'bgs) Upland Aiea Benzo(a)pyrene 1 IE+00 (mgkg) 2 3E-07 mg/kg-da} 7 3E-00 (mg,kg-da>)-l I 7E-06 6 5E-O7 mg/kg-day - -

7.6E-0I (mg/kg) I.6E-O7 mg/kg-day - 4.5E-07 mg/ke-day - -

Ben2o(b)fluoranlhene 8 4E-01 (mg/kg) 1 8E-07 mg/fcg-day 7 3E-01 (mg1tg-dny)-I 1 3E-07 4 9E-07 mg'kg-da v - -

Bis(2-ethvlhexyl)phtlialate 1 5E+03 (mg/kg) 3 1E-04 mg/kg-day I 4E-02 (mg/Ttg-da>)-I 4 4E-06 8 8E-04 mg/kg-day 2 OE-02 mg/kg/day * 4F-02 

Di-n-octylphthalate I 6E4 03 (mgfcg) 3 4E-04 mg.fcg-daj - - 9 4E-04 mg-fcg-da) 4 OE-02 mg/kg day 2 3E-O2 

Indeno(1.2.3-cd)Pjrene 7 2E-OI (mg/kg) 1.5E-07 mg/kg-da) 73E-01 (mg/kg-day)-l 1 1E-07 4 2E-07 mg/kg-day - -

Napnthalene l.DE-M)2 (jng/kt) 2.1E-O5 mg/kg-doy _ - 5 9E-05 mg/itg-day 2 OE-02 mg/Tcg/day 2 9E-03 

Incidental Ingestion Toluene 7 1E-MJ2 (mgkg) I 5E-04 mg/"kg-dav - - 4 2E-04 mg/kg-daj 8 OE-02 mg/kg/day 5 2E-03 

Tetrachloroethene 2 7E+0I (mgkg) 5 7E-06 mgkg-day 5 4F-01 (mg/kg-daj)-l 3 IE-06 1 6E-05 mg.kg-da, I OE-02 mg/\g/day I 6F-03 

i .2.4-Tnmeth> Ibenzene 5 9E+02 (mgkg) 1 2E-04 mg/kg-day _ - 3 5E-04 mg/kg-da> - -

1.3.5-Tnmethy Ibenzene 2OEM32 (mgfcg) 4 2L-05 mg/kg-day _ - ! 2E-04 mg'kg-day -

Xylenes (total) 9 OE+02 (mg/kg) 1 9E-04 mg/kg-day _ - 5 3EO4 mg/kg-da> 2 0E-01 mg/kg/day 2 6L-03 

Aisenic 5.9E+0O 0«8*g) 1.2E-06 tn&ig-day 1.5E+00 (mg/kg-diry>-l J.9E-06 3,3E-06 mg/icg-tky 3.0E-04 mg/fcg/diry 1J2E-O2 

Cadmium 3 8E-00 (mg/kg) 8 0E-07 mg kg-day - - 2 2E-06 mg.Tcg-da^ I 0 K  P mg/kg/day 2 2E-03 

Lead 7 3t>0! (rngVg) 1 5E-05 mg ke-day - - 4 3E-05 mg/lig-da> NA (3) -

Vanadium 1 3E-01 (mg/kg) 2 8E-06 mg/kg-day - - 7 9E-O6 mg'kg-day 9 0E-03 mg/kg/day 8 8F-O4 

E\p. Route Total 1 1E-05 9 5E-02 

Benzo(a)anthracene I lEt-00 2 0E-07 mgT<g-dav 7 3F-0I (mg/kg-day )-l 1 4E-07 5 5r-07 mg kg-day - -

Benzo(a)p}rene 1 IE+00 (mg/kg) 2 OE-07 mg.kg-day 7 3E-00 (mg/kg-day)-! 1 4E-06 5 5E-07 mg.kg-daj - -

Benzo(e)pyrene 7.6E-01 (mg/Ttg) J.4E-07 mg/kg-day - - 3.8E-G7 mg'kg-day - -

Benzo(b)fluoranthene 8 4L-01 (mg/kg) 1 5E-07 mg/kg-dn> 7 3E-01 (mg.1tg-day)-l 1 1E-07 4 2E-07 mg kg-day - -

B is(2-ethy Ihexy l)phtha late I iE-03 (mg/lcg) 2 IE-04 mg kg-day 1 4E-02 (mg/Xg-dajM 2 9E-06 5 8E-O4 mg'kg-day 2 OE-02 mg/kg'day 2 9F-02 

Di-n-octylphthalate 1 6E+03 (mgfcg) 2 2E-04 mg.kg-day - - 6 2E-04 mg/1,g-da, 4 OE-02 mg.Tcg/daj 1 5E-02 

Indeno(1.2,3-<:d)Pyrene 7 2E-01 (mg'kg) 1 3E-O7 mg/kg-day 7 3E-OI (mg1ig-da»l 9 5E-08 3 6E-07 mg.kg-day -

Naphthstene 1 OE+02 0ttg*g> 1.8E-05 mg^g-day - - 5.0E-05 mfiAgihy 2.0E-02 mg/fcg/day 2.5E-03 

Dermal Contact Toluene 71E+02 (mgVg) 0 OE+00 mg/kg-da> - 0 0E+00 mg/kg-day 8 OE-02 mg.1cg.day 0 0E-00 

1 etrachloroethene 2 7E-01 (mgkg) 0 OE+00 mg/kg-day 5 4E-01 (mg/kg-day)-! 0 OE+00 0 OE-i 00 mg'kg-day l or-02 mgzkg/day 0 OE+00 

1.2.4-Tnmeth) Ibenzene 5 9E+02 (mg/kg) 0 OE-'-OO mg-kg-day - - 0 OE+00 mg.-kg-day - -

1.3.5-rnmethj Ibenzene 2 OEJ-02 (mgkg) OOE^OO mg'kg-da) - - 0 OE-'-OO mg'1ig-da) - -

Xjlenes (total) 9 OE+02 (mg'kg) 0 OE-'-OO mg/kg-day - - 0 0EJ-00 mg/kg-day 2 0E-01 mg/1tg/day 0 OE-'-OO 

Arsenic 5.9E-D0 2 4E-07 mg/kg-dny 1JE*00 (mg/kg-daJ-H .V7E-07 6 8E-07 mg/Ttg-day 3 0E-04 mg/Ttg/day 23E-03 

Cadmium 3 8E-00 (mgtg) 5 3E-09 mg/kg-day - - 1 5L-08 mgkg-day 2 5E-05 mg kg/day 5 9F-04 

Lead 7*EM)1 (mg/1<g) 0 OE+00 mg/T<g-da> _ - 0 OE+00 mg^g-daj NA O ) -

\ anadium 1 3E-01 (mgkg) 0 OE+00 mg/1tg-day - - 0 0E-00 mg'kg-day 2 3E-04 mg/kg/day , OOEfOO 

Exp Route Total 5 IE-06 J  | 5 OE-02 

Exposure Medium Total 1 6E-O5 | ! 4E-01 

Risk From ivCicrcticc 2JJE-06 1-9E-02 

Risk from Site 1 4E-0J If I 3F-01 

Woodard & Curran 
Sutton Brook Disposal Area Superfund Site (210517) 

Page 1 of 5 May 2007 
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Scenario Timeframe: Future 

Receptor Population: Facility Worker 

Receptor Age: 

Chemical of 

Potential Concern 

Benzo(a)anthracen 

lenzo(a)pjrene 

Benzo(b)nuoranthene 

Bis(2-ethylhet>l)phthalnle 

Di-n-oct}lphtha!nte 

Indeno(l,2.3-cd)Pjrene 

Naphffiatene - —  — 

Toluene 

Fetrachloroethene 

!.2.4-TnmeUnlbenzene 

l.?.5-TnmethylbenzenE 

Xyienes (total) 

Arsenic 

Exp Route Total 

fie Medium Total 

TABLE 3-34B
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Stud)'
 

Sutton Brook Disposal Area Superfund Site - Tetvksbury, Massachusetts
 

Cancer Risk Calculations 

Intake/Exposure Concentratioi CSF/L'nit Risk Intake/Exposure Concentration 

Value j Uni! 

8 1E-I0 I 1E-0I 4 4F-12 1 IE-10 

8 1E-I0 i IE+00 4 4E-! 1 I IE-10 

5.6E-10 7.7E41 

6 2E-10 3 0E-I1 1 1E-0I (mgjn1)-1 3 3E-12 8 5E-11 

1 IE-06 5 4E-08 2 4E-03 (n>8 m>y ! 3E-I0 1 5E-07 mg'm3 7 OE-02 (mg ni3) 2 2E-06 

12E-06 5 8E-08 mg'm3 1 6E-07 mgm? I 4E-0I (mg m3) I 2E-06 

5 3E-10 2 6E-11 nig m3 (mg/m')-1 7 3E-1I 

1.3E-O3 mg/m* 64E-05 18E-O4 Itig/ra3 

2 5E-O1 1 2E-02_ 5 OE^OO (mem1) 6 9E-03 

1 7F-02 8 3E-04_ 3.5E-02 (mg/m3) 6.6E-02 

6 5E-02 "< 2E-03 8 9E-03 

2 1E-02 1 1E-03 2 9E-03 

2 IE-01 1 OE-02 

JJE-09 ftigrnf aafi-to tng/tn3 

2.8E-09 

5 4E-08 mg m3 

9 9E-09 mg/'m3 

Woodard & Curran 
Sutton Brook Disposal Area Superfund Site (210517) Page 2 of 5 May 2007 
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TABLE 3-34B
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timefirame: Future 

Receptor Population: Focility Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value Units Intake/Exposure Concentration CSF/UnitRisk Intake/Exposure Concentration RiD/RIC 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Groundwater Potable Groundwater Groups 3-6 Ingestion 1,4-Dichlorobenzene 3E-03 mg/L 1.3E-05 mg/kg-day 2.4E-02 (mg/kg-day)-l 3.IE-07 3.6E-05 mg/kg-day 9.0E-02 mg/kg/day 4.0E-04 

2.4-Dimethylphenol 2E-01 mg'L 7.2E-04 mg/kg-day - - 2.0E-03 mg/kg-day 2.0E-02 mg/kg/day 1.0E-0I 

2-Melhy]phenol IE+00 mg/L 4.0E-03 mg/kg-day - - I.1E-02 mg/kg-day 5.0E-02 mg/kg/day 2.3E-0I 

3-Methy]phenot/4-Methylphenoi 2E+00 mg/L 8.4E-03 mg/kg-day _ 2.4E-02 mg/kg-day 5.OE-O2 mg/kg/day, 4.7E-01 

4-Methyfphenot 3E-0! mg/L 1.IE-03 mg/kg-day - - 3.0E-03 mg/kg-day 5.OE-O2 mg/kg/day 6.IE-02 

Aroclorl234 IE-03 mg/L 4.8E-06 mg/kg-day 4.0E-0I (mg/kg-day)-l I.9E-O6 I.4E-05 mg/kg-day 2.0E-O5 mg/kg/day 6.8E-0I 

Alpha-BHC 5E-O5 mg/L I.9E-07 mg/kg-day 6.3E+00 (mg/kg-day)-! 1.2E-06 5.3E-07 mg/kg-day - -

Bis(2-Ethylhexyl)phthatate 6E-01 mg/L 2.5E-03 mg/kg-day I.4E-02 (mg/kg-dayhl 3.4E-05 6.9E-03 mg/kg-day 2.0E-02 mg/kg/day 3.4E-01 

Naphthalene 1E-02 mg/L 4.4E-05 mg/kg-day - _ I.2E-04 mg/kg-day 2.0E-02 mg/kg/day 6.2E-O3 

Phenol 9E+00 mg/L 3.8E-02 mg/kg-dav - - 1.IE-01 mg/kg-day 3.0E-01 mg/kg/day 3.5E-O1 

KI.l-Trichloroethane 5E-01 mg/L 2.0E-03 mg/kg-day - - 5.5E-03 mg/kg-day 7.0E-01 mg/kg/day 7.9E-03 

U,2-Trich!oroelhane 7E-03 mg/L 2.8E-05 mg/kg-day 5.7E-02 (mg/kg-day)-l 1.6E-06 7.8E-05 mg/kg-day 4.OE-O3 mg/kg/day 1.9E-02 

1,1-Dichloroethane 4E+00 mg/L 1.4E-02 mg/kg-day - - 4.1E-02 mg,kg-day 2.0E-01 mg/kg/day 2.0E-0I 

U-Dichloroethene 1E-01 mg/L 5.2E-04 mg/kg-day - - 1.5E-03 mg/kg-day 5.0E-O2 mg/kg/day 2.9E-02 

! ^^-Trimethylbenzene IE+00 mg/L 5.6E-O3 mg/kg-day - - I.6E-02 mg/kg-day _ -

IJ2-Dichloroethane 4E-02 mg/L 1.8E-04 mg/kg-day 9.1E-02 (mg/kg-day )-! I.6E-05 5.0E-O4 mg/kg-day 2.0E-0! mg/kg/day 2.5E-03 

1,2-Dichloroethene 1E-01 mg/L 5.2E-04 mg/kg-day _ - 1.5E-O3 mg/kg-day 9.0E-03 mg/kg/day 1.6E-01 

1,2-DichIoropropane 4E-03 mg/L ! .4E-O5 mg/kg-day 6.8E-02 (mg/kg-day)-I 9.8E-07 4.1E-05 mg,kg-day _ -

l,3.5-Trimethyibenzene IE+00 mg/L 4.8E-03 mg/kg-day - - I.4E-02 mg/kg-day - -

1,4-Dioxane 3E+00 mg/L 1.2E-02 mg/kg-day 1.1E-02 (mg/kg-day)-! 1.3E-04 3.4E-02 mg/kg-day 1.0E-0! mg/kg/day 3.4E-01 

2-Butanone 8E+01 mg/L 3.1E-01 mg/kg-day - - 8.7E-01 mg/kg-day 6.0E-01 mg/kg/day I.4E+00 

4-MethyI-2-pentanone 2E+02 mg/L 7.6E-0I mg/kg-day - - 2.1E+00 mg/kg-day 8.0E-02 mg/kg/day 2.7E+01 

Acetone 7E+0I mg/L 2.9E-0I mg/kg-day - - 8.2E-01 mg/kg-day 9.0E-01 mg/kg/day 9.1E-0I 

Acrylonitrile IE+00 mg/L 5.2E-03 mg/kg-day 5.4E-01 (mg/kg-day)-l 2.8E-03 1.5E-02 mg/kg-day I.OE-03 mg/kg/day 1.5E+01 

Benzene 5E-02 mg/L 1.8E-O4 mg/kg-day 5.5E-02 (mg/kg-day)-I 9.9E-06 5.1E-04 mg/kg-day 4.0E-03 mg/kg/day 1.3E-01 

Carbon tetrachloride 5E-02 mg/L 2.1E-04 mg/kg-day I.3E-01 (mg/kg-dayM 2.7E-O5 5.9E-04 mg/kg-day 7.0E-04 mg/kg/day 8.4E-01 

Chloroethane 3E+00 mg/L 1.0E-02 mg/kg-day - - 2.8E-02 mg/kg-day - _ 

Chloroform 6E-03 mg/L 2.3E-05 mg/kg-day 3.1E-02 (mg/kg-day)-l 7.IE-07 6.4E-05 mg/kg-day 1.0E-02 mg/kg/doy 6.4E-03 

cis-K2-Dichloroethene 2E-01 mg/1. 8.8E-04 mg/kg-day - - 2.5E-03 mg/kg-day 1.0E-02 mg/kg/day 2.5E-0! 

Ethylbenzene 8E+00 mg/L 3.4E-02 mg/kg-day - - 9.5E-02 mg/kg-day 1.0E-OI mg/kg/day 9.5E-O1 

Ethyl methacrylate 4E+00 mg/L 1.6E-02 mg/kg-day - 4.5E-02 mg/kg-day 9.0E-02 mg/kg/day 5.0E-0! 

Isopropylbenzene 8E-02 mg/L 3.3E-04 mg/kg-day - _ 9.2E-04 mg/kg-day 1.0E-01 mg/kg/day 9.2E-03 

Methylene Chloride 2E+00 mg/L 8.8E-03 mg/kg-day 7.5E-O3 (mg/kg-day)-I 6.6E-05 2.5E-02 mg/kg-day 6.0E-02 mg/kg/day 4. IE-01 

n-Propylbenzene 9E-02 mg/L 3.7E-04 mg/kg-day - - I.OE-03 mg/kg-day -

n-Bulylbenzene 9E-02 mg/L 3.6E-04 mg/kg-day - - I.OE-03 mg/kg-day - -

p-Isopropyltoluene IE-01 mg/L 3.9E-04 mg/kg-day - - • 1.IE-03 mg/kg-day LOE-01 mg/kg/day 1.1E-02 

tert-Butylbenzene 7E-02 mg/L 2.7E-04 mg,kg-day - - 7.5E-04 mg/kg-day - -

Tetrachloroethene 6E-03 mg/L 2.4E-05 mg/kg-doy 5.4E-0I (mg/kg-dayM I.3E-O5 6.8E-05 mg/kg-day I.OE-02 mg/kg/day 6.8E-03 

Tetrahydrofuran 2E+0I mg/L 8.0E-02 mg/kg-day - - 2.3E-0I mg/kg-day - -

Toluene 8E+0I mg/L 3.1E-0I mg-kg-day - - 8.8E-01 mg/kg-day 8.0E-02 mg/kg/day I.1E+01 

Trichloroethene 6E-03 mg/L 2.4E-05 mg/kg-day 4,0E-Oi (mg/kg-day)-l 9.6E-06 6.8E-O5 mg/kg-day - _ 

Vinyl chloride 7E-02 mg/L 2.9E-04 mg-kg-day 7.2E-0I (mg/kg-da»l 2.1E-04 8.0E-04 mg-kg-day 3.0E-03 mg/kg/day 2.7E-0I 

\\lenes (total) 3E+01 mgL 1 iE-O! mg'kg-da^ - - 3 2E-01 mg-kg-da> 2 0E01 mg/kg/daj ! 6E-00 

Infimonj IF-01 mgL 4 OE-04 mg-kg-dav - - ] IE-03 mgkg-da> 4 OE-04 mg kg/day 2 8E+00 

\rsenic 2E-00 mg/L 9 3E-01 mg.kg-daj 1 5E-00 (mg,kg-da>)-I I 4E-02 2 6F-02 mg-kg-daj 3 OE-04 mg/kg/dav 8 7E-01 

Barium 4t.-0I mgL I 5E-03 mg.kg-da) - - 4 2E-03 mg-kg-day 2 0E-0I mg/kg/day 2 1E-02 

Berjlliuhl 6E-01 mg/L 2.3E-03 mg/fcg-day - 6.3JE-O3 pjg%-dn} 2,0E-03 mg/fcg/dnj- 3.2E+0D 

Cadmium 6E-02 m#L 2.4E-04 - - 6 8E-04 mg.kg-day S.OE-04 ihg/k&'day 1.4E+0D 

Chromium 3E-02 mg/L J.2E-04 mg*g-day - - 3 4E-04 «igke-day S.DE-04 mp'kg/day S8E-01 

Cobalt IE-01 mgL 5 6E-04 mg.kg-day - - 1 6E-03 mg.kg-da> - -

Lead 6E-02 mgfl. 2.4E-04 mg/kg-day - - 6.8E-04 mg/kt-dnj- N A P  5 -

Manganese 3E-01 mgL 1 2E-0I mg kg-day _ - 3 3E-01 mg/kg-da> 4 7E-02 mg/kg/day 7 OE-00 

tficfcef 8E-02 me/L 3.2E-O4 mg/fcg-day - 5.uE-04 mgiTtA-day i.OE-02 m^g/day 4 5E-02 

Sih-sr 8E-01 mg/L 3.2E-03 mg/fcg-<Jay - 9JJ&03 rag/kg-day 5.0E-03 mgAg/day t.BE+OO 

Thallium 5E-O3 itijj/L J.9E-O5 - 5AS-0S mg/tg-dttj 8.0E-05 mg/kg/day fi.SE-01 

Vanadium 1E-02. m£<L 4.0E-OJ m£*|!-day - 1.1E-04 tng*g-day 9.0E-03 mg/kH/day i.jE-oa 

Zinc fiE+01 mgfl. 12E-01 m^icg-day - - o^E-Cl mg/kg-day .3..GE-01 mg&g/day 2.1E+00 

&qj. Route Total || 1 1 7E-02 1 7E+02 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran
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TABLE 3-34B
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Facility Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calcu ations Non-Cancer Hazard Calculations 

Potential Concern Value Units Intake/Exposure Concentration CSF/UnitRisk. Intake/Exposure Concentration RJD/RTC 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

D^Hkkul CuuLiu l K4-Dichlorob=nzene 3E-03 (mg/kg-dayH 6.5E-08 7.6E-06 mg/kg-day 9.0E-02 mg/kg/day 

2r4-Dimethylphenol 2E-01 rag/L 3.4E-05 mg/kg-day 9.6E-O5 mg/kg-day 2.0E-02 mg/kg/day 4.8E-03 

2-Methylphenol 1E+00 mg/L I 6E-04 mg/Tig-day - _ 4.4E-04 mg/kg-day 5.0E-O2 mg/kg/day 8.9E-03 

3-Methylphenol/4-Methylpheno! 2E+00 mg/L 2.6E-04 mg/Tig-day - - 7.4E-04 mg/kg-day S.OE-02 mg,kg/day 1.5E-02 

4-Methylphenol 3E-0I mg/L 3.4E-0J mg/1cg-day - - 9.5E-O5 mg/kg-day 5.0E-02 mg/kg/day 1.9E-03 

AroclorI234 1E-03 mg'L O.OE+00 mgdcg-day 4.0E-OI (mg/1cg-day)-l O.OE+00 O.OE+00 mg/kg-day 2.0E-O5 mg/kg/doy O.OE+00 

AIpha-BHC 5E-O5 mg/L 1.8E-08 mg/kg-^y 6.3E+00 (mg/kg-day)-I 1.1E-07 5.OE-08 mg/kg-day - -

Bi5(2-Ethylhexyl)phthalate 6E-01 mg/L 1.1E-03 mg/kg-day 1.4E-02 (mg/kg-day)-l 1.6E-05 3.2E-O3 mg/kg-day 2.0E-02 mg/kg/day 1.6E-01 

Naphthalene 1E-02 mg/L 9.3E-06 mg/kg-day - - 2.6E-05 mg/kg-day 2.0E-02 mg/kg/day I.3E-03 

Phenol 9E+00 mg/L 1.1E-03 mg/kg-day - - 3.1E-03 mg/kg-day 3.0E-OI mg/kg/day 1.0E-02 

!rl.I-Trichloroelhane 5E-01 mg/L 1.2E-04 mg/lcg-day - - 3.3E-04 mg'1cg-day 7.0E-01 mg/kg/day 4.7E-04 

KK2-Trichloroethane 7E-03 mg/L 8.2E-07 mg.kg-day 5.7E-02 (mg/kg-day)-l 4.7E4>8 2.3E-06 mg/kg-day 4.0E-O3 mg/kg/day 5.7E-O4 

U-Dichloroethane 4E+00 mg/L 3.6E-04 mg/fcg-day - - I.OE-03 mg/kg-day 2.0E-01 mg/kg/day 5.0E-03 

i.I-Dichloroethene 1E-0I mg/L 2.3E-05 mg/icg-day - - 6.4E-05 mg/kg-day 5.OE-O2 mg/kg/day I.3E-03 

1,2,4-Trimethylbenzene 1E+00 mg/L 3.7E-O3 mg/kg-day - - 1.0E-02 mg/kg-day - -

L2-Dichtoroethane 4E-02 mg/L 2.8E-06 mg-icg-day 9.1E-02 (mg4g-dayM 2.5E-07 7.7E-06 mg/kg-day 2.0E-01 mg/kg/day 3.9E-05 

1,2-DichIoroethene 1E-0I mg/L I.5E-O5 mg/kg-<!ay - - 4.IE-05 mg/kg-day 9.0E-03 mg/kg/day 4.5E-O3 

1.2-Dichloropropane 4E-03 mg/L 4.6E-07 mg*g-day 6.8E-02 (rngfltgHhyH 3.1E-08 1.3E-06 mg/kg-day - -

lJ,5-Trimethylbenzene 1E+00 mg/L 1.8E-03 mg/kg-day - . - 4.9E-03 mg/kg-day -

1,4-Dioxane 3E+00 mg/L I.4E-05 mg^g-day 1.1E-02 (mg/kg-day>I 1.5E-07 3.8E-O5 mg/kg-day I.OE-OI mg/kg/day 3.8E-O4 

2-Butanone 8E+01 mg'L 1.1E-03 mg/1cg-day - - 3.0E-03 mg/kg-day 6.0E-01 mg/kg/day 5.OE-03 

4-Methyi-2-pentanone 2E+02 mg/L I.IE-02 mg/kg-day - - 3.2E-02 mg/kg-day 8.0E-02 mg/kg/day 3.9E-0I 

Acetone 7E+01 •mg/L 9.1E-04 mg/kg-day - - 2.5E-03 mg/kg-day 9.0E-01 mg/kg/day 2JE-03 

Acrylonitrile 1E+00 mg/L 1.7E-05 mg/kg-day 5.4E-01 (mg/kg-day)-l 9.2E-06 4.8E-05 mg/kg-day 1 .OE-03 mg/kg/day 4.8E-02 

Benzene 5E-02 mg/L 8.7E-06 mg/Vg-day 3.5E-02 (mg/1cg-day>-l 4 8E-07 2.4E-05 mg/kg-day 4.0E-O3 mg/kg/day 6.1£4>3 

Carbon tetrachloride 5E-02 mg/L 1.8E-O5 mg/kg-day 1.3E-0I (mg^g-dayM 2.3E-06 4.9E-O5 mg/kg-day 7.0E-04 mg/kg/day 7.0E-02 

Chloroethane 3E+00 mg/L 1.8E-04 mg/1«g-day - 5.0E-04 mg.kg-day - _ 

Chloroform 6E-03 mg/L 6.6E-07 mg/kg-day 3.1E-02 (mg.1ig-day)-l 2 OE-08 1.8E-06 mg/kg-day 1.0E-02 mg/kg/day 1.8E-04 

cis-1,2-Dichloroethene 2E-01 mg/L 2.5E-05 mg/kg-day - - 6.9E-05 mg/kg-day 1.0E-02 mg/kg/day 6.9E-03 

Ethylbenzene 8E+00 mg/L 6.4E-03 mg/kg-day - - 1.8E-02 mg/kg-day l.OE-01 mg/kg/day 1.8E-01 

Ethyl methacrylate 4E+00 mg/L 8.7E-04 mg/kg-day _ 2.4E-03 mg/kg-day 9.0E-02 mg/kg/day 2.7E-02 

Isopropylbenzene 8E-O2 mg/L 1.4E-04 mg/kg-day - - 3.8E-04 mg/kg-day l.OE-01 mg/kg/day 3.8E-O3 

Methylene Chloride 2E+00 mg/L 1.0E-04 mg/kg-day 7.5E-O3 (mgAg-dayH 7.8E-07 2.9E-04 mg/kg-day 6.0E-02 mg/kg/day 4.9E-03 

n-Propylbenzene 9E-02 mg/L 2.0E-04 mg/kg-day - - 5.7E-04 mg/kg-day _ 

n-Butylbenzene 9E-02 mg/L 3.9E-04 mg/Tsg-day - - l.IE-03 mg<kg-day - -

p-Isopropyltoluene iE-01 mg/L 3.2E-04 mg/kg-day - - 9.0E-04 mg/kg-day l.OE-01 mg/kg/da>> 9.0E-03 

tert-Butylbenzene 7E-02 mg-X 2.2E-04 mg/icg-day > - 6.3E-04 mg/kg-day _ -

Tetrachloroethene 6E-03 mg/L 4.5E-06 mg/lg-day J.4E-01 (mg/kg-day>l 2.4E-06 1.3E-05 mg/kg-day 1.0E-02 mg/kg/day 1.3E-03 

Tetrahydrofiiran 2E+0I mg/L 6.2E-04 mg/Tcg-day -, - 1.7E-03 mg/kg-day - -

Toluene 8E+0! mg/L 3.4E-02 mg/Tcg-day _ - 9.6E-02 mg/kg-day 8.0E-02 mg/kg/day 1.2E+00 

Trichloroethene 6E-03 mg/L 1.3E-06 mg/itg-day 4.0E-01 (mg/kg-day)-l 5.2E-07 3.7E-O6 mg/kg-day - -

inyl chloride 7E-02 mg/L 4.7E4)6 mg/kg-day 7.2E-01 (mg/*g-day)-l 3.4E-06 1.3E-O5 mg/kg-day 3.OE-03 mg/kg/day 4.4E-O3 

\ylenes (total) 3E+0! mg/L 3.IE-02 mg/kg-day - - 8.6E-02 mg/kg-day 2.0E-01 mg/kg/day 4.3E-01 

Antimony 1E-0I mg/L 6.5E-08 rng'-kg-dav 1.8E-07 •"g/kg-dav 6.0E-05 mg/kgMav 3.0E-03 

\nenic 2I''OO mgL 1 5L-O6 mgVg-da> 1 •'t'-OO (mg."kg-da^)-I 2 2E-06 4 2E-06 mgkg-da> 3 OE-04 mg'kg/dny 1 4E02 

Banum 4E-0I mgL 2 4E-07 mgTcg-day - - 6 7E-O7 mg/kg-day 1 4E-O2 mg/kg-day 4 8E-O5 

fiery Ilium 6E-01 oi^'L 5.6E-07 ing/-kg-day - 1.0E-06 mgikg-day 1.4E-05 mg/Jferduy 72E-O2 

Cadmium 6E-02 Oft/L 3.9E-08 - - 11E-07 ing/kj-dti 2 5E-O5 tng/-ke7day 4JE-03 

- rhromium 3E-02 m g  t 35E-08 meig-dny - - 1.1E-07 mg/kg-dav 2.5E-05 mg/kg/day 4 3E-O3 

Cobalt 1E-01 mg'L 3 6E-08 mg/kg-daj _ - 1 OE-07 mg/kg-day - -

Lead 6E-02 rag/L J.9E-09 mc/Tcg-day - 1.IE-08 ing.iEgHlqr NA(3  ] -

Manganese 3E+01 mg'L 1 9E-05 mgtg^a  y - - 5 2E-05 mg/kg-day 19E-O3 mg/kg/daj 2 8E-02 

Vidcel 8E-02 mg.l i.OE-08 mg&g-day - - 2.9E-08 mgfcg-day 8.0E-04 mg/kg/day 3.6E-0S 

Silver &E-01 tiig/L 3.1 £-07 WfAg-dmy - - 8,7J6-q7 mg/te-day 2.0&04 mg/fcg/day . 43E-03 

Thallium 5E-03 mt'kg^av 8.7E-09 mg.ks-day 8.0E-05 mg'kg/day J.1E-04 

Vanadidnt mg/L 6JE-09 mjA-S-day - - 1.86-08 fflg/kfe-dai' 2JE-*4 «ig/k^'da.y 7.7E-05 

Zjnc 6E+01 fflg/L 2.1E-05 mg&g-day - - 6.0&Q5 mg/kg-day 3.OE-01 mg4g/day 2.«E4)4 

Exp. Route 1 olal | | [| 3 8E-05  £ _ 2 7E-r00 

Exposure Medium Total jj || 1 7E-02 1 7E+02 

0.0E+0O 9J2E+0Q 

Risk from Site 1 7E-02 ][ 1 6E+02 

Sutton Brook Disposal Area Superfund Site (210517) 
Woodard & Curran 

G:\210517 Sutton Brook\wip\Human Health Risk Assessment\Rlsk calculations.xls May 2007 



TABLE 3-3 4B 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZ.ARDS 

REASONABLE MAXIMUM EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

irio Timeframe: Future 

Receptor Population: Facility Worker 

Receptor Age: Adult 

Exposure Point Exposure Route Chemical of sr Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Intake/Exposure Concentration Intake/Exposure Concentration 

1,4-Dichlorobenzene mg/mJ 8.0E-01 9.3E-06 

2.4-Dimethylphenol 7.0E-02 4.3E-05 

mg/m3 

3-Methylphenol/4-MethylphenoI (mg/m5) 

Naphthalene 5E-O5 (mg/m') 3.9E-03 

IE-04 mg/m3 1.6E-04 

1.2.4-Trimethylbenzene mg/m3 

(mg/m3)-1 mg/m3 

L2-Dichloropropane mg/m3 mg/m 3 (mg/m3) 

1-3,3-Trimethylbenzene mg/m3 mg/m 3 

-Methyl-2-pentanon 3.4E-02 

7.0E-O3 

(mg/m3) 2.3E-01 

(mg/m3)-1 2.7E-03 

9E-0! 2.0E-0! 2.0E-O2 

9E-0I mg/m3 2.0E-01 2.0E-01 

Ethyl methacr) late 

(mg/m3)' 

n-Propylbenzene 

-Isopropyltoluene mg/m3 5.9E-O3 

Tetrachloroethene 5E-O5 3.5E-04 

JE-O1 2.7E-02 3.0E-01 

I.9E+00 S.OE+OO; 3.8E-01 

(mg/m3)-1 1.4E-05 6.0E-0I 2.4E-O5 

mg/m3 mg/m3 (mg/m3)' 7 2F-05 1 OF-01 7.2E-04 

5 8E-0I 1 0EQ1 5.8E+OO 

6.8E+O0 

Exposure Medium Total 

MM! 

Total of Receptor Risks Across All Media Total of Receptor Hazards Across All Media 

Risks from Reference 

( l )EPC = Exposure Point Concentration; CSF = Cancer Slope Factor. RfD = Reference Dose: RJC = Reference Concentration 

(2) Cancer risk = Intake/exposure equation • CSF or Unit Risk; Hazard Index = Intake/exposure equation / RfD or RfC. 

(3) Lead risks were evaluated separately. See text for explanation. 

Shaded = Concentrations of contaminant are consistent with reference concentrations. 
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TABLE 3-34C
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfiind Site - Tewksburyv Massachusetts
 

Scenario Timefrome: Future 

Receptor Population: Facility Worker 

Receptor Age: \ Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of LPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value Units Intake/Exposure Concentration CSF/UnitRisk Intak&Exposure Concentration RfD'RfC 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Soil Upland Soil Group 4 Benzo(a)anthracene 3 8E+01 (mg'kg) 1 1E-06 mg/kg-ds> 7 3E-01 (mg/kg-day)-) 7 7E-07 I IE-05 mg kg-dav - -

(O-10'bgs) Upland Area Benzo(a)pjrene 2 3E+01 (mg-kg) 6.3E-O7 mg/kg-da) 7 3E+00 (mg/kg-day)-1 4 6E-06 6 7E-06 mg/kg-day - -

BenMOpyrsn* 1.7E401 {mg/kg} 4.7E-O7 mg/kg-day - 5.0E-O6 mg/Tcg-dajr -

Bcnzo(b)fluoranthene 1 6E+01 (mgkg) 4 5E-07 mg/kg-day 7 3E-01 (mg,kg-day>-l 3 3E-07 4 7E-06 mg/kg-day - -

Benzo(k)fluon>nthene 2 0E-0I (mg/kg) 5 6E-07 mgrkg-dav 7 3E-02 (mg,kg-da>)-l 4 1E-08 5 9E-06 mg kg-day - -

B is(2-Ch!oroethoxy )methane 4 9E-0I (mg/kg) ! 4E-08 mg-kg-day - - 1 4E-O7 mg/kg-da\ - -

Carbazole 2 2E+0I (mg'Vg) 6 1F-07 mg/kg-day 2 OE-02 (mg/kg-da>M I 2E-08 6 4E-06 mg/kg-dav - -

4-Ch!oro-3-methylphenol 3 7E-01 (mg/kg) t OE-08 mg/kg-day _ - 1 IE-07 mg/kg-da) 7 OE-02 mg/kg.day 1 6E-06 

Diben20(a,fiL>nthrncsne 3.9E+0G (mgftg) I.3E-07 mg4g-day (meitg-day>l 7.8E-07 I.JE-O6 mg/fcg-day - -

Incidental Ingestion Dibenzofiirnn 2 0E+01 (mg'kg) 5 6E-07 mgkg-day _ - 5 9E-06 mg-kg-day 2 OE-03 mg/kg/day 3 OE-03 

lr,deno(I,2,3-cd)Pyrene 8 5E+00 (mgkg) 2 3E-O7 mgig-day 7 3E-01 (mg/lcg-da5)-l 1 7E-07 2 5E-O6 mg/kg-day _ -

1-Meth>!naphlhalene 1 2E+01 (mgkg) 3 3F-07 mg,kg-dav - - 3 5E-06 mg.kg-day 4 OE-03 mg/kg/day 8 8E-04 

2-Methylnaphthalene I 4E+0I (mg'kg) 4 0E-07 mg,kg-day - - 4 2E-06 mg/kg-day 4 OE-03 mg/kg'dny 1 1E-03 

Naphthalene ij?E-Hrt m*& ^6E-0  7 rif/fcg^ay - - 3.9E-06 hig/kg-day 2.0E-02 «1gykg/day 1.9E-04 

Cll-C22Aroraatics 7 2E+01 (mg/kg) 2 0E-06 mg/kg-day - - 2 1E-O5 mg'kg-day 3 OE-02 mg'kg/day 7.0E-04 

7JE±0G «*Jf*6J 2 0E-O? 1.3E4-OO Cm^/lg-^y}-! 2.9E-07 l J E - 0 6 mgiig-day 3.OE-O4 6.9E-03 

Lead I 3E^02 (mg/kg) 3.7F.-O6 mg/kg-day - - 3 9E-05 mg/kg-day N-\ (3) -

Manganese 1 7EJ-02 (mgkg) 4 7E-06 mg.kg-day _ - 5 OE-05 mg/kg-da> 1 4E-0! mg-kg/day 3 6E-04 

Vanadium 1 6E+01 (mg/kg) 4.4E-07 mg/kg-day - - 4 7E-06 mg/kg-day 9.0E-03 mg/kg/day 5 2E-04 

Exp. Route Total 7 0E-06 1.5E-02 

Benzo(a)anthracene 3 8E+01 (mgkg) 18E-06 mg/kg-day 7 3E-0I (mg-kg-dajM 1 3E-06 ! 9E-05 mg/kg-day - -

Benzo(a)pyrene 2 3E-MH (mgkg) 1 IE-06 mg/kg-day 7 3E+00 (mg/kg-day )-l 7 9E-06 1 IE-05 mg/kg-day -

Ben20(eJpyrena 1.7E+01 {ms*g> S.1E-07 mg/lcg-aay « - 8.6E-O6 mg/kg-day -

Benzo(b)fluoranthene l 6 E M  H (mgicg) 7 6E-07 mg/kg-day 7 3E-OI (mg/kg-dayH 5 6E-07 8 1E-06 mg/kg-dav - -

Benzo(k)fluoranthene 20E1-01 (mg'icE) 9 6E-07 mg/kg-A> 7 3E-02 (mS.kg-da>M 7 OE-08 1 OE-05 mg'kg-da) - _ 

Bis(2-Chloroethoiy)methane 4 9E-0I 1 8E-08 mg/kg-day - - 1 9E-07 mg/kg-day - -

Carbazole 2 2E-0I (mgitg) 8 OE-07 mg.kg-day 2 OE-02 (mg/kg-da))-I 1 6E-08 8 5E-O6 mg/kg-day -

4-Chloro-3-methylpheno! 3 7E-O1 (mgfcg) ! 4E-08 mg/kg-da> - - 14B-07 mg/kg-day 7 OE-02 mg/kg/day 2 OE-06 

Dibenzo(aji)antnrneene 3.SE*W (mg*g} 1.8E-07 mg/'kg-day 7.3E4-0& Cmg.*g-day>-l JJE-06 2.DE-06 mg&g-dny _ -

Dermal Contact Dibenzofuran 2 OE+Ol (mgltg) 7 4E-07 mg*g-day - - 7 8E-06 mg/kg-day 2 OE-03 mg/ltg/dav 3 9E-03 

lndeno(l,2.3-<:d)Pyrene 8 5E---00 (nig-ieg) 4 OE-07 mg/kg-day 7 3E-01 (mg/kg-<Ia>>l 2 9E-07 4 3E-06 mg kg-day - -

!-Meth>lnaphthalene I 2E+01 (mgVg) 3 7F-O7 mg/kg-da> _ - 6 Ot-06 mg/kg-day 4 OE-OT mg/kg/day 1 5E-03 

2-Meth)lnaphthi>lene 14r>oi (mg*B) 6 8E-07 mg-kg-day _ - 7 2E-06 mg/kg-day 4 OE-03 mg/kg/dav 1 8E-03 

Naphthalene SJE-flT mg/lcg-aay - 6.6E-C6 mg/kg-day 2.QE-02 «ng/kg/day 3-3E-04 

Cll-C22Aromatics 7 2E+01 (mg.-kg) 2.6E-06 mgikg-daj - - 2 8E-05 mg/kg-day 3 OE-02 mg/kg/day 9.2E-04 

Arsenic H & - 0  P 2 8E-O8 mg/Tcg-dsy 1 5£*0G 1.2E-07 8JE-O7 mg/kg-day 3.DE-O4 m ̂ kg /4 .y 2.8E-03 

Lead l3E<02 (mg,kg) OOE^O mg,kg-day _ - OOE'-OO mg/kg-da\ NA (3) -

Manganese I 7EJ-02 (mg-kg) OOE^O mg/kg-day _ - 0 OE-00 mg/kg-day 5 6E-03 mg/kg/day 0 OE+00 

Vanadium 1.6E+01 (mg/kg) O.OE^OO mg/kg-day - 0 OE+00 mg/kg-day 2 3E-04 mg/kg/day 0 OE+00 

Esp. Route Total j  | |J I 2E-O5 |  _ 1 IE-02 

Exposure Medium Total I9E-05 2 6E-02 

Risk From Reference 3.5E-06 1.OE-02 

Risk from Site 1 6E-05 1 6E-02 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran 
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TABLE 3-34C
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfiind Site - Teivksbury, Massachusetts
 

Scenario Timefrnme: Future 

Receptor Population: Facility Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value Units IntakevExposur e Concentration CSF/OJnitRisk Intake Exposur r Concentration RfDRfC 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Soil Fugitive Dust Group 4 Soil Inhalation Benzo(a)anthracene 2 6E-09 mgm' ? 3E-1! mgm3 1 IE-OS (mg m')-1 3 7E-12 3 5E-10 mg m - -

Benzo(a)p\rene I 7E-08 mgm' 2 2E-10 mg m3 1 1EJ-00 (mg m'y 2 4E-I0 2 3F-09 mg,m3 - -

Benzo(e)pyrejie 1.3E-08 rag/m5 K6E-I0 mgfai - - 1.7E-09 mS/m3 -

Benzo(b)fluoranthene ! 4E-09 mgm' I 8E-H mgm3 1 IE-01 (mg m'y 2 0E-12 1 9E-I0 mg m3 - -

Benzo(k)fluoranthene 1 5E-09 mgm' 1 9E-II mgm3 I IE-01 (mg m'y 2 1E-I2 2 0E-I0 mg'm? - -

Bis(2-Chlorocthoxj)methane 1 8E-I0 mgm' 2 4E-12 mg,m3 - - 2 5E-II mg m3 - -

Carbazole I 9E-0g mgm' 2 3E-I0 mg m3 _ - 2 6E-09 mg'm3 - -

4-Chloro-3-meth}lphenol 2 2E-10 mgm' 2 9E-12 mg'm3 - - 3 OE-11 mgn,3 - -

Dibenzo(DuIi)anthraeene &9E-10 mei'm' 5.9E-12 mg/m3 I.2E-M30 (mg.'m'H J.IE-lf 9.4E-11 m^jn3 -

Dibenzofuran I 8E-08 mg.rn' 2 3E-10 mgm3 _ - 2 4E-09 mg m3 7 OE-03 (mg'm') 3 5E-07 

lndeno(l.2.3-cd)Pyrene 6 2E-09 8 IE-!! m ^ 1 IE-01 (mg'm'y 8 9L-I2 8 6F.-10 mg m3 _ _ 

1-Meth>lnaphthaiene 7 2E-04 mgm' 9.3E-06 9 9E-O5 mgm3 2 5E-0I (mg'-n1) 4 OE-04 

2-Meth)lnaphlhalene 3 0E-04 mgm' 3 8L-06 mgm3 - - 4 1E-O5 mg-m3 S 4E-0I (mg/m!) 2 9E-04 

Naphthalene 3.3E-04 tng/rti' 4.3E-06 4.5E-Q5 tng/nt3 3.0E-O3 (rng/m5) 1.5E-Q2 

CIl-C22Aromatics 5 4E-O3 mg/ms 1 8E-05 mg,ni3 - i 9E-04 mgm3 5 0E-02 (mg m>) 3 9E-03 

Arsenic 5.2E-0? 6 7E-11 mg/mJ 4.3E-0& (rtig/m'}-' 2.9E-10 7.2E-10 ragiml 3 0E-fl5 (tng/m') Z4E-O5 

lead 9 8E-08 mgm' 1 3E-09 mg m3 _ - 1 3E-O8 mg<m3 NA 0) -

Manganese 1 2E-07 mgm1 3 6E-09 mg n  3 _ - 1 7E-08 mgm? i or-05 (mg m!) 3 4E-04 

Vanadium I.2E-O8 mg'm3 1 5E-10 mg/n3 _ - 1 6E-09 mg,m3 _ -

Exp. Route Totai 5 6E-10 2 0E-02 

Ex. Medium Total 5 6E-I0 2 0E-02 

3.0E-I0 I.5E-02 

Risk from Site | | 2 5F-10 jf 4 9E-03 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran 
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TABLE 3-34C
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Suttoh Brook Disposal Area Superfund Site - Tewksbury. Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Facility Worker 

Receptor Age:	 Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC clancer Risk Calcul ations Non-Cancer Hazard Calculations 

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Intake/Exposure Concentration RfD/WC 

Units Cancer Risk Hazard Quotient Value Value Units Value Units Value Units 

Potable Groundwater Groups 3-6 Groundwater Ingestion	 K4-Dich!orobenzeno 3E-03 mg/L 1.8E-06 mg/kg-day 2.4E-02 (mg/kg-dayH 4.3E-08 I.9E-O5 mg/kg-day 9.0E-02 mg/kg/day 2.1E-04 

2,4-DimethylphenoI 2E-01 mg/L 1.OE-04 mg,kg-day - - 1.1E-03 mg/kg-day 2.0E-02 mg/kg/day 5.4E-02 

2-Methylphenol 1E+00 mg/L 5.7E-04 mg/kg-day - - 6.0E-03 mg/kg-day 5.0E-02 mg/kg/day 1.2E-0! 

3-Methylphenol/4-Methylphenol 2E+00 mg/L I.2E-03 mg/kg-day - - 1.3E-02 mg/kg-day 5.0E-02 mg.kg/day 2.5E-01 

4-Methylphenol 3E-01 mg/L 1.5E-04 mg/kg-day - - 1.6E-03 mg/kg-day 5.0E-02 mg/kg/day 3.2E-02 

Aroclor 1254 IE-03 mg/L 6.8E-07 mg/kg-day 4.0E-01 (mg/kg-dayH 2.7E-07 7.2E-O6 mg/kg-day 2.0E-05 mg/kg/day 3.6E-0! 

Alpha-BHC 5E-O5 mg/L 2.7E-08 mg/kg-day 6.3E+00 (mg/kg-dayH 1.7E-07 2.8E-07 mg/kg-day -

Naphthalene 1E-02 mg/L 6.2E-06 mg/kg-day _ 6.6E-05 mg/kg-day 2.0E-02 mg/kg/day 

Phenol 9E+00 mg/L 5.3E-03 mg/kg-day - - 5.6E-02 mg.kg-day 3.0E-01 mg/kg/day 1.9E-0! 

1,1.1 -Trichloroethane 5E-01 mg/L 2.8E-04 mg/kg-day - - 2.9E-03 mg/kg-day 7.0E-0! mg/kg/day 4.2E-03 

, «g/L 1,1,2-TrichIoroethane 7E-03 3.9E-06 mg/kg-day 5.7E-02 (mg/kg-dayH 2.2E-07 4.2E-05 mg/kg-day 4.0E-03 mg/kg/day 1.0E-02 

U-Dichloroethane 4E+00 mg/L 2.OE-O3 mg/kg-day - - 2.2E-02 mg/kg-day 2.0E-01 mg/kg/day 1.1E-0I 

_U-Dichloroethene IE-01 mg/L 7.4E-05 mg/kg-day -	 7.8E-04 mg/kg-day 5.0E-02 mg/kg/day 1.6E-02 

U2,4-Trimethylbenzene 1E+00 mg/L 7.9E-04 mg/kg-day - _ 8.4E-03 mg/kg-day - 

1,2-Dichloroethane 4E-02 mg/L 2.5E-05 mg/kg-day 9.1E-02 <mg/kg-dayH 2.3E-06 2.7E-04 mg/kg-day 2.0E-01 mg/kg/day 1.3E-O3 

1.2-Dichloroethene IE-01 mg/L 7.4E-05 mg/kg-day - - 7.8E-04 mg/kg-day 9.0E-03 mg/kg/day S.7E-02 

1,2-Dichloropropane 4E-03 mg/L 2.0E-06 mg/kg-day 6.8E-02 (mg/kg-dayH 1.4E-07 2.2E-05 mg/kg-day - 

1,3,3-TrimethyIbenzene 1E+00 mg/L 6.8E-04 mg/kg-day - - 7.2E-03 mg/kg-day - 

1,4-Dioxane 3E+00 mg/L 1.7E-03 mg/kg-day I.1E-02 (mg/kg-dayH 1.9E-05 ! .8E-02 mg/kg-day 1.0E-0I mg/kg/day 1.8E-01 

2-Butanone 8E+01 mg/L 4.4E-02 mg/kg-day - - 4.6E-0! mg/kg-day 6.0E-01 mg/kg/day 7.7E-01 

4-MethyI-2-pentanone 2E+02 mg/L 1.IE-01 mg/kg-day - - l.SE+OO mg/kg-day 8.0E-02 mg/kg/day 1.4E+01 

• Acetone 7E+01 mg/L 4.1E-02 mg/kg-day - 4.4E-0! mg/kg-day 9.0E-01 mg/kg/day 4.9E-01 

Acrylonitrile 1E+00 mg/L 7.4E-04 mg/kg-day 5.4E-01 (mg/kg-dayH 4.0E-04 7.8E-O3 mg/kg-day 1.0E-03 mg/kg/day 7.8E+00 

Benzene 5E-O2 mg/L 2.5E-05 mg'kg-day 5.5E-02 (mg/kg-dayH 1.4E-06 2.7E-04 mg/kg-day 4.0E-03 mg-kg/day 6.8E-02 

Carbon tetrachloride 5E-02 nig/L 2.9E-05 mg/kg-day 1.3E-01 (mg/kg-dayH 3.8E-06 3.1E-04 mg/kg-day 7.0E-04 mg/kg/day 4.5E-OI 

Chloroethane 3E+00 mg/L 1.4E-O3 mg/kg-day _ - 1.5E-02 mg/kg-day - 

Chloroform 6E-Q3 mg/L 3.2E-06 mg/kg-day 3.1E-O2 (mg/kg-dayH l.OE-07 3.4E-O5 mg/kg-day 1.0E-02 mg/kg/day 3.4E-03 

cis-l,2-Dichloroethene 2E-01 mg/L 1.2E-04 mg/kg-day - - 1.3E-O3 mg/kg-day 1.0&O2 mg/kg/day 1.3E-01 

Ethylbenzene 8E+00 mg/L 4.8E-03 mg/kg-day - 5.0E-02 mg/kg-day 1.0E-01 mg-kg/day 5.0E-01 

Ethyl methacrylate 4E+00 mg/L 2.3E-03 mg/kg-day 2.4E-02 mg/kg-day 9.0E-02 mg/kg/day 2.7E-01 

Methyiene Chloride 2E+00 mg/L 1.2E-03 mg/kg-day 7.5E-03 (mg/kg-dayH 9.3E-06 1.3E-O2 mg/kg-day 6.0E-02 mg/kg/day 2.2E-01 

n-Propylbenzene 9E-02 mg/L 5.2E-05 mg/kg-day - - 5.5E-O4 mg/kg-day _ 

n-Butylbenzene 9E-02 mg/L 5.1E-O5 mg/kg-day - - 5.4E-04 mg/kg-day _ 

p-Isopropyltoluene IE-01 mg/L 5.4E-O5 mg/kg-day - - 5.8E-04 mg/kg-day 1-0E-01 mg/kg/day 5.8E-03 

tert-Butylbenzene 7E-02 mg/L 3.8E-O5 mg/kg-day _ - 4.0E-04 mg/kg-day _ 

Tetrachloroethene 6E-03 mg/L 3.4E-06 mg/kg-day 5.4E-01 (mg/kg-day H 1.8E-06 . 3.6E-05 mg/kg-day 1.0E-02 mg/kg/day 3.6E-0? 

Tetrahydrofiiran 2E+01 mg/L 1.1E-02 mg/kg-day - - 1.2E-01 mg/kg-day - 

Toluene 8E+01 mg/L 4.4E-02 mg/kg-day - - 4.7E-01 mg/kg-day 8.0E-02 mg/kg/day 5.9E+00 

Trichloroethene 6E-03 mg/L 3.4E-06 mg/kg-day 4.0E-01 (mg/kg-dayH 1.4E-06 3.6E-O5 mg/kg-day 

Vinyl chloride 7E-02 mg/L 4.OE-O5 mg/kg-day 7.2E-01 (mg/kg-dayH 2.9E-O5 4.3E-04 mg/kg-day 3.0E-03 mg/kg/day 1.4E-0I 

\>lcnes (total) 3 EMM mgL 1 6E-02 mg-kg-daj _ - 1 7E-01 mgkg-daj 2 0r-0! mg/kg'da\ 8 <t-01 

Ajitimonv IE-01 m E l 5 7E-O5 mgkg-da) _ - 6 0F,-04 mgkg-dav 4 OE-04 mgkg-day 1 5E'OO 

•\rsenic 2EJ-00 mgL 1 3E-03 mgkg-da> 1 5E-KJ0 (mg/kg-da)H 2 Or-03 1 4E-02 mg.kg-di.) 3 0E04 mg.kg-da} 4 6L-0! 

Barium 4E-01 mgL 2 1E-04 mg/kg-day - - 2 2E-03 mg.kg-day 2 0E0I mg/kg.dny 1 l t -02 

Beryllium 6E-Ot mg/L 3J2E-O4 mg/kg-day - - 3.4E-03 mg'kg-day 2.0E-03 tng.'kg,day 1.7E+00 

Cadmium 6E-0Z mgyL 34E-05 mg*g-day - - 3.6E-04 mg/kg-day 5.0E-04 mg/kg/day 7.2E-01 

Chromftttrt 3£-d2 m|/L 17E-O5 mg,lg-day - - 1.8E-04 mg'5cg-dny i OE-04 mg/kg/day 3.6E-01 

Cobalt IE-01 mg,L 7 9E-05 mg.kg-daj - - 8 4E-04 mg.kg-day - 

Lend. BE-02 mg'L 3.4E-05 mg/tcg-day - - 3.6E-O4 mg/kg-day NA (3) 

Manganese 3E-01 mg/L 1 6E-02 mg.kg-day _ - 1 7E-01 mg,kg-day 4 7E-02 mg.kg/day 3 7E-00 

Nickel 8E-02 wg/1 4.5E-05 mg/kg-day - - 4.8E^)4 mgAg-day SOE-02 mg/fcg/day - Z4E-02 

Silver 8£-fll rag/L 4.5E-04 mgftg-day - - 4 8E-03 mg<1tg-day 5.0E-03 rag.kg/day 9.6E-Dt 

Thallium 5E-O3 mg'L Z7£-fl6 mg/kg-day _ - 2.9E-05 mg/kg-dny 8.OE-OS tng.'kg/dny 3.6E-01 

Vanadium 1E-0Z ng/L SJE-flfc mg/kg-day - - 6.0E-05 mg/kgAV 9 0E-03 mi'kg/day 6.7B-C3 

Zilte	 fflg/L HE-02 ttig,fcg-da> - - 3.3EJ1 m|*g-day 3.0E-&1 mgAg/dny i.iE+oo 

Exp. Route Total |	 2 4E-03 ][ 

Woodard & Curran Sutton Brook Disposal Area Superfund Site (210517) 
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TABLE 3-34C
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Facility Worker 

Receptor Age: Adult 

Chemical of Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern intake/Exposure Concentration CSF/Unit Risk Intake/Exposure Concentration 

Potable Groundwater Dermal Contact .4-Dichlorobenzene 3t-O3 2 6E-05 

2.4-Dimcthylphenol 2E-01 1 5L-03 

2-Metlnlphenol 2 7E-03 

'-Methylphenol4-Metln Iphenol 2Et00 4 6r,-03 

4-Meth\lphenol ?E-0! 5 9K-04 

Aroclor 1234 0 0E-00 

Alpha-BHC 5E-O5 I.6E-08 

Bis(2-Ethylhexyl)phthalate 6E-01 9.9E-04 5 OE-02 

Naphthal< mg/Ttg.dav 4 OE-04 

mg,Tvg/day 3.2E-03 

.1,1-Trichloroethane mg/kg-day 1.5E-04 

mg'L 6.7E-08 4 OE-03 1.8E-04 

,1-Dichloroethane 2.9E-05 2 0E-01 

3.OE-04 mg/kg-day 

1.2-Dichloroethane 2.2E-07 

1,2-Dichloropropane (rng/kg-day)-l tng/kg-day 

4-Methyi-2~pentanone 2E+02 

7E+0! 

mgl.g/day 

Carbon tetrachloride 

mg/kg-day (mg/kg-day )-l 5.7E-07 mg,kg-da> 1 OE-02 5.7E-05 

;is-l,2-Dic!iIoroethene 2.1E-O5 1 OE-02 2.1E-03 

mg/kg-day 1 OE-01 5.5E-02 

mg/kg-day 9 OE-02 8.4E-03 

1 OE-01 

.lethylene Chloride 6 OE-02 

mg/kg-day 

mg/kg-day 3.4E-04 

2.6E-05 mg/kg-day 2.8E-04 

tert-Butylbenzene 1.8E-05 mg/kg-day 

5.1E-O5 mg/kg-day 

2.8E-03 mg/kg-day 

l.IE-06 

mg/kg-day 4.0E-06 

2.5E-03 mg/kg-day 2.7E-02 

3 7F.-09 mgjtg-daj 4 0F.-08 6 OE-05 

8 7E-08 mg/kg-day 9 2E-07 3 OE-04 

4E-01 1 4E-08 mg kg-da> 1 5E-07 mg-kg-day 

Berytlium 6E-01 2.1E-08 ig-kg-day 2.2E-07 mg'Tcg-day 

2.2E-09 mg^g-day 2.4E-08 mg/kg/day 

2.4E-08 

1E-01 2 1E-09 mgkg-da>_ 2 2E-08 mg/1<g-da> 

6E-02 2.2E-10 2.4E-O9 rng/Tcg-day 

.langane I 1E-06 i ir.-o5 mg kg-da) mg/kg/day 

Nickel fi.OE-tO 6.3E-09 mg/kg-day 

I.9E-07 

mg/kg/day { 

Exposure Medium Total 

Woodard & Curran 
May 2007 



TABLE 3-34C 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS 

CENTRAL TENDENCY EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site  Tewksbury, Massachusetts 

Scenario Timeframe: Future 

Receptor Population: Facility Worker 

Receptor Age: Adult 

Medium Exposure Medium t\posure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern \alue I niU Intake.Exposure Concentration CSF/UmtRisk Intake/Exposure Concentration RfnRfC 

Value Units Value j Units Cancer Risk Value Units \alue Units Hazard Quotient 

\ir indoor \ir Group 4 Inhalation I etrachloroethene 4E-06 nig m* 7 7E-08 mgm? 5 9E-01 (mg'tn3)-' 4 5E-10 8 2E-07 mgm3 3 <EM>2 (mgm') 2 7E-O5 

Inchloroethene 3E-06 me/m* 5 4F-O8 mg.m3 2 0E-03 (mg/m3)-1 1 1E-10 6 5E-O7 mg'm3 6 0E-0! (mg-m1) 1 IE-06 

Exp. Route Total 5 6F.-10 2 4E-05 

Exposure Medium Total 5 6E-10 2 4E-O5 

Risk. From Reference 

Risk from Site 5 6E-10 2 4E-fl5 

Total of Receptor Rjsks Across AH Media 2E-03 Total of Receptor Hazards Across All Media 9E+01 

Risks from Reference 35-06 5E+00 

Risks from Site 2E-03 9E+0! 

(1) EPC = Exposure Point Concentration. CSF = Cancer Slope Factor. RID = Reference Dose. R1C = Reference Concentration 

(2) Cancer risk = Intake/exposure equation * CSF or Unit Risk; Hazard Index = Intake/exposure equation / RID or RJC. 

(3) Lead risks were evaluated separately. See text for explanation. 

Shaded = Concentrations of contaminant are consistent withreference concentrations. 

Sutton Brook Disposal Area Superfund Site (210517) 
G:\210517 Sutton Brook\wip\Human Health Risk AssessmentARtek calculations.xls Woodard & Curran 

May 2007 



TABLE 3-34D
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Facility Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Ĉ ancerRiskCalcu ations Non-Cancer Hazard Calculations 

Potential Concern Value I nits Intake.Exposure Concentration CSF/UnitRisk Intake/Exposur e Concentration RiDTUC 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Soil Upland Soil Group 4 Benzo(a)anthracene 3 8E-MH |_(mg.*g) 8 OE-06 mg Tig-day 7 3F-01 (mg Tig-da) M 5 8E-06 2 2E-05 mg Tig-da) - -

(O-IO'bgs) Upland Area Benzo(a)pjrene 2 3EfOI (mg'kg) 4 8E-06 mg/kg-daj 7.3Ef00 (mg,Tig-da»-l 3 5E-05 1 3E-O5 mg'Ttg-daj - -

Benzo(e)pyrene 1JE+G1 <mg*g) 3.6E-06. flie^g-day LflE-05 mg/kg-day 

1 SE-'-Ol u (mg/kg) mg/kg-da) 

Benzo(k)fluoranthene 2 0E+01 4 2E-06 mg'Tig-day 7 3E-02 3 1E-07 1 2E-O5 mg/Tig-da) 
_ 

B is(2-Ch!oroethox} )m ethane 4 9E-01 (mg'Tig) 1 OE-07 mg^g-day - - 2 9E-07 mg'kg-dav - -

Carbazole 2 2E-MJ1 (mg'Tig) 4 6L-06 mg'Ttg-da> 2 OE-02 (mg/kg-day)-l 9 2E-08 1 3E-05 mg-Tig-dny - -

•l-Chloro-3-meth)ipheno! 3 7E-0I (mg'Vg) 7 8E-08 mg'Tcg-day - - 2 2E-07 mg-lsg-day 7 OE-02 mg/kg.daj 3 1E-06 

DioenzoCaJi)anthracene 3i>E+00 8.IE-07 rng'Tcg-day 7-3E+G0 (mg/kg-dayM S.9E-O6 23E-06 mg/kg^Jay - -

Incidental Ingestion Dibenzofuran 2 OEM) I (mg/kg) 4 2E-06 mg.Tig-da) - - I 2E-O5 mg-Tig-da> 2 OE-03 mg/kg/da) 5 9E-03 

Indeno(l,2.3-cd)Pyrene 8 5E-O0 (mgTig) 1 8E-06 mg.1tg-da> 7 3E-01 (mg-kg-day)-l 13E-06 5 OE-06 mg,Tig-day - -

I-Methvlnaphthaiene 1 2E-01 (mg/kg) 2 5E-06 mg1vg-da> - - 7 OE-06 mg kg-da> 4 OE-03 mg'kg/da) 1 8E-03 

2-Methylnaphthalene 1 4E+0! (mg/kg) 3 OE-06 mg/kg-day _ - 8 4E-06 mg.ivg-day 4 OE-03 mg kg/day 2 1E-03 

Naphthalene 1 3E+01 (rtg^Tcg) 3.8E-06: tng^g-daj _ - 7 7 E ^  6 mg/kg-day 2 OE-02 mg/Tcg/day 3.9E-04 

CII-C22Aromatics 7 2E+01 (mg/kg) 1 5E-05 rag'Tcg-da> - - 4 2E-05 mg;Ttg-day 3 OE-02 mg'kg/day I 4E-03 

.Arsenic UE*m UE-Ofr agAt-dliy1 1JE+GQ (ing/i£-day)-J 2J2E-O6 4.2E-06 mg/fcg-ddy 3.0E-04 tntr/ttg/dav L4E-02 

Lead I 3E->02 (mg'Tig) 2 8E-O5 mg'Tig-dav - - 7 8E-O5 mg/Tcg-day NA (3) -

Manganese I 7L+02 (mg'Tig) 3 6E-05 mg.Tig-day - - 1 OE-04 mg Tig-day 1 4E-01 mg,kg,dn> 7 1F-O4 

Vanadium I 6E+01 (mg/kg) 3JE-06 mg^g-day - - 9.3E-06 mg/kg-day 9 OE-03 mg/kgyday I OE-03 

&cp. Route Total 5 3E-05 2 9E-02 

Benzo(a)anthracene 3 8E+01 (mg'itg) 6 8F-06 mg.kg-dav 7 3E-0I (mg/kg-daj)-i 5 OE-06 1 9E-05 mg'Tig-day - -

Benzo(a)pyrene 2 3E+01 (mgkg) 4IL-06 mg.iig-dav 7 SE-'-OO (mg/kg-da>>-l 3 0E-05 1 IE-05 mg,Tig-day - -

flEnzo{e)pyrens 1.7E+0I (mg/kg) 3.1E-06 n i ^ g - d a ? - -mgykg-day - -

Benzo(b)fluoranthene I 6E+0! (mg-ltg) 2 9E-06 mg'kg-dav 7 3E-01 (mg(kg-day)-l 2 1E-06 8 1E-O6 mg/kg-dav - -

Benzo(k)fluoranthene 2 0E-M)! (mgTig) 3 6E-06 mg/kg-day 7 3E-02 (mg/Tig-da>}-I 2 7E-07 I OE-05 mg*g-d.> - -

Bis(2-Ch!oroetho\y)methane 4 9E-01 (mg.kg) 6 8E-08 mg,lvg-da> - - 1 9E-07 mg,Tig-da> - -

Carbazole 2 2E--0! (mgTig) 3 OE-06 mg'Tig-day 2 OE-02 (mg-iig-dayM 6 1E-08 8 5E-06 mg'1ig-da> -

4-Chloro-3-meth>lphenol 3 7E-OI (mg'Ttg) 5 1E-08 mg/Tcg-day - - 1 4E-07 mg/kg-daj 7 OE-02 mg'kg/daj 2 OE-06 

D3benzo{a,h)antftracene 3-9E+00 (ng'ivg) 7.0E-Q7 mg/kg-day 7JE+00 (mg,'kg-dayM 5.1E-0S 2.0E-06 irigftg-day - -

Dermal Contact Dibenzofiiran 2OE-03 (mg'Tig) 2 8E-06 mg'itg-day - - 7 8F-06 mg-kgib} 2 0C-0? mg/Tig/da> * 9t-03 

Indeno(l,2r3-cd)P>rene 8 5E*-00 (mg,Tig) I JE-06 mgkg-da> 7.3E-OI (mg/kg-da>)-l 1 IE-06 4 3E-06 mg'kg-da) - -

1-Meth>lnaphtha!ene I 2EM)l (mgkg) 2 2E-06 mg/Ttg-day - - 6 OE-06 mg/kg-da) 4 OE-03 mg'kg/da) 1 5E-O3 

2-Methjlnaphtha!ene I 4E-01 (mg.lg) 2 6E-06 mg-kg-day - - 7 2E-06 mg/kg-day 4 OE-03 mg/kg, daj I 8E-03 

Naphthalene 13t+6l Cmg'lgi a4£-qe Irig/kg-day - - S6E-0S mg/kg-day 2 OE-02 mg/kg/day 3.3E-O4 

Cll-C22Aromatics 7 2E-01 (mg'kg) 9 9E-06 mg'kg-day - - 2 8E-05 mg-kg-day 3 OE-02 mg/kg/da) 9 2E-04 

.Arsenic t J£+Q0 l^fM) 2SE-07 mg/icg-day rJfi-HKt (lttg/kg-diiy)-! 4-.4E-0T K.3E-07 ing/fcg-day 3.0E-04 mg/kg/dfly 2.8E-03 

Lead 1 3F.+02 0 OE-t 00 mglig-daj - OOE'OO mg.kg-day NA (3) -

Manganese 1 7E^02 (mg'itg) OOEtOO mg/Vg-dav - - 0 OE-̂ 00 mg,kg-da) 5 6E-03 mg/Tig/da) 0 0I>00 

Vanadium 1 6E+01 (mg/kg) 0 0E+00 mg/kg-day _ - O.OE+00 mg/kg-day 2 3E-04 mg/kg/da) 0OEM)0 

Exp. Route Total 4 4E-05 i I 1E-02 

Exposure Medium Total 9.7E-05 j  | 4 IE-02 

1.4E-05 fl 1.7E-02 

Risfc from Site 8 3E-O5 1 2.3E-02 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran
 

G:\21O517 Sutton Brook\wip\Human Health Risk AssessmenURIsk calculatlons.xls May 2007
 



TABLE 3-34D
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

atton Brook Disposal Area Superfiind Site - Tewksbury. Massachusetts
 

Scenario I lmeframe Fuluic 

Receptor Population Fncilil) Worker 

Receptor Age. Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calcu ations Non-Cancer Hazard Calculations
 

Value Units IntakcExposure Concentration CSF/UnitRisk Intake/Exposure Concentration RfD/RJC
 

Value Units Value Units Value Units Value Units Cancer Risk	 Hazard Quotient 

Soil FugitneDiul Group 4 Soil Inhalation	 Benzo(a)anthracene 2 6H-09 mgm' I 3E-!0 m g  V 1 IE-0I (mg/mV I 4F-I1 3 5F-10 mgm' - 

Benzo(a)pjrene 1.7E-08 mg m' 8 2E-10 mg,m3 1 IE-00 (mS,m y 9 OE-IO 2 3E-09 mg<m3 s

Benzofejpyrene 1.3E-O8 6.1E-1& m&'m3 - - 1.7E-09 mg/m3 

Benzo(b)f!uoranthene I 4F.-09 mgm' 6 8E-11 mg'm3 1 1E-0I (ms-m'y 7 3E-12 1.9E-10 mgm3 

Benzo(k)fluoranthene i 5E-09 mg/m' 7 3E-1! mg/m3 I IE-01 (mg m>y 8 1E-I2 20E-I0 mg m3 - - — 

Bis(2-Chloroethox})methane 1 8F.-I0 mg''m! 8 9E-I2 mg/m3 - - 2 5E-11 mgm3	 -

Carbazole ! 9E-08 mg/m' 9 4E-I0 m g m 3 _ - 2 6E-09 mg/m3 

4-ChIoro-3-meth>lphenoI 2 2E-I0 mg/mJ 1 IE-11 mg/m3 - 3 OE-11 mg/m3 

DibenroCa.h)BrithTacene 6.9E-10 mg/ra' 3.4E-1J r mgfai3 • (mg/mV 4.0E-U 9AE-U mg>m3 -

Dibenzofiiran 1 8F-08 mgm' 8 6E-10 mg'm3 2 4E-O9 mgm? 7 OE-03 (mg/m') 3 5E-07 

Indeno(l,2.3-cd)P>rene 6 2E-09 3 IE-10 1 IE-0! (mg-m')-' 3 4E-11 8 6E-10 mg'm3 

1-Meth}lnaphthalene 7 2E-04 mgm3 3 5E-05 mg m3 _ - 9 9E-05 mgm3 2 5E-01 (mg m') 4 OE-04 

2-MetMInaphthalene 3 OE-04 mgm' 1 5E-O5 mg/m3 - - 4 IE-0 5 mg'm3 I 4E-01 (mgm') 2 9E-04 

NaplilhdTene « 8 W 16E-0.5 tng/rti3 - 4 5E-05 •tng/m3 3 OE-03 (mg/m1) 1.5E-02 

Cll-C22Aromatics 14E-03 mg/m' 7 OE-05 mg/m3 - - I 9E-04 mgm3 5 0E-02 (mg,m3) 3 9E-03 

Arsenic 52E-09 mg'm* Z6E-1D mg/m3 4J.E-HH) 1.1E-09 7^E-10 m|/fti3 3.0E-OJ (rng/m") 2.4E-05 

Lead 9.8E-08 mg/m' 4 8E-09 mg<m3 - 1 3E-08 NA (3) -
Manganese 1 2E-07 6 IE-09 mg/m3 - 1 7E-08 5 OE-05 (mg m') 3 4E-04 

Vanadium L2E-08 mg/mJ 5 7E-10 mg.m3 _ - 16E-09 -

Exp Route Total 2 1E-09 2 0E-02 

Ex Medium Total 2 IE-09 2 0E-02 

Risk From Reference 1.3E-09- 1.5E-02 

Risk from Site 9 7E-I0 || 4 9E-03 

III

 

Sufton Brook Disposal Area Superfund Site (210517) 
Woodard & Curran 

G:\210517 Sutton Brook\wip\Human Health Risk Assessment\Risk calculations.xls 
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TABLE 3-34D
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfiind Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Facility Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of FPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern \a!ue L'n>ts Intake/Exposure Concentration CSF/lJnit Risk Intake/Exposure Concentration RfD/RfC 

Value Lnits Value I. nits Cancer Risk Value Units Value Units Hazard Quotient 

OtoundSvater Potable Groundwater Groups 3-6 Ingestion 1,4-Dichlorobenzene n g  l 1 3E-05 mgkg-da\ 2 4E-02 (mg/kg-day)-l 3.1E-07 3.6E-05 mg<kg-day 9.0E-02 mg/ke-day 4.0E-04 

2r4-Dimelh)iphenol 2F-0! mgL 7 2E-04 mgfcg-day _ - 2.0E-03 mg/kg-day 2.0E-02 mg kg/day I.0E-01 

2-MethyIphenol i r+co mg  l 4 (1E-03 mgicg-da^ - - 1.1 E-02 mg/kg-day 5.0E-02 mg/kg/day 2.3E-01 

3-Methylpheno!/4-Methylphenol 2E-00 mgl 8 4E-03 mg.kg-dav _ 2.4E-02 mg/kg-day 5.OE-02 mg/kg/day 4.7E-01 

4-Methylpheno! 3F-0I m g l  . 3 IE-03 mg1cg-dav - 3.0E-O3 mg/kg-day 5.0E-02 mgikg'day 6.1 E-02 

Aroclor 1254 IF.-03 mgL 4 RC-06 mgkg-day 4 0F-01 (me^g-day)-! 1.9E-06 ! .4E-05 mg*g-day 2.OE-O5 mg/kg-day 6.8E-0! 

Alpha-BHC (me*g-da\H I.2E-06 S.3E-07 mg*g-day 

Bis(2-Ethylhex:yl)phthalate 6F-0I mgl 2 5E-O3 mg/kg-day 1 4 E-02 (mg.Vg-day )-l 3.4E-O5 6.9E-O3 mg/kg-day 2.0E-O2 mg/kg/day 3.4E-01 

Naphthalene 1E-02 ir.pl 4 4E-03 mg.\g-da\ - - 1.2E-04 mg*g-day 2.0E-02 mg/kg/day 6.2E-03 

Phenol 9 t>0 i m g  l 3 81-02 mg/Vg-dav - - I.1E-0I mg/kg-day 3.0E-01 mg/kg/day 3.5E-0I 

LU-Trichloroethane 5E-0I mgl 2 0F-03 mg,Tcg-da\ - 5.5E-O3 mg/kg-day 7.0E-OI mg/kg.day 7.9E-03 

U.2-Trichloroethane 7r-03 mgL 2 sr-os mg.Tig-dny 5 7E-02 (melce-davH 1.6E-06 7.8E-05 mg/T(g-day 4.0E-03 mg.kg/day I.9E-02 

1,1-Dichloroethane 4E+00 m g l  . I 4E-02 •ng/kg-dn - - 4. IE-02 mg/kg-day 2.0E-01 mg-kg/day 2.0E-01 

U-Dichloroethene !L-05 mgL 5 2E-04 mg kg-dav - - 1.5E-03 mg-itg-day 5.0E-02 mg/kg/day 2.9E-02 

1,2-4-Trimettn Ibenzene 3E-00 mgL 5 6E-03 mg lig-dav _ - 1.6E-02 mg/kg-da; _ _ 

! ,2-DichIoroelhane 4E-02 •ngl 1 8E-04 mg,1tg-day 9  ! E-02 (mg/kg-da))-I 1.6E-05 5.0E-04 mg/1sg-day 2.0E-0! mg/kg/day 2.5E-03 

1 ''-Dichloroethene 

1,2-Dichloropropane 4F.-03 mgL 1 4L-05 mg 1cg-day 6 8L-02 (mg*g-da>)-l 9.8E-07 4.IE-05 mg/kg-day _ _ 

I \5-Trimethvlbenzene IE-00 mgL 4 8E-O3 mg,1ig-day - - 1.4E-02 mg/kg-day - -

1 ,4-Dioxane _T,-OO ms  L ! 2F-02 mg,Tcg-da) ! IE-02 (mg'1tg-da>)-I ! 3F,-04 3.4E-02 mg/kg-day I.OE-01 mg/kg/day 3.4E-01 

2-Butanone 8E-01 mgL 3 1E-01 mg/kg-day - 8.7E-01 mg/kg-day 6.0E-0! mg/kg,day I.4E+00 

4-Methy!-2-penlanone 2E-02 mgL 7 6E-01 mglig-day - - 2.1E+00 mg/kg-day 8.0E-02 mg/kg/day 2.7E+01 

Acetone T J 0  I m g  l 2 9F-01 mg Ttg-da\ - - 8.2E-01 mg/kg-day 9.0E-01 mg/kg/day 9.IE-01 

Acrylonitrile ! I>00 mg l 5 2F-03 mg1ig-tiay 5 4E-01 (mg,kg-day)-l 2 8E-03 i.JE-02 mg/kg-day 1.0E-03 mg/kg/day I.5E+01 

IE-02 mgL 1 8F;-04 mg/kg-da> 5 5E-O2 (mg,-kg-dav)-I 9 9E-06 5.1E-04 mg/kg-day 4.0E-03 mg/kg/day 1.3E-0I 

Chloroethane 
mg L 

m g  L 1 OE-02 

mglig-da> 

mg.Vg-day 
" ~ "  _ "  " "  " "  " Y 

_ 2.8E-02 

mg/kg-day 

mg,kg-day 

mg/kg/day 

Chloroform 6E-03 mgL 2 3E-O5 mgVg-day 3 IE-02 (mg.U-dav)-l 7.1E-07 6.4E-05 mg/kg-day 1.OE-02 mg kg/day 6.4E-03 

cis-l.a-Dichioroethene 2E-0! m a  t 8 8E-04 mg1ig-da> - - 2.5E-O3 mg/kg-day ! .OE-02 mg/kg/day 2.5E-01 

Ethvlbenzene 8r,-> oo mgl 3 4t;-d2 mg *g-da\ - - 9.5E-02 mg/kg-day i.OE-Ol mg/kg.day 9.5E-0I 

Ethyl methacr> late 4I>00 mgL I 6E-02 mg.kg-da\ - - 4.5E-02 mg/kg-day 9.0E-02 mg,kg day 5.OE-01 

Isopropylbenzene 8r-02 mgL 3 3E-04 mg.kg-da> - - 9.2E-04 mg.kg-day i.OE-OI mg.kg/day 9.2E-03 

Methylene Chlonde 2E-00 mgL 8 8L-O3 mg'kg-da\ 7 <E-C3 (mg-kg-da))-l 6 6F.-05 2.5E-02 mg/kg-day 6.0E-02 mg/kg/day 4.IE-01 

n-PropyIbenzene 9F-02 mgL 3 7F-P4 mg-ke-day - - I.0E-03 mg/kg-day - -

n-ButyIben2ene 9E-02 mgL 3 6E-04 mg kg-dav - - 1.0E-03 mg/kg-day - -

p-Isopfopyltoiuene 1L-01 mgL ? 9L-04 mgkg-daj 1.IE-03 mg/kg-day I.OE-01 mgkg/day 1. IE-02 

tert-Butylbenzene mgkg-day _ 7.5E-O4 mg,kg-day 

T etrachloroeth ene 6F-03 mgL 2 4E-05 mg,ltg-day 5 4L-0I (mg*g-dav)-l ! 3E-01 6.8E-05 mg/kg-day I .OE-02 mg/kg/day 6.8E-03 

Tetrahydrofiiran 21,-0! mgl 8 OE-02 mg kg-dav - - 2.3E-0! mg/kg-day _ -

Toluene 8L^01 mgL 3IT-01 mgVg-dav - 8.8E-0I mg/kg-day 8.0E-02 mg kg/day 1.1E+01 

Trichloroethene 6F-C3 mgL 2 4E-O5 mg kg-<iav 4 OE-01 (Ing.kg-da^)-l 9 6E-06 6.8E-O5 mg/kg-day - -

Vinyl chloride 7F-02 mg 1 2 9F-04 mg.kg-dav 7 2E-01 (mg.Vg-da\)-l 2 IE-04 8.0E-04 mg/kg-day 3.0E-03 mg'kg/day 2.7E-01 

Xylenes (total) ^E-01 m g l  . 1 1F-01 mg'itg-da* - - 3.2E-01 mg/kg-day 2.0E-0I mg.kg/day 1.6E+00 

Antimony IE-03 m g l  . 4 OE-0 * mg^g-dav - - i.IE-03 mg/kg-day 4.0E-04 mg/kg/day 2.8E+00 

Vnenic 2F.'OO mgL 9 3E-01 mg.Vg-da> I 5E-00 (mg kg-dav y\ 1 4E-02 2.6E-02 mg-kg-day 3.0E-04 mg/kg/day 8.7E+01 

Hanum 4T-01 mgL 1 5E-0? mg-Tcg-day _ - 4 2E-03 mg/kg-day 2 OE-01 mg/kg,day 2 IE-02 

Bet> Ilium 6E-G1 mg/I> 2.3E-03 m^/kg-daj - - 63-E-03 mg/lcg-doy 2 0E-03 mg-icg/day 3.2&ma 

Cadmium 6E-02 mg/L Z4E-04 mS*g-day - - 6.8E-04 tnfe/kg-day 5.0E-0J mg/kg/day 1.4E+00 

Chromium 3E-02 mg'L J.2E-04 mg,*g-day - - J.4E-04 mg/kg-day l.VE-64 mg/kg/day S.8E-O1 

..'obait 1E-01 mgL 5 6E-O4 mg/lg-dav - - 1 6E-03 mg/kg-da^ - -

Lead 6E-G2 mpU 2 4E-04 mgVltg-doy - - 6 8E-D4 mg/kg-day NA (3) -

Manganese 3E(01 mgL I 2F-0! mg-ig-day - - 3 3E-0I mg/kg-da> 4 7E-02 mg-kg.day 7 0E-00 

Nrckel t£41 fflg<L 3J1E-04 mevTcg-day - - &0E-04 mg/kg-day ±0£-01 mg/kgAby 4.5E-02 

Silver SE-01 mg/L 3 2E-03 mgiTcg-day - 9 0E-03 mg'kS-dai 5.0E-03 mg/kg^dar l.BE-'-OO 

Thallium 5E-O3 •mg/L 1 9E-05 mj/fcg-<!ay - 5 4E-O5 mg'Tcg-day SOE-QS mgilcg.(hy ' 6.8M1 

Vnnadium IE-02 m g  l 4.0E-05 ni&T,g-dai - - 1.1 E-04 mg/kg-day 9.0E-03 mg.kg/day 1.3E-02 

Zinc (JE-fOl mg/L. 12E-0J mgAg-flay - - 64E-0L mg/ki-day 3.0£-01 mg/kg/day 2.J.E+00 

Exp. Route Total ]( 1 7E-02 ~  | 1 7E-02 

Suttan Brook Disposal Area Superfund Site (210517) 
G:\210517 Sutton Brook\wip\Human Health Risk AssessrnentXRisk calculationsjcls 

Woodard & Curran 
May 2007 



TABLE 3-34D
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfiind Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Facility Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of HPC Cancer Risk Calculations 

Potential Concern Value Units Intake Exposure Concentration CSF'Lnit Risk 

Value Lnits \alue Units Cancer Risk 

Potable Groundwater Dennal Contact 

2.4-Dime!hv Iphenol 2E-01 _ mgL_ 3 4E-05 mg-kg-dav 
" — 

2-Methv Iphenol IE-00 msL 1 6H-04 mg.kg-dav 

3 -Methv lphenoi/4-Methv Iphenol 2F.-00 mgL 2 6E-04 me kg-day 

4-Meth> Iphenol 3F-01 mgL 3 4F.-05 _ mg-kg-daj 

Aroclorl254 

\lpha-I3HC 5E-05 1 8E-08 mg/kg-day 6 3E-00 (mg kg-da})-! 1 1E-07 

Naphthalene 1E-02 nig \, 9 3L-06 mg\g-day 

Phenol 912-00 mgL I 1E-03 mgkg-day 

l.U-lrichloroethane 

1.1.2-rnchloroelhane 7E-0* mgL 8 2E-07 mg'kg-day 5 7L-02 (mg-kg-da>>I 4 7F-08 

l.l-Dichloroethane 4E-00 mgL 3 6E-04 mg'kg-da\ 

I.l-D.chloroethene 1E-0I mgL 2 3E-O5 mgkg-da\ 

1.2.4-1 rim ethjlbenzene 1E L00 3 7F.-03 mg kg-day - • : ~ 

1.2-Dichloroethane 4E-02 mgL 2 8E-06 mg,kg-da> 9 1E-02 (mg/kg-da\)-l 2 5E-07 

1.2-Dichloroethene 1E-01 mgl. 1 5E-O5 mg kg-da> - -

1,2-Dichloropropjne 4E-03 mgL 4 f-E-07 mgkg-da\ 6 8E-02 (mg.kg-da>M 3 1E-08 

1.3.5-1 rimethvlbenzene IK-00 _ m g L  _ 1 8F.-O3 mgkg-da\ 

1.4-Dio\one 3L-00 ing L 1 4E-0J mgkg-da\ i in-02 

2-Butanone 8E-01 _ mg_L 1 l t -03 _ .ngkg-da> 

4-Melhyl-2-pentanone 2E-02 mgL 1 1F-02 mg'kg-daj 
— " " 

Acetone 7E-01 mgL 9 1E-04 mg kg-da) 
- ~ -

Benzene 5L-02 mgL 8 7F.-06 mg kg-da\ 5 5C-02 (mgkg-day>l 4 8E-07 

Carbon letrachloride 5E-02 "!_gii 1 8F,-05 mg^kg-day I 3C-01 (mg kg-da) H 2 3L-06 

Chloroethane 3EJ0O mgL 1 8E-04 mg/Xg-daj 

Chloroform 6E-03 mgL 6 6E-07 mg kg-day 3 lE-02 (mg4g-da>)-l 2 0L-08 

cs-1,2-Dichloroethene 2E-01 mgl 2 5E-O5 mgdtg-day 

Llh) Ibenzene 8F-00 mgL 6 4P.-03 mg.kg-dav - -

Ethvlmethacrvlate 4E-00 mgl, 8 7E-0* mgkg-da^ -

lsopropvIbenzene 8E-02 mgL 1 4L-04 mg,kg-da) - -

Methylene Chloride 2Ei-00 mgL 1 OF-04 mg kg-dav 7 5E-03 (mg'kg-day)-l 7 8E-07 

n-Prop)Ibenzene 9E-02 mgL 2 Ot-04 mgkg-da> 

n-BuMbenzene 9E-02 m g  l i 9K-04 _mglwg-da>_ 

p-Isoprop\ltoluene 1E-01 m!Jr •» 2F,-04 mg.kg-da> 

tcrt-But> Ibenzene 7E-02 mg I, 2 2E-04 _mgVg-d  « 

I etrachloroethene 6E-(n 4 512-06 mg kg-daj S4r-0l (mgkg-da>)-l 2 4L-06 

Ietrahjdrofuran 2C-0I mg L 6 2P-04 mg.kg-dav _ _ 

I oluene 8E-01 _ m g  L "< 4E-02 me Kg-day 

Trichloroethene 6E-03 mgL I 3E-06 mg kg-da> 4 OE-Ol (mg'-kg-da\)-l 5 2E-07 

Vinvl chloride 

Xvlenes (total) 

7E-02 

Ti-Ol 
_ mgjL 

_ m g L _  _ 

4 7F-06 

3 1E-02 

mgkg-dav 

mg kg-da\ 

7 2L-0I (mg1tg-daj>I 3 4E-06 

1E-0I mgL 6 5E-O8 mg kg-dav 

2E-00 
mgL 

I 5L-06 mg.kg-dav I 5E-00 (mgkg-da^I 2 2E-O6 

Barium 4E-01 2 4E-07 mgkg-da\ 

Beryllium 6E-01 tng/L 3.6E-07 mg^g-day - -

Cadmium 6E-02 mg/L 3-9E-08 mg/kg-day - -

Chromium 3E-G2 mg'L 3.9E-08 mg/kg-fcy - -

Cobalt 1E-01 mgL 3 612-08 mgTtg-doy - -

Lead 6E-02 mg/L 3.9E-09 mg*g-day - -

langanese 3EHH mgL 1 9E-05 mg,kg-day 

Nickel 8E-02 m g '  l J.OE-08 mg/kg-day -

Silver 8E-01 tng.L 3.1E-07 tng.ltg-day - -

Thallmm 5E-03 mg/L 3.1E-09 mg^g-day -

radium 1E-02 mg/L 6.5E-09 me.1vg-day - -

Zinc 6E+01 mgl 2.1E-05 mgyTcg-dny - -

Exp. Route Total || || 3.8E-05 ]|
 

Exposure Medium Total . |j j | 1 7E-02 J |
 

O.OÊ OO. | |
 

Risk from Site j  | I.7E-02 ~ |  [
 

Non-Cancer Hazard Calculations 

Intake. Exposu e Concentration RiDRfC 

Value I'mts \ alue ln i t s Hazard Quotient 

9 6E-O5 mg-kg-daj_ 2 012-02 mg.kg-dav 4 8E-03 

4 4F-.-0-1 mgKe-<k\ 5 012-02 mg/kg/dnv 8 9F.-03 

7 4F-04 mg.1«g-dii> 5 OH-02 mg/itg/day 1 5E-02 

9 5E-O5 mg-kg-da> 5 OE-02 mg-kg dav 1 9F-03 

0 OF.00 mg,1ig-day 2 012-05 mg.kg dav 0 0E-00 

5 OE-08 mg kg-dn> 

1 T-03 

3 1E-03 mg.kg-da> 3 on-oi mgVgdav i or-02 

3 3E-04 me ke-da> 

2 3E-0G mg-kg-day_ 4 OE-03 mg^gda  v 5 7F-04 

1 0L-03 mgkg-da> 2 0E-01 mgkg.dav 5 0E-03 

6 4F-05 mg Kg-da) 5 OE-02 mg.kg dav I 3E-03 

1 OE-02 mg kg-dav 

7 7E-06 mg1<g-da\ 2 0E-01 mgkg/da) 3 9F-0* 

4 1E-05 mg kg-da\ 9 0E-03 mg/kg da) 4 r̂--OT 

i ^n-06 mgkg-da\ - -

4 9E-03 mgkc-daj 

! 0L2-01 mg.ke-dav 3 8E-04 

3 OF-d 6 0E-01 mg/kg. dav 5 0E-03 

3 212-02 mg.lcg-daj__ 8 OE-02 mgkg'dav 3 9F-01 

2 5E-O3 mgkg-da\ 9 or,-o i mc-ke/dav 2 8F-03 

2 1E-05 mg kg-da) 4 0F-03 mgTcg.dav 6 II--03 

4 9E-05 mg kg-day 7 OE-0 \ mg/Xg.dav 7 OE-02 

5 Of-01 •ngVg-da^ 

1 8r-06 mgkg-da\ 1 OE-02 mgkgdav 1 8E-04 

6 9E-05 mg kg-da) 1 OE-02 mg kg da} 6 9E-03 

1 8E-02 mg kg-da\ 1 0E-01 mg.kg da) 1 8F-01 

2 4E2-03 mg kg-da, 9 OE2-O2 mgkgdav 2 7F-02 

3 8F.-04 mgkg-da) I 0F.-01 mg.kgdav 3 812-03 

2 9E-04 mg/i^g-day 6 OE-02 mg.kg.day 4 9E2-O3 

5 7L-04 mgkg-dav 

1 1L-0? mgkg-dav 

9 OF-04 mg kg-dav 1 0E-01 mg'kg.dav 9 0C-(n 

6 3E-04 mg.kg-dav 

I 71-0^ mg kg-dj) _ _ 

9 6E-02 mg kg-dav 8 OE-02 mg.kg. day 1 2E'OO 

3 7fc-06 mg kg-da) 

I 3L-0' mg,Xg-da)_ 3 012-03 mg kg.dav 4 4E-0'' 

8 6E-02 mg,kg-dav 2 OF-0I mg kg dav 4 3F-01 

1 8F-.-07 mgkg-dav 6 0r-05 mg.kg dav 3 0E-03 

4 2F-06 mg^g-day 3 OF-04 mg.kg.dnv 1 4E-02 

6 7E-07 mg/kg-da) 1 4E-02 mg.kg da) 4 8E-05 

1.0E-06 mg'Tcg-day 1.4E-05 mg/kg'day 7.2E-02 

L1E-O7 mg/1cg-da> Z3E-05 lng/1tg/d.-ty 4.3E-03 

1.1E-07 mg/kg-day 2.5E-05 mg/kg day 4.3E-03 

1 OE-07 mglig-da> -

1.1E-08 mg/kg-day NA (3) -

5 2E-05 mg.kg-dav 1.9E-03 mg kgdav 2 8E-02 

2.«E-08 rng'Ttg-day 8.0E-04 mg'kg,'day 3.6E-05 

8.7E-O7 mg/Ttg-day 2 0E-04 mg/kg'diiy 4.3E-03 

S.7E-09 mg/kg-day 8.OE-05 mg/kg/day 1.1E-04 

I.8E-O8 mg/kg-dny 2.3E-04 mg/icg/day 7.7E-05 

6.0E-05 mg/kg-day 3,0£-0i mg/kg/day 2.0E-04 

2.7E+00 

1 7E-02 

9.2E+00 

1 6E-02 



TABLE 3-34D
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility- Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Facility Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value Units Intake/Exposure Concentration CSF/UnilRisk Intake/Exposure Concentration RfD/KiC 

Value Units Value Units Cancer Risk Value Units Value L'niU Hazard Quotient 

Indoor Air Group 4 Inhalation I etrachloroethene 4E-06 mg/tn3 3 3E-07 mg m* 5 9E-0* (mg m'}-' 2 OE-09 9 3E-07 mgm3 3 5E-O2 (mg m3) 2 7E-05 

Inchloroethene 3E-O6 mg/m3 2 3E-07 mg<m2 2 0E-03 (mg/m1)-1 4 6E-10 6 5E-O7 mg.'m3 6 0E-01 (mg/m>) ! 1E-06 

Exp Route Total ][ 2 4E-09 2 8E-O5 

Exposure Medium Total 2 4E-09 2 8E-O5 

Risk FromJteference. O.OE+00 

Risk from Site 2.4E-09 2 8E-05 

Total of Receptor Risks Across Ail Media 2E-02 Total of Receptor Hazards Across All Media 2E+02 

Risks from Reference JE-05 9.E+€0 

Risks from Site 2E-02 2 E+02 

(!) TPC = Exposure Point Concentration, CSF = Cancer Slope Factor, RfD = Reference Dose. RfC = Reference Concentration 

(2) Cancer risk = Intake/exposure equation * CSF or Unit Risk; Hazard Index = Intakc'exposura equation / RfD or RfC. 

(3) Lead risks were evaluated separately. See text for explanation. 

Shaded = Concentrations of contaminant are consistent with reference concentrations. 

Woodard & Curran 
Sutton Brook Disposal Area Superfund SKe (210517) 

Page 5 of 5 May 2007 
O:\210517 Sutton Brook\wlp\Human Health Risk Assessment\Rlsk calculations.xls 



TABLE 3-34E 

RISK SUMMARY 

CENTRAL TENDENCY EXPOSURE 

Remedial Investigation and Feasibility Study 

Suttnn Bmnk Disposal Area Supcrfund Site-Tcuksbury. Massachusetts 

isecnarm Timcframc: Future 

iReccptor Population: Area 3 Facility Wi rker 

IRLxcptnr Age: Adult 

Medium Exposure Exposure Chemicil (.art.iniiLcnii.Ri-k —  — ' 
Medium Point of Potential 

In_cs|i, n Inflation D mill Fxpo.ur, 

R o u i c IIILII [arLctOrt.in(si Roult-s folnl 

Soil Upland Soil Group 3. Upland BLIIZII( i)anlhrjLLiie. 2 2! OS I IF 12 fit OS - -

(l)-|0'h»?) Bcnzn<a)pwcne 2 21 07 1 11 11 3 8L 07 6E 07 

Benzotejnvrene _ _ _ _ - - _ -

Bcnz(i(b)iluoranl]icne 1 7F OS s SE n 2.9F OS ' I OS - -

Bi<(2-elh\1he\\l)phthj|ate " SC 07 3 4C 11 7 7E 07 IF 06 Luer 2 2L 02 2 21 06 2 9E 02 M -02 

Di-n-oH\ Iphlholale - - Not available ! 21 02 i 21 m ! M 02 31 02 

Indcnof 1 2J-td)Pvrene 1 "F OS 75F 13 2 3E OS 4E-O8 - - - -

NiptithalfciK _ _ _ _ Whole hnd} 1 -<C-(P 6 6E02 i5E4)3 

Toluene _ _ KidntA 2fir o , 6 9F4)1 0 OF-00 9F 03 

TctraLliIorocthcnc 4 o r 07 1 3E 06 0OE-OO 21 06 Lntr 7 9! 04 6 CE 02 o ol oo 71 (12 

1 i4-lnmcth\lbenzenc - _ - - -

1 3 5 Tnmctlnlbcnzene - - - - - -

\ \ lcneMI"lii) - _ - - WTIOIL both 1 ,L 01 2 SI -01 0 0L 00 ^roi 

Arvcmc 7-iE 07 2 4E 10 9 7EUS ^£07 Skm ranJrova.'^.iilirBT^lcm IDE-IIS 2 "E ( ) ' 

Cadmium ft -E 1! 61 U 1 IL 1)3 •« 91 -04 

K i  d - - -

\ anadium - - HairL\«lcmc 4 41 04 - 0 0L 00 41 04 

Lht.mic3ilTnl.il | 1M 1)6 || 1 3E 06 || 1JE 1)6 || 4E 06 | | 4 7M>2 | 4 IF 1)1 || *i 0E (12 if 01 

Exposure Pninl Total 1 ^F-06 1 3E-<)6 I >E 06 j[ 4E 06 ][ 4 -r 02 4 IE 01 10L 02 | 3  t 01 

Exposure Medium Tolal ! M 06 1 3E 06 13EO6 j |  _ 4EO6 jj 4 7L 02 4 I  t 01 3 OE-02 ][ T i l l 

Medium Tolal jj 1 iL 06 I 3E-O6 1 3E 06 1 4E 06 | 4 7r 02 4 1L-0I 3 or 02 | -r oi 
Indoor .Air Group 3 ! 4 Du-hlorobcnzcnc _ - - - Lntr S II 06 SL06 

2.4 Dimclh\lphcnoi _ _ Blnod wliolcbod\ _ 3 St 05 _ 4l-»)< 

2 Mctln lphf.mil \\ licilk bod\ nen nu>. <\ «ltm 1 IF 04 - 11 04 

j Mt.iinlphi.nol 4 \ lclh\ lphi.mil - \\hiilt lnid\ n.-nnus ŝ  lun 1 ^ 0  , -I o, 

4 Mcllnlphcnol - - WhnlLbuil\ n c n o m n t o  n _ -

Naphthalene _ _ Rcspintnn astern ' 4  1 0', , r oi 

Alimcntan canJin\ BM.ul.ir 

Phuit 1 _ _ ncnoui «:\ sterns k.idnc\ 1 41 04 IF 04 

1 I 1 rnchlnniclh-inc Nenous «\stc.tn OOF 00 

! I 2 Inclilnmcthane _ Blood _ 

1 1 DiLhlomclhanc _ Nnneohscnnl 0 OF 00 

.I-Dichlnroethene - _ - Liver - O.OE+00 

.2.4-1 rimelhvlbcnzene - _ - - _ 

.2-DichlnnicUiaiw 3.6H-09 4i:-w Lncr 
- 6.0E-07 M-:-O7 

Suttnn Brnok Dtypo^al Area Supcriund Site (210517) 
AncJtivcr projects 210517 Sullnn Bronk wip Human H 
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TABLE 3-34E 

RISK SUMMARY 

CENTRAL TENDENCY EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutlnn Bmnk Disposal Area Superfund Sile-Tcwkshurv. Massachus 

Scenario TimL-fram Future 

Receptor Pnpulnlic n: .Area 3 Faci ity Worker 

Receptor Aae: Ad ull 

Medium Exposure Exposure 

Mcdium Point 

Ait Indoor Air Group 3 

Exposure PnintTolal 

Exposure Mcdmmlolal 

Medium Total 

Non-CarcinogenieHa^dyu, , , , , , , Carcinogenic Risk 

Ingcslion Inhalation Dennal Exposure Primary ingistinn Inhalation 

Target Oruan(.') Routes Total 

_ _ _ Respirators svsteni: liver _ _
 

_ _ _ _ Respiratory system: liver _ O.OE-00
 

Nasal mucosa 7.6E-O4 -

_ _ - - - _ 

- O.OE+00 - - - O.OE-00
 Nat available 

_ _ Dnclopmcnticuis - 4.2E-O3 _ 

- - Development fetus - 2.9E-O2 _ 

_ _ _ - Kidney - 6.IE-O3 

- Rcspiratnn system _ 4.5E-06 5E-O6 - 2.0E-0I 

Blood: immune system 2.4E-O3 _ 5.2E-0S 5E-OS 

_ _ Liver _ _
 

Kidney: development Ictus:
 
_ - _ alimentary system
 

- - - - Development Ictus - , 1.7E-02
 

_ _ Development fetus _ 1.7F.-01
 

_ _ _ Kidney _ 2.1E-O2
 

_ _ _ _ O.OE-00
 Kidnev adrenal inland 

Liver _ 9.3E-07 _ 9E-07 _ 7.OE-O3 

_ Not available
 

- _ Not available - 0 0E-00
 

_ _ _ 1.2F.-O2 

_ _ - _ Nnl available _ O.OE-00
 

_ _ - - Kidney adrenal yl.inil _ 5.IE-O3
 

_ 6.0E-09 _ 6E-O9 system - 3 1E-04
 

- _ - - 7 7F.-o:
 

- - - Nervous ,yrta» - 3 3E-0I
 

Nervous sy«tcm: eyes 2.4E-09 - 2E-09 - 2. IF.-05 

- 2.6E-O8 - 3E-O8 Liver - 6.3E-O4
 

Ncn*«us system
 - - - - - 5.1E-00 

OE+00 6E+O0 

O.OE-00 5.6E-06 O.OE-00 6E-06 O.OE+00 6.0E-00 

O.OE-OO 5.6E-06 O.OE+00 6E-O6 O.OE+00 6.0E'00 

O.OE-00 5.6E-O6 O.OE+00 6E-O6 j  | | O.OE+00 | 6.0E-IK) 

Chcmicu! 

or Potential 

1.2-Dich!orocthene 

cis-1.2-Dichlnrncthenc 

1.2-DichInropropanc 

IJU-Trimcthyibcnzenc 

I.4-Dioxane 

2-Bulanone 

4-Mclhyi-2-pcntamme 

Acetone 

Acrylonilrile 

Benzene 

Carbon tctrachloride 

Chloroform 

Chlornelhane 

Ethvlbenzcnc 

Ethyl mcthaerylate 

Isnprnpylbcnzene 

Mcthvlcne Chloride 

n-Prnpylbcnzcne 

n-Butylbcnzcnc 

tert-Biityibcnzene 

p-lsoprnpvlloluene 

Tclracrtlnmethcne 

Tetrahydroliiran 

Toluene 

I richlnrnethcne 

Vinyl chloride 

Xylcnes (total) 

Chemical Total 

ncrmal 

-

-

-

-

-

-

-

-

-

_ 

-

-

-

-

-

-

-

-

-

OE+00 

o.oE-oo 

0.0E-II0 

O.OE-00 

h.xPo,mc 

Routes lolul 

-

-

4F.-O3 

3E-O2 

6I--03 

2E-01 

2K-O3 

„ 

2I-.-0. 

2F-HI 

2i-:-u: 

-

7I--01 

1E-02 

5I-.-D3 

M--H4 

SI -0 2 

3I'-'U 

2I--O5 

r,i--H4 

5P.-00 

6E+IM) 

6U-00 

6E-00 

6K-00 
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-

_ 
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-
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TABLE 3-34E
 

RISK. SUMMARY
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Suttnn Brook Disposal Area Supcrftjnd Sitc-Tcwksbury. Mnssi
 

Receptor Population: Area 3 Facility Worker 

Rceeplor Age: Adult 

Medium Exposure Exposure 

Point 

Potable GrouiuluatCT Groups 3-6 

Chemical 

orPnlcnti.il 

Concern 

1-4-Dichlnrnhcnzene 

Z4-Dimctbylphcnol 

2-Methrlphcnnl 

3-.N Icthylphcnnl 4-Mcthylphennl 

4-Methylphcnol 

Aroclorl254 

AJpha-BHC 

Bis(2-Ethy!hexy!)phthalatc 

Naphthalene 

Phenol 

I.I.I-Trichmroahanc 

1.1.2-Tridilomclhane 

I.l-Diehloroelhane 

1.1-Dichlonicthcne 

L2.4-Trimcthylbcnzcnc 

1.2-Dichloroethanc 

1,2-Dichloroethcnc 

l.2-Dich!ornpropane 

1.3.5-Trimethy lbcnzcnc 

M-Dinxane 

2-Butanone 

4-N lethy l-2-pcntannnc 

Acetone 

Acrv-lnnilrile 

Carbon tctrachloride 

Chlnn. ethane 

Chloroform 

cis-L2-Dichlnmethene 

Elhvlbcnzene 

Ethvl melhiicn'latc 

Isnprnprlfacnzene 

Mcthylcnc Chloride 

n-IYnpvihcnzene 

n-ButvIbcnzene 

p-lsopropyllolucne 

tarl-Butvlhcnzcne 

Telrachlnrncthene 

Tclrahydroruran 

Toluene 

Trichlorocthcnc 

Vinyl chloride 

Xvlcnes (total) 

Arsenic 

Barium 

mmmmmmmmm 

Cobalt 

Mnnaaiiese 

^il!ii§£llllii3lP 

sitepPPPMIiPPiiPtip 

mmmmmrnmmm 

Chemical Total 

Carci logenie Risk 

Inaeslion Inhalation Dermal Exposure 

Routes Total 

4.3E-0S - 5.3E-O9 5E-0S 

- _ - _ 

- - - -

_ _ _ _ 

- _ - _ 

I.7E-07 - 9.3E-O9 2E-O7 

4.8E-O6 - 1.3E-O6 6E-06 

- - - _ 

- - _ _ 

- - - _ 

2.2E-07	 _ 3.SE-0V 2E-07 

_ 

_ _ 

- _ - _ 

2.3E-06 _ 2.0E-0S 2E-O6 

_ - - _ 

I.4E-07 2.5E-O9 IE-07 

- - - _ 

1.9E-O5 I.2E-0S 2E-O5 

_ - - _ 

- - _ 

_ - 

4.0E-04 7.6E-07 4K-H4 -

3.SE-06 I.9E-07 4E-06 

- - .

l.OE-07 - 1.7E-09 IE-07 

_ _ 

_ - 

- - - _ 

9.3E-06 - 6.4E-OS 9E-06 

_ 

- - - _ 

_ - - _ 

l.SE-06 _ 2.0E-07 2E-06 

_ 

_ - _ 

1.4E-O6 _ 4.3E-O8 1E-06 

2.9E-O5 - 2.7E-07 3E-O5 

- _ -	 _ 

liliii 
2.0E-O3 _ 

- _ _ _ 

iijlliii ililliiiil 
SHSPftiSilif?! Hllill mmm§pjfjpjifpj| IIHiH^i fiililll iiiilPilllll 

- - _ 
^ : " : - ^ : i  : : 

; ; ; i : 

;i:i;;ii;;i:f-ii^i!-llis liilil: 

ii|ii;pp;i3pp: :i^::iii:;:=S:.ii::;-;i;;;i;:: Pllilii 
SjHiriJipifyiiiiii 

ipppSiipippSL iiiliiliij WMMMm cisSJi-iiisriiiiiiiaiilii 

2.4E-03 O.OE+00 3.1E-O6 2E-O3 

2-4E-<)3 O.OE+00 3.1E-06 2E-O3 

2.4E-U3 O.OE+00 3.1E-O6 2E-03 

2.4E-O3 O.OE+00 3.IE-O6	 2E-03 

IE-D3 

2K-03 

•fliSH mmmm 

Primary
 

Taraet OrBan(.s)
 

None nhsen-ed
 

Blood: whole body
 

Whole body: ncnous svstan
 

Whole bodv: ncn ous svstem
 

Whole body: nervous system
 

-


Liver
 

Whole body
 

Development. Fetus
 

Nervous system
 

Blood
 

None observed
 

Liver
 

-


Kidney
 

Liver
 

-


-


Liver
 

Whole body
 

Whole body
 

Kidney
 

Reproductive
 

Liver
 

-


Liver
 

Blood
 

Liver, kidney
 

Kidney
 

kidney
 

Liver
 

-


Kidney
 

Liver
 

-


Kidnev
 

-


Liver
 

Whole body
 

ipii |pBib^ii t t^i |««KiSH;|?:
 

Kidney
 

iijpjllllgpllliglljiillp 

p||p|jwps|pa|il||p 
-

-
p:pj|:Sppip^ipiejbqay:-;:::;:;:;Hp:: 

mwmmmmmmm 
p:ppp^iiS|«tcifft;i;Pipp::ic

wmmmmmsmm 

Non-C reinogenie Hazard Quotient 

Inflestinn Inhalation Dermal Exposure 

Routes Total 

2.1E-04 _ 2.6E-05 2E-04 

5.4E-02 - 1.5E-O3 6E-02 

1.2E-0I - 2.7E-O3 1E-01 

2.5E-O1 - 4.6E-03 3E-01 

3.2E-02 - 5.9E-O4 3E-02 

3.6E-01 _ O.OE+00 4E-01 

- - -_ 

l.SE-01 5.0E-O2 2E-01 

3.3E-O3 - 4.0E-04 4E-03 

1.9E-01 _ 3.2E-O3 2F.-01 

4.2E-O3 - l.SE-04 4E-O3 

1.0E-02 _ l.SE-04 1E-02 

I.IE-Ot _ 1.5E-O3 1E-01 

1.6E-02 _ 3.9E-04 2E-02 

- - -_ 

I.3E-O3 1.2K-O5 IF.-03 

8.7E-O2 - 1.4E-O3 9E-02 

_ _ _ _ 

- -_ 

l.SE-01 _ 1.2E-O4 2E-01 

7.7E-01 1.5E-03 8E-0I 

1.4E-01 _ I.2E-01 IE-01 

4.9E-01 _ R.8E-()4 5E-0I 

7.SEiO(> 1.5E-O2 SP.'OO 

4.5E-OI 2.2E-02 5E-01 

-_ _ _ 

3.4E-t)3 _ 5.7E-O5 3E-O3 

1.3E-01 _ 2.1E-03 1E-0I 

5.0E-01 5.SE-O2 6E-0! 

2.7E-01 - S.4E-03 3E-01 

4.9E-03 - 1.2EJ)3 6E-O3 

2.2E-01 _ I.5K-O3 2E-01 

_ 

-

5.SE-O3 _ 2.SE-03 9E-O3 

_ _ _ 

3.6E-O3 3.9E-04 4E-O3 

_ _ _ 

5.9E+O0 _ 3.7E-O1 6E+00 

_ _ _ _ 

1.4E-01 _ 1.3E-O3 1E-01 

8.5E-O1 _ 1.3E-0I 1E-00 

ililliSulii Pl;|;P:eiEl4piPiPpii 
_ 3.1E-O3 5E+0I 

1.1E-02 _ l.OE-05 1E-02 

UliiEtjfili iliiillii ilPliiiiiEliiPPpii iliilisl^|o|piliip 

Piliipiiiiii llpiilliiiiliipii li i i i i i lEllpii l i 

Illlipliili ilililliisli i i i i inmiipp pppipPj|i5E|SlPpi;l|i 

_ _ - _ 
:5=;-;5;;:.:.K.:S:::-?;JK;;:-:; ipiipj^pippps :P:Pppppp;i_fppipppp iiii>p:Hp.:::;i:i:li^ppi;|:p];; 

3 .7E-O0 - 6.1E-03 4E-00 

iPip2|iiiiii IPjiliPJiPjpiii;-; iiPPPPPI?E:OfiI|;iI iiriiiiliiialiii! 
ppipjisifiiEHiiiPJpvP ISililSiPiiiP PPPii^Pi i i t i i i i i l l 
il?O:i?ifi&iiijiIPi: •i:i;i:Hi;ipEli5iPii;H[ ^piPPftpElflfi:li;i;;H: 

ppjfpjyaylpp PiPPPpi^fiJillliP iii||;pii#7£l?iiPiPP.pp 

PPiiiii«il^E]«SI$:fp iP;>:pilpVE?«dii:iiiiipPi 

9.0E+01 O.OE+00 S.4E-01 9E+01 

9.0E+0! 0.0E-U0 8.4E-01 9E+0I 

9.0E+01 O.OE+00 K.4E-01 9E+0I 

9.0E+01 | O.OE+00 S.4E-0I 9E+01 

Receptor HI Total 1E+02 

9E+0I 

Exposure Point Total 

Exposure Med urn Total 

Medium Total 

Receptor Total 

Silt- Refuted Receptor Risk Tnt-.il 

iiriciren^Eiaci	 iisliiiiiisfeM mmmmmmmmmmmmmmmmmmm 
Sh.idnl - CiinLcnlntn.il 
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TABLE 3-34F 

RISK: SUMMARY 

REASONABLE-MAXIMUM EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Bniok Disposal Area Supcrfund Sitc-Tcivfcsburv. Moss: 

Scenario Timcfn.ni c: Future 

Receptor Populatii Area 3 Faci ity \\ nrkcr 

Receptor Age: Ad ill 

Medium Exposure , Exposure Chuni^il C.,run, ,^, .R,^ Nun Carcino^cnu. Haz.ird Quotn-nt 

Medium Point of Potcnlnl 

limc^lion Inhililion Derm ,1 KpoMin: Hrim »y lnuLsiion InhjUmn I.\p(.s,,,t 

Routes Ititjl TarzUOrtianl-) Routes lol..l 

Soil Upland Soil Group 3. Upland Bc.n7n(a)anlhrac.i.nc 1 7F-07 44b-12 1 4L-O7 ',EJ)7 - - -

(0-10'bus) Bcnzo(a)p\rcne 1 71 4)6 4 4L 11 1 JE.-06 IE Ofi - - - -

Bcnzo(=)pyT=ne _ _ _ _ - - _ - -

Bcn2n(b)tlu(iranthciie 1 ?M)7 i 31-12 1 1E-07 2EO7 - _ - - -

Bis(2-eth\lhe\\l)phUia]ate 4 4E-<)6 1 3E-I0 2 9E-06 7L06 LiM-r 4 4P-02 2 2E-06 2
 c

>E-02 71--02 

Di-n-ochlphlhalale _ _ _ _ Nota^ailjblc 2 iE-02 I 2E-06 1 -E-02 IE-02 

tndeno(lZ3-<.d)P\rcnc 1 1C-07 2 8E-12 9 5E-08 2EO7 - _ _ _ -

Naphthalene _ _ _. V^TroTchodr 2 9E-03 EDE-02 2 5E-03 7E-O2 

Tniucne _ _ _ _ kidnt\ 5 2r-O3 6 9F-U3 () OE <H) U-C2 

Tetrachinrncthcnc ? 1F-06 4 9E-06 0 OL-00 f.E-06 Lncr I 6L-4H 6 6E 02 0 Of--00 71 -02 

I 2.4-Tnmcth\ lbenzcn.. - . - - - - - -

1 ?5-rnmcU,ilbcnzcnc _ _ _ _ - _ _ _ -

\ \ l c n e  s (total) _ _ _ \\ hole bndv 2 6L-*)i 2 *.E 01 0 01 -00 31-01 

9JJE-J0 B7E-07 2E-05 Skin, cardiovascular ^sicni I 2EJ)2 2LOE-O5 2 *E-03 1E-02 

Cadmium _ 2 5F 10 _ 2E-K' - : 21 -ir, _ ^ 9L-04 ',f 0? 

Lend _ _ _ - _ -

\ aiudium - - - - ILuri-Waric X SI -04 - 0 0E-00 91 -04 

Chemical Total jj UE-«5 || 4.9E-06 || 5.1E-06 || 2E-05 J || 9.5E-02 || J.IE-01 || S.Ot-IC fiK 01 

Exposure Point Total 1.1E-05 1 4.9E-06 | 5.1E-O6 || 2E-05 |j |j 9.5E-O2 | 4.1E-01 || 5.OL-O2 61-01 

Exposure Medium Total 1.1E-05 | 4.9E-«fi | 5.1E-U6 j  | 2E-O5 j] j  | 9:5E-<)2  | _ 4.1E-01 || 5.OF-02 6E-01 

Medium Tm.nl J.1E-05 1 4.9E-0S" | 5.1E-<)6 || 2E-O5 | |) 9.5E-02 | 4.1E-0! || 5 (»I-02 6M>| 

Sulton Brnnk Disposal .Area Superlund Site (210517)
 
Andovcr pnijccLi 210517 Suttnn Brook uip Human Health Risk
 wry tablcit.xts.Ana 3 F\\"_RME 
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TABLE 3-34F
 

RISK SUMMARY
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigalinn and Feasibility Study
 

Sutliin Brnnk Disposal .Area Supcrfiind Silc-Tcvkshury. Massachusetts
 

:cplor Population: Area 3 Facility Worker 

Medium Exposure Exposure 

Medium 

Ail Indoor Air Cin>up 3 

Chemical 

orPolcnlial 

Concern 

1.4-Diehlorohcnzene 

2.4-Dimcthvlpht.iini 

2-McUiylphcn<,l 

3-Mcthylphcnol 4-Melhy Iphennl 

4-Mcthylphcmii 

Naphthalene 

Phenol 

l.l.l-Trichtnniethane 

l.lJMrichlnroclhanc 

U-Dichlorocthanc 

M-Dichlnnielhcne 

I.Z4-Trimclinlbcnzt:ne 

I.2-Dichloroelhanc 

1.2-DichIoroetheni: 

cis-l.2-Dichloroethene 

1.2-Dichlompropanc 

1,3.5-Trimcthvlbcnzcnc 

I.4-Dinsane 

2-Butantmc 

4-Mcthyl-2-pciitanonc 

Aceltme 

Acrylnnilrilc 

Benzene 

Carbon telracblnridc 

Chloroform 

Chlomcthanc 

Elhylbenzcne 

Nnn-Carcinciacnic Hazard Quotient Carcinogenic Risk 

Iimcslicin Inhalation Dermal ExpoMHC Primary Inacstinn Inhalation 

Routes Total Target Oraan(5) 

_ _ I.i^er 9.5E-HA
 

„ _ _ Blood: whole body - 4.3E-C5
 

_ _ Wliolc body- nen nus system - I.3E-II4
 

_ _ _ Whole body; ncnous system _ 2 .0E- ( ) I
 

_ - Whole body: nenous system - 

_ _ _ _ Respiratory system _ 3.9E-0?
 

Alimentary, cardiovascular.
 
_
 _ I.6E-04 

Nervous system o.nE-oc 

_ _ Blood 

_ _ _ _ None nbscn-cd _ O.OE-oo 

_ _ _ Liver - o.OE-00
 

- _ - 

1.61--OS _ 2E-OS Liver - 6.9E-07
 

- _ ReKpimmn- system: liver - 

_ _ Respiratory system: liver O.OE-00
 

_ _ Nasal mueosa _ 8.7E-04
 

- _ - _ - 

n.iiEi-m) _ Xi.l available _ o.oE
 no 

„ .  . _ Development, fetus _ 4.SE-O1
 

_ _ Development ictus _ 3.4E-02
 

. - _ - Kidney _ 7.0EJH
 

2.0F-.-0; _ 2E-O5 RcKpimtnn- system _ X3E-01
 

„ :.2i;-»7 2H-D7 Blood: immune system 2.7E-H7
 

_ Li\er _ 

Kidney: development fetus: 
alimentary system 

_ _ Development fetus _ 2.0E-O2 

Development fetus 
- - - - 2.0E-01 

D ^ n i u l 

-

-

_ 

-

-

_ 

_ 

_ 

_ 

-

-

-

-

-

-

_ 

-

_ 

_ 

-

1 spostite 

Ki.uii.- Ii.I.il 

•71 -"ft 

4! J)S 

II -04 

""I -(13 

-

4f -()', 

: i -04 

_ 

-

-

-1 -07 

<J| -04 

il -If, 

11 -02 

1\ (1? 

1\ 01 

;i -tr, 

:i -02 

21 -1)1 



TABLE 3-34F 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Remedial Investigation and Feasibility Study 

in Brook Disposal Area Supcrliind Site-

Receptor Pupula inn: Area 3 Facility Worker 

Receptor Age: .-Ulull 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point i>r Potential 

Inucslinn Inhalation Dermal Exposure Primary Inaction inhalation Den i. 

Routes Total Target Organ(s) k  i m i . I .  I 1 

.Vir uidimr Air Cm.up 3 Kidney _ 2.4E-*'! 

Isopropvlbenzcne _ _ _ _ Kidney adrenal gland _ (I 0F.-0O 

Melhvlcnc Chloride _ 4.0E-06 _ 4E-06 Liver S 0E-0-, - SI J  , 

n-Propvlbenzcne _ _ _ _ Not available _ i 4F-O2 _ ' I (1-1 

n-Bulylbcnzcne _ _ _ - Kol available - 0.0E*00 

lert-Butvlbcnzcnc _ _ _ Nnt available _ O.OE-00 -

p-Isopropvltoluenc _ _ - Kidney adrenal gland - 5.9E-03 - 6 1 0 " 

Nervous system: eves: 

Tclrachioroethcnc _ 2.6E-O8 _ 3E-OS respiratory svstcm _ 3.5E-O4 Jl 4)-, 

Telralivdrofuran _ . _ _ _ - - S.8E-O2 'I r 

Toluene - - _ _ Nervous system - 3.8E-IM 4! 01 

Triehloroethcne 1 .OE-08 IE-OS Nervous system: eyes _ 2 4E-O5 - 11 OS 

Vinvl chloride _ 1.IE-07 _ 1E-07 Liver _ 7 2F-<)4 71 ( I 

Xylcnes (total) _ - - - Nervous system 5.SE-00 <>\ (Ki 

Chtmk-.il Toial O.OE+00 ][ 2.4E-II5 O.OE+00 2E-O5 || O.OE-MH) ft.8E+t)ll ~  | 0.0E+0O ][ "I 00 

Exposure Point Tola! O.OÊ OO 2.4E-05 O.OE+00 2E-05 OJiE-oo h.SE-IHl O.Oh 00 | 

Exposure Medium lolai 
O.OE+00 2.4E-05 O.OE+00 2E-O5 O.OE-00 fi.SE-00 o or- oo 71 00 

Medium Total | O.OE-00 2.4E-O5 O.OE-00 2E-O5 0.0E -00 fi.SE-00 0OE->«K> 

in Brook Disposal Area Supetfunil Site (210517)
 
Jn\-cr projects 210517 Sultnn Bnmk wip Human Health Risk Assessment Risk Summ cIsArea 3 F\V_RME
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TABLE 3-34F
 

RISK SUMMARY
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Suttiin Brook Disposal .Area Supcrfunil Silc-Tewksbury. Massachus.
 

V.-n,nn limUrmiL I UUIIL 

R.LLPIOI Populition \iu i 3 1 ,ul. 

MLtlium I \po-urL KpOHUlL t'lLll I..I ( •iruno-Lniv.Ri.k 

Medium Pi III, nl I'ntLiili il 

1-iiin HI In=.-t,,,n Inn.hl.nn DuTml 

RnutLslot i i 

(nouniiuilLi Pi.uhU uroundu ULI Group- 3 f 1 4 U,Lhl..n.hLn/.n. 3 11 0" ( -1 us 4f- 07 WnbsjvJ 

2 4 UntiJlivlphLiiol Hiood vvluiL bod\ 

2 MLIIIVIph.nol Whokhndv n-ncu- -\-t^m 

3-Mctln lphLiml 4-\Iclln Iphenol WIIOIL bod\ nLnnu- SWILIU 

4\h.tm!phLiioI WbolLbodv ncn ou<-v stLni 

\rador 12-4 1 "1 06 o oi -oo t v  e ,mmune«stL,,, : t >6 

Uph.-BHC 1 21 06 - l ll- in 11 06 

B.-(2-Hh\ Ihcvi Dphtlul itc 3 41 0- 1 61  0- - I 0- I i\tr 

\ iphth IILIIL Wbolsbodv 

Phuu 1 - UL\Ll(ipmenLlLtu

1 1 1 rnLhl».ouh,i,L - \LrVOU,-V-tL,l, 

1 1 2-rnLhlmoLllnnL 1 M 06 4 "1 OS Bluod 21 "6 

I 1 DiLhlomullunc \OH  L ob-Lr\cd 

1 1 IJ.LhloioUhi.nL I i \ . 

124 Inn.UhvlbLn/LnL 

1 2 UILIII I uiLihinL i I i- 2 - . , - kidni. 21 I 

1 2D,LI.IO,OL11,L,,L liM.r 

12UiLhloropn.p.nL > s l  o - 3 1! OS 11 <>6 

1 3 --InmLilnlb-n/uiL 

1 4 Dm\ IIIL 1 31 1.4 1-1 0 7 1L04 IrvLr 

2 Hut IIU.IIL \\IH,IL1,,HK 

4-\lLlh\l 1 pLntimmt. \  \ IKIIL bodv 

ALUOHL kllMLV  _ j 

Unlonilnk 9 21 M ,1 ')3 KLp.oduUHL 

b-n/.,,. in.  0- Hloid ,.,i.,niiiL,v-l.m , 11

L I.b.,,1 tLll ILhloild. 2 '  0- 2 ,1 oo 31 0- I IV.. 

Chloiol.mil - 11 (w 2 01 IS "1 07 I.VL. 

LI- 1 2-DiLhloroUliLnL Blood 

Lllivlbcn/LiiL I IVLI kidncv 

1 tlnl niLlhiLiililL _ kuln-v 

I-oprcpvlbLii/LiiL k.dn^ 

MLllnluwUilondL '(I  " - " SI 07 7L <>-< Iix.r 

11 1 IOp\lhLll/LllL. 

,. Hulvlh.,./..,..
 

pl-opropvltoluuiiL kidn.
 

tLrlB,,lvlhL»,uiL 

U.MJ, MhUK 1,1 1- 2 *1 06 o - 1 nor .1

It-tMhvdioiunn 

Ioluoi- _ kidncv 

lriLhlnniLlliLiie 9 M 06 - 2! -<>7 1L0

XinvlLhloiidL 2 11 04 3 4! 06 InLr 

\vlLiic-(tot.l) \\holLbnd\ 

\nlinu>r» - - _ _ Blood whole b̂ dv 

Vi ni- 1 41 ' ) . 2 21 06 bkin LJrdiov I-LUIJI -WLm 

"*E (U 

IF 02 

l.num kuliwv 

B--rvllium - - - _ DHeKt,nc5 

Cidmmm - - - _ 

Chromium - - - _ \or>c ntwcrv etl 

Ci h i l l - _ 

U.d - - - _ 

\ «  W - - Wimli b(.d\ 

bihir - - Skin 

Tliilliiini - - - _ Blood 

\an.d.um - - - _ 

7ine - - - _ Illooil 

\ CI.L.n.L.1 l i .u l || 171 H2 0 1IL+II0 || 3 HI 1)5 2L..2 1 

-\po-urL Point Ti IJI o uL-oo || J at-os 2L«2 || 
L\pn-urL \ k  d im Intil || 1 71 02 oot-oo I) 3 SL-O* -h IP I F 

Medium Im.il II I '» "2 0 0E-00 || 3 SL 03 2L02 || 

RLupl,,rl,,...l 2F.C || 

5.I1L Rll . . lLd RLCLplMI Risk I Mill 2i 02 

Ri-fiTonre Related Reicplor Ri-,k Total 2E06 

\( li i --LH.i idyuoHLn, 

hl-L-llOI. Inhjlilion PUT nl 1 Spi. IIIL 

4 1 , J S • . ( 1 , -1  "4 

J SI M, 11 O| 

: - , ! oi S 9F 0 -. "H 01 

4 " I 01 1 -1 02 -1 01 

6 11 -02 1 91 03 61 02 

6 SI 01 0 0! 00 7! 01 

1 01 01 

3 1! 01 1 61 01 -1 1)1 

f 21 03 1 31 03 " I 1)3 

3 -1 111 1 01 02 41 01 

7 9!  0 - 1 71 04 Sj 03 

1 " I 02 - ~1 0 4 21 IP 

2 01 ( i l - 01 0 , 21 01 

2 91 1-2 1 ,1 0 ,1 (P 

2 - 1 . 1 , 3 91 11- 1 i , 

I 61 01 4 - 1 n* 21 01 

3 4! 01 3 SI (U 31 01 

1 41 00 - 0 1 03 11 00 

2 71 0 ! 3 91 01 3! 01 

9 1! oi 2 SI I I , "1 01 

1 -I 01 4 SI (P 11 01 

' 1 ( 1 i 11 0 l HI 

s 41 01 _ - H I »2 J! o i 

_6 41 l ) i 1 si 04 -1 0 3 

2 -1 01 6 0] „ , .1 01 

9 -1 01 1 si oi 11 00 

- 0 1 01 2 71 (P -I o] 

->21 03 3 SI d 11 (P 

4 11 01 191 o. -,! 01 

1 ,l II 02 Jtll 0 , 

6 S| ,13 1 3] l | , si 1), 

_ 

11! 01 1 1 00 11 01 

2 " ! 01 I l l l . I 01 

1 61 00 4 ,1 in 21 1)0 

_2 3L-00 > «r J I  3 31' 00 

S7L 01 1 41 02 n oi 

2 11 02 4S1 1- 21 ( 2 

3 2E-00 7 21 -1)2 5t+no _ 

1 4E-(HI 4 3L 03 Jb-00 

U M 01 4 3C IP 7E-0I _ 

_ 

7i 1 oo _ ^ s ] ,,2 "I oo 

4 5C 02 _ 3 6L-05 -I -4P 

l SE no 4_-F-03 2r -no 

fisi-ni - I 11 -04 7T-OI 

1 5H-02 - 7 7L-(b 1L02 

2.11-IHt - 2 01 -<I4 2LHHI 

1 "M -Ml"1 1 (IDL+IM) J| 2 71-MHI 2! +02 

. 7 ! 02 | 0 0L 00 2 71 00 21 02 

, 7 , 0 2 | t) 0L-MX) 2 71 01) 21 02 

171 02 | 0 OL-^OII 2 7L 00 2L-IP 

RiiiplorHIiMliI 2L+II2 

| 2H-02 

1 1E+III 

,.\ls.-\rc» 3 FWRME 



TABLE 3-34G
 

RISK SUMMARY
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study 

Sulton Bronk Disposal Area Superiund Sitc-Tewksbury, Massachusetts 

Receptor Population: .Area 4 Facility Worker 

Receptor Age: Adult 

Xnn-CnrLinucenic Hazard Quotikiil Medium Exposure Exposure Chemical Carcinogenic Risk 

Medium Point of Potential 

Ingcslinn Inhalation Dermal Exposure Inuc. •'lion lnhalntion D.rm i! I.xpo.,, , . 

Rnute«Tnldl lnriiclOiiian(s) Rn.HL* lol.ll 

Soil Upland Soil	 Group 4. Upland Uenai(a)anthraLuit ~7I 07 i 7F-12 1 M 06 :  r 06 -- - 

(O-Kfbgs)	 Btnzi.(a)p\nmc i 6F-W 

T!en7<tfe)nvrenc _ - - - - - - - 

Bcnzo(b)flunranthc.nc 3 iE-<»7 2 0h-I2 5 6F-07 9F-07 - - - - 

Bcnzti(k)fluoranlhenc 4 IE-»» 2 IE-12 7 OE-DS 1E-07 - - - 

Bi<s(2-Chlorocthnvx Imcthanc _ _ _ _ - _ _ 

Ci rWole I 2L-"8 _ 1 6E-0S 3C-O8 - - - - 

_ .- \\ hole bod^ 4-Chlnm-5-meU» Iphcnnl _ _ 1 61 06 2 (T.-06 41 -Of, 

DibcnzafaJiJanlfcracene 7.KE-07 11E-H 13E-O6 2E-06 - _ _ - _ 

Not available Dibenznhiran - - - ^ oi -m 3 5C-07 ? 9F-(M 71 03 

lndcno( l.Z3-cd)Pyrcnc 1.7E-07 S.9E-12 2.9E-07 5E-07 - - - 

I-Mclh\lnaphlhal«i<. _ - - _ l u n  ̂  N SF-04 4 OF-04 i <r tr, il 0i 

2-Mulnlnaphthalcnc - _ _ I uny. 1 II-1)^ 2 9E-04 l sr-o? 11 -4)3 

Vaphilulow - _ _ - 1 9H-<)4 1.5E412 3 3C-04. 2i:-02 Whole p<j.h 

Pen lent. _ _ _ _ 

<- 11-C22 \rumaliLo _ _ _ kldll^v 7 01 04 3 9L 03 9 21 04 ftl in 

-Arsenic 2.9F-07 2.9E-10 3 2E-07 4E-07 5t in: cardijvasi.ul:ir ^itcm r, 9E-<n 2.4E-0S •2 RE-03 in-02 

Ic id - - - _ - - - 

Manganese _ - - - - 5 4F ()» o of oo 7! -04 

\ aiud.um - - - 5 2L 04 - (1 OF 00 M 04 ILnr^Mcinc 

Chenmal XoiM 7 (IE-06 5fiE-IO i :E-S>5 : E - O 5 i - E o : 2 0E-02 ! IE (U ] p 'SI 1)2 

Exposure Puint Total 7 0E-0fi 5 6h-10 1 2E-O5 2E-<)5 I 3L-O2 2 0L-<)2 1 i r -02 "i! 02 

Exposure Medium Total 7.0fc-06 5.6E-1O 1.2E-O5 2E-O5 1 5E-O2 2 0E-02 f I.IF.-02 5E-O2 

Medium Total 51-M>2 7.0E-06 5.6E-1O 1.2L-O5 2E-0^ ! ;r -02 2 0L-H2 L '•"---»2 

Air Indoor Air Group 4 Tclrachlnrocthaic _ 4.5E-10 - *Y 10 «-U.n, - 2 M -«< - 2M-»i 

1 nchlnmcthene - 1.1E-10 - It 10 - 1 IE-06 1E-06 Ncn mi'f s\ «lcm c\ cs 

Chemical Tula! O.OE+00 | 5.6E-10 O.OE+IH) ]| fiE 10 0 0E+IM) 2 4E-05 I) OE^-00 : E - ( )  5 

Exposure Point Total 0.0E+00 ]  f 5.6E-10 O.OE-00 J 6E-10 oor-oo 2 4E-O5 0OE-00 21- -05 

Exposure Med.un, I olal 0.0E+00 |  [ 5.6E-I0 O.OE-00 j  | 6E-10 0 OE'-OO 2 4E-05 O.OE-'OII 2E-O5 

Medium Total 0.0E+<M» J 5.6E-1O O.OE-00 1 6E-10 0 t)b -00 2 4t-<)5 0 01£-<>0 2E-O5 



TABLE 3-34G
 

RISK. SUMMARY
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Stud?
 

m Brook Disposal .Area S.ipeifund Site-Tewksbury. Mass; 

Scenario Timefran Future 

Receptor Populati Area 4 Facil tv Worker 

Receptor Age: Aduit 

N , n LMedium Exposure Exposure ( h t r n K - j ] ( .  n u n c L - n n  R i - L 

Medium n l P o l u U i  i l 

M^nn Inhjl .lion Hum il F \pc . . , . Iiij^licn Inhil.tion Dinnil p i wK m 

I i r j c l O i u m ^ )	 k n u t L ' . l o l l !KOUILS lo t l l 

\Potable Grnundwaler Groups 3-6 1 4 D i J i l i i r c i b i n z u i i 4 i l is - , ,1 „., c m o b s u n ^ d : n 0 4 2il 1'- . 1  ' 4 

2 4 U i m U l n I p h u i o l R i o o d  w b o L  h o d \ - 4L (p	 I - i (.1 61 P 

1 11 H| 2 M i . t l u l p l i i . n i i l	 W h o L b o d v  n u n  o u ~ - \ - t L n i 1 21 01 - | 01 

11 01 i M u J n l p h u i n l 4 - M u l  n I p h c n n l - \ \ h < i l . b c d \ i i L u o u s s W u  n 2 -L ' I I	 4 61 !>' 

4 Malu lphunol \ \ h n l c b o d \ n c r v o u " .  « \ s t L i n 3 21 02	 •> 9F 04 11 02 

Undo. 1254 "> ~L 07 0 01 -00 ->i i "• E ^ e  ,  m i m u n c W i m isr oi 0 01 00 41 01 

•Uph.-BHC 1 " 1 - 07 9 M 09 21 IP 

Bis(2Llh\lln.s\l)philn|JtL 4 SI -Oo 1 -I I 06 6L Oft I,,.r 1 SI- 01 •> 01 02 21 01 

\iphlliilini - WIII.IL bod\ 1 I} 0 . 4 01 »4 41 0? 

Phuu 1 UiMlopmtnl 1 Llm 1 91 01 •; 2i  " 1 "M o i 

1 1 l - l n J i l n n i c i h . i i i i - 4 21 -01 1 >] 04 4! 01 

1 1 2 - l n i . h l o r o t . t l n n i . ~ 21 (P i SI 0° 2F '17 Rice d 1 (I- 02	 1 si 04 11 02 

11 01 1 1 D i i h l c r c i t h i n i \uncus M tun 1 11 01	 1 -1 01 

1 1 U n . l l l c n . U h . l l i - I nu 1 f,L '2	 T Jl 04 21 02 

1 2  4 - I r i m i t i u l h u i / u i i 

1 2  D i J i l c i c d h i n . 2 -1 06 2 01 OS 21 Of, k.ll.1^ 1 -.1 Hi 1 21 o> 1 1  0 i 

1 2 D i L h l m n U h c m - I iv -r "("I 02 1 .1 01 91 02 

1 2 D i J i l i i r n p i o p j n i I 41 07 - 2 M H" I! 07 

1  1 3 - I n m i l i n l k . n z i i K .	 _ 

1 4D1OMI1U 1 <T O- 1 21 OS I IV LI 1 SI («| 1 2! 04 21 01 

2-BuUnnn i \\ link bnd\ 7 7F 01 1 -I 01  01 SI

4 \ I c t h \ l - 2 pinianciiL. Wlmlcbodv MI 01 1 21 01 11 01 

UH.ni. k.J.lLl *° l 01 S SI 01 ' 1 01 

V.i\lnn,tnL 4 H 04 - . , 1 . . - 11 oj kv-i.ii ducli\. - si oo 1 - I i 2 M mi 

Hu,/.n. ! -11 lift ' I OS 11 Hi Biood immune - \ MLIU 6 si .12	 1  ) l  i n - I (P 

v.nbi.niaiii.hliiiidt ' M (16 1 <>\ I P 41 1)6 1 l\wl 4 -1 01	 2 2 h 0 2 - I (11 

Chlnniilhinc. 

C hlcr.ilc.nn I 01- 07 I ""I 09 11 (P Inc. 1 4f 0i - 7 '  0 - ,1 1)1
 

cis 1 2-Dlcliliiriic.lhim. - Blood i ^r oi 2 11 01 IP- (J I
 

1 th\ lbunzmi Lncr kidney - O F  0 ! - - I 02 61 01
 

I tlu 1 milh ILIV I j t i - kld'i^v 2 " I 0  1 S 41 01 11 01
 

I<.nprnp\lb.n/im klJllLX 4 91 01 . -1 I), 61  o -


Mulnlmel hlcnd. o - r , h .1 IS » or 11  - ' 2 2! 0 1 1 -I 0 , "1 01
 

nhop / . , . .
 

n Himlbm/ini
 

p-IsopropA holtiLiiL - kld,l^ - S-J i n "" Si 01 «] ,r.
 

l.,iBunlb=n/u,L 

Utr.Lhlorouhc.iL 1 M 06 - 2 01 07 2) Of. I iNtr 1  ( \ 0  1 1 9! 04
 

I Unh\ dmh.ir.in _
 

IcliiLne - kl lllLV < OL.-(>(> 1 71 01 61 00
 

Inihlnrnclhcni 1 4F Or, - 4 IF iv H Of,
 

\ in\lLhInndi 2 9! 0- 2 T- 07 ',1  0 - I i \ c  r i ar oi 1  ' I (P 11 01
 

\ \ lines (totil) - \ \ I U I I L . b o d  \ X  - I 111 1 '1 01 11 00
 

\iilim.:n\ - - - - Bluod uhofc b»dv 15E-W) - 6 OT-04 2E-(M)
 

2 0' Hi 1 -.1 07 ^1 o , S k i n m d i i n I ^ U I J  I - v , \ u n 4fiL 01 -. 11 oi -f 01 

iiiiium k i d n c  v i i r 02 1 01 0- 11 O1 

Ber\ Ilium - - - - l i l l e s t i n n 1 7E ÎK) - i r;n o ; 2E-0fl 

( - jdmium - - - - _ 7 2L-II1 - 9 5EM)4 7E-D1 

Cliromiura - - - - 9 <F-04 4t-<M 

C . b .It 

l e a d - - - - _ _ - _ 

Muuin-i ', 'I Hi 41 00 

N  n k e l - - - - tt hn l . lu>d\ 2 4L-O2 - 7 or J}» ZW2 

S i h i  r - - - - i>Lm 9r.C'll - 9 51 -04 IE (id 

L h  i l l m n i - - - - HJuuJ i r.r (ii - 2 41,-0^ 4I-HI 

v i u d r n  m - _ - - Unr CT -lime 0 7L-D* - I 71 -<)•• 71 () ' 

/ m e - - - - Blnnd i IE-no - 4 4hJ)5 IT 00 

t h L i n i L . i l l o t . ! || 2 - I L I  U 1) DL+OO 3 ILdfi ] 2E.13 | y OE+OI iiiir+iHi S4C01 "F-+01 

LipiiMlIL Poml lot.ll ^41 0 , 0 (>L-0(i 11L06 | 2f 01	 'J0h-01 0 or-oo S 41 01 91 0! 
Exposure Mcd urn lot.,i 

2 41 01 0 l)t-(MI 1 .L-06 | 2 E 0 1 9 0E 01 0 OL-00 S 41 -01 91 01 

Medium lnt i l 2 4F-01 1) Ot-IM) i 1L-06 | 2L 111 9 0L 01 0 0E 00 |[ a 4F-01 91 01 

Ri tLp io r Tol .1 I I 03 j RuLplor HI 1 nl il 

SllL Rl l XLd RllLplOI Risk TOI ll	 21 (l« 1
s	 1 

Rcfcrcnn- RUattd Ri ieplm-Rivkl i.l >l	 3r»fi 1	 1 ** 
in Health Risk Assessment Risk Summary tables.xlsArea 4 F\V_CT 



TABLE 3-3 4H 

RISK SUMMARY 

REASONABLE M.-\XIML"M EXPOSURE 

Remedial Investigation and Feasibility Study 

Suttnn Brook Disposal -Area Superiimd Sile-Teuksbury. Massnchuscll 

jScenurio Timefnime: Future 

Receptor Pnpulalinn: .Area 4 Faclily Worker 

jReccptor .AJSC: Adull 

Medium Exposure Exposure Chemn.nl Circ. loacnit. Ri^k \on-CjrLinngcnic ll.iz.ird Qunliunt 

Medium Point of Potcnlnl 

Inge^linn Inhniitinn Demnl Expo,u,e Primjn Inuc^tion Inhnlntion Dcmul EX P . . ,UI  L 

Routes InUl TnrgclUrganiO 

Soil Upland S.iil Group 4. Upland H<.n7i.(itanlhrni.cnc : SE-Ofi I 41-11 ' (>C-i« lE-C^ - - -

(0-I01 h«s) IWofi^rene 9 0E-10 3 Ot-d? 6E-05 - - -

BenzrKcJpvr-cne _ _ _ _ - _ _ _ _ 

Bcnzii(b)nuiiranthcne 2 5E-O6 7 5L-12 : 1E-D6 5E-O6 - - -

Bcnzo(k)iluorantJicne 3 1E-07 S1E-12 2 7E-07 6E-07 - - - - -

BH2-Chlnroetho\%)mahanc - - - - - - - - -

C lrbjzole 9 2E 08 fi 1E-08 2t-f)7 - - - -

4-Chloio-3-mcth\lphennl _ _ _ _ Whole hod\ -•, 1E-I16 _ 2 0E-06 5r-on 

DiB=n7nfaJgan!hraccne 5-9E-l)fi 4 OE-H 5 1E-O6 1E-05 - - - - -

D.benzofwm - _ _ _ Not i\ nibble 5 91--0i 3 5E-O7 7 9r-o» IF (.2 

lndcno(K2J-cd)P>rcne I.3E-O6 3.4E-11 I.IE-06 2E-06 - _ - _ -

1-Mdlnlnaphlh.iluic _ _ _ i sr o', 4 OF 04 i ^r 0 7 41 0, 

2-\lellHlniphthalcnL - - lunj. 2 i r <r, 2 9E 04 ! SF 0  , 4f- 0, 

V.iphlhalcne - - _ % hole bodri > qr-<u I:E-02 3 3r-04 2L0 2 

Pun Itnt - - - -

C 1 I-C22 Aromatic.* _ _ kldllCN 1 4! Di i 91 in 9 21 04 M 0? 

Arsenic 32E-I)fi 1 1E-H9 4 4E-07 3E-Q6 Skirrcarfim-asLubr^lem 1 4E-O2 X4E-O5 7 XF-03 2L-O2 

l e  d _ - - - - -

\Unjinc« _ _ 7 It 1)4 3 41 04 00 11 0-7 

\anadtum - - - - Hiirculunc 1 01 01 - 0 Of-00 IMI-, 

ChuniLilloliI 5 3E 05 : IE us 4 4E0 5 J IE 04 2 9E 02 ~\ 2 OE (C 1 l i  t m. ] [  ̂  6F ')2 

Exposure Poinl Total | < 3E 05 2 lt-<)9 4 4E-05 j  | IT 1)4 2 9F0 2 \ 20t-(»2 |  f 11E02 "J~ fir 02 

Exposure Medium Total jj 5.3E-O5 j  | 2.IE-09 |j 4.4E-O5 || 1E-04 2 9U-02 J 2.OE-02 I.IE-U2 I  P 6E-O2 

Medium Tolal || 5.3E-O5 || 2.SE-O9 | 4.4E-O5 |j 1E-04 2 9I:-O2 ~~\ 2 0E-O2 ]f~ I.1E-02 | 6U-02 

Air Indoor ,\ir Cmiop 4. Upland Tctrachloroethcnc 2.0E-09 2E-09 s% . te r  n 2.7E-O5 3E-O5 

Trichlorocthcne - 4.6E-10 - 5F.-10 Nen. tius i\ ••tcm ci c I.IE-06 - 1E-06 

Chemical Tolal O.OE+00 ] 14E-09 O.OE+00 | 2E-()y 1 OOE+00 | 2.8E-D5 O.OE+00 3E-O5 

Exposure Point Total O.OE-+00 | 2.4E-09 O.OE+00 ~J 2E-09 ~|f jl OtlE-Oll 2.8E-O5 O.OE-̂ 00 3E-O5 

Exposure Med.un, total O.OE+00 2.4E-«)9 O.OE+00 1 2E-09 |j | | OIIE-00 2.8E-O5 O.OE-00 3E-O5 

Medium Total | O.OE+00 2.4E-O9 O.OE+00 | 2E-09 || j  | 0 (1E-00 Z8E-O5 | 0.0E-00 3K-O5 

Sullim Brook Disposal .Area Supcrfund Site (210517) 

Andnvcr projects 2105 17 Sutton Brook wip 1-lum.in H 



TABLE 3-34FI
 

RISK SUMMARY
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Suttnn Brnnk Disposal .Area Supe-rfund Site-Te-\vksbur>. Ma 

bcemno 1 imeli mle Future 

Receptor Age \dult 

Medium Exposure Ore . l . , ,e , , ,eR,s , 

Medium nl Pottntul 

roncun Injc-lion Inh ilalion Dcn,,-I Kpo-ure 

Routes rolil 

Grounds .ter PnliblcGioundwjUi Grnup 1 6 1 4-DiUilnrobuucnt 3 i r 07 - 6 -I OS 41 07 

2 4 Dimelh\ Iphuinl 

2 Mcth\ Iphenol - -

3-Methv Iphenol 4-Mcth\ Iphenol - - - -

4-Meth\ Iphenol -

Voelor 1234 I 9F 06 - 0 or 00 2F 06 

Alpha-BHC 1 2F 06 1 1L 07 IF 06 

\ iphthalene 

Phenol -

1 1 1 Tnehlmot-Uune -

1 1 2-Tnehlorocthjne ifir 06 - 4 "L OS 2F-0S 

1 1 Dlehloroetil me _ - _ 

1 1 Dichlnnicthcnc 

12 4-rnmetlnlben/ene 

1 2-DichIoiocth me 1 6L 0-> - 2 - 1 07 21 0-* 

I 2-Dlehloroethene 

I 2-DichIoroprnp me 9 sr-07 - 1 IF OS ir-06 

1 3 3-TranrthMtK.na.m. -

I 4 Dlo\ me 1 -1 07 1! 04 

2-Butanone - - -

4-MalnI-2penUnnne - -

Aectone - -

Vcnloniliilc 2 sr oi O21 06 ,1 01 

Buvcnc 9OJ 06 4 SI 0 II 0

Carbon tetraehlnnde 2 7E (b 2 IT 06 31 0

Chloroethane -

Chlorofonn 7 11 07 - 2 or os 7F07 

eis-1 2 Dichloroclhcne - - -

Eth\lben7ene - -

EUn 1 meth icn 1 He - -

Isopmpv Ibenzene - -

Mellulene Chlondc 6 6 r 0 7sr 07 

n 1 n p\ Ib-n/uw -

n-Bul\ Ibcnzcnc -

p-Isoprnpvl.olucne - -

tert-Bul\ Ibcnzcnc -

"Ictrachlnnicthcnc 1 3E 03 2 41 Ofi 2L )

Tetnh\diohiran - -

Toluene - - -

Inchlomcthenc 9 6r 06 - - 2F 07 IE0

\ m\i chlnndt. 2 II 04 - 3 4L 06 2r-04 

\ \ lenes (total) - -

Antimoin - - - -

Usen.e 1 4fc 02 2 21-06 IF 02 

B-num - -

Benilmm - - - -

Cadmium - - - -

Chromium - - _ 

Cob ill - -

- - - -

Mmgince 

Mck.-l - - - -

Sihu _ - - -

rhallium - - - -

\anaaium - - _ 

/.me - - - -

|chtmical Total 1 7E 02 1 0 0L+00 3 8E (15 2E02 

Exposure Point Total I 7E-02 j[ 0 0E-00 3 KE 03 |[ 2E-02 

I 7E-02 | 0 0E+00 3 SE-03 2E-02 

Medium IoUl 1 7E 02 "~J 0 0E-00 3 SF-03 2E,,2 

Rectptor Total 2F02 

Siti Rilal id R u t p l n r Riik Tolal 2F-02 

Rcferaicv Related Rcteplor R f  i Total IF-05 

Xno-C,re,nnten,en,1rdC unnu., 

In-olion Inh .1 .linn Ilenilll [\posuie 

Target Org.n(s) Roules toll! 

Vine observed 4 01 04 S 41 0 M 04 

Blond whokbnd\ 101 01 4 SI ()•> 11 01 

Whole bnd\ nen mis sxstem 23L 01 - S 91 03 2F 01 

\\ hole bod\ ncn ous ŝ  ̂ tem 4 71 01 1 -1 02 ii 01 

\\1iolebod\ nervous swem 6 1F-02 1 91 01 6E02 

E%es immune «,ten, 6SE01 OOF 00 7F 01 

-

_ 
Whole bod\ 6 21 03 1 11 03 71 01 

De%clnpmenl. Fetus 1 -I 01 1 or 02 41 01 

\ e n o u  , astern 7 9F 03 _ 4 7F 04 SF 03 

Blond 1 9L 02 * 71 04 2r 02 

\crvnussNslem 2 01 01 2F 01 

l n c  r 2 n 02 1 ,1 0, ,1 02 

-

kldn« M (  b 1 >r 0 ,1 01 

Irvcr 1 61 01 4 >I 03 21 01 

_ 

- -

Iner 3 4t 01 31 01 

Whole bod\ 1 4E 00 Mil 01 IF 00 

Whole bod\ 2 71 -01 _ 191 01 3E 01 

kidnc\ 9 11 01 2 SF 01 91 01 

Rcproductnc | ,  [ 01 4 SI 02 11 01 

Blond immune-\-tern - 6 11 0, 11 01 

IlVCT S 41 01 91 01 

- - -

I I\CT 6 » 01 1 SE-04 7F 01 

Blood 2 31 01 6 9F 03 iF 01 

Lner kidne\ 9-1 01 1 SI 01 11-00 

kidne\ -01 01 _ 2 7r 02 - r 01 

k.dnc\ 9 2f 01 , SI 03 1L 02 

I ner 4 1! 01 4 91 0i 4r 01 

_ 

kldne^ I 11 02 9 or 01 21 02 

1 l\ er 6 SI 03 1 3r 03 SI 0 , 

-

kidnev 1 IF 01 1 21 -00 1! 01 

- - -_ 

l n e  r 2 71 01 4 4E 01 3F 01 

Whole bod-v 1 61 00 _ 4 i  r 01 2r 00 

Blood whole hpdv 2 8E-0II - * OE-03 iE-00 

bkm earditnaseulai s\ stum S71 01 1 4F 02 91 01 

kidnci 2 11 02 - 4 SI 0* 2EO2 

Inlesunw ^ 21- -00 - 7 2F-O2 3E-00 

- 1 4E-00 - 41E-03 1E-00 

SSE-fll _ 4 ~E-.n 7E-01 

-

- - - - -

7 01 00 - 2 SI 02 7r 00 

Whole both 4 5E-02 - * 6F J  b 51*-02 

SUn 1 SE 01! - 4 3E-0 2E-00 

Blood 6 SI -0) - 1 ir-04 7T-0I 

HmePteinc 1 3L-02 - 7 7C-O5 1E-02 

Blood 2 IF-00 - Z0t-<U 2L -00 

1 t 7t+02 0 0E+0O 2 7E+00 2E+02 

1 7L-02 0 OE-00 2 7E-00 2E-02 

1 71" -02 0 OE-00 2 7E-00 2E-02 

1 J 7L H)2 J| 0 OE-00 2 7E+00 2E-02 

RteLptor III Total 2E+02 

| 21-+ 02 

1 lE+OI 

.sal Area Superlimd Sile(21O517) 



TABLE 3-35A
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Sile - Tewksbury, Massachusetts
 

Scenario TimefVame: Future 

Receptor Population: Construction Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of Ere Ca ticer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value t nits Intake/Exposure Concentration CSF/Unit Risk Inlake'E\posure Concentration RfDRlC Hazard Quotient 

Value Units Value Units Cancer Risk Value Units Value Units 

Soil Upland Soil Group 3 Benzo(a)anthracene 1 !I>00 (mgicg) 8 OE-09 mg/Kg-da\ 7 ^E-01 (mgkg-daj)-! 5 8E-09 5 6E-07 mg'Vg-daj - -

(0-10'bgs) Upland Area Benzo(a)p\rene I IE-MJ0 (mg'kg) 8 OE-09 mg<1cg-da> 7 3E^00 (mg,Vg-da>)-I 5 8E-08 5 6E-07 mg'\g-da\ - -

Hwizo{e)pyrenE 7.6E-01 (ing/kg) 5 5E-09 - 3 9E-07 mg/kg-day 

Benzo(b)fluoranthene 4 3E-07 mgkg-da> _ =  . 

Bii(2-eth^lhe^l)phthalate (mg*g-da>H _ ' LQJ  mg Vg-daj 2 0E.-02 mgTvg.day 3 8E 02 

Dt-n-octylphthalate 1 6E-03 (mgltg) 1 2E-05 me Kg-da> 8 1E-04 mg'kg-dav 4 OE-02 mg'Tig/da\ 2 OE-02 

Indeno(i,2.3-cd)P\rene 7 2E-0I (mgiig) 5 2E-09 mgAg-day 7 1E-0I (mg/kg-daj)-! 3 8E-09 3 7E-07 mg.1ig-da> -

Naphthalene I0&-02 73E-07 - - 5 1E-O5 ftie/kfi-diy 2 0E-02 trtg^g/day 3JE-03 

Incidental Ingeslion 1 oluene 7!E-M)2 (mgicg) 5 ?E-06 mg/kg-dav _ - 3 6E-O4 mg'Vg-daj 8 0E02 mg'kg'dav 4 5E-03 

Tetrachloroelhene 2 7E+01 (mgVg) 2 0E-O7 mg'^g-day 5 4E-01 (mg'Vg-da\)-I I 1E-07 I 4E-O5 mg'T«g-da> I OE-02 mg.kg da) I 4E-01 

1.2.4-TnmethyIbenzene 5 9E+02 (mg'kg) 4 3E-06 mg'Ttg-day - - 3 OE-04 mg.1«g-day -

3.5-lnmethvlbenzene 2 OE-02 (mgfcg) 1 5E-06 mg'-kg-dav - - I OE-04 mg'lcg-daj - -

Xjlenes (total) 9 OE+02 (mg'*g) 6 5E-06 mg,Ttg-day - - 4 6F-04 mg Vg-day 2 0E-01 mg/T>g'da> 2 3E-O3 

Anenic J.9E+00 Cn**B) 4^E-O8 mg/fcg-aay IJE+00 M E - 0  8 3.0E-06 mgrttg-day 3 OE-04 mg^g/aay 1 OE-02 

Cadmium 3 8E+00 (mg.itg) 2 8E-08 mg/\g-da3 - - 1 9E-06 mg.kg-day I 0E-03 mg'ltg'dav 1 9E-03 

lead 7 3E+01 (mgVg) 5 3E-O7 mg%g-da> - - 3 7E-05 mg'1<g-da) N  \ (3) -

\aiMdium 1 3E+01 (mg/kg) 9 8E-08 mg/kg-da> - - 6 8E-06 rflg'l>g-day 9 0F-03 mg/iig/day 7 6E-04 

Exp. Route Total 4 0E-07 8 2E-02 

Benzo(a)anthracene 1 IE+00 (mg*g) 7 7E-09 mg-iig-dflv 7 3E-01 (mg/1tg-da))-l 5 6E-09 5 4E-07 mg'Vg-dav - -

Benzo(a)p>rene 1 1E-M)O (mg-itg) 7 7E-O9 mg,ltE-da> 7 3E+00 (mg/kg-day}-I 5 6E-O8 5 4E-07 mg'kg-dny -

8enzt)(e)pvrene 7.6E-SI (roe&gj 5^E-09 mgflfg-da} - - 3.7E-07 «g/k&-day - -

Benzo(b)nuoranthene 8 4E-0! (mg-kg) 5 9E-09 mg,kg-day 7 3E-01 (mgTig-daj)-l 4 3E-09 4 IE -C mg*e-da> - -

Bis(2-elh\ Ihexj l)phthalate 1 5E  J 0  i (mgltg) 8 IE-06 mg*e-<ia> 1 4E-02 (mg'kg-dajM 1 1E-07 5 7E-04 mg.kg-da> 2 0E02 mg'kg'day 2 8E-02 

Di-n-ocUlphthalate 1 6E-.03 (mgke) 8 6E-06 me'kg-da> _ 6 1E-04 1 5E-O2 

Indeno( 1.2,3 -cd)Pyrene 7 2E-0I (mg'kg) 5 1E-09 mg/Tce-diij 7 3E-01 (mg,Tig-da>M 3 7E-09 3 5E-07 mg'ltg-day _ -

Naphthalene J.OE+02 («fc*g) 1JQE-07 mg.'fcg-day - - 4.5E-Q3 mg/Tcg-day 2 OE-02 mg/kg/dav 2 5E-fl3 

Dermal Contact Toluene 7 1 E-^02 (mg.isg) 0 OE^OO mg,l4g-da> - - 0 OE+00 mg lcg-da\ 8 OE-02 mg'itg.dnv 0 0F* 00 

Tetrachloroelhene 2 7E*0I (mgTcg) 0 0E-(00 mg^g-dav 5 4E-OI (mg,-kg-dav>l 0 OE-'-OO 0 OE-'-OO mg.'kg-da) 1 OE-02 mg.1(g'da> 0 0E-r00 

1.2.4-TnmethUbenzene 5 9E+02 (mg'*g) 0 OE+00 rng'^g-dav - - OOF-00 mg Xg-da\ -

l.3,5-Tnmethvlbenzene 2 OE+02 (mglg) 0 OE-00 mgXg-day - - 0 OE-00 mg'Tcg-day -

Xylcnes (total) 9OE+02 (ing'Vg) 0 OE+00 mg,Ttg-da) - - 0 OE+00 mg'fcg-day 2 0E-OJ mg.-kg/day 0 OE+00 

Aismm! 5 9E+00 (rhg/kg) 9 5E-D9 trtg'Ttf-day i 5E+0& I.4E-D8 6 7E-07 tng/kg-ddy 3 OE-04 ttigflcg/ds.} 2.2E-03 

Cadmium 3 8E+00 (mgkg) 2IE-10 mg/kg-da) - - I 1F-08 mg'lcg-daj 2 5E-0i mgltg'dav 5 8r-04 

lead 7 3E+01 (mgkg) 0 OE-rOO mg/l:g-<ia> _ - 0 OE-00 mg'1<g-da> NA 0  ) -

\ anadium 13E+01 (nig'Ttg) 0 OE+00 mg/Ttg-day - - 0 OE+00 mg/1ig-da> 2 3E-04 mg'Tte'day 0 OE-00 

Etp. Route Total 2 0E-07 4 9E-02 

Exposure Medium Total 5 9E-07 I ! 3E-01 

Risk From Reference 7.9E-G8 L7E-02 

Risk from Site 5 1E-07 I 1E-01 

Soil Fugitive Dust Group 3 Soil inhalation Benzo(B)anthracene 8 1E-10 mgm' I 4E-12 mgm3 I 1E-01 (mg-rn')-1 1 5E-I3 9 6E.-I1 mg m' _ _ -

Benzo(a)pjrene 8 1E-10 mg/m> 1 4E-12 1 IE+00 (mg,m'K I 5E-12 9 6E-II mg m3 - - -

Benzo(e)pyrene i 6E-10 mg,W 9JE-13 m|^m3 _ - 6.6E-H mB™3 _ _ -

Benzo(b)fluoranthene 6 2E-I0 mg'm' 1 OE-12 mgm3 1 1E-01 (mg m'>' 1 2E-13 7 3E-U mgm3 - _ -

Bis(2-eth\lhewl)phlhalate 1 IE-06 mg m' 1 9E-09 mg'm3 2 4F-03 (mg m'y 4 5E-12 1 3F-O7 mgm3 7 OE-02 (mg m') I 9E-06 

Di-n-oct\lphthalate i 2E-06 _ »** 2 OE-09 mg m3 - - I 4F-07 mg m3 I 4E-01 (mg'm') ! OE-06 

Naphthalene 1 3E-03 me/tn1 2.2E-06 mg/m3 _ 1.6E-04 mg/m3 3 0E-03 (mg/m1) 5 2E-02 

1 oluene 2 5E-0I me m' 4 3E-04 mg m3 - - 3 0E0  2 mg m3 5 OE+00 (mg.m1) 6 0F-O^ 

I elrnchloroethene 1 7E-02 mgm' 2 9E-0< mg m'' 5 9E-03 (mg'm')-> 1 7E-07 2 own mg m3 3 5E-02 (mg m') 5 7E0 2 

1.2,4-1 nmelh\lbenzene 6 5F-02 mg'm' 1 1E-04 mg m3 _ - 7 7E-03 mg m? - - -

1 3J-Tnmeth)lbenzene 

\5lenes (total) 

2 1E-02 

2 1E-01 

mg m' 

mgm1 

? 6E-05 

3 5E-04 

mg m3 

mgm? —  : .  - ~E— 2 6E-0"< 

2 4E-02 

mg m3 

mg m3 10F-OI (mgm') 2 4E-01 

Arsenic 4.3E-09 mp-taf WE-1 2 mgr'mS 4 3E+B0 3 2E-U 51E-10 Mg/tlO 3.0E-05 Cmg''mJ) L7E-0i 

Cadmium 2 8C-09 mg m' 4 7L-I2 mgm3 1 8E^00 (mg m'y 8 5E-I2 3 3F-I0 mgm3 - - -

Lead 5 4E-08 mg m' 9 IE-11 mg m3 - - 6 4F-09 mgm3 NA (3) - -

V anadium 9 9E.-09 mg'm' I 7E-1I mg*m3 - - 1 21"-09 mg-m3 - - -

&tp. Route Total 1 7E-07 3 6E-0! 

Ex. Medium Total 1 7E-07 3 6E-0I 

Risk from Site 1 7E-O7 3 1E-01 



TABLE 3-35 A 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS 

CENTRAL TENDENCY EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superftnd Site - Tewksbury, Massachusetts 

Scenario Timerrame: Future 

Receptor Population: Construction Worker 

Receptor Age: . Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Ca ncer Risk Calculat ons 

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Intake/Exposur e Concentration 

Value Units Value Units Cancer Risk Value Units 

Groundwater Groundwalcr Group 3 Dermal Contact 14,4-Trimethylbenzene L4E+00 mg/L 1.8E-05 mg/kg-day - - 1.3E-03 mg/kg-day 

K2-Dichloroethane 3.8E-04 mg/L 1.2E-10 mg/kg-day 9.1E-02 (mg/kg-day )-l 1.1E-11 8.1E-09 mg/kg-day 

1,2-Dichloropropane 3.5E-04 mg/L 2.2E-10 mg/kg-day 6.8E-02 (mg/1cg-dayM 1-5E-11 1.5E-08 mg/kg-day 

U,5-Trimethylbenzene 4.2E-01 mg/L 3.0E-06 mg/kg-day - - 2.1E-04 mg/kg-day 

K4-Dichlorobenzene 1.2E-03 mg/L 5.0E-09 mg/kg-day 2.4E-02 (mg/kg-day )-l 1.2E-10 3.5E-07 mg.icg-day 

1.4-Dioxane 3.0E+00 rag/L 6.7E-08 mg.iig^day 1.1E-02 (mg/kg-dayhl 7.4E-10 4.7E-06 mg/kg-day 

2,4-Dimelhylphenol 1.8E-01 mg/L 1.7E-07 mg.kg-day - - L2E-05 mg/kg-day 

2-Butanone 7.7E+01 mg/L 5.2E-06 mg/kg-day - 3.7E-O4 mg/kg-day 

2-MethyIphenol 1.0E+00 mg/L 7.8E-07 mg/kg-day - - 5.5E-O5 mg/kg-day 

J-MethyIphenoI/4-Methylphenol 2.1E+00 mg/L 1.3E-06 mg/kg-day - - 9.1E-05 mg/kg-day 

4-Methyl-2-pentanone 1.9E+02 mg  L 5.6E-05 mg/kg-day - - 3.9E-03 mg/kg-day 

Acetone 7.3E+01 mg/L 4.5E-06 mg/kg-day - - 3.1E-O4 mg/kg-day 

Acrylonitrile 1.3E+00 mg/L 8.4E-08 mg/kg-day 5.4E-O1 (mg/kg-day)-l 4.6E-08 5.9E-06 mg/kg-day 

Aroclorl254 1.2E-03 mg/L O.OE+00 mg/kg-day 4.0E-01 (mg/kg-day>-l O.OE+00 O.OE+00 mg/kg-day 

Benzene 3.6E-03 mg/L 3.4E-09 mg/kg-day 5.5E-O2 (mg/kg-day )-l 1.9E-10 2.4E-07 mg/kg-day 

B is(2-EthyIhexyl)phthaiate 6.1E-01 mg/L 5.6E-06 mg/kg-Ay 1.4E-02 (mg/kg-dayH 7.9E-08 3.9E-04 mg/kg-day 

Chloroethane 2.3E+00 mg/L 8.1E-07 mg/kg-day - ~ 5.7E-05 mg/kg-day 

Ethylbenzene 8.4E+00 mg/L 3.1E-O5 mg/kg-day - - 2.2E-03 mg,kg-day 

Ethyl melhacrylate 4.0E+00 mg/L 4.3E-06 mg/Tcg-day - - 3.0E-04 mg/kg-day 

Methylene Chloride 2.2E+00 mg/L 5.1E-07 mg/kg-day 7.5E-O3 (mg/kg-day)-l 3.9E-09 3.6E-05 mgkg-day 

Naphthalene 1.1E-02 mg/L 4.6E-O8 mg/kg-day r - 3.2E-06 mg/kg-day 

n-Propylbenzene 8.2E-02 mg/L 8-9E-07 mg/kg-day - - 6.2E-05 mg/kg-day 

p-Isopropyltoluene 9.6E-02 mg/L 1.6E-06 mg/kg-day - - l.tE-04 mg/kg-day 

Phenol 9.4E+00 mg'L 5.4E-06 mg/kg-day - - 3.8E-04 mg/kg-day 

Telrachloroethene 2.2E-04 mg/L 8.2E-10 mg/kg-day 5.4E-01 (mg/kg-day )-I 4.4E-10 5.7E-08 mg,kg-day 

Tetrahydrofuran 2.0E+01 mg/L 3.1E-06 mg/kg-day - - 2.1E-04 mg/kg-day 

Toluene 7.8E+01 mg/L 1.7E-04 mg/kg-day - I.2E-02 mg/kg-day 

\ in>! chloride 4 4E-04 mg L 1 4E-10 mg-kg-day 7 2E-0I (mg.kg-da>>-I 1 OE-IO 1 OE-08 mg'kg-da^ 

X>lenes (total) 2 8E^0l mgL I 5E-O4 mg.kg-da> - - I IE-02 mg.kg-day 

Antimony 3 8E-O3 mg  L 1 1E-I0 mg,kg-day - - 8 OE-09 mg/kg-da> 

Arsenic 5 8E-O1 mg L 1 8E-O8 mgkg-daj 1 5E+00 (mg.kg-davM 2 6E-08 I 2F-06 mg.kg-day 

Barium 3 OE-01 mg  L 9 1E-09 mg,kg-da) - - 6 3E-07 mgkg-day 

Cadmium 2 0E-03 mg'L fr.OE-lt mg/kg-day _ - 4,2E-09 i mg/kg-day 

Cobalt 1 4E-01 mg  L 1 7E-09 mg,l(g-da> - - 1 2E-07 mg-kg-da> 

Lead 5.8E-03 tng/L 1 8E-11 - - 1.2E-09 i ttig/kg-day 

Manganese 2 9E-MH mg L 8 8E-07 mg.Ttg-day - - 6 1E-05 mg kg-day 

Nickel 5.8E-O2. infr/L 3J5E-1O mg.1cg:-diy - - 2,5E-08  i mg/icg-ajty 

Thallium. 5.9E-0S mg/L JJE42 mg/kg-dBy - - LIE-JO I mg/kg-day 

Vanadium t-OE-02 mg/L 3.0E-10 lhg/ki-dfty - 2.1E-08 i «g/1tg-day 

Exp. Route Total j[ | | I.6E-07 

Exposure Medium Total | | 16E-07 

Risk From Hefewnet O.OE -̂00 

Risk from Site 1 6E-07 

Non-Cancer Hazard Calculations 

RiD/RJC 

Value Units 

-

2.0E-0! mg/kg/day 

-

-

9.0E-02 mg/kg/day 

1.OE-01 mg/kg/day 

2.0E-02 mg/kg/day 

6.0E-01 mg/kg/day 

5.0E-02 mg/kg/day 

5.0E-O2 mg/kg/day 

8.0E-02 mg/kg/day 

9.0E-01 mg/kg/day 

1.0E-03 mg/kg/day 

2.0E-05 mg/kg/day 

4.0E-03 mg/kg/day 

2.0E-02 mg/kg/day 

-

1.OE-01 mg/kg/day 

9.0E-02 mg/kg/day 

6.0E-O2 mg/kg/day 

2.0E-02 mg/kg/day 

-

1.0E-0! mg/kg/day 

3.OE-01 mg/kg/day 

1.0E-02 mg/kg/day 

_ 

8.0E-02 mg/kg/day 

1 OE-03 mgkg.day 

2 OE-01 mg kg/day 

6 OE-05 mg.kg/day 

3 OE-04 mg,kg,da^ 

1 4E-02 mg/kg/da) 

2 5E-05 mg/kg/day 

-

NA(3) 

1 9E-O3 mg-kg/day 

i OE-04 mg/kg/day 

.8.0E-05 mg-kg/day 

Z3&O4 f tag/kg/iky 

Hazard Quotient
 

4.IE-08
 

-


-


3.9E-06 

4.7E-05 

5.9E-04 

6.1E-04 

1.1 E-03 

I.8E-03 

4.9E-02 

3.5E-04 

5.9E-O? 

0.0E^ 00 

6.OE-05 

2.0E-02 

-

2.2E-02 

3.4E-03 

6.0E-04 

1.6E-04 

-

1.1 E-03 

1.3 E-03 

5.7E-06 

-

1.5E-0! 

3 3E-06 

5 ?E 02 

1 3E-04 

4 1 E-03 

4 5E-O5 

1.7E-04 

-

-

3 3E-02 

3IE-05 

1.3E-D6 

9.0E-05 

3 5E-01 

3 5E-01 

2.9E-04 

3 5E-0I 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran
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T.ABLE 3-3 5 A
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZ.ARDS
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Construction Worker 

Receptor Age; Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of 

Potential Concern 

Air Ambient Air Group 3 Inhalation 1.4-Dichlorobenzene 

(Trench) Naphthalene 

I.l.l-Trichioroethane 

1.1-Dichloroethane 

l.l-Dichloroethene 

1P 4-TrimethyIbenzene 

1.2-Dichloroethane 

cis-I,2-Dich!oroethene 

1.2-DichIoropropanc 

1,3.5-Trimethylbenzene 

2-Butanone 

4-Methyi-2-pentanone 

Acetone 

Acrylonitrile 

Benzene 

Chloroethane 

Ethylbenzene 

Ethyl methacrylate 

Methylene Chloride 

Isopropylbenzene 

n-Propylbenzene 

p-Isopropyltoluene 

I etrachloroethene 

I etrah> drofuran 

Toluene 

Inchloroethene 

Xylenes (total)
 

Exp Route Total j  |
 

Exposure Medium Total
 

Risk Froinitfirerettce
 

Risk from Site
 

(1) FPC -= Exposure Point Concentration. CSF - Cancer Slope Facior. RID = Reference Dose. R1C = Reference Concentration 

(2) Cancer risk = Intake/exposure equation * CSF or Unit Risk; Hazard Index = Intake/exposure equation / RfD or RfC. 

(3) Lead risks were evaluated separately. See text for explanation. 

Shaded = Concentrations of contaminant are consistent with reference concentrations. 

EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Value Units Intake-'Exposur e Concentration CSF/UnilRisk Intake/Exposure Concentration RfD/RfC Hazard Quotient 

Value Units Value Units Cancer Risk \alue Units Value Units 

2E-07 mg/m3 3.1E-10 mg/'ni3 - - 2IE-08 mg/m3 8.0E-01 (mg/m3) 2.7E-08 

1E-06 mg/m3 2.2E-09 mg/m3 - 1 5E-07 ing/m3 3.0E-03 (mg/m3) • 5.1E-O5 

1E-07 mg/m3 1.7E-10 mg'm 3 - - 1 2E-08 mg/m3 3.8E+00 (mg'm') 3.1E-09 

5E-07 mg/m3 9.2E-10 mg/m 3 - 6 <E-08 mg/m3 5.0E-01 (mg/m3) 1.3E-07 

3E-07 mg/m3 5.2E-10 mg/m 3 _ - 3 6E-08 mg/m3 2.0E-OI (mg/m3) 1.8E-07 

2E-04 mg/m3 4.2E-07 mg/m 3 - - 2 9E-05 mg/m3 - -

6E-08 mg/m 3 I.OE-10 mg<m3 2.6E-02 (mg/m3)-1 2.7E 12 7 3E-09 mg/m3 2.4E+00 (mg/m3) 3.0E-09 

3E-07 mg/m 3 4.6E-10 mg/m 3 - - 3 2E-08 mg/m3 6.0E-02 (mg/m3) 5.3E-O7 

6E-08 mg/m3 I.OE-10 mg/m 3 - - 7 2E-09 mg/m3 4.0E-03 (mg/m3) 1.8E-06 

7E-05 mg/m3 1.3E-07 mg/m3 - - 8 9E-06 mg/m3 - - -

2E-O3 mg/m3 3.0E-06 mg/m 3 - - 2 1E-04 mg/m3 5.0E+Q0 (mg/m3) 4.2E-05 

1E-02 mg/m3 2.3E-05 mg/m3 - - 1 6E-03 mg'm3 3.0E+00 (mg'm3) 5.3E-04 

3E-03 mg/m3 4.3E-06 mg/m 3 - 3 OE-04 mg<m3 3.2E+00 (mg/m3) 9.6E-05 

9E-05 mg,'m3 1.6E-07 mg/m 3 6.8E-02 (mg/m3)-' I.1L08 1 IE-05 mg'm3 3.5E-03 (mg/m3) 3.2E-03 

8E-07 tng/m3 L3E-09 mg/m 3 7.8E-03 (mg/m3)-' 1.0E-11 9 3E-O8 mg/m3 3.OE-O2 (mg/m3) 3.IE-06 

6E-04 mg/m3 9.6E-07 mg'm 3 - - 6 7E-05 mg/m3 I.OE+01 (mg/m3) 6.7E-06 . 

2E-03 mg/m3 2.7E-06 mg/m3 - - 1 9E-04 mg/m3 I.OE+00 (mg/m3) I.9E-04 

8E-04 mg/m3 I.3E-06 mg'm 3 - - 9 OE-05 mg/m3 3.2E-01 (mg/m3) 2.8E-04 

4E-04 mg/m 3 7.3E-07 mg/m3 4.7E-04 (mg/m1)-' 3.4E-1O 5 IE-05 mg/m3 3.0E+00 (mg.m3) 1JE-05 

IE-05 mg/m 3 1.8E-O8 mgm3 - - ! 2E-06 mg/m 3 4.0E-01 (mg m') 3 IF-06 

IE-05 mgm3 2.0E-08 mg/m3 _ - 1 4E-06 mg/m3 I.4E-0I (mg m3) 9 8F-06 

2E-05 mg/m3 2.8E-08 mg/m3 - - 1 9E-06 mg/m 3 4.0E-01 (mg m3) 4 9E-06 

3E-08 mg/m3 5.8E-11 mg/m3 5.9E-03 (mg'm3)-' 3.4 E-P 4 OE-09 mgm3 3.5E-02 (mg.m') 1 2F.-07 

1E-03 mg m3 I 7E-06 mg-m3 - I 2E-04 mg/m 3 3.0E-0! (mg m3) 4 1E-04 

2E-02 mg m3 2 7E05 mg m3 _ - 1 9E-03 mg/m3 5.0E+00 (mg m3) 3 8E 04 

7E-08 mg m"* 1 1F-10 mg m3 2OF-O3 (mg m3)-' 2iM3 8 OE-09 mg/m3 6.0E-01 (mg in3) 1 3E-08 

1 IE 07 

5E-03 mg'm3 9 1E-06 _ 6 3E-04 mg/n,3 1 OE-01 (mg m3) 6 3E-03 

1 1E-08 1 2E-02 

1 1E-08 1 2E-02 

I 1E-08 I 2E-02 

Total of Receptor Risks Across All Media 9E-07 Total of Receptor Hazards Across All Media 8E-01 

Risks from Reference 8E-08 7E-02. 

Risks from Site 9E-07 8E-01 

Woodard & Curran Sutton Brook Disposal Area Superfund Site (210517) 
May 2007 G:\210517 Sutton Brook\wip\Human Health Risk AssessmenURisk calculations.xls 
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TABLE 3-35B
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Construction Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calf ulatiom 

Polentia! Concern Value Units Intake/Exposu •e Concentration CSF/timt Risk Intake/txposu •e Concentration RfDRfC 

Value Units \alue Units Cancer Risk \ alue Units Value I nits Hazard Ouotient 

Soil Upland Soil Group 3 Benzo(a)anlhracene 1 IE-00 (mgkg) 2 6E-O8 ! 8E-06 me kg-dav 

(O-10'bgs) Upland Area Benzo(a)pjTene I lE^-00 (mgAg) 2 6E-O8 mg/kg-day "~3E^00 " (mg-kg-daj)-! I 9E-07 1 8E-06 mg/kg-da) 
- —  ; -

BenzO(e)pyrtne 7.6E-01 (mgtg) l.SE-08. mEftg-day - - I.3E-06 mg/kg-day -

Benzo(b)fluoranthene 8 4F-01 (mgkg) 2 OE-08 mg kg-dav 7 3F-01 (mg,'kg-dav^i 1 5E-08 I 4E-06 mg kg-dav - -

Bis(2-ethvlhe\>l)phtha!ate I 5EM)3 (mgkg) 3 6E-0S mg kg-da> 1 4E-02 (mg.kg-daj)-l 5 0F.-07 2 5 E-03 mg*g-dav 2 OE-02 mgkg day I 3E-0! 

Di-n-octylphthalate ! 6F4-03 (mgkg) 3 8E-05 me kg-dav _ - 2 7E-03 mg'kg-daj 4 OE-02 mg kg-dav 6 7E-02 

lndeno(!.2.3-cd)Pvrene 7 2E-0! (mgkg) I.7E-08 mg/kg-day 7.3 E-01 (mg-kg-da»I ! 3E-O8 1 2E-06 mgkg-day - -

Naphthalene IXE+03 (mg/kg) X4E-06 mfoTcg-day - - L7E-04 2 0E-02 Mg/kg/iky 8 4E-03 

Incidental Ingestion oluene 7IE+02 (nig kg) 1 7E-05 mg-kg-daj - 1 2E-03 mg/lcg-day 8 OE-02 mg.U/day i 5E-02 

I etrachloroethene 2 7E+0! 6 5E-07 mg/kg-dav 5 4E-01 (mg'kg-day)-l 3 5E-07 4 <E-05 mg.kg-day ! OE-02 mg,kg,dav_ 4 ^E-03 

1.2.4-Tnmelh\ Ibenzene 3 9E<-02 (me kg) ! 4E-05 mg-kg-day 9 9E-O4 mg,kg-da> 

1,3,S-Tnmeth\ Ibenzene (mg_kg) 4 8E-06 mg.kg-da> •? 4E-04 

X)lenes (total) ~90L-02~ (mg kg) 2 2E-05 mg,kg-day I 5E-03 mg-kg-daj 2 0E-0! mg.kg.day 7 J E-03 

.Arsenic 5 9E+D0 (mg*g) 1.4E-07 *nS/kg-day 15E+00 (mg7kg-<fay>! 2JE-07 9.9B-06 mg-kg-dav 3.0E-O4 mg/kg/day 3JE-02 

Cadmium 3 8E+00 (mg kg) 9 1E-08 mg.Vg-day - - 6 4F-06 1 OE-03 mg-kg dav 6 4F-03 

I ead 7 3E-0! (mgkg) 1 8E-06 mg'kg-da> - - 1 2E-04 mg-kg-day NA 0  ) -

Vanadium 1 3E-01 (rag/kg) 3 2E-07 mg/kg-day _ 2 3E-O5 mg/Kg-day 9 Or-03 mg/kg.dav 2 5E-O3 

Exp. Route Total I3E-O6 2 7F-01 

Benzo(a)anlhracene 1 1E-00 (mgkg) 7 7E-09 mg.kg-day 7 3E-0S (mg,kg-da»-] 5 61 -09 3 4E-07 mg.kg-dav - -

I3enzo(a)pyrene ! 1L-00 (mgkg) 7 7E-09 mg.kg-da> 7 3E+00 (mgkg-da»! 5 6E-O8 5 4E-07 mg,kg-dav - -

BenzoT^jTent 7.6E-01 (mg'kgj 5JE-09 mgicg-dfly - 3.7E-07 mg/kg-day - -

Benzo(b)fluoranthene S4F.-0! (mgkg) 5 9E-09 mg,kg-day 7 3E-0I (mg,kg-da})-i 4 3E-09 4 1E-07 mg.kg-da> -

Di-n-oct>lphthalate I 6EK)3 (mgkg) 8 6E-O6 ~~7g*g-dar _ 6 ! E-04 mg.^g-dav 4 OE-02 mg'ke'day 1 5E-O2 

Indeno(l,2_}-cd)Pvrene 7 2L-01 (mgkg) 5 1E-O9 mg.kg-day 7 3E-01 (mg/itg-dav)-! 3 7L-09 3 5E-07 mg kg-dav - -

Nnphthalen? 1 OE+02 (fflg*g) 7.0E-07 tt.g.Ttg-day - - 4.9E-05 mg/kg-day 2 OE-02 mg'icg/day Z5E-D3 

Dermal Contact I oluene 7 1L*-O2 (mgkg) 0 OE-00 mg.kg-dav - - 0 OE-00 mg.kg-dav 8 0t-02 mg.Xg dav 0 OF^-OO 

1 elrachloroethene 27F'O1 (mgkg) OOF-00 mgkg-day 3 4E-01 (mg,kg-da%>l 0 0E-00 0 OLt-00 mg/T(g-dav 1 OE-02 mg/Vg,dav o or "-OP 

1.2.4-Trimeth> Ibenzene 5 9E-02 (mgkg) 0 0E+00 mg/kg-dav - - 0 0E-00 mgke-dav _ _ 

1.3.5-Tnmethv Ibenzene OOF'00 me/kg-dav _ 

Xylenes (total) 9 0E 02 (mg.kg) 0 OE-'-OO mgkg-da) _ OOE-00 mg,kg-dav 2 0E-0I mgkg, day 0 OF,' 00 

Ancnfc 5.9£+0Q (mg*g) 9-5E-09 mfc1c&-day JJ&+O0 (mfi/kgnfayH 1.4E-08 6 7E-07 mg,Tt6-tk> 3.QE-04 tttg/Ttg/daj 2.2E-03 

Cadmium 3 8E-00 (mgkg) 2 1E-10 mg/Tcg-dav - - 1 41 -08 mg kg-dav 2 5E-O5 mgikg,dav 5 8F-04 

1 ead 73E-0I 0 OE-'-OO mg/kg-da> _ OOL'OO me.kg-dav NA (3) -

Vanadium I 3E+01 (mg-kg) 0.0E4 00 mg.kg-day - - 0 0E+00 mg/kg-dav 2 3E-04 mg/kg,day OOEfPO 

Exp. Route Total 2 OE-07 4 9E-02 

Exposure Medium Total 1 5E-O6 3 2E-01 

23E-&7 4.SE-02 

Risk from Site 1 3E-06 2 7E-0I 

Soil Fugitive Dust Group 3 Soil Inhalation Benzo(a)anthracene 8 1E-10 mg m' I 4E-I2 mem' < It-OS i (mgm')- ' 1 5E-13 9 6E.-11 
_ _ ™ i _  m ! _ 1 r. . 

I 5E-I2 

BenzoOOpyrene 5.6E-10 mg/m1 9.5E-I3 mg/m3 6.6E-11 mE,m3 _ 

Benzo(b)fluoranthene 6 2E-10 mg m' 10E-12 mgml 3 1E-0I (mg m'>' 1 2f-13 7 3E-II mg m3 -

3 
3
 

cm
 

m
 

3"
 

31 IT.-06 m g m ' (mg m') 
"  - — " — — ( m — ^ Di-n-oct>lphtha!ate 2 OE-09 i 2E-06 1 0E-06 

Indeno(1.2_3-cd)P)iene 
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I oluene 
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TABLE 3-35B
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

m Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Scenario Timeframe: Future 

Receptor Population: Construction Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value Units Intake/Exposur e Concentration CSF/L'nit Risk Intake/Exposur e Concentration RfD/RfC 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Oronndwater Groundwater Group 3 Dermal Contact 1 JM-Trimethylbenzcne 1E+00 mg/L 4.5E-05 mg/Tcg-day _ - 3.2E-03 mg/kg-day -

1,2-Dichloroethane 4E-04 mg'L 2.9E-10 mg/kg-day 9.1E-02 (mg/kg-day}.i 2.6E-11 2.0E-08 mg/kg-day 2.0E-01 mg-kg da> I OE-07 

1.2-Dichloropropane 4E-04 tng/L 5.5E-10 mg/kg-day 6.8E-02 (mg4g-dayH 3.7E-11 3.8E-08 mg/kg-day - -

U.5-Trimethylbenzene 4E-01 mg'L 7.6E-06 mg/kg-day _ - 5.3E-04 mg'kg-day - -

1.4-Dichlorobenzene 1E-03 mg/L 1.3E-08 mg/kg-day 2.4E-02 (mg*g-day)-i 3.0E-10 8.8E-07 mg;kg-day 9.0E-02 mg.iig da\ 9 7E-06 

1,4-Dioxane 3E+00 mg/L 1.7E-07 mg/kg-day I.1E-02 (mg/kg-day)-l ! .8E-09 1.2E-05 mg/kg-day !.OE-01 mg'kg'daj I 2E-04 

2,4-DimethylphenoI 2E-01 mg/L 4.2E-07 mg/kg-day - 2.9E-05 mg/kg-day 2.0E-02 mg/kg da> I <E-03 

mg/L 

2-Methylphenol 1E+00 mg/L 2.0E-06 mg/kg-day _ _ 1.4E-04 mg/kg-day 5.0E-O2 mg/kg da\ 2 7E-03 

?-Methylphenol/4-Methy!phenol 2E+00 mg/L 3.3E-06 mg/kg-day _ - 2.3E-04 mg/kg-day 5.0E-02 mg-kg da> 4 6E-03 

4-Methyl-2-pentanone • 2E+02 mg/L 1.4E-04 mg/kg-day - _ 9.7E-03 mg/kg-day 8.0E-O2 mg/kg da> I 2E-0! 

Acetone 7E+0! mg'L 1.1E-05 mg/kg-day _ 7.8E-04 mg/kg-day 9.0E-0I mg'kg'da^ 8 7E-04 

Acrylonitrile 1E+00 mg/L 2.1E-07 mg-kg-day 5.4E-01 (mg/kg-day)-l 1.1E-07 1.5E-05 mg,kg-day 1 OE-03 mg/kg da\ 1 <E-02 

Aroclor 1254 1E-03 mg'L 0.0E+00 mg/kg-day 4.0E-01 (mg/kg-day)-! 0.0E+00 0.0E+00 mg/kg-day 2.0E-05 mg/kg daj 0 OE-^00 

Benzene 4E-03 mg/L 8.6E-09 mg/kg-day 5.3E-02 (mg'kg-day)-l 4.7E-10 6.0E-07 mg/kg-day 4.OE-03 mg/kg day 1 SE-04 

Bis(2-Ethylhexyl)phthaiate 6E-01 mg/L 1.4E-05 mg/kg-day 1.4E-02 (mgkg-day )-l 2.0E-07 9.9E-04 mg/kg-day 2.0E-02 mg/kg day 4 9E-02 

Chloroethane 2E+00 mg/L 2.0E-06 mg/kg-day - - 1.4E-04 mg/kg-day -

Ethylbenzene 8E+00 mg/L 7.9E-05 mg/kg-day - - 5.5E-O3 mg/kg-day 1.OE-01 mg/kg day 5 <E-02 

Ethyl methacrylate 4E+00 mg'L l.IE-05 mg/kg-day - 7.6E-04 mg/kg-day 9.0E-02 mg/kg/da\ 8 4E-03 

Methylene Chloride 2E+00 mg/L 1.3E-06 mg/kg-day 7.5E-03 (mg*g-day)-l 9.6E-09 9.0E-05 mg/kg-day 6.0E-02 mg/kg da) I 5E-03 

Naphthalene 1E-02 mg/L I.IE-07 mg/kg-day - - 8.0E-06 mg/kg-day 2.0E-02 mg/kg/da \ 4 OE-04 

n-Propylbenzene 8E-02 mgL 2.2E-06 mg/kg-day - 1.6E-04 mg/kg-day -

p-Isopropyltoluene 1E-01 mg'L 4.0E-06 mg/kg-day - - . 2.8E-04 mg/kg-day 1.OE-01 mg'kg da> 2 8E-03 

Phenol 9E+00 mgL 1.3E-O5 me/kc-dav - _ 9.4E-04 mg/kg-day 3.0E-0I mg.kg/da\ 3 1E-03 

Tetrachloroethene 2E-04 mg'L 2.0E-O9 mg/kg-day 5.4E-01 (mg,kg-day>-l 1.1E-09 1.4E-07 mg-kg-day 1 .OE-02 mg/kg da\ 1 4E-05 

Tetrahydroruran 2EM)I m g L 7 7E-C5 mgkg-dny _ - 5 4E-04 mg/kg-day - -

Toluene 8L-01 mgl 4 2E-04 mgkg-daj _ - 3 OE-02 mg,kg-da> 8 OE-02 mg.kg da> 3 7F-01 

Inchloroethene 4E-0-1 mgL I 1E-09 mgkg-da* 4 OE-01 (mgkg-da5)-l 4 2E-10 7 4L-08 mg,kg-da> -

\ inyl chlonde 4E-04 m g  l •«6E-10 mgkg-day 7 2E-01 (mg.kg-da^)-l 2 6F-I0 2 5E-0S mpkg-da> 3 OE-O^ mg/kg da> 8 3L-06 

\>!enes (total) ^r>oi mgL 3 8F-04 mgkg-day - - 2 7E-02 me kg-da} 2 OF-01 mg'kgida) 1 ^E-OI 

Antimony 4E-03 mgL 2 9E-10 meke-dav _ - 2 OE-08 mg-kg-da\ 6 OE-05 mg'kg da\ ? 3E-O4 

Arsenic 6E-01 mgl 4 4E-O8 me kE-da^ I SE-fOO (mg-kg-daj}-l 6 6E-08 3 1F-06 mgkg-da\ 3 OE-04 mgkg.da) 1 OE-02 

Banum 3E-01 mgL 2 3E-08 mg'kg-da) _ - 1 6E-06 mgkg-da> 1 4L-02 mgkgday I 1L-04 

Cadmium 2.0E-03 mg/L 1.5E-10 mg/kg-dav - - l.IE-08 mg'kg-day 2 5E-05 mgicg/aay 4^E-04 

Cobalt 1 4E-01 mgL 4 2E-09 mg/kg-day - - 3 OE-07 mgkg-da> - -

Lead 5 8E-O3 mg'L 4.4E-11 tagjke-day - - 3.1E-09 tt1g?kg-da.y NA (3) -

Manganese 2 9E-01 mgL 2 2E-06 mg kg-da> _ - 1 5E-04 mg/kg-daj I 9E-03 mg/kg/da> 8 2E-02 

Nickel 3.8E-02 Wg/L 8 8E-10 mg/k£-day - - 6.1E-O8 mg/kg-day 8.0E-04 Djg/kg/day 7-7E-05 

Thallium 5.OE-O5 ing/I* 3.8E-12 mg Teg-day - 2.6E40 mg/kg-day 8.0E-05 ing/kg-day 33EM 

Vanadium 1.0E-02 7JE-10 mplcg-day - - 5.3E-08 iriS/icg-day 23E-04 ttlg/kg/rky 23E-04 

Exp Route Total 3 9E-07 8 6E-0! 

Exposure Medium Tola! 3 9E-07 8 6E-01 

:igi|is||^||f^Hi:il|: illJiiiiliiiliiilliilSiil o.oE+bo 73JE-04 

Risk from Site 3 9E-07 8 6F-01 

Woodard & Curran Sutton Brook Disposal Area Superfund Site (210517) 
Page 2 of 3 May 2007 G:\210517 Sutton Brook\wip\Human Health Risk AssessmentXRisk calculations.xls 



TABLE 3-35B
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSCRE
 

Remedial Investigation nnd Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksburv. Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Construction Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Haznrd Calculations 

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Intake. Exposur e Concentration RfD'RfC 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Air Ambient Air Group 3 Inhalation 1.4-Dichiorobcnzcne _ 2.7E-08 

(Trench) Naphthalene 1E-06 mg m1 2 2E-09 mg.'m3 _ - I.5E-07 mg/m3 3.0E-O3 (mg/m') 5JE-O5 

! .2.4-Trimethvlbenzene 2E-04 me m3 4 2E-07 mem 3 - - 2.9E-05 mg'm3 -

1,2-Dichloroethane 6E-08 m E m 3 (mgm')- ' 2.7E-I2 7.3E-09 mg.m 3 2.4E+00 (mg.'m') 3.0E-09 

1.2-Dichloropropane 6E-08 m g m  1 1 OE-10 mg.m 3 _ 7.2E-09 - mg/m3 4.0E-03 (mg'm') 1.8E-06 

1.3.5-Trimethylbenzene 7E-05 mgm3 1 3E-07 mg m3 - 8.9E-06 mg/m 3 -

2-Butanone 2E-03 mg m^ 3 OE-06 mg/m 3 - - 2.IE-04 mg/m3 5.0E+00 (mg.'m') 4.2E-05 

4-Melhyl-2-pentanone 1E-02 mg mi 2 3E-O5 mE.m3 _ - ! .6E-03 mg/m3 3.0E+00 (mgm') 5.3E-04 

Acetone 3E-03 mg in3 i 3E-O6 mgm3 - - 3.0E-04 mg/m3 3.2E+00 (mg.m') 9.6E-05 

Acrytonitriie 9E-05 me n  ̂  1 6E-07 mg.m3 6 8E-02 (mgm')-1 I.1E-08 1.1E-05 mg'm3 3.5E-03 (mg.'m') 3.2E-03 

Benzene 8E-07 ms mi 1 3E-09 mg/m3 7.8E-03 (mg/m')-1 I.OE-H 9.3E-08 mg.m 3 3.0E-02 (mg'm') 3.1E-06 

Chloroetbane 6E-04 mg mi 9 6E-07 mg.'m 3 - - 6.7E-05 mgm3 1.0E+01 (mg/TnJ) 6.7E-06 

Ethylbenzene 2E-03 mg m3 2 7E-06 mg/m3 - - I.9E-04 ing'm3 1.OE+00 (mg/m') I 9E-04 

Ethyl methacryiate 8E-04 mgm3 1 "E-06 mg m3 _ - 9.0E-O5 mg/m3 3.2E-01 (mg/m') 2.8E-04 

Methyiene Chloride 4E-04 me m3 7 3E-07 mg/m3 4.7E-04 (mg/m')-' 3.4E-10 5.1E-O5 mg/m 3 3.OE+00 (mg/m') 1.7E-05 

n-Propylbenzene 1E-05 m g m  ' 2 Oh-08 mg/m3 - - 1.4E-06 mg/m 3 J.4E-O1 (mg.m') 9.8E-06 

p-Isopropyltoluene 2E-05 mgm3 2 8E-O8 mg/m3 _ - I.9E-06 mg'm3 4.0E-01 (mg.m') 4.9E-06 

Tetrachloroethene 3E-O8 HIE m3 5 8E-11 mgm3 5.9E-03 (mg.m')-' 3.4E-13 4.0E-09 mg/m 3 3.5E-02 (mg/m') 1.2E-07 

Tetrahydrofuran 1E-03 mg m1 I 7E-06 mg'm3 - - 1.2E-04 mg'm3 3.0E-01 (mg/m') 4.1E-04 

Toluene 2E-02 mg m1 2 7E-05 mg.'m? - - 1.9E-03 mg>'m3 5.0E+00 (mg/m') 3.8E-04 

Trichloroethene 7E-08 mg m3 1 1E-10 mg/m3 2-OE-03 (mg.m'K 2.3E-13 8.0E-09 mg/m 3 6.0E-01 (mg.'m') 1.3E-08 

\ in>! chloride 1E-07 mg m3 1 9E-10 mgm3 4 4E-03 (mgm')-1 8 3F-13 ! 3E-08 mg m3 1 OL-OI (mg m<) 1 ?E 0"? 

Xjlenes (total) 5E-03 mg/m3 9 1E-06 mem3 - - 6 3E-04 mg m^ I OE-01 (mg m') 6 3C-01 

Exp. Route Total j) I 1E-08 I 2E-02 

jj Exposure Medium Total 1 1E-08 1 2E-02 

:;i:iRisfe.|rom::Rife;re;i.cO 0 OE+00 0 OE+00 

Risk from Site 1 1E-08 I 2E-02 

Total of Receptor Risks Across All Media 2E-06 I otal oi Receptor Hazards Across All Media 2E+00 

Risks from Reference 2E-O7 1E-01 

Risks from Site 2E-06 1 E*oo 

(1) EPC = Exposure Point Concentration: CSF = Cancer Slope Factor. RfD = Reference Dose; RJC = Reference Concentration 

(2) Cancer risk = Intake/exposure equation * CSF or Unit Risk: Hazard Index = Intake/exposure equation / RiD or RfC. 

(3) Lend risks lated separately. See text for explanation. 

Shaded = Con ; of contaminant are consistent with reference concentrations. 

Woodard & Curran 
Sutton Brook Disposal Area Superfund Site (210517) 

May 2007 
G:\210517 Sutton Brook\wip\Human Health Risk Assessment\Risk calculations.xls 



TABLE 3-35C
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfiind Site - Tewksbury. Massachusetts
 

Scenario Timeframe: Future 
T 

Receptor Population Construction V oiker 

Receptor Age Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC "ancer Risk Calcu ations Non-Cancer Hazard Calculations 

Potential Concern \ alue Units Intake/Exposure Concentration CShUmt Risk Intake/Exposur e Concentration RtDRtC 

Value Units \alue Lnits Cancer Risk Value Units Value Units Hazard Quotient 

Soil Upland Soil Group 4 Benzo(a)anthracene 3 8E-01 (mgkg) 2 8E-07 mgkg-day 7 3E-01 (mgkg-dav )-l 2 OE-07 I 9F-O5 mgkg-day - -

(0-10'bgs) Lpland Area Benzo(a)pyrene 2 3E-01 (mgkg) 1 7E-07 mgkg-day 7 3E-00 (mg kg-dav )-l 1 2E-06 I 2E-O5 mgkg-day - -

Benzo(e)pyrene 1 7EJ-01 (me/leg) 1.2E-07 mg/kg-day - - 8 6E-06 mg'kg-day - -

Benzo(b)t1uoranthene 1 6E+01 (mgkg) 1 2E-07 mgkg-dav 7 3E-0I (mgkg-day)-! 8 5E-O8 8 2E-06 mgkg-dav -

Benzo(k)fluoranthene 2 0E 01 (mgkg) I 5E-07 mgkg-dav 7 3E-02 (mg kg-dav )-l 1 1E-08 I 0F-05 makg-dav - -

Bis(2-Chloroethox\)methane 4 9F-01 (mg-kg) 3 6E-09 mgkg-day - - 2 5F-07 mgkg-dav - -

Carbazole 2 2EMM (mgkg) 1 6F.-07 mgkg-day 2 OF-02 (mgkg-dav)-l 3 2E-09 1 ir-05 mgkg-day - -

f-Ch!oro-3-methv|pheno! 3 7E-01 (mgkg) 2 7E-09 mgkg-day - - 1 9F-07 mgkg-dav 7 0F-02 mgkgdav 2 7E-06 

Dibenzo(a.h)anlliracene 3.9E+00 (mg'kg) 2 8E-08 mg'kg-day 7 3E+00 Ong*g-day)-i 2.IE-O7 2.0E-06 mg/kg-day _ 

Incidental Ingestion Dibenzohiran 2 0E-0! (mgkg) I 5E-07 mg kg-dav - - 1 OF-05 mgkg-dav 2 0E-03 mg\gdav 5 IF-03 

!ndeno(1.2.3-td)Pyrene 8 SE-'OO (mgkg) 6 2r-08 mgkg-dav 7 3L-01 (mgkg-day )-l 4 5E-0R 4 3T-06 mg.kg-dav - -

1-Methy (naphthalene 1 2F-01 (mgkg) 8 7E-08 mgkg-dav _ - 6 1F-06 mgkg-dav 4 Of-03 mgkg day 1 51--03 

2-Methylnaphthalene i4i>oi (mgkg) I OE-07 mgkg-day - - 7 3E-06 mg kg-dav 4 0E-03 mgkgdav I 8E-03 

Naphthalene 1JE+01 (rngfto) 9.6E-0S mg/kg-day - 6.7E-06 mg'kg-day 2 OE-02 mg.kg/dny 3.3E-04 

C11-C22 .Aromatics 7 2E+0! (mgkg) 5 2E-07 mgkg-day - - 3 6E-05 mgkg-day 3 OE-02 mg'kg'dav ! 2E-03 

Arsenic 7,1E-00 {tng>kg) 5.2E-0& mg'kg-day UBMW (mg/kg-day)-! 7JE-0R 3.6E-06 ffig'kg-day 3 OE-0-1 lug-kg/day 1JUB-02 

lead 1 1E'O2 (mgkg) 9 7E-07 mg.kg-dav - - 6 8E-O5 mgkg-day NA (3) -

Manganese 1 7E'O2 (mgkg) 1 2E-06 mgkg-dav - 8 6E-05 mgl^g-dav 1 4E 01 mgkgdav 6 2F-04 

V anadium 1 6E-01 (mg/kg) 1 2E-07 mgkg-day - - 8 1E-06 mg'kg-day 9.0F-03 mg'kg/day 9 OF-04 

Exp Route Total ! 8E-06 2 5E-02 

Benzo(a)anthracene 3 8t+0I (mgkg) 2 7E-07 mgkg-day 7 3E-01 (mg-kg-day)-l I 9E-07 1 9E-05 mgkg-day 
:  — 

Benzo(a)pyrene 23EL0I (mgkg) 1 6E-07 mg kg-dav 73E-00 (mgkg-day)-1 1 2E-06 I 1E-05 mgkg-dav 

Benzo(e)pyrene L7E+01 (mg*g) 1.2E-07 rng'̂ kg-dAv - 8.4E-06 mgkg-day _ -

Benzo(b)fluoranthene I6E'O! (mgkg) 1 IE-07 mgkg-dav 7 3E-01 (mgkg-day )-I 8 3E-08 7 9E-06 mgkg-dav - -

Benzo(k)fluoranthene 2 0I>01 (mgkg) 1 4F-07 mgkg-dav 7 3E-02 (mg kg-dav )-l I OE-08 1 0E-05 mgkg-dav _ 

Bis(2-Chloroethoxv)melhane 4 9F-0I (mgkg) 2 6E-09 mgkg-day _ _ 1 9F-07 mg kg-dav _ 

Carbazoie 2 2E-01 (mgkg) I 2E-07 mgkg-day 2 OE-02 (mgkg-day)-! 2 4E-09 8 3F-06 mg kg-dav - -

4-Chloro-3-methy Iphenol 3 7E-0! (mgkg) 2 OE-09 mgkg-dav - - 1 4E-07 mgkg-dav 7 OE-02 mgkg da\ 2 0r-06 

Dibenzo(a.h)anthracene' 3.9E+00 (mg'ke) 2.7E-08 mg/fcg-dav 73E+00 (mg'kg-day)-! 2 OE-07 1.9E-06 mgkg-day 

20EJ 01 (mg kg) mg-kg-dav 
lndeno(I.2,3-cd)PvTene 8 5E->00 (mgkg) 6 0E-08 mgkg-day 7 3E-01 (mg kg-dav )-I 4 4F-O8 4 2E-06 mgkg-dav 

1-Methvlnaphthalene I 2E 0! (mgkg^ 8 4E-08 mgkg-day - - 5 9E-06 mg kg-dav 4 0E-03 mgkg'dav 1 5L-03 

2-Methylnaphthalene 1 4EJ 0! (mgkg) 1 OE-07 mgkg-day _ - 7 1E-06 mg kg-dav 4 0E-03 mgkg'dav I IMi 

Naphthalene 1.3E+01 (mg/kg) 9.2E-0& me/kg-day - - 6 5E-06 mg'kg-day 2.0E-02 mg'kg'day 3.2E-04 

C11-C22 Aromatics 7 2E-01 (mgkg) 3 9E-07 mgkg-day - - 2 7E-05 mgkg-dav 3 0L-02 mgkgdav 9 0E-04 

Arsenic 11E-00 (mfckg) 1 2E-08 mg/kg-daV LSE+0G (mg.'kg-da>)-l 1 7E-08 8 IE-07 mgkg-dav 3.0E-04 mg/kg'day 1 7E-03 

lead I 3E-02 (mgkg) OOE 00 mg'kg-day _ - 0 OEiOO mgkg-dav N  \ (3) -

Manganese 1 7EJ02 (mgkg) 0 0E-00 mg kg-dav -
_ .. 

- OOE 00 mgkg-dav 5 6E-03 mgkadav OOE'-OO 

Vanadium 1 6E-01 (mg/kg) 0 OE-^OO mglg-day - - 0 OE^-00 mgkg-day 2 311-04 mg'kg. dav 0 0E-00 

Exp. Route Total || jj I 7E-06 jf 1 IF-02 

Exposure Medium Total 3 6E-06 ~J| 3 6L-02 

Risk From ReFerence 5 OE-07 || 15E-02 

Risk from Site 31E-06 || 2 1E-02 

Sutton Brook Disposal Area Superfund Site (210517) 
Woodard & Curran 

G:\210517 Sutton Brook\wip\Human Health Risk Assessment\Risk calculations.xls Page 1 of 2 
May 2007 



TABLE 3-3 5C
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfiind Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Construction Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EI'C Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value I  n its Intake Exposure Concentration CShUnii Risk Intake/Exposure Concentration RID RfC 

Units Cancer Risk Value I'nits Valus Units Hazard Quotient 

Soil Fugiti\e Dust Group 4 Soil Inhalation Benzo(a)anthracene 

Benzo(a)pyrene 

2 8E-08 

1 7E-08 

mgm1 

mg.ni' 

4 7E-11 

2 8E-11 

mg m 

mg m3 

1 1E-0I 

1 !I>00 

(mg m > ' 

(mg m > 

5 2E-12 

3 1E-11 

3 3EOQ 

2 0F-09 

mgm 

mg m3 

Z .  _ 
—  —z~ 

Benzo(e)pyrene J.3E-O8 mgm' 2.1E-J1 mg/m3 1.5E-09 mgi'ni3 

Benzo(b)fluoranthene 1.2E-O8 mgm' 2 0E-11 mg m3 1 1E-0I (mgm1)-1 2 2E-12 1 4 E-09 mg m3 

Benzo(k)fluoranthene 

Uis(2-Chloroethoxy)methane 

1 5L-0R 

3 6E-10 

mgm1 

mgm1 

2 5E-1I 

6 1L-I3 

mgm? 

mg m3 

1 IE-01 (mgraV 2 8F.-12 1 8E-09 

4 3E-11 

mgm 3 

mg m3 -  z 
Carbazole 1.6E-08 mg m' 2 7E-11 1 9F.-09 mg.m3 

_  _ . -
4-Chloro-3-meth}!phenol 2.7E-10 ragm' 4 6E-13 mgm 3 3 2E-11 mgm 3 

Dibenzo(a.h).tnthfacene 2.9E-09 m g  W 4.8E-12 mg'm3 I.2E+00 (mg-'m'P 5.8E-I2 3.4E-10 mgf'm3 -
Dibenzofuran 1 5E-08 2 5E-11 nig.m? I 8 E-09 mgm 3 7 0E-01 (mg m3) 2 5E-07 

Indeno(1.2.3-cd)Pyrene 6 2F.-09 mgm' I 1E-11 mg m 3 I IE-01 (mg m1)-' 1 2E-12 7.4E-10 mg m3 

1-Meth>lnaphthalene 7 2E-04 mgm' 1 2E-06 mgm3 8 6F.-05 ing m3 2 5 F-01 (mg m1) 3 5E-04 

2-Meth>lnaphthalene 3 OE-04 mgm3 5 OE-07 mgm3 3 5E-05 mgm3 1 4E-01 (mg m') 2 5E-04 

Naphthalene 3.3E-O4 mgfoi3 5.6E-07 nig'm3 - 3.9E-05 mg''m3 3 OE-03 (mg/m') J.3E-02 

Cll-C22Aromatics I 4E-03 mgm' 2 4E-06 mgm3 1 7E-04 mgm3 5 OE-02 (mg m1) 3 4E-03 

.Arsenic 5.2E-09 titg/m' 8.9E-12 fng/m3 4.3E+0D (mg/'rtt5)-1 3,8E-U 6.2E-10 mg/m3 3.OE-05 (mg/m3) 2JE-05 

Lead 9 8E-08 mg m' 1.7E-10 mg m3 1 2L-08 mg m3 NA (2) 

Manganese 1 2E-07 mgm' 2 ir.-io mgm3 I 5E-O8 mgm3 5 01-05 (mg m') 3 OF-04 
_ __ 

Vanadium 1 2E-08 mg-m' 2.0E-1I mg m3 I 4E-09 mam3 

Exp. Route I otal 8.7E-I1 I 7E-02 

Ex. Med um Total 8 7E-11 1.7E-02 

Risk from Reference 4.4E-11 1.3E-02 

Risk from Site 4.3E-11 4 3F-03 

Groundwater Groundwater Group 4 Dermal Contact l.l-Dichloroethone 3E-04 mgL. I 5E-10 mg kg-da\ 1 OE-08 mgkg-day 2 0E-01 mgkg day 5 1E-08 

Bis(2-Eth\lhe\->l)phthalate 3E-O3 mg L 2 7F.-08 mg kg-da> 1 4E-02 (mgkg-da>)-l 3 8F.-I0 1 9E-06 

Lthylbenzene 6F-04 mgL 2 2E-09 mg'kg-day I SL-07 mgkg-day I OE-OI mgkg day 1 5E-06 

letrachloroethene 3E-04 mg L 1 1E-09 I Ot-02 mgkg day 7 7E-06 

Inchloroethene 3E-04 mg L 3 2F.-10 mgkg-day 4 0E-01 

Xylenes (total) 6E-01 mg I. 3 4F.-08 mgkg-day 2 4E-06 mg kg-dn> 

Arsenic 1E-0I mg I. 3 IE-09 3 0F-04 mgkg'day 7 2E-04 

Barium 9E-03 mgL 2 9E-10 mgkg-day 2 OE-08 mg/kg-day 20F-0I mgkg day I OE-07 

Beryllium 1.1E-01 mg'L 3.4E-09 mg'kg-day 2.4E-07 rng'kg-day 2 OE-03 mg-kg/day J.2E-04 

Cadmium 5.8E-03 mg/L 1.7E-JO mg'kg-day - - 1.2E-08 mg-icg-day 2.5E-05 mg/kg.'day 4.9E-04 

Cobalt 1 5E-03 mg L 1 8F.-U mgkg-day - - 1 3 E-09 mg'kg-da> -

Lend L5E-02 agl 4.6E-11 mg'kg-dfly - - 3 2E-09 mg'kg-day NA (3) -

Manganese 7 7E-07 mg'kg-dav 1.9E-03 mgkg day 4 1L-04 

Nickel 2.5E-02 mg.'L I.5E-10 mgkg-day — — 
1.1E-08 mg.kg-day 2.0E-02 mgkg/'day 5.3E-07 

Silver 2.0E-OL mg/L 3.6E-09 mg&g-day - 2.5E-07 mg/kg-day 5.OE-03 mg,'kg/dny 5.1E-05 

Vanadium 2.8E-O3 mg'L 8.5E-11 mg/kg-day - 6.0E-09 mg/kg-day 9 OE-03 mgikg/day 6.6E-07 

Zinc 5.8E-O2 otg/L 1.OE-03 mgikg-day - - 73E-0S tng/kg-day 3JDE-01 mg/kg/clay 2.4E-07 

Exp. Route Total | |  _ 5 7 E-09 1 9E-03 

Exposure Medium lotal |j 5.7E-09 I 9E-03 

Risk From ReFerence O.OETOO 6.6E-04 

Risk from Site 5 7 E-09 1 2E-03 

.Ambient Air Group 4 Inhalation retrachloroethene 5E-O8 mgm3 8 9E-11 mgm 3 5 9E-03 (mg m')-1 5 3I--13 6 2E-09 mg m3 3 SE-02 (mgm1) 1 8E-07 

Inchloroethene 6E-08 mg.m3 9.9E-11 mgm3 2 OE-03 (mg in3)-' 2 0E-13 7 OE-09 mg m3 6 0E-01 (mgm3) 1.2E-08 

Exp. Route Total Jj 7 3E-13 1 9E-07 

Exposure Medium lotal 7.3E-13 1.9E-07 

Risk From Reference O.OE+00 O.OE+00 

Risk from Site 7 3E-I3 1 9E-07 

lotal of Receptor Risks Across All Media 4E-06 |J Total of Receptor Hazards Across All Media 6E-02 

R sks from Reference SE-07 |[ 3E-02 

Risks from Site 3E-06 J[ 3E-02 

(1) EPC = Exposure Point Co ion; CSF = Cancer Slope Factor; RtTJ = Reference Dose; RfC = Reference Concentra 

(2) Cancer risk = Intake/expos ation * CSF or Unit Risk; Hazard Index = Intake/exposure equation / RfD or RfC. 

(3) Lead risks were evaluated separately. See text for explanation. 

Shaded = Concentrations of contaminant are consistent with reference concentrations. 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran 
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TABLE 3-35D 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site- Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Construction Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk In take/Exposure Concentration RfD/RfC 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Soil Upland Soil Group 4 Benzo(a)anthracene 3 8E-MH (mglg) 9 1E-07 mglg-day 7 3E-O1 (mg/kg-dayM 6 6E-07 6 4E-05 mg kg-day - -

(0-10'bgs) Upland Area Benzo(a)pyrene 2 3E-MH (mg-kg) 5 5E-07 mg/kg-day 7 3E-00 (mg/kg-day )-l 4 0E-06 3 8E-O5 mg/kg-day - -

\ Bertzo(e}pymie I.7E+01 (mg/kg) 4 1E-07 mg/kg-day - - 2 9E-05 mg/kg-dfly -

Benzo(b)fluoranthene 16E+01 (mg/kg) 3 9E-07 mg. kg-day 7 3E-01 (mg/kg-da>>l 2 8E-07 2 7E-05 mg, kg-day -

Bcnzo(k)fluoranthene 2.0E+O1 (mg/kg) 4.9E-07 mg'kg-day 7.3E-02 (mg/Tcg-day)-l 3.5E-O8 3 4E-05 m g-kg-day - -

Bis(2-Chloroethoxy)methanc 4.9E-01 (mg/kg) 1.2E-08 mg kg-day - - 8 2E-07 mg,kg-da\ - -

Carbazole 22E-01 (mg kg) 5 3E-07 mg/kg-day 2.OE-02 (mg/kg-day)-1 I.1E-08 3 7E-O5 mg kg-da\ - -

4-Ch!oro-3-meth\lphenol 3 7E-01 (mg kg) 8 9E-09 mg/kg-day - - 6 2E-O7 mg,kg-da\ 7 OE-02 mg/kg/day 8 9E-06 

Dibenzo(a,h)anthracene 3-9E+00 (mg/kg) 33E-08 mg/kg-day 7.3E+0Q (mg/kg-day)-] 6.8E-O7 6 5E-06 mgAg-day -

Incidental Ingestion Dibenzofuran 2 0Et0! (mgkg) 4 9E-07 mg/kg-day - - 3 4E-05 mg/kg-da> 2 OE-03 mg kg/day I 7E-02 

In den o( 1,2 ,3 -cd)Py ren e (mg-kg) 2 OE-07 mg. kg-day 7 3E-01 (mg/kg-day )-l I 5E-O7 I 4E-05 mg'kg-dav - -

l-Methylnaphlhalene 1 2E-KH (mg kg) 2 9E-07 mg/kg-day - - 2 0E-O5 mg,\g-da> 4 OE-03 mg/kg/dav 5 OE-03 

2-Methylnaphlhalenc 14E+01 (mg/kg) 3 4E-07 mg/'kg-day - - 2 4E-05 mg/kg-day 4 OE-03 mg'kg'day 6 OE-03 

Naphthalene 1.3E+Q1 (rag/kg) 3JZE-07 rag/fcg-day - 2.2E-O5 mg/feg-day 2.0 £-02 mg/kg/day L1E-03 

CH-C22 Aromatics 7 2E-01 (mg/kg) 1 7E-06 mg/kg-day - - ! 2E-04 mg. kg-day 3 OE-0? mg/kg/daj 4 OE-03 

Arsenic llfe+OD (rag/kg) L7E-07 rag/kg-day I.5E+00 (mg/kg-dayH 2.6E-07 J.2E-O5 mg/kg-day 3.0E-O4 mg'Tcg/day 4.0E-02 

Lead 1 3E-"-02 (mgkg) 3 2E-06 mg. kg-day - - 2 2E-04 mg, kg-day NA (3) -

Manganese 1.7E+02 (mg/kg) 4.1E-06 mg/kg-day - - 2 9E-04 mg/kg-da\ 4 7E-02 mg-kg/day 6 IE-03 

Vanadium 1.6E+01 (mg/kg) 3.8E-07 mg/kg-day - - 2 7E-05 mp kg-day 9 OE-03 mg'kg/day 3 0F-03 

Exp. Route Total 6 1E-06 8 8E-02 

Benzo(a)anthracene 3 8EHM (mg'kg) 2 7E-O7 mgikg-da> 7 3E-01 (mg, kg-day)-1 1 9E-07 1 9E-05 mg'kg-day _ -

Benzo(a)pyrene 2 3E+0I (mg/kg) 16E-07 mg kg-day 7 3E+00 (mg/kg-day )-l 1 2E-06 1 1E-05 mg/kg-day _ -

Benzo(e)pvrene I.7E+0I (mg/kg) I.2E-07 mg/kg-day - - 8 4E-06 mg/kg-day - -

Benzo(b)fluoranthene 1 6E+01 (mg/kg) 1 1E-07 mg/kg-day 7 3E-O1 (mg/kg-day )-l 8 3E-08 7 9E-06 mg'kg-day -

Bcnzo(k)fluoranthene 2 0E-01 (mgkg) 1 4E-07 mg\g-day 7 3E-02 (mg'kg-day)-l 1 OE-08 1 OE-05 mg, kg-day - -

Bis(2-Chloroetho\y)methane 4.9E-01 (mg'kg) 2.6E-09 mg-kg-day - - 1 9E-07 mg kg-da> - -

Carbazole 2.2E+01 (mg/kg) 1.2E-07 mg/1cg-day 2.OE-02 (mg/kg-day)-1 2.4E-09 8 3E-06 mg'kg-day - -

4-Chloro-3-methylphenol 3 7E-01 (mg/kg) 2 0E-09 mg/kg-day - - 1 4E-07 mg'kg-day 7 OE-02 mg kg/day 2 OE-06 

Diben zo(a.h)anth racen e 3.9E-4)Q (mg/kg) J2.7E-O8 mg/kg-day 7.3E-H5Q (mg,kg-Jay>l 2.0E-07 1 9E-06 mg/kg-day - -

Dermal Contact Dibenzofuran 2 0E+01 (mg'kg) 1 IE-07 mg. kg-day - - 7 7E-06 mg'kg-day 2 OE-03 mg'kg'day 3 8F-03 

Indeno(l,2,3-cd)Pviene 8 SE+00 (mgkg) 6 OE-08 mg kg-day 7 3E-0I (mg kg-da\)-l 4 4E-08 4 2E-06 mg, kg-day _ -

1-Meth>lnaphthalene 1.2E-01 (mg/kg) 8.4E-08 mg/kg-day - - 5 9E-06 mg/kg-dav 4 OE-03 mg'kg.dav 1 5F-O3 

2-Meth)lnaphthalene 14E+01 (mg'kg) 1 OE-07 mg/kg-da\ - - 7 1E-06 mg,kg-da> 4 OE-03 mg'kg/day I 8E-03 

Naphthalene 1.3E+GJ Crng/kg} 9JE-08 rog/kg-day - - 6.5E-06 rag'tg-day 2.0E-02 mg/kg/day 3.2E-O4 

C11-C22 Aromatics 7 2E-01 (mg/kg) 3 9E-07 mg/kg-day - - 2 7E-05 mg/kg-day 3 OE-02 mg/kg/day 9 OE-04 

Arsenic 7.1£-t00 (rag/kg) 1.2E-08 rug/kg-day K5E.+00 Cmg,l-g-day>l 1.7E-08 8.1E-07 rag/kg-day 3.0E-04 mg/kg/day 2.7E-O3 

Lead 1.3E+02 (mg'kg) 0 OE+00 mg'kg-da> - - 0OE+00 mg kg-day NA (3) -

Manganese 1.7E+02 (mg/kg) 0.0E+00 mg, kg-day - - 0 OE-̂ OO mg/kg-day 1 9E-03 mg'kg'day o OF:+oo 

Vanadium 1.6E+0I (mg/kg) 0.0E+00 mg/kg-day - - 0 0EJ00 mg-'kg-day 2 3E-04 mg/kg/day 0.0E+00 

Exp. Route Total || I 7E-06 jj 1 IE-02 

Exposure Medium Total 7 8E-06 9 9E-02 

iil«llliliilip; iliiiiiiii i l  l 1.2E-06 4.4E-02 

Risk from Site 6 6E-06 5.5E-O2 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran
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TABLE 3-35D
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Construction Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations 

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Intake/Exposure Concentration RfD/RfC 

Value Units Value Units Cancer Risk Value Units Value Units Hazard Quotient 

Soil Fugitive Dust Group 4 Soil Inhalation Bcnzo(a)anthracene 2 8E-08 mg<m' 4 7E-! 1 me m1 1 IE-01 (rag/m'P 5 2E-12 3 3E-09 mg'm1 
- 7 

Benzo(a)pyrene 1 7E-08 mg m3 2 8E-I1 mg m3 1 lE^-00 (mg.m1>1 3 IE-11 2 OE-09 mg.m3 

BenzoWpyrene L.3E-O8 ing'm* 2-JE-tl mg'm3 - - 1.5E-09 mg'm3 

Benzo(b)fluoranthenc 1 2E-08 mg'm' 2 OE-1 i mg ml 1 IE-01 (mg m'>' 22E-12 1 4E-09 mg/m3 -
Benzo(k)tluoranthene 1 5E-08 mgm 1 2 5E-11 mg m3 I IE-01 (mg/nT)-1 2 8E-I2 1 8E-09 mg m3 

Bis(2-Chloroetho\y)methane 3 6E-10 mg,m5 6 lh- I3 mg m3 4 3E-1! mg m3 

Carbazoic 16E-O8 mgm5 2 7L-11 mg m3 _ I 9E-09 mg m3 - -

4-ChIoro-3-meth}lphenol 2 7E-I0 mg'm' 4 6E-13 mg m3 - 3 2E-II mg m3 - -

Dibenzo(a,h)an thracene 2.9E-09 ing/m* 4.8E-I2 mg'n\3 1.2E-H3O (mg'm5)-1 5.8E-12 3.4E-10 mg/m3 - -

Dibenzofuian i 5E-08 mg/rn1 2 5E-11 mgm3 I 8E-09 mg'm 3 7 OF-03 • (mg'in1) 2 5E-O7 

Indeno(l,2,3-cd)Pyrenc 6.2E-09 mgm s 1 IF- l l m g- m 3 I IE-01 (mg m'}-1 1 2E-12 7 4E-10 mgn.3 

1-Methylnaphthalene 7 2E-04 m g m ' I 2E-06 mg m3 _ - 8 6E-05 mg m3 2 5E-OI (mg m') 3 5E-04 

2-Mcth>Inaphthalenc 3 OE-04 mg/m1 5 OE-07 mg m3 - - 3 5E-O5 mg m3 1 4E-01 (mg'm') 2 5E-04 

Naphthalene 3.36-04 mg/m1 i6E-07 mg/m3 - - 3.9E-05 m&'in3 3.0E-O3 (mg.'m3) 1.3E-02 

C11-C22 Aromatics 1 4E-03 mg.m! 2 4E-06 mg'm3 - - i 7E-04 nig/mi 5 0E-02 (mg m') 3 4F.-03 

Arsenic 5.2E-09 mg/m* B.9E-12 4.3E+00 (mg/mJ>T 3.8E-1! mg/in3 3.06-'05 (rag,'m') 3.1E-05 

Lead 9 8E-08 mg m3 1.7E-10 mg.m.3 -
— : 

1 2E-08 mgm3 NA (3) 

Manganese 1 2E-07 mg m1 2 1E-10 mgm3 - I 5E-O8 mgm3 5 0E-05 (mg.m') 3 OE-04 

Vanadium 1 2E-08 mgm3 2 0E-U mg-m3 1 4E-09 mg,m3 

Exp. Route Iota] 8 7E-II L 1 7E-02 

Ex. Medium Total 8 7E-11 1 7E-02 

Risk From Reference 4.4E-U 1.3E-02 

Risk from Site 4.3E-II 4 3E-03 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran
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TABLE 3-35D
 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Construction Worker 

Receptor Age: Adult 

Medium 

Ground water 

Exposure Medium 

Ground water 

Exposure Point 

Group 4 

Exposure Route 

Dermal Contact 

Chemical of 

Potential Concern 

1,1-Dichloroethane 

Bis(2-Eth>!he\\I)phtlialate 

Ethvlbenzene 

Fctrachloroethene 

Trichloroethene 

Xylenes (total) 

Arsenic 

Barium 

Bejyllium 

Cadmium 

Cobalt 

Lead 

Manganese 

Nickel 

Silver 

Vanadium 

Zinc 

Exp. Route Total j  | 

Exposure Medium Total J| 

Risk from Site 

Air Ambient Air Group 4 Inhalation 

Exp. Route Total 

Fetrachloroetliene 

Tnchioroethene 

Exposure Medium Total 

Rjs|;|iral;|leferertce 

Risk from Site 

EPC 

Value 

3E-04 

3E-O3 

6E-04 

3E-04 

3E-04 

6E-03 

1E-01 

9E-03 

UE-fll 

5.8E-03 

1 5E-03 

1.5E-O2 

3 7E-01 

2.5E-02 

2.0E-Q] 

2.8E-03 

5.8E-S2 

Units 

mg L 

mg L 

mgL 

mg L 

nig L 

mg L 

mgL 

mgL 

irig/L 

mg/L 

mgL 

mg/L 

mgL 

mg^L 

mg/L 

mg/L 

mg/L 

5E-O8 

6E-08 

mgm3 

mg/m3 

Cancer Risk Calculations 

In take/Exposure Concentration 

Value 

3 7F-10 

6 7E-08 

5 5E-O9 

2 7E-09 

8 0F-I0 

8 6E-08 

7 7E-09 

7 IE-10 

S.5E-09 

4JE-1Q 

4 6E-11 

J.2E-IQ 

2 8E-08 

3.BE-*& 

9JE-09 

2.1E-IG 

2.6E-09 

Units 

mg\g-day 

mg kg-dav 

mg'kg-da> 

mg/kg-dav 

mg'kg-day 

mg<kg-da> 

mg\g-dav 

mg'kg-da\ 

mg/kg-day 

mg/kg-day 

mg'kg-day 

rag/kg-day 

mg'kg-day 

mg&g-day 

mg/kg-day 

rag/fcg-day 

mg/kg-day < 

CSF/UnitRisk 

Value 

_ 

1 4E-02 

5 4E-O1 

4 0E-01 

I5EKK) 

-

-

-

-

-

• 

Units 

(mg'kg-da\>l 

(mgkg-da>M 

(mg'kg-da>)-l 

(mg/kg-da_\)-l 

_ 

8 9E-11 

9 9E-11 

mg m3 

mgm3 

5 9E-01 

2 OE-03 

(mg'iii3)' 

(mg/m3)' 

1 otal of Receptor Risks Across AH Media 

Risks from Reference 

Risks from Site 

Cancer Risk 

-

9 4E-10 

-

I 5E-09 

3 2E-I0 

-

! 2E-08 

-

-

-

-

-

-

-

-

1 4E-08 

14E-08 

tf.OE+OQ 

I 4E-08 

5 3E-13 

2 OE-13 

7 3E-13 

7 3E-13 

- O.OE+00 

7 3E-13 

8E-06 

1E-06 

7E-06 

Non-Cancer Hazard Calculations 

Intake/Exposure Concentration 

Value 

2 6E-08 

4 7E-06 

3 8E-O7 

1 9E-07 

5 6E-08 

6 0E-06 

5 4F-07 

5 OF-08 

fi.0E-Q7 

3.OE-O8 

3 2E-09 

8.1E-09 

! 9E-06 

i.7E^oa 

S.4E-07 

J.5E^O& 

t.SE-07 

Units 

mg/kg-day 

mg/kg-day 

mg/kg-day 

mg/kg-day 

mg/kg-day 

mg/kg-day 

mg/kg-daj 

mg'kg-da> 

mg/kg-day 

rag/kg-day 

mg'kg-day 

rag/kg-day 

mgkg-da> 

ragA-g-day 

mg/kg-day 

rag/kg-day 

mg/kg-day 

RfD/RfC 

Value 

2.0E-01 

2.0E-02 

1.0E-01 

I.OE-02 

-

2.0E-0I 

3 OE-04 

2 0E-0! 

2.0E-03 

2.5E-05 

-

>JA(3) 

1 9E-03 

2.0E-02 

, 5.OE-03 

9.OE-O3 

3.DE-0I 

Units 

mg/kg/day 

mg< kg/day 

mg/kg/day 

mg'kg/day 

mg/kg/day 

mg-kg'day 

mgkgda> 

mg/kg/day 

mgiTtg-'day 

mg kg'day 

mg/kg'day 

mg/kg/day 

mg/fcg/day 

mg/fcg/day 

6 2E-09 

7 OE-09 

mg m3 

mgm3 

3 5E-02 

6 0E-0I 

(nig'm3) 

(mgm1) 

Total of Receptor Hazards Across All Media 

Hazard Quotient 

1.3E-O7 

2.4E-04 

3.8E-06 

I.9E-05 

-

3.0E-05 

1 8E-O3 

2 5E-07 

3.OE-04 

1.2E-03 

! OE-03 

1.3E-06 

L3E-04 

1.7E-06 

6.1E-07 

4 8E-O3 

4 8E-03 

I.6E-03 

3 IE-03 

1 8E-07 

1 2E-08 

1 9E-07 

1.9E-07 

0.OE+O0 

1 9E-07 

1 E-01 

6.E-02 

6E-02 

(1) EPC = Exposure Point Concentration, CSF = Cancer Slope Factor. RfD = Reference Dose, RflT - Reference Concentration 

(2) Cancer risk = Intake/exposure equation * CSF or Unit Risk; Hazard Index = Intake/exposure equation / RfD or RfC. 

(3) Lead risks were evaluated separately. See text for explanation. 
Shaded = Concentrations of contaminant are consistent with reference concentrations. 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran 
G:\210517 Sutton Brook\wip\Human Health RiskAssessment\Riskcalculafons.xls Page 3 of 3 May 2007 
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TABLE 3-35 F. 

RISK SUMMARY 

CENTRAL TENDENCY EXPOSURE 

Remedial Investigation and feasibility Study 

Sutton Brook Disposal Area Superlund Sile-Tevvksbury. Massac 

Jrinu. I mure 

Medium Exposure Exposure ChemiL.il Care logeniL Risk 

Medium Point oi Potential 

Ingeslion Inhalation Dermal 

Soil Upland Soil Group 3. Upland Benzo(j)anthMcene 5 8L-09 1 5L-H 5 (A -09 

(0-10'bgs)	 13en/Lo(a)p\ rene 5 8E-08 I5E-I2 5 6L-08 

B«h7o(ii)pyrc»ie _ _ _ 

Ben/o(h)flunranlhene 4 ^C-09 ! 2r-!3 4 3E-09 

Bis(2-elln lhe\% l)phlhalate 1 5i -07 4 5E 12 ! 1T-07 

Di-n-OLl>lphlhalale .- -

Indeno(i.2.3-cd)P\rene 1 KE-09 9 9F-I4 3 7C-09 

Naphlhaknc _ 

loluene „ 

I ulraihloroclhcnc I !! -07 I 7h-i)7 0 0E-00
 

1 2 4-lnniLlh\lben/ene -.
 

1 3.5-1 nmetliN Iben/ene
 

\ \ lenes (total)
 

Arsenic 6.4E-08 3.2E-U
 

Cadmium X "ir-12 

U,td - - 

\ anadium 

Chemical Total | -J.0L-()7 | 1.7E-O7 2.IIE-07
 

Exposure l'oinl Tola! 4 0L-U7 I.7L-07 2 OL-07 

Exposure Medium Total 4 OL-07 1 7h-07 2 OL-07 

Mt-dium lotal 4 OL-07 1 7L-07 2 OL-07 

Ciroundwulu Groundwater l.l.l-Tnchloroethane -- Group 3 

1.1.2-TrichIoroelhane O.OE+00 

Ll-Dichloroelhane - -- 

I.l-Dichioroelhene 

1 -2.4-Trimethy Ibenz.ene -

i.2-Dichloroelhane - - 1.1E-1I 

I.2-Dichloroelhene 

1.2-Dichloropropane I.5E-11 

1 J.5-Trimethy Ibenzene 

l.4-Dichlorobenzene I.2E-I0 

1.4-Dioxane - - 7.4E-I0 

2.4-Dimelhylphenol 

2-Butnnone 

2-Methylphenol 

3-Melhylphenol,4-Melhylphenol 

4-Melhyl-2-;penlanone 

4-MelhylphenoI -

Nan CarLinogenic Hazard Quotient 

F\posure li.gcsl.on inhalation 

Routes Total Target Organ(s) 

! L-08
 

11-07 -- - 

_ - - 

9E--09
 

31 07 liver 3 8! Dl I 91 -06
 

Not available
 2 Ot -02 ! 01 -06
 

SI -09
 

- Whole hod> 2.5E-03 5.2E-02.
 

Kidnev A M-03 (, 01 -03
 

31-07 I i\er 1 -41-03 5 7L -02
 

" 

\\ hole bod\ 2 3L 03 2 41 01
 

8E-08 LOE-02
 Skin; cardiovascular s>stem J.7E-05 

9E-I2 -- i 91 -03
 

_ "
 

i lairi^sleme
 7 6L-04
 

8L-II7 8.2E 1)2 3.6E-I1!
 

Kh-07 8 2L-O2 3 6L-01
 

8L-O7 8 2L-O2 3 6L-0!
 

8L-07 K 2L-02 3 6L-01
 

Nervous system
 -

Blood 

Nervous system 

Liver 

IE-11 Kidney-


Liver 

1E-II 

1F.-I0 None observed
 

7E-10 Liver
 

- Blood: whole body 

Whole body 

Whole body: nervous system
 

- Whole body: nervous system
 

- Whole body - 

Whole bodv: nervous svstem -

IXrtnal 

-

-

-

2 Si -02 

i M -02 

-

2JE-03 

()()[ -00 

0 0L 00 

0 0L-0C 

2.2E-03 

* 81 04 

OOLMK) 

4 9E-02 

•4 9L-02 

4 9I.-02 

4 9E-02 

O.OE+00 

0.0E+00 

O.OE+00 

O.OE'OO 

4.1 F.-08 

-

-

3.9E-06 

4.7E-05 

5.9E-04 

6.1 F.-04 

1.IE-03 

I.8E-O3 

4.9F.-02 

Exposure
 

Routes lol.il
 

-

-

-

7] 02 

41 02 

-

6E-02 

11-02 

or 02 

21 01 

1E-02 

M 01 

8L 04 

5h-01 

51-01 

M-01 

5L-01 

-

4E-08 

4E-06 

5E-O5 

6E-04 

6E-04 

n:-o.3 

2E-03 

5E-O2 

-

Woodard Curran Suiton Brook Dispos; Area Superlund Site (210517) 
Page 1 of 3	 5 23-2007 '•AnUovcrprnjecls 21 
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TABLE 3-35E
 

RISK SUMMARY
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Suttnn Brook Disposal Area Superfund Site-Tcukshury. Massachusetts
 

See win Timelrame: lu lire 

Ret. eplor Population: A r t u .3 Cousin elion \ \ urker 

Rec eplorAge: Adult 

Non-Carcinogenic Hazard Quotient Medium Exposure Exposure Chemical Carcinogenic Risk 

Medium Point of Potential 

Primary Ingestion Inhalation Dermal Exposure Ingestion inhalation 

Routes Total Target ()rgan(s) 

Groundwatcr Ciroundvvater Group 3 Acetone - - Kidney 

A  m lonilrile 4.6E-08 5E-O8 Reproductive 

Alpha-BHC - - - - - -

Aroclor 1254 O.OE+00 Eyes: immune system 

Benzene I.9E-I0 2E-S0 Blood: immune svstem 

Bis(2-Elhylhexyl)phthalate 7.9E-08 RE-OX' Liver 

Carbon telrachloride - - Liver 

Chloroethane -- -- : 

Chloroform - -- Liver -

cis-1.2-Dichloroethene - -- Blood -

Elhylbenzene -- - Liver, kidney 

Ethyl methacn late - -- - • Kidney 

Isopropvlben/.ene - - - Kidney -

Melhylene Chloride 3.9E-09 4E-09 Liver _ 

Naphthalene Whole body -

n-Butylbenzene - - 

n-Propvlbenzene -- - - 

p-Lsopropylloluene - - - - Kidney - 

Phenol » Development Fetus 

tert-But\lhcn7enc - - -- - 

I elradiloructhene -- 4 41.-10 4L-I0 l.i\cr 

lelrahsdioluran -

lolucne -- -- kidne\ -

IriLhloroethene - 1 7r-IO 2F-10 

\ m\i chloride - ! 01.-10 IE-10 L,ver 

\ \ l e n e s (total) \ \holebod\ 

Antimony - - - - Btood; whole body - 

\rsenie 

Barium -- - Kidne\ 

Bcrynium - - - - Inlewtines - 

-Cadmium - - - - 

Cobalt 

Lead - - - _ 

Manganese 

Nickel - - - Whole bo6y - 

Silver - - Skin 

Thallium - - - - Blood - 

Vanadium - - - - ; Timreysteme - 

Chemical Total O.OE+00 I1.0E-HHI l.fiE-117 2E-07 O.IIE-HHI O.OIvHH) 

Exposure Point Total 0 OE-00 O.OE-i-00 1 6E-07 2E-07 00E+00 00E+00 

Exposure Medium lolai 0.0E --00 0 Oh+00 

Medium Total O.OE-i-00 0 0l>{)0 1 6E-07 211-07 O.OEtOO O.OEtOO 

Dermal 

3.5E-O4 

5.9E-O3 

0.0E»00 

6.0E-05 

2.OE-O2 

O.OE-i 00
 

2.2E-O2
 

3.4E-03
 

0.0l>00
 

6.0E-04
 

1 6E-04
 

1.1E-03
 

1 U.-01
 

5 71.-06
 

-


1 ">l.-01
 

~i 31.-06
 

1 31 -02
 

J 3E-H4
 

4 II -03
 

4 5E-0S
 

O.OE-i-00
 

J.7E-04
 

_ 

3.3E-02 

3.1 E-03 

O.OE+00 

1JE-06 

9.0E-05 

3.5E-01 

3 5E-01 

3 5L-O1 

3.5E-OI 

Exposure
 

Routes Total
 

3E-04
 

6E-03
 

6E-05
 

2E-02
 

-


2E-02
 

3 E-03
 

6E-04
 

2E-04
 

I E-03
 

11 -03
 

6!"-(X.
 

11-01
 

31,-06
 

M.-02
 

1E-04
 

4L-03
 

^1 -05
 

_
 

2E-O4
 

-


3E-02
 

3E-05
 

-


JE-06
 

9E-05
 

3p:-oi
 

3E-0I
 

311-01
 

3L-01
 

Sutton Brook Disposal Area Supeil'und Site (210517) 
Woodard Curran 

'Andover prnjects.210517 Sutlim Hrnnk'wipMluninn Health Risk .-Vsse.ssmenlRi.sk Suniman lables.xIs.Area 3 CW CT Page 2 of 3 
5 23.2007 



TABLE 3-35E 

RISK SUMMARY 

CENTRAL TENDENCY EXPOKl 'RE 

Remedial Investigation and Feasibility Study 

.Sutton Brook Disposal Area Superl'und Sile-Tewksbury. Ma 

Receptor Age; Adult 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point ol" Potential 

Concern Ingeslion Inhalation Dermal Exposure- Primary Ingestion inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total 

Air Ambient Air Group 3 1.4-Dichlorobenzene - None obsened 2.7K-08 3E-OK 

(Trench) Naphthalene - Whole body 5.1E-O5 5E-0J 

2-NttrophcnoI - - Not available -

I.l.l-Trichloroelhane - - Nervous .system 3.1E-09 3E-09 

I.1.2-Trichloroethane - Blood .  . 

1.1 -Dichloruethane - Nervous system - I.3E-07 1E-07 

I.i-Dichlnroelhcne - Liver J.KE-07 2E-07 

1.2.4-TrimclhyIbenzene - - -

1.2-Dichloroelhane 2.7E-12 3E-12 Kidney 3.0E-09 3E-09 

I.2-Diehloroethcne - Liver • 

cis-l.2-Dichloroethene - Blood 5.3E-07 5 E-07 

1.2-Dichloropropane - - I.8E-06 2E-06 

1.3.5-Trimelhylbcnzene - -

2-Bulanone - - Whole body 4.2K-O5 - 4E-05 

4-Melin 1-2-penlanone - - Whole bods 5.3E-O4 JK-04 

Acetone - Kidney 9.6E-05 1 E-04 

Aeryionitrile 1.! E-OX 1E-08 Reproductive 3.2K-O3 3E-O3 

Benzene 1.0E-1I - l E - i  i Blood: immune system 3.IE-O6 3E-06 

Carbon letrachioride - Liver -

Chloroethane _ .  . - 6.7E-06 7E-06 

Chloroform - - Liver -

Ethylhcnzene - - Liver, kidney I.9E-04 2 E-04 

Ethyl methacn late - - Kidney 2.8E-04 3 E-04 

Mctliylcne Chloride - 3.4E-I0 3E-I0 Liver 1.7E-0S 2E-O5 

Isopropylhen/.ene - - Kidney 3.IE-06 3E-06 

n-Propvlbcnzene 9.8E-06 1E-05 

Blood: liver -

n-Butylbenzenc - -

^ert-Butvlbenzene -

p-Isopropyltoluene Kidney 4.9E-06 - 5E-O6 

relrachloroethene - 3.4E-I.1 - 3E-I3 Liver I.2E-07 1 E-07 

retrahvdrofuran - 4.1 E-04 4 E-04 

toluene Kidney - 3.XE-04 4E-04 

Iriehloroethenc 2.3E-I3 2E-13 - 1 3E-08 1E-08 

Vinyl chloride 8.3 E-13 8K-13 Liver L3E-07 IF-07 

\\ lenes (tol.il) \\ hole bod\ - 6 31 -03 - 61 -03 

Chemit-i! filial DL -̂tMl 1R-OH OE+OII 1 K-dS OL+IMI I h-02 | !IK+»(t 1 h-02 

Lxposure Point 1 ola! 0 OL * 00 1 II-OX (JOL-00 I h-OS 0 OK-'-OO 1 2L-02 | 0.0E+O0 ! L-02 

L\posure Medium lotjl 0 Ol.tOO 1 It-OS 0 0L-00 11-08 0OL^OO 1 2L-O2 \ 0.0E+00 1 L-02 

Medium Total OOL'OO 1 1L-08 0 01. M)0 1L-08 0OL-0 0 1 21 -02 | 0.0E+00 1E-02 

Receptor Total 9K-07 | Recepd. r l l  ! Tola! SE-1II 

.Site Related Receptor Risk TOIH! 9K il7 7K-01 r 

£ p m i c | | g |  p Receptor RkkTotal RE-IW 



TABLIi 3-3SF
 

RISK SUMMARY
 

REASONABLE MAXIMUM EXPOSURE 

Remedial Investigation and feasibility Study 

Sutton Rrook Disposal Area Superlund Site-Tewkshury. Massachusetts 

:cptor Population: Area 3 Cot 

,ge: Adult 

Medium Chemical Carcinogenic Risk 

Medium Point , of Potential 

Ingcslion Inhalation Dermal 

Routes TolaJ 

Soil Upland Soil Group 3. Upland Benzn(a)anlhracene 1.9I--0K 1.51!-!3 xftE-09 2i;-os 

( 0 - H r h g s ) Bcnzo(a)pyrcne 1.9E-07 I.5E-I2 5.6E-OK 2E-07 

w§ms illiii 
Benzo(h)nuoranlhene 1.5E-OX I.2E-13 4.3E-09 2H-0S 

Bis(2-elhylhexyl)phthalale 5.OE-07 4.5E-I2 1.1E-07 6E-07 

Di-n-nctylphthalatc 

lndeno( 1.2.3-cd)l
J 
y«ne I.3H-OK 9.9E-I4 3.7E-O9 2E-OK 

mmmmm WWMSMmm 
Toluene -
Telrachloroethene 3.5E-O7 1.7E-07 O.OE+CX) 5E-O7 

1.2.4-Trimethylhenzene -

1.3.5-lnmelhyIhcnzene 

Xylenes (total) -

mmmmmmmmm -mMmmmik 
Cadmium K.5E-I2 9E-12 

Lead -

Vanadium 

Chemical Tutal i_3E-«!6 1.7EJI7 2.0E-07 2E-I16 

Exposure Point Total 1.3E-0rt 1.7E-O7 2.0E-O7 2E-0rt 

Exposure Medium Total 1.3E-O6 1.7E-O7 2.OE-O7 2E-06 

Medium Total 1.3E-O6 1JE-07 2.0E-07 2E-06 

Primary 

Target Organ(s) 

L.ver 

Not available 

Kidney
 

IJver
 

Whole body
 

Haircysteine
 

-

Ingestion 

1.3E-01 

6.7E-O2 

I .SE-02 

4.SE-O3 

7.5E-O3. 

6.4E-03 

2.SE-O3 

2.7E-UI 

2.7E-0I 

2.7E-01 

2.7E-O1 

— — 

Inhalation 

mMmmmkB 

1.9E-06 

1 .OE-06 

6.OE-O3 

5.7E-O2 

2.4E-O1 

3.6E-1I1 

3.6E-OI 

3.6E-0I 

3.6E-O1 

Dermal 

2.KE-O2 

1.5F.-O2 

O.OE+00
 

O.OE4X)
 

o.nii.no
 

|S::j:|;|>^Eift3Ss|i!|
 
5.KE-O4
 

-


O.OE+<X) 

4.9E-U2 

4.9E-02 

4.9E-02 

4.9E-02 

Exposure 

2E-01 

KH-O2 

2E-O2 

6E-02 

3E-0I 

7E-O3 

3E-O3 

7E-H1 

7E-0I 

7E-0I 

7E-0I 



- - -

TABLE 3-351-'
 

RISK SUMMARY
 

REASONABLE MAXIMUM EXTOSURE
 

Remcdiul Investigation and Feasibility Study
 

*n Brook Disposal Area Superfund Sile-Teuksbury. Massachusel
 

• Population: Area ? Construction Worker 

Non-Carc inogen ic Hazard Quotient Medium Exposure Exposure Chemical Carcinogenic Risk 

Medium I'ninl or Potential 

Concern Ingestion Inhalation Dermal Exposure lYmiarv Ingestion Inhalation Derma! Exposu re 

Routes Tolal Routes Total l a r g e ! OrEan(s) 

C iroundsvater Gmundualcr Group H	 1.1.1- Irichloroelhane Nerves system O.OE-'(M) 

1.1.2-Trichluruelhane O.OE-00 Blood O.OEKX) 

1.1-DichlorocUianc - Nm-aw system O.OE'OO 

U-Dlchioruelhcne Liver O.OU'(X) 

1.2.4- Trimethvlbenzene 

1.2-Dichloroulhanc 2.(SE-11 3E-11 Kidney 1 .OE-07 1 E-07 

LMJiLhlurocthcne Liver - 

1.2-Dichloropropane S.7E-11 41-:-ii 

l.XS-Trimelhylhenzene 

1.4-Dichlurohcnztme ?.0E-10 3E-I0 None ohser\ed 9.7E-0C. 1 K-OS 

1.4-Duwane 1.8E-09 2F.-09 Liver 1.2E-04 IE-04 

2.4-Dimelhylpbenol - Biood: whole body I.5E-O3 1 E-0_> 

2-Bulanone	 WTiole body 1.5E-0? 2E-0? 

2-Methylphcnol - Whole htidv: nerrous system 2.7E-O? 3E-0? 

?-Mcthylphcnol'4-.\lethylphcnol Whole body: nervous system 4.6E-0? >E-0? 

4-MeuSyl-2-penUmone - WTiole body 1.2E-0I IE-01 

4-Methylphcnol Whole body: nervous system 

Acetone Kidney S.7E-O4 9E-04 

Acrylonitnle 1. i F--07 1E-07 Reproductive 1.5E-02 1 E-02 

Alpha-BIIC 

Arnclnr 1254 O.OE-00 Eyes: immune system O.OE • (X) 

Benzene 4.7E-IO 5E-I0 Blood: immune system 1.5E-04 2E-04 

Ris(2-lithylhexyl)phlhalaie - 2.OE-O7 2i-:-07 Liver 4.9E-02 > F . - O ; 

Carbon letrachlonde Liver 

Chloroethanc 

Chlon.ronn Liver 

cis-1.2-Dichloruethene Blood O.OE'OO 

Hlhylhenzene	 >.^E-02 6E-t)2 Liver: kidney 

Ethyl methacryble -	 Kidney K.4E-O3 KE-O? 

Lsopropylhenzenc	 Kidney O.OE'(X) 

Melhylcnu Chloride - 9.6!-:-oy 1 E-OX Liver - 1.5E-0.^ 1 E-0? 

Naphthalene Whole body 4.0E-04 4E-04 

n-Hutylhenzene 

n-lVopylhenzenc 

p-l.s«propvltolucnc - Kidney 2.KE-0? ?E-0? 

Phenol Developments Fetus ?.n-;-o? 3E-0? 

tert.Ru.ylben.ene 
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TABLE 3-35F 

RISK SUMMARY 

REASONABLE MAXIMUM EXTOSl.RE 

Remedial Investigation and Feasibility Study 

uok Disposal Area Superfund Site-Tcwkshury. Massachusett 

Receptor Population: Area 3 Construction Worker 

Receptor Age: Adult 

M ^  m Exposure Carci nogenic Risk	 Non-Carcinogenic Hazard Ouoltent Exposure Chemical 

ot'l'otenlial 

Concern Ingestinn Inhalation I>erma! Exposure ,n6estion Inhalation Dermal Exposure 
larget Orcan(s)	 Routes Total Routes Total 

droundivater Group 3	 Tclrachloraethene 1.1 E-09 1 E-09 Liver I.4E-0S 1E-05 

Telrahydruiuran 

Toluene Kidney 3.7E-O1 4E-01 

Trichloroethene	 4.2E-10 4H-10 _ 

Vinyl chloride 16E-10 3E-I0 Li\cr	 K.3E-O6 Xli-OC. 

Xylcnes (loUil)	 Whole body I.3E-01 1E-0I 

|:|i|;§ii:::s i:?i:llll iilgpilll:	 mmmmmm^i::f«i:«3|6lii||::-#: 
Arsenic	 - 6.6E-0X 7E-0X Skin: cardiovascular system - 1.0E-02 1 E-02 

Barium	 Kidney I. IE-04 IE-04 
-

immmmmm 
Cobalt 

Manganese	 S.2E-02 KE-02 

iil:iss;Ti|iaS;:§;i:H if mmmm iilllll; mmmm jiilillillll yiiii^?j?liiii:iiii	 :iiill:ise61;i|iil| 
sfSSillllilillll; Illtlill ::ililil tliill:?	 iiiwilii iliyiSiiii pliijiiioplili i:iilillii;iil#ji|

:ilig||i|g<i|:;:is:: : i : ; : ; s : : : :§ : : sg i ; | | | | |  . #iiWiy;yijsi®s;i:ii# 
:¥|i|pi:;;i:3EWS|jSi| wmssmmmmmM •liyilliilv llglllpl wmmm 

tllilltfli §mmm *:iiii:isil:l« 
^niiilililllitlisi iliilil lililli lilill? liiiiliiKiils mMmmmmmmmm mmmmimmimmmm 
Chemical Total O.OE+00 O.OE+00 3.9E-07 4E-07	 0.0E+00 O.OE+00 X.6E-01 9E-01 

Exposure Point Total O.OE+00 O.OE+M) 3.9E-O7 4 E-07 o.oE+00 O.OE+00 X.6E-01 9E-0I 

Exposure Medium otal O.OE+00 0.0E+(X) 3.9E-07 4E-07 0.0E+00 O.OE+00 K.6E-01 9E-01 

Medium Tola)	 O.OE+00 O.OE+00 3.9E-07 4E-07 o.oE+oo O.OE+00 s.f.E-01 9E-01 

Amhient Air Group 3	 1.4-Dichlorobcnzenc None observed 2.7E-0K 3E-0K 

(Trench) Naphthalene	 -- - Whole hodv S.1E-05 5 E-05 

2-NitrophenoI Not available 

l.l.l-Trichloroethanc 

1.1.2-Tnchloroethanc - - Blood 

l.l-IJichluraethane - - Nervous system _ 

1.1-Dichloroethene Liver 

1.2.4-Trimethylhenjxne 

1.2-Dichloroethanc 2.7E-12 3E-12 Kidney 3.OE-O9 . . 3 E-09 

1 -2-Dichloroethene	 Liver 

cis-I.2-I3ichlorocthene - Blood .  . 

I.2-Dichloropropane I.KE-06 2E-06 

l.3.>Trimethylbenzene 

2-Butanone Whole body 4.2E-05 4E-O5 

4-Methy|-2-penlanone Whole body 5.3E-O4 Mi-04 

Acetone Kidney 9.6E-0S IE-04 

Acrylonilrile I.I E-OX 1 E-OX Reproductive 3.2E-03 3E-O3 

benzene 1.0E-11 1E-11 Blood: .mmunesvstem 3.IE-06 3E-06 

Carbon tetrachloride Liver 

Chlnroelhane - 6.7E-0A 7E-0C) 

Chlorolorm	 Liver -

Ethylhcnzenc Liver: kidney 1.9E-04 2E-04 

Ethyl methacrylale Kidnev 2.XE-04 3E-O4 

Methylene Chlonde 3.4E-I0 3E-I0 Liver 1,7E-0.̂  2E-0S 

Isopropylhenzene Kidnev 

n-IVopylbenzcne 9.«E-(Xi 1E-05 

Styrene Blood: liver 

n-Bulylbenzenc 

icrt-Bulvlhenaaie 

p-lsopropylloluene . - Kidney 4.9E-06 5E-O6 

etrachloroethene 3.4E-13 3E-I3 Liver 1.2E-O7 1 E-07 

etrahvdroluran 4. IE-04 4E-O4 

Toluene Kidney 3.8E-04 4E-04 

richloroethcne - 13E-13 2E-I3	 1.3E-O8 1 E-OX 

Vinyl chloride - 8.3E-I3 SE-I3 Liver 1.3E-O7 1 E-07 

Xylenes(loUu) - - Whole hodv 6.3E-O3 6E-O3 

Chemical Total O.OE+00 1.1 E-OX O.OE'OO IE-OK 0.0E+00 1J:E-O2 0.0E+00 I .2E-02 

Exposure Point Total O.OE+00 1.1 E-OX O.OE+00 1E-08 O.OE'00 1.2E-02 0.0E >00 1 E-02 

Exposure Medium ou.1	 0.0E - 0 0 1.1 E-OX O.OE+00 IE-OK O.OE+00 1.2E-02 O.OE+00 IE-02 

Medium Total	 O.OE'00 1.1E-0K O.OE^OO IE-OK O.OE-iOO 1.2E-02 O.OE+00 1 E-02 

Receptor Total	 2K.-M Rcccplnrll lTnlal 2E-HM! 

Site Helmed Rccipli.r RhkTnlul	 IE-HM1 

ik .Summary uhles.xls.Area 3 CW RMIi 



TABLE 3-35G
 

RISK SUMMARY
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site-Tcwksbury. Massachusetts
 

logenic Risk Non-Carcinogenic Hazard Quotient 

Dermal Exposure Primarv Ingestion Inhalation 

Routes Total Target Organ(s) 

1.9E-O7 4E-07 - - _ 

1.2E-O6 2E-06 - -

- - - - -

8 3E-O8 2E-07 - -

1.0E-08 2E-O8 - -

_ - - „ -

2 4E-09 6E-09 - - -

- - Wholebod> 2 7L-06 

2 OE-07 4E-07 - - -

- - Not available 5 1E-0 2 5E-07 

4 4E-O8 9L-08 -

- - Lungs 1 5F-01 3 5E-04 

- Lungs 1 8E-03 2 31--04 

- Whotebody 3 3E-O4 1.3E-O2 

- - - -

- Kidne\ 1 2L-0r i 4E-0" 

I7E-0S 9E-08 Skirt: cardiovascular system 12E-02 1IE-05 

- - - -

- - 6 2r-04 3 OE-04 

- j - Ilan c\steine 9 OE-04 

1.7E-O6 4E-06 [ 2.5E-II2 ] 1.7E-O2 

1 7E-06 ! 4E-06 || | 2 5E-02 1 7F-02 

1 7E-06 | 4L-06 || ! 2 5E-O2 ! 7C-02 

17L-06 ! 4,;-P6 || | : 5 L - n  : 17L-n: 

Nenous s\stem. e\cs. rcspirjton 
_ 5E-13 s\ stem ! 8L-07 

2E-H Nerv uus s\ stem e_\ es 1 21 -OS 

O.HE+00 7W3 || j O.OE+00 1.9E-07 

0 0E+00 1 7E-.3 « [ 0 0E+00 1 9E-07 

| 0.0E+00 1 7^,3 || [ 0 0E+00 ] 1 9E-07 

[ O.OE+00 1 7E-.3 || P ~ O.OE+00 ! 1.9E-07 

Scenario Timeframe:

Receptor Population:

Receptor Age: Adult 

Medium 

Soil 

Medium Total 

Air 

||

Medium Total || 

 Future 

 Area 4 Construction Worker 

Exposure
 

Medium
 

Upland Soil
 

(0-10'bgs)
 

Exposure Medium Total
 

Ambient Air
 

 Exposure Medium Total
 

Exposure 

Point 

Group 4. Upland 

{[Exposure Point Total 

Group 4 

HExposure Point Total 

Chemical 

of Potential 

Concern 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(eipvreHe 

Benzo(b)fluoranthene 

Benzo(k)fluoranlhcne 

Bis(2-ChloroethoY\ )methane 

Caibazole 

4-Chloio-3-meth} lphcnol 

Diber&o(a_li)ai)lhracenc 

Diben/.otui.an 

Indeno(l 2 3-cd)P\rcnc 

I-Melhj lnaphtlialcne 

2-Metln lnaphlhalene 

Naphthalene 

Pen lene 

Cl I-L22 .Ajomatics 

ArScnic 

lead 

Manganese 

Vanadium 

Chemical 7 utal 

I euachloioethene 

I nchloroethene 

Chemical Total 

DeiTnal Exposure 

Routes Total 

- -

-_ 

- -

-

- -

2 OL-06 51, -06 

- -

9L-0' 

-

! 51 -0" -L-O^ 

i sr-cn 4L-0^ 

3 2E-04 LE-Q2 

-

9 0! -H4 5} -0i 

2.7E-0^ IE-02 

0OE+00 9L-04 

0 OE+00 9E-04 

1.IE-02 5E-02 

I 1E-02 SF-02 

1 1E-02 51 -02 

i I L - O  : •M - 0  2 

_ :i:-07 

II.-08 

II.0E+00 2E-O7 

o or.+oo 2E-07 

0 OE+00 ] 2 [.-07 

0.0E+O0 2E-O7 

Digestion 

2 0E-07 

1.2E-06 

-

8 5E-O8 

1 1E-08 

3 2E-09
 

-


1 IE-07
 

-


4 51T-08
 

-


-

-

-

7 7E-08 

-

-

1.8E-06 

1 8E-06 

| _ I 8E-06 

I 81 -06 

-

O.HE+00 

OOE+00 

O.OE+00 

0.0E-HX) 

Carci 

Inhalation 

5.2E-12 

3.1E-1I 

-

2 2E-I2 

2.8E-12 

-

-

-

5SE-12 

-

1 2L-12 

-

-

-

-

-

3.8E-11 

-

-

-

8.7E-11 

8 7E-I1 

8 7E-11 

871-11 

5 3E-H 

2 0E-H 

7.3E-13 

7.3E-13 

7.3E-13 

7.3E-13 

Woodard Curran Sutton Brook Disposal Area Superfund Site (210517)
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TABLE 3-35G 

RISK SUMMARY 

CENTRAL TENDENCY EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Supcrfund Sile-Tewksbury. Massachusetts 

Scenario Timeframe: Future 

Receptor Population: Area 4 Construction Worker 

Receptor Age: Adult 

Medium Exposure Exposure Cliemieul Care lopenic Ri>k Non-Caicmogcnic lla/aid Quotienl 

Medium Point ol Potential 

Concern Ligcslion luhaLition Dermal L\])O»uie l 'nman Iiificslion Lnhjkiiu.n lK-n:,,il l-APo.-,u,e 

Route.- iolal IuiS!L-lOlJlJlH>) Route.- lohil 

Groundwater Groundwater Group 4 1.1-Dichloioethane - - - None ob.-.en eJ - 5 11.-OS 5i;-ns 

Bis(2-Eth\ lhc\\ l)phthalale - - ^ si:-in 41-.-in Li\ ci - 9 41 -n> 9I--05 

Eth\ lbenzcne - Dexelopmcnt. Ictus l si..or, :i:-ur, 

NcrMms s\stem. c\cs. rcspirulon 
1 etraehloroelhene __ f 9i-:- io M>10 s> .-tein - T  ] . -(>( , SI -06 

1 iichloroethene 1 3II-10 IE-10 Ncr\ou» sWcm. e\cs - -

X>lenes (total) - - - Nen ous s\slein - 1 : i i'5 II.-l'S 

Arsenic - 4 f.E-09 51-,-09 NolaMiikible 7 : i - in 71.-04 

Mtirium I-en is 1 111 -I1" 11-;-')? 

Bery Ilium _ Respirator, system „ i.:r;-fu 1E-04 

Cadmium - - - - - - - 4.9E-04 5E-04 

Cobalt Respiiaton s\ stem 

I cad -

Manganese - - Ncn ous s\ stem - \ ii:-'M •41-04 

Nickel - - Not avaDable _ - 5 311-07 5E-07 

Silver - - - - - - 5 1IMLS SE-05 

Vanadium - - - - - - fi.6IZ-07 7E-07 

Zinc - - • - - - - - 2.4E-07 2E-07 

Chemical Tutal JJ O.()E+O(I | O.IIE+IIO j  | 5.7E-09 || fiE-09 j  | || O.OE+00 |j II.OE+OU JJ 1.9E-03 jj 2E-03 

[[Exposure Point Total O.OE+00 J O.OE-rOO || 5.7E-09 6E-09 (l.OE-K)O O.OE+00 J1 i.m:-03 || :i-:-o-! 

| Lxposure Medium 1 otal O.OE+00 0.0E-KI0 5.7E-09 6E-09 O.OE+00 0.011+00 "| 1.91. 03 2E-03 

Medium Total O.OE+00 I O.OE+00 5.7E-09 WAY) ~|j o oi-:+oo ODE-HKI | | ] yr fn 2I-:-n> 

Receptor Total jj 4F.-06 jj Receptor HI I nt;il || 6E-02 

SiteRel.ileiiRecfptorRiskIot.il II 3E-()f> 3E-02 

Reference Related Receptor Risk Total j  | 5E-07 3E-02 

LOiiL-cntrations. 

Sullon Brook Disposal Area Superlund Site (210517) Woodard Currun 
\\Ando\er\projects\210517 Sutlon Brook\\vip\Muman Health Risk Assessment\Risk Summary tables.xlsArea 4 C\V_CT Page 2 of 2 5/22/2007 
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TABLE .1-3511
 

RISK SUMMARY
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Sile-Tewksbury. Massachusetts
 

Ecenario Timelrnme:

eceplor Population:

eceptor Age: Adult 

Medium 

Soil 

Medium lota! 

Medium Total 

 Future 

 Area 4 Construction Worker 

Exposure Exposure 

Medium Point 

t piand Soil Group 4 I piand 

(()-!!)• bgs) 

Exposure Point Total 

Exposure Medium 1 ulal 

.Vmhient Air Group 4 

Exposure Point Tola! 

Exposure Medium lolal 

Chemii-al
 

oi Potential
 

Ben/o(a)anthrai.ene 

Ben/o(a)p\rene 

Bcnzo(e)p3Tene 

Benzo(h)nuoranthene 

Benzo(k)lluoranlhene 

3i-(2-Chloroetho\\)methane 

Carha/oie 

4-Chloro-1-meth\iphenol 

1>T)cn7o(jJi)niiihracenfi 

Dibcn/oluran 

lndeno(l 2 3-i-d)P%rene 

-MeUnlnaphlhalene 

2-Metlnlnaphlhakne 

Naphthalene 

Ten lene 

CII-C22 Uomatic 

Arsiriw 

*.ad 

\iangane-e 

\ anadium 

Chcmka! Tiital 

I etrjLhioroeUiene 

InUiloroelhene 

Chemical Total 

lngesl.cn 

6 6K-07 

4 01 -06 

_ 

2.8E-O7 

-. 5E.-O8 

1 1L-08 

6 8E-07 

-

1 ^ 07 

-

-

-

2-6E-07 

-

&.1E-U6 

6 It-06 

6 1E-06 

G.1C-06 

_ 

-

O.OE+00 

0.0E+00 

0.0E+00 

Non-Careinogeme Hazard Quotient Carcinogenic Risk 

Priman Inhalation Derma! Exposure Ingc^Uon Inhalation 

target Organ(s) Routes Total 

5.2E-12 I.9E-07 9E-07 - 

1 IL-1! ! 2F.-06 51.-MJ - 

_ - _ - 

-2.2E-I2 8JE-08 4E-07 

2 ST-12 ! 0! -OX 51-(8
 

-


- 2 41 -09
 

- X 91 -06
 \\ hole bod\ 

5 KE-J2 2.0E-07 9E-07 - - -


Notavailahk
 1 7L-O2 2 M -07
 

1 2F 12 4 4! -08 2! -07 - 

- - - ! ung- "i 01 -01 1 <I 04
 

- I ung-. 6 01 0"? 2 M 04
 

- - - 1 IE-03 13E-O2
 Whole body 

-


- - 4 01 01 ~^ 4! 01
 

-

kidn.v 

L7E-0R 3E-07 Sfcin+ cardiovascular vyfclcni 2.1E-05
 

.- 

1 BE-] 1 4 OE-02 

- - 6 1L-01 ~l (11 04
 

-- -- - 1 01-01 -IIairL\sluinc 

8.7L-H 1.7E-U6 SL-IJ6 8 8t-iI2 1.71 02 

8 7L-I1 1 7F.-06 8 E-06 8 8L-O2 1 7E-02 

R7L-I1 1 7L-06 8L-06 X 8L-U2 I 7L-02 

8 7L-1I 1 7C-06 8L-06 8 8L-02 1 7L-02 

i i F - H _ •ij- 11 s\stcm ! 8! -07
 

2 0E-H - 21-H - I 2!-OK
 \cr\ ous s\ stem e\ cs 

(>.()f>!)() I.9L 1)7 

7.3 E-13 0.0E+00 7E-13 0.0E- 00 1.9E-07 

7.3 E-13 O.OE+00 7E-I3: O.OK+00 1.9E-O7
 

7.3E-13 O.OE+00 7E-13 0.0E+00 I.9E-07
 

Dcrm.il 

-

2 0! 06
 

-


1 XI 03
 

J M-03 

i xi -in 

3.2E-04 

9 01 04 

2 7E-0T 

0 01 '00 

0 OL-00 

S 1M12 

1 IL 02 

1 It-02 

1 IL-02 

(l.OL+00 

O.OE+00 

O.OE+00 

0.0E+00 

Exposure
 

Routes lotal
 

-

11 OS 

-

2! 02 

71 01 

XI (H 

1B-02 

Xi 01 

4F-02 

6! -(11 

M-01 

H-. OS 

1L-0I 

11-01 

11 ul 

21 07 

i! OX 

2K-07 

2E-O7 

2E-07 

2E-07 

Sultnn Brook Disposal Area Superiund Site (210517) 
1 Andover projeels>2105l 7 Sutton Brook wip1 Human Health 



TABLE 3-351!
 

RISK SUMMARY
 

REASONABLE M.WIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site-Ten ksbury. Massachusetts
 

Scenario Timelramc: i'lilur 

Receptor I'upiiliilion: Area • 

Receplor Age: Adult 

Medium Exposure LxpoMIK Chemn-al Carcinogenic Risk Non-CarLinogeniL- Hazard Quotient 

Medium Point ol Potential 

Concern Ingeslion Inhalation Dermal txposure Primarv Ingcstion Inhalation IX mi a 1 l.\posure 

Routes Total largetOrgan(s) Routes h>lal 

Ch-nundwaler CiToundwaler Group 4 i.l-Diehloroelrune - None ohsened 1 1!-07 II -07 

Bis(2-I-Jhylhc\\l)phlhalalc _ 9 4L-10 9E-10 Liver - 2 4L-04 2L-O4 

i.llnlbenzene Development fetus 3 XI-06 41 -06 

Nervous s\slem. eses respualon 

lelrachloroetiiene 1 5Y-09 ! ] -()-) 
_ I 91 -05 21 -OS 

Inchloroethene - - •* 2 1 . - 1  0 M--\ ) Nerv ous s\ stem. e\ es 

\ \ lenes (inUl) .  . Nen ous s\ stem 1 01-05 1T-05 

\rsenio I 2E-08 IF-08 Not available 1 Kt-(M 21 -01 

Barium - I ctus 2 T - 0  7 2! -07 

Beryllium „ _ _ _ Respiralory s>'stera _ 3 0E-04 3E-04 

Cadmium _ - - _ 12E-03 1E-03 

Cobalt Respirjtors s\stem 

1 cad -

Manganese - - Nervous sWem i oi -in II -01 

Nickel - _ _ _ Not available _ UE-Ofi 1E-0G 

Silver _ _ - _ 1JE-04 IE-04 

Vanadium _ _ - - _ - 1.7E-06 2E-06 

2fnc - - - - - - 6JE-07 6E-07 

C hemical Tula! O.OE+00 (U)E+OI> 1.4E-II8 IE-IJS 0.0E+00 O.OE+00 4.RE-03 5E-03 

Exposure Point I ol.il 0 Ob-00 o.oE^on 1.4L-0X 1F.-08 0.0fc-00 0 OE-'OO 4 KI.-03 5L-O3 

l.\posur,. Medium lotal 0 0 b ' 0 0 not-oo 1 4E-0K lb-08 0OE+00 0 OL-t 00 4 XE-03 5L-(J> 

Medium lotal 0OETOO 0 0b-00 1.4E-0X l t-08 o nii-oo 0 Oh M)0 4 8L-O3 5I-.-O3 

Rrccpfur I ola! SE-II6 Kfitplor HI Inlul IK 01 

Site Related Ki-Li-ptor Risk Tiital 7E (16 6E-O2 

Reference Related Receptor Risk.Total j GE-02 

Sulton Brook Disposal Area Supertund Site (210517) Woodard Curran 
5 2.3 2007 



TABLE 3-36A
 

FINAL RISK SUMMARY
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfond Site-Tewksbury, Massachusetts
 

Scenario Timeframe: Current/Future 

Receptor Population: Area 3 Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Exposure 

Routes Total Target Organ(s) Routes Total 

Sediment Sediment Groups 5/6, Wetlands 4.1E-07 1.5E-06 2E-06 

1.0E-05 8.5E-06 2E-05 Skin; cardiovascular system L4E-01 1.2E-01 3E-01 

Chemical Total 1.1E-05 0.0E+00 9.9E-06 2E-05 1.4E-01 0.0E+00 1.2E-01 3E-01 

Exposure Point Total 1.1E-05 |tX0E+( 00 9.9E-06 2E-05 1.4E-0I 0.0E+00 I.2E-0I 3E-01 

Exposure Medium Total 
"

1.1E-05
 ,, i' 
 O.OE+00 9.9E-06 2E-05 1.4E-01 O.0E+00 1.2E-01 3E-01 

Medium Total 1.1E-05 O.OE+00 9.9E-06 2E-05 1.4E-01 0.0E+00 I.2E-01 3E-01 

Receptor Total 3E-05 Receptor HI Total | | 4E-01 

Shaded = Concentrations of contaminant are consistent with reference concentrations. 

Sutton Brook Disposal Area Superfond Site (210517) Woodard Curran 
G:\210517 Sutton Brook\\vip\Human Health Risk AssessmentttJLTIMATE SUMMARY TABLES_2007_RES&TRES.xlsArea 3 tres__CT Page 1 of 1 5/23/2007 



TABLE 3-36B
 

FINAL RISK SUMMARY
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site-Tewksbury, Massachusetts
 

Scenario Timeframe: Current/Future 

Receptor Population: Area 3 Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure Prim an Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total 

Soil Upland Soil Group 3, Upland Benzo(a)pyrene 1.7E-06 6.4E-07 2E-06 - ~ -

(0-101) Bis(2-ethylhexyl)phthalate 1.8E-06 - 5.3E-07 2E-06 Li\cr 4.1E-02 - 1.2E-02 5E-02 

Chemical Total | 5.9E-06 [ 0.0E+00 f 1.4E-06 | [ 7E-06 || 8.8E-02 || 0.0E+00 2.1E-02 Q 1E-01 

jJExposure Point 1 otal 1 5.9E-06 p).0E+00 | 1.4E-06 P 7E-06 1 1 [ 8.8E-02 | | 0.0E+00 2.1E-02 P 1E-0I 
Exposure Medium I otal I 5.9E-06 [ 0.0E+00 I.4E-06 [ 7E-06 1 ! j 8 8E-02 ] 0.0E+00 2.1E-02 [ 1E-01 

Medium Total 5.9E-06 f 0.0E+00 1.4E-06 | 7E-06 || 8.8E-02 0.0E+00 2 1E-02 f 1E-01 

Soil Wetland Soil Groups 5/6. Wetlands Arsenic * 1.9E-06 - 3.1E-07 2E-06 1 Skin; cardiovascular system 2.7E-02 - 4JE-G3 3E-02 

Chemical Total 3.2E-06 [ 0.0E+00 p9.4E-07 | 4E-06 1 1 3.0E-02 | i 0.0E+00 | | 4.3E-03 | 3E-02 

Exposure Point Total 3.2E-06 [ 0.0E+00 [ 9.4E-07 j [ 4E-06 | || 3 OE-02 || 0.0E+00 || 4.3E-03 P 3E-02 

Medium Total || 

Exposure Medium Total 1 3.2E-06 

3.2E-06 

[ 0.0E+00 

0.0E+00 

f 9.4E-07 

p9.4E-07 

[

|

 4E-06 

 4E-06 

[ ]Q~

|

 3 OE-02

 3.0E-02

 ][

 |

 0.0E+00

 0.0E+00

 f

 f

 4 3E-03 

 4 3E-03 j 
L
|

 3E~02 
 3E-02 

Sediment Sediment Groups 5/6. Wetlands Benzo(a)pyrene 8J2E-07 - L5E-06 2E-06 - -. - -

Arsenic 2.0E-D5 8.5E-06 3E-05 Skin: cardiovascular system 2.9E-Q1 - , L2E-01 4E-01 

Chemical Total 2.1E-05 f 0.0E+00 | 9.9E-06 P 3E-05 1[ 2.9E-01 | 0.0E+00 1.2E-01 f 4E-01 

Exposure Point Total 2.1E-05 0.0E+00 [~9 9E-06 3E-05 1 2 9E-01 0.0E+00 I 2E-01 4E-0I 

Exposure Medium Total 1 2.1E-05 0.0E+00 [ 9.9E-06 ] | 3E-05 I I [ 2 9E-01 |P 0.0E+00 1 2E-01 |[ 4E-01 

Medium Total | 1 2.1E-05 | 0.0E+00 p9.9E-06 [ 3E-05 i 1 2.9E-01 || 0.0E+00 ! 1 2E-01 i| 4E-0I 

Receptor Total || 4E-05 1 Receptor HI Total [" 6E-01 

Shaded = Concentrations of contaminant are consistent with reference concentrations. 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran
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TABLE 3-36C
 

FINAL RISK SUMMARY
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfiind Site-Tewksbury. Massachusetts
 

Scenario Timeframe: Current 

Receptor Population: Area 4 Trespasser/Recreational User 

Receptor Age: Youth, (ages 8-18 years) 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total 

Sediment Sediment Groups 5/6, Wetlands Benzo(a)pyrene -4.1E-07 1.5E-06 2E-Q6 

Arsenic 

Chemical Total « 
1.0B-05 

1.IE-OS SI 0.0E+00
iS

 ![
 II

8.5E-Q6 

 9.9E-06

2E-Q5 

 j 2 E - 0  5 
 II 

iiiiiin 
1.4E-01 O.OE+00 

llillljl 
1.2E-01 

ill-01 

Exposure Point Total 1.1E-05 O.OE+00 9.9E-06 2E-05 1.4E-01 O.OE+00 1.2E-01 3E-0I 

Exposure Medium Total 1.1E-05 O.OE+00 2E-05 1.4E-0I O.OE+00 I.2E-01 3E-0I 

Medium Total 1.1E-05 O.OE+00 9.9E-06 2E-05 1.4E-0I O.OE+00 1.2E-0I 3E-0I 

Receptor Total 3E-05 Receptor HI Total | 4E-01 

Shaded = Concentrations of contaminant are consistent with reference concentrations. 

Sutton Brook Disposal Area Superfiind Site (210517) Woodard Curran 
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TABLE 3-36D
 

FINAL RISK SUMMARY
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superflind Site-Te\vksbury? Massachusetts 

Scenario Timeframe: Current 

Receptor Population: Area 4 Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Exposure Chemical Carcinogenic Risk 
Non-Carcinogenic Hazard Quotient 

1 
Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure j 

Routes Total Target Organ(s) Routes Total j 

Soil Wetland Soil Groups 5/6, Wetlands Arsenic 1.9E-D6 - 3.1E-07 2E-06 J f SRS; cardiovascular system 2.7E-02 - 4.3E-03 3E-02 | 

Chemical Total ~] P
1

 3.2E-06 To.QE+00
 11

 ||
 11

 9.4E-07 j 
1 

4E-06 j 1 1 3.0E-02 j 1 O.OE+00 i 4.3E-03 If 3E-02 "HI 

Exposure Point Total | [  _ 3.2E-06 || 0 0E+00 J| 9.4E-07 J 4E-06 ] 1 1 3.0E-02 | O.OE+00 1 4.3E-03 || 3E-02 | 

Medium Total 

Exposure Medium Total 1 
1 
| 3 2E-06

3.2E-06

 1 

J 

O.OE+00 

[ O.OE+00 ] 

[ 9.4E-07

9.4E-07

 | 

| 

4E-06 

4E-06 ~~] 1 
3.0E-02 

3.0E-02 

O.OE+00 

O.OE+00 

|

f

 4.3E-03

 4.3E-03

 ||

 | !

 3E-02 

 3E-02 

Sediment Sediment Groups 5/6, Wetlands Benzo(a)p>Tene j 8.2E-07 — L5E-06 2E-06 L « - -

Arsenic 2.0E-05 - 8t5E-06 3E-05 1 Skin: cardiovascular system 2.9E-01 - 1 2E-0J 4E-0I ' . || 

[[chemical Total ] 2.1E-05 | O.OE+00 | 9.9E-06 | 3E-05 j ! 2.9E-01 O.OE+00 1.2E-01 ] j 4E-01 | 

Exposure Point Total 2 1E-05 | [" O.OE-fOO ] 9.9E-0(T] 3E-05 2 9E-01 O.OE+00 1 2E-01 1 4E-01 

Exposure Medium Total 2 1E-05 ] O.OE+00 | 9.9E-06 ] 3E-05 2.9E-0I O.OE+00 1 2E-01 | 4E-01 

Medium Total 2 1E-05 ] [ O.OE+00 ] 3E-05 |j 2 9E-01 0 OE+00 1 2E-01 ] 4E-01 || 

Receptor Total 1 4E-05 I Receptor HI Iota! | 5E-01 1 

Shaded = Concentrations of contaminant are consistent with reference concentrations 

Woodard Curran 
Sutton Brook Disposal Area Superflind Site (210517) 

Page 1 of 1 5/23/2007 
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Scenario Timeframe: Future 

Receptor Population: Area 4 Trespasser/Recrej itionai User 

Receptor Age: YoutI i (ages 8-18 years) 

Medium Exposure Exposure Chemical 

Medium Point of Potential 

Concern 

Soil	 Upland Soil Group 4, Upland B e nzo (a)anthracene 

(0-lO'bgs) Benzo(a)pyrene 

Benzo(b)fluoranthene 

Dibenzo(a.h)anthracene 

Chemical Total 

Exposure Point Total 

Exposure Medium Total 

Medium Total 

Sediment Sediment Groups 5/6, Wetlands	 Benzo(a)pyrene 

Arsenic 

Chemical Total 

Exposure Point Total 

Exposure Medium Total 

Medium Total •jl. 

Receptor Total 

Site Related Receptor Risk Total 

Shaded = Goitcentrations of contaminant are consistent with reference concentrations. 

TABLE 3-36E 

' FINAL RISK SUMMARY 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfiind Site-Tewksbury, Massachusetts
 

Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Ingestion Inhalation 

2.9E-06 

1.8E-05 

1.2E-06 

liBlL 
2.6E-05 0.0E+00

2^6E-05 I 0 .0E+00 |  |

2.6E-Q5 O.OE+00 ||

2.6E-05 O.OE+00 | |

4UE-O7 

LOE-05 

jO^OE+OO it

1.1E-05 O.OE+00

1.1E-05 O.OE+00

1.1E-05 O.OE+00 [I

Dermal 

2.2E-06 

1.3E-O5 

9.4E-07 

 2.2E-05 r 
 2.2E-05 

 2.2E-05 

 2.2E-05 

L5E-06 

8JE-06 

 9.9E-06 I

 9.9E-06 

 9.9E-06 

 9.9E-06 

Exposure 

Routes Total 

5E-06 

3E-05 

2E-06 

5E-05 

5E-05 

5E-05 

5E-05 

2E-06 

2E-05 

 2E-05 

2E-05 

2E-05 

2E-05 

7E-05 

Primary 

Target Organ(s) 

Ingestion 

mmmm 

3.2E-02 

3.2E-02 

3.2E-02

3.2E-02

•iill 
1.4E-01 

1.4E-01 

1.4E-01 

1.4E-01 

Inhalatio: 

0.0E+00 

0.0E+00 

 O.OE+00 

 O.OE+00 

O.OE+00 

O.OE+00 

O.OE+00 

O.OE+00 

Dermal 

4.7E-03 

4.7E-03 

1.2E-01 

1.2E-01 

I.2E-01 

1.2E-01 

Receptor HI Total Ij 
. U  N Ml I UN M ..! I . jl—.• 

Exposure 

Routes Total 

4E-02 

4E-02 

4E-02 

4E-02 

Iliiill 
3E-01 

3E-01 

3E-01 

3E-01 

4E-01 

8E-02 

Sutton Brook Disposal Area Superfiind Site (210517) Woodard Curran 
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TABLE 3-36F
 

FINAL RISK SUMMARY
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site-Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Area 4 Trespasser/Recreational User 

Receptor Age: Youth (ages 8-18 years) 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes I otal 

Soil Upland Soil Group 4. Upland Benzo(a)anthracene 5.9E-06 2 2E-06 8E-06 

(0-10'bgs) Benzo(a)p\rene 3.5E-05 1.3E-05 5E-05 

Benzo(b)fluoranthene 2.5E-06 9 4E-07 3E-06 

Dibenzo(a,h)anthracene 6.0E-Q6 2JE-D6 8E-06 

Indeno( l,2,3-cd)Pyrene 1 3E-06 4.9E-07 2E-06 

Chemical Total 1 5 . 2 E - 0  5 f 0.0E+00 || 1.9E-05 I 7E-05 6.3E-02 4.7E-03 7E-02 

Exposure Point Total I 5 .2E-05| |o^OE+OO 7E-05 6.3E-02 4 7E-03 7E-02 

Exposure Medium Total 5.2E-05 O.OE+00 1 9E-05 7E-05 6.3E-02 0.0E+00 4.7E-03 7E-02 

Medium Total 5 . 2 E - Q 5 | | O . 0 E + 0 Q |  | 1.9E-05 |j 7E-05 6.3E-02 

Soil Wetland Soil Groups 5/6r Wetlands Benzo(a)p>Tene 9.9E-07 4.9E-07 1E-06 

Arsenic I3JE-07 2E-06 Skin; cardiovascular system 3E-02 

Chemical Total « 3 . 2 E - 0 6  I 0.0E+00 | 9.4E-07 | 4E-06 [ 3.0E-02 0.0E+00 4.3E-03 3E-02 

Exposure Point Total 3.2E-06 O.OE+00 9.4E-07 4E-06 3.0E-02 4.3E-03 3E-02 

Exposure Medium Total 3̂ 2E-06 | f a o i + O O | { 9 ^ O  7 || 4E-06 3.0E-02 4.3E-03 3E-02 

Medium Total 3 . 2 E - 0 6  I 0.0E+00 I 9.4E-07 4E-06 3.0E-02 0.0E+00 4.3E-03 3E-02 
i I,, i , i L > . 

Sediment Sediment Groups 5/6, Wetlands •  I Km1iifliSil§Sffl!lllptei!S| 
Ililllllllliiil 

Chemical Total 2.1E-05 I 0.0E+00 || 9.9E-06 3E-05 2.9E-01 O.OE+00 1.2E-01 4E-01 

Exposure Point Total K 2JE-05 I
it
 O.OE+00 f| 9̂ 9E-06 

II 
3E-05 2.9E-01 O.OE+00 1.2E-01 4E-01 

Exposure Medium Total 2.1E-05 | O.OE+00 || 9.9E-06|^ 3E-05 2.9E-01 O.OE+00 I.2E-01 4E-01 
J| , Ill jt 1  1 i  . i • 

Medium Total 2.1E-05^ JOJDE+OO 9.9E-06 [ 3E-O5 2.9E-0I O.OE+00 1.2E-01 4E-01 

Receptor Total 
!L IL. ' L  -

1E-04 Receptor HI Total | | 6E-01 

Site Related Receptor Risk Total 7E-05 1E-01 

11IUBI 
Shaded = Concentrations of contaminant are consistent with reference concentrations. 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran 
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TABLE 3-37A 

FINAL RISK SUMMARY 

CENTRAL TENDENCY EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site-Tewksbury, Massachusetts 

lario Timeframe: Future 

Receptor Population: Area 3 Resident 

Receptor Age: Child/Adult 

Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Derma] Exposure 

Routes Total Routes Total 

Medium Exposure Exposure Chemical Carcinogenic Risk 

Target Organ(s) 

Soil Upland Soil Group 3, Upland Benzo(a)pyrene 8.6E-06 - 6.2E-06 1E-05 - - - - . 

(0-10') Bis(2-ethylhexyl)phthalate 5 6E-06 _ 3 IE-06 9E-06 Lner 2 1E-01 - 1.2E-01 3F.-01 

retrachloroethene 3 9E-06 _ 0 0E-00 4E-06 7 4E-03 _ 0 OE-00 7F-03 Liver 

Arsenic 2.4E-06 - 3.9E-07 3E-06 5.4E-02 - 9.0E-Q3 6E-02 Skin; cardiovascular system 

1
1 

1
1 

4.4E-01 ^ 0.0E+00 ] 2.0E-01 J 6E-0I 

4.4E-01 1 0 0F.+00 ] 2.0E-01 J 6E-01 

Chemical Total  ~ j 2.3 E-05 0.0E+00 j[ 1.1E-05 | 3E-05 j 

Exposure Point Total 2.3 E-05 j 0.0E-00 || 1.1 E-05 3E-O5 

|| Exposure Medium Total 2.3 E-05 0.0E-00 ][ 1 1E-05 3 E-05 4 4E-0I 0 0E+00 2.0E-01 j 6E-01 

Medium Total 2.3E-05 j 0.0E-00 || 1.1 E-05 | 3E-05 j 4.4E-01 0 0E+00 | 2.0E-01 j 6E-01 

Soil Wetland Soil Groups 5/6, Wetlands Benzo(a)pyrene 3.0E-06 _ I.4E-06 4E-06 _ - - 

Arsenic 3.6E-06 _ 4.2E-07 4E-06 8.2E-02 - 7.5E-O3 9E-02 Skin; cardiovascular system 

Chemical Total J 0.0E+00 | 7.5E-03 ] 1E-01 7.5E-06 1 0.0E+00 || 2.3E-06 | .E-05 9.1E-02 ] 

||Exposure Point Total 
! 

0 OE-00 j 7.5E-03 | 1E-0I 7 5E-06 ~] OOE+00 ][~2.3E-06 ] 1E-05 ] 9 1E-02 j 

|| Exposure Medium Total 7.5E-06 | O.OE-00 ][^2 3E-06 ] 1E-05 | 9.1E-02 0 0E-HH) 7.5E-03 j 1E-0I 

Medium Total 7.5E-06 0.0E-00 || 2.3E-06 J 1E-05 9 1E-02 0 0E+00 ] 7.5E-03 j 1E-01 

Sediment Sediment Groups 5.6, Wetlands Benzq(a)pyrene 2.5E-06 - 3.0E-06 5E-06 -
Skin; cardiovascular system Arsenic | 3.8E-05 - LI E-05 5E-O5 8.7E-01 - 2.0E-0J 1E+0Q 

5E-05 1 8.7E-01 0.0E+00 2.0E-01 J 1E+00 Chemical Total | 4.OE-O5 0.0E+00 1.4E-05 

5 E-05 J[ 8.7E-01 ] O.OE-00 2 0E-01 IE-00 Exposure Point Total I
I
1 

4.0E-05 0.0E+00 1.4E-05 

|| Exposure Medium Total 0 OE-00 2.0E-01 IE-00 4.0E-05 O.OE-00 1 4E-05 5E-05 8.7E-01 

!Medium Total 0 0EH)0 2.0E-01 IE M)0 4.0E-05 0.0EHK) I.4E-05 5E-05 8 7E-01 j 

Groundwater Indoor Air Group 3 Acrylonitrile _ 3.OE-O5 - 3E-05 

Methylene Chloride 6.1 E-06 _ 6E-06 

Toluene _ _ _ _ 

Xylenes (total) - - - -

Chemical Total 0.0E+00 3.7E-05 |[ 0.0E+00 4 E-05 

Exposure Point Total 0.0E+00 3.7E-05 ]|_0.0E+00 4E-05 

Exposure Medium Total 0.0E+00 3.7E-05 ]p0.0E+00 4E-05 

Medium Total 0.0E+00 3.7E-05 ]p0.0E+00 4E-05 

Groundwater Potable Groundwater Groups 3-6 3-Methylphenol/4-Methylphenol - - - -

Aroclor 1254 2.3E-06 - 0.0E+00 2E-06 

Alpha-BHC 1.4E-06 - 3.8E-07 2E-06 

Bis(2-Ethylhexyl)phthalate 4.2E-05 4.8E-09 5.4E-O5 1E-04 

Phenol - - -

,1,2-Trichloroethane 1.9E-06 9.8E-07 1.6E-07 3 E-06 

,1-Dichloroethane _ - - -

1,2-Dichloroethane 2.OE-O5 1.2 E-05 8.4E-07 3E-05 

1,4-Dioxane 1.6E-04 7.5 E-06 5.0E-07 2E-04 

2-Butanone - - - -

4-Methyl-2-pentanone - - - -

Acetone - - - -

Acrylonitrile 3.4E-03 4.5E-04 3.1 E-05 4E-03 

Benzene 1.2E-05 4.4E-06 1.6E-06 2 E-05 

Carbon tetrachloride 3.3E-05 7.9E-06 7.7E-06 5E-05 

Chloroform 8.6E-07 1.4E-06 6.9E-08 2E-06 

cis-l,2-Dichloroethene _ -

Ethylbenzene - -

Ethyl methacrylate - -

9 7E-01 

3 3E-02 

16L-00 

2 4EHM 

2.9E+01 

2 9E-01 

2 9E-01 

2 9 EH) I 

7 3E-01 

-

_ 

6 2E-04 

2 7E-02 

9 6E-02 

I 8E-00 

4 OE-03 

7 1E-03 

6 0E-01 

7 0EH)0 

1 3E-00 

4 2L-01 

4 2H-0I 

4 71"'00 

4 4E-03 

9 3E-0I 

2 1EH)O 

2.4E-00 

-

-

0.0E+00 

0.0E+00 

0.0E+00 

0.0E+00 

1.5E-01 

0.0E+00 

_ 

1.6E+00 

1.0E-01 

5.7E-03 

5.0E-02 

3.9E-04 

3.8E-03 

5.0E-02 

3.9E+00 

2.8E-02 

4.8E-0I 

6.1E-02 

7.0E-01 

1.8E-03 

6.9E-02 

1.8E+00 

2.7E-01 

IE-00 

3E-02 

2E-00 

2EKJI 

3E+01 

3E-01 

3K-01 

3F.-01 

3E-00 

3E-00 

-

3E'OO 

2E '00 

2E-01 

3E-00 

1E-02 

1E-00 

6E-00 

1E-02 

5E-00 

IE-02 

IF.-00 

9H-00 

3K-02 

2E-I-00 

8E--00 

5E+00 

Respiratory system
 

Liver
 

Nervous system
 

Nervous system
 

Whole body, nervous system
 

Eyes; immune system
 

Liver
 

Development/Fetus
 

Blood
 

Nervous system
 

Kidney
 

Liver
 

Whole body
 

Whole body
 

Kidney
 

Reproductive
 

Blood; immune system
 

Liver
 

Liver
 

Blood
 

Liver: kidney
 

Kidney
 

-

_ 

-

0.OE+00 

0.0E+00 

0.0E+00 

0.0E+00 

1.9E+00 

2.7E+00 

_ 

I.4E+00 

1.4E+00 

7.7E-02 

8.IE-01 

9.9E-03 

I.3E+00 

5.7E+OO 

1.1E+02 

3.6E+OO 

5.8E+O1 

5.0E-01 

3.3E+OO 

2.6E-02 

9.8E-01 

3.8E+00 

2.0E+00 

Woodard Curran Sutton Brook Disposal Area Superfund Site (210517) 
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TABLE 3-37A
 

FrNAL RISK SUMMARY
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site-Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Area 3 Resident 

Receptor Age: Child/Adult 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total 

Groundwater Potable Groundwater Groups 3-6 Methylene Chloride 8 0E-05, I.2E-05 2.6E-06 9E-O5 Liver 1.6E+00 I.9E-01 4.9E-02 2E+00 

n-Propylbenzene - - - - 1.8E+00 2E+00 

Tetrachloroeth en e 1 6E-05 3.5E-07 8.2E-06 2E-05 Liver 2.7E-02 3.7E-02 1.3E-02 8E-02 

Tetrahydrofuran - - - - - _ 8.8E+01 - 9E+01 

Toluene - - - - Kidney 4.4E+01 4.1E+00 1.2E+01 6E+01 

Trichloroethene 1 2E-05 1.3E-07 1.8E-06 1E-05 _ _ 2.3E-03 _ 2E-03 

Vinyl chloride 5.2E-04 8.7E-06 2.4E-05 6E-04 Liver 1.1E+00 2.2E-01 4.4E-02 1E+00 

Xylenes (total) - - - - Whole body 6.3E+00 7.0E+01 4.3E+00 8E+0I 

Antimony - - - - Blood: whole body l.IE+01 - 2.3E-01 1E+01 

Arsenic I 7E-02 - 5.8E-05 2E-02 Skin, cardiovascular system 3.5E-O2 - 1 IE'00 3E-02 

Beryllium - - — - Intestines L3E+01 - 5,6E+0Q 2E+0I 

Cadmium - - - - - 5.4E-JQ0 - 3.3 E-01 6E+00 

Chromium - - - - None observed 2.7E+O0 - 3.3E-0J 3E+00 

Manganese - - - 2.8Ei 01 - 2 2E-00 3E'O1 

Silver - - - - Skin 7.2E-HX) - 3 3E-OJ 7E+00 

Thallium - - - - Blood 2.7E+Q0 - 8.4E-03 3E+00 

Zinc - - - - Blood 8_2E+Q0 - J.5E-O2 8E+00 

Chemical Total 2.1E-02 5.1E-04 1.9E-04 2E-02 ! 6.7E+02 2.3E+02 3.6E+01 [ 9E+02 

IJExposure Point Total 2 1E-02 5.1E-04 1.9E-04 2E-02 ! 6 7E+02 2.3E+02 3 6E+01 |_ 9EJ-02 

JL Exposure Medium Total 2 1E-02 5.1E-04 1.9E-04 2E-02 6 7E+02 2.3E+02 3 6E+01 | 9E*02 

Medium Total 2.1E-02 5.1E-04 1.9E-04 2E-02 6 7E+02 2.3E+02 3 6E+01 | 9E+02 

Receptor Total 2E-02 1 Receptor HI Total | 1E+03 

Shaded = Concentrations of contaminant are consistent with reference concentrations. 

Woodard Curran Sutton Brook Disposnl Area Superfund Site (210517) 
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TABLE 3-37B 

FINAL RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site-Tewksbury, Massachusetts 

Scenario Timeframe: Future 

Leceptor Population: Area 3 Resident 

leceptor Age: Child/Adult 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Ce rcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingestion nhalation Dermal Exposure Priinan Ingestion Inhalation Dermal Exposure 

Routes Total Target Oigan(s) Routes Iotal 

Soil Upland Soil Group 3, Upland Benzo(a)anthracene 1.8E-06 - 7.2E-07 3E-06 - - -

(0-10') Benzo(a)pyrene 1.8E-05 7.2E-06 3E-05 - -

Benzo(b)fluoranthene I.4E-06 - 5.5E-07 2E-06 -

Bi s(2-e thyl hexy! )phthal ate 1.4E-05 - 4.4E-06 2E-05 Luer 4 1E-01 - 1 2E-01 5F.-01 

Indeno(1.2.3-cd)Pyrene 1 2F-06 - 4 7E-07 2E-06 - -

Tetrachloroethene 9.8E-06 _ 0 OE-KM) 1E-05 Liver 1 5F-02 „ 0.0F>00 1E-02 

Arsenic 5.9E-06 ~ 5.6E-07 6E-06 Skin; cardiovascular system 1.1E-01 - 9.0E-03 1E-01 

Chemical Total 5.2E-05 | 0.0E+00 | 1.4E-05 | 7E-05 |! [ 8.8E-01  _ J O.OE+00 2.0E-01 ] 1E+00 

jjExposure Point Total 5 2E-05 | 0 0E-00 ] 1.4E-05 | 7E-05 i| 8.8E-01 0.0E-00 2.0E-01 1E-00 

Exposure Medium Total i 5 2E-05 | 0 0E-00 1.4E-05 7E-05 j  | 8.8E-01 O.OE+00 2.0E-01 j 1E-KK) 

Medium Total 5 2E-05 j 0.0E-00 j 1 4E-05 | 7E-05 || 8.8E-01 0.0E-+00 2.0E-0! J 1E-KJ0 

Soil Wetland Soil Groups 5/6, Wetlands Benzo(a)puene 6 3E-06 2.1E-06 8E-06 IE - - -

Arsenic 9.1E-06 - 7.8E-07 1E-05 1 Skin; cardiovascular system 1.6E-01 - X4E-03 2E-01 

Chemical Total 1.7E-05 0.0E+00 3.5E-06 j 2E-0S |! 1.8E-01 O.OE+00 7.4E-0J 2E-01 

Exposure Point Total 1 7E-05 0 0E-K)0 3.5E-06 2E-05 i| f 1.8E-01 O.OE-00 7.4E-03 2FI-01 

Exposure Medium Total 1 7E-O5 0.0E-00 3.5E-06 2E-05 1 [ 1.8E-01 0 0E+00 7.4E-03 2E-01 

Medium Total [~1.7E-05 0 0E+O0 3.5E-06 2E-05 || [ 1.8E-01 O.OE+00 7 4E-03 2E-01 

Sediment Sediment Groups 5/6, Wetlands Benzo(a)pyrene | 5.2E-06 - 4.4E-06 IE-05 *~~| - - -

Arsenic 

Chemical Total 

9.5E-05 

Ql .OE-0-4 

~ 

0.0E+00 

2.1E-05 

2.6E-05 
llu

1E-04

1E-0-4

 II Skin; cardiovascular svstem 
 II , , . 

If 

! .7E-HX) 

1.7E+00 

-

O.OE+00 

2.0E-01 

2.0E-01 

2E+00 

2E+00 

Exposure Point Total 1.0E-04 0.0E-00 2.6E-05 1E-04 [  2 1.7E-KJ0 0 0E-00 2.0E-01 2E-00 

1 Exposure Medium Total 1.0E-04 0 0E-00 2 6E-05 1E-04 |~~ 1.7E-00 O.OETOO 2.0L-01 2E-00 

Medium Total 1 OE-04 0.0E-M)0 2.6E-05 1E-04 [_ 1.7E+00 [ 0 0E+00 2.0E-01 2E-00 

Air Ambient Air Site Benzene \ 1 7E-06 2E-00 Blood, immune s)stem - 2 1E-02 2E-02 

Chemical Total 0.0E+00 1.7E-06 O.OE+00 2E-06 f O.OE+00 f~ 1.7E-01 ~ ^ ] [ O.OE+00 2E-O5 

Exposure Point Total j 0 OETOO 1.7E-06 0.0E+00 2E-06 || [ O.OE+00 1.7E-0I || 0.0E-00 2E-01 

Exposure Medium Total j 0 0E+00 1.7E-06 0.0E-K)0 | 2E-06 |j j O.OE-rOO 1.7E-01 ) |  _ 0 0E-00 2E-0I 

Medium Total 0.0E-00 1.7E-06 O.OETOO 2E-06 || | 0 OE-'-OO 1.7E-01 JL 0.0E-00 2E-0": 

Groundwater Indoor Air Group 3 Acrvlonitnle - 7.9E-05 - 8E-05 Respirator> s>stem - 9 7E-01 1FXK! 

Meth\lene Chloride 1 6fc-05 2E-O5 Lncr 3 3E-02 - 3K-02 

X\lenes (total) .. Nervous s\stem 2 4I->0I - 2E-0! 

Chemical Total 0.0E+00 9.7E-05 [ O.OE+00 1E-04 P O.OE+00 [~ 2.9E+01 ~™|| O.OE+00 3E+01 

Exposure Point Total 0.0E-00 9 7E-05 [ O.OETOO f 1E-04 [ 0 OE-00 2.9EJ-0I ^~][ O.OE+00 3E-O5 

Exposure Medium Total 0 0E+00 9 7E-05 [ 0.0E-O0 [ 1E-04 [ 0 OE-00 P 2.9E+0I O.OE+00 [ 3E-01 

Medium Total [ 00E-00 9 7E-"> [ OOE-00 1E-04 \_ 0 0E-00 T 2.9E-O1 0 0E+00 ! 3 E T O 1 

Woodard Curran Sutton Brook Disposal Area Superfund Site (210517)
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TABLE 3-37B
 

FINAL RISK SUMMARY
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site-Tewksbury. Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Area 3 Resident 

;ptorAge: Child/Adult 

Medium Exposure Exposure Chemical Carci logenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total 

Groundwater Potable Groundwater Groups 3-6 1.4-Dichlorobenzene 1.3E-06 6.9E-07 2E-06 None observed 3-0E-03 3.9E-03 1.5E-03 8E-O3 

2-Methylphenol - Whole body; nervous system 1.7E+00 4.2E-02 1.5E-01 2E+00 

3-Methylphenol/4-Methylphenol - Whole body, nervous system 3.5E+00 7.3E-01 2.6E-01 4E+00 

Aroclor 1254 7.9E-06 0.0E+00 8E-06 Eyes; immune system 5.0E+00 - O.OE+00 5E+00 

AIpha-BHC 4.9E-06 - 1.2E-06 6E-06 -

Bis(2-Ethylhexyl)phthalate 1.4E-04. 1.3E-07 1.7E-04 3E-04 Liver 2.5E+00 2.9E-03 2.8E+00 5E+00 

Naphthalene - Whole body 4.6E-02 2.9E+00 2.3E-02 '•3E+00 

Phenol - - Development/Fetus 2.6E+00 1.2E-01 1.8E-01 3E+00 

1.1.2-Trichloroethane 6.5E-06 2.8E-O5 5.0E-07 3E-05 Blood 1.4E-01 4.4E-0I 1.0E-02 6E-01 

1.1-Dichloroethane - - - Nervous system 1.5E+00 8.4E+00 8.7E-02 1E+01 

1.2-Dichloroethane 6.6E-05 3.3E-04 2.7E-06 4E-04 Kidney 1.8E-02 I.9E-02 6.7E-04 4E-02 

1.2-DichIoroethene - - Liver 1.2E+00 2.6E+00 7.9E-02 4E+00 

1.2-Dichloropropane 4.0E-06 - 3.3E-07 4E-06 .. 9.7E-01 - 1E+00 

1,4-Dioxane 5.4E-04 2.1E-04 1.6E-06 8E-04 Liver 2.5E+00 3.3E-02 6.6E-03 3E+00 

2-Butanone - - - - Whole body 1.1E+01 2.8E+00 8.6E-02 1E+01 

4-Methyl-2-pentanone - - - Whole body 2.0E+02 3.2E+01 6.9E+00 2E+02 

Acetone - - Kidney 6.7E+00 6.2E+00 4.9E-02 1E+0I 

Acnlonitrile 1.2E-02 1.3E-02 9.8E-05 2E-02 Reproductive 1.1E+02 1.9E+02 8.3E-01 3E+02 

Benzene 4.1E-05 1.2E-04 5.IE-06 2E-04 Blood; immune system 9.3E-01 1.9E+00 1.1E-01 3E+00 

Carbon tetrachloride 1.1E-04 2.2E-04 2.4E-05 4E-04 Liver 6.2E+00 2.2E+0I 1.2E+00 3E+01 

Chloroform 2.9E-06 3.9E-05 2.2E-07 4E-05 Liver 4.7E-02 2.0E-02 3.2E-03 7E-02 

cis-1.2-Dichloroethene - Blood 1.8E+00 4.3E+00 1.2E-01 6E+00 

ithvl benzene - - - Liver; kidney 7.0E+00 9.7E+00 3.1E+00 v2E+01 

Ethyl methacrylate - - - Kidney 3.7E+OO 1.1E+01 4.7E-01 2E+01 

Methylene Chloride 2.7E-04 3.4E-04 8.3E-06 6E-04 Liver 3.0E+00 8.6E-01 8.5E-02 4E+00 

l-Propyl benzene - - - 1.8E+00 2E+00 

1 etrachloroethene 5.3E-05 9.7E-06 2.6E-05 9E-05 Liver 5.0E-02 1.7E-01 2.2E-02 2E-01 

1 etrahydrofuran - 8.8E+01 9E+01 

Toluene - - Kidney 8.1E+01 1.9E+01 2.1E+01 IE+02 

rnchloroethene 3.9E-05 3.6E-06 5.6E-06 5E-O5 - l.IE-02 - 1E-02 

Vinyl chloride 1.7E-03 2.4E-04 7.4E-05 2E-03 Liver 2.0E+00 1.0E+00 7.6E-02 3E+00 

Xylenes (total) - - - Whole body 1 2E-MH 3 2EJ-02 7 5E-MW 3E^02 

Antimony - ~ Blood; whole body 7.0E-01 2E+01 

3eryllium _ _ Intestines 2.3E+01 _ 1.7E+01 4E+01 

Cadmium - - - - - 1.0E+01 - 1.0E+00 1E-HH 

-hromium - - - - None observed 5-OE^OO - 1.0E+00 6E+00 

Manganese - - 5 2E-01 6 5I->00 6E-01 

Silver - - - - Skin 1.3E+01 - 1.0E+00 1E-HH 

[hallium - - - _ Blood 5.0E+G0 - 2.5E-02 5E+00 

Zinc _ - - .Blood 1.5E+01 4,6E-02 2E+01 
Chemical Total j 7.2E-02 ] 1.4E-02 6.6E-04 9E-02 j 1.2E+03 | 7.3E+02 7 6E+01 2E+03 

Exposure Point Total | 7 2E-02 | 1.4E-02 | 6.6E-04 9E-02 1.2E+03 7.3E-02 7 6L-01 2  t '•03 

Exposure Medium lotal 7.2E-02 j 1.4F.-02 J 6.6E-04 9E-02 1.2E+03 7.3EJ-02 7 61>01 2E^03 

Medium Total 7 2E-02 j 1 4K-02 | 6.6E-04 j 9E-02 | 1.2E+03 7.3E-KJ2 7 6L-01 2E-03 

Receptor Total 9E-02 | Receptor HI Total^ 2E+03 

Shaded = Concentrations of contaminant are consistent with reference concentratio 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran 
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TABLE 3-37C 

FINAL RISK SUMMARY 

CENTRAL TENDENCY EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superiund Site-Tewksbury, Massachusetts 

Scenario Timeframe: Future 

Receptor Population: Area 4 Resident 

Receptor Age: Child/Adult 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingestion Inhalation Dennal Exposure Primary Ingestion Inhalation Dennal Exposure 

Routes Total Target Organ(s) Routes Total 

Soil Upland Soil Group 4. Upland B enzo(a)anthracene 3.OE-O5 - 2.1E-05 5E-05 - _ - - -

(0-101) Benzo(a)p\rene L8E-04 - 1.3E-04 3E-04 - - - -

Beiuo(b)fluoranthene 1.3E-O5 - 9.1E-06 2E-05 - - - - -

Benzo(k)fluoranthene 1.6E-06 - 1.2E-06 3E-06 - - - - -

D ibeitzo(a,h)autltracen€ 3.OE-O5 - 2.3E-05 5E-05 - -

lndeno(1.2.3-cd)P>rene 6.6E-06 - 4.8E-06 1E-05 - _ - - -

Arsenic 2.8E-06 - 4.7E-07 3E-06 Skin: cardiovascular system 6.5E-02 - 1.1E-02 8E-Q2 

Chemical Total 2.6E-04 J 0.0E+00 ] 1.9E-04 5E-04 "] 1.4E-01 O.OE+00 4.5E-02 2E-01 

Exposure Point Total ~ ~2~6E-04 ~| 0.0E+00 1.9E-04 5E-04 1.4E-01 0OE+00 4 5E-02 2E-01 

Exposure Medium Total 2.6E-04 "1 [ O.OEi-00 1.9E-O4 5E-04 1 4E-01 O.OEUK) 4.5E-02 2E-0I 

Medium Total 1 2.6E-04 O.OE+00 1.9E-04 5E-04 1.4E-01 OOE-tOO 4.5E-02 2E-01 

Soil Wetland Soil Groups 5/6. Wetlands Benzo(a)pyrene j 3.0E-06 _ 1.4E-06 4E-06 - - - - -

Arsenic | 3.6E-06 - 4.2E-07 4E-06 Skin: cardiovascular system 8.2E-O2 - 7.5E-03 9E-02 

Chemical Total 7.5E-06 0.0E+00 2.3E-06 1E-05 9.1E-02 O.OE+00 7.5E-03 1E-0I 

Exposure Point Total 7.5E-06 0.0E+00 2.3E-06 1E-05 9.1E-02 O.OE+00 7.5E-03 1E-01 

Exposure Medium Total 7.5E-06 0.0E+00 2.3E-06 1E-05 9.1E-02 O.OE+00 7.5E-03 1E-01 

Medium Total 1 7.5E-06 O.OEfOO 2.3E-06 IE-05 9.IE-O2 O.OE+00 7.5E-03 1E-01 

Sediment Sediment Groups 5/6. Wetlands Benzo(a)pyrene ] 2.5E-06 3.0E-06 5E-06 - « « 

Arsenic 3.8E-05 - 1.1E-05 5E-05 Skin- cardiovascular system 8.7E-01 - 2.0E-01 1E+00 

Chemical Total j | 4.0E-05 pO.OE+00 1.4E-05 ] 5E-05 I ! ! 8.7E-0I O.OE+00 2.0E-01 1E+00 

Exposure Point Total i1 4.0E-05 0.0E+00 1.4E-05 £ ~ 5E-05 8.7E-01 O.OE+00 2.0E-01 1E+00 

Exposure Medium Total ! 4.0E-05 O.OE+00 1.4E-05 [~ 5E-05 8.7E-01 O.OE+00 2.0E-01 1E-KJO 

Medium Total 4.0E-05 0.0E+00 1.4E-05 | 5E-05 1 8.7E-01 O.OE+00 2.0E-01 1E+00 

Ground^ ater Potable Groundwater Groups 3-6 3 -Methylphenol/4-Methy lphenol „ ~ . . - Whole body; nervous system 1.9E+00 7.3E-01 1.5E-01 3E+00 

Aroclor 1254 2.3E-06 O.OE+00 2E-06 Eyes; immune system 2.7E+00 _ O.OE+00 3E+00 

Alpha-BHC 1.4E-06 - 3.8E-07 2E-06 - - - - -

Bis(2-Ethylhexyl)phthalate 4.2E-05 4.8E-09 5.4E-05 1E-04 Liver 1.4E+00 6.2E-04 1.6E+00 3E+00 

Phenol - - - . . Development/Fetus 1.4E+00 2.7E-02 1.0E-01 2E+00 

1.1,2-Trichloroethane I.9E-06 9.8E-07 1.6E-07 3E-06 Blood 7.7E-02 9.6E-02 5.7E-03 2E-01 

1,1-Dichloroethane - - - Nervous system 8.1E-0I 1.8E+00 5.0E-02 3E+00 

Woodard Curran Sutton Brook Disposal Area Superfund Site (210517) 
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TABLE 3-37C
 

FINAL RISK SUMMARY
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site-Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Area 4 Resident 

Receptor Age: Child/Adult 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total 

Groundwater Potable Groundwater Groups 3-6 1,2-Dichloroethane 2.0E-05 1.2E-05 8.4E-07 3E-05 Kidney 9.9E-03 4.0E-03 3.9E-04 " 1E-02 

1,4-Dioxane 1.6E-04 7.5E-06 5.0E-07 2E-04 Liver 1.3E+00 7.1E-03 3.8E-03 1E+00 

2-Butanone - - - - Whole body 5.7E+00 6.0E-01 5.0E-O2 6E+00 

4-Methyl-2-pentanone - _ - Whole body 1.1E+02 7.0E+00 3.9E+00 1E+02 

Acetone - - - - Kidney 3.6E+00 1.3E+00 2.8E-02 5E+00 

Acrylonitrile 3.4E-03 4.5E-04 3.1E-05 4E-O3 Reproductive 5.8E+01 4.2E+01 4.8E-01 1E+02 

Benzene 1.2E-O5 4.4E-06 1.6E-06 2E-05 Blood; immune system 5.0E-01 4.2E-01 6.1E-02 1E+00 

Carbon tetrachloride 3.3E-O5 7.9E-06 7.7E-06 5E-05 Liver 3.3E+00 4.7E+00 7.0E-01 9E+00 

Chloroform 8.6E-07 I.4E-06 6.9E-08 2E-06 Liver 2.6E-02 4.4E-03 1.8E-03 3E-02 

cis-l,2-Dichloroethene - - - - Blood 9.8E-01 9.3E-01 6.9E-02 2E+00 

Ethylbenzene - - - - Liven kidney 3.8E+00 2.1E+00 1.8E+00 8E+00 

Ethyl methacrylate - - - - Kidney 2.0E+00 2.4E+00 2.7E-01 5E+00 

Methylene Cliloride 8.0E-05 1.2E-05 2.6E-06 9E-05 Liver 1.6E+00 I.9E-01 4.9E-02 2E+00 

n-Propylbenzene - - - - - - 1.8E+00 2E+00 

Tetracliloroethene 1.6E-05 3.5E-07 8.2E-06 2E-05 Liver 2.7E-O2 3.7E-02 I.3E-02 ' 8E-02 

Tetrahydrofuran - - - - - - 8.8E+01 _ 9E+01 

Toluene - - - Kidney 4.4E+01 4.1E+00 1.2E+01 6E+01 

Trichloroetliene 1.2E-05 1.3E-O7 1.8E-06 1E-05 - 2.3E-O3 - 2E-03 

Vinjl cliloride 5 2E-04 8.7E-06 2.4E-05 6E-04 Lhcr 1 1E+00 2 2E-0I 4 4E-02 1E+00 

Xjlenes (total) - - - - Whole bod> 6.3E+00 7.0E+01 4 3E+00 8E-I01 

Antimony - - - Blood: whole body 1.1E+01 - 2.3E-0I 1E+01 

Arsenic 1 7E-02 5.8E-05 2E-02 Skin; cardio\ ascular system 3.5E+O2 - 1 1E + 00 3EH)2 

3erylliitni - - - - Intestines 1.3E+01 - 5.6E+00 2E+01 

Cadmium - - - - - 5.4E+O0 - 3.3E-0! 6E+00 

Cliromium - - - None observed 2.7E+O0 - 3.3E-01 3E+00 

vlanganese - - - - - 2.8E-KH - 2 2E+00 3EK)1 

Silver - - - - Skin 7.2E-KH) - 3.3E-0! 7E+00 

TJiallium - - - - Blood 2.7E+00 - 8.4E-03 3E+00 

Zinc - - - Blood 8.2E+00 - 1.5E-02 8E+00 

||chemical Total 2.1E-02 ] 5.1E-04~|| 1.9E-04 2E-02 ][ 6.7E+02 2.3E+02 3.6E+01 1 9E+02 

((Exposure Point Total 2.1E-02 ] 5.1E-O4 | | 1.9E-04 2E-02 | 1 6.7E+02 2.3E+02 3.6E+0I | 9E+02 

| Exposure Medium Total j 2.3E-O2 ] 5.1E-04 j 1.9E-04 J 2E-02 J 1 6.7E+02 2.3E+02 3.6E+01 | 9E+02 

Medium Total | 2.1E-02 ~| 5.1E-04 ] 1.9E-04 | 2E-02 | 1 6.7E+02 2.3E+02 3.6E+01 ] 9E+02 

Receptor Total 1 2E-02 | Receptor HI Total | 9E+02 

Shaded = Concentrations of contaminant are consistent with reference concentrations. 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran 
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TABLE 3-37D 

FINAL RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site-Tewksbury, Massachusetts 

Scenario Timeframe: Future 

Receptor Population: Area 4 Resident 

Receptor Age: Child/Adult 

Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingestion inhalation Dermal Exposure Ingestion Inhalation Dermal Exposure 

Medium Exposure Exposure Chemical Carcinogenic Risk 

Pnniar\ 

Routes Total Routes Total larget Organ(s) 

Soil Upland Soil Group 4, Upland Benzo(a)anthracene 6 2E-O5 _ 2.5E-O5 9E-05 - - - - 

(0-10')	 Benzo(a)pyrenc 3 7E-04 _ 1.5E-04 5E-04 - - - - 

Benzo(b)fluoranthene 2 6E-05 _ 1.1E-05 4E-05 - _ - - 

Benzo(k)fluoranthene 3 3E-06 _ I3E-06 5E-06 - _ _ - 

pibenzo(a,h)anriracene v 63E-05 2.5E-Q5 9E-05 - _ - - -

Indeno(U3-cd)P>Tene 1.4E-05 • _ 5.5E-06 2E-05 - - - - 

Arsenic 7.1E-06 - 6.8E-07 8E-06 1 3E-01 - I 1E-02 1E-01 Skin, cardiovascular s>stem 

-

1Chemical Total 5.5E-04 | O.OE+00 j 2.2E-04 7.7E-04 [ 2.7E-01 J| O.OE+00 J[ 4.5E-02 1 3.2E-0I 

Exposure Point Total 5 5E-04 O.OE+00 2.2E-04 8E-04 | 2 7E-O1 |i 0OE+00 || 4 5E-02 j 3E-0! 

Exposure Medium Total 5 5E-04 0 OE+00 2.2E-04 8E-04 [ 2 7E-01 21 0OE+00 j  p 4 5E-02 P 3E-01 
Medium Total 5 5E-04 O.OE+00 2 2E-04 8E-04 j 2 7F-01 || 0 0EH)0 jj 4 5E-O2 | 3E-0I 

Soil Wetland Soil Groups 5/6, Wetlands Benzo(a)pyrcne 6 3E-06 _ 2 1E-06 8E-06 _ 

Skin.; cardiovascular system Arsenic 5.1E-06 - 7.8E-07 JE-05 1.6E-0] 7.4E^03 2E-O1 

I
I
 

[{Chemical 1 otal 1.7E-05 O.OE+00 3.5E-06 2E-05 [ 1.8E-01 ][ O.OE+00 ~)[~ 7.4E-03 [ 2E-01 

[ I8E-01 J  | OOE-00 |  [ 7 4E-O3 [_ 2E-01 Exposure Point Total 1
I
1 

I.7E-05 j 0OE+00 3.5E-O6 2E-05 

Exposure Medium Total 1 7E-05 0OE+00 3 5E-06 2E-05	 [ 18E-0I _ | |  _ 0 OE+00 | | 7 4E-03 |_ 2E-01 

1.7E-05 ! 3.5E-O6 2E-05	 1.8E-0I J  | 0 OE+00 || 7 4E-03 2E-0I Medium Total 

Sediment Sediment Groups 5/6, Wetlands	 Benzo(a)p$Tene | 5.2E-06 4.4E-06 ] B4J5 || ~ - - 

Arsenic || S.5E-O5 2JE4J5 ; IE-04 1.7E+00 2GE-OJ 2E+0O .Skin; cardiovascular system 

Chemical Total "j 1.0E-04 j O.OE+00 j 2.6E-05 | IE-04 1.7E+00 J| O.OE+00 |j 2.0E-O1 [ 2E+00 

Exposure Point Total 10E-04 0 0E-00l|~2 6E-O5 T IE-04 If 1 7EJ-00 O.OE+00 2 0E-0I 2E+00 

Exposure Medium Total 1 OE-04 OOE-rOO ] 2 6E-05 ] IE-04 17E-00 0 OE+00 2 0E-01 2E+00 

Medium Total 1 OE-04 ] 2 6E-05 ] IE-04 I 7EJ-00 0 OE+00 2 0E-01 2E-00 

Air Ambient Air Benzene 1.7E-06 - 2E-06 - 2 1E-02 - 2E-02 Site ! Blood, immune sjstem 

[(chemical Total O.OE+00 ] 1.7E-O6 | O.OE+00 ] 2E-06 J  L O.OE+00 J  [ 1.7E-01 O.OE+00 | 2E-0I 

Exposure Point Total O.OE+00 ~ ] 2E-06 | _ 0 OE+00 _ J | 17E-01 || 0 OE+00 j 2E-0I 

Exposure Medium Total 1
 O.OE+00^] 1.7E-06 j O.OE+00 j 2E-06	 [ 0 OE+00 |  | 17E-01 J[ 0 OE+00 2E-01 

Medium Total O.OE+00 i 1.7E-06 O.OE+00 2E-06 [ 0 OE+00 J  Q I7E-01 |[ 0 OE+00 2L-0I 

Groundwater Potable Ground water Groups 3-6 1,4-Dichlorobenzene 1.3E-06 - 6.9E-07 2E-06 None obscned 3 OE-03 3 9E-0? ! 5F-03 8t-0? 

2-MethylphenoI - - - Whole body, nervous system 1.7E+00 4.2E-02 I.5E-0I 2E+00 

3-Mcthylphenol/4-MethyIphenoI - - - - Whole body, nervous system 3.5E+OO 7.3E-O1 2.6E-01 4E+00 

Aroclor 1254 7.9E-06 _ O.OE+00 8E-06 Eyes; immune system 5.0E+00 - O.OE+00 5E+00 

Alpha-BHC 4.9E-06 - 1.2E-06 6E-06 - -. _. -

Bis(2-Ethylhexy!)phthaiate 1.4E-04 1.3E-O7 1.7E-04 3E-04 Liver 2.5E+00 2.9E-03 2.8E+00 5E+00 

Naphthalene - - - Whole body 4.6E-02 2.9E+00 2.3E-02 3E+00 

Phenol - _ - - Developm en t/Fetus 2.6E+00 I.2E-01 1.8E-0! 3E+00 

1,1,2-Trichloroethane 6.5E-06 2.8E-05 5.0E-07 3E-O5 Blood 1.4E-0I 4.4E-01 1.0E-02 6E-01 

1,1-Dichloroethanc - _ - - Nervous system I.5E+00 8.4E+00 8.7E-02 1E+01 

1,2-DichIoroethane 6.6E-05 3.3E-04 2.7E-06 4E-04 Kidney 1.8E-02 1.9E-02 6.7E-04 4E-02 

1,2-Dichloroethene - - - - Liver 1.2E+00 2.6E+00 7.9E-02 4E+00 

1,2-Dichloropropane 4.0E-06 - 3.3E-07 4E-06 - - 9.7E-0I - 1E+00 

1,4-Dioxane 5.4E-04 2. IE-04 1.6E-06 8E-04 Liver 2.5E+00 3.3E-02 6.6E-03 3E+00 

Sutton Brook Disposal Area Superfund Site (2105 17) 
Woodard Curran 
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TABLE 3-37D
 

FINAL RISK SUMMARY
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site-Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Area 4 Resid Ellt 

Receptor Age: Child/Adult 

Medium Exposure Exposure Chemical Care nogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ (s) Routes Total 

Groundwater Potable Qroundwater Groups 3-6 2-Butanone _ _ Whole body I.IE+01 2.8E+00 8.6E-02 1E+01 

4-Methyl-2-pen tan one - - - - Whole body 2.0E+02 3.2E+01 6.9E+00 2E+02 

Acetone - - - - Kidney 6.7E+00 6.2E+00 4.9E-02 1E+01 

Acrylonitrile 1.2E-02 1.3E-02 9.8E-05 2E-02 Reproductive 1.1E+02 1.9E+02 8.3E-01 3E+02 

Benzene 4.IE-05 1.2E-04 5.1E-06 2E-04 Blood; immune system 9.3E-01 1.9E+00 1.1E-01 3E+00 

Carbon tetrachlonde I.1E-04 2.2E-04 2.4E-05 • 4E-04 Liver 6.2E+00 2.2E+01 I.2E+00 3E+01 

Chloroform 2.9E-06 3.9E-05 2.2E-07 4E-05 Liver 4.7E-02 2.0E-02 3.2E-03 7E-02 

cis-l,2-Dichloroethene - - - - Blood 1.8E+00 4.3E+00 1.2E-01 6E+00 

Ethylbenzene - - - - Liver; kidney 7.0E+00 9.7E+00 3.1E+00 2E+01 

Ethyl methacr> late _ _ - Kidney 3.7E+00 I.IE+01 4.7E-01 2E+01 

Mcthylene Chloride 2.7E-04 3.4E-0-* 8.3E-06 6E-04 Liver 3.0E+00 8.6E-01 8.5E-O2 4E+00 

n-Propylbenzene - - - - - 1.8E+00 2E+00 

Tetrachloroelhene 5.3E-05 9.7E-06 2.6E-05 9E-05 Liver 5.0E-02 1.7E-01 2.2E-02 2E-01 

Tetrahydrofuran - - - - - 8.8E+01 - 9E+01 

Toluene - - - Kidney 8.1E+01 1.9E+01 2.IE+0) 1E+02 

Trichloroethene 3.9E-05 3.6E-06 S.6E-06 5E-O5 - _ 1.1E-02 _ 1E-02 

Vin>I chloride 1 7E-O3 2.4E-04 7 4E-0S 2E-03 Li\er 2 OE-00 1OF.-00 7 6E-02 .in oo 

X>lenes (total) - - - - Whole bod> 1.2E-01 3 211J 02 7 5E-OO 31-:-02 

Antimony - - - - Blood: tv hole body JZ.1E-HM - 7.0E-01 2E+01 

Arsenic 5 7E-02 - 2 4E-04 6E-02 Skin, cardiovascular system 6.4E-<-02 - 3.3E-00 6E; 02 

Beryllium - - - - Intestines 2.3E+01 - 1.7E+01 4E+0I 

Cadmium _ - - _ - 1.0E+QJ - 1.0E+00 1E+01 

Chromium - - - None observed 5.0E+O0 _ 1.0E-00 6E+00 

Manganese - - - - - 5 2E-01 _ 6 5E l 00 61" '01 

Silver - - - - Skin 1.3E+01 - 1.0E+00 1E+01 

Thallium _ - - - Blood 5.0E+00 - 2JE-02 5E+00 

Zinc - _ - - Blood 1.5EH-QJ - 4.6E-02 2E+0I 

Chemical Total 7 .2E-02~][ 1.4E-02 6.6E-04 9E-02 || 1.2E+03 7.3E+02 7.6E+01 2E+03 

[[Exposure Point Total 7.2E-02 J |_1.4E-02 6.6E-04 9E-02 |j 1 2E+03 7.3E+02 7.6E+01 2E+03 
1 Exposure Medium Total 7.2E-02 |f 1.4E-02 || 6.6E-04 j  f 9E-02 ] | ] | 1 2E+03 ][ 7.3E+02 ~]\ 7.6E+01 |f 2E+03 

Medium Total || 7.2E-02 || 1.4E-02 || 6.6E-04 || 9E-02 |j || ! 2E+03 || 7.3E+02 || 7.6E+01 || 2E+03 

Receptor Total || 9E-02 || Receptor HI Total || 2E+03 

;e concentrations. 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran 
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TABLE 3-37E 

FINAL RISK SUMMARY 

CENTRAL TENDENCY 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfiind Site-Tewksbury, Massachusetts 

Scenario Timeframe: Future 

Receptor Population: Area 1/2 Resident 

Receptor Age: Child/Adult 

Medium Exposure Exposure Chemical Carcinogenic Risk 

Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure 

Routes Total 

Potable Groundwater Groups 1 & 2 1,4-Dichlorobenzene 1.3E-06 _ 7.5E-07 2E-06 

3-Methylphenol/4-Methyiphenol - _ - _ 

4-Methylphenol 
•   - -

Naphthalene - - _ -

N-Nitrosodi-n-butyiamine 2.8E-05 3.0E-04 1.6E-06 3E-04 

N-Nitrosopyrrolidine 9.9E-05 5.IE-07 5.6E-07 1E-04 

o-Toluidine 3.7E-06 - 1.2E-07 4E-06 

Pyridine - -

1,2-Dichloroethane 3.1E-06 1.8E-06 1.3E-07 5E-06 

cis-1,2-DichJoroethene - - - -

1,4-Dioxane 4.4E-05 2.1E-06 I.4E-07 5E-05 

2-Butanone - _ _ -

4-Methyl-2-pentanone - _ -

Benzene 1.0E-05 3.8E-06 1.4E-06 2E-05 

Ethylbenzene - - -

Methylene Chloride 7.8E-05 1.2E-05 2.6E-06 9E-05 

n-Piop>lbenzene - -

I etrachloroelhene 4 5E-05 9 SE-07 2 3E-O5 7E-05 

I etrahydrofuran - - - -

Toluene - - -

Frichloroethene 1 5E-O4 1 6E-06 2 2E-05 2E-04 

Vinjl chloride 2 6E-04 4 3E-06 1 2E-05 3E-04 

Arsenic 1 5E-02 5 OE-05 1E-02 

Cadmium - - - -

Manganese - - - -

Thallium - - - -

Chemical Iotal 1.5E-G2 3.3E-04 1.2E-04 j 2E-02 

Exposure Point Total 1 5E-02 3 3E-04 I 2E-04 j 2E-02 

Exposure Medium lotai 1.5E-02 3 3E-O4 J[ I 2E-04 j 2E-02 | 

Medium Total I 1.5E-02 3 3E-04 l  i i 2E-04 2E-02 | 

Receptor Total 2E-02 | 

Shaded = Concentrations of contaminant are consistent with reference concentrations 

Primary
 

Target Organ(s)
 

None observed
 

Whole body; nervous system
 

Whole body; nervous system
 

Whole body
 

-

-

Liver 

Kidney 

Blood 

Liver 

Whole body 

Whole body-

Blood; immune system 

Liver; kidney 

Liver 

_ 

Liver 

Kidney
 

-


Liver
 

Skin; cardio\ascular system
 

-


Blood
 

Non-Carcinogenic Hazard Quotient 

Ingestion Inhalation Dermal Exposure 

Routes Total 

5.5E-03 2.9E-03 2.9E-03 1E-02 

8.9E+OO 3.5E+OO 7.0E-01 IE+01 

9.8E+00 3.8E+OO 7.7E-01 IE+01 

• 5.4E-0I 1.4E+01 2.8E-01 IE+01 

- - - » 

- _ 

- - -

1.9E+00 8.9E-01 5.1E-02 3E+00 

1.5E-03 6.3E-04 6.0E-05 2E-03 

2.0E+00 1.9E+00 I.4E-01 4E+00 

3.7E-01 2.0E-03 1.1E-03 4E-01 

2.0E+00 2.1E-01 1.7E-02 2E+00 

7.3E+OO 4.8E-01 2.7E-01 8E+00 

4.3E-01 3.5E-O1 5.1E-O2 8E-01 

8.9E-01 5.0E-01 4.3E-O! 2E+00 

1.6E+00 I.8E-01 4.7E-02 2E+00 

- 5.0E+00 - 5E+00 

7.6E-02 1.0E-01 3.6E-02 2E-01 

- 4.4E+O1 4E+01 

1.2E+01 1.1E+00 3.2E+OO 2E+01 

- 2.9E-02 3E-O2 

5.2E-01 1.1E-01 2.1E-02 7E-01 

3 OE+02 - 9 3E-OI 3E+02 

3.2E+0I - 2.0E+00 3E+01 

1 9E+0I - 1.5E+00 2Ef01 

2.6E+00 - 8.2E-03 •3E+00 

| 4.1E+02 8.0E+01 i.IE+01 ] 5E+02 

|[ 4.SE+02 8 0E+01 1 1E+01 | 5E+02 

1 4 1E+02 ~\ 8.0E+01 j 1.1E40I | 5E+02 

41E+02 8 0LHH j 1 IE+01 5E+02 

Receptor HI Total | 5E+02 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Cumin 
G:\210517 Sutton Brook\\vip\Human Health Risk Assessment\ULTIMATE SUMMARY TABLES_2007_RES&TRES.xlsArea 1&2 resC T 5/23/2007 



TABLE 3-37F
 

- FINAL RISK SUMMARY
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superftind Site-Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Area 1/2 Resident 

Receptor Age: Child/Adult 

Medium Exposure Exposure Chemical Carcinogenic Risk 

Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure 

Routes Total 

Potable Groundwater Groups 1 & 2 1,4-Dichlorobenzene 4.3E-06 •  2.4E-06 7E-06 

3-Methylphenol/4-Methylphenol - - - „ 

4-Methylphenol - - - -

Naphthalene - - - -

N-Nitrosodi-n-burylamine 9.6E-05 3.0E-04 5.1E-06 4E-04 

N-Nitrosopyrrolidine 3.3E-04 5.1E-07 1.8E-06 3E-04 

o-Toluidine I.2E-05 - 3.7E-O7 1E-05 

Pyridine - - - -

1,2-Dichloroethane 1.0E-05 5.1E-05 4.1E-07 6E-05 

1,2-Dichloroethene - _ -

cis-1,2-Dichloroethene - - -

1,2-Dichloropropane 3.8E-06 3.1E-07 4E-06 

1,4-Dioxane 1.5E-04 5.8E-05 4.4E-07 2E-04 

2-Butanone - - -

4-Methyl-2-pentanone - - -

Acetone - - - „ 

Benzene 3.4E-05 1.1E-04 4.3E-06 1E-04 

Chloroform 8.6E-07 1.2E-05 6.4E-08 1E-05 

Ethylbenzene - „ - -

Methylene Chloride 2.6E-04 3JE-04 8.1E-06 6E-04 

n-Propylbenzene - „ - _ 

TetrachJoroethene 1.5E-04 2.7E-O5 7.3E-05 3E-04 

Tetrahydrofuran - - -

Toluene - - -

Trichloroethene 5.0E-04 4.5E-05 7.1E-O5 6E-04 

Vmvlchlonde 8 6E-04 1 2E-04 3 7E-05 1E-03 

Xvlenes (total) - - - -

Arsenic 4 9E-02 - 2 1E-04 5E-02 

Beryllium - -

Cadmium - - -

Manganese - - - -

Thallium - - - -

Chemical Total 5.2E-02 1.0E-03 4.1E-0-1 5E-02 | 

Exposure Point Total 5 2E-02 1 OE-03 4.1E-04 5E-02 | 

Exposure Medium I otal 5 2E-02 1 OE-03 4 1E-04 5E-02 _J 

Medium Total 5 2E-02 1 OE-03 | | 4 1E-04 5E-02 J 

Receptor Total i 5E-02 J 

Shaded = Concentrations of contaminant are consistent with reference concentrations. 

Non-Carcinogenic Hazard Quotient 

Primary 

Target Organ(s) 

None observed 

Whole body; nervous system 

Whole body; nervous system 

Whole body 

-

-

-

Liver 

Kidney 

Liver 

Blood 

-

Liver 

Whole body 

Whole body 

Kidney 

Blood; immune system 

Liver 

Liver; kidney 

Liver 

-

Liver 

-

Kidney 

-

Liver 

Whole body 

Skin; cardiovascular system 

Intestines 

-

Blood 

i 

Ingestion 

1.0E-02 

1.7E+01 

1.8E+01 

1.0E+00 

-

-

-

3.5E+OO 

2.9E-03 

1.4E+00 

3.7E+OO 

-

6.9E-01 

3.7E+OO 

1.4E+01 

1.9E+00 

7.9E-01 

1.4E-02 

1.7E+00 

3.0E+00 

-

I.4E-01 

-

2.2E+01 

9 7E-01 

2 OE-01 

5 5E+02 

UE+00 

6.0E+01 

3 6E+01 

4.9E+00 

7.5E+02 

7 5E+02 

7 5E+02 

7 5E+02 

Inhalation 

I.3E-02 

3.5E+OO 

3.8E+OO 

6.3E+O1 

-

-

-

8.9E-01 

2.9E-03 

3.0E+00 

8.7E+00 

9.2E-01 

9.OE-O3 

9.7E-01 

2.2E+00 

1.8E+00 

1.6E+00 

6.1E-03 

2.3E+00 

8.4E-01 

5.0E+00 

4.8E-01 

4.4E+01 

5.1E+00 

1.4E-01 

4 9C-01 

5 6E+00 

-

-

-

-

-

1.6E+02 

1 6E+02 

1 6E+02 

1 6E+02 

Dermal 

5.0E-03 

9.3E-01 

1.0E+00 

3.7E-01 

-

-

6.8E-02 

7.9E-05 

6.9E-02 

1.9E-01 

-

1.4E-03 

2.3E-02 

3.6E-01 

1.1E-02 

6.8E-02 

7JE-04 

5.6E-0I 

6.3E-02 

_ 

4.8E-02 

-

4.3E+00 

-

2 8E-02 

9 9E-02 

1 6E+00 

. SJE-01 

3.5E+00 

2 6E+00 

1.4E-02 

1.7E+01 ] 

1 7E+01 1 

1 7E-I01 | 

1 7E+01 ] 

Receptor HI Total j 

Exposure 

Routes Total 

3E-02 

2E+01 

2E+01 

6E+01 

-

-

4E+00 

6E-03 

4E+00 

1E+01 

9E-01 

7E-01 

5E+00 

2E+01. 

4E+00 

2E+00 

2E-02 

5E+00 

4E+00 

5E+00 

7E-0I 

4E+01 

3E+0! 

1E-01 

1E+00 

6E-4OO 

6E-I02 

2E+00 

6E+01 

4E+01 

5E+00 

9E+02 

9E+02 

9E+02 

9E+02 

9E+02 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran 
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TABLE 3-38A
 

FINAL RISK SUMMARY
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site-Tew ksbu FT, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Area 3 Facility Worker 

Receptor Age: Adult 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total 

Soil Upland Soil (0-10') Group 3, Upland Tetrachloroethene 4.E-07 l.E-06 0.E+00 2.E-06 8.E-04 7.E-02 0.E+00 7.E-02 

;faemical Total 2.E-06 l.E-06 LE4)6 4.E-06 5.E-02 4.E-01 5.E-02 5.E-01 

[[Exposure Point Total 2.E-06 l.E-06 LE-06 4.E-06 5.E-02 4.E-01 5.E-02 5.E-01 

Exposure Medium Total 2.E-06 l.E-06 l.E-06 4.E-06 5.E-02 4.E-01 5.E-02 5.E-01 

Medium Total 2.E-06 l.E-06 l.E-06 4.E-06 5.E-02 4.E-01 5.E-02 5.E-0S 

Air Indoor Air Group 3 Acrylonitrile 5.E-06 5.E-06 Respiratory system 2.E-01 2.E-01 

Xylenes (total) Nervous system 5.E+00 5.E+00 

Chemical Total O.E+00 6.E-06 O.E+00 6.E-06 O.E+00 6.E+00 O.E+00 6.E+00 

Exposure Point Total O.E+00 6.E-06 O.E+00 6.E-06 6.E+00 O.E+00 6.E+00 

Exposure Medium Total O.E+00 6.E-06 O.E+00 6.E-06 6.E+00 O.E+00 6.E+00 

Medium Total O.E+00 6.E-06 O.E+00 6.E-06 O.E+00 6.E+00 O.E+00 6.E+00 

Groundwater Potable Groundwater Groups 3-6 B is(2-Ethylhexyl)phthalate 5.E-06 l.E-06 6.E-06 Liver 2.E-01 5.E-02 2.E-01 

1,2-Dichloroethane 2.E-06 2.E-08 2.E-06 Kidney l.E-03 l.E-05 l.E-03 

1,4-Dioxane 2.E-05 l.E-08 2.E-05 Liver 2.E-01 l.E-04 2.E-0? 

4-Methyl-2-pentanone Whole body l.E+01 l.E-01 l.E+01 

Acrylonitrile 4.E-04 8.E-07 4.E-04 Reproductive 8.E+00 l.E-02 8.E+00 

Carbon tetrachloride 4.E-06 2.E-07 4.E-06 Liver 4.E-01 2.E-02 5.E-01 

Methylene Chloride 9.E-06 6.E-08 9.E-06 Liver 2.E-01 2.E-03 2.E-0I 

Tetrachloroethene 2.E-06 2.E-07 2.E-06 Liver 4.E-03 4.E-04 4.E-03 

Toluene Kidney 6.E+00 4.E-0I 6.E+00 

Vinyl chloride 3.E-05 3.E-07 3.E-05 Liver l.E-01 l.E-03 l.E-01 

Iliilsi liiflli 
Arsenic 2.E-03 l.E-07 2.E-03 Skin; cardiovascular system 5.E+01 3.E-03 5.E+01 

Illlilllill iliili 111I8I111 liillillj 
Manganese 4.E+00 6.E-03 4.E+00 

"hemical Total 2.E-03 O.E+00 3.E-06 1 2.E-03 9.E+01 O.E+00 8.E-01 9.E+01 
i |li _ „„ 

Exposure Point Total 2.E-03 9.E+01 O.E+00 8.E-01 9.E+01 

Exposure Medium Total 2.E-03 O.E+00 3.E-06 2.E-03 9.E+01 O.E+00 8.E-01 9.E+01 

Medium Total ZE-03 O.E+00 3.E-06 2.E-03 9.E+0I O.E+00 8.E-0I 9.E+0I 

Receptor Total 2.E-03 Receptor HI Total i.E+02 

Shaded = Concentrations of contaminant are consistent with reference concentrations. 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran 
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TABLE 3-38B
 

FINAL RISK SUMMARY
 

REASONABLE MAXIMUM EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superftind Site-Tevvksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Area 3 Facility Worker 

Receptor Age: Adult 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point ofPotential 

Concern Ingestion Inhalation Dennal Exposure Pumarv Ingestion Inhalation Deimal Exposure 

Routes Total I rget Organ(s) Routes Total 

Soil Upland Soil Group 3, Upland Benzo(a)pv rene 1 7E-06 4 4E-11 1 4E-06 3E-06 - - - - -

(0-10' bgs) Bis(2-eth) lhexyi)phthaiate 4 4E-06 1 3E-10 2 9E-06 7E-06 Liver 4 4E-02 2 2E-06 2 9E-02 7E-02 

letrachloroethene 3 3E-O6 4.9E-06 0 0E+00 8E-06 Liver 1 6E-03 6 6E-02 0 0E+00 7E-02 

Arsenic l.SE-06 9.1E-ID 3.7E-07 2E-06 Skint cardiovasciilar system 1JE-Q2 2.0B-05 2.3E-O3 IE-02 

i Chemical Total 1.1E-05 j 4.9E-06 ]p5JE-06 2E-05 I 9.5E-02 4.IE-01 5.0E-02 6E-01 

JJExposure Point Total 1 1E-05 j 4 9E-06~][ 5 1E-06 2E-05 i 9 5E-02 j 4 IE-0I P 5 OE-02 [ 6E-0I 

Exposure Medium Total 1.1E-05 4.9E-06 [ 5.1E-06 2E-05 | 9.5E-02 4.IE-01 5.0E-02 6E-0I 

Medium Total I.1E-O5_J 4.9E-06_j 5.1E-06 2E-05 |  p 9.5E-02 4.1E-0I 5.0E-02 6E-0I 

Air Indoor Air Group 3 Acrylonitrile - 2.OE-O5 - 2E-05 Respiratory system - 2.3E-O1 - 2E-01 

Methylene Chloride 4.0E-06 - 4E-06 . Liver - 8.0E-03 - 8E-O3 

Xylenes (total) - - - - Nervous system - 5.8E+00 - 6E+00 

Chemical Tota! 0.0E+00 2.4E-05 O.OE+00 2E-05 | O.OE+00 6.8E+00 O.OE+00 7E+00 

Exposure Point Total | 0.0E+00 2.4E-05 O.OE+00 2E-05 |  P O.OE+00 6.8E+00 O.OE+00 7E+00 

Exposure Medium Total 1 O.OE+00 2.4E-05 O.OE+00 2E-05 |  P O.OE+00 6.8E+00 O.OE+00 7E+00 

Medium Total I O.OE+00^] 2.4E-05 O.OE+00 2E-05 O.OE+00 6.8E+00 O.OE+00 7E+00 

Groundwater Potable Groundwater Groups 3-6 Arocior 1254 1.9E-06 _ O.OE+00 2E-06 Eyes; immune system 6.8E-01 - O.OE+00 7E-0! 

Bis(2-Ethylhexyl)phthalate 3.4E-05 - 1.6E-05 5E-05 Liver 3.4E-01 - 1.6E-01 5E-0I 

1.3,2-rnchloroetliane 1 6E-06 - 4 7E-08 2E-06 Blood 1 9E-02 - 5 7F-04 2E-02 

1,2-Dichloroethane 1 6E-05 - 2 5E-07 2E-05 Kidne\ 2 5E-O3 - 3 9E-05 3E-O3 

1,4-Dioxane 3 3E-04 - 1 5E-07 1E-04 Li\ er 3 4E-0I 3 8E-04 3F.-01 

4-Meth} 1-2-pentanone - - - - Vvhoiebod> 2 7E+0! - 3 9E-0! 3FKM 

Aery lonitriie 2 8E-03 - 9 2E-06 3E-O3 Reproductive ! 5E+0! 4 8E-02 IF+01 

Benzene 9 9E-06 - 4 8E-07 1E-05 Blood, immune s\stem 1 3E-01 - 6 1E-03 1E-0I 

Carbon tetiachloride 2 7E-O5 - 2 3E-O6 3E-O5 Liver 8 4E-01 - 7 OE-02 9E-01 

Methjlene Chloride 6.6E-05 - 7 8E-07 7F-05 Liver 4 1E-01 - 4 9F-03 4E-0! 

retrachioroetiiene 1 3E-05 - 2 4E-06 2E-05 Liver 6 8E-O3 - I 3F-O3 8F-03 

I oluene - - - - Kidnev 1 lErOI - 1 2E+00 1E+01 

nchloroethene 9 6E-06 - 5 2E-07 1E-05 " - - -

Vm\i chloride 2 1E-04 3 4E-06 2E-04 Liver 2 7E-01 - 4 4 E-03 3F-01 

X\lenes (total) - - Whole bod> 1 6E+00 - 4 3E-0I 2E+00 

Antimony - Bloody whole body 2.8E+00 - 3.OE-O3 3E+00 

Arsenic 1 4E-02 - 2 2E-06 1E-02 Skin; cardiov ascular s) stem 8 7E+01 - ! 4E-02 9E-S01 

Beryllium - - - - Intestines 3,2E+D0 7.2E-02 3E+00 

Manganese - - - " 7 0E+00 - 2 8E-02 7E+00 

Silver - - Skin 1.8E+0D 4JE-03 2E+00 

Zinc - - - - Blood 2.IE+00 - 2.0E-04 2E+00 

Chemical Total 1.7E-02 ] O.OE+00 1 3.8E-05 ] 2E-02 ] 1.7E+02 O.OE+00 ] 2.7E+00 ] 2E+02 

Exposure Point Total 1.7E-02 ] 0 0E+00 ][ 3.8E-05 2E-02 i| 1 7E+02 O.OE+00 2 7E+00 2EfO2 

1 Exposure Medium Total 1 1.7E-02 J O.0E+O0nrT8E-05 2E-02 1 1.7E+02 O.OE+00 | 2.7E+00 j 2E+02 

Medium Total j 1.7E-O2 J O.OE+00 |j 3.8E-05 2E-02 I I.7E+02 O.OE+00 2.7E+00 2E+02 

Receptor Tota 2E-02 | Receptor HI Total 2E+02 

Shaded = Concentrations of contaminant are consistent with reference concentrations. 

Sutton Brook Disposal Area Superfund Site (210517) 
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TABLE 3-38C
 

FINAL RISK SUMMARY
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfiind Site-Te\vksbury? Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Area 4 Facility Worker 

Receptor Age: Adult 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure Primary- Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total 

Soi! Upland Soil Group 4, Upland Benzo(a)anthracene 7.7E-07 3.7E-12 I.3E-06 2E-06 

(0-10' bgs) Benzo(a)pyrene 4.6E-06 2.4E-10 7.9E-06 1E-05 

|£a,h)anthracene 7,8: 111 
Chemical Total 7.0E-06 5.6E-10 1.2E-05 2E-05 1.5E-02 2.0E-02 1.1E-02 5E-02 

Exposure Point Total 7.0E-06 5.6E-10 1.2E-05 2E-05 1.5E-02 2.0E-02 1.1E-02 5E-02 

Exposure Medium Total 7.0E-06 5.6E-10 1.2E-05 2E-05 1.5E-02 2.0E-02 1.1E-02 5E-02 

Medium Total 7.0E-06 T6E-10i 1.2E-05 2E-05 1.5E-02 2.0E-02 1.1E-02 5E-02 

Grounds ater Potable Groundwater Groups 3-6 Bis(2-Ethylhexyl)phthalate 4.8E-06 1.3E-06 6E-06 Liver 1.8E-01 5.0E-02 2E-01 

1,2-Dichioroethane 2.3E-06 2.0E-08 2E-06 Kidney 1.2E-05 1E-03 

1,4-Dioxane 1.9E-05 1.2E-08 2E-05 Liver 1.8E-01 1.2E-04 2E-01 

4-Methyl-2-pentanone Whole body 1.4E+01 1.2E-01 1E+01 

Acrylonitrile 4.0E-04 7.6E-07 4E-04 Reproductive 7.8E+00 1.5E-02 8E+00 

Carbon tetrachloride 3.8E-06 1.9E-O7 4E-06 Liver 4.5E-01 2.2E-02 5E-01 

Methylene Chloride 9.3E-06 6.4E-08 9E-06 Liver 2.2E-01 I.5E-03 2E-01 

Tetrachloroethene 1.8E-06 2.0E-Q7 2E-06 Liver 3.6E-03 3.9E-04 4E-03 

Toluene Kidne> 59E+00 6E4OO 

Vin\l chloride 2.9E-05 2.7E-07 3E-05 Liver 1 4E-0I 1 3E-O3 1E-01 

Antimony Blood: whole body i.5E+00 6.6E-04 2E+00 

Arsenic 2 0E-03 1.3E-07 2E-03 Skin, cardiovascular sjstem 4.6E+01 3 1E-03 5E+0I 

Beryllium. .Intestines. 1.7E+00. 1.6E-02 2E+00 

Manganese 3.7E+OO 6.IE-03 4E+00 

Chemical Total O.OE+OO [ |3 .1E-06 2E-03 9.0E+01 O.OE+00 8.4E-01 9E+01 

Exposure Point Total [[ 2AE-Q3 || O.OE+00 |[ 3.1E-06 2E-03 9.0E+01 0.0E+00 8.4E-01 9E+01 

Exposure Medium Total 2.4E-03 0.0E+00 3.1E-O6 2E-03 8.4E-01 9E+01 

Medium Total 2TE-03 .11 O.OE+00 i rT l i -0  6 2E-03 9.0E+01 O.OE+00 8.4E-01 9E+01 

Receptor Total 2E-03 Receptor HI Total 9E+01 

Shaded = Concentrations of contaminant are consistent with reference concentrations. 

Sutton Brook Disposal Area Superfiind Site (210517) Woodard Curran 
G:\210517 Sutton Brook\wip\Human Health Risk Assessment\ULTIMATE SUMMARY TABLES_2007_FW&CW.xlsArea 4 FW CT : 1 of 1 5/23/2007 



TABLE 3-38D 

FINAL RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site-Tewksbury, Massachusetts 

Scenario Timeframe: Future 

Receptor Population: Area 4 Facility Worker 

Receptor Age: Adult 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total 

Soil Upland Soil Group 4, Upland Benzo(a)anthracene 5 8E-06 1 4E-11 5 OE-06 1E-05 - - - -

(0-10'bgs) Benzo(a)p}Tene 3 5E-05 9 0E-10 3 0E-05 6F-05 - - - - -

Benzo(b)fluoranthene 2 5E-06 7 5E-12 2 1E-06 5E-06 - - -

Dibenzo(a4i)anthracene 5.9E-06 4.0E-1J 5.1E-06 1E-05 - - - - -

Indeno(l,2,3-cd)Pyrene 1 3E-06 3 4E-11 1.1E-06 2E-06 - - - -

Arsenic 2.2E-06 UE-0  9 4.4E-Q7 3E-06 Skin; cardiovascular system IAE-02 2AE-05 2.8E-Q3 2E-02 

Chemical Total 5JE-05 2.1E-09 4.4E-05 1E-04 2.9E-02 2.0E-02 1.1E-02 6E-02 

Exposure Point Total 5.3E-05 2 1E-09 4.4E-05 1E-04 2 9E-02 2 OE-02 1 1E-02 6E-02 

Exposure Medium Total 5 3E-05 2.1E-09 4 4E-05 1E-04 |  f 2 9E-02 2 OE-02 1 1E-02 6E-02 

Medium Total 5 3E-O5 2 1E-09 4 4E-05 1E-04 j  | If 2 9E-02 2 OE-02 1 IE-02 6E-02 

Groundwater Potable Groundwater Groups 3-6 Aroclor 1254 1 9E-06 - 0 0E+00 2E-06 E>es, immune s\stem 6 8E-01 - 0 0E+00 7E-01 

Bis(2-Eth) IhexyDphthalate 3 4E-05 - 1 6E-05 5E-O5 Liver 3 4E-01 1 6E-0I 5E-0I 

1,1,2-lnchloroethane 1 6E-06 - 4 7E-08 2E-06 Blood 1 9E-02 - 5 7E-O4 2F-02 

1,2-Dichloroethane 1 6E-05 - 2 5E-07 2E-05 Kidney 2 5E-03 - 3 9E-05 3F-O3 

1,4-Dioxane 1.3E-04 - 1.5E-07 1E-04 Liver 3.4E-01 - 3.8E-04 3E-01 

4-Methyl-2-pentanone - - - Whole body 2.7E+01 3.9E-01 3E+01 

Acrylonitrile 2.8E-03 - 9.2E-06 3E-O3 Reproductive 1.5E+01 - 4.8E-02 1E+01 

Benzene 9.9E-06 - 4.8E-07 1E-05 Blood; immune system 1.3E-O5 - 6.1E-03 1E-01 

Carbon tetrachloride 2.7E-05 2.3E-06 3E-O5 Liver 8.4E-01 - 7. OE-02 9E-01 

Methylene Chloride 6.6E-05 - 7.8E-07 7E-05 Liver 4.1E-01 - 4.9E-03 4E-01 

TetrachJoroethene 1.3E-O5 - 2.4E-06 2E-05 Liver 6.8E-03 - 1.3E-O3 8E-03 

Toluene . . - - Kidney 1.1E+01 - 1.2E+00 1E+01 

Trichloroethene 9.6E-06 - 5.2E-07 1E-05 - - - - -

Vinyl chloride 2.1E-04 - 3.4E-06 2E-04 Liver 2.7E-01 - 4.4E-O3 3E-01 

X>lenes (total) - - - Whole bod> 1 6E+00 - 4 3E-0! 2E+00 

Antimony - - - - Blood.; whole body 2.8E+00 - 3.OE-O3 3E+00 

Arsenic 1 4E-02 - 2 2E-06 1E-02 Skin, cardiovascular s>stem 8 7E+01 - 1 4E-02 9L*01 

Beryllium - _ - Intestines 3.2E+00 - 7.2E-02 3E+00 

Manganese - - - - - 7.0E+00 - 2 8E-02 7E+00 

Silver - - - - Skin 1.8E+00 - 4.3E-O3 2E+00 

Zinc - Blood 2.1E+00 2.0E-04 2E+00 

Chemical Total II 1.7E-02 || 0.0E+00 || 3.8E-05 || 2E-02 1.7E+02 0.0E+00 2.7E+00 2E+02 

I Exposure Ivied 

Exposure Point Total 

um Total 

1 7E-02 

1 7E-02 

0.0E+00

0 0E+00

 ||

 | |

 3.8E-05

 3 8E-O5

 |J

 ||

 2E-02

 2E-02

 j  | 

 J  | 

1 7E+02 

1 7E^02 

0 0E+00 

0.0E+00 

2 7E+00 

2 7E+00 

2E+02 

2E+02 

Medium Total 1 7E-02 0 0E+00 || 3 8E-05 |j 2E-02 [j ]| 1 7E+02 ] | 0 0E+00 2 7E+00 |j 2EH>2 

Receptor Total jj 2E-02 Receptor HI 1 otai || 2E+02 

Shaded = Concentrations of contaminant are consistent with reference concentrations 

Sutton Brook Disposal Area SuperRmd Site (210517) Woodard Curran 
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TABLE 3-39A
 

FINAL RISK SUMMARY
 

CENTRAL TENDENCY EXPOSURE
 

Remedial Investigation and Feasibility Study
 

Sutton Brook Disposal Area Superfund Site-Tewksbury, Massachusetts
 

Scenario Timeframe: Future 

Receptor Population: Area 4 Construction Worker 

Receptor Age: Adult 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total 

Soil Upland Soil Group 4, Upland Benzo(a)pyrene 1.2E-06 3.1E-11 1.2E-06 2E-06 -- -- -- -- --

Medium Total 1.8E-06 8.7E-11 1.7E-06 4E-06 2.5E-02 1.7E-02 1.1E-02 5E-02 

Receptor Total 4E-06 Receptor HI Total 6E-02 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran 
\\Andover\projects\210517 Sutton Brook\wip\Human Health Risk Assessment\ULTIMATE SUMMARY TABLES_2007_FW&CW.xlsArea 4 CW_CT 6/13/2007Page 1 of 1 



 

 

TABLE 3-39B 

FINAL RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Remedial Investigation and Feasibility Study 

Sutton Brook Disposal Area Superfund Site-Tewksbury, Massachusetts 

Scenario Timeframe: Future 

Receptor Population: Area 4 Construction Worker 

Receptor Age: Adult 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Medium Point of Potential 

Concern Ingestion Inhalation Dermal Exposure 

Routes Total 

Primary 
Target Organ(s) 

Ingestion Inhalation Dermal Exposure 

Routes Total 

Upland Soil (0-10' bgs) Group 4, Upland Benzo(a)pyrene 4.0E-06 3.1E-11 1.2E-06 5E-06 -- -- -- -- --

Medium Total 6.1E-06 8.7E-11 1.7E-06 8E-06 8.8E-02 1.7E-02 1.1E-02 1E-01 

Receptor Total 8E-06 Receptor HI Total 1E-01 

Sutton Brook Disposal Area Superfund Site (210517) Woodard Curran 
\\Andover\projects\210517 Sutton Brook\wip\Human Health Risk Assessment\ULTIMATE SUMMARY TABLES_2007_FW&CW.xlsArea 4 CW_RMEPage 1 of 1 6/13/2007 



MONITORING WELL LOCATION AND IDENTIFIER (1995, 1999, 2 0 0 1 , 2003, 2004, 2005) 

MICROWELL LOCATION INSTALLED BY MA DEP (1999) 

STREAM PIEZOMETER LOCATION AND IDENTIFIER (1999, 2 0 0 1  , 2004, 2005) 

TEMPORARY WELL LOCATION AND IDENTIFIER (W&C 2004) 

LANDFILL GAS LOCATION AND IDENTIFIER (W&C 2004, 2006) 

SOIL SAMPLING LOCATION (NUS/FIT  OCT. 1989) (START  1999) 
;WE5TON  2000) (WESTON  2000 CONFIRMATORY POST-
EXCAVATION LOCATIONS SENT TO LAB  DRUM DISPOSAL AREA) (W&C 2004} 

SURFACE WATER AND SEDIMENT SAMPLING LOCATION 
(START  1999} (W&C 2004, 2005, 2006) 

5OIL BORING LOCATION (HEA  2001) (W&C 2004) 

AMBIENT AIR SAMPLING LOCATION (US EPA  AUGUST 1992) 

SEDIMENT OR AQUATIC WETLAND SAMPLING LOCATION 
(START  1999) (W&C 2004, 2005, 2006) 

SB-10(04)^« SO-10(99) \ N s. ^C \ LEACHATE SAMPLING LOCATION AND IDENTIFIER (W&C 2005) 

\wP-\K04V (99)  INDICATES SAMPLE YEAR FOR ONE-TIME SAMPLING EVENTS (APPLIES TO 
ALL MEDIA SAMPLED, EXCLUDING GROUNDWATER SAMPLES COLLECTED FROM 
PERMANENT MONITORING WELLS, REFER TO TABLE 5 - 5  ) 

INTERPRETIVE LIMITS OF SOLID WASTE 
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4. BASELINE ECOLOGICAL RISK ASSESSMENT 


This section presents the methodology and results of the Baseline Ecological Risk Assessment conducted 
at the Sutton Brook Disposal Area Superfund Site in Tewksbury, Massachusetts.  This assessment uses 
data collected during the RI to evaluate the potential for adverse effects to biota as the result of exposure 
to site-related constituents in soil, surface water, and sediment. 

4.1 INTRODUCTION 

The following sections provide a brief background to the ecological risk assessment conducted at the Site 
and an outline of the section’s organization.  As indicated in the Workplan, activities associated with the 
RI, risk assessment, and FS were developed and implemented with the presumption that the existing 
waste material in the two landfill lobes will be closed in-place using current landfill capping technology. 
This allowed the RI/FS to focus on areas of potential impact outside of the landfill footprint.  Additional 
soil characterization sampling within the landfill lobes for risk characterization was not performed; 
samples for physical characteristics of the cover material and from adjacent groundwater, surface water, 
and sediments were collected and included in the RI and risk characterizations.  The conclusions of the 
risk characterizations are thus predicated on this presumption with regard to the landfill lobes. 

4.1.1 Background 

On May 4, 2006, a Draft Screening-Level Ecological Risk Assessment (SLERA) was prepared and 
submitted to the U.S. Environmental Protection Agency (EPA).  The Draft SLERA evaluated five distinct 
habitat areas through the use of generic benchmarks and toxicity values.  The SLERA was completed in 
accord with EPA, 1997 Ecological Risk Assessment for Superfund, and had as the primary objective the 
identification of exposure pathways and compounds that present a potential risk of adverse effects to 
ecological receptors. EPA provided comments on the SLERA on June 6, 2006 and August 22, 2006, and 
these comments were incorporated into the present document.  The revised SLERA, incorporating EPA 
comments, is provided in Appendix O of this Baseline Risk Assessment.  

In accord with EPA guidance, the SLERA approach compared maximum concentrations of identified 
contaminants of potential concern (COPCs) to generic no-effect or threshold-effect benchmarks to 
identify compounds that have a potential for adverse effect.  The results of the SLERA identified 
compounds exceeding benchmarks in each of the five habitat areas, indicating that further evaluation of 
these COPCs was warranted.   

This Baseline Ecological Risk Assessment (BERA) consists of the further evaluation of the pathways and 
COPCs identified in the SLERA.    In this document, the conservative assumptions used in the SLERA 
are reviewed and, where appropriate, replaced by site-specific values to obtain a more accurate 
understanding of the ecological  risks at the site. In addition, the results of additional sampling and site-
specific toxicity tests are included to more accurately assess the potential for exposure and effect in 
selected portions of the Site.  The goal of this assessment is to identify COPCs that present a potential 
risk to ecological receptors, and, for each of these COPCs, to describe the upper and lower bounds of the 
threshold of effects.   

Some of the analysis contained in this report was presented previously as part of a “Preliminary 
Refinement” submitted as a separate, interim deliverable to EPA on September 19, 2006.  The 
Preliminary Refinement was conducted to aid in identifying additional sampling or field analysis 
necessary to complete the BERA.  EPA provided comments on this document on October 5, 2006. 
Following these comments and subsequent discussions, additional sampling was conducted in November 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran  
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2006 and these data incorporated into this BERA.   

On March 8, 2007, a draft Baseline Risk Assessment consisting of the human health risk assessment 
(HHRA) and the BERA was submitted to the EPA and MassDEP.  This document reflected the comments 
on the previous interim deliverables and incorporated the results of all sampling conducted as part of the 
RI. Following submittal of this document, comments and discussions on the submittal were conducted 
with EPA in April and May 2007. 

This BERA reflects the comments made by EPA and other reviewers on the previous deliverables and 
exists as part of the larger Remedial Investigation (RI) and Feasibility Study (FS) prepared for the site. 
Section 2 of this Baseline Risk Assessment provides a summary of the RI findings and Section 5 of the RI 
report provides a complete description of the nature and extent of site contamination in soil, surface 
water, groundwater and sediment.  That extensive discussion provides the basis for the structure and 
evaluations presented in subsequent sections of this BERA.   

Data usability was extensively discussed in Section 3 of the previously referenced RI report.  This BERA 
considered the data set established for the RI, which excluded some historical data provided without 
laboratory reports, screening data, and data rejected via data validation methods.  It should be noted that 
this assessment includes one exception to the general exclusion of data qualified as rejected (‘R’-flagged). 
R-flagged data for non-detected compounds from select sediment samples with low percent moisture 
were retained in this evaluation as described below.   

EPA Region I Functional Guidelines (1996) governing data validation defines sediment by the same 
criteria used to define soils, which is containing greater than 30% solids.  As part of an aquatic system, 
many shallow sediments from quiescent water bodies do not meet this soils-based definition.  As a result, 
and in accordance with the EPA 1996 guideline, all detected compound results were flagged as estimated 
(J) and non-detected compound results (e.g., reporting limits) are flagged as rejected (R).  Samples 
typically contained about 15% solid material, which is typical for wetlands and slow-moving streams.  In 
consequence, the sediment samples contain a high percentage of moisture, which cannot be removed in 
the field by conventional techniques.  It was agreed to stay with the current sampling methods of 
extensive decanting in the field and collecting extra volume to compensate for the low percent solids. 

With the addition of six samples collected in 2006, the Deep Marsh aquatic wetland is represented by 13 
sediment samples, which provides adequate coverage of sample variability.  Based on the total solids 
results detected in these sediment samples over the three separate sampling events and the use of 
decanting the free liquids along with collecting extra volume, the non-detected R-flagged data are 
considered to be representative of non-detected compounds at the reporting limits, with the understanding 
that these values are estimates.  This is the same approach used for J-flagged data, which is used 
throughout the risk assessment.  The non-detected values that were included in the risk assessment 
calculations at ½ their reported values typically had elevated detection limits.  This approach, which 
provides qualified information, was considered preferable to eliminating the non-detected results entirely. 

4.1.2 BERA Organization  

As described above, this section represents a refinement of the assessment conducted in the SLERA, and 
uses for the most part similar tools and approaches.  These tools and approaches (such as benchmark 
hierarchies and food chain modeling methodologies) were described in previous documentation, and 
appropriate sections of the SLERA are thus referenced where appropriate. For convenience and 
continuity, however, some sections of the SLERA (such as habitat descriptions) are reproduced or 
included as an appendix to this document, as an aid to understanding the BERA assumptions and results. 
A copy of the SLERA is provided in Appendix O.   
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As described in the SLERA, the Site includes a range of aquatic and terrestrial habitats that reflect the 
diverse hydrological and topographical characteristics of the site.  For analysis, regions of ecological 
similarity were grouped into Habitat Areas, which are distinct habitats that may have similar area-specific 
receptors and exposure pathways.   These five Habitat Areas evaluated in the SLERA and in this BERA 
are as follows, and are depicted in Figure 4-1:   

1. Upper Sutton Brook (Site channel, Eastern reach, Southern tributary) 
2. Aquatic Wetlands 
3. Site Pond 
4. Wetland Soils 
5. Upland Soils 

Also depicted on Figure 4-1 is the landfill area, which as described previously has not been included in 
this BERA. Given that it has been assumed that the landfill lobes will be capped, the risk assessment, 
consistent with the RI/FS, has focused on areas of potential impact adjacent to/outside the landfill 
footprint, because it is presumed that the existing waste material (identified through test pits, borings and 
well installation) will be closed in-place using current landfill capping technology.  We also assumed an 
approximate 50 foot perimeter around the extent of waste limit and other adjacent areas of debris, which 
represents an area that may potentially be included/disturbed during the remedy implementation.  The risk 
assessment assumes that direct exposure to constituents within the landfill soils will be eliminated; 
therefore, soil from this area of the Site was not considered further in the risk assessment.   

These Habitat Areas were evaluated separately in the SLERA in accord with a common methodology and 
criteria.  This document follows the same approach, and thus comprises essentially five separate risk 
assessments.  As noted, it includes in summary form some of the descriptive information from the 
SLERA, where necessary for a complete understanding of the Site setting and evaluative approach.  The 
report is organized as follows: 

Section 4.2:  BERA Methodology:  This section describes the risk assessment evaluation process 
implemented at each of the five habitat areas.  The standard risk assessment framework of the Problem 
Formulation, Analysis, and Risk Characterization is defined and described, and the specific logic and 
procedures used to evaluate risk in each of the five areas is explained.  This section presents the basic 
strategies and information used in the remainder of the report:  the method of interpreting risk relative to 
contaminant distribution, the source and rationale for BERA toxicity values,  life history and toxicity 
values for wildlife receptors, and other factors. 

Sections 4.3 – 4.7:  These sections present in sequence the evaluation of risk at each of the five Habitat 
Areas, conducted by implementing the BERA methodology described above. In each area, the key steps 
in the ecological risk assessment process (Problem Formulation, Analysis, and Risk Characterization) are 
presented and revised as appropriate.  Many elements remain unchanged from the SLERA, and these are 
presented in summary form, with reference to the SLERA for more detailed rationale.  However, in some 
cases the enhanced site understanding provided by the SLERA and subsequent sampling events suggested 
a refinement of assessment endpoints, measures of effect, and other alternative approaches to evaluation, 
and these are integrated into the revised analysis as appropriate.  In all sections, a revised list of 
contaminants of potential concern (COPCs), that reflects the findings of the SLERA,  is presented as part 
of the Problem Identification.    

Section 4.8:  Uncertainty Analysis: In this section, uncertainties associated with the estimation and 
calculation of risk, and the bias those uncertainties may add to the final result, are presented.  
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Section 4.9:  Summary and Conclusions:  A summary of the methodology and BERA findings are 
presented by Habitat Area.  

A brief description of the site and the findings of the RI are  presented in Section 2 of the overall Baseline 
Risk Assessment. 

4.2 BERA METHODOLOGY 

As described by EPA (1997), the BERA consists primarily of a re-evaluation of each of the major steps of 
the SLERA, using the more in-depth site understanding provided by the results of the SLERA.  These risk 
assessment components consist of the following: 

• Problem Formulation 
• Analysis 
• Risk Characterization  

A generic description of each of these steps and how they are implemented in this BERA is presented in 
detail below. In subsequent sections, these components are presented separately for each Habitat Area. 
Thus, each Habitat Area is assessed in its entirety in Sections 4.3-4.7, using the approach and 
methodology described below.  The data used to support this BERA is provided in Appendix A. 

4.2.1 Problem Formulation Methodology 

The purpose of the problem formulation is to determine the focus and scope of the BERA by using the 
enhanced site understanding provided by the SLERA to identify the stressor characteristics, the 
ecosystems potentially at risk, and the ecological effects to be evaluated.  Components of the Problem 
Formulation include: the identification of BERA COPCs; confirmation (or modification) of exposure 
pathways, potential receptors, and the ecological conceptual site model; and identification of assessment 
endpoints and measures of effects.  While many of these characteristics are the same as presented in the 
SLERA, for clarity and completeness they are re-presented in this document as part of the discussion for 
each Habitat Area.  Descriptions of habitat incorporate the findings of an Ecological Characterization 
conducted of the site by Woodlots Alternatives Inc.; this report was included as part of the Draft SLERA 
and as Appendix G of the February 2007 RI report (as such it is not provided as an Appendix for this 
BERA; refer to Appendix G of the February 2007 RI report).      

COPCs for this study are those compounds that exceeded conservative benchmarks in the SLERA.  In 
the SLERA, detected concentrations of compounds were selected and evaluated in sequence by a variety 
of characteristics:  value of chemical-specific octanol-water partition coefficients (organics with a Kow 
greater than 3.5 were retained); essential nutrient status (potassium, calcium, magnesium, and sodium 
were deleted from further evaluation), and magnitude of maximum detected concentrations relative to 
receptor-specific no-effect level toxicity values.   Compounds retained by this process were identified for 
further evaluation in this BERA.  Thus, the results of the SLERA are the starting point for this BERA 
evaluation, and a summary of the results of the SLERA benchmark comparisons is presented as part of 
the Problem Formulation for each of the Habitat Area discussions.    

Exposure pathways, potential receptors, and the conceptual site model identify and visually portray how 
contaminants could reach potential receptors.  These are described for each Habitat Area.  Because the 
SLERA showed that some pathways present little potential for risk, pathways and receptors evaluated in 
this BERA vary in some areas from the comprehensive list used in the SLERA.   

Assessment endpoints are “the explicit expression of the ecological value to be protected” (USEPA, 
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1997). Assessment endpoints are the ultimate focus of the BERA and are linked by the measures of effects 
to the risk estimation process for the Site. Assessment endpoints are usually defined relative to a group of 
organisms or an ecological guild of organisms (e.g., game fish in a river, or wading carnivorous birds) that 
are considered to have ecological value. An assessment endpoint consists of an ecological receptor and a 
characteristic of that entity (e.g., survival and reproduction). These are identified for each Habitat Area. 

Assessment endpoints use in this BERA fall into the following general categories: 

1.	 Survival and growth of directly exposed animals (aquatic and soil invertebrates, amphibians, 
fish) 

2.	 Abundance and diversity of plant species 

3.	 Survival and growth of wildlife species 

Inherent in the evaluation of each of these assessment endpoints is the resolution of the following 
corresponding risk questions: 

1.	 Is the survival and growth of directly exposed animals (e.g. aquatic and soil invertebrates, 
amphibians, fish) adversely affected by the existing concentrations of COPCs in site media? 

2.	 Is the abundance and diversity of plant species adversely affected by the existing concentrations 
of COPCs in site soils? 

3.	 Is the survival and growth of wildlife receptors  adversely affected by the existing concentrations 
of COPCs in site media? 

These questions will be considered in the Risk Characterization section for each Habitat Area. 

Measures of effect are measurable responses of ecological receptors to a stressor. Since assessment 
endpoints usually cannot be measured directly, measures of effect are used as an indirect means of 
evaluating potential effects on potential receptor species. Measures of effect typically quantify potential 
impacts on or impairment of the components of the assessment endpoint. Ecological benchmarks are an 
example of a measurement endpoint. Measures of effect used in this BERA are described in detail in 
Section 4.2.2.  

Rare, Threatened, and Endangered Species 

As part of the Ecological Characterization conducted in 2004, a database and field check for rare, 
threatened and endangered species was conducted. At that time, none were recorded or were considered 
likely to exist near the site. As part of this BERA, this review was updated by a direct inquiry to the 
Massachusetts Natural Heritage and Endangered Species Program (MNHESP) and to the US Fish and 
Wildlife Service. Request and confirmation letters supporting this effort are included in Appendix N. No 
new rare, threatened or endangered species were identified by the U.S. Fish and Wildlife Service. 

A response by the MNHESP indicated that the New Jersey Tea Inchworm (Apodrepanulatrix liberaria) 
(an Endangered moth) and frosted elfin (Callophrys irus) (a Special Concern butterfly) have been 
documented in the vicinity of the site. The search also indicated that the project area is located within a 
priority habitat, Priority Habitat 380 (PH X380).  This designation means that the project area falls within 
a large map polygon numbered PH X380 that contains potential habitat for one or more rare species. A 
review of original files indicated that no polygon overlaid the site at the time of the original review in 
2004, and that the frosted elfin butterfly was not a listed species in June of 2004, when the initial review 
was conducted. The listings of these two species thus represents new information added to the Natural 
Heritage database after the completion of the original Ecological Characterization. 

Additional investigations into the ecology and habitat requirements of these species was thus conducted 
as part of this BERA, with the goal of assessing their potential to be present on-site. Both are upland 
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species that are dependent on one or two specific host plants for reproduction and/or feeding, a 
characteristic that limits the suitability of many apparently appropriate habitats.  Further details are 
provided in Appendix N.  Based on this assessment, neither of these species is considered likely to occur 
at the Site because of the lack of available populations of critical host plants.  However, further evaluation 
of the potential effects of contaminants on these species is considered in Section 4.7, Upland Soils. 

4.2.2 Analysis Methodology 

As defined by USEPA (1998a) the analysis phase is the process that examines the two primary 
components of risk--exposure and effects--and their relationships between each other and ecosystem 
characteristics. The goal is to provide the components necessary for determining or predicting ecological 
responses to stressors. For each Habitat Area, the analysis section describes how exposure and effects are 
analyzed to support the final Risk Characterization.  For most Areas, the data and evaluation 
methodologies are similar to those in the SLERA, and the detailed modeling and assessment descriptions 
provided in the SLERA are referenced where appropriate.    The Analysis phase typically consists of the 
characterization of exposure and effect, which are described in the following sections. 

4.2.2.1 Characterization of Exposure 

This section describes how the exposure of receptors to site contaminants is estimated.  In this BERA, 
exposure is based on direct sampling of site soils, surface water, and sediment; no sampling of prey or 
food media was conducted.  For most Habitat Areas, the data used to assess exposure in each area is the 
same as in the SLERA. However, in the Upper Sutton Brook and Deep Marsh Habitat Areas, additional 
samples have been collected, and data from these samples is presented in detail, along with new data 
summary tables in subsequent sections.  A list of the samples used in this risk assessment, showing the 
new Upper Sutton Brook and Aquatic Wetland samples, is provided in Table 4-1.  Analyses conducted on 
each of these samples is shown in the Analytical Testing Summaries in Tables 4-2, 4-3, and 4-4.  A full 
discussion of data quality is provided in Section 3 of the RI report.  

The data used in this report was collected during the RI, and was presented in detail in that document. 
For the most part, data used for this BERA is the same data set presented for the RI.  However, some of 
the RI data were not used. Specifically, the 1989 and the 1995 historic sediment data (a total of 6 
samples) were not used in this BERA because the data were more than 10 years old and more recent data 
have been collected which is more representative of current and future conditions.  Additionally, some of 
the 1989 and 2000 soil data were excluded from the BERA dataset because the data were more than 10 
years old (1989 data) or located on the slopes of the landfill (presumed to be capped), or the data was not 
situated in one of habitat areas evaluated as part of this ecological risk.  Specifically, soils data from 2000 
that was collected from the residential neighborhood was not included, since these areas are not within a 
defined Habitat Area. 

Seasonal and trend groundwater and surface water monitoring was conducted at the Site in 2006, during 
the preparation of this risk assessment.  These activities were conducted as part of a pre-ROD monitoring 
program.  Additional samples were collected from site locations SW-33 (Upper Sutton Brook), and SW
36 and SW-37 (Aquatic Wetland) on February 16, 2006 and October 5, 2006.  At the same time, samples 
were also collected from reference location SW-30.  Because the risk assessment was underway at that 
time, these site data were not included as part of the ecological risk assessment dataset, but the site 
samples SW33, SW-36, and SW-37 were reviewed for consistency with the SLERA dataset on an area
by-area basis.  This analysis showed that nearly all detected concentrations of constituents were well 
below maximum concentrations detected in the previous sampling included in the SLERA dataset. 
Compounds detected at concentrations greater than previously detected were compared to SLERA 
ecological screening benchmarks, and all concentrations were below these benchmarks.  Because these 
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monitoring data would not affect the conclusions of the risk assessment, the results of the on-going 
seasonal and trend monitoring sampling are not included quantitatively as part of the risk assessment 
dataset. As such, the concentrations used to represent these surface water sampling locations is the 
maximum detected during the 2004 or 2005 sampling events. 

In the data summary tables for this BERA, a 95%UCL is calculated to estimate the upper limit of the 
mean. If insufficient data is available to run the UCL, this condition is indicated with a NA designation in 
the UCL column.  In this instance, exposure is evaluated by using the maximum concentration, the value 
for which is listed in a separate column.  If the calculated 95% UCL exceeds the maximum detected, 
however, the maximum value is listed in the 95%UCL column. 

In addition, averages are calculated on the data summary tables for each media.  For the purposes of 
averaging, non-detected compounds are represented by ½ the reported detection limit.  If ½ the reported 
detection limit is greater than the maximum detected, then the non-detect value is not included in the 
averaging calculation. In some cases, two analyses are listed for analytes, usually reflecting the analysis 
of an initial and a diluted sample.  Different detection limits will be reported for each, in consequence of 
the dilution. In accord with a generally conservative approach to multiple analyses of the same sample, 
the higher of the reporting limits was used to calculate the average values.  Thus, the average is based on 
½ the highest reporting limit for non-detects, plus detected values. 

For terrestrial receptors, exposure is estimated by food chain modeling of avian and mammalian 
receptors, using a combination of site-specific and literature data to estimate the body dose of each 
COPC. The representative receptors, food chain modeling equations, bioaccumulation estimation 
techniques, and hazard quotient (HQ) calculations methodologies remain as described in detail in the 
SLERA. The wildlife exposure modeling methodology, including descriptions of each of the species 
considered in either the SLERA or this BERA, is provided in Appendix J.  However, some exposure 
parameters have been changed to reflect more site-specific conditions, and these are noted in the specific 
discussions of the relevant Habitat Areas.  Life history exposure parameters used for food chain modeling 
are shown in Table 4-5. 

4.2.2.2 Characterization of Effect 

For each Habitat Area, this section describes how potential effects in each Habitat Area are characterized. 
For most areas, toxicity is evaluated by comparison to ecological benchmarks or toxicity reference values. 
However, for portions of the Upper Sutton Brook Habitat Area, toxicity testing was used to obtain site-
specific toxicity data, as described in Section 4.3.3. 

The toxicity data and other relevant information used to evaluate effects in this BERA differ from that 
used in the SLERA. The SLERA relied on maximum exposures and conservative, no-effect values for 
exposure and effects analysis to provide a conservative assessment of compounds associated with either 
negligible or potential risk.  In consequence,  media or doses were compared to values associated with no 
effect or a low probability of effect.  The nomenclature for this class of values varies by media and author 
and methodology; in sediment, terms are used such as “threshold effects levels” (TECs) or “effects-range 
low” (ERLs) values, indicating concentrations below which effects are unlikely. For toxicity reference 
values (TRVs) used to evaluate calculated body dose of terrestrial receptors, this level is termed the “no
observed adverse effect level” or NOAEL.  In both instances, however, these values represent a lower 
boundary for the potential threshold of effect, since they represent values at or below which effects are 
unlikely, or, in the case of TRVs, where effects were not observed.     

This BERA seeks to more accurately quantify the potential for risk, and thus uses values associated with 
the actual onset of effects, or a probability of effects.   In sediment, terms such as “probable effect levels” 
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(PECs) or “effects-range medium” (ERM) values are used, and for doses or water concentrations the term 
“lowest observed adverse effect level” or LOAEL is used.  As opposed to the no-effect values described 
above, these low-effect values define an upper threshold boundary for risk and true likelihood of adverse 
effect. Because the value chosen is typically the lowest value identified in the literature, they still reflect 
a measure of conservatism.   These values, combined with the no- or low-effect values, serve to bound the 
threshold for risk.   

For simplicity, consistent effects-level terminology across media will be used in this report.  Values 
reflective of little potential for effect (e.g., sediment TECs or NOAEL TRVs) will be referred to 
categorically by the generic term “NOAEL-based” values, while concentrations associated with a higher 
potential for effect (e.g. PECs or LOAEL TRVs) are termed “LOAEL-based” values.  The use of NOAEL 
and LOAEL as the basis for categorizing potential for effect allows a consistent conceptual understanding 
of the toxicity data across media.   

LOAEL-based effects values used in this BERA were drawn or calculated directly from the scientific 
literature. For many sediment compounds, LOAEL-based values, in the form of PECs, ERMs, or other 
benchmarks, are available, and these are used directly.  Some surface water COPCs have water quality 
criteria (WQC), which are “To Be Considered” standards for the Site, and where available these are used 
directly.   These values are the same as used in the SLERA and are used in this BERA as evaluation 
criteria. For surface water compounds without WQC, LOAEL values are drawn from the scientific 
literature. 

For aquatic values, the lowest fish or invertebrate value available for the ecologically relevant endpoints 
of growth, mortality and reproduction of a freshwater species was typically used, where available.  The 
primary data source for this information was EPA’s database Ecotox,  which lists a variety of surface 
water toxicity data by species.  In many cases, only LC50 data (representing the concentration lethal to 
50% of the test population) was available, and this value was then divided by an uncertainty factor of 10 
for use as a representative LOAEL.  Because most NOAEL-based benchmarks are calculated from large 
data sets, some specific LOAEL values may actually be lower than the NOAEL-based benchmark.  In this 
instance, the lowest LOAEL (actual or calculated) that is higher than the NOAEL-based benchmark is 
used. 

Aquatic surface water LOAEL values were used to both evaluate surface water COPCs and to calculate 
sediment LOAELs for organic compounds through the use of equilibrium-partitioning equations. 
Equilibrium-partitioning was conducted as described in the SLERA, using average total organic carbon 
(TOC) concentrations identified in that document (SLERA Tables 4-10 and 4-8; see also site data in 
BERA Appendix A) for each Habitat Area (25.4% for the Aquatic Wetlands and  2.3% for Upper Sutton 
Brook).   This approach is appropriate because the stream and wetlands sediments differed significantly in 
the amount of organic carbon in the sediment, and organic carbon plays a key role in the retention of 
organic contaminants.    Data from within each Habitat Area are combined to obtain an average TOC 
value which reflects the natural variability of this parameter among samples.  

Table 4-6a, b, and c presents the LOAEL-based values used in this study for surface water, sediment, and 
soils, respectively.  Full identification of the source and calculation metholology for each value is 
provided. Full backup information for values drawn from the Ecotox database are provided in Appendix 
N.1. 

In a similar manner, LOAEL-based values were used as TRVs for comparison to the estimated body dose 
of terrestrial receptors.  LOAEL-based TRVs were drawn from the scientific literature, and consist of the 
actual or estimated LOAEL produced by the same study as the NOAEL value used in the SLERA. 
Where available, LOAEL and NOAEL TRVs have been updated to reflect values used by EPA in the 
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generation of ecological soil screening levels.  Avian LOAEL TRVs and sources used in this study are 
indicated in Table 4-7.  Mammalian toxicity data is indicated in Table 4-8.  The shrew TRV for 
manganese (Table 4-9) was estimated from a literature value for mammalian toxicity by allometric 
scaling, which adjusts estimated TRV values to account for the specific body weight of the receptor 
species. This manganese value is consistent with that used in the SLERA.  The TRVs for arsenic and 
vanadium, however (Table 4-8), consist of values used by EPA in the development of the Eco-SSLs for 
these two compounds (EPA 2005b, 2005c).  Because EPA’s toxicity values are typically the lowest 
bounded NOAEL for any species, as drawn from a large and rigorously evaluated dataset, they are 
considered to be sufficiently conservative to cover body size effects, and thus EPA did not scale TRV 
values to match receptor body weight.  Consistent with EPA’s approach, this BERA uses the same TRV 
values for arsenic and vanadium to evaluate mammalian receptors, in this case the shrew and the rabbit.   

4.2.3 Risk Characterization Methodology 

For each Habitat Area, the exposure and effects data from the sources identified above or from site-
specific toxicity tests was evaluated together to obtain a realistic assessment of potential risk, based on 
exceedances of LOAEL-based values representing the  upper bound of the threshold for risk. For each 
Habitat Area, this assessment followed the following general approach.   

4.2.3.1 Risk Characterization of Non-Wildlife Receptors 

Non-wildlife receptors (e.g. benthic populations, plants, soil invertebrates) were evaluated by the 
following sequential approach: 

Step One: Evaluation of the Magnitude and Number of NOAEL-based HQs Exceedances 

COPCs were first reviewed with specific regard to the number and magnitude of NOAEL-based HQ 
exceedances, as produced in the SLERA.  A full list of the NOAELs used in the SLERA is provided in 
Appendix K, and all NOAELs cited in this BERA are consistent with these values.  COPCs with 
NOAEL-based HQs that are low (< 3) and which occur in only a few locations were qualitatively 
evaluated further by identifying the location, magnitude and potential source (particularly in regard to off-
site influences) for the HQs exceedances.  Typically, concentrations which only slightly exeed the 
conservative NOAEL-based HQ in widely separately locations, or which likely reflect an offsite effect 
such as roadway runoff,  are not considered to present a significant risk, and are not evaluated further.  

From an ecological standpoint, HQ exceedances in a single sample, or in two or three widely separated 
samples, are not likely to reflect a widespread adverse impact, unless the exceedance is large (defined 
here as approximately 3 times the NOAEL-based benchmark values or greater).  Evaluating the 
magnitude of the HQ in this manner reflects the calculation methodology of the benchmarks, which are 
typically based on probabilities of effect (not direct correlation), or on values that incorporate uncertainty 
factors typically greater than three.   

For example, NOAEL-based surface water and sediment values for organics calculated by Oak Ridge 
National Laboratory follow or are based on EPA Tier II water quality criteria methodology, which 
involves the use of uncertainty factors ranging from 3.5 to 242, based on the number of species used to 
calculate the value and whether or not those species included a daphnid (Suter and Tsao 1996).  The 
surface water benchmark for carbon disulfide from this source was used in the SLERA, and includes the 
maximum uncertainty factor of 242, so a factor of three used to initiate further evaluation of this 
compound is well within the conservatism of the original calculation method.  Likewise, the ratio between 
sediment probable-effects level and threshold effects levels for metals is also typically large; the ratio 
between the Effects Range-Medium and Effects-Range Low values for metals in sediments cited by Long 
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et al. 1995 and used by the National Oceanic & Atmospheric Administration (NOAA) ranges from 2.5 to 
8.5, with an average ratio of 5.25. A factor of three was thus chosen as an appropriately conservative 
estimate of potential, but likely minimal, effects.  A single large exceedance could, because of its 
localized area, potentially suggest minimal effect also; however, single large exceedances (greater than an 
HQ 3) are evaluated further. 

Step 2: Comparison to LOAEL-based Toxicity Values 

Compounds not eliminated by Step 1, above, are further evaluated by comparison to LOAEL-based 
values. LOAEL-based values were obtained from the scientific literature, and are presented on Table 4
6. The methodology for selecting these values was described in Section 4.2.2. 

As part of this analysis, media concentrations were evaluated with regard to the following: 

a. 	 relationship to cited LOAEL or LOAEL-based values (above or below).  Compounds with 
maximum concentrations exceeding LOAEL values are identified. 

b. 	 number and magnitude of LOAEL exceedances.   The number, location, and magnitude of 
samples with concentrations exceeding the LOAEL are identified.  This approach helps to 
identify “hot spots” that may represent very localized areas of potential effect, as opposed to 
more widespread areas that would have a potentially higher ecological effect.  

c. 	 scientific strength and representativeness of the LOAEL value. For this evaluation, the 
representativeness of the LOAEL (relative to other LOAELs), the degree of uncertainty 
associated with the chosen value, the chemical state of the test substance, and similar factors 
were considered to further assess the potential for risk represented by the LOAEL HQ.  As 
noted earlier, LOAEL values are typically the lowest identified in the toxicological literature. 
In some cases, this value may be significantly less than large numbers of other LOAEL 
values, or may reflect a chemical state not reflective of site conditions.  These factors will be 
reviewed to evaluate the representativeness of the chosen LOAEL relative to potential 
toxicity of site samples.  

4.2.3.2 Risk Characterization of Wildlife Receptors 

In the SLERA, wildlife effects were evaluated using maximum media concentrations only, which reflects 
the assumption that receptors feed continuously and exclusively at the location of samples with the 
highest detected contaminant concentrations.  In this BERA, wildlife effects were evaluated by the 
following: 

a. 	 use of refined exposure and life history parameters.  These include media average and 95% 
upper confidence limits (UCLs).  95% UCL values were generated by the program ProUCL, 
and program outputs for the wildlife COPCs in each Habitat Area are provided in Appendix 
N.3. 

b. 	 comparison to LOAEL TRVs.  As described previously, these are taken directly from the 
toxicity literature (see Section 4.2.2.2). 

4.2.3.3 Identification of Potential Risk 

For both wildlife and non-wildlife receptors, a potential for risk is generally considered to exist for 
COPCs that meet the following characteristics: 

a. substantially exceed representative NOAEL and LOAEL values (LOAEL HQ > 1), and  
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b. where applicable, show adverse effects above reference levels in toxicity tests.   

In the following sections, the approach described above will be implemented for each of the five Habitat 
Areas.   

4.2.4 Consideration of Reference Concentrations 

In some instances, concentrations of COPCs that are naturally occurring inorganics are subsequently 
compared to concentrations in reference samples.  When the COPCs exceeds LOAELs, a comparison and 
discussion relative to reference concentrations is provided for an additional perspective on detected 
values. In no instance, however, are reference concentrations used to ascertain the potential for risk.  In 
this document, potential risk is based on relation to LOAEL values only, as described in Section 4.2.3.1.   

For COPCs associated with potential risk, the comparison of site data to reference data was conducted to 
determine whether the risks identified in the Risk Characterization are reflective of natural or non-site 
related conditions. This is an important understanding for subsequent risk management decisions.   

As part of the RI, samples from reference areas were collected (refer to Figure 4-1).  Samples used in 
defining reference areas included samples collected from areas that have similar physical, chemical, 
geological, and biological characteristics as the site, but have not been affected by site activities or 
releases.  These may be impacted from other “sources” not related to the site.  For example, potential 
other sources include the adjacent composting facility, all-terrain vehicle use of dirt roads in the area, 
vehicular traffic, etc. Concentrations of naturally occurring inorganic COPCs (e.g., iron, manganese, 
barium, and others) are compared to concentrations in these reference locations to determine if detected 
concentrations reflect natural conditions around the Site.  For this comparison, data in specific site 
samples were compared to specific ranges in directly-related reference locations, such as upstream surface 
water or sediment.    

4.3 UPPER SUTTON BROOK  

The following presents the evaluation and description of potential risks in the Upper Sutton Brook.  

4.3.1 Upper Sutton Brook (USB) Habitat Description 

The Upper Sutton Brook Habitat Area consists generally of the reach of Sutton Brook from the dirt access 
road at the northern boundary of the Site down to and including sample location SD/SW-34 (Figure 4-2). 
It also includes the lower reaches of a small tributary, referred to in this document as the Southern 
Tributary that enters Sutton Brook from the southeast.  The Upper Sutton Brook is a medium-gradient, 
sandy bottomed creek approximately 15 to 30 feet in width and 12 to 60 inches in depth, with depth 
increasing downstream (west).  Fine sand comprises the majority of the substrate near the eastern end of 
this reach; however, areas of deep, very soft, loose sediment, with a thickness up to approximately two 
feet or more, comprise some of the substrate further downstream, near the location of SW/SD-33(04) and 
SW/SD-34(04). The channel is distinct, with cut banks and little or no aquatic vegetation, to a point 
close to SW/SD-34(04). Water is medium to dark brown, as is typical of New England wetland water. 
The access road that crosses Sutton Brook at the top of this reach is comprised of dirt, which becomes 
deeply rutted loose mud during wet periods and after precipitation events, resulting in significant potential 
for particulate runoff from the road to the brook. 

Although originally evaluated as a single Habitat Area in the SLERA, data from the RI showed three 
distinctly different chemical characteristics in different parts of Upper Sutton Brook and its tributaries. 
Because these differences may affect remedial approaches, risks are estimated separately for each of these 
three sections of the brook, although these section are all still are considered to be part of the USB Habitat 

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran  

Section 4 BERA.doc 4-11 May 2007 




  

 

 

 

 

 
 

 

 
 

 
 

  
   

    
 

  
 

  

  
 

 

 

 

 
 

 

  

 
 

 
 
 

  
 

Area. These three sections are as follows. 

USB Eastern Reach: This reach extends from the access road crossing west to the point where the 
landfill road crosses Sutton Brook, just upstream of sample SD-21(99).  This section of the USB would 
receive contaminants primarily from surface runoff and to a lesser extent from site groundwater, since 
most of the eastern end of this reach is hydrogeologically upgradient of the site.  It also receives flow 
from the Southern Tributary, which enters the Upper Sutton Brook upstream of both the Northern and 
Southern Lobes.  The unpaved access road to the composting facility at the top of the reach is potentially 
a significant contributor of particulates because of the lack of curbing and the frequently wet and muddy 
nature of the road surface.  COPC concentrations in the Eastern Reach were typically lower than 
downstream areas between the site lobes.  This area is thus evaluated separately from more impacted 
downstream areas. 

USB Southern Tributary:  The Southern Tributary drains a watershed that includes largely offsite areas, 
plus a small area of wetland near the confluence with Sutton Brook.  The Southern Tributary is 
hydrogeologically upgradient of the landfill lobes, but could receive surface water runoff from flat areas 
around the confluence.  Further upstream from the confluence, the tributary would receive both 
groundwater and surface runoff from upstream areas, which include the spreading fields and storage piles 
of the composting facility located west of the Southern Tributary and Krochmal Farm.  South of the 
access road to the composting facility and farm, the tributary exists in a large forest and shrub-scrub 
wetland. 

Although this tributary reflects a drainage area comprised largely of areas beyond the geographic or 
hydrogeologic range of landfill activities, for the purposes of this BERA, the entire reach from the access 
road to the confluence with Sutton Brook is considered to be part of the Upper Sutton Brook Habitat 
Area. This inclusion was made to ensure that all COPCs that have the potential, however remote, to arise 
from site operations were evaluated in the risk assessment.  However, because this area clearly reflects 
significant off-site contributions, it is evaluated separately from other reaches of Upper Sutton Brook. 
Areas upstream of the access road are considered to be reference areas for the purposes of evaluating the 
condition of sediment and surface water upstream of this area.   

USB Site Channel:   This is the reach of the USB that passes directly between the landfill lobes, and 
extends from SW/SD – 21(99) to SW/SD-34(04) (Figure 4-2).  It receives groundwater discharge from 
beneath both lobes as well as surface water contributions from the Southern Tributary and the rest of 
Upper Sutton Brook. Surface water runoff from the steeply sloping sides of both landfill lobes may also 
be a potential contributor. 

4.3.2 USB Problem Formulation 

For this evaluation, the components of the Problem Formulation presented in the SLERA were revisited 
and refined as necessary. 

4.3.2.1 USB Exposure Pathways and Potential Receptors  

As described in the RI, all areas of the Upper Sutton Brook have the potential to be affected by both 
surface water runoff and groundwater from the landfill lobes.  However, these pathways differ in their 
importance at each of the three areas.  For the Eastern Reach, surface water runoff is the primary pathway 
in all areas except the extreme western edge of the reach, near the landfill lobes, where groundwater 
contributions may increase.  For the Southern Tributary, surface runoff is also the primary route for 
contaminants, except for potential groundwater effects near the confluence with Sutton Brook.  For the 
Site Channel, however, discharging groundwater from beneath the landfill lobes is the main pathway, 
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with additional contributions from surface water runoff from the steeply sloped sides of the Northern and 
Southern Lobes.  Thus, both surface runoff and groundwater are potential pathways for each of the three 
reaches, to different extents. A conceptual site model illustrating these connections is shown in 
Figure 4-3. 

In all reaches of the brook, potential receptors with the highest exposure to stream COPCs would include 
benthic (bottom-dwelling) and pelagic (water column) macroinvertebrates that live in or on the sediment 
on structures or vegetation above the sediments. Seining activities were conducted in the brook in 2005 
to determine whether the brook contained fish; this activity consisted of spanning the brook with a net and 
disturbing the upstream reach in an effort to drive any fish towards the net.  This was repeated at three 
locations, and no fish were observed.  Although these seining activities suggested that Upper Sutton 
Brook does not contain fish, fish are assumed to be present as a conservative approach and so are also 
included as a potential receptor in this evaluation.  Terrestrial mammals and birds may be exposed 
primarily by the ingestion of stream water, since the presence of fur or feathers usually minimizes dermal 
exposures for most species.  If fish are present, piscivorous birds may be exposed through ingestion of 
contaminated fish and other aquatic prey items.  However, in much of the Brook the surface water is too 
deep for even long-legged wading birds, such as the heron.    

Sediment may also be a potential exposure pathway for other receptors such as amphibians, although this 
pathway is expected to be minor for most of the Upper Sutton Brook.  Specifically, in shallower reaches 
near the road, the water is moving in riffles areas, which is not preferred habitat for amphibians.  From 
approximately the location of SW/SD 31(04) the water becomes deep, and this feature, combined with the 
very dark color would prevent light penetration and thus a robust growth of algae and periphyton, which 
is the primary food of developing tadpoles.  Little or no riparian aquatic vegetation exists in this area, 
which would diminish its value to the more aquatic herptiles such as bullfrogs and green frogs.  Habitat 
characteristics within Sutton Brook thus render this a marginal amphibian habitat. 

4.3.2.2 USB Contaminants of Potential Concern (COPCs) 

COPCs for all sections of the Upper Sutton Brook consist of those compounds that exceeded NOAEL-
based benchmarks in any section of the brook. These compounds were identified in the SLERA.  Table 
4-10 summarizes the results of the evaluation of the SLERA and shows the number and magnitude of 
NOAEL-based HQ exceedances throughout the Habitat Area.   As shown by this summary, seven surface 
water compounds and sixteen sediment compounds exceeded NOAEL-based benchmarks in at least one 
Upper Sutton Brook sample, and so are included as COPCs in this BERA.  These compounds are listed in 
Table 4-11. Not all of these COPCs were detected in each of the three reaches.  Where detected, they are 
further evaluated for each section of the USB.   

Toxicity profiles for these and other COPCs evaluated in this BERA are provided in Appendix L.  

4.3.2.3 USB Assessment Endpoints and Measures of Effect 

In accord with the exposure pathways identified in the previous section, assessment endpoints for all 
reaches of Upper Sutton Brook and the Southern Tributary are as follows:   

1. survival and growth of the benthic and pelagic macroinvertebrate community in the stream; 

2. survival and growth  of potential fish communities. 

In this study, measures of effect differed slightly among reaches.  For all reaches, measures of effect 
included the following:  
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•	 comparison of all COPC concentrations to benchmarks reflecting lowest levels of effect on 
survival, growth, or reproduction (LOAEL-based ecological benchmarks; see Section 4.2.2.2) 
except for surface water and sediment in the Site Channel habitat area.  Based on the results of 
the SLERA and the preliminary refinement performed as part of this assessment and 
conversations with EPA during the development of this assessment, it was agreed to base a 
conclusion of potential risk to aquatic receptors in the Site Channel on the SLERA screening 
data. This was based on the assumption of presumed remedial actions (e.g., landfill cover and 
resulting brook rehabilitation),  that will adequately address sediment and resulting transport of 
COPCs to surface water in the Site Channel.  Based on this presumption, it was agreed that no 
further refinement or evaluation of the Site Channel surface water data or sediment beyond the 
SLERA would be performed. 

In addition, in the Southern Tributary, particularly elevated sediment concentrations of arsenic detected in 
1999 exceeded NOAEL-based benchmarks in the SLERA by large margins.  For this reach of stream, an 
additional measure of effect was used:    

•	 estimation of effects of whole sediment on benthic organism survival and growth using whole-
sediment toxicity tests 

Southern Tributary sediments were subject to toxicity testing to identify potential effects associated 
exclusively with arsenic, which is the only COPC detected in most Southern Tributary samples.  The 
results were then used to estimate potential effects of arsenic in other parts of the site.   

4.3.3 USB Analysis of Exposure and Effect 

As shown in Table 4-10, several constituents produced maximum HQs considerably greater than one.  Of 
these, arsenic in sediment had both the highest NOAEL-based HQs (93.5) and the greatest number of 
samples exceeding benchmarks (9).  Arsenic is a naturally occurring compound that was detected in 
highest concentrations in the Southern Tributary, a reach that is subject to off-site contributions from the 
adjacent composting facility and farm.  To further define both potential exposure of benthic organisms to 
arsenic as well as potential effects, additional sampling of arsenic and iron was conducted in November 
2006 at various locations in the Southern Tributary and the Eastern Reach.  Also, additional full-suite 
sampling was conducted in the Eastern Reach to further confirm conditions in the eastern end of that 
relatively unaffected reach.  These additional samples are described in the sections below, and are 
compared to LOAEL-based benchmarks in Section 4.3.4. 

4.3.3.1 USB Analysis of Exposure 

Analysis of exposure in all reaches of the Upper Sutton Brook Habitat Area were evaluated by direct 
measurement of COPC concentrations in surface water and sediment.   For this, the data set presented in 
the RI was used.  The location of samples is shown in Figure 4-2, and samples are identified on Table 4-1.  
Analyses conducted for each sample are shown in Table 4-2 and 4-3. 

Southern Tributary: As noted earlier, the Southern Tributary receives drainage from both site and 
upstream areas.   This area is represented by 2 surface water samples and 9 sediment samples, six of 
which were collected in November 2006 to more completely delineate arsenic concentrations.  Sample 
SD-206(06) was collected from the location of former samples SD-14(99) and SD-15(99), which 
contained 406 mg/kg and 767 mg/kg of arsenic respectively, the highest detected at the site.  Two 
reference samples (SD-201(06) and SD-200(06)) were also collected at that time from upstream portions 
of the tributary. Reference sample SD-201(06) was collected from just upstream of the road crossing, in a 
large pool that forms due to restricted passage through the road culvert.  Reference sample SD-200(06) 
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was collected approximately 150 feet further upstream, in a forested shrub wetland that typifies the 
southern reach in this area. 

Eastern Reach:  The Eastern Reach of the Upper Sutton Brook Habitat Area is represented by 11 
sediment samples and 5 surface water samples, collected from 1999 to 2006. 

Site Channel: The Site Channel portion directly between the landfill lobes was evaluated by five 
sediment samples and five surface water samples. As discussed previously, additional assessment of 
surface water and sediment is this reach was not conducted beyond that performed in the SLERA. 

The results from this sampling is evaluated in Section 4.3.4. 

4.3.3.2 USB Analysis of Effects 

Potential effects of COPCs on site receptors in all reaches of the Upper Sutton Brook, with the exception 
of surface water and sediment in the site channel, were evaluated by LOAEL-based benchmarks, as 
described in Section 4.2.2.  LOAEL values and sources were presented in Table 4-6. The potential 
toxicity of selected sediments in the Southern Tributary were also evaluated by whole sediment toxicity 
tests, as described below.  

Five samples from the Southern Tributary were selected for use in toxicity tests.  Samples were selected 
based on arsenic concentrations, and were chosen to represent a range of concentrations and locations 
(reference vs. site). The following five samples were used for toxicity testing: 

Sample Selected for Toxicity Testing Arsenic Concentration, mg/kg 
SD-200 (upstream reference) 5.4 
SD-201 (upstream reference)  110 

SD-204 130 
SD-206 58 
SD-207 94 

Toxicity testing consisted of 10-day whole sediment toxicity tests using the amphipod Hyalella azteca 
(Method 100.1HA) and the oligochaete Chironomus tetans (Method 100.2CT). This is a static bioassay 
that evaluates effects on survival and growth of organisms over a 10-day exposure period.  Toxicity 
testing was done by Aquatec Biological Services of Williston, Vermont.  The full analytical report is 
provided in Appendix M and discussed in Section 4.3.4.1. 

4.3.4 Upper Sutton Brook Risk Characterization 

As described previously, while the Upper Sutton Brook is considered to be a single Habitat Area from the 
standpoint of potential pathways and receptors, it is evaluated as three different sections to help refine the 
understanding of the areas associated with potential risk.  This evaluation is presented below, starting 
with the Southern Tributary, which contributes flow to both the Eastern Reach and the Site Channel.     

4.3.4.1 USB Southern Tributary Risk Characterization 

As described previously, the USB Southern Tributary was the site of additional sediment sampling and 
testing in 2006. Risk evaluations for surface water and sediment are presented below.  

Surface Water: Toluene was the only USB COPC detected in the surface water of the Southern 
Tributary (Table 4-12).  Toluene was detected in sample SW-43(04) at a concentration of 0.001 mg/l, 
which is well below the NOAEL-based benchmark of 0.0098 mg/l.  Toluene was not detected in sample 
SW-09(99), at a detection limit of 0.010 mg/l.  Using ½ the detection limit as a representative, 
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conservative estimated concentration of toluene produces an estimated concentration of 0.005 mg/l, a 
concentration that is also below the NOAEL-based benchmark.     

Because toluene concentrations in both of these Southern Tributary samples are well below conservative 
NOAEL-based benchmarks used in the SLERA, no potential for risk is anticipated from surface water in 
the Southern Tributary. 

Sediment: Sediment in the Southern Tributary were evaluated by two lines of evidence:  comparison to 
LOAEL-based benchmarks and toxicity tests.  These are described separately below.  

Comparison to Sediment Benchmarks 

Six of the Upper Sutton Brook COPCs were detected in the Southern Tributary sediment:  acetone, 
toluene, benzo(a)pyrene, arsenic, iron, and manganese (Table 4-13).  The maximum concentration of 
manganese was below the NOAEL-based benchmarks; therefore, manganese was not considered to 
present a potential risk and was not evaluated further.  

Benzo(a)pyrene was detected in one sample (SD-14(99)) at a concentration of 0.440 mg/kg, producing a 
NOAEL-based HQ of 1.7.  This compound is a component of heavy oils and combustion products, and 
concentrations similar to this are commonly found in urban soils (Bradley et al 1994).  No other samples 
in the Upper Sutton Brook contained this compound.    The detected concentration is well below the 
LOAEL-based benchmark of 4.4 mg/kg, shown on Table 4-13, and therefore it is not expected to be 
associated with potential risk.  

Sediment acetone, toluene, arsenic, and iron exceeded NOAEL-based benchmarks by a factor of 6 or 
more in at least one sample in the Southern Tributary so were compared to LOAEL-based benchmarks. 
This comparison is shown in Table 4-13. As shown, toluene was detected in one of two samples and 
produced a LOAEL-based HQ of 0.1, well below estimated levels of effect.  Little or no potential risk is 
expected from this compound.  Acetone was also detected in one of two samples, producing a LOAEL-
based HQ of 1.6. Acetone is a common laboratory solvent that is frequently detected in environmental 
samples as a result of the preservation and extraction process, and detected concentrations may results at 
least in part from this phenomenon.  Acetone was not detected in more recent sample SD-43(04), and the 
assumption of a concentration at ½ the detection limit in SD-43(04) produced an estimated concentration 
well below LOAEL-based benchmarks (HQ = 0.6).  As a small organic molecule, acetone is a readily 
biodegradable and not likely to persist for long periods in sediment.  For these reasons, a large measure 
of uncertainty is associated with both the reported concentration and the resulting LOAEL for acetone, 
and results are considered to be overly conservative.  Potential risk is thus not indicated for acetone. 

Iron in the 1999 sediment samples SD-14(99) and SD-15(99) exceeded the LOAEL-based benchmarks, 
producing LOAEL-based HQs of 1.1 and 2.1, respectively.  The highest concentration was in SD-15(99), 
which contained 85,300 mg/kg of iron.  All other samples were approximately half of this concentration 
or less, and the highest concentration of iron detected in the more recent 2006 samples was 21,000 mg/kg 
in SD-204(06), which produced a LOAEL-based HQ of 0.5 and a NOAEL-based HQ of 1.1.  Iron is a 
naturally occurring compound that is frequently elevated in organic environments.  Because of the natural 
contribution of iron and the consistently lower concentrations detected in more recent 2006 samples, the 
elevated detection of iron from 1999 is not considered to be reflective of a current risk.    

Arsenic exceeded the LOAEL-based benchmark of 33 mg/kg in eight of the nine sediment samples from 
the Southern Tributary.  Arsenic concentrations in these samples ranged from 42 mg/kg (LOAEL HQ of 
1.3) to 767 mg/kg (LOAEL HQ of 23.2 from SD-15(99)).  The maximum arsenic concentration detected 
in 2006 during the additional delineation sampling, including in the area of the highest previous sample 
results, was 130 mg/kg (LOAEL HQ of 3.9).  
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Toxicity Test Results 

As described previously, five sediment samples from the Southern Tributary were subjected to  whole 
sediment 10-day toxicity tests using Hyalella azteca and Chironomus tetans. These tests evaluate effects 
on survival and growth over a 10-day exposure period for two typical freshwater sediment invertebrates. 
The testing was conducted to further evaluate potential effects of arsenic on benthic invertebrates, since 
the concentration of arsenic in some sediment samples significantly exceeded ecological benchmarks, 
thus suggesting a potential for adverse effect.  The purpose of the tests was to determine whether the 
toxicity suggested by the benchmark exceedances is occurring in Southern Tributary sediments.   

The results of the toxicity tests are shown in Table 4-14 for both H. azteca and C. tentans with the full 
results presented in Appendix M.  The results of these tests were as follows:   

•	 no statistically significant reductions in survival occurred for either species in any sample; and 

•	 statistically significant reductions in growth were detected in all samples for H. azteca, and for all 
samples except SD-206 for C. tetans. 

Substantial variability was observed in the results for both species.  For both species, lowest growth was 
associated with the highest arsenic concentration (130 mg/kg in SD-204), but for neither species was the 
highest growth associated with the lowest arsenic concentration.  The lowest arsenic concentration (5.4 
mg/kg) was detected in the furthest upstream reference sample (SD-200), but for both species, growth in 
this sample was lower than in samples with much higher arsenic concentrations (see SD-206, 207 and 201 
with 58- 110 mg/kg for H. azteca, and SD-206 with 58 mg/kg for C. tetans ). Linear regression of both 
data sets showed a poor relationship between arsenic concentration and growth, with a correlation 
coefficient (r2)  of 0.06 for H. azteca  and 0.38 for C. tetans.   

This inconsistency may reflect the influence of inhibiting factors other than arsenic at the reference 
sample SD-200, or the insensitivity of organisms to arsenic concentrations below 58 mg/kg.  This is 
indicated by similar growth at varying concentrations:  for H. azteca, SD-206 and SD-207 produced 
nearly similar growth (0.087 and 0.086 mg, respectively), despite having arsenic concentrations of 58 and 
94 mg/kg, respectively.  Likewise, for C. tetans, samples SD-204 and SD-207 produced essentially the 
same growth (1.37 and 1.38 mg, respectively), despite differing arsenic concentrations of 130 and 94 
mg/kg, respectively.  No relationship of results with grain size was found to support these variations.   

No apparent trend was observed when growth was correlated with iron-normalized arsenic concentration 
(r2 value of 0.15 for H. azteca and 0.023 for C. tentans). The highest iron-normalized arsenic 
concentration of 12.4 mg As/g Fe occurred in sample SD-201 (collected just upstream of the road 
crossing), but for both species this produced the median value for growth.  For both species, samples with 
lower concentrations of iron-normalized arsenic produced both less and greater amounts of growth.  This 
suggests that the relationship between arsenic and iron do not affect the level of growth in organisms.   

In summary, although the concentration of arsenic in most sediment samples exceeded LOAEL-based 
benchmarks, the results of the toxicity testing indicated that arsenic concentrations up to 130 mg/kg had 
no effect on the survival of either H. azteca or C. tentans. Growth of both species was reduced at nearly 
all concentrations, but growth reductions did not correlate well with arsenic concentration.  These data 
suggest that other factors may be causing growth effects on test species.   

Since the toxicity test species are appropriate surrogates for actual benthic invertebrates likely to be 
present at the site, little or no effect on growth or survival of benthic invertebrates is expected as the result 
of measured arsenic concentrations in Southern Tributary sediment.  Although detected arsenic 
concentrations exceed LOAEL-based benchmarks, the results of the site-specific toxicity tests provide a 
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more accurate guide to actual levels of effect at the site, since many site-specific factors can affect 
toxicity in ways not reflected in generic benchmarks.   Some of these factors, such as substrate, may have 
been the cause of the reduced growth observed in test organisms.   

Although toxicity tests did not indicate potential arsenic effects, site concentrations in sediment were also 
compared to sediment concentrations in upstream reference locations to obtain further understanding of 
the nature and extent of arsenic distribution.  No Southern Tributary reference samples from 1999 are 
available, so comparisons are based on the 2006 data, which contains contemporaneous site and reference 
data. In 2006, arsenic concentrations in downstream samples ranged from 42 to 130 mg/kg.  Arsenic 
concentrations in 2006 reference sample SD-201(06), collected from upstream of the access road to the 
composting facility contained 110 mg/kg arsenic. Reference sample SD-200(06), collected further 
upstream from the middle of a large shrub swamp, contained 5.4 mg/kg arsenic, likely reflecting its 
distance from the edge of the facility’s roads and fields.  These upstream concentrations suggest that 
much of the arsenic in the stream may arise from upstream areas.   As described previously, the Southern 
Tributary collects surface water drainage and groundwater discharge from the storage piles and spreading 
fields of the composting facility, which composts a variety of lawn and wood wastes, and Krochmal 
Farm.  Natural degradation in these fields has the potential to produce reducing conditions in 
groundwater, which can mobilize naturally occurring arsenic in soils.  Because most of the Southern 
Tributary, except for a small area near the confluence, is hydrogeologically upgradient of the landfill, 
most of the flow and conditions in the Southern Tributary are considered to reflect upstream and local 
streamside effects.   

In summary no site-related COPCs have been identified as contributing to a potential risk associated with 
USB Southern Tributary sediment or surface water: 

4.3.4.2 USB Eastern Reach Risk Characterization 

USB Eastern Reach surface water data, benchmark comparisons, and summary statistics are presented in 
Table 4-15. Similar data for sediment is presented in Table 4-16.  

Surface Water: As shown by Table 4-15, four of the Upper Sutton Brook surface water COPCs listed in 
Table 4-11 were detected in USB Eastern Reach surface water, and maximum concentrations of three -
barium, iron, and manganese—produced NOAEL-based benchmarks over 1.0.  All of these constituents 
are naturally occurring.  Iron was detected at one location (SW-32(04)) at a concentration slightly higher 
(1.4 mg/l) than the NOAEL benchmark of 1.0 mg/l, but because of the ubiquitous nature of this 
compound in natural environments, a significant proportion of this concentration can be expected to 
reflect natural conditions.   The NOAEL for iron is a WQC developed by EPA in 1985, although iron is 
identified by EPA as a non-priority pollutant in the water quality criteria documents. As a point of 
comparison, the lowest toxicity value listed in EPA’s Ecotox database for this compound for a freshwater 
species (a mayfly) was an LC50 of 73.1 mg/l.  However, since the maximum concentrations exceeds a 
WQC, which is a “To Be Considered” standard for the site, iron has conservatively been considered to 
present a potential risk. 

The remaining two compounds, barium and manganese, are also naturally occurring, and were compared 
to LOAEL-based benchmarks to determine if concentrations approach those associated with observed 
effects. As shown by Table 4-15, detected concentrations of barium and manganese are well below 
lowest LOAEL values, producing LOAEL-based values of 0.01 and 0.2 respectively.  Because the 
concentrations of barium and manganese in USB Eastern Reach surface water are well below values 
associated with potential effects, little or no potential for adverse effect is likely from these compounds 
for site receptors exposed to USB surface water. 
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Sediment: Benchmark comparisons and summary statistics for USB Eastern Reach sediments are 
presented in Table 4-16. As shown, eight USB COPCs were detected in USB Eastern Reach sediment, 
and five of these – carbon disulfide, naphthalene, xylenes (here represented by p/m-xylene only), arsenic, 
and iron – exceeded NOAEL-based benchmarks.     

Iron slightly exceeded its NOAEL benchmark in one sample, producing an HQ of 1.4.  A slight 
exceedance by a single sample of a conservative NOAEL benchmark is not considered to reflect a 
significant risk, especially with a constituent such as iron that is frequently elevated in anaerobic 
sediments such as those in Sutton Brook.  This constituent was thus not evaluated further.    

Xylene, as represented by p/m-xylene, was detected in a single sample at a concentration only slightly 
higher than the NOAEL-based benchmark, producing a NOAEL-based HQ of 1.3.  However, it was also 
subject to further analysis because of the presence of this COPC at elevated concentrations in downstream 
samples.  All other constituents were compared to LOAEL-based values to estimate the potential for 
adverse effect. 

Comparisons of sediment concentrations of carbon disulfide, naphthalene, xylenes, and arsenic are shown 
on Table 4-16. As shown, all COPCs except for arsenic had LOAEL-based HQs of 0.2 or less, indicating 
that maximum concentrations of COPCs are well below levels associated with adverse effects.   

Arsenic exceeded the LOAEL-based benchmark in 5 of the 11 sediment samples from the Eastern Reach 
with HQs ranging from 1.7 to 4.2.  As shown in Figure 4-2, all samples with LOAEL-based HQs > 1.0 
(SD-20 (99), SD-210 (06), SD-212 (06), SD-213 (06), and SD-32 (04)) are located downstream of the 
confluence of the USB Eastern Reach with the Southern Tributary, and reflect the contribution of elevated 
arsenic that is characteristic of that stream.  All locations upstream of the confluence (SD-209(06), SD
214(06), SD-215(06), and SD-31(04) had concentrations of 7.2 mg/kg to 25 mg/kg, which are below the 
LOAEL-benchmark of 33 mg/kg and close to or below the NOAEL-based benchmark of 8.2 mg/kg.  In 
particular, recent arsenic in SD-209(06) directly upstream of the confluence was 9.5 mg/kg, and at SD
210(06) downstream of the confluence 140 mg/kg.  SD-210(06) had the highest arsenic concentrations 
detected in the Eastern Reach, and produced an LOAEL-based HQ of 4.2. As described previously, the 
Southern Tributary is historically and currently the site of elevated sediment arsenic from upstream areas; 
a maximum concentration of 767 mg/kg of arsenic was detected in the stream in 1999 (SD-14(99)).    

As described in the previous section, toxicity testing of the Southern Tributary sediments indicated that 
concentrations of arsenic in the range detected in the Eastern Reach were not associated with mortality 
effects and could not be correlated with reductions in growth in two species of invertebrates.  As 
described above, the distribution of arsenic in the Eastern Reach suggests that detected concentrations 
arise largely from recent or historical contributions from the Southern Tributary.  The 2006 sediment 
sampling in the Southern Tributary produced arsenic concentrations ranging up to 130 mg/kg, and up to 
110 mg/kg in reference samples well upstream from the site, and these concentrations are generally 
equivalent to the maximum of 140 mg/kg detected in the Eastern Reach.    

Although the arsenic in the Eastern Reach exceeds standard LOAEL-based benchmarks, samples with 
similar concentrations did not show adverse effects on benthic invertebrate growth or survival that could 
be attributed to arsenic, suggesting that the toxicity suggested by the benchmark exceedance does not 
occur in Site sediments.  Based on the results of this evaluation, adverse effects to benthic organisms as 
the result of exposure to Eastern Reach sediment is not expected.     

4.3.4.3 USB Site Channel Risk Characterization 

The USB Site Channel consists of the narrow channel directly between the landfill lobes.  As described in 
Section 4.3.2.3, the Site Channel was not evaluated further in this BERA, but rather was represented by 
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the evaluation presented in the SLERA (Appendix O).   Potential risk from the SLERA is described 
below. 

Surface Water:   USB surface water was evaluated in the SLERA by comparison to NOAEL-based 
benchmarks. This comparison for Site Channel surface water is shown in Table 4-17.  As shown, 
maximum concentrations of six compounds (DDT, ethylbenzene, toluene, xylenes, barium, and 
manganese) exceeded NOAEL-based benchmarks.  Barium and manganese are naturally occurring 
compounds that were detected in upstream samples as well.  Based on this evaluation, a potential risk to 
fish and pelagic invertebrates is assumed. 

Sediment:   USB sediment was also evaluated in the SLERA by comparison to NOAEL-based 
benchmarks. USB Site Channel sediment data is shown in Table 4-18.  As shown, 15 of the 16 Upper 
Sutton Brook COPCs were detected in this reach.  However, iron and naphthalene did not exceed 
NOAEL-based benchmarks, so are not considered to present a potential for risk.   All other listed 
compounds (1,2,4-trimethylbenzene, 1,3,5-trimethylbenzene, 2-methylphenol, 3-methylphenol/4
methylphenol, 4-methyl-2-pentanone, acetone, carbon disulfide, chloroethane, ethylbenzene, xylenes, 
toluene, arsenic, and manganese) exceed NOAEL-based benchmarks. Manganese is a naturally occurring 
compound that was detected in upstream samples as well.  Based on this evaluation, a potential risk to 
benthic invertebrates is assumed.      

4.4 AQUATIC WETLANDS 

The following presents an evaluation of exposures and potential risks to receptors in the Aquatic Wetland.   

4.4.1 Aquatic Wetlands Habitat Description 

This area consists primarily of emergent, shrub-scrub and forested wetlands that exist at various locations 
around the Site.  In general, wetlands in this category consist of Phragmites, cattails, and shrubs (northern 
arrowwood, winterberry, and others) wetlands, and waterways connected to these habitats.  This wetland 
type exists at three general locations around the site. 

The first is the lower reach of Sutton Brook, from the location of SW/SD-34(04) to downstream samples 
SW/SW-37(04) (Figure 4-4).  It includes a large forested and shrub-scrub wetland and the lower reach of 
Sutton Brook, and associated tributaries, since these slow-moving watercourses share contaminant 
migration pathways and many habitat attributes. The wetland area between SW/SD-34(04) and SW/SD
36(04) is a forested wetland characterized by generally shallow (6 inches to 4 feet deep), stagnant water, 
with a shrub understory and green ash, white pine, and quaking aspen tree species.  The riparian wetland 
area to the north of Sutton Brook contains large areas of open water with intermittent stands of shrubs. 
The riparian wetland south of Sutton Brook, plus the small wetland tucked in a ravine of the Northern 
Lobe (at WS-15(04)) are characterized by a denser growth of shrubs surrounded by pools and pockets of 
water up to 2 feet deep. This southern section of the riparian wetland is separated from the main channel 
of Sutton Brook by a berm for part of the length, but is connected hydraulically through groundwater or 
surface water pathways.  Both wetland areas tend to go dry in late summer, although the main channel of 
Sutton Brook continues to flow.   

This Habitat Area also includes the lower section of a tributary that enters Sutton Brook from the South, 
plus the lower section of Sutton Brook itself and a small, highly vegetated braided tributary that enters 
from the north (location of SW/SD-38(04)).  These areas are connected to the forested wetland, and share 
many of the habitat characteristics.   

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran  

Section 4 BERA.doc 4-20 May 2007 




 

  

 

 

 

 
 

 
 

 

 
 

 

 
 

 

 

  

 

 

 

 

   

 

 
 

 

  
 

The second location of this wetland type is at the western boundaries of the former Drum Disposal Area 
adjacent to the wetland north of the stream and consists of a phragmites marsh, which includes samples 
SS-12(04) and SW-111(05). Because of its proximity to the lower Sutton Brook wetland and the 
similarity in habitat, it is considered to be part of the Aquatic Wetlands Habitat group. 

The third location of Aquatic Wetland habitat is along the base of the southern and eastern face of the 
Southern Lobe. This marsh, referred to as the Deep Marsh wetland, consists of an area of relatively deep 
(> 3 ft.) standing water at the western end, with a transition to a forested shrub-scrub wetland along the 
southern and eastern edge of the Southern Lobe.  Standing water at the western end may be permanent, 
based on apparent depth and vegetation (cattails), while the standing water elsewhere along the southern 
and eastern sides is likely to be present during wet periods only.    

The wetlands included in the Aquatic Wetland habitat area are a suitable environment for a variety of 
waterfowl, such as ducks and herons, which have been observed in the area.  Because of the likely lack of 
fish predation through much of the shrub wetland, this area is well suited for wetland reptiles and 
amphibians, which have also been observed.  Beaver are active in the area, and other wetland mammals, 
such as muskrat, are likely present.  

4.4.2 Aquatic Wetlands Problem Formulation 

For this evaluation, the components of the Problem Formulation were generally similar to the SLERA, 
with the exception of COPCs.  The components of the Problem Formulation are presented below.  

4.4.2.1 Aquatic Wetland Exposure Pathways and Potential Receptors 

As described in the SLERA and the RI, contaminants can reach the Aquatic Wetlands by three primary 
means: 

• discharge of groundwater, 

• flooding of surface water from upstream Sutton Brook (lower Sutton Brook only), 

• surface water runoff from the landfill lobes or former Drum Disposal Area.  

Exposure media would thus be surface water and sediment within the stream channel and associated 
flooded wetlands. 

A variety of potential receptors exist in the wetlands.  While low dissolved oxygen concentrations in 
wetlands typically preclude robust fish populations, this habitat would be suitable for amphibians and 
aquatic macroinvertebrates, and would provide feeding and nesting areas for water birds, wetland 
mammals such as raccoons and beaver, wetland reptiles such as the ribbon snake, and other semi-aquatic 
or wetland species. Higher level receptors may be exposed to bioaccumulateable compounds through the 
ingestion of contaminated prey. 

A conceptual site model describing potential exposure pathways and receptors for the Aquatic Wetland 
Aquatic Habitat Area is shown in Figure 4-5.  This model is consistent with the SLERA.  

To evaluate these exposure pathways, the SLERA evaluated effects on a number of receptors:  benthic 
and pelagic aquatic organisms, amphibians, and wildlife herbivores, omnivores, and carnivores.  The 
results of that assessment showed no exceedance of NOAEL-based benchmarks for wildlife carnivores, 
suggesting little potential for effect for that feeding guild.  This result is reflected in the selection of 
COPCs, assessment endpoints, and measures of effect, described in the following sections.  
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4.4.2.2 Aquatic Wetlands Contaminants of Potential Concern 

COPCs for the Aquatic Wetlands consist of those compounds that exceeded NOAEL-based benchmarks 
in the SLERA for one or more receptors.  Table 4-19 summarizes the results of the evaluation of the 
SLERA for aquatic receptors and amphibians, and Table 4-20 shows summarized results for wildlife 
receptors. Compounds that produced a NOAEL-based HQ greater than 1.0 were identified as COPCs for 
this BERA. In addition, sample SD-02(99), previously not included in this habitat area, was added to the 
Aquatic Wetland dataset.  Concentrations of toluene and chlorethane in this sample resulted in the 
addition of these compounds as COPCs (Appendix N.2).  Aquatic Wetland COPC for surface water and 
sediment are listed, by receptor, in Table 4-21.  Summary statistics for surface water and sediment 
COPCs are presented in Tables 4-22 and 4-23. 

4.4.2.3 Aquatic Wetland Assessment Endpoints and Measures of Effect 

Assessment endpoints for the Aquatic Wetland reflect the exposure pathways described previously for 
both aquatic, semi-aquatic, and wildlife receptors.  Assessment endpoints for this area are as follows:   

Assessment Endpoints for the Aquatic Wetland 

1.	 survival and growth of pelagic and benthic invertebrate communities in the wetland; 

2.	 survival and growth of amphibian communities in the wetland; and 

3.	 survival and growth of higher trophic level herbivores and  omnivores in the wetland.  Consistent 
with the SLERA, herbivores are represented by the mallard, and omnivores are represented by the 
black duck. Both have been observed feeding in the Aquatic Wetland.  

In this assessment, several measures of effects were used to assess potential effects on receptors in the 
stream and the wetland.  In general, methods for measuring effect in this assessment consist of the 
following: 

•	 comparison of all COPC concentrations to toxicological values reflecting effects on survival, 
growth, and reproduction; 

•	 comparison of the estimated body dose of receptors, as estimated from food chain modeling of 
higher trophic level receptors using calculated values for COPCs in plant and prey items, to 
literature-based toxicity reference doses reflecting effects on survival, growth, or reproduction.   

The exposure of amphibians to Aquatic Wetland sediments was not evaluated because the dominant 
exposure pathway for amphibians is water, and in consequence this is the medium for which toxicity data 
are available.  Developing amphibians, either tadpoles or salamanders, are typically herbivores, and 
occasionally rest on the bottom but normally spend their time swimming in the water column to feed on 
periphyton or algae on vegetation or substrate surfaces, before metamorphosing into carnivorous adults. 
Adults of most species are riparian or terrestrial, and the most aquatic species, such as bullfrogs and green 
frogs, tend to rest on structures above the sediment during the active season.  For these reasons, 
researchers have focused their attention on the water route of exposure, since this is the primary medium 
of exposure, particularly during the physiologically sensitive stage of eggs and larvae.  In consequence, 
this BERA evaluates surface water as the exposure medium for amphibians.  

4.4.3 Aquatic Wetland Analysis of Exposure and Effect 

Methods used to evaluate exposure and effect in the Aquatic Wetlands are described below. 
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4.4.3.1 Aquatic Wetland Analysis of Exposure 

Exposure of site receptors to COPCs was evaluated by media samples of site sediment and surface water 
collected during the RI and previous sampling events.  In the SLERA data set, surface water in the 
Aquatic Wetland was represented by 23 samples from 21 locations, and by 21 sediment samples.  These 
data were presented in the SLERA. As previously discussed, additional sediment samples (SD-215 to 
SD-221) were collected from the Deep Marsh in November 2006 (Figure 4-4).  These data were 
combined with the existing data set used in the SLERA for this evaluation.  A full list of samples used in 
the evaluation of the Aquatic Wetland was presented in Table 4-1, and analyses conducted for both the 
2006 and previous sampling is shown in Table 4-3.  The 2006 results were screened against NOAEL-
based benchmarks to identify any new COPCs, and none resulted from this evaluation.  In addition, SD
02(99) was redesignated as an Aquatic Wetland sediment, since the potential exists that it may remain 
exposed after the landfill cover is complete.  This sample, as well as the November 2006 field program 
samples, were thus added to the Aquatic Wetland sediment dataset.  Sample SD-02(99) was screening 
against NOAEL-based benchmarks to identify any new COPCs detected in this sample, and this screening 
is presented in Appendix N.2.  As noted earlier, inclusion of SD-02(99) resulted in the addition of 
chloroethane and toluene to the COPC sediment COPC list.     

Exposure to wildlife receptors were evaluated by food chain modeling, according to the methods 
described in the SLERA. In this modeling, average and 95% Upper Confidence Limit (UCL) 
concentrations of COPCs in surface water and sediment, in addition to maximum values, are used to 
estimate a body dose, in mg/kg body weight /day, received by each receptor.  The concentration of 
COPCs in prey and vegetation was estimated from surface water and sediment data; no sampling of food 
items was conducted.  For this evaluation, species representative of each of the feeding guilds remained 
the same as in the SLERA:  the mallard for omnivores and the black duck for herbivores.  As noted 
earlier, both of these species have been observed at the site and are species typical of forested and shrub 
wetlands. Detailed life history accounts were provided in the SLERA and quantitative life history 
parameters used in the modeling are provided in Table 4-5.  The modeling methodology is presented in 
Appendix J. 

Because these waterfowl have large home ranges, they are assumed to feed in both the Aquatic Wetland 
and the Site Pond, which lies in proximity to the Deep Marsh portion of the Aquatic Wetland.  Because 
these habitats would both be attractive to waterfowl, receptor species are assumed to roam freely between 
them.  However, because these areas are of different sizes, data sets were not weighted equally in the 
calculation of exposure point concentrations; rather, waterfowl were assumed to occupy each area for a 
period proportional to the respective size of the area.  Combined data for the evaluation of waterfowl in 
these areas were thus area-weighted, in the following proportions:  

Aquatic Wetlands: 5.61 hectares 87% 

Pond:  0.82 hectares 13% 

4.4.3.2 Aquatic Wetland Analysis of Effect 

Potential effects were evaluated by LOAEL-based benchmarks (for aquatic and amphibian receptors) and 
LOAEL TRVs (for waterfowl).  LOAEL-based benchmarks were presented in Table 4-6.  Avian 
LOAEL-based TRVs are provided in Table 4-7.  Avian TRVs are the same as presented in the SLERA, 
with the exception of the TRV for lead, which has been updated to reflect values from the study used by 
EPA to select NOAEL values for the generation of Ecological Soil Screening Levels (Eco-SSLs).  The 
study from which EPA selected a NOAEL value of 1.63 mg/kg/day for lead also identified a LOAEL 
value of 3.26 mg/kg/day, and this value was used as a representative LOAEL for avian receptors at the 
Site. 
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4.4.4 Aquatic Wetland Risk Characterization 

Potential risk was estimated for aquatic receptors, using surface water and sediment data, and for 
amphibians, using surface water data only.  Both surface water and sediment data was used to estimate 
risks to wildlife. Risks to aquatic receptors, amphibians, and wildlife are described in separate sections, 
below. 

4.4.4.1 Aquatic Wetland Aquatic Life Risk Characterization 

Aquatic life in the Aquatic Wetland was evaluated by both surface water and sediment data.  These are 
discussed separately, below.     

Aquatic Receptors:  Surface Water Risk 

As presented in Table 4-19, maximum surface water concentrations of eight COPCs produced a NOAEL-
based HQ > 1.0 when compared to aquatic benchmarks.  However, three of these COPCs, ethyl benzene, 
aluminum, and lead, exceeded benchmarks in only one of 14 or more samples.  The maximum 
concentration of ethylbenzene (0.0079 mg/l) only slightly exceeded the conservative benchmark of 
0.0073 mg/l, and because of the conservatism of this benchmark, which was developed by EPA’s Tier II 
methodology and so includes significant uncertainty factors, this slight exceedance is not expected to 
indicate a potential for risk. 

Lead and aluminum were both only detected in one of 14 samples.  The concentrations in this single 
sample exceeded the NOAEL-based benchmark.  This single detection for both compounds occurred in 
sample SW-108(05), which is located in the downstream portion of the Aquatic Wetland, just south of the 
main Sutton Brook channel.  Nearby (within 150 ft.) samples SW-3(99) and SW-35(04) did not contain 
either of these constituents, indicating that these concentrations are not widespread.  Both of these single 
detections produced a NOAEL-based HQ of 2.5.  However, because of the single point of detection and 
the relatively low detected concentrations, actual ecological effects associated with these concentrations is 
likely to be minimal and, if present, highly localized.   Detected concentrations of lead and aluminum are 
thus not expected to reflect a significant potential risk.   

Five COPCs, consisting of toluene, xylene, barium, iron, and manganese, exceeded aquatic NOAEL-
based benchmarks in three or more samples.  Toluene, which had the highest HQ of the organics, 
exceeded benchmarks in five samples.  The likely on-site source for toluene and other organics in the 
Aquatic Wetland surface water is impacted groundwater from the Southern Lobe and/or the Former Drum 
Disposal Area.   

To further evaluate the risk potential identified in the SLERA, surface water concentrations of toluene, 
xylene, barium, and manganese were evaluated further through the use of LOAEL-based benchmarks to 
more accurately estimate the potential for risk.  

Table 4-24 shows the comparison of maximum surface water values to LOAEL-based benchmarks.  As 
shown, maximum COPC concentrations are well below these effects-based benchmarks.  This suggests 
that, although some samples exceed the more conservative estimates, actual toxicity effects may not be 
occurring in the environment.  Barium and manganese were detected in all or nearly all of the samples, 
reflecting their natural presence in wetlands and surface waters in general.  Concentrations of barium and 
manganese in many Aquatic Wetland surface water samples were similar to or lower than upstream 
reference station SW-30(04), further suggesting natural contributions.  

Iron was not compared to LOAEL-based values given its frequency of detection and that the NOAEL for 
this compound used in the SLERA is a chronic water quality criteria, which is a “To Be Considered” 
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standard for the site. As shown by Table 4-19a, iron concentrations exceeded the criteria of 1.0 mg/l  in 
10 of 14 locations, although sometimes by small margins.  This high frequency of detection is consistent 
with iron’s ubiquitous nature in natural environments.  Iron concentrations in the Aquatic Wetlands 
ranged from 0.12 mg/l to 5.3 mg/l.  Concentrations in upstream reference samples SW-30(05) and SW
222(06) ranged from 0.22 mg/l to 0.27 mg/l.  However, since the exceedances of this WQC are numerous 
and widespread, a potential risk from iron in Aquatic Wetlands surface water has conservatively been 
assumed.   

The surface water data suggest that, with the exception of iron,  the potential risk to aquatic receptors due 
to exposure from COPCs in surface water is low.   

Aquatic Receptors:  Sediment Risk 

As shown in Table 4-19b, seven COPCs (acetone, benzoic acid, arsenic, beryllium, iron, mercury, and 
selenium) were found in the SLERA to be present at maximum concentrations exceeding NOAEL-based 
benchmarks.  Toluene and chloroethane, which exceeded NOAEL benchmarks in SD-02(99), were also 
added to this list.  These are discussed separately below. 

Beryllium and iron both exceeded NOAEL-based benchmarks in one or two of 20 – 22 samples, with 
NOAEL-based HQs of 1.2 (iron) and 1.9 (beryllium).  These maximums did not occur in the same 
location (Table 4-19b). Iron is a common naturally occurring compound that frequently is present in 
stagnant water at elevated concentrations.  Beryllium exceeded the NOAEL-benchmark of 1.1 mg/kg at 
two widely separate samples:  WS-11(04), at the western end of the Aquatic Wetland had 2.1 mg/kg of 
beryllium (HQ = 2.1) and WS-103(05), adjacent to the Southern Lobe, had 1.5 mg/kg (HQ of 1.4).  The 
low NOAEL-based HQ and wide spacing of these two exceedance suggest little potential for risk.   

Mercury exceeded the NOAEL benchmark of 0.150 mg/kg in two samples: WS-102(05) (0.22 mg/kg) and 
SD-01(99) (0.20 mg/kg), both from the Deep Marsh portion of the aquatic wetlands.  In the 2006 samples, 
however, three additional samples, all from the Deep Marsh portion of the Aquatic Wetlands, also 
exceeded NOAEL-based values, producing a NOAEL-based HQ of up to 2.0.  Because of these 
additional detections, mercury was subject to additional evaluation.   

Acetone, benzoic acid, arsenic, mercury, and selenium all exceeded NOAEL based benchmarks in four or 
more samples, so were subject to additional review along with chloroethane and toluene from SD-02(99). 
This revised assessment is shown in Table 4-25. As shown by this assessment, all compounds except for 
arsenic and selenium had LOAEL-based HQs less than 1.0, indicating a low potential for risk to aquatic 
invertebrates from these compounds.     

Point-by-point sediment data for the Aquatic Wetland is shown in Table 4-26 and illustrates the samples 
containing arsenic and selenium concentrations over the LOAEL-based benchmarks of 33 mg/kg and 4 
mg/kg, respectively. 

As shown by Table 4-26, arsenic exceeded the LOAEL benchmark of 33 mg/kg in three samples.  The 
sample with the highest arsenic concentration, SD-38(04), was located in the small tributary that enters 
Sutton Brook from the north.  The arsenic concentration in this sample was 64 mg/kg, producing a 
LOAEL-based HQ of 2.0. The two other samples, SD-24(99) and  SD-36(04),  contained 48.9 mg/kg 
and 39 mg/kg of arsenic respectively, producing LOAEL HQs of 1.5 and 1.2, respectively. Although 
these concentrations exceed LOAEL benchmarks, concentrations up to 130 mg/kg were found to have no 
effect on survival and no effect on growth attributable to arsenic in the Southern Tributary, an aquatic 
environment similar to the location of these samples.    In addition, an arsenic concentration of 41.1 
mg/kg was detected in reference sample SD-06(99), which was collected in a shrub/phagmites marsh 
upstream of the Site, and a arsenic concentration of 110 mg/kg was detected in reference sample SD-
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201(06), which was located in the Southern Tributary.  Because the concentration of arsenic does not 
exceed the LOAEL benchmark by a large margin, and is well below concentrations found in toxicity 
testing to have no arsenic-associated effect, the detected arsenic in Aquatic Wetland sediment is not 
expected to suggest a potential risk.  

Selenium was detected in only one sample (WS-11(04)) at a concentration above the 4 mg/kg benchmark. 
This exceedance produced a LOAEL-based HQ of 1.3.  This sample was located near the southern edge 
of the large forested wetland south of the Sutton Brook channel, and is separated from the landfill and 
Sutton Brook by a large area of stagnant wetland.  Selenium concentrations in all other samples were well 
below the LOAEL benchmark, producing HQs of 0.4 or less.  Because the selenium LOAEL exceedance 
occurred in a single sample only and selenium concentrations near LOAEL values were not detected in 
any other samples,  no potential for risk to aquatic receptors  is expected from this single exceedance of 
selenium. 

Based on this evaluation, detected concentrations of COPCs in Aquatic Wetland sediment are not 
expected to present a potential risk to benthic invertebrates.   

4.4.4.2 Aquatic Wetland Amphibian Risk Characterization 

As shown in Table 4-19, maximum surface water concentrations of eight compounds exceeded NOAEL-
based amphibian benchmarks and produced HQs > 1.0.  Of these, three compounds, toluene (HQ of 1.1 in 
one location), arsenic (HQ of 2.1 or less, at two locations) and copper (HQ of 1.3 in one location) 
exceeded NOAEL-based benchmarks by a small margin at one or two locations out of 14 or more 
locations sampled. The single exceedance for toluene was in a sample from 1999 (SW-08(99)), which is 
located in the tributary that enters the Aquatic Wetlands from the south.  This sample location is located 
about 400 feet away and downhill from a residential area, which is a source of roadway and lawn runoff. 
Since concentrations in this tributary may not reflect site values, and given that toluene has not exceeded 
amphibian NOAEL-based benchmarks in any sample since 1999, toluene is unlikely to present a risk to 
amphibians.  

Copper was detected in three Aquatic Wetland surface water samples, and slightly exceeded the 
amphibian NOAEL-based benchmark in one location, SW-101(05), located off the southeast face of the 
Southern Lobe. Copper concentrations in this sample were 0.004 mg/l, just above the amphibian NOAEL 
benchmark of 0.003 mg/l (HQ of 1.3).  Because the amphibian benchmark for copper is the geometric 
mean of LC10 values for sensitive species (spring peeper and the pickerel frog), it includes a large 
measure of conservatism.  The geometric mean of LC50s for these same species is 0.028 mg/l 
(Westerman, 2003).  Because the copper exceedance was small, and the conservative benchmark reflects 
a range of low-effect values to sensitive receptors, the copper HQ of 1.3 is not considered to reflect a 
significant potential for risk. 

Arsenic exceeded NOAEL-based benchmark of 0.01 mg/l in two samples:  SW-35(04) with 0.0206 mg/l 
arsenic (HQ of  2.1); and SW-36, collected in October 2004, with 0.0127 mg/l arsenic (HQ of 1.3). 
However, SW-36 sampling in September 2005 contained much lower arsenic concentrations (0.007 mg/l; 
HQ of 0.7) and 2006 sampling at both SW-36 and SW-37 showed either no detectable arsenic or 
concentrations below the NOAEL benchmark, suggesting that elevated arsenic concentrations are not 
continuous.  Likewise, arsenic concentrations in sample SW-108(05), located about 150 ft. away from 
SW-35(04), contained 0.047 mg/l arsenic (HQ of 0.5).  As above, the benchmark value for arsenic 
consists of the geometric mean of the LC10 value for sensitive species, so is biased towards the most 
sensitive members of this receptor group.  Because the arsenic in this area does not appear to be 
consistently above the conservative benchmark or exceeds it over a wide area, the two small NOAEL 
exceedances observed in 2004 are not considered to reflect an on-going risk to amphibians.     
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Surface water concentrations of aluminum, iron, manganese, nickel, and zinc exceeded amphibian 
benchmarks in three or more samples, or, in the case of aluminum, by a large margin.  For these 
compounds, additional benchmarks were identified to help bracket the range of potential risk.  For most 
of these compounds, the original benchmarks consisted of the geometric mean of LC10 values for 
sensitive species of amphibians at the embryo-larvae life stage.  Species sensitivity was designated based 
on response to metals, in general.  For the BERA benchmarks, estimated LOAEL-based values were used 
to evaluate the potential for effect, and these values and revised HQs based on them are presented in 
Table 4-27. Use of these values helps to bracket the range of impact estimated by detected 
concentrations. 

As shown in Table 4-27, only amphibian HQs for aluminum and iron exceed 1.0 based on this 
comparison.  Point-by-point data for amphibian COPCs are shown in Table 4-28. 

The iron LOAEL-based HQs exceeded 1.0 in three locations:  SW-101(05), HQ of 1.8; SW-105(05), HQ 
of 1.1; and SW-35(04), HQ of 1.2 (Table 4-28).  Samples SW-101(05) and SW-105(05) are both located 
in wetland areas included as part of the Deep Marsh, near the toe of the Southern Lobe slope, while SW
35(05) is located in the middle of the forested wetland east of the landfill lobes. Concentrations in these 
samples ranged from 3.3 mg/l to 5.3 mg/l.  Iron is naturally occurring in wetlands surface water, where 
the anoxic conditions and often low pH will mobilize it from sediments as part of the sediment cycling of 
iron (Elder, 1988). The presence of soluble iron in the anoxic environments of the Aquatic Wetland is 
thus considered to be a reflection of natural iron processes.  While a risk to amphibians may exist in the 
vicinity of SW-101(05), where the highest iron was detected, effects are likely to be highly localized; 11 
of the 14 locations had iron concentrations of half (2.6 mg/l) of the maximum concentration or less. 
Thus, the potential for widespread risk to amphibians is low.  

Aluminum was detected in only one out of 14 samples; the single detection of 0.22 mg/l was at SW
108(04), in the approximate middle of the wetland area downstream of the Northern and Southern Lobes, 
produced a LOAEL-based HQ of 2.5. This area was represented by eight other surface water samples, 
none of which contained detectable quantities of aluminum.  Aluminum was also detected in one of two 
reference samples (SW-222) at a concentration of 0.1 mg/l .   However, aluminum can exist in a range of 
concentrations in small quiescent waterbodies frequented by amphibians; aluminum concentrations in the 
range of 0.2 mg/l to 1.850 mg/l were documented in 50 temporary ponds in Pennsylvania (Horne and 
Dunstan, 1995). Aluminum solubility is related to water pH, which can vary throughout the day as the 
result of temperature and photosynthetic activity.  

Based on this evaluation, the potential risk to amphibian populations from exposure to most surface water 
COPCs is expected to be low.  However, localized effects from aluminum may exist in some locations 
due to the magnitude of the LOAEL HQ (2.5). 

4.4.4.3 Aquatic Wetland and Site Pond Wildlife Risk Characterization 

As described in Table 4-20, potential risk to herbivores (the black duck)  and omnivores (the mallard) 
were identified in the SLERA, based on the use of maximum exposures and NOAEL-based TRVs. 
Specifically, risks to the black duck were associated with maximum concentrations of lead and selenium, 
and risks to the mallard were associated with maximum concentrations of aluminum and iron.  As 
described previously, the present assessment incorporates exposures based on both average and 95% UCL 
data, and reflects the assumption that these receptors roam freely across the site, so would be exposed to 
both the Site Pond and the Aquatic Wetlands in a ratio proportional to the size of these areas.  Exposure 
concentrations for surface water and sediment were thus averaged in proportion to area size (87% for the 
Aquatic Wetland, 13% for the Site Pond; see Section 4.4.3.1).  These size-weighted exposure 
concentrations are shown in Table 4-29.  For effects, both NOAEL- and LOAEL-based TRVs are used, to 
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more accurately bracket the ranges of effects.  Results for each of these receptors are presented separately 
below. 

Risk Characterization for Herbivores:  the Black Duck 

The black duck has been observed at the site and is assumed to consume only plant material, which is 
consistent with its life history on inland water bodies.  Bioaccumulation into plant tissue is shown in 
Table 4-30, and exposure doses and hazard quotients are shown in Table 4-31.  

Results from  Table 4-31 are summarized below:  

COPC 
Average HQs 95% UCL HQs Maximum HQs 

NOAEL-
based 

LOAEL-
based 

NOAEL-
based 

LOAEL-
based 

NOAEL-
based 

LOAEL-
based 

lead 0.2 0.1 0.3 0.2 1.1 0.5 

selenium 0.3 0.2 0.5 0.2 1.2 0.6 

As shown, HQs greater than one are only produced under the maximum exposure scenario.   Under more 
realistic exposure assumptions of average or 95% UCL exposures, which assume that the black duck 
feeds more uniformly across the site, no doses exceeded NOAEL-based TRVs.   No measured doses 
under any scenario approached the LOAEL-based TRVs associated with potential for adverse effect. 
Based on the results of this analysis, no potential risk to the black duck is expected as the result of 
exposure to COPCs in the Aquatic Wetland and Site Pond.  

Risk Characterization for Omnivores:  the Mallard 

The mallard was assumed to consume both invertebrates and aquatic vegetation, in equal proportions.  If 
available, bioaccumulation factors specific to bioaccumulation in aquatic plants was used, and 
bioaccumulation was assumed to occur primarily through the roots of plants.  Calculated concentrations 
in plant leaves were used as representative of concentrations in seeds and other vascular portions of plants 
(EPA 2003).   

Bioaccumulation of COPCs into plant and invertebrate tissue is calculated on Tables 4-32 and 4-33, 
respectively.  Calculated exposure doses under the three exposure scenarios are presented in Table 4-34. 
HQs for compounds that produced HQs greater that 1.0 for the mallard are summarized from Table 4-34, 
below: 

COPC 
Average HQs 95% UCL HQs Maximum HQs 

NOAEL-
based 

LOAEL-
based 

NOAEL-
based 

LOAEL-
based 

NOAEL-
based 

LOAEL-
based 

aluminum 0.6 0.06 0.7 0.07 1.3 0.13 

iron 0.3 0.03 0.4 0.04 1.0 0.1 

As shown, HQs > 1.0 were obtained only under the scenario of maximum exposure, which is based on the 
assumption that the mallard feeds exclusively at the one location with the highest detected concentrations 
of all COPCs.  Since maximum concentrations of COPCs are not co-located, this scenario is impossible, 
as well as unlikely.  Under no scenario was the estimated dose approach associated with actual effects. 
Thus, no potential risk to the mallard is expected as the result of exposure to COPCs in the Aquatic 
Wetland and Site Pond.  
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4.4.5 Aquatic Wetland: Summary of Potential Risks 

To address the assessment endpoints for the Aquatic Wetlands, risks to benthic and pelagic invertebrates, 
amphibians, and wildlife species in all three feeding guilds (carnivore, omnivore, and herbivore) were 
evaluated. Invertebrates and amphibians were evaluated by use of benchmarks and wildlife were 
evaluated by food chain modeling.  Exposures and doses were compared to LOAEL-based values to 
evaluate potential for effect. 

This evaluation showed that potential for risk to pelagic invertebrates exists due to the presence of iron in 
surface water, and to amphibians due to the presence of aluminum in surface water.  Effects are expected 
to be localized. Little potential for risk was identified for benthic invertebrates, since all COPC values 
were either below LOAELs or infrequently detected.   No risks were identified for wildlife receptors. 

4.5 SITE POND 

The Site Pond was evaluated both as a separate habitat area and, for wildlife receptors, in conjunction 
with the Aquatic Wetland. This evaluation is presented below.  

4.5.1 Site Pond Habitat Area Description 

This Habitat Area includes the small, shallow man-made pond south of the Southern Lobe.  The Pond lies 
just to the south of the Deep Marsh portion of the Aquatic Wetland Habitat Area adjacent to the Southern 
Lobe. The Pond is sandy-bottomed, and is not believed to contain fish.  No fish were observed in the 
pond during sampling, which involved moving around much of the pond by boat and inspecting the pond 
bottom, which is visible over the large shallow areas.  In addition, hundreds of tadpoles were observed 
moving in large groups in shallow water areas; such abundance is atypical of water bodies containing 
fish, which typically feed on amphibian eggs and embryos.  Water depth is less than four feet over much 
of the area of the pond, extending to approximately 7 feet or so near the eastern end.   

Based on the RI findings, the Site Pond is on the hydraulically up-gradient portion of the site, in relation 
to groundwater flow. However, it is included for evaluation in this risk assessment because of its 
proximity to the landfill.  

As described in the SLERA, the Pond is represented by 4 surface water and 4 sediment samples.  Surface 
water and sediment samples associated with this area are listed in Table 4-1.  Analyses performed on each 
samples are identified in Tables 4-2 and 4-3.  

4.5.2 Site Pond Problem Formulation 

For this evaluation, the components of the Problem Formulation were generally similar to the SLERA, 
with the exception of COPCs. No new data has been collected from this area since the SLERA.  The 
components of the Problem Formulation are presented below.  

4.5.2.1 Site Pond Exposure Pathways and Potential Receptors  

Although the Pond appears to be hydrogeologically upgradient of the landfill lobes, the potential exists 
that groundwater may be a migration pathway for site contaminants under some circumstances.  Since the 
Pond is separated from the Southern Lobe by the Deep Marsh wetland, surface run-off from the landfill is 
unlikely to reach the Pond even during high water periods.  Media potentially affected by discharging 
groundwater consist of sediment and surface water.     

The Pond is not believed to contain fish. It has no surface water inlet or outlet, and is believed to have 
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been created as a borrow pit.  High numbers of tadpoles (both bullfrogs and green frogs) were clearly 
visible in shallow waters during the Habitat Assessment site visit in June 2004, suggesting a lack of 
predation pressure from fish, which normally feed on amphibian eggs and tadpoles.  The pond is a habitat 
for amphibians, which would provide a food source for higher trophic level receptors such as the blue 
heron. The shallow, still waters also provide resting and feeding areas for other waterfowl, such as the 
black duck or mallard, which have been observed here or elsewhere at the Site.  

The conceptual site model describing potential exposure pathways and receptors for the Site Pond is 
shown in Figure 4-6. 

4.5.2.2 Site Pond Contaminants of Potential Concern 

COPCs for the Site Pond are shown on Table 4-35, which illustrates the results of the SLERA evaluation 
of surface water and sediment of the Site Pond.  As shown by this table, three compounds in both surface 
water and sediment exceeded the NOAEL-based benchmarks used in the SLERA.  These compounds, 
which were identified as COPCs for this study, consist of the following:   

Surface Water Sediment 
Barium, Dissolved (aquatic receptors) 
Manganese, Dissolved (amphibians) 

Zinc, Dissolved (amphibians) 

Acetone 
Carbon disulfide 

Arsenic 

4.5.2.3 Site Pond Assessment Endpoints and Measures of Effect 

Assessment endpoints for the Site Pond reflect the exposure pathways that were shown by the SLERA to 
have the potential for adverse effect.  As part of the SLERA, potential effects on benthic organisms, 
amphibians, and wildlife were evaluated.  Wildlife were evaluated by waterfowl representative of the 
herbivore, omnivore, and carnivore feeding guilds.  Waterfowl were evaluated by both Site Pond and 
Aquatic Wetland data, to reflect the movement of receptor species across those two habitat areas.  That 
evaluation showed that estimated doses of COPCs to the carnivores (the heron) were below NOAEL-
based TRVs, suggesting no potential for risk to members of that feeding guild.  This conclusion of the 
SLERA is reflected in the conceptual site model and the identification of assessment endpoints. 

Assessment endpoints for this area are as follows:   

Assessment Endpoints for the Site Pond 

1.	 survival and growth of invertebrate communities; 

2.	 survival and growth of amphibian communities; and 

3.	 survival, growth, and reproduction of higher trophic level herbivores and omnivores.  As 
described previously, herbivores are represented by the black duck, and omnivores are 
represented by the mallard.   

As with other areas, measures of effect consisted of the following: 

•	 comparison of all COPC concentrations to ecological reflecting effects on survival, growth, 
and reproduction;   

•	 comparison of the estimated body dose of receptors, as estimated from food chain modeling 
of higher trophic level receptors using calculated values for COPCs in plant and prey items, 
to literature-based toxicity reference doses reflecting effects on survival, growth, or 
reproduction. 
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4.5.2.4 Site Pond Analysis of Exposure and Effect 

Exposure in the Site Pond was evaluated by the same data set used in the SLERA.  These data are from 
four surface water and four sediment samples, which are identified on Table 4-1.  Analyses performed on 
each of these samples are shown in Tables 4-2 and 4-3.  Results of these samples were used directly to 
evaluate effects on benthic organisms and amphibians.  

Exposure to wildlife receptors were evaluated by food chain modeling, as described in Section 4.4.2.4. 
As noted earlier, waterfowl receptors are expected to roam freely between both the Aquatic Wetland and 
the Site Pond, so risks to these receptors from both Habitat Areas was estimated by combining the data 
sets on an area-weighted basis.        

Potential effects were evaluated by LOAEL-based benchmarks (for aquatic and amphibian receptors) and 
LOAEL TRVs (for waterfowl).  LOAEL-based benchmarks were described in Section 4.2.2.2, and 
LOAEL-based values were presented in Table 4-6.   Avian LOAEL-based TRVs are provided in 
Table 4-7. 

4.5.3 Site Pond Risk Characterization 
In the SLERA, the Site Pond data was evaluated for potential effects to aquatic receptors and amphibians, 
and combined with the Aquatic Wetland data to evaluate potential effects on wildlife receptors, 
represented by waterfowl.  Hazard quotients for aquatic receptors and amphibians, based on conservative, 
threshold-level benchmarks, were summarized in Table 4-35.  As shown, maximum detected values of 
most compounds produced only small exceedances of conservative benchmarks.    

In surface water (an exposure media for both aquatic life and amphibians), barium, manganese, and zinc 
exceeded NOAEL-based benchmarks, but by low margins; maximum NOAEL-based HQs ranged from 
1.4 to 2.3. Barium exceeded NOAEL-based aquatic life benchmarks, and zinc and manganese exceeded 
NOAEL-based amphibian benchmarks.  As discussed in Section 4.2.2.2, these exceedances are within the 
range of conservatism of NOAEL-based values generally.  In addition, a review of LOAEL values in 
Table 4-6a indicates that maximum concentrations of all three compounds fell well below LOAEL-based 
benchmarks.     Barium, manganese, and zinc are naturally occurring metals typically found in ponds and 
other surface waters, and detected concentrations are reflective of natural sources in soil and parent rock. 
Because of the low magnitude of the NOAEL-based HQ and the fact that no concentrations exceed 
LOAEL-based values, potential risks from these inorganics are expected to be minimal. 

As shown by Table 4-35, sediment arsenic concentrations slightly exceeded the NOAEL benchmark in 
one of the four sediment samples (SD-39(04), with 15 mg/kg arsenic); the other samples had arsenic 
concentrations of 7.8 mg/kg or lower, less than the NOAEL-based benchmark of 8.2 mg/kg.  All of these 
values are well below the LOAEL-based benchmark for arsenic of 33 mg/kg (Table 4-6).  Because of the 
low magnitude of this single exceedance and its general consistency with natural levels, arsenic is not 
considered to present a potential for risk in the Site Pond. 

Although inorganics in the Site Pond surface water are not considered reflective of risk, concentrations 
were also compared to reference concentrations.  This review showed that concentrations of all three of 
these inorganics were higher in off-site reference sample SW-30(05), which was collected in the marsh 
area of Upper Sutton Brook, well north of the access road (Figure 4-4).  Concentrations of barium, 
manganese, and zinc in that sample were 0.03 mg/l, 0.35 mg/l, and 0.044 mg/l respectively, higher than 
the respective site concentrations of 0.006 mg/l, 0.02 mg/l, and 0.007 mg/l.  Likewise, concentrations in 
reference sample SW-222(06) were also higher than the Site Pond samples;  concentrations of barium, 
manganese, and zinc in SW-222(06) were 0.01 mg/l, 0.043 mg/l, and 0.025 mg/l, respectively.  Site 
values are thus consistent with reference concentrations.   
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Carbon disulfide and acetone in sediment both produced NOAEL-based HQs > 3.0 in the Site Pond.  The 
threshold sediment benchmarks for both of these COPCs were generated by equilibrium partitioning 
using conservative surface water values.  In the case of carbon disulfide, the surface water value used was 
0.00092 mg/l, which was a calculated value generated from modeling equations. 

Detected concentrations of these compounds in sediment were thus compared to LOAEL-based values. 
LOAEL-based benchmarks for acetone and carbon disulfide were generated using lowest reported 
LOAEL surface water values from the literature and the pond-specific TOC used in the SLERA.  These 
values are shown in Table 4-6b.   

The LOAEL-based acetone benchmark is 0.05 mg/kg.  When the maximum acetone sediment 
concentration of 0.024 mg/kg is compared to this value, it produces a LOAEL-based HQ of 0.5. 
Likewise, the LOAEL-based sediment benchmark for carbon disulfide is 0.024 mg/kg.  When the 
maximum concentration of carbon disulfide in sediment (0.0016 mg/kg) is compared to this value, an HQ 
of 0.07 is obtained. Both of these values are well below levels of potential actual effect, so the potential 
for risk is suggested by this evaluation is low.   

In summary, because detected concentrations of site pond COPCs were below LOAEL-based values, 
these COPCs are not expected to present a potential for risk.  As discussed previously in Section 4.4.2.3, 
little potential risk to waterfowl is indicated.  

4.6 WETLAND SOILS HABITAT AREA 

The Wetland Soils Habitat Area borders both the Aquatic Wetland and Upper Sutton Brook.  An 
evaluation of potential exposures and risk is presented below.  

4.6.1 Wetland Soils Habitat Description 

This Habitat Area consists of saturated, but not routinely inundated, soils that exist adjacent to the 
Aquatic Wetland areas described above (Figure 4-7).  These areas are typically forested, with moist 
saturated soils and groundwater within a few inches of the surface, but are not submerged enough to 
support aquatic or semi-aquatic species.  These soils would be affected by site contaminants primarily 
through groundwater, occasional surface water flooding, or surface water runoff.  They do not provide a 
breeding habitat for receptors such as amphibians, but would support wetland plants and invertebrates that 
may accumulate contaminants from the soil pore water.  

4.6.2 Wetland Soil Problem Formulation 

Components of the Problem Formulation are presented below.   

4.6.2.1 Wetland Soil Exposure Pathways and Potential Receptors 

As described above, soils in these areas are saturated by groundwater much of the year, and may be 
briefly inundated by floodwaters during spring snowmelt or precipitation events.  Contaminants may thus 
reach this area through both groundwater and by surface water deposition.  In the Lower Sutton area 
particularly, these soils are occasionally subject to deposition from floodwaters of Sutton Brook, and so in 
some areas reflect the chemical composition of upstream areas.      

Because these areas are not submerged, they do not provide habitat for aquatic species but may support a 
variety of wetland plants and animals. Wetland plants could provide food for a variety of songbirds and 
small mammals, as well as riparian species such as rabbits and moles.  Although amphibians would not 
breed in this area, they and other wetland herptiles would use it for feeding and over wintering.   
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A conceptual site model describing potential exposure pathways and receptors for the Wetland Soils 
Habitat Area is shown in Figure 4-8. 

4.6.2.2 Wetland Soils Contaminants of Potential Concern 

As described previously, wetland soils were evaluated against NOAEL-based screening values in the 
SLERA, and 12 compounds were found to exceed one or more benchmarks for at least one receptor.  The 
results of this comparison are summarized in Table 4-36.  A list of COPCs, based on the results of the 
SLERA, is shown in Table 4-37.  Summary statistics for each of these COPCs is shown in Table 4-38.  

4.6.2.3 Wetland Soils Assessment Endpoints and Measures of Effect 

Assessment endpoints for the Wetland Soils Habitat Area are the same as those used in the SLERA; no 
additional information was obtained to modify or expand these study objectives.  Assessment endpoints 
for this area are as follows: 

Assessment Endpoints for the Wetland Soils 

1.	 abundance and diversity of plant species in wetland soils; 

2.	 survival and growth of invertebrate species in wetland soils; and  

3.	 survival, growth and reproduction of riparian carnivores and herbivores. 

In this assessment, two measures of effects were used to assess potential effects on receptors in the stream 
and the wetland. Measures of effect are similar to those used in the SLERA.  In general, methods for 
measuring effect are similar to those used in the SLERA, and consist of the following:  

•	 comparison of all COPC concentrations to toxicological values reflecting levels of effect on 
survival, growth, and reproduction; 

•	 comparison of the estimated body dose of receptors, as estimated from food chain modeling of 
higher trophic level receptors using calculated values for COPCs in plant and prey items, to 
literature-based toxicity reference doses reflecting effects on survival, growth, or reproduction.   

4.6.3 Wetland Soils Analysis of Exposure and Effect 

Methods for evaluating exposure and effect are described below.  

4.6.3.1 Analysis of Exposure 

Exposure of site receptors to COPCs was evaluated by media samples of wetland soil collected during the 
RI and previous sampling events.  The Wetland Soils Habitat Area is represented by 13 soil samples, 
illustrated on Figure 4-7. Wetland soil samples associated with this area are listed in Table 4-1, and are 
the same as the SLERA.  Analyses performed on each sample are identified in Table 4-4. 

Exposure of wildlife receptors to COPCs was evaluated by food chain modeling, according to the 
methods described in the SLERA and provided in Appendix J.  For this study, species representative of 
the carnivore and the herbivore consisted of the short-tailed shrew (carnivore) and the cottontail rabbit 
(herbivore). Both of these species are typical of herbaceous wetland habitats.  Natural history 
descriptions of these two species were presented in the SLERA, and quantitative aspects of life history are 
provided in Table 4-5.  For this assessment, the worm and soil ingestion rate for the short-tail shrew have 
been updated to reflect values used by EPA in generating Ecological Soil Screening Levels (Eco-SSLs; 
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EPA 2003, 2005a).  As part of this effort, EPA conducted extensive background studies on both exposure 
parameters and TRVs, and these values are considered to be more accurate than single-study toxicity data 
or exposure values previously obtained from EPA’s Wildlife Exposure Factors Handbook (EPA, 1993). 

In this modeling, average and 95% Upper Confidence Limit (UCL) concentrations of COPCs in surface 
water and sediment are used to estimate a body dose, in mg/kg body weight /day, received by each 
receptor. Concentration of COPCs in prey (invertebrates) and vegetation was estimated directly from 
wetland soil data; no sampling of food items was conducted.  Both the shrew and the rabbit were assumed 
to obtain drinking water from the Aquatic Wetland; thus Aquatic Wetland surface water values were used 
in the equations. In the SLERA, surface water values from the Site Channel portion of the Upper Sutton 
Brook were used to represent ingested surface water, as part of the conservative approach used in that 
assessment. However, this reach of the Upper Sutton has relatively little habitat of suitability for both 
species: the channel has steep banks and deep water, and adjoining land rises onto the landfill sideslopes. 
Greater populations of both shrews and rabbits are thus expected to exist in the larger, more herbaceous 
areas around the Aquatic Wetland, particularly the area downgradient of the landfills, so values from the 
Aquatic Wetland Habitat area were used in this assessment as part of more realistic refinement of risk 
estimates. While the Eastern Reach portion of the Upper Sutton Brook also provides a small area of 
suitable habitat, surface water concentrations of the wildlife COPCs (arsenic, manganese, and vanadium) 
are significantly lower than detected in the Aquatic Wetland.    Exposure doses to wildlife in areas 
adjoining the Eastern Reach would thus be less than calculated in the Aquatic Wetland.   

4.6.3.2 Analysis of Effect 

Potential effects of Wetland Soil COPCs were evaluated by LOAEL-based benchmarks for plant and soil 
invertebrate receptors (Table 4-6), and LOAEL TRVs for the shrew and the rabbit.  TRVs used to 
evaluate potential effects on the shrew and the rabbit are shown in Table 4-8 and 4-9.  The shrew TRV for 
manganese (Table 4-9) was obtained from mammalian toxicity data by allometric scaling, which adjusts 
estimated TRV values to account for the specific body weight of the receptor species.  This value is 
consistent with that used in the SLERA. The TRVs for arsenic and vanadium, however (Table 4-8), were 
updated to reflect values used by EPA in the development of the Eco-SSLs for these two compounds 
(EPA 2005b, 2005c).  Consistent with EPA’s approach for the Eco-SSLs, the same TRV values for 
arsenic and vanadium were used to evaluate effects on both the shrew and the rabbit, which have different 
body weights.  EPA did not scale toxicity values in accord with mammalian body weight; rather they 
considered their approach of using the lowest bounded NOAEL from a large and comprehensive dataset 
to be sufficiently conservative to cover body size effects.       

4.6.4 Wetland Soils Risk Characterization 

Wetland soils were evaluated in regard to the four receptors described above:  plants, soil invertebrates, 
mammalian carnivores (shrews) and mammalian herbivores (rabbit).  These are discussed separately 
below. Full data results are provided in Appendix A. 

4.6.4.1 Wetland Soils Plant Risk Characterization 

As shown on Table 4-36, maximum concentrations of 11 COPCs were detected in soil in excess of 
NOAEL-based benchmarks for plants. However, six of these compounds (aldrin, benzo(b)fluoranthene, 
chrysene, fluoranthene, phenanthrene, and pyrene) exceeded benchmarks in a single sample only, SD
12(99), which is located near the streambank opposite the landfill  in a floodplain area about 200 ft. 
downstream from the crossing of the access road to the composting facility (Figure 4-7).  Aldrin is a 
pesticide used mainly against termites and soil insects which attack field, forage, vegetable, and fruit 
crops. The five other compounds are components of heavy oil, such as engine oil, and asphalt products. 
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The area around SD-12(99) receives floodwater and surface water runoff from the uncurbed, very muddy 
and rutted dirt access road, and likely reflects the effect of heavy truck traffic to the composting facility, 
rather than specific landfill effects. Concentrations of constituents in these samples are consistent with 
levels found in urban soil generally, as the result of vehicle traffic and air emissions (Bradley et al. 1994). 
Exceedances of these six compounds were not large (HQ of 2.2 or less) and are based on conservative 
NOAEL-based benchmarks, so these exceedances are not expected to reflect significant risk to plants.  Of 
note is that elevated concentrations of these constituents were not detected in other samples proximate to 
SD-12(99). 

Manganese was detected in three locations at concentrations resulting in plant-based NOAEL-HQs of 2.4 
or less. Two of these locations, WS-106(05) and WS-107(05), were located near SD-12(99), and were in 
the floodplain area of Sutton Brook adjacent to or near the access road (Figure 4-7).  Both samples were 
on the opposite side of Sutton Brook from the landfill lobes, so would be inaccessible to normal landfill 
surface water runoff due to the intervening stream channel.  The third location, GP-07(04), is located in 
the wet soils adjacent to the Aquatic Wetland area near the southwestern edge of the Northern Lobe.  All 
of these locations are wet floodplain areas subject to periodic inundation and anoxic soil conditions, and 
the presence of manganese is often a natural consequence of these conditions.  However, because 
manganese has been detected in groundwater near the location of sample GP-07(04), manganese 
concentrations were also compared to LOAEL-based benchmarks, shown in Table 4-39.  The maximum 
LOAEL-based HQ was 0.2.    Because maximum concentrations of this compound are well below actual 
effects levels and the location of elevated concentrations suggests non-site influences, this compound is 
not expected to be associated with potential risk.   

Arsenic exceeded the NOAEL-based plant benchmark of 18 mg/kg (Appendix K) in only one of twelve 
locations (SS-9(04)), producing an HQ of 1.7.  This sample is in the floodplain area adjacent to the 
Aquatic Wetland.  This single low exceedance is not expected to present a potential risk to widespread 
plant abundance.  

Mercury, selenium and vanadium exceeded plant NOAEL-based benchmarks in 3 or more of the 12 
wetland soil samples collected.  Mercury exceeded the value used as a plant NOAEL benchmark in nine 
samples, which reflects a high level of conservatism used in selecting this benchmark in the SLERA.  The 
plant benchmark used in the SLERA was based on Efroymson, et al 1997a, which lists 0.3 mg/kg as the 
recommended mercury benchmark for plants  Efroymson et al. based the benchmark on two studies, one 
of which indicated unspecified toxic effects (a LOAEL) at 0.3 mg/kg mercury, and a second which 
indicated a NOAEL at 34.9 mg/kg and a LOAEL of 64 mg/kg. Efroymson thus recommended a plant 
benchmark of 0.3 mg/kg.  To convert this value to a true NOAEL, we applied an uncertainty factor of 10 
to obtain a NOAEL of 0.03, which was the benchmark used in the SLERA.  In this BERA, 0.3 mg/kg is 
used as a conservative plant LOAEL, to be consistent with the LOAEL selection methodology used for 
other COPCs. 

To evaluate the potential for effect, maximum values of mercury, selenium, and vanadium were compared 
to LOAEL-based plant benchmarks, which represent the lowest concentration at which effects are likely. 
These values were shown on Table 4-6.  This comparison is presented in Table 4-39.  As shown on this 
table, maximum concentrations of selenium and vanadium exceeded LOAEL-based benchmarks, 
producing HQs of 1.4 and 6.4, respectively. Mercury did not exceed the LOAEL-based benchmark.  

Selenium exceeded LOAEL-benchmarks in two samples, SS-5(04) with an HQ of 1.1 and WS-106(05) 
with a HQ of 1.4.  Selenium concentrations in these samples were 1.8 mg/kg and 2.4 mg/kg, respectively, 
and concentrations of selenium in Wetland Soil samples generally ranged from 0.24 mg/kg to 1.8 mg/kg 
(Appendix A). The low exceedance in a few samples suggests that effects are not likely to be large or 
widespread. 
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Vanadium exceeded benchmarks in nearly all samples from both wetland soil and reference locations, 
suggesting that observed concentrations of this metal may be widespread in this area and not specifically 
related to landfill operations. In addition, the cited LOAEL value from the literature is likely to 
overestimate potential risk levels.  In accord with the practice of using the lowest LOAEL, site values 
were compared to a plant LOAEL of 2.5 mg/kg, which was the lower of LOAEL values from two studies 
listed by Efroymson et al 1997.  However, the second of the two studies suggested a LOAEL of 50 
mg/kg, indicating that the 2.5 mg/kg value may be conservative; Efroymson herself has “low confidence” 
in the NOAEL benchmark based on it.  Since the maximum concentration detected was well below the 
second LOAEL value of 50 mg/kg, and since a large measure of uncertainty attends the cited 2.5 mg/kg 
LOAEL, detected concentrations of vanadium cannot be assumed to present a potential risk to plant 
receptors. 

As an additional point of comparison, selenium and vanadium concentrations were also compared to 
reference concentrations.  Site selenium concentrations ranged from 0.24 mg/kg to 1.8 mg/kg. 
Concentrations in six wetland soil reference samples ranged from 0.47 mg/kg to 2.5 mg/kg. Thus, 
detected site concentrations of selenium are within natural ranges detected in reference samples. 
Maximum site concentrations are lower than detected in reference samples.   

Vanadium concentrations in Wetland Soil site samples ranged from 2.6 mg/kg to 16 mg/kg.  Similar 
concentrations were detected in reference samples, where vanadium concentrations ranged from 2.2 
mg/kg to 14 mg/kg.  Vanadium concentrations in all reference samples except one exceeded the 2.5 
mg/kg LOAEL. 

Based on this assessment, detected concentrations of COPCs in Wetland Soil are not expected to present a 
potential risk to plant communities.  Detected concentrations are either close to NOAELs, or below 
representative LOAEL values.  

4.6.4.2 Wetland Soils Invertebrate Risk Characterization 

In the SLERA, maximum concentrations of benzoic acid and mercury exceeded NOAEL-based 
benchmarks for invertebrates, as shown in Table 4-36.  Both of these exceedances are discussed in turn, 
below. 

Benzoic acid concentrations exceeded the NOAEL-based benchmark of 0.035 mg/kg in two samples: SS
13(04), near the former Drum Disposal Area and SS-9(04), near a construction debris pile west of the 
Northern Lobe (Figure 4-7). However, due to the lack of data on invertebrate effects, the soils benchmark 
for benzoic acid used in the SLERA had a high level of uncertainty.  Because no soils-based toxicity data 
was available, the benchmark for that report was generated by equilibrium partitioning using surface 
water benchmarks for aquatic invertebrates developed by Suter and Tsao, 1996.  The surface water 
benchmark cited in that document is actually based on toxicity data for fish.   

To more accurately access benzoic acid effects in this BERA, recent research by Saha et al 2006 on 
benzoic acid effects on various freshwater invertebrate species was used.  This research indicated a 96
hour LC50 of 39.47 mg/l for oligochaete worms, which was divided by 10 to estimate a LOAEL 
concentration. This concentration, along with an average wetland soil total organic carbon value of 7.4% 
for wetland soils (Appendix A) was incorporated into the equilibrium partioning equation described in the 
SLERA to obtain a revised benchmark.  The resulting value, 4.2 mg/kg, was used as a revised LOAEL-
based benchmark for wetland soils invertebrates.   

No concentrations of benzoic acid in wetland soils exceed the LOAEL-based benchmark.  The highest 
value, 0.780 mg/kg in SS-9(04), produced a revised LOAEL-based HQ of 0.19.  No risk is thus 
anticipated to wetland soil invertebrates from this compound.  
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Mercury was detected in wetland soils at concentrations ranging from 0.032 to 0.3 mg/kg, and exceeded 
the invertebrate NOAEL-based benchmark of 0.1 mg/kg (Efroymson, et al 1997b) at three locations 
(Table 4-36). This NOAEL-based benchmark was obtained by Efroymson et al by the application of an 
uncertainty factor to a literature-based LOAEL value of 0.5 mg/kg.  Thus, the original LOAEL of 0.5 
mg/kg was used as the invertebrate LOAEL-based benchmark for mercury.  No concentrations of 
mercury exceeded this LOAEL value.  Because these data indicate that mercury concentrations are below 
documented effects levels,  no potential risk to invertebrates is expected. 

Mercury concentrations in Wetland Soil were also similar to reference concentrations.  Wetland Soil 
concentrations ranged from 0.027 to 0.3 mg/kg, while reference soil concentrations ranged from 0.019 
mg/kg to 0.24 mg/kg (based on reference soil samples in the BERA data set, which differs somewhat 
from human health risk assessment data set; see Section 4.2.2.1). 

In general, this assessment indicates that detected concentrations of COPCs in Wetland Soil are not 
expected to adversely affect soil invertebrates. Maximum concentrations of both benzoic acid and 
mercury are below LOAEL values associated with the onset of effects.  

4.6.4.3 Wetland Soil Wildlife Risk Characterization:  The Short-Tailed Shrew  
Potential effects to carnivores were evaluated by estimating exposures to the short-tailed shrew. 
Estimated concentrations in earthworm prey are shown in Table 4-40, while estimated exposure doses and 
LOAEL-based HQs are shown in Table 4-41.  Values for average, 95% UCL, and maximum soil 
concentrations are used to estimate a range of exposures; however, because of the small home range size 
of the shrew (0.39 ha, or about an acre), only maximum values are used to evaluate potential effects.  

As shown, no LOAEL-based HQs for manganese or vanadium exceed 1.0 under maximum exposure 
conditions. The arsenic LOAEL-based HQ produced an HQ of 1.1 under maximum exposure conditions. 
However, the maximum arsenic concentration of both surface water SW-35(04)and sediment (SS-9(04)) 
were substantially (1.6 to 1.9 times) higher than other concentrations, so the number of individuals 
actually exposed to concentrations close to these values is expected to be small.  For this reason, little or 
no effect on shrew populations is expected.  Effects on individual shrews living in the area of maximum 
concentrations are expected to be minor, based on the slight exceedance of the LOAEL-based HQ (1.1). 

Based on this assessment, exposure of the short-tailed shrew to Wetland Soil COPCs is not expected to 
present a potential for risk. 

4.6.4.4 Wetland Soil Risk Characterization for the Herbivores:  The Cottontail Rabbit 

The cottontail rabbit was modeled as a representative herbivore under average, 95% UCL, and maximum 
concentrations of arsenic and vanadium.  No other exposure assumptions were modified for this species. 
Updated TRV values used to evaluate effects are listed in Table 4-8.   

HQs based on this range of exposure concentrations are presented in Table 4-43.  As shown, no estimated 
exposures exceeded either NOAEL- or LOAEL-based benchmarks, under maximum exposure conditions. 
Thus, no potential for risk is expected for the cottontail rabbit.   

4.6.5 Conclusion: Potential Risk from Wetland Soils 

Based on the results of this assessment, no significant potential for risk is indicated for plants, soil 
invertebrates, site carnivores (represented by the shrew), or site herbivores (represented by the rabbit) as 
the result of exposure to Wetland Soil COPCs.   Calculated HQs were below representative LOAEL-
based toxicity values. Vanadium plant LOAEL benchmarks are associated with a large uncertainty, and 
risk cannot therefore be assumed.  

Sutton Brook Disposal Area Superfund Site (210517) Woodard & Curran  

Section 4 BERA.doc 4-37 May 2007 




 

 

 

 
 

 

 

 

  
 

 
 
 

 

 
 

 

 

 

 
 

 
 

 

 

 

  
 

4.7 UPLAND SOILS 

An evaluation of potential risks associated with upland soils around the former residence, garage and 
storage area is presented in this section.   However, the area of study included in the Upland Soils Habitat 
Area has been modified since the SLERA, as described below.  

In the SLERA, the Former Drum Disposal Area (FDDA) was considered to be part of the Upland Habitat 
Area.   As discussed in the RI report, the sampling approach developed and implemented in the RI 
included the collection of several soil samples from this area.  In accordance with the plan, soil samples 
were field screened and the sample depth that represented the highest response factors were submitted for 
laboratory analyses.  As such, the majority (all but one sample – SB-03(04)) were submitted from depth 
intervals below 1 foot. The results from both the SLERA (using this one sample) and the preliminary 
human health risk assessment indicated that soil concentrations were driving risk in these limited sample 
locations. In addition, soil contamination was also detected near and below the water table surface, which 
was contributing to groundwater impacts. 

Based on the results of the SLERA, the preliminary refinement performed as part of this assessment, and 
conversations with EPA during the development of this assessment with regard to the number and type of 
soil samples in relation to preliminary results and presumed remedial actions, a potential risk has been 
assumed and no further refinement or evaluation of the data in addition to the SLERA was performed in 
this area as part of this BERA.  However, the remainder of the Upland Soils Habitat Area (without SB
03(04)) has been evaluated further in the sections below.   Risks for the FDDA are presented at the end of 
this section, and are based on the evaluation conducted in the SLERA.     

As the result of this change, both the number and concentrations of COPCs have changed somewhat from 
the SLERA, since some compounds were detected only in FDDA sample SB-03(04) and nowhere else. 
These changes are noted in the appropriate sections below.  

4.7.1 Upland Soils Habitat Description 

This area consists primarily of the upland soils around the former residence, garage, and storage area 
(Figure 4-7). These areas consist of open packed dirt and fields between the property boundary and the 
small northern tributary to Sutton Brook.  An abandoned house, a large garage, various unused vehicles, 
and a variety of debris are present in this Habitat Area near the former entrance to the landfill.  This area 
is overgrown in some areas with native and invasive weeds and grasses. 

As described in Section 4.2.1, the New Jersey tea inchworm (Apodrepanulatrix liberaria, an Endangered 
moth) and frosted elfin (Callophrys irus, a Special Concern butterfly) are upland species that have been 
documented in the vicinity of the site.  Both rely on critical host plants (New Jersey tea for the moth, and 
wild indigo and wild lupine for the butterfly) that have the potential to exist in this area, although none 
were documented in the floral surveys of either the Ecological Characterization or Wetland Delineation 
conducted for the Site.   

4.7.2 Upland Soils Problem Formulation 

The components of the Upland Soil Problem Formulation is presented below.    

4.7.2.1 Upland Soil Exposure Pathways and Potential Receptors 

The Upland Habitat Area is comprised of the generally disturbed and impacted areas around the former 
residence and garage, and associated work areas near the former entrance to the landfill.  Contaminants in 
this area may be present as the result of direct deposition (spills and releases) from vehicles, or from 
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debris or miscellaneous waste material stored around the area.  Vegetation consists of pioneer and 
invasive species characteristic of disturbed areas. 

The primary exposure medium is site soils.  Potential receptors may include small mammals, which 
through burrowing or consumption of contaminated invertebrate prey or plants may be exposed to site 
contaminants; also insectivorous birds, and other grazing or burrowing species that may incidentally 
ingest soils. However, because of the relatively poor quality of the habitat in this area, potential receptors 
are likely to be limited under current conditions.   

A conceptual site model describing potential exposure pathways and receptors for the Upland Habitat 
Area is shown in Figure 4-9. 

4.7.2.2 Upland Soil Contaminants of Potential Concern 

Upland soils were evaluated in the SLERA by comparing maximum concentrations to appropriate 
NOAEL-based benchmarks.  However, many of the maximum concentrations reported in the SLERA 
were obtained in the FDDA sample SB-03(04).  Maximum concentrations of many compounds are much 
lower (below benchmarks) in the non-FDDA portion of the Upland Soils,  and two compounds, 1,2,4
trimethylbenzene and 1,3,5-trimethylbenzene were not detected at all.   For this reason, the COPCs 
evaluated in this BERA are different than those reported in the SLERA.  Summary statistics for the 
SLERA COPCs detected in the Upland Soils Habitat Area, exclusive of SB-03(04), are shown in Table 4
44. 

To determine Upland Soil COPCs for plants and invertebrates,  maximum concentrations of the Upland 
Soil COPCs identified in the SLERA were compared to the SLERA NOAEL-based benchmarks. This 
comparison is shown in Table 4-45.  As shown, maximum concentrations of eight compounds in the non-
FDDA portion of the Upland Soils exceeded benchmarks, and so are evaluated further in this BERA.  For 
wildlife, all COPCs with HQs greater than one in the SLERA (Table 4-45) were subject to additional 
evaluation in this BERA, with the exception of 1,2,4-trimethylbenzene and 1,3,5-trimethylbenzene, which 
were only detected in the FDDA.  BERA COPCs resulting from this process for are listed in Table 4-46.   

4.7.2.3 Upland Soils Assessment Endpoints and Measures of Effect  

Assessment endpoints for the Upland Soils reflect both the habitat characteristics and the findings of the 
SLERA and are described in this section.  In the SLERA, maximum estimated doses of Upland Soil 
COPCs to a representative herbivore, the meadow vole, all were below NOAEL-based TRVs.  This 
feeding guild is thus not included as an assessment endpoint for this BERA.  Other assessment endpoints 
remain similar to those in the SLERA, and are presented below:   

Assessment Endpoints for the Upland Soils 

1.	 abundance and diversity of plant species; 

2.	 survival and growth of invertebrate species; and 

3.	 survival, growth, and reproduction  of site carnivores.  

Measures of effect for these assessment endpoint were the same as in other Habitat Areas:    

•	 comparison of all COPC concentrations to toxicological values reflecting levels of effect on 
survival, growth, and reproduction; 

•	 comparison of the estimated body dose of receptors, as estimated from food chain modeling of 
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higher trophic level receptors using calculated values for COPCs in plant and prey items, to 
literature-based toxicity reference doses reflecting effects on survival, growth, or reproduction.   

4.7.3 Upland Soils Analysis of Exposure and Effect 

Components of exposure and effect are described below. 

4.7.3.1 Analysis of Exposure 

Exposure of site receptors to COPCs was evaluated by media samples of upland soil collected during the 
RI and previous sampling events.  The Upland Soil habitat area is represented by 12 soil samples, 
excluding SB-3(04), illustrated on Figure 4-7 and listed on Table 4-1.  Analyses performed on each 
sample are identified in Table 4-4.  

Exposure of wildlife carnivores to Upland Soil COPCs was evaluated by food chain modeling, according 
to the methods described in Appendix J.  Consistent with the SLERA, the American robin was chosen as 
the species representative of the carnivore.  This species is typical of upland and mixed woodland areas, 
and has been observed at the site. Natural history descriptions of this species were presented in the 
SLERA, and quantitative aspects of life history are provided in Table 4-5.    

For this assessment, exposures of the robin to Site COPCs in the Upland Soils Habitat Area were 
evaluated by using average, 95% UCL, and maximum soils data.  Average and 95% UCL data accurately 
reflect exposure by a freely roaming receptor such as the robin.  Concentration of COPCs in prey 
(invertebrates) and vegetation was estimated directly from soil data; no sampling of food items was 
conducted. In addition, the robin was assumed to feed 50% of the time in the Upland Soil Habitat area, 
and 50% of the time in off-site areas.  This assumption reflects the fact that much of the Upland Soils 
habitat area lies near or adjacent to the site boundary, and that large areas of suitable habitat (mixed 
hardwood forests, residential lawns and shrubbery, and open areas) surround the site.  Much of the 
Upland Soils areas consists of compacted soil with little vegetation or suitable habitat for soil 
invertebrates, which would further reduce the desirability of the area for feeding.  Roosting areas are 
restricted to the woodlands along the northwest edge of the site, near the former residence, and breeding 
populations in this area would be expected to forage largely off-site.  For these reasons, a 50% use factor 
was assumed to more accurately reflect actual site usage for this receptor.     

In addition, the diet of the robin was adjusted to more accurately reflect the mixed composition of food 
items ingested by this species.   According to Wheelwright, 1996, the proportion of fruit in robins’ diets 
was influenced by several factors, especially time of year: fruit constituted more of the diet in the fall and 
winter (median values >90%) than in the spring (<10%); summer values were intermediate. Male and 
female robins did not differ in the proportion of fruit eaten in any month in any region. In addition, the 
stomachs of juvenile robins generally contained a higher proportion of fruit than did stomachs of adults. 
For these reasons, a mixed diet of fruits and invertebrates was used to more accurately reflect the average 
robin diet, rather than an exclusively invertebrate diet, as was assumed in the SLERA.  Specific values are 
shown in Table 4-5. 

4.7.3.2 Analysis of Effect 

Potential effects of Upland Soil COPCs were evaluated by LOAEL-based benchmarks for plant and soil 
invertebrate receptors (Table 4-6) and LOAEL TRVs for robin (Table 4-7).  As discussed in Section 
4.4.3.2, the NOAEL and LOAEL for lead has been updated to reflect EPA usage in the Eco-SSLs.  
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4.7.4 Upland Soils Risk Characterization 

Upland Soils were evaluated in regard to the three receptors identified above:  plants, soil invertebrates, 
and avian carnivores (the robin).  These are discussed separately below.  As noted, the FDDA, 
represented by SB-03(04), is not included in this evaluation.  

4.7.4.1 Upland Soils Plant Risk Characterization 

As shown by the plant HQs listed in Table 4-45, maximum concentrations of six compounds in Upland 
Soil exceeded NOAEL-based benchmarks for plants in the SLERA.  Much of the area contained in the 
Upland Soils habitat area was the location of debris and machinery storage, and the presence of low 
concentrations of the detected organics and metals is a likely consequence of this use.  The soil 
throughout much of the area consists of compacted soil from truck traffic and material storage activities.     

Maximum concentrations of two compounds (1,2,4-trichlorobenzenene and zinc) exceeded plant 
benchmarks in two or fewer of nine or more samples and produced NOAEL-based HQs of 2.0 or less. 
1,2,4-trichlorobenzene only slightly exceeded (HQ of 1.2) the NOAEL benchmark in a single location, so 
is not likely to cause a significant ecological impact. Zinc (HQ of 2.0) was detected in two samples at 
concentrations exceeding the NOAEL.  Sample SO-07(99) in the vicinity of the maintenance garage 
contained 379 mg/kg zinc.  Zinc was also detected at SO-01(99) at a concentration of 199 mg/kg, slightly 
over the 190 mg/kg plant benchmark.  The NOAEL-based benchmark for zinc (190 mg/kg) is a draft 
Eco-SSL developed by EPA, and represents a geometric mean of acceptable toxicity values (calculated 
variously by EPA) from 19 studies.  However, six of these studies showed acceptable toxicity values of 
between 299 mg/kg and 361 mg/kg, suggesting that the 379 mg/kg of zinc detected in Site sample SO
07(99) is not likely to be in the range associated with significant effects.   Because all other zinc 
concentrations were considerably lower than 379 mg/kg, effects, if any, are expected to be localized.  

Lead exceeded NOAEL-based benchmarks in three locations, producing a maximum NOAEL HQ of 1.9, 
relative to the NOAEL-benchmark in the SLERA of 120 mg/kg (Appendix K).  All three locations with 
lead concentrations exceeding the NOAEL-based benchmark were located in the area near the former 
residence and garage, and HQs for these samples –  SO-09(99), SO-07(99), and SO-01(99) ranged from 
1.1 to 1.9. Concentrations in these samples ranged from 136 mg/kg to 233 mg/kg (Appendix A), values 
typical of concentrations in urban soil, which has been found to average 389 mg/kg of lead in the urban 
Boston area (Bradley et al 1994).  Because of the low number of relatively low HQ values, and the 
consistency with urban soil generally, lead is not considered to present a potential risk to plants.    

The remaining three compounds, 2,4-dimethylphenol, mercury, and vanadium, produced NOAEL-based 
HQs greater than 3.0 in at least one location, so were evaluated further through additional toxicity data. 
NOAEL-based HQs for these compounds ranged from 8.7 to 9.0. 

2,4-dimethylphenol was detected only in SO-07(99), collected from near the garage,  and produced a 
NOAEL HQ of 8.9.  The benchmark for 2,4-dimethylphenol (0.01 mg/kg) was cited by EPA Region 5 as 
a value based specifically on exposure to plants, with no further detail provided.  No specific plant 
LOAEL toxicity data could be located; however, the NOAEL value cited  is up to three orders of 
magnitude less than plant screening values for other phenols, which have benchmarks ranging from 3 
mg/kg for pentachlorophenol to 70 mg/kg for phenol (Efroymson et al, 1997a), suggesting a high level of 
conservatism in the NOAEL value. For this reason, the 0.089 mg/kg of 2,4-dimethylphenol is not 
expected to signify a level of risk sufficient to initiate further assessment.   

Mercury and vanadium both also produced HQs greater than 3.0 and so were compared to the LOAEL-
based plant values presented and described in Table 4-6.  As shown in Table 4-47, maximum 
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concentrations of mercury did not exceed LOAEL-based benchmarks.  As noted on Table 4-6c, the value 
used as the mercury LOAEL (0.3 mg/kg) is recommended by Oak Ridge National Laboratory researchers 
as a screening level benchmark, so is normally used as a NOAEL-based value.  It is used as a LOAEL 
here because it was the lowest effect level in the study cited by Oak Ridge.  No adverse effect is expected 
from mercury. 

Maximum concentrations of vanadium exceeded plant LOAEL-based benchmarks, producing a LOAEL-
based HQ of 7.2.  Vanadium exceeded the LOAEL-based plant benchmark of 2.5 mg/kg by at least six 
times in all 11 samples tested (see data in Appendix A), and in all but one of 14 reference samples.  As 
described previously in Section 4.6.4.1, the 2.5 mg/kg plant benchmark may be overly conservative, since 
other data cited by Efroymson et al. suggested a LOAEL value of 50 mg/kg, which is well above the 
maximum of 18 mg/kg detected in Upland Soils. Thus, although concentrations exceed the lowest 
LOAEL value, significant uncertainty surrounds the this LOAEL value and suggests that effects may be 
less then suggested. Thus, a potential for risk to plants from exposure to vanadium cannot be assumed.     

As an additional point of comparison, concentrations of vanadium were also compared to reference 
concentrations. The concentration of vanadium in Upland Soils ranged from 9.2 mg/kg to 18 mg/kg. 
Concentrations of vanadium in reference samples ranged from 2.2 mg/kg to 14 mg/kg.  According to 
EPA, mean concentrations of vanadium in Massachusetts soil is 87 mg/kg (EPA 2003), and the maximum 
concentrations of vanadium in Upland Soil (18 mg/kg) is well below this value.   

Based on these results, no significant risk to plants is indicated from Upland Soil COPCs, since HQ 
exceedances were generally low and infrequent.  

This finding has particular relevance for the endangered New Jersey tea inchworm and the “special 
concern” frosted elfin butterfly (Section 4.2.1), both of which rely on one or two critical host plants for 
feeding and/or reproduction. While none of these critical host plants were identified at the site during the 
Ecological Characterization and other studies, the results of this evaluation suggests that host plant 
species, if present, would not be affected by detected concentrations of COPCs.  Thus, the food base and 
larval host plant population required by the protected moth and butterfly are expected to be unaffected by 
detected concentrations of site contaminants.   

4.7.4.2 Upland Soil Invertebrate Risk Characterization 

HQs based on invertebrate benchmarks are also presented in Table 4-45.  As shown, four compounds: 
4,6-dinitro-o-cresol, copper, mercury, and zinc, exceeded NOAEL-based HQs in at least one sample. 
These exceedances were examined and evaluated further. 

4,6-Dinitro-o-cresol was detected in one of 10 samples, producing a NOAEL-based HQ of 1.7.    As 
discussed earlier (Section 4.2.3) this single occurrence and low NOAEL HQ is not considered to be 
reflective of potential risk, because of the relatively high level of conservatism associated with NOAEL-
based benchmarks. 

The remaining three 3 compounds (copper, mercury, and zinc) exceeded benchmarks in two or more 
samples or by a large margin, so were compared to LOAEL-based toxicity values.  This comparison is 
shown in Table 4-48. 

As shown by Table 4-48, maximum values of mercury were well below the LOAEL-based benchmark for 
mercury.  The potential for risk from mercury is thus expected to be low.   

Copper and zinc, which are naturally occurring inorganics, also exceeded LOAEL toxicity values.  A 
review of site data shows that copper LOAEL HQs exceeded 1.0 in three samples, with HQs ranging from 
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1.1 to 1.4.  All three samples, SO-09(99), SO-07(99), and SO-01(99), had copper concentrations ranging 
from 66.9 mg/kg to 88.3 mg/kg, and all were located around the former residence and associated work 
yards and material storage areas.  However, the LOAEL used to evaluate these concentrations may not 
accurately represent a true effects level for these soils.  Specifically, the LOAEL for copper (63 mg/kg) 
was the lowest measured LOAEL among 18 studies cited by Efroymson et al 1997b;  LOAELs in other 
17 studies ranged from 100 mg/kg to 2,000 mg/kg, depending on soil and compound type, suggesting that 
toxicity is highly site-specific and usually less than indicated by the 63 mg/kg LOAEL.  The 
preponderance of LOAEL data substantially higher than the lowest LOAEL value cited in Table 4-48 
suggests that a high degree of uncertainty is associated with the calculated LOAEL-based copper HQ, and 
that actual toxicity is likely to be substantially less than suggested.  These data thus are not considered to 
indicate a significant potential for risk. 

Zinc produced a LOAEL-HQ > 1.0 in one sample:  SO-07(99) with 379 mg/kg of zinc (HQ of 2.0). This 
sample is located near the garage, and  may reflect the presence of stored metal machinery or galvanized 
parts in these areas. However, the presence of zinc at a concentration of twice the LOAEL in SO-07(99) 
suggests a potential for risk from this compound at this location.   Because LOAEL exceedances are not 
widespread, however, effects are likely to be localized around the area of SO-07(99). 

Based on this assessment, the concentrations of zinc at  SO-07(99) may present a localized potential risk 
to soil invertebrates. 

4.7.4.3 Risk Characterization for Site Carnivores (American Robin) 

In the SLERA, effects on wildlife from exposure to upland soil were evaluated through food chain 
modeling of the American robin (a carnivore) and the meadow vole (an herbivore).  This effort estimates 
exposure doses to these receptors through bioaccumulation, as estimated from soil concentrations.  As 
shown by Table 4-45, no COPCs produced HQs > 1.0 for the meadow vole, indicating  no potential risk 
to this species. 

Maximum concentrations of 10 compounds produced HQs > 1.0 for the robin, so were subject to 
evaluation under the more realistic exposure assumptions described in Section 4.7.3.1.  

Tables 4-49 through 4-53 show food-based exposures for the robin, and Tables 4-54 through 4-56 show 
estimated exposure doses and NOAEL- and LOAEL-based HQs for the robin under an average, 95% 
UCL, and maximum exposure assumption.  As shown by Table 4-54, both di-n-octylphthalate and lead 
produce LOAEL-based HQs greater than 1.0 under average exposure conditions.  The LOAEL-based HQ 
for di-n-octylphthalate is 1.1, reflecting an average soil concentration of 0.24 mg/kg.   

Average lead concentrations (100.5 mg/kg) from across the Upland Soils area produced a LOAEL-based 
HQ of 1.5. Lead concentrations between 100 and 233 mg/kg were present in samples SO-01(99), SO-
04(99), SO-05(99), SO-07(99), SO-09(99), and SO-10(99), all of which were located next to the 
residence or in the former storage areas. 

To determine concentrations of di-n-octylphthalate and lead that would result in a LOAEL-based HQ of 
1.0 or less, the food chain models of Tables 4-49 through 4-54 were run backwards, using soil 
concentration as the variable.  From this exercise, a concentration of 0.20 mg/kg of di-n-octylphthalate 
was determined to result in an LOAEL-based HQ of 1.0.  Likewise, a lead concentration of 65 mg/kg was 
determined to reduce the lead LOAEL-based HQ to 1.0.  These concentrations thus serve to identify the 
soil concentration associated with an upper bound of potential risk. 

Based on this assessment, concentrations of di-n-octylphthalate and lead in the Upland Soils have the 
potential to present a risk to site carnivores, as represented by the American Robin.    
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4.7.5 Conclusion: Potential Risk from Upland Soils  

Based on the results of this assessment, no significant potential for risk is indicated for plants from 
Upland Soils. However, the concentration of zinc at  SO-07(99) may present a potential risk to soil 
invertebrates, although this risk is expected to be localized.  In addition, concentrations of lead and di-n
octylphthalate in Upland Soils have the potential to present a risk to site carnivores, as represented by the 
American Robin.   

4.8 UNCERTAINTY ANALYSIS 

Ecological risk assessments are subject to a wide variety of uncertainties as the result of both the 
assumptions used to describe site conditions, receptor exposure, and the natural variability in receptor 
behavior and toxicological response. Ecological risk assessments must estimate or infer information 
about receptors, exposures, and effects to reach a conclusion about potential effects at both the individual 
and population level.  While such assumptions do not negate the conclusions of the assessment, they 
influence how the conclusions are used when making risk management decisions. 

This risk assessment was conducted in accordance with EPA guidance and standard practice regarding the 
use of benchmarks and food chain models.  However, numerous assumptions underlie data collection, 
data evaluation, risk analysis, and risk characterization.  These assumptions, and their tendency to lead to 
either an underestimation or overestimation of risk, are summarized in Table 4-57.  

4.9 SUMMARY 

This document presents the methods and results of a Baseline Ecological Risk Assessment (BERA) 
conducted as part of the Remedial Investigation of the Sutton Brook Disposal Area Superfund Site in 
Tewksbury, Massachusetts. The first component of this BERA was the completion of a Screening-Level 
Ecological Risk Assessment (SLERA). The SLERA evaluated five distinct habitat areas through the use 
of generic benchmarks and toxicity values.  The SLERA was completed in accord with EPA, 1997 
Ecological Risk Assessment for Superfund, and had as the primary objective the identification of exposure 
pathways and compounds that present a potential risk of adverse effects to ecological receptors.  In accord 
with EPA guidance, the evaluation approach compared maximum concentrations of identified 
contaminants of potential concern (COPCs) to generic no-effect or threshold-effect benchmarks to 
identify compounds that have a potential for adverse effect.  The results of the SLERA identified 
compounds exceeding benchmarks in each of the five habitat areas, indicating that further evaluation of 
these COPCs was warranted.   

The BERA consists of the further evaluation of the pathways and COPCs identified in the SLERA.  In 
the BERA, the conservative assumptions used in the SLERA are reviewed and, where appropriate, 
replaced by site-specific values to obtain a more accurate understanding of the ecological  risks at the site. 
In addition, the results of additional sampling and site-specific toxicity tests are included to more 
accurately assess the potential for exposure and effect in selected portions of the Site.  The goal of this 
assessment is to identify COPCs that present a potential risk to ecological receptors, and, for each of these 
COPCs, to describe the upper bounds of the threshold of effects.  

In the BERA, concentrations of COPCs in surface water, sediment and soils were used to estimate the 
potential for effects on aquatic and semi-aquatic receptors, waterfowl, and terrestrial wildlife at the Site. 
Potential risks to aquatic and semi-aquatic receptors were evaluated by a comparison of media 
concentrations to ecological benchmarks, while risks to waterfowl and wildlife were evaluated by the 
estimation of an exposure dose and comparison to established Toxicity Reference Values (TRVs).  Risks 
were evaluated separately for the following Habitat Areas and assessment endpoints at the Site:    
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•	 Upper Sutton Brook - consists of an Eastern Reach, extending from the access road to the 
bridge/crossing; the Southern Tributary, which enters Sutton Brook from the south; and the 
Site Channel, which extends from the bridge/crossing downstream to and including sample 
location SD/SW-34. 

-	 Assessment endpoints:  benthic and pelagic macroinvertebrates and fish 

•	 Aquatic Wetlands - consists primarily of emergent, shrub-scrub and forested wetlands that 
exist at various locations at the Site. 

- Assessment endpoints:  benthic and pelagic macroinvertebrates, amphibian, wildlife 
herbivore (black duck), omnivores (mallard), and carnivores (heron) 

•	 Pond - shallow man-made pond south of the Southern Lobe. 

- Assessment endpoints:  benthic and pelagic macroinvertebrates, amphibian, and, in 
conjunction with the Aquatic Wetland, wildlife herbivore, omnivores, and carnivores 

•	 Wetland Soils - consists of saturated, but not inundated, soils that exist adjacent to the 
Aquatic Wetland areas. 

- Assessment endpoints:  terrestrial plants and soil invertebrates, wildlife herbivores 
(rabbit) and carnivores (shrew) 

•	 Uplands - consists of open packed dirt and fields on the northern portion of the Site (e.g., 
former residence and garage). 

- Assessment endpoints:  terrestrial plants and soil invertebrates, wildlife herbivores 
(meadow vole) and carnivores (robin) 

A review of rare, threatened and endangered species databases and information sources indicated that the 
New Jersey Tea Inchworm (Apodrepanulatrix liberaria) (an Endangered moth) and frosted elfin 
(Callophrys irus) (a Special Concern butterfly) have been documented in the vicinity of the site.  The 
search also indicated that the project area is located within a priority habitat, Priority Habitat 380 (PH 
X380). Both of these species are upland species that are dependent on one or two specific host plants for 
reproduction and/or feeding, a characteristic that limits the suitability of many apparently appropriate 
habitats. Based on an assessment conducted as part of this BERA, neither of these species is considered 
likely to occur at the Site because of the lack of available populations of critical host plants; however, an 
evaluation of the potential effects of contaminants on these species was considered in the BERA. 

Risks in the Upper Sutton Brook Site Channel and the Former Drum Disposal Area portion of the Upland 
Soils habitat were not evaluated in this BERA.   The potential for risk in these areas was based on the 
conclusions of the SLERA only. 

Risk calculations are represented by the use of Hazard Quotients (HQs), which quantifies the comparison 
between the exposure experienced by a receptor to the exposures associated with toxicological effects 
(published in the literature). For receptors other than wildlife, the exposure concentration is the 
concentration of COPC detected at each location in surface water or sediment.  The waterfowl or wildlife 
receptors were evaluated based on average, 95% UCL, and maximum contaminant concentrations, to 
allow for three levels of conservatism in risk estimates.  An exception is the shrew, which, because of a 
small home range, was evaluated by use of maximum values only. 

Exposures are refined and compared to concentrations associated with the lowest or probable level of 
effect. These values, categorically referred to in this document as lowest observed adverse effect 
(LOAEL)-based benchmarks or TRVs, are used as a representative of an upper bound of the potential for 
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effect. These values typically consisted of generic probable effect level benchmarks or the lowest of the 
range of applicable effects values identified in the scientific literature.   

Risk was evaluated by several methods.  First, for each compound, the number, magnitude, and location 
of no-observed-adverse-effect level (NOAEL)-based HQs > 1.0 were evaluated.  Because of the 
conservatism of NOAEL-based benchmarks, small and infrequent exceedences are typically not 
associated with a likelihood of adverse effect.  Compounds exceeding NOAEL-based benchmarks by a 
large number or present in more than 3 samples were compared to LOAEL-based benchmarks.  The 
resulting LOAEL-based HQs were evaluated in conjunction with the number and location of LOAEL 
exceedances, and the scientific representativeness of the LOAEL value itself.  These considerations were 
combined to arrive at a final assessment of potential risk.  A comparison of detected concentrations of 
inorganics to reference concentrations was conducted in some instances as an additional point of 
comparison.       

Based on the results of the BERA, potential risks were identified in the following areas:   

Upper Sutton Brook: 

Reach:   Eastern Reach 
Media:   Surface water 
Assessment Endpoints: Fish and pelagic invertebrates  
COPCs: Iron (exceedance of chronic WQC) 

Reach:   Site Channel 
Media:   Surface water 
Assessment Endpoints: Fish and pelagic invertebrates  
COPCs: DDT, ethylbenzene, toluene, xylenes, barium, and manganese (from 

NOAEL exceedances in SLERA) 

Reach:   Site Channel 
Media:   Sediment 
Assessment Endpoints: Benthic invertebrates  
COPCs: 1,2,4-trimethylbenzene, 1,3,5-trimethylbenzene, 2-methylphenol, 3

methylphenol/4-methylphenol, 4-methyl-2-pentanone, acetone, carbon 
disulfide, chloroethane, ethylbenzene, xylenes, toluene, arsenic, and 
manganese (from NOAEL exceedances in SLERA) 

Aquatic Wetland 

Media: Surface Water 
Assessment Endpoint: Aquatic life 
COPCs: Iron (exceedance of chronic WQC) 

Media: Surface Water 
Assessment Endpoint: Amphibians 
COPCs:  Aluminum 
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Former Drum Disposal Area - Soils: 

 Assessment Endpoint: Plants 
COPCs: Bis(2-Ethylhexyl)phthalate, ethylbenzene, naphthalene, xylenes 

Assessment Endpoint:  Soil Invertebrates 
COPCs: 1,2,4-Trimethylbenzene, 1,3,5-Trimethylbenzene, ethylbenzene, toluene, 

xylenes 

Assessment Endpoint: Carnivores (robin) 
COPCs: 1,2,4-Trimethylbenzene,  bis(2-ethylhexyl)phthalate, di-n-octylphthalate, 

xylenes  

Upland Soils (excluding Former Drum Disposal Area): 

Assessment Endpoint: Soil invertebrates 

COPCs: Zinc (localized) 


Assessment Endpoint: Carnivores 

COPCs: di-n-octylphthalate and lead
 

Additional detail is provided in Table 4-58.   
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TABLE 4-1
 
SUMMARY OF SAMPLES BY HABITAT AREA
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Habitat 
Type 

Description General Location Site Samples Reference Samples 

Upper stream and tributary above Eastern Reach 

Surface Water Sediment or 
Soil 

Surface Water Sediment or 
Soil 

SW-10(99) SD-20(99) 
Sutton wetland SW-31(04) SD-31(04) SW-11(99) SD-06(99) 
Brook SW-32 (04) SD-32(04) SW-30 SD-07(99) 

SW-214(06) SD-208(06) SW-222(06) SD-10(99) 
SW-215(06) SD-209(06) SD-11(99) 

SD-210(06) SD-30(04) 
SD-211(06) SD-18(99) 
SD-212(06) SD-19(99) 
SD-213(06) Shawsheen River SD-30(99) 
SD-214(06) SW-01(99) SD-31(99) 
SD-215(06) SW-07(99) SD-33(99) 

Southern Tributary SW-09(99) 
SW-43(04) 

SD-14(99) 
SD-15(99) 
SD-43(04) 
SD-202(06) 
SD-203(06) 
SD-204(06) 
SD-205(06) 
SD-206(06) 
SD-207(06) 

SD-200(06) 
SD-201(06) 

USB Site Channel SW4-99 SD-22(99) 
SW-05(99) SD-23(99) 

SW-33 SD-21(99) 
SW-34(04) SD-33(04) 

SD-34(04) 
Aquatic 
Wetland 

Stagnant wetland areas that 
are underwater all or part of 
the year, with associated 
downstream areas and 
tributaries. 

Lower Sutton Wetland: 
Shrub wetlands north and 
south of the Sutton Brook 
below SW/SD-34(04), 
including the channel of the 
lower Sutton; also Sutton 
Brook below the wetlands, 
and associated tributaries. 
Also includes small isolated 
wetland areas around the 
site. 

SW1-99 
SW2-99 
SW3-99 

SW-02(99) 
SW-03(99) 
SW-08(99) 

SW-36 
SW-37 

SW-38(04) 
SW-35(04) 

SW-106(05) 
SW-107(05) 
SW-108(05) 
SW-109(05) 
SW-110(05) 
SW-111(05) 

SD-16(99) 
SD-17(99) 
SD-24(99) 
SD-25(99) 
SD-26(99) 
SD-28(99) 
SD-36(04) 
SD-37(04) 
SD-35(04) 

SS-12(04) 
WS-7(04) 
SD-38(04) 
WS-10(04) 
WS-11(04) 
WS-15(04) 
WS-16(04) 

SD-02(99) 

as above as above 

Deep Marsh Wetland: 
Shrub wetland associated SD-01(99) 
with the Deep Marsh 
adjacent to the Southern SW-102(05) WS-102(05) 
and eastern sides of the SW-103(05) WS-103(05) 
Southern Lobe SW-104(05) WS-104(05) 

SW-105(05) WS-105(05) 
SW-101(05) WS-101(05) 

SD-216(06) 
SD-217(06) 
SD-218(06) 
SD-219(06) 
SD-220(06) 
SD-221(06) 

Sutton Brook (210517) Woodard & Curran
 
BERA Samples by habitat area.xlsTable 4-1 1 of 2 May 2007
 



 

TABLE 4-1
 
SUMMARY OF SAMPLES BY HABITAT AREA
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Habitat 
Type 

Description General Location Site Samples Reference Samples 

Wetland Moist or saturated soils Border areas around NA NA 
Soils adjacent to wetlands and Wetlands and stream SS-13(04) 

stream channel SD-12(99) SD-08(99) 
SD-13(99) SD-09(99) 
WS-6(04) WS-4(04) 
SS-5(04) 

WS-111(05) 
WS-107(05) WS-112(05) 
WS-106(05) WS-113(05) 

WS-109(05) 

GP-8(04) 
GP-23(04) 
SS-14(04) 
GP-7(04) 
SS-9(04) 

Upland Upland soils fields and clearings around NA NA 
Soils former residence and drum SO-01(99) SS-1(04) 

storage area SO-02(99) SS-2(04) 
SO-04(99) SS-3(04) 
SO-05(99) SS-01(99) 
SO-06(99) SS-02(99) 
SO-07(99) PWM-4 
SO-08(99) 
SO-09(99) 

PWM-5 

SO-10(99) SS-110 (05) 
SB-10(04): 1.5 -

2 ft. only 
SB-7(04): 0.5 -

1.0 
SB-7(04): 1.5 -

2.0 
SB-3(04): 0-2 

only 

SS-108(05) 

Pond Site Pond pond south of Southern Same as Upper Same as Upper 
Lobe SW-39(04) SD-39(04) Sutton Sutton 

SW-40(04) SD-40(04) 
SW-41(04) SD-41(04) 
SW-42(04) SD-42(04) 
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TABLE 4-2
 
SURFACE WATER ANALYTICAL TESTING SUMMARY BY HABITAT AREA
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 


Sample 
Location 
Identifier 

Sample 
Date 

Sample 
Depth (ft) Habitat Area VOC 

1,4-
Dioxane SVOC 

Metals 

Cyanide PCBs Pesticides EPH VPH Hardness Nitrate SulfateTotal Dissolved 
Pond Surface Water Samples 
SW-39 (04) 10/28/04 0 - 0.5 Pond X X X X X X X X X X 
SW-40 (04) 10/22/04 0 - 0.5 Pond X X X X X X X X X 
SW-41 (04) 10/22/04 0 - 0.5 Pond X X X X X X X X X 
SW-42 (04) 10/28/04 0 - 0.5 Pond X X X X X X X X X 

Total Number of Pond Samples 4 4 4 4 1 0 4 4 0 0 4 4 4 
Upper Sutton Brook Surface Water Samples 
Eastern Reach 
SW-10 (99) 08/10/99 surface Upper Sutton Brook X X X X X X 
SW-31 (04) 10/22/04 0 - 0.5 Upper Sutton Brook X X X X X X X X X X 
SW-32 (04) 10/22/04 0 - 0.5 Upper Sutton Brook X X X X X X X X X X 
SW-214 (06) 11/09/06 0 - 0.5 Upper Sutton Brook X X X X X 
SW-215 (06) 11/10/06 0 - 0.5 Upper Sutton Brook X X X X X 
Southern Tributary 
SW-09 (99) 08/10/99 surface Upper Sutton Brook X X X X X X 
SW-43 (04) 10/22/04 0 - 0.5 Reference X X X X X X X X X 

Site Channel 
SW4-99 06/03/99 surface Upper Sutton Brook X X X X X 

SW-05 (99) 08/10/99 surface Upper Sutton Brook X X X X X X 

SW-33 10/22/04 0 - 0.5 Upper Sutton Brook X X X X X X X X X 
09/02/05 X X X X 

SW-34 (04) 10/22/04 0 - 0.5 Upper Sutton Brook X X X X X X X X X 
Total Number of Upper Sutton Brook Samples 12  8  11  10  5  3  8  8  1  1  7  5  5 
Wetland Aquatic Surface Water Samples 

SW1-99 06/02/99 surface Wetland Aquatic X X X X X 
SW2-99 06/02/99 surface Wetland Aquatic X X X X X 
SW3-99 06/02/99 surface Wetland Aquatic X X X X X 

SW-02 (99) 08/09/99 surface 
surface 

Wetland Aquatic X X X X X X 
SW-03 (99) 08/09/99 Wetland Aquatic X X X X X X 
SW-08 (99) 08/09/99 surface 

0 - 0.5 
Wetland Aquatic X X X X X X 

SW-35 (04) 10/22/04 Wetland Aquatic X X X X X X X X X X 

SW-36 10/21/04 0 - 0.5 Wetland Aquatic X X X X X X X X X X 
09/20/05 X X X X 

SW-37 10/21/04 0 - 0.5 Wetland Aquatic X X X X X X X X X 
09/20/05 X X X X 

SW-38 (04) 10/21/04 0 - 0.5 Wetland Aquatic X X X X X X X X X 
SW-101 (05) 12/01/05 0 - 0.5 Wetland Aquatic X X X X X X X X X X 
SW-102 (05) 12/05/05 0 - 0.5 Wetland Aquatic X X X X X X X X X X 
SW-103 (05) 12/01/05 0 - 0.5 Wetland Aquatic X X X X X X X X X X 
SW-104 (05) 12/01/05 0 - 0.5 Wetland Aquatic X X X X X X X X X X 
SW-105 (05) 12/01/05 0 - 0.5 Wetland Aquatic X X X X X X X X X X 
SW-106 (05) 12/02/05 0 - 0.5 Wetland Aquatic X X X X X X X 
SW-107 (05) 12/02/05 0 - 0.5 Wetland Aquatic X X X X X X X 
SW-108 (05) 12/01/05 0 - 0.5 Wetland Aquatic X X X X X X X 
SW-109 (05) 12/01/05 0 - 0.5 Wetland Aquatic X X X X X X X 
SW-110 (05) 12/02/05 0 - 0.5 Wetland Aquatic X X X X X X X 
SW-111 (05) 12/02/05 0 - 0.5 Wetland Aquatic X X X X X X X 
Total Number of Wetland Aquatic Samples 23 17 15 23 15 3 12 12 3 3 15 15 15 
Reference Surface Water Samples 
SW-01 (99) 08/09/99 surface Reference X X X X X X 
SW-07 (99) 08/09/99 surface Reference X X X X X X 
SW-222 (06) 11/09/06 0 - 0.5 Reference X X 
SW-11 (99) 08/10/99 surface Reference X X X X X X 

SW-30 11/23/04 0 - 0.5 Reference X X X X X X X X X 
09/20/05 X X X X 
02/16/06 X X X X 
10/05/06 X X X X 

Total Number of Reference Samples 7 4 4 7 4 3 4 4 0 0 2 1 1 
Total Number of Samples 46 33 34 44 25 9 28 28 4 4 28 25 25 
NOTE:
 ft = feet below the surface of the water.
 X = The sample was submitted for the analysis indicated.
 A blank space indicates the sample was not analyzed for this constituent.
 VOC = Volatile organic compounds by EPA Method 8260 (1995), 8260A (June 1999), 8260B (2004 and 2005).
 1,4-Dioxane by EPA Method 8260B (2004 and 2005).
 SVOC = Semi-volatile organic compounds by EPA Method 8270B (1995), 8270D (June 1999), and 8270C (2004 and 2005).
 Total Metals = Total (unfiltered) metals by EPA 6000/7000 Series Methods (1995, 2004, and 2005), 200 Series Methods (June 1995).
 Dissolved Metals = Metal concentrations after the water sample was passed through a 0.45 micron filter by EPA 6000/7000 Series Methods (2004 and 2005).  
Cyanide by EPA Method 335.3 (1995).
 PCB = Polychlorinated biphenyls by EPA Method 8082.
 Pesticides by EPA Method 8081A (2004 and 2005).
 EPH = Extractable petroleum hydrocarbons by MADEP EPH 98-1 (June 1999).
 VPH = Volatile petroleum hydrocarbons by by MADEP VPH 98-1 (June 1999).
 Hardness by Method 2340B.
 Nitrate - Nitrogen by EPA Method 353.1.
 Sulfate by EPA Method 375.4. 
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TABLE 4-3
 
SEDIMENT ANALYTICAL TESTING SUMMARY BY HABITAT AREA
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 


Sample Location 
Identifier Sample Date 

Sample Depth 
(ft) Habitat Area VOC SVOC Metals Cyanide PCBs Pesticides AVS/SEM Grain Size TOC Toxicity Test pH 

Pond Sediment Samples 
SD-39 (04) 10/28/04 0 - 0.5 Pond X X X X X X X 
SD-40 (04) 10/22/04 0 - 0.5 Pond X X X X X X X 
SD-41 (04) 10/22/04 0 - 0.5 Pond X X X X X X X 
SD-42 (04) 10/28/04 0 - 0.5 Pond X X X X X X X 

Total Number of Pond Samples 4 4 4 0 4 4 0 4 4 0 
Upper Sutton Brook Sediment Samples 
Eastern Reach: 

SD-20 (99) 08/10/99 0 - 0.5 Upper Sutton Brook X X X X X X 
SD-31 (04) 10/22/04 0 - 0.5 Upper Sutton Brook X X X X X X X X 
SD-32 (04) 10/22/04 0 - 0.5 Upper Sutton Brook X X X X X X X X 

SD-208 (06) 11/10/06 0 - 0.5 Upper Sutton Brook X1 

SD-209 (06) 11/10/06 0 - 0.5 Upper Sutton Brook X1 

SD-210 (06) 11/10/06 0 - 0.5 Upper Sutton Brook X1 

SD-211 (06) 11/10/06 0 - 1 Upper Sutton Brook X1 

SD-212 (06) 11/10/06 0 - 1 Upper Sutton Brook X1 

SD-213 (06) 11/10/06 0 - 1 Upper Sutton Brook X1 

SD-214 (06) 11/09/06 0 - 0.5 Upper Sutton Brook X X X X 
SD-215 (06) 11/09/06 0 - 0.5 Upper Sutton Brook X X X X 

Southern Tributary 
SD-43 (04) 10/22/04 0 - 0.5 Upper Sutton Brook X X X X X X X 

SD-202 (06) 11/09/06 0 - 0.5 Upper Sutton Brook X2 

SD-203 (06) 11/09/06 0 - 0.5 Upper Sutton Brook X2 

SD-204 (06) 11/09/06 0 - 0.5 Upper Sutton Brook X2 X X 
SD-205 (06) 11/09/06 0 - 0.5 Upper Sutton Brook X2 

SD-206 (06) 11/09/06 0 - 0.5 Upper Sutton Brook X2 X X 
SD-207 (06) 11/09/06 0 - 0.5 Upper Sutton Brook X2 X X 
SD-14 (99) 08/10/99 0 - 0.5 Upper Sutton Brook X X X X X X 
SD-15 (99) 08/10/99 0 - 0.5 Upper Sutton Brook X 

Site Channel 
SD-21 (99) 08/10/99 0 - 0.5 Upper Sutton Brook X X X X X X 
SD-22 (99) 08/09/99 0 - 0.5 Upper Sutton Brook X X X X X X 
SD-23 (99) 08/09/99 0 - 0.5 Upper Sutton Brook X X X X X X 
SD-33 (04) 10/22/04 0 - 0.5 Upper Sutton Brook X X X X X X X X 
SD-34 (04) 10/22/04 0 - 0.5 Upper Sutton Brook X X X X X X X X 

Total Number of Upper Sutton Brook Samples 12  12  13  5  10  10  4  8  7  3  0 

Aquatic Wetland Sediment Samples 
SD-01 (99) 08/10/99 0 - 0.5 Aquatic Wetland X X X X X X 
SD-16 (99) 08/09/99 0 - 0.5 Aquatic Wetland X X X X X X 
SD-17 (99) 08/09/99 0 - 0.5 Aquatic Wetland X 
SD-24 (99) 08/09/99 0 - 0.5 Aquatic Wetland X X X X X X 
SD-25 (99) 08/09/99 0 - 0.5 Aquatic Wetland X X X X X X 
SD-26 (99) 08/09/99 0 - 0.5 Aquatic Wetland X X X X X X 
SD-28 (99) 08/09/99 0 - 0.5 Aquatic Wetland X X X X X X 
SD-35 (04) 10/22/04 0 - 0.5 Aquatic Wetland X X X X X X X 
SD-36 (04) 10/21/04 0 - 0.5 Aquatic Wetland X X X X X X X X 
SD-37 (04) 10/21/04 0 - 0.5 Aquatic Wetland X X X X X X X 
SD-38 (04) 11/18/04 0 - 2 Aquatic Wetland X X X X X X X X 
SS-12 (04) 11/09/04 0 - 1 Aquatic Wetland X X X X X X X 
WS-7 (04) 11/09/04 0 - 1 Aquatic Wetland X X X X X X X 

WS-10 (04) 11/18/04 0 - 2 Aquatic Wetland X X X X X X X

Sutton Brook (210517) Woodard & Curran
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TABLE 4-3
 
SEDIMENT ANALYTICAL TESTING SUMMARY BY HABITAT AREA
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 


Sample Location 
Identifier Sample Date 

Sample Depth 
(ft) Habitat Area VOC SVOC Metals Cyanide PCBs Pesticides AVS/SEM Grain Size TOC Toxicity Test pH 

WS-11 (04) 11/18/04 0 - 2 Aquatic Wetland X X X X X X X 
WS-15 (04) 11/18/04 0 - 2 Aquatic Wetland X X X X X X X 
WS-16 (04) 11/18/04 0 - 2 Aquatic Wetland X X X X X X X 

WS-101 (05) 12/01/05 0 - 1 Aquatic Wetland X X X X X X X 
WS-102 (05) 12/01/05 0 - 1 Aquatic Wetland X X X X X X X 
WS-103 (05) 12/01/05 0 - 1 Aquatic Wetland X X X X X X X 
WS-104 (05) 12/01/05 0 - 1 Aquatic Wetland X X X X X X X 
WS-105 (05) 12/01/05 0 - 1 Aquatic Wetland X X X X X X X 
SD-216 (06) 11/09/06 0 - 0.5 Aquatic Wetland X X X2 X X 
SD-217 (06) 11/09/06 0 - 0.5 Aquatic Wetland X X X2 X 
SD-218 (06) 11/09/06 0 - 1 Aquatic Wetland X X X2 X 
SD-219 (06) 11/09/06 0 - 0.5 Aquatic Wetland X X X2 X 
SD-220 (06) 11/09/06 0 - 1 Aquatic Wetland X X X2 X 
SD-221 (06) 11/09/06 0 - 0.5 Aquatic Wetland X X X2 X 
SD-02 (99) 08/10/99 0 - 0.5 Aquatic Wetland X X X X X 

Total Number of Wetland Aquatic Samples 28 28 23 6 22 22 2 5 21 11 
Reference Sediment Samples 

SD-18 (99) 08/09/99 0 - 0.5 Reference X X X X X X 
SD-19 (99) 08/09/99 0 - 0.5 Reference X 
SD-30 (99) 08/09/99 0 - 0.5 Reference X X X X X X 
SD-31 (99) 08/09/99 0 - 0.5 Reference X X X X X X 
SD-33 (99) 08/09/99 0 - 0.5 Reference X X X X X X 

SD-200 (06) 11/10/06 0 - 0.5 Reference X¹ X X 
SD-201 (06) 11/10/06 0 - 0.5 Reference X¹ X X 
SD-06 (99) 08/09/99 0 - 0.5 Reference X X X X X X 
SD-07 (99) 08/09/99 0 - 0.5 Reference X 
SD-10 (99) 08/10/99 0 - 0.5 Reference X X X X X X 
SD-11 (99) 08/10/99 0 - 0.5 Reference X 
SD-30 (04) 11/23/04 0 - 0.5 Reference X X X X X X X 

Total Number of Reference Samples 7  7  10  6  7  7  3  1  2  
Total Number of Samples 51 51 50 17 43 43 6 20 33 5 11 
NOTE: 
1. The sample was submitted for analysis of arsenic and iron only. 
2 = The sample was submitted for analysis of mercury only.

 ft = feet below top of sediment
 X = The sample was submitted for the analysis indicated.
 A blank space indicates the sample was not analyzed for this constituent.
 VOC = Volatile organic compounds by CLP VOC Analysis (1989) or EPA Method 8260B.
 SVOC = Semi-volatile organic compounds by CLP Extractable Organic Analysis (1989) or EPA Method 8270.
 Metals by CLP Inorganic Analysis (1989) or EPA method 6000/7000 series.
 Cyanide by Midi-Distillation Procedure.
 PCB = Polychlorinated biphenyls by CLP Extractable Organic Analysis (1989) or EPA method 8082.
 Pesticides by CLP Extractable Organic Analysis (1989) or EPA Method 8081 and 8081A.
 AVS/SEM = Acid volatile sulfide/simultaneous extracted metals.
 Grain Size by sieve ASTM C-117 and C-136.
 TOC = Total organic carbon by Lloyd Kahn.
 pH - by EPA Method 9045C. 
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TABLE 4-4
 
SOIL ANALYTICAL TESTING SUMMARY BY HABITAT AREA
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Sample 
Location 
Identifier 

Sample 
Date Depth (ft) Habitat Area VOC PAHs SVOC Metals Cyanide PCBs Pesticides TPH 

EPH 
w/PAH 

VPH 
w/VOC TOC pH Dioxins 

Upland Soils Soil Samples 

SB-3 (04) 
(FDDA Only) 10/08/04 0 - 2 Upland Soils X X 
SO-01 (99) 08/04/99 0 - 0.5 Upland Soils X X X X X X X X 
SO-02 (99) 08/04/99 0 - 0.5 Upland Soils X X X X X X X X 
SO-04 (99) 08/04/99 0 - 0.5 Upland Soils X X X X X X X X 
SO-05 (99) 08/04/99 0 - 0.5 Upland Soils X X X X X X X X 
SO-06 (99) 08/04/99 0 - 0.5 Upland Soils X X X X X X X X 
SO-07 (99) 08/04/99 0 - 0.5 Upland Soils X X X X X X X X 
SO-08 (99) 08/04/99 0 - 0.5 Upland Soils X X X X X X X X 
SO-09 (99) 08/04/99 0 - 0.5 Upland Soils X X X X X X X X 
SO-10 (99) 08/04/99 0 - 0.5 Upland Soils X X X X X X X X 
SB-7 (04) 10/05/04 0.5 - 1.0 Upland Soils X 

1.5 - 2.0 Upland Soils X 
SB-10 (04) 10/04/04 1.5 - 2.0 Upland Soils X 

Total Number of Upland Soil Samples 11 0 10 11 9 9 9 0 9 9 0 0 0 
Wetland Soils Soil Samples 

GP-23 (04) 11/09/04 0 - 1 Wetland Soils X X X X X X X 
SS-13 (04) 11/08/04 0 - 1 Wetland Soils X X X X X X X 
SS-14 (04) 11/09/04 0 - 1 Wetland Soils X X X X X X X 
SD-12 (99) 08/10/99 0 - 0.5 Wetland Soils X X X X X X 
SD-13 (99) 08/10/99 0 - 0.5 Wetland Soils X 
GP-7 (04) 11/09/04 0 - 1 Wetland Soils X X X X X X X 
GP-8 (04) 11/08/04 0 - 1 Wetland Soils X X X X X X X 
SS-5 (04) 11/18/04 0 - 2 Wetland Soils X X X X X X X X 
WS-6 (04) 11/08/04 0 - 1 Wetland Soils X X X X X X X 
SS-9 (04) 11/09/04 0 - 1 Wetland Soils X X X X X X X X 

WS-106 (05) 11/29/05 0 - 1 Wetland Soils X 
WS-107 (05) 11/29/05 0 - 1 Wetland Soils X 

Total Number of Wetland Soil Samples 9  0  9  12  1  9  9  0  0  0  8  8  2  
Reference Soil Samples 
SS-110 (05) 11/29/05 0 - 1 Reference X X X X X X X 
WS-111 (05) 12/01/05 0 - 1 Reference X X X X X X X 
SS-01 (99) 08/04/99 0 - 0.5 Reference - U X X X X X X 
SS-02 (99) 08/04/99 0 - 0.5 Reference - U X 

PMW-4 (02) 05/28/02 0 - 2 Reference - U X1 

PMW-5 (02) 05/28/02 0 - 2 Reference - U X1 

SS-3 (04) 11/08/04 0 - 1 Reference - U X X X X X X X 
SS-1 (04) 11/23/04 0 - 1 Reference - U X X X X X X X X 
SS-2 (04) 11/23/04 0 - 1 Reference - U X X X X X X X 

SS-108 (05) 12/01/05 0 - 1 Reference - U X X X X X X X 
SD-08 (99) 08/10/99 0 - 0.5 Reference - W X X X X X X 
SD-09 (99) 08/10/99 0 - 0.5 Reference - W X 
WS-4 (04) 11/08/04 0 - 1 Reference - W X X X X X X X 

WS-109 (05) 12/01/05 0 - 1 Reference - W X X X X X X X 
WS-112 (05) 11/29/05 0 - 1 Reference - W X X X X X X X 
WS-113 (05) 11/29/05 0 - 1 Reference - W X X X X X X X 

Total Number of Background Samples 12 0 12 14 2 12 12 0 0 0 10 10 1 
Total Number of Samples 32 0 31 37 12 30 30 0 9 9 18 18 3 
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TABLE 4-4
 
SOIL ANALYTICAL TESTING SUMMARY BY HABITAT AREA
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Sample 
Location 
Identifier 

Sample 
Date Depth (ft) Habitat Area VOC PAHs SVOC Metals Cyanide PCBs Pesticides TPH 

EPH 
w/PAH 

VPH 
w/VOC TOC pH Dioxins

 NOTES:
 X = The sample was submitted for the analysis indicated. 
X

1
 = The sample was submitted for arsenic and thallium analysis only. 

A blank space indicates the sample was not analyzed for this constituent.
 Shading indicates the sample was excluded from the Human Health and Ecological Risk Assessment (HERA).
 ft = feet below ground surface 
VOC = Volatile organic compounds by CLP Volatile Organic Analysis (1989), EPA Method 8260B (1999, 2000, 2002, 2004, and 2005).
 PAH = Polynuclear aromatic hydrocarbons. 
SVOC = Semi-volatile organic compounds by CLP Extractable Organic Analysis (1989), EPA Method 8270C (1999, 2000, 2002, 2004, and 2005).
 Metals by CLP Inorganic Analysis (1989), EPA 6000/7000 Series Methods (1999, 2000, 2002, 2004, and 2005).
 Cyanide by Midi-Distillation Procedure. 
FDDA = Former Drum Disposal Area; this area is represented by sample SB-03(04) only. 
PCB = Polychlorinated biphenyls by CLP Extractable Organic Analysis (1989), EPA Method 8082 (1999, 2000, 2002, 2004, and 2005).
 Pesticides by CLP Extractable Organic Analysis (1989) EPA Method 8081/8081A (1999, 2000, 2002, 2004, and 2005).
 TPH = Total petroleum hydrocarbons by a Modified EPA Method 8100 (2002).
 EPH = Extractable petroleum hydrocarbons (MADEP Method 1998).
 VPH = Volatile petroleum hydrocarbons (MADEP Method 1998).
 TOC = Total organic carbon by Lloyd Kahn (2004 and 2005).
 pH - by EPA Method 9045C.
 Dioxins - by EPA Method 8280A (2004). 
Reference U = Reference Upland 
Reference W = Reference Wetland 
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TABLE 4-5
 
LIFE HISTORY PARAMETERS FOR SITE RECEPTORS
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Black Duck Mallard American Robin Northern Short-tailed Shrew Eastern Cottontail 
Variable Value Source Value Source Value Source Value Source Value Source 

Migration Factor (MF) 0.67 Needs open water; assume 
present 8 mo./yr. 

0.67 Needs open water; assume 
present 8 mo./yr. 

0.67 Assumed present 8 mo./yr, 
based on USEPA 1993 

1 does not hibernate 1 does not hibernate 

Home Range, ha 518 DeGraff and Yamasaki, 
2001 

580 average of male and female 
in wetland, river 

environment; EPA 1993 

0.48 average foraging home 
range; EPA 1993 

0.39 EPA 1993 3.76 averag of male and female 
in mixed habitat; EPA 

1993 
Area Use Factor (AUF) = 

site size / home range 
1 Site-specific. Presence of 

suitable habitat nearby will 
reduce site use. 

1 Conservative assumption 0.5 Professional judgement; 
Small Upland Soils area 
is interspersed with and 

surrounded by suitable or 
more desirable habitat, 

particularly in neighbor-
hoods surrounding the 

site. 

1 home range is <1 ha. EPA 
1993 

1 home range is 3 ha. EPA 
1993 

Water Ingestion Rate 
(IRwater,) l/day 

0.08 based on IRwater of mallard 
(USEPA 1993) 

0.062 USEPA 1993 0.011 EPA 1993. No COPCs 
were included in water 

fraction 

0.003 EPA 1993. Assumed to 
drink from the Aquatic 

Wetland. 

0.116 Sample et al. 1996

 Total Food Ingestion Rate 
(IR total ), kg/day 

0.303 Nagy, 1987 as per USEPA 
1993* 

0.267 USEPA 1993 0.117 USEPA 1993, based on 
77.3 g BW 

0.019 Based on 1.25 g. wet wt/ g 
bw/day used in EPA Eco-
SSLs (EPA 2003) and 15 g 

body wt. (EPA 1993). 

0.237 Sample et al. 1996 

Invertebrate Ingestion Rate 
(IRinvert), kg/day 

0 no component of diet 
assumed to be invertebrates 

0.134 estimated diet of site female 
(50% invertebrates, April -

Dec)) 

0.074 63% = average spring 
and summer composition 

of diet (USEPA 1993). 

0.019 100% of diet assumed to 
consist of invertebrates 

0 no animal component in 
diet 

Plant Ingestion Rate 
(IRplant) kg/day 

0.303 EPA 1993 0.134 estimated diet of site female 
(50% plants, April - Dec) 

0.043 37% = average spring 
and summer composition 

of diet (USEPA 1993). 

0 No plant component in diet 0.237 100% of diet consists of 
vegetable matter 

Soil or Sediment Ingestion 
Rate (IRsoil/sediment) kg/day 

0.003 USEPA 1993 indicates 
<2% of diet is sediment. 

1% assumed here. 

0.003 USEPA 1993 indicates <2% 
of diet is sediment. 1% 

assumed here. 

0.007  = add'l 6.3% of diet. Soil 
assumed to result only from 
invertebrate ingestion. 
Ingestion rate is 63% of the 
soil ingestion rate of the 
American woodcock which 
consumes 100% 
invertebrates and 10% soil 

0.0006 based on 3% soil 
ingestion rate (EPA, 

2005a) 

0.03 Ingestion assumed to be 
similar to EPA 1993 value 
for meadow vole (2.4%), 
which has similar feeding 

habits 

Body weight, (BW) kg. 1.245 average of male and 
female; Illinois Natural 
History Survey webpage 

1.134 average of male and female; 
USEPA 1993 

0.077  USEPA 1993 0.015 EPA 1993 1.189 Average of male and 
female 

Sources: 
USEPA, 1993. Wildlife Exposure Factors Handbook. EPA/600/R-93/187 This is the source unless noted otherwise. 
Sample, B.E. et al. 1996. Toxicological Benchmarks for Wildlife: 1996 Revision. Oak Ridge National Laboratory ES/ER/TM-86/R3 

Sutton Brook (210517) Woodard & Curran 
BERA Life History Parameters table.xlsSheet1 1 of 1 May 2007 



  

 

 

 

 

   

   

TABLE 4-6a 
LOAEL-BASED TOXICITY VALUES FOR SURFACE WATER, SEDIMENT, AND SOILS 

a. LOAEL-BASED TOXICITY VALUES FOR SURFACE WATER 
Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

AQUATIC LIFE VALUES: 

Compound Parameter Concentration 
mg/l 

Source 

4,4'-DDT LOAEL 0.000013 Suter & Tsao, 1996. This value is a secondary chronic value based on the protection of aquatic life, which is 
appropriate to the assessment endpoints for this area. 

Ethylbenzene LOAEL, aquatic 0.194 Lowest Ecotox value for a freshwater species, in this case the scud. Value shown is based on an ethylbenzene 
LC50 1.940, which was divided by 10 for LOAEL use. 

Toluene LOAEL, aquatic 0.58 Lowest Ecotox value for a freshwater species. Value shown is based on a toluene LC50 of 5.8 mg/l for a trout; 
UF of 10 applied for LOAEL use. 

Xylenes (total) LOAEL, aquatic 0.33 Lowest Ecotox value for a freshwater species, in this case rainbow trout. Value shown is based on a xylenes  
LC50 of 3.3 mg/l, which was divided by 10 for LOAEL use. Lower listed Ecotox xylene value was based on 
a chemical mixture. 

Barium, Dissolved LOAEL, aquatic 3.2 Lowest Ecotox value for barium sulfate, which is the dominant form in surface water (ATSDR). Mortality 
data lacking; lowest value listed was an EC50 of 32 mg/l for intoxication and imbalance inDaphnia magna ; 
uncertainty factor of 10 applied to convert EC50 to LOAEL. 

Iron, Dissolved LOAEL, aquatic 7.3 Lowest non-fish Ecotox value for effects on freshwater species, in this case the mayfly. Lowest value listed 
was an iron LC50 of 73.1 mg/l; uncertainty factor of 10 applied to convert LC50 to LOAEL. Value cited is the 
lowest estimated LOAEL higher than the WQC of 1.0 mg/l. 

Manganese, Dissolved LOAEL, aquatic 1.3 Lowest Ecotox value for manganese carbonate, a dominant form in surface water (ATSDR). Value based on 
effects on growth of a carp; reported value of 13.1 mg/l divided by 10 for LOAEL use. Lowest estimated 
invertebrate LOAEL value is 1.7 mg/l, based on effects of manganese chloride to a crayfish; reported LC50 is 
17 mg/l. 

See Appendix N-1 for Ecotox Database references 

AMPHIBIAN VALUES: 

Compound Parameter Concentration 
mg/l 

Source 

Aluminum, Dissolved LOAEL, amphib. 0.088 Westerman et al 2003; value is based on average LC50 values for non-larvae life stages of the American toad 
(tolerant)and the northern leopard frog (very sensitive). Average LC50 values divided by 10 for LOAEL use. 

Iron, Dissolved LOAEL, amphib. 3 Westerman, et al. 2003. LC50 data limited; value shown obtained from the author's recommended sensitive-
species NOAEL-based benchmark of 0.3 mg/l by applying a UF of 10. 

Manganese, Dissolved LOAEL, amphib. 2 Value is based on the geometric mean of three manganese LC50 values cited in Birge 2000. Mean divided 
by 10 for LOAEL use. Geometric mean used because of wide range of data (1.42 to 318 mg/l) 

Nickel, Dissolved LOAEL, amphib. 0.37 Value is based on the average of four nickel LC50 values cited in Birge 2000. Average divided by 10 for 
LOAEL use. 

Zinc, Dissolved LOAEL, amphib. 0.0853 Value is based on the average of eleven zinc LC50 values cited in Birge 2000. Average divided by 10 for 
LOAEL use. 
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TABLE 4-6b
 
LOAEL-BASED TOXICITY VALUES FOR SURFACE WATER, SEDIMENT, AND SOILS
 

b. LOAEL-BASED TOXICITY VALUES FOR SEDIMENT
 
Baseline Ecological Risk Assessment 


Compound Parameter Concentration 
mg/kg 

Source 

1,2,4-trimethylbenzene LOAEL, USB 7.273 Equilibrium partioning, based on lowest Ecotox value for a freshwater species, in this case the scud. Value 
shown is based on an LC50 of 4.35 mg/l, which was divided by 10 for LOAEL use. 

1,3,5-Trimethylbenzene LOAEL, USB 7.043 Equilibrium partioning, based on lowest Ecotox value. No mortality, reproduction, or growth data available for 
freshwater invertebrates, so data for marine dungeness crab used. Reported 1,3,5-TMB LC50 mortality value of 
4.3 mg/l divided by 10 for LOAEL use. 

2-methylphenol LOAEL , USB 5.162 Equilibrium partioning, based on lowest Ecotox value for a freshwater species. Value shown is based on an 
LC50 of 5 mg/l for Daphnia magna, which was divided by 10 for LOAEL use. 

3-methylphenol/ 4-
methylphenol 

LOAEL, USB 1.416 Equilibrium partioning, based on lowest Ecotox value for a freshwater species. Value shown is based on an 4-
methylphenol LC50 of 1.4 mg/l for Daphnia magna, which was divided by 10 for LOAEL use. LC50s for 3-
methylphenol were higher. 

4-methyl-2-pentanone LOAEL, USB 0.559 Equilibrium partioning, based on secondary acute value of 2.2 mg/l for 4-methyl-2-pentanone reported in Suter 
and Tsao, 1996. Toxicity values in Ecotox database were higher. 

Acetone LOAEL, USB 0.462 Generated by equilibrium partioning per SLERA. Acetone surface water value based on the lowest Ecotox value 
for a freshwater species, in this case a sowbug. Reported LC50 of 100 mg/l divided by 10 for LOAEL use. 
Same LC50 reported for Daphnia species and Zebra danio fish. 

LOAEL, AqW 5.032 Generated by equilibrium partioning per SLERA. Acetone surface water value based on the lowest Ecotox value 
for a freshwater species, in this case a sowbug. Reported LC50 of 100 mg/l divided by 10 for LOAEL use. 
Same LC50 reported for Daphnia species and Zebra danio fish. 

LOAEL, Pond 0.05 Generated by equilibrium partioning per SLERA. Acetone surface water value based on the lowest Ecotox value 
for a freshwater species, in this case a sowbug. Reported LC50 of 100 mg/l divided by 10 for LOAEL use. 
Same LC50 reported for Daphnia species and Zebra danio fish. 

Benzoic Acid LOAEL, AqW 14.538 Calculated by equilibrium partitioning based on LC50 of 39.47 mg/l for aquatic invertebrates reported  in Saha. 
et al. 2006. Reported value divided by 10 for LOAEL use. 

Benzo(a)pyrene LOAEL, USB 4.4 Equilibrium partioning, based on secondary acute value for benzo(a)pyrene (0.00024 mg/l) reported in Suter and 
Tsao, 1996 

Carbon Disulfide LOAEL, USB 0.224 Generated by equilibrium partitioning as per SLERA. Carbon disulfide surface water value based on lowest 
Ecotox value for a freshwater species, in this case Daphnia magna. Reported LC50 of 2.1 mg/l divided by 10 
for LOAEL use. 

LOAEL, Pond 0.024 Generated by equilibrium partitioning as per SLERA. Carbon disulfide surface water value based on lowest 
Ecotox value for a freshwater species, in this case Daphnia magna. Reported LC50 of 2.1 mg/l divided by 10 
for LOAEL use. 

Chloroethane LOAEL, USB 0.459 Equilibrium partioning, based on secondary acute value of 0.830 mg/l for 1,1-dichloroethane reported in Suter 
and Tsao, 1996. No surface water value available in Ecotox for 1,1,-dichloroethane or chloroethane. 

LOAEL, AqW 5.005 Equilibrium partioning, based on secondary acute value of 0.830 mg/l for 1,1-dichloroethane reported in Suter 
and Tsao, 1996. No surface water value available for 1,1-dichloroethane or chloroethane in Ecotox. 

Ethylbenzene LOAEL, USB 2.341 Calculated by equilibrium partitioning using the lowest Ecotox value for a freshwater aquatic species, in this case 
the scud. Value shown is based on an LC50 1.940, which was divided by 10 for LOAEL use. 

Mercury LOAEL, AqW 1.06 MacDonald, et al. 2000, Probable Effects Concentration 

Naphthalene LOAEL, USB 8.132 Equilibrium partioning, based on secondary acute value for naphthalene of 0.19 mg/l reported in Suter and Tsao, 
1996 

Toluene LOAEL, USB 3.62 Calculated by equilibrium partitioning using lowest Ecotox value for a freshwater aquatic species. Value shown 
is based on a toluene LC50 of 5.8 mg/l for a trout; UF of 10 applied for LOAEL use. 

LOAEL, AqW 39.48 Calculated by equilibrium partitioning using lowest Ecotox value for a freshwater aquatic species. Value shown 
is based on a toluene LC50 of 5.8 mg/l for a trout; UF of 10 applied for LOAEL use. 

Xylenes LOAEL, USB 3.41 Calculated by equilibrium partitioning based on lowest Ecotox value for a freshwater species, in this case an 
LC50 of 3.3 mg/l for a rainbow trout. Reported value divided by 10 for LOAEL use. 

Arsenic LOAEL 33 MacDonald, et al. 2000, Probable Effects Concentration 
LOAEL 33 MacDonald, et al. 2000, Probable Effects Concentration 

Iron LOAEL 40,000 Ontario Ministry of Environment Severe Effects Level, 1993 
Manganese LOAEL 1,100 Ontario Ministry of Environment Severe Effects Level, 1993 
Selenium LOAEL 4 Van Derveer and Canton, 1997. Value shown is an Effects Range-median value, calculated in accord with Long 

and Morgan, 1995. 

Note: USB sediment benchmarks generated by equilbrium partitioning are based on TOC of 2.3%. Aquatic wetland values based on TOC of 25.4%.  Pond values based on a TOC of 

0.25%. TOC values consistent with the SLERA. 

LOAEL = Lowest observed adverse effect level. 
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TABLE 4-6c
 
LOAEL-BASED TOXICITY VALUES FOR SURFACE WATER, SEDIMENT, AND SOILS
 

c. LOAEL-BASED TOXICITY VALUES FOR SOIL
 
Baseline Ecological Risk Assessment 


Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Compound Parameter Concentration 
mg/kg 

Source 

1,2,4-trimethylbenzene LOAEL, invert 10.6 Neuhauser, R. et al. 1985. The toxicity of selected organic chemicals to the earthworm Eisenia fetida.  J. 
Enviorn. Qual. 14(3): 383:388.. Value for benzene, alkylated benzenes and chlorinated aliphatics based on 
carbaryl; worm toxicities similar. Study LC50s divided by 10 for NOEL use. 

1,3,5-trimethylbenzene LOAEL, invert 10.6 Neuhauser, R. et al. 1985. The toxicity of selected organic chemicals to the earthworm Eisenia fetida.  J. 
Enviorn. Qual. 14(3): 383:388.. Value for benzene, alkylated benzenes and chlorinated aliphatics based on 
carbaryl; worm toxicities similar. Study LC50s divided by 10 for NOEL use. 

2,4-dimethylphenol LOAEL, plant 0.1 EPA Region 5, 2003, Ecological Screening Levels . Reported screening value multiplied by 10 for LOAEL 
use. 

bis(2-ethylhexyl)phthalate LOAEL, plant 134 EC50 as cited by Efroymson et al. 1997. Screening benchmark based on this study was 100 mg/kg. 

LOAEL, robin 4.6 Based on back-calculations from the existing robin exposure model. 

Benzoic Acid LOAEL, invert 4.2354 No standard available; sediment benchmark used. Sediment calculated by equilibrium partitioning based on 
average wetland soil TOC of 7.4% and LC50 of 39.47 mg/l for freshwater oligochaetes reported in Saha. et 
al. 2006. Reported value divided by 10 for LOAEL use. 

Ethylbenzene LOAEL, invert 10.6 Neuhauser, R. et al. 1985. The toxicity of selected organic chemicals to the earthworm Eisenia fetida.  J. 
Enviorn. Qual. 14(3): 383:388.. Value for alkylated benzenes based on carbaryl; worm toxicities similar. 
Study LC50s divided by 10 for LOAEL use. 

LOAEL, plant 32 Hulzebos, E.M. et al. 1993. Phytotoxicity studies witeh Lactuca sativa in soil and nutrient solution. Env. Tox 
. Chem. 12(6):1079-1094. No value listed for ethylbenzene; styrene used as a surrogate. Reported EC50 of 
320 mg/kg divided by 10 for LOAEL use. 

Naphthalene LOAEL, plant 10 Hulzebos, E.M. et al. 1993. Phytotoxicity studies witeh Lactuca sativa in soil and nutrient solution.  Env. Tox 
. Chem. 12(6):1079-1094. Reported EC50 of 100 mg/kg divided by 10 for LOAEL use. 

Toluene LOAEL, invert 10.6 Neuhauser, R. et al. 1985. The toxicity of selected organic chemicals to the earthworm Eisenia fetida.  J. 
Enviorn. Qual. 14(3): 383:388.. Value for toluene based on carbaryl; worm toxicities similar. Study LC50s 
divided by 10 for NOEL use. 

Xylenes LOAEL, invert 10.6 Neuhauser, R. et al. 1985. The toxicity of selected organic chemicals to the earthworm Eisenia fetida.  J. 
Enviorn. Qual. 14(3): 383:388.. Value for xylene based on carbaryl; worm toxicities similar. Study LC50s 
divided by 10 for NOEL use. 

LOAEL, plant 100 Hulzebos, E.M. et al. 1993. Phytotoxicity studies witeh Lactuca sativa in soil and nutrient solution. Env. Tox 
. Chem. 12(6):1079-1094. Reported xylene EC50 of 1000 mg/kg divided by 10 for LOAEL use. 

Copper LOAEL, invert 63 Efroymson, R.A., et al. 1997. Toxicologial Benchmarks for Contaminats of Potential Concern for Effects on 
Soil and Litter Invertebrates and Heterotrophic Process: 1997 Revision.  Oak Ridge National Laboratory, 
Oak Ridge, TN. Value is lowest measured LOAELs in worm study data. 

Manganese LOAEL, plant 4153 Paschke, M.W. et al. 2005. Manganese toxicity thresholds for restoration grass species. Env. Poll. 135(2): 
313-322. Reported PT50 (phytoxicity) divided by 10 for LOAEL use. 

Mercury LOAEL, plant 0.3 Efroymson, R.A., et al. 1997. Toxicologial Benchmarks for Screening Contaminats of Potential Concern for 
Effects on Terrestrial Plants: 1997 Revision.  Oak Ridge National Laboratory, Oak Ridge, TN. Reported 
value is a LOAEL, but is recommened by the authors as a screening level benchmark. 

LOAEL, invert 0.5 Efroymson, R.A., et al. 1997. Toxicologial Benchmarks for Contaminats of Potential Concern for Effects on 
Soil and Litter Invertebrates and Heterotrophic Process: 1997 Revision. Oak Ridge National Laboratory, Oak 
Ridge, TN. 

Selenium LOAEL, plant 1.7 Efroymson, R.A., et al. 1997. Toxicologial Benchmarks for Screening Contaminats of Potential Concern for 
Effects on Terrestrial Plants: 1997 Revision.  Oak Ridge National Laboratory, Oak Ridge, TN. Value shown 
is the average of reported LOAEL values, to account for varying water-soluble chemical forms. However, in 
acid soils with high moisture content selenium is bound to colloids as a ferric hydroxide complex which is 
insoluble and generally not bioavailable to plants (ATSDR). LOAEL benchmark is thus likely highly 
conservative. 

Vanadium LOAEL, plant 2.5 Efroymson, R.A., et al. 1997. Toxicologial Benchmarks for Screening Contaminats of Potential Concern for 
Effects on Terrestrial Plants: 1997 Revision.  Oak Ridge National Laboratory, Oak Ridge, TN. Reported 
value is a LOAEL. 

Zinc LOAEL, invert 190 Efroymson, R.A., et al. 1997. Toxicologial Benchmarks for Contaminats of Potential Concern for Effects on 
Soil and Litter Invertebrates and Heterotrophic Process: 1997 Revision. Oak Ridge National Laboratory, Oak 
Ridge, TN. Value shown is lowest listed value for growth. 
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TABLE 4-7
 
AVIAN TOXICITY REFERENCE VALUES
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical Administered Form Receptor Duration Endpoint NOAEL, mg/kg-
day 

LOAEL mg/kg-
day 

Comments Reference 

VOCs 
1,2,4-trimethylbenzene rat acute LD50 organ and CNS 

damage 
3.55 35.5 UF of 100 applied to study 

LD50 of 3550 mg/kg to 
account for LOAEL-NOAEL 
and cross-class use. 

Litton Bionetics Inc, 2000 as 
cited by Toxnet 

Xylenes (total) mouse LD50 mortality 1.5 15 Value reflects UF of 1000 
applied to LD50 of 1590 in 
study to account for LD50 -
NOEL and cross-class 
application 

Hazardous Substance Data 
Base 

4,6-dinito-o-cresol mallard LD50 mortality 0.227 2.27 UF of 100 applied to study 
LD50 of 22.7 mg/kg for LD50-
NOEL use. 

Hazardous Substance 
Database 

bis(2-ethylhexyl)phthalate ringed dove chronic reproduction 1.1 11 NOEL from study. Peakall, 1974, cited and 
converted to dose by Sample 

et al 1996 

di-n-butylphthalate di-n-butyl phthalate Ringed Dove Chronic (4 wks 
during critical 

lifestage) 

reproduction 0.11 1.1 UF of 10 applied by Sample 
1996 to obtain NOAEL from 

LOAEL 

Sample et al 1996, based on 
study by Peakall 1974 

di-n-octylphthalate di-n-butyl phthalate Ringed Dove Chronic (4 wks 
during critical 

lifestage) 

reproduction 0.11 1.1 based on di-n-butylphthalate Sample et al 1996, based on 
study by Peakall 1974 

Total PAHs Mallard Chronic enlarged testis 3.83 38.3 
study LOAEL = 400 mg/kg in 
diet, =38.3 mg/kg/d3. UF of 10 
applied for LOAEL-NOAEL 
application Patton and Dieter, 1980 

4,4'-DDT brown pelican 5 yrs. reproduction 0.0028 0.028 NOAEL obtained from study 
LOAEL by use of UF of 0.1 

Anderson et al. cited and 
converted to NOAELs and 
LOAELs by Sample et al. 
1996 

Aluminum, Total Al2(SO4)3 Ringed Dove Chronic reproduction 109.7 1097 Carriere et al. 1986 as 
reported by Sample et al 1996 

Chromium, Total Black Duck Chronic 10 mo. reproduction 1 5 Trivalent chromium Haseltine, et al unpublished, 
as reported by Sample et al 
1996 

Iron, Total Total iron Poultry Chronic 500 5000 Recommended safe level of 
iron in food 

National Research Council, 
2005 

Lead, Total NR Chicken 4 weeks reproduction 1.63 3.26 
1.63 mg/kg/da used by EPA 
to calculate avian wildlife 
Eco SSL 

Edens and Garlich, 1983, as 
cited by EPA Eco SSL for 
Lead, 2005 

Selenium, Total sodium selenite Mallard chronic (78 da) reproduction 0.5 1 Heinz et al. 1987 as reported 
by Sample et al 1996 

Zinc, Total Zinc sulfate Leghorn hens Chronic (44 
weeks) 

reproduction 14.5 131 Sample et al 1996, based on 
study by Stahl et al 1990 

Woodard & Curran 
Sutton Brook (210517) 
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TABLE 4-8
 
MAMMALIAN TOXICITY DATA
 
Baseline Ecological Risk Assessment
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Masschusetts
 

Chemical 
(administered form) 

Receptor Duration Endpoint NOAEL 
(mg/kg-day) 

LOAEL 
(mg/kg-day) Comments Reference 

Arsenic Dog 8 weeks Growth 1.04 1.66 NOAEL value used by EPA in 
calculation of Eco-SSL. 

Neiger and Osweiler, 1989, 
as cited by EPA Eco-SSL 

document, 2005 

Manganese, Total Rat Chronic reproduction 88 284 Laskey et al 1982 as reported 
by Sample et al 1996 

Vanadium Mouse 12 days mortality 4.16 8.31 NOAEL value used by EPA in 
calculation of Eco-SSL. 

Sanchez et al, 1991, as 
reported in EPA Eco-SSL 

document, 2005 

bold value shows revised value from SLERA. See text for details.
 
References: 

Sample, B.E. et al. 1996. Toxicological Benchmarks for Wildlife: 1996 Revision. Oak Ridge National Laboratory ES/ER/TM-86/R3
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TABLE 4-9
 
SCALED TOXICITY REFERENCE VALUES FOR THE SHORT-TAILED SHREW
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

A. Allometric Scaling Factors for the Short-tailed Shrew 

Test Spp. 
Typical Test 
Spp. BW, kg Source 

Shrew BW, 
kg Source Scaling Factor 

rat 0.35 1 0.015 2 2.2 

B. Scaled Manganese Toxicity Value for the Short-tailed Shrew 

Chemical Test Species 

Test Spp. 
NOAEL 
(mg/kg 

BW/day) 

Test Spp. 
LOAEL 
(mg/kg 

BW/day) 

Scaling Factor 
Shrew 

NOAEL, 
mg/kg BW/da 

Shrew 
LOAEL, 

mg/kg BW/da 

Manganese, 
Total Rat 88 284 2.2 193.60 624.8 

Scaling Factor (bwtest / bwwldlf) 
0.25 

NOAEL wildlife  = NOAELtest  * Scaling Factor 
1. Sample et al. 1996 
2. EPA 1993 

Woodard & Curran 
Sutton Brook (210517) May 2007 
BERA scaled shrew TRVs.xlsshrew scaled TRVs 1 of 1 



TABLE 4-10a
 
SLERA UPPER SUTTON BROOK HAZARD QUOTIENTS OVER 1.0


a. SURFACE WATER HQs > 1.0
 

Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Maximum Surface 
Water 

Concentration, mg/l 

Surface Water 
Frequency of 

Detection 

Location of Maximum 

NOAEL-based 
Benchmark, mg/l 

Maximum Upper 
Sutton Brook 

Surface Water 
NOAEL-based 

HQs 

Number of 
Surface Water 
NOAEL-based 

HQs > 1.0 

Sample 
Number USB Reach 

4,4'-DDT 0.000009 1 / 7 SW-05 (99) Site Channel 0.000001 9.00 1 
Ethylbenzene 0.012 4 / 8 SW-05 (99) Site Channel 0.0073 1.6 2 
Toluene 0.123 5 / 8 SW4-99 Site Channel 0.0098 12.6 4 
Xylenes (total) 0.037 2 / 4 SW-05 (99) Site Channel 0.013 2.8 4 
Barium, Dissolved 0.08 3 / 3 SW-33 Site Channel 0.004 20 3 
Iron, Dissolved 1.4 3 / 3 SW-32 (04) Eastern Reach 1.0 1.4 1 
Manganese, Dissolved 0.53 3 / 3 SW-33 Site Channel 0.12 4.4 3 

Notes: 

*Maximum HQ is the maximum detected concentration per exposure point divided by the applicable ecological benchmark. 
NA = Constituent not a chemical of potential concern for this exposure point.

 See Appendix C for benchmark sources.
 mg/l = milligrams per liter.
 mg/kg = milligrams per kilogram.
 HQ = Hazard Quotient. 

Woodard & Curran 
Sutton Brook (210517) May 2007 
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TABLE 4-10b
 
SLERA UPPER SUTTON BROOK HAZARD QUOTIENTS OVER 1.0


b. SEDIMENT HQs > 1.0
 

Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Maximum Sediment 
Concentration, 

mg/kg 

Sediment 
Frequency of 

Detection 

Location of Maximum 

NOAEL-based 
Benchmark, 

mg/kg 

Maximum Upper 
Sutton Brook 

Sediment NOAEL-
based HQs 

Number of 
Sediment 

NOAEL-based 
HQs > 1.0 

Sample No. USB Reach 

1,2,4-Trimethylbenzene 3.00 4/8 SD-22 (99) Site Channel 1.287 2.3 1 
1,3,5-Trimethylbenzene 16.00 4/8 SD-23 (99) Site Channel 1.163 13.8 1 
2-Methylphenol 0.24 1/9 SD-21 (99) Site Channel 0.134 1.8 1 
3-Methylphenol/4-Methylphenol 1.20 1/4 SD-33 (04) Site Channel 0.627 1.9 1 
4-Methyl-2-pentanone 0.10 2/8 SD-21 (99) Site Channel 0.043 2.3 1 
Acetone 0.72 4/8 SD-14 (99) Southern Trib 0.069 10.4 1 
Benzo(a)pyrene 0.44 1/9 SD-14 (99) Southern Trib 0.257 1.7 1 
Carbon disulfide 0.015 2/8 SD-22 (99) Site Channel 0.001 15.3 2 
Chloroethane 0.09 3/8 SD-23 (99) Site Channel 0.026 3.3 2 
Ethylbenzene 3.30 5/8 SD-22 (99) Site Channel 0.088 37.5 5 
Naphthalene 1.50 5/9 SD-32 (04) Eastern Reach 0.514 2.9 1 
Toluene 4.80 5/9 SD-33 (04) Site Channel 0.061 78.4 3 
Xylenes (total) 10.57 6/8 SD-22(99) Site Channel 0.134 76.0 6 
Arsenic, Total 767 10/10 SD-15(99) Southern Trib 8.2 93.5 8 
Iron, Total 85300 10/10 SD-15(99) Southern Trib 20000 4.3 2 
Manganese, Total 550 10/10 SD-33 (04) Site Channel 460 1.2 1 

Notes: 

*Maximum HQ is the maximum detected concentration per exposure point divided by the applicable ecological benchmark.
 

See Appendix L for NOAEL benchmark sources.

 mg/l = milligrams per liter.

 mg/kg = milligrams per kilogram.

 HQ = Hazard Quotient.
 

Woodard & Curran 
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TABLE 4-11
 
UPPER SUTTON BROOK CONTAMINANTS OF POTENTIAL CONCERN
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site, Tewksbury, Massachusetts
 

Surface Water Sediment 

4,4'-DDT 1,2,4-Trimethylbenzene 
Ethylbenzene 1,3,5-Trimethylbenzene 
Toluene 2-Methylphenol 
Xylenes (total) 3-Methylphenol/4-Methylphenol 
Barium, Dissolved 4-Methyl-2-pentanone 
Iron, Dissolved Acetone 
Manganese, Dissolved Benzo(a)pyrene 

Carbon disulfide 
Chloroethane 
Ethylbenzene 
Naphthalene 
Toluene 
Xylenes (total) 
Arsenic, Total 
Iron, Total 
Manganese, Total 

Sutton Brook (210517) Woodard & Curran
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TABLE 4-12
 
USB SOUTHERN TRIBUTARY SURFACE WATER POINT DATA AND SUMMARY STATISTICS
 

Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Min Max Location of Range of Average 
Concen- Concen- Maximum Detection Detection Con-

Benchmark Summary 

SW-09 (99) SW-43 (04) tration tration Concentration Frequency Limits centration 95% UCL 
8/10/99 10/22/04 
surface 0 
surface 0.5 

Analytical Parameter 
NOAEL-based 

Benchmark 

No. NOAEL-
based 

Benchmark 
Exceedances C
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n
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ie

r
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n 
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m
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Toluene 0.0098 0 ND 0.01 0.001 8E-04 0.001 0.001 SW-43 (04) 1 / 2 0.0008 0.01 0.001 N/A 

All concentrations in mg/l
 
Detected compounds only shown. 

LOAEL benchmark sources listed on Table 4-6. NOAEL benchmark sources listed in Appendix L. 

Blank means compound not analyzed
 
ND means compound not detected. 

HQs calculated only if compound detected or if detection limit exceeds benchmark
 
Shading indicates LOAEL-based HQ > 1.0
 
Averages calculated using 1/2 the DL for non-detects. Value is not included if 1/2 DL is greater than the detected maximum.
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TABLE 4-13
 
USB SOUTHERN TRIBUTARY SEDIMENT POINT DATA AND SUMMARY STATISTICS
 

Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Sample Location 

Benchmark Summary Data 

SD-202 (06) SD-203 (06) SD-204 (06) SD-205 (06) SD-206 (06) SD-207 (06) 
Sampling Date 11/9/06 11/9/06 11/9/06 11/9/06 11/9/06 11/9/06 

Depth Top 0 0 0 0 0 0 
Depth Bottom 0.5 0.5 0.5 0.5 0.5 0.5 

Analytical Parameter 
NOAEL-based 

Benchmark 

Maximum 
NOAEL-based 

HQ 

No. 
Exceedances of 
NOAEL-based 
Benchmarks 

LOAEL-based 
Benchmark 

Maximum 
LOAEL-based 

HQ 

No. LOAEL-
based HQs > 
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Organics 
Acetone 0.069 10.4 1 0.462 1.6 1 
Toluene 0.061 6.1 1 3.62 0.1 0 

Benzo(a)pyrene 0.257 1.7 1 4.4 0.1 0 
Metals 

Arsenic, Total 8.2 93.5 7 33 23.2 6 9.4 J 0.34 0.3 42 J 4.2 1.3 130 J 4.5 3.9 58 J 3 1.8 58 J 3.3 1.8 94 J 3.9 2.8 
Iron, Total 20,000 4.3 1 40,000 2.1 2 9200 J 3.4 0.2 11000 J 42 0.3 21000 J 45 0.5 15000 J 30 0.4 8000 J 33 0.2 11000 J 39 0.3 

Manganese, Total 460 0.3 0 NC NC NC 

All concentrations in mg/kg 
See Appendix C for NOAEL sources 
See Table 2-6 for LOAEL sources 
Blank means not analyzed 
NA = Not available 
NC = not calculated 
Bold indicates exceedance of NOAEL-based benchmark 
Shading indicates LOAEL-based HQ > 1.0 
Itialics indicates HQ based on 1/2 detection limit. 
Averages calculated using 1/2 the DL for non-detects. Value is not included if 1/2 DL is greater than the detected maximum. 
Detection limits for historical sample SD-14(99) not available. 
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TABLE 4-13
 
USB SOUTHERN TRIBUTARY SEDIMENT POINT DATA AND SUMMARY STATISTICS
 

Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Sample Location SD-43 (04) SD-14 (99) SD-15(99) 

Minimum 
Concentration 

(Qualifier) 

Maximum 
Concentration 

(Qualifier) 

Location of 
Maximum 

Concentration 
Detection 
Frequency 

Range of Detection 
Limits 

Average 
Concentration 95% UCL 

Sampling Date 10/22/04 8/10/99 8/10/99 
Depth Top 0 0 0 

Depth Bottom 0.5 0.5 0.5 

Analytical Parameter C
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Organics 
Acetone ND 0.6 0.6 0.72 J 1.6 0.72 J 0.72 J SD-14 (99) 1 / 2 0.6 - 0.6 0.51 N/A 
Toluene ND 0.09 0.01 0.37 J 0.1 0.37 J 0.37 J SD-14 (99) 1 / 2 0.09 - 0.09 0.21 N/A 

Benzo(a)pyrene ND 0.47 0.05 0.44 J 0.1 0.44 J 0.44 J SD-14 (99) 1 / 2 0.47 - 0.47 0.34 N/A 
Metals 

Arsenic, Total 88 0.28 2.7 406 J 12.3 767 J 23.2 9.4 J 767 J SD-15(99) 9 / 9 0.28 - 4.5 183.60 432 
Iron, Total 9700 2.8 0.2 43,900 J 1.1 85,300 J 2.1 8000 J 85,300 J SD-15(99) 9 / 9 2.8 - 45 23789 43784 

Manganese, Total 41 0.56 57.8 118 41 118 SD-15(99) 3 / 3 0.56 - 0.56 72.27 
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TABLE 4-14
 
USB SOUTHERN TRIBUTARY TOXICITY TEST RESULTS
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

A. Results of 10-day Toxicity Test with Hyalella azteca 

Sample Name Location 
Mean Proportion 

Surviving Mean Weight (mg) 

Arsenic 
Concentration 

mg/kg 

Iron 
Concentration, 

mg/kg Arsenic /g Iron 
SD-204 midreach 0.98 0.072 130 21,000 6.2 
SD-200 reference 0.94 0.079 5.4 5,200 1.0 
SD-201 reference 0.98 0.083 110 8,900 12.4 
SD-207 near confluence 0.98 0.086 94 11,000 8.5 
SD-206 up from confluence 0.99 0.087 58 8,000 7.3 
Control 0.98 0.096 

B. Results of 10-day Toxicity Test with Chironomus tentans 

Sample Name Location 
Mean Proportion 

Surviving Mean Weight (mg) 

Arsenic 
Concentration 

mg/kg 

Iron 
Concentration, 

mg/kg Arsenic/g Iron 
SD-204 midreach 0.95 1.37 130 21,000 6.2 
SD-207 near confluence 0.94 1.38 94 11,000 8.5 
SD-201 Reference 0.93 1.5 110 8,900 12.4 
SD-200 Reference 0.99 1.55 5.4 5,200 1.0 
SD-206 up from confluence 0.91 1.69 58 8,000 7.3 
Control 0.93 1.82 

Sutton Brook (210517) Woodard & Curran
 
Tox test results.xlsReport Table tox test results 1 of 1 May 2007
 



 

     

          

TABLE 4-15
 
USB EASTERN REACH SURFACE WATER POINT DATA AND SUMMARY STATISTICS
 

Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Summary of Benchmark Comparisons 

SW-10 (99) SW-214 SW-215 SW-31 (04) 
8/10/99 11/9/06 11/10/06 10/22/04 
surface 0 0 0 
surface 0.5 0.5 0.5 

Analytical Parameter 
NOAEL-based 

Benchmark 

No. 
Exceedances 
of NOAEL-

based 
Benchmark 

Maximum 
NOAEL-based 

HQ 
LOAEL-based 

Benchmark 

Maximum 
LOAEL-based 

HQ 

No. LOAEL-
based HQs > 
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Organics 
Toluene 0.0098 0 0.03 NC 0 ND 0.01 NC ND 8E-04 NC ND 8E-04 NC 0.0003 J 8E-04 NC 
Metals 

Barium, Dissolved 0.004 4 3.8 3.2 0.01 0 0.01 J 0.01 0.003 0.015 0.01 0.005 0.02 0.01 0.006 
Iron, Dissolved 1 1 1.4 NC NC 0.21 0.05 NC 0.26 0.05 NC 0.64 0.05 NC 

Manganese, Dissolved 0.12 2 2.3 1.3 0.2 0 0.03 0.01 0.02 0.063 0.01 0.05 0.16 0.01 0.1 

All concentrations in mg/l
 
Detected compounds only shown.
 
NOAEL-based benchmarks listed in Appendix C.
 
LOAEL Benchmark sources listed on Table 2-6. 

Blank means compound not analyzed
 
ND means compound not detected. 

Total xylenes is the sum of isomers, where analyzed. 

HQs calculated only if compound detected or if detection limit exceeds benchmark
 
Bold indicates NOAEL-based benchmark exceedance
 
Shading indicates LOAEL-based HQ > 1.0
 
Averages calculated using 1/2 the DL for non-detects. Value is not included if 1/2 DL is greater than the detected maximum.
 
NC = Not calculated
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TABLE 4-15
 
USB EASTERN REACH SURFACE WATER POINT DATA AND SUMMARY STATISTICS
 

Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

SW-32 (04) 

Minimum 
Concentration 

(Qualifier) 

Maximum 
Concentration 

(Qualifier) 

Location of 
Maximum 

Concentration 
Detection 
Frequency 

Range of Detection 
Limits 

Average 
Concentration 95% UCL 

10/22/04 
0 

0.5 

Analytical Parameter C
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Organics 
Toluene ND 8E-04 NC 0.00032 J 0.00032 J SW-31 (04) 1 / 5 0.0003 - 0.0003 0.003 0.0003 
Metals 

Barium, Dissolved 0.02 0.01 0.006 0.0097 0.02 SW-31 (04) 4 / 4 0.0097 - 0.02 0.016 0.02 
Iron, Dissolved 1.4 0.05 NC 0.21 1.4 SW-32 (04) 4 / 4 0.21 - 1.4 0.628 0.909 

Manganese, Dissolved 0.27 0.01 0.2 0.03 0.27 SW-32 (04) 4 / 4 0.03 - 0.27 0.131 0.186 
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Table 4-16
 
USB EASTERN REACH SEDIMENT POINT DATA AND SUMMARY STATISTICS
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Benchmark Summary Data 

SD-20 (99) SD-208 (06) SD-209 (06) SD-210 (06) SD-211 (06) SD-212 (06) SD-213 (06) 
Sampling Date 8/10/99 11/17/06 11/10/06 11/10/06 11/10/06 11/10/06 11/10/06 

Depth Top 0 0 0 0 0 0 0 
Depth Bottom 0.5 0.5 0.5 0.5 1 1 1 

Analytical Parameter 
NOAEL-based 

Benchmark 

Maximum 
NOAEL-based 

HQ 

No. Samples 
Exceeding 

NOAEL-based 
Benchmark 

LOAEL-based 
Benchmark 

No. LOAEL-
based HQs > 

1.0 

Maximum 
LOAEL-based 
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Organics 
Acetone 0.069 0.9 0 0.4629 0 0.1 ND R 

Carbon disulfide 0.001 6.7 1 0.224 0 0.03 ND UJ 0.007 0.02 
Naphthalene 0.514 2.9 1 8.132 0 0.2 ND 0.43 0.03 
p/m-Xylene 0.134 1.3 1 3.41 0 0.05 ND 0.007 0.001 

Toluene 0.061 0.02 0 NC NC NC ND 0.007 NC 
Metals 

Arsenic, Total 8.2 17.1 9 33 5 4.2 62.1 J 1.9 7.1 J 2.5 0.2 9.5 J 2.7 0.3 140 J 3.4 4.2 29 J 3.3 0.9 74 J 5.8 2.2 92 J 2.5 2.8 
Iron, Total 20,000 1.4 1 NC NC NC 9060 J NC 2200 J 25 NC 3700 J 27 NC 15000 J 34 NC 3800 J 33 NC 18000 J 58 NC 27000 J  25  NC  

Manganese, Total 460 0.2 0 NC NC NC 103 NC NC NC NC NC NC NC 

All concentrations in mg/kg 
See Appendix C for NOAEL sources from SLERA. 
See Table 2-6 for LOAEL sources 
NC = not calculated 
Blank means not analyzed 
Bold means value exceeds NOAEL-based benchmark 
Shading means LOAEL-based HQ > 1.0, for detected COPCs 
Italics mean HQ is based on 1/2 detection limit. 
Averages calculated using 1/2 the DL for non-detects. Value is not included if 1/2 DL is greater than the detected maximum. 
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Table 4-16
 
USB EASTERN REACH SEDIMENT POINT DATA AND SUMMARY STATISTICS
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

SD-214 (06) SD-215 (06) SD-31 (04) SD-32 (04) 

Minimum 
Concentration 

(Qualifier) 

Maximum 
Concentration 

(Qualifier) 

Location of 
Maximum 

Concentration 
Detection 
Frequency 

Range of 
Detection Limits 

Average 
Concentration 95% UCL 

Sampling Date 11/9/06 11/9/06 10/22/04 10/22/04 
Depth Top 0 0 0 0 

Depth Bottom 0.5 1 0.5 0.5 

Analytical Parameter C
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Organics 
Acetone 0.058 0.009 0.1 0.063 J 0.01 0.1 ND 0.5 0.5 ND 1.1 1.2 0.058 0.063 J SD-215 (06) 2 / 5 0.0089 - 1.1 0.061 N/A 

Carbon disulfide 0.007 J 0.009 0.03 ND 0.01 0.02 ND 0.5 1.1 ND 1.1 2.5 0.0067 J 0.0067 J SD-214 (06) 1 / 5 0.007 - 1.1 0.005 N/A 
Naphthalene ND 0.004 0 ND UJ 0.005 0.00 ND 0.25 0.02 1.5 0.56 0.2 1.5 1.5 SD-32 (04) 1 / 5 0.0044 - 0.56 0.369 1.5 
p/m-Xylene ND 9E-04 #### ND 0.001 ##### ND 0.05 0.01 0.17 0.11 0.05 0.17 0.17 SD-32 (04) 1 / 5 0.0009 - 0.11 0.040 0.170 

Toluene 0.0011 J 0.001 NC ND 0.0015 NC ND 0.075 NC ND 0.17 NC 0.0011 J 0.0011 J SD-214 (06) 1 / 5 0.0013 - 0.17 0.001 N/A 
Metals 

Arsenic, Total 8.4 J 0.27 0.3 26 J 0.29 0.8 7.2 0.26 0.2 55 0.34 1.7 7.1 J 140 J SD-210 (06) 11 / 11 0.26 - 5.8 46.4 70 
Iron, Total 3200 2.7 NC 2100 2.9 NC 2700 2.6 NC 4800 3.4 NC 2100 27000 SD-215 (06) 11 / 11 2.6 - 58 8324 14420 

Manganese, Total 66 0.55 NC 45 0.58 NC 62 0.53 NC 41 0.68 NC 41 103 SD-208 (06) 5 / 5 0.53 - 0.68 63.4 87 
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TABLE 4-17
 
USB SITE CHANNEL SURFACE WATER POINT DATA AND NOAEL-BASED HQs
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Sample No. 

Benchmark Summary 

SW-05 (99) SW-33 (04) SW-33 (05) SW-34 (04) 
Date 8/10/99 10/22/04 9/20/05 10/22/04 

Sample Top Depth., ft. surface 0 0 0 
Sample Bottom Depth, ft. surface 0.5 0.5 0.5 

Analytical Parameter 
NOAEL-based 

Benchmark 

Maximum 
NOAEL-based 

HQ 

No. NOAEL-
based 
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Exceedances C
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Organics 
4,4'-DDT 1.00E-06 9.0 1 9.E-06 J ND 0.00004 ND 4E-05 

Ethylbenzene 0.0073 1.6 3 1.E-02 0.001 0.0005 0.0088 0.0005 0.0035 0.0005 
Toluene 0.0098 12.6 4 8.E-02 0.0082 0.001 0.097 0.0008 0.047 0.0008 

Xylenes (total) 0.013 2.8 4 4.E-02 0.004 0.0369 0.0149 
Metals 

Barium, Dissolved 0.004 20.0 1 0.08 0.01 
Iron, Dissolved 1 0.1 0 0.12 0.05 

Manganese, Dissolved 0.12 4.4 1 0.53 0.01 

All concentrations in mg/l 
See Appendix L for NOAEL-based benchmarks from the SLERA. 
Benchmark sources listed on Table 2-6. 
Blank means compound not analyzed 
ND means compound not detected. 
Total xylenes is the sum of isomers, where analyzed. 
HQs calculated only if compound detected or if detection limit exceeds benchmark 
Bold indicates exceedance of NOAEL-based benchmark 
Shading indicates LOAEL-based HQ > 1.0 
Italics indicate HQ based on 1/2 the detection limit 
Averages calculated using 1/2 the DL for non-detects. Value is not included if 1/2 DL is greater than the detected maximum. 
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TABLE 4-17
 
USB SITE CHANNEL SURFACE WATER POINT DATA AND NOAEL-BASED HQs
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Sample No. SW4-99 

Minimum 
Concentration 

(Qualifier) 

Maximum 
Concentration 

(Qualifier) 

Location of 
Maximum 

Concentration 
Detection 
Frequency 

Range of Detection 
Limits 

Average 
Concentration 95% UCL 

Date 6/3/99 
Sample Top Depth., ft. surface 

Sample Bottom Depth, ft. surface 

Analytical Parameter C
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Organics 
4,4'-DDT 0.000009 J 0.000009 J SW-05 (99) 1 / 3 4E-05 - 4E-05 0.000009 N/A 

Ethylbenzene 0.012 0.01 0.001 0.012 SW4-99 5 / 5 0.0005 - 0.01 0.007 0.0122 
Toluene 0.123 0.01 0.0082 0.123 SW4-99 5 / 5 0.0008 - 0.01 0.071 0.1131 

Xylenes (total) 0.0334 0.005 0.00413 0.037 SW-33 (05) 5 / 5 0.005 - 0.005 0.025 0.0394 
Metals 

Barium, Dissolved 0.08 0.08 SW-33 (05) 1 / 1 0.01 - 0.01 0.08 N/A 
Iron, Dissolved 0.12 0.12 SW-33 (05) 1 / 1 0.05 - 0.05 0.12 N/A 

Manganese, Dissolved 0.53 0.53 SW-33 (05) 1 / 1 0.01 - 0.01 0.53 N/A 
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TABLE 4-18
 
USB SITE CHANNEL SEDIMENT POINT DATA AND NOAEL-BASED HQS
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Sample Location 
Benchmark Summary Data 

SD-21 (99) SD-22 (99) SD-23 (99) SD-33 (04) SD-34 (04) 
Sampling Date 8/10/99 8/9/99 8/9/99 10/22/04 10/22/04 

Depth Top 0 0 0 0 0 
Depth Bottom 0.5 0.5 0.5 0.5 0.5 

Analytical Parameter 
NOAEL-based 

Benchmark 

Maximum 
NOAEL-based 

HQ 

No. 
Exceedances 
of NOAEL-

based 
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Organics 
1,2,4-Trimethylbenzene 1.287 2.3 2 0.64 3 0.094 J 1.3 J 0.18 ND 0.3 
1,3,5-Trimethylbenzene 1.163 13.8 1 0.13 J 0.18 J 16 0.46 J 0.18 ND 0.3 

2-Methylphenol 0.134 1.8 1 0.24 J ND 0.57 ND 0.89 ND 0.51 ND 0.7 
3-Methylphenol/4-Methylphenol 0.627 1.9 1 1.2 0.51 ND 0.7 

4-Methyl-2-pentanone 0.043 2.3 1 0.1 0.034 ND 0.02 ND 0.36 ND 0.6 
Acetone 0.069 3.9 1 0.056 J 0.038 J EB 0.27 J EB ND 0.36 ND 0.6 

Carbon disulfide 0.001 15.3 2 0.006 J 0.015 ND 0.02 ND 0.36 ND 0.6 
Chloroethane 0.026 3.3 2 0.005 J 0.035 0.085 ND UJ 0.072 ND 0.12 
Ethylbenzene 0.088 37.5 5 1.3 J 3.3 1 0.54 J 0.036 0.17 0.06 
Naphthalene 0.514 1.0 0 ND 0.35 0.38 J 0.37 J 0.29 0.18 0.5 0.3 

o-Xylene NA NC NC 0.12 0.2 0.19 J 0.57 J 0.036 0.088 0.06 
p/m-Xylene NA NC NC 1.9 J 10 3.5 1.7 J 0.036 2.9 0.06 

Total Xylenes 0.134 76.0 5 2.02 10.2 3.69 2.27 2.988 
Toluene 0.061 78.4 2 0.46 0.035 0.022 4.8 J 0.054 ND 0.09 
Metals 

Arsenic, Total 8.2 19.5 5 8.3 J 43.8 J 21.4 J 160 0.25 78 0.35 
Iron, Total 20000 0.8 0 15100 J 15800 J 5880 J 15000 2.5 7200 3.5 

Manganese, Total 460 1.2 1 171 176 92.9 550 0.5 79 0.7 

All concentrations in mg/kg 
See Appendix L for NOAEL sources 
Total xylenes reflects the sum of the isomers 
Blank means not analyzed 
NA = Not available 
NC = not calculated 
Bold indicates exceedance of NOAEL-based benchmark 
Itialics indicates HQ based on 1/2 detection limit. 
Averages calculated using 1/2 the DL for non-detects. Value is not included if 1/2 DL is greater than the detected maximum. 
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TABLE 4-18
 
USB SITE CHANNEL SEDIMENT POINT DATA AND NOAEL-BASED HQS
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Sample Location 

Minimum 
Concentration 

(Qualifier) 

Maximum 
Concentration 

(Qualifier) 

Location of 
Maximum 

Concentration 
Detection 
Frequency 

Range of 
Detection Limits 

Average 
Concentration 95% UCL 

Sampling Date 
Depth Top 

Depth Bottom 

Analytical Parameter 
Organics 

1,2,4-Trimethylbenzene 0.094 J 3 SD-22 (99) 4 / 5 0.18 - 0.3 1.0368 2.1805 
1,3,5-Trimethylbenzene 0.13 J 16 SD-23 (99) 4 / 5 0.18 - 0.3 3.3840 16 

2-Methylphenol 0.24 J 0.24 J SD-21 (99) 1 / 5 0.51 - 0.89 0.3150 0.24 
3-Methylphenol/4-Methylphenol 1.2 1.2 SD-33 (04) 1 / 2 0.51 - 0.7 0.7750 N/A 

4-Methyl-2-pentanone 0.034 0.1 SD-21 (99) 2 / 5 0.02 - 0.6 0.048 N/A 
Acetone 0.038 J EB 0.27 J EB SD-23 (99) 3 / 5 0.36 - 0.6 0.136 0.2263 

Carbon disulfide 0.006 J 0.015 SD-22 (99) 2 / 5 0.02 - 0.6 0.010 N/A 
Chloroethane 0.005 J 0.085 SD-23 (99) 3 / 5 0.072 - 0.12 0.044 0.0728 
Ethylbenzene 0.17 3.3 SD-22 (99) 5 / 5 0.036 - 0.06 1.262 2.4235 
Naphthalene 0.29 0.5 SD-34 (04) 4 / 5 0.18 - 0.35 0.343 0.4576 

o-Xylene 0.088 0.57 J SD-33 (04) 5 / 5 0.036 - 0.06 0.234 0.4184 
p/m-Xylene 1.7 J 10 SD-22 (99) 5 / 5 0.04 - 0.06 4.000 9.7518 

Total Xylenes 2.02 10.2 SD-22 (99) 5 / 5 0.04 - 0.06 4.234 10.2 
Toluene 0.022 4.8 J SD-33 (04) 4 / 5 0.054 - 0.09 1.072 4.8 
Metals 

Arsenic, Total 8.3 J 160 SD-33 (04) 5 / 5 0.25 - 0.35 62.3 120 
Iron, Total 5880 J 15800 J SD-22 (99) 5 / 5 2.5 - 3.5 11796.0 15800 

Manganese, Total 79 550 SD-33 (04) 5 / 5 0.5 - 0.7 213.8 550 

210517 Woodard & Curran 
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TABLE 4-19a
 
SLERA AQUATIC WETLAND HAZARD QUOTIENTS OVER 1.0
 
a. SURFACE WATER NOAEL-BASED HAZARD QUOTIENTS
 

Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site, Tewksbury, Massachusetts
 

Surface Water 
Maximum Conc., 

mg/l 

Surface Water 
Location of 
Maximum 

Surface Water 
Frequency of 

Detection 

NOAEL-based 
Aquatic 

Benchmark 

NOAEL-based 
Amphibian 
Benchmark 

Maximum Surface 
Water Aquatic 

NOAEL-based HQ 

Number of 
Aquatic NOAEL-
based HQs > 1.0 

Maximum 
Amphibian 

Surface Water 
NOAEL-based 

HQ 

Number of 
Amphibian 

NOAEL-based 
HQs > 1.0 

ASSESSMEMT ENDPOINT: 
Aquatic Invertebrates Amphibians 

Ethylbenzene 0.00794 SW3-99 6 / 21 0.0073 NB 1.1 1 NB 
Toluene 0.072 SW-08 (99) 12 / 21 0.010 0.1 7.3 5 1.1 1 
Xylenes (total) 0.033 SW-08 (99) 5 / 6 0.013 1.1 2.5 3 0.03 
Aluminum, Dissolved 0.220 SW-108 (05) 1 / 14 0.087 0.010 2.5 1 22.0 1 
Arsenic, Dissolved 0.021 SW-35 (04) 8 / 14 0.150 0.010 0.1 2.1 2 
Barium, Dissolved 0.140 SW-110 (05) 14 / 14 0.004 0.8 35.0 14 0.2 
Copper, Dissolved 0.004 SW-101 (05) 3 / 14 0.007 0.003 0.6 1.3 1 
Iron, Dissolved 5.3 SW-101 (05) 14 / 14 1.000 0.3 5.3 10 17.7 13 
Lead, Dissolved 0.005 SW-108 (05) 1 / 14 0.002 0.008 2.5 1 0.6 
Manganese, Dissolved 0.980 SW-110 (05) 14 / 14 0.120 0.0142 8.2 12 69.0 14 
Nickel, Dissolved 0.009 SW-110 (05) 12 / 14 0.039 0.003 0.2 2.9 4 
Zinc, Dissolved 0.038 SW-36 3 / 14 0.089 0.003 0.4 12.7 4 

Notes: 
*Maximum HQ is the maximum detected concentration per exposure point divided by the applicable benchmark 
See Appendix C for benchmark sources 
NA = Constituent not a chemical of potential concern for this exposure point.


 Shading indicates NOAEL-based HQ > 1.0

 mg/l = milligrams per liter.

 mg/kg = milligrams per kilogram.

 HQ = Hazard Quotient.
 

Sutton Brook (210517) Woodard & Curran
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TABLE 4-19b
 
SLERA AQUATIC WETLAND HAZARD QUOTIENTS OVER 1.0
 

b. SEDIMENT NOAEL-BASED HAZARD QUOTIENTS
 
Baseline Ecological Risk Assessment 


Sutton Brook Disposal Area Superfund Site, Tewksbury, Massachusetts
 

Sediment 
Maximum Conc., 

mg/kg 

Sediment 
Location of 
Maximum 

Sediment 
Frequency of 

Detection 

NOAEL-based 
Benchmark 

Maximum Sediment 
NOAEL-based HQ 

Number of 
Sediment 

NOAEL-based 
HQs > 1.0 

ASSESSMEMT ENDPOINT: 
Benthic Invertebrates 

Acetone 2.1 WS-102 (05) 18/21 0.755 2.8 6 
Benzoic Acid 5.5 WS-104 (05) 4/12 0.155 35.6 4 
Arsenic, Total 64 SD-38 (04) 22/22 8.200 7.8 11 
Beryllium, Total 2.1 WS-11 (04) 11/22 1.100 1.9 2 
Iron, Total 24800 SD-01 (99) 22/22 20000 1.2 1 
Mercury, Total 0.22 WS-102 (05) 8/20 0.150 1.5 2 
Selenium, Total 5.1 WS-11 (04) 11/15 0.720 7.1 8 

Notes: 
*Maximum HQ is the maximum detected concentration per exposure point divided by the applicable

 ecological benchmark.
 
See Appendix C for NOAEL benchmark sources
 
NA = Constituent not a chemical of potential concern for this exposure point.


 Shading indicates NOAEL-based 
HQ > 1.0


 mg/l = milligrams per liter.

 mg/kg = milligrams per kilogram.

 HQ = Hazard Quotient.
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TABLE 4-20
 
SLERA AQUATIC WETLAND AND SITE POND WILDLIFE HAZARD QUOTIENTS OVER 1.0
 

Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site, Tewksbury, Massachusetts
 

CONSTITUENT OF POTENTIAL CONCERN: 
Aquatic Wetland and Site Pond NOAEL-based HQs 

Carnivore (Heron) Omnivore (Mallard) Herbivore (Black 
Duck) 

Aluminum, Total 0.16 1.4 0.4 
Iron, Total 0.99 1.1 0.4 
Lead, Total 0.29 1.0 1.7 
Selenium, Total 0.22 0.9 1.4 

Notes: 
*Maximum HQ is the maximum detected concentration per exposure point divided by the applicable
 ecological benchmark.

 Shading indicates NOAEL-based HQ > 1.0 

Sutton Brook (210517) Woodard & Curran
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TABLE 4-21
 
AQUATIC WETLAND CONTAMINANTS OF POTENTIAL CONCERN
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Media 
Surface Water Surface Water Sediment Surface Water and Sediment 

Receptor 
Aquatic Organisms Amphibians Benthic Organisms Herbivore (Black Duck) Ominvores (Mallard) 

Ethylbenzene Toluene Acetone Lead, Total Aluminum, Total 
Toluene Aluminum, Dissolved Benzoic Acid Selenium, Total Iron, Total 

Xylenes (total) Arsenic, Dissolved Chloroethane 
Aluminum, Dissolved Copper, Dissolved Toluene 

Barium, Dissolved Iron, Dissolved Arsenic, Total 
Iron, Dissolved Manganese, Dissolved Beryllium, Total 
Lead, Dissolved Nickel, Dissolved Iron, Total 

Manganese, Dissolved Zinc, Dissolved Mercury, Total 
Selenium, Total 

\\Andover\projects\210517 Sutton Brook\wip\Ecological Risk Assessment Docs\Sutton Eco Risk\BERA\TABLES\File} 
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TABLE 4-22
 
SUMMARY STATISTICS FOR AQUATIC WETLAND SURFACE WATER COPCs 


Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Chemical  Minimum 
Concentration 

(Qualifier) 

Maximum 
Concentration 

(Qualifier) 

Units Location 
of Maximum 
Concentration 

Detection 
Frequency 

Range of 
Detection 

Limits 

Average 
Concentration 

95%
UCL 

Aluminum, Dissolved 0.22 0.22 mg/l SW-108 (05) 1 / 14 0.047 -- 0.19 0.059 0.081 
Arsenic, Dissolved 0.0036 J 0.0206 J mg/l SW-35 (04) 8 / 14 0.005 -- 0.005 0.006 0.012 
Barium, Dissolved 0.01 0.14 mg/l SW-110 (05) 14 / 14 0.01 -- 0.01 0.031 0.068 
Copper, Dissolved 0.003 J 0.004 J mg/l SW-101 (05) 3 / 14 0.01 -- 0.01 0.005 N/A 
Iron, Dissolved 0.12 5.3 mg/l SW-101 (05) 14 / 14 0.05 -- 0.05 1.730 2.543 
Lead, Dissolved 0.005 J 0.005 J mg/l SW-108 (05) 1 / 14 0.01 -- 0.01 0.005 N/A 
Manganese, Dissolved 0.06 0.98 mg/l SW-110 (05) 14 / 14 0.01 -- 0.01 0.337 0.486 
Nickel, Dissolved 0.0015 J 0.0088 J mg/l SW-110 (05) 12 / 14 0.0042 -- 0.025 0.004 0.005 

Vanadium, Dissolved 0.001 J 0.001 J mg/l 

SW-101(05), SW-
102(05), SW-104(05), 

SW-106(05), SW-
107(05), SW-108(05), 

SW-110(05), SW-
35(04) 8 / 14 0.001 -- 0.01 0.002 0.001 

Zinc, Dissolved 0.014 J 0.0255 J mg/l SW-36 3 / 14 0.05 -- 0.12 0.035 0.026 
Ethylbenzene 0.00038 J 0.00794 J mg/l SW3-99 6 / 21 0.0005 -- 0.01 0.002 0.007 
Xylenes (total) 0.00595 0.033 mg/l SW-08 (99) 5 / 6 0.005 -- 0.01 0.005 0.026 
Toluene 0.0017 0.072 mg/l SW-08 (99) 12 / 21 0.00075 -- 0.01 0.011 0.051 

Averages calculated using 1/2 the DL for non-detects. Value is not included if 1/2 DL is greater than the detected maximum. 
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TABLE 4-23 
AQUATIC WETLAND SEDIMENT DATA SUMMARY 

Baseline Ecological Risk Assessment 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Minimum Maximum Location of 
Concentration Concentration Maximum Range of Detection Average 

Analytical Parameter (Qualifier) (Qualifier) Concentration Detection Frequency Limits Concentration 95%UCL 
Organics 
Acetone 0.011 4.4 SD-218(06) 23 / 28 0.005 - 0.66 1.071 2.11 

Benzoic Acid 0.2 5.5 WS-104 (05) 5 / 22 0.66 - 240 3.06 3.72 
Chloroethane 0.017 0.35 SD-02 (99) 7 / 27 0.0015 - 0.13 0.029 0.065 

Toluene 0.00086 8.4 SD-02 (99) 18 / 27 0.0011 - 0.1 0.329 3.42 
Metals 

Aluminum, Total 1500 7300 WS-ll(04) 23 / 23 4.9 - 30 3159.1 3759.2 
Arsenic, Total 2 64 SD-38 (04) 23 / 23 0.24 - 1.5 14.2 20.8 

Beryllium, Total 0.26 2.1 WS-ll(04) 11 / 23 0.24 - 3.7 0.575 0.8 
Iron, Total 1600 24800 SD-01 (99) 23 / 23 2.4 - 15 6462 8531.8 
Lead, Total 1.9 75.6 SD-01 (99) 23 / 23 2.4 - 15 13.6 19.1 

Manganese, Total 28.1 341 SD-02 (99) 23 / 23 0.49 - 3 129.6 170.0 
Mercury, Total 0.032 0.3 SD-216(06) 14 / 29 0.05 - 0.59 0.1 0.1 
Selenium, Total 0.54 5.1 WS-ll(04) 11 / 16 0.49 - 3 1.3 1.9 

Vanadium, Total 2.2 70 WS-7 (04) 23 / 23 0.49 - 3 10.5 23.3 

Averages calculated using 1/2 the DL for non-detects. Value is not included if 1/2 DL is greater than the detected maximum. 

210517 (SuttonBrook) Woodard & Curraii 
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TABLE 4-24

 SURFACE WATER AQUATIC HAZARD QUOTIENTS IN THE AQUATIC WETLAND
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Maximum Conc. 
in Aquatic 

Wetland Surface 
Water, mg/l 

Surface Water Aquatic Benchmarks and HQs 

Surface Water 
NOAEL-Based 
Benchmarks, 

mg/l 

Maximum 
NOAEL-Based 

HQ 

Surface Water 
LOAELs, mg/l 

Maximum 
LOAEL-Based 

HQ 

Toluene 0.072 0.0098 7.3 0.58 0.1 
Xylenes (total) 0.033 0.013 2.5 0.33 0.10 
Barium, Dissolved 0.14 0.004 35.0 3.20 0.04 
Manganese, Dissolved 0.98 0.12 8.2 1.30 0.8 

NOAEL sources presented in Appendix L 
LOAEL sources presented in Table 4-6. 
mg/l = milligrams per liter. 

Woodard & Curran 
Sutton Brook (210517) May 2007 
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TABLE 4-25
 
AQUATIC WETLAND SEDIMENT LOAEL-BASED HAZARD QUOTIENTS
 

Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Analytical Parameter 

Maximum 
Detected 

Concentration 
LOAEL-based 

Benchmark 
Maximum LOAEL-

based HQ 
No. LOAEL 
Exceedances 

Acetone 4.4 5.032 0.9 0 
Benzoic Acid 5.5 14.538 0.4 0 
Chloroethane 0.35 5.005 0.1 0 
Toluene 8.4 39.48 0.2 0 
Arsenic, Total 64 33 1.9 3 
Mercury, Total 0.3 1.06 0.3 0 
Selenium, Total 5.1 4 1.3 1 

210517 (Sutton Brook) Woodard & Curran 
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TABLE 4-26
 
AQUATIC WETLAND SEDIMENT POINT DATA AND SUMMARY STATISTICS 


Baseline Ecological Risk Assessment 

Sutton Brook Area Superfund Site - Tewksbury, Massachusetts
 

Sample Location SD-16 (99) SD-17 (99) SD-24 (99) SD-25 (99) SD-26 (99) SD-28 (99) SD-35 (04) SD-36 (04) SD-37 (04) 
Sampling Date 8/9/99 8/9/99 8/9/99 8/9/99 8/9/99 8/9/99 10/22/04 10/21/04 10/21/04 

Depth Top 0 0 0 0 0 0 0 0 0 
Depth Bottom 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
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Organics 
Acetone 0.093 J EB 0.32 J EB 0.22 J EB 0.018 J EB 0.06 J EB ND 0.45 ND UJ 0.66 ND UJ 0.49 

Benzoic Acid ND 4.7 ND 4.6 ND 4.1 
Chloroethane ND 0.012 ND 0.01 ND 0.006 ND 0.008 ND 0.091 ND 0.13 ND 0.098 

Toluene ND 0.012 ND 0.01 ND 0.006 0.003 J ND 0.068 ND 0.1 ND 0.073 
Metals 

Aluminum, Total 3560 2160 5160 1730 4030 3350 2700 5.6 1600 5.5 2100 4.9 
Arsenic, Total 9.7 J 10.7 J 48.9 4.6 J 23.4 J 9.3 J 14 0.28 39 0.28 9.4 0.24 

Beryllium, Total ND 0.57 ND 0.41 ND 0.7 ND 0.36 ND 0.28 ND 0.92 ND 0.28 ND 0.28 ND 0.24 
Iron, Total 4360 J 3200 J 5470 J 2690 J 18400 J 2910 J 3100 2.8 6100 2.8 6500 2.4 
Lead, Total 6.5 J 3 J 21.6 J 2.7 J 15.2 J 5 J 3.6 2.8 5.2 2.8 9 2.4 

Manganese, Total 31.4 28.1 260 145 134 148 46 0.56 38 0.55 81 0.49 
Mercury, Total ND UJ 0.09 ND UJ 0.09 0.11 J ND UJ 0.1 ND UJ 0.05 ND UJ 0.07 ND 0.08 ND 0.07 ND 0.08 
Selenium, Total ND 0.56 ND 0.55 ND 0.49 
Vanadium, Total 7.8 4.8 15.1 2.7 8.9 2.2 7.3 0.56 4.5 0.55 6.2 0.49 

All concentrations in mg/kg 
See Appendix L for NOAEL sources 
See Table 4-6 for LOAEL sources 
Blank means not analyzed 
NA = Not available 
NC = not calculated 
Shading indicates LOAEL-based HQ > 1.0 
Averages calculated using 1/2 the DL for non-detects. Value is not included if 1/2 DL is greater than the detected maximum. 
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TABLE 4-26
 
AQUATIC WETLAND SEDIMENT POINT DATA AND SUMMARY STATISTICS 


Baseline Ecological Risk Assessment 

Sutton Brook Area Superfund Site - Tewksbury, Massachusetts
 

Sample Location SD-38 (04) SS-12 (04) WS-10 (04) WS-11 (04) WS-15 (04) WS-16 (04) WS-7 (04) SD-01 (99) SD-02 (99) 
Sampling Date 11/18/04 11/9/04 11/18/04 11/18/04 11/18/04 11/18/04 11/9/04 8/10/99 8/10/99 

Depth Top 0 0 0 0 0 0 0 0 0 
Depth Bottom 2  1  2  2  2  2  1  0.5  0.5

Analytical Parameter C
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Organics 
Acetone 0.26 J 0.046 0.011 0.0075 0.072 J 0.013 0.84 J 0.074 0.097 J 0.012 0.15 J 0.016 0.095 0.018 0.58 J 1 J 0.005 

Benzoic Acid ND R 16 ND 4.5 ND 6.8 ND R 20 ND 6.1 ND 7.4 ND 6.7 ND 0.66 
Chloroethane ND R 0.0092 ND 0.0015 0.024 J 0.0026 ND R 0.015 ND 0.0024 ND 0.0033 ND 0.0036 0.029 J 0.35 J 0.005 

Toluene ND R 0.0069 0.0012 0.0011 0.013 J 0.002 0.035 J 0.011 0.014 J 0.0018 0.0039 J 0.0024 0.0039 0.0027 0.029 J 8.4 J 0.005 
Metals 

Aluminum, Total 4100 19 3900 5.3 6000 8 7300 J 23 3700 7.2 4900 8.9 2000 8 2580 2590 
Arsenic, Total 64 J 0.94 6 J 0.27 7.7 0.4 14 J 1.2 7.3 0.36 2.1 0.44 2.4 J 0.4 27.9 J 11 J 

Beryllium, Total 0.69 J 0.94 ND 0.27 0.27 J 0.4 2.1 J 1.2 0.5 0.36 0.26 J 0.44 0.3 J 0.4 ND UJ 1.1 ND UJ 3.7 
Iron, Total 7700 J 9.4 3600 2.7 4200 4 1600 J 12 5100 3.6 2600 4.4 2200 4 24800 J 14600 J 
Lead, Total 17 J 9.4 1.9 J 2.7 9.3 4 8.1 J 12 4.4 3.6 10 4.4 17 4 75.6 22.9 

Manganese, Total 180 J 1.9 43 0.53 97 0.8 54 J 2.3 190 0.72 40 0.89 70 0.8 118 341 
Mercury, Total ND R 0.36 ND 0.1 ND J 0.15 ND R 0.46 ND 0.14 ND 0.18 0.032 J 0.17 0.2 J 0.13 J 
Selenium, Total 1.7 J 1.9 ND 0.53 0.54 J 0.8 5.1 J 2.3 0.8 0.72 0.73 J 0.89 0.59 J 0.8 ND UJ 2.4 
Vanadium, Total 9.5 J 1.9 6.3 0.53 8.4 0.8 28 J 2.3 5.4 0.72 6.6 0.89 70 0.8 8.8 13.6 
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TABLE 4-26
 
AQUATIC WETLAND SEDIMENT POINT DATA AND SUMMARY STATISTICS 


Baseline Ecological Risk Assessment 

Sutton Brook Area Superfund Site - Tewksbury, Massachusetts
 

Sample Location SD-216 (06) SD-217 (06) SD-218 (06) SD-219 (06) SD-220 (06) SD-221 (06) WS-101 (05) WS-102 (05) WS-103 (05) 
Sampling Date 11/9/06 11/9/06 11/9/06 11/9/06 11/9/06 11/9/06 12/1/05 12/1/05 12/1/05 

Depth Top 0 0 0 0 0 0 0 0 0 
Depth Bottom 0.5 0.5 1 0.5 1 1 1 1 1 

Analytical Parameter C
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Organics 
Acetone 4.2 J 0.061 4 J 0.085 4.4 J 0.065 4.2 J 0.081 0.082 J 0.012 1.6 J 0.11 1.3 J EB 0.081 2.1 J EB 0.11 1.3 J EB 0.065 

Benzoic Acid ND R 150 ND R 180 ND R 230 ND R 220 0.2 J 2 ND R 240 2.9 J 22 3.8 J 26 4.9 J 21 
Chloroethane ND R 0.012 0.022 0.017 ND R 0.013 ND R 0.016 ND 0.0024 ND R 0.021 ND R 0.016 ND R 0.021 0.053 J 0.013 

Toluene 0.1 J 0.0092 0.016 J 0.013 0.042 J 0.0098 0.0075 J 0.012 0.0009 J 0.0018 0.0079 J 0.016 0.016 J 0.012 ND R 0.016 0.04 J 0.0098 
Metals 

Aluminum, Total 2600 J 26 1500 J 30 1700 J 24 
Arsenic, Total 2.3 J 1.3 3.1 J 1.5 4.8 J 1.2 

Beryllium, Total 0.73 J 1.3 0.7 J 1.5 1.5 J 1.2 
Iron, Total 9200 J 13 4000 J 15 5400 J 12 
Lead, Total 12 J 13 33 J 15 6.5 J 12 

Manganese, Total 210 J 2.6 180 J 3 330 J 2.4 
Mercury, Total 0.3 0.1 0.14 0.11 0.2 0.1 0.19 0.11 ND 0.05 0.083 J 0.1 0.12 J 0.55 0.22 J 0.59 0.084 J 0.48 
Selenium, Total 1.8 J 2.6 1.8 J 3 1.8 J 2.4 
Vanadium, Total 4 J 2.6 6.4 J 3 4.7 J 2.4 
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TABLE 4-26
 
AQUATIC WETLAND SEDIMENT POINT DATA AND SUMMARY STATISTICS
 

Baseime Ecological Risk Assessment
 
Sutton Brook Area Super! und Site - Tewksbury, Massachusetts
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Minimum Maximum Location of 
Concentration Concentration Maximum Detection Range of Detection Average 

Sample Location WS-104 (05) WS-105 (05) (Qualifier) (Qualifier) Concentration Frequency Limits Concentration 95% UCL 
Sampling Date 12/1/05 12/1/05 

Depth Top 0 0 

Depth Bottom 1 1 

Analytical Parameter 
Organics 
Acetone ND IEE 0.061 ND IEB 0.053 0.011 4.4 SD-218(06) 23 / 28 0.005 - 0.66 1.071 2.113 

Benzoic Acid 5.5 J 20 ND R 17 0.2 5.5 WS-104 (05) 5 / 22 0.66 - 240 3.06 3.719 
Chloroethane 0.038 J 0.012 0.017 J 0.011 0.017 0.35 SD-02 (99) 7 / 27 0.0015 - 0.13 0.029 0.065 

Toluene 0.0085 J 0.0092 ND R 0.008 0.00086 8.4 SD-02 (99) 18 / 27 0.0011 - 0.1 0.329 3.418 
Metals 

Aluminum, Total 1700 J 23 1700 J 20 1500 7300 WS-11 (04) 23 / 23 4.9 - 30 3159.130 3759.2 
Arsenic, Total 2 J 1.2 3.7 J 1 2 64 SD-38 (04) 23 / 23 0.24 - 1.5 14.230 20.8 

Beryllium, Total 0.88 J 1.2 0.74 J 1 0.26 2.1 WS-11 (04) 11 / 23 0.24 - 3.7 0.575 0.8 

Iron, Total 1900 J 12 9000 J 10 1600 24800 SD-01 (99) 23 / 23 2.4 - 15 6462.174 8531.8 
Lead, Total 4.2 J 12 18 J 10 1.9 75.6 SD-01 (99) 23 / 23 2.4 - 15 13.552 19.1 

Manganese, Total 16 J 2.3 140 J 2 28.1 341 SD-02 (99) 23 / 23 0.49 - 3 129.587 170.0
 
Mercury, Total 0.08 J 0.47 0.084 J 0.37 0.032 0.3 SD-216(06) 14 / 29 0.05 - 0.59 0.096 0.131
 
Selenium, Total 1.6 J 2.3 1.6 J 2 0.54 5.1 WS-11 (04) 11 / 16 0.49 - 3 1.270 1.904
 
Vanadium, Total 3.9 J 2.3 7.1 J 2 2.2 70 WS-7 (04) 23 / 23 0.49 - 3 10.530 23.280
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TABLE 4-27
 
SURFACE WATER AMPHIBIAN HAZARD QUOTIENTS IN THE AQUATIC WETLAND
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Average Conc. 
in Aquatic 

Wetland Surface 
Water, mg/l 

95% UCL Conc. 
in Aquatic 

Wetland Surface 
Water, mg/l 

Maximum Conc. 
in Aquatic 

Wetland Surface 
Water, mg/l 

Surface Water Amphibian Benchmarks and LOAEL-based HQs 

Surface Water 
NOAEL-based 

Benchmark, 
mg/l 

Maximum 
NOAEL-based 

HQ 

LOAEL-based 
Benchmark, 

mg/l 

Average 
LOAEL-based 

HQ 

95% UCL 
LOAEL-based 

HQ 

Maximum 
LOAEL-based 

HQ 

Aluminum, Dissolved 0.059 0.081 0.22 0.01 22.0 0.088 0.7 0.9 2.5 
Iron, Dissolved 1.730 2.543 5.3 0.3 17.7 3.0 0.6 0.8 1.8 
Manganese, Dissolved 0.337 0.486 0.98 0.0142 69.0 2.0 0.2 0.2 0.5 
Nickel, Dissolved 0.004 0.005 0.0088 0.003 2.9 0.370 0.01 0.01 0.02 
Zinc, Dissolved 0.035 0.033 0.038 0.003 12.7 0.085 0.4 0.4 0.4 

Shading indicates LOAEL-based HQ > 1.0. 
NOAEL sources listed in Appendix L 
LOAEL value sources listed in Table 4-6 
mg/l = milligrams per liter. 
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TABLE 4-28
 
AQUATIC WETLAND AMPHIBIAN POINT DATA AND LOAEL-BASED HQs 


Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Name Units 
Amphibian 
Ecological 
Benchmark 

SW-02 (99) SW-03 (99) SW-08 (99) SW-101 (05) 
8/9/99 8/9/99 8/9/99 12/1/05 

Result Qualifier DL HQ Result Qualifier DL HQ Result Qualifier DL HQ Result Qualifier DL HQ 
Aluminum, Dissolved mg/l 0.088 NA - - - NA - - - NA - - - ND - 0.096 0.5455 
Iron, Dissolved mg/l 3 NA - - - NA - - - NA - - - 5.3 - 0.05 2 
Manganese, Dissolved mg/l 2 NA - - - NA - - - NA - - - 0.36 - 0.01 0.2 
Nickel, Dissolved mg/l 0.37 NA - - - NA - - - NA - - - 0.007 J 0.025 0.02 
Zinc, Dissolved mg/l 0.085 NA - - - NA - - - NA - - - ND - 0.07 0.4 

Notes:
 
HQ = Hazard Quotient
 

Shading indicates HQ>1 in at least one sample
 
J = estimated
 
UJ = compound not detected
 
ND - not detected
 
EB = equipment blank contamination
 
NA = not analyzed
 
* = no amphibian-specific benchmark available for compound 
See Table 4-6 for benchmark sources 
Total xylene values for samples collected after 1999 obtained by 
summing isomers 
HQs for non-detected compounds are based on 1/2 the reporting 
limit. These are indicated in italics. 
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TABLE 4-28
 
AQUATIC WETLAND AMPHIBIAN POINT DATA AND LOAEL-BASED HQs 


Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Name Units 
Amphibian 
Ecological 
Benchmark 

SW-102 (05) SW-103 (05) SW-104 (05) SW-105 (05) 
12/1/05 12/1/05 12/1/05 12/1/05 

Result Qualifier DL HQ Result Qualifier DL HQ Result Qualifier DL HQ Result Qualifier DL HQ 
Aluminum, Dissolved mg/l 0.088 ND - 0.056 0.3182 ND - 0.063 0.4 ND - 0.088 0.5 ND - 0.06 0.3 
Iron, Dissolved mg/l 3 0.66 - 0.05 0.2 1.3 - 0.05 0.4 0.98 - 0.05 0.3 3.3 - 0.05 1.1 
Manganese, Dissolved mg/l 2 0.16 - 0.01 0.08 0.16 - 0.01 0.1 0.06 - 0.01 0.03 0.23 - 0.01 0.1 
Nickel, Dissolved mg/l 0.37 0.0018 J 0.025 0.005 0.0021 J 0.025 0.01 0.0025 J 0.025 0.01 0.0015 J 0.025 0.004 
Zinc, Dissolved mg/l 0.085 ND - 0.06 0.35 ND - 0.09 0.5 ND - 0.06 0.35 ND - 0.07 0.4 

Notes:
 
HQ = Hazard Quotient
 

Shading indicates HQ>1 in at least one sample
 
J = estimated
 
UJ = compound not detected
 
ND - not detected
 
EB = equipment blank contamination
 
NA = not analyzed
 
* = no amphibian-specific benchmark available for compound 
See Table 4-6 for benchmark sources 
Total xylene values for samples collected after 1999 obtained by 
summing isomers 
HQs for non-detected compounds are based on 1/2 the reporting 
limit. These are indicated in italics. 
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TABLE 4-28
 
AQUATIC WETLAND AMPHIBIAN POINT DATA AND LOAEL-BASED HQs 


Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Name Units 
Amphibian 
Ecological 
Benchmark 

SW-106 (05) SW-107 (05) SW-108 (05) SW-109 (05) 
12/2/05 12/2/05 12/1/05 12/1/05 

Result Qualifier DL HQ Result Qualifier DL HQ Result Qualifier DL HQ Result Qualifier DL HQ 
Aluminum, Dissolved mg/l 0.088 ND - 0.14 0.8 ND - 0.13 0.7 0.22 - 0.1 2.5 ND - 0.081 0.5 
Iron, Dissolved mg/l 3 1.7 - 0.05 0.6 1.1 - 0.05 0.4 0.6 - 0.05 0.2 1.1 - 0.05 0.4 
Manganese, Dissolved mg/l 2 0.38 - 0.01 0.2 0.15 - 0.01 0.1 0.16 - 0.01 0.1 0.11 - 0.01 0.1 
Nickel, Dissolved mg/l 0.37 0.0027 J 0.025 0.01 0.0023 J 0.025 0.01 0.0027 J 0.025 0.01 0.0016 J 0.025 0.004 
Zinc, Dissolved mg/l 0.085 ND - 0.07 0.4 ND - 0.07 0.4 ND - 0.1 0.6 ND - 0.12 0.7 

Notes:
 
HQ = Hazard Quotient
 

Shading indicates HQ>1 in at least one sample
 
J = estimated
 
UJ = compound not detected
 
ND - not detected
 
EB = equipment blank contamination
 
NA = not analyzed
 
* = no amphibian-specific benchmark available for compound 
See Table 4-6 for benchmark sources 
Total xylene values for samples collected after 1999 obtained by 
summing isomers 
HQs for non-detected compounds are based on 1/2 the reporting 
limit. These are indicated in italics. 
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TABLE 4-28
 
AQUATIC WETLAND AMPHIBIAN POINT DATA AND LOAEL-BASED HQs 


Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Name Units 
Amphibian 
Ecological 
Benchmark 

SW-110 (05) SW-111 (05) SW1-99 SW2-99 
12/2/05 12/2/05 6/2/99 6/2/99 

Result Qualifier DL HQ Result Qualifier DL HQ Result Qualifier DL HQ Result Qualifier DL HQ 
Aluminum, Dissolved mg/l 0.088 ND U 0.047 0.3 ND U 0.062 0.4 NA  - - - NA  - - -
Iron, Dissolved mg/l 3 0.12 - 0.05 0.04 1.1 - 0.05 0.4 NA - - - NA - - -
Manganese, Dissolved mg/l 2 0.98 - 0.01 0.49 0.45 - 0.01 0.2 NA - - - NA - - -
Nickel, Dissolved mg/l 0.37 0.0088 J 0.025 0.02 ND - 0.025 0.03 NA  - - - NA  - - -
Zinc, Dissolved mg/l 0.085 ND U 0.06 0.35 ND U 0.06 0.4 NA  - - - NA  - - -

Notes:
 
HQ = Hazard Quotient
 

Shading indicates HQ>1 in at least one sample
 
J = estimated
 
UJ = compound not detected
 
ND - not detected
 
EB = equipment blank contamination
 
NA = not analyzed
 
* = no amphibian-specific benchmark available for compound 
See Table 4-6 for benchmark sources 
Total xylene values for samples collected after 1999 obtained by 
summing isomers 
HQs for non-detected compounds are based on 1/2 the reporting 
limit. These are indicated in italics. 
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TABLE 4-28
 
AQUATIC WETLAND AMPHIBIAN POINT DATA AND LOAEL-BASED HQs 


Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Name Units 
Amphibian 
Ecological 
Benchmark 

SW-35 (04) SW-36 
10/22/04 10/21/04 9/20/05 

Result Qualifier DL HQ Result Qualifier DL HQ Result Qualifier DL HQ 
Aluminum, Dissolved mg/l 0.088 ND - 0.19 1.1 ND - 0.16 0.9 ND - 0.056 0.3 
Iron, Dissolved mg/l 3 3.6 - 0.05 1.2 2.6 - 0.05 0.9 0.51 - 0.05 0.2 
Manganese, Dissolved mg/l 2 0.37 - 0.01 0.2 0.27 - 0.01 0.1 0.39 - 0.01 0.2 
Nickel, Dissolved mg/l 0.37 0.0034 J 0.025 0.01 0.0071 J 0.025 0.02 ND - 0.0044 0.01 
Zinc, Dissolved mg/l 0.085 0.014 J 0.05 0.2 0.013 J 0.05 0.2 0.038 J 0.05 0.4 

Notes:
 
HQ = Hazard Quotient
 

Shading indicates HQ>1 in at least one sample
 
J = estimated
 
UJ = compound not detected
 
ND - not detected
 
EB = equipment blank contamination
 
NA = not analyzed
 
* = no amphibian-specific benchmark available for compound 
See Table 4-6 for benchmark sources 
Total xylene values for samples collected after 1999 obtained by 
summing isomers 
HQs for non-detected compounds are based on 1/2 the reporting 
limit. These are indicated in italics. 
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TABLE 4-28
 
AQUATIC WETLAND AMPHIBIAN POINT DATA AND LOAEL-BASED HQs 


Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Name Units 
Amphibian 
Ecological 
Benchmark 

SW-37 SW-38 (04) SW3-99 
10/21/04 9/20/05 10/21/04 6/2/99 

Result Qualifier DL HQ Result Qualifier DL HQ Result Qualifier DL HQ Result Qualifier DL HQ 
Aluminum, Dissolved mg/l 0.088 NA - - - ND - 0.049 0.3 NA  - - - NA  - - -
Iron, Dissolved mg/l 3 NA - - - 0.76 - 0.05 0.3 NA - - - NA - - -
Manganese, Dissolved mg/l 2 NA - - - 0.76 - 0.01 0.4 NA - - - NA - - -
Nickel, Dissolved mg/l 0.37 NA - - - ND - 0.0042 0.006 NA  - - - NA  - - -
Zinc, Dissolved mg/l 0.085 NA - - - 0.024 J 0.05 0.3 NA - - - NA - - -

Notes:
 
HQ = Hazard Quotient
 

Shading indicates HQ>1 in at least one sample
 
J = estimated
 
UJ = compound not detected
 
ND - not detected
 
EB = equipment blank contamination
 
NA = not analyzed
 
* = no amphibian-specific benchmark available for compound 
See Table 4-6 for benchmark sources 
Total xylene values for samples collected after 1999 obtained by 
summing isomers 
HQs for non-detected compounds are based on 1/2 the reporting 
limit. These are indicated in italics. 
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TABLE 4-29
 
AREA-WEIGHTED EXPOSURE CONCENTRATIONS
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

A. Average Area-Weighted Exposure Concentrations 

COPC 

Sediment Concentration, mg/kg Surface Water Concentration, mg/l 

Aquatic 
Wetlands Pond Area-weighted 

Average 
Aquatic 

Wetlands Pond Area-weighted 
Average 

Aluminum, Total 3159 2575 3083 0.059 0.021 0.054 
Iron, Total 6462 3750 6109 1.730 0.220 1.534 
Lead, Total 13.600 15 13.8 0.0050 0.005 0.005 
Selenium, Total 1.270 0.258 1.1 0.003 0.003 0.003 

B. 95% UCL Area-Weighted Exposure Concentrations 

COPC 

Sediment Concentration, mg/kg Surface Water Concentration, mg/l 

Aquatic 
Wetlands Pond Area-weighted 

UCL 
Aquatic 

Wetlands Pond Area-weighted 
UCL 

Aluminum, Total 3759.2 3162 3681.6 0.081 0.021 0.073 
Iron, Total 8531.8 4956 8066.9 2.543 0.220 2.241 
Lead, Total 19.8 32 21.4 0.0050 0.005 0.005 
Selenium, Total 1.9 0.258 1.7 0.003 0.003 0.003 

C. Maximum Exposure Concentrations 

COPC 

Sediment Concentration, mg/kg Surface Water Concentration, mg/l 

Aquatic 
Wetlands Pond Maximum 

Concentration 
Aquatic 

Wetlands Pond Maximum 
Concentration 

Aluminum, Total 7300 3100 6754.0 0.220 0.021 0.194 
Iron, Total 24800 4800 22200.0 5.300 0.220 4.640 
Lead, Total 75.6 31 69.8 0.0050 0.005 0.005 
Selenium, Total 5.1 0.258 4.5 0.003 0.003 0.003 

Areas based on 0.87% for Aquatic Wetlands, and 13% for the Site Pond. 
Surface water concentrations are dissolved concentrations 

Sutton Brook (210517) Woodard & Curran
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TABLE 4-30
 
BLACK DUCK EXPOSURE: CALCULATIONS OF AQUATIC PLANT TISSUE CONCENTRATIONS
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Bioaccumulation-Based Plant Concentrations:

 95% UCL C sed, 
mg/kg

 Average Csed , 
mg/kg 

Max C sed, 

mg/kg 

BAF, dry wt. 
sed: dry 
wt.plant 

95% UCL 
Cplant , mg/kg 

wet wt. 

Average 
Cplant , mg/kg 

wet wt. 
Max Cplant , 

mg/kg wet wt. 
Lead, Total 21.35 13.8 69.8 0.65 3.05 1.97 10 
Selenium, Total 1.7 1.1 4.5 3.8 1.41 0.95 3.74 

Source for BAFs: Martin, D.B., 1997. Concentration of Selected Elements in the Kiamichi River above Hugo Reservoir. US Fish and Wildlife Service,  
Study 2F28, Tulsa, OK. BAF is for concentration in shoots of the water willow, which were measured on a dry wt. basis. To convert to wet weight, 
calculated dry wt. concentration was multiplied by 0.22, reflecting an average plant concentration of 78% water (EPA 1993). 
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TABLE 4-31
 
AQUATIC WETLANDS AND SITE POND: ESTIMATED EXPOSURE DOSES AND HAZARD QUOTIENTS FOR THE BLACK DUCK
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site
 

A. Average Calculated Exposure Doses of COPCs to the Black Duck 

Contaminant of Potential Concern 

Average 
Sediment 

Conc. mg/kg

 Average 
Conc. in 
Plants, 
mg/kg 

Average 
Conc. in 
Water, 

mg/l 

Exposure, 
mg/kg 

bw/day 

NOAEL-
based TRVs, 

mg/kg 
bw/day 

LOAEL-
based 
TRVs, 
mg/kg 
bwday 

NOAEL-
based 

Hazard 
Quotient 

LOAEL-
based 

Hazard 
Quotient 

Lead, Total 13.785 1.971 0.005 0.3439 1.63 3.26 0.2 0.1 
Selenium, Total 1.138 0.952 0.003 0.1571 0.5 1 0.3 0.2 

B. . 95% UCL Calculated Exposure Doses of COPCs to the Black Duck 

Contaminant of Potential Concern 

95% UCL 
Sediment 

Conc. mg/kg

 95% UCL 
Conc. in 
Plants, 
mg/kg 

95% UCL 
Conc. in 
Water, 

mg/l 

Exposure, 
mg/kg 

bw/day 

NOAEL-
based TRVs, 

mg/kg 
bw/day 

LOAEL-
based 
TRVs, 
mg/kg 
bwday 

NOAEL-
based 

Hazard 
Quotient 

LOAEL-
based 

Hazard 
Quotient 

Lead, Total 21.35 3.05 0.005 0.53258 1.63 3.26 0.3 0.2 
Selenium, Total 1.69 1.41 0.003 0.23323 0.5 1 0.5 0.2 

C. Maximum Calculated Exposure Doses of COPCs to the Black Duck 

Contaminant of Potential Concern 

Maximum 
Sediment 

Conc. mg/kg

 Maximum 
Conc. in 
Plants, 
mg/kg 

Maximum 
Conc. in 
Water, 

mg/l 

Exposure, 
mg/kg 

bw/day 

NOAEL-
based TRVs, 

mg/kg 
bw/day 

LOAEL-
based 
TRVs, 
mg/kg 
bwday 

NOAEL-
based 

Hazard 
Quotient 

LOAEL-
based 

Hazard 
Quotient 

Lead, Total 69.80 9.98 0.005 1.74052 1.63 3.26 1.1 0.5 
Selenium, Total 4.47 3.74 0.003 0.61675 0.5 1 1.2 0.6 

Notes 
Bold indicates an HQ >1.0 NA = not available. 
bw/day = body weight per day 

COPC = contaminant of potential concern 
HQ = hazard quotient 

Sutton Brook (210517) Woodard & Curran
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TABLE 4-32
 
MALLARD EXPOSURE: CALCULATIONS OF AQUATIC PLANT TISSUE CONCENTRATIONS
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Bioaccumulation-Based Plant Concentrations:

 95% UCL Csoil, 
mg/kg

 Average Csoil, 
mg/kg 

Max Csoil, 
mg/kg 

BAF, dry wt. 
sed: dry 
wt.plant 

95% UCL 
Cplant , mg/kg 

wet wt. 

Average 
Cplant , mg/kg 

wet wt. 
Max Cplant , 

mg/kg wet wt. 
Aluminum, Total 3681.64 3083 6754 0.14 113.39 95 208 
Iron, Total 8066.91 6109 22200 0.16 283.96 215 781 

Source for BAFs: Martin, D.B., 1997. Concentration of Selected Elements in the Kiamichi River above Hugo Reservoir. US Fish and Wildlife Service,  
Study 2F28, Tulsa, OK. BAF is for concentration in shoots of the water willow, which were measured on a dry wt. basis. To convert to wet weight, 
calculated dry wt. concentration was multiplied by 0.22, reflecting an average plant concentration of 78% water (EPA 1993). 
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TABLE 4-33
 
MALLARD EXPOSURE: ESTIMATED SEDIMENT-DERIVED INVERTEBRATE CONCENTRATIONS 


Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, MA
 

Calculation of Sediment-derived Inorganic Concentrations in Invertebrates

COPC 
Csed Average 

mg/kg 

Csed 

95%UCL, 

mg/kg 

Csed Max 
mg/kg 

BAF 
dry wt.: 
dry wt. 

Average 
Invertebrate 
Conc. mg/kg 

dry wt. 

95% UCL 
Invertebrate 
Conc. mg/kg 

dry wt. 

Maximum 
Invertebrate 
Conc. mg/kg 

dry wt. 

Average 
Invertebrate 
Conc. mg/kg 

wet wt. 

95% UCL 
Invertebrate 
Conc. mg/kg 

wet wt. 

Maximum 
Invertebrate 
Conc. mg/kg 

wet wt. 
Aluminum, Total 3083 3681.637 6754 1 3083.1 3681.64 6754 678.278 809.96 1486 
Iron, Total 6109 8066.912 22200 1 6109.4 8066.91 22200 1344 1774.72 4884 
Notes: 

BAF = sediment-organism bioaccumulation factor. BAFs for metals were obtained from Biota Sediment Accumulation Factors for Invertebrates:  Review and 
Recommendations for the Oak Ridge Reservation, August 1998, U.S. Department of Energy. Values are median values based on all organisms.  In the absence of a 
published value, we assumed a BAF of 1. 

Invertebrates were assumed to consist of 78% water, based on the average of invertebrate values in EPA, 1993. Wet weight concentrations obtained from dry weight by 
multiplying dry weight concentation by 0.22

Sutton Brook (210517) Woodard & Curran
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TABLE 4-34
 
AQUATIC WETLAND AND SITE POND: ESTIMATED EXPOSURE DOSES AND HAZARD QUOTIENTS FOR THE MALLARD
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site
 

A. Average Calculated Exposure Doses of COPCs to the Mallard 

Contaminant of Potential Concern 

Average 
Sediment 

Conc. mg/kg

 Average 
Conc. in 
Plants, 
mg/kg 

Average 
Conc. in 
Water, 
mg/l 

Average 
Conc. in 
Inverts, 
mg/kg 

Exposure, 
mg/kg 
bw/day 

NOAEL-based 
TRVs, mg/kg 

bw/day 

LOAEL-based 
TRVs, 
mg/kg 
bwday 

NOAEL-
based 
Hazard 

Quotient 

LOAEL-
based 
Hazard 

Quotient 
Aluminum, Total 3083 95.0 0.05 678.3 66.68 109.7 1097 0.6 0.06 
Iron, Total 6109 215.1 1.53 1344.1 134.32 500 5000 0.3 0.03 

B. 95% UCL of Mean Calculated Exposure Doses of COPCs to the Mallard 

Contaminant of Potential Concern 

95% UCL 
Sediment 

Conc. mg/kg

 95% UCL 
Conc. in 
Plants, 
mg/kg 

95% UCL 
Conc. in 
Water, 

mg/l 

95% UCL 
Conc. in 
Inverts, 
mg/kg 

Exposure, 
mg/kg 
bw/day 

NOAEL-
based TRVs, 

mg/kg 
bw/day 

LOAEL-
based 
TRVs, 
mg/kg 
bwday 

NOAEL-
based 

Hazard 
Quotient 

LOAEL-
based 

Hazard 
Quotient 

Aluminum, Total 3682 113.4 0.07 810.0 79.63 109.70 1097 0.7 0.07 
Iron, Total 8067 284.0 2.24 1774.7 177.37 500 5000 0.4 0.04 

C. Maximum Calculated Exposure Doses of COPCs to the Mallard 

Contaminant of Potential Concern 

Maximum 
Sediment 

Conc. mg/kg

 Maximum 
Conc. in 
Plants, 
mg/kg 

Maximum 
Conc. in 
Water, 
mg/l 

Maximum 
Conc. in 
Inverts, 
mg/kg 

Exposure, 
mg/kg 
bw/day 

NOAEL-based 
TRVs, mg/kg 

bw/day 

LOAEL-based 
TRVs, 
mg/kg 
bwday 

NOAEL-
based 
Hazard 

Quotient 

LOAEL-
based 
Hazard 

Quotient 
Aluminum, Total 6754 208.0 0.19 1485.9 146.09 109.70 1097 1.3 0.13 
Iron, Total 22200 781.4 4.64 4884.0 488.06 500 5000 1.0 0.10 

Notes 
Bold indicates an HQ >1.0 LOAEL = lowest observed adverse effects level 
bw/day = body weight per day NOAEL = no observed adverse effects level 
COPC = contaminant of potential concern TRV = toxicity reference value 
HQ = hazard quotient 

Sutton Brook (210517) Woodard & Curran
 
BERA AQW mallard Food Chain Model.xlsMallard Exposure and HQs 1 of 1 May 2007
 



TABLE 4-35
 
SLERA SITE POND HAZARD QUOTIENTS OVER 1.0
 

Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site, Tewksbury, Massachusetts
 

Maximum 
Surface Water 

Conc. mg/l 

Location of 
Maximum 

Surface Water 
Frequency of 

Detection 
Maximum Pond Surface Water NOAEL-based HQs 

Maximum 
Sediment Conc. 

mg/kg 

Location of 
Maximum 

Sediment 
Frequency of 

Detection 

Maximum Pond 
Sediment NOAEL-

based HQ 

Number of 
Sediment HQs 

> 1.0 

ASSESSMENT ENDPOINT: 

Aquatic 
Invertebrates 

Number of 
Aquatic HQs > 

1.0 
Amphibians 

Number of 
Amphibian 
HQs > 1.0 

Benthic 
Invertebrates 

Acetone NA NA NA NA NA 0.024 SD-42(04) 2/4 3.2 2 
Carbon disulfide NA NA NA NA NA 0.0016 SD-39(04) 2/4 16 2 
Arsenic, Total NA NA NA NA NA 15 SD-39(04) 4/4 1.8 1 
Barium, Dissolved 0.006 SW-39(04) 1 / 1 1.5 1 0.008 NA NA NA NA 
Manganese, Dissolved 0.02 SW-39(04) 1 / 1 0.2 1.4 1 NA NA NA NA 
Zinc, Dissolved 0.007 SW-39(04) 1 / 1 0.5 2.3 1 NA NA NA NA 

Notes: 
Maximum HQ is the maximum detected concentration per exposure point divided by the applicable
 ecological benchmark. 
See Appendix M for NOAEL benchmark sources. 
NA = Constituent not a chemical of potential concern for this exposure point.

 Shading indicates NOAEL-based HQ > 1.0
 mg/l = milligrams per liter.
 HQ = Hazard Quotient. 

Sutton Brook (210517) Woodard & Curran
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TABLE 4-36
 
SLERA WETLAND SOILS HAZARD QUOTIENTS OVER 1.0
 

Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site, Tewksbury, Massachusetts
 

BERA Contaminant of Potential Concern 

Maximum 
Wetland Soil 
Conc. mg/kg 

Location of 
Maximum 

Frequency of 
Detection 

Plant NOAEL-
based 

Benchmark 

Invertebrate 
NOAEL-based 

Benchmark 

SLERA Wetland Soil Maximum NOAEL-based HQs 

Maximum 
Plant HQ 

Number of 
Plant HQs > 

1.0 

Maximum 
Invertebrate 

HQ 

Number of 
Invert HQs > 

1.0 

Carnivore 
(Shrew) 

Herbivore 
(Rabbit) 

Aldrin 0.005 SD-12 (99) 1/9 0.0032 0.620 1.6 1 0.01 0.004 0.001 
Benzo(b)fluoranthene 1.70 SD-12 (99) 1/9 1.200 25 1.4 1 0.1 0.028 0.01 
Benzoic Acid 0.780 SS-9 (04) 2/8 NS 0.035 NB 22.3 2 0.2 0.01 
Chrysene 1.40 SD-12 (99) 1/9 1.2 25 1.2 1 0.1 0.1 0.05 
Fluoranthene 2.60 SD-12 (99) 1/9 1.2 25 2.2 1 0.1 0.01 0.005 
Phenanthrene 1.50 SD-12 (99) 1/9 1.2 25 1.3 1 0.1 0.02 0.01 
Pyrene 2.30 SD-12 (99) 1/9 1.2 25 1.9 1 0.1 0.3 0.2 
Arsenic, Total 30.0 SS-9 (04) 12/12 18.0 60 1.7 1 0.5 28.2 15.3 
Manganese, Total 1000 WS-107 (05) 12/12 415.0 NS 2.4 3 NB 1.3 0.5 
Mercury, Total 0.300 WS-106 (05) 10/12 0.030 0.010 10.0 9 3.0 3 0.004 0.002 
Selenium, Total 2.40 WS-106 (05) 9/12 1.0 70 2.4 4 0.03 0.9 0.7 
Vanadium, Total 16.1 SD-13 (99) 12/12 2.0 140 8.1 12 0.1 8.7 2.6

 Shading indicates NOAEL-based HQ > 1.0

 mg/kg = milligrams per kilogram.
 See Appendix C for NOAEL-based benchmark sources


 HQ = Hazard Quotient.
 

Sutton Brook (210517) Woodard & Curran
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TABLE 4-37
 
WETLAND SOILS CONTAMINANTS OF POTENTIAL CONCERN
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Plants Invertebrates Carnivore (Shrew) Herbivore (Rabbit) 

Aldrin Benzoic Acid Arsenic, Total Arsenic, Total 
Benzo(b)fluoranthene Mercury, Total Manganese, Total Vanadium, Total 

Chrysene Vanadium, Total 
Fluoranthene 
Phenanthrene 

Pyrene 
Arsenic, Total 

Manganese, Total 
Mercury, Total 
Selenium, Total 
Vanadium, Total 

Sutton Brook (210517) Woodard & Curran
 
Wetland Soil COPCs.xlsSheet1 1 of 1 May 2007
 



 

TABLE 4-38
 
SUMMARY STATISTICS FOR WETLAND SOIL COPCs
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Habitat 
Area 

Chemical  Minimum 
Concentration 

(Qualifier) 

(1) 

Maximum 
Concentration 

(Qualifier) 

(1) 

Units Location 
of Maximum 
Concentration 

Detection 
Frequency 

Range of 
Detection 

Limits 

Average 
Concentration 

95% 
UCL 

Wetland 
Soil 

Solids, Total 22 84 % SS-14 (04) 10/10 0.1-0.1 54.30 NC 
pH 4.5 6.9 SU GP-7 (04) 8/8 - 5.96 NC 
Total Organic Carbon 0.412 20.2 % GP-7 (04) 8/8 0.012-0.032 7.43 NC 
Aldrin 0.0051 J 0.0051 J mg/kg SD-12 (99) 1/9 0.00159-0.0215 0.004 0.005 
Benzo(b)fluoranthene 1.7 1.7 mg/kg SD-12 (99) 1/9 0.4-1.1 0.47 1.700 
Benzoic Acid 0.48 J 0.78 J mg/kg SS-9 (04) 2/8 4-11 0.63 0.780 
Chrysene 1.4 1.4 mg/kg SD-12 (99) 1/9 0.4-1.1 0.44 0.701 
Fluoranthene 2.6 2.6 mg/kg SD-12 (99) 1/9 0.4-1.1 0.57 1.689 
Phenanthrene 1.5 1.5 mg/kg SD-12 (99) 1/9 0.4-1.1 0.33 0.733 
Pyrene 2.3 2.3 mg/kg SD-12 (99) 1/9 0.4-1.1 0.54 1.513 
Arsenic, Total 2.3 J 30 J mg/kg SS-9 (04) 12/12 0.24-0.89 9.67 14.999 
Manganese, Total 12 1000 mg/kg WS-107 (05) 12/12 0.47-1.8 259.46 578.116 
Mercury, Total 0.027 J 0.3 J mg/kg WS-106 (05) 10/12 0.09-0.36 0.10 0.222 
Selenium, Total 0.24 J 2.4 J mg/kg WS-106 (05) 9/12 0.47-1.8 0.85 1.288 
Vanadium, Total 2.6 16.1 mg/kg SD-13 (99) 12/12 0.47-1.8 9.22 11.906 

Footnotes: 
(1) Summary statisitics were calculated from analytical results for the following wetland soil samples: GP-7(04), GP-8(04), GP-23(04), SD-12(99), SD-13(99),SS-9(04), SS-13(04), SS-14(04), 

WS-6(04), WS-106, WS-107
 
J = estimated value. EB = equipment blank contamination.
 
NA = not applicable. NC = not calculated.
 
Averages calculated using 1/2 the DL for non-detects. Value is not included if 1/2 DL is greater than the detected maximum.
 

Sutton Brook (210517) Woodard & Curran 
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TABLE 4-39
 
WETLAND SOIL PLANT LOAEL-BASED HAZARD QUOTIENTS
 

Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Detected Compound Maximum 
Conc., mg/kg 

Plant NOAEL-based 
Benchmark, mg/kg 

Maximum 
NOAEL-based 

HQ 
Plant LOAEL-based 
Benchmark, mg/kg 

Maximum 
LOAEL-based 

HQ 
Number of 

Exceedances 
Manganese, Total 1,000 415 2.4 4153 0.2 0/12 

Mercury, Total 0.3 0.03 10.0 0.3 1.0 0/12 
Selenium, Total 2.4 1 2.4 1.7 1.4 2/12 
Vanadium, Total 16.1 2 8.1 2.5 6.4 12/12 

Shading indicates LOAEL-based HQ > 1.0 
NOAEL-based benchmarks presented in Appendix L 
LOAEL-based benchmark sources presented in Table 4-6 

Sutton Brook (210517) Woodard & Curran
 
Wetland Soil LOAEL HQs.xlsWetland Soil Plant LOAEL HQs  1 of 1 May 2007
 



TABLE 4-40
 
SHREW EXPOSURE: CALCULATIONS OF EARTHWORM TISSUE CONCENTRATIONS OF INORGANICS
 

Baseline Ecologcal Risk Assessment
 
Sutton Brook Disposal Area Superfund Site
 

Soil concentrations based on all site soils 0-2' deep. 

Regression-Based Concentrations: 

Regression-based concentrations calculated according to equations provided by Sample et. al 1998, Development and Validation of Bioaccumulation Models for Earthworms, Oak Ridge 
National Laboratory, ES/ER/TM-220 
Equations as specified in Table 18 of that document 
Simple regression of Table 12 : ln(earthworm) = B0 + B1(ln[soil]) 
Results in dry wt; converted to wet wt. by multiplying by 0.16, based on 84% water content of worms (USEPA, 1993, Wildlife Factors Handbook).  

Upland Worm Concentrations based on Average Soil Concentrations 

Average 

Analyte Estimation method Source Csoil, mg/kg ln(Csoil) B0 B1 ln(earthworm) 
Cearthworm , mg/kg 

dry wt. 
Cearthworm , mg/kg 

wet wt. 
Arsenic, Total simple regression Table 12 9.667 2.269 -1.421 0.706 0.181 1.20 0.19 

Upland Worm Concentrations Based on 95% Soil Concentrations 

95% UCL 

Analyte Estimation method Source Csoil, mg/kg ln(Csoil) B0 B1 ln(earthworm) 
Cearthworm , mg/kg 

dry wt. 
Cearthworm , mg/kg 

wet wt. 
Arsenic, Total simple regression Table 12 14.999 2.708 -1.421 0.706 0.491 1.63 0.26 

Upland Worm Concentrations Based on Maximum Soil Concentrations 

Maximum 

Analyte Estimation method Source Csoil, mg/kg ln(Csoil) B0 B1 ln(earthworm) 
Cearthworm , mg/kg 

dry wt. 
Cearthworm , mg/kg 

wet wt. 
Arsenic, Total simple regression Table 12 30.000 3.401 -1.421 0.706 0.980 2.67 0.43 

Bioaccumulation-factor-Based Worm Concentrations: 

Bioaccumulation of analytes with no recommended regression equation was evaluated using bioconcentration factors recommeded by USEPA 1999.  
These BCFs calculated wet wt. concentrations in worms from dry weight concentrations in soil. 

Average Csoil, mg/kg
 95% UCL 

Csoil, mg/kg 
Maximum 

Csoil, mg/kg 

BCF, dry wt. 
soil: wet. wt. 

worm 

Average 
Cearthworm , 

mg/kg wet wt. 

95% UCL 
Cearthworm , 
mg/kg wet 

wt. 

Maximum 
Cearthworm , mg/kg 

wet wt. 
Manganese, Total 259.5 578.1 1000.0 0.22 57.08 127.19 220.00 
Vanadium, Total 9.2 11.9 16.1 0.22 2.03 2.62 3.54 

BCF Source for metals: default value used by USEPA, 1999. Screening Level Ecological Risk Assessment Protocol for Waste Combustion Facilities.  DRAFT. Vol. 1-3 Appendix H-5- 30. 

Sutton Brook (210517) Woodard & Curran
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TABLE 4-41
 
WETLAND SOILS: ESTIMATED EXPOSURES AND HAZARD QUOTIENTS FOR THE SHORT-TAILED SHREW
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, MA
 

A. Wetland Soils: Calculated Exposure Doses and HQs for the Shrew, based on Average Site Concentrations 

Contaminant of Potential Concern 

Average 
Soil Conc. 

mg/kg 

Average 
Conc. 

in Worms, 
mg/kg 

Average 
Conc. in 
Water, 
mg/kg 

Exposure, 
mg/kg 
bw/day 

NOAEL 
Toxicity 

Reference 
Values, 
mg/kg 
bw/day 

LOAEL 
Toxicity 

Reference 
Values, 
mg/kg 
bw/day 

NOAEL-
based Hazard 

Quotient 

LOAEL-
based Hazard 

Quotient 

Arsenic, Total 9.667 0.19 0.0060 0.63 1.04 1.66 0.6 0.4 
Manganese, Total 259.458 57.08 0.337 82.75 193.6 624.8 0.4 0.1 
Vanadium, Total 9.217 2.03 0.002 2.94 4.16 8.31 0.7 0.4 

B. Wetland Soils: Calculated Exposure Doses and HQs for the Shrew, based on 95% UCL Media Concentrations 

Contaminant of Potential Concern 

95% UCL 
Soil Conc. 

mg/kg 

95% UCL 
Conc. in 
Worms, 
mg/kg 

95% UCL 
Conc. in 
Water, 
mg/kg 

Exposure, 
mg/kg 
bw/day 

NOAEL 
Toxicity 

Reference 
Values3 , 
mg/kg 
bw/day 

LOAEL 
Toxicity 

Reference 
Values3 , 
mg/kg 
bw/day 

NOAEL-
based Hazard 

Quotient 

LOAEL-
based Hazard 

Quotient 

Arsenic, Total 14.999 0.26 0.012 0.93 1.04 1.66 0.9 0.6 
Manganese, Total 578.116 127.19 0.486 184.32 193.6 624.8 1.0 0.3 
Vanadium, Total 11.906 2.62 0.001 3.79 4.16 8.31 0.9 0.5 

C. Wetland Soils: Calculated Exposure Doses and HQs for the Shrew, based on Maximum Concentrations 

Contaminant of Potential Concern 

Max. Soil 
Conc. 
mg/kg 

Max. Conc. 
in Worms, 

mg/kg 

Max. Conc. 
in Water, 

mg/kg 

Exposure, 
mg/kg 
bw/day 

NOAEL 
Toxicity 

Reference 
Values, mg/kg 

bw/day 

LOAEL 
Toxicity 

Reference 
Values, mg/kg 

bw/day 

NOAEL-
based Hazard 

Quotient 

LOAEL-
based Hazard 

Quotient 

Arsenic, Total 30.000 0.43 0.0206 1.74 1.04 1.66 1.7 1.1 
Manganese, Total 1000.000 220.00 0.98 318.86 193.6 624.8 1.6 0.5 
Vanadium, Total 16.100 3.54 0.001 5.13 4.16 8.31 1.2 0.6 

Notes: 
Shading indicates compound and LOAEL-based Hazard Quotient >1.0 NOAEL = no observed adverse effects level 
Receptors assumed to consume water from the Aquatic Wetland 
bw/day = body weight per day PAH = polycyclic aromatic hydrocarbon 
COPC = contaminant of potential concern PCB = polychlorinated biphenyl 
LOAEL = lowest observed adverse effects level Soils concentrations based on currently exposed soil 0-2' deep. 
mg/kg = milligrams per kilogram UCL = Upper Confidence Limit 
Italics indicate compound not detected in surface water; value is 1/2 the reporting limit. 

Sutton Brook (210517) 
BERA Wetland Soils Shrew food chain model.xlsShrew exp, HQ 1 of 1 

Woodard & Curran 
May 2007 



 

 

TABLE 4-42
 
RABBIT EXPOSURE: CALCULATION OF INORGANIC CONCENTRATIONS IN PLANT TISSUE
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Inorganics
 

Regression-Based Concentrations: 


Regression according to Efroymson et al. 2001.: ln(conc. in leaves) = B0 + B1(ln[conc. in soil]). 

All concentrations in dry weight; converted to wet wt. by multiplying by 0.15, based on 85% water content of dicot plants (USEPA, 1993, Wildlife Exposure Factors Handbook).  


Efroymson, R. A. et al. 2001. Uptake of inorganic chemicals from soil by plant leaves: regressions of field data. Env. Tox. and Chem. 20(11): 2561-2571.
 
Equations as specified in Table 2 of that of that ariticle (based on original and validation datasets) 


Plant Concentrations Based on Average Soil Concentrations 

Average 

Analyte Estimation method Source Csoil, mg/kg ln(Csoil) B0 B1 ln(plant) 
Cplant , mg/kg dry 

wt. 
Cplant , mg/kg 

wet wt. 
Arsenic, Total simple regression Table 2 9.67 2.269 -1.990 0.56 -0.720 0.49 0.073 

Plant Concentrations Based on 95% UCL Soil Concentrations 

95% UCL 

Analyte Estimation method Source Csoil, mg/kg ln(Csoil) B0 B1 ln(plant) 
Cplant , mg/kg dry 

wt. 
Cplant , mg/kg 

wet wt. 
Arsenic, Total simple regression Table 2 15.00 2.708 -1.990 0.56 -0.474 0.62 0.09 

Plant Concentrations Based on Maximum Soil Concentrations 

Maximum 

Analyte Estimation method Source Csoil, mg/kg ln(Csoil) B0 B1 ln(plant) 
Cplant , mg/kg dry 

wt. 
Cplant , mg/kg 

wet wt. 
Arsenic, Total simple regression Table 2 30.00 3.401 -1.990 0.56 -0.085 0.92 0.14 

Bioaccumulation-Based Plant Concentrations: 

Uptake of inorganic analytes with no recommended regression equation was evaluated using uptake factors recommeded by Baes et al. 1984.  

Average Csoil, mg/kg 
95% UCL Csoil, 

mg/kg 
Max Csoil, 

mg/kg 

Uptake Factor, 
dry wt. soil: 
dry wt.plant 

Average Cplant , 
mg/kg wet wt. 

95% UCL 
Cplant , mg/kg 

wet wt. 
Max Cplant , 

mg/kg wet wt. 
Vanadium, Total 9.22 11.91 16.10 0.0055 0.01 0.01 0.01 

Source for uptake factors: Baes, C. F. et al. 1984. A Review and Analysis of Parameters for Assessing Transport of Environmentally Released Radionuclides through 

Agriculture. US DOE, Oak Ridge National Laboratory.
 
To convert dry wt. values to wet weight, calculated dry wt. concentration was multiplied by 0.15, reflecting an average dicot plant concentration of 85% water (EPA 1993). 


Sutton Brook (210517) Woodard & Curran
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TABLE 4-43
 
WETLAND SOILS: ESTIMATED EXPOSURES AND HAZARD QUOTIENTS FOR THE COTTONTAIL RABBIT
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, MA
 

A. Calculated Exposure Doses of COPCs to the Rabbit, based on Average Concentrations 

Contaminant of Potential Concern 

Average Soil 
Concentration 

mg/kg 

Water 
Ingestion 

Rate 
kg/ day2 

Average Conc. in 
Water, mg/kg 

Average 
Concentration 

in Plants 
mg/kg 

Rabbit 
Body 

Weight 
(wet) 

kg 
Exposure 

mg/kg bw/day 

NOAEL Toxicity 
Reference Values 

mg/kg bw/day 

LOAEL Toxicity 
Reference Values 

mg/kg bw/day 
NOAEL-based 

Hazard Quotient 
LOAEL-based 

Hazard Quotient 

Arsenic, Total 9.667 0.116 0.006 0.073 1.189 0.259 1.04 1.66 0.2 0.2 
Vanadium, Total 9.217 0.116 0.002 0.008 1.189 0.234 4.16 8.31 0.1 0.03 

B. Calculated Exposure Doses of COPCs to the Rabbit, based on 95%UCL Concentrations 

Contaminant of Potential Concern 

95% UCL Soil 
Concentration 

mg/kg 

Water 
Ingestion 

Rate 
kg/ day2 

95% UCL Water 
Concentration, 

mg/kg 

95% UCL 
Concentration 

in Plants 
mg/kg 

Rabbit 
Body 

Weight 
(wet) 

kg 
Exposure 

mg/kg bw/day 

NOAEL Toxicity 
Reference Values 

mg/kg bw/day 

LOAEL Toxicity 
Reference Values 

mg/kg bw/day 
NOAEL-based 

Hazard Quotient 
LOAEL-based 

Hazard Quotient 

Arsenic, Total 14.999 0.116 0.012 0.09 1.189 3.98E-01 1.04 1.66 0.4 0.2 
Vanadium, Total 11.906 0.116 0.001 0.01 1.189 3.02E-01 4.16 8.31 0.1 0.04 

C. Calculated Exposure Doses of COPCs to the Rabbit, based on Maximum Concentrations 

Contaminant of Potential Concern 

Maximum Soil 
Concentration 

mg/kg 

Water 
Ingestion 

Rate 
kg/ day2 

Maximum Conc. 
in Water, mg/kg 

Maximum 
Concentration 

in Plants 
mg/kg 

Rabbit 
Body 

Weight 
(wet) 

kg 
Exposure 

mg/kg bw/day 

NOAEL Toxicity 
Reference 

Values 
mg/kg bw/day 

LOAEL Toxicity 
Reference 

Values 
mg/kg bw/day 

NOAEL-based 
Hazard Quotient 

LOAEL-based 
Hazard Quotient 

Arsenic, Total 30.000 0.116 0.0206 0.138 1.189 7.86E-01 1.04 1.66 0.8 0.5 
Vanadium, Total 16.100 0.116 0.001 0.013 1.189 4.09E-01 4.16 8.31 0.1 0.05 

Sutton Brook (210517) Woodard & Curran
 
BERA Wetland Soils Rabbit food chain model.xlsrabbit exp, HQ 1 of 1 May 2007
 



Table 4-44
 

SUMMARY STATISTICS FOR UPLAND SOIL COPCs
 
Baseline Ecological Risk Assessment
 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Exposure Chemical Minimum Maximum Units Location Detection Range of Average 95% 
Point Concentration Concentration of Maximum Frequency Detection Concentration UCL 

(Qualifier) (Qualifier) Concentration Limits 

(1) (1) (2) (2) 

Soil, Upland Metals 
Chromium 3.7 28.3 J mg/kg SO-05 (99) 11/11 0.45 - 0.59 17.4 20.7 

Copper 1.6 88.3 J mg/kg SO-01 (99) 11/11 0.45 - 0.59 49.3 62.4 
Lead 8 J 233 J mg/kg SO-01 (99) 11/11 2.2-2.9 100.5 134.6 

Mercury 0.019 J 0.26 mg/kg SB-7 (04) 2/11 0.05-0.13 0.07 0.11 
Vanadium	 8.1 18 J mg/kg SO-07 (99) 11/11 0.45-0.59 14.2 15.8 

Zinc 8.2 379 J mg/kg SO-07 (99) 11/11 2.2 - 6.4 136.5 190.6 
Pesticides 
4,4'-DDT 0.00094 J 0.014 J mg/kg SO-07 (99) 1/1 0.00321 - 0.0796 0.01 N/A 

2,4-Dimethylphenol 0.089 J 0.089 J mg/kg SO-07 (99) 1/9 0.34 - 1 0.09 N/A 

4,6-Dinitro-o-cresol 0.25 J 0.25 J mg/kg SO-07 (99) 1/9 0.85-1.6 0.25 N/A 

Semivolatile Organics 
Bis(2-Ethylhexyl)phthalate 0.066 JE  B 1.3 EB mg/kg SO-09 (99) 9/9 0.34- 1 0.50 0.787 

Di-n-butylphthalate 0.024 J 0.430 mg/kg SO-07 (99) 4/9 0.34 - 0.5 0.17 0.26 
Di-n-octyl plithalate 0.099 J 0.560 mg/kg SO-09 (99) 3/9 0.34-0.5 0.24 0.46 

Naphthalene 0.039 J 0.220 J mg/kg SO-09 (99) 3/10 0.0063 - 0.76 0.08 0.19 
Volatile Organics 

1,2,4-Trichlorobenzene 0.054 J 0.560 mg/kg SO-07 (99) 3/10 0.0063 - 0.5 0.17 0.56 
Ethylbenzene 0.0008 J 0.0008 J mg/kg SO-09 (99) 1/10 0.00094 - 0.38 0.001 N/A 

Toluene 0.0006 J 0.0210 mg/kg SO-09 (99) 3/10 0.0014- 1.1 0.01 0.020 
Xvlene (total) 0.88 0.880 mg/kg SO-09 (99) 1/8 0.00094 - 0.01 0.09 0.880 

Footnotes: 
(1) SB-03(04) is part of the FDDA and is not included in this data set. 
J = estimated value. EB = equipment blank contamination. 
(2) Average concentrations and 95% UCLs were calculated using one half the detection limit for values reported as non-detect. N/A = not applicable; 95% UCLs were not calculated if
 
< 3 acceptable analyses were available. Maximum value listed if calculated 95%UCL > maximum.
 
NC = not calculated.
 

Woodard and Curran 

Upland Soils BERA Data Summary xls 1 of 1 May 2007 
Sutton Brook (210517) 



 

TABLE 4-45
 
UPLAND SOILS NOAEL HAZARD QUOTIENTS OVER 1.0


 Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site, Tewksbury, Massachusetts
 

ASSESSMENT ENDPOINT: 
Maximum Soil 
Conc., mg/kg 

Location of 
Maximum 

Frequency of 
Detection 

Plant NOAEL-
based 

Benchmark 

Invertebrate 
NOAEL-based 

Benchmark 

Upland Soil Maximum NOAEL HQs, Excluding FDDA 
SLERA Upland Soil 

Maximum HQs 

Maximum 
Plant HQ 

Number of 
Plant HQs > 

1.0 
Maximum 

Invertebrate HQ 

Number of 
Invertebrate 

HQs > 1.0 
Carnivore 

(Robin) 
Herbivore 

(Vole) 

1,2,4-Trichlorobenzene 0.56 SO-07 (99) 3/10 0.48 20 1.2 1 0.03 0.9 0.0001 
2,4-Dimethylphenol 0.089 SO-07 (99) 1/9 0.01 10 8.9 1 0.01 0.01 0.0001 
4,4'-DDT 0.014 SO-07 (99) 1/1 4 4 0.004 0.004 6.7 0.0000062 
4,6-Dinitro-o-cresol 0.25 SO-07 (99) 1/9 NS 0.15 NC 1.7 1 2.2 0.0018 
Bis(2-Ethylhexyl)phthalate 1.3 SO-09 (99) 9/9 100 200 0.01 0.01 746.6 0.2080 
Di-n-butylphthalate 0.43 SO-07 (99) 4/9 200 200 0.002 0.002 6.3 0.000001 
Di-n-octylphthalate 0.56 SO-09 (99) 3/9 100 200 0.01 0.003 5548 0.0002 
Xylene (total) 0.88 SO-09 (99) 1/8 10 1.06 0.1 0.83 6.2 0.0455 
Chromium 28.3 SO-05 (99) 11/11 NS NS NS NS 2.0 0.000005 
Copper 88.3 SO-01 (99) 11/11 100 50 0.9 1.8 6 0.2 0.0045 
Lead 233 SO-01 (99) 11/11 120 1700 1.9 3 0.14 21.4 0.0144 
Mercury 0.26 SB-7 (04) 2/11 0.03 0.01 8.7 2 26 2 0.1 0.0001 
Vanadium 8.1 SO-07(99) 11/11 2 140 4.1 11 0.06 0.4 0.0378 
Zinc 379 SO-07 (99) 11/11 190 120 2.0 2 3.2 7 7.9 0.0033 

Notes: 
NB = Hazard Quotient not calculated as no benchmark available. 
NC = not calculated

 Shading indicates NOAEL-based HQ > 1.0
 See Appendix L for NOAEL benchmark sources PAH = Polycyclic aromatic hydrocarbons.

 mg/kg = milligrams per kilogram.
 HQ = Hazard Quotient.
 SLERA HQs for the robin include SB-03(04). All compounds reevaluated in BERA. 

Sutton Brook (210517) Woodard & Curran
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TABLE 4-46
 
UPLAND SOIL CONTAMINANTS OF POTENTIAL CONCERN
 

Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Plant COPCs Soil Invertebrate COPCs Carnivore COPCs (Robin) 
1,2,4-Trichlorobenzene 4,6-Dinitro-o-cresol 4,4'-DDT 
2,4-Dimethylphenol Copper, Total 4,6-Dinitro-o-cresol 
Lead, Total Mercury, Total di-n-butylphthalate 
Mercury, Total Zinc, Total di-n-octylphthalate 
Vanadium, Total Bis(2-ethylhexyl)phthalate 
Zinc, Total Xylenes (total) 

Chromium, Total 
Lead, Total 
Zinc, Total 

Sutton Brook (210517) Woodard & Curran
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TABLE 4-47
 
UPLAND SOIL PLANT LOAEL-BASED HAZARD QUOTIENTS
 

Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Detected Compound Maximum 
Conc., mg/kg 

Plant NOAEL-based 
Benchmark, mg/kg 

Maximum 
NOAEL-based 

HQ 

Plant LOAEL-based 
Benchmark, mg/kg 

Maximum 
LOAEL-based 

HQ 

Mercury, Total 0.26 0.03 8.7 0.3 0.9 
Vanadium, Total 18 2 9.0 2.5 7.2 

See Appendix L for NOAEL sources. 
Shading indicates LOAEL-based HQ > 1.0 
See Table 4-6 for LOAEL sources. 

Sutton Brook (210517) Woodard & Curran
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TABLE 4-48
 
UPLAND SOIL INVERTEBRATE LOAEL-BASED HAZARD QUOTIENTS
 

Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Detected Compound Maximum 
Conc., mg/kg 

Invertebrate 
NOAEL 

benchmark, 
mg/kg 

Maximum 
NOAEL-
based HQ 

Invertebrate 
LOAEL 

benchmark, 
mg/kg 

Maximum 
LOAEL-
based HQ 

No. LOAEL 
Exceedances 

Copper 88.3 50 1.8 63 1.4 3 
Mercury 0.26 0.01 26.0 0.5 0.5 0 

2Zinc 379 120 3.2 190 2.0 

See Appendix L for NOAEL sources.
 
See Table 4-6 for LOAEL sources. 

Shading indicates LOAEL-based HQ > 1.0
 

mg/kg = milligrams per kilogram.
 
HQ = Hazard Quotient.
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TABLE 4-49 
ROBIN EXPOSURE: COPC CONCENTRATIONS IN PLANT TISSUE 

Ecological Risk Assessment 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts 

Inorganics 

Regression-Based Concentrations: 

Regression according to Efroymsonet al. 2001.: ln(conc. in leaves) = BO +Bl(ln[conc. in soil]). 
All concentrations in dry weight; converted to wet wt. by multiplying by 0.15, based on 85% water content of dicot plants (USEPA, 1993, Wildlife Exposure Factors Handbook). 

Efroymson, R. A. et al. 2001. Uptake of inorganic chemicals from soil by plant leaves: regressions of field data. Env. Tox. andChem. 20(11): 2561-2571. 
Equations as specified in Table 2 of that of that ariticle (based on original and validation datasets) 

Plant Concentrations Based on Average Soil Concentrations 

Analyte Estimation method Source 

Average 

C u  , mg/kg ln(Csoil) BO Bl ln(plant) 
Cptot, mg/kg dry 

wt. 
Cpi,nt, mg/kg 

wet wL 

Lead 

Zinc 

simple regression 

simple regression 

Table 2 

Table 2 

100.45 

136.46 

4.610 

4.92 

-1.330 

1.580 

0.56 

0.56 

1.251 

4.333 

3.50 

76.17 

0.52 

11.43 

Plant Concentrations Based on 95% UCL Soil Concentrations 

Lead 
Zinc 

Analyte Estimation method 
simple regression 
simple regression 

Source 
Table 2 
Table 2 

95% UCL 

C,oii, mg/kg 
134.60 
190.60 

ln(Csoll) 
4.902 
5.25 

BO 

-1.330 
1.580 

Bl 

0.56 
0.56 

In (plan!) 
1.415 
4.520 

Cpiam.nig/kg dry 
wt. 

4.12 
91.84 

Cpi»,, mg/kg 
wet wt 

0.62 
13.78 

Plant Concentrations Based on Maximum Soil Concentrations 

Lead 
Zinc 

Analyte Estimation method 
simple regression 
simple regression 

Source 
Table 2 
Table 2 

Maximum 

CS0n, mg/kg 
233.00 
379.00 

ln(Csoii) 
5.451 
5.94 

B0 

-1.330 
1.580 

Bl 

0.56 
0.56 

ln(plant) 
1.723 
4.905 

Cpiu,,, mg/kg dry 
wt. 

5.60 
134.97 

Cpi»,, mg/kg 
wet wt. 

0.84 
20.24 

Bioaccumulation-Based Plant Concentrations: 

Uptake of inorganic analytes with no recommended regression equation was evaluated using uptake factors recommended by Baes et al. 1984. 

Chromium 

Average UCL Cma, 
mg/kg 

17.39 

95% UCL C«oa, 
mg/kg 

20.70 

Max C!tib 

mg/kg 
28.30 

Uptake Factor, 
dry wt. soil: 
dry wt.plant 

0.0075 

Average Cp^,, 
mg/kg wet wt. 

0.020 

95% UCL 
Cptat, mg/kg 

wet wt. 

0.023 

Max CplaIlt) 

mg/kg wet wt 

0.032 

Source for uptake factors: Baes, C. F. et al. 1984. A Review and Analysis of Parameters for Assessing Transport of Environmentally Released Radionuclides through Agriculture. US 
DOE, Oak Ridge National Laboratory. 

Organ! o> 

4,4'-DDT 
4,6-Di nitro-o-cresol 
Bis(2-ethylhexyl )phtha!ate 
Di-n-butylphthalate 
Di-n-octylphthalate 
Xylene (total) 

95»/o UCL Ca», mg/kE 
N/A 

N/A 

0.79 
0.26 
0.46 
0.88 

Average CMn, 
mg/kg 
0.008 
0.250 
0.501 
0.166 
0.237 
0.090 

Max Csdl) 

mg/kg 
0.014 
0.25 
1.30 
0.43 
0.56 
0.88 

Uptake Factor, 
dry wt. soil: 
dry wt plant 

0.004 
0.15 

0.002 
0.1 

0.001 
0.61 

95% UCL 
Cpta,, mg/kg 

wet wt 
NC 

NC 

0.0002 
0.004 
0.000 
0.081 

Average 
Cpimt, mg/kg 

wetwt 
0.000005 

0.01 
0.000 
0.002 
0.000 
0.008 

Max Cp,™,, 
mg/kg wet wt 

0.00001 
0.01 
0.00 
0.01 
0.00 

0.081 

Uptake Factor sources for organics: 

Organics calculated by Travis and Arms 1988: log BCF = 1.588 -(0.578 * log K™ ) . Kow values as per Table 4-5 in the SLERA. 
To convert dry wt. values to wet weight, calculated dry wt. concentration was multiplied by 0.15, reflecting an average dicot plant concentration of 85% water (EPA 1993). 

Sulton Brook (210517) Woodard & Currars
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TABLE 4-50
 
ROBIN EXPOSURE: INORGANICS EARTHWORM TISSUE CONCENTRATIONS
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site
 

Soil concentrations based on all site soils 0-2' deep. 

Regression-Based Concentrations: 

Regression-based concentrations calculated according to equations provided by Sample et. al 1998, Development and Validation of Bioaccumulation Models for Earthworms, Oak 

Ridge National Laboratory, ES/ER/TM-220 
Equations as specified in Table 18 of that document 
Simple regression of Table 12 : ln(earthworm) = BO + Bl (ln[soil]) 
Results in dry wt; converted to wet wt. by multiplying by 0.16, based on 84% water content of worms (USEPA, 1993, Wildlife Factors Handbook). 

Upland Worm Concentrations based on Average Soil Concentrations 

Average 

Qarthworm. mg/kg C«rtwm> mg/kg 
Analyte Estimation method Source Csoil, mg/kg In(Csoil) B0 Bl ln(earthworm) dry wt. wet wt. 

Lead simple regression Table 12 100.45 4.610 -0.218 0.807 3.502 33.18 5.31
 
Zinc simple regression Table 12 136.46 4.916 4.449 0.328 6.061 429.00 68.64
 

Upland Worm Concentrations Based on 95% Soil Concentrations 

95% UCL 

Cearthworm. mg/kg Cca,»hworin> Mg/kg 
Analyte Estimation method Source Csoil, mg/kg in(Csoil) B0 Bl In(earthworm) dry wt. wet wt.
 

Lead simple regression Table 12 134.60 4.902 -0.218 0.807 3.738 42.02 6.72
 
Zinc simple regression Table 12 190.60 5.250 4.449 0.328 6.171 478.69 76.59
 

Upland Worm Concentrations Based on Maximum Soil Concentrations 

Maximum 

Ctarthwwm. mg/kg Cearthworm. '"g/kg 

Analyte Estimation method Source Csoil, mg/kg In(Csoil) B0 Bl ln(earthworni) dry wt. wet wt.
 
Lead simple regression Table 12 233.00 5.451 -0.218 0.807 4.181 65.43 10.47
 
Zinc simple regression Table 12 379.00 5.938 4.449 0.328 6.397 599.75 95.96
 

Bioaccumulation-factor-Based Worm Concentrations: 

Bioaccumulation of analytes with no recommended regression equation was evaluated using bioconcentration factors recommeded by USEPA 1999. 
These BCFs calculated wet wt. concentrations in worms from dry weight concentrations in soil. 

95% UCL 
BCF, dry wt. Average ^eaHhworim Maximum 

95% UCL Maximum soil: wet wt. Cfartlnvontl» mg/kg wet Cear(Wm> Big/kg 

Average Csoil, mg/kg Csoil, mg/kg Csoil, mg/kg worm mg/kg wet wt. wt. wet wt. 
Chromium 17.39 20.70 28.30 0.01 0.17 0.21 0.28 

BCF Source: USEPA, 1999. Screening Level Ecological Risk Assessment Protocol for Waste Combustion Facilities. DRAFT. Vol. 1-3 Appendix H-5- 30. 

Sutton Brook (21051?) Woodard Curran
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TABLE 4-51
 
ROBIN EXPOSURE: AVERAGE ORGANIC COPC CONCENTRATIONS IN EARTHWORM TISSUE
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

A. Calculation of Average Earthwork Tissue Concentrations for Organics 

Soils concentrations based on all site soil samples 0-2' deep.
 
Earthworm tissue concentrations calculated from porewater, as follows:
 

mi.mg/kg wet wt = K ^  * Cporewater Suter 2000, pg. 134. Calculated values are in wet weight. 

: l o g K w = 0.87* log Ko,,-2.0 Jaeger, 1998 as cited by EPA, 2005 

^p o c / Oc) Suter 2000, pg. 84 

Kww = biota-soil partitioning coefficient, L soil porewater/kg wet weight tissue 

Qvorm = concentration in worm, wet weight 
Cporewater= concentration in porewater, mg/1 
Koc = organic carbon partition coefficient 
Log Kow = octanol-water partition coefficient 
foe = fraction organic carbon in soil =3.5% in Upland Soils 

Chemical Data 

Soil fraction organic carbon (foc)'- 0.035 

Compound mg/kg Koc LogKoW / o  c Cporewater, a v  g   Log K4VW CWorm, a v  g  . 
4,4'-DDT 0.008 220000 6.91 0.035 0.00000102 4.0117 10273.06 0.0105 

4,6-Dinitro-o-cresol 0.250 601.5 4.18 0.035 0.0119 1.6366 43.31 0.5143 

Bis(2-ethylhexyl)phthalate 0.501 ^ 165000 7.6 0.035 0.0001 4.612 40926.07 3.5473 

Di-n-butylphthalate 0.166 1460 4.5 0.035 0.0032 1.915 82.22 0.2671 
Di-n-octylphthalate 0.237 195500 8.1 0.035 0.0000 5.047 111429.45 3.8523 

Xylene (total) 0.090 443.1 3.12 0.035 0.0058 0.7144 5.18 0.0302 

Xylenes (total) values are the sum of the isomers o-Xylene and p/m-Xylene. 

f oc is the average soil TOC concentration 

KoC, L°g Kow are as cited and referenced in Table 4.5 of the SLERA. 

Sutton Brook (210517) Woodard & Curran
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TABLE 4-52
 
ROBIN EXPOSURE: 95% UCL ORGANIC COPC CONCENTRATIONS IN EARTHWORM TISSUE
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Concentrations over 0.020 mg/kg produce a LOAEL-based HQ >1.0.
 

Soils concentrations based on all site soil samples 0-2' deep.
 
Earthworm tissue concentrations calculated from porewater, as follows:
 

Cworm, mg/kg wet wt = K  ̂  * Cporewater Suter 2000, pg. 134. Calculated values are in wet weight.
 
Kww: logKww= 0.87 * logKow-2.0 Jaeger, 1998 as cited by EPA, 2005
 
Cn =Cs o i l /(Ko e*/«) Suter 2000, pg. 84
 

Kww = biota-soil partitioning coefficient, L soil porewater/kg wet weight tissue 
Cworm = concentration in worm, wet weight 
Cporewater= concentration in porewater, mg/1 
Koc = organic carbon partition coefficient 
Log Kpw = octanol-water partition coefficient 
fx = fraction organic carbon in soil 

Chemical Data 

Soil fraction organic carbon 0.035 

Csoil95% 
Compound UCL mg/kg LogK  ̂  J oc -̂•p ore water, *"*§• LogK^, ^worin, *"&. 

4,4'-DDT N/A 220000 6.91 0.035 NC 4.0117 10273.06 NC 
1,2,4-Trichlorobenzene 0.560 717.6 4.02 0.035 0.022 1.4974 31.43 0.70 
4,6-Dinitro-o-cresol N/A 601.5 4.18 0.035 NC 1.6366 43.31 NC 
Bis(2-ethylhexyl)phthalate 0.787 165000 7.6 0.035 0.000 4.612 40926.07 5.58 
Di-n-butylphthalate 0.262 1460 4.5 0.035 0.005 1.915 82.22 0.42 
Di-n-octylphthalate 0.457 195500 8.1 0.035 0.000 5.047 111429.45 7.4 
Xylene (total) 0.880 443.1 3.12 0.035 0.057 0.7144 5.18 0.294 

Notes: 
N/A - Too few observations to calculate UCLs 
Xylenes (total) values are the sum of the isomers o-Xylene and p/m-Xylene. 
/ oc is the average soil TOC concentration 
Koc, Log K<,w are as cited and referenced in Table 4.5 of the SLERA. 

Sutton Brook (210517) Woodard & Curran
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TABLE 4-53
 
ROBIN EXPOSURE: MAXIMUM ORGANIC COPC CONCENTRATIONS IN EARTHWORM TISSUE
 

Baseline Ecological Assessment
 
Sutton Brook DIsposal Area Superfund Site - Tewksbury, Massachusetts
 

A. Calculation of Maximum Earthworm Tissue Concentrations for Organics 

Soils concentrations based on all site soil samples 0-2' deep.
 
Earthworm tissue concentrations calculated from porewater, as follows:
 

Cworm,mg/kg wet wt. = Kww* Cporewater Suter 2000, pg. 134. Calculated values are in wet weight.
 
Kww: logKww= 0.87* log Kow-2.0 Jaeger, 1998 as cited by EPA, 2005
 

Cporewater,mg/l =  C s * f o c ) Suter 2000, pg. 84
 

Kww = biota-soil partitioning coefficient, L soil porewater/kg wet weight tissue
 

Cworm = concentration in worm, wet weight
 

Cporewater= concentration in porewater, mg/l
 
K^ = organic carbon partition coefficient
 
Log Kow = octanol-water partition coefficient
 
foc = fraction organic carbon in soil
 

Chemical Data 

Soil fraction organic carbon (foc): 0.035 

Csoilmax. 

Compound mg/kg Log Kow f o  c *—porewater, m a x  . L o g K  w K w Cworm, max. 
4,4'-DDT 0.014 220000 6.91 0.035 0.0000018 0.0187 10273.06 0.0187 
1,2,4-Trichlorobenzene 0.560 717.6 4.02 0.035 0.0223 1.4974 31.43 0.7009 
4,6-Dinitro-o-cresol 0.250 601.5 4.18 0.035 0.0119 1.6366 43.31 0.5143 
Bis(2-ethylhexyl)phthalate 1.300 165000 7.6 0.035 0.0002 4.612 40926.07 9.2128 
Di-n-butylphthalate 0.430 1460 4.5 0.035 0.0084 1.915 82.22 0.6919 
Di-n-octylphthalate 0.560 195500 8.1 0.035 008.1 5.047 111429.45 9.1195 
Xylene (total) 0.880 443.1 3.12 0.035 0.0567 0.7144 5.18 0.2940 

Xylenes (total) values are the sum of the isomers o-Xylene and p/m-Xylene. 
/ oc is the average soil TOC concentration 
Koc, Log Kow are as cited and referenced in Table 4.5 of the SLERA. 
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TABLE 4-54
 
UPLAND SOILS: ESTIMATED AVERAGE EXPOSURES AND HAZARD QUOTIENTS FOR THE AMERICAN ROBIN
 

Baseline Ecological Risk
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

NOAEL LOAEL 
Average Toxieity Toxieity 

Average Soil Average Cone, Cone, in Exposure, Reference Reference NOAEL LOAEL-
Cone, in Worms, Plants, mg/kg Values, mg/kg Values, mg/kg based Hazard based Hazard 

Contaminant of Potential Concern mg/kg mg/kg mg/kg bw/day bw/day bw/day Quotient Quotient 

4,4'-DDT 0.008 0.011 0.000005 0.004 0.0028 0.028 1.3 0.1 

4,6 -Dinitro -o -cresol 0.250 0.514 0.006 0.174 0.227 22.7 0.8 0.01 

Bis(2-Ethylhexyl)phthalate 0.501 3.547 0.000 1.157 1.1 11 1.1 0.11 

Di-n-butylphthalate 0.166 0.267 0.002 0.092 0.11 1.1 0.8 0.1 
Di-n-octylphthalate 0.237 3.852 0.00004 1.25 0.11 1.1 11.3 1.1 
Xylene (Total) 0.090 0.030 0.008 0.014 1.5 15 0.009 0.001 

Chromium 17.4 0.174 0.020 0.59 1 5 0.6 0.1 

Lead 100 5.309 0.52 4.87 1.63 3.26 3.0 1.5 
Zinc 136 68.641 11.43 28.39 14.5 131 2.0 0.2 

Notes; 

Shading indicates compound and LOAEL-based Hazard Quotient >1.0 

bw/day = body weight per day 

NOAEL = no observed adverse effects level 

LOAEL = lowest observed adverse effects level 

mg/kg = milligrams per kilogram 

Soils concentrations based on currently exposed soil 0-2' deep. 

Sutton Brook (210517) Woodard & Curran
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TABLE 4-55
 
UPLAND SOILS: ESTIMATED 95% UCL EXPOSURES AND HAZARD QUOTIENTS FOR THE AMERICAN ROBIN
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

NOAEL LOAEL 
95% UCL 95% UCL Toxieity Toxieity 

95% UCL Cone, in Cone, in Exposure, Reference Reference NOAEL LOAEL-
Soil Cone, Worms, Plants, mg/kg Values, mg/kg Values, mg/kg based Hazard based Hazard 

Contaminant of Potential Concern mg/kg mg/kg mg/kg bw/day bw/day bw/day Quotient Quotient 

4,4'-DDT N/A NC NC NC 0.0028 0.028 NC NC 

4,6-Dinitro-o-cresol N/A NC NC NC 0.227 22.7 NC NC 

Bis(2-Ethylhexyl)phthalate 0.787 5.577 0.0002 1.820 1.1 11 1.7 0.17 

Di -n-buty lphthalate 0.262 0.422 0.004 0.144 0.11 1.1 1.3 0.13 

Di-n-octylphthalate 0.457 7.442 0.00007 2.41 0.11 1.1 21.9 2.2 
Xylene (total) 0.880 0.294 0.0805 0.137 1.5 15 0.091 0.0091 

Chromium 20.70 0.21 0.023 0.70 1 5 0.7 0.1 
Lead 134.6 6.723 0.62 6.38 1.63 3.26 3.9 2.0 
Zinc 190.6 76.591 13.78 33.04 14.5 131 2.3 0.3 

Notes: 

Shading indicates compound and LOAEL-based Hazard Quotient >1.0 

N/A = no 95% UCL available; data insufficient to calculate. 

NC = not calculated 

bw/day = body weight per day 

NOAEL = no observed adverse effects level 

LOAEL = lowest observed adverse effects level 

mg/kg = milligrams per kilogram 

Soils concentrations based on currently exposed soil 0-2' deep. 

Sutton Brook (210517) Woodard & Curran
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TABLE 4-56
 
UPLAND SOILS: ESTIMATED MAXIMUM EXPOSURES AND HAZARD QUOTIENTS FOR THE AMERICAN ROBIN


 Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site - Tewksbury, Massachusetts
 

Contaminant of Potential Concern 

Maximum 
Soil Conc. 

mg/kg 

Maximum 
Conc. in 
Worms, 
mg/kg 

Maximum 
Conc. in 
Plants, 
mg/kg 

Exposure, 
mg/kg 
bw/day 

NOAEL 
Toxicity 

Reference 
Values, mg/kg 

bw/day 

LOAEL 
Toxicity 

Reference 
Values, mg/kg 

bw/day 

NOAEL-
based Hazard 

Quotient 

LOAEL-
based Hazard 

Quotient 

4,4'-DDT 0.014 0.019 0.00001 0.006 0.0028 0.028 2.3 0.2 
4,6-Dinitro-o-cresol 0.250 0.514 0.006 0.174 0.227 22.7 0.8 0.01 
Bis(2-Ethylhexyl)phthalate 1.300 9.213 0.0004 3.006 1.1 11 2.7 0.27 
Di-n-butylphthalate 0.430 0.692 0.006 0.237 0.11 1.1 2.2 0.2 
Di-n-octylphthalate 0.560 9.12 0.0001 2.95 0.11 1.1 26.8 2.7 
Xylene (total) 0.880 0.294 0.08 0.137 1.5 15 0.1 0.01 
Chromium 28.300 0.28 0.032 0.96 1 5 1.0 0.2 
Lead 233 10.47 0.84 10.62 1.63 3.26 6.5 3.3 
Zinc 379 95.96 20.24 46.22 14.5 131 3.2 0.4 

Notes: 

Shading indicates compound and LOAEL-based Hazard Quotient >1.0 
bw/day = body weight per day 
NOAEL = no observed adverse effects level 
LOAEL = lowest observed adverse effects level 
mg/kg = milligrams per kilogram 
Soils concentrations based on currently exposed soil 0-2' deep. 

Sutton Brook (210517) Woodard & Curran
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TABLE 4-57 

SUMMARY OF POTENTIAL UNCERTAINTY 


Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site – Tewksbury, Massachusetts 


Potential Bias in Risk 
Estimate 

Assessment Stage Description of Uncertainty Under-
estimate 

Over-
estimate 

Problem 
Formulation 

Some VOC non-detect data were rejected for the Deep 
Marsh due to high moisture content of samples. These 
detection limits were used as estimated values in the risk 
assessment.  Because of the uncertainty surrounding 
rejected non-detects, use of this data may over- or 
underestimate risks.    

X X 

Sampling locations may not have identified maximum 
concentrations. X 

Some sampling locations were not included in the study 
because they were sampled more than 10 years ago, are 
located on the slopes of the landfill, or are in areas, such 
as the residential area, not included in the risk 
assessment.    

X 

Because of sample spacing, some areas exist with few or 
no samples.  The potential exists that some areas of 
elevated concentrations may not have been detected.   

X 

The processing of samples with low percent solids may 
result in VOC and SVOC concentrations which are not 
entirely representative of field conditions.   Actual 
concentrations may be higher or lower than estimated.  

X X 

Organic compounds were eliminated or retained as 
COPCs based on bioaccumulation potential, as indicated 
by Kow values.  Kow alone may not accurately reflect 
bioaccumulation potential in all circumstances.   Actual 
bioaccumulation may be greater or less than assumed.  

X X 

Intensive sampling in contaminated areas over-represents 
level of contamination when data is aggregated.  X 

Dissolved metals data set is smaller than the total metals 
data set, so not as representative of site conditions.   X X 

Average and 95% concentrations of site COPCs were 
calculated using ½ the detection limit for samples with no 
detected concentration.  Since the presence of the COPC 
is unknown, this approach likely over-estimates actual 
values.  

X 

Piscivorous birds not evaluated in the Upper Sutton 
Brook.  Although VOCs, the primary COPCs in this area, 
do not bioaccumulate appreciably, some metals do. 

X 

Species used in food chain models may not accurately 
represent all members of the feeding guild.  X X 

J-value data from below the method reporting limit were 
used in the risk assessment.  These data are estimated 
values with a high level of quantitative uncertainty.  

X X 

Dermal contact with water and sediment or soil by 
mammals was not evaluated. This is typically a 
negligible exposure route. 

X 

Sutton Brook (210517) 1 of 4 Woodard & Curran 

BERA Uncertainty.doc May 2007 




 

 
 

 

  
 

  
  

 

 

 
 

 

 
 

   
 

  

 

  
   

 

 

     
 

  

   
 

 

  

 

  
 

   

  

  
 
 

  

   
 

TABLE 4-57 

SUMMARY OF POTENTIAL UNCERTAINTY 


Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site – Tewksbury, Massachusetts 


Potential Bias in Risk 
Estimate 

Assessment Stage Description of Uncertainty Under-
estimate 

Over-
estimate 

Fish were assumed to be absent from the Aquatic 
Wetland, based on DO measurements and upstream 
seining efforts.  However, the potential exists that a 
reproducing population may exist.  Although fish would 
be assessed by the same benchmarks as aquatic 
invertebrates, they were not an explicit assessment 
endpoint and so adverse effects to these receptors may 
potentially be overlooked.  

X 

Benchmarks used for COPC selection and evaluation are 
based on physical and chemical media parameters, such 
as percent organic carbon, which may vary from the 
concentrations at the site.   These benchmarks may thus 
over- or under-represent actual effects at the site.  

X X 

The risk evaluation excluded areas of the landfill lobes, 
on the assumption that these areas will be addressed by 
remediation. Risks in these areas will remain unknown 
and will continue until the landfill cover is installed.  If 
the landfill is not remediated as planned, addition 
evaluations will be necessary. 

X 

A small number of analytes that had reporting limits 
greater than benchmarks were screened out from the 
COPC list.  The potential exists that concentrations of 
these non-detected compounds may exceed the applicable 
benchmarks. 

X 

Sample extraction techniques may overestimate 
bioavailable fraction X 

Analysis Program The entire area of Aquatic Wetland was assumed to be 
available and equally used by receptors during their time 
at the site.  In reality, the size of these wetlands decreases 
significantly during the course of the year, reducing the 
size of the exposure area for certain semi-aquatic 
receptors.  

X 

AVS/SEM: TOC analyses are assumed to fully represent 
bioavailability. AVS chemistry, in particular, is dictated 
by various chemical and physical factors and may be 
highly variable throughout the year. Furthermore, 
availability of metals through ingestion and absorption in 
the gut is not reflected by this analysis. 

X 

Single values used for ingestion and body weight.  Actual 
populations consist of individuals of various sizes.   X X 

Exposure effects calculated only for adult receptors using 
generic feeding and body weight characteristics.   Young 
of the species or breeding females may have different 
feeding regimes and body weights.   Toxicological data is 
typically not available for these specific groups.  

X X 

Sutton Brook (210517) 2 of 4 Woodard & Curran 

BERA Uncertainty.doc May 2007 




 

 
 

 

  

 
 

  

  
  

 
 

 
 

 
   

  

 
  

  

  

 

  

 
 
 

 
 

 
    

 

   

   
  

 
 

  

 
 

 

 

   
   

  

   
 

TABLE 4-57 

SUMMARY OF POTENTIAL UNCERTAINTY 


Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site – Tewksbury, Massachusetts 


Potential Bias in Risk 
Estimate 

Assessment Stage Description of Uncertainty Under-
estimate 

Over-
estimate 

Concentrations of COPCs in prey and food items were 
estimated through modeling.   This approach may over- 
or under-estimate actual concentrations, which vary 
widely by species, COPC, and soil type. 

X X 

The diet and life history characteristics (ingestion rate, 
body weight, etc.) of receptors were based on studies in 
various locations in North America.  Actual life history 
characteristics of site populations may differ from those 
studied. 

X X 

Amphibian bioaccumulation may differ from 
bioaccumulation in fish.  X X 

Sediment toxicity testing was evaluated with two species, 
who may respond differently than species actually 
present at the site.  

X X 

Sediment variability may affect toxicity test results.  
Toxicity tests use a small volume of sediment in each test 
vessel, and the arsenic concentrations in individual test 
beakers may vary from the values obtained by chemical 
analysis of the sample.  

X X 

Effects of toxicity testing in the Southern Tributary were 
used to estimate arsenic effects elsewhere on the site.  
Variations in sediment matrix, chemistry, and other 
factors may alter the effects of arsenic at other locations.  

X X 

Use of maximum concentrations as exposure point 
concentrations likely misrepresents actual exposures, 
since it assumes that species feed in contaminant “hot 
spots” or in areas with the most elevated concentrations 
of COPCs, which are not necessarily co-located at the 
site. 

X 

The black duck was assumed to migrate.  Resident 
individuals, if present, may incur higher exposures. X 

Benchmark values are typically derived from a number of 
studies with widely varying results.  The extent to which 
these values accurately reflect site conditions or 
responses is unknown. 

X X 

Risk 
Characterization 

Benchmarks are in part based on adverse effects to test 
organisms that may not necessarily be present on-site.  
Results may thus vary from the actual toxicity 
experienced by site receptors. 

X X 

Benchmarks based solely on chemical concentration may 
not reflect actual adverse effects in the field.  Site-
specific characteristics may render COPC concentrations 
greater or less than the benchmark suggests 

X 

The benchmark values reflect potential effects to a single 
organism, and may not be a good estimator of potential 
community or system-wide effects.  Acute or chronic 
effects on organisms may not necessarily have an effect 
at the community or population level. 

X X 
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TABLE 4-57 

SUMMARY OF POTENTIAL UNCERTAINTY 


Baseline Ecological Risk Assessment 

Sutton Brook Disposal Area Superfund Site – Tewksbury, Massachusetts 


Potential Bias in Risk 
Estimate 

Assessment Stage Description of Uncertainty Under-
estimate 

Over-
estimate 

NOAELs obtained from study data by the use of generic 
uncertainty factors that have no real toxicological  basis, 
but rather are generally accepted safety factors. 
Calculated NOAELs may thus be higher or lower than 
actual values. 

X X 

Benchmarks for chemically- or toxicologically-similar 
surrogate compounds were used for COPCs with no 
published benchmark. These surrogates may not actually 
be present at the Site and may potentially over- or 
underestimate toxicity.  Actual effect of target 
compounds may differ from the resulting estimate based 
on the surrogate.  

X X 

Uptake of COPCs to aquatic plants considered uptake 
from roots only.  While roots are considered to be the 
dominant pathway, uptake from water to leaf may also be 
important in some species.  

X 

Uptake factors for aquatic plants are based on aquatic 
species not native to New England. X X 

For some analytes, particularly metals, quantitation limits 
were higher than benchmarks.   If no “J”-qualified data 
were present, these samples were not considered to 
reflect potential risk, even if the HQ based on ½ the 
detection limit exceeded 1.0.   Some low exceedances of 
samples may be missed by this approach.  

X 

Receptor-specific mammal and bird toxicity data were 
unavailable; therefore, interspecies extrapolations were 
required for the COPCs.  Test species may be more, or 
less, sensitive than site receptors. 

X X 

TRVs are based on laboratory species exposed under 
controlled conditions.  The magnitude of effects may 
differ from laboratory results. 

X X 

Amphibian benchmarks are based on comparatively few 
studies that utilize species that may not be present at the 
site. Values may thus over or underestimate toxic levels 
for actual amphibian species at the site. 

X X 

Background/reference analyses for inorganics do not take 
into account differences in TOC between Site and 
background and reference samples.  While the inorganic 
concentration does not necessarily correlate directly with 
TOC, TOC may influence of inorganic constituents.  
TOC is also a factor in determining organic concentration 
in environmental media.   

X X 
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TABLE 4-58
 
SUMMARY OF FINDINGS 


Baseline Ecological Risk Assessment  

Sutton Brook Disposal Area Superfund Site – Tewksbury, Massachusetts 


Location 
Receptor and 
Assessment 
Endpoint 

Potential 
for Risk? 

Basis Comment 

Upper Sutton Brook: 
Southern Tributary  

Pelagic Invertebrates 
and Fish 
(surface water) 

No Toluene, the only COPC detected in 
surface water, was below NOAEL-based 
benchmarks.  

See Table 4-12. 

Benthic Invertebrates 
(sediment) 

No COPCs present at concentrations below 
LOAELs, or show no toxic effects.   

Sediment  toxicity testing with two species of 
invertebrates showed no effects on survival and 
no effects on growth that could be correlated 
with arsenic concentrations. Sediment with 
arsenic up to 130 mg/kg was tested.  See Table 
4-14. 

Upper Sutton Brook: 
Eastern Reach  

Pelagic Invertebrates 
and Fish 
(surface water) 

Yes Iron exceeded chronic WQC (Site TBC) See Table 4-15.  

Benthic Invertebrates 
(sediment) 

No No exceedance of LOAEL-based values 
for COPCs other than arsenic.  Arsenic 
concentrations are similar to those in the 
Southern tributary, which were found 
through toxicity testing to have no 
adverse effect on survival and no 
correlation with reductions in growth  

Arsenic concentrations increase downstream of 
the confluence with the Southern Tributary.  
See Table 4-16. 

Upper Sutton Brook: 
Site Channel 

Pelagic Invertebrates 
and Fish 
(surface water) 

Yes DDT, ethylbenzene, toluene, xylenes, 
barium, and manganese exceeded 
NOAEL-based benchmarks in the 
SLERA.  No further evaluation in the 
BERA. 

Table 4-17 

Upper Sutton Brook: 
Site Channel (con’t) 

Benthic Invertebrates 
(sediment) 

Yes 1,2,4-trimethylbenzene, 1,3,5-
trimethylbenzene, 2-methylphenol, 3-
methylphenol/4-methylphenol, 4-methyl-
2-pentanone, acetone, carbon disulfide, 
chloroethane, ethylbenzene, xylenes, 
toluene, arsenic, and manganese exceeded 
NOAEL-based benchmarks in the 
SLERA.  No further evaluation in the 
BERA. 

Table 4-18 
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TABLE 4-58
 
SUMMARY OF FINDINGS 


Baseline Ecological Risk Assessment  

Sutton Brook Disposal Area Superfund Site – Tewksbury, Massachusetts 


Location 
Receptor and 
Assessment 
Endpoint 

Potential 
for Risk? 

Basis Comment 

Aquatic Wetland Pelegic Invertebrates 
(surface water )  

Yes Iron exceeds chronic WQC (Site TBC) Table 4-24 

Benthic Invertebrates 
(sediment) 

No Maximum concentrations below LOAEL-
based values, or present in a single 
isolated locations at level only slightly 
above the LOAEL. Arsenic 
concentrations are similar (and lower) to 
those in Southern Tributary (see above) 

Tables 4-25, 4-26 

Amphibians (surface 
water) 

Yes Aluminum LOAEL-based HQ of 2.5 Exceedance occurs in one location only.  Tables 
4-27, 4-28 

Aquatic Wetland and 
Site Pond 

Carnivores: Heron No No exposures exceeded NOAEL-based 
TRVs. 

Table 4-20 

Herbivore: Black 
Duck 

No No exposures exceeded LOAEL-based 
TRVs; NOAEL-based TRV exceeded 
slightly only under maximum exposures. 

Table 4-31 

Omnivores :  Mallard No No exposures exceeded LOAEL-based 
TRVs. 

Table 4-34 

Site Pond Benthic Invertebrates 
(sediment) 

No All COPCs are below LOAEL-based 
values.  

Section 4.5.4 

Pelagic invertebrates 
(surface water) 

No Low NOAEL HQ (1.5).  Concentration of 
COPC (barium) is lower than in off-site 
reference samples  

Section 4.5.4 

Amphibians (surface 
water) 

No Low NOAEL exceedance (1.4, 2.3).  
Concentrations of  COPCs (manganese, 
and zinc) are lower than in off-site 
reference samples  

Section 4.5.4 

Wetland Soils Terrestrial Plants No Low and infrequent NOAEL exceedances 
reflect off-site effects (PAHs, Aldrin near 
access road) or natural conditions (Mn, 
As) . Mercury is < LOAEL-based 
benchmark.  Selenium and vanadium 
exceed LOAEL benchmarks but are 
consistent with ranges in reference 
samples.  

Section 4.6.4.1.; Table 4-39 
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TABLE 4-58
 
SUMMARY OF FINDINGS
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Superfiind Site - Tewksbury, Massachusetts
 

Location 

Former Drum Disposal 
Area 

Upland Soils 
(Excluding Former 
Drum Disposal Area) 

Receptor and
 
Assessment
 
Endpoint
 

Terrestrial 
Invertebrates 
Wetland Carnivores: 
Shrew 

Wetland Herbivores: 
Rabbit 
Plants 

Soil Invertebrates 

Upland Carnivores: 
Robin 

Plants 

Invertebrates 

Potential 
for Risk? 

No
 

No
 

No 

Yes 

Yes 

Yes 

No 

Yes 

Basis 

COPCs (mercury and benzoic acid) are 
below LOAEL-based values. 
Only slight arsenic exceedance of 
LOAEL-based TRY (HQ of 1.1) under 
maximum exposure scenario. 
All exposure doses are well below 
NOAEL- and LOAEL-based TRVs 
Bis(2-Ethy lhexy l)phthalate, ethy lbenzene, 
naphthalene, xylenes exceed NOAEL-
based benchmarks in the SLERA, based 
on concentrations in SB-03 (04). No 
further evaluation in the BERA. 
1,2,4-Trimethy lbenzene, 1,3,5
trirnethylbenzene, ethylbenzene, toluene, 
and xylenes exceed NOAEL-based 
benchmarks in the SLERA, based on 
concentrations in SB-03(04). No further 
evaluation in the BERA. 
1,2,4-Trimethy lbenzene, bis(2
ethylhexyl)phthalate, di-n-octylphthalate, 
and xylenes exceed NOAEL-based TRVs 
in the SLERA, based on concentrations in 
SB-03(04). No further evaluation in the 
BERA. 
Most COPCs show low and infrequent 
exceedances of NOAEL benchmarks, or 
were present at concentrations below 
LOAEL-based values or toxicity values 
for similar compounds. 

Zinc LOAEL-based HQ is 2.0 at SO
07(99). Effects likely localized. 

Comment 

Section 4.6.4.2. 

Table 4-41., Section 4.6.4.3. 

Table 4-43. 

SLERA 

SLERA 

SLERA 

Section 4.7.4.1., Tables 4-45, 4-47 

Section 4.7.4.2.; Tables 4-45, 4-48 
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TABLE 4-58
 
SUMMARY OF FINDINGS
 

Baseline Ecological Risk Assessment
 
Sutton Brook Disposal Area Supernind Site — Tewksbury, Massachusetts
 

Location 
Receptor and 
Assessment 
Endpoint 

Potential 
for Risk? 

Herbivores: Meadow 
Vole 
Carnivores : Robin 

No 

Yes 

Basis Comment 

Other COPCs show either low and 
infrequent NOAEL exceedances or were 
present below representative LOAEL 
toxicity values. 
All estimated exposures below NOAEL- Table 4-45 
based TRVs 
Average concentrations of lead and di-n- Table 4-54 
octylphthalate produce a LOAEL-based 
HQ of 1.5 and 1.1, respectively 
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Aquatic Conceptual Site Model 
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Wetland Soils Conceptual Site Model 
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Figure 4-9 
Upland Soils Ecological Conceptual Site Model 

Sutton Brook Disposal Area 
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5. HERA CONCLUSIONS 


Risks assessments serve as the link between the Remedial Investigation and the Feasibility Study, since 
they provide quantitative information on the nature and magnitude of potential risks, which in turn form 
the basis for remedial goals for site media.   

The objective of the baseline human health and ecological risk assessment (HERA) is to characterize 
potential human health and ecological risks under baseline conditions (i.e., assuming no additional 
remediation is performed), and to help evaluate whether or not remedial response actions are warranted.    

The Sutton Brook Disposal Area Superfund Site is an inactive landfill primarily surrounded by open 
space, farming operations, a composting operation, and residential dwellings.  Sutton Brook flows east to 
west through the Site, dividing the landfill into Northern and Southern lobes.  Soil, groundwater, 
sediment, surface water, landfill gas and ambient air data have been collected at the Site as part of various 
site assessment activities conducted between 1989 and 2006.  Sampling events and site data are described 
in sections of the previously submitted RI Report (February 2007).   

The risk assessment considered the data set established for the RI, which excluded some historical data 
provided without laboratory reports, screening data, data rejected via data validation methods, and 
tentatively identified compounds (TICs) that were screened out in accordance with the project-specific 
TIC Data Assessment process.  This evaluation includes one exception to the general exclusion of data 
qualified as rejected (‘R’-flagged); R-flagged data for non-detected compounds from select sediment 
samples with low percent moisture were retained in this evaluation (further details have been provided in 
Section 3.1.2.5 and Section 4.1.1 of this Report).   

Activities associated with the RI, risk assessment, and FS were developed and implemented with the 
presumption that the existing waste material in the two landfill lobes will be closed in-place using current 
landfill capping technology.  Additional soil characterization sampling within the landfill lobes for risk 
characterization was not performed; samples for physical characteristics of the cover material and from 
adjacent groundwater, surface water, and sediments were collected and included in the RI and risk 
characterizations.  The conclusions of the risk characterizations are thus predicated on this presumption 
with regard to the landfill lobes. 

The conclusions of each of these risk assessments are presented in this section. 

5.1 HUMAN HEALTH RISK ASSESSMENT (HHRA) CONCLUSIONS 

A number of receptors and exposure scenarios were evaluated under both existing and potential future site 
conditions. Based on the potential for exposure, impacted media, and/or likely activities and uses, the 
Site was subdivided into several “groups” including: Groups 1 and 2 (former landfill lobes), Group 3 
(Former Drum Disposal Area), Group 4 (Former Residence, Garage and Storage Area), Group 5 (Sutton 
Brook and associated wetlands and tributaries), Group 6 (Areas South of the Southern Landfill Lobe), and 
Group 7 (Reference locations).   

As described above, it has been presumed that the former landfill lobes (Groups 1 and 2) will be capped 
as part of the site remedy. Accordingly, exposures to soils and waste in these areas were not quantified in 
this HHRA since the capping will eliminate access/exposures to these areas.  

Receptors assumed to have potential exposures under current and potential future conditions included the 
Trespassers/Recreational users.  These receptors were assumed to trespass onto upland site areas (Group 3 
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or 4) and engage in recreational activities in wetland areas and/or Sutton Brook and its tributaries (Groups 
5 and 6). 

Additional receptors (to those listed above) evaluated under (hypothetical) future uses and conditions, 
which assumed to include redevelopment of upland site areas (i.e., Groups 3 and 4) for commercial and/or 
residential use, included: 

• Site Residents,  
• Commercial facility workers, and  
• Construction workers. 

For some of the receptors listed above, exposures were assumed to occur at several exposure points (e.g., 
future residents were assumed to be exposed to COPCs in either Group 3 or Group 4, as well as to surface 
water, wetland soil and/or sediments in Groups 5 and 6).  Specifically, the residential receptors were 
assumed to live in Group 3 or Group 4.  However, the Group 3 and Group 4 residential receptor was also 
assumed to come in contact with sediment, wetland soil and surface water in Groups 5 and 6 and to 
groundwater (as a potable water source) in Groups 3-6.  In addition, risks were evaluated separately for 
residents who were assumed to use Groups 1&2 groundwater as a source of potable water. 

Due to the classification of groundwater underlying the site as potentially usable for potable purposes (in 
the future), both residential and commercial development scenarios assumed extraction of groundwater 
for potable purposes.  In addition, potential exposures to multiple media (soil, groundwater, airborne dust, 
vapors, surface water, and/or sediment) were evaluated, as appropriate, for each receptor at each exposure 
point. Lastly, both central tendency (CT) and reasonable maximum exposure (RME) scenarios were 
evaluated for each of these receptors. This was done to better understand the potential range of health 
risks that may occur under “typical” (CT) and upper bound/reasonable worst case (RME) conditions.  

Pathway-specific risks for each receptor group were summed so that the cumulative receptor risks could 
be compared to USEPA criteria.  These risk management criteria correspond to a cumulative hazard index 
(HI) of 1 and a target cancer risk range of 1 x 10-4 to 1 x 10-6. 

Three separate pathway and cumulative risks were estimated for each receptor, the results of which are 
summarized below: 

•	 Total Risks: these risks reflect calculated HIs and cancer risk estimates associated with exposure 
to all COPCs within each medium; 

•	 Site-related Risks: these risks reflect calculated HIs and cancer risk estimates associated with 
exposure to COPCs which were assumed to be site-related based on collected information and 
analytical data and their concentrations relative to measured reference concentrations: and, 

•	 Reference Risks: these risks reflect calculated HIs and cancer risk estimates associated with 
exposure to COPCs which are present at levels consistent with measured reference 
concentrations. 

In the risk assessment, all three types of risks were presented with the site-related risks being the focus of 
comparisons to USEPA criteria.  Also, for the purpose of this conclusion section, calculated non-cancer 
risk estimates were described relative to the hazard index criterion of 1, and calculated cancer risk 
estimates were classified as above the USEPA risk range (i.e., greater than 1 x 10-4), within the EPA risk 
range (between 1 x 10-6 and 1 x 10-4) or below the USEPA risk range (less than 1 x 10-6). For ease of 
presentation, we summarized the results for current and then hypothetical future receptors.   
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These summary conclusions highlight the data group(s), media, and chemicals that were the most 
significant contributor(s) to risks identified in excess of the USEPA non-cancer and cancer criteria 
described above. If risks were below the non cancer limit or below/within the caner risk range, 
explanation of these specifics, such as COPCs drivers, was not included in this section.  Refer to Section 
3.4.2 of this report for a detailed summary of all of the human health risk estimates, including those 
below, within and/or above the USEPA risk limit or ranges described above.   

5.1.1 Current Conditions 

Under current conditions for the CT scenario, both of the cumulative (receptor) HIs for the 
Trespasser/Recreator receptors were at or below 1. All of the CT cancer risk estimates for these current 
receptors were within USEPA’s target risk range. Similarly, under the RME scenario, all of the 
cumulative HIs were at or below 1 and the ILCR estimates were within the USEPA risk range. 

In summary, neither the Group 3 or Group 4 Trespasser/Recreational user had non-cancer risks above the 
cumulative limit of 1 or cancer risks above the USEPA risk range (i.e., greater than 1 x 10-4) . 

5.1.2 Future Conditions 

Under future conditions, the risks are identical for the Group 3 Trespasser/Recreational user as those 
presented under current conditions; therefore they are not repeated in this section. 

•	 For the CT and RME scenarios, the residential receptors (Groups 1&2 [groundwater only], 
Group 3, and Group 4) and the facility worker receptors (Group 3 and Group 4) all had 
cumulative HIs greater than 1 and cumulative cancer risks above the USEPA risk range. In the 
case of both the residential receptors (in all Groups described above) and the facility worker 
receptors (Groups 3 and 4), the assumed use of groundwater from either Groups 1&2 or Groups 
3-6 for potable purposes resulted in the highest exposure medium risks. Arsenic in Groups 1 
and 2 groundwater contributed most significantly to both the cumulative HI and ILCR for the 
residential receptor in these areas, with chlorinated and non-chlorinated VOCs and phenols also 
contributing significantly to non-cancer risks.  For residential receptors and facility worker 
receptors in both Group 3 and 4, potable water was assumed to be drawn from groundwater 
underlying Groups 3-6 collectively.  For these receptor groups, arsenic and acrylonitrile in 
groundwater contributed significantly to both non-cancer and cancer risks, with numerous 
VOCs, SVOCs and heavy metals in groundwater also contributing to the non-cancer risk. 
Although other media (such as wetland and upland soil) contained individual chemicals 
associated with non-cancer risks above 1 or cancer risks above 1 x 10-6 , the contribution of 
these other media were typically small when compared to the potable groundwater risks.  The 
only exceptions to this were for upland soils in Group 4, where elevated cancer risks were 
associated with carcinogenic PAHs, notably, benzo(a)pyrene, and for sediments in Groups 
5&6. However, as explained below, the drivers of sediment associated cancer risks were found 
at site concentrations consistent with data collected from upstream (reference) locations. 
Hence, site-related risks for sediment were relatively low when compared to groundwater. 

•	 Under both the CT and RME scenarios, the Group 4 trespasser/recreators had non-cancer risks 
below the limit of 1, while the cancer risks were within the acceptable risk range.  

•	 Under the CT scenarios, both the Group 3 and Group 4 construction workers had cumulative 
HIs and ILCR estimates below or within applicable USEPA target risks and risk ranges, 
respectively.  The Group 4 construction worker also had no risks above the target risk or risk 
range identified under the RME scenario.  Under the RME scenario, the Group 3 construction 
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worker receptor had a cumulative non-cancer risk (HI) slightly greater than 1, primarily 
associated with the dermal contact with arsenic and phthalates in soil, while the ILCR estimate 
for this receptor was within the target risk range. Note that arsenic in soil is consistent with 
reference conditions. 

Generally, the site-related human health risk estimates that were most significantly above the USEPA 
target risks or risk ranges were associated with exposure to groundwater, primarily through its assumed 
potable use in the future. The chemicals contributing most significantly to these groundwater risks 
included arsenic, phenols, aromatic VOCs and tetrahydrofuran in Groups 1&2 groundwater, and arsenic, 
acrylonitrile, xylenes, ketones and phenolic compounds in Groups 3-6 groundwater.  Exposure to upland 
soils in Group 3 generally resulted in risks below or within the target risk range, whereas residential 
exposures to upland soils in Group 4 were associated with risks above the risk range, primarily associated 
with exposure to carcinogenic PAHs (e.g., benzo(a)pyrene).  Exposures to wetland soils and/or surface 
water in Groups 5&6 by trespassers/recreational users and/or future site residents were not associated 
with risks above the applicable risk limit or range.  Lastly, although the cumulative (total) risks to 
sediments in Group 5&6 by trespassers/recreational users and/or hypothetical future site residents were 
above the target risk range, the site-related risks for this medium were at or below applicable limits, since 
the excess risk was almost completely due to levels of PAHs and arsenic, both found to be consistent with 
levels detected in sediments upstream of the site (refer to Section 3.1.4).   

5.2 ECOLOGICAL RISK ASSESSMENT (BERA) CONCLUSIONS 

In the BERA, concentrations of COPCs in surface water, sediment and site soils were used to estimate the 
potential for effects on aquatic and semi-aquatic receptors, waterfowl, and terrestrial wildlife at the Site. 
Risks to these different receptors were evaluated by either comparison to ecological benchmarks or 
estimation of exposure doses and comparison to established Toxicity Reference Values (TRVs).  These 
comparisons were supplemented by the results of toxicity testing to refine levels of effect in sediment.   

Risks were evaluated at five separate areas, which generally correlate to different habitats types and 
exposure points.  These areas consist of:  the Upper Sutton Brook, which was further subdivided into the 
Eastern Reach, Southern Tributary, and Site Channel; the Aquatic Wetland; the Site Pond; Wetland Soils; 
and Upland Soils.  To better understand the potential range of risks, three separate exposure point 
concentrations were considered for each of these areas: average, 95% UCL, and maximum 
concentrations. In general, the arithmetic average concentration is considered to be the most reasonable 
and likely since feeding and/or exposure potential was equally probable at any location in that exposure 
area. An exception is the shrew, which, because of a small home range, was evaluated by use of 
maximum values. 

Assessment endpoints varied by Habitat Area but included for aquatic environments: benthic 
invertebrates, fish, amphibians, and waterfowl.  Assessment endpoints for terrestrial environments 
included: plants, soil invertebrates, and mammalian or avian wildlife.  Estimated concentrations were 
compared first to conservative no-effect benchmarks in a Screening Level Ecological Risk Assessment 
(SLERA). COPCs that exceeded no-effect benchmarks in the SLERA were further evaluated in the 
BERA by considering the magnitude and location of the exceedances and the COPC concentrations 
relative to lowest-effect level values.  To aid in assessing the data, concentration of inorganic COPCs 
were also compared to reference concentrations in some instances. 

Two areas, the Upper Sutton Brook Site Channel and the Former Drum Disposal Area, were not subject 
to additional evaluation in the BERA.  Risk conclusions for these areas were based on the results of the 
SLERA alone. 
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Based on the results of the BERA, the following areas were associated with potential risks:   

Upper Sutton Brook: 

Reach:   Eastern Reach 
Media:   Surface water 
Assessment Endpoints: Fish and pelagic invertebrates  
COPCs: Iron (exceedance of chronic WQC) 

Reach:   Site Channel 
Media:   Surface water 
Assessment Endpoints: Fish and pelagic invertebrates  
COPCs: 	 DDT, ethylbenzene, toluene, xylenes, barium, and manganese (from 

NOAEL exceedances in SLERA) 

Reach:	   Site Channel 
Surface Water: 	 Sediment 
Assessment Endpoint:	 Benthic invertebrates 
COPCs: 	 1,2,4-trimethylbenzene, 1,3,5-trimethylbenzene, 2-methylphenol, 3-

methylphenol/4-methylphenol, 4-methyl-2-pentanone, acetone, carbon 
disulfide, chloroethane, ethylbenzene, xylenes, toluene, arsenic, and 
manganese (from NOAEL exceedances in SLERA) 

Aquatic Wetland 

Media: Surface Water 
Assessment Endpoint: Aquatic life 
COPCs: Iron (exceedance of chronic WQC) 

Media: Surface Water 
Assessment Endpoint: Amphibians 
COPCs:  Aluminum 

Former Drum Disposal Area - Soils:

 Assessment Endpoint: Plants 
COPCs: Bis(2-Ethylhexyl)phthalate, ethylbenzene, naphthalene, xylenes  

Assessment Endpoint:  	Soil Invertebrates 
COPCs: 	 1,2,4-Trimethylbenzene, 1,3,5-Trimethylbenzene, ethylbenzene, toluene, 

xylenes  

Assessment Endpoint:	 Carnivores (robin) 
COPCs:	 1,2,4-Trimethylbenzene,  bis(2-ethylhexyl)phthalate, di-n-octylphthalate, 

xylenes  
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Upland Soils (excluding Former Drum Disposal Area): 

Assessment Endpoint: Soil invertebrates 
COPCs: Zinc (localized) 

Assessment Endpoint: Carnivores 
COPCs: di-n-octylphthalate and lead 

Sutton Brook Disposal Area Superfund Site (210517) 5-6 Woodard & Curran 

Section 5 HERA Conclusions.doc May 2007 



	REMEDIAL INVESTIGATION AND FEASIBILITY STUDY, 05-01-2007
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	EXECUTIVE SUMMARY
	1. INTRODUCTION
	2. SUMMARY OF REMEDIAL INVESTIGATION RESULTS
	3. HUMAN HEALTH RISK ASSESSMENT
	4. BASELINE ECOLOGICAL RISK ASSESSMENT
	5. HERA CONCLUSIONS
	APPENDICES A THROUGH O

	barcode: *273578*
	barcodetext: SDMS DOC ID 273578


