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EXECUTIVE SUMMARY 

An Addendum to the Interim Final Baseline Human Health Risk Assessment (BHHRA) has been 

prepared to characterize risks for the Oxbow Area at the Centredale Manor Restoration Project 

Superfund Site (CMRPSS) located in North Providence, Rhode Island (hereafter referred to as 

"the Site"). The Oxbow Area is a forested wetland area located to the southwest of Allendale 

Dam. A site location map is provided as Figure ES-1. An aerial photograph of the Oxbow Area 

and the surrounding areas is provided as Figure ES-2. This Addendum has been conducted in 

accordance with the United States Environmental Protection Agency (USEPA) Risk Assessment 

Guidance for Superfund (RAGS) Parts A, D, and E (USEPA, 1989, 200Ic, 200Ib), as well as 

USEPA Region I risk assessment guidance contained in Risk Updates (USEPA, 1994, 1995, 

1999). 

The main area of the CMRPSS, consisting of approximately 9.04 acres, is located in North 

Providence, Rhode Island, just south of Route 44 on the eastern bank of the Woonasquatucket 

River. The main area of the Site is known as 2072 and 2074 Smith Street, including two 

apartment complexes and two capped areas. The remaining portions of the CMRPSS consist of 

reaches, man-made ponds, and wetlands associated with the Woonasquarucket River. 

To the southwest of Allendale Dam is a forested wetland floodplain area with an abandoned 

channel, referred to as the Oxbow Area. This area is an undeveloped parcel, the majority of 

which is located within the 100-year floodplain. The abandoned channel previously received 

flow at its western end and flowed eastward to the Woonasquatucket River. The abandoned 

channel now is relatively stagnant except during rainfall events; the amount of water present in 

the channel is seasonal, with little or no water present during the summer months. Figure ES-2 

shows the abandoned channel which is the surface water feature running from west to east. 

Available data indicate that flooding of the Woonasquatucket River may have deposited 

CMRPSS-related contaminants in and on the surficial soils and sediment in the Oxbow Area. 

Floodplain sediment (surficial soils for the purposes of this Addendum) sampling and analysis at 

the Site have detected elevated (above typical background) levels of dioxin (particularly 2,3,7,8
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tetrachlorodibenzo-p-dioxin (TCDD)), some pesticides and polychlorinated biphenyls (PCBs) 

(primarily Aroclor-1254), and selected metals (Battelle, 2004). 

Currently, local residents and visitors to the area may enter the Oxbow Area and walk along a 

riverside earthen trail. There is some evidence that adolescents or young adults have at some 

time been present in the area, since a weather-worn wooden tree-house was observed within the 

area. There is no evidence that hunting is an activity in the Oxbow Area. It is possible that as the 

CMRPSS and the Woonasquatucket River are restored, the Oxbow Area might become a more 

attractive area for passive recreation (hiking, bird-watching, picnicking, etc.). It is assumed that 

recreational visitors to the Site could contact these floodplain soils and sediment during passive 

recreational activities within the Oxbow Area. The goal of this Addendum is to evaluate current 

and potential future risks to human health associated with human contact with floodplain surface 

soils and sediment in the Oxbow Area. 

The Addendum analyzes potential adverse human health effects for both current and likely future 

conditions caused by hazardous substance releases from the site in the absence of any actions to 

control or mitigate these releases (i.e., under an assumption of no action). Current and potential 

future exposure to floodplain soils and sediment may occur at the Oxbow Area. 

HAZARD IDENTIFICATION 

The purpose of the hazard identification section is to present a compilation of the available 

sampling data for the hazardous substances present at the site, to identify data sets suitable for use 

in a quantitative risk evaluation, and to identify contaminants of potential concern in floodplain 

soils in the Oxbow Area. The Addendum is based on data collected in the June 2004 floodplain 

soil sampling event. The Addendum also compares Oxbow Area floodplain soil risks to those 

calculated for floodplain soils at the background area referred to as Greystone Mill Pond Area. 

The data evaluation report (DER) indicates the analytical data collected at the Site have 

undergone data validation procedures consistent with USEPA guidelines (Battelle, 2004). The 

data validation activities determined that overall, the data that have been collected meet the data 

quality objectives (DQOs) for the risk assessment activities. The available data were reviewed to 
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identify those data that were representative of current and potential future site conditions and uses 

and that are therefore suitable for evaluating current and potential future human health risks. 

Chemicals of potential concern (CQPC) selection for floodplain surface soil. 

Using the data collected for floodplain soil, chemicals were initially identified as COPCs for the 

site and the reference/background areas. COPCs require further evaluation in the risk assessment 

if the chemical concentrations are above risk-based screening concentrations. 

Consistent with USEPA Region I guidance, COPCs were selected based on frequency of 

detection and comparison of detected concentrations to risk-based screening criteria. USEPA 

Region 9 residential soil Preliminary Remediation Goals (PRGs) were used in the selection of 

COPCs for floodplain soil. In floodplain soil at the Oxbow Area, the identified COPCs for 

floodplain soil include dioxins and furans, Aroclors 1254, seven pesticides, and eight 

inorganics/metals (including copper, lead, and zinc). In floodplain soil at the upstream 

background area (Greystone Mill Pond Area), COPCs include dioxin-like compounds 

"*"" (hexachloroxanthene (HCX), dioxins and furans, and coplanar PCBs), Aroclors 1254 and 1268, 

two pesticides, several polycyclic aromatic hydrocarbons (PAHs), and eleven inorganics/metals 

(including copper and lead). 

Overall, the number of COPCs for each medium are reasonably consistent between the 

background area and the Oxbow Area. However, there were more COPCs at the background area 

because the analyte list was longer at the background area than at the Oxbow Area. 

TOXICITY ASSESSMENT 

The purpose of the toxicity assessment is to characterize the relationship between the dose of 

COPC administered or received and the incidence of adverse health effects in the exposed 

population. From this quantitative dose-response relationship, toxicity values (e.g., slope factors 

(SFs), reference dose (RfD) values, or reference concentrations (RfCs)) are derived that can be 

used to estimate the likelihood of adverse effects as a function of human exposure to an agent. 

These toxicity values are used in the risk characterization process to estimate the potential for 

adverse effects occurring in humans at different exposure levels. 

P:\W9-GVTCOE-NAE\Battelle\Centredale\OX BOW\AddendumToBHHRA081006 doc ES-3 
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The dose-response information may be divided into two major categories: 

•	 toxicity information associated with threshold (non-carcinogenic) health effects. 

•	 toxicity information concerning carcinogenicity, either from human epidemiologic data 
or from laboratory studies. 

All the chemicals selected as COPCs are evaluated for potential non-carcinogenic health effects. 

In addition, any substance considered to be a known, probable, or possible human carcinogen is 

also evaluated for its potential carcinogenic effects. The classification of a chemical as a 

carcinogen does not preclude an evaluation of that same chemical for potential non-carcinogenic 

health risks, as all potentially carcinogenic chemicals may also exert non-carcinogenic health 

effects. 

Toxicity values were obtained from USEPA recommended sources, including the USEPA's 

Integrated Risk Information System (IRIS), USEPA Region III Risk-Based Concentration Table, 

the USEPA Region 9 PRGs Table, and the USEPA's National Center for Environmental 

Assessment publications, and various USEPA reports. 

EXPOSURE ASSESSMENT 

The objective of the exposure assessment is to estimate the type and magnitude of receptors' 

exposures to COPCs at or migrating from the site. The exposure assessment is conducted to: 1) 

characterize the populations of humans potentially exposed via direct contact with floodplain soil; 

2) identify the mechanisms by which receptors may be exposed; and 3) identify the intake, or 

dose, of COPCs that receptors may receive through the identified exposure pathways. 

Identification of Potentially Exposed Human Populations 

The potentially exposed human populations identified for evaluation in the Addendum include: 

Passive Recreational Visitors who may or may not live in the immediate vicinity of the Site, but 

who would visit the Oxbow Area for passive recreational activities. The Oxbow Area is in close 

proximity to the Woonasquatucket River and to residential properties along the river in the area 

of the CMRPSS. People who visit the Oxbow Area for hiking, bird-watching, picnicking, and 

other passive recreational activities would most likely live in the general area of the 

Woonasquatucket River. This Addendum focuses only on the potential exposures to floodplain 
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soils in the Oxbow Area, since potential exposures to surface water and sediment in the river and 

fish consumption have previously been evaluated in the BHHRA for the CMRPSS. The same 

receptor has been evaluated at the background area as well to establish a baseline for calculation 

of incremental risks. 

Identification of Exposure Points 

A single exposure point, identified as the entire Oxbow Area, has been identified for evaluation 

of floodplain soil by the Passive Recreational Visitor. This exposure point is represented by the 

seven samples (plus two duplicates) that were collected in the area. There is no indication that a 

hot spot exists that would require a separate evaluation. In addition, a single upstream 

background exposure point (Greystone Mill Pond Area) has also been identified an exposure 

points for use in calculating incremental risks. 

Exposure Scenarios and Routes of Exposure 

The Passive Recreational Visitor is assumed to be exposed to floodplain soil via incidental 

ingestion and dermal contact. It is assumed that Passive Recreational Visitors include young 

children (ages 1 through 6), older children (ages 7 through 18), and adults (assumed ages 19 

through 30).Exposures were evaluated based on two scenarios, the CT and reasonable maximum 

exposure (RME) scenarios. The CT exposure is the typical or average exposure that would be 

expected in a population. The RME is the highest exposure that is reasonably expected to occur 

at a site. It is assumed that for the RME scenario the Passive Recreational Visitor is exposed to 

soil 78 days per year and 39 days per year for the CT scenario. The RME values assume that a 

receptor uses the Site for all of their outdoor activities (e.g., recreational play/exploration, 

recreational angling, or subsistence angling). The CT parameters accommodate the assumption 

that a more "typical" or "average" receptor would spend a portion of their outdoor time at the Site 

(i.e., would access other, non-Site related areas for recreational purposes). 

Exposure Point Concentrations 

A single concentration is selected as representative of the actual concentration for each COPC in 

a floodplain soil for a given exposure point. This value, called the exposure point concentration 

(EPC), is used in the estimates of health risks at the site. An EPC is selected for every COPC 

identified in the screening process described earlier. For both RME and CT, the 95% Upper 

Concentration Limit (UCL) on the mean is typically used as the EPC. However, because there 
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are less than ten samples at both the Site and the background area, the maximum concentration 

was used to represent the RME EPC and the arithmetic mean was used to represent the CT EPC. 

Identification of Exposure Models and Parameters 

Chemical-specific intakes were calculated in a manner consistent with USEPA guidance for risk 

assessment. Average daily doses (ADDs) of COPCs were calculated as the measure of exposure. 

The ADDs are expressed as milligrams of contaminant per kilogram of bodyweight per day 

(mg/kg/day). For non-cancer health effects calculations, the ADD was averaged over the 

duration of exposure. For cancer risk calculations, the ADD was averaged over a 70-year lifetime 

(a lifetime average daily dose or LADD). The following exposure parameters are included in the 

dose calculations: 

• Concentrations in floodplain soil (C) 
• Consumption rate (IR) 
• Exposure frequency (EF) 
• Fraction ingested from contaminated source (FI) 
• Exposure duration (ED) 
• Body weight (BW) 
• Averaging time (AT) - cancer and non-cancer 
• Skin surface area exposed (SA) 

Consistent with USEPA guidance (USEPA, 1989), exposures were assessed for both RME, 

expressed as the highest estimate of exposure that is likely to occur and Central Tendency (CT) 

exposure, which represents typical or average exposure conditions. The two scenarios are 

assessed to place some boundaries on the estimates of exposure, since the exposures are not 

actually measured and there is variability among people who might be present at the Site with 

respect to frequency and duration of exposure, the contact rates and consumption rates, and the 

locations where they are present now and in the future. 

RISK CHARACTERIZATION 

Using USEPA-approved toxicity values as well as RME and CT exposure assumptions, potential 

risks associated with current and future exposure for the Passive Recreational Visitor were 

evaluated based on exposure to floodplain soil within the Oxbow Area and the Greystone Mill 

Pond Area (background area). 
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Chemical-Specific Excess Lifetime Cancer Risk was calculated using the following equations: 

Riski = CDIt x 

where: 
Riski = unitless probability of an individual developing cancer as the result of 

exposure to a chemical i 
CDIj = chronic daily intake of chemical i averaged over 70 years (mg/kg-day) 
CSFj = USEPA cancer slope factor (CSF) for chemical i(mg/kg-day)"1 

Pathway-Specific Incremental Lifetime Cancer Risk: 

Riskr = 2 Riski 

where: 

RiskT = unitless probability of an individual developing cancer as the result of 
multiple chemical exposures 

Risk; = unitless cancer risk estimate for a single chemical associated with 
floodplain soil exposure 

The results from the carcinogenic risk assessment are compared to acceptable risk ranges 

established by the USEPA. The USEPA's guidelines, established in the National Hazardous 

Substances and Pollution Contingency Plan (NCP) identify acceptable exposure levels as those 

concentration levels "that represent an excess upper bound lifetime cancer risk to an individual of 

between 10"4 [one in ten thousand] and 10~6 [one in one million] using information on the 

relationship between dose and response" (USEPA 1990). Where the cumulative RME site risk to 

an individual exceeds the upper end of this range, action is generally warranted at a site. Where 

the cumulative RME site risk to an individual is less than 10 ,̂ action is generally not warranted. 

However, EPA may also decide that a lower level of risk is unacceptable and that action is 

warranted, if there are extenuating circumstances, such as uncertainties in the risk assessment. 

Following are the equations used to determine the Hazard Quotient (HQs) and His. 
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The following equation is used to determine the HQ: 

HQ. = 

where: 

HQi = HQ of chemical i 
li = intake of chemical i averaged over the exposure period (mg/kg-day) 
RfDi = RfD for chemical i corresponding to the same exposure duration as the 

intake (mg/kg-day) 

The following equation is used to determine the hazard index (HI): 

HI = S HQ. 

where: 

HI = potential for noncarcinogenic effects from multiple chemical exposures 
HQi = HQ for each chemical associated with floodplain soil exposure 

An HI of less than 1 indicates that noncarcinogenic toxic effects are unlikely. An HI greater than 

1 indicates a greater possibility of a noncarcinogenic toxic effect occurring. EPA typically 

considers action if the HI is greater than one. 

The incremental cancer and non-cancer risks (the difference between the risks at the Site and the 

upstream background area, Greystone Mill Pond) have been identified for the Passive 

Recreational Visitor at the Oxbow Area. The incremental risks (Site-related risks) have been 

compared to the Superfund cancer risk range of 10"6 to 10"4 and to a non-cancer HI value of 1. 

RISK SUMMARY 

The cancer and non-cancer risk estimates have been developed for both RME and CT Passive 

Recreational Visitor exposure scenarios. Table ES-1 and Table ES-2 present the risks calculated 

for Passive Recreational Visitor at the Oxbow Area and the upstream background area, and also 

present the incremental risks associated with the Oxbow Area. As shown in Table ES-1, for both 

RME and CT scenarios for the Passive Recreational Visitor, among the age groups evaluated, the 
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child age group has the highest non-cancer HI at both the background area and at the Oxbow 

Area. The HI values are similar for the background area and the Oxbow Area. The risks 

associated with the portion of Table ES-1 marked "Greystone [a]" are those associated with only 

those analytical parameter groups that were analyzed at the Oxbow Area. This calculation 

"normalizes" the background risk estimates so that a direct comparison can be made between the 

background area and the Oxbow Area. In other words, risks associated with the same chemical 

groups are evaluated for both areas. The HI does not have a single, dominant chemical 

contributor. Ingestion of chromium, vanadium, manganese, arsenic, and Aroclor-1254 in 

floodplain soil is responsible for the majority of the calculated HI. 

As shown in Table ES-2, for both RME and CT scenarios for the Passive Recreational Visitor, the 

calculated cancer risk for exposure to floodplain soil is greater at the Oxbow Area than at the 

background area. Dioxin equivalents (toxic equivalent quotient (TEQ)) represent the largest 

single chemical contributor (by a factor of more than 20) to RME and CT cancer risk for the 

Passive Recreational Visitor's exposure to floodplain soil at the Oxbow Area. At the background 

area, benzo(a)pyrene, arsenic, and dioxin TEQ are, in that order, the largest contributors to cancer 

risk. The RME and CT incremental cancer risks for the Oxbow Area are 3 x 10"4 and 8 x 10~6 

respectively. 

Relationship Between Risk Estimates and the EPA Risk Range 

As shown in Table ES-1, both RME and CT incremental non-cancer risks associated with 

floodplain soil exposure at the Oxbow Area are well below the non-cancer HI benchmark of one 

for the Passive Recreational Visitor. Also as shown in Table ES-2, the RME incremental cancer 

risks associated with floodplain soil exposure at the Oxbow Area for the Passive Recreational 

Visitor are higher than the upper end of the Superfund risk range. The CT incremental cancer 

risk is within the Superfund risk range. 

UNCERTAINTY ANALYSIS 

The uncertainty analysis includes a discussion of major limitations of the analyses, any sources of 

uncertainties, and, if possible, any indication as to whether these uncertainties and limitations 

may have resulted in and over- or under-estimation of risk. The uncertainty section may also 
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include unusual site conditions or extenuating circumstances that may be pertinent to risk 

management decisions. 

The values for receptor-specific exposure parameters such as soil contact rates and soil ingestion 

rates have been identified in a conservative manner. Default USEPA residential values have been 

applied to this passive recreational scenario. Values have been identified based on available 

guidance and professional judgment. In risk assessment, when values are assigned in lieu of 

actual measurements, there is some uncertainty in the values, and that uncertainty may have an 

impact on the results of the risk assessment. In that context, the exposure estimates and 

associated risk estimates in this assessment would likely be overestimated rather than 

underestimated. Some factors that were not specifically addressed in the calculations could result 

in lower risk estimates. 

Non-cancer risk was not quantitatively evaluated for potential exposures to dioxins and furans. 

There is not currently a published USEPA oral RfD available for 2,3,7,8-TCDD, any other dioxin 

or furan congener. USEPA has concluded that the current average dioxin exposure to the human 

population is greater than the RfDs that would be calculated based on available data. USEPA, 

therefore, concluded that RfD values would not be informative for safety assessment (USEPA, 

2000). Non-cancer effects such as effects on reproduction and development, suppression of the 

immune system, and chloracne (USEPA, 2000) have been associated with these compounds in 

animal studies and it is likely that similar effects might occur with human exposure. Therefore, 

the non-cancer risk associated with potential exposure to dioxins and furans are understated in 

this Addendum. 

Overall, the risk characterization provides conservative estimates of non-cancer and cancer risks 

consistent with USEPA risk assessment guidance (USEPA, 1989). 

MAJOR FINDINGS 

The major findings of the Addendum include the following: 

•	 RME incremental cancer risks associated with floodplain soil exposure at the Oxbow 
Area for the Passive Recreational Visitor are higher than the upper end of the Superfund 
risk range. Dioxin TEQ is the largest single contributor to the incremental cancer risk. 
The CT incremental cancer risk is within the Superfund risk range. 
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•	 The RME and CT incremental (above background) non-cancer HI associated with 
floodplain soil exposure at the Oxbow Area are well below the non-cancer HI benchmark 
of one for the Passive Recreational Visitor. 

NEXT STEPS 

The Remedial Investigation (RI) has recently been completed and the Feasibility Study (FS) will 

soon be completed. The RI determined and summarized the sources, nature and extent of 

contamination at the Site, characterized the fate and transport of contaminants, and evaluated 

potential human health and ecological risks resulting from exposure to Site-related contaminants. 

The FS will evaluate risk management strategies and alternatives for remediating contamination 

that is found to pose an unacceptable risk to human health or the environment. The FS will also 

evaluate the long-term effectiveness of the short-term removal actions and determine whether 

additional action is required to affect a permanent remedy. 

In support of the FS, PRGs for the floodplain exposure pathway at the Oxbow Area may be 

estimated for Chemicals of Concern or COCs (those chemicals that are associated with an excess 

lifetime cancer risk greater than one-in-one-million and/or a non-cancer HQ greater than one in 

any medium). 

Development of the PRGs may be discussed in further detail in a separate document. The 

calculated risks for the reference area and background area obviously will be a consideration in 

the derivation of PRGs and the selection of remedial objectives. 

The results of the RI and FS will be used to formulate a Proposed Plan for the Site. The Proposed 

Plan will recommend remedial actions that will result in overall protection of human health and 

the environment, fulfill Superfund requirements, be acceptable to stakeholders, and satisfy 

USEPA remedial guidelines. 
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Figure ES-2. Oxbow Area Surface Sediment Sample Locations 

(Samples from boring locations LPX-SD-4401, LPX-SD-4402 and LPX-SD-4403 do not appear to be within the channel, however, sediment samples from these 
locations were collected by wading into the channel as far as possible (waist deep). Sample location coordinates are accurate to 4-6m, although the presence of 
heavy vegetation may have impacted the accuracy of coordinate readings.) 
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Table ES-1
 


Summary of Non-Cancer Risks
 


Addendum To Baseline Human Health Risk Assessment: Oxbow Area
 

Centredale Manor Restoration Project Superfund Site
 


North Providence, Rhode Island 

Non-Carcinogenic Risk Floodplaln Soil Incremental Hazard Index
 
CT RME CT RME
 

Passive Recreational Visitor 
Current & Future Greystone 

Child 0.2 1 — — 
Older Child 0.03 0.2 - 
Adult 0.02 0.1 — 

Greystone [a] 
Child 0.2 1 — — 
Older Child 0.03 0.2 — — 
Adult 0.02 0.1 — — 

Oxbow Area 
Child 0.1 1 0 0.003 
Older Child 0.03 0.3 0 0.06 
Adult 0.01 0.1 0 0.007 

CT = Central Tendency 
RME = Reasonable Maximum Exposure 

[a] Greystone area hazard index for Pesticides, Metals, and Dioxin only. Calculated for use with Oxbow Area to calculate incremental hazard index. 

Incremental Receptor Risk = Difference in risk between the exposure point and the background exposure point. 

- = Incremental risk is not calculated for background on reference areas. 

BOLDED incremental risk are above the Superfund Noncancer Hazard Index benchmark of 1. Prepared by: KJC 


Checked by: MJM 
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Table ES-2
 

Summary of Cancer Risks
 


Addendum To Baseline Human Health Risk Assessment: Oxbow Area
 

Centredale Manor Restoration Project Superfund Site
 


North Providence, Rhode Island 

Carcinogenic Risk Floodplain Soil Incremental Receptor Risk 
CT RME CT RME 

Passive Recreational Visitor 
Current & Future Greystone 2E-06 4E-05 

Greystone [a] 7E-07 2E-05 

Oxbow Area 9E-06 3E-04 8E-06 3E-04 

CT = Central Tendency 
RME = Reasonable Maximum Exposure 

[a] Greystone area risks for Pesticides, Metals, and Dioxin only. Calculated for use with Oxbow Area to calculate incremental risk. 

Incremental Receptor Risk = Difference in risk between the exposure point and the background exposure point. 
— = Incremental risk is not calculated for background on reference areas.
 

BOLDED incremental risk are above the high end of the Superfund Cancer Risk Range (1E-04 to 1E-06).
 


Prepared by: KJC 
Checked by: MJM 
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1.0 INTRODUCTION 

The U.S. Environmental Protection Agency (USEPA) Region I and U.S. Army Corps of 

Engineers (USAGE), New England District are preparing an Addendum to the Baseline Human 

Health Risk Assessment (BHHRA) and a Baseline Ecological Risk Assessment (BERA) for the 

Oxbow Area at the Centredale Manor Restoration Project Superfund Site (CMRPSS) located in 

North Providence, Rhode Island (hereafter referred to as "the Site"). A site location map is 

provided as Figure 1. An aerial photograph of the Oxbow Area and the surrounding areas is 

provided as Figure 2. 

1.1 BACKGROUND AND INVESTIGATION HISTORY 

There had not been previous environmental investigations of the Oxbow Area as part of the 

CMRPSS Investigation. In June 2004 an investigation of floodplain soils and sediments was 

conducted as described in Section 1.3.1. The data collected during that investigation are the focus 

of this Addendum. 

The Addendum analyzes potential adverse human health effects for both current and likely future 

conditions caused by hazardous substance releases from the site in the absence of any actions to 

control or mitigate these releases (i.e., under an assumption of no action). Current and potential 

future exposure to floodplain soils and sediment may occur at the Oxbow Area. 

1.2 ORGANIZATION OF REPORT 

This report is divided into seven sections: an introduction is provided in Section 1.0; a hazard 

identification is presented in Section 2.0; exposure assessment including receptor identification, 

development of exposure profiles and exposure point concentrations (EPCs) are presented in 

Section 3.0; the toxicity assessment is presented in Section 4.0, the risk characterization is 

contained in Section 5.0, the uncertainty analysis is discussed in Section 6.0, and the Conclusions 

and Recommendations are presented in Section 7.0, and the development of Preliminary 

Remediation Goals is discussed in Section 8.0. Appendix A addresses sample selection 

considerations for the risk assessment. The toxicity assessment supporting information is 

presented in Appendix B. 
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The table numbering in this report is consistent with the numbering of Tables in the USEPA's 

Risk Assessment Guidance for Superfund (RAGS): Volume I - Human Health Evaluation Manual 

(Part D, Standardized Planning, Reporting and Review of Superfund Risk Assessments) Final 

(USEPA, 200Ic). That guidance includes standardized tables (with a specific numbering scheme) 

for reporting risk assessment activities. For each group of tables (such as the Table 2s that 

present the selection of chemicals of potential concern (COPC)), the tables are numbered 

consecutively. 

1.3 DESCRIPTION OF SITE 

The main area of the CMRPSS, consisting of approximately 9.04 acres, is located in North 

Providence, Rhode Island, just south of Route 44 on the eastern bank of the Woonasquatucket 

River. The main area of the Site is known as 2072 and 2074 Smith Street where currently there 

are two apartment complexes and two capped areas. The remaining portions of the CMRPSS 

consist of reaches, man-made ponds, and wetlands associated with the Woonasquatucket River. 

One of those portions of the CMRPSS is the forested wetland floodplain area to the southwest of 

Allendale Dam, referred to as the Oxbow Area. The Oxbow Area is an undeveloped parcel, the 

majority of which is located within the 100-year floodplain. Allendale Pond sediments are a 

reservoir of contamination from the source area and disturbance of those sediments may release 

sediment associated contaminants into the water column and into downstream areas, including the 

Oxbow Area. The abandoned channel previously received flow at its western end and flowed 

eastward to the Woonasquatucket River. The abandoned channel now is relatively stagnant 

except during rainfall events and the amount of water present in the channel is seasonal, with 

little or no water present during the summer months. Figure 2 shows the abandoned channel 

which is the surface water feature running from west to east. 

Floodplain sediment (treated as surficial soils for the purposes of this Addendum) sampling and 

analysis at the Site have detected elevated (above typical background) levels of dioxin 

(particularly 2,3,7,8-TCDD), some pesticides and polychlorinated biphenyls (PCBs) (primarily 

Aroclor-1254), selected metals (Battelle, 2004a). 
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ĉ"" 1.3.1 Site Investigations and Actions 

In June 2004 floodplain samples (combination of floodplain soils and sediment) were collected 

from the forested wetland referred to as the Oxbow Area which is located southwest of Allendale 

Dam to investigate the nature and extent of the CMRPSS contamination in that area. Sampling 

targeted low-lying areas and excluded areas of artificial fill or gravel. Three surface (0-0.5 feet) 

sediment samples (LPX-SD-4401, LPX-SD-4402, and LPX-SD-4403) were collected within the 

abandoned channel within the Oxbow Area. Two surficial (0 to 0.5 feet) wetland soil samples 

(LPX-SD-4404 and LPX-SD-4405) were collected north of the channel and two surficial (0 to 0.5 

feet) wetland soil samples (LPX-SD-4406 and LPX-SD-4407) were collected south of the 

abandoned channel. These sample locations are shown in Figure 4-25 of the RI Report and which 

has been reproduced here as Figure 2. 

The surface soil/sediment samples collected during the field sampling program were analyzed for 

chemical, physical, and biological parameters by laboratories at several organizations, including: 

/""* PARAMETERS LABORATORY 
>»•'• • Dioxin/Furan Pace Analytical Services, Inc., Minneapolis, MN 

• PCB Aroclor and Chlorinated Pesticides Battelle, Duxbury, MA 
• Metals Battelle, Sequim, WA 
• Total organic Carbon Applied Marine Sciences, Inc. 

Available data indicate that flooding of the Woonasquatucket River may have deposited 

CMRPSS-related contaminants in and on the surficial soils and sediment in the Oxbow Area. 

Recreational visitors to the Site could contact these floodplain soils and sediment during passive 

recreational activities within the Oxbow Area. 

1.4 EXPOSURE AREAS 

The low-lying forested wetland referred to as the Oxbow Area is identified as the single exposure 

area for recreational visitors to the site. Although three of the samples were collected from 

beneath standing water in the abandoned channel, it appears that there is not standing water in the 

abandoned channel year-round. Therefore, the three sediment samples have been treated as soil 

samples for the purposes of this Addendum. Since exposure to soils is generally a higher level of 

exposure than for sediments beneath standing water, this choice to treat these three samples as 

soil is a conservative (health-protective) choice. 
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The contamination and risk levels have been compared to the contamination and risk levels at an 

upstream background location identified as the Greystone Mill Pond area. The background 

location was identified based on the following criteria and considerations: the background 

location is not impacted by the Superfund Site under study or any other Superfund Site; the 

background location has the same basic physical and habitat characteristics as the study area; and 

the location should reflect any upstream impacts that may be affecting the study area. In this 

case, the background area includes the area of the Woonasquatucket River upstream of the site, 

from Route 44 north, to and including Greystone Mill Pond. There were no identified migration 

pathways linking site contaminants to that area. Greystone Mill Pond is likely affected by the 

discharge of the Smithfield Wastewater Treatment Plant and the impacts of that wastewater 

treatment plant likely extend into at least some portion of the site. In the Addendum, Greystone 

Mill Pond is considered the most appropriate comparison location for the purposes of determining 

site-related incremental risk because Greystone is a riverine environment directly upstream of the 

study area. Differences between the background area and the Site would generally be expected to 

be associated with Site-related activities. 

Four floodplain soil samples were collected from the background area. Those samples are 

identified as RWR-FP-5001 through RWR-FP-5004. A field duplicate of RWR-FP-5003 was 

also collected. Those samples were analyzed for dioxins and furans, pesticides and PCBs, semi-

volatile organic compounds (SVOCs), and metals. Several compounds were detected in all of the 

background flood plain soil samples, including Aroclor-1254, Aroclor-1268, technical chlordane, 

dieldrin, 4,4-DDD, 4,4-DDD, 4,4-DDT and alpha chlordane. The 2,3,7,8-TCDD congener was 

detected in only one of the four background flood plain soil samples, at a concentration of 0.0567 

ug/kg. 

The reference area, Assapumpset Pond and Brook was selected for characterization during the 

investigation of CMRPSS because the Pond and Brook are tributaries to Lyman Mill Pond. The 

pond and brook are upstream of the lower portion of the Site (Lyman Mill, Manton, and Dyerville 

Ponds). The Woonasquatucket River flows north to south and Assapumpset Brook flows west to 

east into Lyman Mill Pond Reach. The pond and brook carry considerable flow from an area of 

open space upgradient and west of the site. The reference area was characterized in order to 

assess possible sources of contamination to Lyman Mill Pond and downstream areas in the event 
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cN"IP' that Lyman Mill Pond and downstream areas contaminant characteristics that differed from those 

of Allendale Pond, which is located adjacent to and immediately downstream of the source area. 

The site investigation and the BHHRA did not identify any likely input of contaminants from 

Assapumpset Pond to the Site. Therefore, it was not necessary to evaluate Lyman Mill Pond in 

the context of potential inputs from Assapumpset Pond and Brook, hi addition, no floodplain 

soils were sampled as part of the characterization of the Assapumpset Pond and Brook Reference 

Area. Therefore, this Addendum does not include any comparison of risks for the Oxbow Area 

and Assapumpset Pond and Brook. The incremental risks for the Site have been identified as the 

difference between Oxbow Area risks and the risks at the background area (Greystone Mill Pond 

Area). 

In this Addendum, the term "exposure point" has been used to identify locations or areas of 

exposure. The exposure points correspond to the exposure areas (EAs) identified above as 

follows: 

• The Oxbow forested wetland is referred to as the Oxbow Area exposure point; 

C 
• The upstream background area is referred to as the Greystone Mill Pond Area exposure 

point. 

1.5 CURRENT AND REASONABLY FORESEEABLE USES OF THE SITE 

The Oxbow Area is an undeveloped, forested wetland. There are no buildings or other 

constructed features other than some earthen dikes located near the eastern end of the abandoned 

channel, in close proximity to the Woonasquatucket River. Most of the Oxbow Area is within the 

100-year flood plain of the river. Currently, local residents and visitors to the area may enter the 

Oxbow Area and walk along a riverside earthen trail. There is some evidence that adolescents or 

young adults have at some time been present in the area, since a weather-worn wooden tree-house 

was observed within the area. There is no evidence that hunting is an activity in the Oxbow Area. 

It is possible that as the CMRPSS and the Woonasquatucket River are restored, the Oxbow Area 

might become a more attractive area for passive recreation (hiking, bird-watching, picnicking, 

etc.). Therefore, potential future land use is identified as passive recreation. 

1.6 CONCEPTUAL SITE MODEL 

The conceptual site model (CSM) identifies potential source areas from which chemicals may 

have been released, the migration pathways through which oil and/or hazardous materials (OHM) 

may have been transported and/or translocated to other environmental media, and where possible 
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exposure may occur. The CSM provides a framework for understanding sources of OHM, 

migration pathways, identification of potential receptors, and development of exposure profiles. 

The CSM for the Oxbow Area is presented here. 

1.6.1 Source Area 

Releases of hazardous substances from former industrial operations have occurred at the 

CMRPSS. The source area consists of two parcels located at 2072 and 2074 Smith Street (Lots 

200 & 250) that cover approximately 9 acres (see Figure 2). Evidence suggests that operations at 

the former chemical company and drum reconditioning facility resulted in waste disposal onto 

surface soil and beneath the ground surface. Wastes have also been released directly into the 

Woonasquatucket River, which runs along the western side of the source area (Terra Tech NUS 

Inc., 2000). Dioxins and furans have been detected in soils and sediments as well as in fish tissue 

collected in 1996 from the Woonasquatucket River. Much of the impacted soils have been 

stabilized or capped. Other contaminants detected in Site media include PCBs, volatile organic 

compounds (VOCs), polycyclic aromatic hydrocarbons (PAHs), hexachloroxanthene (HCX), 

phthalates, and metals. The sediments of the Woonasquatucket River immediately adjacent to the 

source area have been stabilized with a covering and rip-rap. Allendale Pond sediments are a 

reservoir of contamination from the source area and disturbance of those sediments may release 

sediment associated contaminants into the water column and into downstream areas. 

1.6.2 Migration of OHM 

The forested wetland soils of the Oxbow Area are subject to frequent flooding of the 

Woonasquatucket River. During flood events, suspended sediments from Allendale Pond and 

even from upstream areas of the Woonasquatucket River are carried with the flood waters that 

flow over the Allendale Dam into the Oxbow Area where some portion of the suspended 

sediments is deposited on the ground surface. With the partial breaching of Allendale Dam in 

1991 and the more recent breach in 2001, contaminants have migrated downriver, presumably to 

some extent into the Oxbow Area, and to Lyman Mill Pond. 

1.63 Potential Human Receptors 

Currently, local residents and visitors to the area may enter the Oxbow Area and walk along a 

riverside earthen trail. As previously discussed, there is some evidence that adolescents or young 

adults have at some time been present in the area, since a weather-worn wooden tree-house was 
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observed within the area. There is no evidence that hunting is an activity in the Oxbow Area and 

according to the North Providence Police Department, hunting is prohibited in North Providence. 

Therefore, hunters have not been identified as potential receptors. It is possible that as the 

CMRPSS and the Woonasquatucket River are restored, the Oxbow Area might become a more 

attractive area for passive recreation (hiking, bird-watching, picnicking, etc.). Therefore, 

potential future land use is identified as passive recreation. 

Visiting recreational anglers and residents living along the river who engage in angling would be 

expected to primarily be present at the river's edge (along the western shore of the river) rather 

than throughout the forested wetland of the Oxbow Area. The western shore of the river is easily 

accessible along the Oxbow Area, and there are footpaths that follow the edge of the river in that 

area. 

•	 Table 1.1 indicates which receptors and exposure pathways are evaluated for this Oxbow 
Area Addendum. Other receptors (Visiting Recreational Angler and Resident Living 
Along the River) and exposure pathways associated with the Woonasquatucket River and 
surrounding area have previously been evaluated in the Interim Final BHHRA for the 
CMRPSS (MACTEC, 2005) and are therefore not re-evaluated here. 

Consistent with USEPA objectives, the following pathways are evaluated for the Addendum as 

summarized in Table 1.2: 

1) Potential exposure to COPC via flood plain soil contact. Passive Recreational Visitors 
(from the surrounding neighborhoods or from other areas) are evaluated in the 
Addendum, focusing on three age groups that include the child (ages 1 through 6), the 
older child (ages 7 through 18), and the adult (ages 19 through 30) that might come into 
contact (ingestion and dermal contact) with floodplain soil in the Oxbow Area. 

1.6.4 Summary of Data 

Table 2.1 presents a statistical summary of the analytical data collected for the wetland soils from 

the Oxbow Area and evaluated in this assessment. This table presents a summary of the Toxicity 

Equivalency Quotient (TEQ) for dioxins and furans. Table A-l presents all of the data for the 

seven samples and the field duplicate. This table presents all of the dioxin and furan congener 

and homolog group data as well as the TEQ. All seven soil samples were analyzed for dioxins 

and furans, four of the samples and a duplicate (LPX-SD-4401, LPX-SD-4402, LPX-SD-4404, 

LPX-SD-4407, and duplicate of LPX-SD-4401) were analyzed for metals, and three of the 

samples (LPX-SD-4402, LPX-SD^404, LPX-SD-4407 and a duplicate of LPX-SD-4402) were 

analyzed for pesticides and PCBs. The dioxin congener 2,3,7,8-TCDD was detected in all seven 
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samples and a duplicate. Dioxins and furans congeners and homolog groups are well represented 

in the soil sample data (not limited to a single congener or homolog group). The 2,3,7,8

substituted congeners with the highest concentrations are typically the 1,2,3,4,6,7,8-HpCDD and 

2,3,7,8-TCDD and the total octachlorinated dibenzo-p-dioxin (OCDD) concentration is generally 

in the same order of magnitude as the 1,2,3,4,6,7,8-HpCDD and 2,3,7,8-TCDD concentrations. 

The 2,3,7,8-TCDD congener is by far the largest contributor to the TEQ for all samples except 

one. The 2,3,7,8-TCDD congener accounts for between 98.31% and 99.51% of the total TEQ for 

six of the seven samples (and a duplicate). For sample LPX-SD-4404, however, the 2,3,7,8

TCDD congener accounts for only 3.52% of the total TEQ, and the actual concentration of 

2,3,7,8-TCDD (0.0000122 milligrams per kilogram (mg/kg)) is substantially lower than in the 

other samples (range of 0.0004 mg/kg to 0.004 mg/kg. Sample LPX-SD-4404 has the lowest 

TEQ among the seven samples that were collected (excluding the duplicate). It appears the 

location of LPX-SD^t404 may have been impacted by flood-related deposition to a lesser extent 

than the other sample locations. 

Among the Aroclors, Aroclor-1254 was detected in 4 of 5 samples with a range of detected 

concentrations from 0.637 mg/kg to 3.583 mg/kg and Aroclor-1268 was detected in one of four 

samples with the detected concentration of 0.103 mg/kg. No other Aroclors were detected. The 

pesticide and PCB analysis for Sample LPX-SD-4402 was conducted on both a wet sample (very 

high moisture content) and on a freeze-dried portion of the sample (reduced moisture content). 

For the wet sample, because of the high moisture content, the results for most of the analytes 

were rejected during data validation. Results for Aroclor-1254, 4,4,-DDD, 4,4-DDE, endosulfan 

II, and dieldrin in the wet sample were not rejected. The results of the freeze-dried samples were 

not rejected in data validation. Therefore, all of the pesticide and PCB analytical results for the 

"freeze dried" preparation of sample LPX-SD-4402 have been used in the risk assessment. The 

analytical results for Aroclor-1254, 4,4,-DDD, 4,4-DDE, and dieldrin in the freeze-dried samples 

are higher than the corresponding results from the wet sample. Therefore the choice of the 

freeze-dried samples is a conservative (health protective) decision. For example, for Aroclor

1254, using the freeze-dried result, the maximum concentration among the soil samples is 3.583 

mg/kg. If the wet result were used, the maximum detected concentration among the soil samples 

would be 0.637 mg/kg. For sample SD-4407, the risk assessment utilizes pesticide/PCB data 

from the freeze-dried sample because only those data were reported (results for the wet 

preparation were not reported). 
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4,4,-DDD (0.00193 mg/kg to 0.02658 mg/kg), 4,4-DDE (0.00129 mg/kg to 0.04236 mg/kg), and 

gamma chlordane (0.00208 to 0.00694 mg/kg) were detected in all four samples analyzed. 

Several other pesticides were detected at lower frequency. Seventeen inorganics and metals were 

detected in at least three of the four soil samples. Of note, lead concentrations in soil samples 

ranged from 44.4 mg/kg to 1,835 mg/kg. However, the lead concentrations were not consistent 

(174 mg/kg at LPX-SD-4401, 453 mg/kg in the duplicate of LPX-SD-4401, 44.4 mg/kg at LPX

SD4402, and 1,835 at LPX-SD-4404). Among the soil samples, sample LPX-SD-4404 had the 

highest concentration of thirteen of the seventeen inorganics and metals reported. Concentrations 

of copper, lead, silver and zinc in sample LPX-SD-4404 seem particularly high relative to the 

other samples collected. Interestingly, this sample had the lowest 2,3,7,8-TCDD and TEQ 

concentrations. 

The 2004 Oxbow Area investigation results are consistent with the results of historical 

investigations, the reported releases at the CMRPSS, and the nature of contamination in the 

sediments of the Woonasquatucket River as well as with the information in the more recent 

investigation reports from 2003 and 2004: Task 22H Chemistry Data Report, YR2002 Tree 

Swallow Study, Centredale Manor Restoration Project Superfund Site, North Providence, Rhode 

Island (Battelle, 2003a); Data Summary Report, Interim Data Collection, Remedial Investigation 

and Feasibility Study, Centredale Manor Restoration Project Superfund Site, North Providence, 

Rhode Island (Battelle, 2003b); Task RI-8, Petroleum Hydrocarbon Assessment of Centredale 

Sediment Cores, Centredale Manor Restoration Project Superfund Site, North Providence, Rhode 

Island (Battelle, 2003c); and Task 221 Chemistry Data Report, YR2003 Tree Swallow Study, 

Centredale Manor Restoration Project Superfund Site, North Providence, Rhode Island (Battelle, 

2004). 

Summaries of analytical data for floodplain soils in the Oxbow Area and in the background area 

(Greystone Mill Pond Area) are presented in Tables 2.1 and 2.2 respectively, which document the 

selection of COPCs. The upstream background area (Greystone Mill Pond) Greystone Mill Pond 

is upstream of the Site on the Woonasquatucket River (an upstream location). Soil samples were 

collected just north of the source area (north of Route 44). These sample locations are considered 

to be part of the upstream (Greystone Mill Pond) data set. The selection of COPCs for the risk 
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assessment is based on all of the available environmental data that are representative of current 

and future conditions. 

One of the analytical parameters shown in Tables 2.1 and 2.2 is the TEQ for dioxins and furans. 

The TEQs are media-specific concentrations that are normalized to the toxicity of the 2,3,7,8

TCDD congener, generally considered to be the most toxic of the dioxin furan compounds. The 

TEQs are calculated by multiplying the medium-specific concentration of each congener or 

congener group by a Toxicity Equivalence Factor (TEF) and summing those products. The TEF 

is a measure of the toxicity of a particular congener or congener group relative to toxicity of 

2,3,7,8-TCDD. In simple terms, the dioxins/furans TEQ indicates the concentration of 2,3,7,8

TCDD that would have the same toxicity as the mixture of dioxins and furans being evaluated. 

2,3,7,8-Tetrachlorodibenzo-p-dioxin 

tl 

2,3,7,8-Tetrachlorodibenzofuran 

Biphenyl is a dual-ring structure comprised of two six-carbon benzene rings joined by a single 

carbon-carbon bond. Up to ten chlorine atoms can be substituted for hydrogen atoms in the 

biphenyl molecule. Each of the carbon atoms in the benzene rings is assigned a location number 

between 1 and 6. The carbon atoms assigned the location 1 are bonded to each other and are not 

available for chlorine substitution. Each unique chemical compound within the PCB category is 

referred to a congener. Therefore, the biphenyl molecule containing two chlorine atoms (each 

located at the "4" position of one of the benzene rings), would be a PCB congener referred to as 
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4,4'-Dichlorobiphenyl. A total of 209 PCB congeners have been identified. A biphenyl with one 

chlorine atom is referred to as a monochlorobiphenyl and a biphenyl with ten chlorine atom is 

referred to as a decachlorobiphenyl. Homologs are subcategories of PCB congeners having equal 

numbers of chlorine atoms. For example, there are 12 PCB congeners that have two chlorine 

atoms. These 12 congeners are included in the dichlorobiphenyl homolog. 

Cl 

Cl 
, 

S.S'.M'.S.S'-Hexachlorobiphenyl 

Commercially produced PCB mixtures were sold under many names. However, the most 

common naming convention for commercial PCB mixtures was reference to the Aroclor series. 

Aroclors are mixtures of various chlorinated biphenyls. The last two digits in the Aroclor 

identifier indicates the percentage of the mixture represented by chlorine. Aroclor-1242 is a 

mixture of chlorobiphenyls with a chlorine content of 42%. Aroclor-1254 is a mixture of 

chlorobiphenyls with a chlorine content of approximately 54%. Typically, the higher the chlorine 

content, the greater the abundance of the heavier chlorinated biphenyls (such as 

pentachlorobiphenyls and hexabiphenyls). 

During investigations of the CMRPSS, analysis of PCBs has been completed by two different 

analytical approaches. The first, and most frequently applied approach (for the large majority of 

samples) at the Site is the analysis for Aroclors via Method 8082. In this analysis, the following 

analytical parameters are typically reported: Aroclor-1016; Aroclor-1221; Aroclor-1232; 

Aroclor-1242; Aroclor-1248; Aroclor-1254; Aroclor-1260; and Aroclor-1268. The second 

approach, identification and quantification of individual PCB congeners, was used less 

frequently, with only a few representative samples per area, at the Site. The identification of 

individual PCB congeners was accomplished by a modified Method 1668A. Although each of 

the 209 PCB congeners has a unique chemical name (such as 4,4'-Dichlorobiphenyl), a shorthand 

means of identifying the individual congeners has been developed. Each of the congeners has 

been assigned a unique number from 1 to 209 (Ballschmiter, 1992). The numbering scheme 
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assigns lower numbers to lower chlorine content congeners and higher numbers to higher chlorine 

content congeners. As an example, the PCB congener 3,4',5-trichlorobiphenyl is also referred to 

as PCB-39. 

A total of 68 of the PCB congeners, based on their chemical structure, have been identified as 

"dioxin-like" or co-planar PCB congeners. These co-planar PCB congeners have been assigned 

2,3,7,8-TCDD TEFs in a manner similar to the dioxin and furan congeners (Van den Berg et. al. 

1998). A TEQ for all co-planar PCBs has been calculated for each floodplain soil sample that has 

been analyzed for PCB congeners. PCB congener analysis was conducted for only 1 floodplain 

soil sample in Greystone Mill Pond (RWR-FP-5004) and no PCB congener analysis was 

conducted for floodplain soil samples in the Oxbow Area. The TEFs used in the development of 

TEQs in this risk assessment are the mammalian TEFs for dioxins, furans, and dioxin-like 

(coplanar) PCBs as published in Van den Berg et al., 1998. 

Dioxin/furan 2,3,7,8-TCDD equivalent concentrations in floodplain soil in the Oxbow Area are 

substantially higher than in floodplain soil in the Greystone Mill Pond background area. The 

arithmetic mean TEQs are 0.0018 mg/kg and 0.000055 mg/kg. The Oxbow Area average 

floodplain soil TEQ is approximately 32.7 times the corresponding background area floodplain 

soil TEQ. The average Aroclor-1254 floodplain soil concentration at the Oxbow Area is 1.4 

mg/kg compared to 0.51998 mg/kg in the background area. This slight difference in means 

between the two areas is driven primarily by the maximum detected concentration of 3.5833 

mg/kg in the Oxbow Area. Average concentrations of arsenic in floodplain soil are very similar 

between the Oxbow Area (average of 5.4 mg/kg with a maximum of 12.8 mg/kg) and the 

background area (average of 7.72 mg/kg and maximum of 12.2 mg/kg). In general, it appears 

that pesticide concentrations in floodplain soils at the Oxbow Area are consistent with 

background conditions. 

In summary, dioxins and furans (particularly 2,3,7,8-TCDD appear to be the primary chemical 

parameters that are detected in environmental media with frequency of detection and 

concentrations that are indicative of Site-related impacts. Table 3.1.RME indicates that 

floodplain soil concentrations of only 2,3,7,8-TCDD are dramatically higher in the Oxbow Area 

floodplain soil than in the floodplain soil from upstream background area Greystone Mill Pond. 
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2.0 HAZARD IDENTIFICATION 

The objectives of this section are to present an orderly compilation of the available sampling data 

on the hazardous substances present at the site, to identify data sets suitable for use in a 

quantitative risk evaluation, and to identify contaminants of potential concern upon which the 

quantitative assessment of risk will be based. Summaries of the sampling data have been 

generated using Risk Assessment Guidance for Superfund (RAGS) Part D standard Table 2s, for 

each constituent detected in biota, sediment, surface water, and floodplain and bank soils. Table 

2s include the minimum and maximum concentrations (including locations of the latter), 

minimum and maximum data qualifiers, units, frequency of detection, range of detection limits, 

concentration used for screening, screening toxicity value, potential regulatory criteria (i.e., Food 

and Drug Administration (FDA) levels, state standards), whether a contaminant is chosen as a 

COPC, and the rationale for that choice. 

When choosing COPCs, USEPA guidance was followed (USEPA, 1989). Consistent with EPA's 

Guidance for Comparing Background and Chemical Concentrations in Soil for CERCLA Sites, 

September 2002, EPA Region I recommends a baseline risk assessment approach that retains all 

constituents that exceed risk-based screening concentrations as COPCs for further human health 

risk evaluation. Per this guidance, background chemical concentrations were not utilized in the 

selection of COPCs. All chemicals detected during sampling efforts, not just site-related 

chemicals or those that bioaccumulate, have been considered in the selection of COPCs for the 

human health evaluation. This will result in a total estimate of risk (including risks associated 

with background conditions) to the receptors potentially exposed to floodplain soils. Background 

risks are characterized in this Addendum and the incremental risks above background are 

identified as part of the risk characterization (Section 5.0). 

Chemicals that are infrequently detected may be artifacts in the data due to sampling, analytical, 

or other problems, and may not be related to site operations or disposal practices. Based on 

RAGS Part A (USEPA, 1989), a chemical is considered for elimination from the quantitative risk 

assessment if: 1) it is detected infrequently in one or perhaps two environmental media, 2) it is 

not detected in any other sampled media or at high concentrations, and 3) there is no reason to 

believe that the chemical may be present. In addition, chemicals that are considered essential 
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human nutrients (i.e., copper, iron, magnesium, calcium, potassium, and sodium) will not be 

considered in the quantitative risk assessment. 

2.1 SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPCs) 

This section identifies the chemicals present at the Site and provides rationale for inclusion of 

analytes as COPCs. 

2.1.1 COPC Selection Methods 

COPCs are chemicals for which data of sufficient quality are available, and which may pose more 

than a de minimus health risk. The procedure used to select COPCs for the Addendum is 

summarized as follows, and is consistent with USEPA Region I (USEPA, 1999) methodology: 

1) Comparison to Available Criteria 

•	 Selected as a COPC in floodplain soils if the maximum detected concentration exceeds 
the USEPA Region DC Preliminary Remediation Goals (PRGs) for residential soils 
(USEPA, 2004). 

The soil PRGs developed by Region DC are protective for direct contact (ingestion and dermal 

contact) exposures, as well as for inhalation of particulate and volatile constituents that may be 

released to air. The PRGs are derived for a IxlO"6 cancer risk level or a non-cancer hazard 

quotient (HQ) of 1. Per USEPA Region I guidance (USEPA, 1995), the PRGs based on 

noncarcinogenic effects have been adjusted to represent a HQ of 0.1 for the purposes of COPC 

selection. This adjustment of the risk based concentrations (RBCs) and PRGs per the guidance is 

applied to account for the possible cumulative impacts of having several chemicals that might 

have similar mechanisms of toxic action. 

The use of residential PRGs for selection of COPCs in floodplain soils ensures that analytes 

present at concentrations that could potentially pose more than a de minimus risk for residential 

land use exposures are identified. The use of these PRGs for selection of COPCs in floodplain 

soils represents a conservative approach, since potential exposures to these media will not occur 

at the frequency or intensity that would be associated with residential land use. 

2) Essential Nutrients: 

•	 Eliminated as COPCs because they are considered essential human nutrients. The 
following inorganic analytes are considered essential human nutrients: calcium, 
copper, magnesium, iron, potassium, and sodium. 

****' 


 *^\ 


 '**% 
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3) Chemicals for which risk-based concentrations were not available were retained as COPCs. 

•	 The results of the COPC selection for floodplain soil at the Oxbow Area and the 
background area (Greystone Mill Pond Area) are summarized in Tables 2.1 and 2.2. 
The following notes are used to denote the reasons for selection or exclusion of 
analytes as COPCs: 

A: The concentration used for COPC screening (the maximum detected 
concentration) is greater than the risk-based concentration; the analyte is 
therefore selected as a COPC. 

S: The concentration used for COPC screening (the maximum detected 
concentration) is less than the risk-based concentration; the analyte is therefore 
not selected as a COPC. 

E: The analyte is an essential nutrient, and is therefore not selected as a 
COPC. 

Chemicals for which risk-based concentrations were not available were retained as COPCs. 

2.1.2 COPC Selection Results 

COPCs have been selected for the Oxbow Area floodplain soil and for the background area 

floodplain soil (Tables 2.1 and 2.2). In general, dioxins and furans, pesticides, Aroclors, and 

some metals were retained as COPCs in floodplain soil from the Oxbow Area. For the 

background area (Greystone Mill Pond Area), HCX, coplanar PCBs, and PAH compounds were 

also retained as COPCs in floodplain soil. Those additional parameters were not included in the 

analyte list for the Oxbow Area floodplain soil samples. 

Table 2.1 presents the selection of COPCs for floodplain soil collected from the Oxbow Area. 

COPCs include dioxins and furans, Aroclors 1254, seven pesticides, and eight inorganics/metals 

(including copper, lead, and zinc). 

Table 2.2 presents the selection of COPCs for floodplain soil collected from upstream of the 

source area and just north of Route 44 (Greystone Mill Pond Area). COPCs include dioxin-like 

compounds (HCX, dioxins and furans, and coplanar PCBs), Aroclors 1254 and 1268, two 

pesticides, several PAHs, and eleven inorganics/metals (including copper and lead). 
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Overall, the number of COPCs for each medium are reasonably consistent between the 

background area and the Oxbow Area. However, there were more COPCs at the background area 

because the analyte list was longer at the background area than at the Oxbow Area. As discussed 

in Section 5.1 (Summary of Calculation of Receptor Risks), calculations were also completed to 

compare risks between the Site and the background area using similar lists of COPCs (reduced 

list for the background area) for the two areas. 
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3.0 EXPOSURE ASSESSMENT 

As defined by the USEPA (USEPA, 1989a), exposure to a chemical is the contact of that 

chemical with the outer boundary of the body (i.e., skin and openings such as mouth, nostrils, or 

punctures and lesions). An exposure assessment is the quantitative or qualitative evaluation of 

that contact. It describes the intensity, frequency, and duration of contact, as well as the rates at 

which the chemical crosses the boundary (chemical intake or uptake rates), the route by which it 

crosses the boundary, and the resulting amount of chemical that actually crosses the boundary (a 

dose) and the amount absorbed (internal dose). 

The objective of the exposure assessment is to estimate the type and magnitude of exposures to 

COPCs at or migrating from the site. The exposure assessment is conducted to: 1) characterize 

the populations of humans potentially exposed via consumption of biota from the 

Woonasquatucket River and direct contact with surface water, sediment and bank soil at and adjacent 

to the river; 2) identify the mechanisms by which receptors may be exposed; and 3) identify the 

intake, or dose, of COPCs that receptors may receive through the identified exposure pathways. 

The exposure assessment includes the following components: 

•	 Characterization of the exposure setting (including current and future land use); 
•	 Identification of exposure pathways (including receptor identification and exposure 

scenarios, and exposure points); 
•	 Identification of EPCs; 
•	 Quantification of exposures; and 
•	 A summary of exposures by receptor and exposure point. 

Present and future potential exposures to site contaminants include direct contact with floodplain 

soil. Narrative descriptions and summary tables of exposure scenarios are provided in this 

section. The exposure scenarios for current and future potential scenarios are summarized in 

RAGS Part D Table 4s. 

3.1 CHARACTERIZATION OF EXPOSURE SETTING 

The exposure setting has previously been described in Section 1.4. 
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3.2	 IDENTIFICATION OF EXPOSURE PATHWAYS, POTENTIAL RECEPTORS, AND 
EXPOSURE POINTS 

This subsection describes the receptors and activities, exposure pathways, exposure parameters 

and exposure points for the Passive Recreational Visitor. 

This step involves the identification of all relevant exposure pathways through which specific 

populations may be exposed (current and future) to contaminants at the site. An exposure 

pathway consists of four necessary elements: 1) a source or mechanism of chemical release; 2) a 

transport or retention medium; 3) a point of human contact; and 4) a route of exposure at the point 

of contact (USEPA, 1989a). As discussed in the text below and in Table 1.2 the Passive 

Recreational Visitor is the receptor population evaluated in this Addendum. The Passive 

Recreational Visitor is distinguished here from what might be referred to as an Active 

Recreational Visitor. The distinction is in the nature and intensity of the expected activities that 

might result in soil exposure. The Passive Recreational activities might include walking, bird 

watching, and exploring, while Active Recreational activities might include playing baseball, 

playing in a "tot lot", and other activities with a higher potential for high intensity soil contact. 

Exposures were evaluated based on two scenarios, the central tendency (CT) and Reasonable 

Maximum Exposure (RME) scenarios. The CT exposure is the typical or average exposure that 

would be expected in a population. The RME is the highest exposure that is reasonably expected 

to occur at a site. The CT and RME scenarios are characterized by coupling the contaminant 

concentrations with conservative exposure parameters developed for each exposure scenario. The 

CT and RME scenarios are summarized in RAGS Part D Table 4s and are discussed in sections 

3.2.1 and 3.2.2 below, and results are described in the text. Exposure parameters are obtained 

from USEPA guidance (USEPA, 1997a) and other USEPA-approved sources. In general, RME 

parameters represent 95th percentile values and CT parameters represent mean values. 

3.2.1	 Receptor Exposure Scenarios for Floodplain Soil 

Using the information summarized in Table 1.2, receptor exposure scenarios were compiled. The 

following paragraphs discuss the receptor exposure scenarios. 

Exposure parameters for the RME were selected from USEPA guidance documents (USEPA, 

1994; 1997; 2001) and were based on professional judgment considering the site-specific 
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exposure conditions. This subsection describes the exposure scenarios and RME exposure 

parameters in detail. Exposure parameters for the CT were based on the RME values, with the 

following modifications: 

•	 CT values for incidental ingestion of soil were identified as one-half the RME values, 
based on USEPA Region I guidance (USEPA, 1994) which recommends using one-half 
the RME value as the CT value for incidental soil ingestion. 

•	 CT values for soil dermal adherence were the recommended CT parameters from USEPA 
RAGS Part E guidance (USEPA, 2001b). 

•	 The RME values assume that a receptor uses the Site for all of their outdoor activities 
(e.g., recreational play/exploration, recreational angling, or subsistence angling). The CT 
parameters accommodate the assumption that a more "typical" or "average" receptor 
would spend only a portion (roughly 50%) of their outdoor time at the Site (i.e., would 
access other, non-Site related areas for recreational purposes). 

Passive Recreational Visitor 

In the previous BHHRA for the CMRPSS, an exposure profile was identified for residents living 

along the river. A resident who lives at the Centredale Manor Apartments, Brook Village 

Apartments, or a private residence at one of the residential lots along the eastern shore of the 

Woonasquatucket River may visit water bodies at the Site for recreational angling, recreational 

walking, exploring the banks of the river and ponds, and wading and swimming. It is assumed 

that area residents include young children (ages 1 through 6), older children (ages 7 through 18), 

and adults (assumed ages 19 through 30). Potential exposures to surface water and aquatic 

(submerged) sediment by incidental ingestion and dermal contact may occur during angling, 

wading, or swimming (no swimming in Assapumpset Brook) at Greystone Mill Pond area and 

Assapumpset Brook and Pond, Allendale Pond, Lyman Mill Pond, Manton Reach, and Dyerville 

Reach. In addition, possible exposures to bank surface soils at Greystone Mill Pond area, 

Allendale Pond and Lyman Mill Pond by incidental ingestion and dermal contact may occur 

when area residents access the water bodies for recreational angling, swimming and wading, or 

when walking or exploring the edges of the ponds. This exposure profile appears to be an 

appropriate starting point for evaluating a potential passive recreational visitor for the Oxbow 

Area. The Oxbow Area is in close proximity to the Woonasquatucket River and to residential 

properties along the river in the area of the CMRPSS. People who visit the Oxbow Area for 

hiking, bird-watching, picnicking, and other passive recreational activities would most likely live 

in the general area of the Woonasquatucket River. This Addendum focuses only on the potential 

exposures to floodplain soils in the Oxbow Area, since potential exposures to surface water and 
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sediment in the river and fish consumption have previously been evaluated in the BHHRA for the 

CMRPSS. 

Cancer and non-cancer risk estimates are calculated separately for floodplain soils at the Oxbow 

Area. These risks will be used in a floodplain soil-specific evaluation in the future. The risks 

associated with the Oxbow Area floodplain soils have not been combined with the previously 

calculated risks associated with potential exposures associated with fish consumption and contact 

with surface water and sediment in the river. 

The RME and CT exposure parameters for floodplain soil are presented in Tables 4.1.RME and 

4.1.CT. 

Exposure Duration. For the RME scenario, it is assumed that a Passive Recreational Visitor is 

raised at and remains at the same residence over a 30-year period (USEPA, 1994) in the general 

area of the river and the Oxbow Area. The 30-year duration is segregated into three age periods: 

young-child (ages 1 through 6) for 6 years; older child (ages 7 through 18) for 12 years; and adult 

(ages 19 through 30) for 12 years. The CT exposure duration values are based on the 

recommended CT parameters for exposure duration published in USEPA RAGS Part E of 9 

years. The 9-year exposure duration value was segregated as follows: young child (2 years); 

older child (3 years); and adult (4 years). 

Exposure Frequency. It is assumed that a Passive Recreational Visitor visits the water bodies, 

banks of the water bodies, or the Oxbow Area for walking/exploring/bird watching May through 

October. The Oxbow Area is immediately adjacent to the river and therefore, the western bank of 

the river is included in the Oxbow Area. The exposure frequency associated with these various 

activities is broken down as follows: 

Activity RME Frequency / Period RME Total No. Days per 
Year 

Young Child Older Child / 
Adult 

Walking/Exploring banks and 2x/week: May, Sept, Oct 78 78 
Oxbow Area 4x/week: June - Aug 
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Activity CT Frequency / Period CT Total No. Days per Year 
Young Child Older Child / 

Adult 
Walking/Exploring banks and Ix/week: May, Sept, Oct 39 39 
Oxbow Area 2x/week: June-Aug 

The exposure frequency during the summer months assumes that walking/exploring/bird 

watching within the Oxbow Area (including the river bank) assumes a total of four visits to the 

water bodies occur each week. It is assumed that potential exposures to floodplain soil occur 

each day that access to the Oxbow Area occurs (78 days per year). 

Body Weight. Body weight values for young children and adults are based on values 

recommended in USEPA guidance (USEPA, 1994). Body weight values for older children are 

based on the average of 50th percentile body weights for males ages 7 through 18 (USEPA, 1997). 

Incidental Ingestion Rate and Fraction Ingested. The incidental ingestion rates for floodplain 

surface soil are the default ingestion rate values for soil recommended in USEPA (1994) 

guidance; the ingestion rate for adults is applied to older children who are less likely than young 

children to place soil-covered hands in the mouth. The fraction ingested parameter for bank 

surface soil is 100%. The assumed soil ingestion rates (typically applied to residential scenarios) 

are considered conservative assumptions for a passive recreational scenario. The dermal surface 

area and adherence factor values for bank surface soil are based on the RAGS Part E (USEPA, 

200Ic) default values for residential exposures to soil. 

3.2.2 Exposure Points 

A single exposure point, identified as the entire Oxbow Area, has been identified for evaluation 

of floodplain soil by the Passive Recreational Visitor. This exposure point is represented by the 

seven samples (plus two duplicates) that were collected in the area. There is no indication that a 

hot spot exists that would require a separate evaluation. In addition, a single upstream 

background exposure point (Greystone Mill Pond Area) has also been identified as an exposure 

point for use in calculating incremental risks. 

Exposure Point Concentrations 

A single concentration is selected as representative of the actual concentration for each COPC in 

a floodplain soil for a given exposure point. This value, called the EPC, is used in the estimates 
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of health risks at the site. An EPC is selected for every COPC identified in the screening process 

described earlier. 

For both RME and CT, the 95% Upper Confidence Limit (UCL) on the mean is typically used as 

the EPC. There are two exceptions to this rule. In the case where the 95% UCL is greater than 

the maximum detected concentration; and/or if there are fewer than 10 samples in a data set (the 

UCL is not calculated). When there are fewer than 10 samples in a data set, estimation of a UCL 

may have a high degree of uncertainty. For these two situations, the maximum detected 

concentration should be used as the RME EPC and the arithmetic average concentration should 

be used for the CT EPC. For floodplain soil at the Oxbow Area and at the background area, there 

are fewer than ten samples available to characterize potential exposures. At the Oxbow Area, 

seven samples (plus duplicates) were collected and analyzed for dioxins and furans, and four 

samples were analyzed for metals and pesticides/PCBs. At the background area, four samples 

were analyzed for dioxins and furans, inorganics and metals, SVOCs, and pesticides and PCBs. 

One of the background soil samples was analyzed for PCB congeners. Because there were fewer 

than 10 samples at the Oxbow Area and at the background location, the RME EPC has been 

identified as the maximum detected concentration for each COPC and for the CT EPQ the 

arithmetic mean concentration of the samples has been identified. All of the data for the Oxbow 

Area and the background area are shown in Tables A-l and A-2 respectively in Appendix A. 

 '**\ 

 **** 

Table 3.1.RME and Tables 3.1.CT document the calculation and identification of RME and CT 

EPCs for floodplain soil. Each table contains all of the EPCs for both the Oxbow Area and the 

background area. 

3.3 QUANTIFICATION OF EXPOSURES 

The next step is to calculate COPC intakes via direct contact with floodplain soil for the Passive 

Recreational Visitor. Population-related variables have been selected that describe the 

characteristics associated with individual receptors in that population. 

3.3.1.1 Estimation of Chemical-Specific Intakes 

The chemical-specific intake, or the average daily dose (ADD), is the amount of COPC absorbed 

into the body. When appropriate, it is the product of the average daily exposure and an ^^ 
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absorption factor (ABS). Chemical-specific intakes were calculated in a manner consistent with 

USEPA guidance for risk assessment (USEPA, 1989a; 2001a). 

A Lifetime Average Daily Dose (LADD) is calculated in order to estimate carcinogenic risk. The 

Averaging Time (AT) over which the total intake of COPC is averaged is 70 years for 

carcinogenic effects (USEPA, 1989a). 

For noncarcinogenic effects, depending on the duration of the exposure period, an Average Daily 

Dose, Chronic (ADDC) for long-term exposure (seven years or longer) or Average Daily Dose, 

Subchronic (ADDS) for exposure periods from a month up to seven years may be calculated. 

Soil Direct Contact Exposures 

The ADD received by a receptor via direct contact with soil (ADDsoii) is the sum of the ADDs for 

exposure via the routes of dermal contact with the contaminated soil and ingestion of the 

contaminated soil. Thus, 

ADDsoii = ADDdermal + ADDingestion 

Dermal Contact. The ADD due to dermal contact with COPC-contaminated soil (ADDdemiai 
absorption) may be calculated: 

_ DAevent * SA* EF * ED 
AL)L) dermal absorption D T/r/ # A T



lj rr AL
 


and: 
DAevent = [COPC]soil * AF * ABS * C 

Where: 
dermal absorption = Average daily dose of COPC received through dermal contact 

with soil during the period of exposure (dimensions: 
mass/mass* time, typical units: mg/kg*day) 

DAevent = Dose of COPC absorbed during each exposure event 
(dimensions: mg/cm2) 

[COPC]Soii = EPC of COPC in the soil at the exposure point during the period 
of exposure (dimensions: mg/kg) 

SA = Skin surface area in contact with the soil on days exposed 
(dimensions: cm2/day) 

AF = Mass of soil adhered to the unit surface area of skin exposed 
(dimensions: mg/cm2) 

ABS = Absorption Factor; represents the fraction of COPC that may be 
absorbed through the skin from soil (unitless) 

P:\W9-GVT\COE-NAE\Battelle\CentrcdaIe\OX BOW\AddendumToBHHRA081006.doc 3-7 



Centredale Manor Restoration Project Superfund Site - Addendum To BHHRA: Oxbow Area August 2006 
MACTEC Engineering and Consulting, Inc. Project Number 51226.27D 

EF = Exposure Frequency: the number of exposure events during the 
exposure period divided by the number of days in the exposure 
period (dimensions: days/year) 

ED = Exposure Duration: the period of time over which exposure may 
occur (dimension: years) 

BW = Body Weight of the receptor of concern during the exposure 
duration dimension: kg) 

AT = Averaging Time (dimension: days) 
C = Appropriate units conversion factor(s) 

Ingestion. The ADD due to the incidental ingestion of COPC contaminated soil (ADDjngestj0n) 
may be calculated: 

[COPC] *IR*EF*ED*C 
J sotl 

tation 
=

 BW*AT 

Where: 
ADDingestion = Average daily dose of COPC received through the ingestion of 

soil during the period of exposure (dimensions: 
mass/massxtime, typical units: mg/kgxday) 

[COPC]soil = . EPC of the COPC in soil (dimensions: mass/mass, typical units: 
mg/kg) 

IR = Daily soil ingestion rate on days exposed during the exposure 
period (dimensions: mass/time, typical units: mg/day) 

EF = Number of exposure events during the exposure period divided 
by the number of days in the exposure period (dimensions: 
events/time, typical units: days/year) 

ED = Duration of the exposure period (dimensions: time, typical units: 
years) 

C = Appropriate units conversion factor(s) 
BW = Body weight of the receptor of concern during the averaging 

period (dimensions: mass, typical units: kg) 
AT = Averaging Time (dimension: time, typical units: days) 

The daily chemical intakes have been calculated separately for non-cancer and cancer endpoints 

using the EPCs presented in Table 3.1.RME and Table 3.1.CT, the exposure parameters and 

intake equations shown in Table 4.1.RME and Tables 4.1.CT. The floodplain soil daily intakes 

for the Passive Recreational Visitor, all age-groups, are calculated in Tables 7.1.RME through 

7.3.RME and Tables 7.1.CT through 7.3.CT for RME and CT exposures respectively for the 

Oxbow Area. The daily intakes for the background area (Greystone Mill Pond Area) floodplain 

soil for the Passive Recreational Visitor, all age-groups, are calculated in Tables 7.4.RME 

through 7.6.RME and Tables 7.4.CT through 7.6.CT for RME and CT scenarios respectively. 
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Each of those tables shows all daily intake calculations for floodplain soils for a receptor 

group/age-group/exposure point combination. 
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4.0 TOXICITY ASSESSMENT 

4.1 TOXICITY ASSESSMENT 

The purpose of the toxicity assessment is to characterize the relationship between the dose of 

COPC administered or received and the incidence of adverse health effects in the exposed 

population. From this quantitative dose-response relationship, toxicity values (e.g., slope factors 

(SFs), reference dose (RfD) values, or reference concentrations (RfCs)) are derived that can be 

used to estimate the likelihood of adverse effects as a function of human exposure to an agent. 

These toxicity values are used in the risk characterization process to estimate the potential for 

adverse effects occurring in humans at different exposure levels. 

The dose-response relationship(s) for each chemical that has been selected as a COPC is 

presented in this section. The dose-response information may be divided into two major 

categories: 

•	 Toxicity information associated with threshold (non-carcinogenic) health effects. 

•	 Toxicity information concerning carcinogenicity, either from human epidemiologic data 
or from laboratory studies. 

All the chemicals selected as COPCs are evaluated for potential non-carcinogenic health effects. 

In addition, any substance considered to be a known, probable, or possible human carcinogen is 

also evaluated for its potential carcinogenic effects. The classification of a chemical as a 

carcinogen does not preclude an evaluation of that same chemical for potential non-carcinogenic 

health risks, as all potentially carcinogenic chemicals may also exert non-carcinogenic health 

effects. 

4.1.1 Dose-Response Assessment for Carcinogenic Effects 

It has generally been assumed that carcinogenic effects are non-threshold effects (IRIS, 2003). 

This means that any dose, no matter how small, is assumed to pose a finite probability of 

generating a response. Thus, no dose of a carcinogen is thought to be risk-free. For carcinogenic 

effects, USEPA uses a two-part evaluation in which the substance is first assigned a weight-of

evidence classification, and then a SF or unit risk (UR) is calculated to reflect the carcinogenic 

potency. 
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The weight-of-evidence evaluation involves determining the likelihood that the agent is a human 

carcinogen. USEPA has developed a system for characterizing the overall weight of evidence for 

a chemical's carcinogenicity based on the availability of animal, human, and other supportive 

data (USEPA, 1989a). The weight-of-evidence classification rates the likelihood that an agent is 

a human carcinogen. It qualitatively affects the interpretation of potential health risks. Three 

major factors are considered in characterizing the overall weight-of-evidence for carcinogenicity: 

(1) the quality of evidence from human studies, (2) the quality of evidence from animal studies, 

and (3) other supportive information, such as mutagenicity data and structure-activity data. 

USEPA's final classification of the overall weight-of-evidence has the following five categories: 

Group A - Human Carcinogen. This category indicates there is sufficient evidence from 

epidemiological studies to support a causal association between an agent and human cancer. 

Group B - Probable Human Carcinogen. This category generally indicates there is at least limited 

evidence from epidemiologic studies of carcinogenicity to humans (Group Bl) or that, in the 

absence of data on humans, there is sufficient evidence of carcinogenicity in animals (Group B2). 

Group C - Possible Human Carcinogen. This category indicates that there is limited evidence of 

carcinogenicity in animals in the absence of data on humans. 

Group D - Not Classified. This category indicates that the evidence for carcinogenicity in 

animals is inadequate. 

Group E - No Evidence of Carcinogenicity to Humans. This category indicates that there is 

evidence of noncarcinogenicity in at least two adequate animal tests in different species or in both 

epidemiologic and animal studies. 

USEPA's revised guidelines for cancer risk assessment (USEPA, 2005) have been adopted as 
agency policy for cancer risk assessment. These guidelines contain a revised classification 
system for carcinogenic effects with the following classifications. 

• Carcinogenic to humans 
• Likely to be carcinogenic to humans 
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•	 Suggestive evidence of carcinogenicity, but not sufficient to assess human carcinogenic
 

potential
 


•	 Data inadequate for an assessment of human carcinogenic potential 
•	 Not likely to be carcinogenic in humans 

In IRIS, the weight of evidence classification for a given chemical may reflect either of the two 
classification schemes identified above. 

The ability of a chemical to increase the incidence of cancer in a target population is described by 

one of two values: the carcinogenic SF or the UR. CSFs or URs are typically calculated for 

chemicals in Groups A, Bl, and B2. Cancer dose-response values for chemicals in Group C are 

calculated on a case-by-case basis. 

For some chemicals, human epidemiologic data is the basis of an estimate of the carcinogenic 

potency, although the most common basis of these values is an animal study. The SF is given in 

units of (mg/kg/day)"1 and is based upon the concept of a LADD. Oral SFs are used to estimate 

the risks associated with exposure to carcinogens via ingestion. No SFs are available for the 

dermal route of exposure, but are instead calculated from oral SFs using the methodology ^m 

described in Section 4.1.3. -™,

The dose-response data used in this Addendum for carcinogenic effects, including SF and UR 

values, are presented in Table 6.1. 

4.1.2 Dose-Response Assessment for Noncarcinogenic Effects 

In contrast to carcinogens, noncarcinogens are believed to have threshold exposure levels below 

which adverse effects are not expected. USEPA has derived standards and guidelines based on 

acceptable levels of exposure for such compounds. Noncarcinogenic effects of concern on which 

many of the standards and guidelines are based include liver toxicity, reproductive effects, 

neurotoxicity, teratogenicity, and other chronic toxicities. Various criteria have been developed 

from experiments that can be used to estimate the dose-response relationship of noncarcinogens. 

Some of the same uncertainties involved in deriving cancer risk estimates (namely, selection of 

an appropriate data set and extrapolation of high-dose animal data to low-dose human exposure) 

are also involved in deriving noncarcinogenic dose-response criteria. Dose-response values used 

most often to evaluate noncarcinogenic effects are RfDs. 
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The RfD, expressed in units of mg/kg/day, is defined as an estimate (with uncertainty spanning 

perhaps an order of magnitude or greater) of a daily exposure level for the human population, 

including sensitive subpopulations, that is likely to be without an appreciable risk of deleterious 

effects during a lifetime (USEPA, 1989). When available, the RfD is the dose-response criterion 

most appropriate for quantitatively estimating noncarcinogenic effects. The RfD is derived from 

the following equation: 

RfD (mg/kg/day) = NOAEL or LOAEL 
UF and/or MF 

The No Observable Adverse Effect Level (NOAEL) represents the dose of a chemical at which 

there are no statistically or biologically significant differences in the frequency of an adverse 

effect between the exposed population and its appropriate control. The Lowest Observable 

Adverse Effect Level (LOAEL) represents the lowest dose at which a statistically significant 

difference in the frequency of an effect is noted. Both the NOAEL and the LOAEL are reported 

in terms of mg/kg/day. An uncertainty factor (UF) of ten per type of uncertainty (e.g., 

extrapolation from animal sensitivity to human sensitivity, relationship between lowest adverse 

effect level and no adverse effect level) is used to account for interspecies and interspecies 

differences, severity of the adverse effect, whether the dose was an NOAEL or an LOAEL, and 

the adequacy of the data. The magnitude of the UF will therefore vary from chemical to 

chemical, ranging from 10 to 10,000. A modifying factor (MF), ranging from less than 1 to 10 

may also be added to reflect qualitative uncertainties not explicitly addressed in the UFs. The 

toxicity endpoint upon which the RfD is derived and the UF and/or MF used in the calculation are 

presented in the dose-response tables. No RfDs are available for the dermal route of exposure but 

are instead calculated from oral RfDs using the methodology described below (USEPA, 200 Ib). 

The use of chronic RfDs to evaluate the potential for adverse health effects resulting from 

substantially less-than-lifetime exposures may be overly protective. Subchronic reference doses 

(RfDss) have been developed for many chemicals to evaluate the potential noncarcinogenic 

effects of limited duration exposures. RfDss are similar to chronic RfDs; the distinction is the 

length of exposure duration. When available, RfDss/RfCss are used in this risk assessment to 

evaluate noncarcinogenic effects to a construction worker. When RfDss are unavailable, chronic 

RfDs are used to evaluate noncarcinogenic effects for these receptors. 
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The dose-response data for noncarcinogenic effects (RfDs) and their critical toxic effects 

presented in Table 5.1, for both chronic and subchronic effects. 

 are "̂~~*1^ 

4.1.3 Dermal Dose-Response Values 

CSFs and non-cancer RfDs were developed to evaluate risk associated with the dermal contact 

exposure route. In accordance with USEPA guidance (USEPA, 200la), dermal dose-response 

values are calculated from oral dose-response values using an oral absorption factor. The oral 

absorption factor represents the amount of substance that is absorbed from the gastrointestinal 

tract following oral administration of a substance. The absorbed dose represents the amount of 

substance that is potentially available for biological interaction. It is this dose-response 

relationship that the toxicity of a dermally absorbed substance is evaluated. Thus, for potentially 

carcinogenic substances, the dermal dose-response value is calculated as follows: 

SFd = SForal/Oral ABS 

The dermal dose-response value for evaluating non-carcinogenic effects is calculated as follows: 

RfDd = RJDoraix Oral ABS 
o 

The Oral ABS is the fraction of contaminant absorbed in the gastrointestinal tract (dimensionless) 

in the critical toxicity study. Chemical-specific Oral ABS values are published by USEPA 

(USEPA, 2001b). In accordance with USEPA guidance (USEPA, 2001b), oral dose-response 

values are only adjusted using an Oral ABS value if the COPC has an oral ABS value less than 

50%. Otherwise, the oral dose-response value is used as the dermal dose-response value. Dermal 

SFs and RfDs are presented in Tables 6.1 and 5.1 respectively. 

4.1.4 Sources of Dose-Response Values 

The following hierarchy of sources for dose-response values has been utilized in identifying dose-

response values for this Addendum. 

Tier 1- IRIS (http://www.epa.gov/iris/). In accordance with USEPA guidance, the main source of 

dose-response values is the USEPA Integrated Risk Information System (IRIS), which is a 

database established by USEPA containing all validated data on many toxic substances found at ^ 
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hazardous waste Sites. This database was used to identify the SFs and RfDs applied in this risk 

assessment (USEPA, 2006). 

Tier 2- NCEA 's peer reviewed toxicity values (PRTVs). NCEA's PRTVs are developed by the 

Superfund Technical Support Center (STSC) for the EPA Superfund program. STSC's 

reassessment of HEAST toxicity values, as well as development of PRTVs in response to 

Regional or Headquarters Superfund program requests, are consistent with Agency practices on 

toxicity value development, use the most recent scientific literature, and are supported by both 

internal and external peer review, providing a high level of confidence in the use of these values 

in the Superfund Program. USEPA Region I has provided PRTVs and associated documentation 

prepared by the STSC for aluminum, copper, 2-methylnapthalene, and 4-nitrophenol (USEPA, 

2003b). 

Tier 3 - Other toxicity values 

Cal EPA's toxicity values. Cal EPA develops toxicity values for both cancer and 
non-cancer effects. Cal EPA toxicity values are obtained on the Cal EPA website at 
http://www.oehha.ca.gOV/risk/chemicalDB//index.asp. 

ATSDR's MRLs address non-cancer effects only, and are available on the ATSDR 
website at http://www.atsdr.cdc.gov/mrls.html. 

Toxicity values remaining in current versions of HEAST (1997a). 

In this Addendum, the majority of dose-response values used are published in IRIS. For some 

Site-related COPCs required dose-response data are only available as NCEA provisional values 

or from CAL-EPA. These dose-response values were used in this Addendum in order to provide 

a more complete evaluation of potential risks. 

Uncertainties related to the absence of dose-response data, particularly for COPCs for which the 

exposure pathway, which represents the only pathway or most significant exposure pathway, has 

no toxicity criterion, will be discussed in the risk assessment uncertainty analysis. 

Evaluation of Dioxin-Like Compounds in Site Media 

Due to the limited toxicological data available for many individual dioxin, furan, coplanar PCB 

congeners, and HCX, and to simplify the risk assessment process, a methodology has been 

developed that quantifies the toxicities of various dioxin, furan, and coplanar PCB congeners 

relative to the toxicity of 2,3,7,8-TCDD (Van den Berg et al., 1998). TCDD is widely accepted to 
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~\ 
be the most toxicological significant chemical among these groups of chemicals, all of whose "—^ 

toxicological properties are assumed to be regulated by their individual abilities to bind to the 

cytosolic Ah receptor (AhR). 

Based on the potency of 2,3,7,8-TCDD, and the greater amount of research that has been devoted 

to 2,3,7,8-TCDD, a CSF has only been developed for this congener. Other dioxin, furan, and co

planar PCB compounds exert toxicity through the same mechanism of action as 2,3,7,8-TCDD, 

but the threshold effects levels for the other compounds are directly related to their affinity to 

interact with the AhR. Therefore, dioxin, furan, and co-planar PCB compounds (dioxin-like 

compounds) are evaluated using the dose-response data for 2,3,7,8-TCDD, but the concentrations 

are weighted according to their potency relative to the 2,3,7,8-TCDD using TEFs. 

The procedure for weighting the concentrations of dioxin-like compounds is documented in 

Appendix B. In summary, since 2,3,7,8-TCDD has the greatest affinity for the AhR, it is 

arbitrarily assigned a TEF of 1. Other congeners are assigned a TCDD TEF relative to 2,3,7,8

TCDD based on experimental evidence concerning their relative binding potential to the AhR. >—lV 
i| 

The potency of the congener is then estimated by multiplying the measured media concentration ***** 

by the TEF for the particular congener to yield a TEQ. Finally, a TEQ for the entire sample can 

be determined by summing the calculated TEQs for each AhR binding congener; the resulting 

concentration is a measure of the potency of the entire mixture represented in terms of 2,3,7,8

TCDD, and is expressed as a TCDD-equivalent concentration. This methodology assumes that 

the combined effects of the different congeners are dose or concentration additive, and this has 

been generally supported by results of many studies. This approach fails to consider the 

toxicological significance of effects that are not mediated by the Ah receptor (e.g., neurotoxicity 

and various hormonal effects). However, current consensus is that the TEF approach is the best 

methodology for assessing the impacts associated with exposure to dioxin-like compounds (Van 

den Berg et al., 1998). 

The CSF for 2,3,7,8-TCDD of 1.5E+05 per mg/kg/day (USEPA, 1997) is used to evaluate the 

potential risks associated with dioxin-like compounds. Specifically, this CSF is applied to the 

calculated intakes for the dioxin-TEQ (sum of TEQs for individual dioxin and furan compounds) 

and the co-planar PCB TEQ (sum of TEQs for individual co-planar PCB congeners). The TEFs ,*** 

for dioxin-like PCBs, polychlorinated dibenzodioxins (PCDDs) and polychlorinated •,„•'' 
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dibenzofurans (PCDFs) identified for mammals (Van den Berg et. al. 1998) are applied to the fish 

tissue, surface water, and sediment EPCs for each of the congeners to identify a toxic equivalence 

concentration (TEQ). The TEQ are used in conjunction with the oral CSF for 2,3,7,8-TCDD 

(available in HEAST, USEPA 1997) to estimate cancer risk for those compounds. The 

dioxin/furan TEQ has been kept distinct from the co-planar PCB TEQ for purposes of risk 

calculations. 

The dioxin-like PCB congeners evaluated in this manner include congeners 105, 114, 118, 123, 

156, 157, 167, 189, 81, 77, 126, and 169. I should be noted that PCB congener analysis was not 

conducted for Oxbow Area floodplain soil. The remainder of the reported PCB congeners are not 

evaluated in a quantitative manner. Rather, they are evaluated, by inclusion, with the Aroclor

1254 or Aroclor-1260 using the High Risk and Persistence, Upper Bound CSF for PCBs. 

Aroclor-1254 and Aroclor-1260 EPCs have not been adjusted (reduced) to account for the twelve 

co-planar PCB congeners that are evaluated using the dioxin TEF approach. Therefore, there is 

an overestimation of cancer risk associated with these co-planar PCB congeners. The RfDs 

(Aroclor 1254) obtained from the IRIS database is used to evaluate non-cancer risks associated 

with Aroclors. 

The compound HCX has been identified as a dioxin-like compound and it was identified at the 

background area. However, HCX analysis was not conducted for the Oxbow Area floodplain 

soils. Therefore, HCX risk has not been evaluated for the Oxbow Area. 

DIOXIN REASSESSMENT 

EPA has reviewed available toxicity studies on 2,3,7,8-TCDD and other dioxin-like compounds. 

A preliminary draft document, Exposure and Human Health Reassessment of 2,3,7,8

Tetrachlorodibenzo-p-Dioxin (TCDD) and Related Compounds, (EPA, 2000) presents EPA's 

scientific reassessment of the health risks resulting from exposure to these compounds. This draft 

document has been reviewed by the public and the USEPA's Science Advisory Board (SAB) in 

its publication, Dioxin Reassessment - An SAB Review of the Office of Research and 

Development's Reassessment of Dioxin, (EPA-SAB, 2001). At this time, the dioxin reassessment 

document and its contents remain in draft status. The draft reassessment document draws some 

important conclusions and makes recommendations concerning health risk assessment for dioxins 

and furans. 
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Cancer Effects 

In its review of available toxicity studies on 2,3,7,8-TCDD and other dioxin-like compounds 

(EPA 2000), USEPA recommended a revised CSF of 1E+06 (mg/kg-d)'1 to estimate upper-bound 

cancer risk for background intakes and incremental intakes above background. This estimate 

compares well with the published estimates of cancer slope and risk from epidemiological studies 

by Becher et al., 1998 and Steenland et al., 2001 on the Hamburg and NOISH cohorts. Use of the 

recommended CSF (EPA 2000) would result in an approximately 7-fold increase in the cancer 

risk estimates based on the current upper-bound SF (1.56 E+05) associated with 2,3,7,8-TCDD 

and other dioxin-like compounds. 

The epidemiological literature suggests an association with increases in all cancers combined, in 

respiratory tumors, and possibly in soft tissue sarcoma. EPA found that a weight-of-evidence 

evaluation suggests that mixtures of 2,3,7,8-TCDD and other dioxin-like PCDDs, PCDFs, and 

PCBs are strong cancer promoters and weak direct or indirect tumor initiators. 

Based on the most sensitive cancer responses in animal and human studies, EPA estimated CSFs 

ranging from approximately 1E+06 to 9E+06 (mg/kg-d)"1. EPA estimated an upper-bound CSF 

of 1E+06 (mg/kg-d)"1 based on human data from a meta-analysis of three occupational cohorts, 

and an upper bound CSF of 1.4E+06 (mg/kg-d)"1 based on animal data. Other analyses of these 

data have recently been published (Starr, 2001, 99-1301 and Crump, 2003, 99-1300). The shape 

of the low-dose exposure response relationship could not be determined from available data. 

Therefore, EPA used a linear dose extrapolation model to derive upper-bound CSF estimates. 

Non-cancer Effects 

EPA (2000) evaluated the "margin-of-exposure" (MOE), for several toxicology studies on non-

cancer effects (DeVito et al., 1995; Gray et al., 1997; Mabley et al., 1992a,b,c; Murray et al., 

1979; Narashimhan et al., 1994; Rier et al., 1993; Schantz et al., 1992; Schrenk et al., 1994; 

Sewall and Lucier, 1995; Smialowicz et al., 1994; Van Birgelen et al., 1995; Vecchi et al., 1983 

Vogel et al., 1997; Walker et al., 1999). MOE is defined here as the ratio of the effect level in the 

comparison species to the current background human body burden. The effect level in the 

comparison species pertains to the body burden in laboratory species that results in some low 

level effect, such as a LOAEL, or the ED01 (the effective dose at which 1% of the tested 
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population shows the effect in question). For the most sensitive endpoints identified, MOEs were 

found to range from, for example, less than one for enzyme induction in mice and rats, less than 

four for developmental effects and to four for endometriosis in nonhuman primates. In other 

words, the body burden in the laboratory species that showed a particular effect was only four 

times (and less) higher than the current body burden in humans. In evaluating MOEs, 

consideration should be given to uncertainties in distinguishing between adaptive biochemical 

changes and adverse effects, both on an individual level and as these changes impact whole 

populations. Children's non-cancer risks from dioxin and related compounds may be greater than 

for adults, but more data are needed to fully address this issue. 

An RfD, for dioxin-like compounds has not been developed. Further, EPA (2000) concluded that 

an RfD for dioxin calculated in the manner typical of the way EPA determines RfDs would result 

in a dose that is significantly lower than current average background doses. RfDs are used 

primarily to evaluate increments of exposure from specific sources when background exposures 

are low and insignificant, and background exposures are not insignificant as indicated by the 

MOE discussion above. 

This assessment quantifies non-cancer effects using RfDs to calculate HQs and hazard indices. 

Because an RfD has not been developed for PCDDs and PCDFs, the potential for non-cancer 

effects from exposure to dioxin-like compounds is not quantitatively evaluated in this assessment. 

Alternative cancer risk estimates for the floodplain soil exposure pathway could be calculated in 

the same manner as discussed above, but using the 2,3,7,8-TCDD CSF draft value 

(Ixl06/(mg/kg/day) presented in the 2000 Dioxin Reassessment Document (USEPA, 2000c). 

Using that CSF, the estimated cancer risks associated with dioxin and furan exposure would be 

approximately 6.4 times higher than calculations presented in this assessment. 

Evaluation of Chromium in Site Media 

The most common forms of chromium in environmental media are chromium III (trivalent 

chromium) and chromium VI (hexavalent chromium). Although chromium was detected in Site 

media, no speciation analyses were performed. To provide a conservative assessment of toxicity 

and health risks associated with potential exposures to chromium, chromium data was evaluated 

as hexavalent chromium in this risk assessment. 
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Exposures to hexavalent chromium have been associated with chronic non-cancer health effects 

via ingestion, dermal contact, and inhalation, and allergic contact dermatitis via direct dermal 

contact with hexavalent-chromium containing materials. The chronic oral RiD of 0.003 

mg/kg/day (IRIS, 200 Id) and the subchronic oral RfD of 0.02 mg/kg/day (HEAST, 1997c) have 

been applied to the estimated daily doses in order to characterize potential non-cancer risks for 

ingestion and dermal contact with soil. Hexavalent chromium RfCs are published for chromium 

particulates and chromic acid mists. 

Evaluation of Lead in Site Media 

No dose-response values are published for potential exposures to lead. In the absence of dose-

response data, USEPA recommends use of lead biokmetic uptake models to evaluate potential 

lead exposures, and comparison of the lead intake estimated using the models to threshold blood 

lead levels for children and adults. Lead is screened as a potential COPC by comparing the 

maximum detected concentration to USEPA's Interim Soil Lead Screening Value of 400 mg/kg 

(USEPA, 1 994), which is considered by USEPA to be protective for residential exposures to lead 

in soil. The OSWER screening values are used to evaluate potential risks associated with lead 

exposure at these areas. Lead RME EPCs in floodplain soil were greater than 400 mg/kg in the 

Oxbow Area (1,835 mg/kg) and at the background area (591 mg/kg) and the lead CT EPCs in 

floodplain soil were also higher than 400 mg/kg at the Oxbow Area (575 mg/kg) and at the 

background area (450 mg/kg). The potential soil-related risks have been further evaluated using 

the OSWER screening values. The lead concentration of 1,835 mg/kg at the Oxbow Area 

appears to be an anomaly. If the average concentration of lead is calculated for the Oxbow Area 

without that sample, the average is 201 mg/kg and is clearly below the OSWER screening level 

for residential soils. 

Evaluation of Mercury in Site Media 

Mercury may exist as elemental mercury, inorganic mercury salts, and organic mercury. 

Typically, mercury is present in environmental media as inorganic mercury salts or organic 

mercury (methyl mercury) that may be produced by bacterial methylation of inorganic mercury. 

Methyl mercury is known to bioaccumulate. In this Addendum, mercury detected in fish is 

evaluated using oral dose-response values for organic mercury (methyl mercury), whereas 
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mercury detected in other media (e.g., soil) is evaluated using oral dose-response values for 

inorganic mercury. 
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5.0 RISK CHARACTERIZATION 

5.1 RISK CHARACTERIZATION 

The final step of the risk assessment is the risk characterization. This step involves the 

integration of the exposure and toxicity assessment into quantitative expressions of potential 

human health risks associated with COPC exposure. Quantitative estimates of both carcinogenic 

and noncarcinogenic risks are made for each COPC and each exposure point. Risks associated 

with RME exposure scenarios and CT exposure scenarios are calculated separately. 

Cancer Risks 

Carcinogenic risks associated with exposure to individual chemicals are estimated by multiplying 

the chemical intake for each carcinogen by its CSF. This value represents an upper bound of the 

probability of an individual developing cancer over a lifetime as the result of exposure to a 

chemical. For each receptor and each exposure pathway (exposure to a specific medium) such as 

consumption of a specific fish species, the chemical-specific risks for all carcinogenic compounds 

will be summed to determine the lifetime cancer risk for that receptor for that medium. The 

following equations are used to estimate the chemical- and pathway-specific cancer risks. 

Chemical-Specific Excess Lifetime Cancer Risk: 

Riski = CDIi x CSFt 

where: 
Risk; = unitless probability of an individual developing cancer as the result of 

exposure to a chemical i 
CDIj = chronic daily intake of chemical i averaged over 70 years (mg/kg-day) 
CSF; = USEPA CSF for chemical i (mg/kg-day)'1 

According to RAGS Part A, p. 8-6 and 8-11, if the estimated risk is equal to or greater than 0.01, 

an alternative approach (one-hit equation for high carcinogenic risk levels) for calculating cancer 

risk should be used: 
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where: 

Risk; = unitless probability of an individual developing cancer as the result of 
exposure to a chemical i 

GDI; = chronic daily intake of chemical i averaged over 70 years (mg/kg-day) 
CSFj = USEPA CSF for chemical i (mg/kg-day)'1 

e = exponent (value of 2. 1 8 1 7) 

Pathway-Specific Incremental Lifetime Cancer Risk: 

Riskr = ^ Riski 

where: 

RiskT = unitless probability of an individual developing cancer as the result of 
multiple chemical exposures 

Riskj = unitless cancer risk estimate for a single chemical associated with biota 
consumption 

The results from the carcinogenic risk assessment are compared to acceptable risk ranges 

established by the USEPA. The USEPA's guidelines, established in the National Hazardous 

Substances and Pollution Contingency Plan (NCP) identify acceptable exposure levels as those 

concentration levels "that represent an excess upper bound lifetime cancer risk to an individual of 

between 10"4 and 10"6 using information on the relationship between dose and response" (USEPA 

1990). 

Non-cancer Risks 

Non-cancer risk estimates are calculated by dividing specific chemical intake by the appropriate 

RfD. The result is called the HQ. The HQs for individual compounds within an exposure 

pathway are summed to obtain the hazard index (HI) for that particular pathway. 

The following equation is used to determine the HQ: 

HQ. = 
tf/D, 

where: 

HQ of chemical i 
intake of chemical i averaged over the exposure period (mg/kg-day) 
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^m f̂t 

RfDj = RfD for chemical i corresponding to the same exposure duration as the
 

intake (mg/kg-day)
 


The following equation is used to determine the HI: 

HI = Z HQ. 

where: 

HI = potential for noncarcinogenic effects from multiple chemical exposures 

HQj = HQ for each chemical associated with biota consumption 


An HI of less than 1 indicates that noncarcinogenic toxic effects are unlikely. An HI greater than 


1 indicates a greater possibility of a noncarcinogenic toxic effect occurring, but the circumstances 


must be evaluated on a case-by-case basis. Generally, as the HI increases, so does the likelihood 


that adverse effects might be associated with exposure. However, the relationship between 


increased risk and larger HI values may not be linear. 


Calculation of Non-cancer and Cancer Risks ^ 


RAGS Part D Table 7s are used to present the risk calculations. In simplistic terms, for a given 


receptor/age-group, cancer risks are calculated for each chemical in each medium (e.g., sediment) 


and exposure route (e.g., ingestion, dermal contact). Risks across exposure routes are summed to 


yield the risk for that medium. Cancer risks associated with all exposure media for that 


receptor/age-group are summed to yield the cumulative receptor cancer risk for that receptor/age


group. For a given receptor (by age-group), the non-cancer HI is calculated for each chemical, 


and exposure route for a given medium. HI values associated with all exposure media for each 


receptor/age-group are summed to yield the screening cumulative HI for that receptor/age-group. 


This summing of HI values across chemicals and exposure media is a conservative screening 


approach; because chemicals can have different target organs, non-cancer risks are not 


necessarily additive. 


The calculated RME and CT cancer risks and HI values for the Passive Recreational Visitor, all 


age-groups, are calculated in Tables 7.1.RME through 7.3.RME and Tables 7.1.CT through 


7.3.CT for RME and CT exposures respectively for the Oxbow Area. The daily intakes for the 


background area (Greystone Mill Pond Area) floodplain soil for the Passive Recreational Visitor, "^ 


all age-groups, are calculated in Tables 7.4.RME through 7.6.RME and Tables 7.4.CT through 
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7.6.CT for RME and CT scenarios respectively. For each receptor group, each of the age groups 

is presented in a separate table. The RAGS Part D Table 7s document the risk calculations by 

identifying the COPCs, EPCs, daily chemical intakes by chemical for both cancer and non-cancer 

endpoints, the CSFs and RiDs, and the calculated cancer risk and HQ for each chemical in each 

exposure medium. Further, the Table 7s present summed risks for each medium/exposure route 

combination and for each medium. 

The RME risk calculation spreadsheets are presented in the following order. 

OXBOW AREA 

•	 Passive Recreational Visitor at the Oxbow Area - adult, older child, child - floodplain 
soil. Tables 7.1.RME through 7.3.RME. 

GREYSTONE MILL POND 

•	 Passive Recreational Visitor at Greystone Mill Pond (background area) - adult, older 
child, child - floodplain soil. Tables 7.4.RME through 7.6.RME. 

The CT risk calculation spreadsheets are presented in the same order with the same numbering 

scheme as the RME spreadsheets, but the table numbers contain "CT" rather than "RME (e.g., 

Table 7.1.CT). 

There are no RAGS Part D Table 8s for this Addendum. Table 8s are specifically for the 

calculation of radiological risks. No radiological COPCs were identified in this assessment. 

Therefore, no Table 8s are required. 

Summary of Non-cancer and Cancer Risks 

RAGS Part D Table 9s summarize the information that is documented in the Table 7s. In 

addition, consistent with USEPA guidance (USEPA, 1989, 200 Ic), the Table 9s segregate the HI 

calculations by target organ system, and calculate a HI for each target organ system. This 

presentation of the HI calculations is an enhancement of the screening HI calculations presented 

previously in the Table 7s. RAGS Part D Tables 9.1.RME through 9.6.RME and Tables 9.1.CT 

through 9.6.CT summarize the risk calculations that are documented in the Table 7s that were 

discussed previously. 
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Alternate Cancer Risk Calculation Method 

Consistent with USEPA guidance (USEPA, 1989), if the cancer risk calculated by the standard 

linear dose-response model is greater than 0.01, cancer risks should be recalculated using the one-

hit model presented in Section 5.1. None of the calculated cancer risks are greater than 0.01 for 

any exposure pathways either individually or combined. Therefore, it is not necessary to 

recalculate cancer risks using the one-hit model. 

Identification of Chemicals of Concern 

RAGS Part D Table 10s identify, for each of the three age groups for the Passive Recreational 

Visitor at the Oxbow Area, those chemicals that are considered chemicals of concern (COCs). 

COCs are those substances that have associated cancer risk greater than one in one-million (1 x 

10"6) and/or a HI greater than one for a given medium/receptor/age-group combination. COCs are 

those substances that would typically be considered in the Feasibility Study process. Tables 

10.1.RME through 10.3.RME and Tables 10.1.CT through 10.3.CT identify the COCs and the 

risks associated with each of the COCs in floodplain soil at the Oxbow Area for the Passive 

Recreational Visitor. There are no Table 10s for Greystone Mill Pond, which is the background 

area. The background area risks were calculated for the purposes of calculating incremental risks. 

It is not necessary to identify COCs for that area. 

For the RME Passive Recreational Visitor scenario, Aroclor-1254, arsenic, and dioxin TEQ were 

identified as COCs for floodplain soil at the Oxbow Area because the chemical-specific cancer 

risk is greater than one in one million. No COCs for floodplain soil were identified based on non-

cancer HI values for the RME Passive Recreational Visitor scenario because no chemical-specific 

HI is greater than one. 

For the CT Passive Recreational Visitor scenario, only dioxin TEQ was identified as a COC for 

floodplain soil at the Oxbow Area because the chemical-specific cancer risk is greater than one in 

one million. No COCs for floodplain soil were identified based on non-cancer HI values for the 

CT Passive Recreational Visitor scenario because no chemical-specific HI is greater than one. 

The identification of a chemical as a COC does not necessarily indicate that the concentrations of 

the chemical in floodplain soil at the Oxbow Area are elevated above background. For example, 
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arsenic arithmetic mean and maximum floodplain soil concentrations at the Oxbow Area are 5.4 

mg/kg and 12.8 mg/kg. These concentrations are very similar to the arithmetic mean and 

maximum concentrations in floodplain soil at the Greystone Mill Pond Area (background area) 

which are 7.72 mg/kg and 12.2 mg/kg respectively. It appears that arsenic concentrations in 

floodplain soil at the Oxbow Area are consistent with background conditions even though arsenic 

has been identified as a COC by the Table 10 process. For Aroclor-1254, the mean and 

maximum concentrations in floodplain soil at the Oxbow Area (1.4 mg/kg and 3.5833 mg/kg) are 

greater than the corresponding values for the background area (0.51998 mg/kg and 0.83872 

mg/kg). However, a single sample at the Oxbow Area (LPX-SD-4402) has the maximum 

reported value of 3.5833 mg/kg Aroclor-1254. If this single result is removed from the Oxbow 

Area data set, then the maximum Aroclor-1254 concentration would be 0.687 mg/kg, which 

would appear to be consistent with background conditions. 

Summary of Calculation of Receptor Risks 

Tables 1 l.l.RME and 11.1.CT are risk summary tables. These tables present the floodplain soil 

route-specific risks for each age-group for the Passive Recreational Visitor. In addition, Tables 

12 and 13 present total receptor non-cancer and cancer risks (all age groups combined for cancer 

risk) for each medium for the passive Recreational Visitor at each exposure point and for all 

exposure media combined. Tables 12 and 13 also show the incremental risks (the difference 

between the total calculated risk and the risk at the background location, Greystone Mill Pond). 

In order to "normalize" calculated risks between the Oxbow Area and the background area for the 

purposes of calculating incremental risk, in an alternative risk calculation, the risks at the 

background area were calculated excluding SVOCs and PCB Congener TEQ. Once that was 

done, the risks for both the Oxbow Area and the background area are based on the same chemical 

parameter groups: dioxins and furans; inorganics and metals; and pesticides and Aroclors. The 

Oxbow Area incremental risks were calculated as the difference between calculated Oxbow Area 

risks and the "normalized" background area risks. 

As shown in Table 11 .RME, the total (summed across age groups) floodplain soil cancer risk for 

the Passive Recreational Visitor is 3 x 10^*, which is above the upper end of the Superfund cancer 

risk range. The highest non-cancer HI among the age groups is 1, for the child Passive 

Recreational Receptor. This screening HI is equal to the Superfund HI threshold value. This HI 
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does not have a single, dominant chemical contributor. Ingestion of chromium, vanadium, 

manganese, arsenic, and Aroclor-1254 in floodplain soil is responsible for the majority of the 

calculated HI. Ingestion of floodplain soil by the child receptor contributes the largest cancer risk 

among exposure pathways. The largest chemical contributor to RME cancer risk is the dioxin 

TEQ, which is based on the maximum reported concentration of dioxins and furans in floodplain 

soil. 

As shown in Table 11 .CT, the total (summed across age groups) floodplain soil cancer risk for the 

Passive Recreational Visitor is 9 x 10"6, which is within the Superfund cancer risk range. The 

highest non-cancer HI among the age groups is 0.1, for the child Passive Recreational Receptor. 

This HI is well below the Superfund HI threshold value. Ingestion of floodplain soil by the child 

receptor contributes the largest cancer risk among exposure pathways. The largest chemical 

contributor to RME cancer risk is the dioxin TEQ, which is based on the average reported 

concentration of dioxins and furans in floodplain soil. 

Table 12 presents the incremental (above background) non-cancer risk for floodplain soil at the 

Oxbow Area for the Passive Recreational Visitor. The highest incremental RME HI among the 

age groups is 0.06 for the older child. This incremental HI value is well below one and it 

indicates that the incremental HI associated with the Oxbow Area is not significant. The Oxbow 

Area incremental CT non-cancer risk is reported as zero (the non-cancer risk is not greater at the 

Oxbow Area than at the background area). To simplify the presentation of risks, negative 

incremental risks have not been reported as negative values, they have been reported as zero. The 

calculated floodplain soil CT HI values for the Oxbow Area are actually somewhat lower than the 

corresponding HI values for floodplain soil at the background area. 

Table 13 presents the incremental (above background) cancer risk for floodplain soil at the 

Oxbow Area for the Passive Recreational Visitor. The incremental RME cancer risk is 3 x 10 ,̂ 

which is above the upper end of the Superfund cancer risk range. This incremental cancer risk is 

essentially equal to the cancer risk presented in Table 11.RME for the Oxbow Area. This 

indicates that the majority of the calculated RME cancer risk for the Oxbow Area is site-related. 

The incremental RME cancer risk is contributed almost completely by the dioxin TEQ, which is a 

function of the maximum reported dioxin TEQ in floodplain soil in the Oxbow Area. The 
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incremental CT cancer risk is 8 x 10~6 which is within the Superfund cancer risk range. This 

incremental CT cancer risk is very similar in magnitude to the cancer risk presented in Table 

1 l.CT for the Oxbow Area floodplain soils. Therefore, most of the CT cancer risk at the Oxbow 

Area appears to be site-related (dioxin TEQ in floodplain soil). 
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6.0 UNCERTAINTY ANALYSIS 

This section includes a discussion of major limitations of the analyses, any sources of 

uncertainties, and, if possible, any indication as to whether these uncertainties and limitations 

may have resulted in and over- or under-estimation of risk. The uncertainty section may also 

include unusual site conditions or extenuating circumstances that may be pertinent to risk 

management decisions. Other factors such as the inadequacy of toxicity factors to describe all 

possible COPC-receptor interactions and individual differences within the human population are 

included in this section. Uncertainties in the quantification of risk associated with the site are 

identified and their impacts on risk estimates are discussed below. 

Hazard Identification 

A single, limited environmental investigation event has provided the analytical data that has been 

utilized in the Addendum. The identification of COPCs has been conducted consistent with 

USEPA guidance and has been done in a health protective manner. Based on currently available 

information, it is unlikely that any detected substances that have not been selected as COPCs 

would have a substantial impact on the Addendum results and conclusions if they had been 

retained in the Addendum. A full suite of analytical parameters was included in the analysis of 

most of the floodplain soil samples evaluated in the Addendum. However, given that the dioxin 

TEQ is such a predominant contributor to site risk, it is unlikely that the inclusion of additional 

analytical parameters would have substantially changed the results and conclusions of the 

assessment. 

Background conditions have not been specifically considered in the selection or elimination of 

substances as COPCs. Several of the persistent organic COPCs (such as dioxins, furans, and 

PCBs), while they are not naturally-occurring substances, are detectable at some concentration 

almost ubiquitously in environmental samples such as biota and sediments. Therefore, exposure 

concentrations of those COPCs represent "total" exposure potential from both site-related and 

non-site-related sources. 

There were some analytical parameters (such as PCB congeners and HCX) that were identified 

and quantified in soil at the background area that were not included in the analyte list for the 

Oxbow Area floodplain soil. Those analytical were excluded from the calculations of 
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incremental (above background) for the Oxbow Area. Had those analytical been included in the 

analyte list, they might have been selected as COPCs for floodplain soils at the Oxbow Area. 

Exposure Assessment 

The selection of receptors is conservative and health-protective for the conditions identified at the 

Site. The identification of the Passive Recreational Visitor to be evaluated is conservatively 

realistic for the current and likely future conditions at the Oxbow Area. 

The values for receptor-specific exposure parameters such as soil contact rates and soil ingestion 

rates have been identified in a conservative manner. Default USEPA residential values have been 

applied to this passive recreational scenario. Values have been identified based on available 

guidance and professional judgment. In risk assessment, when values are assigned in lieu of 

actual measurements, there is some uncertainty in the values, and that uncertainty may have an 

impact on the results of the risk assessment. In that context, the exposure estimates and 

associated risk estimates in this assessment would likely be overestimated rather than 

underestimated. Some factors that were not specifically addressed in the calculations could result 

in lower risk estimates. 

Toxicity Assessment 

The toxicity assessment has been conducted consistently with available USEPA guidance. Dose-

response information has been obtained from the IRIS database, NCEA, CAL-EPA, and 

USEPA's Health Effects Assessment Summary Tables. These sources of dose-response values 

are commonly used for regulatory risk assessment activities and are generally considered to be 

conservative in nature. The use of surrogate toxicity values for chemicals lacking US EPA 

recommended values is conservative since it is likely that the chemical specific toxicity would be 

lower than those exhibited by their surrogate. 

Dioxin and Furan Congeners 

Dioxin and furan congeners have been evaluated using the 2,3,7,8-TCDD oral CSF of 1.5 x 105 

per mg/kg/day (taken from USEPA's HEAST, 1997) and the mammalian TEFs from Van den 

Berg et al. 1998. This approach represents the most recent risk assessment approach for 

evaluating dioxins and furans. This approach has been employed because there is not adequate 

toxicity testing for each of the hundreds of dioxin and furan congeners. Although the TEFs do 
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have scientific basis, the use of the TEFs to estimate the cancer potency of each of the congeners 

does have some uncertainty associated with it. However, the predominant congener in 

environmental media at the four exposure points is 2,3,7,8-TCDD. Since 2,3,7,8-TCDD is 

considered to be the most toxic of the dioxin and furan congeners, the use of the TEFs has less 

impact on the risk assessment than would be the case where 2,3,7,8-TCDD was not the 

predominant congener and other congeners without published CSFs were the focus of the 

assessment. 

^ 

The oral CSF for dioxin that was utilized in this assessment is taken from HEAST, 1997. The 

USEPA's Exposure and Human Health Reassessment of 2,3,7,8-Tetrachlorodibenzo-p-Dioxin 

(TCDD) and Related Compounds, Draft from September 2000 identifies another potential CSF of 

1 x 106 per mg/kg/day. Using the alternative CSF, the cancer risk for floodplain soil exposure 

would increase by a factor of approximately 6.4. 

Non-cancer risk was not quantitatively evaluated for potential exposures to dioxins and furans. 

There is not currently a published USEPA oral RfD available for 2,3,7,8-TCDD, any other dioxin 

or furan congener. USEPA has concluded that the current average dioxin exposure to the human 

population is greater than the RfDs that would be calculated based on available data. USEPA, 

therefore, concluded that RfD values would not be informative for safety assessment (USEPA, 

2000). Non-cancer effects such as effects on reproduction and development, suppression of the 

immune system, and chloracne (USEPA, 2000) have been associated with these compounds in 

animal studies and it is likely that similar effects might occur with human exposure. Therefore, 

the non-cancer risk associated with potential exposure to dioxins and furans are understated in 

this Addendum. 

 "̂"̂  
1 

 "̂"""̂  

Risk Characterization 

The Incremental (above background) risks have been compared to Superfund risk management 

criteria and benchmarks in order to draw conclusions concerning the Site-related risks. An 

evaluation has been conducted to confirm that the largest chemical contributors to the 

Incremental risk are Site-related. As has been discussed previously, more than 99% of the cancer 

risk for the Passive Recreational Visitor at the Oxbow Area is associated with the dioxin TEQ in 

floodplain soil. Although the dioxin TEQ is clearly the predominant contributor to cancer risk at -"""K 
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the Site, it is also clear that the congener 2,3,7,8-TCDD is by far the major risk contributor to the 

dioxin TEQ. 

Overall, the risk characterization provides conservative estimates of non-cancer and cancer risks 

consistent with USEPA risk assessment guidance (USEPA, 1989). 
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7.0 CONCLUSIONS 

The potential risks associated with current and future floodplain soil exposure for Passive 

Recreational Visitors to the Oxbow Area have been characterized. The risk characterization 

included the evaluation of exposure to floodplain soil at the Oxbow Area. Risks have been 

calculated using both RME and CT exposure scenarios. The calculated risks have been compared 

to the Superfund cancer risk range of 10~6 to 10"* and to a HI value of 1. 

Human health risks have also been characterized for an upstream riverine background area 

(Greystone Mill Pond). The risks associated with potential exposures at the Oxbow Area have 

been compared to the calculated risks at the background area. In addition, the incremental risks 

above those identified for the background area have been identified for floodplain soils at the 

Oxbow Area. 

The following conclusions have been drawn for the Oxbow Area. 

•	 The calculated RME total (all age groups summed) receptor cancer risk for floodplain 
soil exposure at the Oxbow Area is greater than the Superfund risk range of 10~6 to 10~4. 

•	 The calculated CT total (all age groups summed) receptor cancer risk for floodplain soil 
exposure at the Oxbow Area is within the Superfund risk range of 10~6 to 10"4. 

•	 Ingestion of floodplain soil is the pathway that is the largest contributors to cancer risk. 
•	 Dioxins and furans (particularly 2,3,7,8-TCDD) is the largest contributors to cancer risk 

for the floodplain soil exposure scenario. 
•	 The non-cancer HI is equal to or less than one for each age group for the Passive 

Recreational Visitor for RME and CT scenarios. 
•	 The incremental (above background) RME total receptor cancer risk for the Oxbow Area 

floodplain soil Passive Recreational Visitor is also greater than the Superfund risk range 
oflO-6tolO-4 . 

•	 There appears to be no substantial incremental (above background) non-cancer risk for 
the Oxbow Area floodplain soil Passive Recreational Visitor exposure scenario. 

P:\W9-GVT\COE-NAE\Battelle\Centredale\OX BOW\AddendumToBHHRA081006.doc 7-1 



Centredale Manor Restoration Project Superfund Site - Addendum To BHHRA: Oxbow Area August 2006 
MACTEC Engineering and Consulting, Inc. Project Number 51226.27D 

8.0 CALCULATION OF PRELIMINARY REMEDIATION GOALS 

The baseline risk assessment has identified the chemicals that most significantly contribute to 

human health risks for the floodplain soil exposure pathway for the passive recreational Visitor at 

the Oxbow Area as shown in Tables 10.1.RME through 10.3.RME and Tables 10.1.CT through 

10.3.CT. Those chemicals that are associated with an excess lifetime cancer risk greater than 

one-in-one-million (dioxin TEQ, arsenic, and Aroclor-1254) and/or a non-cancer HQ greater than 

1 (no chemicals met that criterion) in any medium have been identified as COCs. PRGs may be 

established. If derived, risk-based floodplain soil PRGs will be identified for various risk levels 

(cancer risk of 10 ~6, 10"5, 10"1, and HQs of 0.1, 1, and 10). PRGs would be developed for dioxin 

TEQ, arsenic, and Aroclor-1254 in floodplain soil. These floodplain soil concentrations will be 

risk-based sediment concentrations for consideration in the remedial decision-making process. 
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ACRONYMS 

ADDs average daily dose 
AhR Ah Receptor 
AT averaging time 

BERA Baseline Ecological Risk Assessment 
BHHRA Baseline Human Health Risk Assessment 
BW body weight 

CMRPSS Centredale Manor Restoration Project Superfund Site 
COC chemicals of concern 
COPCs chemicals of potential concern 
CSF cancer slope factor 
CSM conceptual site model 
CT Central Tendency 

DER Data Evaluation Report 
DQOs data quality objectives 

EAs exposure areas 
ED exposure duration 
EF exposure frequency 
EPC exposure point concentrations 

FDA Food and Drug Administration 
FI fraction ingested 
FS Feasibility Study 

HCX hexachloroxanthene 
HHBRA Human Health Baseline Risk Assessment 
HI hazard index 
HQ hazard quotient 

IR Consumption rate 
IRIS Integrated Risk Information System 

LADD lifetime average daily dose 
LOAEL Lowest Observable Adverse Effect Level 

mf modifying factor 
mg/kg milligrams per kilogram 

NCP National Hazardous Substances and Pollution Contingency Plan 
NOAEL No Observable Adverse Effect Level 

OCDD octachlorinated dibenzo-p-dioxin 
OHM oil and/or hazardous materials 
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PAHs polycyclic aromatic hydrocarbons 
PCBs polychlorinated biphenyls 
PCDDs polychlorinated dibenzodioxins 
PCDFs polychlorinated dibenzofurans 
PRGs preliminary remediation goals 
PRTVs peer reviewed toxicity values 

RAGS Risk Assessment Guidance for Superfund 
RBC Risk Based Concentration 
RfC Reference Concentration 
RiDs Reference Doses 
RfDss Subchronic Reference Doses 
RI Remedial Investigation 
RME Reasonable Maximum Exposure 

SA surface area 
SF Slope Factor 
STSC Superfund Technical Support Center 
SVOCs semivolatile organic compounds 

TCDD tetrachlorodibenzo-p-dioxin 
TEF Toxicity Equivalent Factor 
TEQ toxic equivalent quotient 

UCL upper concentration limit 
UF Uncertainty Factor 
UR Unit Risk 
USAGE U.S. Army Corps of Engineers, New England District 
USEPA U.S. Environmental Protection Agency 

VOCs volatile organic compounds 
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Figure 2. Oxbow Area Surface Sediment Sample Locations 

(Samples from boring locations LPX-SD-4401, LPX-SD-4402 and LPX-SD-4403 do not appear to be within the channel, however, sediment samples from these 
locations were collected by wading into the channel as far as possible (waist deep). Sample location coordinates are accurate to 4-6m, although the presence of 
heavy vegetation may have impacted the accuracy of coordinate readings.) 
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TABLES
 




o o o
Table 1.1 

Baseline Human Health Risk Assessment Approach 

Addendum To Baseline Human Health Risk Assessment: Oxbow Area 
Centredale Manor Restoration Project Superfund Site 

North Providence, Rhode Island 

Timeframe Receptor Exposure Point Activity Exposure Medium Exposure Route* Previous 
Evaluations RI/FS Approach 

Current/Future Recreational Oxbow Area  Passive Floodplain Surface Direct contact (ingestion None Will be considered in the FS. 
Visitor forested wetland Recreation Soil and dermal contact 

Surface soil Inhalation of participates None Because the area is a forested wetland 
and vapors and soils would typically have high 

moisture content, evaluation of dust 
exposure for passive recreational 
activities is not necessary. 
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Table 1.2 
Exposure Pathway Summary 

Addendum To Baseline Human Health Risk Assessment: Oxbow Araa
 

Centredale Manor Restoration Project Superfund Sit*
 


North Providence, Rhode Island
 


EXPOSURE POINT AND POTENTIAL EXPOSURE MEDIUM 
RECEPTOR POPULATION AND RELEVANT PATHWAYS 

Flood Plain Surface Soil 

Passive Recreational Visitor hild, Adolescent, Adult 

assive Recreational Visitor hild, Adolescent. Adult 

Motet: 

Tlmeframe: 
C - currant land use 
F • future land use 
Pathways: 
DERM - exposure via dermal contact 
ING- exposure vie Incidental Ingestion 
•-• Indicates that the pathway Is not evaluated. 

Prepared by: MJM 
[Checked by: KJC 

MACTEC •nd Consulting, Inc. 
5I228.RI-13, 

BOWTABlESW-Ul»-2*REV3(TiWt 61V" 1:26 PM 



o o.. -IB 1.1 o 
Occurrence, DUtrlbutlon »nd Selection of Chemicals of Potential Concen
 


Floodplatn Soil - Oxbow Are*
 


Addtndum To Baseline Human Hralth Rlik AuMiment: Oxbow Ana
 

C«ntrada.« Manor R«toration Projtct Superfund Site
 


North Provldrac*, Rhodt bland
 


CurMit/Futur* 

HExpoioro Medium: Floodplain. Soil 

CAS Chemical Minimum (1) Minimum Mufmum (I Maximum Unld Simple H> Detection Rengeof Concentration Beckground Screening Potential Potential Retain Rationale for
 

Number Concentration Qualifier Concentration Quellller ofMnzlmum Frvquenc Detection Uied for Velue Toxldty ARAR/TB ARAR/TBC ei COPC Contaminant
 
Concen Irallon Limits Screening (I) V.lue(J) Velue (4) Source Deletion or
 

Mln-M« Selection (S)
 

PesUddesTCBs 

.."»** 72-34-8 4,4'-ODD 0.00442 0.02(58 LPX-SD-4407-0005-01 3/3 . 0.02(58 N7A 2.4 C N/A N/A No S 
72-55-9 4.4'-ODE 0.00595 J 0.04236 me/Kg LPX-3D-4407-0005-01 3/3 . 0.04236 NVA 1.7 C N/A N/A No S ....„„„... 
50-29-3 4,4'-DDT 0.0009$ J 0.00276 J LPXJD-4407-0005-01 0.00015 - 0.00015 0.00276 WA 1.7 C N/A N/A No S3*i 

5103-71-9 a-chlordane 0.00119 J 0.007(8 J LEX-SD-4407-0005-01 2/3 0.00014-0.00014 0.007(8 N7A N/A N/A Yei A..."*** 
..»«** 309-00-2 aldrin 0.00097 0.001(4 J UK-3D-4402-0005XI1 2 /3 0.00014-0.00014 0.001(4 WA 0.029 C N/A N/A No S 

.."**« 50-57-1 dieldrln 0.00251 0.06-338 7 LEX-3D-M 02 -0005-01 3/3 . 0.06338 WA 0.03 C N/A N/A V«J A 

..."*?•* 33213-65-9 endosullin U 0.00337 0.00337 LPX-3D-44 04 -0005-01 1/3 0.00016-0.0002 0.00337 N/A K/A N/A Wi A 
7421-93-4 endrin aldehyde 0.0019 0.00951 J m**« tPX-SD-4402-0005-01 2/3 0.00023-0.00023 0.00951 MM. N/A N/A Yei A 

..."*** 53494-70-5 endrinketone 0.00173 0.00173 LFX-SrM404JW05-01 1/3 0.00016-0.0002 0.00173 N/A N/A N/A Ytl A 
5103-74-2 g-chlordane 0.002 OS J 0.00(94 me/Kg DJX-SD-4407-0005-01 3/3 . 0.00(94 N/A N/A N/A Yes A 

...Wt*R. 76-44-8 wptschlor 0.00073 0.00073 LPX-3D-M 04-0005-01 1/3 0.00015.0.00019 0.00073 M'A o.ii c N/A N/A No S 

.."W** 1024-57-3 hepfschtor epoxide 0.00018 0.00018 LFX-SD-4404-000541 1/3 0.00014-0.00017 0.00018 N/A 0.053 C N/A N/A No S 
58-89-9 .indue 0.00076 I 0.00076 J LPX-SD-M02 -0005-01 1/3 0.0001 J- 0.0001* 0.00076 N/A 0.44 C N/A N/A No S..."»«» 

...•"**«. 57-74-5" Technical Chloidene 0.03008 0.03001 LPX-SD-44044005-01 1/3 0.01626 -0.02.034 0.03008 K/A N/A N/A Yei A 
11097-69-1 jodoM254 0.63783 3.5(33 J ..."WSs... LPX-SD-4X02 -0005-01 2/3 0.01(9< -0.01(96 3.5J3J N/A 0.11 > N/A N/A Y.i A 
11100-14-4 Ar«clorl2S8 0.10311 0.10311 mg/Kg LPX-SD-44 04 -0005-01 1/3 0.01(22 - 0.02028 0.10311 N/A 0.11 N N/A N/A No S 

iBeresBlcs 

.."•»*«. 7440-36-0 Antimony 0.922 7.01 LPX-3D-4404-0005-01 4/4 - 7.01 N/A 3.1 N N/A N/A Yes A 
7440-31-2 Arsenic 2.61 12.8 .."«««. LRXJD^404Jo65-oi 4/4 , ij'.« N/A 6.39 C N/A N/A Yei A 

..!"**•: 7440-39-3 Buium 174 514 LPXJD-44 04 -0005-01 4 /4 . 514 N/A 540 N N/A N/A No 3 

..W**.. 7440-41-7 eryllium 3.46 7.9 LPX-3D-H 02-0005-01 4 /4 . 7.9 N/A 15 X N/A N/A No S 
7440-43-9 2adjnium 1.19 8.25 ing/Kg LPX-SD-4404 -0005-01 4/4 . 8.25 N/A 3.7 N N/A N/A Yei A 

.»<*** 7440-47-1 Chromium 43.1 104 LPX-SD-M02 -0005-01 4/4 . 104 N/A 210 C N/A N/A No S 
7440-4M oblll 8.79 22 m|/K» LPX-SD-*4 04 -0005-01 4/4 . 22 N/A 140 N N/A N/A No S 
7440-50-8 OR!* J7.2 357 .."»«* IPX-SD-44 04^1005-01 4/4 . 357 N/A 310 N N/A N/A Yes A 
7439-92-1 ead 44.4 1815 LPX-SD-t404^)005-01 4/4 . 1835 N/A 400 N N/A N/A Yes A•"»*« 

.!•««*.. 7439-96-5 Minganese 809 859 LPX-SD-4404-0005-01 4/4 859 N/A 180 N N/A N/A Y«s A 
7439-98-7 Molybdenum 4.58 17.3 LCK-SD-44024005-01 4/4 . 17.3 K/A 39 N N/A N/A No S.W«*. 

.."»*». 7440-02-0 ickel 18.4 32.4 LPX-SD-4402-000541 4/4 . 32.4 N/A 160 N N/A N/A No S 
7782-19-2 elenlum 1.52 2.22 msKj LPX-SD-4404-0005-01 3/4 1.64-1.64 2.22 N/A 39 N N/A N/A No S 

.!«R«S.. 7440-22-4 Ira 0.452 11.1 LPX-SD-4404-0005-01 4 /4 . 11.1 N/A 39 N N/A N/A No S 

."»«f 7440-28-0 htlliiim 0.401 1.04 LPX-3D-4404-0005-01 4/4 . 1.04 N/A 0.52 N N/A K/A Yes A 

."««».. 74-1 0-42-2 anadium 43.6 71.1 LPX-SD-4404-0005-01 4/4 . 71.1 •••"H/A 7.8 N N/A N/A Yes A 
7440-66-6 nc 109 18(7 n*Ks LPX-3EM404-OOOJ-OI 414 . 1867 N/A 2300 N N/A N/A No S 

lexlas/Finis 
TEM oxicity Equivalency . Mammals 0.000347 0.004291 n«Kg UX-SEM405-0005-OI 7/7 • 0.004291 N/A 0.0000039 N/A N/A Yes A 

(1) Minimum or minimum concentration detected in exposure uet. Stmpta Included in ditt M ire identified In Appendix A. mg/KO - milligrams per kilogram 
(2) Tttt concentration uied 6r screening is the maximum detected concentration, per USEPA Region I (USBPA. 1995). COPC- chemical of potential concern 
(3) Values are the Residential Soil Preliminary Remediation Goals (PROs) obtained ftomUSEPARegion DC daled October 20,2004. ARARTBC - Applicable or Relevant and Appropriate Requirements / To Be Considered 

Value* used £>r screening are the residential soil PRGs for the lesser of cancer risks equal to 1E-06 or ngn-cancer risks equal to a hazard index of 0.1, per USEPA Region I (USEPA. 1999). 
(4) There ire no applicable ARAR values Jbr sedlmemV Basis of screening toxicity vslue: 
(5) Antlyte is selected as a COPC if the concentration used for screening exceeds the PRO. N - Based on non-cancer endpoint 

S « Concentration used for screening is less than the screening toxicity value; the analyte was not selected as a COPC. C - Based on cancer endpoint 
A » Concentration used for screenirg is greater than the screening toxicity value; the inalyle was selected as a COPC. S-Saturated 
E - The analyte it i human essential nutrient, end is not considered to be toxic it the concentration detected; the analyte was not selected as a COPC (A.D. Little, 199C USEPA, 1995). M-Maximum 

K/A-Not applicable 
- Background values are not applicable ft>r selection of COPCs. Risks at the Background location will be characterized and compared to the risks characterized in this assessment. 
- Potential ARAR/IBC values are not applicable for selection of COPCa. EPA suggests use of risk-baud media concentrations £>r screening COPCs. 

Qualifier definitions: pre, ipered by: KJC 
J-Viluelieitimsled- |cin Checked by: MJM 

MACTIC Fa Jlattrlat a ad Coaialllat, IBC. 
PAV«.G\r • 
CPCSC i1of1 r)/10/2006 

http:1.64-1.64


CAS 
Number 

92-52-4 
91-57-4 
83-32-9 

208-96-8 
120-12-7 
100-52-7 
56-55-3 
50-32-8 

105-99-2 
191-24-1 
207-08-9 
117-J1-7 
85-68-7 
86-74-8 

218-01-9 
53-70-3 
132-64-9 
84-74-2 

117-S4-0 
206-44-0 
88-73-7 

193-39-5 
91-20-3 
85-01-8 
129.00-0 

72-54-8 
72-55-9 
50-29-3 

5103-71-9 
11097-69-1 
11100-14-4 

60-57-1 
1031-07-8 
1024-57-3 
57-74-9 

7429-90-5
 
7440-364
 
7440-38-2
 
7440-39-3
 
7440-41-7
 
7440-43-9
 
744M7-3
 
744 (MM
 
7440-50-8
 
7439-89-6
 
7439-92-1
 
7439-96-5
 

pcanario Timefiame: Cunant/Futuro' 
Ifedtam: Floodplain Soil 

» Medium: FloodplaigSoil 

Chemical 

SaiilTOl.m. Orcanla 
l.l'-Bipbeayl 
2-M.ltyli.if4tb.l~. 
Aceeifhlline 
Ac«i»pWhyl.n. 
Anthnceee 
Irauldrtyde 

Bonzo(e)iathficen. 
Beazo(>)p)miie 
Benzo<b)fluofialhoao 
BeKo(J,kj)pef)rl»i. 
Ben&>(k)fluorutboiie 
bi«2-BHylh«trOP*'h^.l« 
BrtylbeuylplitluUle 
Ciibuole 
:hiyieno 

Dibeazo{a,h)katonwene 
DibeazoAine 
M-e-Biitylphthilue 
'i-i-octylpbihiiito 

Fleonatbeno 
aorone 
deoo(1.2.>«l)|>xiei» 

ripktbelin. 
WMBtbrMO 

^rvae 
•eitlddel/PCBi
 

,4'-DDD
 

4'-DDE
 

4'-DDT
 

phi-Cblonliii.
 

ndoi-1254
 

rocloi-1268
 

eldria 

adoiulftnSulfkU 
opticatorEpoxido 
ochnicil CMordino 
norianlei 

umiaien 
timony 

nenic 
rlim 

oiyllium 
dmium 
raniwn 
belt 
pper
 

n



lUCMIMe 

Minimum (l
 

Concentration
 


0.02602 
0.07282 
0.18626 
0.19667 
0.4802 

0.06052 
Z29265 
2.29123 
2.31549 

1.676 
238394 

0.8 
0.12 
0.42 

2.74766 
0.43544 
0.16055 
0.061 
0.083 

5.22748 
0.25625 
1.76819 
0.10375 
3.07207 
4.33506 

0.00464 
0.00519 
0.00269 
0.00781 
0.20734 
0.04356 
0.00424 
0.00409 
0.00074 
02782 

10971
 
0.462 

5.58
 

181
 

1.9 

0.711
 

171
 


•9.57

109
 

21383
 
316
 
439
 

Minimum
 

Quallfle
 


J 
} 
J 

J

I


1

I

J


1

3


J 
I


Maximum (I
 

Concentration
 


0.0617 

0.17022 

0.56384 

049749 

0.98295 

0.17229 

3.41086 

3.41803 

4.28861 

2.87139 

3.86354 


1.9 

0.58 

0.86 


4.48851 

0.72851 

0.39925 


0.17 

0.083 

7.73124 
0.65899 
3.0929 

0.30218 
5.30136 
6.37272 

0.01517 
0.02061 
0.01827 
0.03592 
0.83872 
0.13913 
0.00941 
0.01269 
0.00074 
0.73538 

21793
 
0.982
 
12.2
 
282
 
4.46
 
3.46
 
291
 
20.3
 
324
 

37162
 
591
 

4126
 

Table 2.2 
Occurrence, Dlitrlbotion aid Selection of Cbemlcab of Fot»tlil Concern 

Flood plain Soil - Background Area 

Addendum T« Baiellie H.man Health Rlik Aueument: Oxbow Area
 

Centredale Manor Reiteration Project Superflnd Site
 


Nor* Providence, Rfcodelil.nd
 


B»clcjround
 

Value
 


N/A 
K/A 
H'A 
N/A 
N/A 
N'A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
K/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

K/A
 

N/A
 

N/A
 

K/A
 

N/A
 

N/A
 

N/A
 

N/A
 

N/A
 

N/A
 


N/A
 

N/A
 

N/A
 

N/A
 

K/A
 

N/A
 

K/A
 

N/A
 

N/A
 

K/A
 

N/A
 

N/A
 


Screening Potential
 Potential
 
Toxlclty ARAR/TBC
 ARAK/TBC
 
Value (3) Value (4)
 Source
 

350
 N/A N/A 
N/A N/A 

370
 N/A N/A 
N/A N/A 

2200
 N/A N/A 
610
 N/A N/A 
0.62
 N/A K/A 

0.062 	 N/A N/A 
0.62 	 N/A N/A 

N/A K/A 
6.2
 N/A N/A 
35
 N/A K/A 

1200
 N N/A WA 

24
 C N/A N/A 

62
 C N/A N/A 


0.062 C 	 N/A N/A 
29
 N N/A N/A 


610
 N N/A N/A 

240
 N N/A N/A 

230
 N N/A N/A 

270
 N N/A K/A 

0.62 C 	 N/A N/A 
5.6 N 	 N/A K/A 

N/A N/A 

230
 N N/A N/A 


2.4 C 	 N/A
 N/A
 
1.7 C 	 N/A
 N/A
 
1.7	 C N/A
 N/A
 


N/A
 N/A
 

0.22	 C N/A
 N/A
 


N/A
 N/A
 

0.03	 C N/A
 N/A
 


N/A
 N/A
 

0.053	 C N/A
 N/A
 

N/A
 N/A
 

7600
 N N/A
 N/A
 
3.1
 N N/A
 N/A
 
0.39
 C N/A
 K/A
 
540
 N N/A
 N/A
 
15
 N N/A
 N/A
 
3.7
 N N/A
 N/A
 
210
 C N/A
 N/A
 
900
 C N/A
 K/A
 
310
 N N/A
 N/A
 

2300
 N N/A
 N/A
 
40
 N N/A
 N/A
 

180
 N N/A
 N/A
 

Retain 
el 

COPC7 

No
 

Yei
 

No
 

Y.I
 

No
 

No
 

Y.I
 

Y.I
 

Yei
 

Y.i 
No 
No 
No 
No 
No 
Yei 
No 
No 
No 
No 
No 
Yn 

No 

Y.i
 

No
 


No
 

No
 

No
 

Y.i
 

Yd
 

Yn
 

No
 

Y»
 

No
 

Y«
 


YM
 

No
 

Yei
 

No
 

No
 

No
 

Yei
 

No
 

Yei
 

No
 

Y.I 
Y.I 

Rationale for
 

Contaminant
 

Deletion or
 

Selection (5)
 


9

A

S

A

S

S

A

A

A

A

3

3

5

3

S

A

S

S

S

S

S

A

S

A

S


S


S


S


A


A


A


S


A


3


A



A


S


A


3


S


3


A


3


A


E


A


A



Maxlmu
 

Quallfle
 


I


J



J

J

1


1

J


I


J 

I


I


J


J



1


I



Unlti 

Max 
MO/K 
MO/KO 
MO/KO 
MO/KO 
MO/KO 
MO/XO 
MO/KO 
MOKO 
MO/XO 
MO/KO
MO/KO 
MO/KO 
MO/KO 
MO/KO 
MO/KO 
MO/KO 
M(VKO 
MO/KO 
M0«0 
MOKO 
MCVKO 
JO/KO 
MO/KO 
MO/KO 

4O/KO 
MQ/KO 
M*KO 
iOIKO 
JO/KO 

MOK9 
MOOCO 
10/K.O 
KifKO 

MCVKO 

ICMCO
 

JOKO
 


Moxa 
MOKO 
MOKa 
id/KO 

MO/KO
MaKa 
MO/KO 
IO/KO 

MO/KO 
MO/KO 

Sample ID 
of Maximum 

Concentration 

KWK-EP-5001-0000-01 
RWR-FI^5002-000<W)1 
RWR.FP.5002-0000-01 
KWK-FP-5001-0000-01 
RWR-FP-3002-0000-01 
KWK-n>-5004-0000-<)l 
KWK-FF-5004-0000-01 
K.WR-FP.5001-0000-01 
RWR-FP-5001-0000-01 
S.WR-FP-5001-OIXKH>1 
S.WR.F^SOOl̂ MO-01 
s.WR-n>-5ooi-oooo-oi 
B.WR-FP-5004-0000-01 
RWR-FP.5002-0000-01 
RWR.FP.5001.0000-01 
KWR-FP-5001-0000-01 
RWR-Pp.5002-0000-01 
RWR-FP-5004-0000-01 
RWR-FP-5002JWO(MU 
RWR-FP-5001-0000-01 
RWR.FP-5002-0000-01 
RWR.FP-5001. 0000-01
 
RWR-FP-5002-0000-01 
RWK-FF-5002-0000-01 
RWR.FP-5004.0000-01 

RWR-FP-5001-0000-01 
RWR-FP.5001-0000-01 
RWK-FP.J004-000041 
RWR-FP-5001-0000-01 
RWR-FP-5001-0000-01 
RWR-FH.50tt4.0000.01 
RWR.pp.5001.0000-01 
RWR-FP-5004-0000-01 
RWR-FP-5004-0000-01 
RWR-FP-5001-0000-01 

RWR-FP-50014000-01
 

RW&-FP-50044CIOO-01
 

RWR-FP-5004.0000-01
 

RWR-FP-5002-0000-01
 

RWR-FP-5001-0000-I>1
 

RWR.FP-5001-0000-01
 

RWR-FP-5001-0000-C1
 

XW&.FP.5004-000041
 

RWR-FP-SOOl-OOOO-Ol
 

R.WR-FP-5004-0000-01
 

RWR-FP-5001-0000-01
 

RWR-FP-S004-OCOO-01
 


Detection 
Trequenc 

4 /4 
4/4 '" 
414 
4/4 
4 /4 
4/4 
4 / 4 
4/4 
4/4 
4 / 4 
4 / 4 
4 /4 
4/4 
4/4 
4 / 4 
4/4 
4 /4 
4 /4 
1/4 
4/4 
4 /4 
4 / 4 
4 /4 
4 / 4 
4 / 4 

4 / 4 
4 /4 
4/4 

' • '4 /4 
4 /4 
4 /4 
4 /4 
3/4 
1/4 
4/4 

4 /4
 

4 /4
 

4 /4
 

4 /4
 

4/4
 

4 /4
 

4 /4
 

4 /4
 

4 /4
 

4 /4
 

4 /4
 

4 / 4
 


Ranee or
 

Detection
 


Llmltl
 

Mln-Max
 


. 
• 

• 

. 

. 
• 

; 
. 

0.58 'I 

• 

. 

. 

• 

. 

;
. 

0.00215 • 0.00215 
0.00124 • a 00215 

-
. 

; 
. 
• 
. 

Concentration
 

U»d for
 


Screening (2)
 


0.0617
 

0.17022
 

0.563M
 

0.49749
 

0.08295
 

0.17229
 

3.41086
 

3.41803
 

4.28861
 

2.87139 
3.86354 

1.9 
0.58 
0.86 

4.48851 
0.72851 
0.39925 

0.17 
0.083 

7.73124 
0.65899 
3.0929
 


0.30218
 

5.30136
 

6.37272
 


0.01517
 

0.02061
 

0.01827
 

0.03592
 

0.83872
 

0.13953
 

0.00941
 

0.01269
 

0.00074
 

0.73538
 


21793
 

0.9(2
 

112
 

2(2
 

4.46 

3.46
 

291
 

20.3
 

324
 


37162
 

591
 


4126
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Table I.I 

Oenrrnn.DUtrlbv.tloi and Selection orChemlcab of Potential Coacem 
Floodplaln Sol] -BadtfroiMd Art* 

Addeidira To Baiellao H«ma. Health RlikAiiMimMt: Oxbow Art.
 

C««tr.d«l»M««orR«tor»tloli Project Super-find SH»
 


North Providence, Rhode bl»d
 


oTimeftune: Curnnl/Furura
 

: FloodplainSoil
 

e Medium: FloodpldnSoil
 


CAS Chemical Minimum a) Minimum Molmura 0) Mulraum Dnlu Simple ID DtUcUon Rinit* Conctntratloa B*ckf round ScrMBlnf PotinUtl Potential Retain Ratlonile for 

Number Concentration QuiIIfler Conctnlratlon Quilintr ofMnlmum Frequency DetccUon Uicd far V.lu, Tralclty ARAIVTBC ARAIVTBC at Contaminant 
Concenlratlon Limits Scmnlncp) V.l.ep) Vilut(4) Source COPC7 DeleUon or 

Mln-M«x Selection (SI 

7439-97-0- *m*T 0.3»1 0.811 M(VKO KWR-FP-3001-0000-01 4/4 . 0.111 tVA N/A N/A YM A 
J29S7-92-4 Mercery (methyl) 0.000324 I 0.0007<2 J MOKO KWK-FP>>002400<W1 4/4 . 0.0007<2 K/A 0.61 N tVA N/A No 3 
7439-91-7 Molybdenum Ml J •7.7 J Moaca RWK-TP-3CB5-0(1«M)1 4/4 - 17.7 WA 39 N N/A N/A YM A 
74IO-02-0 flcW 25.} 3«7 MtVKO RWR-PP-3001-00(X)-01 4/4 . 3(7 N/A 160 N N/A K/A Yil A 
77BW9-2 SeYoaiam 0.«»7 J 0.9<3 J MOKO KWR-FP.30M-0000-01 3/4 0.611 . 0,411 0.943 N/A 39 N N/A N/A No 3 
7+10-23-1 lilver 1.23 3.i MOKO RWR-FP.3001*»M1 4/4 . J.i VIA 39 N N/A WA No a 
7-440-lt-O "ftalliwn ftjij 0.383 .MOKO »WRJT>-3(XM-«IOO-01 4/4 . 0.3t3 WA 0.31 N N/A KTA Y.i A 
7440-42-2 Vuadhm 55.6 103 MQ/ica X.WR-FP-3004400M1 4/4 103 »A a N N/A WA Y.I A 
7440-SM Zinc 138 497 Mdica KWRJ^iboi-OOMMli 4/4 . 497 WA 2300 N N/A NTA No S 

r»orttiTur«u 
38178-W-3 HCX O.OOOOU77 0.00041706 J MOKO RWR-PP-3004-OOC«Mll 4 /4 . 0.00041706 N/A N/A N/A fn A 

IBM Toricity Bqaivaleacy - Muanali 0.0000221 0.000109 MOVKO RWR-FH3001-0000-01 4/4 . 0.000109 WA 3.90E-06 C N/A N/A Yn A 
PCBCTEM amity Biaivalauy (KB) . Mammals 0.000037* 0.0000379 MO/KO SWK-TP-1002-0000-01 1/1 0.0000379 WA 3.90E-06 C N/A WA YM A 

(1) Minimum or mvdm •truiod datocttd in npoiura im. Simplet ioduoed In d»b i« ve IdMtiflid l> Appudix A. MOKO - mlllltnmi per kilo|/im 
0) He coKeatndoa uud for tone«lt( li 1»« miximwn oVtectxl ccucrafnlioa. per USBPA KHIOO I (USEPA. 1W3). COPC « chemical of potential concern 
(3) Viluae in the RMideatial Soil Pralimiaiiy RemdittioB Ooeli (PROt) obuiaeo' from USEPA Re(ion K filed October 20,2004. ARAR/TBC - Applicible or Relevant and Approprlite Requirement! / To Be Cooiiderad 

Veluei UHd for ecreeaiit ire the teeldmliil toil PROi for thi letter of ciacer rliki equil to 1E-06 or non-mar riiti eo.gil to i nurd Index of 0.1, perTJBEPA R«t><* I (USEPA, 1999). 
(4) Tien ire no .pplioU. AKAR vilui for toil 
(5) Aulyte ii telecM il l COPC tt the coacntntion uied for Kteealit Kceedi tie FRO. N - Bated on non-cancer eadpoint 

I - Concnlnnoi tad for icreelint It leu tbu the icmclm lojdcity vilur, the tndyte mi not lelecled u i COPC. C - Bated on cancer eadpoint 
A - Coiceitnllon yied for eereeiiic U ireiter then tno icre«iii( lojdcily viliir, the uelyle w» ulecled u i COPC 
E - The inelyte it i himii eueatiil nutrieit.udUioli»aeidendtobe loso it the ooncntntion detected; tbe wilyte mi tot lelected u a COPC (AJX Little, 199« USEPA, 1W3). 

N/A-Nottppliabl. 
- Buktroiad vdaet ire lot ippliciMe for eeledioi of COPCv Rl.b at tbeBKtfoiud loctfioa will be cfcanderiitd and comoarad to the riib characterized ii thil uieumwl 
- Potential AXAR/TBC valiet are lot applicable for teleclion of COPCi. EPA iiuen we of riik-baied media coaoentntioai for acneaint COPCv 

Qualillerdefiiitioai: Prepared by: KIA 
J-Valiwbeelinated. Checked by: M)M 
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Table 3.1.RME 

Medium-Specific Exposure Point Concentration Summary• Reasonable Maximum Exposure 

Floodplaln Soil 

Addendum To Baseline Human Health Risk Assessment: Oxbow Area 


Centredale Manor Restoration Project Superfund Site 


North Providence, Rhode Island 


cenario Timeframe: Current/Future 

n: Floodplain Soil 


xposure Medium: Floodplain Soil 


Exposure Chemical Units Arithmetic 95%UCL Maximum Exposure Point Concentration 

Point of Menu (distribution) Detected 

Potential Concentration Value Units Statistic (1) 

Concern (1) (qualifier) 

GREYSTONE Semh-olotile Organic! 
2-Methylnaphthalene MO/KG 0.1071 NC 0.17022 J 0.17022 MQ/K.G Max 
Acenaphthylene MO/KG 0.31765 NC 0.49749 0.49749 MQ/KO Max 
Benzo(a)anthracene MG/KO 3.09372 NC 3.41086 3.41086 MG/KO Max 
3enzo(a)pyrene MO/KO 3.07718 NC 3.41803 3.41803 MO/KO Max 
3onza(b)fluGfanthene MO/KG 3.45207 NC 4.28861 4.28861 MO/KG Max 

Benzo(£.h,i)p«yleno MO/KG 2.336 NC 2.87139 2.87139 MG/KG Max 
Dibenzo(aji)anthracene MQ/KO 0.61485 NC 0.72851 0.72851 MG/KO Max 
IndenoO ,2,3-cd)pyrene MQKO 2.51886 NC 3.0929 3.0929 MO/KO Max 
'henanthrene MG/KQ 3.95543 NC 5.30136 5.30136 MO/KG Max 

Peiticldei/PCBf 
alpha-Chlordano MO/ECO 0.0178 NC 0.03592 0.03592 MG/KG Max 
Aroclor-1254 MQKO 0.51998 NC 0.83872 0.83872 MOKG Max 
Aroclcr-1268 MOKO 0.08389 NC 0.13953 J 0.13953 MO/KG Max 
Bndojulfan Sulfatc MQKO 0.00650 NC 0.01269 J 0.01269 MO/KQ Max 
Technical Chlordane MO/KO 0.4307 NC 0.73538 6.73538 MO/KG Max 
norganlei 
luminum MO/KO 15899 NC 21793 I 21793 MO/KG Max 
nemc MO/KO 7.72 NC 12.2 12.2 MO/KG Max 
3inxnium MOKO 231 NC 291 291 MG/KG Max 

Copper MO/KO 205 NC 324 324 MO/KG Max 
Lead MO/KO 450 NC 591 591 MG/KG Max 
Manganese MO/KO 1841 NC 4126 4126 MG/KO Max 

[ercuiy MO/KO 0.582 NC 0.811 0.811 MO/KG Max 
blybdenum MGWKO 54.0 NC 87.7 I 87.7 MG/KO Max 
ickel MO^CO 120 NC 387 387 MO/KG Max 
lallium MO/KO 0.461 NC 0.585 0.585 MG/KG Max 
anadium MO/KO 82.3 NC 103 103 MO/KG Max 
lozlns/Furani 

'oxicity Equivalency (Dioxim/Furani) - Mammals MO/KO 0.0000550 NC 0.000109 0.000109 MO/KO Max 

Rationale 

(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 

(3) 
(3) 
(3) 
(3) 
(3) 

(3) 
(3) 
(3) 
(3) 
(3) 

.. (3) 
(3) 
(3) 
(3) 
(3) 
(3) 

(3) 

MACTEC Engineering and Consulting, Inc. 
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Table 3.1.RME 

Medium-Specific Exposure Point Concentration Summary  Reasonable Maximum Exposure 
Floodplain Soil 

Addendum To Baseline Human Health Risk Assessment: Oxbow Area 
Cenfredale Manor Restoration Project Superfund Site 

North Providence, Rhode Island 

Scenario Timefivune: Current/Future 
Medium: Floodplain Soil 
Exposure Medium: Floodplain Soil 

Exposure Chemical Units Arithmetic 95%UCL Maximum Exposure Point Concentration 
Point of Mean (distribution) Detected 

Potential Concentration Value Unit* Statistic (1) Rationale 

Concern (I) (qualifier) 

OXBOW PMtlcidu/PCBi 
a-chlordane MO/KO 0.0030 NC 0.00768 1 0.00768 MO/KO Max (2) 
dieldrin MOKO 0.023 NC 0.06338 1 0.06338 MGfKO Max (2) 
endotuUanH MO/KO 0.0012 NC 0.00337 0.00337 MO/KQ Max (2) 
oidrin aldehyde MO/KO 0.0038 NC 0.00951 ; 0.00951 MOKO Max (2) 
endrinketone MO/KO 0.00064 NC 0.00173 0.00173 MO/KG Max (2) 
g-chlordane MQfKQ 0.0040 NC 0.00694 0.00694 MO/KQ Max (2) 
Technical Chlordane MO/KO 0.016 NC 0.03008 0.03008 MO/KG Max (2) 

Aroclcrl2S4 MO/KO 1.4 NC 3.5833 J 3.5833 MCVKO Max (2) 
norganlci 

Antimony MO/KO 3.0 NC 7.01 7.01 MOKO Max (2) 
Anenic MO/KO 5.4 NC 12.8 12.8 MOKO Max (2) 
*admium MO/KG 4.0 NC 8.25 8.25 MO/KQ Max (2) 

Copper MO/KO 121 NC 357 357 MQ/KG Max (2) 
Lead MO/KO 575 NC 1835 1835 MCWCG Max (2) 
Manganese MO/KO 826 NC 859 859 MO/KO Max (2) 
hallium MOKO 0.72 NC 1.04 1.04 MO/KO Max (2) 

Vanadium MO/KO 59.3 NC 71.1 71.1 MO/KO Max (2) 
Dioxlni/Furani 
Toxicity Equivalency (Dioxins/Furam)  Mammals MO/KO 0.0018 NC 0.004291 0.004291 MO/KO Max (2) 

(1) Chemicab of potential concern are identified in Table 2.1 and Table 2.2 for the lite expoeure ana and background ana respectively. 

(2) Max Maximum detected concentration, applied if fewer than 10 temples (95V< UCL not calculated), or if the 95% UCL ii greater than the maximum concentration. 

Qualifier Definition!: 

I - Value ii wtimated. 

MO/KO M milligram! per kilogram 

NC- Not Calculated 

EFC - Btpo»ure Point Concentration Prepared by: KJC 

UCL • Upper Confidence Limit on the arithmetic mean Checked by: MJM 

MACTEC Engineering and Consulting, Inc. 
P.AWMVnCOE-NAE\a<MMC 
EPC^CMXIxwxIt, EPC RME 
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Table 3.1.CT
 
Medium-Specific Exposure Point Concentration Summary - Central Tendency
 

Floodplain Soil
 

Addendum To Baseline Human Health Risk Assessment: Oxbow Area
 

Cenfredale Manor Restoration Project Superfund Site
 


North Providence. Rhode Island
 


Scenario Timcfrunc: Current/Future 
Medium: Floodplain Soil 
Exposure Medium: Floodplain Soil 

Exposure Chemical Units Arithmetic 95%UCL Maximum 
Point of Mean (distribution) Detected 

Potential Concentration Value 
Concern (1) (qualifier) 

GREYSTONE Scmivolatllc Organic* 
2-Methylnaphthalene MO/KG 0.1071 NC 0.17022 } 0.1071 
Acenaphthylene MO/KG 0.31765 NC 0.49749 0.31765 
3enzo(a)anthraceno MG/KG 3.09372 NC 3.41086 3.09372 
Benzo^pyrene MG/KG 3.0771 S NC 3.41803 3.07718 
Benzo(b)fluoranthene MO/KG 3.45207 NC 4.28861 3.45207 
)enzo(g.h,i)perylene MG/KG 2.336 NC 2.87139 2.336 

Dibenzo(a,h)anthracene MO/KG 0.61485 NC 0.72851 0.61485 
Ihdono(l,2,3-cd)pyrene MG/KG 2.51886 NC 3.0929 2.51886 
Phenanthreno MO/KG 3.95543 NC 5.30136 3.95543 
Pestlcldes/PCB> 
alpha-Chlordane MO/KG 0.0178 NC 0.03592 0.0178 
Arodor-1254 MG/KG 6.51998 NC 6.83872 0.51998 
Aroclor-1268 MG/KG 0.08389 NC 0.13953 J 0.08389 
Endosulfan Sulfate MG/KG 0.00650 NC 0.01269 J 0.00650 

ethnical Chlordane MG/KG 0.4307 NC 0.73538 0.4307 
norganlci 

Aluminum MG/KG 15899 NC 21793 J 15899 
Arsenic MG/KG 7.72 NC 12.2 7.72 

hromium MG/KG 231 NC 291 231 
opper MG/KG 205 NC 324 205 
ead MG/KG 450 NC 591 450 
jmganese MO/KG 1841 NC 4126 1841 

Mercury MG/KG 0.582 NC 0.811 0.582 
Molybdenum MG/KG 54.0 NC 87.7 J 54.0 

iclcel MG/KG 120 NC 387 120 
lallium MG/KG 0.461 NC 0.585 0.461 
anadium MQKG 82.3 NC 103 82.3 
ioxini/Furaiu 

'oxicity Equivalency (Dioxins/Furans) - Mammab MG/KG 0.0000550 NC 0.000109 0.0000550 

Exposure Point Concentration 

Rationale 

(3i> 
(3) 
(3) 
(3) 
(3) 
P) , 
(3) 
(3) 
(3) 

(3) 
(3)



..(3)
 

(3) 
(3) 

(3). . ... 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 

(3) 

Units 

MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

MO/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

MG/KG
 

MG/KG
 

MG/KG
 

MG/KG
 

MG/KG
 

MG/KG
 

MG/KG
 

MG/KG
 

MG/KG
 

MG/KG
 

MG/KG
 


MG/KG
 


Statistic (1
 


Mean
 

Mean
 

Mean
 

Mean
 

Mean
 

Mean
 

Mean
 

Mean
 

Mean
 


Mean 
Mean 
Mean 
Mean 
Mean 

Mean
 

Mean
 

Mean
 

Mean
 

Mean
 

Mean
 

Mean
 

Mean
 

Mean
 

Mean
 

Mean
 


Mean 
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Table 3.1.CT
 


Medium-Specific Exposure Point Concentration Summary - Central Tendency
 

Floodplain Soil
 


Addendum To Baseline Human Health Risk Assessment: Oxbow Area
 

Centredale Manor Restoration Project Superfund Site
 


North Providence, Rhode Island
 


Scenario Timeframe: Current/Future
 


Medium: Floodplain Soil
 


Exposure Medium: Floodplain Soil
 


Exposure Chemical Units Arithmetic 95%UCL Maximum Exposure Point Concentration 

Point of Mean (distribution) Detected 

Potential Concentration Value Units Statistic (1) Rationale 

Concern (1) (qualifier) 

OXBOW	 	 PeitWdw/PCB.
 

a-chlordane MO/KG 0.0030 NC 0.00768 J 0.0030 MG/KG Mean
 
 (2) 
dieldrin MG/KG 0.023 NC 0.06338 J 0.023 MG/KG Mean ... (?) ... 
endosulfan n MG/KG 0.0012 NC 0.00337 0.0012 MG/KG Mean (2) 
endrin aldehyde MG/KG 0.0038 NC 0.00951 J 0.0038 MG/KG Mean (2) . 
endrinlcetone MG/KG 0.00064 NC 0.00173 0.00064 MO/KG Mean . (2> . 
g-chlordane MO/KG 0.0040 NC 0.00694 0.0040 MG/KG Mean (2) 
Technical Chlordane MO/KG 0.016 NC 0.03008 0.016 MG/KG Mean (2) 

Arocior 1254 MG/KG 1.4 NC 3.5833 J 1.4 MG/KG Mean (2) 
norganlcs 

Antimony MO/KG 3.0 NC 7.01 3.0 MG/KG Mean . (2) 
Arsenic MG/KG 5.4 NC 12.8 5.4 MG/KG Mean (2) 
Cadmium MO/KG 4.0 NC 8.25 4.0 MG/KG Mean (2) 
Copper MG/KG 121 NC 357 121 MG/KG Mean ....(2) . . 
Lead MG/KG 575 NC 1835 575 MG/KG Mean . (2) 
langanese MG/KG 826 NC 859 826 MG/KG Mean (?) 
nallium MG/KG 0.72 NC 1.04 0.72 MG/KG Mean . <?) 

Vanadium MO/KG 59.3 NC 71.1 59.3 MG/KG Mean (2) 
Hoxlns/Furans 
'oxicity Equivalency (Dioxins/Furans) - Mammals MG/KG 0.0018 NC 0.004291 0.0018 MG/KG Mean (2) 

(1) Chemicals of potential concern are identified in Table 2.1 and Table 2.2 for the site exposure area and background area respectively. 

(2) Mean: Arithmetic Mean, applied if fewer than 10 samples (95% UCL not calculated), or if the 95% UCL is greater than the maximum concentration. 

(3) Max: Maximum, applied in the special case where the arithmetic mean has been selected, but because of elevated detection limits in non-detects, it is greater than the maximum detected concentration. 

Qualifier Definitions: 


J " Value is estimated. 


MG/KG -milligrams per kilogram 

NC-Not Calculated 

EPC - Exposure Point Concentration Prepared by: KJC 

UCL - Upper Confidence Limit on the arithmetic mean Checked by: MJM 

MACTEC Engineering and Consulting, Inc. 
P:\VW-QVnCOE-NAaBatteMCmmoite\OX BOWYTABLESV 
EPOSO-Oxbowjdf, EPC CT 

Page 2 of 2		 8/10/2006 



Table 4.I.RME 
V«luci Used For Daily Intake Calculations 

Addendum To Baseline Human Health Risk Assessment: Oifcow Area
 

Centradale Manor Rottoratloii Project Superfund Site
 


North Providence, Rhode bland
 


SCENARIO TIMEFRAME: CURRENT/FUTURE
 

MEDIUM: FLOODPLAIN SOIL
 


URE MEDIUM: FLOODPLAIN SOIL
 


II EXPOSURE PARAMETER 
RECEPTOR POPULATION RECEPTOR AGE EXPOSURE POINT PARAMETER DEFINITION VALUE UNITS 

ROUTE CODE 

INGESTION ADULT GREYSTONE MILL PON1 CS CHEMICAL CONCENTRATION IN SOIL chemical-spocifi mg/kg 
PASSIVE RECREATION (ages 19 «nd abov ALLENDALEPOND IR-S INGESTION RATE OF SOIL 100 me/day 

1 
VISITOR FI FRACTION INGESTED I unities* 

EF EXPOSURE FREQUENCY 78 dsyfyr 
ED EXPOSURE DURATION 12 yr 
BW BODY WEIGHT 70 kg 

' AT-C AVERAGING TIME (CANCER) 23550 day 
AT-N AVERAGING TIME (NONCANCER) 4380 day 

CF CONVERSION FACTOR 0.000001 kg/mg 

ADOLESCENT GREYSTONE MILL PONT CS CHEMICAL CONCENTRATION IN SOIL chemical-specific mg/kg 

(ages 7- 18) ALLENDALEPOND m-s INGESTION RATE OF SOIL 100 mg/day 

FI FRACTION INGESTED 1 unities* 
EF EXPOSURE FREQUENCY 78 day/yr 

ED EXPOSURE DURATION 12 yr 
BW BODY WEIGHT 45 kg 

AT-C AVERAGING TIME (CANCER) 2SS50 day 
AT-N AVERAGING TIME (NONCANCER) 4380 day 

CF CONVERSION FACTOR 0.000001 kg/mg 

CHILD GREYSTONE MILL POND CS CHEMICAL CONCENTRATION IN SOIL chemical-specific mg/kg 

(ages 1 - 6) ALLENDALEPOND IR-S INGESTION RATE OF SOIL 200 mg/day 
FI FRACTION INGESTED ! unities* 

EF EXPOSURE FREQUENCY 78 day/yr 
ED EXPOSURE DURATION 6 y 
BW BODY WEIGHT 15 kg 

AT-C VERAGING TIME (CANCER) 25550 day 
AT-N VERAGING TIME (NONCANCER) 2190 day 

CF ONVERSION FACTOR 0.000001 kg/mg 

DERMAL ADULT GREYSTONE MILL POND CS CHEMICAL CONCENTRATION IN SOIL chemical-specific mg/kg 

PASSIVE RECREATIONAI ages 19 and above ALLENDALEPOND AF ADHERENCE FACTOR 0.07 mg/cm2 

VISITOR AbF ABSORPTION FACTOR chemical-specific unitless 

SA KIN SURFACE AREA AVAILABLE FOR C 5700 cm2/day 

EV EVENT DAY 1 unitless 
EF EXPOSURE FREQUENCY 78 dayfyr 
ED EXPOSURE DURATION 12 y 
BW ODY WEIGHT 70 kg 

AT-C VERAGING TIME (CANCER) 25550 day 
AT-N VERAGING TIME (NONCANCER) tsta Ay 
CF ONVERSION FACTOR 0.000001 kg/mg 

ADOLESCENT REYSTONE MILL POND CS -HEMICAL CONCENTRATION IN SOIL chemical-specific mg/kg 

(ages 7. 18) ALLENDALEPOND AF ADHERENCE FACTOR 0.2 mg/cm2 

AbF ABSORPTION FACTOR chemical-specific unitless 

SA KIN SURFACE AREA AVAILABLE FOR C 4800 cm2/day 

EV "VENT DAY 1 unitless 

EF POSURE FREQUENCY 78 day/yr 

ED OCPOSUKE DURATION 12 yr 
BW ODY WEIGHT 45 kg 

AT-C VERAGING TIME (CANCER) 25550 day 
AT-N VERAGING TIME (NONCANCER) 4380 day 
CF NVERSION FACTOR 0.000001 kg/me 

RATIONALE/ 
REFERENCE 

EPC Table 
USEPA, 1994' 

Professional Judgemen 

Professional Judgemen 

USEPA, 1994" 

USEPA, 1994 

USEPA, 1989 

USEPA, 1989 

EPC Table
 

USEPA, 1994'
 


Professional Judgemen
 


Professional Judgement1



USEPA, 19944



USEPA, 1997'
 


USEPA, 1989
 


USEPA. 1989
 


EPC Table 
USEPA, 1994' 

Professional Judgement 
Professional Judgement' 

USEPA. 1994' 

USEPA, 1994 

USEPA, 1989 

USEPA, 1989 

EPC Table 
USEPA, 200 17 

USEPA, 2001' 

USEPA, 2001* 

Professional Judgement 

Professional Judgement1 

USEPA, 1994" 

USEPA, 1994 

USEPA, 1989 

VSEPA. 1919 

EPC Table
 

USEPA, 2001'
 


USEPA, 20011



USEPA. 1997*
 


Professional Judgement
 

Professional Judgement2



USEPA, 1994*
 


USEPA, 1997'
 


USEPA, 1989
 


USEPA, 1989
 


INTAKE EQUATION/ 
MODEL NAME 

INTAKE-1NGESTION 

CS x Ul-S x FI x EF x ED x CF x 1/BW x I/AT 

I 

INTAKE-INGESTION 

CS x IR-S x FI x EF x ED x CF x I/BW x I/AT 

1 

INTAKE-INGESTION 

CS x IR-S x FI x EF x ED x CF x 1/BW x I/AT 

INTAKE-DERMAL -

DAevent x SA x EV x EF x ED x 1/BWx I/AT 

Where DAevent* 

CS x AF x AbF x CF 

II 

INTAKE-DERMAL -

DAevenl x SA x EV x EF x ED x 1/BW x I/AT 

lere DAevent * 

CS x AF x AbF x CF 

W •"•arineering and Consulting, Inc. 
| Md*\C«ntrMU«\OXB 
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Table 4.1.RME
 


Vdiw Used Per DaJlr Intake C*leuUtlon»
 


Addendum Te Baseline Humui Mt«llh Risk Assessment: Oxbew An
 

Ctntr*dau> Miner Reiteration Project Superfund Site
 


North Provident., Rhede Iilend
 


ARIOTIMEPRAMK: CURRENT/FUTURE 
If ED1UM: FLOODPLA1N SOIL 

', MEDIUM: FLOODPLAIN SOIL 

"ROUT!?* RECEPTOR POPULATION RECEPTOR ACE EXPOSURE POINT 
PARAMETER 

CODE 
PARAMETER DEFINITION VALUE UNITS RATIONALE/ 

REFERENCE 
INTAKE EQUATION/ 

MODEL NAME 

DERMAL CHILD GREYSTONE MILL POND CS CHEMICAL CONCENTRATION IN SOIL chemical-specific mg/Vg EPC Table INTAKE-DERMAL 
(cont) PASSIVE RECREATIONAI (ages 1-6) ALLEND ALE POND AF ADHERENCE FACTOR 0.2 mg/cm2 USEPA, 200)' DAevent x SA x BV * EF x ED x I/BW x I/AT 

VISITOR AbF ABSORPTION FACTOR chemical-specific witless USEPA.200I1 

(cont) SA SKIN SURFACE AREA AVAILABLE FOR C 2(00 cmZAhy USEPA, 200)' Where DAevent-
BV EVENT DAY 1 unilless Professional Judgement CSxAFxAbFxCF 
EF EXPOSURE FREQUENCY 71 day/Vr Professional Judgement1 

ED EXPOSURE DURATION 6 yr USEPA. 1994* 
BW BODY WEIGHT IS kg USEPA, 1994 

AT-C AVERAGING TIME (CANCER) 2S550 day USEPA, 1919 

AT-N AVERAGING TIME (NONCANCER) 2190 day USEPA, 1989 
CF CONVERSION FACTOR 0.000001 kg/mi 

USEPA, 1919. "Risk Assessment Guidance for Superfund, Volume 1, Human Health Evaluation Manual (Part A)"; Office of Emergency and Remedial Response; EPA-540/I-89AXM (interim final); Washington, D.C., December. 
USEPA, 1994. "Risk Updates No. 2"; USEPA Region I, Waste Management Division; August Values from 'Attachment 2' to Risk Updates No. 2. 
USEPA, 1997. •Exposure Factors Handbook, Volume 1"; Office of Research and Development; EPA-600/P-95/002Fa; Washington, D.C.; August 
USEPA, 2001. "Risk Assessment Guidance for Superfund. Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Interim. EPA/540VR/99/OOS. 
I-Soil ingestion rale used. 
2 - Value based on exposure during wading, swimming, and walking/exploring banks (4 days per week June - August), and walking/exploring banks (2 days per week May, Sept, Oct). 
3 - Representing ages 19 and above of a 30-year residential exposure duration. 
4 - The total RME exposure duration is 30 years, consistent with USEPA, 1994. The allocation of exposure duration for the three age groups is based on profef sional judgement 
5 - Values are the average of 50th percentiie body weights for males and females ages 7 through 18. 
6 - Values are the average of 50th percentiie body surface areas (sum of areas for face, hands, forearms, tower legs, and feet) for males in the various age groups indicated. 
7 - Values for residential exposure to soil used as conservative estimate of potential soil adherence associated with recreational walking/exploring. 
I - Values-are provided (Table 3-4 of USEPA, 2001) for arsenic, cadmium, chlordsno, 2,4-D, DDT (used for DDD, DDE). TCDD, lindane (used for other BHC isomen), PAHf, PCBj, wd penlachlorophenoJ. A single value is listed for all other SVOCs. 

No values are listed for VOCs, other pesticides, or other inorganics and. subsequendy, no value will be assigned to the ABSd term for COPCs falling into those categories. 
9 - Values for residential exposure to soil used as conservative estimate of potential surface area exposed to soil during recreational walking/exploring. 

mg - milligram! 
cm • square centimeters Prepared by: KJC 
kg-kilogram! Checked by; M)M 

MACTEC Engineering and Consulting, Inc. 
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Tabl«4.J.CT 

Values Used For Daily Int.ke Calculations 


Addendum To Baseline Hum«n Health Risk Auaimatl: Oibow AIM 

Centrtdale Minor Restoration Project Superfund Site 


North Providence, Rhode Island 


SCENARIO TIMEPRAME: CURRENT/FUTURE 

MEDIUM: FLOODPLAIN SOIL 


E MEDIUM: FLOODPLAIN SOIL 


PARAMETER RATIONALE/ INTAKE EQUATION/ 
EXPOSURE ROUTE RECEPTOR POPULATION RECEPTOR ACE EXPOSURE POINT PARAMETER DEFINITION VALUE UNITS 

CODE REFERENCE MODEL NAME 


I INOESTION ADULT G KEYSTONE MILL PON CS CHEMICAL CONCENTRATION IN SOIL cheoiical-speclfi mg/kg EPC Table INTAKE-INGESTION 


PASSIVE RECREATION (ages 19andabo ALLENDALEPOND IR-S INOESTION RATE OF SOIL 50 ro»/day USEPA, 1994' CS x IR-S x Fl x EF x ED * CF x I/BW x I/AT 


VISITOR Fl FRACTION INGESTED 1 unitlen Professional Judgement 


EF EXPOSURE FREQUENCY 39 day/yr Professional Judgement 
ED EXPOSURE DURATION 4 y USEPA, 1994' I 
BW BODY WEIGHT 70 kg USEPA. 1994 

AT-C AVERAGING TIME (CANCER) 25UO day USEPA. 1919 

AT-N AVERAGING TIME (NONCANCER) 1460 day USEPA, 1919 
CF CONVERSION FACTOR 0.000001 kg/mg 1 

ADOLESCENT GREYSTONE MILL PON CS CHEMICAL CONCENTRATION IN SOIL chemical -specific mgAg EPC Table INTAKE-INGESTION  1 

(igciT-U) ALLENDALEPOND IR-S INOESTION RATE OF SOIL 50 mg/day USEPA, I9941 CS x IR-S x Fl » EF x ED x CF x I/BWx I/AT 

FI FRACTION INGESTED 1 unidcss Professional Judgement 
EF EXPOSURE FREQUENCY 39 day/yr Professional Judgement' 

ED EXPOSURE DURATION 3 y USEPA, 1994" 

BW BODY WEIGHT 45 kg USEPA, I9974 

AT-C AVERAGING TIME (CANCER) 15550 day USEPA, 19J9 

AT-N AVERAGING TIME (NONCANCER) 1095 day USEPA, 1919 
CF CONVERSION FACTOR 0.000001 kg/mg 

CHILD GREYSTONE MILL PON CS CHEMICAL CONCENTRATION IN SOIL chemical -specific rag/kg EPC Table INTAKE-1NGESTION 
(ages 1-6) ALLENDALEPOND IR-S INOESTION RATE OF SOIL 100 mg/day USEPA, I9941 CS x IR-S x Fl x EF x ED * CF x I/BW x I/AT 

n FRACTION INGESTED 1 unitleu Professional Judgement 

EF EXPOSURE FREQUENCY 39 day/yr Professional Judgement1 

ED EXPOSURE DURATION J USEPA, 1994' 

BW ODY WEIGHT 15 USEPA, 1994 
>•' 
k« 

AT-C AVERAGING TIME (CANCER) 25550 day USEPA, I9J9 

AT-N VERAGIHO TIME (NONCANCER) 730 day USEPA, 1989 
CF ONVERSION FACTOR 0.000001 kg/mg || 

1 
DERMAL ADULT GREVSTONE MILL POND CS HEMICAL CONCENTRATION IN SOIL chemical-specific mg/kg EPC Table INTAKE-DERMAL - 1 

. PASSIVE RECREATIONAL ages 19 and above ALLENDALEPOND AF DHERENCB FACTOR 0.01 mg/cml USEPA. 2001* DAevcnt x SA x EV x EF x ED x 1/BW x I/AT 

VISITOR AbF BSORPTION FACTOR chemical -specific unities! USEPA, 2001' 

SA KIN SURFACE AREA AVAILABLE FOR CC 5700 cm2/day USEPA, 2001' 'here DAevcnt B [I 
EV VENT DAY 1 unitless Professional Judgement C S x A F x A b F x C  F 

EF EXPOSURE FREQUENCY 39 day/yr Professional Judgement' 

ED EXPOSURE DURATION 4 y USEPA, 1994' 

BW ODY WEIGHT 70 USEPA, 1994 k« 
AT-C VERAGINO TIME (CANCER) 25550 day USEPA, I9«9 

AT-N VERAGINO TIME (NONCANCER) 1460 day USEPA. 19S9 
CF ' ONVERSION FACTOR 0.000001 k«/m^ I 

ADOLESCENT GREYSTONE MILL POND CS HEMICAL CONCENTRATION IN SOIL chemical-specific mg/kg EPC Table INTAKE-DERMAL* 1 

(ages7-l«) ALLENDALEPOND AF DHERENCE FACTOR 0.04 mg/cm2 USEPA, 2001* DAevent x SA x EV x EF x ED x 1/BW x I/AT 
AbF ABSORPTION FACTOR chemical-spccifi; unitlesf USEPA, 2001' 

SA KIN SURFACE AREA AVAILABLE FOR CC 4100 cml/day USEPA, 1997' here DAevent • 
EV ENTDAY I unitless Professional Judgement CSxAFxAbFxCF 
EF POSURE FREQUENCY 39 day/yr Profeisional Judgement1 

ED POSURE DURATION 3 yr USEPA, 1994' 

BW DY WEIGHT 45 USEPA. 1997* kg 
AT-C ERAGINO TIME (CANCER) 25550 day USEPA. 1989 

AT-N VERAGING TIME (NONCANCER) 1095 day USEPA, 1989 
CF NVERSION FACTOR 0.000001 kg/mg 

otring and Consulting, Inc. 
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Table 4.1.CT
 


Values UKd Far Duly Intake Calculations
 


Addendum To Baseline Human Health Risk Aasussaent: Oibow Am
 

Centradal* Manor Restoration Project Superfund Site
 


North Providence, Rhode blind
 


UO TIMEFRAME: CURRENT/FUTURE 
DIUM: FLOODFLA1N SOIL 

URE MEDIUM; FLOODPLAIN SOIL 

EXPOSURE ROUTE RECEPTOR POPULATION RECEPTOR AGE EXPOSURE POINT 
PARAMETER 

CODE 
PARAMETER DEFINITION VALUE UNITS 

RATIONALE/ 
REFERENCE 

INTAKE EQUATION/ 
MODEL NAME 

DERMAL CHILD OREYSTONE MILL POND CS CHEMICAL CONCENTRATION IN SOIL chemical-specific mg/kg EPC Table INTAKE-DERMAL " 
(cent) PASSIVE RECREATIONAL (ages I- 6) ALLENDALE POND AF ADHERENCE FACTOR 0.04 mg/cm2 USEPA, 2001' DAevent x SA x EV x EP x ED x I/BW x I/AT 

VISITOR AbF ABSORPTION FACTOR chemlcal'Specinc unities! USEPA.200I' 

(cent) SA SKIN SURFACE AREA AVAILABLE FOR CC 2100 cm2/day USEPA, 2001' Where DAevent 
EV EVENT DAY 1 unitlcll Professions! Judgement CSxAFxAbFxC F 
EF EXPOSURE FREQUENCY 39 dayfrr Professional Judgement' 
ED EXPOSURE DURATION 1 yr USEPA, I9941 

BW BODY WEIGHT 15 k« USEPA. 1994 

AT-C AVERAGING TIME (CANCER) 25)50 day USEPA, 1919 
AT-N AVERAGING TIME (NONCANCER) 730 day USEPA. 1919 
CF CONVERSION FACTOR 0.000001 kp/mg 

USEPA, I9S9. "Rink Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual (Part A)"; Office of Emeigeney and Remedial Roponie; EPA-540/1-19/002 (interim final); Washington, D.C.. December. 
USEPA, 1994. "Rilk Update! No. 2"; USEPA Region I, Waite Management Diviilon; August. Valuea from 'Attachment 2* to Rllk Update! No. 2. 
USEPA, 1997. 'Exposure Facton Handbook, Volume 1'; Office of ReKaidi and Development; EPA-«00/P.95/002Fa; Waihington, D.C.; August 
USEPA, 2001. 'Risk Assessment Guidance for Superfund. Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance fcr Dennal Riak AueHment) Interim. EPA/540/R/99AI05. 
1 - CT loll Ingettion rate lucd. 
2 - Value bawd on expoiure during wading, iwimming, and walking/exploring banka (2 dayi per week June - Auguit), and walking/exploring bank! (I day per week May, Sept, Oct). 
3 - The total CTttpcwiiv duration li 9 yean, continent with USEPA, 1994. The allocation of exposure duration for the time age group! U baled on profcuJonal judgement 
4 - Valuet an the average of 50th percentile body weight! for mala and female! agei 7 - 11. 
5 - Values are die avenge of 50th perccntile body surface areas (sum of areas for &ce, hands, foreamis, lower legs, and feet) for males in the various age groups indicated. 
6 - CT values for residential exposure to soil used as conservative estimate of potential soil adherence associated with recreational walking/exploring. 
7 • Values are provided (Table 3-4 of USEPA, 2001) for arsenic, cadmium, chloidano. 2.4-D. DDT (used for ODD, DDE), TCDD. Undine (used for other BHC isomen), PAHs, PCBs, and pentachlonphenol. A single value is listed for all other SVOCs. 

No values an lilted for VOO. other pesticides, or other inoiganics and, subsequently, no value will be assigned to the ABSd terni for COPCs falling into those categories. 
I - Values for residential uponin to soil used as conservative estimate of potential surface area exposed ID soil during recreational walking/exploring. 

rag • milligrams 
cm3 • square oentiaMCtn Prepared by: KJC 
kg-kilograms Checked by: MJM 

MACTEC Engineering and Consulting, Inc.
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Chemical 
cf Potential 

Concern 
BASE NEUTRAL COMPOUNDS 
2-Methvlnaphlnalene 

Acenaphthylene
 


3enzo(a)anthracene
 


ienzo(a)pyrene
 


!enzo(b)(luoranthene
 


Benzo(g,h,i)perylene 

Oibenzo(a,h)anthracene
 


lndeno(1.2,3-cd)pyrane
 


Phenanthrene
 


PESTICIDES/PCBs
 

Chlordane (alpha & gamma isomers 

Dieldrin 

Endosulfan II 

Endosulfan Sulfate 

Endrin aldehyde 

Endrin ketone 

Aroclor-1254 

Aroclor 1268 

INORGANICS/METALS 
Aluminum 

Antimony 

Arsenic 

Chromium VI 

Copper 

Lead 

Manganese (soil) 

Mercury (a> mercuric chloride) 

Molybdenum 

Chronic/
 

Subchroni
 


chronic 
subchronic 

chronic 
subchronic 

chronic 
subchronic 

chronic 
subchronic 

chronic 
subchronic 

chronic 
subchronic 

chronic 
subchronic 

chronic 
subchronic 

chronic 
subchronic 

chronic 
subchronic 

chronic 
subchronic 

chronic 
subchronic 

chronic 
subchronic 

chronic 
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T.bU S.1
 
Non-C>ncer Toiidty DK« - Or>l/Derm»l
 

Addendum To Buelfne Hiinun Health RJik AiKMmenI; Oibow Am
 

Centredrie Minor Reiteration Project Superfiuid Site
 


North Providence, Rhode Iil.nd
 


Oral RID Oral Absorption Adjusted Dermal RfD (2 Primary Target Organ or System / Critical Effect 
Value Units Efficiency Value Units 

for Dermal (1) 

4.0E-03 ms/kg/day 89% 4.0E-03 mg/kg/day Lung/pulmonary alveolar proteinosls 
4.0E-03 
6.0E-02 
6.0E-01 
3.0E-02 

mg/kg/day 
mg/kg/day_ 
mg/kg/day^ 
mg/kg/d.ay_ 

89% 
89% 
89% 
89% 

4.0E-O3 
6.0E-02 
6.0E-01 
3.0E-02 

mg/kg/day 
mg/kg/da 
mg/kg/day 
mg/kg/day 

Lung/pulmonary alveolar protainosis 
Llver/Hepatoxldty 
Uver/Hapatoxlctty 

Kidney/Renal tubluar pathology 
3.0E-01 mg/kg/d»£ 89% 3.0E-01 mg/kg/day Kidney/Renal tubluar pathology 
3.0E-02 
3.0E-01 
3.0E-02 

mg/kg/day 
mg/kg/day 
mg/kg/day_ 

89% 
89% 
89% 

3.0E-02 
3.0E-01 
3.0E-02 

mg/kg/day 
mg/kg/day 
mg/kg/day 

Kidney/Renal tubluar pathology 
Kidney/Renal tubluar pathology 
Kidney/Renal tubluar pathology 

3.0E-01 mg/kg/day 89% 3.0E-01 mg/kg/day Kidney/Renal tubluar pathology 
3.0E-02 mg/kg/day_ 89% 3.0E-02 mg/kg/day Kidney/Renal tubluar pathology 
3.0E-01 mg/kg/day_ 89% 3.0E-01 mg/kg/day^ Kidney/Renal tubluar pathology 
3.0E-02 mg/kg/day 89% 3.0E-02 mg/kg/day^ Kidney/Renal tubluar pathology 
3.0E-01 mg/kg/day 89% 3.0E-01 mg/kg/day Kidney/Renal tubluar pathology 
3.0E-02 mg/kg/day^ 89% 3.0E-02 mg/kg/day^ Kidney/Renal tubluar pathology 
3.0E-01 mg/kg/day^ 89% 3.0E-01 mg/kg/day Kidney/Renal tubluar pathology 
3.0E-02 mg/kg/day 89% 3.0E-02 mg/kg/day Kidney/Renal tubluar pathology 
3.0E-01 mg/kg/day 89% 3.0E-01 mg/kg/day Kidney/Renal tubluar pathology 

5.0E-04 mg/kg/day 80% 5.0E-04 mg/kg/day Liver/Hepatic necrosis 
5.0E-04 mg/kg/day 80% 5.0E-04 mg/kg/day Liver/Hepatic necrosis 
5.0E-05 mg/kg/day 100% 5.0E-05 mg/kg/day Liver/Liver lesions 
S.OE-05 mg/kg/day 100% 5.0E-05 mg/kg/day Liver/Liver lesions 
6.0E-03 mg/kg/day 100% 6.0E-03 mg/kg/day Kidney/Kidney lesions 
6.0E-03 mg/kg/day 100% 6.0E-03 mg/kg/day Kidney/Kidney lesions 
6.0EO3 mo/kg/day 100% 6.0E-03 mg/kg/day Kidney/Kidney lesions 
6.0E-03 mg/kg/day 100% 6.0E-03 mg/kg/day Kidney/Kidney lesions 
3.0EO4 mg/kg/day 100% 3.0E-04 mg/kg/day Nervous system and liver/Convulsions & liver lesions 
3.0E-04 mg/kg/day 100% 3.0E-04 mg/kg/day^ Nervous system and liver/Convulsions & liver lesions 
3.0E-04 mg/kg/day 100% 3.0E-04 ms/ku/day Nervous system and liver/Convulsions & liver lesions 
3.0E-04 mg/kg/day^ 100% 3.0E-04 mg/kg/day^ Nervous system and liver/Convulsions & liver lesions 
2.0E-05 mg/kg/day 80% 2.0E-05 mg/kfl/day Immune system/lmmunotoxicily 
5.0E-05 mg/kg/day 80% 5.0E-05 mg/kg/day Immune system/lmmunotoxicity 
2.0E-05 mg/kg/day 80% 2.0E-05 mg/kg/day Immune system/lmmunotoxicity 
5.0E-05 me/kg/day 80% 5.0E-05 mg/kg/day Immune system/lmmunotoxicily 

NO ND 
NO ND 

4.0E-04 mg/kg/day 15% 6.0E-05 mg/kg/day Reduced lifaspan; Hematological/blood glucose and cholesterol 
4.0E-04 mg/kg/day^ 15% 6.0E-05 mg/kg/day Reduced lifespan; Hematological/blood glucose and cholesterol 
3.0E-04 mg/kg/day 95% 3.0E-04 mg/kg/day Skin/Keratosis and hyperplgmentation 
3.0E-04 mg/kg/day 95% 3.0E-04 mg/kg/day Skin/Kemtosis and hyperpiomentation 
3.0E-03 mg/kg/day 2.5% 7.5E-05 mg/kg/day^ No effects observed 
2.0E-02 mg/kg/day 2.5% 5.0E-04 mg/kg/day No effects observed 

NO ND 
NO ND 
ND ND 
NO ND 

7.1E-02 mg/kg/day 4% 2.8E-O3 mg/kg/day CNS/lmpalrment of neurobehavkval function 
7.1E-02 mg/kg/day 4% 2.8E-03 mg/kg/day CNS/lmpairment of neurobehavloral function 
3.0E-04 mg/kg/day 7% 2.1E-05 mg/kg/day Immune system/Autoimmune effects 
2.0E-03 mg/kg/day 7% 1.4E-04 mg/kg/day Kidney 
5.0E-03 mg/kg/day 100% 5.0E-03 mg/kg/day Kidney/Increased uric add levels 
S.OE-03 mg/kg/day 100% 5.0E-03 mg/kg/day Kidney/Increased uric acid levels 

Combined
 

Uncertainty /



Modifying Factor
 


1,000/1 
1,000/1 
3,000/1 
300/1 

3,000/1 
300/1 

3,000/1 
300/1 

3,000/1 
300/1 

3,000/1 
300/1 

3,000/1 
300/1 

3,000/1 
300/1 

3,000/1 
300/1 

300 
300 
100 
100 

300 
300 
300 
300 

1,000/1
 

1,000/1
 


3/1
 

3/1
 


300/3
 

300/1
 


1/1
 

1/1
 


1,000/1
 

100/1 
30/1 
30/1 ' 

RfD: T 
Source(s) 

IRIS 
Chronic 

Surrogate ( 
Surrogate [1 
Surrogate (2 
Surrogate (2 
Surrogate (2 
Surrogate (2 
Surrogate (2 
Surrogate (2 
Surrogate (2 
Surrogate^ 
Surrogate (2 
Surrogate (2 
Surrogate (2 
Surrogate (2 
Surrogate (2 
Surrogate (2 
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IRIS
 

Chronic
 


IRIS
 

MRL
 

IRIS
 


Chronic
 


 gel Organs) 
Date(s) 

September, 200' 

September, 2004 

September, 2004
 

FY 1997
 


September, 2004
 

FY 1997
 


eptember, 2004 
eptember, 2004 
eptember, 2004| 

FY1997 ] 
eptember, 2004 

FY 1997 | 
eptember, 2004D 
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eptember, 20049 

| 
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Table 5.1 

Non-Cancer Toxltity Data Oral/Dermal 

Addendum To Baseline Human Health Rlik Aueiinunl: Oxbow Am 
Centred*!* Manor Reiteration Project Superfund Sit* 

North Providence, Rhode bland 

Chemical Chronic' OralRfD Oral Absorption Adjusted Dermal RfD (2) Primary Target Organ or System / Critical Effect Combined RfD: Tan pet Organ(s) 
of Potential Subchronic Value Units Efficiency Value Units Uncertainty / Source(s) Date(s) 

Concern for Dermal (1) Modifying Factors 

Nickel chronic 2.0E-02 mg/kg/day 4% 8.0E-04 mo/kg/day Decreased body and organ weights 300/1 IRIS September, 2004 
subchronlc 2.0E-02 mg/kg/day 4% 8.0E-04 mg/kg/day Decreased body and organ weights 300/1 HEAST FY1997 

rhallium chronic 8.0E-05 mg/kg/day 100% 8.0E-05 mg/kg/day Liver/Increased SCOT and LDH 3,000/1 IRIS September. 2004 
subchronlc 8.0E-04 mg/kg/day 100* 8.0E-04 mg/Kg/day No affects observed 300/1 HEAST FY1997 

Vanadium chronic 1.0E-03 mg/kg/day 2.6% 2.6E-05 mg/kg/day^ NCEA April. 2004 
subchronic 3.0E-03 mg/kg/day 2.6% 7.8E-05 mg/kg/day Kidney 100/1 MRL January, 2004 

JIOXINS/FURANS 
2,3.7,«etrschlorobenzo-p-dlo>dn (TCD chronic NO IRIS September, 2004 

subchronic ND 

Notes: 
IRIS = Integrated Risk Information System: September, 2004 mg » milligram 
HEAST' Health Effects Assessment Summary Tables: FY1997 kg = kilogram 
NCEA » National Center for Environmental Assessment: April, 2004 BW» body weight 

NCEA provisional value* ore obtained from the USEPA Region III RBC Table dated: April, 2004 chronic  the chronic value Is used as the subchronlc RfD 
PPRTV * Peer-Reviewed Reference Toxicity Value: September. 2004 surrogate - a value for a closely related chemical is used as the RfD 
MRL > Minimum Risk Level (ATSDR): January, 2004 
ND > no data available 
(1) Values obtained from RAGS Volume 1 (Part E, Supplemental Guidance for Dermal Risk Assessment, Interim Guidance) (EPA, 1999) 

Per this guidance, a value of 100% Is used for analytes without published values. 
(2) Adjusted Dermal RfD * Oral RfD x Oral to Dermal Adjustment Factor. Per RAGS Part E (USEPA, 1999), adjustments are only performed 

for chemicals that have an oral absorption efficiency of less than 50%. 

Per USEPA Region I "Risk Updates, No. 5", (August, 1999), Non-carcinogenic PAHs without published RfDs should be evaluated using the published RfD for a structurally similar PAH. 
Surrogate (1 )• Value for acenaphthene used as a surrogate 
Surrogate (2)  Value for pyrene used as a surrogate 

RfD for Arodor 1254 used as surrogate for other PCB congeners with no published RfDs 
RfD for Endosulfan used as surrogate for other endosulfan compounds 
RfD for Ertdrii used as surrogate for other endrin compounds 
For Manganese In drinking water. As recommended by USEPA Region I Risk Update, a non-dietary RfD Is obtained by subtracting typical 
dietary intake of menganese (5 mg/kday) from critical dose (10 mg/day). Non-dietary RfD is then adjusted with 
a modifying factor of 3, a* recommended by IRIS for drinking water exposures. 

For manganese in non-drinking water media: As recommended by USEPA Region I Risk Update, a non-dietary RfD Is obtained by subtracting typical 
dietary intake of manganese (5 mg/kday) from critical dose (10 mg/day). A modifying factor of 11s then applied, per USEPA Region 1. 

Value for chkxdana used for alpha- and gamma- isomers. 
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Table 6.1
 

Cancer Toxicity Data - Oral/Dermal
 


Addendum To Baseline Human Health Risk Assessment: Oxbow Area
 

Centredale Manor Restoration Project Superfund Site
 


North Providence, Rhode Island 

Chemical Oral Cancer Slope Factor Oral Absorption Absorbed Cancer Slope Facto Weight of Evidence/ Oral Cancer Slope Factor |1 of Potential Efficiency for Dermal (1 for Dermal (2) Cancer Guideline 
Concern Value Units Value Units Description Source(s) Date(s) 

BASE NEUTRAL COMPOUNDS 
2-Methylnaphthalene NA NA Inadequate evidence IRIS September, 2004 
Acenaphthylene NA NA D IRIS September, 2004 
Benzo(a)anthracene 7.3E-01 (mg/kg/day) " 89% 7.3E-01 (mg/kg/day) ' B2 IRIS September, 2004 
Bertzo(a)pyrene 7.3E+00 (mg/kg/day) " 89% 7.3E+00 (mg/kg/day) ' B2 IRIS September, 2004 
Benzo(b)fluoranthene 7.3E-01 (mg/kg/day) "T 89% 7.3E-01 (mg/kg/day) ' B2 IRIS September, 2004 
Benzo(g,h,l)perylene NA NA D IRIS September, 2004 
Dibenzo(a,h)anthracene 7.3E+00 (mg/kg/day) ' 89% 7.3E+00 (mg/kg/day) ' B2 IRIS September, 2004 
lndeno(1 ,2,3-cd)pyrene 7.3E-01 (mg/kg/day) "T~ 89% 7.3E-01 (mg/kg/day) ^ B2 IRIS September, 2004 
Phenanthrene NA NA 0 IRIS September, 2004 
PESTICIDES/PCBs 
Chlordane (alpha & gamma isomers) 3.5E-01 (mg/kg/day) -1 80% 3.5E-01 (mg/kg/day) "' B2 IRIS September, 2004 
Dieldrin 1.6E+01 (mg/kg/day) -T 100% 1.6E+01 (mg/kg/day) " B2 IRIS September, 2004 
Endosulfan II ND 

I
Endosulfan Sulfate ND 
Endrin aldehyde ND 
Endrin ketone ND 
Aroclor-1254 2.0E+00 (mg/kg/day) '' 80% 2.0E+00 (mg/kg/day) -1 See PCBs 
Aroclor 1268 2.0E+00 (mg/kg/day) -1 

80% 2.0E+00 (mg/kg/day)" See PCBs 
Polychlorinated Biphenyls (PCBs) See Below *** B2 IRIS September, 2004 

high risk and persistence-upper bound 2.0E+00 (mg/kg/day) -1 
80% 2.0E+00 (mg/kg/day) -1
 


INORGANICS/METALS
 

Aluminum ND ND ND
 

Antimony ND ND ND IRIS September, 2004
 

Arsenic 1.5E+00 mg/kg/day) -1 

95% 1.5E+00 (mg/kg/day) -1 
A IRIS September, 2004
 


Chromium VI NA NA Inadequate evidence IRIS September, 2004
 

Copper NA NA D IRIS September, 2004
 

Lead NA NA B2 IRIS September, 2004
 

Manganese NA NA D IRIS September, 2004
 

Mercury {as mercuric chloride) NA 7% NA C IRIS September, 2004
 

Molybdenum ND ND ND IRIS September, 2004
 

Nickel ND ND ND IRIS September, 2004
 

Thallium NA NA D IRIS September, 2004 
Vanadium ND ND ND 1 
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Table 6.1 

Cancer Toxicity Data - Oral/Dermal 

Addendum To Baseline Human Health Risk Assessment: Oxbow Area
 

Centredale Manor Restoration Project Superfund Site
 


North Providence, Rhode Island
 


Chemical Oral Cancer Slope Factor Oral Absorption Absorbed Cancer Slope Factor 
of Potential Efficiency for Dermal (1) for Dermal (2) 

Concern Value Units Value Units 

DIOXINS/FURANS
 

2,3,7,8-tetrachlorobenzo-p-dioxin(TCDD) 1.5E+05 (mg/kg/day) "' 70% 1.5E+05 (mg/kg/day) "



Notes: 
IRIS = Integrated Risk Information System: September, 2004 
HEAST= Health Effects Assessment Summary Tab FY 1997 
NCEA » National Center for Environmental Assessr Apri, 2004 

NCEA provisional values are obtained from the USEPA Region III Apr), 2004 
CALEPA - California Environmental Protection Agei September, 2004 
ND = no data available 
(1) Values obtained from RAGS Volume 1 (Part E, Supplemental Guidance for Dermal Risk Assessment, Interim Guidance) (EPA, 1999) 

Per this guidance, a value of 100% is used for analytes without published values. 
(2) Adjusted Dermal SF = Oral SF / Oral to Dermal Adjustment Factor. Per RAGS Part E (USEPA, 1999), adjustments are only performed 

for chemicals that have an oral absorption efficiency of less than 50%. 
The value for chlordane is used as surrogate for the isomers. 
Slope Factor for Benzo(a)Pyrene used for other carcinogenic 

PAHs, adjusted by Relative Potency Factors of 1.0 (benzo(a)pyrene,
 

dibenz(a,h)anthracene]; 0.1 [benzo(a)anthracene, benzo(b)f!ouoranthene,
 

indeno(1,2,3-c,d)pyrene]; 0.01 [benzo(k)fluoranthenej; 0.001 [chrysene].
 


PCB slope factors are applicable to Aroclors 1016,1248,1254, and 1260. 

o



Weight of Evidence/ Oral Cancer Slope Factor 
Cancer Guideline 

Description Source(s) Date(s) 

B2 HEAST FY 1997 

Weight of Evidence: 
A - Human carcinogen 
81 - Probable human carcinogen - indicates that limited h 
B2 - Probable human carcinogen - Indicates sufficient evi< 

inadequate or no evidence in humans 
C - Possible human carcinogen 
D - Not classifiable as a human carcinogen 
E - Evidence of noncarcinogenicity 

mg = milligram 
kg = kilogram 
BW = body weight 
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TABLE 7.1.RME 
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS - REASONABLE MAXIMUM EXPOSURE - CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR - ADULT 

ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 

CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
 


NORTH PROVIDENCE, RHODE ISLAND
 


{SCENARIO TIMEFRAME: CURRENT/FUTURE
DRECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR 
HRECEPTOR ACE: ADULT 

EPC CANCER RISK CALCULA 1 1UNS NON-CANCER HAZARD CALCULATIONS 
EXPOSURE EXPOSURE EXPOSURE INTAKEflEXFOSURE INTAKE/EXPOSURE 

MEDIUM CHEMICAL CSF/UNITRISK RID/RFC (1) HAZARD 
MEDIUM POINT ROUTE VALUE UMTS CONCENTRATION CANCER RIS CONCENTRATION QUOTIENT 

VALUE UNITS VALUE UNITS IINITS 
SOIL FLOODPLAIN SOIL OXBOW AREA INGESTION a-chlcrdano 0.00761 ing/kg 4.0E-IO ml/kl/day 3.3E-01 (mgftg/day> I.E-IU 1.3E-09 tng/kg/day 5.0E-04 mg/kg/day 5.E-06 

dieldrin 0.06331 m(/k( 3.3E-09 mg/tl/day 1.6E+B1 (mg/kg/day)- ).E-OI I.9E-OI mg/kg/day 5.0E-03 mg/kg/day 4.E-04 
EndoiuUan [[ 0.00337 mgikg NC NC I.OE-09 mgAg/day 6.0E-03 mf/kg/day 2.E-07 
nidrin aldehyde 0.00931 mg/lf NC NC 2.9E-09 mgAg/day 3.0E-04 mg/kg/day I.E-OJ 
Endrinketone 0.00173 mg/kl NC NC ).3E-IO mg/kg/day 3.0E-04 mg/kg/day 2.E-06 
l-chlordane O.OOffiM mg/kg 3.6E-10 a\ifcl/diy 3.5E-0I CmgAg/day). I.E-IO 2.IE-09 ntg/kc/iliy 5.0E-04 myAg/day 4.E-M 
technical aiord.no 0.03001 mg/kg I.6E-09 m(/k|/day 3.5E-01 (mgAt/day)- 6.E-IO 9.2E-09 mg/kg/day 5.0E-04 ing/kg/day 2.E-05 
Araclof 1134 3.5133 mg/k| 1.9E-07 mtAl/day 2.0E-HM (mgAg/day)- 4.E-07 I.IE-06 oigAg/day 2.0E-05 mg/kg/day 5.E-02 
Antimony 7.01 mg/kg NC NC 2.IE-06 mg/kg/day 4.0E-04 mg/kg/day S.E-03 
Anenic 12.1 ing/kg 6.7E-07 tnt/lg/day 1.5E+00 (mg*g/day). l.E-06 3.9E-06 mg/kg/day 3.0E-04 mg/kg/day l.E-02 
Cadmium 1.2) mg/kg NC NC 2.5E-06 mg/kg/day I.OE-03 mg/kg/day 3.E-03 
Copper 357 mg/kg NC NC 1.IE-04 mg/kg/day 
Uid 1135 mg/kg 9.6E-05 mtVkg/day » 5.6E-04 mg/kg/day 
Manganeae 159 mg/kg NC NC 2.6E-04 mg/kg/day 7.1E-02 fflg/kg/day 4.E-03 
rhillium 1.04 mgfcg NC NC 3.2E-07 mg/kg/day I.OE-U) mg/kg/day 4.E-03 
Vanadium 71.1 mg/kg NC NC 2.2E-0) mg/kg/day I.OE-03 mg/kg/day 2.E-02 
Tocddly Equivalency (Dionm/Funn* 0.004291 rag/kg 2.2E-10 mf/kf/day 1.5E-KI) (mg/kg/diy).! 3.E-05 1.3E-09 mg/kg/day 

EXPOSURE ROUTE TOTAL 4.E-05 I.E-OI 
DERMAL a-chlordane 0.00761 ing/kg 6.4E-1 1 on/kj/day 3.5E-OI (mgAg/day)-l 2.E-II 3.7E-IO mg/kg/day 5.0E-04 mg/kg/day 7.E-07 

dieldrin 0.06331 mg/kg O.OE-HJO m»A«/day l.CE+01 (mgAg/day)-! O.E+00 5.0E-05 mg/kg/day 
Endoaullu II 0.00337 mg/kt NC NC 6.0E-03 mg*g/diy 
radrin aldehyde 0.00951 mg/kg NC NC l.OE-04 mg/ki/day 
Eidrinlcuiu 0.00173 m(/k| NC NC 3.06-04 ntg/kg/day 
gthurdano 0.00694 rag/kg 3.IE-11 mf/Vf/day 3.5E-OI (mgAg/day)-l 2.E-II 3.4E-IO mg/kg/day 5.0E-04 mg/kg/day 7.E-07 
Technical Oilordane 0.03001 mg/kg 2.5E-10 BjAi/day 3.5E-OI (mg4g/day)-l 9.E-1I 1.3E-09 mg/kg/day 3.0E-04 mg/kg/diy 3.E-06 
AroclorI2)4 3.5133 mg/kg I.OE-07 mi4»Vday 2.0E+00 (nig/kg/day)-! 2.E-07 C.IE-07 mg/kg/day 2.0E-0) mg/kg/day 3.E-02 
Antimony 7.01 mjAj NC NC 6.0E-03 mg/kg/day 
Anenic 12.1 mg/l| I.OE-OI mfAf/day I.5E+00 (ngAg/d.y>l I.E-07 4.7E-07 mg/kg/day 3.0E-04 mg/kg/day 2.E-03 
Cadmim 1.25 mg/k( NC NC l.OE-OI mg/kg/day 2.JE-05 mg/kg/day 4.E-04 
Copper 3)7 mg/tf NC NC 
Lead 1135 mgA* O.OE+00 ntWl/day .. 
Manganete 1*9 mjAj NC NC 2.IE-03 mg^cg/day 
rkallium 1.04 n>|A« NC NC I.OE-0) mg/kg/day 
Vanadium 71.1 miA» NC NC 2.6E-0) mg/kg/day 
oxiciqr Equivalency (DJoxinavTerans, 0.004291 B(A-» i.7E-ll mgAf''day UE+«5 (m«v*g/d»y)-l 4.E-M 1.6E-10 jng/lcg/day 

EXPOSURE ROUTE TOTAL 4.E-06 3.E-02 
IXPOSURE POINT TOTAL 4.E-05 I.E-OI 

SPOSURE MEDIUM TAL 4.E-05 I.E-OI 
IL TOTAL 4.E-OS I.E-KI 

TOTAL RECEPTOR RISK ACROSS ALL MEDIA || 4.E-05 OTAL RECEPTOR HAZARD ACROSS ALL MEDIA II 1.4.E-01 

NOTES: 
(1) - Blank colli Indicate that an RID or RIC li not avaloiliblc from the aourcea uaed to obtain dcte-rciponae data for Ihii riik luouuicnl. 
NC • Not carcinogenic by Ihii espoaure route. 
NA • Not applicable; expolure route net applicable for Ihii chemical/expoaure medium. 
- - Not nkniUlod; doao-mponao daU and/or dermal abaorpUon valuea are not available. 

Prepare) by: KJC 
Checked by: MJM 
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TABLE 7J.RME 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS - REASONABLE MAXIMUM EXPOSURE • CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR • OLDER CHILD 

SCENARIO TIMEFRAME: CURRENT/FUTURE
URECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR 
URECEPTOR ACE; OLDER CHILD 

EXPOSURE EXPOSURE EXPOSURE 
MEDIUM	 MEDIUM POINT ROUTE	 

SOIL FLOODPLAIN SOIL OXBOW AREA INGESTION 

EXPOSURE ROUTE TOTAL	 
DERMAL	 

EXPOSURE ROUTE TOTAL
EXPOSURE POINT TOTAL

2CPOSURE MEDIUM TOTAL
HL TOTAL

NOTES: 

NC - Not carcinof mlc by Ihu cxpoture mule. 
NA - Not applicable: mpoaure route not applicable for Ihia chemical/oxpotura medium. 
- - Not calculated; doae-ntponse data and/or dermal absorption value! are nor available. 

ADDENDUM TO BASEL/ME HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA 

CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE 


NORTH PROVIDENCE, RHODE ISLAND 


' 
INTAKE/EXPOSURE 

EP 

CHEMICAL 	 CSF/UNITRISK VALUE UNITS CONCENTRATION CANCER RIS 
VALUE UNITS VALUE UNITS 

i-chbrdane 0.00761 mfAf 6JE-IO mfAl/day 3.5E-01 (m|A|/day> 2.E-10 
Jieldrra 0.06331 mfA| 5.2E-09 maAf/day I.6E+OI (mfAf/diy)- I.E-OI 
cndotuUann 0.00337 mfAf NC NC 
ondrin aldehyde 0.009] 1 mi/kf NC NC 
Dadrinkolone 0.00 171 m|*l NC NC 
|-chlordane 0.00694 mfAf 5.6E-10 mfAl/diy 3.3E-OI (mf/Ii|/day)- 2.E-IO 
'•chnlcal Chlordaiw 0.03001 mf/kf 2.4E-09 mfAl/day 3JE-01 (mfAf/day)- 9.E-IO 

tooclorl234 3.5133 mf/kf 2.9EJ7 m|Al«ay 2.0E-HX) (mfAf/day)- 6.E-07 
Antimony 7.01 mf/kl NC NC 
\nonie 12.1 mfAf 1.0E46 BfAf/day I.5E+00 (m|A|/day)- 2.E-06 
Cadmium 1.25 mt/kf NC NC 
Copper 337 mfAl NC NC 

Lead 11)3 ag/tt L3BJM onAf/djy . 

Maneaneae 139 mi/kg NC NC 

halliiun 1.04 »»A| NC NC 

'anedium 71.1 mj/k| NC NC 


Toxlcily Equivalency (Dioxina/Furana 0.004191 »»Aj 3.3E-10 m|Af/day 1.3E403 (BfAl/day)-! 3.E-03 


5.E-03 
i-chuxdano 0.00761 mi/lcf 2.4&IO miAfiaay 3.SE-01 <m|A|Alay)-l I.E-II 
dicldrln 0.06331 mfAl O.OE+00 mfAl/day 1.6E+01 (m|Al/day>l O.E-tOO 
ndonKanll 0.00337 m|/k| NC NC 
indrin aldehyde 0.009} 1 mi*» NC NC 
aiarlnkoUM 0.00173 ml/Iff NC NC 
l-cblordane 0.00(94 "t̂ t 2.2E-10 mfA|/day 3.3E-OI (mi/kf/dayM I.E-II 
Technical Chlordane 0.03001 maAl 9.4E-IO miAl/day 3.5E-01 (mfA|/day).| 3.E-IO 
Aroclorl254 3.3133 m|/ka 3.9E^)7 m|A|/diy 2.0E400 (m|A|/day).l I.E-07 
Antimony 7.01 n(A( NC NC 
Anenio 12.1 mjAj 3.0E-07 m|A|«ay 1.5E+00 (m|A|/day).| 5.E-07 
Cadmium 1.23 n(A| NC NC 
.opper 337 mgJVg NC NC 

Load 1133 mfAl O.OE+00 mfAl/day -
Manfaneae 139 mfAl NC NC 
Ihalliiini 1.04 m|A| NC NC 
'anadium 71.1 m|Af NC NC 

Toxfcirs Equivalency (Dioxint/Fiiraiu 0.004291 m«Wj l.OE-IO mfAf/day I.JE+OJ (m|A|/day>l 2.E-03 

 2.E-OS 
•	 7.E-03 

 7.E-OS 
 7.E-Q5 

TOTAL RECEPTOR RISK ACROSS ALL MEDIA H 7.E-05 

NON-CANCER HAZARD CALCULATIONS 

INTAKE/EXPOSURE 
 RflVRrC(l) HAZARD 
CONCENTRATION QUOTIENT 

VALUE UNITS YALUE UNITS 
3.6E49 BtfAl/day 3.0E-04 m|Af/day 7.E-06 
3.0E4I mfAf/day 3.0E-05 mf/kf/day 6.E-04 
I.6E-09 mfAl/day 6.0E-03 mfAf/day 3.E-07 
4.3E-09 m|Af/day 3.0E-04 mfAl/day 2.E-05 
I.2E.IO Bf*f/day 3.0E-04 mf/kf/day 3E-06 
3.3E49 m|Af/day 3.0E-04 m|/kf/day 7.E-(Ki 
I.4E-OI mfAf/day 3.0E-04 mi/kf/day 3.E-03 
IJE-Od mfAf/day 2.0E-03 mfAfUy 9.E-02 
3.3E-06 mfflii/day 4.0E-04 mfAf/day t.E-03 
O.IEJXi mi/kf/day 3.0E-04 mf/kf/day 2.E-02 
3.9E-06 mfAl/oay I.OE-03 mfAl/day 4.E-03 
I.7E-04 mfAf/day 
I.7E-04 mf/kf/day 
4.1E-04 mfA|/day 7.1E-02 mfAf/day 6.E-03 
4.9E-07 mfAf/day I.OE-03 mfricf/day 6.E-03 
3.4E43 mfAf/day l.OE-03 BfAf/diy 3.E-02 
2.0E-09 mf/kf/day 

2.E-OI 
I.4E-09 mfAf/day 3.0E-04 mf/kf/day 3.E-06 

3.0E-03 mfAf/day 
6.0E-03 m|Af/d.y 
3.0E-04 m|Af/day 
3.0E-04 m|Af/day 

I.3E-09 mfAf/day 3.0E-04 m|A|/day 3.E-06 
5.5EJW mfAl/day 3.0E-04 mfAf/diy I.E-05 
2.3E46 miAf/diy 2.0E-03 mfAf/day I.E-OI 

6.0E-03 mfAf/day 
I.IE46 mf/kf/day 3.0E-04 mi/kf/day 6.E-03 
3.IE-OI mf/kf/day 2.5E-03 inf/kf/diy 2.E-03 

2.SE-03 m|Al/diy 
I.OE-03 mf/kf/day 
2.6E-03 mf/kf/day 

5.9E-IO miAf/day 

I.E-OJ 
3.E-01 
3.E-01 
3.E-01 

OTAL RECEPTOR HAZARD ACROSS ALL MEDIA \( 2.9.E-01 

Prepared by: KJC 
Checked by MM 

MACTEC Engineer.*! and Coiuulting, Inc. 

Pate I ofl W****U*<*+itMOX BOWTABLEMUt 



TABLE U.RME 
CALCULATION Or CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS • REASONABLE MAXIMUM EXPOSURE - CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR - CHILD 

ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 

CENTRIDALt MANOR RESTORATION PROJECT SUPERFUND SITE
 


NORTH PROVIDENCE, RHODE ISLAND
 


[SCENARIO T1MEVRAME: CURRENT/FUTURE 
flRECEPTOR POPULATION; PASSIVE RECREATIONAL VISITOR 
PRECEPTOR ACE; CHILD " 

EP :R HAZARD CALCULATIONS 
EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURE INTAKE/EXPOSURE 

MEDIUM CHEMICAL CSF/UNITRISK RfD/RfCd) HAZARD 
MEDIUM POINT ROUTE VALUE UNITS CONCENTRATION CANCER RISK CONCENTRATION QUOTIENT 

VALUE UNITS 
SOIL FLOODPLAIN SOIL OXBOW AREA INOESTION Mhlordane 0.00768 ma/kf mjAj/day 3.3E-01 (mi/kj/day)- 7.E-10 2.2E-08 5.0E-04 mtAB/uiy 4.E-05 

lleldrin 0.06338 mg/kl 1.5E-08 mi/lct/oay 1.6E+01 (m(*,Vday)- 2.E-07 I.8E-07 mkAi/day 5.0E-05 mtAtydxy 4.E-03 
endoaulTan 11 0.00337 mg/kg NC NC 9.6E-09 ntgAfAlay 6.0E-03 mtyk8/day 2.E-06 
godrin aldehyde 0.00951 NC NC 2.7E-08 mg^j/day 3.0E-04 mf/ka/day 9E-OJ 
endrlnkeume 0.00173 ntf/kf NC NC 4.9E-09 mg/lci/day 3.0E-04 m8/kf/day 2.E-05 
1-dJonUnc 0.00694 rnf/kg 1.7E-09 nn*(/day 3.5E-01 (mf/kt/day)- 6.E-IO 2.0E-08 mgVVg/day 5.0E44 mj/kj/day 4E-03 
Technical Chkmane 0.03008 ra«ptj 7.3E-OH aiffktfdMy 3.3E-OI (mf/kf/day>- 3.E-09 8.6E-08 ntg/kg/day 5.0E-04 m|/k(/day 2.E-04 
Aroclorl2S4 3.3833 m|/kf 8.8E-07 nt|/k(/(by 2.0E400 (m|/fc|/day)- l.E-06 I.OE-05 mg/Vg/day 2.0E-03 ntKAg/day 5E-01 
Antimony •7.01 mi/kg NC NC 2.0E-05 mg/kg/day 4.0E-04 m8/k|/uay 5.E-02 
Artenlc 12.8 mg/kg 3.1E-06 mg/ltg/iiiy I.5E4OO (m«vk8/oay)- J.E-06 3.CE-03 mg^cg/day 3.0E-04 mgAft/aay I.E-OI 
Cadmium 8.25 mg/kg NC NC 2.4E-05 mg/kg/day I.OE-03 lng/k8/day 2.E-02 
Copper 357 ing/kg NC NC I.OE-03 mg/kg/day 
Lead 1835 m|/kg 4.5E-04 mg/Vg/dAy . 5.2E-03 mg/kg/day 
langaneie 859 mg/kg NC NC 2.4E-03 mg/kf/day 7.1E-OJ mg/Vt/day J.E-nj 

rhaUlum 1.04 mg/kj NC NC 3.0E-06 ing/kg/day HOE-OS m»*J/day 4E-02 
Vanadium 71.1 nig/kg NC NC 2.0E-04 mg/kg/day I.OE-03 mg/ktc/day 2.E-OI 
Toxkity Equivalency (Dioxiiu/Furaiu) 0.004291 l.OE-09 mg/kg/day 1.3E«05 (ing/ka/day)-! 2.E-04 1.2E-OI mg/kg/day"*"" 

EXPOSURE ROUTE TOTAL 2.E-04 l.E-KW 
DERMAL a-chlordane 0.00768 nig/kg 2.1E-10 3.5E-OI 7.E-I1 2.5E-09 mg^/da, 5.0E-04 tngyk8/day 5.E-06 

ilddrln 0.06338 tttfflu O.OE-KM 1.6E40I (mf/kf/day)- O.E+00 5.0E-05 mg/kj/day 
mj^o^ ndoauUanll 0.00337 IDfAj NC NC 6.0E-03 m8/k(/day 

endrln aldehyde 0.00951 mg/kg NC NC 3.0E-04 tnjAj/dty 
EndrinkeUM 0.00173 mi/kg NC NC 3.0E-04 mtAc/day 
l-cUoraanc 0.00694 m$fa I.9E-10 tat/ttf/fay 3.5E-OI (mf'l^'dar^ 7.E-II 2.2E-09 nt(A(/Uty 3.0E-04 infAg/day 4.E-C6 
Todinlcal Chlordane 0.03008 me/kg 8.2E-IO mi/kc/day 3.3E-01 (m|/kayday)-l l.E-10 9.6E-09 mg/kt/diy 3.0E-04 mjAl/day 2.E-05 
Aroclorl254 3.5833 tug/kg 3.4E-07 Rifykf/day I.OE-KO (maykf/day)-l 7.E-07 4.0E-06 mg/kg/day 2.0E-05 miykg/day 2.E-OI 
Antimony 7.01 tnf/kg NC NC 60E-05 inf/kt/day 
Araenlc 12.8 rag/kg 2.6E-07 mf/kf/diy I.5E-HB (m|/kl/day)*l 4.E-07 3.IE-06 mg/kg/day 3.0E-04 nif/kE/oay l.E-02 
CadmhuD 813 mffci NC NC C.6E-08 mg/kg/day 2.5E-03 mg/kf/day 3.E-03 
Copper 357 mtftg NC NC 
Lead 1135 mj/kf O.OE-KK) ntg/kf/day .. 
Manganese 859 tOf/tg NC NC 1.8E-03 nt/its/ti»y 
rhalllum 1.04 mg/kf NC NC 8.0E-05 mayVt/day 
/anadlum 71.1 mg/kg NC NC 2.6E-05 mg/kg/day 
oxkity Equivalency (Dioxina/Furana) 0.004241 8.8E-I1 n*k./d.y 1.5EW5 [m|/lc|/day}-l l.E-05 l.OE-09 nn/ltg/day °*k* 

EXPOSURE ROUTE TOTAL l.E-05 2.E-OI 
-XPOSURE POINT TOTAL 2.E-04 l.E-MX) 

TOSURE MEDIUM IX TAL 2.E-04 l.E+00 
I.E-HHI 

TOTAL RECEPTOR RISK ACROSS ALL MEDIA l| 2.E-04 OTAL RECEPTOR HAZARD ACROSS ALL MEDIA!] 1.2.E+00 

NOTES: 
(I) - Blank celk Indlcale thai an RID or RIC li not avalaiuble from die amirca UKd u obuln doie-re^>otue dau Tor Ihli rlik incnmcol.
 

NC - Nol caicUnienlc by this eiojoaure route.
 

NA • Not applicable: npoiure route not applicable for UiU chemical/expoiure medium.
 

- • Not calculated; doaeMtsponae data and/or dermal absorption valuet are not available.
 


p'ro?iredby:KJC 

MACTEC iBflnnrlnl and Cupiltlnt, Inc u u 
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TABLE 7.4.RME 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS - REASONABLE MAXIMUM EXPOSURE - CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR • ADULT 
ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 


CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
 

NORTH PROVIDENCE, RHODE ISLAND
 


SCENARIO TIMEFRAMG: CURRENT/FUTURE
PRECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR 
HRECEPTOR ACE: ADULT 

EPC CANCER RISK CALCULATIONS ft NON-CANCER HAZARD CALCULATIONS 
EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURE I INTAKE/EXPOSURE MEDIUM	 	 CHEMICAL CSF/UNITRISK R(D/RfC(l) HAZARD 
MEDIUM POINT ROUTE	 	 VALUE UNITS CONCENTRATION CANCER RISK J CONCENTRATION QUOTIENT 

VALUE UNITS VALUJ UNITS VALUE UNITS VALUE 1 UNITS 
SOIL FLOODPLAIN SO GREYSTONE MILL POND INGEST1ON	 	 2-MolhyUuphch.lcno 0.17022 mg/kg NC NC 3.2E-OI mgAg/dly 4.0E-03 mg/kg/diy l.E-05 

AceupklhyfeM 0.49749 JBfAf NC NC I.3E-07 mg/kg/diy 6.0E-02 mg/kg/diy 3.E-06 
Beuo(i)iu1incei» 3.41016 mg/kg 1.IE-07 mg/kl/diy 7.3E-OI (mgftg/day)- l.E-07 l.OE-06 mg/kg/dly 3.0E-02 mg/kg/diy 3.E-03 
Benio(i)pynM 3.4110] mg/kg I.IE-07 m|Ag/d>y 7JB*00 (mgAg/diy). l.E-06 l.OE-OC mgAg/diy 3.0E-02 mg/kg/diy 3.E-03 
BenaKbjnuoriiKliein 4.21161 mg/tg 2.2E-07 miWby 7JE-OI (ng4g/diy> J.E-07 UE-06 m^tg/diy 3.0E-02 mjA«/diy 4.E-03 
BnuodXDiMiylai. 2.17139 mf/k| NC NC I.IE-07 mg^cg/diy 3.0E-OJ mgAg/diy 3.E-03 
Dibeuo^Mwlhneene 0.72151 mg/kg 3.SE-OI «g/kg/diy 7JE-KIO (mgflcg/d«y). 3.E-07 2.2E-07 mg/kg/diy 3.0E-02 mg/kg/diy 7.E-06 
[naeM<1.2J.cd)pyiau 3.0929 mgAg 1.6E-07 mg/kg/diy 7.3E-OI (mgAg/diy)- l.E-07 9.4E-07 mg/kg/diy J.OE-OJ pigAg/diy 3.E-03 
Pheunttiraw 3.30136 mg*g NC NC I.6E-06 p,^kg/diy 3.0E-02 mg/kg/diy 3.E-05 
•Ipht-CUonliM 0.03392 mg/kg I.9E-09 mgAg/<Uy 3.3E-01 (mgAg/diy)- 7.E-IO I.IE-OI mgAg/diy 5.0E-W mg/kg/diy 2.E-03 
Aroelor-1234 0.13172 mg/kg 4.4E-OI mg/kg/diy 2.0E400 (mg/kg/diy)- 9.E-OI 1.6E-07 mgftg/diy 2.0E-03 mg/kg/diy l.E-02 
Aroclor-1261 0.13933 m^kl 7.3E-09 mg/kg/diy 2.0E-HM (mg/kg/diy)- I.E-OI 4.3E-OI mgAg/diy 2.0E-03 mg/kg/diy 2.E-03 
EndOfuirin SuUite 0.01269 mf*I NC NC 3.9E-09 mgAt/diy 6.0E-03 mg/kg/diy 6.E-07 
leemiieil Chlorijno 0.73331 ragJV( 3.IE-OI mg/kg/diy 3.3E-OI (mgAg/diy)- I.E-OI 2.2E-07 mg/kg/diy 3.0E-04 mg/kg/diy 4.E-04 
Alunlnum 21793 m«*» NC NC 6.7E-03 mg/kg/diy 
Anenic 12.2 mi/kg 6.4E-07 mg/kg/diy I.3E-HW (mg^g/d.y)- l.E-06 3.7E-06 mgAg/diy 3.0E-04 mgAg/diy I.E-02 
Omnium 291 m(/k( NC NC I.9E-03 mg/kg/diy 3.0E-03 mg/kg/dly 3.E-02 
Popper 324 mg/kg NC NC 9.9E-03 mg/kg/diy 
Utd 391 mg/kg 3.IE-03 mg/kg/diy I.IE-04 mg/kg/diy 

jagineio 4126 mg/kg NC NC	 	 I.3E-03 mg/kg/diy 7.IE-02 mg/kg/day 2.E-D2 — 
Mercury 0.111 BfA'f NC NC 2.5E-07 mg/kg/diy 3.0E-04 mg/kg/diy H.E-04 
Molybdenum 17.7 mg/kg 2.7E-03 mg/kg/diy 5.0E-03 rog/Vg/day 5.E-03 
Nickel 317 mg/kg NC NC I.2E-04 mg/kg/diy 2.0E-02 mg/kg/diy 6.E-03 
nuUluu 0.313 mg/tg NC NC I.IE-07 mgAgUiy I.OE-II3 mgAgxday 2.6-U3 
Vinidium 103 mg/kg NC NC 3.IE-03 mg/kg/diy I.OE-03 mg/kg/diy 3.E-02 
loxicity Equlvtlency (Dioidnt/Funni 0.000109 mg/kg 3.7E-I2 mg*g/ii«y l.SE+03 (rag*g/diy)-l 9.E-07 3.3E-1I mg/kg/diy 

EXPOSURE ROUTE TOTAL 4.E-06 I.E-OI 
DERMAL 2-ModtylniphthaleM 0.17022 mg/kg NC NC 2.7E-OI mgAg/diy 4.0E-03 mg/kg/dly 7.E-06 

AcmiphlhyleDe 0.49749 mi/kg NC NC 7.9E-OI mg/kg/diy 6.0E-02 mg/kg/diy I.E-116 
Beuo(i)inthnceiio 3.41016 mi/kg 9.3E-OI mgAg/diy 7.IE-OI (mg/lg/diyM 7.E-OI 3.4E-07 mgjlcg/diy 3.0E-02 mg^g/diy 2.E-03 
BenioMpyrene 3.41103 mgAg 9.3E-OI mgftg/diy 7JE+00 (mg*g/diy)-l 7.E-07 3.4E-07 mg^g/diy 3.0E-02 mg/kg/diy 2.E-05 
Betun(b)fluMulheiie 4.21161 mgAg 1.2E-07 mg/kg/diy 7JE-01 (mgAg/diy)-! I.E-01 6.IE-07 mgAg/diy 3.0E-02 mg/kg/diy 2.E-05 
BaaoCth.OperylcM 2,17139 n(«t NC NC 4.5E-07 mg/kg/dly 3.0E-02 mg/kg/diy 2.E-05 
Dibeuo(i^)tDllinem< 0.72131 mgftg 2.0E-OI mgAg/diy 7JE+00 (n.g*g/diy>l l.E-07 1.2E-07 mg/kg/diy 3.0E-02 mgAg/diy 4.E-06 
adow(l,2.3-cd)p>T»n. 3.0929 »»1, I.4E-OI mg^g/dix 7JE-OI (mgAf/diy)-l C.E-OI 4.9E-07 mg/kg/diy 3.0E-02 mg/kg/diy 2.E-05 
PheiuitlhitM 3.30136 iig/kf NC NC I.4E-07 mgAg/diy 3.0E-02 mg^g/diy 3.E-03 
ilplu-CMordiiw 0.03392 mg/kg 3.0E-IO mg/kg/diy 3.3E-01 (mgAg/diy)-! I.E-10 1.IE-09 mgAg/diy 3.0E-04 mg/kg/diy 4.E-06 
Aroclor.1254 0.13172 mgA( 2.1E4I »gA»/<(iy ite-xa (BgAgAtay)-/ S.E-OI J.4E-07 m»Vd.y 2.0E-0) mg/kg/fay 7.E-03 
*roclor.l26l 0.13933 mg/kg 4.1E-09 mg/kg/diy 2.0E+00 (ngAg/d.y>l I.E-09 2.4E-OI mg/kg/diy 2.0E-03 mg/kg/diy I.E-03 
EnduuUuSulfile 0.01269 ing/kg NC NC 6.0E-03 mg/kg/diy 
Technical CMordino 0.73331 mgftg 6.1E-09 mg/kg/diy 3.3E-OI (mgflcg/diy)-l 2.E-09 3.6E-OI mgAg/dly J.OE-W mg/kg/diy 7.E-05 
Mumioum J1793 mg/kg NC NC 
\nenle 12.2 mtAl 7.6E.OI m|̂ «/d.y I.5E-HM (BgAg/diy)-l l.E-07 4.3E-07 mgAig/diy 3.0E-04 mg^g/diy I.E-03 
Chromium 291 mg/Vg NC NC 7.3E-03 mg/kg/diy 
ipper 324 mg/kg NC NC 
Mi 391 mgA( O.OE-HK m»1cg/d<y 
hiinginew 4126 mgAg NC NC 2.IE-03 mg/kg/diy 
dorcury 0.1 11 mg/kg NC NC 2.1E-03 mg/kg/diy 
Mybdnum 17.7 mg/kl 3.0E-03 mg/fcg/diy 
iekel 317 mg/kf NC NC I.OE-04 mg/kg/diy 

lullium 0.313 mg/kj NC NC I.OE-03 mgAg/diy 
•Mdium 103 mgAg NC NC 2.6E-03 mg/kg/diy 
oriclly Equlwtacy (Dioxini/Fuimi; 0.000109 mg/kf 2JE-I4 mg/kg/d«y I.5E+05 (mg/kg/diy)- 1 3.E-TO I.3E-I3 mt*g/diy 

EXPOSURE ROUTE TOTAL l.E-06 II l.E-02 II 
XPOSURE POINT TOTAL 3.E-06 || I.E-OI | 

ttSURE MEDIUM AL 3.E-06 H I.E-OI | 
ML TOTAL S.E-06 « I.E-OI ll 

TOTAL RECEPTOR RISK ACROSS ALL MEDIA II 5.E-OS flTOTAL RECEPTOR HAZARD ACROSS ALL MEDIA || 1.3.E-01 || 

MACTF<- v.nglncw log md CoululUnj, Inc. 
• 
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TABLE 7.4.RME 
CALCULATION O» CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS - REASONABLE MAXIMUM EXPOSURE  CWwrNT/FUTURE - PASSIVE RECREATIONAL VISITOR - ADULT 

ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA 
CENTREDALK MANOR RESTORATION PROJECTSUPERFUMD SITE 

NORTH PROVIDENCE, RHODE ISLAND 

(SCENARIO T1MEFRAME: CURRENT/FUTURE 
[RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR 
URECEPTOR ACE: ADULT 

MEDIUM EXPOSURE 
MEDIUM 

EXPOSURE 
POINT 

EXPOSUREROUTE  H] 

11 

 mitMirAL  CHEMICAL 

EPC 

VALUE UNITS 

CANCER RISK CALCULATIONS 
INTAKE/EXPOSURE 
CONCENTRATION 

^LUE 1 . UNITS 

CSV/UNIT RISK CANCER RISK 

NON-CANCER HAZARD CALCULATIONS 
INTAKE/EXPOSURE 
CONCENTRATION RfD/RfCd) HAZARD 

QUOTIENT 

NOTES: 
(1). Blank cell! indicate Hutu MD or VIC li not available from the toureu uaed to obuin doic-reipoinc tut Sat Ihii riik moment. 
NC • Not urcinotenic by this rapoiura route. 
NA  Not ipplicable; exponire route not applicable for th» chomlcal/exposure medium. 
- • Not calculated; doM-mponte data and/or dermal abiorplion value! are not available. 

(Prepared by: KJC 
|OieclceJby:MJM 

MACTEC and Coniulllnc, Inc. 
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TABLE 7.S.RME 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS - REASONABLE MAXIMUM EXPOSURE • CURRENT/FUTURE • PASSIVE RECREATIONAL VISITOR - OLDER CHILD 
ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 


CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
 

NORTH PROVIDENCE, RHODE ISLAND
 


JSCENARIOTIMEPRAMC: CURRENT/FUTURE
[RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
[RECEPTOR ACE: OLDER CHILD 

EPC NON-CANCER HAZARD CALCULATIONS 
EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURE INTAKE/EXPOSURE 

MEDIUM CHEMICAL CSF/DNITRISK RfD/RfC(l) HAZARD
 
MEDIUM POINT ROUTE VALUE UNITS CONCENTRATION CANCER RISK CONCENTRATION QUOTIENT
 

VALUE UNITS VALUE UNITS VALUE UNITS VALUE UNITS 

SOIL FLOODPLAIN SO OREYSTONE MILL POND 1NGESTION i-Mcdtylniphllulaie 0.17022 mt&g NC mg/kg/<Uy 4.0E-03 mgVkg/day 2.E-05 
AMnaphdiytau 0 49749 m|/kg NC NC 2.4E47 mgftg/dty 6.0E-02 mg/kg/day 4.E-06 
Boizo(a)aiitlin<»w 3.41 OIC mgAf 2.IE-07 mg/kg/diy 7JE-OI (mg/kg/d.y> 2.E-07 I.6E46 mg/kg/diy 3.0E-02 mgAg/day 5.E-05 
tazoCalnmM 3.41103 mg/kg 2.IE-07 mg/kg/diy 7JE+00 (mg*g/d.y)- 2.E-06 1.6E-06 mg«g/d.y 3.0E-02 mgftg/day 5.E-05 
Bnzo(b)niionntha« 4.21161 mt/kf 3.3E-07 mgftg/diy 7JE-OI (mg/kg/diy). 3.E-07 2.0E46 mg«|/d.y 3.0E-02 mg/kg/day 7.E-05 
BcMoCiAOpayfer* 2.17139 mi/let NC NC 1.4£m6 mg/kg/diy 3.0E-02 mgftg/day 5.E-05 
DllxnzoWOaiithractno 0.72131 nfkl 5.9E-OI mg1c(/d>y 7.3E+00 (mgAg/diy)- 4.E-07 3.5E47 mg«g/d.y 3.0E-02 mg/kg/d.y l.E-05 
l»bM(l^}«l)pyn» 3.0929 rngftg 2.5E-07 mgftg/diy 7JE4I (mg*g/d.y)- 2.E-07 l.5Em6 mg/kg/d.y 3.0E-02 mgAg/day 5.E-05 
PhwndinM 3.30136 *>f/k| NC NC 2.5E46 mg/kg/d.y 3.0E-02 mg/kg/day l.E-05 
lph.-Ckkprd.no 0.03392 mt/kg 2.9E-09 mg«^d.y 3.5E-01 (mgAg/diy)- I.E-09 I.TE^I mgAgAby 5.0E-04 mgftg/day 3.E-01 

Aroclor-1234 .0.13172 mg*g 6.IE-OI m^k^d.y 2.0E+00 (mg«g/d.y). l.E-07 4.0E47 mgA«/d>y 2.0E-05 mg/kg/day 2.E-02 
Aroelor.1261 C.I3953 mg/kg 1.1E-OI mgftg/diy 2.0E+OO <mg/kg/d.y)- 2.E-OI 6.6E4I mg/kg/diy 2.0E-03 mg^g/day 3.E-03 
felaiulfuSiilftte 0.01269 mtfk| NC NC 6.0E-W otfftg/diy &OE-03 mtAg/day l.E-06 
Ftduifc.! Chlordano 0.73531 mt*t 6.0E-OI mg/kg/diy 3.3E-01 (m»*»/d.y). 2.E-OI 3.5E-07 mgA:g/day 5.0E-04 mg^cg/day 7.E-04 
Aluminum 21793 mt/k| NC NC I.OE-02 mg/kg/d.y 
AneniC 12.2 at/tt 9.9E-07 og/kg/diy ME+00 (mgAg/d.y)-l J.E-M 3.IE-06 mg/kg/d.y 3.0E-04 mg/kg/day 2.E-02 
Chromium 291 nig/kg NC NC I.4E44 mg/kg/d.y 3.0E-03 mi/kg/day 5.E-02 
Copper 324 mg/kg NC NC I.3E-04 mg/kg/day 
LttJ 391 m«A| 4.IE-03 ingAg/diy 2.IE-04 mgAg/d.y -
MUfilMM 4125 ml/kg NC NC 2.0E-03 mg/kg/diy 7.IM2 mi/kg/day 3.E-02
 
Mercury O.I II mt/kg NC NC 3.9E-07 mg/kg/diy 3.0E-IM mg/kg/day I.E-03
 
Molybdenum 17.7 . mt/kg 4.2E-05 »g*g/d.y 5.0E-03 mg/kt/day 8.E-03
 
Nickel 317 n|/k| NC NC I.IE-04 mg/V|/d.y 2.0E-02 mg/kg/d.y OE-03
 
nialliun 0.315 mg/kt NC NC 2.IE-07 mg/k|/d.y I.OE-03 mg/kg/day 3.E-03
 
Vanadium 103 mg/kg NC NC 4.9E-05 mg/kg/d.y I.OE-03 mg/kg/day I.E-02
 
foxldry Equivalency (Dioxiiui/Funuu 0.000109 mg/kg I.9E-12 mg/kg/d.y I.5E+05 (mg*g/d.y).l I.E-06 5.2E-II mgA|/d.y 

EXPOSURE ROUTE TOTAL 6.E-06 2.E-OI
 

DERMAL 2-Melhylnapolhaleiie 0.17022 niiVkg NC NC I.OE-07 mg/kg/day 4.UE-03 mg*g/day 3.E-OJ
 
Acenaphlhykuie 0.49749 mg/kf NC NC 2.9E-07 mg/kg/diy 6.0E-02 ntg/kg/day 5.E-06
 
JouoOlanlkracono 3.41016 nt/kg 3.3E-07 mg/kf/diy 7.3EW>1 (m»,lj/d«)')-/ 3.E-07 2.0E-06 m(Ag/d<y 3.CE-02 naAg/day 7.E-05
 
Be»zo(a)oyr»M 3.41103 ngAg 3.5E-07 mg*g/diy 7JE-KW (mg/kg/diyH 3.E-06 2.0E-06 mgftg/day 3.0E-02 mg/kg/day 7.E-05
 
BeuoOOfluoniilheiH 4.2IS6I mt/kg 4.4E-07 m|/kg/diy 7.3M1 (mg*g/d.y)-l 3.E-07 2.5E-06 mg/kg/day 3.0E-02 mg/kg/day I.E-OS
 
BmnttA,I)earla* 2.17139 mjAj NC NC 1.7E-06 mg/kg/day 3.0E-02 mg^g/day 6.E-05
 
Dibenzo(a)ullincrao 0.72151 mg/kg 7.4E-Og m|Ag/diy 7JE«0 (mg*g/d.y)-l 5.E-07 4.3E-07 mg/kg/day 3.0E-02 mg/kg/day l.E-05
 
UdMo(IA3«l)py™M 3.0929 mg/kg 3.1E47 mg/kg/d«y 7.3E-01 (mg*g/d.y).| 2.E-07 1. IE-DO mg/kg/d.y 3.0E-02 mg/kg/day 6.E-05
 
FbnwIbraM 3.30136 mg/kg NC NC 3.1E-06 m|Ag/d.y 3.0E-02 mg/kg/day l.E-04
 

fmivVt/davV0.03592 m(/kf 1.1F^09 mfKg/IWJIHkJtc/lUv' 3.5E-OI \™»  *•'**"/ /^ * 4.E-10 • 6.6E-09 Bi§/k(/diy 5.0E-04 mg/kg/day l.E-05
 
Arockir-l2]4 0.13172 mg/kg 9.2E-OI mg/Vg/diy 2.0E-KW (mg*g/diy)-l 2.E-07 5.4E-07 mg/kg/day 2.0E-03 mg/kg/day 3.E-02
 
Arocloc-1261 0.13953 mt/kg I.5E-OI mg/kg/diy 2.0E-HX) (mg^g/(by).| 3.E-OI I.9E-OI mg/kg/day 2.0E-03 mj/kj/diy 4.E-03
 
EndoiuUuSuUiu 0.01269 mg/kg NC NC 6.0E-03 mittydty 
Technical Chlordane 0.73538 mgAg 2.3E-OI «g4g/d.y 3.5E-01 (mg*g/d.y).l t.E-09 I.3E-07 mg/Vg/day 5.0E-04 mg^ct.'diy 3.E-M 
Mualnum 21793 mgAj NC NC 
>u»nio 12.2 mgAg 2.9E-07 mg*g/<l.y 1.3E-KW (mg/kg/d.y).( 4.E-07 I.7E-06 mg^cg/day 3.0E-04 mgA$/Biy 6.E-03 
IromJum 291 mg/kg NC NC 7.3E-03 rogAj/diy 
=oppor 324 mg^g NC NC 
Mt 591 mg«g O.OE+00 mg*g/d«y 
J(f»fmiutff 4126 mg/kg NC NC 2.IE-03 mg^g/day 
rfercny O.S11 mgAg NC NC 2.IE-05 mg^cg/day 
tolyWraum 17.7 "(/kg 5.0E-03 mg/kg/day 
fickel 317 mg/kg NC NC I.OE-W mgAg/day 
nullium 0.515 mg*j NC NC I.OE-05 mg/kg/day 
/•ludfiun 103 mg&g NC NC 2.6E-0] mg/kg/day 
oxich> Equivalency (Dioxini/Furani 0.000109 mg/kg I.3E-14 mg/kg/d«y I.5E«05 mgAg/d.y)-l I.E-OI 5.0E-13 mg/kg/day 

'

•XPOSURE ROUTE TOTAL 5.E-06 4.E-02 
POSURE POINT TOTAL l.E-05 2.E-OI 

POSURE MEDIUM TAL l.E-05 2.E-01 

SOIL TOTAL l.E-05 2.E-01 

TOTAL RECEPTOR RISK ACROSS ALL MEDIA II l.E-05 ||TOTAL RECEPTOR HAZARD ACROSS ALL MEDIA II 2.3.E-01 

'(tiMering ind Coniulting, Inc. 

,e I of 2 

http:lph.-Ckkprd.no


TABLE 7J.RME 
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS - REASONABLE MAXIMUM EXPOSURE - CURRENT/FUTURE • PASSIVE RECREATIONAL VISITOR - OLDER CHILD 

ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 

CKNTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
 


NORTH PROVIDENCE, RHODE ISLAND
 


[SCENARIO TIMEFRAME: CURRENT/FUTURE 
I RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR 
llRECEPTOR AGE: OLDER CHILD 

EPC CANCER RISK CALCULATIONS II NON-CANCER HAZARD CALCULATIONS 
EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURE INTAKE/EXPOSURE MEDIUM CHEMICAL CSF/UMTRISK RfD/RfC(l) HAZARD 
MEDIUM POINT ROUTE VALUE UNITS CONCENTRATION CONCENTRATION QUOTIENT 

VALUE 1 UNITS _KAL11E 1 UNITS VALUE 1 UHirS_. YAMS i, mm 1 
NOTES: 
(I) - Blanfc cclh indicate Out an RID or RIC U not avalailable from the aourcei uwd to obtain dOM-reiponle data for lUi rilk UNUnenL 
NC - Not carcinoienic by thii expotun route. 
NA - Not applicable; expoture route not ipplieablo for (hit ehemidl/cxponire medium. 
-- - Not calculated; doie-ruponie dala and/or dennal ibioiptjon valuei are not available. 

Pnpand by: KJC 
gected by: MJM 

MACTEC ud Consulting, Inc. 
9I2UJ5 o U 
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TABLE 7.«.RME 

CALCULATION Or CHEMICAL CANCIR RISKS AND NON-CANCER HAZARDS - REASONABLE MAXIMUM EXPOSURE • CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR - CHILD 
ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT! OXBOW AREA
 


CENTREDALE MANOR RESTORATION PROJECT SUFERFUND SITE
 

NORTH PROVIDENCE, RHODE ISLAND
 


NARIO TIMEFRAME: CURRENT/FUTURE
 

OR POPULATION: PASSIVE RECREATIONAL VISITOR
 

OR ACE: CHILD
 


EP : CANC1 ; RISK CALCULATIONS
 

EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURE INTAKI^XPOSURE
 


MEDIUM CHEMICAL CSr/VNITRISK Rn>/RTC(l) HAZARD 
MEDIUM POINT ROUTE VALUE UNITS CONCENTRATION CANCER R1S CONCENTRATION QUOTIENT YALVfi UNITS VALUE y^lTjj vAi.im UNITS VA^l|E UNITS 

SOIL FLCODPLAINSOIL GREVSTONE MILL POND INGESTION 2-Metfiyta«pi<h.ta* 0.17021 mflj NC NC 4.9E.07 nn*»/d«y 4.0E-03 nH*I/dly I.E-04 
Acenvhlhylm 0.49749 "Ckf NC NC 1.4E-06 miA|Vd>y 6.0E-02 ratVk|/d<y 2.&03 
Bcnn(i)«Uinc«w 3.41084 "Ckf I.3E-07 mi/kl/dv 7.SE-01 (niWy> 6.EJ17 9.7&«6 iti(/k|/d>y 3.0E-02 mj*t/d.y 3.E-04 
Baia<i)prraM 3.4110} "1*1 I.3E-07 m|A(/d./ 7.3E«0 dniAf/d.,)- 6.E-06 9.7E-06 m|Ai/d.y 3.0E42 mt^/di, 3.E-04 
Bouo(b)niioniidiai> 4JIU1 "(ftl l.OE-06 mlAl/iby 7.3E4I (m^k^day)- t.E-07 I.JE-03 niVki/diy 3.0E-02 inl/kfUiy 4.&O4 
BouoOMlxiylne 2.«7139 mfkf NC NC S.2E-06 mHn/d.y 3.0E-OJ •«k|Mqr 3.E-04 
DBxaafetiutlnceu 0.72151 I.IB47 nUWty 7.3B+00 (W^K/d,y> l.E-06 2. IE-OS KitAf/diy 3.0E-02 mj^i/di, 7.E<3 ""**» 
IndeaoUJJ-aOpynie 1.0929 mi/If 7.6E-07 mildly 7.3E-01 (mi*|/d.y)- 6.EJ17 8.8E-06 m/kt/diy 3.0E-02 m(ft|/diy 3.EJM 
PhaunlhnM 3.30136 mf*C NC NC I.5E-03 Xl̂ i/d.y 3.0E-0! m«Al/<Uy 3.E-04 
•IpJu-Chlorfro 0.01192 n(A| I.IE-09 »»*«/<li, 3J&OI (m^kf/diy). 3.E-09 l.OE-07 iti(A(/il>y S.OE-O4 m«Vk|/<Uy 2E-« 
Aredoc-1154 0.13172 n|/kf J.OE^)7 miWhy 2.0E-KK) (m^ki/dv)- 4.E-07 2.4E46 m»T(J/d«y 2.0E-03 tntAt/<Uy I.E-OI 
AiodoMMI 0.13953 n(/k| 3.4E-OI n«k|/<l>y 2.0E-KO (n|*I/diy)- 7.E-08 4.0E-07 ml^l/diy l.OE-0) mtAf/diy 2.E-02 
EndouUnSuUilc 0.01269 mjvtj NC NC 3.6E-08 nii/kf/d.}. 6.0E-03 m|A|/d>y 6.E-06 
lecholal CUordiiM 0.73531 mi/kf 1.1E-07 mfWliy 3.5E-OI (m.ftj/<l«y)- 6.E-OI 2.IE46 nifA|/<Uy 5.0E-04 mm/diy 4.E-03 
Aluminum 1179} mg/kf NC NC 6.2E-02 mtAi/diy 
lUWllC 12.1 •aifit 3.0E-OS mftj'iliy 1.3EWO (miWW 4.E-06 3.5B-03 n|«|/d|y 3.0E-04 m»*«/di> l.E-Ol 
aironuun 291 nifil NC NC I.3E-04 nfVki/diy 3.0E-03 mtVkt/diy 3.E-01 
Copper 324 mi/14 NC NC 9.2E-04 miftl/diy 
L«d 391 °W*I I.4E-04 m(ftt/diX I.7E-03 n.ĵ t'd.y -
Minpme 4126 m»*» NC NC I.2E-02 ra(/k|/d>y 71E-02 mjAlVd.y 2.E41 
Mcrcuy 0.111 in|/k| NC NC . 2.3E-06 m(/k|/diy 3.0E-04 m|A|/(by 8.E-03 
MolyMamm 17.7 mH» 2.5E-04 m««(Vd>y 5.0E-0] mt^fiUy S.E-02 
Nickel 317 m(/k( NC NC I.1E-03 ini/k(/d<y 2.0E-02 mjAi/d«y f>E-02 
ItaHlum 0.5S5 ni/k( NC NC I.7E-06 mj/kj/<Uy 8.0E-OS m«A»/d.y 2.E-02 
Vuxiium 103 m|/k| NC NC 2.9E-04 mtA^itoy I.OE-C3 mf^fdiy 3.E-OJ 
Toxjctty Equivalency (Dioxini/Funiu) 0.000109 "*ki 2.7E-11 m|/k|/il>y I.3E-KI5 m|/kf/day)-l 4.E-06 3.IE-IO m|/k|/d>y 

EXPOSURE ROUTE TOTAL 2.E-03 I.E+00 

DERMAL 2-Mahylniplahilcne 0.17022 m«*« NC NC 1.IE-07 ml/ki/diy 4.0E-03 m(Af/diy 4.B-05 
AMMfihlhyleM 0.49749 mc/k| NC NC 5.2E-07 mj*l/a»y 6.0E-02 mjAlVdly 9.E-06 
BenzoWwdincene 3.41016 m«/k| 3.0EJ7 m|/k|/<l<y 7.3E-OI (m(*I/<Uy)-l 2.E-07 3.5E-00 mtVkt/iUy 3.0E-02 ml/ki/dny I.E-04 
Bauodtoroo 3.41803 mj*« }.OE4>7 mC/k|Aby 7.3E+00 (m»1il/4iy)-l 2.E-06 3.5E-M m(/k|/d>y 3.0E41 mCAf/day \.EJH 
BamXbXluoivuht™ 4.28861 mfft( 3.IE-07 mjflcj/iUy 7.3E-OI (m|/k(/lUy)-l 3.E-07 4.4E-06 mjAj/diy 3.0E42 mtA|/diy I.E-04 
BmtoO.li.OptiTltne 2.17139 mi^C NC NC 3.0E-06 mj/k»/diy 3.UE-02 mjvkjVday I.E-04 
DtoaattMuMKax 0.72131 mifti 6.5E-08 miAl/itoy 7.3E-KW (m|Af/d«y>l 5.E-07 7.6E-07 mjVkjydiy 3.0E-02 m(/kf/d>y 3.E-03 
IndcaKUJ-aDpyme 3.0929 tn|/k( 2.7E47 mj4»/(Uy 7.3E-OI (n>|/k(/d>y)-l 2.E-07 3.2E-06 mjflcjyday 3.0E-02 mtVdiy I.E-04 
PtaKMhRM 3.30136 ni/ki NC NC 5.5E-06 mj/kj/itoy 3.0E-02 mi/ki/daif 2.E-04 
•Iphi-Ctiloniue 0.03392 nfrttf 9.SE-10 inlAl/iUy 3.5E-OI (m|W<t*y)-l 3.E-IO I.IE-OI m«A»/<Uy 5.0E-04 m(/k|/diy 2.E43 
Andor-1234 O.(3l72 mf*« t.OE-08 ml/k»«Uy 2.0E-H10 (miAtVdiy)-! 2.E-07 9.4E-07 imAfAtV 2.0E-03 nil/ki/di; 5.E-02 
Anclor-lUt 0.13933 in|/kf I.3E^)< m^kj/dl, 2.0E+00 (miAl/diy)-l t.E-OI I.6E-07 mj/kj/itay l.OE-OS miAfdiy 8.E-03 
Bndtwirin SulTile 0.01269 mi/kf NC NC 6.0E-W iti(Ai/d>y 
recknlctlChJoriine 0.73531 mjA| 2.0E-OS m(ft(/day 3.5E-OI (m»Vkl/(l«y)-l 7.E-09 2.3E-07 m«A»'il«y 5.0E-04 mi/ki/diy 5.E-04 
Aluminum 21793 miAj NC NC 
tneslc 12.2 n*H 2.5E-07 m(1ii/d>y 1.3E«0 ImiWtayH 4.E-07 2.9E-06 intVkf/diy 3.0E-04 m|/k|Vdiy I.E-02 
aroinlum 291 m|/k| NC NC 7.5E-05 mtAtVdiy 
Copper 324 mi*j NC NC 
J0t 591 n(«| O.OE-MW rai^d.y .. 

î**t""** 4126 m(/k| NC NC 2-8E-03 mjAi/<tay 
Penury 0.111 mjAl NC NC 2.1E-05 mi/k|AUy 
tblyMenini »7.7 Oft, 5.0E-03 mtVkjydiy 
•nckel 317 mi/kf NC NC t.OE-04 nnVk|/<toy 
rhtllluni 0.313 m|/k| NC NC 8.0E-03 mt«l/iUy 
feudlum 10} »*%f NC NC 2.6E-03 n*ki/d«y 
auatf Equivilenoy (Diaani/Flirni) 0.000109 mj/kj 7.5E-14 mf/kj/diy 1.5E+05 (n(«(/diy)-l l.E-08 I.7E-13 m|A(/<lay 

iXPOSURE ROUTE TOTAL 4.E-O6 7.E-02 
.XPOSURE POINT TOTAL 2.E-03 I.E«0 

POSURE MEDIUM' 'AL 2.E-05 l.B-HXI 

TOTAL RECEPTOR RISK ACROSS ALL MEDIA II 2.E-OS )TAL RECEPTOR HAZARD ACROSS ALL MEDIAII 1 J.E+00 

MACTIC E*iUceii»f ud CIDH|||>|, be. 
na>.a 
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TABLE M.RME 
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS - REASONABLE MAXIMUM EXPOSURE • CURRENT/FUTURE • PASSIVE RECREATIONAL VISITOR - CHILD 

ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW ARIA
 

CENTREDAU MANOR RESTORATION PROJECT SUPERFUND SITE
 


NORTH PROVIDENCE, RHODE ISLAND
 


} TIMEFRAMI: CURRENT/FUTURE
 

It FOFULATION: PASSIVE RECREATIONAL VISITOR
 


OR ACt; CHILD
 


EPC CANCE I RISK CALCULATIONS NON-CANC ER HAZARD CALCULATIONS 
EXFOSURE EXFOSURI [NTAKE/XXPOSUKE INTAKE/EXPOSURE MEDIUM CSF/UNITRISK RTDflUC (1) HAZARD 
MEDIUM FOINT "SET I ~" VALUE UNITS CONCENTRATION CONCENTRATION QUOTIENT 1 VAWfE ' ^ff^ 

NOTES: 

NC - Not CHctaoialc by IhlJ enxwjw route. 
NA • Not tffllaM^ opoon mu not qipUobU for ildi chenlol/eipowre medlun. 
- - N« alculued; (kuc-ropxue diu mi/or <krnul itri«pll<w nlitcf m na 

IPltpiraJ try; KJC 
CheitolbyrMJM 

MACTCC Endr-<toc ind ConultlDI, Inc. 
^ ** 

cJ ft»MiWWB u
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TABLE 7.1.CT 

CALCULATION OF CHEMICAL CANCER RISKS AMD NON-CANCER HAZARDS • CENTRAL TENDENCY - CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR - ADULT 
ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 


CENTREDALE MANOR RESTORATION PROJECT SUPERPUND SITE
 

NORTH PROVIDENCE. RHODE ISLAND
 


NARIO T1MEFRAME: CURRENT/FUTURE 
HRECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR 
URECKPTOR AGE: ADULT 

EPC CANCER RISK CALCULATIONS NON-CANCER HAZARD CALCULATIONS 
EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURE INTAKE/EXPOSURE 

MEDIUM	 	 CHEMICAL CSF/UNITR1SK RfD/RfCd) HAZARD 
MEDIUM POINT ROUTE	 	 VALUE UNITS CONCENTRATION CANCER R1S CONCENTRATION QUOTIENT 

VALUE UMTS yALUE UNITS VALUE UNITS VALUE UNITS 
SOIL FLOODPLA1N SOIL OXBOW AREA 1NOESTION i-cMordane 0.00291 mulct I.3E-M mgft(/(Uy 3.5E-01 (•m/lu/diy)- 5.E-I2 2.3E-IO ml/k|AUy 5.0E-04 mg/kg/diy 5.E-07 

iieldrin 0.023106667 mj/kj I.OE-IO mi/li/diy I.6E-K11 (mj^i/diy)- 2.E-09 I.IE-09 m|/k|/diy 3.0E-05 m»Ag/diy 4.E-05 
wtoauUanll 0.001113333 "fcfcf NC NC 9.0E-II m^l^d.y 6.0E43 mfA^/diy 2.E-OI 
ndrin aldehyde 0.003141667 "l/kf NC NC 2.9E-10 mg/k$/d«y 3.0E-04 mt/kj/diy l.E-06 
uidrin Icelone 0.000636667 mt/kt NC NC 4.9E-II mf/k|/cUy 3.0E-04 ragAg/day 2.E-07 
1-cUordiM 0.003913333 mt/fcf 1.7E-U m(/l|/d>y 3.5E-01 (m^n/d.y). 6.E-12 3.0E-10 m|A./d.y 5.0E-04 mg/Vft/day 6.E-07 
Technical CMordane 0.016126667 mtAf 7.0E-H m(/V|/diy 3.5E-01 (m^ki/diy)- 2.E-1I I.2E-09 mg*l/diy 3.0E-04 mgAg/diy 2.E-06 
AraclorI2S4 1.40917 miAf 6.1E-K mi/ktldty 10E«0 (m»A^d.y). l.E-OI 1.1E-07 m»Ai/(Uy 2.0E-03 njAt/diy 5.E-03 
Antimony 3,0255 m«A» NC NC J.3EJ7 m»Ai/(Uy 4.0E-04 m|/k|/day 6.E-04 
Anenic 3J9 mt*i 2.4E-OI m|A(/diy I.5E400 (m|Al/d»y> 4.E-OI 4.IE-07 m|/WUy 3.0E-04 m(/kf/diy l.E-03 
Cadmium 4.02 at/kg NC NC 3.1E-07 mjA^diy I.OE-03 mgAt/diy 3.E-04 

Copper 121.023 «*kl NC NC 9.2E-06 mfyky/day 
Lull J74.H mjA» 2.SE-CH mffttfeX « 4.4E-05 mf/kt/day 
Manianeeo 126 atA| NC NC C.3E-03 mg/kf/diy 7.1E-02 mgA^diy 9.E-04 
rhallium 0.71J75 mt/kf NC NC 3.5E-OI mi&i/diy I.OE-03 mtAi/day 7.E-04 
Vanadium 59.3 mt/kf NC NC 4.5E-06 mt/k|/day I.OE-03 mgA(/d>y 5.E-03 
bxicity Equivalency (Dioxina/Furana 0.001101571 m|/k| 7.9E-11 m(A|/diy 1.3E-W5 (m(«|/d>y>l l.E-06 I.4E-10 mi/kj/diy 

EXPOSURE ROUTE TOTAL	 	 l.E-06 I.E-02 

DERMAL	 	 B-cMordaiM 0.00291 mf/kf 5.9E-13 mfV(/day 3.5E-01 (mt/ki/diy)-! 2.E-I3 l.OE-ll m(/k§/diy S.OE-04 m(/kg/day 2.E-OI 
dloktrui 0.023106667 miA, O.OE-HX) miWdiy 1.6E-K11 (m,/ki/diy).l O.E-tOO 5.0E-05 m»/ln/diy 
endoaulfanll 0.001 113333 mj/Vl NC NC 6.0E-03 n|At/djy 
wlrin aldehyde 0.003141667 ml/lcf NC NC 3.0E-04 m»A,Vdiy 
ndrmkelom 0.000636667 m|/lv NC NC 3.0E-04 m|/k|/diy 
l-chloflUno 0.003913333 °>fk( 7.9E-13 m|Ag/day 3.3E-01 (mi/kg/dty)-! 3.E-13 I.4E-II m»/kg/diy 3.0E-04 mj/kt/diy 3.E-OI 

•		 Technical aiordane 0.016126667 m«/k» 3.26-12 ml/kf/diy 3.5E-OI (mtflt^y)-! I.E-12 5.6E-I1 mi/kg/day 5.0E-04 m»/kt/diy l.E-07 
Arock>rl254 1. 40917 ai/fcl 9.IE-10 mjAf/ctay iOE^OO (m»Vf«y)-i 2.E-09 I.7E-OI mjAi/dty 2.0E-05 ntAt/diy 9.E-04 
Antimony 3.0255 m|/k| NC NC 6.0E-03 nf/ki/diy 
Ancnic 5.39 mUVg I.OE-IO mf/k|/(Uy 1.3E+00 (m(/k(/dty)-l I.E-09 I.4E-OI mft/kg/day 3.0E-04 mtA|/diy 5.E-05 
Cidmlun 4.02 mg^g NC NC 3.5E-10 mgyk^day 2.5E-05 m(/k|t/day I.E-tIS 
Copper 121.025 m«/k| NC NC 
Lnd 574.J5 m(/lf O.OE-HM mg/ltg/diy 

— • 
Mupnoie 176 mt/kn NC NC 2.IE-03 m|/kg/day 
Thallium 0.71.175 mtA( NC NC t.OE-0} mf/kt/diy 
Vanadium 39.3 "»A» NC NC 2.6E-03 mkA(/day 
Toxiclty Equivalency (Dlokiiu/Fumna O.OOIIOU7I m»At 2.7E-13 m(*i/(Uy 1.5E-K15 (mgAt/diy)-! 4.E-OI 4.7E-I2 m(yk(/d*y 

EXPOSURE ROUTE TOTAL 4.E-OI 9.EJM 
.XPOSURE POINT TOTAL l.E-06 I.E-02 

XPOSURE MEDIUM TOTAL . l.E-06 I.E-02 
IL TOTAL • I.E-04 I.E^)2 

TOTAL RECEPTOR RISK ACROSS ALL MEDIA II l.E-06 OTAL RECEPTOR HAZARD ACROSS ALL MEDIA II 1.5.E-02 

NOTES: 
(1) • filtnl: cellf indic«t» dial M R/I7 or R/C If nol avalijlabla from the aoureei ujed to obtain doje-rcipoiue data for Ihlj riak asieument
 

NC • Not arcinojenie oy Ikii expoBire roulo.
 

NA - Not applicable; eipoaiire route nol applicable for thii chemical/npoiun medium.
 

- - Not calculated; doae-raaponM data •no/or dermal abaorption valuei are not available.
 


I Prepared by: KJC 
|Checkedby:MJM 

MACTF<- *n{Jnccrln( and Coniultlni, Inc. 

c l o f  l	 	 1/10/2006 



TABLE 7.2.CT 
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS - CENTRAL TENDENCY - CURRENT/FUTURE • PASSIVE RECREATIONAL VISITOR • OLDER CHILD 

ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA 
CENTREDALE MANOR RESTORATION rROJECT SUPERFUND SITE 

NORTH PROVIDENCE, RHODE ISLAND 

SCENARIO TIMEPRAME: CURRENT/FUTURE
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR 

HRECEPTOR ACE; OLDER CHILD 

EP : CANCER RISK CALCULATIONS NON-CANC 

MEDIUM 
EXPOSURE 

MEDIUM 
EXPOSURE 

POINT 
EXPOSURE 

ROUTE 
CHEMICAL VALUE UNITS 

INTAKE/EXPOSURE 
CONCENTRATION 

VALUE UNITS 

CSF/UNITRISK 

VALUE UNITS 
CANCER RIS 

INTAKE/EXPOSURE 
CONCENTRATION 

VALUE UNITS 

RfD/RfC(l) 

VALUE UNITS 

HAZARD 
QUOTIENT 

SOIL FLOODPLAIN SOIL OXBOW AREA INGEST1ON a-chlordane 0.00291 mi/kg I.5E-I1 m|/k«Vday 3.3E4)! (maA«/day) 5.E-12 3.3E-IO mfA«/aay 5.0E-04 mfAl/day 7.E-07 
iieldrin 0.023106667 1.2E-IO mfAl/day I.6E401 (Uf/kl/day) 2.E-09 2.7E-09 maAft'day 5.0E-05 maAl/day 5.E-05 
MdamUanll 0.00)113333 m|/kg NC NC 1.4E-10 mi/kf/day 6.0E-03 maAl/day 2.6-08 
andria aldehyde 
odrinkMone 
!-cUordajw 
Technical CUordanc 

0.00)141667 
0.000636667 
0.003913333 
0.01(126667 

mj/kg 
mi/kt 

mfAt 

NC 
NC 

Z.OE-11 
I.2E-II 

maA(/day 
m(/k|/day 

NC 
NC 

3.5E-OI 
3.5E-01 

(maAt/day)
(miAtyday)

7.E-12 
3.E-1I 

4.6E-IO 
7.6E-1I 
4.7E-IO 
I.9E-09 

m|/kf/day
mfAf/day 

mlAaVday 
mfAl/day 

3.0E-04 
3.0E-04 
5.0E-04 
5.0E-04 

m|/k|/day 
mfAl/day 
mfAl/day 
mfAl/day 

2.E-06 
3.E-07 
9.E-07 
4.E-06 

Aroelor 1254 1.40917 mfAl 7.2E-09 myAaVday 2.0E+00 (maAf/day) l.E-OI I.7M7 mfAft/day 2.0E-OS mfAl/day I.E-03 
Antimony 
Anenic 

3.0255 
3.39 

m|A| 
mfAl 

NC 
2.7E-OI mfAl/day 

NC 
1.5E+00 (maAf/day) 4.E-OI 

3.6E-07 
6.4E^)7 

maAaVday
meAa/day 

4.0E-04 
3.0E-04 

maAi/day 
mfAl/day 

9.E.04 
2.E-03 

Cadmium 4.02 miAi NC NC 4.IE-07 mtAc/day l.OE-03 mfA|/day 3.E-04 
Copper 121.025 OlfAf NC NC_ 1.4E-03 maA«/day 
Lead 374.15 »»** 2.9E-06 mg/kg/day G.IE-05 maAl/day 
Manfaneaa 126 NC NC 9.IE-05 m|/kt/day 7.IE-02 mfAl/day I.E-03 
rhallium 
Vanadium 

0.71573 
59.3 

nigAj 
mg/Vg 

NC 
NC 

NC 
NC 

(.5E-OI 
7.0E-06 

nt«At/day 
mi/kj/diy 

I.OE-US 
l.OE-03 

mf/kf/day 
ni|Al/day 

I.E.03 
7.E.03 

roxicily Equivalency (Dioxini/Fumns O.OOIIOI571 m|A8 9.2E-12 m,A,Vd.y 1.5E+05 (m.A./d.y)-l l.E-06 2.IE-IO m|A*/day 

EXPOSURE ROUTE TOTAL l.E-06 2.E-02 
DERMAL a-cMon»M 0.00291 2.3E-12 3.5E-OI (.E-13 5.4E-II mg/kt/'day 5.0E-04 1.E.U7 

dieUrin 0.023106667 »•*» O.OE-HM ?$$& I.6E+01 (m^yM O.E+00 5.0E-05 mfAl/day 
gndoaiiUan II 
Dndrln aldehyde 

0.001113333 
0.003141667 

01|A| 

ntf^Eft 
NC 
NC 

NC 
NC 

6.0E-03 
3.0E-04 

mfAl/day 
mtAl/day 

ndrinketone 0.000636667 DlfA^t NC NC 3.0E-04 maAl/day 
l-chlordaw 0.003913333 mz/kt 3.IE-12 ntfAci/diy 3.3E-OI (wg/Vj/diy) I.E-12 7.3E-1 1 mi/Vi/day 5.0E-04 ni|/k|/day I.E-07 
Technical Chlordane 0.016126667 mc^ct I.3E-II ni/Ic£/diy 3.5E-01 (ffli/ki/diy) 4.E-I2 2.9E-IO maAl/day 3.0E-04 mfAl/day 6.E-07 
Aroelor 1254 
Antimony 

1.409(7 
3.0255 

ufAcft 
»*** 

3.9E-09 
NC 

ni/ki/diy 2.0E+00 
NC 

(n)E/ki/diy^> I.E-09 9.0E-OI m|/k|/day 2.0E-05 
6.0E-05 

mgA|/day 
mfAl/day 

4.E-03 

Anenic 5.39 ngAg 3.2E-09 m|/k«/d»y I.5E-HM (ngrlct/day)- ! 5.E-09 7.4E-OI m|/k|/day 3.0E-04 mfAg/day 2.E-04 
Cadmium 4.02 tagfct NC NC I.IE-09 miAl/day 2.5E-05 m|/k(/day 7.E-03 
Copper 121.025 *«*« NC NC 
Lead 574.15 Olfricft O.OE-HM mg/lcg/diy .. 
Manfaneae 126 mc/kt NC NC 2.(E-03 m|/k|/day 
rhallium 0.71573 tag/kg NC NC I.OE-05 m|A|/day 
Vanadium 39.3 mg/Vg NC NC 2.6E-05 mfAl/day 
Texicily Equivalency (Dioxina/Furana 0.001108571 

WlA* 
1.1E-12 m(A(/d.y 1.5E+OJ (m.Al/day>l 2.E-07 2.5E-I1 mfAl/day 

EXPOSURE ROUTE TOTAL 2.E-07 5.E-03 
CPOSURE POINT TOTAL 2.E-06 3.E-02 

-XPOSURE MEDIUM TAL 2.E-06 3.E-02 
ILTOTAL 2.E-II6 3.E-02 

TOTAL RECEPTOR RISK ACROSS ALL MEDIA l| 2.E-06 OTAL RECEPTOR HAZARD ACROSS ALL MEDIA || 2.6.E-02 

NOTES: 
(I) - Blank Mill Indicate thai an RfD or RfC ll not avalailable from the lourcca used la obtain doic-reiponK daU for this rilk aueament 
NC • Not carcinofenic by Ihia oxponire roulo. 
NA • Not applicable; exposure route not applicable for thia cheraical/expoaiire medium. 
- • Not calculated; doae-raaponae data and/or dermal abaorption valuea are not available. 

Prepared by: KJC 
Checked by: MJM 

dUMMARY-CALC o o 
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TABLE 74. CT 

CALCULATION OF CHEMICAL CANCIR RISKS AND NON-CANCER HAZARDS- CENTRAL TINDZNCY - CURRENT/FUTURE • FASSIVI RECREATIONAL VISITOR - CHILD 
ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 


CENTREDALE MANOR RESTORATION PROJECT SUPERFUND StTE
 

NORTH PROVIDENCE, RHODE ISLAND
 


RIO TIMEFRAME: CURRENT/FUTURE
 

OR POPULATION: PASSIVE RECREATIONAL VISITOR
 

OR ACE; CHILD
 


EP : CANCER RISK CALCULATIONS NON-CANC R HAZARD CALCULATIONS 
EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURE INTAKE/EXPOSURE 

MEDIUM CHEMICAL CSF/UNITRISK RfD/RfC(l) HAZARD 
MEDIUM POINT ROUTE VALUE UNITS CONCENTRATION CANCER RISK CONCENTRATION QUOTIENT 

VALUE UNITS VALUE UNITS VALUE UNITS VALUE |[NrrS 
SOIL FLOODPLAIN SOIL OXBOW AREA INGESTION 1-cUordane 0.00291 "iCk| 6.IE-II mMdiy 3.5E-01 {mj/kj/diy). 2.E-1 1 2.IE-09 m»*»/diy 5.0E-04 mj*j/<l«y 4.E-06 

UeUHn 0.023106667 mi/lei 4.7E-10 m(ft(/d>y I.6EHII (mj*j/diy)- I.E-09 I.6E-01 m>fl«/d.y 5.0E-0) m^^d.. 3.E-04 
mdowUtaU 0.001 113333 mf/kf NC NC I.4E-IO mi/k|/d>y 6.0E-03 mfftiAby I.E-07 
mdrin aldehyde 0.003141647 m|/k| NC NC 2.7E-09 mifti/iUy 3.0E-04 miftj/diy 9.&06 
ndrioluug. 0.000636667 mi/ki NC NC 4.5E-10 mtMto! 3.0E-M miW<l>y 2.E-06 
l-ddonbne 0.003913333 mt/V, I.IE-11 miW*1 3.5E-01 (mtfti/ttiy)- 3.E-II 2. IE-OS mftftay 5.0E-04 m»1rt'd.y 6.E-06 
Technical CUordau 0.016126667 m(/k| 3.3E-10 mi/tl/toy 3.3E-01 (mjftj/diy)- I.E-10 I.IE-OI miwaiy 5.0E-04 oi^ll/day 2.E-0} 
trader I2» 1.10917 m^V, 2.9B-OI n««|/dir 2.0E400 <i»l4(/d.y)- 6.E-OI l.OE-06 m(ti(/diy 2.0E-05 mi/kf/diy 5.E-OJ 
Anllnony 3.02)3 m|/k| NC NC 2.2E-06 mi/Vi/(by 4.0E-O4 m|A|/d«y 5.E-03 
Annie S.39 m(/kt 1.1EJ17 m|/kiU»y 1.3E-HX) (miftt/diyVI 2.E-07 3.8E-06 mv1c|/d>y 3.0E-W m««|/d.y l.E-02 
Cadmium 4.02 mf^l NC NC 2.9E-06 miWtay i.oe-oi mvlci^iy 3.E-03 

_Copper 121.023 m|«| NC NC S.6E-05 m^k^d.y 
Lead 574.15 mt/kf 1.2E-05 mi/ktHiy 4.IE-04 mj4»/d«y 
Mnfinae 126 mj^I NC NC 5.9E-04 miftl/diy 1.1E-02 nvWdiy S.E-03 
nialllun 0.7157) ni^K NC NC 5.1E-07 m(flil/d«y S.OE-03 mi/kj/fcy 6.E-03 
Vanadium 59.3 m|/ki NC NC 4.2E-05 mj/kjftliy l.OE-03 mi/kf/diy 4.E-02 
Fondly Equivalency (DioxuuTuraiu) O.OOUOI57I m&t 3.7E-II mifti/diy 1.5E40) (m^V^y)-! 6.E-06 1.3E49 m»^/(Uy 

EXPOSURE ROUTE TOTAL 6.E-06 l.E-01 

DERMAL t-chlordane 0.0029S nCkl 2.7B-12 m^l/diy 3.5E-01 (mi/kj/diyH l.E-12 9.5E-1I oilW<l«y 3.0E-04 mi*i/diy 2.E-07 
dleldrin 0.023106667 m»*I O.OE+OO mfftlAUy 1.6E«I (m(ft|/d>y)-l O.E-HX) 5.0E-05 ffl|/k(/diy 
mdoeuUaall 0.001 1S3133 m(/k| NC NC 6.0E-03 miWdv 
endria aldehyde 0.003141667 mg/kf NC NC 3.0E-04 mi/kfttiy 
ndiiakcune 0.0006J6667 n«kf NC NC 3.0E44 »»*^dir 
1-duertuie 0.003913333 mHj 3.6E-I2 mj*|M«y 3.3E-OI (mi*j/d!y)-l l.E-12 I.3E-IO rajflcj/diy i.OE-04 mj»i/diy 3.ES07 
Teetotal Chlndne 0.016126667 mHj I.5E-II mi*»/d«y 3.5E4I (m|A(/d>y>l 5.E-I2 5.1E-IO mjAs/diy 3.0E-04 mjA^diy 1.506 

AndorllM 1.40987 rninv 4.3E-09 mfWdty 2.0E-KW (mj*|/ihy).l 9.E-09 I.6E-07 ml/kj/djy 2.0E-03 miAj/diy 8.E-03 
Antimony 3.0255 mf/kl NC NC 6.0E-05 miWdiy 
Anenle 5.39 •"1*1 3.7E-09 miftl/day I.5E400 (mj/kj/d.yH 6.E-09 I.3E-07 itil^l/diy 3.0EXM mifi&Ur 4.E-04 
Cadmium 4.02 n*ll NC NC 3.2E-09 mf/kf/day 2.3E-05 m(*j/diy I.E-04 
C6pp«r 121.025 m*Vg NC NC 
Lad 574.15 mm. O.OE-HW mfft|/<tay -
S4W|U« 126 mfk( NC NC 2.IE-03 miWd«y 
nialllum 0.71575 nfk| NC NC l.OE-03 mjl.l'd.y 
vanadium 55.3 m^s NC NC 2.6E-05 mj/H/diy 
roxicity Bquvikncy (Dioxina/Finiu) 0.001308371 m|/k( 1.2E-12 rojAl/diy I.5E«S (mî diy)-! 2.E-07 4.3E-II m(*»yiy 

EXPOSURE ROUTE TOTAL 2.E-07 I.E-03 
-XPOSURE POINT TOTAL 6.E-06 l.E-01 

CPOSURE MEDIUM TOTAL 6.E-O6 l.E-01 
»IL TOTAL WWP6 1.EJI 

TOTAL RECEPTOR RISK ACROSS ALL MEDIA II f.E-06 OTAL RECEPTOR HAZARD ACROSS ALL MEDIAN 1.4.E-01 

NOTES: 
(1) - Blank cdli Indlale Ihu in RID or RfC If not iviUllible from ihe »urce> uicd u otKHn doK-reipoiue dtu for Ihli riik ueument. 
NC - Ntt cvdmgaUc by tUi expogun mute. 
NA - Not vplloble; eqxmire RMe DM >ppllcible for Ihli chemlcal/nponre medium. 
- • Not olculited; doie-mpopK dila Mid/or dermal ibcoipllon values ait not available. 

(Prepared by: K)C 
ldiectodby:M]M 

MACTEC U|lnecrta( nd CooJulllof, Inc. 
H2MM 8/10/2006 

http:mj/kj/d.yH


TABLE 7.4.CT 
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCCR HAZARDS - CENTRAL TENDENCY - CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR - ADULT 

ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 

CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
 


NORTH PROVIDENCE, RHODE ISLAND
 


ISCENARIO TIMEFRAME: CURRENT/FUTURE
 

RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
 


llRECEPTOR AGE: ADULT 

EPC [I NON-CAN*
 

EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURE II INTAKE/EXPOSURE
 


MEDIUM	 	 CHEMICAL CSF/UNITRISK RfD/RfC(l) HAZARD 
MEDIUM POINT ROUTE	 	 VALUE UNITS CONCENTRATION CANCER RISK || CONCENTRATION QUOTIENT 

VALUE VALUE UNITS 
SOIL FLOODPLAIN SOIL GREYSTONE MILL POND INGESTION 2-MelhylnapliualoiM 0.1071 mgAg NC U.2E-09 mgAg/day 4.0E-03 mgAg/day 2.E-06 

AccuphOiylene 0.31765 mgAg NC NC 2.4E-OI mgAg/day 6.0E-02 mgAg/d>y 4.E-II7 
Benzo(a)antj>raceiio 3.0937225 mgAg 1.3E-08 m|Ai/day 7.3E-OI (mj/kg/day). I.E-08 1.4E-01 rogAg/day 3.0E-02 mgAg/day I.E-06 
Boizo(a)Dyni» 3.0771773 mgAg I.3E-08 mf/kg/day 7.3E+00 (mgAg/day). I.E-07 2.3E-07 mgAg/day 3.0E-02 mgAgAtiy I.E-U 
Bcnzo(b)fluoranllieiw 3.45207 mgAg I.3E-OS mf\g/day 7.3E-0] (mgAtfday). l.E-08 2.6E-07 mgAg/day 3.0E-02 mgAg/day 9.E-06 
B.naKfch.lJpeiylcM 2.33603 mgAg NC NC 1.IE-07 mgAg/diy 3.0E-02 mgAg/day 6.E-M 
Dikauc(,,k)iMl>nttnt 0.6148475 mgAg 2.7E-09 mjAg/day 7.3E+00 (mgAg/day). 2.E-08 4.7E-OI mgAg/day 3.0E-02 mgAg/diy 2.E-06 
Indcno(l.2.3-c<l)pyn>llo 2.5 UK mgAg I.IE-08 m|A|/day 7.3E-01 (mgAg/day). I.E49 I.9E-07 mgAg/day 3.0E-02 mgAg/day 6.E-06 
Phonanthreno 3.935425 mgAg NC NC 3.0E-07 mgAg/day 3.0E-02 m|A|/d.y l.E-05 
ilpKa-CMordano 0.0177975 mi/If 7.SE-II mgA|/day 3.5E-OI (mgAg/day)- 3.E-I1 I.4E-09 mgAg/day 3.0E-04 mgAg/day 3.E-06 
Araclor-1254 OJ 199125 ffltAf 2.3B-09 oitAg/day 2.0E-MX) (mjAg/day). 5.E49 4.0E48 mgAg/day 2.0E-05 mgAg/day 2.E-03 
Aroclor.1268 0.083185 mtV, 3.7E-10 mg/kg/day 2.0E+00 (mgAg/day). 7.E-10 6.4E-09 mgAg/day 2.0E-05 mgAg/day 3.E-04 
EndoniUanSulfate 0.00650115 mgAl NC NC 5.0E-IO mgAg/day 6.0E-03 mgAg/day I.E-Ot 
rectaicalCUontane 0.4307 m|Al I.9E-09 mgAg/day 3.5E-01 (mgAg/day). 7.E-10 3.3E-08 mgAg/day 5.0E-04 mgAg/day 7.E-05 
Aluminum 15198.75 mi/fcf NC NC 1.2E-03 mgAg/day 
Anenlc 7.715 m|A( 3.4E-08 m(Ag/day 1.5E400 (mgAg/day). 5.E-08 5.9E-07 mgAg/day 3.0E-04 mgAg/diy 2.E-03 
Chromium 230.5 m«A» NC NC I.8E45 mgAg/day 3.0E-03 mgAg/day 6.E-03 
Copper 203 m|A( NC NC I.6E-05 mgAg/day 
Laad 450 m(A| 2.0E-06 mgfltg/day .- 3.4E-05 mgAg/day 

[angaiwao 1840.5 oi»A» NC NC I.4EMH mgAg/day 7.1E-02 mgAg/day 2.E-(I3 
Morcury 0.58175 mfAl NC NC 4.4E-08 mgAg/day 3.0E-04 mgAg/day I.E-04 
Molybdenum 54.023 aifltl 4.IE-06 mgAg/day 5.0E-03 mgAg/day 8.E-04 
Nlokel 119.725 m«A» NC NC 9.IE-06 mgAg/day l.OE-02 mgAg/day 5.E-04 
Thallium 0.4605 m|/k| NC NC 3.3E-08 mgAg/day I.OE-05 mgAg/day 4.E-04 
Vanadium 12.25 m(Af NC NC 6.3E-06 mgAg/day I.OE-03 mgAg/day 6.E-03 
roxkiry Equivalency (Dioxjni/Furatu, 0.00003495 ">«*» 2.4E-I3 mgAg/day I.SE-H» mgAg/day>J 4.E-08 4.2E-I2 mgAg/day 

EXPOSURE ROUTE TOTAL	 	 2.E-07 II 2.E-02 
DERMAL	 	 2-Methyln.phth.lOTO 0.1071 mjAj NC NC || I.2E49 ragAg/day 4.0E-03 mgAg/day 3.E-07 

Acenaphlnylene OJ1763 miAf NC NC 3.6E-09 mgAg/day 6.0E-02 mgAg/day 6.E-08 
Benzo(a)anlhracem> 3.0937225 mgAj 2.0E-49 ng/lcg/day 7.3EJJ1 (mgAg/day). 1 l.E^9 3.5E-08 mgAg/day 3.0E-02 mgAg/day I.E-06 
Bo«o(a)pyn»» 3.0771775 ai/lil 2.0E-09 mgAg/day 7JE-KK) (mgAg/day).| l.E-08 3.5E48 mgAg/day 3.0E-02 mgAg/day I.E-06 
BaurKtyfliioraiithoiH 3.45207 mi/ki ilS~Oi mg*|/day 7JE-01 (mgAg/day>l 2.E-09 3.9E-OI mgAg/day 3.0E-02 mgAg/day I.E-06 | 
Benio(g,H,l)porylene 2.33603 mjvVt NC NC 2.6E-08 mgAg/day 3.0E-02 mgAg/day 9.E-07 « 
DibrnzofaManllinono 0.6148475 mf/l( 4.0E-10 mg/kg/day 7.3E+00 (mgAg/day).l 3.E-OT 7.0E )̂9 mgAg/day 3.0E-02 mgAg/day 2.E-07 
lufenod.V-caTpyreno 2.51886 mg/tj I.6E-09 mgAg/day 7.3E-OI (mgAg/dayM l.E^W 2.IE-OI mgAg/day 3.0E-02 mgAg/day 9.E-07 

Pnaunthrew 3.933425 »(*i NC NC 4.SE-OI mgAg/day 3.0E-02 mgAg/diy l.E-06 
•lph.-CWoni.no 0.0177975 m(/k( 3.3E-12 mt/kg/day 3.5E-OI (mgAg/dayH l.E-11 6.2E-U mgAg/day 5.0E-04 tngAg/day I.E-07 
Anxlor-1254 0.5199825 U(A( 3.6E-IO mgAg/day I.OE-HX) (mgAg/day). 1 7.E-10 6.3E-09 mgAg/day 2.0E-05 mgAg/day 3.E-04 
Arodor-1268 0.083885 mgAf 5.8E-1I mgAg/day 2.0E-HM (mgAg/day). 1 I.E-10 l.OE-m mgAg/day 20E-OJ mgAg/day t.E-as 
Endorulf.nSuir.lo 0.00650125 raiAg NC NC 6.0E-03 mgAg/day 
ToduilcalCUordam 0.4307 m(A| 8.6E-II mgAg/day 3.5E-OI (mgAg/day).1 3.E-II I.3E-09 mgAg/day 5.0E-04 mgAg/day 3.E-06 
Aluniniin 13898.73 mi/k» NC NC 
Anoilo 7.715 i»fAg I.2E-09 mgAg/day 1.5E+00 (mgAg/day)-l 2.E-09 2.0E-08 mgAg/day 3.0E-04 mgAg/day 7.E-03 
liramium 230.5 ms/k| NC NC 7.SE-05 mgAg/day 

Copper 205 miAl NC NC 
.ead 450 m«vV« O.OE-HW mgAg/day -
Uanganoio 1840.5 mgA| NC NC 2.8E-03 mgAg/day 
Mercury 0.58175 mgAj NC NC 2.IE-05 mgAg/diy 
Molybdenum 54.023 mg/k( 5.0E-03 mgAg/diy 
Mickel 119.725 iug/k« NC NC 8.0E-U4 ragAg/44y 
niallium 0.460S mjAg NC NC	 	 8.0E-05 mgAg/diy I 
anodium 82.23 ""§*» NC NC	 	 2.6E-05 mgAg/day 
oxicity Equivalency (Dioxlni/Furani; 0.00005493 mgA» 2.7E-1C mgAg/day I.5E-MJ5 mgAg/day). 1 4.E-II 4.8E-I5 mgAg/day 

iXPOSURE ROUTE TOTAL 2.E-OI II 4.E-IM 11 
JCPOSURE POINT TOTAL 3.E-07 II 2.E-02 II 

POSURE MEDIUM TOTAL 3.E-07 || 2.E-02 || 
SOIL TOTAL 3.E-07 II 2.E-02 II 

TOTAL RECEPTOR RISK ACROSS ALL MEDIA HTOTAL RECEPTOR HAZARD ACROSS ALL MEDIA 

"/ VlnfandCon d ConiulUng, Inc. 
• •MCMIM*ilfWX 1/10/2006 V^»«h mfiaan o	 o 
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TABLE 7.4.CT 

CALCULATION Or CHEMICAL CANCER RISKS AND NON-CANCEH HAZARDS • CENTRAL TENDENCY • CURRENT/FUTURE • PASSIVE RECREATIONAL VISITOR  ADULT 
ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 

CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
 
NORTH PROVIDENCE, RHODE ISLAND
 

SCENARIO TIMEFRAME: CURRENT/FUTURE ^^^^^^^
 
RECEFTOR FOFULATION: PASSIVE RECREATIONAL VISITOR »

RECEFTOR ACE: ADULT J


MEDIUM 
EXFOSURE 
MEDIUM 

EXPOSURE 
FOINT 

EXFOSURE 
ROUTE 

CHEMICAL 

EPC

VALUE 

 II

(

 CANCE . RISK CALCULATIONS 

INTAKE/EXPOSURE 
CSF/UNITRISK CONCENTRATION CANCER RISK 

NON-CANCER HAZARD CALCULATIONS 
INTAKE/EXPOSURE HIB/RfCd) 
CONCENTRATION 

HAZARD 
QUOTIENT 

NOTES: 
(1). Btak celb bdrei* Outu RID or RIC l> not .vil.iUbl. Iron the niirui u<cd lo obuln dofo-mpoiM dm for Ikll riik 
NC  Not cvcinoiwlc by thil npowre route. 
>4A • Not ippUctbk; oxponn route not Bpplieable for tiiii chemicil/exposun nodium. 
— Not cilculatod; i&nafatuc d>b ind'of donul >bHq>lioa viliiu >re tut tviiUble. 

1PnD>ndl>y;ICIC 
OwkedbyMJM 

MACTEC Erginetrini uul CoiuulUnt, Inc. 
.mBnil<i«ilriiliilililOX IOWTABUIV Plje2of2 



TABLE TACT 
CALCULATION OF CHEMICAL CANCER RISKS ANDNON-CANCER HAZARDS - CENTRAL TENDENCY - CURRENT/FUTURE . PASSIVE RECREATIONAL VISITOR - OLDER CHILD 

ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA 

CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE 


NORTH PROVIDENCE. RHODE ISLAND 


UO TIMEFRAME: CURRENT/FUTURE 

EPTOR POPULATION: PASSIVE RECREATIONAL VISITOR 


[RECEPTOR ACE; OLDER CHILD 


EPC CANCER RISKCALCULATIONS NON-CANCER HAZARD CALCULATIONS 
EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURE INTAKE/EXPOSURE 

MEDIUM 	 CHEMICAL CSF/UNITRISK RflVRfCfl) HAZARD 
MEDIUM POINT ROUTE 	 VALUE UNITS CONCENTRATION CANCER RISK CONCENTRATION QUOTIENT

IINITS 
SOIL FLOODPLA1NSO GREYSTONE MILL POND INGEST1ON 	 2-Modiyliiaphfhalena 0.1071 n*4l NC NC I.3E-OI mi&f/day 4.0E-03 mtAg/day 3.E-06 

AewupklhyloiK 0,31765 raj/kg NC NC 3.IE-OI mgyka/day 6.0E-02 mf/ki/diy 6.E-07 
Bauo<i>ilhnKaM 3.093722] mg/kg I.6E-OI oiAl/dly 7.3E-01 (m|Ai/diy). I.E-OI 3.7E-07 mfAc/day 3.0E-02 m|/k|/diy l.E-05 
BenxcKaJpyitM 3.0771773 »«A« 1.6E-OI «i|Af/diy 7.3E-HK) («,»A»/diy> l.E-07 3.7E-07 mfAf/da> 3.0E-02 mg/kg/day I.E-03 
BonzoOOfluonnthaie 3.45207 mgA« HE-OS miAt/diy 7JE-OI («»Ai/d.y) I.E-OI II 4.IE-07 mc/ki/day 3.0E-02 mg/kg/day l.E-05 
Beuoft.Mpeiyleiie 2.33603 mgAt NC NC 0 2.IE^)7 n>|/ki/day 3.0E-02 mg/kg^day 9.E-06 
Di(wazo(ijt)tadtncem 0.6HM75 mi/tit 3.1E-09 m«A./d.y 7JE+00 (mtAst/iMy) 2.E-OI D 7JE-OI m^ykj/day 3.0E-02 mg/kg/day 2.E-06 
tataioOAS-cdJpyreii. 2.31116 mg/kg 1.3E-01 i«tA»/diy 7JE-01 (mjAi/diy) 9.E-09 3.0E-07 mgyk(/diy 3.0E-02 mg/kg/day l.E-05 1 
Pbeaaemreu 3.935425 mgAg NC NC 4.7E-07 n(/k|/day 3.0E-02 mg/kg/day 2.E-05 
ilpta-CMordane 0.0177973 mgA« 9.IE-I1 mjAi/diy 3.5E-01 (B»vV./djy> 3.E-I1 |l 2.1E-09 rafAj/day 5.0E-04 mj/kg/day 4.E-06 1 
Aroclor-1254 0.5199S25 UgAg 2.6E-09 m|A«/diy 2.0E+00 (BlAj/diy) 5.E-09 6.2E-OI mgAl/day 2.0E-05 mg/k|/day 3.E-03 | 
Aroelor-1261 0.013183 m|A| 4.3E-IO DitAtAUy 2.0E-HX1 (m«Al/diy> 9.E-10 H l.OE-OI maA>/<l»y 2.0E-OS miA&'day 5.E-04 1 
EadofulfanSulfau 0.00650123 m|Al KC NC 7.7E-10 ..̂ At/day 6.0E-03 ral/lc|/day l.E-07 
rechaical CUonUu 0.4307 at/it 2.2E-09 mj/k|/d«y 3.5E-OI (mtAl/diy) I.E-10 5.1E-OI mfAt/day 5.0E-04 mg/kg/day I.E-04 
Aluminum I5I9S.73 at/lit NC NC 1.9E-03 m|/k|/day 
taenic 7.715 af/tf 3.9E-OI miAl/diy I.3E«0 (m«*g/4iy> 6.E-OI 9.2B-07 ufAl/day 3.0E-04 »»*|/day 3.E-03 
Omnium 230.3 n|At NC NC 2.7E-05 mj/kt/day 3.0E-03 mg/kg/day 9.E-03 
Copper 205 n|Al NC .NC 2.4E-05 mgAf/day 
Md 450 miAt 2.3E-06 m|/l(/<liy ~ 3JE-05 ltijA«/d«y 

Mangaiuae 1140.5 mj/kj NC NC 2.2E-04 mt/kj/diy 7.IE-02 m.Ag/day 3.E-W 
Mtrwry 0.51175 m|A> NC NC 6.9E-OI m|/k|/day 3.0E-04 mg/kg/day 2.E-IM 
MoIyMcnum 54.025 mg/lc| I «.4E-06 miAgAtay 3.0E-03 mgdcg/dty 1.E-U3 
Nickel 119.725 mg/kl NC NC 1.4E-05 nij/k»/day 2.0E-02 mi/kg/day 7.E-04 

[I nallium 0.4605 ni/lit NC NC 5.5E-OI mjAg/d«y I.OE-03 mg/kg/day 7.E-04 

II Vanadium 12.25 m|Al NC NC | 9.IE-06 mg/Icf/day I.OE-03 mg/kg/day I.E-02 


loxicity Equivalency (Dioxins/Funiu 0.00005495 mtft-l 2.IE-I3 m(/k|/day 1.5E+03 miAl/diy>-l 4.E-OI 0.5E-I2 nig/kg/day 


H 
I 

EXPOSURE ROUTE TOTAL 3.E-07 H 3.E-02 
DERMAL 2-Melhylnaphmalne 0.1071 mi/Vs NC NC 	 II C.3E-09 ing/kg/day 4.0E-03 mg/kg/day 2.E-OC 

AcenaphlhvteM 0,?1765 mg/l| NC NC U 1.9E-OI mg/kf/day 6.0E-02 mg/kg/day 3.E-07 
1 Benzo<a)«uhnceiM 3.0937225 m«A» 7.9E-09 miAf/day 7.3E-OI (mg/k(/day)-l 6E-09 1.IE-07 mg/kg/diy 3.0E-02 mg/kg/day 6.E-0& 
|| BeuoMpynne 3.0771775 mg/ki 7.IE-09 mj |̂/day 7JE-MW (aj/la/diy)-! 6.E-OI | I.IE-07 m*/kg/day 3.0E-02 mg/kg/day 6.E-06 II 

Beuo(b)niK>niillici»> 3.45207 n|A> 1.IE-09 BifAtVdty 7.3E-01 (B|A«/diy)-l 6.E-09 J 2.0E-07 mf/ks/d«y 3.0E-02 m|A|/day 7.E-06 IIII
[I BonzoCgAQpcrylone 2.33 603 m|At NC NC H I.4E-07 mf/Vg/day 3.0E-02 mg/kg/day 5E-06 | 
11 DaxantiKmamcm 0.614*475 mi^l 1.6E-09 mjAj/day 7.3E-HX) (0|A«/diy)-l I.E-OI H 3.6E-OI ragAg/day 3.0E-02 mg/kg/day l.E-06 

idmo(lf}-ci)fyniu 2.51116 mfAl 6.4E-09 ffllAt/day 7.3E-OI (m|A./d.y)-l 5.E-09 1 I.5E-07 . tDg/Vg/diy 3.0E-02 mgAg/day 5.E-06 
Pheoaathrano 3.955425 m,*g NC NC 2.3E-07 mgAg/day 3.0E-02 mgAg/day I.E-06u 	 Ipaa-Chkmiiw 0.0177975 mtfrt I.4E-1I mtWtoy 3.5E-OI (mf/Vday) 5.E-12 II 3.2E-IO ms/kg/diy 3.0E-04 mg/kg/day 6.E-07 
Aroclor-1254 0.3199123 miAt 1.4E-09 mt/ki/iliy 2.0E+00 (m«A(/diy>l 3.E-09 11 3.3E-OI tng/kg/dty 2.0E-OS mi/kg/day 2.E-03 
fcoclor-1261 0.013113 mg*« 2.3E-10 mf/kft/day 2.0E+00 (m|/kf/day)-l 5.E-10 | 5.4E-09 mg^cg/day 2.0E-05 mgAg/day 3.E-04 
EnoVxuUanSuirau 0.00650123 Olg-lj NC NC 6.0E-03 mg/kg/day1 
reelmiolChlonlue 0.4307 mi/kl 3.4E-10 n«A«/J«y 3.3E-OI (m(Aj/diy)-l l.E-10 U 7.9E-09 mg/kg/dty i.OE-04 mg/kg/day 2.E-05 nMuminum 13191.75 mfAl NC NC 
A.ramic 7.713 m(^I 4.5E-09 nt>l(AI<y 1.3E+00 7.E-09 I.IE47 •DgA*/dV 3.0E-04 mg/kg/day 4.E-04OqAiMvH 
Omnium 230.5 m»A» NC NC 7.5E-05 mgAg/day 
-on>er 205 mg*l NC NC 
Md <30 ntvVt O.OB+flO in|Ai/d*y » 
^mune 1140.5 m|/k( NC NC 2.IE-03 mgAg/day 
[ercuiy 0.31173 mf/kt NC NC 2. IE-US mgAg/day 

rfolybdenum 54.023 m(/k| 5.0E-03 mgAg/day 
ickel 1 19.723 m|Al NC NC I.OE-04 mgAg/day 

Tiillium 0.4605 m|Ag NC NC I.OE-03 mg/kg/day 
Biudiun 12.25 mgAl NC NC 2.6E-03 mgAgVday 
oxicily Equivalency (Dioxjni/Furani 0.00005495 rnfAj 1. IE-IS mg/kf/day l.JE+OJ ra«A»/day)-l 2.E-10 2.5E-14 ing/kit/day 

1 iXPOSURE ROUTE TOTAL l.E-07 II 2.E-03 || 
POSURE POINT TOTAL 4.E-07 II 3.E-02 II 

XPOSURE MEDIUM ' 'AL 4.E-07 || 3.E-02 II 
SOIL TOTAL 4.E-U7 II 3.E-02 K 

TOTAL RECEPTOR BISK ACROSS ALL MEDIA II 4.E-07 )|TOTAL RECEPTOR HAZARD ACROSS ALL, MEDIA II 3.4.E-02 || 

/ VingwdCon:and Coniulting, Inc. 

^^^dwCMnakWOX o 	 u 
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TABLE 7J.CT 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS - CENTRAL TENDENCY- CURRENT/FUTURE- PASSIVE RECREATIONAL VISITOR - OLDER CHILD 
ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 


CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
 

NORTH PROVIDENCE, RHODE ISLAND
 


SCENARIO TIMEFRAMI: CURRENT/FUTURE ^^^^^^
 

RECErrOR POPULATION: PASSIVE RECREATIONAL VISITOR 1


RECEPTOR AGE: OLDER CHILD Jj
 


EPC II CANCE! RISK CALCULATIONS NON-CANCER HAZARD CALCULATIONS 
EXPOSURE EXPOSURE EXPOSURE f rnpMirAi INTAKE^XPOSURE INTAKE/EXPOSURE 

MEDIUM CSF/UNITRISK RID/RICO) HAZARD ROUTE J CHEMICAL MEDIUM POINT VALUE CONCENTRATION CANCER RISK CONCENTRATION QUOTIENT 
II VALUE 1 UNITS VALUE 1 UMTS YfttrVE 1 VtllTS VALUE 1 UNITS— I



NOTES: 
(I) - Blank celli Indicate that an WD or RfC it not avalailable from the source* used to obuln doBeretponM data for thb rlifc aifoffment, 
NC - Not carcmofonio by thii mpowra route. 
NA - Not applicable; exposure route not applicable for thif chemKil/expoture medium. 
- • Not catettlatod; dote~ntptnuo date and/or derma) abiorpdon values are not available. 

Prepared by: KJC 
Oiecltedty:MJM 

MACTEC Enjiiwrinf and Cenraltlng, Inc. 
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TABLE 7.&CT 
CALCULATION OF CHEMICAL CANCER RISKS ANDNON-CANCER HAZARDS - CENTRAL TENDENCY - CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR - CHILD 

ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA


CENTREDALE MANOR RESTORATION PROJECT SVPIRFUND SITE



NORTH PROVIDENCE, RHODE ISLAND



(SCENARIO TIMEFRAME: CURRENT/FUTURE


RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR



llRECEPTOR ACE; CHILD 

EPC


EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURE INTAKE/EXPOSURE


MEDIUM		 CHEMICAL CSF/UNfTRISK RTD/RfCU) HAZARD
MEDIUM POINT ROUTE		 VALUE UNITS CONCENTRATION CANCER RISK || CONCENTRATION 

QUOTIENT 
T|NITS 

SOIL FLOODPLAIN SOI GREYSTONE MILL POND INGESTION		 2-MeUiybiaphlhalene 0.1071 rag/kg NC NC 7.6E-08 mg/kg/day 4.0E-03 maAg/day 2.E-05

Acenaphuylaie 0.31765 mg/kg NC NC 2.3EO7 mg/kg/day 6.0E42 mg/kg/day 4.E-06

BennWufliracene 3.0937225 mg/kg 6.3E-08 mgVkg/day 7.3E-OI (mg*g/day). 3.E-08 2.2E-06 mg/kg/day 3.0E-02 mg/kg/day 7.E-05

B«m>(a)pyiene 3.0771775 mg/kg 6.3E-01 mg/kg/day 7.3B+00 (mg/kg/day)- 5.E-07 2.2E-06 mg/kg/day 3.0E-02 mg/kg/day 7.E-05

Benzo<b)ni»nuttheu 3.45207 ra**I 7.0E-OI mgVkg/day 7.3E-01 (mgVkg/day). 5.E-08 2.3E-06 mg/kg/day 3.0E-02 mg/kg/day l.E-05

lenzo^httjperylene 2.33603 ing/kg NC NC 1.7E-06 mg/kg/day 3.0E-02 Kig/kt/day 6.E-05 

Dlbeno(a.h)aMhncetie 0.6148475 mg/kg 1.3E-01 mg/kg/day 7,3E«0 (mg/kg/day). 9.E-OI 4.4E-07 mg/kg/day 3.0E-02 rngVkg/day I.E-05 
[ndene<U,3-«d)pyr<a>e 2.51886 5.IF-08 mglcg/dty 7.3E-OI (mg*g/day)- 4.E-OI I.1E-06 mg/kg/day 3.0E-02 mgykg/day 6.E-05 
Phenauhrae 3.953425 mf/kf NC NC 2.8E-05 mgvkg/day 3.0E-02 nuykg/day 9.E^I5 
itpha-Ckletdaiie 0.0177975 mg/kg 3.6E-10 mg/kg/day 3.5E-OI (mgAg/day)- I.E-IO 1.3E-01 mg/kg/day 5.0E-44 mg/kg/day 3.E-05 
Arador-1234 0.3199125 mg/atg l.lE-dl mg/kg/day 2.0E+00 (mgykg/day)- 2.E-01 3.7E-07 mg/kg/day 2.0E-05 mgftg/day 2.E-02 
Andor-1268 0.083883 Hlg/kg I.7E-09 mgAgAJiy 2.0E-HM (mgVkgAhy)- 3.E-00 (S.OE-OI mg/kg/day 2.0E-05 3.E-03 
EndoauUanSulIatt 0.00650125 mg/kg NC NC 4.6E-09 mg/kg/day 6.0E-03 mg/kg/day 8.E-07 
TechnicalOilordane 0.4307 rag/kg l.SE-09 nig/kg/day 3.5E-01 (mg/kg/day). 3.E-09 3.IE-07 mg/kg/day 5.0E-04 mg/kg/day 6.E-04 
Ahmlnum 15891.73 tttffltf NC NC J.IE-02 mg*g/day II 
AlMdC 7.715 ing/kg I.6E-07 mgflcg/day I.5E-MW (m|/kg/day)- 2.E-07 5.5E46 mg/kg/day 3.0E-04 nuykg/day 2.E-02 
Chromium 230.5 mg/kg NC NC I.6E-04 mg/kg/day 3.0E-03 mgftg/day 5.E-02 
Copper 205 «**» NC NC l.SE^M mg/kg/day || 
Lead 450 mg/fcf 9.2B-06 mg/kg/day . 3.2E-04 rag/kg/day n 
MangaiKtt 1840.5 ™«*J NC NC 1.3E-03 mg/kg/day 7.IE-02 mgftg/day 2.E-02 | 
Mercury 0.58175 mg/kf NC NC 4.1E-07 mgAg/day 3.0E44 mgftg/day I.E-03 (1 
tfelybdenua 54.025 mg/kg 3.8E-03 mg/kg/day 5.0E-03 mgftg/day I.E-03 I) 
Nickel 119.723 mf/kf NC NC «.5E-05 mgAl'day l.OE-01 mg/kg/day 4.E-03 

lalllum 0.4605 mi** NC NC 3.3E-07 mg*g/day 8.0E-05 mgftg/day 4.E-03 
Vanadium 12.23 mg/kf NC NC 5.9E-03 mg/kg/day I.OE-03 mg/fcf/oay 6.E42 | 
fojocily Equivalency (Dioxina/Furani) 0.00005493 •«•< 1.1E-I2 mg/kg/day 1.3E-H13 (mgftg/day)-! 2.E-07 3.9E-I1 rng^day 

EXPOSURE ROUTE TOTAL l.E-06 2.E-OI II 
DERMAL 2-Mahylnapmhakiie 0.1071 mg/k| NC NC 1.IE-OV mg/kg/diy 4.0E-03 mgftg/day 3.S-06 1 

Acenaphlhylene 0.31765 mt/kf NC NC 3.3E-08 mylg/day 60E-02 mg/kg/day i.E-tn II 
Btnzo(a)aMluiccne 3.0937225 ">«** 9.2E-09 mg/kg/day 7.3E-OI		 (mg/kg/day)- 7.E-09 3.2E-07 mg/kg/day 3.IIE-02 mgftg/day I.E-03 
Bouo^yrcne 3.0771775 mg/Vf 9.IE-09 mg/kg/day 7.3E-MX)		 (mg/kg/doy).| 7.E-08 3.2E-07 mgAg/day 3.0E-02 mgftg/day I.E-03 
Benzi><b)iu»raiilhaie 3.45207 mg/1c( I.OE-08 mgvkg/day 7.3E-OI		 (mg/kg/day). 1 7.E-W 3.6E-07 ntg/kg/diy 3.0E-02 mgftg/day l.E-05 1 
Benzo<g,h,l)petylene 2.33603 mj/kg NC NC		 2.4E-07 mg/kg/day 3.0E-02 1.E-U6 
Dlbenzo(a,h)anlhraceno 0.6148475 mg/kg l.JE-09 mg*g/day 7.3E-MK) (mg/kg/dayM I.E-08 6.4E-01 mi/kg/day 3.0E-02 mg/kg/day 2.E-06 
Inder»(l,2J-al)pyraK 2.311ft IUfflCg 7.3E-09 ir^kg/day 7.3E-OI (mgAg/day).] 3.E-09 2.6E-07 mg/kg/day 3.0E-02 mg/kg/day V.E-06 
PhenaMhrene 3.955425 mgAg NC NC 4.IE-07 mg/kg/day l.OE-02 mgftg/day I.B-05 
alphaOilordane 0.0177J75 mg/kg I6E-11 mg/kg/day 3.3E-OI (mg/kg/day)- 1 6.E-I2 5.7E-10 mg/kg/djiy 5.0E-04 mgftg/day l.E-06 
Anclor-lJM 0.5199325 mj[/kf 1.7E-09 mg/kg/day 2.0E+00 (mg/kjVday)-l 3.E-09 38E-08 mg/kg/day 2.0E-05 mg/kg/day 3.E-03 
Amdor-1261 0.083815 mg/kg 2.7E-10 mg/kg/day 2.0E-MX) (mg*g/day)-l S.E-IO 9.4E-09 mg/kg/day 2.0E-05 mg/kg/day 3.E-04 
EndoauVanSuirkK 0.00650123 mg/kg NC NC n 6.0E-03 mgftg/day IJ 
Technical CWonlaM 0.4307 mg/kg 3.9E-10 mg/kg/day 3.5E-01 (mgtg/day)-l I.E-IO H I.4E-OI mg/kg/day 5.0E-04 mgftg/day 3.E-03 
Uumlmim 15198.75 mg/kg NC NC H 

II 
tnenlc 7.713 mg/kg 3.3E-09 mg/kg/day 1.3E400 (mgykg/day)-l I.E-09 | I.8E-07 mg/kg/day 3.0E-04 mgftg/day 6.E44 
ammlum 230.5 mg/kg NC NC || 7.5E-05 mgftg/day 11 
Ifcpper 205 mg/kg NC NC H || 
jot 450 mg/kg O.OE-WO mg4g/diy -rianganeie 1140.5 me/kg NC NC | 2.1E43 mgftg/day || 
Jeremy 0.51175 mg/kg NC NC 2.1E-05 mg/kg/day 
fclybdenum 54.025 ragfltg 5.0E-03 mg/kg/day 
Ickel 119.725 mg/kg NC NC S.OE-44 mg/kg/day 
nalllum 0.4605 mtVk( NC NC 8.0EJJ3 mf/kf/d»y 
anadlum 12.25 mg/kg NC NC 2.6E-05 mg/kg/day 
onciry Equivalency (DioxuiafFurani) 0.00005495 1.3E-15 mg/kg/da, I.SE+05 mgftg/day)-l 2.E-IO 4.4E-14 mg/kg/d,y 

"'*l 

iXPOSURE ROUTETOTAL I.E-07 4.E-03 
POSUREPOIOT TOTAL l.E-06 2.E-01 

>OSURE MEDIUM TOTAL l.E-06 2.E-01 

TOTAL RECEPTOR RISK ACROSS ALL MEDIA || l.E-06 "OTAL RECEPTOR HAZARD ACROSS ALL MEDIAlj 1.9.E-01 

NOTES: 

MACTEC Eof^--wjn| aid Comulllnt, Inc. 
sraus I \ 

f-XWJP.-r • &ICMkWAtOVB 8/10/2006u		 o 
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TABLE 7J.CT 

CALCULATION OF CHEMICAL CANCIR RISKS AND NON-CANCIR HAZARDS - CINTRAL TENDENCY- CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR • CHILD 
ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT) OXBOW AREA
 

CENTREDALE MANOR RESTORATION PROJECT SUPERFDND SITE
 
NORTH PROVIDENCE, RHODE ISLAND
 

OTIMEFRAME: CURRENT/FUTURE
 
OR POPULATION: PASSIVE RECREATIONAL VISITOR
 

IlKECEPTOR ACE; CHILD
 

EXPOSURE EXPOSURE EXPOSURE 
MEDIUM CHEMICAL 

MEDIUM POINT ROUTE 

(I) • BUnk cclli Indlata dial in RID or R/C li nol «v>l>IUble from the nurai used lo obuto dMMapontt diu for Ihli riik imnmoil.
 
NC • Nol tarctoof nlc by Ihli opown mute
 
NA  N« ippllciblc-, opown come nol ipplloblc for Ihli chemlnJ/nponire nMdlum.
 
- - Not ciloliud: dotMOIniiKiUU nd/or domal tbioipUoo vilira in not mllible.
 

EPC
 

VALUE UNITS 
INTAKE/EXPOSURE 
CONCENTRATION 

CSF/UNITRISK ( INTAKE/EXPOSURE
 
CONCENTRATION RflVRfCd) HAZARD 

QUOTIENT 

1raf*ai by: KIC 
OnctolbrrMJM 

MACTEC Elfhccifaf Mil Cnnultlif, Inc. 
II33UJ 



TABLE 9.1.RME
 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCl • REASONABLE MAXIMUM EXPOSURE - CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR • ADULT
 


ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 

CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
 


NORTH PROVIDENCE. RHODE ISLAND
 


(SCENARIO TIMEFRAME: CURRENT/FUTURE 
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR 

URECEFTOR ACE-. ADULT 

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 
EXPOSURE EXPOSURE 

MEDIUM CHEMICAL EXTERNAL EXPOSURE PRIMARY TARGET EXPOSURE 
MEDIUM POINT INGESTION INHALATION DERMAL INCESTION INHALATION DERMAL 

(RADIATION) ROUTES TOTA ORGAN ROUTES TOTAI 

SOIL FLOODPLAIN SOIL OXBOW AREA i-chlordane I.4E-IO NA 2.2E-] ] NA. I.6E-10 Liver 4.7E-06 NA 7.5E-07 S.4E-06 
dieldrin S.3E-08 NA O.OE+00 NA 5.3E-08 Liver 3.9E-04 NA 3.VE-04 
endosulfan 11 NC NA NC NA Kidney 1.7E-07 •NA 1.7E-07 
ondrin aldehyde NC NA NC NA Nervous system 9.7E-06 NA 9.7E-06 
cndrin ketone NC NA NC NA Nervous system I.8E-06 NA I.8E-06 

g-cnlordane 1.3E-10 NA 2.0E-1 1 NA I.5E-10 Liver 4.2E-06 NA 6.8E-07 49E-06 
Technical Chlordane 3.5E-10 NA 8.8E-1I NA 6.4E-10 Liver I.8E-05 NA 2.9E-06 2. IE-OS 
Aroclor 1234 3.8E-07 NA 2.1E-07 NA S.8E-07 Immune system 5.5E-02 NA 3.IE-02 8.5E-02 
Anrimony NC NA NC NA Adverse clinical signs 5.4E-03 NA 3.4E-03 
Arsenic l.OE-06 NA 1.2E-07 NA 1.1E-06 Skin I.3E-02 NA I.6E-03 1.5E-02 
Cadmium NC NA NC NA Kidney 2.3E-03 NA 4.0E-04 2.9E-03 
Copper NC NA NA - NA _ NC 
Lead NA « NA NA 

— Manganese NC NA NC NA NOAEL 3.7E-03 NA 3.7E-03 
rhillium NC NA NC NA NOAEL 4.0E-03 NA 4.0E-03 
Vanadium NC NA NC NA NOAEL 2.2E-02 NA 2.2E-02 
bxicity Equivalency (Dioxiiu/Furans)  Mam 3.4E-05 NA 4.0E-06 NA 3.8E-05 " NA " 

_ 
HEMICAL TOTAL 3.SE-05 4.4E-06 4E-OS 1.1E-OI O.OE+00 3.3E-02 IE-01 -

IADIONUCL1DE TOTAL II H 

EXPOSURE POINT TOTAL II 4E-05 II IE-01 


XPOSURE MEDIUM TOTA1 I 4E-05 II IE-01 

>IL TOTAL 1 4E-OS II IE-01 


IIRECEPTOR TOTAL 4E-05 1.4E-01 
TOTAL RISK ACROSS ALL MEDIA 4E-05 TOTAL HAZARD ACROSS ALL MEDIA 1.4E-01 

NOTES: TOTAL ADVERSE CLINICAL SIGNS HI 

NC - Not carcinogenic by this exposure route. 

NA - Not applicable: exposure route not applicable for this chemical/exposure medium. 

•- - Not calculated; dose-response data and/or dermal absorption values are not available. 

Prepared by: KJC 

Checked by: MJM TOTAL IMMUNE SYSTEM HI - 8.5E-02 

TOTAL KIDNEY HI - 2.9E-03 

TOTAL LIVER HI 

TOTAL NERVOUS SYSTEM HI 

TOTAL NOAEL HI

TOTAL SKIN HI-

MACTr I Brie and Coruultinc, Inc. 
P:\WW' % ^•l«\Cenln<Uli\OXD 
RME-Oxb ^MKlt-Soil.i)i, SUMMARY 8/10/2006 u
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TABLE 9J.RMB
 


SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCl - REASONABLE MAXIMUM EXPOSURE - CURRENT/FUTURE • PASSIVE RECREATIONAL VISITOR - OLDER CHILD
 

ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 


CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
 

NORTH PROVIDENCE, RHODE ISLAND
 


[(SCENARIO TIMEFRAME: CURRENT/FUTURE
RECEPTOR POPULATION, PASSIVE RECREATIONAL VISITOR

URECEPTOR ACE; OLDER CHILD 

CARCINOGENIC RISK 

MEDIUM 
EXPOSURE 
MEDIUM 

EXPOSURE 
POINT 

CHEMICAL 
INGESTION INHALATION DERMAL 

EXTERNAL 
(RADIATION) 

EXPOSURE 
ROUTES TOTA 

PRIMARY TARGET 
ORGAN 

INGESTION INHALATION DERMAL 
EXPOSURE 

ROUTES TOTAI 

son. FLOODPLAINSOIL OXBOW AREA k-chlordlne 2.2E-10 NA ME-n NA 3.0E-10 Liver 7.3E-06 NA 2.8E-06 l.OE-OS 

dieldrin I.3E-08 NA O.OE+OO NA J.3E-OS Liver 6.0E-04 NA 6.0E-04 
ndosulfin n NC NA NC NA Kidn«y 2.7E-07 NA J.7E-07 

wdrin aldehyde NC NA NC NA Nervous system ' I.SE-05 NA 1.5E-OJ 

ndrin ketone NC NA NC NA Nervous lysum 2.7E-0« NA 2.7E-06 

l-chlordane 2.0E-10 NA 7.6E-11 NA 2.7E-10 Liver 6.6E-06 NA 2.5E-06 9.1E-06 

rechnical Chlordane 8.6E-10 NA 3.3E-10 NA 1.2E-09 Liver 2.9E-05 NA I.IE-05 4.0E-OS 
Aroclor 1254 S.8&07 NA 7.8E-07 NA 1.4E-06 Immune system 8.5E-02 NA 1.IE-OI 2.0E-OI 

Antimony NC NA NC NA Advene clinical signs S.3E-03 NA 8.3E-03 

Annie 1.6E-06 NA 4.JE-07 NA 2.0E-06 Skin 2.0E-02 NA J.8E-03 2.6E-02 

Jidnuutn NC NA NC NA Kidney 3.SE-03 NA I.5E-03 5.4E-03 

Copper NC_ NA NC_ NA - NA 
lead NA NA NA 
blanganese NC NA NC NA NOAEL —5.7E^)3 NA 3.7E-03 
rhilliura NC NA NC NA NOAEL 6.2E-03 NA 6.2E-03 

Vanadium NC NA NC NA NOAEL 3.4E-01 NA 3.4E-02 
bxicity Equivalency (Dioxins/Funnf ) - Mim 5.2E-05 NA I.5E-05 NA 6.7E-OJ ' NA 

_ 
HEMICAL TOTAL 5.5E-05 1.6E-05 - 7E-05 1.6E-OI O.OE+00 I2E-01 3E-01 

RADIONUCUDE TOTAL N II 
EXPOSURE POINT TOTAL II 7E-05 II 3E-OI 

EXPOSURE MEDIUM TOTAI II 7E-05 II 3E-OI 

ML TOTAL II 7E-05 II 3E-01 

URECEPTOR TOTAL 2.9E-01 
TOTAL RISK ACROSS ALL MEDIA TOTAL HAZARD ACROSS ALL MEDIA 2.9E-01 

NOTES: TOTAL ADVERSE CLINICAL SIGNS HI • 

NC - Not orcinofenic by this exposun route; 
NA • Not applicable; exposure route no) applicable for this chemical/exposure medium. 

- - Not calculated; dose-response data and/or dermal absorption values are not available. 

Prepared by: KJC 

Cheeked by: MJM TOTAL IMMUNE SYSTEM HI 

TOTAL KIDNEY HI

TOTAL LIVER HI 

TOTAL NERVOUS SYSTEM HI 

TOTAL NOAEL HI > 

TOTAL SKIN HI

MACTEC Cn|bMerta( and Comulrlnj, Inc. 
K\W»OVT<OB.>IAE\»»mlU1C«iliiiiliVOX BOWYTAULETi 
HME-Cht.g.RMihBI (XltnOilMoa jU. SUMMARY Page 1 ofI 8/10/2006 



TABLE W.RME
 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COFCl • REASONABLE MAXIMUM EXPOSURE - CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR - CHILD
 


ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 

CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
 


NORTH PROVIDENCE, RHODE ISLAND
 


SCENARIO TIMEFRAME: CURRENT/FUTURE 
RECEPTOR POPULATION.- PASSIVE RECREATIONAL VISITOR 
RECEPTOR AGE: CHILD 

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

MEDIUM 
EXPOSURE 
MEDIUM 

EXPOSURE 
POINT 

CHEMICAL 
INCESTION INHALATION DERMAL 

EXTERNAL 
(RADIATION) 

EXPOSURE 
ROUTES TOTA 

PRIMARY TARGET 
ORGAN 

INCESTION INHALATION DERMAL 
EXPOSURE 

ROUTES TOTAl 

SOIL FLOODPLA1NSOIL OXBOW AREA a-dilordane 6.6E-10 NA 7.4E-11 NA 7.3E-10 Liver 4.4E-05 NA 4.9E-06 4.9E-05 
dieldrin 2.5E-07 NA O.OE-HJO NA 2.5E-07 Liver 3.6E-03 NA J.«E-OJ 
cndoiulfin 11 NC NA NC NA Kidney I.6E-06 NA I.6E-06 
endrin aldehyde NC NA NC NA Nervous system 9.0E-05 NA 9.0E-05 
endrin ketone NC NA NC NA Nervous system I.6E-05 NA I.6E-05 
B-chlordane 5.9E-10 NA 6.6E-11 NA 6.6E-IO Uver 4.0E-05 NA 4.4E-06 4.4E-05 
rechnical Chlordane 2.6E-09 NA 2.9E-10 NA 2.9E-09 Liver I.7E-04 NA I.9E-05 I.9E-04 
Arwlor 1254 1.8E-06 NA 6.9E-07 NA 2.4E-06 Immune system S.IE-OI NA 2.0E-OI 7 IE-01 
Antimony NC NA NC NA Adverse clinical signs 5.0E-02 NA 5.0E-02 
Arsenic 4.TB-06 NA 3.9E-07 NA J.IE-06 Skin I.2E-OI NA I.OE-02 I.JE-OI 
Cadmium NC NA NC NA Kidney 2.4E-02 NA 2.6E-03 2.6E-02 
Copper NC NA NC_ NA - NA 
Lead H NA NA .. NA 
Manganese NC NA NC NA NOAEL 3.4E-02 NA 3.4E-02 
Thallium NC NA NC NA NOAEL J.7E-02 NA 3.7E-02 
Vanadium NC NA NC NA NOAEL 2.0E-01 NA 2.0E-OI 

oxiciry Equivalency (Dioxin&Turans) • Mam J.6E-04 NA 1.3E-05 NA I.7E-04 " NA " 

HEMTCAL TOTAL 1.6E-04 - 1.4E-05 - 2E-04 9.SE-OI O.OE+00 2.IE-OI lE+flfl 

KADIONUCLIDE TOTAL » 
EXPOSURE POINT TOTAL II 2E-04 1E+00 

EXPOSURE MEDIUM TOTAL || 2E-04 1E+00 
ML TOTAL II 2E-JM IE+00 

IIRECEPTOR TOTAL 2E-04 I.2E+00 
TOTAL RISK ACROSS ALL MEDIA 2E-04 TOTAL HAZARD ACROSS ALL MEDIA 1.2E+00 

NOTES: TOTAL ADVERSE CLINICAL SIGNS HI 

NC - Not carcinogenic by this exposure route. 

NA - Not applicable; exposure route not applicable for this chemical/exposure medium. 

— • Not calculated; dose-rvsponse data and/or dermal absorption values are not available. 

Prepared by: KJC 

Checked by: MJM TOTAL IMMUNE SYSTEM HI 7.IE-01 

TOTAL KIDNEY HI- WE-02 

TOTAL LIVER HI 

TOTAL NERVOUS SYSTEM HI 

TOTAL NOAEL HI

TOTAL SKIN HI- 1.3E-01 

MACTEC Engineering and Consulting, Inc. 
rxnavrcf "•uuuiMCn XDOVWTABLER 
JtME-CV I BiU-MU 1/10/2006 
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 oTABLE M.RME 
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCi - REASONABLE MAXIMUM EXPOSURE - CURRENT/FUTURE • PASSIVE RECREATIONAL VISITOR - ADULT 

ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA 
CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE 

NORTH PROVIDENCE, RHODE ISLAND . 

(SCENARIO TIMEFRAME: CURRENT/FUTURE
HRECEPTOR POPULATION-. PASSIVE RECREATIONAL VISITOR 
HRECEPTOR ACE; ADULT 

CARC1NOGE CRISK NON-CARCINOGENIC HAZARD UOTIENT 

MEDIUM EXPOSURE 
MEDIUM 

EXPOSURE 
POINT CHEMICAL 

INGESTION INHALATION DERMAL EXTERNAL 
(RADIATION) 

EXPOSURE 
ROUTES TOTA 

PRIMARY TARGET 
ORGAN INGESTION INHALATION DERMAL 

EXPOSURE 
ROUTES TOTAI 

SOIL FLOODPLAIN SOIL GREYSTONE MILL POND 2-Methylnaphmalone NC NA NC NA Cvdiovucutv system DE-OS NA &7B-06 2.0E-05 
Acenephlhylene NC NA NC NA Liver 2.SE-06 NA I.3E-06 3.8E-06 
B«zo(a)anlhracene 1.3E-07 NA 6.8E-08 NA ' 2.0E-07 Kidney 3.5E-05 NA I.IE-03 5.3E-05 
Benzo(a)Dyrene I.3E-06 NA 6.IE-07 NA 2.0E-06 Kidney 3.5E-05 NA 1.IE-05 3.3E4J 
B«a>(b)fluonnth«ne I.6E-07 NA I.5E-OI NA 2.JE-07 Kidney 4.4B-0} NA 2.3E-05 6.6E-0! 
BeiUD<gW)peryl«ne NC NA NC NA Kidney 2.9E-OS NA I.5E-03 4.4E-05 
Diberoo(a,h)aniiiracene 2.IE-07 NA 1.4E-07 NA 4.2E-07 Kidney 7.4E-06 NA 3.8E-06 J.1E-05 
iKhno(l,2,3-cd)pyrane I.2B-07 NA 6ME-OI NA I.IE-07 Kidney 3.IE-OS NA 1.6E-05 4.8E-05 
•henmtiirene NC NA NC NA Kidney S.4E-05 NA 2.IE-0] I.2E-OS 
alpht-Chlordane 6.6E-10 NA 1.1E-IO NA 7.6E-10 Liver 2.2E-05 NA 3.5r3-06 2.5E-05 
Aroclor-1254 HE-OS NA 4.9B-OS NA I.4E-07 Immune system 1.3E-02 NA 7.2E-03 2.0E-02 
AfDclor-l26< 1.5E-08 NA I.2E-09 NA 2.3E-08 Immune system 2.I&03 NA 1.2E-03 3.3E-03 
indosulfan Suits* NC NA NC NA Kidney 6.5E-07 NA 6.5E-07 
technical ChlordiM 1.3E-08 NA 2.1E-09 NA 1.6E-08 Liver 4.5E-CM NA 7.2E-05 5.2EXJ4 
.himinum NC NA NC NA - NA 

Arsenic 9.6E-07 NA 1.1E-07 NA I.IE-06 Skin I.2E-02 NA I.3E-03 I.4E-02 
Chromium NC NA NC NA NOAEL 3.0E-02 NA 3.0E-02 
Copper NC NA NC NA - NA 
Lad .. NA NA - NA 
fanganese NC NA —NC NA NOAEL 1.IE-02 NA I.8E-02 
Mercury NC NA NC NA Immune system 8.3E-04 NA •.3E-04 

Molybdenum NA Kidney S.4E-03 NA 5.4E-03 
Nickel NC NA NC NA Developmental toxicity 5.9E-03 NA 5.9E-03 
Thallium NC NA NC NA NOAEL 2.2E-03 NA 2.2E-03 

anadium NC NA NC NA NOAEL 3.IE-02 NA 3.IE-02 
oxiciry Equivalency (Dioxinl/Furans) - Man 8.6E-07 NA 3.4E-09 NA «.6E-07 NA 

fffiMICAL TOTAL 3.9E-06 - I.2E-06 - 5E-06 I.2E-OI O.OE+00 I.OE-02 1E-01 

SADIONUCUDE TOTAL 
EXPOSURE POINT TOTAL 5E-06 IE-OI 

EXPOSURE MEDIUM TOTA 5E-O6 1E-01 
)IL TOTAL SE-(K IE-OI 

ftRECEPTOR TOTAL 
TOTAL RISK ACROSS ALL MEDIA I TOTAL HAZARD ACROSS ALL MEDIA 

NOTES: 
NC - Not carcinogenic by this exposure route. TOTAL CARDIOVASCULAR SYSTEM HI 

NA - Not applicable; exposure route not applicable for this chemical/exposure medium. TOTAL DEVELOPMENTAL TOXICITY HI 

-  Not calculated; dose-response data and/or dermal absorption values are not available. 

Prepared by: KJC 
Checked by: MJM TOTAL IMMUNE SYSTEM HI 

TOTAL KIDNEY HI 
TOTAL LIVER HI 

TOTAL NOAEL HI f.lE-02 

TOTAL SKIN HI 

MACTEC Engineering and Consulting, Inc. 
Buun>\CwmW<\OX DOWMABLtSl P«jelofl 8/10/2006 



TABLE 9.S.RME 
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCl - REASONABLE MAXIMUM EXPOSURE - CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR - OLDER CHILD 

ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 

CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
 


NORTH PROVIDENCE, RHODE ISLAND
 


ENARIO TIMEFRAME: CURRENT/FUTURE ({SCEN 
RECE PTOR POPULATION: PASSIVE RECREATIONAL VISITOR 

|gEa 

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD UOTIENT 

MEDIUM 
EXPOSURE 
MEDIUM 

EXPOSURE 
POINT 

CHEMICAL 
INCESTIO INHALATION DERMA 

EXTERNAL 
(RADIATION) 

EXPOSURE 
ROUTES TOTA 

PRIMARV TARGET 
ORGAN 

iNCEsnois INHALATION DERMAL 
EXPOSURE 

ROUTES TOTAI 

SOU. FLOODPLAIN SOIL GREVSTONE MILL POND Z-Methylnaph(hataie NC NA NC NA Cardiovascular system 2.0E-05 NA 2.SE-05 4.5E-05 
Acouphthylene NC NA NC NA Liver 3.9E-06 NA 4.9B-06 8.9E-M 
Benzo(a)anthracene 2.0E-07 NA 2.5E-07 NA 4.6E-07 Kidney 5.4E-05 NA 6.7E-05 I.2E-04 
Benn>(a)pyrene 2.0E-06 NA 2.5E-06 NA 4.6E-OS Kidney J.4E-05 NA 6.JB-05 I.2E-04 
Benzo(b)f]uoranihene 2.SE-07 NA 3.2E-07 NA 5.7E-07 Kidney 6.8E-05 NA 8.5E-05 I.5E-04 
BoraHgAOpttylene NC NA NC NA Kidney 4.5E-05 NA 5.7E-05 I.OE-04 
Dibenxo(a,n)anthracene 4.3E-07 NA S.4E-07 NA 9.7E-07 Kidney I.2E-05 NA I.4E-OS 2.6E-OS 
[ndeno(l ,2,3-cd)pyrene 1.8E-07 NA 2.3E-07 NA 4.1E-07 Kidney 4.9E-05 NA 6. IE-OS 1 IE-04 
Phenanthrene NC NA NC NA Kidney 8.4E-05 NA I.OE-04 I.9E-04 
alpha-Chlordane l.OE-09 NA 3.9E-10 NA 1.4E-09 Liver 3.4E-05 NA I.3E-05 4.7E-OS 
Aroclor-1254 1.4E-07 NA l.JE-07 NA 3.2E-07 Immune system 2.0E-02 NA 2.7E-02 4.7E-02 
Ajoclor-12<S 2.3E-0« NA 3.IE-M NA 3.3E-08 Immune system 3.3E-03 NA 4.SE-03 7.8E-03 
Endosulfan Sutfito NC NA NC NA Kidney I.OE-06 NA l.OE-06 
'echnical Chlordine 2.1E-OS NA 8.0E-09 NA 2.9E-OI Liver 7.0E-04 NA 2.7E-04 9.7E-04 

Aluminum NC NA NC NA -. NA 
Arsenic 1.5E-06 NA 4.3E-07 NA 1.9E-06 Skin 1.9E-02 NA 5.6E^)3 2.5E-02 
Chromium NC NA NC NA NOAEL 4.6E-02 NA 4.6E-02 
Copper NC NA NC NA - NA 
Lead . NA NA NA 
Manganese NC NA —NC NA NOAEL — 2.8E-02 NA 2.8E-02 
Mercury NC NA NC NA Immune system I.3E-03 NA 1.3E-03 
Molybdenum NA Kidney I.3E-03 NA 8.3E-03 
Nickel NC NA NC NA Developmental toxicity 9.2E-03 NA 9.2E-03 

iillium NC NA NC NA NOAEL 3.5E-03 NA 3.5E-03 
anadium NC NA NC NA NOAEL 4.9E-02 NA 4.9E-02 
oxicity Equivalency (Dioxins/Furans) - Mam 1.3E-06 NA I.3E-OJ NA 1.3E-06 NA 

CHEMICAL TOTAL 6-IE-06 - 4.5E-06 - IE-OS I.9E-01 O.OE+00 3.8E-02 2E-01 

IAD1ONUCUDE TOTAL K ' 1 « 
EXPOSURE POINT TOTAL || IE-05 II 2E-OI 

-XPOSURE MEDIUM TOTAL II IE-OS II 2E-OI 
)IL TOTAL II IE-OS II 2E-01 

PRECEPTOR TOTAL IE-OS 2.3E-OI 
TOTAL RISK ACROSS ALL MEDIAH TOTAL HAZARD ACROSS ALL MEDIA 2.3E-01 

NOTES: 
NC - Not carcinogenic by this exposure route. TOTAL CARDIOVASCULAR SYSTEM HI 

NA - Not applicable; exposure route not applicable for this chemical/exposure medium. TOTAL DEVELOPMENTAL TOXICITY HI 

- - Not calculated; dose-response data and/or dermal absorption values are not available. 

Prepared by: KJC 
Checked by: MJM TOTAL IMMUNE SYSTEM HI 

TOTAL KIDNEY HI 
TOTAL LIVER HI 

TOTAL NOAEL HI 

TOTAL SKIN HI

MACTEC En(liwerin( and Coniultinj, Inc. 

o o8/10/2006 
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TABLE 9.6.RMX 

SUMMARY OK RECEPTOR RISKS AND HAZARDS FOR COPCl - REASONABLE MAXIMUM EXPOSURE - CURRENT/FUTURE • PASSIVE RECREATIONAL VISITOR - CHILD 
ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA 

CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE 
NORTH PROVIDENCE, RHODE ISLAND 

pCENARIOTIMEPRAMl>. CURRENT/FUTURE 
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR 

PRECEPTOR ACE: CHILD 

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD UOTIENT 

MEDIUM 
EXPOSURE 
MEDIUM 

EXPOSURE 
POINT 

CHEMICAL 
INCESTIOIV INHALATION DERMAL EXTERNAL 

(RADIATION) 
EXPOSURE 

ROUTES TOTA 
PRIMARY TARGET 

ORGAN 
INCES•^o^ INHALATION DERMAL 

EXPOSURE 
ROUTES TOTAI 

son. FLOODPLA1NSOJL GREYSTONB MILL POND 2-Methylnaphlhalene NC NA NC NA Ctrdiovuculw system 1.2E-04 NA 4.4E-OS I.7E-04 
Acenaphmylene NC NA NC NA Liver 2.4E-OS NA 8.6E-06 3.2E-05 
B«nio(«)«nthricen« «.1E-07 NA 2.2B-07 NA I.3B-07 Kidney 3.2E-04 NA I.2B-04 4.4E-04 
3enio(a)pyrene 6. IE-OS NA 2.2E-06 NA I.3E-06 Kidney 3.2E^>4 NA 1.2E-04 4.4E-04 
B«uo(b)fluorint)mic 7.6T3-07 NA 2.IB-07 NA l.OE-M Kidney 4.1 E-04 NA UE-04 5.6E-04 
>ejuo(g,lii)paylfDe NC NA . NC NA Kidney 2.7E-04 NA 9.9E-05 3.7E^)4 
>ibenzo(a,n)anthracene UB-06 NA 4.7E-07 NA I.SE-06 Kidney 6.9E-OS NA 2.5E-05 9.4E-OS 
ndeno<l.2,3-cd)fiyrene J.5E-07 NA 2.0E-07 NA 7.5E-07 Kidney 2.9E-04 NA I.IE-04 4.0E-04 
Ptieninthreno NC NA NC NA Kidney 5.0E-04 NA l.SE-04 6.9E-04 

alphvChlordane 3.1E-09 NA 3.4E-IO NA 3.4E-09 Uver 2.0E-04 NA 2.3E-OJ 2.3E-04 

ArecIor-1254 4.1E<7 NA I.6E-07 NA 5.7E-07 Immune lyttem 1.2E-C1 NA 4.TB-02 1.7E )̂1 

Aroclor-1268 6.8E-08 NA 2.7E-OI NA 9.5E-08 Immune system 2.0E-02 NA 7.8&03 2.8E-02 

Endosulfan Sulfite NC NA NC NA Kidney 6.0E-06 NA 6.0E-06 

Technical Chlordane 6.3E-08 NA 7.0E-09 NA 7.0E-08 Liver 4.2E-03_ NA 4.7E-04 4.7E-M 
Aluminum NC NA NC NA NA 
Arsenic 4.SE-06 NA 3.«E-07 NA 4.IB-06 Skin 1.2E-OI NA 9.7E-03 I.3E-01 
Chromium NC NA NC NA NOAEL 2.IE-OI NA 2.8E-01 

Copper NC NA NC NA - NA 
Lad .. NA NA NA 
fanganese NC NA —NC NA NOAEL —1.7E-01 NA 1.7M1 
lercury NC NA NC NA Immune lyttom 7.7E-03 NA 7.7E-03 
Molybdenum NA Kidney 5.0E-02 NA 5.0E-02 

NicW NC NA NC NA Developmental toxicity 5.5E-02 NA 5.5E-02 

Thallium NC NA NC NA NOAEL 2.1E-02 NA 2.IE-02 
anadium NC NA NC NA NOAEL 2.9E-01 NA 2.9E-OI 
oxicity Equivalency (Dioxins/Furans) • Mur 4.0E-06 NA I.1E-OI NA 4.0E-0« NA 

HEMICAL TOTAL 1.8E-05 4.0E-06 2E-05 1.IE-HW O.OE+00 6.6E-02 1E+00 

&ADIONUCLIDE TOTAL 
EXPOSURE POINT TOTAL 2 B-05 IE-HX) 

EXPOSURE MEDIUM TOT A] 21 B-05 1EWO 
HL TOTAL M)S 1E400 

IIRECEPTOR TOTAL ZE-05 1.2E+00 
TOTAL RISK ACROSS ALL MEDIA 2E-05 TOTAL HAZARD ACROSS ALL MEDIA 1 2E+0°- "1



NOTES: 
NC - Not carcinogenic by this exposure route. TOTAL CARDIOVASCULAR SYSTEM HI 

NA ' Not applicable; exposure route not applicable for this chemical/exposure medium. TOTAL DEVELOPMENTAL TOXICITY HI S.SJXU 

- - Not calculated; dose-response dat> and/or dermal absorption values are not available. 

Prepared by: KJC 
Checked by: KUM TOTAL IMMUNE SYSTEM HI 

TOTAL KIDNEY HI- 5JE-02 

TOTAL LIVER HI 

TOTAL NOAEL HI

TOTAL SKIN HI UE-OI 

MACTEC Enilncerlni and Consulllni, Inc. 
F:\WMVTCOE-NAIABiailk\CWMbWOX BOWTABLEU 
RME-BKO-IM4>»CtikUiHl J* CUMUARY Page 1 of 1 8/10/7006 



TABLE J.l.CT
 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCt - CENTRAL TENDENCY - CURRENT/FUTURE . PASSIVE RECREATIONAL VISITOR - ADULT
 


ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 

CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
 


NORTH PROVIDENCE, RHODE ISLAND
 


USCENARIOT1MEFRAME: CURRENT/FUTURE 

PRECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR 

URECEPTOR ACE; ADULT 

CARCINOGEN CRISK NON-CARCINOGENIC HAZARD QUOTIENT 
EXPOSURE EXPOSURE 

MEDIUM CHEMICAL EXTERNAL EXPOSURE PRIMARY TARGET EXPOSURE 
MEDIUM POINT INCESTION INHALATION DERMAL INCESTION INHALATION DERMAL 

(RADIATION) ROUTES TOTA ORGAN ROUTES TOTAI 

SOIL FLOODPLAIN SOIL OXBOW AREA a-chlordane 4.5E-12 NA 2.1E-13 NA 4.8E-I2 Liver 4.5E-07 NA 2.IE-08 4.8E-C7 
dieldrin 1.6E-09 NA O.OE+00 NA 1.6E-09 Liver 3.5E-05 NA 3.5E-05 
mdosulfin n NC NA NC NA Kidney 1.5E-C8 NA l.SE-08 
mdrin aldehyde NC NA NC NA Nervous system 9.8E-07 NA 9.8E-«7 
endrin ketone NC NA NC NA Nervous system 1.6E-07 NA 1.6E-07 
t-chlordane 6.1E-I2 NA 2.8E-13 NA 6.4E-I2 Liver 6.1E-07 NA 2.8B-08 6.4E-07 
Technical Chlordtne 2.SE-1 1 NA I.1E-12 NA 2.6E.11 Liver 2.5E-06 NA I.IE-07 2.6E-06 
Aroclor 1254 I.2E-08 NA 2.0E-09 NA I.4E-08 Immune system 5.4E-03 NA 8.6E-04 6.2E-03 
Antimony NC NA NC NA Adverse clinical si pa J.8E-04 NA S.8E-04 
Anenic 3.5E-08 NA I.2E-09 NA 3.6E-08 Skin I.4E-03 NA 4.7E-05 1.4E-03 
ladmium NC NA NC NA Kidney 3. IE-CM NA I.4E-OS 3.2E-04 

Copper NC NA NC NA - NA 
*ad .. NA NA .. NA 

—Manganese NC NA NC NA NOAEL 8.9E-04 NA 8.9E-04 
hatlium NC NA NC NA NOAEL 6.8E-04 NA 6.8E-04 
'anadium NC NA NC NA NOAEL 4.5E-03 NA 4.SE-03 
'oxicily Equivalency (Dioxins/Furans)  Mam 1.2E-06 NA 4.0E-08 NA 1.2E46 NA 

HEM1CAL TOTAL 1.2E-06 - 4.4E-OS 1E-06 I.4E-02 O.OE-MX) 92E-04 IE-02 -

RADIONUCUDE TOTAL II 

EXPOSURE POINT TOTAL 1E-06 II IE-02 


EXPOSURE MEDIUM TOTAJ IE-06 II IE-02 

J1L TOTAL IE-06 II IE-02 


IIRECEPTOR TOTAL IE-06 1.5E-02 
TOTAL RISK ACROSS ALL MEDIA IE-06 TOTAL HAZARD ACROSS ALL MEDIA 1.5E-02 

NOTES: TOTAL ADVERSE CLINICAL SIGNS HI' 5.8E-04
 

NC - Not carcinogenic by this exposure route.
 

NA - Not applicable: exposure route not applicable for this chemical/exposure medium.
 

— - Not calculated; dose-response data and/or dermal absorption values are not available.
 


Prepared by: KJC 
Checked by: MJM TOTAL IMMUNE SYSTEM HI 

TOTAL KIDNEY HI - 3.2E-04 

TOTAL LIVER HI 

TOTAL NERVOUS SYSTEM HI - 1.1E-06 

TOTAL NOAEL HI' oME-03 

TOTAL SKIN HI

MACI"" and Consulting, Inc. 
P:\WK BOWVrABLE» 

SUMMAKY o 8/10/2006 o
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TABLE 9.Z.CT
 


SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPO - CENTRAL TENDENCY - CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR - OLDER CHILD
 

ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 


CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
 

NORTH PROVIDENCE, RHODE ISLAND
 


USCENARIOTIMEFRAME: CURRENT/FUTURE 
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR 
RECEPTOR ACE: OLDER CHILD 

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

MEDIUM 
EXPOSURE 

MEDIUM 
EXPOSURE 

POINT 
CHEMICAL 

INCESTION INHALATION DERMAL 
EXTERNAL 

(RADIATION) 
EXPOSURE 

ROUTES TOTA 
PRIMARY TARGET 

ORGAN 
INCESTION INHALATION DERMAL 

EXPOSURE 
ROUTES TOTAl 

son. FLOODPLAINSOIL OXBOW AREA t-chlordme 5.3E-12 NA 8.2E-13 NA 6.1E-I2 Liver 7.IE-07 NA I.IE-07 8.2E-07 
dieldrin 1.9E-09 NA O.OE+00 NA I.9E-09 Liver J.5E-05 NA 5.5E-05 
endosulfin n NC NA NC NA Kidney 2.3E-08 NA 2.3E-OI 
mdrin aldehyde NC NA NC NA Nervous system I.JB-06 NA 1.5E-06 
endrin kefone NC NA NC NA Nervous system 2.5E-07 NA 2.5E-07 
l-chlordine 7.1E-12 NA 1.1E-12 NA I.1E-12 Liver 9.SE<7 NA I.5E-07 I.1E-06 

Technical Chlonbne 2.9E-1I NA 4.4E-I2 NA 3.3E-J1 Liver ).IE-0« NA 5.9E-07 4.4E-06 
Aroclor 1234 I.4E-OI NA 7.7E-09 NA 2.JE-08 Immune system I.4E-03 NA 4.SE-03 1.3E-02 
Antimony NC NA NC NA Adverse clinical signs 9.0E-04 NA 9.0B-04 
Anwnic 4.1&OI NA 4.7E-09 NA 4.«E-OS Skin 2.1 E-03 NA 2.5E-04 2.4E-03 
Cadmium NC NA NC NA Kidney 4.SE-04 NA 7.3E-05 5.5E-04 
kipper NC NA NC_ NA - NA 
Md NA NA NA 
faiuunese —NC NA NC NA NOAEL —1.4E-03 NA 1.4E-03 
hllltum NC NA NC NA NOAEL 1.1 E-03 NA 11 E-03 

Vanadium NC NA NC NA NOAEL 7.0E-03 NA 7.0E-03 
oxicity Equivalency (Dioxini/Fiirans) • Mim 1.4E-06 NA I.6E-07 NA 1.3E-06 " NA " 

HEMICAL TOTAL 1.4E-06 - l.TE-07 - 2B-06 2.1E-02 O.OE400 4.8E-03 3E-02 

ADIONUCIJDE TOTAL 1) 
EXPOSURE POINT TOTAL II 2E-06 3E-02 

EXPOSURE MEDIUM TOTA II 2E-06 3E-02 
>IL TOTAL II 2E-06 3E-02 

IIRECEPTOR TOTAL 2E-06 2.6E-02 I 
TOTAL RISK ACROSS ALL MEDIA 2E-06 TOTAL HAZARD ACROSS ALL MEDIA ^.<E-02 II J



NOTES: TOTAL ADVERSE CLINICAL SIGNSHI 

NC - Not carcinogtnic by this exposure route. 

NA - Not •ppliuble; exposure route not applicible for this chemiol/exposure medium. 
- - Not olcuhttMl; dose-response dm nd/br dermtl losorptioa vdua ire not t 

Prepared by: KJC 

Checked by: MJM TOTAL IMMUNE SYSTEM HI 
TOTAL KIDNEY HI 

TOTAL LIVER HI

TOTAL NERVOUS SYSTEM HI« Ug-<Xi 

TOTAL NOAEL HI

TOTAL SKIN HI

MACTEC En(ineerbii and Consultinf, Inc. 
\TABL£S\ 

SUMUAKY FtgelofI I/I 0/2006 
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TABLE 9J.CT
 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCl - CENTRAL TENDENCY • CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR - CHILD
 


ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 

CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
 


NORTH PROVIDENCE, RHODE ISLAND
 


ICENARIOTIMEFRAME: CURRENT/FUTURE 
OR POPULATION: PASSIVE RECREATIONAL VISITOR 
OR ACE; CHILD 

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

MEDIUM 
EXPOSURE 
MEDIUM 

EXPOSURE 
POINT 

CHEMICAL 
INCESTION INHALATION DERMAL 

EXTERNAL 
(RADIATION) 

EXPOSURE 
ROUTES TOTA 

PRIMARY TARGET 
ORGAN 

INGESTJON INHALATION DERMAL 
EXPOSURE 

ROUTES TOTAI 

SOIL FLOODFLAIN SOIL OXBOW AREA «hiordane 2.1E-11 NA 9.SE-13 NA 2.2E-1 1 Liver 4.2E-06 NA I.9E-07 4.4E-06 
diddrin 7.5B<9 NA O.OE-HX) NA 7.5E-09 Liver 3.3E-04 NA 3.3E-04 
endosulfanll NC NA NC NA Kidney 1.4E-07 NA 1.4E-07 
endrin aldehyde NC NA NC NA Nervous system 9.IE-06 NA 9.IE-06 
endrin ketone NC NA NC NA Nervous system 1.5E-06 NA 1.5E-06 
g-chlordane 2.8E-11 NA I.3E-I2 NA 3.0E-II Liver 5.7E-06 NA 2.5E-07 5.9E-06 
[ethnical Chlordane l.lE-10 NA 5.1E-12 NA 1.2E-10 Liver 2.3E-05 NA I.OE-06 2.4E-05 
Aroclor 1254 5.7E-08 NA 9.0E-09 NA 6.6E-08 Immune system 5.0E-02 NA 1.9E-03 5.8E-02 
Antimony NC NA NC NA Adverse clinical signs 5.4E-03 NA 5.4E-03 
Arsenic I.6E-07 NA S.JE-09 NA I.7E-07 Skin I.3E-02 NA 4.3E-M I.3E-02 
Cadmium NC NA NC NA Kidney 2.9E-03 NA I.3E-04 3.0E-03 
Copper NC NA NC NA - NA 
Lead « NA NA NA 
Manganese NC NA —NC NA NOAEL —8.3E-03 NA 83E-03 
rhallium NC NA NC NA NOAEL 6.4E-03 NA 6.4E-03 
Vanadium NC NA NC NA NOAEL 4.2E-02 NA 4.2E-02 

oxicity Equivalency (Dioxins/Funni)  Mam 5.5E-06 NA 1.9E-07 NA 5.7E-06 NA " 

HEMICAL TOTAL 5.8E-06 2.0E-07 6E-06 I.3E-01 O.OE+00 8.4E-03 IE-01 

RADIONUCUDE TOTAL II 
JXPOSURE POINT TOTAL 6E-06 IE-01 

EXPOSURE MEDIUM TOTA 6E-06 IE-01 
«E-0< 

HRECEPTOR TOTAL I! 6E-06 || 1.4E-01 I 
TOTAL RISK ACROSS ALL MEDIA L 6E-06 || TOTAL HAZARD ACROSS ALL MEDIA 1.4E-01 |8 


NOTES: TOTAL ADVERSE CLINICAL SIGNS HI 5.4E-03 

NC - Not carcinogenic by this exposure route. 

NA - Not applicable; exposure route not applicable for this chemical/exposure medium. 


— - Not calculated; dose-response data and/or dermal absorption values an not available. 


Prepared by: KJC 
Checked by. XUM TOTAL IMMUNE SYSTEM HI SJE-OZ 

TOTAL KIDNEY HI  3.0E-03 

TOTAL LIVER HI

TOTAL NERVOUS SYSTEM HI 

TOTAL NOAEL HI S.7E-02 

TOTAL SKIN HI

MACTEC Enjlnterinj and Coruullinj, Inc. 
HWMlVT£C;>~BBiMh1C«un<tih10X DOW\TABLESV 
CT-CMr | Vt^oiljdt SUMMARY 8/10/7006 o o 
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TABLE M.CT 

SUMMARY OP RECEPTOR RISKS AND HAZARDS FORCOPCl - CENTRAL TENDENCY - CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR - ADULT 
ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA



CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE


NORTH PROVIDENCE, RHODE ISLAND



ICENARIOTIMEFRAME: CURRENT/FUTURE 
HRECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR

OR ACE: ADULT 

CARCINOGENIC RISK 

MEDIUM EXPOSURE 
MEDIUM 

EXPOSURE 
POINT 

CHEMICAL 
INGESnON INHALATION DERMAL 

EXTERNAL 
(RADIATION) 

EXPOSURE 
ROUTES TOTA 

PRIMARY TARGET 
ORGAN 

INGESTION INHALATION DERMAL 
EXPOSURE 

ROUTES TOTAl 

SOIL FLOODPLAIN SOIL GREYSTONE MILL POND 2-Melhylniphthtlene NC NA NC NA Cardiovascular system 2.0E-06 NA 3.0E-07 2.3E-06 
Acenlphthylene NC NA NC NA Liver 4.0E-07 NA 6.0E-OS 4.6E-07 
Beiuo(i)intlincene 9.SE-09 NA l.SE-09 NA I. IE-OS Kidney 7.9E-06 NA I.2E-06 9.0E-06 
Benzo(»)pyrene 9.IE-OI NA l.SE-08 NA 1.IE-07 Kidney 7.IE-06 NA I.2E-06 9.0E-06 
lenzo(b)f]uorinlhene I.IE-OI NA 1.6E-09 NA I.3E-08 Kidney 8.8E-06 NA 1.3E-06 I.OE-05 
lenzo(gji,i)perylene NC NA NC NA Kidney 5.9E-06 NA I.IE-07 6.8E-06 
>ibenm(a,h)snlhncene 2.0E-08 NA 2.9E-09 NA 2.2E-OI Kidney I.6E-06 NA 2.3E-07 I.SE-06 

nder»0A3-«l>Py»n» 
•hensmhrene 

8.0E-O9 
NC 

NA 
NA 

1.2E-09 
NC 

NA 
NA 

9.2E-09 Kidney 
Kidney 

6.4E-06 
1.0E-05 

NA 
NA 

9.5E-07 
I.SE-O6 

7.4E-06 
1.2E-05 

ilphi-Chlordsne 2.7E-11 NA I.2E-I2 NA 2.8E-I1 Liver 2.7E-04 NA I.2E-07 2.8E-06 
Arodor-1254 4.5E-09 NA 7.2E-IO NA S.3E-09 Immune lyitem 2.0E-03 NA 3.2E-D4 2.3E )̂3 

• Areclor-I26t 7.3E-10 NA I.2E-10 NA I.5E-10 Immune system 3.2E-04 NA 5. IE-OS 3.7E-04 
!ndasul£in Sulfste NC NA NC NA Kidney 8.3E-08 NA 8.3E-08 
rechnialChlordiiie 6.6E-10 NA 3.0E-II NA 6.9E-10 Liver 6.6E-05_ NA 3.0E-06 6.9E-05 
Aluminum NC NA NC NA NA 
Arsenic 5.0E-08 NA I.7&09 NA J.2E-OJ Skin 2.0E-03 NA 6.7E-05 2.0E-03 
Chromium NC NA NC NA NOAEL 5.9E-03 NA S.9E43 

Copper NC NA NC NA - NA 
Jid » NA M NA .. NA 
Isngwese 
leicury 

NC 
NC 

NA 
NA 

NC 
NC 

NA 
NA 

NOAEL 
Immune system 

2.0E-03 
1.5E-04 

NA 
NA 

2.0E-03 
I.J&04 

Molybdenum NA Kidney 8.2E-04 NA I.2E-04 
Nickel 

ullium 
NC 
NC 

NA 
NA 

NC 
NC 

NA 
NA 

Developmental toxicity 
NOAEL 

4.6E-04 
4.4E-04 

NA 
NA 

4.6E-04 
4.4E-04 

tnidium NC NA NC NA NOAEL • 6.3E-03 NA 6.3E-03 
oxicity Equivalency (Dioxuu/Funns) • M«n 3.6E-OS NA 4.1E-II NA 3.6E-OS NA 

iEMICAL TOTAL 2.4E-07 - 2.4E-08 - 3E-07 2.0E-02 O.OE400 4.SE-04 . 2E-02 

IADIONUCUDE TOTAL « « 
EXPOSURE POINT TOTAL II 3E-07 ..2.Ef,2.., 

JCPOSURE MEDIUM TOTAL II 3E-07 _._2Ei??.,. .
|| 

IIL TOTAL II 3E-07 

IIRECEPTOR TOTAL 3E-07 

TOTAL RISK ACROSS ALL MEDIA TOTAL HAZARD ACROSS ALL MEDIA 2.1E-02 

NOTES: 
NC - Not carcinogenic by this exposure route. TOTAL CARDIOVASCULAR SYSTEM HI 
NA - Not ippliuble; exposure route not epplioble for this chemiul/exposura medium. TOTAL DEVELOPMENTAL TOXfCTTY HI 
— - Not cklculated; dose-response dtta snd/or dermel sbsorption vslues are not iviilsble. 

l*reperedby:Krc 
Checked by: MJM TOTAL IMMUNE SYSTEM HI 

TOTAL KIDNEYHI 
TOTAL LIVER HI

TOTAL NOAEL HI' 1JE-02 

TOTAL SKIN HI < 

MACTEC En|in«ring did Consultini, Inc. 

Page I of I mo/2006 



TABLE 9ACT 
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCl - CENTRAL TENDENCY - CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR - OLDER CHILD 

ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA 

CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE 


NORTH PROVIDENCE, RHODE ISLAND 


SCENARIO TIMEFRAME: CURRENT/FUTURE
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR 
RECEPTOR ACE: OLDER CHILD 

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD 'UOTIENT 

MEDIUM 
EXPOSURE 
MEDIUM 

EXPOSURE 
POINT 

CHEMICAL 
INGESTIOM INHALATION DERMAL 

EXTERNAL 
(RADIATION 

EXPOSURE 
ROUTES TOTA 

PRIMARY TARGET 
ORGAN 

INGESTION INHALATION DERMAL 
EXPOSURE 

ROUTES TOTAl 

SOIL FLOODPLAIN SOIL GREYSTONE MILL POND 2-MethylnaphthaleM NC NA NC NA Cardiovascular system 3.2E-06 NA I.6E-06 4.8E-06 
Acenaphthylene NC NA NC NA Livw 6.3E-07 NA 3.1E-07 9.4E-07 
Benzo(a)anthraceoe ME-08 NA 5.7E-09 NA I.7E-OS Kidney I.2E-05 NA 6.IE-06 I.IE-05 
Benj»(i)pyrene 1.IE-07 NA 5.7E-OJ NA 1.7E-07 Kidney 1.2E-OJ NA 6.IE-06 HE-OS 
Bmao(b)fliK>nBtlune I.3E-08 NA 6.4E-09 NA 1.9E-01 Kidney I.4E-OS NA 68E-06 2.0E-05 

Benzo((,h,i)perylene NC NA NC NA Kidney 9.2E-06 NA 4.6E-06 1.4E-05 
Dibenzo(a,h)anrhncene 2.3E-0> NA I. IE-OS NA 3.4E-OI Kidney 2.4E-06 NA I.2E-06 3.6E-06 
ndeno(l ,2,3-cd)pyrene 

Phenanthrane 
9.4E-09 

We 
NA 
NA 

4.7E-09 
NC 

NA 
NA 

I.4E-OI Kidney 
Kidney 

I.OB-OS 
I.6E-03 

NA 
NA 

i.OE-06 
7.«B-0« 

I.5E-05 
2.3E-05 

ilpha-Chlordane 3.2E-11 NA 4.9E-I2 NA 3.7E-11 Liver 4.2E-06 NA 6.5E^)7 4.9E-06 
Aroclor-1254 5.3E-09 NA 2.8E-09 NA t.lE-09 Immune system 3.IE-03 NA I.7E-03 4.7E-03 
Araclar-1261 8.5E-10 NA 4.6E-10 NA 1.3E-09 Immune system 5.0E-04 NA 2.7E-04 7.7E-04 
Endotulfen Sulfitc NC NA NC NA Kidney I.3E-07 NA 1.3E-07 
rechnical Chloidine 7.7E-IO NA I.JE-10 NA 8.8E-10 Liver I.OE-04 NA 1.6E-05 I.2E-04 
Lluminum NC NA NC NA .. NA 

Arsenic 5.9E-08 NA 6.8E-09 NA 6.6E-08 Stir, 3.IE-03 NA 3.3E-04 3.4E-03 
!hromium NC NA NC NA NOAEL 9.1E-C3 NA 9.IE-03 

Copper NC_ NA NC NA - NA 
Lead NA » NA « NA 

[anganese NC NA NC NA NOAEL 3.IE-03 NA 3.1E-03 
ercury NC NA NC NA Immune system 2.3E-04 NA 2.3E-04 

Molybdenum NA Kidney 1.3E-03 NA I.3E-03 
Nickel NC NA NC NA Developmental toxicity 7.IE-04 NA 7.IE-04 

udlium NC NA NC NA NOAEL 6.IE-04 NA 6.8E-04 
anidium NC NA NC NA NOAEL 9.8E-03 NA 9.8E-03 
OKicily Equivalency (Diouni/Fursni)  Mm 4.2S-OI NA 1.6E-10 NA 4.2E-OI " NA 

HEMICAL TOTAL 2.8E-07 - 9.6E-08 - 4E-07 3.2E-02 O.OE-tOO 2.3E-03 i 3E-02 

WDIONUCUDE TOTAL 

EXPOSURE POINT TOTAL 4E-07 3E-02 
XPOSURE MEDIUM TOTAL. 4E-07 3E-02 

SOIL TOTAL 4E-07 3E-02 

PRECEPTOR TOTAL 4E-07 3.4E-02 
TOTAL RISK ACROSS ALL MEDIA 4E-07 TOTAL HAZARD ACROSS ALL MEDIA 3.4E-02 

NOTES: 
NC - Not carcinogenic by this exposure route. TOTAL CARDIOVASCULAR SYSTEM HI 4.JE-06 

NA - Not applicable; exposure route not applicable for mis chemical/exposure medium. TOTAL DEVELOPMENTAL TOXICITY HI 7.1E-04 

-  Not calculated; dose-response data and/or dermal absorption values are not available. 

-
-

Prepared by: KJC 

Checked by: MJM TOTAL IMMUNE SYSTEM HI • 5.7E-03 

TOTA L KIDNEY HI 1.4E-03 

TOTAL LIVER HI • 1.2E-04 
-
-

TOTAL NOAEL HI  2JE-02 

-

TOTAL SKIN HI  3.4E-03 

and Consulting^ Inc. 
BOW\TABLES\ 
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TABLE 9A.CT 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCi • CENTRAL TENDENCY - CURRENT/FUTURE . PASSIVE RECREATIONAL VISITOR - CHILD 
ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT; OXBOW AREA
 


CENTREDALI MANOR RESTORATION PROJECT SUPERFUND SITE
 

NORTH PROVIDENCE, RHODE ISLAND
 


> T1MEFRAME: CURRENT/FUTURE 
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR 

OR ACE; CHILD 

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD 'UOTIENT 

MEDIUM 
EXPOSURE 
MEDIUM 

EXPOSURE 
POINT 

CHEMICAL 
INGESTION INHALATION DERMAL 

EXTERNAL 
(RADIATION) 

EXPOSURE 
ROUTES TOTA 

PRIMARY TARGET 
ORGAN 

INCESTION INHALATION DERMAL 
EXPOSURE 

ROUTES TOTAI 

son. FLOODPLAINSOIL GREYSTONE MILL POND 2-Methylnaphthalcne NC NA NC NA Cardiovascular system 1.9E-05 NA 2.8E-06 2.2E-05 
Acenaphlhylene NC NA NC NA Liver 3.IE-06 NA 5.5E-07 4.3E-06 
BauoOOwlhrittm 4.6E-OI NA 6.7B-09 NA 5.3E-OJ Kidney 7.3E-05 NA I.IE-05 8.4E-05 
Benn>(a)pyn»ie 4.6E47 NA 6.7E-08 NA 5.JE-07 Kidney 7.3E-OJ NA 1. IE-OS 8.4E-05 
BauoOOfluonndum 5.1E-08 NA 7.5E-09 NA 5.»E-0» Kidney I.2E-05 NA I.2E-05 9.4E-05 

Benjo(g,h.i)perylene NC NA NC NA Kidney 5.SE-05 NA I.IE-06 6.4E-05 
. Dibon2o(a,h)anihricene 9.1E-08 NA 1.3E-08 NA l.OE-07 Kidney I.5E-05 NA 2.IE-06 I.7E-05 

Indeno(1.2,3-cd)pvrene 
Phonanthrene 

3.7E-01 
NC 

NA 
NA 

5.4E-09 
NC 

NA 
NA 

4.3E-08 Kidney 
Kidney 

6.0E-05 
9.4E-OS 

NA 
NA 

J.7E-06 
I.4E-05 

69E-05 
I.I £-04 

ilpha-Chlordane 1.3E-10 NA 5.7B-12 NA 1.3E-10 Liver 2.5E-05 NA I.IE-06 2.6E-05 
Aroclor-1254 2.IE-08 NA 3.3E-09 NA 2.4E-08 Immune system I.9E^)2 NA 2.9E-03 2.1E-02 
Aroclor-1268 3.4E-09 NA 5.4E-10 NA 3.9E-09 Immune system 3.0E-03 NA 4.7E-04 3.SE-03 
Endoiulfm Sulfatt NC NA NC NA Kidney 7.7E-07 NA 7.7E-07 
lechnical Chlordue 3.1E-09 NA 1.4E-10 NA 3.2E-09 Liver 6.IE-04_ NA 2.7E-OJ 6.4E-04 
Aluminum NC NA NC NA NA 
Annie 2.4E-07 NA 7.9E-09 NA J.4E-07 Skin I.IE-02 NA 6.2E-04 I.9E-02 
Chromium NC NA NC NA NOAEL 5.5E-02 NA 5.5E-02 
Copper NC NA NC NA •• NA 
Lad NA « NA NA 
Manganese —NC NA NC NA NOAEL —I.SE-02 NA I.IE-02 
Mercury NC NA NC NA Immune system 1.4E-03 NA I.4E^)3 
Molybdenum NA Kidney 7.7E-03 NA 7.7E-03 

ickel NC NA NC NA Developmental taxicity 4.3E-03 NA 4.3E-03 
Thillium NC NA NC NA NOAEL 4.IE-03 NA 4.IE-03 

anadium NC NA NC NA NOAEL 5.9E-02 NA 5.9E-02 
oxicity Equivalency (Dioxins/Funns) - Min I.7E-07 NA 1.9E-10 NA I.7E-07 NA 

_ 

KMICAL TOTAL 1.1E-06 .. 1.1E-07 1E-06 1.9E-OI O.OE-HX) 4.IE-03 2E-01 

IADIONUCUDE TOTAL 1 
EXPOSURE POINT TOTAL 1E-06 2E-OI 

EXPOSURE MEDIUM TOTA 113-06 2E-OI 

KML TOTAL X» ZE-01 

IIRECEPTOR TOTAL !! 1E-06 || II 1.9E-01 II 
TOTAL RISK ACROSS ALL MEDIA II 1E-06 || TOTAL HAZARD ACROSS ALL MEDIA II 1.9E-01 || 

NOTES: 

NC - Not carcinogenic by this exposure route. TOTAL CARDIOVASCULAR SYSTEM HI 

NA - Not ippliuble; exposure route not ipplictble for (his enemies'/exposure medium. TOTAL DEVELOPMENTALTOXICITY HI 

— - Not calculated; dose-response data and/or dermal absorption values are not available. 

Prepared by: KJC 

Checked by MJM TOTAL IMMUNE SYSTEM HI 
TOTAL KIDNEY HI 

TOTAL LIVER HI' f.7E-04 

TOTAL NOAEL HI

TOTALSKWHI- 1.9E-02 

MACTIC Enftaferinf u>d Conlultinj, Inc. 
F:\WMVTtCOe-NABBrttollriCiMwkk\OX DOWWABLESV 
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TABLE lO.t.RME
 
RISK SUMMARY . REASONABLE MAXIMUM EXPOSURE - CURRENT/FUTURE • PASSIVE RECREATIONAL VISITOR • ADULT
 

ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 

CENTRED ALE MANOR RESTORATION PROJECT SUPERFUND SITE
 


NORTH PROVIDENCE, RHODE ISLAND
 


((SCENARIO TIMEFRAME: CURRENT/FUTURE
 
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
 

PRECEPTOR ACE; ADULT
 

CARCINOGEN CRISK NON-CARCINOGENIC HAZARD QUOTIENT 

MEDIUM 
EXPOSURE 
MEDIUM 

EXPOSURE 
POINT 

CHEMICAL 
INCESTION INHALATION DERMAL 

EXTERNAL 
(RADIATION) 

EXPOSURE 
ROUTES TOTAI 

PRIMARY TARGET 
ORGAN 

INCESTION INHALATION DERMAL 
EXPOSURE 

ROUTES TOTAI 

son. FLOODPLAINSO1L OXBOW AREA roxicity Equivalency (Dioxini/Funni) - Mun 3.4E-05 NA 4.0E-06 NA 3.8E-05 

_ 
:HEMICAL TOTAL 3.4E-05 4.0E-06 4E-05 - O.OE-tOO - OE+00 -

IADIONUCUDE TOTAL II
 
EXPOSURE POINT TOTAL || 4E-05 Ofi+00
 

5XPOSURE MEDIUM TOTAL II 4E-05 OE+00
 
SOIL TOTAL II 4E-OS OE+00
 

[(RECEPTOR TOTAL 4E-05 
TOTAL RISK ACROSS ALL MEDIA 4E-05 TOTAL HAZARD ACROSS ALL MEDIA 

NOTES:
 

NC - Not carcinogenic by this exposure route.
 
NA - Not applicable; exposure route not applicable for this ehemicil/expoiure medium.
 
— - Not calculated; dose-response data and/or dermal absorption values are not available.
 

Prepared by: KJA
 
Checked by: MM
 

MACT Cfcand Consulting, Inc. 
SIM: 

8/10/2006 o
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TABLE 10J.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCi  REASONABLE MAXIMUM EXPOSURE • CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR • OLDER CHILD 
ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA 

CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE 
NORTH PROVIDENCE, RHODE ISLAND 

((SCENARIO TIMEFRAME: CURRENT/FUTURE
((RECEPTOR POPULATION! PASSIVE RECREATIONAL VISITOR
HRECEPTOR ACE; OLDER CHILD 

MEDIUM 

SOIL 

EXPOSURE 
MEDIUM 

FLOODPLAIN SOU. 

EXPOSURE 
POINT 

OXBOW AREA 

CHEMICAL 

Anenic 
Toxicily Equivilency (Dioxint/Funni) • Mim 

INGESTION 

1.6E-06 
3.Z&05 

CARCINOGENIC RISK 

INHALATION 

NA 
NA 

DERMAL 

4.JE-07 
I.5E-05 

EXTERNAL 
(RADIATION) 

NA 
NA 

EXPOSURE 
ROUTES TOTAI 

2.0B-06 
6.7E-05 

NON-CARCINOGENIC HAZARD QUOTIENT 

PRIMARY TARGET 
ORGAN 

Skin 

INGESTION INHALATION 

NA 

DERMAL 
EXPOSURE 

ROUTES TOTAI 

MEMICAL TOTAL 5.4E05 - 1.6E-05 - TEA} - O.OE+00 - OE-KX) 

IIEXPOSURE POINT TOTAL 
EXPOSURE MEDIUM TOTAL 

IADIONUCUDE TOTAL 
7E-05 
7E-05 

OE-KX) 

OE-KIO 

[[RECEPTOR TOTAL 
TOTAL RISK ACROSS ALL MEDIA 

7E-05 
7E-05 TOTAL HAZARD ACROSS ALL MEDIA 

NOTES: 
NC - Not ctrdnogenic by Ihu ntponin route. 
NA - Not «pplic«ble; nponre ratitg not ippliublt for this chKniul/npoiun medium. 
-  Not ulculxod; dow-roponn dit> tnd/or dermal tbiorption viluei in not iviilible. 

PrepiredbylKJC 
Checked by. MIM 

MACTEC Entlneerin( ut4 Coruulllnf, Inc. 

Pigelofl 8/10/2006 



TABLE IO.J.CT
 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCl - CENTRAL TENDENCY - CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR - OLDER CHILD
 


ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 

CENTREDALE MANOR RESTORATION PROJECT SUFERFUND SITE
 


NORTH PROVIDENCE, RHODE ISLAND
 


SCENARIO TIMEFRAME: CURRENT/FUTURE 
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR 

|gKMTOR 

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 

MEDIUM EXPOSURE 
MEDIUM 

EXPOSURE 
POINT 

CHEMICAL 
1NGESTION INHALATION DERMAL 

EXTERNAL 
(RADIATION) 

EXPOSURE 
ROUTES TOTAI 

PRIMARY TARGET 
ORGAN 

INGESTION INHALATION DERMAL 
EXPOSURE 

ROUTES TOTAI 

son. FLOODPLAINSOIL OXBOW AREA Foxicity Equivalency (Dioxuu/Furans) • Mam UE-06 NA I.6E-07 NA I.5E-06 

:HEMICAL TOTAL 1.4E-06 - 1.6E-07 - 2E-06 -• O.OE400 - OE-HJO 

,._IADIONUCLIDE TOTAL » 
• EXPOSURE POINT TOTAL 2E-06 II OE+00 

EXPOSURE MEDIUM TOTAL 2E-06 II OE-KK) 

IOIL TOTAL IE-OS (1 OE-M30 

HRECEPTOR TOTAL 
TOTAL RISK ACROSS ALL MEDIA TOTAL HAZARD ACROSS ALL MEDIA 

NOTES:
 

NC - Not carcinogenic by this exposui* route.
 

NA - Not applicable; exposure route not applicable for this chemical/exposure medium.
 


- - Not calculated; doM-response data and/or dermal absorption values are not available.
 


Prepared by: KM
 


Checked by: MM
 


MACTEC Entlnetrinf and Consulting, Inc. 

o 8/10/2006 / •MMCMVMhlfWX o 
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TABLE 10J.RME
 

RISK SUMMARY - REASONABLE MAXIMUM EXPOSURE - CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR - CHILD
 
ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 

CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
 
NORTH PROVIDENCE, RHODE ISLAND
 

SCENARIO TIMEFRAME: CURRENT/FUTURE
URECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
[[RECEPTOR AGE: CHILD 

MEDIUM	 

son. 

EXPOSURE 
MEDIUM 

FLOODPLAINSOIL 

EXPOSURE 
POINT 

OXBOW AREA	 

CHEMICAL 

An>clorl2M 
Annie 
foxiciry Equivalency (Dioxins/Furans) • Main 

INCEST-ION 
l.SE-06 
4.7E-06 
1.6E-04 

INHALATION 

NA 
NA 

' NA	 

DERMAL	 

6.9E-07 
3.9E-07 
1.3E-05 

EXTERNAL 
(RADIATION) 

NA 
NA 
NA 

EXPOSURE 
ROUTES TOTAI 

2.4E-04 
5.IE4« 
1.7E-W 

NON-CARCINOGENIC HAZARD < UOTIENT 

PRIMARY TARGET 
INGESTION INHALATION DERMAL ORGAN	 

Immune system NA
 

Skin - NA
 -

EXPOSURE 

ROUTES TOTAI 

HEMICAL TOTAL 1.6E-04 -	 1.4E-05 - 2E-04 - O.OE+OO - OE+CO 

•OIL TOTAL	 

EXPOSURE POINT TOTAL 
EXPOSURE MEDIUM TOTAI 

RADIONUCLIDE TOTAL 
2E-04 
2E-04 
JE-04 

OE-HX) , 

OE-HW 

OE-HK) 

URECEPTOR TOTAL	 
TOTAL RISK ACROSS ALL MEDIA 

2E-04 
2E-04 TOTAL HAZARD ACROSS ALL MEDIA 

NOTES:
 

NC - Not carcinogenic by this exposure route.
 
NA - Not applicable; exposure route not applicable for this chemical/exposure medium.
 

— - Not calculated; dose-response data and/or dermal absorption values are not available.
 

Prepared by: KJA
 
Checked by: MJM
 

MACTEC Enlliwcrinf and C«uulting, Inc.
 

HOW 

Page 1 of I 8/10/2006
 




TABLE 10.J.CT
 

RISK SUMMARY • CENTRAL TENDENCY - CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR - CHILD
 


ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 

CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
 


NORTH PROVIDENCE, RHODE ISLAND
 


((SCENARIO T1MEFRAME: CURRENT/FUTURE 

RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR 


PRECEPTOR ACE.- CHILD 

CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT 
EXPOSURE EXPOSURE 

MEDIUM CHEMICAL EXTERNAL EXPOSURE PRIMARY TARGET EXPOSURE 
MEDIUM POINT INCESTION INHALATION DERMAL INGESTION INHALATION DERMAL 

(RADIATION) ROUTES TOTAI ORGAN ROUTES TOTAI 

SOIL FLOODPLAINSO1L OXBOW AREA roxicily Equivalency (Dioxins/Furins) - Mam 5.5E-06 NA l.SE-07 NA 5.7E-04 

_ 
:HEMICAL TOTAL 5.5E-06 1.9E-07 - 6E-C6 - OOE+00 OEXKI 

KADIONUCUDB TOTAL l| II .,.. .„.., 

IIEXPOSURE POINT TOTAL II 6E-06 II OE-tOO 


EXPOSURE MEDIUM TOTAL II 6E-06 OE+00 


iOIL TOTAL II 6E-0« OE-HX) 
i 
URECEPTOR TOTAL 

TOTAL RISK ACROSS ALL MEDIA TOTAL HAZARD ACROSS ALL MEDIA 

NOTES: 


NC - Not carcinogenic by thii exposure route. 


NA - Not applicable; exposure route not applicable for this chemical/exposure medium. 


— - Not calculated; dose-response data and/or dermal absorption values an not available. 


Prepared by: KM 


Checked by: MJM 


MACTEC En[!neerin( and Consulting, Inc. 
J12J6.U 8/10/2006 o O 
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TABLE 11.1.RME
 


RISK ASSESSMENT SUMMARY - REASONABLE MAXIMUM EXPOSURE
 


ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
 

CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
 


NORTH PROVIDENCE, RHODE ISLAND 

Exposure Scenario Receptor Exposure Point Exposure Route 

Current/Future - Oxbow Area 

Passive Recreational Visitor Child (ages 1 through 6) Floodplain Soil Incidental ingestion 
Dermal contact 

Total Risk: 

Older Child (ages 7 through 18) Floodplain Soil Incidental ingestion 
Dermal contact 

Total Risk: 

Adult (ages 19 and above) Floodplain Soil Incidental ingestion 
Dermal contact 

Total Risk: 

Total Receptor Risk: 

Excess Lifetime 
Cancer Risk 

1.6E-04 
1.4E-05 

1.8E-04
 


5.5E-05
 

1.6E-05
 


7.1E-05 

3.5E-05
 

4.4E-06
 


3.9E-05
 


3E-04 

Prepared by: 
Checked by: 

Hazard
 

Quotient
 


1 
0.2 

1 

0.2 
0.1 

0.3 

0.1 
0.03 

0.1 

NC 

KJC 
MJM 

P:\W9-GVT\COE-NAE\B«tt«IIe\Centr»d«f«K>XBOWlTABLES\ 
Page 1 of 1 8/10/2006 



Exposure Scenario 

Current/Future - Oxbow Area 

Passive Recreational Visitor 

Passive Recreational Visitor 

Passive Recreational Visitor 

TABLE 11.1.CT 
RISK ASSESSMENT SUMMARY - CENTRAL TENDENCY 

ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA 
CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE 

NORTH PROVIDENCE, RHODE ISLAND 

Receptor Exposure Point Exposure Route Excess Lifetime Hazard 
Cancer Risk Quotient 

Child (ages 1 through 6) Floodplain Soil • Incidental ingestion 5.8E-06 0.1 
Dermal contact 2.0E-07 0.008 

Total Risk: 6.0E-06 0.1 

Older Child (ages 7 through 18) Floodplain Soil Incidental ingestion 1.4E-06 0.02 
Dermal contact 1.7E-07 0.005 

Total Risk: 1.6E-06 0.03 

Adult (ages 19 and above) Floodplain Soil Incidental ingestion 1.2E-06 0.01 
Dermal contact 4.4E-08 0.0009 

Total Risk: 1.3E-06 0.01 

Total Receptor Risk: 9E-06 NC 

Prepared by: KJC
 
Checked by: MJM
 

P:\W»-GVnCOE-NAE\B«tl«ll«\Cenlr«d«H\OXBOWlTABLES\ 
Page 1 of 1 8/15/2006 
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Table 12 

Summary of Non-Cancer Risks 


Addendum To Baseline Human Health Risk Assessment: Oxbow Area
 

Centredale Manor Restoration Project Superfund Site
 


North Providence, Rhode Island
 


Non-Carcinogenic Risk Floodplaln Soil Incremental Hazard Index 
CT RME CT RME 

Passive Recreational Visitor 

Current & Future Greystone 


Child 0.2 1 — 
— 
Older Child 0.03 0.2 — — 
Adult 0.02 0.1 — — 

Greystone [a] 
Child 0.2 1 — — 
Older Child 0.03 0.2 — — 

_
Adult 0.02 0.1 — 

Oxbow Area 
Child 0.1 1 0 0.003 
Older Child 0.03 0.3 0 0.06 
Adult 0.01 0.1 0 0.007 

CT = Central Tendency 
RME = Reasonable Maximum Exposure 

[a] Greystone area hazard index for Pesticides, Metals, and Dioxin only. Calculated for use with Oxbow Area to calculate incremental hazard index. 

Incremental Receptor Risk = Difference in risk between the exposure point and the background exposure point. 

- = Incremental risk is not calculated for background on reference areas. 

BOLDED incremental risk are above the Superfund Noncancer Hazard Index benchmark of 1. Prepared by: KJC 


Checked by: MJM 

P:\W9-GVnCOE-NAEl0etOll6\Centrecfal9\OXBOWlTABLES\ 
Oxbow-CummulativeRisks-Soil.xls, NONCANCERSUMMinc -12 8/15/2006 



Table 13
 

Summary of Cancer Risks
 


Addendum To Baseline Human Health Risk Assessment: Oxbow Area
 

Centredale Manor Restoration Project Super-fund Site
 


North Providence, Rhode Island 

Carcinogenic Risk Floodplain Soil Incremental Receptor Risk 
CT RME CT RME 

Passive Recreational Visitor 
Current & Future Greystone 2E-06 4E-05 

Greystone [a] 7E-07 2E-05 

Oxbow Area 9E-06 3E-04 8E-06 3E-04 

CT = Central Tendency 
RME = Reasonable Maximum Exposure 

[a] Greystone area risks for Pesticides, Metals, and Dioxin only. Calculated for use with Oxbow Area to calculate incremental risk. 

Incremental Receptor Risk = Difference in risk between the exposure point and the background exposure point. 

- = Incremental risk is not calculated for background on reference areas.
 

BOLDED incremental risk are above the high end of the Superfund Cancer Risk Range (1E-04 to 1E-06).
 


Prepared by: KJC 
Checked by: MJM 

P:\W9-GVnCOE-NAE\Battelle\Centredala\OXBOW\TABLES\ 
Oxbow-CummulativeRisks-Soil.xIs, CANCERSUMMinc -13 o o o
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APPENDIX A 



Centra/ale Manor Restoration Project Superfuncl Site - Addendum To BHHRA: Oxbow Area August 2006 
\1ACTEC Engineering and Consulting, Inc. Project Number 51226.27D 

V,,.. 

APPENDIX A 

SAMPLE SELECTION CONSIDERATIONS
 

FOR THE RISK ASSESSMENT
 




Table A-1
 

Analytical Data for Floodplain Soil in the Oxbow Area
 


Adeendum To Baseline Human Health Risk Assessment: Oxbow Area
 

Centredale Manor Restoration Project Superfund Site
 


North Providence, Rhode Island
 


PARAMETER 
Pesticides/PCBs (rng/Kj) 

~" ...... '" .....~ ............"



4,£-DDT 

a-chlordane 
aidrin 
b-BHC 
d^BHC" 
dieidrin 
endpsulfan I 
endosulfan II 
endpsuffan sulfate 
end r in _ 
endrin afdejiyde 
endrjnj<etone 
g-ch!qrdane 

heptachlor eppxide 
Lindane 
rnethpxychlpr 
f echnical Chlordane 
Tpxaphene 
Aroclpr 1016 
Aroclor 1221 
Aroc]pTi232 
ArpclpM242 
Aroclor 1248 
Aroclprj1254 
Arocjpr 1260 
ArocioM268 
nqrganics (mg/Kg) 

Antimpny 
Arsenic 
Barium 

iadmiurn
 

tiirprniurri
 

:obaTf"~ ......
 


LPX-DU-062104A 
6/21/2004 

0-0.5 ft 

2.63; 

....... 163;"
 


.......... Z69'

q.06 y'' 

"7" 18.1!" 
4:3: 

LPX-DU-062104B 

6/21/2004 


0-0.5 ft 


0.002461 

0.00015 U! 
"aqoolisyr

aqoi2i Jr 

q.qopi4''y; 

aqqqiau:
abobieu

q.ooqieuj
aqppj'f'u.''' 

aqbii6;
aqqqi9ur 

0.00021 u; 
aqqqiey;' 

0.0021 If" 
> u ;

q.qqoi4 y|
~aqqbi4Ui 
' 0^00022 y; 

'o.qi62U 
0.0162^ 

^O.OJ619UV 

aqi6j5yr 

"apiefsul" 
o.qi en 5 y; 

b'l8542; 
0.01619 Ui 

"0.01615 Ur 

"


LPX-DU-062104BDUP 
6/21/2004 

0-0.5 ft 

LPX-SD-4401-0005-01 
6/21/2004 

0-0.5 ft 

1.37; 
"2^99! 

P4"!" 
"pi! 
"2JS7T 

LPX-SD-4402-0005-01 LPX-SD-4403-0005-01 
6/21/2004 6/21/2004 

0-0.5 ft 0-0.5 ft 

0.00899 J 

aqqqi5y[
aqqqi5 u" 

"p."oqqi4ur
o.bbi64j; 

abboi6U 
0.06338 j;
o.bbbitu; 

q.bqqi6 yjj 
..... apopTgTJf 
....... aoqbieyT

b:bb95i "j[ 
b . i 6 ! 

aqbqisy
b.bbbi4 y! 
0.00076 J! 
0.00022 U 
0.01 626 U; 
0.01 626 U; 
0.01625 U; 

U: 
0.01622 U; 
0.01622 Ui 
0.016221)! 
"3.5833 J; 

0.01625 U; 
a01622 U[' 

0.922; 
3.'16|' 
174! 
7:9; 

l"l9j" 
104! 
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Table A-1
 

Analytical Data for Floodplain Soil in the Oxbow Area
 

Adeendum To Baseline Human Health Risk Assessment: Oxbow Area
 
Centredale Manor Restoration Project Superfund Site 

North Providence, Rhode Island 

LP> (-DU-062104A  LPX-DU-062104B LPX-DU-062104B DUP LPX-SD-4401 -0005-01 LPX-SD-4402-0005-01 LPX-SD-4403-0005-01 
6/21/2004  6/21/2004 6/21/2004 6/21/2004 6/21/2004 6/21/2004 

PARAMETER 0-0.5 ft  0-0.5 ft 0-0.5 ft 0-0.5 ft 0-0.5 ft 0-0.5 ft 
popper 23.9 ; 36.7 17.2! 

Lead 453 I 174 44.4i 
Manganese
Molybdenum 

! 834 
2.1 i 

809 
STi 

827;
IAS'; 

Nickel ! 6.91 18.4 32.4, ' 
Selenium 1.64 U ' r'52 1.64U-" 
Silver 0.399 1.04 6.452J 

thallium 0.492 : 0.791 0:631" " 
Vanadium 31.8 i 59T8 43".6r 
Zinc 58.3 ! ' 149 169]'" 
Total Organic Carbon 0.00473; 0.00507 - 

0.01303 
Oioxins/Furans (mg/Kg) 
1234678-HpCDD
1234678-HpCDF 

^ 6.66664421
t 

0.0000138 
0.000175 

6"66o6443 
0.0000379;
6To666i49

 0.0000206 
6.o666o88i 

1234~789-HpCDF
123478-HxCDD 

" " " 0.600000875 0: 
6.66666128 j; 

6.66666246 J 
 0.06666393 EMPC 

0.66666121 J|
0.00000129 J 

 0.000000597 U 
0.00000061 EMPC 

123478-HxCDF 6.66666251 J!  0.6660128 0.00000252 J 0.000001 71 J 
123678-HxCDD 0.00666267 J 6.6o666762 0.6000621 3 J 0.000001 28 EMPC 
123678-HxCDF 
i23789-HxCDD 

6.666661 69 J 
6.66666266 J 

6.00666763 
0.66666628 

6.6o666i84 j 
6.60000167 J 

0.00000126 J 
0.000000689 U 

1 23789-HxCDF 6366666852 J o.66ooo2T5J 6.666666881 J 0.000000281 U 
12378-PeCDD 
T2378-PeC~DF 

6.66060123 J: 
6.6666524 EMPCT 

6:66666393 j
6.6666318 EMPC' 

6:0666615 j 
6.66666564 EMPC 

6.000000705 J 
0.0600638 EMPC 

234678-Hx'CDF 
23478-PeCDF
2378-tCDD 
2378-fCDF 
OCDD
OCDF

 "* 

] 
! ! 

6.000001 32 J! 
6.66666161 EMPCl 

6.666789 j# 
6.00000286 
6.666291 Ji 

 6.66661 92 J 

0.0000097 
6.6666111 
6.00314 # 

0.0000193' 
o.oois"j1 

0.000061 5 J. 

6.66666266 j
6.66666T84 j 

0.0004 J# 
6.66666328 

6.66623 j 
0.0000292 J 

0.000001 52 J 
0.66000194 J 

0.000521 # 
0.66660164 
6.666142 J 
0.00001 1 J 

Toxicity Equivalency - Mammals ! ]  6.666795! 0.003161 6.600405 6.660524 

J - value is estimated 
U - not detected, value is the detection limit 
EMPC - Estimated Maximum Possible Concentration 
# - Value is result from second column confirmation analysis 
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Table A-1
 

Analytical Data for Floodplain Soil in the Oxbow Area
 


Adeendum To Baseline Human Health Risk Assessment: Oxbow Area
 

Centredale Manor Restoration Project Superfund Site
 


North Providence, Rhode Island
 


LPX-SD-4404-0005-01 LPX-SD-4' 105-0005-01 LPX-SD-4406-0005-01 LPX-SD-4407-0005-01 
6/21/2004 6/21 /2004 6/21/2004 6/21/2004 

PARAMETER 0-0.5 ft 0-C ).5 ft 0-0.5 ft 0-0.5 ft 
Pesticides/PCBs (mg/Kg) i 
4,4'-DDD "6.66442"; ! : 6.02658 
4,4'-DDE I 6.66642; i '6.04236 
4,4'-bDT ! 6.66696 Ji I ; 0.00276 J 
a-BHC 0.0001 5 U! 0.00019 U 
a-chlordane 6.001 i 19i J: ! " i "6M768J 
aldrin 6.66614 Ui " i 0.06697 
b-BHcf 6.66614 Ui ! '• 6.6661 6 D 

0.00017 U : 6.0662 U 
diefdrin 0.00343; [ 6!6625i 
endosulfan i 6.66017 Ui " ' aoooITu 
endosulfan II 6. 66337; [ i 0.6602 u 
endosulfan sulfate 
endrin 

 6.6662 U 
6.66617 U, 

; 
;
 6.06624 U 
 6.0002 u 

endrin aldehyde 0.00023 Ui I : 6.0019 
endrin ketone 6.66l73[ ! 0.0002 U 
g-chlordane 
heptachlor

 6.00293 
6.00073: 

[ 
1
 ;
 :

 6.00694 
 6.66619 U 

heptachlor epoxide 
Lindane 

 6.666'i 8i 
o.oooisu 

! 6:666170 
6.666'i 8 u 

methoxi I'chior 6.66623 U ' . 6.00028 U 
Technic ai Chlordane O.OSOOS : 6.02034 U 
Toxaphene 
ArocioMOTe "

 6.017 0 
 0.61699 U 

"' ' 
i
 6.02033 U 
 6:62632u 

Aroclor 1221' 6. 01 696 U ' i '. 0.02028 U 
Aroclor 1232 0.01 696 U 0.02028 U 
Aroclor 1242 0.01696 U: I 0.02028 U 
Arocibr 1248 6.01 696 Ui ! . 0.02028 U 
Aroclor 1254 6.61696 U: 1 ; 0.63783 
Aroclor 1260 0.01699 U; 1 0.02032 U 
Aroclor 1268 6. i 0311' I ; 0.02028 U 
Inorganics (mg/Kg) i 
Antimony 7.01 i 2.8 
Arsenic 12.8' 1 :: 2.61 
Barium 5i4! | ! 288 
Beryllium 4.541 f i 3.46 
Cadmium 8.25' 3.77 
Chromium 101; f | 46.1 
Cobalt ' 22i ' ' 8.79 
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Table A-1
 


Analytical Data for Floodplain Soil in the Oxbow Area
 


Adeendum To Baseline Human Health Risk Assessment: Oxbow Area
 

Centredale Manor Restoration Project Superfund Site
 


North Providence, Rhode Island 

PARAMETER 
Copper 
Lead 
Manganese 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 
total Organic Carbon 
Dioxins/Furans (mg/Kg) 
1234678-HpCDD 
1234678-HpCDF 
1234789-HpCDF 
123478-HxCDD 
123478-HxCDF 
123678-HxCDD 
1 23678-HxCDF" ~ 
123789-HxCDD 
123789-HxCDF 
12378-PeCDD 
12378-PeCDF 
234678-HxCDF 
23478-PeCDF 
2378-fCDD 
2378-TCDF 
OCDD 
OCDF 
Toxicity Equivalency - Mammals 

LPX-SD-4404-0005-01 
6/21/2004 

0-0.5 ft 
357 

1835 
859 

4.58 
30.9 
2.22 
11.1 
1.04 
71.1 
1867 

0.01573 

0.00344 
0.00319 

0.0000936 
0.0000575 
0.0000982 
0.000504 
0.000102 
0.000213 

0.6660623 
0.0000521; 

0.0000244 J 
0.000212! 
0.0001 73j 

0.0000122i 
0.6006265 

6.0041 
0.00177! 

0.000347! 

J - value is estimated 

LPX-SD-4405-0005-01 
6/21/2004 

0-0.5 tt 

i 
I 

-••• 

6.66621 3 J 
6.66o68"93JJ 

6.66066527 J! 
6.6666661 7 Ji 
6.06661 17 J 
6.6060128 Jt 

6.o6666855"j
0.66666875 j 
6"6666027J! 

0.66666691 j| 
6.66066944 EMPC 

6.66661 18 J 
0.0000063 J 
6.00427 J# 

6.66606754 Ji
 6.001 38 Jj 

0.0001 14 J 
0.004291 

LPX-S D-4406-0005-0 1 
6/21/2004 

0-0.5 ft 

; 

: 
i

 !

 : 

i

 0.000229;
 6.66667231

 6.6666649J
 6.66660387 J;

 6.666668~32i
 6.66600967!

 6.6666143 "EMPci
 6.66666836
 0.60606428"EMPC
 6.06006419 J,
 6.666227 EMPC 

0.00000707I 
6.6660118 

0.0018 #:
 6.66666673 

0.0016 J. 
0.0001 1J 
0.001831!

 LPX-S D-4407-0005-0 1 
 6/21/2004 

 0-0.5 ft 
73.2 
246 

 809 
5.83 
30/7 

 1.78 
 1.05 

0.401 
 62.7 
 454 
 0-03614 

 0.000224 
 6.6666752 
 6.66666584 
 6.66666624 

 6.666619 
 6.66061 i § 
 6.6666123 

 0.06666909 
 0.06600393 J 
 6.00000774 

 0.600054 EMPC 
 0.0000113 
 0.0666174 
 0.00207 # 

 6.6660239 
 0.00148 J 

 0.0001 02 J 
 0.002102 

U - not detected, value is the detection limit 
EMPC - Estimated Maximum Possible Concentration 
# - Value is result from second column confirmation analysis 
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Table A-2
 

Analaytlcal Data for Floodplain Soil in Background Area (Greystone Mill Pond Area)
 


Addendum To Baseline Human Health Risk Assessment: Oxbow Area 
Centredale Manor Restoration Project Superfund Site 

North Providence, Rhode Island 
PARAMETER RWR-FP-5001-0000-01 RWR-FP-500! !-0000-01 RWR-FP-5003-0000-01 RWR-FP-5004-0000-01 

7/17/2001 7/16/2C 01 7/17/2001 7/19/2001 
Semivolatiles (ug/kg) 
1,r-Bip_henyl ; 61.7. 58.57: 26.02; 36.9 
2,4,5-Trichlorophenol 5200 U 3300 U 3000 U, 3200 L 
2,4-Dinitrophenol 5200 "0( R: 3000 U 3200 UJ 
2-Methyinaphthaiene • 83.4 170.22 J 72.82; 101.96 
2 l̂itrpphe'noT " ' : ~ 1000 "if 640 U 580 U 630 L 
4-Methylphenol ; 1000U 640 U 580 0; 630 U 
4"Nitrop"hen"oT" ' " ^ 5200 U 3300 U 3000 U 3200 U 
Acenaphthene ; 186. 26! 563.84 J 195.04; 216.23 
Acenaphthyiene 497.49 21'0.65~J " 196.H " 365779' 
Anthracene ; 699.86 982.95 480.2; 666.64 
Benzaidehyde 87.69* 112.08 60.52' 172.29 
Benzo{a]anthracene 3359.99 3311.39 2292.65 34io!86 
Benzo(a)pyrene 3418.03 3204.84 2291.23 3394.61 
Benzo£b)fluoranthene ; 4288.61; 3263.74 2315.49 3940.44 
Benzo(g,h,i)perylene i 2871.39" 2183.89 1676; 2612.84 
3enzo(k)fluoranthene 3863.54 3098.9 2283.94; 3559.19 
bis£2-Ethylhexyl)phthalate 1900J. 1600' " " 800 J, 1700 

Butyjbenzylphthalate 540 J 370 J 120Ji 580 J 
Carbazole 420 J: 860 J 830 J. 590 J 
Chrysene 4488.51 3844^5 2747!66: 4298.55 
Dibenzo(a,h]anthracene 728.5* 590.75 J 435.44' 704.69 
Dibenzofuran : 160.55 399.25 163.56 195.84 
Di-n-Butylphthalate 150J 74 J 61 J: 170 J 
Di-n-octylpjithalate ' 1000 UJ 83 J 580 UJ: 630 UJ 
Fluoranthene 7731 .24 7686.74 J 5227.48, 7547.84 
Fluorene ; 256.25 658.99 J 262.7 316.66 
lndeno(1,2,3-cd)pyrene i 3092.9 2384.11 1768.19' 2830.24 
Naphthalene : " 123724: 302!i8J 103.75 15165 
°entachlorophenol 5200 U 3300 U 3000 U, 3200 L 
Phenanthrene 3485.83 5301.36 3072.07 3962.44 
Phenol 1000U 640 U 580 U. 630 U 
Pyrene 6313.86 6210.02 4335.06 6372.72 
Pesticides (ug/kg) 
4,4^-DDD 15.17 4.64 J 6.33 6.78 J 
4,4'-DDE "20.61 5.19 J 7.65 19.96. 
4',4'-Dbt ' 6.59 2.69 J 6.6' 18.27. 
Aldrin 2.1 5 U 1.39 U 1.24 U 1.55U 
alpha-BHC 2.15U 1.39 U 1.24 U 1.55U 
alpha-Chlordane 35.92 16JJ ' " ""7781; 10.76. 
beta-BHC 2.1 5 U 1.39 U 1.24 U 1.55 L 
delta-BHC 2.1 5 U 1.39U 1.24U 1.55L 
Dieldrin 9.41! 4.3 J 4.24? 7.1 9 o 
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Table A-2
 


Analytical Data for Floodplain Soil In Background Area (Greystone Mill Pond Area)
 


Addendum To Baseline Human Health Risk Assessment: Oxbow Area
 

Centredale Manor Restoration Project Superfund Site
 


North Providence, Rhode Island
 


PARAMETER RWR-FP-5001 -0000-01 RWR-FP-500 2-0000-01 RWR-FP-5003-0000-01 RWR-FP-5004-0000-01 
7/17/2001 7/16/2 001 7/17/2001 7/19/2001 

Endosulfanl 2.1 5 U 1.39UJ 1.24U 1.55U 
Endosulfan II ; 2.15 U 1.39U 1.24U 1.551 
Endosulfan Sulfate 2.1 5 U 4.09 J 8.15: 12.69 J 
Endrin ; 2.1 5 U i739"U." 1'^24'U " 1.55 U 
Endrin AidejTyde 2.15 U T.39" a 1 "24 "ijf 1 . 55 U 
Endrin Ketone 2.1 5 U 1.39U 1.24U 1.551, 
gamma-BHC 2.15 U 1.39 U 1.24 U, 1.551 
gamma-Chlordane i 2. 1 5 U 1.39UJ 1.24'Q! 1.55L 
Heptacriior 1 2.15 "u rS9 U 1.24 U 1.55 U 
Heptachlor Epoxide '• 2.15 U """iTSQU '-\'.24\J " 0.74. 
Methoxychlor 2.1 5 U 1.39U 1.24U. 1.55U 
Technical Chlordane : 735.38 347723 278.2 361.99^ 
Toxaphene 53.85 U 34.7 U 31.03U 38.77 L 
Aroclors (ug/kg) : 
Aroclor-1016 26.93 U 17.35U' 15.51 U 19.38L 
Aroclor-1221 . 26.93 U 17.35U 15.51 U, 19.38U 
Aroieidr-1232" ] 26.93 U 1773"5 'U 15.51U! 19^38 U 
Aroclor-1242 . 26.93 U 17.3"5U 15.51 LL 19.38L 
Aroclor-1248 ; 26.93 U 17.35U 15.51 U 19.38L 
Aroclor-1254 ; 838.72 J2d7.34; 394.64J 639723 , 
Arbcior-i 260 i 26793 U 1 7735 U 1 5751 "14 1 9738' U 
Aroclor-1268 ! 83.6 43.56 68.85: 139.53. 
Aroclor, Total i 922.32"" 250.9: 463.49 778.76 . 
Inorganics and Metals (mg/kg) 
Aluminum ' i 21793 J 12231 J 10971' j( 186007 
Antimony ; 0.521 3 6.462 j 6.532 4_ 0.982 . 
Arsenic 5.5S 6.34 6.74; 1'2.2 
Barium 239 2"82! 181] 222 
Beryllium : 4.46 2748 1.V 3.47 
Cadmium 3.46 1.06' 0.711! 1.28 
Chromium 291! 171 2141 246 
Cobalt ; 9.57: 12.5 10.1; 20.3 

Cojper : 324" 109^ 132|" ' ""255 
Iron 24538: 259601 21383; 37162 
Lead 591 319: 31 6j 574 
Manganese 51 1| 2286 439, 4126 
Mercury ' o!81l'; 67381 67423: 0 .712 
Mercury ̂ mejhyijf - 6.000326 4_ 0.000762 J 0.000535 J 0.000348 . 
\4ol_y_bdenum : 34.8 j 37 J 87.7 J 56.6 , 
Nickel . 387; 27.4 25.5; 39 
Selenium [ 6.862 j, 6761 i""U 07687 J 0.963". 
Silver • 3.3 1.38 i.23'f 2.31 
Thallium • 0.566 0.345 0.346 0.585 

PAW9-GVT\COE-NAE\Batt«ll.«;«ntredil«\OXBOWrABLES\ 
ls. KJH-SO-GMP-H>rdingESE 2 of 6 8/10/2006 



Table A-2
 

Analaytical Data for Floodplain Soil In Background Area (Greystone Mill Pond Area)
 


Addendum To Baseline Human Health Risk Assessment: Oxbow Area 

Centredale Manor Restoration Project Super-fund Site 


North Providence, Rhode Island 


PARAMETER RWR-FP-5001-0000-01 RWR-FP-500 2-0000-01 RWR-FP-5003-0000-01 RWR-FP-5004-0000-01 
7/17/2001 7/16/2 001 7/17/2001 7/19/2001 

Vanadium 90.7 53.6 81 .7 103 
Zinc i 497: 248 158; 249 
Dioxlns, Furans, HCX (ug/kg) : | 

HCX  0.08577 J 0.1 1 704" j  0.1 5346 J 0.41706. 
tcx R' R: R! R 
2,3,7,8-TCDD 6.0567; 6.00352 Of 0.00457 U^ 6.018421 
1,2,3,7,8-PeCDD 0.00672 J 0.00309 J 0.00266 J. 0.00805 . 
1,2,3,4,7,8-HxCDD 0.01131 J 0.0055 J 0.00424 J, 0.01228. 
l72.3.6,7,8-HxCDD 0.04643 0.02198 0.01811 0.04586. 
1,2,3.7.8.9-HxCDD 0.031; 0.0153 6.01394^ 6.63504. 
1,2,3.4,6,7,8-HpCDD : 0.87788 0.38319 0.27936 1.02763 
OCDD 5.93093 2.40931 2.19127; 8.33815 
2,3,7,8-fCDF 0. 11028 J 0.01029 J 0.01225 J o!04657 . 
1,2,3,7,8-PeCDF 0.00521 J "0"66'294 J 0.00418 Jf 0^00794 . 
2,3,4,7,8-PeCDF 0.011 71 J 0.00663 J 0.00758 J, 0.02446 U 
1, 2,3,4 J,8-HxCDF" • 0^63109 b"6l92 6.02044' 6"6'5059 . 
1,2,3.6,7,8-HxCDF 0.02362 "6!6l297J" 0.01357 0.03295. 
£3~476,7,8-HxCDF 6""6l554J 0.6i627J 0.66968 J 0.02481. 
1,2,3,7,8,9-HxCDF 0.00107 J 0.00061 J 0.00041 J. 0.00353 L 
T^sXej^'-HpCDF ; "6.302? "6.14191 "" 6" 14823' 0.48157 
1^3,4J,8,9-HpCbF \ 0.01501 J 0.60693 J 6!0073J' 0.02157 J 
OCDF : 0.47782 0.13373 J  0.21667 1.25355 

"~" " ("" " • " Toxicity Equivalency - Mammals : ! 
PCB Congeners (ug/kg) i I 
2-Monochlorobiphenyi (1) '' ' 6.06167 j i 
4-Chlorpbiphenyl (3) j ' 0.09923 J i 
2,2'-bichlorobiphenyl (4) 0.80503 J ; 
2,3-Dichlorobiphenyl (5) : ; 0.09878 J 1 
2,31-bichiorobiphenyi {6) i ! 'OJ3743"j i 
2,4-Dichlorobiphenyl (7) : ; 6.T1977J 1 
2,41-bichlorobiphenyi (8) 3.58234 J i 
2,5:Dichlorobiphenyl (9) 0.24 J i 
2,6-bichiorobiphenyl (10) ; • 6.03945 J ^ 
3T4-"bichlorobieheny]|l2) " i " " "" '• ""'" 6.24342 j ' 
2,2',3'-Trichlorobiphenyl (16) 2.31589 J ; 
2,2',4-Trichforobiphenyi (17) 2. 41 576j ' 
2,2\5-frJ'cKlbrb¥igh'ehyl'(18) ' '. 2.18236 J " • 
2,2',6-Trichlorobiphenyl (19) 0.581 27 J ' 
2,3,3'-Trichlorobiphenyl (20) : 8.9981 5 J ; 
2,3,4'-frichiorobiphenyr(22) : : 3"."253"8"5"j" " " " " ," 
2 ,3 ,6-f richibrobiphenyr(24J 6.44674"J I 
2,3',4-Trichlorobiphenyl (25) • 6.4321 9 J : 
2,3',5-Trichiorobiphenyl (26) ! 1. 09534 J 
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Table A-2
 


Analaytical Data for Floodplain Soil in Background Area (Greystone Mill Pond Area)
 


Addendum To Baseline Human Health Risk Assessment: Oxbow Area
 

Centredale Manor Restoration Project Superfund Site
 


North Providence, Rhode Island
 


PARAMETER RWR-FP-5001-0000-01 RWR-FP-5002-0000-01 RWR-FP-5003-0000-01 RWR-FP-5004-0000-01 
7/17/2001 7/16/2001 7/17/2001 7/19/2001 

_ 
'" " _'"~0.79627j 
""" " 3.296775 j 

2 2 \ 3 , 4  l - T e t r a p r o b i p r i e n y l ( 4 2  ! " "l-54495'j " " f 
2^2\3Ti5^Tetrachlorobiprienyi (43) ' • 5^38647 JJ i' 
2T2t,3,5''-Tetracnlprpbiphenyl(44r"" 
2,21,3,6-Tetrachlorobiphenyl(45)' ~ 
2;2\3^1^etrachjorobiphenxi"(46)

 "2" '.
 ~ ~T

 !
 ""
 "~~'_^;

 " " T"
 ;

 ' " " 472119SUi" '" 2'
 p 7 0 3 3 J  "

 6^45003"J

 " 2
 "

 \" _' "_ ] 
< 

i 
(48) ; ; a92776 J ;" 

2,2\4r5'-fe^ac'hlorobiphe'nyl(49) " .2^0611~J I 
2^,2^.4,6£retrachlorobiphenyr(50) "" " " "• " ' """p.92_847'j""™ " ~ 
2,3,3'i4'-feSachilorobiphenyl (56) • b!861p4J i 
2,3j\6-T>trachjorobiphenyi (59) '• 9-40694 J • 
273,474'̂ tT îorpbiphenyi (60) _' : 0-24141 J 
|.3^-Tetrachlcirpbigheny](61)i " : - •- - •• "lup~4pgT " f 

' "" ' • 0.0:3272 J ; 
2^374\6-fe^chlorobiphenyl (64) j i 1.57756 J i' 
2.3l,4,4'-Tetrachlqrobiphenyr(66)"""'"' 

. 
M,4\^etrachJorpbiphenxn8lT '

 f

 '
 !

 ""~—~

" "

 -~* ~
T""

 ": ""

 -~~J.55ji48T21Z 1

 ~°.-?§?57?
 ""Ojpgifyj"" "

 """" TTZ' 1 "i 

T 
" j 

nta£toS§hjr̂  i "_ ' 3^??49j [" 
2,2',3,3l,5-Pentachlorobip'henyl (83) '""j "J~ ~~__ ~"6.56009 J'""'"'"'"'''"~"""""~~~~}~ 

I" "~~ ! M5484.J ~" """ "" T 
i *"" " " " 3.20073 J " """' " i"" 

2\345entaclorobiphenyl ( 8 6 )  ] : 13^20021"j  [ " 
2,'2'73,4,6-Pentachy6robiph'enyi(8'8)"""""_""""j 

(?9L _ ~ ' " "

 "11"̂ " Z1IIZ1I"
 " ~ " " " "

 Z1Z 'ZjJMllIZZIZlIZI"""
 9.-1123JN " "f f-07859"J """"" """

 Z'IT~

 ""

 •"" 

" ~" j 

~_^' 2^'^^j '"_ 1 
_ J 17.JB0039J """_'" ~ '  T J""!' 

2J3_,3\4,4-Pentaj:hlorobjphenyr(1p5) " "";"" ~" MI497 J ~ T 
" """ " " 0.93745'T """" """' ' 

(10J) '"__ 0/736187 | 
" """""j' " ~ "„' """ J _ ~  """ '" 

" 14J7995
oboes'j 
?"7"lMlT" 

2"?"-?^59.4.J 

' • 2^33884 J 
' \ 

2,2l,3T3',4,6'-Hexachlorobiphenyl(132' f ' ' ""_^_~"2 "_" "J'• 1 
2,2',3,3',5,6-Hexachlorobiphenyl (134) 1 2.52531J " T 
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Table A-2
 

Analaytical Data for Floodplaln Soil In Background Area (Greystone Mill Pond Area)
 


Addendum To Baseline Human Health Risk Assessment: Oxbow Area
 

Centredale Manor Restoration Project Superfund Site
 


North Providence, Rhode Island
 


PARAMETER RWR-FP-5001-0000-01 RWR-FP-5002-0000-01 RWR-FP-5003-OOOO-l RWR-FP-5004-0000-01 
7/17/2001 7/16/2001 7/17/2001 7/19/2001 

2,2;.3.3',5,6;-Hexachlorobiphenyl(135) 7^49559 J • 
2,2\3T3'̂ ,6'jiexa'chiorobiphe'nyl'(136) •' "_ _ ' """" " 5.21951^"^ "'_ _ [ 
2.?.3^4X5-HexjchJoro_bip_henyr(137) " ""' "1" 4.3940j8 J " I 
2^3A5,5;-Hexa^hl^biphenyf"(14iy !" " """ 7 p"5807Jf " ] 
2^\3,4^5',6-Hexachlbrobipneriyl(i44) i 9-6963JJ4 j 
2T2\3,4\5,5'-HexachTo1rbbjp>ienyl(H6)"7':'" "_ "I" 11""! " l7l8174 J 

' ' ~""~ ' ~ 21.33722 J 
" 77677134 

2!52639J 
2i3,3\4.4\6-Hexachy6roblphenyTil58j ^C IIIIITI I"j'""'"_""J ""2.38598'J 

~ '^ ~" ~ " "" " l~~ l-PiPll 
"; " "' ; " " """aq963UJ 

.7.8gi64J 
2,2',3,3'\4,4l,6-Heptachlorobiph'enyl (171) i" ^ •••-•••- • "j^i33"j 

"""'" ~" ~~ ~ "~ "' 0.62098' 

8!3042l"j 
_ 6^10577 J 

2,2\3,3\4,6,6'-Heptacniorobiphenyi (176) " _ ™ 0.68564 j 
" """ ~ ' """" "3.225J8~j" 

0.7745TJ 
4.95613 J 

0.19261 "uj 
(\83) ~ "i_.36684 jf 

" " o"oi961 UJ 

9-28095J 
~ II"" II L I I 

isjA4!̂ ^  ~" "" 
2.3.3/.4,4\5,6-Heptachiprbl3Tphenyl (190) " " " " i " "679734 j 

i ^_ 0.12793 J 
2,2',3,3',4,4',5,5'-Octa'chTorobipi:ienyi (194)' ' "_""^ ^ I I „ Ts'9239"j 

:̂ ojobJpjienyl (195) " " "• _p.91833~J 
achlorobiphenyT(196^ " " " " ' " ~i;2469£U 

?i?l:^:4L4'.6.61:OctacWprpbip_henyl (197) "•• P-04508 j' 

I " _ "  " I II 7761985 j 
" : 9~56363~J 

" " " ""] 6.41837 j" 
2 ',3,4,4',5,5',6-Octachiorgbi£henyi (203) • " 2J27038 J 
273',3',4,4\5,5\6~Octachiorobiphenyl (205) • __ _ _^ • '_ _^ ~_ 67f0246 J 

r?b :n?!?j?r̂ '4f*1'5'S1-&i!!?nJ(5!!ll .o . iP.rJ!E y. 1"  """ " T .̂P/4?4!? 
2,2\:3,3\4,4\5,6,6'-Nonachlorobiphenyl : 0.78162J 
Decachiprobiphenyi (209) ' ' '  " 
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Table A-2
 


Analaytical Data for Floodplaln Soil In Background Area (Greystone Mill Pond Area)
 


Addendum To Baseline Human Health Risk Assessment: Oxbow Area
 

Centredale Manor Restoration Project Superfund Site
 


North Providence, Rhode Island
 


PARAMETER RWR-FP-5001-0000-011 RWR-FP-5002-0000-01 RWR-FP-5003-0000-01 RWR-FP-5004-0000-01 
7/17/2001 I 7/16/2001 7/17/2001 7/19/2001 

Toxicity Equivalency (PCB)- Mammals • 0.0000379 

J - value Is estimated 
U - not detected, value is the detection limit 
R - rejected 

mg - milligrams 
kg - kilograms 
ug - micrograms 
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Table B-1
 

WHO TEFs for Human Health Risk Assessment
 


Addendum To Baseline Human Health Risk Assessment: Oxbow Area
 

Centredale Manor Restoration Project Super-fund Site
 


North Providence, Rhode Island
 


Congener 

Dibenzo-p-dioxins 
2,3,7,8-TCDD 
1,2,3,7,8-PnCDD 
1,2,3,4,7,8-HxCDD 
1,2,3,6,7,8-HxCDD 
1,2,3,7,8,9-HxCDD 
1,2,3,4,6,7,8-HpCDD 
OCDD 
Dibenzofurans 
2,3,7,8-TCDF 
1,2,3,7,8-PnCDF 
2,3,4,7,8-PnCDF 
1,2,3,4,7,8-HxCDF 
1,2,3,6,7,8-HxCDF 
1,2,3,7,8,9-HxCDF 
2,3,4,6,7,8-HxCDF 
1,2,3,4,6,7,8-HpCDF 
1,2,3,4,7,8,9-HpCDF 
OCDF 
Non-ortho PCBs 
PCB77 
PCB81 
PCB 126 
PCB 169 
Mono-ortho PCBs 
PCB 105 
PCB 114 
PCB 118 
PCB 123 
PCB 156 
PCB 157 
PCB 167 
PCB 189 
Hexachloroxanthene (USEPA, 2002) 
HCX 
Notes: 

TEF Value 

1


1



0.1
 

0.1
 

0.1
 


0.01
 

0.0001
 


0.1 
0.05 
0.5 
0.1 
0.1 
0.1 
0.1 
0.01 
0.01 

0.0001 

0.0001 
0.0001 

0.1 
0.01 

0.0001 
0.0005 
0.0001 
0.0001 
0.0005 
0.0005 
0.00001 
0.0001 

0.0002 

1 TEFs are based on the conclusions of the World Health Organization meeting in Stockholm, Sweden, 

June 15-18 1997 (Van den Berg et at., 1998). 

Van den Berg, M., Bimbaum, L, Bosveld, B.T.C., Brunstrom, B., Cook, P., Feeley, M., Giesy, J.P., Hanberg, A., 

Hasegawa, R., Kennedy, S.W., Kubiak, T., Larsen, J.C.. van Leeuwen, FXR., Liem, A.K.D.,Nolt, C., Peterson, 

R.E., Poellinger, L, Safe, S., Schrenk, D., Tillitt.D., Tysklind, M., Younes, M., Waem, F.,Zacharewski, 1998. 

T. Toxic Equivalency Factors (TEFs) for PCBs, PCDDs, PCOFs for humans and wildlife. Environmental 

Health Perspective, 106 (12), 775-792. 

USEPA, 2002. Personal communication with Chau Vu, USEPA Region I re: TEF for HCX, May 22. 
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Centredale Manor Restoration Project Superfund Site - Oxbow Area 
Addendum to Interim Final BERA August 2006 

EXECUTIVE SUMMARY 

This Addendum presents an assessment of ecological risks for the Oxbow Area at the Centredale 
Manor Restoration Project Superfund Site ("Centredale Site"), located in North Providence, 
Rhode Island. The Oxbow Area is a forested wetland area located to the west of the 
Woonasquatucket River immediately downstream of the Allendale Dam. A site location map is 
provided as Figure ES-1. This Addendum supplements the Baseline Ecological Risk Assessment 
(BERA) that was previously performed at the Centredale Site (MACTEC, 2004). 

This Addendum has been conducted in accordance with the United States Environmental 
Protection Agency (USEPA) Ecological Risk Assessment Guidance for Superfund, Process 
Document for Designing and Conducting Ecological Risk Assessments (ERAGs; USEPA, 1997), 
as well as USEPA Region I risk assessment guidance contained in Risk Updates (USEPA, 1996; 
1999). USEPA (1997) established an eight-step process for assessing ecological risk. The first 
two steps comprise the Screening Level Ecological Risk Assessment (SLERA), which is 
conducted to determine whether a site poses no or negligible risk, and if not, which contaminants 
and exposure pathways may require further evaluation. Components of a BERA are the subject 
of steps three through seven. 

A BERA that evaluated ecological risks to receptors exposed to aquatic and associated floodplain 
habitat has previously been conducted at the Centredale Site (MACTEC, 2004). The BERA 
evaluated four separate exposure areas within the river proper including the Allendale Pond 
reach, the Lyman Mill Pond reach, the Manton Pond reach, and the former Dyerville Pond reach 

s—* (Figure ES-1); these four areas were designated as APB, LPX, MAP, and DYR, respectively. 
l^ The BERA evaluated the following assessment endpoints: 

1.	 Protection and maintenance (i.e., survival, growth, and reproduction) of aquatic and 
floodplain invertebrate communities which are a forage base for fish and wildlife. 

2.	 Protection and maintenance of demersal, omnivorous fish populations as a forage base or 
sport fishery. 

3.	 Protection and maintenance of pelagic, piscivorous, or semi-piscivorous fish populations 
as a forage base or sport fishery. 

4.	 Protection and maintenance of piscivorous mammal and bird populations. 

5.	 Protection and maintenance of insectivorous mammal and bird populations. 

6.	 Protection and maintenance of omnivorous mammal and bird populations. 

Three of these assessment endpoints (i.e., Assessment Endpoints # 1, 5, and 6) included 
evaluation of ecological receptors that utilize floodplain habitat and may be exposed to 
contamination within the study area. The BERA evaluated floodplain exposures in the Allendale 
Pond and Lyman Mill Pond reaches and also quantified ecological risks in similar habitat within 
the upgradient background area associated with Greystone Mill Pond (which was referred to as 
"GMP"). Although the BERA evaluated floodplain habitat associated with Lyman Mill Pond, the 
possibility that flood stage conditions could periodically result in river water overtopping the 
western bank of the Woonasquatucket River below the Allendale Pond was not fully appreciated 
until after the BERA had been developed. Consequently, ecological exposures within the Oxbow 

^ Area were not identified in the Conceptual Site Model (CSM) and ecological (and human health) 
f risks in this area were not evaluated as part of that investigation. 
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Centredale Manor Restoration Project Superfitnd Site - Oxbow Area 
Addendum to Interim Final BERA August 2006 

Available information indicates that flooding of the Woonasquatucket River may have deposited 
site-related contaminants in and on the surficial soils and sediment in the Oxbow Area. Various 
ecological receptors including wildlife, amphibians, invertebrates, and plants that reside or forage 
in this relatively undisturbed habitat could be exposed to contaminants as a result of these 
activities. Floodplain soil sampling and analysis previously performed at the Centredale Site for 
the BERA had detected elevated (i.e., above typical background conditions) levels of dioxin 
(particularly 2,3,7,8-tetrachlorodibenzo-p-dioxin; TCDD), some pesticides, polychlorinated 
biphenyls (PCBs) (primarily Aroclor 1254), and selected inorganic analytes (Battelle, 2004a). 

This Addendum compared maximum analytical concentrations to conservative screening 
benchmarks to confirm that the contaminants of potential ecological concern (COPECs) for the 
Oxbow Area are comparable to those selected in the BERA, and identified complete exposure 
pathways, and receptors of concern. To the extent feasible, elements of the BERA process (i.e., 
Steps 3 through 7) developed to evaluate ecological risks in other floodplain habitats at the 
Centredale Site, were also incorporated into this Addendum for the Oxbow Area. This refined 
analysis was conducted to provide a more realistic assessment of the likelihood and magnitude of 
potential risk to wildlife receptors and soil invertebrate receptors. Although additional biological 
data were not collected to support the Oxbow Area assessment, previous site-specific data 
(including earthworm tissue uptake and soil invertebrate community studies) were used where 
applicable. This additional level of analysis was conducted to provide a better understanding of 
how potential ecological risks in the Oxbow Area compare to other exposure areas at the 
Centredale Site so that site-wide decision-making can be facilitated. 

In accordance with USEPA guidance, this Addendum, which comprises the first two steps of the 
ERAGs SLERA approach, includes four components: problem formulation, exposure assessment, 
effects assessment, and risk characterization. Each of these components is described below. 

PROBLEM FORMULATION 

The problem formulation establishes the goals, breadth, and major issues for consideration and 
includes a description of the environmental setting and resources potentially at risk; the selection 
of COPECs and their fate, transport, and ecotoxicity; the selection of receptors of concern and 
species profiles; a CSM with complete exposure pathways; assessment and measurement 
endpoints along with the study rationale, and risk hypotheses. 

Environmental Setting 

The Woonasquatucket River is designated as a Class B1 waterbody, suitable for primary and 
secondary human contact, recreation, and fish and wildlife habitat. The land-use for the eastern 
shore of Allendale and Lyman Mill reaches is primarily residential with some commercial and 
industrial activity. Residential, commercial, and industrial properties are located approximately 
200 feet or more from the western shore of Allendale and Lyman Mill. Undeveloped land 
adjacent to the river includes palustrine forest, scrub-shrub, and emergent marsh. Fish and 
aquatic invertebrates associated with the Woonasquatucket River are typical of a warm-water 
fishery in New England; these organisms in turn support a variety of wildlife species that forage 
on fish, invertebrates, or mixed diets (piscivores, insectivores/vermivores, and omnivores, 
respectively). 
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Conceptual Site Model (CSM) 

The CSM identifies the source, media, pathway, and route of exposures evaluated, as well as the 
relationship between the measurement and assessment endpoints (USEPA, 1997). It serves as a 
communication tool that illustrates the major pathways by which ecological receptors might be 
exposed to COPECs associated with releases from the Centredale source area. Figure ES-2 
presents the ecological CSM for the Oxbow Area; a site-wide ecological CSM is presented in the 
BERA (MACTEC, 2004). 

Source Area. The main area of the Centredale Site, is located in North Providence, Rhode 
Island, just south of Route 44 on the eastern bank of the Woonasquatucket River (Figure ES-1). 
The Centredale Site source area consists of two parcels located at 2072 and 2074 Smith Street 
(Lots 200 & 250) that cover approximately 9.04 acres. The remaining portions of the site consist 
of reaches, man-made ponds, and wetlands associated with the Woonasquatucket River. The 
river flows from north to south. 

The Centredale Site was used for disposal of wastes containing hazardous substances. Between 
approximately 1940 and 1970, USEPA has reason to believe that the main area of the site was the 
location of a chemical manufacturing facility (which produced hexachlorophene, among other 
chemicals) and an incineration-based drum recycling facility. Evidence suggests that operations 
at the former chemical company and drum reconditioning facility resulted in waste disposal onto 
surface soil and beneath the ground surface. Wastes have also been released directly into the 
Woonasquatucket River, which runs along the western side of the area (Tetra Tech NUS Inc., 
2000a). 

Currently, two high rise buildings (Centredale Manor and Brook Village, both federally-
subsidized, senior housing complexes) are located in the main area of the Centredale Site, which 
is zoned for residential occupancy. In addition to the buildings, the main area is covered by 
roadway, paved parking lots, and two capped source areas. The first housing complex was built 
in approximately 1976. The second high rise was built in 1982. Construction records show that 
hazardous substances were removed from the Centredale Site during the construction of the 
second complex. Samples indicate the presence of TCDD and other contaminants in soil and 
sediment in the main portion of the site and the river sediment and floodplain soils downstream. 
Dioxins and furans have been detected in soils and sediments as well as in fish tissue collected in 
1996 from the Woonasquatucket River. Other contaminants detected in Centredale Site media 
include PCBs, volatile organic compounds (VOCs), polycyclic aromatic hydrocarbons (PAHs), 
hexachloroxanthene (HCX), phthalates, and metals. Elevated VOCs have been detected in 
overburden groundwater at the Centredale Site and are discharging to the adjacent reach of the 
Woonasquatucket River as confirmed by vapor diffusion samplers (Church et al., 2000). 

Migration of Contaminants. Downstream sediments have been impacted through the transport 
and deposition of contaminants from the source area. Dioxins and furans have been detected in 
sediments in Allendale Pond, Lyman Mill Pond, and areas located further downstream (Figure 
ES-1). With the partial breaching of Allendale Dam in 1991, and the more recent breach in 2001, 
further contaminant migration may have occurred. 

Contaminants that were discharged from the source area entered the Woonasquatucket River and 
were transported downstream either dissolved in the water column or adsorbed to resuspended 
sediments. Overland flow during flooding events resulted in contamination of lateral floodplain 
habitats associated with the river. Over time, contaminants preferentially accumulated in low 
energy sediment and floodplain soils, which are characterized by higher organic carbon content. 
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Compounds with a propensity to bioaccumulate were taken up by plants, invertebrates, and fish 
and were transferred through aquatic food webs. Wildlife species that consume these lower 
trophic level organisms could also be exposed to site-related contaminants. Contaminants that 
were deposited in floodplain soils could also enter the terrestrial food web by a similar process. 

Potential Ecological Receptors. Potential ecological receptor species considered in this 
Addendum include floodplain invertebrates, amphibians, birds, and terrestrial mammals that may 
utilize the Oxbow Area habitat. Soil invertebrates and wildlife that prey on these species may be 
exposed to contaminants in floodplain soil directly or by ingesting contaminated prey. Consistent 
with the BERA, exposures by floodplain plant species were considered to be of secondary 
concern and were not evaluated in this Addendum. 

Ecological Exposure Pathways. Ecological receptors may be exposed to site-related 
contaminants via a variety of exposure pathways. A complete exposure pathway involves a 
potential for contact between a given receptor and contamination either through direct exposure 
to an abiotic medium or indirectly through prey consumption. Pathways are evaluated by 
considering information on contaminant fate and transport, ecosystems potentially affected, and 
the magnitude and extent of contamination (USEPA, 1997). 

This Addendum includes evaluation of the following exposure pathways: direct contact with 
floodplain soils by invertebrate receptors; ingestion of biota by vermivorous (i.e., receptors that 
include a significant percentage of earthworms in their diet) and omnivorous wildlife receptors; 
and incidental ingestion of floodplain soil by wildlife receptors. 

Species representing various trophic levels were selected as representative receptor species to 
evaluate the assessment endpoints developed for the BERA for the Centredale Site (MACTEC, 
2004) and exposures to the relevant species were also evaluated in this Addendum. The selected 
species are intended to be representative of other species at the same trophic level that share 
similar ecological characteristics. These groups of species are generally referred to as guilds. By 
evaluating a representative member of a guild and by accounting for the predominant guilds, the 
uncertainty associated with missing an important species group or pathway is reduced. In 
addition to the general category of floodplain soil invertebrates, the following terrestrial wildlife 
receptors of concern were evaluated in this Addendum: 

• Vermivorous Birds - American woodcock 
• Vermivorous Mammals - Short-tailed shrew 
• Omnivorous Mammals - Raccoon 

Summary of Data 

This Addendum is based on data collected from a single investigation at the Centredale Site 
conducted to support the Remedial Investigation report (Battelle, 2004a). Data were collected 
from seven locations within the Oxbow Area floodplain, including three from the abandoned river 
channel. Sampling and analysis within the Oxbow Area detected elevated (i.e., above typical 
background conditions) levels of dioxin (particularly 2,3,7,8-tetrachlorodibenzo-p-dioxin; 
TCDD), some pesticides, PCBs (primarily Aroclor 1254), and selected inorganic analytes 
(Battelle, 2004a), which is consistent with the findings from other areas within the Centredale 
Site, as described in the BERA. 
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Contaminants of Potential Ecological Concern (COPEC) Selection 

Contaminants of potential ecological concern (COPECs) were identified based on a comparison 
of maximum detected concentrations floodplain soil samples to risk-based screening 
concentrations. Although no biological tissue samples were collected specifically to support this 
Addendum, earthworm tissue concentrations of the floodplain soil COPECs were estimated using 
site-derived biota-soil accumulation factors (BSAFs) that were developed as part the BERA 
(MACTEC, 2004). COPECs selected for the environmental media evaluated in this Addendum 
include the following: 

•	 Floodplain soil: inorganic compounds, pesticides, PCBs (Aroclors), and dioxins and 
furans. 

•	 Earthworm tissue: inorganic compounds, pesticides, PCBs (Aroclors), and dioxins and 
furans. 

Consistent with the revised CSM, which provides a linkage among the historical source area and 
contaminated upgradient Woonasquatucket River sediments, and Oxbow Area floodplain soils, 
the Oxbow Area COPECs are comparable to those identified in the BERA (MACTEC, 2004). 

Ecotoxicology of Selected COPECs 

The BERA for the Centredale Site (MACTEC, 2004) summarized the available toxicological 
literature for all classes of compounds identified as COPECs for each receptor category evaluated 
in this Addendum (i.e., invertebrates, birds, and mammals). Consistent with the BERA, a Toxic 
Equivalency (TEQ) approach (Van den Berg et al., 1998) was employed in this Addendum to 
overcome the difficulty in assessing the overall toxicity of dioxin mixtures. Specific Toxicity 
Equivalency Factors (TEFs) have been developed for human/mammals, birds, and fish. A TEF is 
a congener-specific weighting term used to express the concentration of a dioxin or furan 
congener in terms of a lexicologically equivalent concentration of 2,3,7,8-TCDD (considered to 
be the most toxic congener). TEFs for dioxin and furan congeners range from 0.0001 (e.g., 
octachlorodibenzodioxin [OCDD]) to 1 (e.g., 2,3,7,8-TCDD) (Van den Berg, et al., 1998). A 
Toxic Equivalent TEQ concentration was derived by summing the products of the individual 
congener concentrations and their corresponding TEFs for a given environmental sample. The 
TEQ values presented in the Addendum are reported as the sum of dioxin and furan congeners. 

Analytical data for PCB congeners in floodplain soil are not available and toxic equivalencies 
were not calculated for this class of compounds. Instead, PCBs were evaluated as Aroclors. In 
addition, floodplain soil samples were not analyzed for HCX, as was done for the BERA; 
however this site-related compound has a chemical structure and potential mode of action that is 
similar to dioxin and furan compounds, which were evaluated. The BERA concluded that HCX 
and PCB congeners contributed far less than 2,3,7,8-TCDD to the overall risks posed to 
ecological receptors at the Centredale Site. 

Assessment and Measurement Endpoints 

The assessment endpoints evaluated in this Addendum consist of the following: 

1.	 Protection and maintenance (i.e., survival, growth, reproduction) of floodplain
 

invertebrate communities which serve as a forage base for wildlife.
 


2.	 Protection and maintenance of vermivorous mammal and bird populations. 

3.	 Protection and maintenance of omnivorous mammal populations. 
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Risk questions and measurement endpoints were identified for each of these six assessment 
endpoints: 

Assessment Endpoint 1: Protection and maintenance (i.e., survival, growth, reproduction) of 
floodplain invertebrate communities (as represented by the earthworm), which are a forage base 
for wildlife. 

The following risk questions were established for this assessment endpoint: 

•	 Do measured concentrations of COPECs in floodplain soil exceed appropriate guidelines 
for the protection of floodplain soil invertebrate populations? 

•	 Do measured and modeled concentrations of COPECs in the tissues of floodplain soil 
invertebrates (such as earthworms) exceed benchmarks for residue effects on survival, 
growth, or reproduction? 

•	 Do the available floodplain soil invertebrate data indicate presence/absence of ecological 
integrity? 

The following measurement endpoints were selected to evaluate risk to this endpoint receptor 
group: 

•	 Comparison of floodplain soil COPEC concentrations to benchmarks/guidelines. 

•	 Comparison of estimated COPEC concentrations in floodplain soil invertebrates to CBRs. 

•	 Site-specific study of floodplain soil invertebrate community structure/function. 

Assessment Endpoint 2: Protection and maintenance of vermivorous mammal and bird 
populations (as represented by the short-tailed shrew and American woodcock, respectively). 

The following risk questions were established for this assessment endpoint: 

•	 Do ingestion doses of COPECs in vermivorous wildlife exceed toxicity reference values 
(TRVs) or TEQs for adverse effects on survival, growth, or reproduction? 

•	 Do residues of COPECs in eggs and/or tissues of vermivorous wildlife exceed
 

benchmarks for adverse effects on survival, growth, reproduction, or embryo
 

development?
 


The following measurement endpoints were selected to evaluate risk to this endpoint receptor 
group: 

•	 Comparison of estimated ingestion doses in vermivorous wildlife with TRVs and toxic 
equivalencies. 

•	 Comparison of estimated vermivorous wildlife tissue and egg residues with site-specific 
CBR data. 

Assessment Endpoint 3: Protection and maintenance of omnivorous mammal populations (as 
represented by the raccoon). 

The following risk questions were established for this assessment endpoint: 
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•	 Do ingestion doses of COPECs in omnivorous wildlife exceed TRVs or TEQs for 
adverse effects on survival, growth, or reproduction? 

The following measurement endpoints were selected to evaluate risk to this endpoint receptor 
group: 

• Comparison of estimated ingestion doses in omnivorous wildlife with TRVs and TEQs. 

EXPOSURE ASSESSMENT 

The primary objectives of the exposure assessment for this Addendum are to characterize the 
relevant exposure area, exposure pathways, and receptors and to determine a relevant exposure 
estimate. A single exposure area was evaluated in this Addendum; the BERA conducted for the 
site-wide assessment evaluated four additional exposure areas (including Allendale Pond, Lyman 
Mill Pond, Manton Pond, and the former Dyerville Pond), along with an upstream background 
area (Greystone Mill Pond), and a reference area (Assapumpset Pond and Brook). The BERA 
exposure areas are referenced in this Addendum as necessary to place the ecological findings in 
the general spatial context of the CSM and, to the extent possible, to provide an integrated risk 
analysis. 

Exposure Point Concentrations 

The maximum concentration of each analytical parameter detected in floodplain soil samples was 
selected as the exposure estimate for this Addendum. In addition, exposures were evaluated 
using the arithmetic average concentrations, which were also identified as exposure point 
concentrations (EPCs) in the BERA. EPCs were also developed for earthworm tissue using site-
derived BSAFs as described below. 

Identification of Exposure Models and Parameters 

Chemical-specific intakes were calculated in a manner consistent with USEPA guidance for risk 
assessment. The following equations were used to estimate COPEC concentrations in biological 
tissue to evaluate both direct and indirect exposures: 

BSAF*Csoil*%lipid 
f* SOU i	 /T~* j * 1 \ 
L-earthworm =	 (Equation 1) 

%TOC 

where: 

Cearthworm = chemical concentration in earthworm tissue (ug/g - ww) 
BSAF = biota soil accumulation factor derived using site-specific data 

(expressed as gorganic carbon - dw/g upid - WW) 
Csou = maximum chemical concentration in floodplain soil (ug/g - dw) 
% lipid = lipid content of earthworm (gupid/g; both ww basis) 
%TOC = total organic carbon content of floodplain soil (g organic carbon/g; 

both ww basis) 
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r BMF*Ceanhwom*%lipidavuan e,g 
L-avian _ egg — (Equation 2) 

%lipideanhwom 

where: 
Cmian_egg = estimated chemical concentration in avian egg tissue (mg/kg 

ww) 
BMF = literature-based biota magnification factor (expressed as 

Kgearthworm lipid/Kgavian_egg lipid./ 

Cearthworm = estimated chemical concentration in earthworm prey (mg/kg 
ww)
 


% lipidavian_egg = lipid content of avian egg tissue (ww basis)
 

% Hpideanhworm = lipid content of earthworm tissue (ww basis)
 


A similar transfer factor was used to estimate small mammal tissue concentrations based on 
dietary exposure to contaminated earthworms. Biomagnification factors (BMFs) for vermivorous 
wildlife (e.g., American woodcock and short-tailed shrew) were estimated using transfer factors 
obtained from the literature that were derived for gull egg tissue (based on adult consumption of 
fish; Braune and Norstrom, 1989) and otter liver (based on consumption offish; Leonards et al., 
1997). 

Estimated Daily Intakes (EDIs) of COPECs were calculated as the measure of exposure for each 
selected wildlife receptor. The EDIs are expressed as milligrams of contaminant per kilogram 
bodyweight ingested on a daily basis (mg/kg-day). The following dose model was used to 
estimate daily exposure of contaminants to wildlife receptors: 

EDI = f[(Csoa x lRsml)+ (Cfood x IRfood)] x SUF }/BW (Equation 3) 

where: 
EDI = daily dose resulting from ingestion of soil and food (mg/kg - day) 
Csoii = concentration of COPEC in surface soil (mg/kg; dw basis) 
IRsoi; = estimate of receptor's daily ingestion rate of surface soil (kg/day) 
Cf0od = concentration of COPEC in food tissue (mg/kg; ww basis) 
IR/oorf = estimate of daily ingestion rate of food tissue (kg/day) 
SUF = site use factor (unitless) 
BW = body weight (kg) 

EFFECTS ASSESSMENT 

The purpose of the effects assessment is to characterize the relationship between the 
concentration or dose of COPEC administered or received and the incidence of adverse effects in 
the ecological endpoint receptor at the appropriate level of ecological organization (i.e., usually 
population- or community-level). The following types of information were used in this 
Addendum: 

•	 TRVs that relate a threshold concentration or ingested dose to an adverse and relevant 
biological response. TRVs were established for floodplain soil and biological tissue 
(including invertebrates, birds, and mammals); 

•	 Floodplain macroinvertebrate community study; and, 

•	 Multiple year amphibian call survey. 
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It is important to note that the second and third information types are site-specific measures of 
effects derived specifically for the BERA but which are also relevant to the evaluation of the 
Oxbow Area. 

SUMMARY OF UNCERTAINTIES 

Table ES-1 presents a summary of the major uncertainties identified in the Addendum. 
Uncertainties that likely resulted in risk estimates being under-estimated include: 

•	 Lack of evaluation of floodplain plant exposures; 

•	 Lack of evaluation of seasonal aquatic exposures (e.g., aquatic macroinvertebrates, 
amphibians); 

•	 Lack of analytical floodplain soil data for certain chemical groups evaluated in the 
BERA, including HCX, coplanar PCBs, and PAHS; and, 

•	 Lack of toxicity benchmark values and uptake factors for some COPECs. 

Uncertainties that may have resulted in the risk estimates being over-estimated include: 

•	 Assumption that complete exposure pathways and suitable habitat for vermivorous 
wildlife exist; 

•	 Potential sampling bias to more depositional locations within the area; 

•	 General bias in selecting conservative exposure parameters (including organic carbon 
content) and effect measures; and, 

•	 Unclear functional relationship between the measurement and assessment endpoints. 

Overall, it is believed that the conclusions are conservative in nature and that the derived risk 
estimates could be less than presented. 

SUMMARY OF MAJOR FINDINGS 

Table ES-2 summarizes the results of this Addendum for each of the assessment endpoints. A 
summary of the findings include the following: 

•	 Based on a comparison of maximum and average floodplain soil concentrations to 
screening benchmarks, the soil invertebrate community occurring within the Oxbow Area 
may be at substantial risk of harm (i.e., Hazard Index [280] greatly exceeds one) due to 
exposure to pesticides (including dieldrin, lindane, 4,4-DDE, and 4,4'-DDD) and zinc in 
floodplain soil. However, other measures used to assess this endpoint do not support the 
conclusion that there is substantial risk of harm to the soil invertebrate community. For 
instance, the hazard quotients (HQs) for estimated earthworm tissue concentrations 
indicate less potential for risk (NOAEL HQ of 32 and a LOAEL HQ of 120). 
Furthermore, an evaluation of the soil invertebrate community study conducted to support 
the BERA suggests that the invertebrate fauna is comparable to other exposure areas at 
the Centredale Site and is not distinguishable from the upriver background area. 

•	 Vermivorous mammal and bird populations that occur within the Oxbow Area appear to 
be at substantial risk of harm due to direct exposure to site-related contaminants in 
floodplain soil and prey items. 2,3,7,8-TCDD is the most substantial contributor to the 
estimated risks to vermivorous receptors. In addition, based on modeled tissue 
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concentrations, consumption of contaminated earthworm prey may result in elevated 
tissue residues in these receptors, potentially resulting in adverse reproductive effects 
(i.e., bioaccumulation hazard). 

•	 Dietary exposures and modeled tissue burdens in avian eggs and mammal liver tissue 
pose a substantial risk of harm to vermivorous wildlife species. 

•	 Omnivorous mammal populations that forage within the study area are not at substantial 
risk of harm due to exposure to site-related contaminants in floodplain soil and terrestrial 
prey items. 

NEXT STEPS 

The Remedial Investigation (RI) for the Centredale Site (Battelle, 2005) has recently been 
completed and the Feasibility Study (FS) will soon be completed. The RI determined and 
summarized the sources, nature, and extent of contamination at the Centredale Site; characterized 
the fate and transport of contaminants; and evaluated potential human health and ecological risks 
resulting from exposure to site-related contaminants. The FS will evaluate risk management 
strategies and alternatives for remediating contamination that is found to pose an unacceptable 
risk to human health or the environment. The FS will also evaluate the long-term effectiveness of 
the short-term removal actions and determine whether additional action is required to affect a 
permanent remedy. 

In support of the FS, preliminary remediation goals (PRGs) will be estimated for COPECs by a 
two-step process. In the first step, biota tissue concentrations for the most significant COPECs 
will be identified for various HQs of 0.1, 1, and 10. In the second step, using the concept of 
steady-state conditions between lipophilic substances in sediment and fish tissue, sediment 
concentrations corresponding to the risk-based tissue concentrations will be identified. 

Following an evaluation of the applicability of the existing ecological PRGs for floodplain 
habitats, specific PRGs for the Oxbow Area may be discussed in further detail in a separate 
document. The calculated risks for the reference area and background area will obviously be a 
consideration in the derivation of PRGs and the selection of remedial objectives. 

The results of the RI and FS will be used to formulate a Proposed Plan for the entire Centredale 
Site, including the Oxbow Area. The Proposed Plan will recommend remedial actions that will 
result in overall protection of human health and the environment, fulfill Superfund requirements, 
be acceptable to stakeholders, and satisfy USEPA remedial guidelines. 
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Figure ES-1. Site Locus Map. 



%

**
 


c
 

o
 

"5 
c
 

_cn 
Q

 
x
 

LU 

•o 

i
li
 

0) 

«

II
 

*
*
 

O
 
«

 

1
 =

 

c 
Q


3 

o 
•ao 

(0
T

3 
£ 
4
-1

 
3
 

0> 
a. 

O
 

ai 

E
 

I
I

8 
2r 

-1
 

™
 

t =
I
 
8

 
Q

. 
W

 

>. 
>< 

as 
as 

«• 
C

O
 

C
O

 
~

 
0
. 

0
. 

w
 

£ 
£ 

^
 

c
 

a. 
a. 

S
E

E
 

o
 

o
 

o
 

a. 
o
 

o
 

O
t
 



TABLE ES-1. SUMMARY OF UNCERTAINTIES.
 


Centredale Manor Restoration Project Superfund Site - Oxbow Area
 

North Providence, Rhode Island
 


Potential Over
(+) or Under
estimation (-) 

Uncertainty of Risk 

Problem Formulation 
Selection of + 
Receptors of 
Concern 

+ 

Identification 
and Selection 
ofCOPECs 

Area + 
Boundary 
Delineation 

Exposure Assessment 
Exposure +/
Parameters 

Rationale 

The urbanized and industrialized nature of the landscape in 
the vicinity of the Oxbow Area may limit habitat suitability 
for sensitive receptors such as the American woodcock 
Plants were not specifically evaluated in the Addendum. 
Although inorganic analytes were generally consistent with 
upgradient background concentrations, reported levels in 
floodplain soils could adversely affect these receptors. 
The Oxbow Area was considered to provide primarily 
floodplain (i.e., terrestrial) habitat for ecological receptors. 
However, seasonal ponding could result in exposures to 
aquatic invertebrates and amphibians. These exposures 
were not evaluated because surface water data are not 
available. 
The availability of soil invertebrates as a forage base for 
vermivorous wildlife was assumed but not verified. 
Depositional regions of the Oxbow Area may contain 
saturated hydric soils for sufficient periods of time to 
exclude or reduce the numbers of soil invertebrates. In 
these areas, the bioaccumulation hazard to vermivorous 
wildlife would be eliminated. 
HCX, PAHs, and coplanar PCBs were not included in the 
analytical parameters for soil samples collected at the 
Oxbow Area. Although this may result in exposures (and 
hazards) being under-estimated, the potential risks are 
anticipated to be considerably lower than those identified in 
the Addendum. 
The analytical chemistry results for the sample from 
location LPX-SD-4404 are distinctive and may not be 
within the normal flooding zone (and therefore not 
historically impacted by the site source area). 

Uncertainty is inherent in the use of literature-derived 
exposure parameters because they were not empirically 
measured at the site. The general use of conservative values 
likely resulted in wildlife hazards being over-estimated. 
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TABLE ES-1. SUMMARY OF UNCERTAINTIES, (continued) 


Centredale Manor Restoration Project Superfund Site - Oxbow Area 

North Providence, Rhode Island 


Potential 
Over- (+) or 

Under
estimation (-) 

Uncertainty of Risk Rationale 
Exposure + Earthworm tissue concentrations were estimated using BSAFs 
Concentrations that were normalized based on the minimum organic carbon 

concentration detected in the 2004 Oxbow Area floodplain soils. 
Floodplain soil carbon content is variable (8 - >30%); the 
average (of three soil samples) was almost 2.5 times the 
minimum value and use of the average TOC would have resulted 
in estimated earthworm tissue concentrations being reduced by 
this same factor. 

Contaminant +/ Floodplain soil samples were collected from 0-6 inches in depth 
Distribution with only; data is lacking for other depth intervals where ecological 
Soil Depth exposure is possible. 
Bioaccumulation The lack of soil/plant uptake factors for TCDD may have 
Factors resulted in an underestimation of dietary exposures to 

omnivorous wildlife (raccoon). 
The lack of BMFs necessary to estimate wildlife tissue 
concentrations for certain COPECs may have resulted in an 
underestimation of risks. 

Effects Assessment 
Toxicity + The use of conservative application factors to derive benchmark 
Reference doses may have resulted in risks being over-estimated for some 
Values COPECs. 

Avian toxicological data for antimony and cobalt were not 
available and, as a result, potential risks for these COPECs could 
not be quantified. 

+/- CBRs were not available for all COPECs. In addition, the 
relatively high percentage of studies reporting unbounded results 
contributed significant uncertainty to the residue-based analysis. 
The general methodology employed likely resulted in the 
selection of conservative measures of effect. 

Dioxin, Furan, The TEQ approach does not explicitly account for antagonistic or 
and PCB synergistic interactions between congeners and may 
Congeners underestimate risk to wildlife; however, because TCDD was the 

primary risk driver this uncertainty is likely of little consequence. 
Risk Characterization 
Hazard +/ Uncertainty exists regarding the interpretation of the HQ or HI 
Quotients/ value of one as a definitive indicator of population level impacts 
Hazard Indices to wildlife. The assessment is believed to be sufficiently 

conservative and the relationship between the assessment and 
measurement endpoints is not direct, resulting in a gray area for 
HQ or HI values in the vicinity of one. 
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TABLE ES-2. SUMMARY OF ECOLOGICAL RISK AT THE OXBOW AREA.
 


Receptor 

Soil invertebrates 
(soil screen) 

Soil invertebrates 
(tissue screen) 

Short-tailed shrew 

American 
woodcock 

Raccoon 

Contaminant 
Group 

Pesticides 
J.PCBS 

Metals 
TEQ/TCDD 

Pesticides 
PCBs 
Metals 
TEQ/TCDD 

Pesticides 
PCBs 
Metals 
TEQ/TCDD 

Pesticides 
PCBs 
Metals 
TEQ/TCDD 

Pesticides 
PCBs 
Metals 
TEQ/TCDD 

Total 

Total 

Total 

Total 

Total 

Hazard Index8



NOAEL LOAEL
 


66 

212 
-

278 

-
-

31 122 
-

32 122 
-

44 
69 8.2 
187 19 
264 29 

1.4 
27 2.2 
13 1.3 
46	 " 6.1' 
. 
-
-

2.1 
3.6 

a.	 Hazard indices (HI) based on average COPEC concentrations at the 
Oxbow Area. 

- Indicates that the HI was below 1. 
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1.0 INTRODUCTION 

This Addendum consists of an assessment of potential risks to ecological receptors that may be 
exposed in the Oxbow Area of the Centredale Manor Restoration Project Superfund Site 
("Centredale Site") located in North Providence, Rhode Island. It is a supplement to the Baseline 
Ecological Risk Assessment (BERA) for the Centredale Site and is being conducted by the U.S. 
Environmental Protection Agency (USEPA) Region 1 and U.S. Army Corps of Engineers 
(USAGE). 

This Addendum follows work that was completed at the Centredale Site, including a BERA, 
Remedial Investigation (RI), and a Baseline Human Health Risk Assessment (BHHRA). These 
documents summarize existing conditions in specific areas of the Centredale Site with respect to 
exposure to and effects of contaminants in surface water, sediment, groundwater, surface soil, and 
biota. Additional sampling in the Oxbow Area of the Woonasquatucket River indicated elevated 
concentrations of contaminants in floodplain soils. This Addendum, along with previous work at 
the Centredale Site, will support risk management decisions such that remedial actions will allow 
the Woonasquatucket River and associated reaches and impoundments to return to a fishable and 
swimmable condition. 

The approach used in this Addendum follows an established framework and guidelines for 
assessing ecological risks. Specifically, the USEPA guidance for ecological risk assessment, 
Ecological Risk Assessment Guidance for Superfund, Process Document for Designing and 
Conducting Ecological Risk Assessments (1997), established an eight-step process for assessing 

f~~*' ecological risk. The first two steps comprise the screening-level evaluation step, with the goals of 
>•«••• determining if the site poses no or negligible risk and identifying which contaminants and 

exposure pathways require further evaluation. Steps 3 through 7 comprise components of the 
BERA; Step 8 consists of risk management activities undertaken for the site. 

A BERA that evaluated ecological risks to receptors exposed to aquatic and associated floodplain 
habitat at the Centredale Site has been conducted previously (MACTEC, 2004). The BERA 
evaluated four separate exposure areas within the river proper including the Allendale Pond 
reach, the Lyman Mill Pond reach, the Manton Pond reach, and the former Dyerville Pond reach; 
these four areas were designated as APB, LPX, MAP, and DYR, respectively. The BERA 
evaluated the following assessment endpoints: 

1.	 Protection and maintenance (i.e., survival, growth, and reproduction) of aquatic and 
floodplain invertebrate communities which are a forage base for fish and wildlife. 

2.	 Protection and maintenance of demersal, omnivorous fish populations as a forage base or 
sport fishery. 

3.	 Protection and maintenance of pelagic, piscivorous, or semi-piscivorous fish populations 
as a forage base or sport fishery. 

4.	 Protection and maintenance of piscivorous mammal and bird populations. 

5.	 Protection and maintenance of insectivorous mammal and bird populations. 

6.	 Protection and maintenance of omnivorous mammal and bird populations. 

Three of these assessment endpoints (i.e., Assessment Endpoints #1,5, and 6) included 
/***• evaluation of ecological receptors that utilize floodplain habitat and may be exposed to 
>^ contamination within the study area. The BERA evaluated floodplain exposures in the Allendale 
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Pond and Lyman Mill Pond reaches and also quantified ecological risks in similar habitat within 
the upgradient background area associated with Greystone Mill Pond (which was referred to as 
"GMP"). Although, the BERA evaluated floodplain habitat associated with Lyman Mill Pond, 
the possibility that flood stage conditions could periodically result in river water overtopping the 
western bank of the Woonasquatucket River below the Allendale Pond was not fully appreciated 
until after the BERA had been developed. Consequently, ecological exposures within the Oxbow 
Area were not identified in the Conceptual Site Model (CSM) and ecological (and human health) 
risks in this area were not evaluated. This Addendum is intended to address this data gap. As 
applicable, elements of the BERA (including field study results, derived uptake factors, and 
overall methodologies) were incorporated into this Addendum. This was done to make full use of 
previous analyses as well as to expedite the overall RI/FS schedule. 

This Addendum presents the problem formulation, including the CSM, ecological receptors, and 
exposure pathways. The available data from the Oxbow Area is then summarized and compared 
to ecological screening benchmarks to identify the contaminants of potential ecological concern 
(COPECs). Each assessment endpoint is evaluated and potential risk is summarized. Finally, the 
uncertainties associated with the risk assessment are discussed. 
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2.0 PROBLEM FORMULATION 

The problem formulation establishes the goals, scope, and major issues for consideration in the 
risk assessment (USEPA, 1997; 1998). It contains specific information on the environmental 
setting and resources potentially at risk, the selection of COPECs and receptors of concern, a 
CSM with complete exposure pathways, and assessment and measurement endpoints. 

2.1 ENVIRONMENTAL SETTING 

The Woonasquatucket River flows 18 miles from North Smithfield to the Upper Narragansett 
Bay, draining an area of approximately 51.9 square miles. At its confluence, the river joins with 
the Moshassuck River in downtown Providence forming the Providence River. It is currently the 
focus of urban revitalization efforts and was recognized as an American Heritage River in August 
1998. The upper section of the river is relatively pristine and rural; however, the urban portion of 
the river below the Smithfield line has been impacted by sewage and industrial waste for more 
than a century. The reach of the river that includes the Centredale Manor Restoration Project Site 
is classified as an "impaired water" by the State of Rhode Island under Section 303(d), with the 
cause of impairment attributed to pathogens, cadmium, copper, lead, polychlorinated biphenyls 
(PCBs), mercury, dioxins, low dissolved oxygen, and elevated nutrient levels (REDEM, 2001). 

The specific area within the Centredale Site that this document focuses on is the Oxbow Area 
floodplain. The area is approximately 27.5 acres and is characterized as a palustrine forested 
wetland dominated by mature red maple (Acer rubrum) bordered to the south by fringing 
palustrine emergent and scrub shrub wetland habitats. Although approximate acreage for the 
palustrine forested and emergent wetland habitat types has not been measured, the Corps is 
planning to perform a wetland delineation and functional assessment of the Oxbow Area, which 
will provide an acreage estimate in the near future. Adrian muck is found in the southern part of 
the Oxbow Area. This soil is very poorly drained and forms in depressions and drainage channels 
in an outwash plain. It is generally composed of black muck at the surface and fine sand in the 
subsurface. Vegetation includes yellow birch (Betula alleghaniensis), gray birch (Betula 
populifolid), dogwood (Comus amomum), and black willow (Salix nigra). The palustrine 
emergent wetland is dominated by jewel weed (Impatiens capensis), smart weed (Polygonum 
spp.), nettle (Laporteas sp.), cattails (Typha sp.), wool grass (Scirpus cyperinus), and purple 
loosestrife (Lythrwn salicarid). Photographs of the Oxbow Area that present various aspects of 
this habitat are presented in Appendix A. 

Wildlife observed using these areas include tree swallows (Tachycineta bicolor), killdeer 
(Charadrius vociferous), Canada geese (Branta canadensis), mourning doves (Zenaida 
macroura), and mink (Mustela vison). Reptiles and amphibians also observed utilizing this area 
include snapping turtles (Chelydra serpentina) and green frogs (Rana damitans). 

2.J.J Current and Reasonably Forseeable Uses of the Oxbow Area 
The Oxbow Area is a relatively undisturbed and extensive wooded habitat that is protected from 
development by both federal and state statutes. As such, it provides some unique ecological 
benefits in an otherwise urbanized portion of the State. In addition, the area could provide other 
natural resource values with potentially significant education and recreation opportunities. 
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2.2 CONCEPTUAL SITE MODEL 
The CSM identifies the source, media, pathway, and route of exposures evaluated, and shows the 
relationship between the assessment and measurement endpoints (USEPA, 1997). It serves as a 
communication tool that illustrates the major pathways by which ecological receptors may be 
exposed to COPECs associated with releases of contaminants from the source area. Figure 3 
presents a general CSM for the Oxbow Area of the Centredale Site. 

Anthropogenic influences are evident in the Woonasquatucket River channel immediately below 
the Allendale Dam. The river channel has been straightened at the point where water from the 
former Allendale Mill entered the river immediately below the Allendale Dam (refer to Figure 3
3 in Battelle, 2005). Dredged material from the channelization was used to build a levee covered 
with cobbles from the river channel. Floodplain deposits were observed to the west of this ridge 
in a forested wetland during a field reconnaissance in 2003. These deposits indicate that 
overbank river flow has occurred in this area. 

Historical aerial photography and field mapping revealed an abandoned channel in the forested 
wetland southwest of Allendale Dam (mapped as floodplain deposits in Figure 3-3 in Battelle, 
2005). Abandoned channels are segments of a channel abandoned by the river when it shortens 
its course. This abandoned meander appears to be the response of the river to the man-made cut
off where the river was straightened. The area within the meander contains fine-grained sediment 
deposited as the river adjusted to its new path and the meander cut-off was filled. Analysis of 
historic topographic maps and field mapping conducted during the preparation of the RI report 
revealed evidence of three previous channels near this meander, reflecting channel migration 
(Battelle, 2005). During flooding, overbank deposits still may be introduced into the abandoned 
channel. The most recent meander loop is still in communication with the river during times of 
high water (as evident in the 1995 aerial photography). 

2.2.J Potential Ecological Receptors
 

Terrestrial invertebrates and wildlife may be exposed to COPECs in floodplain soil by direct
 

contact, direct ingestion, or by consuming prey items that have bioaccumulated COPECs.
 

Potential ecological receptors identified in the Oxbow Area include soil invertebrates,
 

amphibians, reptiles, birds, and mammals. Further information for each receptor is provided in
 

the following sections.
 


Soil Invertebrates. The soil invertebrate community consists of various insect, oligochate, 
collembola, mite taxa, and others. These organisms play a critical role in energy and nutrient 
transfer and cycling in the food web. Direct effects of COPECs on soil invertebrates can reduce 
the productivity of soil and impact the populations of animals that rely on these organisms for 
food. Although data for the Oxbow Area specifically are not available, a survey of the soil 
invertebrates occurring at the Centredale Site in 2001 by Normandeau Associates identified an 
earthworm-dominated macroinvertebrate community fauna (Normandeau Associates, 2002). 
Other represented invertebrate groups include both adult and immature insect taxa including 
beetles, moths, flies, and ants; as well as spiders, slugs, centipedes, millipedes, sow bugs, and 
nematode worms. 

Amphibians. An anuran call survey was conducted during the amphibian breeding season in 
both 2001 and 2002 (USFWS, 2001; 2002). A diverse assemblage of amphibians was identified, 
noting the following species within the Centredale Site: wood frog (Rana sylvatica), pickerel 
frog (R. palustris), green frog (R. clamitans), bullfrog (R. catesbeiana), spring peeper (Pseudacris 
crucifer), gray treefrog (Hyla versicolor), American toad (Bufo americanus), and Fowler's toad 
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(B. woodhouseifowleri). Although individual calling habitats were not necessarily identified 
during the survey period, the survey report suggested that the Oxbow Area was generally a 
productive and diverse habitat (USFWS, 2001; 2002). 

Wildlife. The Oxbow Area provides potential habitat to various terrestrial mammalian and avian 
wildlife receptors. Insectivorous wildlife forage primarily on insects either captured in the air or 
picked off of vegetation or out of the soil. Wildlife that forage mainly on earthworms (i.e., 
vermivores) include the American woodcock (Scolopax minor) and the short-tailed shrew 
(Blarina brevicauda)', these species are described below. 

The American woodcock breeds from southern Canada south to Texas and Florida, with its 
winter range extending to southern New Jersey and the Ohio Valley (DeGraaf and Rudis, 1983). 
In New England, the woodcock is most common in Maine. It requires moist woodlands in early 
stages of succession, swamps, stream banks, or rich bottomlands that support abundant 
earthworm populations. Earthworms are the dietary staple, ranging from 50 to 90% of the diet, 
but some individuals also consume insect larvae. The woodcock's long bill is used to probe or 
glean food from the soil. Optimal habitat conditions support one pair of birds per six acres 
(DeGraaf and Rudis, 1983). The woodcock was selected as a receptor of concern to provide 
consistency with the BERA; however, it should be noted that woodcock are not likely to heavily 
utilize the mature red maple forested floodplain that occupies the majority of the Oxbow Area. 

The short-tailed shrew occurs from Canada south to Texas and Florida, and is common in New 
England (DeGraaf and Rudis, 1983). It occurs in both forested and successional habitats, but is 
especially common along streams in scrub/shrub habitat characterized by loose leaf litter and high 
humidity. In optimal habitat, population estimates range as high as 50 individuals per acre 
(Baker, 1983). The short-tailed shrew is a voracious nocturnal and diurnal feeder consuming 
plants, worms, insects, snails, and small invertebrates. 

Omnivorous wildlife species feed on a variety of prey items including insects, small mammals, 
birds, reptiles, and fruit. These organisms are typically opportunistic hunters and will feed on 
whatever is locally or seasonally abundant. Their varied diet exposes them to contaminants that 
may bioaccumulate in different prey items. The raccoon (Procyon lotor) is an omnivorous 
mammal that has been identified at the Oxbow Area and is described below. 

The raccoon is a common mid-sized mammal that occurs throughout most of southern Canada 
and the United States. It is primarily nocturnal and is dormant during the winter. Preferred 
habitat includes a variety of woods, fields, and abundant water sources (DeGraaf and Rudis, 
1983). Home range size varies with habitat quality and season, but is generally around one mile. 
Population densities range from 1 to 15 raccoons per acre, depending on habitat quality. The 
raccoon is an omnivorous opportunistic feeder that consumes mainly invertebrates in the spring 
and early summer and switches to available fruits and seeds from late summer through winter. 

Rare, Threatened, and Endangered Receptors. The U.S. Fish and Wildlife Service (USFWS) 
and RIDEM were contacted regarding the presence of rare, threatened, or endangered species 
known to occur in the vicinity of the Centredale Site. The response from RIDEM and USFWS 
(Appendix B) indicates that no rare, threatened, or endangered species are located the vicinity of 
the Centredale Site. 
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2.2.2 Complete Exposure Pathways 
Ecological receptors may be exposed to site-related contaminants through a variety of exposure 
pathways. A complete exposure pathway involves a potential for contact between a receptor and 
contaminants, either through exposure to an abiotic medium (e.g., soil) or indirectly through prey 
consumption. Pathways are evaluated using available information on contaminant fate and 
transport, the ecosystems that are potentially affected, and the magnitude and extent of the 
contamination (USEPA, 1997). 

Terrestrial animals, such as soil invertebrates, birds, and mammals may be exposed to 
contaminants that have migrated to the floodplain soils of the Oxbow Area. Potential exposure 
pathways include food intake, surface water ingestion, incidental soil ingestion, dermal contact, 
and possibly inhalation. However, due to the anticipated insignificance of the dermal and 
inhalation exposure routes (as compared to the other exposure routes), as well as substantial 
uncertainties associated with estimating ecological exposures for these pathways, they were not 
evaluated in this Addendum. 

2.3 SUMMARY OF DATA 

Seven floodplain surficial soil samples (0-0.5 ft) were collected on June 21, 2004 from the 
Oxbow Area to investigate the nature and extent of site-related contamination (Figure 2). Sample 
locations excluded areas of artificial fill or gravel, and targeted topographically low areas. Three 
surface soil samples were collected within the abandoned channel within the Oxbow Area. Two 
surface soil samples were collected north of the channel, and two were collected south of the 
channel. All samples were analyzed for dioxins/furans. Samples from three of the stations were 
also analyzed for polychlorinated biphenyls (PCBs) as Aroclors, pesticides/herbicides, metals, 
and total organic carbon (TOC) (Table 1). Chemical analyses of soil samples were conducted 
according to the Final Work Plan, Sediment Sample Collection and Analysis at the Oxbow Area, 
Centredale Manor Restoration Project Superfund Site (Battelle, 2004b). As noted in the report, 
soil samples from sample locations LPX-SD-4402 and LPX-SD-4407 contained less than 30% 
solids. The samples were centrifuged, the overlying water decanted and the moisture content 
determined again. The moisture content remained above 70% for both of these samples. The 
freeze-dried counterparts to these samples were obtained from Battelle's metals laboratory and 
used for PCB/pesticide analysis. Both the wet and freeze-dried samples were extracted and 
analyzed for PCB/pesticides. 

Analytical data for the wet and freeze-dried samples from location LPX-SD-4407 were similar, 
and data from the freeze-dried sample was reported. PCB/pesticide data did not compare well, 
however, for the wet and dry samples from location LPX-SD-4402. For example, the 
concentration of Aroclor 1254 in the freeze-dried sample was approximately 20 times higher 
compared to the Aroclor concentration in the wet sample. A field duplicate was also collected 
from this location (LPX-SD-4402). PCB/pesticide data for the field duplicate was more 
comparable to data for the wet sample than for the freeze-dried sample. It appeared that sample 
heterogeneity was the most reasonable explanation for the differences. Therefore, the freeze-
dried data was used to ensure a conservative estimate of exposure. Further discussion regarding 
this sampling event and the analyses performed are available in the Task Rl-12 Oxbow Area 
Sediment Investigation, Chemistry Data Report (Battelle, 2004a). These results are comparable 
to samples collected by Tetra Tech NUS (2000a) in 1999 in the vicinity of the Oxbow Area. The 
analytical results for the 1999 samples were evaluated in the RI (Battelle, 2004a). 

2-4 Baffelie 
The Business or In nova ti^™ 



I 

c 

"""'"
 

s-
Centredale Manor Restoration Project Superfund Site ~ Oxbow Area 
Addendum to Interim Final BERA '•"•••••••'•*t August 2006 

Dioxins/Furans 
 At each of the seven sampling locations, 25 dioxin/furan analytical parameters were quantified, 

 including 17 individual dioxin/furan congeners and eight homologue groups. In addition, Toxic 
Equivalency Factors (TEFs), based on both avian and mammal, were also calculated (Table 2). 
Figure 4 presents a summary of the analytical results for the dioxin and furan congener 
concentrations detected in Oxbow Area floodplain surface soils. Congener concentrations range 
from 0.14 picogram/gram (pg/g) to 4,270 pg/g. With one exception, 2,3,7,8-TCDD was the 
congener detected with the highest concentration in these floodplain samples and this compound 
is elevated above background (average Greystone - -20 pg/g [see Figure 20 of MACTEC, 2004]; 
range of Oxbow Area soils - 12 to 4,270 pg/g). The highest 2,3,7,8-TCDD concentration was 
detected at LPX-SD-4405, which is within 75 feet of the Woonasquatucket River (Figure 2) in an 
area where floodwaters appear to routinely overflow the banks of the river. Appendix A presents 
a photograph (Figure f) showing the bank condition in this area. Concentrations of 
octachlorodibenzodioxin (OCDD) are also relatively high compared to other congeners, with 
concentrations in excess of 1,000 pg/g detected in four of the seven samples. Concentrations of 
this congener appear to be consistent with floodplain soil data collected from the Greystone Mill 
Pond (average Greystone -5,000 pg/g [see Figure 20 of MACTEC, 2004]; range of Oxbow Area 
soils: 142 to 4,100 pg/g). For the most part, concentrations of other congeners were at or less 
than 100 pg/g. 

The congener pattern detected at LPX-SD-4404 is distinctive compared to the other samples in 
that the maximum concentrations of 14 of the 17 analyzed congeners were detected in this sample 
(Figure 4). Calculated TEQ concentrations and the relative importance of individual congeners 
for the seven samples are plotted in Figure 5. The 2,3,7,8-TCDD concentration contributes less 
than 5% to the TEQ in LPX-SD-4404, whereas it is the primary component of the other TEQs. In 
addition, the lowest TEQ concentration is associated with LPX-SD-4404. This sample was 
collected at a location at the toe of an extensive fill area and it appears to be located outside of the 
100-year floodzone (Figure 2). 

TEQ concentrations for Oxbow Area sampling locations are elevated relative to background 
conditions; average TEQ concentration in Greystone Mill Pond floodplain soil samples was 
approximately 60 pg/g (Figure 9, MACTEC, 2004) as compared those in the Oxbow Area (range 
from 347 to 4,298 pg/g, see Table 2 and Figure 5). In general, the RI report determined that the 
TEQ concentrations in the Oxbow Area floodplain soils were within the range measured in 
sediment samples from Allendale and Lyman Mill Ponds (see Table 4-9 of Battelle, 2005) and 
concluded that low-lying areas in the forested wetland have been affected by contamination from 
the Centredale Site. 

PCBs 
Three locations were analyzed for the presence of PCBs (as Aroclors): LPX-SD-4402, LPX-SD
4404, and LPX-SD-4407 (Figure 2). In addition to total Aroclors, only Aroclor 1254 and Aroclor 
1268 were detected in Oxbow Area surface soil samples. Figure 6 presents a summary of 
detected Aroclor concentrations for these samples, which range from 8 to over 3,000 ng/g 
(nanograms per gram; parts per billion). Aroclor 1254 appears to dominate the total Aroclor 
composition at locations LPX-SD-4402 and LPX-SD-4407; whereas Aroclor 1268 dominates at 
LPX-SD-4404. Concentrations of Aroclor 1268, but not Aroclor 1254, appear to be consistent 
with background conditions (average Aroclor 1268 concentrations in Greystone floodplain soils 
is approximately 90 pg/g [Figure 36 of MACTEC, 2004], which is similar to the result for LPX
SD-4404 (103 pg/g) and considerably higher than levels detected at the other two locations in the 
Oxbow Area. In combination with the dioxin/furan results, this finding gives further credence to 
a separate migration pathway affecting this location. 

25 Battelle 
7ne Business of Innovation 



Centredale Manor Restoration Project Superfund Site - Oxbow Area 
Addendum to Interim Final BERA August 2006 

Pesticides/Herbicides 
Three locations were analyzed for pesticide compounds: LPX-SD-4402, LPX-SD-4404, and 
LPX-SD-4407 (Figure 2). Detected pesticide concentrations are all less than 100 ng/g, with 
maximum concentrations ranging from 0.76 ng/g (lindane) to 63.4 ng/g (dieldrin); relatively low 
level 4,4'-DDT, 4,4'-DDE, and 4,4'-DDD concentrations were detected in the three samples 
(Figure 6). In general, pesticide concentrations appear to be consistent with Greystone floodplain 
soil results with the exception of dieldrin (LPX-SD-4402) and 4,4'-DDE and 4,4'-DDD (LPX
SD-4407) (Figure 6 compared with Figure 36 of MACTEC, 2004). 

Metals 
Four locations were analyzed for inorganic analytes: LPX-SD-4401, LPX-SD-4402, LPX-SD
4404, and LPX-SD-4407 (Figure 2). Figure 7 presents a summary of select inorganic 
concentrations for these samples. With the exception of selenium (detected in three of the four 
samples), all metals were detected at each location. As observed with the majority of dioxin and 
furan congeners other than 2,3,7, 8-TCDD, the highest concentrations for most metals were 
detected at station LPX-SD-4404 (Figure 2). 

2.4 CONTAMINANTS OF POTENTIAL ECOLOGICAL CONCERN 
Consistent with USEPA Region 1 policy, all analytes selected as COPECs in environmental 
media (based on screening benchmark exceedances) for site exposure areas were retained to 
estimate total site risks. Individual dioxin and furan congeners and homologue groups were not 
specifically identified as COPECs because a toxic equivalency (TEQ) approach, based on 2,3,7,8
TCDD, was employed in the assessment. 

A total of 15 metals, five pesticides, two Aroclors plus total Aroclors, and TEQs for birds and 
mammals were retained as COPECs for the Oxbow Area (Table 2). A discussion of the COPEC 
screening process is presented below. 

2.4.1 Development of Exposure Estimates for COPEC Screening 
Table 2 presents summary statistics for each analytical parameter, including minimum and 
maximum detected concentrations, detection frequency, location of maximum detected 
concentration, presumed data distribution, and various measures of central tendency of the 
distribution (arithmetic mean, geometric mean, and median). Consistent with USEPA guidance, 
the maximum detected concentration was used as the point estimate of exposure for the purpose 
of the COPEC screening process. 

2.4.2 Floodplain Soil Benchmarks 
Screening benchmarks and toxicity reference values (TRVs) used to evaluate the potential hazard 
to soil invertebrates and wildlife associated with exposure to the surface soil exposure point 
concentrations (EPCs). In general, toxicity information available in USEPA's ECOTOX 
database and other online resources (e.g., Integrated Risk Information System [IRIS] and 
International Chemical Database [INCHEM]) were reviewed to identify toxicity values for soil 
invertebrates, mammals, and birds. This information was supplemented with data reported in 
toxicity benchmark reports prepared for Oak Ridge National Laboratory (e.g., Efroymson et al., 
1997; Sample et al., 1996; Will and Suter, 1995) and other ecotoxicity review documents. 
Toxicity values were not identified for amphibians due to the lack of specific toxicological data 
for these receptors. 
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Floodplain Soil Invertebrate Benchmarks. Measures of effects to the floodplain soil 
invertebrate community associated with the Woonasquatucket River floodplain soils were based 
on literature-derived lexicological benchmarks. The values for earthworms and soil invertebrates 
that were used to select the COPECs are summarized in Appendix D (Table D-3) of the BERA 
(MACTEC, 2004). 

The effects considered for earthworms were measures of reproduction (e.g., cocoon formation) or 
mortality. Reproductive effects data are generally more sensitive than other endpoints; therefore, 
these data were selected when available. A factor of 0.1 was applied to toxicity data for 
reproductive effects to derive a no observed adverse effects level (NOAEL) equivalent. Mortality 
data based on LC5oS (the concentration that is lethal to 50% of a population of test organisms) was 
adjusted by a factor of 0.2 to derive a lowest observed adverse effect level (LOAEL). A second 
factor of 0.1 was applied to the LOAEL to derive a NOAEL (MACTEC, 2004). 

Data for soil and litter invertebrates are presented in Efroymson et al. (1997), who derived the 
10th percentile of the distribution of various toxic effects thresholds for soil invertebrate receptors. 
These values were selected, if available; otherwise soil benchmarks summarized by USEPA 
Region IV were used. For chemicals that lacked empirically-derived benchmarks, soil 
benchmarks were estimated using Quantitative Structure Activity Relationships (QSARs). 

Wildlife-based Benchmarks. Floodplain soil concentrations protective of incidental soil 
ingestion and consumption of contaminated prey pathways for wildlife receptors were developed 
to support the COPEC screening process in the BERA. These benchmarks were developed using 
conservative exposure assumptions and were derived using a process similar to that employed to 
calculate preliminary remediation goals (PRGs) (MACTEC, 2005). The value developed for the 
most sensitive wildlife receptor for each analyte is presented in Table D-3 of the BERA 
(MACTEC, 2004). 

The lower of the soil invertebrate and wildlife-based soil concentrations was selected as the 
screening benchmark. These values used to identify COPECs for floodplain soil medium are 
presented in Table 2. 

2.4.3 Contaminants of Potential Ecological Concern for Floodplain Soil 
COPECs were identified by comparing the maximum detected concentration of each analytical 
parameter to the selected screening benchmark. A summary of the COPEC screening process is 
summarized for each category of contaminants. 

Dioxins/Furans 
Most dioxin/furan congeners, except for three, were detected at all seven locations; the other three 
were detected at six locations (i.e., detection frequency equal to 86%). The only COPEC retained 
was 2,3,7,8-TCDD. Its maximum concentration was significantly higher than the conservative 
screening benchmark for floodplain soil. The maximum concentrations for most dioxin/furan 
compounds, including 2,3,7,8-TCDD, were found at station LPX-SD-4405 which is situated 
nearest to the Allendale Dam. It is located approximately 300 feet downstream of the dam and 
100 feet west of the riverbank (Figure 2). 

PCBs 
Each detected Aroclor had maximum detected concentrations that were greater than the 
conservative screening benchmark values; therefore, they were retained as COPECs. The 
remaining six Aroclors were not detected in any sample (i.e., detection frequency equal to zero). 
Total Aroclor was found at all three locations with the maximum levels detected at LPX-SD
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shrew were estimated using literature-derived uptake factors. Exposure modeling was conducted 
using the inputs presented in Table 20 of the BERA (MACTEC, 2004). 

2 J.J Omnivorous Wildlife Populations 

AE (3): Protection and maintenance of omnivorous mammal populations. 

The following risk question was established for this assessment endpoint: 

•	 Do doses of COPECs ingested by omnivorous wildlife (as represented by the raccoon) 
exceed TRVs or TEQs for adverse effects on survival, growth, or reproduction? 

The following measurement endpoint was selected to evaluate risk to this endpoint receptor 
group: 

• Comparison of estimated ingestion doses in omnivorous mammals with TRVs and TEQs. 

Risks to omnivorous mammals (raccoons) were evaluated by comparing estimated dietary doses 
associated with the consumption of contaminated drinking water, prey, and the incidental 
ingestion of soil with TRVs and TEQs. 
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3.0 ECOLOGICAL RISK EVALUATION 

This section provides an ecological risk evaluation for the floodplain soil invertebrate 
community, vermivorous bird and mammal populations, and omnivorous mammal populations 
that may be present in the Oxbow Area of the Centredale Site. The risk evaluation uses the 
measurement endpoints described in Section 2.5. For each receptor category, results of the 
benchmark screening are presented along with a summary of applicable site-specific data 
collected to support the BERA (MACTEC, 2004). In addition, average COPEC concentrations 
were also used to derive preliminary risk estimates to allow a more complete comparison to the 
associated findings in the BERA. 

For each assessment endpoint, the components of the exposure and effect evaluations are 
described, followed by the risk characterization analysis and a summary of the assessment 
findings. 

3.1 FLOODPLAIN SOIL INVERTEBRATE COMMUNITY 
Potential risks to the floodplain soil invertebrate community were evaluated using the 
measurement endpoints discussed in Section 2.5. These include (1) a comparison of floodplain 
soil COPEC concentrations to benchmarks/guidelines; (2) a comparison of estimated COPEC 
concentrations (derived using site-specific BSAFs) in floodplain soil invertebrates to literature-
derived CBR values; and (3) a site-specific study of floodplain soil invertebrate community 
structure/function conducted to support the BERA of other floodplain habitat within the 
Centredale Site. 

3.JJ Exposure Assessment 
Exposure to COPECs in floodplain soil by invertebrates were evaluated using measured Oxbow 
Area floodplain soil data, estimated earthworm tissue data (derived using site-specific BSAFs), 
and historical data collected in 2001 to support the BERA. Table 2 summarizes the maximum 
and average COPECs concentrations that were used to estimate exposure to floodplain 
invertebrates in this evaluation. 

Table 3 presents the estimated maximum and average concentrations of COPECs in earthworm 
tissue based on uptake modeling using the site-derived BSAFs. As described in the BERA 
(MACTEC, 2004), analytical chemistry data for co-located earthworm tissue and associated soil 
samples were used to develop BSAFs for predictive uptake modeling of bioaccumulating 
COPECs. These samples were collected from 11 locations throughout the Centredale Site and 
were used to evaluate whether prey tissue concentrations posed a risk of direct harm to 
invertebrates or to vermivorous wildlife that may forage on these organisms. In addition, these 
BSAFs were used to develop PRGs protective of ecological exposures in floodplain habitat. 
Table A-l of the BERA (MACTEC, 2004) presents a summary of the analytical samples for 
floodplain soil and earthworm tissue that were used in to develop the earthworm tissue BSAFs. 
Table J-8 in the BERA (MACTEC, 2004) presents the earthworm BSAFs developed for the 
Centredale Site. 

The following equation was used to estimate concentrations in earthworm tissue based on 
measured concentrations in floodplain soil: 
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_BSAF*Cmit*%lipid 
L^earthwonn — (Equation 1) 


%TOC 


where: 

^•earthworm chemical concentration in earthworm tissue (|ag/g - ww) 
BSAF biota soil accumulation factor derived using site-specific data 

(expressed as gorganic carbon - dw/g ijpid - WW) 

soil maximum chemical concentration in floodplain soil (ug/g - dw) 
% lipid lipid content of earthworm (gupid/g; both ww basis) 
%TOC total organic carbon content of floodplain soil (g organic ca 

both ww basis) 

Table 3 summarizes estimated maximum and average tissue concentrations for COPECs in 
Oxbow Area earthworms. For this Addendum, the average earthworm lipid content (i.e., 2.7 %) 
measured in the three earthworm samples collected in Lyman Mill Pond Exposure Area during 
the June 2001 field sampling program was used to estimate Oxbow Area earthworm lipid content. 
TOC was measured in three floodplain soil samples collected in the Oxbow Area in 2004; as 
indicated in Table 2, concentrations range from 13 to 36%. The average TOC measured in LPX
SD-4402 and corresponding field duplicate (i.e., 8.9%) was conservatively selected as the input 
parameter in Equation 1 for the purposes of modeling COPEC uptake into floodplain 
invertebrates. If the average TOC measured in the three floodplain soils (21.6%, Table 2) were 
used to estimate the Ceartnworm term in the above equation, the estimated concentrations would 
have been over two times lower than was assumed in this Addendum (i.e., 21.6/8.9). 

3
J.7.2 Effects Assessment 
The measurement endpoints selected to evaluate this assessment endpoint are discussed in the 
following section. 

Comparison of floodplain soil COPEC concentrations to benchmarks/guidelines. TRVs used 
to evaluate the potential hazard associated with invertebrate exposure to surface soil are presented 
in Table D-3 of the BERA (MACTEC, 2004). For this Addendum, the TRVs were compared to 
the maximum and average COPEC concentrations for floodplain soil (Table 2) to derive hazard 
quotients (HQs) as ratios of the exposure estimate to the TRY (Table 4). 

Comparison of measured site-specific COPEC concentrations in floodplain soil invertebrates 
to literature-derived critical body residue (CBR) values. Critical body residue data, as described 
in the BERA (MACTEC, 2004) were compiled from various sources. For each contaminant class 
and general effect category (i.e., mortality, growth, and reproduction), LOAELs and NOAELs 
were selected. Occasionally either a NOAEL or LOAEL could not be established from the 
information in the database, resulting in an unbounded estimator of the effect threshold for a 
given taxon/effect category (Table G-l of the BERA). CBRs (Table G-l of the BERA) were 
compared to the estimated earthworm tissue concentrations to derive HQs as ratios of the 
exposure estimate (either maximum or average estimated earthworm tissue concentration) to the 
CBR estimate (either based on the NOAEL or LOAEL) (Table 5). 

Site-specific study of floodplain soil invertebrate community structure/function. In 2001, the 
floodplain soil community associated with the Woonasquatucket River was surveyed at 11 
sampling stations. At each location, the soil invertebrate community was sampled and a 
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representative floodplain soil sample was collected. A total of 19 soil invertebrate taxa, including 
seven species of earthworms, were identified in Allendale Pond, Lyman Mill Pond, and 
Greystone Mill Pond floodplain soil samples. Earthworms numerically dominated the taxonomic 
community samples, representing approximately 73% of the overall fauna collected. 
Aporrectoda rosea dominated the upriver background stations and Lumbricus rubellus was 
dominant in the Centredale Site sampling locations. Other invertebrates included arthropods, 
gastropods, and nematodes. Additional details are presented in Appendix E of the BERA 
(MACTEC, 2004). 

No specific information regarding the status of the floodplain soil community associated with the 
Oxbow Area is available. However, the relationships between floodplain soil chemistry and the 
findings of the 2001 invertebrate community study were used in this Addendum to make 
inferences about the status of the Oxbow Area invertebrates (see Section 3.1.3). 

3.1.3 Risk Characterization 
This section provides an evaluation of each of the measurement endpoints established to 
characterize risk to the floodplain soil invertebrate community. 

Comparison of floodplain soil COPEC concentrations to benchmarks!guidelines. TRVs were 
compared to the maximum and average COPEC concentrations for floodplain soils and an HQ 
was determined. Results are presented in Table 4. The HQs derived using the maximum detected 
COPEC concentrations for all five pesticides exceed one. Dieldrin has the highest exceedence 
level, with an HQ of 130. The HQs for total Aroclor, Aroclor 1254, Aroclor 1268, and 2,3,7,8
TCDD are less than one. Of the 15 metals analyzed, nine have HQs that exceed one. Chromium 
and zinc have the highest risk at 260 and 19, respectively. 

HQs were also derived by comparing the average exposure to the TRVs to provide a better point 
of reference to the results of the BERA. For pesticides, only the HQ for 4,4'-DDT does not 
exceed one (0.51). The average total pesticide hazard index (HI) (the sum of all the HQs) is 66, 
compared with the maximum HI of 170. As with the maximum HQ for Aroclors and 2,3,7,8
TCDD, the average HQs do not exceed one for any COPECs. Seven of the 15 metals have HQs 
greater than one, with chromium, manganese, and zinc having the highest HQ values (180, 8.3, 
and 6.4, respectively). 

Total Oxbow Area risks, as represented by the HI are 480 using the maximum soil concentration 
and 280 using the average soil concentration. The majority of risk is attributed to metals and 
pesticides (see histograms identified as "OXB" in Figure 8). 

Comparison of estimated COPEC concentrations in floodplain soil invertebrates to literature-
derived critical body residue (CBR) values. The CBRs obtained from the summary of tissue 
effects data presented in Table G-l of the BERA (MACTEC, 2004) were compared to soil EPCs 
to determine potential risk to soil invertebrates. Results are presented in Table 5 and Figure 9. 
No PCB HQ exceeds one for any comparison. For pesticides, only the dieldrin HQ exceeds one 
for the maximum soil concentration compared to the NOAEL. For the maximum soil 
concentration of metals, the HQs for five metals (cadmium, copper, lead, vanadium, and zinc) 
exceed both the NOAEL and LOAEL benchmarks. A NOAEL was not available for barium, but 
the estimated tissue concentration does exceed the LOAEL-based CBR. A LOAEL value was not 
available for manganese, but the estimated tissue concentration slightly exceeds the NOAEL-
based CBR (2.8). For the average concentration of metals in the Oxbow Area, estimated tissue 
concentrations of cadmium, lead, vanadium, and zinc all exceed both the NOAEL- and the 
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LOAEL-based CBR values. The NOAEL-based HQ for copper is 1.0. The results for the 
average estimated tissue concentrations of selenium, barium, and manganese are similar to 
findings based on the maximum concentrations. The estimated tissue concentration of 2,3,7,8
TCDD only slightly exceeds the NOAEL-based CBR (HQ -1.1). 

Total Oxbow Area risks are 83 for a NOAEL-based HQ and 240 for a LOAEL-based HQ using 
the maximum soil concentration. For the average soil concentration, the NOAEL-based HQ is 32 
and the LOAEL-based HQ is 120. Inorganic contaminants are the major contributor to risk 
(Figure 9). 

Site-specific study of floodplain soil invertebrate community structure/function. According to 
the BERA (MACTEC, 2004), the floodplain soil invertebrate community along the 
Woonasquatucket River is comprised of organisms that are typically found in forested habitats 
along stream banks. The number of taxa found at sampling stations downstream of the 
Centredale Site was generally greater than found in the background area. Organisms found at 
upstream background stations were also found at downstream stations and no organisms were 
restricted to upstream stations exclusively. Based on a comparison of the relative abundance of 
organisms, the species diversity, and the overlap of shared fauna, no adverse effects were evident 
in the floodplain invertebrate communities associated with Allendale Pond and Lyman Mill Pond, 
relative to the upstream background locations. Further details are provided in Appendix E of the 
BERA (MACTEC, 2004). 

Based on the similarity of soil chemistry, the findings of the BERA suggest that the invertebrate 
fauna should be comparable to other exposure areas within the Centredale Site and not 
distinguishable from the upriver background area. 

3.1.4 Risk Assessment Summary for Soil Floodplain Invertebrates 
Tables 6 and 7 present the results of the incremental risk evaluation for the soil and earthworm 
tissue media. Regarding the comparison to soil benchmarks, the incremental risks for the Oxbow 
Area are dominated by pesticide compounds and metals (primarily, zinc). The risk associated 
with dieldrin exposure dominates the incremental risk estimates (Table 6); pesticides also 
dominated the incremental risk estimates for the Allendale Pond floodplain area in the BERA 
(Table 77, MACTEC, 2004); although the magnitude of the incremental risk is somewhat higher 
for the Oxbow Area. In contrast, the incremental risk for the residue-based assessment of 
estimated earthworm tissue concentrations were considerably lower, with only cadmium and zinc 
contributing to the incremental risk significantly (LOAEL-based incremental risk estimates of 20 
and 1.7, respectively) (Table 7). 

Based on a comparison of maximum and average floodplain soil concentrations to screening 
benchmarks, the soil invertebrate community occurring within the Oxbow Area may be at 
potential risk of harm due to exposure to site-related contaminants in floodplain soils associated 
with exposure to a number of pesticides (including dieldrin, lindane, 4,4-DDE, and 4,4'-DDD) 
and zinc. However, the analysis of estimated earthworm tissue concentrations presents less 
indication that the community is at risk of harm. An evaluation of the soil invertebrate 
community study that was conducted to support the BERA also provides less indication of risk to 
this receptor group. 

3.2 VERMIVOROUS WILDLIFE POPULATIONS 
This section evaluates risk to vermivorous bird populations (as represented by the American 
woodcock) and mammal populations (as represented by the short-tailed shrew). Two 
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measurement endpoints were selected to evaluate the assessment endpoint for these receptors 
(Section 2.5) including: (1) a comparison of estimated ingestion doses in vermivorous wildlife 
with TRVs and TEQs; and (2) a comparison of measured and estimated vermivorous wildlife 
tissue and/or egg residues with CBR data. The following section describes the estimation of 
vermivorous wildlife tissue and development of a food web model to predict exposure and the 
data used in the assessment. 

3.2.7 Exposure Assessment 

Comparison of estimated ingestion doses in vermivorous wildlife with TRVs and TEQs. To 
predict the exposure of vermivorous wildlife to COPECs from the ingestion of soil invertebrates, 
a food web model was used to calculate a daily dose of COPECs as a result of consumption by 
the representative species. Estimated Daily Intakes (EDIs) of COPECs were calculated as the 
measure of exposure for each selected wildlife receptor. The EDIs are expressed as milligrams of 
contaminant per kilogram bodyweight ingested on a daily basis (mg/kg-day). The following dose 
model was used to estimate daily exposure of contaminants to wildlife receptors: 

EDI = {[(Cloa x IRSOii)+Z(Cfwdi x lR}oodi)] x SFF }/BW (Equation 2) 

where: 

EDI = daily dose resulting from ingestion of soil and food (ug/g - day) 
CSoii = concentration of COPEC in surface soil (ug/g; dw basis) 
IR*»v = estimate of receptor's daily ingestion rate of surface soil (kg/day) 
Cfood = concentration of COPEC in food tissue (ug/g; ww basis) 
IR/oorf = estimate of daily ingestion rate of food tissue (kg/day) 
SUF = site use factor (unitless) 
BW = body weight (kg) 

As discussed in Section 3.1.1., site-specific biota-soil accumulation factors (BSAFs) were used to 
estimate the uptake of bioaccumulating COPECs into earthworm tissue (Table 3), which was 
assumed to be the primary prey type consumed by vermivorous wildlife that forage in the Oxbow 
Area.. The exposure parameter values summarized in Tables 8 and 9 are consistent with those 
employed in the BERA. 

Dose estimates to wildlife receptors were estimated using both maximum and average exposure 
estimates. Exposure dose estimates for the woodcock and short-tailed shrew based on exposure 
to maximum contaminant concentrations in the Oxbow Area are presented in Appendix C. 

Appendix D presents the corresponding dose estimates based on the average exposure estimates. 
Two exposure related assumptions were used to calculate the average dose estimates; these 
included incorporating information on a receptor's typical foraging range (rather than assuming 
100% site utilization) and the use of average rather than maximum detected concentrations in 
exposure media (i.e., soil and contaminated biota). 
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Comparison of estimated vermivorous avian egg and mammalian tissue concentrations with 
CBR data. Literature derived biomagnifications factors (BMFs) were used to estimate the TCDD 
TEQs in vermivorous mammal and avian egg tissues. The development of BMFs is discussed in 
Section 7.1.2 of the BERA (MACTEC, 2004). The following equation was used to estimate 
receptor tissue concentrations (either eggs for the woodcock or whole body tissue for the short-
tailed shrew) based on prey tissue concentrations: 

BMP *Ceanhwom *%Hpidavuan_egg 
i-egg — • (Equation 3) 

%lipidearthwon 

where: 

estimated chemical concentration in avian egg tissue (mg/kg 
ww) 

BMP literature-based biota magnification factor (expressed as 
Kgearthworm lipid'"gavian_egg lipid.) 

*-' earthworm estimated chemical concentration in earthworm prey (mg/kg 
ww) 

% lipidavian_egg lipid content of avian egg tissue (ww basis) 
lipid content of earthworm tissue (ww basis) 

A similar transfer factor was used to estimate small mammal tissue concentrations based on 
dietary exposure to contaminated earthworms. BMFs for vermivorous wildlife were estimated 
using transfer factors obtained from the literature that were derived for gull egg tissue (based on 
adult consumption offish; Braune and Norstrom, 1989) and otter liver (based on consumption of 
fish; Leonards et al., 1997). Estimated woodcock egg tissue concentrations for 4,4'-DDE, and 
dieldrin (only pesticides COPECs with both available BMFs and egg tissue CBRs) and TCDD 
TEQ are presented in Table 10. Table 11 presents the TCDD TEQ estimate for whole body 
shrew tissue. 

3.2.2 Effects Assessment 
The data used to establish the relationship between exposure and adverse effects to vermivorous 
receptors for both measurement endpoints are discussed below. 

Comparison of estimated insestion doses in vermivorous wildlife with TRVs and TEQs. Dose 
estimates were compared to TRVs compiled to support the BERA to derive HQs based on both 
NOAEL and LOAEL effect levels. TRVs used to derive hazard estimates are presented along 
with the exposure estimates in Tables C.I and C.2 for the woodcock and shrew receptors, 
respectively. The selected TRVs were based on studies that reported effects on the key 
demographic endpoints of mortality, growth, or reproduction (Table D-4 of the BERA) 
(MACTEC, 2004). No avian bird TRV for either antimony or cobalt is available and the potential 
risks to birds associated with exposure to these two floodplain soil COPECs is discussed in the 
uncertainty evaluation. 

Comparison of estimated vermivorous avian ess and mammalian tissue concentrations with 
CBR data. CBRs based on NOAEL and LOAEL values for avian egg and mammal whole body 
tissue are presented in Table G-l of the BERA (MACTEC, 2004). Wildlife tissue concentrations 
derived using both the maximum and average estimated earthworm tissue concentrations were 
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compared to both NOAEL- and LOAEL-based CBRs to estimate potential for adverse effects 
associated with the bioaccumulation of COPECs to wildlife receptors. 

3.2.3 Risk Characterization 
The results of the exposure and effects evaluations were combined to characterize potential risks 
to vermivorous wildlife receptors exposed to contaminated food and soil at the Oxbow Area. 
Results from the dose modeling and tissue residue analyses are discussed separately. 

Comparison of estimated ineestion doses in vermivorous wildlife with TRVs and TEQs. Hazard 
quotients for the woodcock and short-tailed shrew receptors based on maximum exposure 
estimates are presented in Tables C.I and C.2, respectively. Tables C.l-2 and C.l-4 present 
estimated doses based on exposure to maximum concentrations to floodplain soil and 
contaminated earthworms to the woodcock receptor, respectively; C.2-3, C.2-5, and C.2-7 present 
estimated doses based on maximum concentrations to floodplain soil, floodplain plants, and 
contaminated earthworms to the shrew receptor, respectively. NOAEL- and LOAEL-based 
hazard estimates are combined across all exposure pathways for the woodcock (Tables C.I-5 and 
C.I-6, respectively) and shrew (Tables C.2-8 and C.2-9). Appendix D presents the corresponding 
hazard quotients based on the average exposure estimates. NOAEL- and LOAEL-based hazard 
estimates are combined across all exposure pathways for the woodcock (Tables D.I-5 and D.I-6, 
respectively) and shrew (Tables D.2-8 and D.2-9). 

For the American woodcock, 12 COPECs exceed the NOAEL-based HQ using the maximum soil 
concentration: lead, dioxin (presented as TEQ bird), zinc, chromium, beryllium, total Aroclor, 
cadmium, Aroclor 1254,4,4'-DDE, selenium, 4,4'-DDD, and barium (Table C.l-5). The total 
risk (HI) is 110, with the majority of risk attributed to lead (33%), followed by dioxin (28%), zinc 
(15%), chromium (6%), beryllium (4%), total Aroclor and cadmium (3%), Aroclor 1254 and 4,4'C DDE (2%) (Figure 10). The remaining COPECs contribute 1% to the total risk. Sixty-four 
percent of the total risk to the woodcock can be attributed to the ingestion of soil, while 36% can 
be attributed to the ingestion of soil invertebrates. The estimated exposure does of only five 
COPECs exceed the LOAEL-based TRVs (i.e., HQ greater than one): lead, dioxin, zinc, 
chromium, and total Aroclor. The total risk is 14, with the majority from lead (26%), dioxin 
(22%), zinc (13%), chromium (10%), and total Aroclor (9%) (Table C.l-6, Figure 10). 

Using the average soil concentration, estimated exposures for seven COPECs exceed the 
NOAEL-based TRV: dioxin, lead, zinc, chromium, beryllium, cadmium, and total Aroclor 
(Table D. 1-5). The total risk is 46 with the majority of risk attributed to dioxin (29%), lead 
(25%), zinc (13%), and chromium (11%). For the LOAEL-based risk, the exposure dose 
estimates for only three COPECs exceeded respective TRVs: dioxin, lead and chromium. The 
total risk was slightly above one (6.1) with 21% of it attributed to dioxin, 19% attributed to lead, 
and 17% attributed to chromium (Table D.l-5). 

For the short-tailed shrew, the dose estimates for 12 COPECs exceed the NOAEL-based TRVs 
using the maximum soil concentration: dioxin (presented as TEQ mammal), copper, antimony, 
cobalt, vanadium, cadmium, arsenic, total Aroclor, Aroclor 1254, selenium, molybdenum, and 
zinc. The total HI is 610. The majority of risk (73%) is attributed to dioxin, followed by copper 
(9%), antimony (7%), and cobalt (3%) (Figure 11). The additional COPECs contribute 1% or 
less to the total risk. Sixty-one percent of the risk to the shrew can be attributed to the ingestion 
of invertebrates, while the ingestion of soil comprise 38% of the risk, and the ingestion of plants 
accounting for only 2% of the total risk (Table C.2-8). For the LOAEL-based analysis, the HQs 
of only seven COPECs exceed one: dioxin, copper, antimony, selenium, vanadium, cobalt, and C zinc (Table C.2-9, Figure 11). The total HI is 66. Dioxin accounts for the majority of the risk 
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(68%), followed by copper (9%), antimony (7%), selenium (4%), vanadium and cobalt (3%), and 
zinc (2%). 

Using the average soil concentrations, only zinc is eliminated as a primary risk contributor for the 
NOAEL-based comparison. The total risk based on average soil concentrations is 260 rather than 
610 as determined for evaluation of maximum conditions. The largest contributions of risk are 
from five COPECs: dioxin (71%), antimony and copper (7%), cobalt (5%), and vanadium (3%) 
(Table D.2-8). The total HI for the LOAEL-based analysis is 29, with the majority of risk 
attributed to dioxin (64%), antimony (7%), copper and selenium (6%), vanadium (5%), and 
cobalt (4%) (Table D.2-9). 

Figures 10 and 11 present graphically the NOAEL- and LOAEL-based hazard quotient estimates 
for the American woodcock and short-tailed shrew receptors, respectively. The HQs based on 
average exposure estimates are presented to facilitate comparison with the result derived in the 
BERA for the other exposure areas containing floodplain habitat (i.e., Allendale Pond "APB" and 
Lyman Mill Pond "LPX") along with results for the upriver background area (i.e., Greystone Mill 
Pond "GMP"). Only the subset of COPECs contributing most substantially to the overall Hazard 
Index (HI) is presented. In both Figures 10 and 11, the primary contribution of the TCDD TEQ 
(and specifically 2,3,7,8-TCDD; Figure 5) to the overall risk estimate is evident, as is the 
substantial risk relative to background conditions for this COPEC. While various inorganic 
COPECs also contribute to the overall risk estimates, their significance is less than that of TCDD 
TEQ; moreover, hazard estimates at the Oxbow Area based on vermivorous wildlife exposure to 
inorganic COPECs are similar to the estimates derived for the Greystone background area. 

Relative to the risk findings presented in the BERA (MACTEC, 2004), potential risks to both 
vermivorous wildlife receptors exposed in the Oxbow Area are somewhat higher than either for 
Allendale Pond and Lyman Mill Pond (Figures 10 and 11). 

Comparison of estimated vermivorous avion ess and mammalian tissue concentrations with 
CBR data. Tables 10 and 11 summarize the hazard quotients derived by comparing maximum 
estimated woodcock egg tissue and shrew liver concentrations to NOAEL- and LOAEL-based 
CBRs. 

Joint estimated egg tissue residue and CBR values were only available for two pesticides 
(LOAEL-based CBRs only): 4,4'-DDE and dieldrin. For the maximum soil concentrations both 
HQs exceed one with a combined HI of 4.2. For the average soil concentration, only the HQ for 
4,4'-DDE slightly exceeds one (1.1). For total dioxin (TEQ bird) all HQs exceed one. Thus, 
dioxin contributes the majority of the total risk to the avian egg tissue endpoint (Figure 12). 

Tables 10 and 11 also present HQs based on estimated average COPEC concentrations in 
woodcock egg and shrew liver to NOAEL- and LOAEL-based CBRs. 

Estimated mammalian tissue data for pesticides and dioxins were compared to NOAEL- and 
LOAEL-based CBRs to determine any potential risks to mammals (Table 11). Only risk from 
dioxin was calculated. For the maximum soil concentration, the NOAEL-based HQ was 46, the 
LOAEL-based HQ was 30; for the average soil concentration, the NOAEL-based HQ was 17, the 
LOAEL-based HQ was 11 (Figure 13). 

3.2.4 Risk Assessment Summary for Vermivorous Wildlife Populations 
Tables 12 and 13 present the results of the incremental risk evaluation for the woodcock and 
shrew receptors, respectively. Only those COPECs with calculated NOAEL-based incremental 
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HQs exceeding one are presented. In both cases, the incremental risks (i.e., Oxbow Area 
estimates minus the results for the Greystone background area) are dominated by the TEQ-bird 
(and specifically 2,3,7,8-TCDD). For the woodcock receptor, the NOAEL- and LOAEL-based 
incremental HQs for the TCDD TEQ are 13 and 1.3, respectively and this is the only COPEC 
with a LOAEL-based HQ in excess of one (Table 12). The remaining NOAEL- and LOAEL-
based HQs for the other COPECs (zinc, lead, and total Aroclors) bracket the value of one which 
is the area of greatest interpretive uncertainty with regards to whether these exposures would 
actually pose a threat to the woodcock. The incremental risk findings for the woodcock are 
similar to those derived in the BERA (Table 150 of MACTEC, 2004) where NOAEL- and 
LOAEL-based incremental HQs of 6.6 and 0.6 were estimated for Allendale Pond Exposure 
Area. 

The results of the incremental risk evaluation for the shrew receptor are similar (Table 13). 
2,3,7,8-TCDD (TEQ-mammal) makes the most substantial contribution to the overall incremental 
risks) and there was a similar finding in the BERA for the Allendale Pond Exposure Area where 
NOAEL- and LOAEL-based HQs for this COPEC are 130 and 13, respectively (Table 151 of 
MACTEC, 2004). Incremental risk estimates (34 and 3.4 for NOAEL- and LOAEL-based HQs, 
respectively) for Lyman Mill Pond Exposure Area are approximately one third less than observed 
in Allendale (Table 151 of MACTEC, 2004). Other COPECs contributing to the incremental 
risks include antimony, total Aroclor, Aroclor 1254, and cadmium. With the exception of 
antimony, only the NOAEL-based HQs for these other COPECs slightly exceed one and thus 
make an insignificant contribution to the overall risks to the shrew receptor. The NOAEL- and 
LOAEL-based HQs for antimony are 13 and 1.3, respectively (Table 13) and because both 
estimates exceed one, it is concluded that exposure to this COPEC could also have an adverse 
Site-related effect on shrew populations. Nonetheless, 2,3,7,8-TCDD makes by far the most 
substantial contribution to the overall incremental risks determined for the Oxbow Area. 

Vermivorous mammal and bird populations that occur within the Oxbow Area appear to be at 
substantial risk of harm due to direct exposure to site-related contaminants in floodplain soil and 
bioaccumulated in prey items. 2,3,7,8-TCDD is the most substantial contributor to the estimated 
risks to vermivorous receptors. In addition, consumption of contaminated earthworm prey may 
result in elevated tissue residues in these receptors resulting in adverse reproductive effects (i.e., 
bioaccumulation hazard). Dietary exposures and modeled tissue burdens in avian eggs and 
mammal liver tissue also pose a substantial risk of harm to vermivorous wildlife species. 

These results assume that complete exposure pathways exist for these wildlife receptors in the 
Oxbow Area. The uncertainties associated with this assumption (including presence of sensitive 
receptor in an urbanized setting and adequate forage base) are discussed in Section 4. 

3.3 OMNIVOROUS MAMMAL POPULATIONS 
This section evaluates risk to omnivorous mammal populations (as represented by the raccoon) 
from exposure to COPECs. The single measurement endpoint selected to evaluate the assessment 
endpoint for this receptor was the comparison of ingestion dose estimates to TRVs and TEQs. 
No comparison of CBRs to estimated omnivorous mammal tissue was conducted due to the 
uncertainties associated with tissue residues in receptors that consume a wide variety of food 
types. This section presents the approach used to model COPEC exposures by omnivorous 
mammals. 
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3.3.1 Exposure Assessment 
Daily dose estimates were derived for the raccoon receptor using the procedures described in 
Section 3.2.1. The exposure parameters presented in Table 14 (which are consistent with those 
employed in the BERA) were used to estimate daily exposures associated with the incidental soil 
ingestion and consumption of contaminated food pathways. 

As was done for the vermivorous receptors, dose estimates to the omnivorous wildlife receptor 
were estimated using both maximum and average exposure estimates. Exposure dose estimates 
for the raccoon based on exposure to maximum concentrations in the Oxbow Area are presented 
in Tables C.3-3, C.3-5, and C.3-7 present estimated doses based on maximum concentrations to 
floodplain soil, floodplain plants, and contaminated earthworms to the raccoon receptor, 
respectively; Tables C.3-2, C.3-4, and C.3-6, document the exposure parameter assumptions used 
to derive the exposure estimates for each of these three environmental media. Table C.3-1 
presents the estimated plant tissue concentrations that were derived using literature BAFs as was 
done in the BERA. 

Appendix D presents the corresponding dose estimates based on the average exposure estimates 
for the raccoon receptor. Two exposure related assumptions were relaxed to calculate the average 
dose estimates; these included incorporating information on a receptor's typical foraging range 
(rather than assuming 100% site utilization) and the use of average rather than maximum detected 
concentrations in exposure media (i.e., soil and contaminated biota). 

3.3.2 Effects Assessment 
Dose estimates were compared to TRVs compiled to support the BERA to derive HQs based on 
both NOAEL and LOAEL effect levels. TRVs used to derive hazard estimates are presented 
along with the exposure estimates in Tables C.3. The selected TRVs were based on studies that 
reported effects on the key demographic endpoints of mortality, growth, or reproduction (Table 
D-4 of the BERA) (MACTEC, 2004). 

3.3.3 Risk Characterization 
The results of the exposure and effects evaluations were combined to characterize potential risks 
to omnivorous mammal receptors exposed to contaminated food and soil at the Oxbow Area. 

Hazard quotients for the raccoon, based on maximum exposure estimates, are presented in 
Appendix C. Tables C.3-3, C.3-5, and C.3-7 present estimated doses based on maximum 
concentrations to floodplain soil, floodplain plants, and contaminated earthworms to the raccoon 
receptor. NOAEL- and LOAEL-based hazard estimates are combined across all exposure 
pathways and presented in Tables C.3-8 and C.3-9, respectively. 

For the raccoon, eight COPECs exceed one for the NOAEL-based maximum soil HQ (Table C.3
8). The total risk is 80, with the majority of risk attributed to dioxin (TEQ mammal) (61%), total 
Aroclor and Aroclor 1254 (10%), antimony (5%), cobalt and arsenic (3%), vanadium (2%), and 
molybdenum (1%) (Figure 14). The soil ingestion pathway contributes the majority of the risk 
(61%), followed by the ingestion of terrestrial invertebrates (36%). For the LOAEL-based HQs, 
three COPECs exceed one: 2,3,7,8-TCDD, total Aroclor, and Aroclor 1254. The total risk is 11 
with the majority of it attributed to 2,3,7,8-TCDD (42%), followed by total Aroclor and Aroclor 
1254 (18% each). 

Appendix D presents the corresponding hazard quotients based on the average exposure 
estimates. NOAEL- and LOAEL-based hazard estimates are combined across all exposure 
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pathways in Tables D.3-8 and D.3-9. Using the average soil concentration, only dioxin has a 
NOAEL-based HQ above one, and contributed to 59% of the total risk (3.6). The HQ for no 
COPEC exceeds one in the analysis based on LOAELs. The total risk is also below one (0.51). 

Figure 14 graphically presents the NOAEL- and LOAEL-based hazard quotient estimates for the 
raccoon receptor exposed to floodplain soils in the Oxbow Area. The HQs based on average 
exposure estimates are presented to facilitate comparison with the result derived in the BERA for 
the other exposure areas containing floodplain habitat (i.e., Allendale Pond "APB" and Lyman 
Mill Pond "LPX") along with results for the upriver background area (i.e., Greystone Mill Pond 
"GMP"). Only the subset of COPECs contributing most substantially to the overall Hazard Index 
(HI) is presented. Although the NOAEL-based HQ for TCDD TEQ (i.e., 2,3,7,8-TCDD) exceeds 
one, the LOAEL-based HQ does not exceed one, nor do the HQs for any other COPEC. The risk 
estimates for the Oxbow Area appear to be elevated relative to the BERA findings for Allendale 
Pond and Lyman Mill Pond; however, the Oxbow Area findings appear to support a similar 
conclusion that the raccoon is not at substantial risk of harm associated with foraging activities 
within this area. As discussed further in the BERA (MACTEC, 2004), the exposure modeling for 
the raccoon assumed that an individual raccoon only spends 50% of its time foraging within the 
Woonasquatucket River; the aquatic exposures were found to pose more significant risks to this 
receptor (MACTEC, 2004). 

3.3.4 Risk Assessment Summary for Omnivorous Mammal Populations 
Table 15 presents the results of the incremental risk evaluation for the raccoon. TCCD TEQ was 
the only COPEC with calculated NOAEL-based incremental HQs exceeding one and this only 
slightly (i.e., 1.6). These findings support a conclusion that the raccoon population (and other 
receptors with similar diets) is not likely at substantive risk of harm as a result of foraging within 
the Oxbow Area. Omnivorous mammal populations that forage within the study area are not at 
substantial risk of harm due to exposure to site-related contaminants in floodplain soil and 
terrestrial prey items. 
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4.0 ECOLOGICAL RISK UNCERTAINTY ANALYSIS 

This section includes a discussion of major limitations of the analyses, any sources of 
uncertainties, and, if possible, any indication as to whether these uncertainties and limitations 
may have resulted in an over- or under-estimation of risk. The uncertainty section may also 
include unusual site conditions or extenuating circumstances that may be pertinent to risk 
management decisions. Uncertainties in the quantification of risk associated with the site are 
identified and their impacts on risk estimates are discussed below. 

Uncertainties associated with the selection of COPECs, exposure assessment, effects assessment, 
and overall risk characterizations are discussed. The major uncertainties are summarized in Table 
16. 

4.1 PROBLEM FORMULATION 
The main problem formulation uncertainties are associated with the selection of receptors, the 
identification and selection of COPECs, and the spatial boundary of the exposure area. 

4.1.J Selection of Receptors of Concern 
Receptor species were selected that would be expected to receive elevated exposures to 
contaminants that bioaccumulate in floodplain habitat. Although considerable time was spent by 
trained biologists in the study area during the 2001 field sampling program, no quantitative 
census of wildlife populations occurred and the presence of the selected wildlife receptors at the 
Oxbow Area have not been confirmed. It is possible that the available habitat, which is located 
within an urbanized area, is not capable of supporting sensitive species such as the woodcock, for 
instance. 

Consistent with the approach employed in the BERA, this Addendum did not specifically 
evaluate plant species as a receptor group; however, there is no indication that plants are sensitive 
to TCDD and other COPECs with dioxin-like effects as they lack the Ah receptor. Although 
certain inorganic analytes are known to have phytotoxic effects, levels of inorganic COPECs at 
the Oxbow Area were shown to be generally consistent with background conditions for the 
watershed. 

As noted during a Centredale Site visit in April 2006, portions of the Oxbow Area are ponded 
throughout part of the year. While only exposures to floodplain soil by soil invertebrates and 
wildlife were evaluated in the Addendum, aquatic invertebrates and amphibians may be 
additional receptors that could be seasonally exposed. These receptors were not evaluated in the 
Addendum because surface water data were not available. Further habitat characterization work 
that is planned to be conducted by USAGE (includinga vernal pool survey, wetland delineation, 
and functional assessment) will provide additional information necessary to evaluate the 
significance of these other exposures. 

Furthermore, one of the assumptions for the wildlife exposure modeling is that the habitat 
provides a soil invertebrate forage base adequate to support populations of vermivorous wildlife 
such as woodcock and shrews. To the extent that surface hydrology results in Oxbow Area soils 
to remain saturated throughout a substantial portion of the year, this assumption may result in 
exposures to these receptors being over-estimated. This would particularly be the case if COPEC 
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concentrations are positively correlated with the more depositional, higher organic carbon areas 
that would be more prone to prolonged flooding conditions. 

4.J.2 Identification and Selection ofCOPECs 
The extensive environmental investigations have provided a substantial body of information that 
has been utilized in the BERA. The identification of COPECs was done in a conservative manner 
that assured that the quantification of risk to ecological receptors included all relevant potential 
stressors. The use of conservative screening benchmarks that considered both invertebrate and 
wildlife protect!veness ensured that all relevant contaminants were retained for the analysis. 

Although Oxbow Area floodplain soil samples were not analyzed for certain analytical 
parameters evaluated in the BERA (including PAHs, coplanar PCB congeners, and HCX), it is 
unlikely that the conclusions drawn in this report would have been significantly affected had 
these additional data been available. Based on the toxicological assessment conducted in the 
BERA, HCX is most likely a relatively poor aryl hydrocarbon (Ah) receptor agonist compared to 
TCDD and exposure to the most elevated concentrations detected in Centredale Site media posed 
minimal ecological risk. The risk findings presented in this Addendum are very much in 
accordance with the BERA findings (in both nature and magnitude of the hazards posed) and 
there is no reason to suspect that general fate and transport characteristics of site-related 
contaminants would somehow operate differently in the Oxbow Area compared to other portions 
of the Centredale Site. Given the predominant role of TCDD as the primary risk contributor to 
wildlife in both assessments, the conclusions presented appear to be robust ones. 

4.1.3 Area Boundary Delineation 
An additional uncertainty relates to the determination of the boundary of the Oxbow Area. 
Consistent with the CSM, the 100-year flood elevation was used to determine the spatial 
boundaries of the Oxbow Area. Although there remains some uncertainty regarding the most 
appropriate elevation for boundary determination, it is possible that one location (LPX-SD-4404; 
see Figure 2) lacks a complete migration pathway from the source area. The analytical chemistry 
results for the sample collected from this location are distinctive in that the maximum 
concentrations of most inorganic analytes were detected in this sample. In addition, the 
dioxin/furan congener "signature" associated with this sample was unique with TCDD 
representing only a small fraction of the total TEQ concentration. If this sample were excluded 
from the analysis, the hazard levels identified for the soil invertebrate endpoint would have been 
lower; however, risks to wildlife would be unaffected, since TCDD is the primary risk driver for 
these receptors. 

4.2 EXPOSURE AND MODELING UNCERTAINTIES 
The major exposure-related uncertainties are associated with the selection of exposure parameters 
and estimation of bioaccumulation factors for various environmental media. 

4.2.J Exposure Parameters 
The relationship between receptor size and dietary intake is a critical factor in estimating 
exposure. In addition, dietary composition affects exposure because different food sources 
contain varying levels of COPECs. Although literature information exists for dose calculation 
inputs such as body weight, ingestion rate, and dietary composition for each receptor evaluated in 
this Addendum, natural populations may exhibit considerable variability in these parameters. Use 
of literature-derived exposure parameters increases uncertainty, which could result in an over- or 
underestimation of the typical exposures encountered by receptors at the Oxbow Area. The 
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wildlife exposure models were parameterized using available information for adult females for 
each selected receptor species and average values were selected for the parameter values where a 
range of data were provided. 

4.2.2 Contaminant Distribution with Soil Depth 
Oxbow Area floodplain soil analytical data are available for samples collected from the topmost 
6-inch soil layer only. Although this depth is most relevant to the exposure pathways evaluated 
for ecological risk, exposures to deeper soil intervals (e.g., 6-12 inches) are also possible. It is not 
clear how this uncertainty affects the magnitude of exposure to the primary risk contributors. It is 
noted, however, that additional soil sampling may be required to complete the remedial design. 

4.2.3 Bioaccumulation Factors 
Site-specific prey tissue data were available to estimate exposures to most of the wildlife receptor 
species evaluated in the BERA, which minimized uncertainties associated with this aspect of 
exposure estimation for the Addendum. Derived BSAFs were used to estimate earthworm tissue 
concentrations because no measured biota data were available. 

Literature uptake factors were used to estimate plant tissue concentrations because no site-
specific tissue data were collected. There is greater uncertainty associated with the use of 
literature values. In addition, although TCDD is known to bioaccumulate in the tissue of some 
aquatic plant species (e.g., Yockim et al., 1978), no attempt to model the uptake of dioxin, furan, 
or PCB congeners into plant tissue was made in the wildlife exposure modeling. As a result, 
dietary exposures to omnivorous wildlife (e.g., raccoon) may be underestimated. 

COPEC uptake into biological tissue was estimated using a conservative estimate of organic 
carbon content in the Oxbow Area. Estimated earthworm tissue concentrations would have been 
almost 2.5 times lower if the average TOC value (rather than the lowest measured value) had 
been used in the exposure modeling. 

Exposure estimates for avian egg and mammal tissue were likely underestimated because BMP 
values were only available for a subset of COPECs. For instance, no BMP was available for 
estimating uptake of Aroclor mixtures or bioaccumulating inorganic analytes into avian egg 
tissue; for mammal tissue, the only non dioxin/furan congener BMP available was for total 
Aroclors. The lack of BMFs resulted in risks for this endpoint being underestimated. 

4.3 ECOLOGICAL EFFECTS 
The major effects-related uncertainties are associated with the selection of toxicity reference 
values; the BERA provides a detailed discussion of those related to the site-derived data (i.e., 
floodplain soil community study) that was referenced in the Addendum. 

4.3.1 Toxicity Reference Values 
Potential uncertainties are related to the appropriateness of literature-derived toxicity data. TRVs 
used in the BERA were based on an extensive search of both primary peer-reviewed literature 
and secondary literature, such as government reports and technical conference proceedings. The 
number and types of information sources reviewed is believed to be adequate to capture the 
majority of relevant sources of ecotoxicological literature. 

^^ Chronic toxicological data were selected preferentially in developing TRVs. However, available 
f toxicological data are not always associated with chronic exposure duration. Therefore, there are 
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uncertainties in extrapolating the results of shorter term exposures to the chronic exposures 
assumed for receptors at the Oxbow Area. Chronic NOAELs were the preferred toxicity endpoint 
for selection of TRVs; however, ecological toxicity data were limited for some COPECs and 
some wildlife guilds. Therefore, other endpoints (e.g., subchronic NOAELs or LC50 values) were 
selected for use as TRVs. When an endpoint other than a chronic NOAEL was selected as a 
TRY, an uncertainty factor was applied to the reported value to provide an additional level of 
conservatism in the risk estimation process. The use of conservative application factors may 
result in risks being overestimated. 

There are little or no toxicological data available for some COPECs. For instance, no avian 
effects data were available for antimony or cobalt and there was no information available to 
establish CBRs for some of the analytes estimated in earthworm and wildlife tissue. As a result, 
ecological hazards posed by certain COPECs could not be quantified. This may underestimate 
ecological risks at the Oxbow Area. Another uncertainty related to the CBRs concerns that the 
use of unbounded study results (i.e., cases where studies that only reported an effect or lack of 
effect to an organism over the tissue concentration range evaluated). Use of unbounded data 
occasionally resulted in a LOAEL-based CBR being lower than the corresponding NOAEL-based 
value. This is counterintuitive and an artifact of the method used to derive the CBRs and 
highlights the uncertainties associated with the available tissue residue effects data. 

In general, uncertainty is also associated with the extrapolation of literature-derived toxicity 
endpoints (especially laboratory-based studies) to equivalent endpoints for measurement endpoint 
receptors at the site because of discrepancies in exposure conditions. The majority of the toxicity 
data evaluated and used in the BERA were derived from laboratory studies. Laboratory settings 
do not necessarily mimic field conditions and exposures and typically are designed to control 
various factors in order to isolate one parameter in particular. Although controlled experiments 
result in a more valid interpretation of the isolated parameters, uncertainty is associated with the 
assumption that field exposures are equivalent to laboratory exposure conditions. 

4.3.2 Dioxin and Furan Congeners 
Wildlife exposures to dioxin and furan congeners were estimated using TRVs similar to those 
recommended in USEPA (1993) and the consensus-based TEFs from Van den Berg et al. (1998). 
This approach represents the most recent risk assessment approach for evaluating dioxins and 
furans. This approach has been employed because there is not adequate toxicity testing for each 
of the hundreds of dioxin and furan congeners. Although the use of TEFs has a sound scientific 
basis, there is some uncertainty (including assumption of additivity and methods used to 
determine relative potency) associated with their use in estimating the ecological effects from 
exposure to dioxin-like compounds. However, the predominant congener detected in Oxbow 
Area floodplain soils is 2,3,7,8-TCDD. Since this congener is considered to be the most toxic of 
the dioxin and furan congeners, the issue is relatively unimportant for this particular assessment. 

The TEQ approach also does not account for toxicity of dioxin/furan and PCB congeners that 
have a non AhR-mediated toxicological mechanism. However, risk associated with exposure to 
compounds that exhibit non-dioxin like effects was separately considered using toxicological data 
for PCB mixtures. 

4.4 RISK CHARACTERIZATION UNCERTAINTIES 
In addition to the uncertainties introduced as a result of the data availability and 
representativeness issues discussed above, the major source of uncertainty associated with risk 
characterization involves the interpretation of HQ results. Due to the conservative assumptions 
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that were made in developing both exposure and effects assessments, HQs that are greater than 
one do not indicate that a substantial population- or community-level harm has occurred. 

" Attempts were made to bound these uncertainties in the Addendum by considering risk associated 
with both chronic NOAELs and LOAELs and evaluating risks using both maximum and average 
exposure estimates. 
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5.0 CONCLUSIONS
 


Table 17 summarizes the results for each of the assessment endpoints. The findings for each 
endpoint receptor are summarized below. 

Floodplain Soil Invertebrates. Based on a comparison of maximum and average floodplain soil 
concentrations to screening benchmarks, the soil invertebrate community occurring within the 
Oxbow Area may be at substantial risk of harm (i.e., Hazard Index [280] greatly exceeds one) due 
to exposure to pesticides (including dieldrin, lindane, 4,4-DDE, and 4,4'-DDD) and zinc in 
floodplain soil. However, other measures used to assess this endpoint do not support the 
conclusion that there is substantial risk of harm to the soil invertebrate community. For instance, 
the hazard quotients (HQs) for estimated earthworm tissue concentrations indicate less potential 
for risk (NOAEL HQ of 32 and a LOAEL HQ of 120). Furthermore, an evaluation of the soil 
invertebrate community study conducted to support the BERA suggests that the invertebrate 
fauna is comparable to other exposure areas at the Centredale Site and is not distinguishable from 
the upriver background area. 

Vermivorous Wildlife Populations. Vermivorous mammal and bird populations that occur 
within the Oxbow Area appear to be at substantial risk of harm due to direct exposure to site-
related contaminants in floodplain soil and prey items. 2,3,7,8-TCDD is the most substantial 
contributor to the estimated risks to vermivorous receptors. In addition, based on modeled tissue 
concentrations, consumption of contaminated earthworm prey may result in elevated tissue 
residues in these receptors, potentially resulting in adverse reproductive effects (i.e., 
bioaccumulation hazard). Dietary exposures and modeled tissue burdens in avian eggs and 
mammal liver tissue pose a substantial risk of harm to vermivorous wildlife species. 

Omnivorous Mammal Populations. Omnivorous mammal populations that forage within the 
study area are not at substantial risk of harm from site-related contaminants in floodplain soil and 
terrestrial prey items. 
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FIGURE 4 
DIOXIN AND FURAN CONGENER CONCENTRATIONS IN FLOODPLAIN SOILS 

Centredale Manor Restoration Project Superfund Site - Oxbow Area 
North Providence, Rhode Island 
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FIGURE 5 

TEQ CONGENER COMPOSITION IN INDIVIDUAL FLOODPLAIN SOIL SAMPLES 

Centredale Manor Restoration Project Superfund Site - Oxbow Area 
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FIGURES
 
SELECT PESTICIDE AND PCB AROCLOR CONCENTRATIONS IN FLOODPLAIN

Centredale Manor Restoration Project Superfund Site - Oxbow Area
 
North Providence, Rhode Island
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FIGURE 7 
SELECT INORGANIC CONCENTRATIONS IN FLOODPLAIN SOILS 

Centredale Manor Restoration Project Superfund Site - Oxbow Area 
North Providence, Rhode Island 
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FIGURE 8


HAZARD RATIOS BY CONTAMINANT CATEGORY FOR OXBOW AND BERA FLOODPLAIN SOILS
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FIGURES 
CBR HAZARD RATIOS BY CONTAMINANT CATEGORY FOR OXBOW AND BERA EARTHWORM TISSUE 
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FIGURE 10
 

SUMMARY OF WILDLIFE EXPOSURE MODELING- AMERICAN WOODCOCK
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FIGURE 11 

SUMMARY OF WILDLIFE EXPOSURE MODELING - SHORT-TAILED SHREW 
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FIGURE 12
 

CBR HAZARD RATIOS -ESTIMATED VERMIVOROUS BIRD EGG TISSUE
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FIGURE 13 
CBR HAZARD RATIOS - ESTIMATED VERMIVOROUS MAMMAL TISSUE 

Centredale Manor Restoration Project Superfund Site - Oxbow Area 
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FIGURE 14
 

SUMMARY OF WILDLIFE EXPOSURE MODELING - RACCOON (Floodplain Exposures)
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TABLE 1. SURFACE SOIL (0-0.5 FT) SAMPLES COLLECTED FROM THE OXBOW 
AREA IN JUNE 2004. 

Centredale Manor Restoration Project Superfund Site - Oxbow Area 
North Providence, Rhode Island 

Analytical Parameters 
Sample ID 


Dioxin/Furan PCB/Pesticide Metals TOC 

LPX-SD-4401 / /

LPX-SD-4402 S s* / ,/ 


sLPX-SD-4403 

LPX-SD-4404 s s •/ S 

LPX-SD-4405 /• 

LPX-SD-4406 / 

LPX-SD-4407 •/ s* S s 

Field QC Samples 


sLPX-DU-062104AC 


LPX-DU-062104B" s •/ s 

sPC00562 

PC01090 •/ 
Sample contained <30% solids; the sample was extracted twice, first using the wet, low-solids content 
sediment material and again using freeze-dried material from the same sample location. Sample data for the 
wet and freeze-dried material extracts did not compare well, and data for freeze-dried sample was used in the 
SLERA. 

b.	 Sample contained <30% solids; the sample was extracted twice, first using the wet, low-solids content 
sediment material and again using freeze-dried material from the same sample location. Sample data for the 
wet and freeze-dried material extracts compared well, and data for the freeze-dried sample is reported. 

c.	 Field duplicate from sample location LPX-SD-4401. 
d.	 Field duplicate from sample location LPX-SD-4402. 
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TABLE 2 

SELECTION OF CONTAMINANTS OF ECOLOGICAL CONCERN (COPECs) 

Centredale Manor Restoration Project Superfund Site - Oxbow Area 
North Providence, Rhode Island 

Arithmetic Geometric 
Rationale for 

Maximum Maximum Location of Concentration Floodplaln Contaminant 

Median Miniumum Concentration (detected) Maximum Detection U»ed for Risk Soil Retain as Deletion or Data Standard Standard 
CAS Number Chemical Concentration Concentration (detected) Qualifier Unite (detected) Frequency Screening' Benchmark11 COPEC? Selection" Distribution Mean Deviation Mean Deviation 

DIcatinlFuranslHCX 

35822-46-9 1.2.3,4,6.7 .8-HpCDD 213.000 21 3440 PG/G.DRYWT LPX-SD-4404 7/7 3440 nva No D Lognormal 175.536 5.109 

67562-39-4 1.2,3.4,6,7,8-HpCDF 72.300 8.8 3190 PG/G DRYWT LPX-SD-4404 7/7 3190 nva No D Lognormal 70.901 6.654 

55673-89-7 1.2,3,4,7,8,9-HpCDF 4.900 0.30 94 PG/G.DRYWT LPX-SD-4404 6/7 94 nva No D Lognormal 3.850 5.814 

39227-28-6 1.2,3,4,7,8-HxCDD 3.930 0.61 58 PG/G.DRYWT LPX-SD-4404 7/7 58 nva No D Lognormal 4.284 4.180 

70648-26-9 1.2,3,4,7,8-HxCDF 1 1 .700 1.7 98 PG/G.DRYWT LPX-SD-4404 7/7 98 nva No D Lognormal 10.003 3.816 

57663-85-7 1,2,3.6,7,8-HxCDD 9.670 1.3 504 PG/G.DRYWT LPX-SD-4404 7/7 504 nva No D Lognormal 10.638 6.822 

57117-44-9 1,2.3,6,7.B-HxCDF 8.550 1.3 102 PG/G.DRYWT LPX-SD-4404 7/7 102 nva No D Lognormal 8.300 4.253 

19408-74-3 1, 2,3,7. 8,9-HxCOD 8.360 0.34 213 PG/G.DRYWT LPX-SD-4404 6/7 213 nva No D Lognormal 6.540 7.059 

72918-21-9 1,2.3.7.8,9-HxCDF 2.700 0.14 62 PG/G.DRYWT LPX-SD-4404 6/7 62 nva No D Lognormal 2.576 6.273 

40321-76-4 1,2,3.7,8-PsCDD 4.190 0.71 52 PG/G.DRYWT LPX-SD-4404 7/7 52 nva No D Lognormal 4.671 3.905 

57117-41-6 1.2.3.7,8-PeCDF 24.400 3.8 227 EMPC PG/G.DRYWT LPX-SD-4406 7/7 227 nva No D Lognormal 21.199 4.124 

60851-34-5 2,3,4,6.7,8-HxCDF 9.700 1.5 212 PG/G.DRYWT LPX-SO-4404 7/7 212 nva No D Lognormal 9.312 4.989 

57117-31-4 2,3.4,7.8-PeCDF 11.100 1.8 173 PG/G.DRYWT LPX-SD-4404 7/7 173 nva No D Lognormal 9.830 4.667 

1746-01-6 2.3.7.8-TCDD 1800.000 12 4270 W PG/G.DRYWT LPX-SD-4405 7/7 4270 0.89 Yes C Normal 1745 1567 

51207-31-9 2.3.7,8-TCDF 7.540 1.6 24 PG/G.DRYWT LPX-SD-4407 7/7 24 nva No D Lognormal 8.241 2.762 

3268-87-9 OCDD 1380.000 142 4100 PG/G DRYWT LPX-SD-4404 7/7 4100 nva No D Lognormal 922.573 3.279 

39001-02-0 OCDF 102.000 11 1770 PG/G.DRYWT LPX-SD-4404 7/7 1770 nva No D Lognormal 89.140 4.813 

TEB TEQ-BIRD 1851.115 374 4298 PG/G.DRYWT LPX-SD-4405 7/7 4298 nva No D Lognormal 1824 1519 1233.140 2-785 

TEM TEQ-MAMMAL 1830.933 347 4291 PG/G.DRYWT LPX-SO-4405 7/7 4291 nva No D Lognormal 1809 1518 1211.914 2.823 

Total HpCDD Total HpCDD 415.000 40 10700 J PG/G.DRYWT LPX-SD-4404 7/7 10700 nva No D Lognormal 370.161 5.906 

Total HpCDF Total HpCDF 138.000 14 5360 J PG/G.DRYWT LPX-SD-4404 7/7 5360 nva No D Lognormal 131.437 6.543 

Total HxCDD Total HxCDD 116.800 23 4930 J PG/G.DRYWT LPX-SD-4404 6/7 4930 nva No D Lognormal 150.172 10.233 

Total HxCDF Total HxCDF 131.000 15 6590 J PG/G.DRYWT LPX-SD-4404 7/7 6590 nva No D Lognormal 140.306 7.166 

Total PeCDD Total PeCDD 90.350 12 547 J PG/G_DRYWT LPX-SD-4404 6/7 547 nva No D Lognormal 76.327 6.798 

Total PeCDF Total PeCDF 175.000 14 1630 J PG/G.DRYWT LPX-SD-4404 7/7 1630 nva No D Lognormal 139.235 4.583 

Total TCDD Total TCDD 1910.000 118 4460 J PG/G.DRYWT LPX-SD-4405 7/7 4460 nva No D Lognormal 1090.711 3.723 

Total TCDF Total TCDF 127.000 21 471 J PG/G.DRYWT LPX-SD^404 7/7 471 nva No D Lognormal 124.742 3.288 

Metals 

7440-36-0 Antimony 2.085 0.92 7.0 UO/S_DRYWT LPX-SD-4404 4/4 7.0 0,045 Yea C None 3.026 2.774 2.231 2.437 

7440-38-2 Arsenic 3.075 2.6 13 UGffi.DRYWT LPX-SO-4404 4/4 13 0.22 Yes C None 5.390 4.945 4.215 2.106 

7440-39-3 Barium 256.000 174 514 UG/G.DRYWT LPX-SD-4404 4/4 514 130 Yes C None 300.000 150.102 275.606 1.590 

7440-41-7 Beryllium 4.075 3.5 7.9 UG/G_DRYWT LPX-SD-4402 4/4 7.9 0.77 Yes C None 4.878 2.071 4.801 1.462 

7440-43-9 Cadmium 3.320 1.2 8.3 UG/G.DRYWT LPX-SD-4404 4/4 8.3 1.70 Yes C None 4.020 3.016 3.210 2.223 

7440-47-3 Chromium 73.550 43 104 J UG/G.DRYWT LPX-SD-4402 4/4 104 0.40 Yes C None 73.550 33.473 67.590 1.619 

7440-48-4 Cobalt 16.550 8.8 22 UG/G_DRYWT LPX-SD-4404 4/4 22 0.13 Yes C None 15.973 6.829 14.862 1.567 

7440-50-8 Copper 54.950 17 357 UG/G.DRYWT LPX-SD-4404 4/4 357 0.71 Yes C None 121025 159.020 63.730 3.640 

7439-92-1 Lead 210.000 44 1835 UG/G.ORYWT LPX-SD-4404 4/4 1835 20 Yes C None 574.850 844.231 243.011 4.651 

7439-96-5 Manganese 818.000 809 869 UG/G.DRYWT LPX-SO-4404 4/4 859 100 Yes C None 826.000 23.580 825.751 1.029 

13939-06-5 Molybdenum 5.770 4.8 17 UG/G_DRYWT LPX-SD-4402 4/4 17 0.32 Yes C None 8.35S 5.990 7.166 1.818 

7440-02-0 Nickel 30.800 18 32 | UG/G.DRYWT LPX-SD-4402 4/4 32 53 No B | None 28.100 6.511 27.423 1.306 

7782-49-2 Selenium 1.650 0.21 2.2 UG/G_DRYWT LPX-SD-4404 3/4 22. 0.34 Yes C None 1.431 0.887 1.053 3.011 

7440-22-4 [Silver 1.045 0.45 11 UG/G.DRYWT | LPX-SD-4404 | 4/4 11 38 No B | None 3.411 | 5.134 1.530 3.971 

7440-28-0 Thallium 0.711 0.40 1.0 UG/G.DRYWT LPX-SD-4404 4/4 1.0 0.24 Yes C None 0.715 0.267 0.675 1.495 

7440-62-2 Vanadium 61.250 44 71 UG/G.DRYWT LPX-SD-4404 4/4 71 0.72 Yes C None 59.300 11.511 58.389 1.231 

7440-66-6 Zinc 301.500 109 1867 UG/G.DRYWT LPX-SD-4404 4/4 1867 78 Yes C None 644.750 829.272 342.534 3.617 

Tables 2 and 3 Rev 2 for Interim fmal.xls 
Screening Table Page 1 of 2 



TABLE 2 
SELECTION OF CONTAMINANTS OF ECOLOGICAL CONCERN (COPECs) 

Centredale Manor Restoration Project Superfund Site • Oxbow Area 
North Providence, Rhode Island 

Rationale for 

Maximum Maximum Location of Concentration Floodplain Contaminant 

Median Mlniumum Concentration (detected) Maximum Detection Used for Risk Soil Retain as Deletion or Data Standard Standard 
CAS Number Chemical Concentration Concentration (detected) Qualifier Units (detected) Frequency Screening1 Benchmark11 COPEC? Selection1 Distribution Mean Deviation Mean Deviation 

PCB as Aroclors 

1336-36-3 TOTAL AROCLOR 637.830 103 3583 NG/G.DRY LPX-SD-4402 3/3 3583 20 Yes C None 1441.413 1874.097 617.679 ; 5.896 

12674-11-2 Aroclor 1016 8.495 8.1 U NG/G.DRY 0/3 110 No A None 8.927 1.084 8.884 1.126 

11104-28-2 Aroclor 1221 8.480 8.1 U NG/G.DRY 0/3 120 No A None 8.910 1.081 8.868 1.125 

11141-16-5 Aroclor 1232 8.480 8.1 U NG/G.DRY 0/3 100 No A None 8.910 1.081 8.868 i 1.125 

53469-21-9 Aroclor 1242 8.480 8.1 U NG/G.DRY 0/3 98 No A None 8.910 1.081 8.868 1.125 

12672-29-6 Aroclor 1248 8.480 8.1 U NG/G.DRY 0/3 100 No A None 8.910 1.081 8.868 1125 

1 1097-69-1 Aroclor 1254 837.830 8.5 3583 J NG/G.DRY LPX-SD-4402 2/3 3583 92 Yes C None 1409.870 1908.368 268.614 22.523 

11096-82-5 Aroclor 1260 8.495 8.1 U NG/G.ORY 0/3 | 28 No A None 8.927 1.084 8.884 1.126 

11100-14-4 Aroclor 1268 10.140 8.1 103 NOG.DRY LPX-SD-4404 1/3 103 26 Yes C None 40.453 54.272 20.392 , 4.088 

iPectfcfdei/Herb/c/des 

72-54-B 4.4'-ODD 8.990 4.420 27 NG/G.DRY LPX-SD-4407 3/3 27 2.5 Yes C None 13.330 11.700 10.184 I 2.488 

72-55-9 4,4'-DDE 6.420 6.0 42 NG/G.DRY LPX-SD-4407 3/3 42 2.5 Yes C None 18.243 20887 11.740 3.040 

50-29-3 4,4'-DOT 0.960 0.075 2.8 J NG/G.DRY LPX-SD-4407 2/3 2.8 2.5 Yea C None 1.265 1.368 0.584 6.383 

319-84-6 a-BHC 0.075 0.075 U NG/G.DRY 0/3 2.5 No A None 0.082 0.012 0.081 1.146 

5103-71-9 a-chlordane 1.190 0.070 7.7 J NG/G.DRY LPX-SD-4407 213 7.7 100 No B None 2.980 4.109 0.862 10.650 

309-00-2 aldrin 0.970 0.070 1.8 J NG/G.DRY LPX-SD-4402 2)3 1.6 2.5 No B None 0.893 0.788 0.481 5.419 

319-85-7 b-BHC 0.070 0.065 U NG/G.DRY 0/3 1.00 No A None 0.072 0.008 0.071 1.111 

319-86-8 d-BHC 0.085 0.080 U NG/G.DRY 0/3 100 No A None 0.088 0.010 0.088 . 1.122 

60-57-1 DieWrin 3.430 2.5 63 J NG/G.DRY LPX-SD-4402 3/3 63 0.50 Yes C None 23.107 34.881 6.172 5.935 

959-98-8 endosurfan I 0.085 0.085 U NG/G.DRY 0/3 100 No A None 0.092 0.012 0.091 1.130 

33213-65-9 endosurfan II 0.100 0.080 3.4 NG/G.DRY LPX-SD-4404 1/3 3.4 100 No B None 1.183 1.894 0.300 ; 8.152 

1031-07-8 endosurfan sulfate 0.100 0.095 U NG/G.DRY 0/3 100 No A None 0.105 0.013 0.104 1.131 

72-20-8 endrin 0085 0.080 U NG/G.DRY 0/3 1.00 No A None 0.088 0.010 0.088 1.122 

7421-93-4 endrin aldehyde 1.900 0.12 9.5 J NG/G.DRY LPX-SD-4402 2/3 9.5 54 No B None 3842 4.989 1.276 . 9.340 

53494-70-5 endrin ketone 0.100 0.080 1.7 NG/G.DRY LPX-SD-4404 1/3 1.7 100 No B None 0.637 0.947 0.240 i 5.551 

5103-74-2 g-chlordane 2.930 2.1 6.9 NG/G.DRY LPX-SD-4407 3/3 6.9 100 No B None 3.963 2.596 3.484 1.861 

76-44-8 heptachlor 0.095 0.075 0.73 NG/G.DRY LPX-SD-4404 1/3 0.73 39 No B None 0.300 0.373 0.173 3.494 

1024-57-3 neptachkir epoxide 0.085 0.070 0.18 NG/G.DRY LPX-SD-4404 1/3 0.18 43 No B None 0.112 0.060 0.102 . 1.647 

58-89-9 Undone 0.090 0.075 0.76 J NG/G_DRY LPX-SD-4402 1/3 0.76 0.050 Yes C None 0.308 0.391 0.172 : 3.624 

72-43-5 methoxychlor 0.115 0.110 U NG/G.DRY 0/3 100 No A None 0.122 0.016 0.121 1.137 

57-74-9 Technical Chlordane 10.170 8.1 30 NG/G.DRY LPX-SD-4404 1/3 30 100 No B None 16.127 12.127 13.549 2.013 

8001-35-2 Toxaphene 8.500 81 U NG/G DRY 0/3 100 No A None 8.932 1.084 8.889 T126 

Ancillary 

Total Organic Carbon 15.730 13 36 Percent LPX-SD-4407 3/3 None 21633 12.635 19493 1.721 

Shaded cells indicate chemicals selected as COPECs. 

a. Maximum detected concentration used for screening. 

b. Floodplain soil screening values presented in Table D-3 in Baseline Ecotogi :al Risk Assessme n (MACTEC, 2004); tower of s oil invertebrate and wildlife benchmar ks selected. Table values originally presented in un ts of ug/g and adju sted as necessary. 
c. Rationale for deleting or retaining analyta: 

A - Not retained because compound was not detected n any sample. 

B. Not retained because soil benchmark is greater than maximum delected concentration 

C. Retained because maximum detected concentration exceeds screening benchmark value. 

D. Individual dioxin and furan congeners and homolouge groups were net specifically identified as COPECs because a toxic equivalency approach was employed in the assessment. 
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TABLE 3


ESTIMATED EARTHWORM TISSUE CONCENTRATIONS DERIVED USING SITE-SPECIFIC BSAFs
 


Centredale Manor Restoration Project Superfund Site - Oxbow Area
 

North Providence, Rhode Island
 


Floodplain Soil Estimated Earthworm Tissueb 

Earthworm 
CAS Number Chemical 

BSAFs' 
Maximum Average Units Maximum Average Units 

Metals 
7440-36-0 Antimony 7.0 3.0 UG/G_DRYWT 0.699 1.5E+00 6.3E-01 UG/G_ WETWT 
7440-38-2 Arsenic 13 5.4 UG/G_DRYWT 0.112 4.3E-01 1.8E-01 UG/G_WETWT 

7440-39-3 Barium 514 300 UG/G_DRYWT 0.236 3.6E+01 2.1E+01 UG/G_ WETWT 
7440-41-7 Beryllium 7.9 4.9 UG/G_DRYWT 0.144 3.4E-01 2.1E-01 UG/G_WETWT 

7440-43-9 Cadmium 8.3 4.0 UG/G_DRYWT 4.016 9.9E+00 4.8E+00 UG/G_WETWT 
7440-47-3 Chromium 104 74 UG/G_DRYWT 0.083 2.6E+00 1.8E+00 UG/G_ WETWT 
7440-48^t Cobalt 22 16 UG/G_DRYWT 0.120 7.9E-01 5.7E-01 UG/G_WETWT 

7440-50-8 Copper 357 121 UG/G_DRYWT 0.098 1.1E+01 3.6E+00 UG/G_ WETWT 
7439-92-1 Lead 1835 575 UG/G_DRYWT 0.145 8.0E+01 2.5E+01 UG/G_WETWT 
7439-96-5 Manganese 859 826 UG/G_DRYWT 0.201 5.2E+01 5.0E+01 UG/G_ WETWT 
7439-98-7 Molybdenum 17.3 8.4 UG/G_DRYWT 0.082 4.2E-01 2.0E-01 UG/G_ WETWT 
7782-49-2 Selenium 2.2 1.4 UG/G_DRYWT 1.730 1.2E+00 7.4E-01 UG/G_ WETWT 
7440-28-0 Thallium 1.0 0.71 UG/G_DRYWT 0.176 5.5E-02 3.8E-02 UG/G_ WETWT 
7440-62-2 Vanadium 71 59 UG/G_DRYWT 0.080 1.7E+00 1.4E+00 UG/G_ WETWT 
7440-66-6 Zinc 1867 645 UG/G_DRYWT 0.618 3.5E+02 1.2E+02 UG/G_ WETWT 

C 

Pesticides/Herbicides 
72-54-8 4,4'-DDD 0.027 0.013 UG/G_DRYWT 0.466 3.7E-03 1.9E-03 UG/G_WETWT 
72-55-9 4,4'-DDE 0.042 0.018 UG/G_DRYWT 0.545 6.9E-03 3.0E-03 UG/G_ WETWT 
50-29-3 4,4'-DDT 0.0028 0.0013 UG/G_DRYWT 0.210 1.7E-04 7.9E-05 UG/G_ WETWT 
60-57-1 Dieldrin 0.063 0.023 UG/G_DRYWT 0.583 1.1E-02 4.0E-03 UG/G_ WETWT 
58-89-9 Lindane 0.00076 0.00031 UG/G_DRYWT 1.331 3.0E-04 1.2E-04 UG/G_WETWT 

PCB as Aroclors 
12767-79-2 TOTAL AROCLOR 3.6 1.4 UG/G_DRYWT 0.366 3.9E-01 1.6E-01 UG/G_ WETWT 
11097-69-1 Aroclor1254 3.6 1.4 UG/G_DRYWT 0.354 3.8E-01 1.5E-01 UG/G_WETWT 
11100-14-4 Aroclor1268 0.10 0.040 UG/G_DRYWT 0.428 1.3E-02 5.2E-03 UG/G_WETWT 

DioxinlFuransc 

1746-01-6 2,3,7,8-TCDD 0.0043 0.0017 UG/G_DRYWT 0.252 3.2E-04 1.3E-04 UG/G_ WETWT 
35822-46-9 1,2,3,4,6,7,8-HpCDD 0.0034 0.00062 UG/G_DRYWT 0.218 2.2E-04 4.0E-05 UG/G_WETWT 
67562-39-4 1,2,3,4,6,7,8-HpCDF 0.0032 0.00050 UG/G_DRYWT 0.213 2.0E-04 3.2E-05 UG/G_WETWT 
55673-89-7 1,2,3,4,7,8,9-HpCDF 0.000094 0.000016 UG/G_DRYWT 0.251 7.0E-06 1.2E-06 UG/G_ WETWT 
39227-28-6 1,2,3,4,7,8-HxCDD 0.000058 0.000011 UG/G_DRYWT 0.696 1.2E-05 2.4E-06 UG/G_WETWT 
70648-26-9 1,2,3,4,7,8-HxCDF 0.000098 0.000022 UG/G DRYWT 0.172 5.1E-06 1.1E-06 UG/G WETWT 
57663-85-7 1,2,3,6,7,8-HxCDD 0.00050 0.000078 UG/G DRYWT na UG/G WETWT 
57117-44-9 1,2,3,6,7,8-HxCDF 0.00010 0.000021 UG/G DRYWT 0.415 1.3E-05 2.6E-06 UG/GJ/VETWT 
19408-74-3 1,2,3,7,8,9-HxCDD 0.00021 0.000035 UG/G_ DRYWT 0.199 1.3E-05 2.1E-06 UG/G_ WETWT 
72918-21-9 1,2,3,7,8,9-HxCDF 0.000062 0.000011 UG/G_DRYWT 4.569 8.5E-05 1.5E-05 UG/G_ WETWT 
40321-76-4 1,2,3,7,8-PeCDD 0.000052 0.000011 UG/G_DRYWT 1.027 1.6E-05 3.4E-06 UG/G_ WETWT 
57117-41-6 1,2,3,7,8-PeCDF 0.00023 0.000051 UG/G_DRYWT 1.083 7.4E-05 1.7E-05 UG/G_WETWT 
60851-34-5 2,3,4,6,7,8-HxCDF 0.00021 0.000036 UG/G_DRYWT 0.500 3.2E-05 5.5E-06 UG/G_ WETWT 
57117-31-4 2,3,4J,8-PeCDF 0.00017 0.000032 UG/G_DRYWT 0.299 1.6E-05 2.9E-06 UG/G_WETWT 
1746-01-6 2,3,7,8-TCDD 0.0043 0.0017 UG/G_DRYWT 0.252 3.2E-04 1.3E-04 UG/G_ WETWT 
51207-31-9 2,3,7,8-TCDF 0.000024 0.000012 UG/G_DRYWT 0.125 8.9E-07 4.4E-07 UG/G_ WETWT 
3268-87-9 OCDD 0.0041 0.0015 UG/G_DRYWT 0.219 2.7E-04 9.6E-05 UG/G_ WETWT 
39001-02-0 OCDF 0.0018 0.00031 UG/G_ DRYWT 0.234 1.2E-04 2.2E-05 UG/G_ WETWT 

TEB TEQ-BIRD 0.0043 0.0018 UG/G_DRYWT 0.339 4.4E-04 1.9E-04 UG/G_ WETWT 
TEM TEQ-MAMMAL 0.0043 0.0018 UG/G_DRYWT 0.353 4.5E-04 1.9E-04 UG/G_ WETWT 
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TABLE 3 
ESTIMATED EARTHWORM TISSUE CONCENTRATIONS DERIVED USING SITE-SPECIFIC BSAFs 

Centredale Manor Restoration Project Superfund Site - Oxbow Area ^^7 
North Providence, Rhode Island 

Notes: 

a.	 Mean Biota Soil Accumulation Factors (BSAFs) presented in Table J-8 of the BERA (MACTEC, 2004). Units are goc(drywtVgiipid(wetw')

b.	 Earthworm tissue concentrations were estimated by multiplying the soil concentration (either maximum or arithmetic average) by the BSAF and the 

estimated earthworm lipid percentage and dividing by estimated soil TOC. 

Average earthworm lipid percentage of Lyman Mill earthworm samples collected to support the BERA (Table 20; MACTEC, 2004). 

Average TOC in LPX-SD-4402 and field duplicate (Rl samples collected by Battelle in 2004); conservative estimate of soil TOC, 

lowest TOC was measured at this location and average of 3 Oxbow sampling locations was 0.02163 g OC/g. 
c.	 Bold font indicates chemicals that were not selected as COPECs because a toxic equivalency approach was employed in the SLERA; however, 

earthworm tissue concentrations were estimated for individual dioxin and furan congeners in order to estimate wildlife tissue concentrations. 
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Earthworm Page 2 of 2 8/9/2006 



c 

C 

TABLE 4


SOIL INVERTEBRATE HAZARD QUOTIENTS FOR COPECs IN OXBOW AREA FLOODPLAIN SOILS
 


Centredale Manor Restoration Project Superfund Site - Oxbow Area 
North Providence, Rhode Island 

Detection Exposure Point Concentration 	 Hazard Quotients 
Chemical Units 	 TRV" Frequency 

MAX1 AVG' MAX0 AVGd 

Pesticides 

4,4'-DDD 3/3 UG/G 0.02658 0.0133 0.0025 1.1E+01 5.3E+00 
4,4'-DDE 3/3 UG/G 0.04236 0.018 0.0025 1.7E+01 7.3E+00 
4,4'-DDT 2/3 UG/G 0.00276 0.0013 0.0025 1.1E+00 5.1E-01 
Dieldrin 3/3 UG/G 0.06338 0.0231 0.0005 1.3E+02 4.6E+01 
Lindane 1/3 UG/G 0.00076 0.00031 0.00005 1.5E+01 6.2E+00 

Total Pesticides 1.7E+02 6.6E+01 

PCBs 

TOTAL AROCLOR 3/3 UG/G 3.6 1.4 137 2.6E-02 1.0E-02 
Aroclor-1254 2/3 UG/G 3.6 1.4 17 2.2E-01 8.5E-02 
Aroclor-1268 1/3 UG/G 0.10 0.040 861 1.2E-04 4.7E-05 

Total PCBs 2.4E-01 9.6E-02 

Inorganics/Metals 

Antimony 4 /  4 UG/G 7.0 3.0 3.5 2.0E+00 8.6E-01
 

Arsenic 4 /  4 UG/G 13 5.4 60 2.1E-01 9.0E-02
 

Barium 4 /  4 UG/G 514 300 3000 1.7E-01 1.0E-01
 

Beryllium 4 /  4 UG/G 7.9 4.9 1.1 7.2E+00 4.4E+00
 

Cadmium 41 4 UG/G 8.3 4.0 20 4.1E-01 2.0E-01
 

Chromium 4 /  4 UG/G 104.0 73.6 0.4 2.6E+02 1.8E+02
 

Cobalt 4 /  4 UG/G 22.0 16.0 1000 2.2E-02 1.6E-02
 

Copper 4 /  4 UG/G 357 121 50 7.1E+00 2.4E+00
 

Lead 4 /4 UG/G 1835 575 500 3.7E+00 1.1E+00
 

Manganese 4 /  4 UG/G 859 826 100 8.6E+00 8.3E+00
 

Molybdenum 4 /  4 UG/G 17 8.4 200 8.7E-02 4.2E-02
 

Selenium 3 /  4 UG/G 2.2 1.4 70 3.2E-02 2.0E-02
 

Thallium 4 /  4 UG/G 1.0 0.71 1 1.0E+00 7.1E-01
 

Vanadium 4 /  4 UG/G 71 59 20 3.6E+00 3.0E+00
 

Zinc 4 /  4 UG/G 1867 645 100 1.9E+01 6.4E+00
 


Total Inorganics/Metals 3.1E+02 2.1E+02 

Dioxins 

2,3,7,8-TCDD 1 /  4 UG/G 0.0043 0.0017 0.0048 8.8E-01 3.6E-01 

Total || 4.8E+02 2.8E+02 

Notes: 
a. MAX and AVG EPCs defined as the maximum detected and arithmetic mean COPEC concentrations presented in Table 2. 
b.	 Soil Toxicity Reference Values (TRVs) based on lowest available invertebrate screening benchmark values 

as summarized in the BERA (MACTEC, 2004; Table D-3). 
c. MAX Hazard Quotient is the ratio of the maximum concentration to the TRV. 
d. AVG Hazard Quotient is the ratio of the average concentration to the TRV.
 
Shaded cells indicate a hazard quotient greater than 1.
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TABLE 5 
CBR-BASED HAZARD QUOTIENTS FOR COPECs IN OXBOW EARTHWORM TISSUE 

Centredale Manor Restoration Project Superfund Site - Oxbow Area
 

North Providence, Rhode Island
 


Hazard Quotient0 

Exposure Point 
Detection CBRb Maximum Average 

Units Concentration 
Frequency 

Chemical MAX" AVGa NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL 

Pesticides 

4,4-DDD 3/3 UG/G 0.0037 0.0019 0.008 0.6 4.6E-01 6.2E-03 2.3E-01 3.1E-03 

4,4'-DDE 3/3 UG/G 0.0069 0.0030 0.042 0.29 1.6E-01 2.4E-02 7.1E-02 1.0E-02 

4,4'-DDT 2/3 UG/G 0.00017 0.000079 0.13 0.15 1.3E-03 1.2E-03 6.1E-04 5.3E-04 

Dieldrin 3/3 UG/G 0.011 0.0040 0.01 0.08 1.1E+00 1.4E-01 4.0E-01 5.0E-02 

Lindane 1/3 UG/G 0.00030 0.00012 2 0.072 1.5E-04 4.2E-03 6.1E-05 1.7E-03 

Total Pesticides 1.7E+00 1.7E-01 7.1E-01 6.6E-02 

PCBs 

TOTAL AROCLOR 3/3 UG/G 0.39 0.16 

Aroclor1254 2/3 UG/G 0.38 0.15 10.4 8.1 3.6E-02 4.7E-02 1.4E-02 1.8E-02 

Aroclor1268 1/3 UG/G 0.013 0.0052 0.45 2.9E-02 1.2E-02 

Total PCBs 3.6E-02 7.6E-02 1.4E-02 3.0E-02 

norganics/Metals 

Antimony 4/4 UG/G 1.5 1 5 9 2.9E-01 1.6E-01 1.3E-01 7.0E-02 

Arsenic 4/4 UG/G 0.43 0.18 1.0 4.2 4.2E-01 1.0E-01 1.7E-01 4.3E-02 

Barium 4/4 UG/G 36 21 0.41 8.9E+01 5.2E+01 

Beryllium 4/4 UG/G 0.34 0.21 5.1 6.7E-02 4.1E-02 

Cadmium 4/4 UG/G 9.9 4.8 1.1 0.093 8.9E+00 1.1E+02 4.3E+00 5.2E+01 

Chromium 4/4 UG/G 2.6 1.8 

Cobalt 4/4 UG/G 0.79 0.57 

Copper 4/4 UG/G 11 3.6 3.4 4.4 3.1E+00 2.4E+00 1.0E+00 8.1E-01 

.ead 4/4 UG/G 80 25 2.3 5.8 3.5E+01 1.4E+01 1.1E+01 4.3E+00 

Manganese 4/4 UG/G 52 50 18.4 2.8E+00 2.7E+00 

Molybdenum 4/4 UG/G 0.42 0.20 

Selenium 3/4 UG/G 1.2 0.74 2.9 0.2 3.9E-01 5.8E+00 2.5E-01 3.7E+00 

rhallium 4/4 UG/G 0.055 0.038 2.7 2.0E-02 1.4E-02 

Vanadium 4/4 UG/G 1.7 1.4 0.8 0.41 2.1E+00 4.2E+00 1.8E+00 3.5E+00 

Zinc 4/4 UG/G 345 119 13 20 2.7E+01 1.8E+01 9.4E+00 6.1E+00 

Total Inorganics/Metals 8.0E+01 2.4E+02 3.1E+01 1.2E+02 

Dioxins 

2,3,7,8-TCDD 7/7 UG/G 0.0003 0.0001 0.0003 | 0.003 1.1E+00 1.1E-01 4.4E-01 4.4E-02 

Total 8.3E+01 2.4E+02 3.2E+01 1.2E+02 

Notes: 

a. Estimated earthworm EPCs presented in Table 3. 

b. Critical Body Residues (CBRs) are obtained from summary of tissue effects data presented in the BERA (MACTEC, 2004; Table G-1). 

c. Hazard Quotient is the ratio of the Average and Maximum concentration to the NOAEL or LOAEL CBR. 

Shaded cells indicate a hazard quotient greater than 1. 
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INCREMENTAL RISK SUMMARY FOR OXBOW AREA FLOODPLAIN SOIL
 


Centredale Manor Restoration Project Superfund Site - Oxbow Area 
North Providence, Rhode Island 

Oxbow Study Area Risk Summary Incremental Risk0 

Oxbow0 Greystone" 

Analyte MAX AVG MAX AVG MAX AVG 
HI 4.8E+02 2.8E+02 1.1E+03 8.5E+02 
Dieldrin 1.3E+02 4.6E+01 1.9E+01 1.3E+01 1.1E+02 3.4E+01 
Lindane 1.5E+01 6.2E+00 1.5E+01 6.2E+00 
Zinc 1.9E+01 6.4E+00 5.0E+00 2.9E+00 1.4E+01 3.6E+00 
4,4'-DDE 1.7E+01 7.3E+00 8.2E+00 5.3E+00 8.7E+00 2.0E+00 
4,4'-DDD 1.1E+01 5.3E+00 6.1E+00 3.3E+00 4.6E+00 2.0E+00 
Beryllium 7.2E+00 4.4E+00 4.1E+00 2.8E+00 3.1E+00 1.6E+00 
_ead 3.7E+00 1.1E-I-00 1.2E+00 9.0E-01 2.5E+00 2.5E-01 
Antimony 2.0E+00 8.6E-01 2.8E-01 1.8E-01 1.7E+00 6.9E-01 

Notes: 
a. Risk estimates as calculated and presented in Table 4. 

b. Risk estimates as calculated and presented Table 71 in the BERA (MACTEC, 2004). HI is based on summing the HQs of all 
COPECs selected in the BERA. 
c. Incremental risks calculated for all analytes with RME-based HQs greater than one which, in combination, contribute at least 

95% to the total risk, and which exceeds the corresponding reference risk estimate. 
Incremental risks for individual analytes are derived by subtracting the upgradient/reference HQs from the exposure area HQ. 

c 
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INCREMENTAL RISK SUMMARY FOR ESTIMATED OXBOW STUDY AREA EARTHWORM TISSUE
 


Centredale Manor Restoration Project Superfund Site - Oxbow Area 
North Providence, Rhode Island 

Oxbow Study Area Risk Summary Incremental Riskc 

Oxbow" Greystone" 

Analyte NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL 
HI 3.2E+01 1.2E+02 2.7E+03 4.9E+02 
Cadmium 4.3E+00 5.2E+01 3.2E+01 4.3E+00 2.0E+01 
Zinc 9.4E+00 6.1E+00 6.7E+00 4.4E+00 2.7E+00 1.7E+00 

Notes: 
a. Risk estimates as calculated and presented in Table 5. 

b. Risk estimates as calculated and presented Table 74 in the BERA (MACTEC, 2004). HI is based on summing the HQs of all 
COPECs selected in the BERA. 
c. Incremental risks calculated for all analytes with RME-based HQs greater than one which, in combination, contribute at least 

95% to the total risk, and which exceeds the corresponding reference risk estimate. 
Incremental risks for individual analytes are derived by subtracting the upgradient/reference HQs from the exposure area HQ. 
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TABLE 8. EXPOSURE ASSUMPTIONS FOR THE AMERICAN WOODCOCK. 

Centredale Manor Restoration Project Superfund Site - Oxbow Area 

North Providence, Rhode Island 


Parameter Symbol Value Units Reference 

Soil concentration soil COPEC-specific Ug/gdw Table 1 
Percentage of ^earthworms 100 % Assumption 
earthworms in diet 
Earthworm ^earthworm COPEC-specific Ug/gv™ Table 2 
concentration" 
Ingestion Rateb 

IRfood 0.082 kg/day USEPA, 1993 

Incidental Soil IRsoil 0.012 kg/day Assumption 
Ingestion Rate0 

Site Foraging SFF 100 % Gregg, 1984 
Factord 

Body Weight BW 0.20 kg USEPA, 1993 
Notes: 
a.	 Earthworm tissue concentrations estimated using site-specific BSAFs as discussed in 3.1.1. 
b.	 Calculated using regression equation for non-passerines: IRfood (g/day) = 0.301 * BW 0.751 (g) and 

converted to kg/day. 
c.	 Assume 15% of daily food ingestion rate. 
d.	 Assumed 100% for initial calculations using maximum exposure estimates; also 100% for evaluation 

of average conditions based on average home range (5 hectares) of females with broods in Wisconsin 
woods (Gregg, 1984) relative to estimated available habitat in Oxbow Area (11.12 hectares). 

C 
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TABLE 9. EXPOSURE ASSUMPTIONS FOR THE SHORT-TAILED SHREW. 

Centredale Manor Restoration Project Superfund Site - Oxbow Area 

North Providence, Rhode Island 


Parameter Symbol Value Units Reference 

Soil concentration soil COPEC-specific Ug/gdw Table 1 
Percentage of plants 15 % USEPA, 1993; 
plants in diet Whittaker and Feraro, 

1963 
Plant concentration Cplant COPEC-specific Ug/gww Tables C.2-1,D.2-1 
Percentage of "earthworms 85 % USEPA, 1993; 
earthworms in diet Whittaker and Feraro, 

1963 
Earthworm ^-•earthworm COPEC-specific Ug/gww Table 2 
concentration" 
Ingestion Rateb 

IRfood 0.013 kg/day USEPA, 1993 

Incidental Soil IRsoil 0.00064 kg/day Assumption 
Ingestion Rate0 

Site Foraging SFF 100 % Buckner, 1966 
Factord 

Body Weight BW 0.017 kg Guilday, 1957 
Notes: 
a.	 Earthworm tissue concentrations estimated using site-specific BSAFs as discussed in 3.1.1. 
b.	 Calculated using regression equation for mammals: IRf00d (g/day) = 0.235 * BW 0.822 (g) and 

converted to kg/day. 
c.	 Assume 5% of daily food ingestion rate. 
d.	 Assumed 100% for initial calculations using maximum exposure estimates; also 100% for evaluation 

of average conditions based on average home ranges (0.390 hectares) in southern Manitoba/tamarack 
bog habitat relative to estimated available habitat in Oxbow Area (11.12 hectares). 
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TABLE 10
 


CBR-BASED HAZARD QUOTIENTS FOR ESTIMATED VERMIVOROUS AVIAN EGG TISSUE
 


Centredale Manor Restoration Project Superfund Site - Oxbow Area
 

North Providence, Rhode Island
 


Hazard Quotients* 

Estimated Egg 
Estimated Earthworm 

Avian BMF" Tissue CBRd Maximum Average 
Tissue Concentration' Units TEF 

(lipid basis) Concentration0 

Chemical MAX AVG MAX AVG NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL 

Pesticides/PCBs 

4,4-DDD 0.0037 0.013 UG/G - na 0.009 

4,4'-DDE- 0.0069 0.0030 UG/G 13.3 na 2.7E-01 1.1E-01 0.10 2.7E+00 1.1E+00 

4,4'-DDT 0.0002 0.000079 UG/G 0.69 na 3.5E-04 1.6E-04 

Dieldrin 0.011 0.0040 UG/G 2.82 na 9.0E-02 3.3E-02 0.059 1.5E+00 5.6E-01 
Lindane 0.00076 0.00031 UG/G #N/A na 

Total Pesticides/PCBs 4.2E+00 1.7E+00 

Dioxlns/Furans 

2,3,7,8-TCDD 0.00032 0.00013 UG/G 6.99 1 6.5E-03 2.7E-03 

1,2,3,7,8-PeCDD 0.000016 0.0000034 UG/G 3.35 1 1.6E-04 3.3E-05 

2,3,4,7,8-PeCDF 0.000016 0.0000029 UG/G 1.57 1 7.1E-05 1 .3E-05 

1,2,3,6,7,8-HxCDD #N/A #N/A UG/G 5.98 0.01 

1,2,3,4,6,7,8-HpCDD 0.00022 0.000040 UG/G 0.001 

OCDD 0.00027 0.00010 UG/G 0.0001 

1,2,3,4,7,8-HxCDF 0.000005 0.000001 1 UG/G 0.1 

1,2,3,6,7,8-HxCDF 0.000013 0.0000026 UG/G 0.1 

2,3,7,8-TCDF 0.000001 0.00000044 UG/G - 1 
1,2,3,4,7,8-HxCDD 0.000012 0.0000024 UG/G #N/A 0.05 

1,2,3,7,8,9-HxCDD 0.000013 0.0000021 UG/G #N/A 0.1 

2,3,4,6,7,8-HxCDF 0.000032 0.0000055 UG/G #N/A 0.1 

1,2,3,4,6,7,8-HpCDF 0.00020 0.000032 UG/G #N/A 0.01 

1,2,3,4,7,8,9-HpCDF 0.0000070 0.0000012 UG/G #N/A 0.01 
OCDF 0.00012 0.000022 UG/G #N/A 0.0001 

TCDD Toxic Equivalency (Birds] 6.7E-03 2.7E-03 7.0E-05 1 .2E-03 9.6E+01 5.6E+00 3.9E+01 2.3E+00 

Total 9.6E+01 9.8E+00 3.9E+01 4.0E+00 

Tables 10 and 11 rev 2.xls 
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TABLE 10
 

CBR-BASED HAZARD QUOTIENTS FOR ESTIMATED VERMIVOROUS AVIAN EGG TISSUE
 


Centredale Manor Restoration Project Superfund Site - Oxbow Area
 

North Providence, Rhode Island
 


Notes: 

a. EPCs for earthworm tissue (Table 3); only analytes with BMFs presented. 

b. Biomagnification Factors (BMFs - expressed in units of g (lipid % fish)/g (lipid % gull egg) presented in the BERA (MACTEC, 2004; Table J-12). 

c. Egg concentration for avian insectivore receptor (mg/kg wet weight) estimated by multiplying the earthworm tissue concentration by the BMF and the ratio 

of the egg to earthworm percent lipid. The following lipid contents were assumed:
 


Average earthworm lipid percent in Lyman Mill Pond.
 


Average gull egg lipid percentage (Braune and Norstrom, 1989)
 


d.	 Critical Body Residues (CBRs) are obtained from summary of tissue effects data presented in the BERA (MACTEC, 2004; 

Table G-1); TCDD CBRs presented in Table 130 (MACTEC, 2004). 

e. Hazard Quotient is the ratio of the estimated tissue concentration to the NOAEL or LOAEL CBR. 

na - Not available/applicable. 

Tables 10 and 11 rev2.xls 
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TABLE 11
 


CBR-BASED HAZARD QUOTIENTS FOR ESTIMATED VERMIVOROUS MAMMALIAN TISSUE
 


Centredale Manor Restoration Project Superfund Site - Oxbow Area
 

North Providence, Rhode Island
 


Hazard Quotients* 

Estimated Earthworm Mammal Estimated Tissue 
CBR" Maximum Average 

Tissue Concentration* Units BMF" (lipid TEF Concentration0



basis)
 


Chemical MAX AVG MAX AVG NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL 

Pesticides/PCBs 

4,4'-DDD 0.0037 0.0019 UG/G - na 8.0E-03 0.6 
Aroclor, Total 0.39 0.158 UG/G 14 na 9.1E+00 3.7E+00 

Pesticides/PCBs 

Dioxins/Furans 

2,3,7,8-TCDD 0.00032 0.00013 UG/G 11 1 6.0E-03 2.5E-03 

1,2,3,4,6,7,8-HpCDD 0.000225 0.000040 UG/G 36 0.01 1.3E-04 2.4E-05 

1,2,3,6,7,8-HxCDD #N/A #N/A UG/G 30 0.1 

1,2,3,4,7,8-HxCDF 0.000005 0.0000011 UG/G 57 0.1 4.8E-05 1.1E-05 

2,3,4,7,8-PeCDF 0.000016 0.0000029 UG/G 54 0.5 7.0E-04 1 .3E-04 

1,2,3,4,7,8-HxCDD 0.000012 0.0000024 UG/G 9.3 0.1 1.9E-05 3.7E-06 

2,3,7,8-TCDF 0.000001 0.0000004 UG/G 0.40 0.1 5.9E-08 2.9E-08 

1,2,3,7,8-PeCDD 0.000016 0.000003 UG/G #N/A 1 

1,2,3,7,8,9-HxCDD 0.000013 0.000002 UG/G #N/A 0.1 

OCDD 0.00027 0.000096 UG/G #N/A 0.0001 

1,2,3,6,7,8-HxCDF 0.000013 0.0000026 UG/G #N/A 0.1 

2,3,4,6,7,8-HxCDF 0.000032 0.0000055 UG/G #N/A 0.1 

1,2,3,4,6,7,8-HpCDF 0.00020 0.000032 UG/G #N/A 0.01 

1,2,3,4,7,8,9-HpCDF 0.0000070 0.0000012 UG/G #N/A 0.01 
OCDF 0.00012 0.000022 UG/G #N/A 0.0001 

TCDD Toxic Equivalency (Mammals; 6.9E-03 2.6E-03 1.5E-04 2.3E-04 4.6E+01 3.0E+01 1.7E+01 1.1E+01 

TEQ (D/F) 4.6E+01 3.0E+01 1.7E+01 1.1E+01 

TEQ (PCBs) O.OE+00 O.OE+00 O.OE+00 O.OE+00 

Total TCDD TEQ 4.6E+01 3.0E+01 1.7E+01 1.1E+01 

Total 4.6E+01 3.0E+01 1.7E+01 1.1E+01 

Tables 10 and 11 rev2.xls
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TABLE 11 
CBR-BASED HAZARD QUOTIENTS FOR ESTIMATED VERMIVOROUS MAMMALIAN TISSUE 

Centredale Manor Restoration Project Superfund Site - Oxbow Area 
North Providence, Rhode Island 

Notes: 

a. EPCs for earthworm tissue (Table 3); only analytes with BMFs presented. 

b. Biomagnification Factors (BMFs - expressed in units of g (lipid % fish)/g (lipid % otter liver tissue) presented in the BERA (MACTEC, 2004; Table J-12). 

c. Mammalian tissue concentration (mg/kg wet weight) estimated by multiplying the earthworm tissue concentration by the BMP and the ratio 

of the otter to earthworm percent lipid. The following lipid contents were assumed:
 


Average earthworm lipid percent in Lyman Mill Pond.
 


Average lipid percentage in five otter liver samples (Leonards et al., 1997).
 


d. Critical Body Residues (CBRs) are obtained from summary of tissue effects data presented in the BERA (MACTEC, 2004; Table G-1). 

e. Hazard Quotient is the ratio of the estimated tissue concentration to the NOAEL or LOAEL CBR. 

na - Not available/applicable. 

Tables 10 and 11 rev2.xls 
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c 
TABLE 12
 


INCREMENTAL RISK SUMMARY FOR WILDLIFE RECEPTORS - American Woodcock
 


Centredale Manor Restoration Project Super-fund Site - Oxbow Area 
North Providence, Rhode Island 

Oxbow Study Area Risk Summary Incremental Risk0 

Oxbow3 Greystone" 
Analyte NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL 

HI 4.6E+01 6.1E+00 4.1E+01 6.7E+00 
FEQ-BIRD 1.3E+01 1.3E+00 5.1E-01 5.1E-02 1.3E+01 1.3E+00 
Zinc 6.0E+00 6.6E-01 3.6E+00 3.9E-01 2.4E+00 2.7E-01 
Lead 1.2E+01 1.2E+00 1.0E+01 1.0E+00 1.6E+00 1.6E-01 
TOTAL AROCLOR 1.4E+00 5.4E-01 1.8E-01 7.3E-02 1.2E+00 4.7E-01 

Notes: 
a. Oxbow risk estimates as calculated and presented in Appendix D.1. 

b. Risk estimates as calculated and presented in the BERA (MACTEC, 2004; Appendix L). HI is based on summing the HQs of 
all COPECs selected in the BERA. 
c. Incremental risks calculated for all analytes with NOAEL-based HQs greater than one which, in combination, contribute at least 

95% to the total risk, and which exceeds the corresponding reference risk estimate. 
Incremental risks for individual analytes are derived by subtracting the upgradient background HQs from the Oxbow HQ. 

C 
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TABLE 13
 

INCREMENTAL RISK SUMMARY FOR WILDLIFE RECEPTORS - Short-tailed Shrew
 


Centredale Manor Restoration Project Superfund Site - Oxbow Area 
North Providence, Rhode Island 

Oxbow Study Area Risk Summary Incremental Risk0 

Oxbow" Greystone" 
Analyte NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL 

HI 2.6E+02 2.9E+01 1.3E+02 1.6E+01 
TEQ-MAMMAL 1.9E+02 1.9E+01 4.2E+00 4.2E-01 1.8E+02 1.8E+01 
Antimony 2.0E+01 2.0E+00 6.3E+00 6.3E-01 1.3E+01 1.3E+00 
TOTAL AROCLOR 2.2E+00 2.2E-01 4.7E-01 4.7E-02 1.8E+00 1.8E-01 
Aroclor1254 2.2E+00 2.2E-01 6.4E-01 6.4E-02 1.5E+00 1.5E-01 
Cadmium 3.2E+00 3.2E-01 1.9E+00 1.9E-01 1.3E+00 1.3E-01 

Notes: 
a. Oxbow risk estimates as calculated and presented in Appendix D.2. 

b. Risk estimates as calculated and presented in the BERA (MACTEC, 2004; Appendix L). HI is based on summing the HQs of 
all COPECs selected in the BERA. 
c. Incremental risks calculated for all analytes with NOAEL-based HQs greater than one which, in combination, contribute at least 

95% to the total risk, and which exceeds the corresponding reference risk estimate. 
Incremental risks for individual analytes are derived by subtracting the upgradient/reference HQs from the exposure area HQ. 

c 
8/9/2006 
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TABLE 14. EXPOSURE ASSUMPTIONS FOR THE RACCOON. 

Centredale Manor Restoration Project Superfund Site - Oxbow Area
 

North Providence, Rhode Island
 


Parameter Symbol Value Units Reference 

Soil concentration Cjoil COPEC-specific Ug/gdw Table 1 
Percentage of plants 71 % Llewellyn and Uhler, 
plants in diet 1952 as cited in 

USEPA, 1993 
Plant concentration Cplant COPEC-specific Ug/gww Tables C.3-1,D.3-1 
Percentage of earthworms 29 % Llewellyn and Uhler, 
earthworms in diet	 1952 as cited in 

USEPA, 1993 
Earthworm 
concentration3 

^earthworm COPEC-specific Ug/gww Table 2 

Ingestion Rateb 
IRfood 1.7 kg/day USEPA, 1993 

Incidental Soil IRsoil 0.087 kg/day Assumption 
Ingestion Ratec 

Site Foraging SFF	 5 % Stuewer, 1943, as cited 
Factord	 in USEPA, 1993 
Body Weight BW 6.2 kg Sanderson, 1 984, as 

cited in USEPA, 1993 
Notes: 
a.	 Earthworm tissue concentrations estimated using site-specific BSAFs as discussed in 3.1.1. 
b.	 Calculated using regression equation for mammals: IRfood (g/day) = 0.235 * BW 0.822 (g) and 

converted to kg/day. 
c.	 Assume 5% of daily food ingestion rate. 
d.	 Assumed 100% for initial calculations using maximum exposure estimates; 10% selected for 

evaluation of average conditions based on average adult female home range size from May to 
December in riparian habitat in Michigan (Stuewer, 1943) (108 hectares) relative to estimated 
available habitat in Oxbow Area (11.12 hectares). Also assumed that raccoons forage in floodplain 
habitat for 50% of the year and exposure to terrestrial prey limited primarily to late summer and fall 
(USEPA, 1993). This resulted in an overall SFF of 0.1 * 0.5 or 5%. 
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TABLE 15
 

INCREMENTAL RISK SUMMARY FOR WILDLIFE RECEPTORS - Raccoon: floodplain
 


Centredale Manor Restoration Project Superfund Site - Oxbow Area
 

North Providence, Rhode Island
 


Oxbow Study Area Risk Summary Incremental Risk0 

Oxbow3 Greystone" 
Analyte NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL 

HI 3.6E+00 5.1E-01 1.4E+01 2.3E+00 
FEQ-MAMMAL 2.1E+00 2.1E-01 5.3E-01 5.3E-02 1.6E+00 1.6E-01 

Notes: 
a. Oxbow risk estimates as calculated and presented in Appendix D.3. 
b. Greystone risk estimates presented in the BERA (MACTEC, 2004; Appendix N). HI is based on summing the HQs of all 
COPECs selected in the BERA. 
c. Incremental risks calculated for all analytes with NOAEL-based HQs greater than one which, in combination, contribute at least 

95% to the total risk, and which exceeds the corresponding reference risk estimate. 
Incremental risks for individual analytes are derived by subtracting the upgradient/reference HQs from the exposure area HQ. 

8/9/2006 
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c TABLE 16. SUMMARY OF UNCERTAINTIES. 

Centredale Manor Restoration Project Superfund Site - Oxbow Area
 

North Providence, Rhode Island
 


Potential Over
(+) or Under
estimation (-) 

Uncertainty of Risk 

Problem Formulation 
Selection of 
Receptors of 
Concern 

Identification 
and Selection 
ofCOPECs 

Area 
Boundary 
Delineation 

Exposure Assessment 
Exposure 
Parameters 

+ 

+ 

+ 

+/

Rationale 

The urbanized and industrialized nature of the landscape in 
the vicinity of the Oxbow Area may limit habitat suitability 
for sensitive receptors such as the American woodcock 
Plants were not specifically evaluated in the Addendum. 
Although inorganic analytes were generally consistent with 
upgradient background concentrations, reported levels in 
floodplain soils could adversely affect these receptors. 
The Oxbow Area was considered to provide primarily 
floodplain (i.e., terrestrial) habitat for ecological receptors. 
However, seasonal ponding could result in exposures to 
aquatic invertebrates and amphibians. These exposures 
were not evaluated because surface water data are not 
available. 
The availability of soil invertebrates as a forage base for 
vermivorous wildlife was assumed but not verified. 
Depositional regions of the Oxbow Area may contain 
saturated hydric soils for sufficient periods of time to 
exclude or reduce the numbers of soil invertebrates. In 
these areas, the bioaccumulation hazard to vermivorous 
wildlife would be eliminated. 
HCX, PAHs, and coplanar PCBs were not included in the 
analytical parameters for soil samples collected at the 
Oxbow Area. Although this may result in exposures (and 
hazards) being under-estimated, the potential risks are 
anticipated to be considerably lower than those identified in 
the Addendum. 
The analytical chemistry results for the sample from 
location LPX-SD-4404 are distinctive and may not be 
within the normal flooding zone (and therefore not 
historically impacted by the site source area). 

Uncertainty is inherent in the use of literature-derived 
exposure parameters because they were not empirically 
measured at the site. The general use of conservative values 
likely resulted in wildlife hazards being over-estimated. 



TABLE 16. SUMMARY OF UNCERTAINTIES, (continued) 


Centredale Manor Restoration Project Superfund Site - Oxbow Area 

North Providence, Rhode Island 


Potential
 
Over- (+) or
 

Under
estimation (-)
 

Uncertainty of Risk	 
Exposure +	
Concentrations	 

Contaminant +/-	 
Distribution with	 
Soil Depth	 
Bioaccumulation	 
Factors	 

Effects Assessment 
Toxicity +	
Reference	 
Values 

+/

Dioxin, Furan, 
and PCB 
Congeners 

Risk Characterization 
Hazard +/
Quotients/ 
Hazard Indices 

Rationale 
Earthworm tissue concentrations were estimated using BSAFs 
that were normalized based on the minimum organic carbon 
concentration detected in the 2004 Oxbow Area floodplain soils. 
Floodplain soil carbon content is variable (8 - >30%); the 
average (of three soil samples) was almost 2.5 times the 
minimum value and use of the average TOC would have resulted 
in estimated earthworm tissue concentrations being reduced by 
this same factor. 
Floodplain soil samples were collected from 0-6 inches in depth 
only; data is lacking for other depth intervals where ecological 
exposure is possible. 
The lack of soil/plant uptake factors for TCDD may have 
resulted in an underestimation of dietary exposures to 
omnivorous wildlife (raccoon). 
The lack of BMFs necessary to estimate wildlife tissue 
concentrations for certain COPECs may have resulted in an 
underestimation of risks. 

The use of conservative application factors to derive benchmark 
doses may have resulted in risks being over-estimated for some 
COPECs. 
Avian toxicological data for antimony and cobalt were not 
available and, as a result, potential risks for these COPECs could 
not be quantified. 
CBRs were not available for all COPECs. In addition, the 
relatively high percentage of studies reporting unbounded results 
contributed significant uncertainty to the residue-based analysis. 
The general methodology employed likely resulted in the 
selection of conservative measures of effect. 
The TEQ approach does not explicitly account for antagonistic or 
synergistic interactions between congeners and may 
underestimate risk to wildlife; however, because TCDD was the 
primary risk driver this uncertainty is likely of little consequence. 

Uncertainty exists regarding the interpretation of the HQ or HI 
value of one as a definitive indicator of population level impacts 
to wildlife. The assessment is believed to be sufficiently 
conservative and the relationship between the assessment and 
measurement endpoints is not direct, resulting in a gray area for 
HQ or HI values in the vicinity of one. 



c 

TABLE 17. SUMMARY OF ECOLOGICAL RISK AT THE OXBOW AREA.
 

Contaminant Hazard Index8 

Receptor Group NOAEL LOAEL 
Soil invertebrates 
(soil screen) 

Pesticides 66 
JPCEte "I_LI1_I zzzir"j2i2.""~.iT~
Metals 
TEQ/TCDD 

Total 278 
Soil invertebrates 
(tissue screen) 

Pesticides „ r., i 
~PCBs 
Metals 31 122 
TEQ/TCDD 

Total 32 122 
Short-tailed shrew Pesticides 

PCBs 44 
Metals 69 8.2 
TEQ/TCDD 187 19 

Total 264 " " 29 
American 
woodcock Pesticides 

PCBs 1.4 
Metals 27 2.2 

.TEQ/TCDD 13 13 __ 
Total 46 " 6.1 

Raccoon Pesticides 
PCBs 
Metals 
TEQ/TCDD 2.1 

Total 3.6 
a.	 Hazard indices (HI) based on average COPEC concentrations at the 

Oxbow Area. 
- Indicates that the HI was below 1. 
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Appendix A 



APPENDIX A


SITE PHOTOGRAPHS
 




Figure a. Facing south along utility right-of-way along western edge of Oxbow Area. 

Figure b. Facing west-south-west near center of Oxbow Area adjacent to former river channel. 

Page 1 of4 



Figure c. Facing west in a forest opening located approximately 100 feet north of Figure b. Small 
ponded area in foreground may be one of several vernal pools located within the Oxhow Area ~ 

Figure d. Facing west in northwestern portion of Oxhow Area; note yellow-stained leaves along 
recent wet channel. 
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Figure e. Disturbed borrow and fill topography typical of south central portion of the Oxbow Area 
across the Woonasquatucket River from the Lee Romano Baseball Field. 

Figure f. Across Woonasquatucket River from the former Allendale Pond mill building complex. 
Allendale Dam is approximately 500 feet upstream around bend to the left. Note cut in bank in the 
center of the photo where floodwaters can flow into the Oxbow Area. 

Page 3 of4 



' . 

S8£';«;T 

Figure g. Topographically elevated oak-hardwood hammock in south-central portion of the Oxbow 
Area. 

Figure h. Facing south from southern end of oak hammock area and looking into the scrub-shrub 
habitat that fringes the upper portion of Lyman Mill Pond. 
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RHODE ISLAND 
DEPARTMENT OF ENVIRONMENTAL MANAGEMENT 
235 Promenade Street, Providence, RI 02908-5767 TDD 401-222-4462 

Melissa A. Beauchemin 
Battelle 
397 Washington Street 
Duxbury,MA 02332 

June 1,2006 

RE: Centredale Manor Restoration Project, North Providence, RI. 

Dear Ms. Beauchemin: 

Thank you for contacting the RI Natural Heritage Program for information regarding the 
presence of rare, threatened, or endangered species, or exemplary natural communities within the 
vicinity of the above-referenced project as outlined in your letter and map received at this office 
by fax on May 8, 2006. 

Review of the Program database indicates there are no rare, threatened, or endangered 
species, or exemplary natural communities within the vicinity of this site. As our inventory is 
ongoing, more information may become available concerning this area hi the future. If you have 
any questions regarding this review, please contact me at 277-2776, extension 4308. 

Sincerely, 

Richard W. Enser, Coordinator
 

RI Natural Heritage Program
 


30% post-consumer fiber 



United States Department of the Interior CUP 
FISH AND WILDLIFE SERVICE 

New England Field Office 
70 Commercial Street, Suite 300 

Concord, New Hampshire 03301-5087 

June 14,2006 

Reference: Project 
Site assessment 

Location 
Johnston, RI 

Melissa Beauchemin 
Battelle 
397 Washington St. 
Duxbury, MA 02332 

Dear Ms. Beauchemin: 

This responds to your recent correspondence requesting information on the presence of federally-
listed and/or proposed endangered or threatened species in relation to the proposed activity(ies) 
referenced above. 

Based on information currently available to us, no federally-listed or proposed, threatened or 
endangered species or critical habitat under the jurisdiction of the U.S. Fish and Wildlife Service 
are known to occur in the project area(s). Preparation of a Biological Assessment or further 
consultation with us under Section 7 of the Endangered Species Act is not required. 

This concludes our review of listed species and critical habitat in the project locations) and 
environs referenced above. No further Endangered Species Act coordination of this type is 
necessary for a period of one year from the date of this letter, unless additional information on 
listed or proposed species becomes available. 

Thank you for your coordination. Please contact us at 603-223-2541 if we can be of further 
assistance. 

Sincerely yours, 

Michael J. Amaral 
Endangered Species Specialist 
New England Field Office 
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FOOD WEB EXPOSURE MODELS USING
 

MAXIMUM SITE CONCENTRATIONS
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TABLE C.1-1 

PARAMETER VALUES USED TO CALCULATE ESTIMATED DAILY INTAKE : Surface Soil (0-2 feet) / Woodcock 

Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Soil 
EXPOSURE MEDIUM: Surface Soil (0-2 feet) 
EXPOSURE POINT: Oxbow Area Floodplain - Maximum 
RECEPTOR: Woodcock 

RME 
EXPOSURE 

ROUTE
 PARAMETER

 SYMBOL
 PARAMETER DEFINIT.ON UNITS "«

 VALUE
 RAT.ONALE/

 DI-I-CDCIÎ CRcrtKcNUt 

'̂ n^P™ 
 MODEL NAME 

INGESTION EDIsoil ESTIMATED DAILY INTAKE VIA SOIL INGESTION mg/kg-d calculated SOIL INTAKE-INGESTION 

Csoil CHEMICAL CONCENTRATION IN SOIL mg/kg chemical-specific EDIso,i = Csoi, * IRsoi, * SFF * EF * 1/BW 

IRsoil INGESTION RATE OF SOIL kg/day 0.012 assumption 
SFF SITE FORAGING FREQUENCY unitless 100% Gregg, 1984 
EF EXPOSURE FREQUENCY unitless 100% USEPA, 1993 
BW BODY WEIGHT kg 0.20 USEPA, 1993 

REFERENCES 
Gregg, L., 1984. Population ecology of woodcock in Wisconsin; Wis. Dept. Nat. Resour. Tech. Bull. No. 144; 51 pp. 
USEPA, 1993. Wildlife Exposure Factors Handbook; United States Environmental Protection Agency, Office of Research and Development; 

EPA/600/R-93/187a; December 1993; Washington, D.C. 

6/6/2006 



TABLE C.1-2
 

CALCULATION OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS : Surface Soil (0-2 feet) / Woodcock
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Soil 
EXPOSURE MEDIUM: Surface Soil (0-2 feet) 
EXPOSURE POINT: Oxbow Area Floodplain  Maximum 
RECEPTOR: Woodcock 

Estimated Daily Reference Reference Hazard Hazard 
Medium Medium Daily intake Dose Dose Reference Quotient Quotient 

Analyte EPC EPC Units Intake3 Units (NOAEL)b (LOAEL)" Dose Units (NOAEL)C (LOAEL)C 

Antimony 7.0E+00 mg/kg 4.2E-01 mg/kg-d 
Arsenic 1 .3E+01 mg/kg 7.7E-01 mg/kg-d 5.1E+00 1.3E+01 mg/kg-d 1.5E-01 6.0E-02 
Barium 5.1E+02 mg/kg 3.1E+01 mg/kg-d 4.2E+01 8.3E+01 mg/kg-d 7.4E-01 3.7E-01 

Beryllium 7.9E+00 mg/kg 4.7E-01 mg/kg-d 1.5E-01 1.5E+00 mg/kg-d 3.2E+00 3.2E-01 
Cadmium 8.3E+00 mg/kg 5.0E-01 mg/kg-d 1.5E+00 2.0E+01 mg/kg-d 3.4E-01 2.5E-02 
Chromium 1 .OE+02 mg/kg 6.2E+00 mg/kg-d 1 .OE+00 5.0E+00 mg/kg-d 6.2E+00 1.2E+00 

Cobalt 2.2E+01 mg/kg 1 .3E+00 mg/kg-d 
Copper 3.6E+02 mg/kg 2.1E+01 mg/kg-d L 4.7E+01 6.2E+01 mg/kg-d 4.6E-01 3.5E-01 
Lead 1 .8E+03 mg/kg 1.1E+02 mg/kg-d 3.9E+00 3.9E+01 mg/kg-d 2.9E+01 2.9E+00 

Manganese 8.6E+02 mg/kg 5.2E+01 mg/kg-d 9.8E+02 9.8E+03 mg/kg-d 5.3E-02 5.3E-03 
Molybdenum 1 .7E+01 mg/kg 1 .OE+00 mg/kg-d 3.5E+00 3.5E+01 mg/kg-d 2.9E-01 2.9E-02 

Selenium 2.2E+00 mg/kg 1 .3E-01 mg/kg-d 4.4E-01 1.5E+00 mg/kg-d 3.0E-01 8.9E-02 
Thallium 1 .OE+00 mg/kg 6.2E-02 mg/kg-d 3.5E+00 5.0E+00 mg/kg-d 1.8E-02 1.2E-02 

Vanadium 7.1E+01 mg/kg 4.3E+00 mg/kg-d 1.1E+01 1.1E+02 mg/kg-d 3.7E-01 3.7E-02 
Zinc 1 .9E+03 mg/kg 1.1E+02 mg/kg-d 1.5E+01 1.3E+02 mg/kg-d 7.7E+00 8.6E-01 

4,4-DDD 2.7E-02 mg/kg 1 .6E-03 mg/kg-d 2.8E-03 2.8E-02 mg/kg-d 5.7E-01 5.7E-02 
4,4-DDE 4.2E-02 mg/kg 2.5E-03 mg/kg-d 2.8E-03 2.8E-02 mg/kg-d 9.1E-01 9.1E-02 
4,4-DDT 2.8E-03 mg/kg 1.7E-04 mg/kg-d 2.8E-03 2.8E-02 mg/kg-d 5.9E-02 5.9E-03 
Dieldrin 6.3E-02 mg/kg 3.8E-03 mg/kg-d 7.7E-02 7.7E-01 mg/kg-d 4.9E-02 4.9E-03 
Lindane 7.6E-04 mg/kg 4.6E-05 mg/kg-d 2.0E+00 2.0E+01 mg/kg-d 2.3E-05 2.3E-06 

TOTAL AROCLOR 3.6E+00 mg/kg 2.2E-01 mg/kg-d 1.1E-01 2.8E-01 mg/kg-d 1.9E+00 7.8E-01 
Aroclor1254 3.6E+00 mg/kg 2.2E-01 mg/kg-d 1.8E-01 1.8E+00 mg/kg-d 1.2E+00 1.2E-01 
Aroclor1268 1 .OE-01 mg/kg 6.2E-03 mg/kg-d 1.1E+00 1.1E+01 mg/kg-d 5.6E-03 5.6E-04 
TEQ-BIRD 4.3E-03 mg/kg 2.6E-04 mg/kg-d 1.4E-05 1.4E-04 mg/kg-d 1.8E+01 1.8E+00 

TEQ-MAMMAL 4.3E-03 mg/kg 2.6E-04 mg/kg-d 

|| HAZARD INDICES: 7.2E+01 9.2E+00 

Notes: 
a. Estimated Daily Intake (EDI) calculated using parameters presented in Table C.1-1. 
b. Reference Dose Values presented in Table D-4 in the BERA (MACTEC, 2004). 
c. Hazard Quotients (HQs) calculated by dividing the Estimated Daily Intake dose by either the NOAEL- or LOAEL-based Reference Dose. 
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TABLEC.1-3 

PARAMETER VALUES USED TO CALCULATE ESTIMATED DAILY INTAKE : Soil Invertebrates / Woodcock 

Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Biota 2 
EXPOSURE MEDIUM: Soil Invertebrates 
EXPOSURE POINT: Oxbow Area Floodplain - Maximum 
RECEPTOR: Woodcock 

pup 

EXPOSURE 
ROUTE

 PARAMETER
 SYMBOL

 ..ADAUC-™r.ECn,rri«u
 PARAMETER DEFINITION

 , ,nrro
 UN.TS

 RME
 VALUE

 ^AT?™,!, =,
™™™̂

 INTAKE EQUATION/ 
 MODEL NAME 

KcrcKcNCc 

ESTIMATED DAILY INTAKE VIA INVERTEBRATE 
INGESTION EDIinvert INGESTION mg/kg-d calculated INVERTEBRATE INTAKE-INGESTION 

EDIjnvert = Cirwert * IRfood * Pinvert * SFF * EF * 

invert CHEMICAL CONCENTRATION IN INVERTEBRATES mg/kg chemical-specific 1/BW 

IRfood INGESTION RATE OF FOOD kg/day 0.082 USEPA, 1993 
Where Cinvert is estimated using site-specific 

USEPA, 1993; tissue data or calculated using the following 

^invert PERCENT INVERTEBRATES IN DIET unitless 100% Krohn, 1970. equation: 
SFF SITE FORAGING FREQUENCY unitless 100% Gregg, 1984 Cinvert = Cso,i BAr jnveri 

Bioaccumulation Factors [mg(ww tissue)/ 
EF EXPOSURE FREQUENCY unitless 100% USEPA, 1993 kg(dw sediment)] provided separately. 
BW BODY WEIGHT kg 0.20 USEPA, 1993 

REFERENCES
 

Gregg, L., 1984. Population ecology of woodcock in Wisconsin; Wis. Dept. Nat. Resour. Tech. Bull. No. 144; 51 pp.
 

Krohn, W.B., 1970. Woodcock feeding habits as related to summer field usage in central Maine; J. Widl. Manage. 34:769-775.
 

USEPA, 1993. Wildlife Exposure Factors Handbook; United States Environmental Protection Agency, Office of Research and Development;
 


EPA/600/R-93/187a; December 1993; Washington, D.C. 
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TABLE C.1-4
 

CALCULATION OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS : Soil Invertebrates / Woodcock
 


Screening Level Ecological Risk Assessment oCentredale Manor River Restoration Superfund Site 
North Providence, Rhode Island 

SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Biota 2 
EXPOSURE MEDIUM: Soil Invertebrates 
EXPOSURE POINT: Oxbow Area Floodplain - Maximum 
RECEPTOR: Woodcock 

Estimated Daily Reference Reference Hazard Hazard 
Medium Medium Daily intake Dose Dose Reference Quotient Quotient 

Analyte EPC EPC Units Intake3 Units (NOAEL)" (LOAEL)" Dose Units (NOAEL)C (LOAEL)0 

Antimony 1 .5E+00 mg/kg 5.9E-01 mg/kg-d 
Arsenic 4.3E-01 mg/kg 1.7E-01 mg/kg-d 5.1E+00 1.3E+01 mg/kg-d 3.3E-02 1.3E-02 
Barium 3.6E+01 mg/kg 1 .5E+01 mg/kg-d 4.2E+01 8.3E+01 mg/kg-d 3.5E-01 1.7E-01 

Beryllium 3.4E-01 mg/kg 1.4E-01 mg/kg-d 1.5E-01 1.5E+00 mg/kg-d 9.2E-01 9.2E-02 
Cadmium 9.9E+00 mg/kg 4.0E+00 mg/kg-d 1.5E+00 2.0E+01 mg/kg-d 2.7E+00 2.0E-01 
Chromium 2.6E+00 mg/kg 1 .OE+00 mg/kg-d 1. OE+00 5.0E+00 mg/kg-d 1. OE+00 2.1E-01 

Cobalt 7.9E-01 mg/kg 3.2E-01 mg/kg-d 
Copper 1.1E+01 mg/kg 4.2E+00 mg/kg-d 4.7E+01 6.2E+01 mg/kg-d 9.0E-02 6.8E-02 
Lead 8.0E+01 mg/kg 3.2E+01 mg/kg-d 3.9E+00 3.9E+01 mg/kg-d 8.3E+00 8.3E-01 

Manganese 5.2E+01 mg/kg 2.1E+01 mg/kg-d 9.8E+02 9.8E+03 mg/kg-d 2.1E-02 2.1E-03 
Molybdenum 4.2E-01 mg/kg 1.7E-01 mg/kg-d 3.5E+00 3.5E+01 mg/kg-d 4.8E-02 4.8E-03 

Selenium 1 .2E+00 mg/kg 4.6E-01 mg/kg-d 4.4E-01 1.5E+00 mg/kg-d 1. OE+00 3.1E-01
 

Thallium 5.5E-02 mg/kg 2.2E-02 mg/kg-d 3.5E+00 5.0E+00 mg/kg-d 6.2E-03 4.4E-03
 


Vanadium 1 .7E+00 mg/kg 6.8E-01 mg/kg-d 1.1E+01 1.1E+02 mg/kg-d 6.0E-02 6.0E-03
 

Zinc 3.5E+02 mg/kg 1 .4E+02 mg/kg-d 1.5E+01 1.3E+02 mg/kg-d 9.5E+00 1.1E+00 

4,4'-DDD 3.7E-03 mg/kg 1 .5E-03 mg/kg-d 2.8E-03 2.8E-02 mg/kg-d 5.3E-01 5.3E-02 
4,4'-DDE 6.9E-03 mg/kg 2.8E-03 mg/kg-d 2.8E-03 2.8E-02 mg/kg-d 9.9E-01 9.9E-02 
4,4'-DDT 1.7E-04 mg/kg 6.9E-05 mg/kg-d 2.8E-03 2.8E-02 mg/kg-d 2.5E-02 2.5E-03 
Dieldrin 1.1E-02 mg/kg 4.4E-03 mg/kg-d 7.7E-02 7.7E-01 mg/kg-d 5.7E-02 5.7E-03 
Lindane 3.0E-04 mg/kg 1.2E-04 mg/kg-d 2.0E+00 2.0E+01 mg/kg-d 6.1E-05 6.1E-06 

TOTAL AROCLOR 3.9E-01 mg/kg 1.6E-01 mg/kg-d 1.1E-01 2.8E-01 mg/kg-d 1.4E+00 5.7E-01 
Aroclor 1254 3.8E-01 mg/kg 1.5E-01 mg/kg-d 1.8E-01 1.8E+00 mg/kg-d 8.4E-01 8.4E-02 
Aroclor 1268 1 .3E-02 mg/kg 5.3E-03 mg/kg-d 1.1E+00 1.1E+01 mg/kg-d 4.8E-03 4.8E-04 
TEQ-BIRD 4.4E-04 mg/kg 1.7E-04 mg/kg-d 1.4E-05 1.4E-04 mg/kg-d 1.2E+01 1.2E+00 

TEQ-MAMMAL 4.5E-04 mg/kg 1.8E-04 mg/kg-d 

|| HAZARD INDICES: 4.1E+01 5.0E+00 

Notes: 
a. Estimated Daily Intake (EDI) calculated using parameters presented in Table C.1-3. 
b. Reference Dose Values presented in Table D-4 in the BERA (MACTEC, 2004). 
c. Hazard Quotients (HQs) calculated by dividing the Estimated Daily Intake dose by either the NOAEL- or LOAEL-based Reference Dose. 
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TABLE C.1-5
 

SUMMARY OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS USING NOAEL-BASED RTVs : Woodcock
 


c



C



c



Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
EXPOSURE POINT: Oxbow Area Floodplain - Maximum 
RECEPTOR: Woodcock 

TOTAL RISK (HI): 1.1E+02 

Surface

Analyte Water

Lead 
TEQ-BIRD 
Zinc 
Chromium 
Beryllium 
TOTAL AROCLOR 
Cadmium 
Aroclor 1254 
4,4'-DDE 
Selenium 
4,4'-DDD 
Barium 
Copper 
Vanadium 
Molybdenum 
Arsenic 
Dieldrin 
4,4'-DDT 
Manganese 
Thallium 
Aroclor 1268 
Lindane 

Antimony. 'v,:*? •!•" , ..; 
CobaJl* ' '. ''!!t'Y- • ; • • •  . .'.riV'. ..
TEQ-MAMMAL 

TOTAL MEDIUM-SPECIFIC RISK 
PERCENTAGE OF TOTAL RISK 

Footnotes: 

Exposure Medium3 

 Terrestrial Terrestrial Small Small 
 Soil Plants Inverts Birds Mammals 

2.9E+01 8.3E+00 
1.8E+01 1.2E+01 
7.7E+00 9.5E+00 
6.2E+00 1.0E+00 
3.2E+00 9.2E-01 
1.9E+00 1.4E+00 
3.4E-01 2.7E+00 
1.2E+00 8.4E-01 
9.1E-01 9.9E-01 
3.0E-01 1.0E+00 
5.7E-01 5.3E-01 
7.4E-01 3.5E-01 
4.6E-01 9.0E-02 
3.7E-01 6.0E-02 
2.9E-01 4.8E-02 
1.5E-01 3.3E-02 
4.9E-02 5.7E-02 
5.9E-02 2.5E-02 
5.3E-02 2.1E-02 
1.8E-02 6.2E-03 
5.6E-03 4.8E-03 
2.3E-05 6.1E-05 

• •••"•;: • • .^\, ;;:gp- . > ; •  • .. ,.; JF 
: • . . •  • ' " •.".'• '>>«.•••. • ; • .  . .J1:,;̂ '

7.2E+01 4.1E+01 
64% 36% 

Combined Percent 

HQsb Contribution0 

3.7E+01 33% 
3.1E+01 28% 
1.7E+01 15% 
7.3E+00 6% 
4.1E+00 4% 
3.4E+00 3% 
3.1E+00 3% 
2.0E+00 2% 
1.9E+00 2% 
1.3E+00 1% 
1.1E+00 1% 
1.1E+00 1% 
5.5E-01 0% 
4.3E-01 0% 
3.4E-01 0% 
1.8E-01 0% 
1.1E-01 0% 
8.4E-02 0% 
7.4E-02 0% 
2.4E-02 0% 
1.0E-02 0% 
8.3E-05 0% 

1.1E+02 
100% 

a. Hazard Quotients presented by exposure medium; a blank cell indicates that the analyte was not a COPEC for that 
medium; a dash entry indicates that there was no assumed exposure to that medium. 
b. Combined risk across all media exposures. 
c. Relative contribution of COPEC to total risk associated with the ingestion exposure pathway. 
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TABLEC.1-6 
SUMMARY OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS USING LOAEL-BASED RTVs : Woodcock 

Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
EXPOSURE POINT: Oxbow Area Floodplain - Maximum 
RECEPTOR: Woodcock 

TOTAL RISK (HI): 1.4E+01 

Exposure Medium3 

Surface Terrestrial Terrestrial Small Small Combined Percent 

Analyte Water Soil Plants Inverts Birds Mammals HQsb Contribution0 

Lead 2.9E+00 8.3E-01 3.7E+00 26% 
TEQ-BIRD 1.8E+00 1.2E+00 3.1E+00 22% 
Zinc 8.6E-01 1.1E+00 1.9E+00 13% 
Chromium 1.2E+00 2.1E-01 1.5E+00 10% 
TOTAL AROCLOR 7.8E-01 5.7E-01 1.3E+00 9% 
Barium 3.7E-01 1.7E-01 5.4E-01 4% 
Copper 3.5E-01 6.8E-02 4.2E-01 3% 
Beryllium 3.2E-01 9.2E-02 4.1E-01 3% 
Selenium 8.9E-02 3.1E-01 4.0E-01 3% 
Cadmium 2.5E-02 2.0E-01 2.2E-01 2% 
Aroclor1254 1.2E-01 8.4E-02 2.0E-01 1% 
4,4'-DDE 9.1E-02 9.9E-02 1.9E-01 1% 
4,4'-DDD 5.7E-02 5.3E-02 1.1E-01 1% 
Arsenic 6.0E-02 1.3E-02 7.3E-02 1% 
Vanadium 3.7E-02 6.0E-03 4.3E-02 0% 
Molybdenum 2.9E-02 4.8E-03 3.4E-02 0% 
Thallium 1.2E-02 4.4E-03 1.7E-02 0% 
Dieldrin 4.9E-03 5.7E-03 1.1E-02 0% 
4,4'-DDT 5.9E-03 2.5E-03 8.4E-03 0% 
Manganese 5.3E-03 2.1E-03 7.4E-03 0% 
Aroclor 1268 5.6E-04 4.8E-04 1.0E-03 0% 
Lindane 
AnBrjfeny ; 
Cojbalt ,

 '•'",
 ;;•

 '' ' .
 5; .

 '
 f .

 _!'.: 
 •?' •.i&r'-: • 

2.3E-06 

'. :™V-:" •-. ,i"

6.1E-06 

• .:.,;. "„.,,.. .;... .;.....'. .,.:..-.,.„. 

8.3E-06 

.. . .

 0% 
• •".' '••fms

\/$SSV 

....v. . 

TEQ-MAMMAL 

TOTAL MEDIUM-SPECIFIC RISK 9.2E+00 5.0E+00 1.4E+01 
PERCENTAGE OF TOTAL RISK 65% 35% 100% 

Footnotes: 
a.	 Hazard Quotients presented by exposure medium; a blank cell indicates that the analyte was not a COPEC for that 

medium; a dash entry indicates that there was no assumed exposure to that medium. 
b. Combined risk across all media exposures. 
c. Relative contribution of COPEC to total risk associated with the ingestion exposure pathway. 
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TABLE C.2-1
 


ESTIMATED TERRESTRIAL PREY TISSUE CONCENTRATIONS DERIVED USING LITERATURE-BASED BAFs
 


Screening Level Ecological Risk Assessment 
Centredale Manor River Restoration Superfund Site 

North Providence, Rhode Island 

SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Soil 
EXPOSURE MEDIUM: All 
EXPOSURE POINT: Oxbow Area Floodplain - Maximum 

Literature-based BAFsa 

Medium EPC Terrestial Terrestrial 

Analyte Value Plants Inverts 

Antimony	 	 7.0E+00 2.0E-03 
Arsenic 1.3E+01 1.0E-02 2.5E-02 
Barium 5.1E+02 3.1E-02 1.8E-02 
Beryllium 7.9E+00 2.0E-03 9.0E-03 
Cadmium 8.3E+00 4.4E-02 1.0E+00 
Chromium 1.0E+02 8.2E-03 6.1E-02 
Cobalt 2.2E+01 1.5E-03 2.4E-02 
Copper 3.6E+02 9.7E-02 2.0E-01 
Lead 1.8E+03 1.9E-02 1.0E-01 
Manganese 8.6E+02 1.6E-02 4.3E-02 
Molybdenum 1.7E+01 5.0E-02 1.9E-01 
Selenium 2.2E+00 1.3E-01 1.0E-01 

c 
Thallium 1.0E+00 8.0E-04 
Vanadium 7.1E+01 9.7E-04 8.4E-03 
Zinc 1.9E+03 3.5E-01 3.6E+00 
4,4'-DDD 2.7E-02 2.4E-03 1.1E+00 
4,4'-DDE 4.2E-02 9.6E-04 1.1E+00 
4,4'-DDT 2.8E-03 1.4E-03 1.1E+00 
Dieldrin 6.3E-02 6.7E-03 1.1E+00 
Jndane 7.6E-04 5.9E-02 1.0E+00 
TOTAL AROCLOR 3.6E+00 6.1E-04 1.1E+00 
Aroclor 1254 3.6E+00 1.4E-03 1.1E+00 
Aroclor 1268 1.0E-01 3.4E-04 1.1E+00 
TEQ-BIRD 4.3E-03 
TEQ-MAMMAL 4.3E-03 

Estimated Tissue Concentration 

Terrestial 

Plants'" Terrestrial Inverts" 

1.4E-02 O.OE+00 
1.3E-01 3.1E-01 
1.6E+01 9.4E+00 
1.6E-02 7.1E-02 
3.6E-01 8.5E+00 
8.5E-01 6.4E+00 
3.3E-02 5.4E-01 
3.5E+01 7.0E+01 
3.5E+01 1.9E+02 
1.4E+01 3.7E+01 
8.7E-01 3.3E+00 
2.9E-01 2.2E-01 
8.3E-04 O.OE+00 
6.9E-02 6.0E-01 
6.5E+02 6.8E+03 
6.5E-05 2.9E-02 
4.1E-05 4.6E-02 
4.0E-06 3.0E-03 
4.2E-04 6.7E-02 
4.5E-05 7.8E-04 
2.2E-03 4.0E+00 
4.9E-03 3.9E+00 
3.5E-05 1.2E-01 
O.OE+00 O.OE+00 
O.OE+00 O.OE+00 

Footnotes: 
a. Literature-derived BAFs are summarized in Table J-1 in the BERA (MACTEC, 2004). 
b.	 Estimated plant and invertebrate concentrations calculated by multiplying the soil EPC concentration (mg/kg[dw] by the tissue-specific BAF 

(mg/kg[ww]). Estimated tissue concentrations reported in units of mg/kg [wet weight tissue]. 
c.	 Estimated small bird prey concentrations calculated by multiplying the estimated tissue concentration of soil invertebrates by the 

small bird BAF (I.e., assumes vermivorous species). 
d. Estimated small mammal prey concentrations calculated assuming that plants and invertebrates each comprise 50% of the prey species
 


diet (i.e., omnivore); the sum of 50% times the estimated tissue concentrations of plants and invertebrates was multiplied by the small mammal BAF.
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TABLE C.2-2 
PARAMETER VALUES USED TO CALCULATE ESTIMATED DAILY INTAKE : Surface Soil (0-2 feet) / Short-tailed Shrew 

Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Soil 
EXPOSURE MEDIUM: Surface Soil (0-2 feet) 
EXPOSURE POINT: Oxbow Area Floodplain - Maximum 
RECEPTOR: Short-tailed Shrew 

pup 

EXPOSURE  PARAMETER PARAMETER DEFINITION UNITS *"% RATIONALE/ .̂̂ SiZ™ 

ROUTE SYMBOL VALUE DCCEDCU^C MODEL NAME 


RcrcKcNCc 

INGESTION EDIsoil ESTIMATED DAILY INTAKE VIA SOIL INGESTION mg/kg-d calculated SOIL INTAKE-INGESTION 

Csoil CHEMICAL CONCENTRATION IN SOIL mg/kg chemical-specific EDIsoil = Csoil * IRsoil * SFF * EF * 1/BW 

IRsoil INGESTION RATE OF SOIL kg/day 0.00064 assumption 
SFF SITE FORAGING FREQUENCY unitless 100% Buckner, 1966 
EF EXPOSURE FREQUENCY unitless 100% USEPA, 1993 
BW BODY WEIGHT kg 0.017 Guilday, 1957 

REFERENCES
 
Buckner, C.H., 1966. Populations and ecological relationships of shrews in tamarack bogs of southeastern Manitoba; J. Mammal. 47:181-194.
 
Guilday, J.E., 1957, Individual an dgeographic variation in Blarina brevicauda from Pennsylvania; Ann. Carnegie Mus. 35:41-68.
 
USEPA, 1993. Wildlife Exposure Factors Handbook; United States Environmental Protection Agency, Office of Research and Development;
 

EPA/600/R-93/187a; December 1993; Washington, D.C. 

o o o
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TABLE C.2-3
 

CALCULATION OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS : Surface Soil (0-2 feet) / Short-tailed Shrew
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO T1MEFRAME: Current/Future 
MEDIUM: Soil 
EXPOSURE MEDIUM: Surface Soil (0-2 feet) 
EXPOSURE POINT: Oxbow Area Floodplain - Maximum 
RECEPTOR: Short-tailed Shrew 

Estimated Daily Reference Reference Hazard Hazard 
Medium Medium Daily intake Dose Dose Reference Quotient Quotient 

Analyte EPC EPC Units Intake3 Units (NOAEL)b (LOAEL)" Dose Units (NOAEL)0 (LOAEL)C 

Antimony 7.0E+00 mg/kg 2.6E-01 mg/kg-d 2.6E-02 2.6E-01 mg/kg-d 9.9E+00 9.9E-01 
Arsenic 1.3E+01 mg/kg 4.7E-01 mg/kg-d 1.3E-01 1.3E+00 mg/kg-d 3.7E+00 3.7E-01 
Barium 5.1E+02 mg/kg 1.9E+01 mg/kg-d 7.5E+01 1.6E+02 mg/kg-d 2.5E-01 1.2E-01 

Beryllium 7.9E+00 mg/kg 2.9E-G1 mg/kg-d 6.6E-01 6.6E+00 mg/kg-d 4.4E-Q1 4.4E-02 
Cadmium 8.3E+00 mg/kg 3.0E-01 mg/kg-d 1. OE+00 1.0E+01 mg/kg-d 3.0E-01 3.0E-02 
Chromium 1.0E+02 mg/kg 3.8E+00 mg/kg-d 1.5E+03 1.5E+04 mg/kg-d 2.6E-03 2.6E-04 

Cobalt 2.2E+01 mg/kg 8.1E-01 mg/kg-d 7.6E-02 7.6E-01 mg/kg-d 1.1E+01 1.1E+00 
Copper 3.6E+02 mg/kg 1.3E+01 mg/kg-d 4.2E-01 4.2E+00 mg/kg-d 3.1E+01 3.1E+00 
Lead 1.8E+03 mg/kg 6.8E+01 mg/kg-d 1.3E+02 3.8E+02 mg/kg-d 5.4E-01 1.8E-01 

Manganese 8.6E+02 mg/kg 3.2E+01 mg/kg-d 8.8E+01 2.8E+02 mg/kg-d 3.6E-01 1.1E-01 
Molybdenum 1.7E+01 mg/kg 6.4E-01 mg/kg-d 1.9E-01 1.9E+00 mg/kg-d 3.4E+00 3.4E-01 

Selenium 2.2E+00 mg/kg 8.2E-02 mg/kg-d 2.0E-01 3.3E-01 mg/kg-d 4.1E-01 2.5E-01
 

Thallium 1 .OE+00 mg/kg 3.8E-02 mg/kg-d 1.4E-01 1.4E+00 mg/kg-d 2.7E-01 2.7E-02
 


Vanadium 7.1E+01 mg/kg 2.6E+00 mg/kg-d 4.2E-01 2.1E+00 mg/kg-d 6.2E+00 1.2E+00
 

Zinc 1 .9E+03 mg/kg 6.9E+01 mg/kg-d 1.6E+02 3.2E+02 mg/kg-d 4.3E-01 2.2E-01 

4,4'-DDD 2.7E-02 mg/kg 9.8E-04 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 1.2E-03 2.5E-04 

4,4'-DDE 4.2E-02 mg/kg 1 .6E-03 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 2.0E-03 3.9E-04 
4,4'-DDT 2.8E-03 mg/kg 1.0E-04 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 1.3E-04 2.5E-05 
Dieldrin 6.3E-02 mg/kg 2.3E-03 mg/kg-d 2.8E-02 2.8E-01 mg/kg-d 8.5E-02 8.5E-03 
Lindane 7.6E-04 mg/kg 2.8E-05 mg/kg-d 1 .6E+00 3.2E+00 mg/kg-d 1.8E-05 8.8E-06 

TOTAL AROCLOR 3.6E+00 mg/kg 1.3E-01 mg/kg-d 6.8E-02 6.8E-01 mg/kg-d 1.9E+00 1.9E-01 
Aroclor1254 3.6E+00 mg/kg 1.3E-01 mg/kg-d 6.8E-02 6.8E-01 mg/kg-d 1.9E+00 1.9E-01 
Aroclor1268 1 .OE-01 mg/kg 3.8E-03 mg/kg-d 6.8E-02 6.8E-01 mg/kg-d 5.6E-02 5.6E-03 
TEQ-BIRD 4.3E-03 mg/kg 1 .6E-04 mg/kg-d 

TEQ-MAMMAL 4.3E-03 mg/kg 1.6E-04 mg/kg-d 1.0E-06 1.0E-05 mg/kg-d 1.6E+02 1.6E+01 

|| HAZARD INDICES: 2.3E+02 2.4E+01 

Notes: 
a. Estimated Daily Intake (EDI) calculated using parameters presented in Table C.2-2. 
b. Reference Dose Values presented in Table D-4 in the BERA (MACTEC, 2004). 
c. Hazard Quotients (HQs) calculated by dividing the Estimated Daily Intake dose by either the NOAEL- or LOAEL-based Reference Dose. 
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TABLE C.2-4 
PARAMETER VALUES USED TO CALCULATE ESTIMATED DAILY INTAKE : Terrestrial Plants / Short-tailed Shrew 

Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Biota 1 
EXPOSURE MEDIUM: Terrestrial Plants 
EXPOSURE POINT: Oxbow Area Floodplain - Maximum 
RECEPTOR: Short-tailed Shrew 

RME 
EXPOSURE  PARAMETER „*„....=,.„ neE,u,-r,nk, ,,^,,-re RME r,.-r?J«,.. t:, INTAKE EQUATION/ 


ROUTE SYMBOL PARAMETER DEF.NITION UNITS VAUJE ™™*"f MODEL NAME 

RcFcncNCc 


INGESTION EDIolant ESTIMATED DAILY INTAKE VIA PLANT INGESTION mg/kg-d calculated PLANT INTAKE-INGESTION 

Cpiant CHEMICAL CONCENTRATION IN PLANTS mg/kg chemical-specific EDIpiant = Cpianl * IRf0od * Ppiant * SFF * EF * 

IRfood INGESTION RATE OF FOOD kg/day 0.013 USEPA, 1993 

Pplanl PERCENT PLANTS IN DIET unitless 14% Whitaker and Where Cpiant is estimated using site-specific 
SFF SITE FORAGING FREQUENCY unitless 100% Buckner, 1966 Cplanl  '-'soil BAFp|anl 

=

EF EXPOSURE FREQUENCY unitless 100% USEPA. 1993 kg(dw sediment)] provided separately. 
BW BODY WEIGHT kg 0.017 Guilday, 1957 

REFERENCES
 

Buckner, C.H., 1966. Populations and ecological relationships of shrews in tamarack bogs of southeastern Manitoba; J. Mammal. 47:181-194. 
Guilday, J.E., 1957, Individual an dgeographic variation in Blarina brevicauda from Pennsylvania; Ann. Carnegie Mus. 35:41-68. 
EPA/600/R-93/187a; December 1993; Washington, D.C. 

Whitaker, J.O., Jr., and M.G. Ferraro, 1963. Summer food of 220 short-tailed shrews from Ithica, New York; J. Mammal. 44:419. 

O o o


6/6/2006 



TABLE C.2-5
 

CALCULATION OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS : Terrestrial Plants / Short-tailed Shrew
 


c Screening Level Ecological Risk Assessment 
Centredale Manor River Restoration Super-fund Site 

North Providence, Rhode Island 

SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Biota 1 
EXPOSURE MEDIUM: Terrestrial Plants 
EXPOSURE POINT: Oxbow Area Floodplain - Maximum 
RECEPTOR: Short-tailed Shrew 

Estimated Daily Reference Reference Hazard Hazard 

Medium Medium Daily Intake Dose Dose Reference Quotient Quotient 

Analyte EPC EPC Units Intake3 Units (NOAEL)" (LOAEL)b Dose Units (NOAEL)0 (LOAEL)C 

Antimony 1.4E-02 mg/kg 1 .5E-03 mg/kg-d 2.6E-02 2.6E-01 mg/kg-<J 5.7E-02 5.7E-03 
Arsenic 1.3E-01 mg/kg 1 .3E-02 mg/kg-d 1.3E-01 1.3E+00 mg/kg-d 1.1E-01 1.1E-02 
Barium 1 .6E+01 mg/kg 1.7E+00 mg/kg-d 7.5E+01 1.6E+02 mg/kg-d 2.2E-02 1.1E-02 

Beryllium 1 .6E-02 mg/kg 1.7E-03 mg/kg-d 6.6E-01 6.6E+00 mg/kg-d 2.5E-03 2.5E-04 
Cadmium 3.6E-01 mg/kg 3.8E-02 mg/kg-d 1.0E+00 1.0E+01 mg/kg-d 3.8E-02 3.8E-03 
Chromium 8.5E-01 mg/kg 9.0E-02 mg/kg-d 1.5E+03 1.5E+04 mg/kg-d 6.1E-05 6.1E-06 

Cobalt 3.3E-02 mg/kg 3.4E-03 mg/kg-d 7.6E-02 7.6E-01 mg/kg-d 4.5E-02 4.5E-03 
Copper 3.5E+01 mg/kg 3.6E+00 mg/kg-d 4.2E-01 4.2E+00 mg/kg-d 8.6E+00 8.6E-01 
Lead 3.5E+01 mg/kg 3.7E+00 mg/kg-d 1.3E+02 3.8E+02 mg/kg-d 3.0E-02 9.9E-03 

Manganese 1 .4E+01 mg/kg 1.4E+00 mg/kg-d 8.8E+01 2.8E+02 mg/kg-d 1.6E-02 5.0E-03 
Molybdenum 8.7E-01 mg/kg 9.1E-02 mg/kg-d 1.9E-01 1.9E+00 mg/kg-d 4.8E-01 4.8E-02 

Selenium 2.9E-01 mg/kg 3.0E-02 mg/kg-d 2.0E-01 3.3E-01 mg/kg-d 1.5E-01 9.1E-02
 

Thallium 8.3E-04 mg/kg 8.7E-05 mg/kg-d 1.4E-01 1.4E+00 mg/kg-d 6.2E-04 6.2E-05
 


Vanadium 6.9E-02 mg/kg 7.2E-03 mg/kg-d 4.2E-01 2.1E+00 mg/kg-d 1.7E-02 3.5E-03
 


C 
Zinc 6.5E+02 mg/kg 6.8E+01 mg/kg-d 1.6E+02 3.2E+02 mg/kg-d 4.3E-01 2.1E-01 

4,4'-DDD 6.5E-05 mg/kg 6.8E-06 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 8.5E-06 1.7E-06 
4,4'-DDE 4.1E-05 mg/kg 4.3E-06 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 5.3E-06 V1E-06 
4,4'-DDT 4.0E-06 mg/kg 4.2E-07 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 5.3E-07 1.1E-07 
Dieldrin 4.2E-04 mg/kg 4.5E-05 mg/kg-d 2.8E-02 2.8E-01 mg/kg-d 1.6E-03 1.6E-04 
Lindane 4.5E-05 mg/kg 4.7E-06 mg/kg-d 1.6E+00 3.2E+00 mg/kg-d 2.9E-06 1.5E-06 

TOTAL AROCLOR 2.2E-03 mg/kg 2.3E-04 mg/kg-d 6.8E-02 6.8E-01 mg/kg-d 3.4E-03 3.4E-04 
Aroclor1254 4.9E-03 mg/kg 5.1E-04 mg/kg-d 6.8E-02 6.8E-01 mg/kg-d 7.5E-03 7.5E-04 
Aroclor 1268 3.5E-05 mg/kg 3.6E-06 mg/kg-d 6.8E-02 6.8E-01 mg/kg-d 5.3E-05 5.3E-06 
TEQ-BIRD O.OE+00 mg/kg O.OE+00 mg/kg-d 

TEQ-MAMMAL O.OE+00 mg/kg O.OE+00 mg/kg-d 1.0E-06 1.0E-05 mg/kg-d O.OE+00 O.OE+00 

[| HAZARD INDICES: 1.0E+01 1.3E+00 

Notes: 
a. Estimated Daily Intake (EDI) calculated using parameters presented in Table C.2-4. 
b. Reference Dose Values presented in Table D-4 in the BERA (MACTEC, 2004). 
c. Hazard Quotients (HQs) calculated by dividing the Estimated Daily Intake dose by either the NOAEL- or LOAEL-based Reference Dose. 
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TABLE C.2-6
 

PARAMETER VALUES USED TO CALCULATE ESTIMATED DAILY INTAKE : Soil Invertebrates / Short-tailed Shrew
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Biota 2 
EXPOSURE MEDIUM: Soil Invertebrates 
EXPOSURE POINT: Oxbow Area Floodplain • Maximum 
RECEPTOR: Short-tailed Shrew 

pup
 

EXPOSURE PARAMETER n.r....=T«=r. r»ce,i,,-r,«» ..I..™ RME r,.T?J«7.,.r, INTAKE EQUATION/
 


ROUTE SYMBOL PARAMETER DEFINITION UN.TS VAUJE ™™"̂ B MODEL NAME
 

REFERENCE
 


ESTIMATED DAILY INTAKE VIA INVERTEBRATE 
INGESTION EDIinvert INGESTION mg/kg-d calculated INVERTEBRATE INTAKE-INGESTION 

EDIinvert = C,nvert * IRfood * Pinvert * SFF * EF * 

Cinvert CHEMICAL CONCENTRATION IN INVERTEBRATES mg/kg chemical-specific 1/BW 

IRfood INGESTION RATE OF FOOD kg/day 0.013 USEPA, 1993 

USEPA, 1993; Where Cinvert is estimated using site-specific 
Whitaker and tissue data or calculated using the following 

•invert PERCENT INVERTEBRATES IN DIET unitless 85% Feraro, 1963 equation: 
SFF SITE FORAGING FREQUENCY unltless 100% Buckner, 1966 ^invert ~ ^soil tiArinvert 

Bioaccumulation Factors [mg(ww tissue)/ 
EF EXPOSURE FREQUENCY unitless 100% USEPA, 1993 kg(dw sediment)] provided separately. 
BW BODY WEIGHT kg 0.017 Guilday, 1957 

REFERENCES
 

Buckner, C.H., 1966. Populations and ecological relationships of shrews in tamarack bogs of southeastern Manitoba; J. Mammal. 47:181-194.
 

Guilday, J.E., 1957, Individual an dgeographic variation in Blarina brevicauda from Pennsylvania; Ann. Carnegie Mus. 35:41-68.
 

USEPA, 1993. Wildlife Exposure Factors Handbook; United States Environmental Protection Agency, Office of Research and Development;
 


EPA/600/R-93/187a; December 1993; Washington, D.C. 
Whitaker, J.O., Jr., and M.G. Ferraro, 1963. Summer food of 220 short-tailed shrews from Ithica, New York; J. Mammal. 44:419. 
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TABLE C.2-7
 

CALCULATION OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS : Soil Invertebrates / Short-tailed Shrew
 


c Screening Level Ecological Risk Assessment 
Centredale Manor River Restoration Superfund Site 

North Providence, Rhode Island 

SCENARIO TIMEFRAME: Current/Future
 

MEDIUM: Biota 2


EXPOSURE MEDIUM: Soil Invertebrates
 

EXPOSURE POINT: Oxbow Area Floodplain - Maximum
 

RECEPTOR: Short-tailed Shrew
 


Estimated Daily Reference Reference Hazard Hazard 

Medium Medium Daily intake Dose Dose Reference Quotient Quotient 

Analyte EPC EPC Units Intake3 Units (NOAEL)" (LOAEL)" Dose Units (NOAEL)C (LOAEL)0 

Antimony 1.5E+00 mg/kg 9.3E-01 mg/kg-d 2.6E-02 2.6E-01 mg/kg-d 3.5E+01 3.5E+00 
Arsenic 4.3E-01 mg/kg 2.7E-01 mg/kg-d 1.3E-01 1.3E+00 mg/kg-d 2.1E+00 2.1E-01 
Barium 3.6E+01 mg/kg 2.3E+01 mg/kg-d 7.5E+01 1.6E+02 mg/kg-d 3.1E-01 1.4E-01 

Beryllium 3.4E-01 mg/kg 2.2E-01 mg/kg-d 6.6E-01 6.6E+00 mg/kg-d 3.3E-01 3.3E-02 
Cadmium 9.9E+00 mg/kg 6.3E+00 mg/kg-d 1.0E+00 1.0E+01 mg/kg-d 6.3E+00 6.3E-01 
Chromium 2.6E+00 mg/kg 1.6E+00 mg/kg-d 1.5E+03 1.5E+04 mg/kg-d 1.1E-03 1.1E-04 

Cobalt 7.9E-01 mg/kg 5.0E-01 mg/kg-d 7.6E-02 7.6E-01 mg/kg-d 6.6E+00 6.6E-01 
Copper 1.1E+01 mg/kg 6.6E+00 mg/kg-d 4.2E-01 4.2E+00 mg/kg-d 1.6E+01 1.6E+00 
Lead 8.0E+01 mg/kg 5.0E+01 mg/kg-d 1.3E+02 3.8E+02 mg/kg-d 4.0E-01 1.3E-01 

Manganese 5.2E+01 mg/kg 3.3E+01 mg/kg-d 8.8E+01 2.8E+02 mg/kg-d 3.7E-01 1.1E-01 
Molybdenum 4.2E-01 mg/kg 2.7E-01 mg/kg-d 1.9E-01 1.9E+00 mg/kg-d 1.4E+00 1.4E-01 

Selenium 1 .2E+00 mg/kg 7.3E-01 mg/kg-d 2.0E-01 3.3E-01 mg/kg-d 3.6E+00 2.2E+00
 

Thallium 5.5E-02 mg/kg 3.4E-02 mg/kg-d 1.4E-01 1.4E+00 mg/kg-d 2.5E-01 2.5E-02
 


Vanadium 1.7E+00 mg/kg 1.1E+00 mg/kg-d 4.2E-01 2.1E+00 mg/kg-d 2.6E+00 5.1E-01
 


C 
Zinc 3.5E+02 mg/kg 2.2E+02 mg/kg-d 1.6E+02 3.2E+02 mg/kg-d 1.4E+00 6.8E-01 

4,4'-DDD 3.7E-03 mg/kg 2.3E-03 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 2.9E-03 5.8E-04 
4,4'-DDE 6.9E-03 mg/kg 4.4E-03 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 5.5E-03 1.1E-03 
4,4'-DDT 1 .7E-04 mg/kg 1.1E-04 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 1.4E-04 2.7E-05 
Dieldrin 1.1E-02 mg/kg 7.0E-03 mg/kg-d 2.8E-02 2.8E-01 mg/kg-d 2.5E-01 2.5E-02 
Lindane 3.0E-04 mg/kg 1.9E-04 mg/kg-d 1.6E+00 3.2E+00 mg/kg-d 1.2E-04 6.0E-05 

TOTAL AROCLOR 3.9E-01 mg/kg 2.5E-01 mg/kg-d 6.8E-02 6.8E-01 mg/kg-d 3.6E+00 3.6E-01 
Aroclor 1254 3.8E-01 mg/kg 2.4E-01 mg/kg-d 6.8E-02 6.8E-01 mg/kg-d 3.5E+00 3.5E-01 
Aroclor1268 1.3E-02 mg/kg 8.3E-03 mg/kg-d 6.8E-02 6.8E-01 mg/kg-d 1.2E-01 1.2E-02 
TEQ-BIRD 4.4E-04 mg/kg 2.8E-04 mg/kg-d 

TEQ-MAMMAL 4.5E-04 mg/kg 2.9E-04 mg/kg-d 1.0E-06 1.0E-05 mg/kg-d 2.9E+02 2.9E+01 

|| HAZARD INDICES: 3.7E+02 4.0E+01 

Notes: 
a. Estimated Daily Intake (EDI) calculated using parameters presented in Table C.2-6. 
b. Reference Dose Values presented in Table D-4 in the BERA (MACTEC, 2004). 
c. Hazard Quotients (HQs) calculated by dividing the Estimated Daily Intake dose by either the NOAEL- or LOAEL-based Reference Dose. 
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TABLE D.2-8 
SUMMARY OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS USING NOAEL-BASED RTVs : Short-tailed Shrew 

Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
EXPOSURE POINT: Oxbow Area Floodplain - Average 
RECEPTOR: Short-tailed Shrew 

TOTAL RISK (HI): 2.6E+02 

Exposure Medium3 

Combined 

Analyte Water Soil Plants Inverts Birds Mammals HQsb 
Surface Terrestrial Terrestrial Small Small 

TEQ-MAMMAL 6.7E+01 - 1.2E+02 1.9E+02 
Antimony 4.3E+00 2.5E-02 1.5E+01 2.0E+01 
Copper 1.1E+01 2.9E+00 5.4E+00 1.9E+01 
Cobalt 7.8E+00 3.3E-02 4.8E+00 1.3E+01 
Vanadium 5.2E+00 1.4E-02 2.1E+00 7.4E+00 
Cadmium 1.5E-01 1.8E-02 3.0E+00 3.2E+00 
Selenium 2.6E-01 9.7E-02 2.3E+00 2.7E+00 
Molybdenum 1.6E+00 2.3E-01 6.8E-01 2.5E+00 
Arsenic 1.6E+00 4.5E-02 9.0E-01 2.5E+00 
TOTAL AROCLOR 7.8E-01 1.4E-03 1.5E+00 2.2E+00 
Aroclor1254 7.6E-01 3.0E-03 1.4E+00 2.2E+00 
Zinc 1.5E-01 1.5E-01 4.7E-01 7.7E-01 
Manganese 3.5E-01 1.6E-02 3.6E-01 7.2E-01 
Beryllium 2.7E-01 1.6E-03 2.0E-01 4.8E-01 
Thallium 1.9E-01 4.3E-04 1.7E-01 3.6E-01 
Barium 1.5E-01 1.3E-02 1.8E-01 3.4E-01 
Lead 1.7E-01 9.2E-03 1.2E-01 3.0E-01 
Dieldrin 3.1E-02 5.9E-04 9.2E-02 1.2E-01 
ArocloM268 2.2E-02 2.1E-05 4.8E-02 7.0E-02 
4,4'-DDE 8.4E-04 2.3E-06 2.3E-03 3.2E-03 
Chromium 1.8E-03 4.3E-05 7.9E-04 2.7E-03 
4,4'-DDD 6.1E-04 4.3E-06 1.5E-03 2.1E-03 
4,4'-DDT 5.8E-05 2.4E-07 6.3E-05 1.2E-04 
Lindane 7.1E-06 1.2E-06 4.8E-05 5.7E-05 
TEQ-BIRD 

TOTAL MEDIUM-SPECIFIC RISK 1.0E+02 3.6E+00 1.6E+02 2.6E+02 
PERCENTAGE OF TOTAL RISK 38% 1% 60% 100% 

Footnotes: 
a.	 Hazard Quotients presented by exposure medium; a blank cell indicates that the analyte was not a COPEC for that 

medium; a dash entry indicates that there was no assumed exposure to that medium. 
b. Combined risk across all media exposures. 
c. Relative contribution of COPEC to total risk associated with the ingestion exposure pathway. 

o



 Percent
 


Contribution0



77% 
7% 
7% 
5% 
3% 
1% 
1% 
1% 
1% 
1% 
1% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
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TABLE C.2-9
 

SUMMARY OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS USING LOAEL-BASED RTVs : Short-tailed Shrew
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
EXPOSURE POINT: Oxbow Area Floodplain - Maximum 
RECEPTOR: Short-tailed Shrew 

TOTAL RISK (HI): 6.6E+01 

Exposure Medium3 

Surface Terrestrial Terrestrial Small Small Combined Percent 

Analyte Water Soil Plants Inverts Birds Mammals HQsb Contribution0 

TEQ-MAMMAL 1.6E+01 . 2.9E+01 4.4E+01 68% 
Copper 3.1E+00 8.6E-01 1.6E+00 5.6E+00 9% 
Antimony 9.9E-01 5.7E-03 3.5E+00 4.SE+00 7% 
Selenium 2.5E-01 9.1E-02 2.2E+00 2.5E+00 4% 
Vanadium 1.2E+00 3.5E-03 5.1E-01 1.88*00 3% 
Cobalt 1.1E+00 4.5E-03 6.6E-01 1.7E+00 3% 
Zinc 2.2E-01 2.1E-01 6.8E-01 1.1E+00 2% 
Cadmium 3.0E-02 3.8E-03 6.3E-01 6.6E-01 1% 
Arsenic 3.7E-01 1.1E-02 2.1E-01 6.0E-01 1% 
TOTAL AROCLOR 1.9E-01 3.4E-04 3.6E-01 5.6E-01 1% 
Aroclor1254 1.9E-01 7.5E-04 3.5E-01 5.5E-01 1% 
Molybdenum 3.4E-01 4.8E-02 1.4E-01 5.2E-01 1% 
Lead 1.8E-01 9.9E-03 1.3E-01 3.2E-01 0% 
Barium 1.2E-01 1.1E-02 1.4E-01 2.7E-01 0% 
Manganese 1.1E-01 5.0E-03 1.1E-01 2.3E-01 0% 
Beryllium 4.4E-02 2.5E-04 3.3E-02 7.7E-02 0% 
Thallium 2.7E-02 6.2E-05 2.5E-02 5.2E-02 0% 
Dieldrin 8.5E-03 1.6E-04 2.5E-02 3.4E-02 0% 
Aroclor 1268 5.6E-03 5.3E-06 1.2E-02 1.8E-02 0% 
4,4'-DDE 3.9E-04 1.1E-06 1.1E-03 1.5E-03 0% 
4,4'-DDD 2.5E-04 1.7E-06 5.8E-04 8.3E-04 0% 
Chromium 2.6E-04 6.1E-06 1.1E-04 3.8E-04 0% 
Lindane 8.8E-06 1.5E-06 6.0E-05 7.0E-05 0% 
4,4'-DDT 2.5E-05 1.1E-07 2.7E-05 5.3E-05 0% 
TEQ-BIRD 

TOTAL MEDIUM-SPECIFIC RISK 2.4E+01 1.3E+00 4.0E+01 I 6.6E+01 
PERCENTAGE OF TOTAL RISK 37% 2% 61% | 100% 

Footnotes: 
a.	 Hazard Quotients presented by exposure medium; a blank cell indicates that the analyte was not a COPEC for that 

medium; a dash entry indicates that there was no assumed exposure to that medium. 
b. Combined risk across all media exposures. 
c. Relative contribution of COPEC to total risk associated with the ingestion exposure pathway. 
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TABLE C.3-1 
ESTIMATED TERRESTRIAL PREY TISSUE CONCENTRATIONS DERIVED USING LITERATURE-BASED BAFs 

Screening Level Ecological Risk Assessment 
Centredale Manor River Restoration Superfund Site 

North Providence, Rhode Island 

SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Soil 
EXPOSURE MEDIUM: All 
EXPOSURE POINT: Oxbow Area Floodplain - Maximum 

Literature-based BAFs3 Estimated Tissue Concentration 

Terrestial 

Analyte Value Plants Inverts Plants" Terrestrial Inverts" 
Medium EPC Terrestial Terrestrial 

Antimony 7.0E+00 2.0E-03 1.4E-02 O.OE+00 
Arsenic 1.3E+01 1.0E-02 2.5E-02 1.3E-01 3.1E-01 
Jarium 5.1E+02 3.1E-02 1.8E-02 1.6E+01 9.4E+00 
Jeryllium 7.9E+00 2.0E-03 9.0E-03 1.6E-02 7.1E-02 
Cadmium 8.3E+00 4.4E-02 1.0E+00 3.6E-01 8.5E+00 
Chromium 1.0E+02 8.2E-03 6.1E-02 8.5E-01 6.4E+00 
Cobalt 2.2E+01 1.5E-03 2.4E-02 3.3E-02 5.4E-01 
Copper 3.6E+02 9.7E-02 2.0E-01 3.5E+01 7.0E+01 
_ead 1.8E+03 1.9E-02 1.0E-01 3.5E+01 1.9E+02 
Manganese 8.6E+02 1.6E-02 4.3E-02 1.4E+01 3.7E+01 
Molybdenum 1.7E+01 5.0E-02 1.9E-01 8.7E-01 3.3E+00 
Selenium 2.2E+00 1.3E-01 1.0E-01 2.9E-01 2.2E-01 
Thallium 1.0E+00 8.0E-04 8.3E-04 O.OE+00 
Vanadium 7.1E+01 9.7E-04 8.4E-03 6.9E-02 6.0E-01 
Zinc 1.9E+03 3.5E-01 3.6E+00 6.5E+02 6.8E+03 
4,4'-DDD 2.7E-02 2.4E-03 .1E+00 6.5E-05 2.9E-02 
4,4-DDE 4.2E-02 9.6E-04 .1E+00 4.1E-05 4.6E-02 
4,4-DDT 2.8E-03 1.4E-03 .1E+00 4.0E-06 3.0E-03 
Dieldrin 6.3E-02 6.7E-03 .1E+00 4.2E-04 6.7E-02 
Lindane 7.6E-04 5.9E-02 .OE+00 4.5E-05 7.8E-04 
TOTAL AROCLOR 3.6E+00 6.1E-04 1.1E+00 2.2E-03 4.0E+00 
Aroclor 1254 3.6E+00 1.4E-03 1.1E+00 4.9E-03 3.9E+00 
Aroclor 1268 1.0E-01 3.4E-04 1.1E+00 3.5E-05 1.2E-01 
TEQ-BIRD 4.3E-03 O.OE+00 O.OE+00 
TEQ-MAMMAL 4.3E-03 O.OE+00 O.OE+00 

Footnotes: 
a. Literature-derived BAFs are summarized in Table J-1 in the BERA (MACTEC, 2004). 
b.	 Estimated plant and invertebrate concentrations calculated by multiplying the soil EPC concentration (mg/kg[dw] by the tissue-specific BAF 

(mg/kg[ww]). Estimated tissue concentrations reported in units of mg/kg [wet weight tissue]. 
c.	 Estimated small bird prey concentrations calculated by multiplying the estimated tissue concentration of soil invertebrates by the 

small bird BAF (I.e., assumes vermivorous species). 
d.	 Estimated small mammal prey concentrations calculated assuming that plants and invertebrates each comprise 50% of the prey species 

diet (i.e., omnivore); the sum of 50% times the estimated tissue concentrations of plants and invertebrates was multiplied by the 
small mammal BAF. 
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TABLE C.3-2 

PARAMETER VALUES USED TO CALCULATE ESTIMATED DAILY INTAKE : Surface Soil (0-2 feet) / Raccoon 

Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Soil 
EXPOSURE MEDIUM: Surface Soil (0-2 feet) 
EXPOSURE POINT: Oxbow Area Floodplain - Maximum 
RECEPTOR: Raccoon 

pup 
EXPOSURE 

ROUTE
 PARAMETER

 SYMBOL
 „. „„..„.„,nE.r.i.rr.»..

 PARAMETER DEFINITION
 ......TO
 UNITS

 RME
 ^^

 0»-r?J,l7.. ,̂ 
™™"f

 INTAKE EQUATION/ 
 MODEL NAME 

REFERENCE 

INGESTION EDIsoil ESTIMATED DAILY INTAKE VIA SOIL INGESTION mg/kg-d calculated SOIL INTAKE-INGESTION 

CSoil CHEMICAL CONCENTRATION IN SOIL mg/kg chemical-specific EDIsoil = Csoil * IRsoil * SFF * EF * 1/BW 

IRsoi, INGESTION RATE OF SOIL kg/day 0.087 assumption 
SFF SITE FORAGING FREQUENCY unitless 100% Stuewer, 1943 
EF EXPOSURE FREQUENCY unitless 50% USEPA, 1993 
BW BODY WEIGHT kg 6.2 Sanderson, 1984 

REFERENCES 
Sanderson, G.C., 1984. Cooperative raccoon collections; III. Nat. Hist. Survey Div.; Pittman-Robertson Proj. W-49-31. 
Stuewer, R.W., 1943. Raccoons: their habits and management in Michigan; Ecol. Monogr. 13:203-257. 
USEPA, 1993. Wildlife Exposure Factors Handbook; United States Environmental Protection Agency, Office of Research and Development; 

EPA/600/R-93/187a; December 1993; Washington, D.C. 
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TABLE C.3-3
 

CALCULATION OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS : Surface Soil (0-2 feet) / Raccoon
 


Screening Level Ecological Risk Assessment 

Centredale Manor River Restoration Superfund Site 


North Providence, Rhode Island 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Soil 
EXPOSURE MEDIUM: Surface Soil (0-2 feet) 
EXPOSURE POINT: Oxbow Area Floodplain  Maximum 
RECEPTOR: Raccoon 

Estimated Daily Reference Reference Hazard Hazard 
Medium Medium Daily intake Dose Dose Reference Quotient Quotient 

Analyte EPC EPC Units Intake3 Units (NOAEL)b (LOAEL)b Dose Units (NOAEL)C (LOAEL)0 

Antimony 7.0E+00 mg/kg 4.9E-02 mg/kg-d 2.6E-02 2.6E-01 mg/kg-d 1.9E+00 1.9E-01 
Arsenic 1.3E+01 mg/kg 9.0E-02 mg/kg-d 4.8E-02 4.8E-01 mg/kg-d 1.9E+00 1.9E-01 
Barium 5.1E+02 mg/kg 3.6E+00 mg/kg-d 7.5E+01 1.6E+02 mg/kg-d 4.8E-02 2.3E-02 

Beryllium 7.9E+00 mg/kg 5.6E-02 mg/kg-d 1.2E+00 1.2E+01 mg/kg-d 4.6E-02 4.6E-03 
Cadmium 8.3E+00 mg/kg 5.8E-02 mg/kg-d 1.0E-MX) 1.0E+01 mg/kg-d 5.8E-02 5.8E-03 
Chromium 1 .OE+02 mg/kg 7.3E-01 mg/kg-d 1.5E+03 1.5E+04 mg/kg-d 5.0E-04 5.0E-05 

Cobalt 2.2E+01 mg/kg 1 .6E-01 mg/kg-d 7.6E-02 7.6E-01 mg/kg-d 2.0E+00 2.0E-01 
Copper 3.6E+02 mg/kg 2.5E+00 mg/kg-d 1.2E+01 1.5E+01 mg/kg-d 2.2E-01 1.7E-01 
Lead 1 .8E+03 mg/kg 1 .3E+01 mg/kg-d 1.3E+02 3.8E+02 mg/kg-d 1. OE-01 3.4E-02 

Manganese 8.6E+02 mg/kg 6.1E+00 mg/kg-d 8.8E+01 2.8E+02 mg/kg-d 6.9E-02 2.1E-02 
Molybdenum 1 .7E+01 mg/kg 1.2E-01 mg/kg-d 1.9E-01 1.9E+00 mg/kg-d 6.4E-01 6.4E-02 

Selenium 2.2E+00 mg/kg 1.6E-02 mg/kg-d 2.0E-01 3.3E-01 mg/kg-d 7.8E-02 4.7E-02 

Thallium 1.0E+00 mg/kg 7.3E-03 mg/kg-d 1.4E-01 1.4E+00 mg/kg-d 5.2E-02 5.2E-03 


Vanadium 7.1E+01 mg/kg 5.0E-01 mg/kg-d 4.2E-01 2.1E+00 mg/kg-d 1.2E+00 2.4E-01 

Zinc 1 .9E+03 mg/kg 1.3E+01 mg/kg-d 2.0E+02 3.9E+02 mg/kg-d 6.8E-02 S^E-O^ 

4,4-DDD 2.7E-02 mg/kg 1 .9E-04 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 2.3E-04 4.7E-OJ 
4,4'-DDE 4.2E-02 mg/kg 3.0E-04 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 3.7E-04 7.5E-0^ 
4,4'-DDT 2.8E-03 mg/kg 1.9E-05 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 2.4E-05 4.9E-06 
Dieldrin 6.3E-02 mg/kg 4.5E-04 mg/kg-d 1.5E-02 1.5E-01 mg/kg-d 3.0E-02 3.0E-03 
Lindane 7.6E-04 mg/kg 5.4E-06 mg/kg-d 1 .6E+00 3.2E+00 mg/kg-d 3.4E-06 1.7E-06 

TOTAL AROCLOR 3.6E+00 mg/kg 2.5E-02 mg/kg-d 5.0E-03 2.0E-02 mg/kg-d 5.1E+00 1.3E+00 
Aroclor 1254 3.6E+00 mg/kg 2.5E-02 mg/kg-d 5.0E-03 2.0E-02 mg/kg-d 5.1E+00 1.3E+00 
Aroclor1268 1 .OE-01 mg/kg 7.3E-04 mg/kg-d 5.0E-03 2.0E-02 mg/kg-d 1.5E-01 3.6E-02 
TEQ-BIRD 4.3E-03 mg/kg 3.0E-05 mg/kg-d 

TEQ-MAMMAL 4.3E-03 mg/kg 3.0E-05 mg/kg-d 1.0E-06 1.0E-05 mg/kg-d 3.0E+01 3.0E+00 

II HAZARD INDICES: 4.9E+01 6.8E+00 

Notes: 
a. Estimated Daily Intake (EDI) calculated using parameters presented in Table C.3-2. 
b. Reference Dose Values presented in Table D-4 in the BERA (MACTEC, 2004). 
c. Hazard Quotients (HQs) calculated by dividing the Estimated Daily Intake dose by either the NOAEL- or LOAEL-based Reference Dose. 
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TABLE C.3-4
 


PARAMETER VALUES USED TO CALCULATE ESTIMATED DAILY INTAKE : Terrestrial Plants / Raccoon
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Biota 1 
EXPOSURE MEDIUM: Terrestrial Plants 
EXPOSURE POINT: Oxbow Area Floodplain - Maximum 
RECEPTOR: Raccoon 

pup 
PMC 

UNITS RATIONALE/ IN™^ *™*™"'"•SET -ESS- «*—.«». VALUE REFERENCE MODEL NAME 

INGESTION EDIplant ESTIMATED DAILY INTAKE VIA PLANT INGESTION mg/kg-d calculated PLANT INTAKE-INGESTION 
EDIplanl = Cplant * IR(ood * Pplant * SFF * EF * 

Cplanl CHEMICAL CONCENTRATION IN PLANTS mg/kg chemical-specific 1/BW 

IRfood INGESTION RATE OF FOOD kg/day 1.7 USEPA, 1993 

USEPA, 1993; Where Cpian, is estimated using site-specific 
Llewllyn and Uhler, tissue data or calculated using the following 

r plant PERCENT PLANTS IN DIET unitless 71% 1952 equation: 
SFF SITE FORAGING FREQUENCY unitless 100% Stuewer, 1943 Cplant = CSoj| * BAFp|anl 

Bioaccumulation Factors [mg(ww tissue)/ 
EF EXPOSURE FREQUENCY unitless 50% USEPA, 1993 kg(dw sediment)] provided separately. 
BW BODY WEIGHT kg 6.2 Sanderson, 1984 

REFERENCES
 

Llewellyn, L.M., and F.M. Uhler, 1952. The foods of fur animals of the Patuxent Research Refuge, Maryland; Am. Midi. Nat. 48:193-203.
 

Sanderson, G.C., 1984. Cooperative raccoon collections; III. Nat. Hist. Survey Div.; Pittman-Robertson Proj. W-49-31.
 

Stuewer, R.W., 1943. Raccoons: their habits and management in Michigan; Ecol. Monogr. 13:203-257.
 

USEPA, 1993. Wildlife Exposure Factors Handbook; United States Environmental Protection Agency, Office of Research and Development;
 


EPA/600/R-93/187a; December 1993; Washington, D.C. 
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TABLE C.3-5
 

CALCULATION OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS : Terrestrial Plants / Raccoon
 


Screening Level Ecological Risk Assessment 

Centredale Manor River Restoration Superfund Site 


North Providence, Rhode Island 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Biota 1 
EXPOSURE MEDIUM: Terrestrial Plants 
EXPOSURE POINT: Oxbow Area Floodplain  Maximum 
RECEPTOR: Raccoon 

Estimated Daily Reference Reference Hazard Hazard 
Medium Medium Daily intake Dose Dose Reference Quotient Quotient 

Analyte EPC EPC Units Intake3 Units (NOAEL)" (LOAEL)" Dose Units (NOAEL)C (LOAEL)C 

Antimony 1.4E-02 mg/kg 1 .4E-03 mg/kg-d 2.6E-02 2.6E-01 mg/kg-d 5.5E-02 5.5E-03 
Arsenic 1 .3E-01 mg/kg 1 .3E-02 mg/kg-d 4.8E-02 4.8E-01 mg/kg-d 2.7E-01 2.7E-02 
Barium 1 .6E+01 mg/kg 1 .6E+00 mg/kg-d 7.5E+01 1.6E+02 mg/kg-d 2.2E-02 1.0E-02 

Beryllium 1 .6E-02 mg/kg 1 .6E-03 mg/kg-d 1.2E+00 1.2E+01 mg/kg-d 1.3E-03 1.3E-04 
Cadmium 3.6E-01 mg/kg 3.6E-02 mg/kg-d 1.0E+00 1.0E+01 mg/kg-d 3.6E-02 3.6E-03 
Chromium 8.5E-01 mg/kg 8.6E-02 mg/kg-d 1.5E+03 1.5E+04 mg/kg-d 5.9E-05 5.9E-06 

Cobalt 3.3E-02 mg/kg 3.3E-03 mg/kg-d 7.6E-02 7.6E-01 mg/kg-d 4.4E-02 4.4E-03 
Copper 3.5E+01 mg/kg 3.5E+00 mg/kg-d 1.2E+01 1.5E+01 mg/kg-d 3.0E-01 2.3E-01 
Lead 3.5E+01 mg/kg 3.6E+00 mg/kg-d 1.3E+02 3.8E+02 mg/kg-d 2.8E-02 9.5E-03 

Manganese 1 .4E+01 mg/kg 1 .4E+00 mg/kg-d 8.8E+01 2.8E+02 mg/kg-d 1.6E-02 4.8E-03 
Molybdenum 8.7E-01 mg/kg 8.7E-02 mg/kg-d 1.9E-01 1.9E+00 mg/kg-d 4.6E-01 4.6E-02 

Selenium 2.9E-01 mg/kg 2.9E-02 mg/kg-d 2.0E-01 3.3E-01 mg/kg-d 1.4E-01 8.7E-02 

Thallium 8.3E-04 mg/kg 8.4E-05 mg/kg-d 1.4E-01 1.4E+00 mg/kg-d 6.0E-04 6.0E-05 


Vanadium 6.9E-02 mg/kg 7.0E-03 mg/kg-d 4.2E-01 2.1E+00 mg/kg-d 1.7E-02 3.3E-03 

Zinc 6.5E+02 mg/kg 6.5E+01 mg/kg-d 2.0E+02 3.9E+02 mg/kg-d 3.3E-01 1.7E-0-LJ 

4,4'-DDD 6.5E-05 mg/kg 6.5E-06 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 8.2E-06 1.6E-CT 
4,4'-DDE 4.1E-05 mg/kg 4.1E-06 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 5.1E-06 1.0E-0&** 
4,4'-DDT 4.0E-06 mg/kg 4.0E-07 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 5.0E-07 1.0E-07 
Dieldrin 4.2E-04 mg/kg 4.3E-05 mg/kg-d 1.5E-02 1.5E-01 mg/kg-d 2.9E-03 2.9E-04 
Lindane 4.5E-05 mg/kg 4.5E-06 mg/kg-d 1.6E+00 3.2E+00 mg/kg-d 2.8E-06 1.4E-06 

TOTAL AROCLOR 2.2E-03 mg/kg 2.2E-04 mg/kg-d 5.0E-03 2.0E-02 mg/kg-d 4.4E-02 1.1E-02 
Aroclor1254 4.9E-03 mg/kg 4.9E-04 mg/kg-d 5.0E-03 2.0E-02 mg/kg-d 9.8E-02 2.4E-02 
Aroclor 1268 3.5E-05 mg/kg 3.5E-06 mg/kg-d 5.0E-03 2.0E-02 mg/kg-d 7.0E-04 1.7E-04 
TEQ-BIRD O.OE+00 mg/kg O.OE+00 mg/kg-d 

TEQ-MAMMAL O.OE+00 mg/kg O.OE+00 mg/kg-d 1.0E-06 1.0E-05 mg/kg-d O.OE+00 O.OE+00 

|| HAZARD INDICES: 1.9E+00 6.3E-01 

Notes: 
a. Estimated Daily Intake (EDI) calculated using parameters presented in Table C.3-4. 
b. Reference Dose Values presented in Table D-4 in the BERA (MACTEC, 2004). 
c. Hazard Quotients (HQs) calculated by dividing the Estimated Daily Intake dose by either the NOAEL- or LOAEL-based Reference Dose. 
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TABLE C.3-6
 


PARAMETER VALUES USED TO CALCULATE ESTIMATED DAILY INTAKE : Soil Invertebrates / Raccoon
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Biota 2 
EXPOSURE MEDIUM: Soil Invertebrates 
EXPOSURE POINT: Oxbow Area Floodplain - Maximum 
RECEPTOR: Raccoon 

DMC 

EXPOSURE PARAMETER „.„„.„=,-,=„ m^mm/Mi ......TO RME r..-r?«i7., r=, INTAKE EQUATION/ 
ROUTE SYMBOL PARAMETER DEF.NIT.ON UNITS ««« SSSXZ "~»

ESTIMATED DAILY INTAKE VIA INVERTEBRATE 
INGESTION EDIinvert INGESTION mg/kg-d calculated INVERTEBRATE INTAKE-INGESTION 

EDI,nvBrt = Cmvert * IRfood * Pmvert * SFF * EF * 
p
^invert CHEMICAL CONCENTRATION IN INVERTEBRATES mg/kg chemical-specific 1/BW 

IRfood INGESTION RATE OF FOOD kg/day 1.7 USEPA, 1993 
USEPA, 1993; Where Cinvert is estimated using site-specific 

Llewllyn and Uhler, tissue data or calculated using the following 

^invert PERCENT INVERTEBRATES IN DIET unitless 29% 1952 equation: 
=SFF SITE FORAGING FREQUENCY unitless 100% Stuewer, 1943 Cinvert Csoj| BAFjnverl 

Bioaccumulation Factors [mg(ww tissue)/ 
EF EXPOSURE FREQUENCY unitless 50% USEPA, 1993 kg(dw sediment)] provided separately. 
BW BODY WEIGHT kg 6.2 Sanderson, 1984 

REFERENCES
 

Llewellyn, L.M., and F.M. Uhler, 1952. The foods of fur animals of the Patuxent Research Refuge, Maryland; Am. Midi. Nat. 48:193-203.
 

Sanderson, G.C., 1984. Cooperative raccoon collections; III. Nat. Hist. Survey Div.; Pittman-Robertson Proj. W-49-31.
 

Stuewer, R.W., 1943. Raccoons: their habits and management in Michigan; Ecol. Monogr. 13:203-257.
 

USEPA, 1993. Wildlife Exposure Factors Handbook; United States Environmental Protection Agency, Office of Research and Development;
 


EPA/600/R-93/187a; December 1993; Washington, D.C. 
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TABLE C.3-7
 

CALCULATION OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS : Soil Invertebrates / Raccoon
 


Screening Level Ecological Risk Assessment oCentredale Manor River Restoration Superfund Site 

North Providence, Rhode Island 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Biota 2 
EXPOSURE MEDIUM: Soil Invertebrates 
EXPOSURE POINT: Oxbow Area Floodplain  Maximum 
RECEPTOR: Raccoon 

Estimated Daily Reference Reference Hazard Hazard 
Medium Medium Daily intake Dose Dose Reference Quotient Quotient 

Analyte EPC EPC Units Intake3 Units (NOAEL)b (LOAEL)" Dose Units (NOAEL)0 (LOAEL)0 

Antimony 1 .5E+00 mg/kg 5.9E-02 mg/kg-d 2.6E-02 2.6E-01 mg/kg-d 2.3E+00 2.3E-01 
Arsenic 4.3E-01 mg/kg 1.7E-02 mg/kg-d 4.8E-02 4.8E-01 mg/kg-d 3.6E-01 3.6E-02 
Barium 3.6E+01 mg/kg 1.5E+00 mg/kg-d 7.5E+01 1.6E+02 mg/kg-d 2.0E-02 9.2E-03 

Beryllium 3.4E-01 mg/kg 1 .4E-02 mg/kg-d 1.2E+00 1.2E+01 mg/kg-d 1.1E-02 1.1E-03 
Cadmium 9.9E+00 mg/kg 4.0E-01 mg/kg-d 1.0E+00 1.0E+01 mg/kg-d 4.0E-01 4.0E-02 
Chromium 2.6E+00 mg/kg 1 .OE-01 mg/kg-d 1.5E+03 1.5E+04 mg/kg-d 7.1E-05 7.1E-06 

Cobalt 7.9E-01 mg/kg 3.2E-02 mg/kg-d 7.6E-02 7.6E-01 mg/kg-d 4.2E-01 4.2E-02 

Copper 1.1E+01 mg/kg 4.2E-01 mg/kg-d 1.2E+01 1.5E+01 mg/kg-d 3.6E-02 2.8E-02 

Lead 8.0E+01 mg/kg 3.2E+00 mg/kg-d 1.3E+02 3.8E+02 mg/kg-d 2.5E-02 8.5E-03 


Manganese 5.2E+01 mg/kg 2.1E+00 mg/kg-d 8.8E+01 2.8E+02 mg/kg-d 2.4E-02 7.3E-03 
Molybdenum 4.2E-01 mg/kg 1.7E-02 mg/kg-d 1.9E-01 1.9E+00 mg/kg-d 9.0E-02 9.0E-03 

Selenium 1 .2E+00 mg/kg 4.6E-02 mg/kg-d 2.0E-01 3.3E-01 mg/kg-d 2.3E-01 1.4E-01 
Thallium 5.5E-02 mg/kg 2.2E-03 mg/kg-d 1.4E-01 1.4E+00 mg/kg-d 1.6E-02 1.6E-03 

Vanadium 1 .7E+00 mg/kg 6.9E-02 mg/kg-d 4.2E-01 2.1E+00 mg/kg-d 1.6E-01 3.3E-02 
Zinc 3.5E+02 mg/kg 1.4E+01 mg/kg-d 2.0E+02 3.9E+02 mg/kg-d 7.1E-02 3.6E-02. 

4,4'-DDD 3.7E-03 mg/kg 1.5E-04 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 1.9E-04 3.7E-0^ 
4,4'-DDE 6.9E-03 mg/kg 2.8E-04 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 3.5E-04 7.0E-05"* 
4,4'-DDT 1.7E-04 mg/kg 7.0E-06 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 8.7E-06 1.7E-06 
Dieldrin 1.1E-02 mg/kg 4.5E-04 mg/kg-d 1.5E-02 1.5E-01 mg/kg-d 3.0E-02 3.0E-03 
Lindane 3.0E-04 mg/kg 1 .2E-05 mg/kg-d 1.6E+00 3.2E+00 mg/kg-d 7.6E-06 3.8E-06 

TOTAL AROCLOR 3.9E-01 mg/kg 1 .6E-02 mg/kg-d 5.0E-03 2.0E-02 mg/kg-d 3.2E+00 7.9E-01 
Aroclor 1254 3.8E-01 mg/kg 1 .5E-02 mg/kg-d 5.0E-03 2.0E-02 mg/kg-d 3.1E+00 7.7E-01 
Aroclor1268 1 .3E-02 mg/kg 5.3E-04 mg/kg-d 5.0E-03 2.0E-02 mg/kg-d 1.1E-01 2.7E-02 
TEQ-BIRD 4.4E-04 mg/kg 1 .8E-05 mg/kg-d 

TEQ-MAMMAL 4.5E-04 mg/kg 1 .8E-05 mg/kg-d 1.0E-06 1.0E-05 mg/kg-d 1.8E+01 1.8E+00 

|| HAZARD INDICES: 2.9E+01 4.0E+00 

Notes: 
a. Estimated Daily Intake (EDI) calculated using parameters presented in Table C.3-6. 
b. Reference Dose Values presented in Table D-4 in the BERA (MACTEC, 2004). 
c. Hazard Quotients (HQs) calculated by dividing the Estimated Daily Intake dose by either the NOAEL- or LOAEL-based Reference Dose. 
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TABLE C.3-8 

SUMMARY OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS USING NOAEL-BASED RTVs : Raccoon 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
EXPOSURE POINT: Oxbow Area Floodplain - Maximum 
RECEPTOR: Raccoon 

TOTAL RISK (HI): 8.0E+01 

Exposure Medium3 

Combined Percent 

Analyte Water Soil Plants Inverts Birds Mammals HQsb Contribution0 

TEQ-MAMMAL 3.0E+01 - 1.8E+01 4.9E+01 61% 

TOTAL AROCLOR 5.1E+00 4.4E-02 3.2E+00 8.3E+00 10% 
Aroclor1254 5.1E+00 9.8E-02 3.1E+00 8.2E+00 10% 

Antimony 1.9E+00 5.5E-02 2.3E+00 4.2E+00 5% 
Cobalt 2.0E+00 4.4E-02 4.2E-01 2.5E+00 3% 
Arsenic 1.9E+00 2.7E-01 3.6E-01 2.5E+00 3% 
Vanadium 1.2E+00 1.7E-02 1.6E-01 1.4E+00 2% 
Molybdenum 6.4E-01 4.6E-01 9.0E-02 1.2E+00 1% 
Copper 2.2E-01 3.0E-01 3.6E-02 5.5E-01 1% 
Cadmium 5.8E-02 3.6E-02 4.0E-01 4.9E-01 1% 
Zinc 6.8E-02 3.3E-01 7.1E-02 4.7E-01 1% 
Selenium 7.8E-02 1.4E-01 2.3E-01 4.5E-01 1% 
Aroclor1268 1.5E-01 7.0E-04 1.1E-01 2.5E-01 0% 
Lead 1.0E-01 2.8E-02 2.5E-02 1.6E-01 0% 
Manganese 6.9E-02 1.6E-02 2.4E-02 1.1E-01 0% 
Barium 4.8E-02 2.2E-02 2.0E-02 8.9E-02 0% 
Thallium 5.2E-02 6.0E-04 1.6E-02 6.9E-02 0% 
Dieldrin 3.0E-02 2.9E-03 3.0E-02 6.2E-02 0% 
Beryllium 4.6E-02 1.3E-03 1.1E-02 5.9E-02 0% 
4,4'-DDE 3.7E-04 5.1E-06 3.5E-04 7.3E-04 0% 
Chromium 5.0E-04 5.9E-05 7.1E-05 6.3E-04 0% 
4,4'-DDD 2.3E-04 8.2E-06 1.9E-04 4.3E-04 0% 
4,4'-DDT 2.4E-05 5.0E-07 8.7E-06 3.4E-05 0% 
Lindane 3.4E-06 2.8E-06 7.6E-06 1.4E-05 0% 
TEQ-BIRD 

Surface Terrestrial Terrestrial Small Small 

TOTAL MEDIUM-SPECIFIC RISK 4.9E+01 1.9E+00 2.9E+01 8.0E+01 
PERCENTAGE OF TOTAL RISK 61% 2% 36% 100% 

Footnotes: 
a. Hazard Quotients presented by exposure medium; a blank cell indicates that the analyte was not a COPEC for that 
medium; a dash entry indicates that there was no assumed exposure to that medium. 
b. Combined risk across all media exposures. 
c. Relative contribution of COPEC to total risk associated with the ingestion exposure pathway. 

6/6/2006 



TABLE C.3-9
 

SUMMARY OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS USING LOAEL-BASED RTVs : Raccoon
 


Screening Level Ecological Risk Assessment 

Centredale Manor River Restoration Superfund Site 


North Providence, Rhode Island 


SCENARIO TIMEFRAME: Current/Future 
EXPOSURE POINT: Oxbow Area Floodplain - Maximum 
RECEPTOR: Raccoon 

TOTAL RISK (HI): 1.1E+01 

Exposure Medium3 

Surface Terrestrial Terrestrial Small Small Combined

Analyte Water Soil Plants Inverts Birds Mammals HQs"

TEQ-MAMMAL 3.0E+00 - 1.8E+00 4.9E+00 
TOTAL AROCLOR 1.3E+00 1.1E-02 7.9E-01 2.1E+00 
Aroclor1254 1.3E+00 2.4E-02 7.7E-01 2.1E+00 
Copper 1.7E-01 2.3E-01 2.8E-02 4.2E-01 
Antimony 1.9E-01 5.5E-03 2.3E-01 4.2E-01 
Selenium 4.7E-02 8.7E-02 1.4E-01 2.8E-01 
Vanadium 2.4E-01 3.3E-03 3.3E-02 2.8E-01 
Cobalt 2.0E-01 4.4E-03 4.2E-02 2.5E-01 
Arsenic 1.9E-01 2.7E-02 3.6E-02 2.5E-01 
Zinc 3.4E-02 1.7E-01 3.6E-02 2.4E-01 
Molybdenum 6.4E-02 4.6E-02 9.0E-03 1.2E-01 
Aroclor 1268 3.6E-02 1.7E-04 2.7E-02 6.3E-02 
_ead 3.4E-02 9.5E-03 8.5E-03 5.2E-02 
Cadmium 5.8E-03 3.6E-03 4.0E-02 4.9E-02 
Barium 2.3E-02 1.0E-02 9.2E-03 4.2E-02 
Manganese 2.1E-02 4.8E-03 7.3E-03 3.3E-02 
Thallium 5.2E-03 6.0E-05 1.6E-03 6.9E-03 
Dieldrin 3.0E-03 2.9E-04 3.0E-03 6.2E-03 
Beryllium 4.6E-03 1.3E-04 1.1E-03 5.9E-03 
4,4'-DDE 7.5E-05 1.0E-06 7.0E-05 1.5E-04 
4,4'-DDD 4.7E-05 1.6E-06 3.7E-05 8.6E-05 
Chromium 5.0E-05 5.9E-06 7.1E-06 6.3E-05 
Jndane 1.7E-06 1.4E-06 3.8E-06 6.9E-06 
4,4'-DDT 4.9E-06 1.0E-07 1.7E-06 6.7E-06 
TEQ-BIRD 

TOTAL MEDIUM-SPECIFIC RISK 6.8E+00 6.3E-01 4.0E+00 1.1E+01 
PERCENTAGE OF TOTAL RISK 59% 6% 35% 100% 

Footnotes: 
a. Hazard Quotients presented by exposure medium; a blank cell indicates that the analyte was not a COPEC for that 
medium; a dash entry indicates that there was no assumed exposure to that medium. 
b. Combined risk across all media exposures. 
c. Relative contribution of COPEC to total risk associated with the ingestion exposure pathway. 
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 Percent 

Contribution0 


42% 
18% 
18% 
4% 
4% 
2% 
2% 
2% 
2% 
2% 
1% 
1% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
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TABLE D.1-1
 


PARAMETER VALUES USED TO CALCULATE ESTIMATED DAILY INTAKE : Surface Soil (0-2 feet) / Woodcock
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Soil 
EXPOSURE MEDIUM: Surface Soil (0-2 feet) 
EXPOSURE POINT: Oxbow Area Floodplain - Average 
RECEPTOR: Woodcock 

puc 
RME EXPOSURE PARAMETER D. -.«=«:•.nec.».-r.nl, ..HIT*  0.-r?«L7.. E< INTAKE EQUATION/ 

ROUTE SYMBOL PARAMETER DEFINIT.ON UNITS VALUE ^J^ALE/ MODEL NAME 
KcrcKcNCc 

INGESTION EDIsoil ESTIMATED DAILY INTAKE VIA SOIL INGESTION mg/kg-d calculated SOIL INTAKE-INGESTION 

Csoil CHEMICAL CONCENTRATION IN SOIL mg/kg chemical-specific EDIsoil = Csoi,*IRsoi l*SFF*EF*1/BW 

IRsoil INGESTION RATE OF SOIL kg/day 0.012 assumption 
SFF SITE FORAGING FREQUENCY unitless 100% Gregg, 1984 
EF EXPOSURE FREQUENCY unitless 100% USEPA, 1993 
BW BODY WEIGHT kg 0.20 USEPA, 1993 

REFERENCES
 


Gregg, L, 1984. Population ecology of woodcock in Wisconsin; Wis. Dept. Nat. Resour. Tech. Bull. No. 144; 51 pp. 
USEPA, 1993. Wildlife Exposure Factors Handbook; United States Environmental Protection Agency, Office of Research and Development; 

EPA/600/R-93/187a; December 1993; Washington, D.C. 
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TABLE D.1-2
 

CALCULATION OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS : Surface Soil (0-2 feet) / Woodcock
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Soil 
EXPOSURE MEDIUM: Surface Soil (0-2 feet) 
EXPOSURE POINT: Oxbow Area Floodplain - Average 
RECEPTOR: Woodcock 

Estimated Daily Reference Reference Hazard Hazard 
Medium Medium Daily intake Dose Dose Reference Quotient Quotient 

Analyte EPC EPC Units Intake3 Units (NOAEL)b (LOAEL)" Dose Units (NOAEL)C (LOAEL)C 

Antimony 3.0E+00 mg/kg 1.8E-01 mg/kg-d 
Arsenic 5.4E+00 mg/kg 3.2E-01 mg/kg-d 5.1E+00 1.3E+01 mg/kg-d 6.3E-02 2.5E-02 
Barium 3.0E+02 mg/kg 1 .8E+01 mg/kg-d 4.2E+01 8.3E+01 mg/kg-d 4.3E-01 2.2E-01 

Beryllium 4.9E+00 mg/kg 2.9E-01 mg/kg-d 1.5E-01 1.5E+00 mg/kg-d 2.0E+00 2.0E-01 
Cadmium 4.0E+00 mg/kg 2.4E-01 mg/kg-d 1.5E+00 2.0E+01 mg/kg-d 1.7E-01 1.2E-02 
Chromium 7.4E+01 mg/kg 4.4E+00 mg/kg-d 1 .OE+00 5.0E+00 mg/kg-d 4.4E+00 8.8E-01 

Cobalt 1 .6E+01 mg/kg 9.6E-01 mg/kg-d 
Copper 1.2E+02 mg/kg 7.3E+00 mg/kg-d 4.7E+01 6.2E+01 mg/kg-d 1.5E-01 1.2E-01 

Lead 5.7E+02 mg/kg 3.4E+01 mg/kg-d 3.9E+00 3.9E+01 mg/kg-d 9.0E+00 9.0E-01 
Manganese 8.3E+02 mg/kg 5.0E+01 mg/kg-d 9.8E+02 9.8E+03 mg/kg-d 5.1E-02 5.1E-03 
Molybdenum 8.4E+00 mg/kg 5.0E-01 mg/kg-d 3.5E+00 3.5E+01 mg/kg-d 1.4E-01 1.4E-02 

Selenium 1 .4E+00 mg/kg 8.6E-02 mg/kg-d 4.4E-01 1.5E+00 mg/kg-d 2.0E-01 5.7E-02 
Thallium 7.1E-01 mg/kg 4.3E-02 mg/kg-d 3.5E+00 5.0E+00 mg/kg-d 1.2E-02 8.6E-03 

Vanadium 5.9E+01 mg/kg 3.6E+00 mg/kg-d 1.1E+01 1.1E+02 mg/kg-d 3.1E-01 3.1E-02 
Zinc 6.4E+02 mg/kg 3.9E+01 mg/kg-d 1.5E+01 1.3E+02 mg/kg-d 2.7E+00 3.0E-01 — 

4,4'-DDD 1.3E-02 mg/kg 8.0E-04 mg/kg-d 2.8E-03 2.8E-02 mg/kg-d 2.9E-01 2.9E-02 
4,4'-DDE 1.8E-02 mg/kg 1.1E-03 mg/kg-d 2.8E-03 2.8E-02 mg/kg-d 3.9E-01 3.9E-02 
4,4-DDT 1 .3E-03 mg/kg 7.6E-05 mg/kg-d 2.8E-03 2.8E-02 mg/kg-d 2.7E-02 2.7E-03 
Dieldrin 2.3E-02 mg/kg 1.4E-03 mg/kg-d 7.7E-02 7.7E-01 mg/kg-d 1.8E-02 1.8E-03 
Lindane 3.1E-04 mg/kg 1 .9E-05 mg/kg-d 2.0E+00 2.0E+01 mg/kg-d 9.3E-06 9.3E-07 

TOTAL AROCLOR 1.4E+00 mg/kg 8.6E-02 mg/kg-d 1.1E-01 2.8E-01 mg/kg-d 7.8E-01 3.1E-01 
Aroclor 1254 1 .4E+00 mg/kg 8.5E-02 mg/kg-d 1.8E-01 1.8E+00 mg/kg-d 4.7E-01 4.7E-02 
Aroclor 1268 4.0E-02 mg/kg 2.4E-03 mg/kg-d 1.1E+00 1.1E+01 mg/kg-d 2.2E-03 2.2E-04 
TEQ-BIRD 1 .8E-03 mg/kg 1.1E-04 mg/kg-d 1.4E-05 1.4E-04 mg/kg-d 7.8E+00 7.8E-01 

TEQ-MAMMAL 1.8E-03 mg/kg 1.1E-04 mg/kg-d 

|| HAZARD INDICES: 2.9E+01 4.0E+00 

Notes: 
a. Estimated Daily Intake (EDI) calculated using parameters presented in Table D.1-1. 
b. Reference Dose Values presented in Table D-4 in BERA (MACTEC, 2004). 
c. Hazard Quotients (HQs) calculated by dividing the Estimated Daily Intake dose by either the NOAEL- or LOAEL-based Reference Dose. 
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TABLE D.1-3
 


PARAMETER VALUES USED TO CALCULATE ESTIMATED DAILY INTAKE : Soil Invertebrates / Woodcock
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Biota 2 
EXPOSURE MEDIUM: Soil Invertebrates 
EXPOSURE POINT: Oxbow Area Floodplain - Average 
RECEPTOR: Woodcock 

PMC
 

EXPOSURE PARAMETER BADA«ET=D r>=c,M,Ti«« ,,-,,-ro RME BAT\«I,AiCi INTAKE EQUATION/
 


ROUTE SYMBOL PARAMETER DEFINITION UNITS VAU(E ™™^ MODEL NAME 

ESTIMATED DAILY INTAKE VIA INVERTEBRATE 
INGESTION EDIinvert INGESTION mg/kg-d calculated INVERTEBRATE INTAKE-INGESTION 

EDIjnvert
 = Covert * IRlood * ^invert * SFF * EF * 

p
"invert CHEMICAL CONCENTRATION IN INVERTEBRATES mg/kg chemical-specific 1/BW 

IRfood INGESTION RATE OF FOOD kg/day 0.082 USEPA, 1993 
Where Cinuerl is estimated using site-specific 

USEPA, 1993; tissue data or calculated using the following 

Pirn/en PERCENT INVERTEBRATES IN DIET unitless 100% Krohn, 1970. equation: 

SFF SITE FORAGING FREQUENCY unitless 100% Gregg, 1984 Cjnvert = Cso,| BAFjnvert 

Bioaccumulation Factors [mg(ww tissue)/ 
EF EXPOSURE FREQUENCY unitless 100% USEPA, 1993 kg(dw sediment)] provided separately. 
BW BODY WEIGHT kg 0.20 USEPA, 1993 

REFERENCES
 

Gregg, L, 1984. Population ecology of woodcock in Wisconsin; Wis. Dept. Nat. Resour. Tech. Bull. No. 144; 51 pp.
 

Krohn, W.B., 1970. Woodcock feeding habits as related to summer field usage in central Maine; J. Widl. Manage. 34:769-775.
 

USEPA, 1993. Wildlife Exposure Factors Handbook; United States Environmental Protection Agency, Office of Research and Development;
 


EPA/600/R-93/187a; December 1993; Washington, D.C. 

6/6/2006 



TABLE D.1-4
 

CALCULATION OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS : Soil Invertebrates / Woodcock
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Biota 2 
EXPOSURE MEDIUM: Soil Invertebrates 
EXPOSURE POINT: Oxbow Area Floodplain - Average 
RECEPTOR: Woodcock 

Estimated Daily Reference Reference Hazard Hazard 
Medium Medium Daily intake Dose Dose Reference Quotient Quotient 

Analyte EPC EPC Units Intake3 Units (NOAEL)b (LOAEL)b Dose Units (NOAEL)C (LOAEL)C 

Antimony 6.3E-01 mg/kg 2.5E-01 mg/kg-d 
Arsenic 1.8E-01 mg/kg 7.2E-02 mg/kg-d 5.1E+00 1.3E+01 mg/kg-d 1.4E-02 5.6E-03 
Barium 2.1E+01 mg/kg 8.5E+00 mg/kg-d 4.2E+01 8.3E+01 mg/kg-d 2.0E-01 1.0E-01 

Beryllium 2.1E-01 mg/kg 8.4E-02 mg/kg-d 1.5E-01 1.5E+00 mg/kg-d 5.7E-01 5.7E-02 
Cadmium 4.8E+00 mg/kg 1.9E+00 mg/kg-d 1.5E+00 2.0E+01 mg/kg-d 1.3E+00 9.7E-02 
Chromium 1.8E+00 mg/kg 7.3E-01 mg/kg-d 1.0E+00 5.0E+00 mg/kg-d 7.3E-01 1.5E-01 

Cobalt 5.7E-01 mg/kg 2.3E-01 mg/kg-d 
Copper 3.6E+00 mg/kg 1.4E+00 mg/kg-d 4.7E+01 6.2E+01 mg/kg-d 3.0E-02 2.3E-02 
Lead 2.5E+01 mg/kg 1.0E+01 mg/kg-d 3.9E+00 3.9E+01 mg/kg-d 2.6E+00 2.6E-01 

Manganese 5.0E+01 mg/kg 2.0E+01 mg/kg-d 9.8E+02 9.8E+03 mg/kg-d 2.0E-02 2.0E-03 
Molybdenum 2.0E-01 mg/kg 8.2E-02 mg/kg-d 3.5E+00 3.5E+01 mg/kg-d 2.3E-02 2.3E-03 

Selenium 7.4E-01 mg/kg 3.0E-01 mg/kg-d 4.4E-01 1.5E+00 mg/kg-d 6.7E-01 2.0E-01 
Thallium 3.8E-02 mg/kg 1 .5E-02 mg/kg-d 3.5E+00 5.0E+00 mg/kg-d 4.3E-03 3.0E-03 

Vanadium 1 .4E+00 mg/kg 5.7E-01 mg/kg-d 1.1E+01 1.1E+02 mg/kg-d 5.0E-02 5.0E-03 
Zinc 1 .2E+02 mg/kg 4.8E+01 mg/kg-d 1.5E+01 1.3E+02 mg/kg-d 3.3E+00 3.6E-01 

4,4-DDD 1 .9E-03 mg/kg 7.4E-04 mg/kg-d 2.8E-03 2.8E-02 mg/kg-d 2.7E-01 2.7E-02 f 
4,4'-DDE 3.0E-03 mg/kg 1 .2E-03 mg/kg-d 2.8E-03 2.8E-02 mg/kg-d 4.3E-01 4.3E-02 
4,4'-DDT 7.9E-05 mg/kg 3.2E-05 mg/kg-d 2.8E-03 2.8E-02 mg/kg-d 1.1E-02 1.1E-03 
Dieldrin 4.0E-03 mg/kg 1.6E-03 mg/kg-d 7.7E-02 7.7E-01 mg/kg-d 2.1E-02 2.1E-03 
Lindane 1 .2E-04 mg/kg 4.9E-05 mg/kg-d 2.0E+00 2.0E+01 mg/kg-d 2.5E-05 2.5E-06 

TOTAL AROCLOR 1 .6E-01 mg/kg 6.3E-02 mg/kg-d 1.1E-01 2.8E-01 mg/kg-d 5.7E-01 2.3E-01 
Aroclor1254 1.5E-01 mg/kg 6.0E-02 mg/kg-d 1.8E-01 1.8E+00 mg/kg-d 3.3E-01 3.3E-02 
Aroclor1268 5.2E-03 mg/kg 2.1E-03 mg/kg-d 1.1E-KX) 1.1E+01 mg/kg-d 1.9E-03 1.9E-04 
TEQ-BIRD 1 .9E-04 mg/kg 7.4E-05 mg/kg-d 1.4E-05 1.4E-04 mg/kg-d 5.3E+00 5.3E-01 

TEQ-MAMMAL 1 .9E-04 mg/kg 7.7E-05 mg/kg-d 

|| HAZARD INDICES: 1.6E+01 2.1E+00 

Notes: 
a. Estimated Daily Intake (EDI) calculated using parameters presented in Table D.1-3. 
b. Reference Dose Values presented in Table D-4 in BERA (MACTEC, 2004). 
c. Hazard Quotients (HQs) calculated by dividing the Estimated Daily Intake dose by either the NOAEL- or LOAEL-based Reference Dose. 

o
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TABLE D.1-5
 

SUMMARY OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS USING NOAEL-BASED RTVs : Woodcock
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
EXPOSURE POINT: Oxbow Area Floodplain - Average 
RECEPTOR: Woodcock 

TOTAL RISK (HI): 4.6E+01 

Exposure Medium3 

Combined Percent 

Analyte Water Soil Plants Inverts Birds Mammals HQs" Contribution0 
Surface Terrestrial Terrestrial Small Small 

TEQ-BIRD 7.8E+00 5.3E+00 f.3EfOf 29% 
Lead 9.0E+00 2.6E+00 1.2E+01 25% 
Zinc 2.7E+00 3.3E+00 6.0E+00 13% 
Chromium 4.4E+00 7.3E-01 5.1E+00 11% 
Beryllium 2.0E+00 5.7E-01 Z5E+00 6% 
Cadmium 1.7E-01 1.3E+00 1.5E+00 3% 
TOTAL AROCLOR 7.8E-01 5.7E-01 1.4E+00 3% 
Selenium 2.0E-01 6.7E-01 8.7E-01 2% 
4,4'-DDE 3.9E-01 4.3E-01 8.2E-01 2% 
Aroclor1254 4.7E-01 3.3E-01 8.0E-01 2% 
Barium 4.3E-01 2.0E-01 6.4E-01 1% 
4,4'-DDD 2.9E-01 2.7E-01 5.5E-01 1% 
Vanadium 3.1E-01 5.0E-02 3.6E-01 1% 
Copper 1.5E-01 3.0E-02 1.8E-01 0% 
Molybdenum 1.4E-01 2.3E-02 1.7E-01 0% 
Arsenic 6.3E-02 1.4E-02 7.7E-02 0% 
Manganese 5.1E-02 2.0E-02 7.1E-02 0% 
Dieldrin 1.8E-02 2.1E-02 3.9E-02 0% 
4,4'-DDT 2.7E-02 1.1E-02 3.8E-02 0% 
Thallium 1.2E-02 4.3E-03 1.7E-02 0% 
Aroclor1268 2.2E-03 1.9E-03 4.1E-03 0% 
Lindane 9.3E-06 2.5E-05 3.4E-05 0% 
Antimony 

Cobalt 

TEQ-MAMMAL 

TOTAL MEDIUM-SPECIFIC RISK 2.9E+01 1.6E+01 4.6E+01 
PERCENTAGE OF TOTAL RISK 64% 36% 100% 

Footnotes: 
a. Hazard Quotients presented by exposure medium; a blank cell indicates that the analyte was not a COPEC for that 
medium; a dash entry indicates that there was no assumed exposure to that medium. 
b. Combined risk across all media exposures. 
c. Relative contribution of COPEC to total risk associated with the ingestion exposure pathway. 

6/6/2006 



TABLE D.1-6
 

SUMMARY OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS USING LOAEL-BASED RTVs : Woodcock
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
EXPOSURE POINT: Oxbow Area Floodplain - Average 
RECEPTOR: Woodcock 

TOTAL RISK (HI):

Analyte 

TEQ-BIRD 
Lead 
Chromium 
Zinc 
TOTAL AROCLOR 
Barium 
Selenium 
Beryllium 
Copper 
Cadmium 
4,4'-DDE 
Aroclor1254 
4,4-DDD 
Vanadium 
Arsenic 
Molybdenum 
Thallium 
Manganese 
Dieldrin 
4,4'-DDT 
Aroclor1268 
Lindane 
Antimony 
Cobalt 
TEQ-MAMMAL 

TOTAL MEDIUM-SPECIFIC RISK 
PERCENTAGE OF TOTAL RISK 

Footnotes: 

 6.1E+00 

Exposure Medium3 

Combined Percent 
Water Soil Plants Inverts Birds Mammals HQsb Contribution1" 

Surface Terrestrial Terrestrial Small Small 

7.8E-01 5.3E-01 1.3E+00 21% 
9.0E-01 2.6E-01 1.2E+00 19% 
8.8E-01 1.5E-01 LOE+00 17% 
3.0E-01 3.6E-01 6.6E-01 11% 
3.1E-01 2.3E-01 5.4E-01 9% 
2.2E-01 1.0E-01 3.2E-01 5% 
5.7E-02 2.0E-01 2.6E-01 4% 
2.0E-01 5.7E-02 2.5E-01 4% 
1.2E-01 2.3E-02 1.4E-01 2% 
1.2E-02 9.7E-02 1.1E-01 2% 
3.9E-02 4.3E-02 8.2E-02 1% 
4.7E-02 3.3E-02 8.0E-02 1% 
2.9E-02 2.7E-02 5.5E-02 1% 
3.1E-02 5.0E-03 3.6E-02 1% 
2.5E-02 5.6E-03 3.1E-02 1% 
1.4E-02 2.3E-03 1.7E-02 0% 
8.6E-03 3.0E-03 1.2E-02 0% 
5.1E-03 2.0E-03 7.1E-03 0% 
1.8E-03 2.1E-03 3.9E-03 0% 
2.7E-03 1.1E-03 3.8E-03 0% 
2.2E-04 1.9E-04 4.1E-04 0% 
9.3E-07 2.5E-06 3.4E-06 0% 

4.0E+00 2.1E+00 6.1E+00 
65% 35% 100% 

a.	 Hazard Quotients presented by exposure medium; a blank cell indicates that the analyte was not a COPEC for that 
medium; a dash entry indicates that there was no assumed exposure to that medium. 

b. Combined risk across all media exposures. 
c. Relative contribution of COPEC to total risk associated with the ingestion exposure pathway. 

o
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TABLE D.2-1 
ESTIMATED TERRESTRIAL PREY TISSUE CONCENTRATIONS DERIVED USING LITERATURE-BASED BAFs 

Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future
 

MEDIUM: Soil
 

EXPOSURE MEDIUM: All 
EXPOSURE POINT: Oxbow Area Floodplain - Average 

Literature-based BAFsa Estimated Tissue Concentration 

Medium EPC Terrestial Terrestrial Terrestial 

Analyte Value Plants Inverts Plants" Terrestrial Inverts" 

c


Antimony 3.0E+00 2.0E-03 6.2E-03 O.OE+00
 

Arsenic 5.4E+00 1.0E-02 2.5E-02 5.4E-02 1.3E-01
 

Barium 3.0E+02 3.1E-02 1.8E-02 9.4E+00 5.5E+00
 

Beryllium 4.9E+00 2.0E-03 9.0E-03 9.8E-03 4.4E-02
 

Cadmium 4.0E+00 4.4E-02 1.0E+00 1.8E-01 4.2E+00
 

Chromium 7.4E+01 8.2E-03 6.1E-02 6.0E-01 4.5E+00
 

Cobalt 1.6E+01 1.5E-03 2.4E-02 2.4E-02 3.9E-01
 

Copper 1.2E+02 9.7E-02 2.0E-01 1.2E+01 2.4E+01
 

_ead 5.7E+02 1.9E-02 1.0E-01 1.1E+01 5.9E+01
 

Manganese 8.3E+02 1.6E-02 4.3E-02 1.3E+01 3.5E+01
 

Molybdenum 8.4E+00 5.0E-02 1.9E-01 4.2E-01 1.6E+00
 

Selenium 1.4E+00 1.3E-01 1.0E-01 1.8E-01 1.4E-01
 

Thallium 7.1E-01 8.0E-04 5.7E-04 O.OE+00
 

Vanadium 5.9E+01 9.7E-04 8.4E-03 5.8E-02 5.0E-01
 

Zinc 6.4E+02 3.5E-01 3.6E+00 2.2E+02 2.3E+03
 

4,4'-DDD 1.3E-02 2.4E-03 1.1E+00 3.2E-05 1.4E-02
 

4,4'-DDE 1.8E-02 9.6E-04 1.1E+00 1.7E-05 2.0E-02
 

4,4'-DDT 1.3E-03 1.4E-03 1.1E+00 1.8E-06 1.4E-03 

Dieldrin 2.3E-02 6.7E-03 1.1E+00 1.5E-04 2.4E-02 

Jndane 3.1E-04 5.9E-02 1.0E+00 1.8E-05 3.2E-04 

TOTAL AROCLOR 1.4E+00 6.1E-04 1.1E+00 8.8E-04 1.6E+00 

Aroclor 1254 1.4E+00 1.4E-03 1.1E+00 1.9E-03 1.5E+00 

Aroclor 1268 4.0E-02 3.4E-04 1.1E+00 1.4E-05 4.5E-02 

TEQ-BIRD 1.8E-03 O.OE+00 O.OE+00 

TEQ-MAMMAL 1.8E-03 O.OE+00 O.OE+00 


Footnotes: 
a. Literature-derived BAFs are summarized in Table J-1 in the BERA (MACTEC, 2004). 
b.	 Estimated plant and invertebrate concentrations calculated by multiplying the soil EPC concentration (mg/kg[dw] by the tissue-specific BAF 

(mg/kg[ww]). Estimated tissue concentrations reported in units of mg/kg [wet weight tissue]. 
c.	 Estimated small bird prey concentrations calculated by multiplying the estimated tissue concentration of soil invertebrates by the 

small bird BAF (I.e., assumes vermivorous species). 
d. Estimated small mammal prey concentrations calculated assuming that plants and invertebrates each comprise 50% of the prey species 

diet (i.e., omnivore); the sum of 50% times the estimated tissue concentrations of plants and invertebrates was multiplied by the small mammal BAF. 
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TABLE D.2-2 
PARAMETER VALUES USED TO CALCULATE ESTIMATED DAILY INTAKE : Surface Soil (0-2 feet) / Short-tailed Shrew 

Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Soil 
EXPOSURE MEDIUM: Surface Soil (0-2 feet) 
EXPOSURE POINT: Oxbow Area Floodplain - Average 
RECEPTOR: Short-tailed Shrew 

EXPOSURE 
ROUTE

 PARAMETER
 SYMBOL

 O.D...«TTM nec»,,T,n»
 PARAMETER DEFINITION

 ,,I,,TO
 UN.TS

 RME

 VAUJE 

RME 
 OAT?™^, c,
 "™*£5

 INTAKE EQUATION/ 
 MODEL NAME 

KcFcKcNCc 

INGESTION EDIS01, ESTIMATED DAILY INTAKE VIA SOIL INGESTION mg/kg-d calculated SOIL INTAKE-INGESTION 

Csoil CHEMICAL CONCENTRATION IN SOIL mg/kg chemical-specific EDIsoil = Csoil * IRsoil * SFF * EF * 1/BW 

IRsoil INGESTION RATE OF SOIL kg/day 0.00064 assumption 
SFF SITE FORAGING FREQUENCY unitless 100% Buckner, 1966 
EF EXPOSURE FREQUENCY unitless 100% USEPA, 1993 
BW BODY WEIGHT kg 0.017 Guilday, 1957 

REFERENCES
 

Buckner, C.H., 1966. Populations and ecological relationships of shrews in tamarack bogs of southeastern Manitoba; J. Mammal. 47:181-194.
 

Guilday, J.E., 1957, Individual an dgeographic variation in Blarina brevicauda from Pennsylvania; Ann. Carnegie Mus. 35:41-68.
 

USEPA, 1993. Wildlife Exposure Factors Handbook; United States Environmental Protection Agency, Office of Research and Development;
 


EPA/600/R-93/187a; December 1993; Washington, D.C. 
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TABLE D.2-3
 

CALCULATION OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS : Surface Soil (0-2 feet) / Short-tailed Shrew
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Soil 
EXPOSURE MEDIUM: Surface Soil (0-2 feet) 
EXPOSURE POINT: Oxbow Area Floodplain - Average 
RECEPTOR: Short-tailed Shrew 

Estimated Daily Reference Reference Hazard Hazard 
Medium Medium Daily intake Dose Dose Reference Quotient Quotient 

Analyte EPC EPC Units Intake3 Units (NOAEL)b (LOAEL)" Dose Units (NOAEL)C (LOAEL)C 

Antimony 3.0E+00 mg/kg 1.1E-01 mg/kg-d 2.6E-02 2.6E-01 mg/kg-d 4.3E+00 4.3E-01 
Arsenic 5.4E+00 mg/kg 2.0E-01 mg/kg-d 1.3E-01 1.3E+00 mg/kg-d 1.6E+00 1.6E-01 
Barium 3.0E+02 mg/kg 1.1E+01 mg/kg-d 7.5E+01 1 .6E+02 mg/kg-d 1.5E-01 6.9E-02 

Beryllium 4.9E+00 mg/kg 1 .8E-01 mg/kg-d 6.6E-01 6.6E+00 mg/kg-d 2.7E-01 2.7E-02 
Cadmium 4.0E+00 mg/kg 1.5E-01 mg/kg-d 1.0E+00 1.0E+01 mg/kg-d 1.5E-01 1.5E-02 
Chromium 7.4E+01 mg/kg 2.7E+00 mg/kg-d 1.5E+03 1.5E+04 mg/kg-d 1.8E-03 1.8E-04 

Cobalt 1.6E+01 mg/kg 5.9E-01 mg/kg-d 7.6E-02 7.6E-01 mg/kg-d 7.8E+00 7.8E-01
 

Copper 1.2E+02 mg/kg 4.5E+00 mg/kg-d 4.2E-01 4.2E+00 mg/kg-d 1.1E+01 1.1E+00
 


Lead 5.7E+02 mg/kg 2.1E+01 mg/kg-d 1.3E+02 3.8E+02 mg/kg-d 1.7E-01 5.6E-02
 

Manganese 8.3E+02 mg/kg 3.0E+01 mg/kg-d 8.8E+01 2.8E+02 mg/kg-d 3.5E-01 1.1E-01 
Molybdenum 8.4E+00 mg/kg 3.1E-01 mg/kg-d 1.9E-01 1.9E+00 mg/kg-d 1.6E+00 1.6E-01 

Selenium 1 .4E+00 mg/kg 5.3E-02 mg/kg-d 2.0E-01 3.3E-01 mg/kg-d 2.6E-01 1.6E-01 
Thallium 7.1E-01 mg/kg 2.6E-02 mg/kg-d 1.4E-01 1.4E+00 mg/kg-d 1.9E-01 1.9E-02 

Vanadium 5.9E+01 mg/kg 2.2E+00 mg/kg-d 4.2E-01 2.1E+00 mg/kg-d 5.2E+00 1.0E+00 
Zinc 6.4E+02 mg/kg 2.4E+01 mg/kg-d 1.6E+02 3.2E+02 mg/kg-d 1.5E-01 7.4E-02 

4,4-DDD 1 .3E-02 mg/kg 4.9E-04 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 6.1E-04 1.2E-04 
4,4'-DDE 1.8E-02 mg/kg 6.7E-04 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 8.4E-04 1.7E-04 
4,4'-DDT 1.3E-03 mg/kg 4.7E-05 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 5.8E-05 1.2E-05 
Dieldrin 2.3E-02 mg/kg 8.5E-04 mg/kg-d 2.8E-02 2.8E-01 mg/kg-d 3.1E-02 3.1E-03 
Lindane 3.1E-04 mg/kg 1.1E-05 mg/kg-d 1.6E+00 3.2E+00 mg/kg-d 7.1E-06 3.6E-06 

TOTAL AROCLOR 1 .4E+00 mg/kg 5.3E-02 mg/kg-d 6.8E-02 6.8E-01 mg/kg-d 7.8E-01 7.8E-02 
Aroclor1254 1 .4E+00 mg/kg 5.2E-02 mg/kg-d 6.8E-02 6.8E-01 mg/kg-d 7.6E-01 7.6E-02 
Aroclor 1268 4.0E-02 mg/kg 1.5E-03 mg/kg-d 6.8E-02 6.8E-01 mg/kg-d 2.2E-02 2.2E-03 
TEQ-BIRD 1.8E-03 mg/kg 6.7E-05 mg/kg-d 

TEQ-MAMMAL 1.8E-03 mg/kg 6.7E-05 mg/kg-d 1.0E-06 1.0E-05 mg/kg-d 6.7E+01 6.7E+00 

|| HAZARD INDICES: 1.0E+02 1.1E+01 

Notes: 
a. Estimated Daily Intake (EDI) calculated using parameters presented in Table D.2-2. 
b. Reference Dose Values presented in Table D-4 in the BERA (MACTEC, 2004). 
c. Hazard Quotients (HQs) calculated by dividing the Estimated Daily Intake dose by either the NOAEL- or LOAEL-based Reference Dose. 
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TABLE D.2-4
 

PARAMETER VALUES USED TO CALCULATE ESTIMATED DAILY INTAKE : Terrestrial Plants / Short-tailed Shrew
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Biota 1 
EXPOSURE MEDIUM: Terrestrial Plants 
EXPOSURE POINT: Oxbow Area Floodplain - Average 
RECEPTOR: Short-tailed Shrew 

RME
 

EXPOSURE PARAMETER nADA«irT,rD neeiurrinu , ,.,,-ro RME

 DAT?r,MA,=, INTAKE EQUATION/
 

ROUTE SYMBOL PARAMETER DEF.N.TION UNITS VALU£ j£™^ MODEL NAME 

INGESTION EDIpian, ESTIMATED DAILY INTAKE VIA PLANT INGESTION mg/kg-d calculated PLANT INTAKE-INGESTION 

plant CHEMICAL CONCENTRATION IN PLANTS mg/kg chemical-specific EDIpiant = Cpiant * IRfood * Pp|ant * SFF * EF * 

IRfood INGESTION RATE OF FOOD kg/day 0.013 USEPA, 1993 

Pplant PERCENT PLANTS IN DIET unitless 14% Whitaker and Where Cpian, is estimated using site-specific 
SFF SITE FORAGING FREQUENCY unitless 100% Buckner, 1966 Cplanl  '•'soil * BAFp|anl 

= 

EF EXPOSURE FREQUENCY unitless 100% USEPA, 1993 kg(dw sediment)] provided separately. 
BW BODY WEIGHT kg 0.017 Guilday, 1957 

REFERENCES
 

Buckner, C.H., 1966. Populations and ecological relationships of shrews in tamarack bogs of southeastern Manitoba; J. Mammal. 47:181-194. 
Guilday, J.E., 1957, Individual an dgeographic variation in Blarina brevicauda from Pennsylvania; Ann. Carnegie Mus. 35:41-68. 
EPA/600/R-93/187a; December 1993; Washington, D.C. 

Whitaker, J.O., Jr., and M.G. Ferraro, 1963. Summer food of 220 short-tailed shrews from Ithica, New York; J. Mammal. 44:419. 
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TABLE D.2-5
 

CALCULATION OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS : Terrestrial Plants / Short-tailed Shrew
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future
 

MEDIUM: Biota 1


EXPOSURE MEDIUM: Terrestrial Plants
 

EXPOSURE POINT: Oxbow Area Floodplain - Average
 

RECEPTOR: Short-tailed Shrew
 


Estimated Daily Reference Reference Hazard Hazard 
Medium Medium Daily intake Dose Dose Reference Quotient Quotient 

Analyte EPC EPC Units Intake3 Units (NOAEL)b (LOAEL)" Dose Units (NOAEL)C (LOAEL)C 

Antimony 6.2E-03 mg/kg 6.5E-04 mg/kg-d 2.6E-02 2.6E-01 mg/kg-d 2.5E-02 2.5E-03 
Arsenic 5.4E-02 mg/kg 5.7E-03 mg/kg-d 1.3E-01 1.3E+00 mg/kg-d 4.5E-02 4.5E-03 
Barium 9.4E+00 mg/kg 9.8E-01 mg/kg-d 7.5E+01 1.6E+02 mg/kg-d 1.3E-02 6.1E-03 

Beryllium 9.8E-03 mg/kg 1 .OE-03 mg/kg-d 6.6E-01 6.6E+00 mg/kg-d 1.6E-03 1.6E-04 
Cadmium 1.8E-01 mg/kg 1.8E-02 mg/kg-d 1.0E+00 1.0E+01 mg/kg-d 1.8E-02 1.8E-03 
Chromium 6.0E-01 mg/kg 6.3E-02 mg/kg-d 1.5E+03 1.5E+04 mg/kg-d 4.3E-05 4.3E-06 

Cobalt 2.4E-02 mg/kg 2.5E-03 mg/kg-d 7.6E-02 7.6E-01 mg/kg-d 3.3E-02 3.3E-03
 

Copper 1.2E+01 mg/kg 1 .2E+00 mg/kg-d 4.2E-01 4.2E+00 mg/kg-d 2.9E+00 2.9E-01
 

Lead 1.1E+01 mg/kg 1.2E+00 mg/kg-d 1.3E+02 3.8E+02 mg/kg-d 9.2E-03 3.1E-03
 


Manganese 1 .3E+01 mg/kg 1 .4E+00 mg/kg-d 8.8E+01 2.8E+02 mg/kg-d 1.6E-02 4.8E-03 
Molybdenum 4.2E-01 mg/kg 4.4E-02 mg/kg-d 1.9E-01 1.9E+00 mg/kg-d 2.3E-01 2.3E-02 

Selenium 1 .8E-01 mg/kg 1 .9E-02 mg/kg-d 2.0E-01 3.3E-01 mg/kg-d 9.7E-02 5.9E-02 
Thallium 5.7E-04 mg/kg 6.0E-05 mg/kg-d 1.4E-01 1.4E+00 mg/kg-d 4.3E-04 4.3E-05 

Vanadium 5.8E-02 mg/kg 6.0E-03 mg/kg-d 4.2E-01 2.1E+00 mg/kg-d 1.4E-02 2.9E-03 
Zinc 2.2E+02 mg/kg 2.3E+01 mg/kg-d 1.6E+02 3.2E+02 mg/kg-d 1.5E-01 7.3E-02 

4,4-DDD 3.2E-05 mg/kg 3.4E-06 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 4.3E-06 8.5E-07 
4,4'-DDE 1 .7E-05 mg/kg 1 .8E-06 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 2.3E-06 4.6E-07 
4,4'-DDT 1.8E-06 mg/kg 1 .9E-07 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 2.4E-07 4.8E-08 
Dieldrin 1.5E-04 mg/kg 1 .6E-05 mg/kg-d 2.8E-02 2.8E-01 mg/kg-d 5.9E-04 5.9E-05 
Lindane 1 .8E-05 mg/kg 1.9E-06 mg/kg-d 1.6E+00 3.2E+00 mg/kg-d 1.2E-06 5.9E-07 

TOTAL AROCLOR 8.8E-04 mg/kg 9.2E-05 mg/kg-d 6.8E-02 6.8E-01 mg/kg-d 1.4E-03 1.4E-04 
Aroclor 1254 1.9E-03 mg/kg 2.0E-04 mg/kg-d 6.8E-02 6.8E-01 mg/kg-d 3.0E-03 3.0E-04 
Aroclor 1268 1 .4E-05 mg/kg 1.4E-06 mg/kg-d 6.8E-02 6.8E-01 mg/kg-d 2.1E-05 2.1E-06 
TEQ-BIRD O.OE+00 mg/kg O.OE+00 mg/kg-d 

TEQ-MAMMAL O.OE+00 mg/kg O.OE+00 mg/kg-d 1.0E-06 1.0E-05 mg/kg-d O.OE+00 O.OE+00 

|| HAZARD INDICES: 3.6E+00 4.8E-01 

Notes: 
a. Estimated Daily Intake (EDI) calculated using parameters presented in Table D.2-4. 
b. Reference Dose Values presented in Table D-4 in the BERA (MACTEC, 2004). 
c. Hazard Quotients (HQs) calculated by dividing the Estimated Daily Intake dose by either the NOAEL- or LOAEL-based Reference Dose. 
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TABLE D.2-6
 

PARAMETER VALUES USED TO CALCULATE ESTIMATED DAILY INTAKE : Soil Invertebrates / Short-tailed Shrew
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Biota 2 
EXPOSURE MEDIUM: Soil Invertebrates 
EXPOSURE POINT: Oxbow Area Floodplain - Average 
RECEPTOR: Short-tailed Shrew 

•sir PAS™"O,ER P—™--™. -is £i RME  ,%«£*
RcrcKcNCc 

 "ssssr 
ESTIMATED DAILY INTAKE VIA INVERTEBRATE 

INGESTION EDIinvert INGESTION mg/kg-d calculated INVERTEBRATE INTAKE-INGESTION 
EDI|nvert = C,nuert * IRfood * Pinvert * SFF * EF * 

Cinvert CHEMICAL CONCENTRATION IN INVERTEBRATES mg/kg chemical-specific 1/BW 

IRfood INGESTION RATE OF FOOD kg/day 0.013 USEPA, 1993 
USEPA, 1993; Where Cinvert is estimated using site-specific 
Whitaker and tissue data or calculated using the following 

r invert PERCENT INVERTEBRATES IN DIET unitless 85% Feraro, 1963 equation: 
SFF SITE FORAGING FREQUENCY unitless 100% Buckner, 1966 ^invert = Csoil BAF,nvert 

Bioaccumulation Factors [mg(ww tissue)/ 
EF EXPOSURE FREQUENCY unitless 100% USEPA, 1993 kg(dw sediment)] provided separately. 
BW BODY WEIGHT kg 0.017 Guilday, 1957 

REFERENCES
 

Buckner, C.H., 1966. Populations and ecological relationships of shrews in tamarack bogs of southeastern Manitoba; J. Mammal. 47:181-194.
 

Guilday, J.E., 1957, Individual an dgeographic variation in Blarina brevicauda from Pennsylvania; Ann. Carnegie Mus. 35:41-68.
 

USEPA, 1993. Wildlife Exposure Factors Handbook; United States Environmental Protection Agency, Office of Research and Development;
 


EPA/600/R-93/187a; December 1993; Washington, D.C. 
Whitaker, J.O., Jr., and M.G. Ferraro, 1963. Summer food of 220 short-tailed shrews from Ithica, New York; J. Mammal. 44:419. 
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TABLE D.2-7
 

CALCULATION OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS : Soil Invertebrates / Short-tailed Shrew
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
/IEDIUM: Biota 2


<POSURE MEDIUM: Soil Invertebrates
 

KPOSURE POINT: Oxbow Area Floodplain - Average
 


RECEPTOR: Short-tailed Shrew 

Estimated Daily Reference Reference Hazard Hazard 
Medium Medium Daily intake Dose Dose Reference Quotient Quotient 

Analyte EPC EPC Units Intake3 Units (NOAEL)" (LOAEL)b Dose Units (NOAEL)C (LOAEL)0 

Antimony 6.3E-01 mg/kg 4.0E-01 mg/kg-d 2.6E-02 2.6E-01 mg/kg-d 1.5E+01 1.5E+00 
Arsenic 1 .8E-01 mg/kg 1.1E-01 mg/kg-d 1.3E-01 1.3E+00 mg/kg-d 9.0E-01 9.0E-02 
Barium 2.1E+01 mg/kg 1.3E+01 mg/kg-d 7.5E+01 1.6E+02 mg/kg-d 1.8E-01 8.4E-02 

Beryllium 2.1E-01 mg/kg 1.3E-01 mg/kg-d 6.6E-01 6.6E+00 mg/kg-d 2.0E-01 2.0E-02 
Cadmium 4.8E+00 mg/kg 3.0E+00 mg/kg-d 1.0E+00 1.0E+01 mg/kg-d 3.0E+00 3.0E-01 
Chromium 1 .8E+00 mg/kg 1.2E+00 mg/kg-d 1.5E+03 1.5E+04 mg/kg-d 7.9E-04 7.9E-05 

Cobalt 5.7E-01 mg/kg 3.6E-01 mg/kg-d 7.6E-02 7.6E-01 mg/kg-d 4.8E+00 4.8E-01 
Copper 3.6E+00 mg/kg 2.2E+00 mg/kg-d 4.2E-01 4.2E+00 mg/kg-d 5.4E+00 5.4E-01 
Lead 2.5E+01 mg/kg 1.6E+01 mg/kg-d 1.3E+02 3.8E+02 mg/kg-d 1.2E-01 4.2E-02 

Manganese 5.0E+01 mg/kg 3.1E+01 mg/kg-d 8.8E+01 2.8E+02 mg/kg-d 3.6E-01 1.1E-01 
Molybdenum 2.0E-01 mg/kg 1 .3E-01 mg/kg-d 1.9E-01 1.9E+00 mg/kg-d 6.8E-01 6.8E-02 

Selenium 7.4E-01 mg/kg 4.7E-01 mg/kg-d 2.0E-01 3.3E-01 mg/kg-d 2.3E+00 1.4E+00 
Thallium 3.8E-02 mg/kg 2.4E-02 mg/kg-d 1.4E-01 1.4E+00 mg/kg-d 1.7E-01 1.7E-02 

Vanadium 1 .4E+00 mg/kg 9.0E-01 mg/kg-d 4.2E-01 2.1E+00 mg/kg-d 2.1E+00 4.3E-01 
Zinc 1 .2E+02 mg/kg 7.5E+01 mg/kg-d 1.6E+02 3.2E+02 mg/kg-d 4.7E-01 2.3E-01 

4,4'-DDD 1 .9E-03 mg/kg 1.2E-03 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 1.5E-03 2.9E-04 
4,4'-DDE 3.0E-03 mg/kg 1 .9E-03 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 2.3E-03 4.7E-04 
4,4-DDT 7.9E-05 mg/kg 5.0E-05 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 6.3E-05 1.3E-05 
Dieldrin 4.0E-03 mg/kg 2.5E-03 mg/kg-d 2.8E-02 2.8E-01 mg/kg-d 9.2E-02 9.2E-03 
Lindane 1 .2E-04 mg/kg 7.7E-05 mg/kg-d 1.6E+00 3.2E+00 mg/kg-d 4.8E-05 2.4E-05 

TOTAL AROCLOR 1.6E-01 mg/kg 1.0E-01 mg/kg-d 6.8E-02 6.8E-01 mg/kg-d 1.5E+00 1.5E-01 
Aroclor1254 1 .5E-01 mg/kg 9.4E-02 mg/kg-d 6.8E-02 6.8E-01 mg/kg-d 1.4E+00 1.4E-01 
Aroclor1268 5.2E-03 mg/kg 3.3E-03 mg/kg-d 6.8E-02 6.8E-01 mg/kg-d 4.8E-02 4.8E-03 
TEQ-BIRD 1 .9E-04 mg/kg 1 .2E-04 mg/kg-d 

TEQ-MAMMAL 1.9E-04 mg/kg 1 .2E-04 mg/kg-d 1.0E-06 1.0E-05 mg/kg-d 1.2E+02 1.2E+01 

|| HAZARD INDICES: 1.6E+02 1.8E+01 

Notes: 
a. Estimated Daily Intake (EDI) calculated using parameters presented in Table D.2-6. 
b. Reference Dose Values presented in Table D-4 in the BERA (MACTEC, 2004). 
c. Hazard Quotients (HQs) calculated by dividing the Estimated Daily Intake dose by either the NOAEL- or LOAEL-based Reference Dose. 
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TABLE D.2-8 
SUMMARY OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS USING NOAEL-BASED RTVs : Short-tailed Shrew 

Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
EXPOSURE POINT: Oxbow Area Floodplain - Average 
RECEPTOR: Short-tailed Shrew 

TOTAL RISK (HI): 2.6E+02 

Exposure Medium3 

Combined Percent 

Analyte Water Soil Plants Inverts Birds Mammals HQsb Contribution' 
Surface Terrestrial Terrestrial Small Small 

FEQ-MAMMAL 6.7E+01 1.2E+02 1.9E-K>2 71% 
Antimony 4.3E+00 2.5E-02 1.5E+01 2.0E+01 7% 
Copper 1.1E+01 2.9E+00 5.4E+00 1.9E+01 7% 
Cobalt 7.8E+00 3.3E-02 4.8E+00 1.3E+01 5% 
Vanadium 5.2E+00 1.4E-02 2.1E+00 7.4E+00 3% 
Cadmium 1.5E-01 1.8E-02 3.0E+00 3.2E+00 1% 
Selenium 2.6E-01 9.7E-02 2.3E+00 2.7E+00 1% 
Molybdenum 1.6E+00 2.3E-01 6.8E-01 2.5E+00 1% 
Arsenic 1.6E+00 4.5E-02 9.0E-01 2.56+00 1% 
TOTAL AROCLOR 7.8E-01 1.4E-03 1.5E+00 2.2E+00 1% 
Aroclor 1254 7.6E-01 3.0E-03 1.4E+00 2.2E+00 1% 
Zinc 1.5E-01 1.5E-01 4.7E-01 7.7E-01 0% 
Manganese 3.5E-01 1.6E-02 3.6E-01 7.2E-01 0% 
Beryllium 2.7E-01 1.6E-03 2.0E-01 4.8E-01 0% 
Thallium 1.9E-01 4.3E-04 1.7E-01 3.6E-01 0% 
Barium 1.5E-01 1.3E-02 1.8E-01 3.4E-01 0% 
Lead 1.7E-01 9.2E-03 1.2E-01 3.0E-01 0% 
Dieldrin 3.1E-02 5.9E-04 9.2E-02 1.2E-01 0% 
Aroclor 1268 2.2E-02 2.1E-05 4.8E-02 7.0E-02 0% 
4,4'-DDE 8.4E-04 2.3E-06 2.3E-03 3.2E-03 0% 
Chromium 1.8E-03 4.3E-05 7.9E-04 2.7E-03 0% 
4,4'-DDD 6.1E-04 4.3E-06 1.5E-03 2.1E-03 0% 
4,4'-DDT 5.8E-05 2.4E-07 6.3E-05 1.2E-04 0% 
Lindane 7.1E-06 1.2E-06 4.8E-05 5.7E-05 0% 
TEQ-BIRD 

TOTAL MEDIUM-SPECIFIC RISK 1.0E+02 3.6E+00 I 1.6E+02 2.6E+02 
PERCENTAGE OF TOTAL RISK 38% 1% I 60% 100% 

Footnotes: 
a.	 Hazard Quotients presented by exposure medium; a blank cell indicates that the analyte was not a COPEC for that 

medium; a dash entry indicates that there was no assumed exposure to that medium. 
b. Combined risk across all media exposures. 
c. Relative contribution of COPEC to total risk associated with the ingestion exposure pathway. 
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TABLE D.2-9
 

SUMMARY OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS USING LOAEL-BASED RTVs : Short-tailed Shrew
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future
 

EXPOSURE POINT: Oxbow Area Floodplain - Average
 

RECEPTOR: Short-tailed Shrew
 


TOTAL RISK (HI): 2.9E+01 

Exposure Medium3 

Combined Percent 

Analyte Water Soil Plants Inverts Birds Mammals HQsb Contribution0 
Surface Terrestrial Terrestrial Small Small 

TEQ-MAMMAL 6.7E+00 - 1.2E+01 1.9E+01 64% 
Antimony 4.3E-01 2.5E-03 1.5E+00 2.0E+00 7% 
Copper 1.1E+00 2.9E-01 5.4E-01 1.9E+00 6% 
Selenium 1.6E-01 5.9E-02 1.4E+00 1.6E+00 6% 
Vanadium 1.0E+00 2.9E-03 4.3E-01 1.5E+00 5% 
Cobalt 7.8E-01 3.3E-03 4.8E-01 1.3E+00 4% 
Zinc 7.4E-02 7.3E-02 2.3E-01 3.8E-01 1% 
Cadmium 1.5E-02 1.8E-03 3.0E-01 3.2E-01 1% 
Arsenic 1.6E-01 4.5E-03 9.0E-02 2.5E-01 1% 
TOTAL AROCLOR 7.8E-02 1.4E-04 1.5E-01 2.2E-01 1% 
Manganese 1.1E-01 4.8E-03 1.1E-01 2.2E-01 1% 
Aroclor1254 7.6E-02 3.0E-04 1.4E-01 2.2E-01 1% 
Molybdenum 1.6E-01 2.3E-02 6.8E-02 2.5E-01 1% 
Barium 6.9E-02 6.1E-03 8.4E-02 1.6E-01 1% 
Lead 5.6E-02 3.1E-03 4.2E-02 1.0E-01 0% 
Beryllium 2.7E-02 1.6E-04 2.0E-02 4.8E-02 0% 
Thallium 1.9E-02 4.3E-05 1.7E-02 3.6E-02 0% 
Dieldrin 3.1E-03 5.9E-05 9.2E-03 1.2E-02 0% 
Aroclor 1268 2.2E-03 2.1E-06 4.8E-03 7.0E-03 0% 
4,4'-DDE 1.7E-04 4.6E-07 4.7E-04 6.4E-04 0% 
4,4'-DDD 1.2E-04 8.5E-07 2.9E-04 4.2E-04 0% 
Chromium 1.8E-04 4.3E-06 7.9E-05 2.7E-04 0% 
Jndane 3.6E-06 5.9E-07 2.4E-05 2.8E-05 0% 
4,4'-DDT 1.2E-05 4.8E-08 1.3E-05 2.4E-05 0% 
TEQ-BIRD 

TOTAL MEDIUM-SPECIFIC RISK 1.1E+01 4.8E-01 1.8E+01 2.9E+01
 

PERCENTAGE OF TOTAL RISK 38% 2% 61% 100%
 


Footnotes: 
a.	 Hazard Quotients presented by exposure medium; a blank cell indicates that the analyte was not a COPEC for that 

medium; a dash entry indicates that there was no assumed exposure to that medium. 
b. Combined risk across all media exposures. 
c. Relative contribution of COPEC to total risk associated with the ingestion exposure pathway. 

c 
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TABLE D.3-1 

ESTIMATED TERRESTRIAL PREY TISSUE CONCENTRATIONS DERIVED USING LITERATURE-BASED BAFs 


Screening Level Ecological Risk Assessment 
Centredale Manor River Restoration Superfund Site 

North Providence, Rhode Island 

SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Soil 
EXPOSURE MEDIUM: All 
EXPOSURE POINT: Oxbow Area Floodplain - Average 

Literature-based BAFs3 Estimated Tissue Concentration 

Medium EPC Terrestial Terrestrial Terrestial 

Analyte Value Plants Inverts Plants" Terrestrial Inverts" 

Antimony 3.0E+00 2.0E-03 6.2E-03 O.OE+00 
Arsenic 5.4E+00 1.0E-02 2.5E-02 5.4E-02 1.3E-01 
iarium 3.0E+02 3.1E-02 1.8E-02 9.4E+00 5.5E+00 
Beryllium 4.9E+00 2.0E-03 9.0E-03 9.8E-03 4.4E-02 
Cadmium 4.0E+00 4.4E-02 1.0E+00 1.8E-01 4.2E+00 
Chromium 7.4E+01 8.2E-03 6.1E-02 6.0E-01 4.5E+00 
Cobalt 1.6E+01 1.5E-03 2.4E-02 2.4E-02 3.9E-01 
Copper 1.2E+02 9.7E-02 2.0E-01 1.2E+01 2.4E+01 
Lead 5.7E+02 1.9E-02 1.0E-01 1.1E+01 5.9E+01 
Manganese 8.3E+02 1.6E-02 4.3E-02 1.3E+01 3.5E+01 
Molybdenum 8.4E+00 5.0E-02 1.9E-01 4.2E-01 1.6E+00 
Selenium 1.4E+00 1.3E-01 1.0E-01 1.8E-01 1.4E-01 
Thallium 7.1E-01 8.0E-04 5.7E-04 O.OE+00 
Vanadium 5.9E+01 9.7E-04 8.4E-03 5.8E-02 5.0E-01 
Zinc 6.4E+02 3.5E-01 3.6E+00 2.2E+02 2.3E+03 
4,4-DDD 1.3E-02 2.4E-03 1.1E+00 3.2E-05 1.4E-02 
4,4'-DDE 1.8E-02 9.6E-04 1.1E+00 1.7E-05 2.0E-02 
4,4'-DDT 1.3E-03 1.4E-03 1.1E+00 1.8E-06 1.4E-03 
Dieldrin 2.3E-02 6.7E-03 1.1E+00 1.5E-04 2.4E-02 
Lindane 3.1E-04 5.9E-02 1.0E+00 1.8E-05 3.2E-04 
TOTAL AROCLOR 1.4E+00 6.1E-04 1.1E+00 8.8E-04 1.6E+00 
Aroclor 1254 1.4E+00 1.4E-03 1.1E+00 1.9E-03 1.5E+00 
Aroclor 1268 4.0E-02 3.4E-04 1.1E+00 1.4E-05 4.5E-02 
TEQ-BIRD 1.8E-03 O.OE+00 O.OE+00 
TEQ-MAMMAL 1.8E-03 O.OE+00 O.OE+00 

Footnotes: 
a. Literature-derived BAFs are summarized in Table J-1 in the BERA (MACTEC, 2004). 
b.	 Estimated plant and invertebrate concentrations calculated by multiplying the soil EPC concentration (mg/kg[dw] by the tissue-specific BAF 

(mg/kg[ww]). Estimated tissue concentrations reported in units of mg/kg [wet weight tissue]. 
c.	 Estimated small bird prey concentrations calculated by multiplying the estimated tissue concentration of soil invertebrates by the 

small bird BAF (I.e., assumes vermivorous species). 
d.	 Estimated small mammal prey concentrations calculated assuming that plants and invertebrates each comprise 50% of the prey species 

diet (i.e., omnivore); the sum of 50% times the estimated tissue concentrations of plants and invertebrates was multiplied by the 
small mammal BAF. 
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TABLE D.3-2
 


PARAMETER VALUES USED TO CALCULATE ESTIMATED DAILY INTAKE : Surface Soil (0-2 feet) / Raccoon
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Soil 
EXPOSURE MEDIUM: Surface Soil (0-2 feet) 
EXPOSURE POINT: Oxbow Area Floodplain - Average 
RECEPTOR: Raccoon 

RME 
EXPOSURE PARAMETER BABAUC™> r«ririiiiTi«u ..L..TC RME

 D A -pV^A , c , INTAKE EQUATION/ 
ROUTE SYMBOL PARAMETER DEFINITION UNITS VALU£ ™™*"f MODEL NAME 

KtrtKtNOt 

INGESTION EDIsoil ESTIMATED DAILY INTAKE VIA SOIL INGESTION mg/kg-d calculated SOIL INTAKE-INGESTION 

Csoil CHEMICAL CONCENTRATION IN SOIL mg/kg chemical-specific EDIsoil = Csoil * IRaoil * SFF * EF * 1/BW 

IRsoil INGESTION RATE OF SOIL kg/day 0.087 assumption 
SFF SITE FORAGING FREQUENCY unitless 10% Stuewer, 1943 
EF EXPOSURE FREQUENCY unitless 50% USEPA, 1993 
BW BODY WEIGHT kg 6.2 Sanderson, 1984 

REFERENCES
 

Sanderson, G.C., 1984. Cooperative raccoon collections; III. Nat. Hist. Survey Div.; Pittman-Robertson Proj. W-49-31.
 

Stuewer, R.W., 1943. Raccoons: their habits and management in Michigan; Ecol. Monogr. 13:203-257.
 

USEPA, 1993. Wildlife Exposure Factors Handbook; United States Environmental Protection Agency, Office of Research and Development;
 


EPA/600/R-93/187a; December 1993; Washington, D.C. 
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TABLE D.3-3
 

CALCULATION OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS : Surface Soil (0-2 feet) / Raccoon
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Soil 
EXPOSURE MEDIUM: Surface Soil (0-2 feet) 
EXPOSURE POINT: Oxbow Area Floodplain - Average 
RECEPTOR: Raccoon 

Estimated Daily Reference Reference Hazard Hazard 
Medium Medium Daily intake Dose Dose Reference Quotient Quotient 

Analyte EPC EPC Units Intake3 Units (NOAEL)b (LOAEL)b Dose Units (NOAEL)C (LOAELf 

Antimony 3.0E+00 mg/kg 2.2E-03 mg/kg-d 2.6E-02 2.6E-01 mg/kg-d 8.4E-02 8.4E-03 
Arsenic 5.4E+00 mg/kg 3.9E-03 mg/kg-d 4.8E-02 4.8E-01 mg/kg-d 8.2E-02 8.2E-03 
Barium 3.0E+02 mg/kg 2.2E-01 mg/kg-d 7.5E+01 1.6E+02 mg/kg-d 2.9E-03 1.4E-03 

Beryllium 4.9E+00 mg/kg 3.6E-03 mg/kg-d 1.2E+00 1.2E+01 mg/kg-d 3.0E-03 3.0E-04 
Cadmium 4.0E+00 mg/kg 2.9E-03 mg/kg-d 1.0E+00 1.0E+01 mg/kg-d 2.9E-03 2.9E-04 
Chromium 7.4E+01 mg/kg 5.4E-02 mg/kg-d 1.5E+03 1.5E+04 mg/kg-d 3.6E-05 3.6E-06 

Cobalt 1.6E+01 mg/kg 1.2E-02 mg/kg-d 7.6E-02 7.6E-01 mg/kg-d 1.5E-01 1.5E-02 
Copper 1 .2E+02 mg/kg 8.8E-02 mg/kg-d 1.2E+01 1.5E+01 mg/kg-d 7.5E-03 5.8E-03 
Lead 5.7E+02 mg/kg 4.2E-01 mg/kg-d 1.3E+02 3.8E+02 mg/kg-d 3.3E-03 1.1E-03 

Manganese 8.3E+02 mg/kg 6.0E-01 mg/kg-d 8.8E+01 2.8E+02 mg/kg-d 6.8E-03 2.1E-03 
Molybdenum 8.4E+00 mg/kg 6.1E-03 mg/kg-d 1.9E-01 1.9E+00 mg/kg-d 3.2E-02 3.2E-03 

Selenium 1 .4E+00 mg/kg 1 .OE-03 mg/kg-d 2.0E-01 3.3E-01 mg/kg-d 5.2E-03 3.2E-03
 

Thallium 7.1E-01 mg/kg 5.2E-04 mg/kg-d 1.4E-01 1.4E+00 mg/kg-d 3.7E-03 3.7E-04
 


Vanadium 5.9E+01 mg/kg 4.3E-02 mg/kg-d 4.2E-01 2.1E+00 mg/kg-d 1.0E-01 2.1E-02
 

Zinc 6.4E+02 mg/kg 4.7E-01 mg/kg-d 2.0E+02 3.9E+02 mg/kg-d 2.4E-03 1.2E-03J 

4,4'-DDD 1.3E-02 mg/kg 9.7E-06 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 1.2E-05 2AE-Qf 
4,4'-DDE 1 .8E-02 mg/kg 1.3E-05 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 1.7E-05 3.3E-06>* 
4,4-DDT 1.3E-03 mg/kg 9.2E-07 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 1.2E-06 2.3E-07 
Dieldrin 2.3E-02 mg/kg 1 .7E-05 mg/kg-d 1.5E-02 1.5E-01 mg/kg-d 1.1E-03 1.1E-04 
Lindane 3.1E-04 mg/kg 2.2E-07 mg/kg-d 1.6E+00 3.2E+00 mg/kg-d 1.4E-07 7.0E-08 

TOTAL AROCLOR 1 .4E+00 mg/kg 1. OE-03 mg/kg-d 5.0E-03 2.0E-02 mg/kg-d 2.1E-01 5.2E-02 
Aroclor1254 1.4E+00 mg/kg 1 .OE-03 mg/kg-d 5.0E-03 2.0E-02 mg/kg-d 2.1E-01 5.1E-02 
Aroclor 1268 4.0E-02 mg/kg 2.9E-05 mg/kg-d 5.0E-03 2.0E-02 mg/kg-d 5.9E-03 1.5E-03 
TEQ-BIRD 1.8E-03 mg/kg 1 .3E-06 mg/kg-d 

TEQ-MAMMAL 1.8E-03 mg/kg 1 .3E-06 mg/kg-d 1.0E-06 1.0E-05 mg/kg-d 1.3E+00 1.3E-01 

|| HAZARD INDICES: 2.2E+00 3.1E-01 

Notes: 
a. Estimated Daily Intake (EDI) calculated using parameters presented in Table D.3-2. 
b. Reference Dose Values presented in Table D-4 in the BERA (MACTEC, 2004). 
c. Hazard Quotients (HQs) calculated by dividing the Estimated Daily Intake dose by either the NOAEL- or LOAEL-based Reference Dose. 

o
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TABLE D.3-4
 


PARAMETER VALUES USED TO CALCULATE ESTIMATED DAILY INTAKE : Terrestrial Plants / Raccoon
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Biota 1 
EXPOSURE MEDIUM: Terrestrial Plants 
EXPOSURE POINT: Oxbow Area Floodplain - Average 
RECEPTOR: Raccoon 

RMEU
 

EXPOSURE PARAMETER DADAUI=T™ «==•«,-««», ..I..TC RME oA-rVrTjA,c, INTAKE EQUATION/
 


ROUTE SYMBOL PARAMETER DEFINIT.ON UNITS VALUE j£™^ MODEL NAME
 


INGESTION EDIplan, ESTIMATED DAILY INTAKE VIA PLANT INGESTION mg/kg-d calculated	 	 PLANT INTAKE-INGESTION 
EDIpiam = Cp|ant * IRfood * Pplanl * SFF * EF * 

Cplanl CHEMICAL CONCENTRATION IN PLANTS mg/kg chemical-specific 1/BW 

IRfood INGESTION RATE OF FOOD kg/day 1.7 USEPA, 1993 

USEPA, 1993; Where Cp,ant is estimated using site-specific 
Llewllyn and Uhler, tissue data or calculated using the following 

Pplant PERCENT PLANTS IN DIET unitless 71% 1952 equation: 

SFF SITE FORAGING FREQUENCY unitless 10% Stuewer, 1943 Cplant = Csoil * BAFp|arl 

Bioaccumulation Factors [mg(ww tissue)/ 
EF EXPOSURE FREQUENCY unitless 50% USEPA, 1993 kg(dw sediment)] provided separately. 
BW BODY WEIGHT kg 6.2 Sanderson, 1984 

REFERENCES
 

Llewellyn, L.M., and F.M. Uhler, 1952. The foods of fur animals of the Patuxent Research Refuge, Maryland; Am. Midi. Nat. 48:193-203.
 

Sanderson, G.C., 1984. Cooperative raccoon collections; III. Nat. Hist. Survey Div.; Pittman-Robertson Proj. W-49-31.
 

Stuewer, R.W., 1943. Raccoons: their habits and management in Michigan; Ecol. Monogr. 13:203-257.
 

USEPA, 1993. Wildlife Exposure Factors Handbook; United States Environmental Protection Agency, Office of Research and Development;
 


EPA/600/R-93/187a; December 1993; Washington, D.C. 
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TABLE D.3-5
 

CALCULATION OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS : Terrestrial Plants / Raccoon
 


Screening Level Ecological Risk Assessment 

Centredale Manor River Restoration Superfund Site 


North Providence, Rhode Island 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Biota 1 
EXPOSURE MEDIUM: Terrestrial Plants 
EXPOSURE POINT: Oxbow Area Floodplain - Average 
RECEPTOR: Raccoon 

Estimated Daily Reference Reference Hazard Hazard 
Medium Medium Daily intake Dose Dose Reference Quotient Quotient 

Analyte EPC EPC Units Intake3 Units (NOAEL)b (LOAEL)b Dose Units (NOAEL)C (LOAEL)0 

Antimony 6.2E-03 mg/kg 6.4E-05 mg/kg-d 2.6E-02 2.6E-01 mg/kg-d 2.5E-03 2.5E-04 
Arsenic 5.4E-02 mg/kg 5.6E-04 mg/kg-d 4.8E-02 4.8E-01 mg/kg-d 1.2E-02 1.2E-03 
Barium 9.4E+00 mg/kg 9.7E-02 mg/kg-d 7.5E+01 1.6E+02 mg/kg-d 1.3E-03 6.1E-04 

Beryllium 9.8E-03 mg/kg 1.0E-04 mg/kg-d 1.2E+00 1.2E+01 mg/kg-d 8.5E-05 8.5E-06 
Cadmium 1.8E-01 mg/kg 1.8E-03 mg/kg-d 1.0E+00 1.0E+01 mg/kg-d 1.8E-03 1.8E-04 
Chromium 6.0E-01 mg/kg 6.3E-03 mg/kg-d 1.5E+03 1.5E+04 mg/kg-d 4.3E-06 4.3E-07 

Cobalt 2.4E-02 mg/kg 2.5E-04 mg/kg-d 7.6E-02 7.6E-01 mg/kg-d 3.3E-03 3.3E-04 
Copper 1 .2E+01 mg/kg 1.2E-01 mg/kg-d 1.2E+01 1.5E+01 mg/kg-d 1.0E-02 8.0E-03 
Lead 1.1E+01 mg/kg 1.2E-01 mg/kg-d 1.3E+02 3.8E+02 mg/kg-d 9.2E-04 3.1E-04 

Manganese 1.3E+01 mg/kg 1.4E-01 mg/kg-d 8.8E+01 2.8E+02 mg/kg-d 1.5E-03 4.8E-04 
Molybdenum 4.2E-01 mg/kg 4.3E-03 mg/kg-d 1.9E-01 1.9E+00 mg/kg-d 2.3E-02 2.3E-03 

Selenium 1 .8E-01 mg/kg 1 .9E-03 mg/kg-d 2.0E-01 3.3E-01 mg/kg-d 9.6E-03 5.8E-03 
Thallium 5.7E-04 mg/kg 6.0E-06 mg/kg-d 1.4E-01 1.4E+00 mg/kg-d 4.3E-05 4.3E-06 

Vanadium 5.8E-02 mg/kg 6.0E-04 mg/kg-d 4.2E-01 2.1E+00 mg/kg-d 1.4E-03 2.9E-04 
Zinc 2.2E+02 mg/kg 2.3E+00 mg/kg-d 2.0E+02 3.9E+02 mg/kg-d 1.2E-02 e.OE-03^ 

4,4'-DDD 3.2E-05 mg/kg 3.4E-07 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 4.2E-07 8.4E-y^ 
4,4'-DDE 1 JE-05 mg/kg 1 .8E-07 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 2.3E-07 4.6E-OW 
4,4'-DDT 1 .8E-06 mg/kg 1.9E-08 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 2.4E-08 4.8E-09 
Dieldrin 1 .5E-04 mg/kg 1 .6E-06 mg/kg-d 1.5E-02 1.5E-01 mg/kg-d 1.1E-04 1.1E-05 
Lindane 1.8E-05 mg/kg 1 .9E-07 mg/kg-d 1.6E+00 3.2E+00 mg/kg-d 1.2E-07 5.9E-08 

TOTAL AROCLOR 8.8E-04 mg/kg 9.1E-06 mg/kg-d 5.0E-03 2.0E-02 mg/kg-d 1.8E-03 4.6E-04 
Aroclor 1254 1 .9E-03 mg/kg 2.0E-05 mg/kg-d 5.0E-03 2.0E-02 mg/kg-d 4.0E-03 9.9E-04 
Aroclor1268 1 .4E-05 mg/kg 1.4E-07 mg/kg-d 5.0E-03 2.0E-02 mg/kg-d 2.8E-05 7.1E-06 
TEQ-BIRD O.OE+00 mg/kg O.OE+00 mg/kg-d 

TEQ-MAMMAL O.OE+00 mg/kg O.OE+00 mg/kg-d 1.0E-06 1.0E-05 mg/kg-d O.OE+00 O.OE+00 

|[ HAZARD INDICES: 8.5E-02 2.7E-02 

Notes: 
a. Estimated Daily Intake (EDI) calculated using parameters presented in Table D.3-4. 
b. Reference Dose Values presented in Table D-4 in the BERA (MACTEC, 2004). 
c. Hazard Quotients (HQs) calculated by dividing the Estimated Daily Intake dose by either the NOAEL- or LOAEL-based Reference Dose. 
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TABLE D.3-6 


PARAMETER VALUES USED TO CALCULATE ESTIMATED DAILY INTAKE : Soil Invertebrates / Raccoon 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Biota 2 
EXPOSURE MEDIUM: Soil Invertebrates 
EXPOSURE POINT: Oxbow Area Floodplain - Average 
RECEPTOR: Raccoon 

RIME 

EXPOSURE  PARAMETER BABA..ET™ r,r:m»,,-r,rt», ,,.,,,-re  „ .T?" ',. ,c , INTAKE EQUATION/ 
RME

ROUTE SYMBOL PARAMETER DEFIN.TION UN.TS VALU£ ™1°̂  MODEL NAME 

KcrcRENCc 


ESTIMATED DAILY INTAKE VIA INVERTEBRATE 
INGESTION EDIinvert INGESTION mg/kg-d calculated INVERTEBRATE INTAKE-INGESTION 

EDIinvert = Covert * IRfooci * Pjnvert * SFF * EF * 
p̂
invert CHEMICAL CONCENTRATION IN INVERTEBRATES mg/kg chemical-specific 1/BW 

IRfood INGESTION RATE OF FOOD kg/day 1.7 USEPA, 1993 
USEPA, 1993; Where Cinvert is estimated using site-specific 

Llewllyn and Uhler, tissue data or calculated using the following 
PERCENT INVERTEBRATES IN DIET unitless 29% 1952 equation: 

SFF SITE FORAGING FREQUENCY unitless 10% Stuewer, 1943 Cinvert = Cso,| * BAFinvert 

Pinvert 

Bioaccumulation Factors [mg(ww tissue)/ 
EF EXPOSURE FREQUENCY unitless 50% USEPA, 1993 kg(dw sediment)] provided separately. 
BW BODY WEIGHT kg 6.2 Sanderson, 1984 

REFERENCES
 

Llewellyn, L.M., and F.M. Uhler, 1952. The foods of fur animals of the Patuxent Research Refuge, Maryland; Am. Midi. Nat. 48:193-203.
 

Sanderson, G.C., 1984. Cooperative raccoon collections; III. Nat. Hist. Survey Div.; Pittman-Robertson Proj. W-49-31.
 

Stuewer, R.W., 1943. Raccoons: their habits and management in Michigan; Ecol. Monogr. 13:203-257.
 

USEPA, 1993. Wildlife Exposure Factors Handbook; United States Environmental Protection Agency, Office of Research and Development;
 


EPA/600/R-93/187a; December 1993; Washington, D.C. 
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TABLE D.3-7
 

CALCULATION OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS : Soil Invertebrates / Raccoon
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
MEDIUM: Biota 2 
EXPOSURE MEDIUM: Soil Invertebrates 
EXPOSURE POINT: Oxbow Area Floodplain - Average 
RECEPTOR: Raccoon 

Estimated Daily Reference Reference Hazard Hazard 
Medium Medium Daily intake Dose Dose Reference Quotient Quotient 

Analyte EPC EPC Units Intake3 Units (NOAEL)b (LOAEL)b Dose Units (NOAEL)C (LOAEL)C 

Antimony 6.3E-01 mg/kg 2.6E-03 mg/kg-d 2.6E-02 2.6E-01 mg/kg-d 1. OE-01 1.0E-02 
Arsenic 1.8E-01 mg/kg 7.5E-04 mg/kg-d 4.8E-02 4.8E-01 mg/kg-d 1.6E-02 1.6E-03 
Barium 2.1E+01 mg/kg 8.8E-02 mg/kg-d 7.5E+01 1.6E+02 mg/kg-d 1.2E-03 5.5E-04 

Beryllium 2.1E-01 mg/kg 8.8E-04 mg/kg-d 1.2E+00 1.2E+01 mg/kg-d 7.3E-04 7.3E-05 
Cadmium 4.8E+00 mg/kg 2.0E-02 mg/kg-d 1.0E+00 1.0E+01 mg/kg-d 2.0E-02 2.0E-03 
Chromium 1 .8E+00 mg/kg 7.6E-03 mg/kg-d 1.5E+03 1.5E+04 mg/kg-d 5.2E-06 5.2E-07 

Cobalt 5.7E-01 mg/kg 2.4E-03 mg/kg-d 7.6E-02 7.6E-01 mg/kg-d 3.1E-02 3.1E-03
 

Copper 3.6E+00 mg/kg 1 .5E-02 mg/kg-d 1.2E+01 1.5E+01 mg/kg-d 1.3E-03 9.8E-04
 

Lead 2.5E+01 mg/kg 1 .OE-01 mg/kg-d 1.3E+02 3.8E+02 mg/kg-d 8.2E-04 2.8E-04
 


Manganese 5.0E+01 mg/kg 2.1E-01 mg/kg-d 8.8E+01 2.8E+02 mg/kg-d 2.3E-03 7.3E-04 
Molybdenum 2.0E-01 mg/kg 8.5E-04 mg/kg-d 1.9E-01 1.9E+00 mg/kg-d 4.5E-03 4.5E-04 

Selenium 7.4E-01 mg/kg 3.1E-03 mg/kg-d 2.0E-01 3.3E-01 mg/kg-d 1.5E-02 9.4E-03 
Thallium 3.8E-02 mg/kg 1.6E-04 mg/kg-d 1.4E-01 1.4E+00 mg/kg-d 1.1E-03 1.1E-04 

Vanadium 1 .4E+00 mg/kg 5.9E-03 mg/kg-d 4.2E-01 2.1E+00 mg/kg-d 1.4E-02 2.8E-03 
Zinc 1 .2E+02 mg/kg 5.0E-01 mg/kg-d 2.0E+02 3.9E+02 mg/kg-d 2.5E-03 1.3E-03. 

4,4-DDD 1 .9E-03 mg/kg 7.7E-06 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 9.7E-06 1.9E-Or 
4,4'-DDE 3.0E-03 mg/kg 1 .2E-05 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 1.6E-05 3.1E-0&** 
4,4'-DDT 7.9E-05 mg/kg 3.3E-07 mg/kg-d 8.0E-01 4.0E+00 mg/kg-d 4.1E-07 8.3E-08 
Dieldrin 4.0E-03 mg/kg 1 .7E-05 mg/kg-d 1.5E-02 1.5E-01 mg/kg-d 1.1E-03 1.1E-04 
Lindane 1 .2E-04 mg/kg 5.1E-07 mg/kg-d 1.6E-»-00 3.2E+00 mg/kg-d 3.2E-07 1.6E-07 

TOTAL AROCLOR 1.6E-01 mg/kg 6.6E-04 mg/kg-d 5.0E-03 2.0E-02 mg/kg-d 1.3E-01 3.3E-02 
Aroclor 1 254 1.5E-01 mg/kg 6.2E-04 mg/kg-d 5.0E-03 2.0E-02 mg/kg-d 1.2E-01 3.1E-02 
Aroclor 1268 5.2E-03 mg/kg 2.2E-05 mg/kg-d 5.0E-03 2.0E-02 mg/kg-d 4.3E-03 1.1E-03 
TEQ-BIRD 1 .9E-04 mg/kg 7.7E-07 mg/kg-d 

TEQ-MAMMAL 1.9E-04 mg/kg 8.0E-07 mg/kg-d 1.0E-06 1.0E-05 mg/kg-d 8.0E-01 8.0E-02 

|| HAZARD INDICES: 1.3E+00 1.8E-01 

Notes: 
a. Estimated Daily Intake (EDI) calculated using parameters presented in Table D.3-6. 
b. Reference Dose Values presented in Table D-4 in the BERA (MACTEC, 2004). 
c. Hazard Quotients (HQs) calculated by dividing the Estimated Daily Intake dose by either the NOAEL- or LOAEL-based Reference Dose. 
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TABLE D.3-8
 


SUMMARY OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS USING NOAEL-BASED RTVs : Raccoon
 


Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Superfund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future
 

EXPOSURE POINT: Oxbow Area Floodplain - Average
 

RECEPTOR: Raccoon
 


TOTAL RISK (HI): 3.6E+00 

Exposure Medium3 

Combined Percent 

Analyte Water Soil Plants Inverts Birds Mammals HQs" Contribution0 

TEQ-MAMMAL 1.3E+00 - 8.0E-01 2.1E+00 59% 
TOTAL AROCLOR 2.1E-01 1.8E-03 1.3E-01 3.4E-01 10% 
Aroclor1254 2.1E-01 4.0E-03 1.2E-01 3.3E-01 9% 
Cobalt 1.5E-01 3.3E-03 3.1E-02 1.9E-01 5% 
Antimony 8.4E-02 2.5E-03 1.0E-01 1.9E-01 5% 
Vanadium 1.0E-01 1.4E-03 1.4E-02 1.2E-01 3% 
Arsenic 8.2E-02 1.2E-02 1.6E-02 1.1E-01 3% 
Molybdenum 3.2E-02 2.3E-02 4.5E-03 5.9E-02 2% 
Selenium 5.2E-03 9.6E-03 1.5E-02 3.0E-02 1% 
Cadmium 2.9E-03 1.8E-03 2.0E-02 2.5E-02 1% 
Copper 7.5E-03 1.0E-02 1.3E-03 1.9E-02 1% 
Zinc 2.4E-03 1.2E-02 2.5E-03 1.7E-02 0% 
Manganese 6.8E-03 1.5E-03 2.3E-03 1.1E-02 0% 
Aroclor 1268 5.9E-03 2.8E-05 4.3E-03 1.0E-02 0% 
Barium 2.9E-03 1.3E-03 1.2E-03 5.4E-03 0% 
Lead 3.3E-03 9.2E-04 8.2E-04 5.1E-03 0% 
Thallium 3.7E-03 4.3E-05 1.1E-03 4.9E-03 0% 
Beryllium 3.0E-03 8.5E-05 7.3E-04 3.8E-03 0% 
Dieldrin 1.1E-03 1.1E-04 1.1E-03 2.3E-03 0% 
Chromium 3.6E-05 4.3E-06 5.2E-06 4.6E-05 0% 
4,4-DDE 1.7E-05 2.3E-07 1.6E-05 3.2E-05 0% 
4,4-DDD 1.2E-05 4.2E-07 9.7E-06 2.2E-05 0% 
4,4-DDT 1.2E-06 2.4E-08 4.1E-07 1.6E-06 0% 
Lindane 1.4E-07 1.2E-07 3.2E-07 5.8E-07 0% 
TEQ-BIRD 

Surface Terrestrial Terrestrial Small Small 

TOTAL MEDIUM-SPECIFIC RISK 2.2E+00 8.5E-02 1.3E+00 3.6E+00
 

PERCENTAGE OF TOTAL RISK 62% 2% 35% 100%
 


Footnotes: 
a. Hazard Quotients presented by exposure medium; a blank cell indicates that the analyte was not a COPEC for that 
medium; a dash entry indicates that there was no assumed exposure to that medium. 
b. Combined risk across all media exposures. 
c. Relative contribution of COPEC to total risk associated with the ingestion exposure pathway. 

c 
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TABLE D.3-9 
SUMMARY OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS USING LOAEL-BASED RTVs : Raccoon 

Screening Level Ecological Risk Assessment
 

Centredale Manor River Restoration Super-fund Site
 


North Providence, Rhode Island
 


SCENARIO TIMEFRAME: Current/Future 
EXPOSURE POINT: Oxbow Area Floodplain - Average 
RECEPTOR: Raccoon 

TOTAL RISK (HI): 5.1E-01 

Exposure Medium3 

Surface Terrestrial Terrestrial Small Small Combined Percent 

Analyte Water Soil Plants Inverts Birds Mammals HQsb Contribution" 

TEQ-MAMMAL 1.3E-01 - 8.0E-02 2.1E-01 41% 
TOTAL AROCLOR 5.2E-02 4.6E-04 3.3E-02 8.6E-02 17% 
Aroclor1254 5.1E-02 9.9E-04 3.1E-02 8.3E-02 16% 
Vanadium 2.1E-02 2.9E-04 2.8E-03 2.4E-02 5% 
Cobalt 1.5E-02 3.3E-04 3.1E-03 1 .9E-02 4% 
Antimony 8.4E-03 2.5E-04 1.0E-02 1.9E-02 4% 
Selenium 3.2E-03 5.8E-03 9.4E-03 1.8E-02 4% 
Copper 5.8E-03 8.0E-03 9.8E-04 1.5E-02 3% 
Arsenic 8.2E-03 1.2E-03 1.6E-03 1.1E-02 2% 
Zinc 1.2E-03 6.0E-03 1.3E-03 8.4E-03 2% 
Molybdenum 3.2E-03 2.3E-03 4.5E-04 5.9E-03 1% 
Manganese 2.1E-03 4.8E-04 7.3E-04 3.3E-03 1% 
Aroclor 1268 1.5E-03 7.1E-06 1.1E-03 2.6E-03 0% 
Barium 1.4E-03 6.1E-04 5.5E-04 2.5E-03 0% 
Cadmium 2.9E-04 1.8E-04 2.0E-03 2.5E-03 0% 
Lead 1.1E-03 3.1E-04 2.8E-04 1.7E-03 0% 
Thallium 3.7E-04 4.3E-06 1.1E-04 4.9E-04 0% 
3eryllium 3.0E-04 8.5E-06 7.3E-05 3.8E-04 0% 
Dieldrin 1.1E-04 1.1E-05 1.1E-04 2.3E-04 0% 
4,4'-DDE 3.3E-06 4.6E-08 3.1E-06 6.5E-06 0% 
Chromium 3.6E-06 4.3E-07 5.2E-07 4.6E-06 0% 
4,4'-DDD 2.4E-06 8.4E-08 1.9E-06 4.4E-06 0% 
4,4'-DDT 2.3E-07 4.8E-09 8.3E-08 3.2E-07 0% 
Lindane 7.0E-08 5.9E-08 1.6E-07 2.9E-07 0% 
TEQ-BIRD 

TOTAL MEDIUM-SPECIFIC RISK 3.1E-01 2.7E-02 1.8E-01 5.1E-01 
PERCENTAGE OF TOTAL RISK 60% 5% 35% 100% 

Footnotes: 
a. Hazard Quotients presented by exposure medium; a blank cell indicates that the analyte was not a COPEC for that 
medium; a dash entry indicates that there was no assumed exposure to that medium. 
b. Combined risk across all media exposures. 
c. Relative contribution of COPEC to total risk associated with the ingestion exposure pathway. 
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