Superfugd Records Center
sifE: Caniredalc
BREAK: 34
OTHER: _272402

[N
Battelle

T/h’- Business 0][ Innovation US ARMY C!
EEEEEEE ERS

Contract No. DACW33-01-D-0004
Delivery Order No. 01
August 2006

Addendum to the Interim Final
Baseline Risk Assessment:
Oxbow Area

Part | - Human Health
Part Il - Ecological

Centredale Manor Restoration
Project Superfund Site
North Providence, Rhode Island




INTERIM FINAL
Part1

Addendum to the Interim Final Baseline Human Health Risk
Assessment: Oxbow Area

Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island

Prepared for:

U.S. Army Corps of Engineers
New England District
696 Virginia Road
Concord, MA 01742

Prepared by:

MACTEC Engineering and Consulting, Inc.
107 Audubon Road, Suite 301
Wakefield, MA 01880
(781) 245-6606

Under Contract to:

Battelle
397 Washington Street
Duxbury, MA 02332

August 2006



(N

-

L

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

TABLE OF CONTENTS
EXECUTIVE SUMMARY .....ccciiecimitiiiinesenstninnississsesessssssnsrnsssssssssnnssssssssssstsnsssssens ES-1
1.0 INTRODUCTION........cccotrmmmmememrsssssssatnnnninssisssssssssnssnrsssssssssnsssssanssssananasnnnsssasssssns 11
1.1 BACKGROUND AND INVESTIGATION HISTORY 1-1
1.2 ORGANIZATION OF REPORT 1-1
1.3 DESCRIPTION OF SITE 1-2
1.3.1 Site Investigations and ACHONS.........cccceeurrerrrrerisieeicsnn e 1-3
1.4 EXPOSURE AREAS 1-3
1.5 CURRENT AND REASONABLY FORESEEABLE USES OF THE SITE.........ccccssseesancaces 1-5
1.6 CONCEPTUAL SITE MODEL 1-5
1.6.1  SOUTCE AT€A.....coeieririiiieieeerece ettt estee et snese e s oo e e s eraesateas 1-6
1.6.2  Migration of OHM........coooiiiiiiieeee et 1-6
1.6.3  Potential Human Receptors..........cccvvererrneenciininicniiiciniiccnr e 1-6
1.6.4  SummAry of Data .......ccocciuiieieeiieieeceeee ettt 1-7
2.0 HAZARD IDENTIFICATION.........ciitintiiininenniiesssnnnessssmnssnssssssassssmss sssssnsssssssnnnss 241
2.1 SELECTION OF CHEMICALS OF POTENTIAL CONCERN (COPCS) ...ccervsurserecrecenes 2-2
2.1.1 COPC Selection Methods ..........cceceeerieenicienniriireecccvercieeeeseeeneene 22
2.1.2  COPC Selection ReSULLS .......ccecveveerieeriinicnieriesnerrerceeccereetisenaeseseeens 2-3
3.0 EXPOSURE ASSESSMENT .......cciiiiimmiiniiemnrinsssssssssssss s ssese s s s ssessnsssneseas 31
3.1 CHARACTERIZATION OF EXPOSURE SETTING 3-1
3.2 IDENTIFICATION OF EXPOSURE PATHWAYS, POTENTIAL RECEPTORS, AND
EXPOSURE POINTS 3-2
3.2.1 Receptor Exposure Scenarios for Floodplain Soil ..........cc.cccoovninrecrecnnene. 3-2
3.2.2  EXPOSUIe POINtS ..ottt 3-5
3.3 QUANTIFICATION OF EXPOSURES 3-6
4.0 TOXICITY ASSESSMENT ........cccoiintriiniirinineessnnnsssssess s ssesssss s s sssssssnssssnes 4-1
4.1 TOXICITY ASSESSMENT 4-1
4.1.1 Dose-Response Assessment for Carcinogenic Effects............ccccoooviieniee 4-1
4.1.2 Dose-Response Assessment for Noncarcinogenic Effects............cc..c.c.c... 43
4.1.3 Dermal Dose-Response Values........ccccceeerireerrnereneeneereeeeeseeeeens 4-5
4.1.4 Sources of Dose-Response Values.......c.ccooeiieiiieninceniieccciceee e 4-5
5.0 RISK CHARACTERIZATION ......ocoi it necnemsenn s ncsssss s s ssan s sessnn s snsnes 5-1
5.1 RISK CHARACTERIZATION 5-1
6.0 UNCERTAINTY ANALYSIS.........iiininisssccsnnnein s sseeems s sssmss s s mnsnn e 6-1
7.0 CONCLUSIONS........cccccieeettiinnnisner s essessesssssnmssn s s s s sanns s rssssssnse e s sesassnnmnseees 741
8.0 CALCULATION OF PRELIMINARY REMEDIATION GOALS........ccccoiieiinnnennnn 8-1
Y 10 1 ACR-1
REFERENCES ...ttt er s svecenscesssms e s rssssss e s e asens s nn e s resmat s nessnnnes REF-1




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

“
LIST OF FIGURES B
Figure No. Title
Figure 1 Site Location Map
Figure 2 Site Layout and Surrounding Environment

()

i



o~

Centredale Manor Restoration Project Superfund Site ~ Addendum To BHHRA.: Oxbow Area

August 2006

MACTEC Engineering and Consulting, Inc. Project Number 51226.27D

Table No.

LIST OF TABLES

Title

ES-1
ES-2

Table 1.1
Table 1.2
Table 2.1

Table 2.2

Table 3.1.RME

Table 3.1.CT

Table 4.1 RME

Table 4.1.CT

Table 5.1
Table 6.1
Table 7.1 RME

Table 7.2.RME

Table 7.3.RME

Table 7.4 RME

Table 7.5.RME

Table 7.6. RME

Table 7.1.CT

Summary of Non-Cancer Risks
Summary of Cancer Risks

Baseline Human Health Risk Assessment Approach

Exposure Pathway Summary

Occurrence, Distribution, and Selection of Chemicals of Potential Concern —
Floodplain Soil — Oxbow Area

Occurrence, Distribution and Selection of Chemicals of Potential Concern -
Floodplain Soil — Background Area

Medium-Specific Exposure Point Concentration Summary — Reasonable
Maximum Exposure — Floodplain Soil- Oxbow Area and Greystone Mill
Pond (Background Area)

Medium-Specific Exposure Point Concentration Summary— Central
Tendency Exposure — Floodplain Soil — Oxbow Area and Greystone Mill
Pond (Background Area)

Values Used For Daily Intake Calculations— Reasonable Maximum
Exposure — Floodplain Soil

Values Used For Daily Intake Calculations — Central Tendency — Floodplain
Soil

Non-Cancer Toxicity Data — Oral/Dermal

Cancer Toxicity Data ~ Oral/Dermal

Calculation of Chemical Cancer Risks and Non-Cancer Hazards -
Reasonable Maximum Exposure — Current/Future - Recreational Visitor —
Adult — Oxbow Area

Calculation of Chemical Cancer Risks and Non-Cancer Hazards -
Reasonable Maximum Exposure — Current/Future — Recreational Visitor —
Older Child — Oxbow Area

Calculation of Chemical Cancer Risks and Non-Cancer Hazards -
Reasonable Maximum Exposure — Current/Future — Recreational Visitor —
Child — Oxbow Area

Calculation of Chemical Cancer Risks and Non-Cancer Hazards—
Reasonable Maximum Exposure — Current/Future — Recreational Visitor —
Adult — — Greystone Mill

Calculation of Chemical Cancer Risks and Non-Cancer Hazards —
Reasonable Maximum Exposure — Current/Future — Recreational Visitor —
Older Child — - Greystone Mill

Calculation of Chemical Cancer Risks and Non-Cancer Hazards —
Reasonable Maximum Exposure — Current/Future — Recreational Visitor—
Child - — Greystone Mill

Calculation of Chemical Cancer Risks and Non-Cancer Hazards — Central
Tendency ~ Current/Future — Recreational Visitor — Adult — Oxbow Area

1ii


http:Table7.1.CT
http:Table4.1.CT
http:TableS.l.CT

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

Table 7.2.CT

Table 7.3.CT

Table 7.4.CT

Table 7.5.CT

Table 7.6.CT

Table 9.1. RME

Table 9.2.RME

Table 9.3.RME

Table 9.4.RME

Table 9.5.RME

Table 9.6.RME

Table 9.1.CT

Table 9.2.CT

Table 9.3.CT

Table 9.4.CT

Table 9.5.CT

Table 9.6.CT

Table 10.1.RME

Table 10.2.RME

Calculation of Chemical Cancer Risks and Non-Cancer Hazards — Central
Tendency — Current/Future — Recreational Visitor — Older Child — Oxbow
Area

Calculation of Chemical Cancer Risks and Non-Cancer Hazards — Central
Tendency — Current/Future — Recreational Visitor — Child — Oxbow Area
Calculation of Chemical Cancer Risks and Non-Cancer Hazards — Central
Tendency — Current/Future — Recreational Visitor — Adult — Greystone Mill
Calculation of Chemical Cancer Risks and Non-Cancer Hazards — Central
Tendency — Current/Future — Recreational Visitor — Older Child — Greystone
Mill

Calculation of Chemical Cancer Risks and Non-Cancer Hazards — Central
Tendency — Current/Future — Recreational Visitor — Child — Greystone Mill
Summary of Receptor Risks and Hazards for COPCs—- Reasonable
Maximum Exposure — Current/Future — Recreational Visitor — Adult —
Oxbow Area

Summary of Receptor Risks and Hazards for COPCs- Reasonable
Maximum Exposure — Current/Future — Recreational Visitor — Older Child —
Oxbow Area

Summary of Receptor Risks and Hazards for COPCs— Reasonable
Maximum Exposure — Current/Future — Recreational Visitor — Child —
Oxbow Area

Summary of Receptor Risks and Hazards for COPCs— Reasonable
Maximum Exposure — Current/Future — Recreational Visitor — Adult —
Greystone Mill

Summary of Receptor Risks and Hazards for COPCs- Reasonable
Maximum Exposure — Current/Future — Recreational Visitor — Older Child —
Greystone Mill

Summary of Receptor Risks and Hazards for COPCs - Reasonable
Maximum Exposure — Current/Future — Recreational Visitor — Child —
Greystone Mill

Summary of Receptor Risks and Hazards for COPCs — Central Tendency —
Current/Future — Recreational Visitor — Adult — Oxbow Area

Summary of Receptor Risks and Hazards for COPCs — Central Tendency —
Current/Future — Recreational Visitor — Older Child — Oxbow Area

Summary of Receptor Risks and Hazards for COPCs — Central Tendency —
Current/Future — Recreational Visitor — Child — Oxbow Area

Summary of Receptor Risks and Hazards for COPCs — Central Tendency —
Current/Future — Recreational Visitor — Adult — Greystone Mill

Summary of Receptor Risks and Hazards for COPCs — Central Tendency —
Current/Future - Recreational Visitor — Older Child — Greystone Mill
Summary of Receptor Risks and Hazards for COPCs — Central Tendency —
Current/Future — Recreational Visitor — Child — Greystone Mill

Risk Summary and COCs- Reasonable Maximum Exposure -
Current/Future — Recreational Visitor — Adult — Oxbow Area

Risk Summary and COCs- Reasonable Maximum Exposure —
Current/Future — Recreational Visitor — Older Child — Oxbow Area

v

o

-~


http:Table9.1.CT

()

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

Table 10.3.RME  Risk Summary and COCs- Reasonable Maximum Exposure -
Current/Future — Recreational Visitor — Child — Oxbow Area

Table 10.2.CT Risk Summary and COCs- Central Tendency— Current/Future —
Recreational Visitor — Older Child — Oxbow Area

Table 10.3.CT Risk Summary and COCs- Central Tendency - Current/Future —
Recreational Visitor — Child — Oxbow Area

Table 11.1.RME  Risk Assessment Summary — Reasonable Maximum Exposure

Table 11.1.CT Risk Assessment Summary — Central Tendency

Table 12 Summary of Non-Cancer Risks

Table 13 Summary of Cancer Risks




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

LIST OF APPENDICES
Appendix Title
Appendix A Sample Selection Considerations for the Risk Assessment
Appendix B Toxicity Assessment Support Information

vi

U

J



N

P

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

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, 2001c, 2001b), 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 Woonasquatucket 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-

P:\W9-GVT\COE-NAE\Battelle\Centredale\OX BOW\AddendumToBHHRA081006.doc ES-1
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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-womn 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

P:\W9-GVT\COE-NAE\Battelle\Centredale\OX BOW\AddendumToBHHRAO81006.doc ES-2
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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 (COPC) 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 1 guidance, COPCs were selected based on frequency of
detectiorr 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-GVT\COE-NAE!Battelie\Centredale\OX BOW\AddendumToBHHRA081006.doc ES-3
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The dose-response information may be divided into two major categories:
e toxicity information associated with threshold (non-carcinogenic) health effects.

e 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 Oxbbw 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

P:\W9.GVT\COE-NAE\Battelle\Centredale\OX BOWNAddendumToBHHRA081006.doc ES-4
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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 Fxposure

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 1is 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 1s 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

PAW9-GVT\COE-NAE\Battelle\Centredale\OX BOW\AddendumToBHHRA081006.doc ES-5
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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).

P:\W9-GVT\COE-NAE\Battelle\Centredale\OX BOW\AddendumToBHHRA081006.doc ES-6
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Chemical-Specific Excess Lifetime Cancer Risk was calculated using the following equations:

Riski = CDI; x CSFi

where:
Risk; = unitless probability of an individual developing cancer as the result of
exposure to a chemical i
CDL; = chronic daily intake of chemical i averaged over 70 years (mg/kg-day)
CSF;, = USEPA cancer slope factor (CSF) for chemical i (mg/kg-day)™

Pathway-Specific Incremental Lifetime Cancer Risk:

Riskr = Z Risk:

where:
Risky = 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 [one in ten thousand] and 10 [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.

P:\W9-GVT\COE-NAE\Battelle\Centredale\OX BOW\AddendumToBHHRAOR1006.doc ES-7
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The following equation is used to determine the HQ:

HQ. = i
R,
where:
HQi = HQ of chemical 1
I = intake of chemical i averaged over the exposure period (mg/kg-day)
RfD1 = 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 = X 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 to 10™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 and 8 x 10°

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:

e 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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e 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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Summary of Non-Cancer Risks

Addendum To Basellne Human Health Risk Assessment: Oxbow Area
Centredale Manor Restoration Project Superfund Site

North Providence, Rhode Island

()

Non-Carcinogenic Risk Floodplain Soil Incremental Hazard index
CT RME CcT RME
Passive Recreational Visitor
Current & Future Greystone
Child 0.2 1 - -
Older Child 0.03 0.2 - -
Aduit 0.02 0.1 -- -
Greystone [a)
Child i 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.
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Addendum To Baseline Human Health Risk Assessment: Oxbow Area

Table ES-2
Summary of Cancer Risks

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] TE-07 2E-05 - -
Oxbow Area SE-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: M:JM
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1.0 INTRODUCTION

The U.S. Environmental Protection Agency (USEPA) Region I and U.S. Army Corps of
Engineers (USACE), 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, 2001¢). 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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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

e Metals Battelle, Sequim, WA

e 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.

14 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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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. In 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;
. 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 (Tetra 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.

1.6.3 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.

e 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-1 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-4404, 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-4404 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

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, thére are 12 PCB congeners that have two chlorine

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

3,3',4,4',5,5"-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 caiculated 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 drivén 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 Siterelated 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

o Selected as a COPC in floodplain soils if the maximum detected concentration exceeds

the USEPA Region IX Preliminary Remediation Goals (PRGs) for residential soils
(USEPA, 2004).

The soil PRGs developed by Region IX 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 1x10"® 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:

e 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.

e 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:

e Characterization of the exposure setting (including current and future land use);

e Identification of exposure pathways (including receptor identification and exposure
scenarios, and exposure points);

e 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 95 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:

e CT values for incidental ingestion of soil were identified as one-half the RME values,
based on USEPA Region 1 guidance (USEPA, 1994) which recommends using one-half
the RME value as the CT value for incidental soil ingestion.

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

e 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 adulit
(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. 1t 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 | 1x/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 50" 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,

2001c) 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 EPC, 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-1 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.

33 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 (ADD,) for long-term exposure (seven years or longer) or Average Daily Dose,

Subchronic (ADD;) 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 (ADDy,;) 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,

ADDsoil = ADDdermal + ADDingesrion

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

ADD _ DAevent * SA* EF * ED
dermal absorption BW * AT
and:
DAevent =[COPClsoil * AF * ABS*C
Where:

ADDgermal absorption = Average daily dose of COPC received through dermal contact
with  soil during the period of exposure (dimensions:
mass/mass*time, typical units: mg/kgxday)

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

[COPClsi = 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: cm’/day)

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

ABS = Absorption Factor; represents the fraction of COPC that may be

absorbed through the skin from soil (unitless)
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EF

ED

BW

AT
C

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

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

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

Averaging Time (dimension: days)

Appropriate units conversion factor(s)

Ingestion. The ADD due to the incidental ingestion of COPC contaminated soil (ADDjygestion)

may be calculated:

ADD ingestion —

Where:
ADDingestion
[COPC]soil
IR

EF

ED

C
BW

AT

_[COPC ] *IR* EF*ED*C

BW * AT

Average daily dose of COPC received through the ingestion of
soil during the period of exposure (dimensions:
mass/massxtime, typical units: mg/kgxday)

. EPC of the COPC in soil (dimensions: mass/mass, typical units:

mg/kg)

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

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)

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

Appropriate units conversion factor(s)

Body weight of the receptor of concemn during the averaging
period (dimensions: mass, typical units: kg)

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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e’
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:

e Toxicity information associated with threshold (non-carcinogenic) health effecis.

e Toxicity information concerning carcinogenicity, either from human epidemiologic data e
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 B1) 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.

i

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.

e (Carcinogenic to humans
e Likely to be carcinogenic to humans
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e Suggestive evidence of carcinogenicity, but not sufficient to assess human carcinogenic
potential

¢ Data inadequate for an assessment of human carcinogenic potential
e 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, B1, 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)” 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

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:

NOAEL or LOAEL
UF and/or MF

il

RfD (mg/kg/day)

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, 2001b).

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. RfD;s are similar to chronic RfDs; the distinction is the
length of exposure duration. When available, RfDs/RfC,s are used in this risk assessment to
evaluate noncarcinogenic effects to a construction worker. When RfD,s are unavailable, chronic

Rf{Ds 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 are

presented in Table 5.1, for both chronic and subchronic effects.

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, 2001a), 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:
SF; = SF,./Oral ABS

The dermal dose-response value for evaluating non-carcinogenic effects is calculated as follows:

RfDi = RfDyux Oral ABS

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.cde.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.
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)" 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

PCB:s 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)'. EPA estimated an upper-bound CSF
of 1E+06 (mg/kg-d)" based on human data from a meta-analysis of three occupational cohorts,
and an upper bound CSF of 1.4E+06 (mg/kg-d)" 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 EDO1 (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
(1x10%(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 RfD of 0.003
mg/kg/day (IRIS, 2001d) and the subchronic oral RfD of 0.02 mg/kg/day (HEAST, 1997¢) 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 biokinetic 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, 1994), 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 nisk 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:

Risk; = CDI; x C(CSF;

where:
Risk; = unitless probability of an individual developing cancer as the result of
exposure to a chemical i
CDL; = chronic daily intake of chemical i averaged over 70 years (mg/kg-day)
CSF, = USEPA CSF for chemical i (mg/kg-day)”

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:
1
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where:
Risk; = unitless probability of an individual developing cancer as the result of
exposure o a chemical i
CDL = chronic daily intake of chemical i averaged over 70 years (mg/kg-day)
CSF, = USEPA CSF for chemical i (mg/kg-day)”
e = exponent (value of 2.1817)

Pathway-Specific Incremental Lifetime Cancer Risk:
Riskr ~ Z Risk;

where:
Risky = 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 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™ and 10 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:

1

HQ, = RD.

where:

HQ; HQ of chemical i
I = intake of chemical i averaged over the exposure period (mg/kg-day)
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RfD; = RfD for chemical 1 corresponding to the same exposure duration as the
intake (mg/kg-day)

The following equation is used to determine the HI:
HI = T HQ,
where:

HI = potential for noncarcinogenic effects from multiple chemical exposures
HQ; HQ for each chemical associated with biota consumption

I

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 3
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, N
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 RfDs, 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

e Passive Recreational Visitor at the Oxbow Area — adult, older child, child — floodplain
soil. Tables 7.1.RME through 7.3.RME.

GREYSTONE MILL POND

e 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, 2001c¢), 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.

P\W9.GVT\COE-NAE\Battclle\Centredale\OX BOWMddendumToBHHRAO81006.doc 54




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

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°°) 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 11.1.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, 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 bellow 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 1s 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" 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
11.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 10°
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 10° 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.

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
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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° 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.

e 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 to 10™.

e 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 to 10™.

e Ingestion of floodplain soil is the pathway that is the largest contributors to cancer risk.

e Dioxins and furans (particularly 2,3,7,8-TCDD) is the largest contributors to cancer risk
for the floodplain soil exposure scenario.

e 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.

e 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
of 10° to 10,

e There appears to be no substantial incremental (above background) non-cancer risk for
the Oxbow Area floodplain soil Passive Recreational Visitor exposure scenario.
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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 ©107%, 10® 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
PAW9_GVT\COE-NAE\Battelle\Centredale\0X BOW\AddendumToBHHRA081006.doc ACR-1
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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

RfDs Reference Doses

RfDgs 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

USACE 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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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* E\ljs:le:z::il;srns 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

[nhalation of particulates
and vapors

None

Because the area is a forested wetland
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 Area
Centredale Manor Restoration Project Superfund Site
North Providence, Rhode island

EXPOSURE POINT AND RECEPTOR AGE SCENARIO POTENTIAL EXPOSURE MEDIUM
RECEPTOR POPULATION TIMEFRAME AND RELEVANT PATHWAYS
Sediment Surface Water Flood Plain Surface Soil Fish
3
Passive Recreational Visitor Child, Adolescent, Adult CIF - - ING, DERM -

Passive Recreational Visitor

Child, Adolescent, Adult CIF - - ING, DERM

Notes:

Timeframe:

C - current land use

F - future fand use

Pathways:

DERM - exposure via dermal contact

ING - exposure via incidental ingestion

=" Indicates that the pathway Is not evaluated .

Prepared by: MJM
Checked by: KJC

ering and Consulting, inc.
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oan-io‘l-‘.imoﬁ'unu Current/Future
Medium: Floodpkin Soil

. 1021

- Occurrence, Distribution and Selection of Chem
Floodplain Soil - Oxbow Area

of P

Addendum To Baseline Human Hoealth Risk Assessment: Oxbow Area
Contredale Manor Restoration Project Superfund Site
North Providence, Rhode Island

()

osure Medium: Floodplain Soil
P . N —
CAs Chomical Mini (1) | Minl Maxii @A Units Sample ID Detection Range of Concentration | Background Screening Potential Potential Retain | Rationaie for
Number Concentration | Quaslifier | Concentration | Quelifier of Maximum Frequency Detection Used for Value Toxlclty ARAR/TBC| ARAR/TBC| as COPC?| Contaminant
Coxnceutratlon ] Limits Screening (2) Value @) Value (4) Source Deletion or
Min-Max Selection (5)
e

PesticidesPCBs

:-chlondm

US108.719

"L PR-3D4407-0005-01

Us163742

sases

o103l

“11100-144  JArocior 1268

T LPX-SD-4407.6005-01

LPX-SD-4402-0005-01

0.00076

610311 LPX-SD-4404-0005-01 17371 "o.01622-0.02028

0.10311

X-3D-4404-0003-01
TEM | Toxicity Bauivalency - Mammals 0.000347 0.004291 mg/Kg | LPX-SD-4405-0005-01 777 < 0.004251 NA 0.0000039 WA WA Yes A
(1) Mini or maxj ion detected in exp sren, ples included in data set are iderttified in Appendix A. mg/KG = milligrams per kilogram
(2) The jon used for ing is the i d d ion, per USEPA Region I (USEPA, 1995). COPC = chemical of potential concern
(3) Values are the Residentia) Soil Preliminary Romediation Goals (PRGs) obtsined from USEPA Region IX dated October 20, 2004. ARAR/TBC = Appli orRel and Appropriate Requll /ToBe Considered
Values used for screening ars the residential 30i) PROs for the lesser of cancer risks equal to 1E-06 or non-cancer risks equal to a hazard index of 0.1, per USEPA Region I (USEPA, 1999).

(4) ‘There are no applicable ARAR valuss for sediment\. Basls of screening toxicity value:
(5) Amlyte is 3elected 23 2 COPC if the concentration used for screening exceeds the PRG. N - Based on non-cancer endpoint

S = Concentration used for screening is less than the scresning toxicity value; the analyte was not selected ns a COPC. C - Basod on cancer endpoint

A = Concentration used for screening is greater than the screening toxicity value; the analyte was selected s s COPC, 3 - Saturated

M - Maximum

E = The analyte is s human exsentisl nutrient, and is aot considered 10 be toxic at the concentration detected; the analyte was not selected as s COPC (A.D. Little, 1998; USEPA, 1995).

WA = Not applicable
-B d values are not applicable for of COPCs. Risks at the Background location will be ch rized and dto the risks ch

- Potential ARAR/TBC values are not applicable for seloction of COPCs, EPA suggests use of risk-based madia concentrations for scresning COPCs.

d in this

Qunlifior definitions:
J = Value is estimated.

MACTEC Fagiacering and Consulling, Inc,
PGV~ NAES sl Coniracaiel0X BOVATABLES\

cPCSe copow t1of{
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Table2.2
Occurreace, Distribution and Sel of Chiemlicals of P fal Concern
Floodplain Soil - Background Area

Addendum Te Baselino Human Health Risk Assessment : Oxbow Area
Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island

CAS Chemicsi 2 a) ) A E B EI“ s-mpleﬁ Detectlon . Range of Concentration Beckground Screening Polentisl Polentisl Retaln Ratlonsle for
Number Concentration Qualifier | Concentrstion | Qualifier of Max{mum Frequency Detectlon Used for Value Toxiclty ARARTBC ARARTBC a8 Contamingnt
Concentration Limits Screening (2) Value 3) Value (4) Source COPC? Deletion or
Min-Max Selection (5)
Semivolutile Organlcs
RWR-FP-5001-0000-01 F]

3.41863 : WA 008 ¢ NA NA Yo A

50-32-8 {Beazo(s)pyrens 229123 341803 MG/KG RWR-FP-5001-0000-01 4/4 .
Boenzo(d){luoranthene RWR-FP-5001-0000-01

RWR-FP-5001-0000-01

. BWRFP.S002-000001 ...

RWR-FP-3001-0000-01

Phenanthrens 3.07207 3.30136 Mo/Ka RWR-FP-3002-0000-01 - 3.30136 NA NA WA Yos A
Pyrone 4.33506 6.37272 MO/KG RWR-FP-5004.0000-01 . §3nn NA 230 N NA : NA No s
Pesticldes’PCBs

474 . 0.13953 WA ' NA
000941 WA 003 € NA NA No s

11100144 [Arocloe-1268 0.04356 0.13953 T MA/KG | RWR-FP-5004-0000-01
. 60.57-1  [Dieldrin 0.00424 0.00941 MA/XG |  RWR-FP-$5001-0000-01 4/4 -

" RWR-FR.5001-0000-01

57-74-9

7429-90-5

RWR-FP-5004-0000-01
RWR-FP-5002-0000-01

RWR-FP-3004-0000-C1
RWR-FP-5004-0000-01

7439-92-1  [Lead RWR-FP-5001-000C-01
7439.96-5 Mlngnun 439 4126 MG/XKG RWR-FP.5004-0000-01 4/4 - 4126 NA 180
cex = hcniecay —ca

MACTEC Engineering and Conaulting, Inc.
PW-OVYT\COE- £5\
CPC-BarkSos-BH-DL e, COPG
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Table 2.2

lesls of P {al Concern

Occurrence, Distribution and Selection of Ch

Floodplain Soll - Background Area

Addendum To Baseline Human Health Rlsk Assessment : Oxbhow Area
Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Isiand

CAS ﬁmnk-l [:}) (lr) . Units s-mpjl-l; Detection Concentration Background Screening Potentls) Polentla) Relain Ratlonale for
Number Concentration Qualifier | Concentration Qualifier of A Freq Y Used for Valus Toxleity ARARTBC ARARTBC as Contaminant
Concentration Screening (2) Value @) Valus (4) Source COPC? Deletion or
Selection @
0,381 0.811 MO/KG | RWR-FF-3001-0000-01 4/4 osi1 NA NA NA ... Yn A

7438-97-6

RWR-FF-3001-0000-01

Z

0.00041706

0.00008577 RWR-FP-35004-0000-01

(1) Mini or maxi ion detected in exp aron. Swnples included in data set ae [dentifled in Appendix A.
@) The ion wed for fng is the maximum defected jow, per USEPA Region I (USEPA, 1995).
(3) Values are the Rewidestial 8oil Preliminary diation Goals (PRGs) obtained from USEPA Region IX dated October 20, 2004.

Valuse used for screening are 1he residential s0il PRGs for the lesser of canoes tizks aqual to 1B-06 or non-cancer risks equal 1o & hazard [ndex of 0.1, per USEPA Region I (USEPA, 1999).

(4) There are 00 applicable ARAR values for wil.
(5) Analyte is sslocted &s 8 COPC if the concentration used for scresning axceeds the PRG.
8= C used for ing is less than the ing toxicity value; the analyte was pot selecied s 3 COPC,
A = Concentration wed for screening is grester tan the screening toxicity vafus; the snsiyte wes selected w 3 COPC,
E =The snalyte is s human esssatial nutrient, and is aol considersd 10 be toxic ut the concentration detected; the snalyte was not selectsd as 3 COPC (A.D, Little, 1998 USEPA, 1995).

N/A =Not applicable
- Bxcky values are not applicable for selection of COPCy. Risks at the Backgrouad focation will be izad aod d to the.risks ch wized in this

- Potential ARAR/TBC valuss are zot applicable for selection of COPCs. EPA suggests use of risk-based medis concentrations for scresaing CQPC.

Qualifier definitions:
J=Value is wtienated.

MACTIC Ergineering and Comsulting, Inc.
PAAD-OVICOENABSAR sMACanir s cale\OX BOWATABLED
CIC-Banidel-Modn, COPC
. Page 2012

MG/KQO = milligrams per kilogram
COPC = chanical of potential concern

/ToBe

ARAR/TBC = A

te o Red wnd A

Basis of screening taxicity valus:
N - Bated on ros-cancer endpoint
C - Bated on cancer sadpoint

Checked by: MIM J

8/10/2000



Table 3.1.RME

Medium-Specific Exposure Point Concentration Summary - Reasonable Maximum Exposure

Floodplain Seil

Addendum To Baseline Human Health Risk Assessment: Oxbow Area

North Providence, Rhode Island

Scenario Timeframe: Current/Future

edium: Floodplain Soil

xposure Medium: Floodplain Soil

Centredale Manor Restoration Project Superfund Site

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)

GREYSTONE

. Semivolatile Organics

3.41803

4.28861

0.72851

5.30136

"I Technical Chiordane

0.01269
0.73538

. {Inorganies

21793

Dioxins/Furans

Toxicity Bquivalency (Diaxins/Furans) - Mammals MG/KG 0.0000550 NC 0.000109 0.000109 MG/KG Max (3)
MACTEC Engineering and Consulting, Inc.
PAWS-GVT\COE-NAE\Battelle\Centredale\OX BOWATABLES\
EPC-SO-Qxbowx)s, EPC RME
Page 1 of 2 8/10/2006
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Table 3.1.RME
Medium-Specific Exposure Point Concentration Summary - Reasonable Maximum Exposure
Floodplain Sofl

Addendum To Baseline Human Health Risk Assessment: Oxbow Area
Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island

Scenario Timeframe: Current/Future
edium: Floodplain Soil

xposure Medium: Floodplain Soil
Exposure Chemical ) Units Arithmetic 95% UCL Maximum Exposure Point Concentration
Point of Mean (dlstribution) Detected
Potentlal Concentration Value Units Statistic (1) | Rationale
Concern (1) (qualifier)

XBOW Pesticides/PCBs

e384 :
.|Inorganics -
{Antim, -

..... IHall; _ 0.72
59.3 .

[Dioxins/Furans . .
Tuxicig Euivnlut_x._z ggmmn/l’\mu! - Mammals MGKG 0.0018 NC

(1) Chemicals of potential cancem are idantified in Tablo 2.1 and Table 2.2 for the site exposure area and background area respectively.
{2) M Maxi detected ion, applied if fower than 10 samples (95% UCL not caloulated), o if the 95% UCL is greater than the maximum concentration.

Qualifier Definitions:
T = Value is estimated.

MQ@KQG = milligrams per kilogram
NC ~Not Calculated

EPC = Bxposure Point Cancentration Prepared by: KIC
UCL = Upper Confidence Limit on the arithmetic mean Checked by: MIM

MACTEC Engineering and Consulting, Inc.
PAWS-GVT\COE-NAE\Batmlie\Contredal\OX BOWATABLES\
EPC-SO-Oxbowxis, EPC RME
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Mediam-Specific Exposure Point Concentration Summary - Central Tendency

Table 3.1.CT

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

posure Medium: Floodplain Soil

Concern (1)

Exposure Chemical Units Arithmetic 95% UCL Maximum Exposure Point Concentration
Point of Mean (distribution) Detected
Potential Concentration Value Units Statistic (1) | Rationale
(qualifier)

GREYSTONE

Semivolatile Organics

Phenanthrene

4,28861

3.95543

2.87139

5.30136

2.51886

Pesticides/PCBs

alpha-Chlaordane

T;;:lmaal Chlordane

0.0178

0.03592

0.13953

0.01269
0.73538

) Inorganics

21793

12.2

_ {Dioxins/Furans
Toxicity Equivalency (Dioxins/Furans) - Mammals

0.0000550

0.0000550

MACTEC Engineering and Consulting, Inc.
PAWS-GVT\COE-NAE\Battele\Cenire dale\OX BOWATABLES)
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Medium-Specific Exposure Point Concentration Summary - Central Tendency

O

Table 3.1.CT

Floodplain Soil

Addendum To Baseline Human Health Risk Assessment: Oxbow Area
Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island

ium: Floodplain Soil

'iena.rio Timeframe: Current/Future
ed

xposure Medium: Floodplain Soil

Exposure Chemical Uhits Arithmetic 95% UCL Maximum Exposure Point Concentration
Point of - Mean (distribution) Detected
Potential Concentration Value Units Statistic (1) | Rationale
Concern (1) (qualifier)

. |Pesticides/PCBs

) endrin ketone

~chlordane
Technical Chlordane

Aroclor 1254

................................................... Diox[nmnm
Toxicity Bquivalency (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 sits exposure arca 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 detected cc
Qualifier Definitions:
J = Value is estimated.
MG/KG = milligrams per kilogram
NC = Not Calculated
BPC = Bxposure Point Concentration Propared by: KJC
UCL = Upper Confidence Limit on the arithmetic mean Checked by: MM
MACTEC Engineering and Consulting, Inc.
P:AWS-GVT\COE-NAE\Batisle\Centredale\OX BOWATABLES\
0- cT
ERC-SO-Oxbow.ds, EPC 811012006
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Table 4.1.LRME
Values Used For Daily Intake Calculations

Addendum To Baseline Human Health Risk Assessment: Osbow Area
Centradate Manor Restoration Project Superfund Site

North Providence, Rhode Island
CENARIO TIMEFRAME: CURRENT/FUTURE
EDIUM: FLOODPLAIN SOIL
EXPOSURE MEDIUM: FLOODPLAIN SOIL
e —r—— e
E’;’:ﬁ_}.’:‘ RECEPTOR POPULATION RECEPTORAGE  EXPOSUREPOINT “é‘%?m PARAMETER DEFINITION VALUE UNITS ﬁ:g"":‘;‘g mﬁ:g&"::;:?"’
I I™GESTION ADULT GREYSTONE MILL PO €S |CHEMICAL CONCENTRATIONINSOIL [ chemical-spacific mgkg EPC Table INTAKE-INGESTION =
PASSIVE RECREATIONAL] (ages 19 and sbove)]  ALLENDALE POND R-S INGESTION RATE OF SOIL 100 mg/day USEPA, 1994’ CS xIR-S x FI x EF x ED x CF x 1/BW x /AT
VISITOR F1 FRACTION INGESTED t unitless Professiona Judgement
EF EXPOSURE FREQUENCY . 78 dayfyr Professional Judgement®
ED EXPOSURE DURATION 2 yr USEPA, 1994**
BW BODY WEIGHT 70 kg USEPA, 1994
ATC AVERAGING TIME (CANCER) 25550 day USEPA, 1989
AT-N AVERAGING TIME (NONCANCER) 4380 day USEPA, 1989
CF CONVERSION FACTOR 0000001 g/mg
ADOLESCENT | GREYSTONE MILL PO 3 CHEMICAL CONCENTRATIONINSOIL | chemical-specific mpkg EPC Table INTAKE-INGESTION =
(ages 7-18) ALLENDALE POND ®R-S INGESTION RATE OF SOIL 100 mg/day USEPA, 1994' CSxIR-SxFI x EF x EDx CFx I/BW x I/AT
FI FRACTION INGESTED H unitless Professional Judgement
EF EXPOSURE FREQUENCY 78 dayiyr Professional Judgement®
ED [EXPOSURE DURATION 12 yr USEPA, 1994*
BW BODY WEIGHT 45 kg USEPA, 1997
ATC AVERAGING TIME (CANCER) 25550 day USEPA, 1989
AT-N AVERAGING TIME (NONCANCER) 4380 day USEPA, 1989
CF CONVERSION FACTOR 0.000001 kg/mg
CHILD GREYSTONE MILL POND) cs CHEMICAL CONCENTRATION IN SOIL | chemical-specific mgikg EPC Table INTAKE-INGESTION =
(sges 1-6) ALLENDALE POND IR-S INGESTION RATE OF SOIL 200 mg/day USEPA, 1994 CS xIR-S x FI x EF x ED x CF x 1/BW x /AT
F1 FRACTION INGESTED ! unitless Professional Judgement
2 EXPOSURE FREQUENCY 7 day/yr Professional Judgement®
ED EXPOSURE DURATION [3 yr USEPA, 1994*
BW BODY WEIGHT 15 kg USEPA, 1994
AT-C AVERAGING TIME (CANCER) 25550 day USEPA, 1989
AT-N AVERAGING TIME (NONCANCER) 2190 day USEPA, 1989
CF CONVERSION FACTOR 0.00000} kg/mg
DERMAL ADULT GREYSTONE MILL POND] cs CHEMICAL CONCENTRATION INSOIL |  chemical-spesific my/kg EPC Table INTAKE-DERMAL =
PASSIVE RECREATIONAL] (ages 19 and above) ALLENDALE POND AF ADHERENCE FACTOR . 007 mg/em2 USEPA, 2001 DAevent x SA x EV x EF x ED x 1/BW x I/AT
VISITOR AbF ABSORPTION FACTOR chemical-specific wnitfess USEPA, 2001*
SA SKIN SURFACE AREA AVAILABLE FOR C 5700 cm2/day USEPA, 2001* Where DAovent=
EV EVENT DAY 1 unitless Professional Judgement CS x AF x AbF x CF
EF EXPOSURE FREQUENCY k(] daylyr Professional Judgement®
ED EXPOSURE DURATION 12 - yr USEPA, 1994
BW BODY WEIGHT 70 kg USEPA, 1994
AT-C AVERAGING TIME (CANCER) 25550 day USEPA, 1989
AT-N AVERAGING TIME (NONCANCER) 4386 day USEPA, 1989
CF CONVERSION FACTOR 0,000001 __kg/me
ADOLESCENT | GREYSTONE MILL PO Cs CHEMICAL CONCENTRATIONINSOIL | chemical-specific mg/kg EPC Tablp INTAKE-DERMAL =
(sges 7-18) ALLENDALE POND AF ADHERENCE FACTOR 02 mglem2 USEPA, 2001’ DAovent x SA x EV x EF x ED x L/BW x J/AT
AbF ABSORPTION FACTOR chemical-specific unitless USEPA, 2001*
SA SKIN SURFACE AREA AVAILABLE FOR (| 4800 cm2/day USEPA, 1997 Where DAevent =
EV EVENT DAY 1 unitless Professional Judgement CS x AF x AbF x CF
EF EXPOSURE FREQUENCY 78 daylyr Professional Judgement®
ED EXPOSURE DURATION . 12 ¥ USEPA, 1994
BW RODY WEIGHT 43 kg USEPA, 1997*
ATC AVERAGING TIME (CANCER) 25550 day USEPA, 1989
AT-N AVERAGING TIME (NONCANCER) 4380 day USEPA, 1989
CF CONVERSION FACTOR 0.00000) kg/mg

ineering and Consulting, Inc. S
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Table 4,1L.LRME
Values Used Per Daily Intake Caleulations .

Addendum To Baseline Human Health Risk Assessment: Oxbow Area

' Centredale Manor R fon Project Superfund Site
North Providencs, Rhods Ialand
CENARIO TIMEFRAME: CURRENT/FUTURE |
MEDIUM: FLOODPLAIN SOIL -
EXPOSURE MEDIUM: FLOODPLAIN SOIL
EXPOSURE - PARAMETER RATIONALE/ INTAKE EQUATION/
ROUTE RECEPTOR POPULATION RECEPTOR AGE  EXPOSURE POINT CODE PARAMETER DEFINITION YALUE UNITS REFERENCE MODEL NAME
DERMAL CHILD GREYSTONE MILL POND| Ccs CHEMICAL CONCENTRATION IN SOIL chemical-specific mg/kg EPC Table INTAKE-DERMAL =
(cont) PASSIVE RECREATIONAL] (ages 1 - 6) ALLENDALE POND AF ADHERENCE FACTOR 62 mg/em2 USEPA, 20017 DAecvent x SA x EV x EF x ED x I/BW x /AT
VISITOR AbF ABSORPTION FACTOR chemical-specific unitless USEPA, 2001°
(cont) SA SKIN SURFACE AREA AVAILABLE FOR Cj 2800 cm2/day USEPA, 200)° Where DAevent =
BV EVENT DAY 1 unitless Professional Judgement CS x AF x AbF x CF
EF EXPOSURE FREQUENCY k] deyfyr Professional Judgemeat’
ED EXPOSURE DURATION 6 yr USEPA, 1994
BW BODY WEIGHT . [£1 kg USEPA, 1994
AT-C AVERAGING TIME (CANCER) 25550 dey USEPA, 1989
AT-N AVERAGING TIME (NONCANCER) 2190 day USEPA, 1989
CF CONVERSION FACTOR 0.000001 kg/mg
USEPA, 1989, “Risk Assessment Guidance for Superfund, Volume 1, Human Health Evaluation Manual (Part A)"; Office of Emergency and Remedial Resp EPA-540/1-89/002 (interim final); Washi D.C., Decemb
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/S40/R/99/005.
1 - Soil ingestion rato used.
2 - Valus 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 Wotal RME exposure duration is 30 years, consistent with USEPA, 1994. The allocation of exposure duration for the three age groups is based on professianal judgement
S - Values aro the average of 50th percentile body weights for males and females agez 7 through 18.
6 - Values aro the average of 50th percentile body surface areas (sum of areas for face, hands, forearms, lower legs, and feet) for males in ﬂu vlnous age groups indicated.
7 - Values for residential exposure to $oil used as conservative esti of p | soil adh iated with | walking/
$ - Values'are provided (Table 3-4 of USEPA, 2001) for arsenic, cadmium, chiordane, 1,4-D DDT (used for DDD, DDE), TCDD, lmdmo (used for other BHC isomers), PAHs, PCBs, and pentachlorophencl. A single value is listed for all other SVOCs.
No values are listed for VOCs, other pesticides, or other i ics and, sub ly, no value will be assigned to the ABSd term for COPCl f-llmg into those categories.
9 - Values for residential exposure (o soil used as conservative estii of p | surfacs ares exposed to soil during ional walking/ ng.
mg - milligrams :
em’ - square centimeters Prepared by: KIC
kg - kilograms : R Checked by: MJM
MACTEC Engineering and Consulting, Inc.
PANG-GVINCOE-NAEBatisks\Contradele\OX BOVATABLES! Page 20f2 8/10/2008 1:39 PM



Table4.1.CT
Values Used For Daily Intake Calculations

Addendum To Baseline Human Health Risk Assessment: Oxbow Ares
Centredale Manor Restoration Project Superfund Site
North Providence, Rhode lsland

CENARIO TIMEFRAME: CURRENT/FUTURE
MEDIUM: FLOODPLAIN SOIL
[EXPOSURE MEDIUM: FLOODPLAIN SOIL
iy e
EXPOSUREROUTE RECEFTOR POPULATION RECEPTORAGE  EXPOSUREPOINT  ATCOITTER PARAMETER DEFINITION VALUE UNITS :‘gg&fg; R N
INGESTION ADULT GREYSTONEMILLPOND] - CS§ CHEMICAL CONCENTRATION IN SOIL cherical-specific mg/kg EPC Table INTAKE-INGESTION =
PASSIVE RECREATIONAL| (agos {9 and above), ALLENDALE POND R-§ INGESTION RATE OF SOIL 50 mg/day USEPA, 1994' CS xIR-S x FIx EF x ED x CF x I/BW x /AT
VISITOR F1 FRACTION INGESTED 1 unitless Professional Judgement
EF EXPOSURE FREQUENCY ’ 39 daylyr Professional Judgement®
ED EXPOSURE DURATION 4 yr USEPA, 1994*
BW BODY WEIGHT 170 g USEPA, 1994
ATC AVERAGING TIME (CANCER) 25850 day USEPA, 1989
' ATN AVERAGING TIME (NONCANCER) 1460 day USEPA, 1989
CF CONVERSION FACTOR 0,000001 kg/mg
ADOLESCENT | GREYSTONE MILL POND cs [CHEMICAL CONCENTRATION IN SOIL chemical-specific mg/kg EPC Table INTAKE-INGESTION =
(ages 7- 18) ALLENDALE POND IR-S INGESTION RATE OF SOIL 50 mg/day USEPA, 1994' CS x IR-S x FI x EF x ED x CF x /BW x /AT
Fl FRACTION INGESTED 1 unitless Professional Judgement
EF EXPOSURE FREQUENCY 39 daylyr Professional Judgement®
ED EXPOSURE DURATION 3 yr USEPA, 1994*
BW BODY WEIGHT 45 kg USEPA, 1997*
ATC AVERAGING TIME (CANCER) 25550 day USEPA, 1989
AT-N AVERAGING TIME (NONCANCER) 1095 day USEPA, 1989
CF CONVERSION FACTOR 0.000001 kg/mg
CHILD GREYSTONE MILL POND [ CHEMICAL CONCENTRATION IN SOIL chemical-specific mg/kg EPC Tablc INTAKE-INGESTION =
(ages 1 - 6) ALLENDALE POND R-S INGESTION RATE OF SOIL 100 mg/day USEPA, 1994’ €S x IR-S x FI x EF x ED x CF x I/BW x I/AT
F1 FRACTION INGESTED 1 unitless Professional Judgement
EF EXPOSURE FREQUENCY 39 dayfyr Professional Judgement®
ED EXPOSURE DURATION 2 ye USEPA, 1994’
BW BODY WEIGHT is kg USEPA, 1994
ATC AVERAGING TIME (CANCER) 25550 day USEPA, 193%
AT-N AVERAGING TIME (NONCANCER) 730 day USEPA, 1989
CF CONVELSE)N FACTOR 0.00000} kg/mg
DERMAL ADULT GREYSTONE MILL POND [ CHEMICAL CONCENTRATION IN SOIL chemical-specific mg/kg EPC Table INTAKE-DERMAL =
PASSIVE RECREATIONAL] (ages 19 and sbove)]  ALLENDALE POND AF ADHERENCE FACTOR 0.0} mg/em2 USEPA, 2001* DAevent x SA x EV x EF x ED x V/BW x I/AT
VISITOR AbF ABSORPTION FACTOR chemical-specific unitless USEPA, 2001"
SA SKIN SURFACR AREA AVAILABLE FOR C( 5700 cn2/day USEPA, 2001° Whore DAcvent =
EV EVENT DAY 1 unitless Professional Judgement CS x AF x AbF x CF
EF EXPOSURE FREQUENCY 39 ) daylyr Professional Judgement®
ED EXPOSURE DURATION 4 yr USEPA, 1994’
BW BODY WEIGHT 70 kg USEPA, 1994
AT-C AVERAGING TIME (CANCER) 25850 day USEPA, 1989
ATN AVERAGING TIME (NONCANCER) 1460 day USEPA, 1989
CF__ " |CONVERSION PACTOR 0.000001 kg/mg
ADOLESCENT | GREYSTONE MILL POND cs CHEMICAL CONCENTRATION IN SOIL chemical-specific mg/kg EPC Table INTAKE-DERMAL ~
. (ages 7-18) ALLENDALE POND AF ADHERENCE FACTOR 0.04 mg/em2 USEPA, 2001* DAcvent x SA x BV x EF x ED x I/BW x I/AT
AGF ABSORPTION FACTOR chemical-specific unitless USEPA, 200"
SA 'SKIN SURFACE AREA AVAILABLE FOR C( 4300 emYday USEPA, 1997 Where DAevent =
EV EVENT DAY 1 unitless Professional Judgemont CS x AF x AbF x CF
EF EXPOSURE FREQUENCY 39 daylyr Professional Judgement®
ED EXPOSURB DURATION 3 yr USEPA, 1994’
BW BODY WEIGHT 4 kg USEPA, 1997
ATC AVERAGING TIME (CANCER) 25550 day USEPA, 1989
AT-N AVERAGING TIME (NONCANCER) 1095 day USEPA, 1989
CF J CONVERSION FACTOR 0.000001 kg/mg

MACTF. incering and Consulting, Inc. . L )
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Table 4.1.CT
Values Used For Daily Intake Calculstions

Addendum To Baseline Human Health Risk Assessment: Oxbow Ares

Ce dale Manor R jon Project Superfund Site
North Providence, Rhode Island
ENARIO TIMEFRAME: CURRENT/FUTURE
MEDIUM: FLOODPLAIN SOIL
EXPOSURE MEDIUM: FLOODPLAIN SOIL
T )
EXPOSUREROUTE RECEPTOR POPULATION RECEPTORAGE  EXPOSUREPOINT  TARAMETER PARAMETER DEFINITION VALUE UNITS RATIONALE/ INTAKE EQUATION/
CODE REFERENCE MODEL NAME
DERMAL CHILD GREYSTONE MILL POND cs CHEMICAL CONCENTRATION INSOIL |  chemical-specific mg/kg EPC Table INTAKE-DERMAL =
{cont) PASSIVE RECREATIONAL) {ages | - 6) ALLENDALE POND AF ADHERENCE FACTOR 004 mg/em2 USEPA, 2001* DAcvent x SA x EY x EF x ED x I/BW x /AT
VISITOR AbF ABSORPTION FACTOR chemicalpecific |  unitlass USEPA, 2001’
(cont) SA SKIN SURFACE AREA AVAILABLE FOR C( 2500 cm2/day USEPA, 2001* Whore DAevent =
EV EVENT DAY 1 uniticss Professional Judgement CS x AF x AbF x CF
EF EXPOSURE FREQUENCY 39 daylyr Professional Judgement®
ED EXPOSURE DURATION 2 yr USEPA, 1994
BW BODY WEIGHT 15 g USEPA, 1994
AT-C AVERAGING TIME (CANCER) 25850 . day USEPA, 1989
AT-N AVERAGING TIME (NONCANCER) 730 day USEPA, 1989
CF CONVERSION FACTOR 0.000001 kyimg
USEPA, 1989, *Risk A Guidance for Superfund, Yolume 1, Human Health Evaluation Manual (Part A)™; Office of Emergency and Remedial Responss; EPA-540/1-89/002 Gntorim final); Washington, D.C., December.

USEPA, 1994, “Risk Updates No. 2", USEPA Region 1, Waste Management Division; August. Values from “Attachment 2" to Risk Updates No. 2.

USEPA, 1997. *Exposure Factors Handbook, Yolume 1°; Office of Rescarch and Dovelopment; EPA-600/P-95/002Fa; Washington, D.C.; August.

USEPA, 2001. "Risk A Guid: for Superfund, Volume [: Human Health Evaluation Manual (Past E, Supplemontal Guidance for Dermal Risk Assossment) Interim. EPA/S40/R/99/00S,
1 - CT ol ingestion rato used.
2 - Value based on exposure during wading, swimming, and walking/exploting banks (2 days per woek June - August), and walking/exploring banks {1 day per week May, Sept, Oct).
3 - The total CT exp ion is 9 years, i with USEPA. 1994, The allocation of expesure duration for the threo ago groups s based on professional judgement.

4 - Valucs are ths average of S0th percentile body weights for males and femalcs ages 7 - 18,

5 - Values are tho average of 30th perceatilo body surface arcas (lum of areas for ﬁee hands, forearms, Iower legs, and feet) for males in the vndoul age groups indicated.

6 - CT values for residontial exposure 1o 50il used as ti of p I s0il adh d with ional walking/s
7 - Values are provided (Table 3-4 of USEPA, 2001) for arscaic, eadmium, chlordans, 2,4-D, DDT (used for DDD, DDE), TCDD, llnd-ne (nned for other BHC isomers), PAHs, PCBs, and pentachloropheno!. A singlo value is listed for all other SVOCa.

No vtl'uu are listed for VOCs, other pesticides, or other inorganics and, subsequently, no value wifl be assigned to the ABSd term for COPCs falling into those categories.
8 - Values for residential exposurc to soil used as conservative estimate of potential surface area exposed to soil during recreational walking/exploring.

mg - milligrams
cm® - square contimoters Prepared by: KIC
kg - kilognms : Checkod by: MIM

MACTEC Engineering and Consulting, Inc.
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Table 5.1

Non-Cancer Toxicity Data - Oral/Dermal

Addendum To Baseline Human Health Risk Assessment: Oxbow Area
Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island

REG1-DRXLS, NC-O

9

(o

Chemical Chronie/ Oral RID Oral Absorption Adjusted Dermel RiD (2} | Primary Target Organ or System / Critical Effect Combined RfD: Target Organ(s)
of Potential Subchronic Vaiue Units Efficiency Value Units Uncertainty / Source(s) Date{s)
Concem for Dermal (1) Modifying Factors
BASE NEUTRAL COMPOUNDS
2-Methyinaphthaiene chronic 4.0E-03 mg/kgiday 88% 4.0E-03 mg/kg/day Lung/pulmonary alveolar proteinosis ,000/1 IRIS September, 2004|
subchronic | 4.0E-O: mg/kg/day 89% 4.0E-02 mg/kg/day Lung/puimonary alveolar proteinosis 000/1 Chronic
Acenaphthylene chronic 8.0E-02 mg/kg/day 89% 6.0E-02 mg/kg/day Liver/Hepatoxicity 3,000/ Surrogate (1)
subchronic | 6.0E-0 mg/kg/day 89% 6.0E-0 mg/kg/day Liver/Hepatoxicity 30071 Surrogate (1)
Benzo(a)anthracene chronic 3.0E-02 mglkgiday 89% .QE-02 mglkg/day Kidney/Renal tubluar pathology 3,000/1 urrogate (2)
subchronic | 3.0E-01 mg/kg/day 89% ,0E-0 mg/kg/day Kidney/Renal tubluar pathology 300/1 urrogate (2)
chronic 3.0E-02 mg/kg/day 89% .0E-02 mg/kg/day Kidney/Rena! tubluar pathology 3,000/1 Surrogate (2)
subchronic | 3.0E-01 mg/kg/day 89% .0E-01 m 'da Kidney/Renal tubluar pathology 300/1 urrogate (2)
chronic 3.0E-02 mg/kg/day 89% 3.0E-02 mg/kg/day Kidney/Renal tubluar pathology _3,000/1 urrogate (2)
subchronic |{ 3.0E-01 mglkg/day 89% 3.0E-01 mg/kg/day Kidney/Renal tubluar pathology 30011 urregate (2)
Benzo(g,h,i)perylens chronic 3.0E-02 mg/kg/day 8%% 3.0E-02 mg/kg/day Kidney/Renal tubluar pathology 3,000/1 Surrogate (2)
subchronic | 3.0E-01 mg/kg/day 89% 3.0E-01 mg/kg/day Kidney/Renal tubluar pathology 3001 urrogate (2)
Dibenzo{a.h)anthracene chronic 3.0E-02 mg/kg/day 89% 3.0E-02 mg/kg/da Kidney/Rena! tubluar pathology 3,000/ Surrogate (2)
subchronic | 3.0E-01 mg/kg/day 8%% 3.0E-01 mg/kg/day Kidney/Renal tubluar pathology 300/1 Surrogate (2)
indeno(1,2,3-cd)pyrene chronic 3.0E-02 mg/kg/day 89% 3.0E-02 mg/kg/day Kidney/Renal tubluar pathology 3,000/ urrogate (2)
subchronic | 3.0E-01 mg/kg/day 89% 3.0E-01 mg/kg/day Kidney/Renal tubluar pathology 300/1 Surrogate (2)
Phenanthrene chronic 3.0E-02 mg/kg/day 89% 3.0E-02 mg/kg/day Kidney/Renal tubluar pathology 3,000/ Surrogate (2)
subchronic | 3.0E-01 mg/kg/day 89% 3.0E-01 mg/kp/day Kidney/Renal tubluar pathology 300/1 Surrogate (2)
PESTICIDES/PCBs
Chlordane (alpha & g: isomers) chronic 5.0E-04 mp/kg/da 80% 5.0E-04 mg/kg/day Liver/Hepatic necrosls 300 RIS September, 2004
subchronic | 5.0E-04 mg/kg/day | 80% 5.0E-04 mg/kg/day Liver/Hepatic necrosis 300 Chronic
Dieldrin chronic 5.0E-05 mg/kg/da 100% 5.0E-05 mg/kg/day Liver/Liver lasions 100 IRIS Sep 2004
subchronic 5.0E-05 mg/kg/day 100% 5.0E-05 mg/kg/day Liver/Liver lasions 100 HEAST FY 1997
Endosulfan Il chronic 6.0E-03 mg/kg/day 100% 6.0E-03 mg/kg/day Kidney/Kidney lesions Surrogate
- subchronic | 6.0E-03 mg/kg/day 100% 6.0E-03 mg/kg/day Kidney/Kidney. lesions Surrogate
Endosulfan Sulfate chronic 6.0E-03 mg/kg/day 100% 8.0E-03 mg/kg/day Kidney/Kidney lesions uirogate
' subchronic | 6.0E-03 mg/kg/day 00% 5.0E-08 mg/kg/day Kidney/Kidney lesions ufrogata
Endrin aldehyde chronic 3.0E-04 mg/kg/day 100% .0E-04 mg/kg/day Nervous system and liver/Convulsions & liver lgsions urrogate
subchronic | 3.0E-04 mg/kg/day 100% .0E-04 mg/kg/day Nervous system and liver/Convulsions & liver lesions Surrogate B
Endrin ketone chronic 3.0E-04 mg/kg/day 100% 3.0E-04 mg/ky/day Nervous system and liver/Conyulsions & liver lesions Surrogate T
subchronic | 3.0E-04 mg/kg/day 100% 3.0E-04 mghkgiday Nervous system and liver/Convulsions & liver lesions Surrogate
Aroclor-1254 chronic 2.0E-05 mg/kg/day 80% 2.0E-05 mg/kg/day Immune system/Immunotoxicity 300 IRIS September, 2004
subchronic | 5.0E-05 mg/kg/day 80% 5.0E-05 mg/kg/day Immune system/immunotoxicity 300 HEAST FY 1997
Aroclor 1268 chronic 2.0E-05 mg/kg/day 80% 2.0E-05 mg/kg/day Immune system/Immunotoxicity 300 Surrogata o
subchronic | 5.0E-05 | mpkg/day 80% 5.0E-05 mglkgrday { - Immune system/immanatoxicily 300 Surrogate —
INORGANICS/METALS )
Aluminum chronic ND ND
subchronic ND ND
Antimony chronic 4.0E-04 mg/kg/day 15% 6.0E-05 mg/kg/day Reduced lifespan; Hematologicalblood glucose and cholesterol 1,000/1 IRIS September, 2004
subchronic | 4.0E-04 mg/kg/day 15% 6.0E-05 mg/kg/day Reduced lifespan, Hematologicalbiood glucose and cholesterol 1,000/ IRIS S ber, 2004
Arsenic chronic 3.0E-04 mg/kg/day 95% 3.0E-04 mg/kg/day SkirvKeratosis and hyperpigmentation an IRIS S ber, 2004
subchronic [ 3.0E-04 mg/kg/day 95% 3.0E-04 mg’kg/day Skin/Keratosis and hyperpigmentation N HEAST FY 1997
Chromium VI chronic 3.0E-03 mg/kg/day 2.5% 7.5E-05 mg/kg/day No effects observed 30073 RIS September, 2004
subchronic | 2.0E-02 mg/kg/day 2.5% 5.0E-04 mg/kg/day No effects observed 300/1 HEAST FY 1997
Copper chronic ND ND IRIS September, 2004j
subchronic ND ND
Lead chronic ND ND IRIS Septembaer, 2004
subchronic ND : ND .
Manganese (8oil) chronic 7.1E-02 mg/kg/day 4% 2.8E-03 mg/kg/day CNS/impairment of neurobehavioral function 1/1 RIS September, 2004
subchronic | 7.1E-02 mg/kg/day 4% 2.8E-03 mg/kg/day CNS/ it of neurobehavioral function 11 Chronic
Mercury (as mercuric chloride) chronic .0E-04 mg/kg/day 7% 2.1E-05 mg/kg/day Immune system/Autoi ine effects 1,000/1 IRIS September, 2004
subchronic .OE-03 mglkg/day 7% 4E-04 mg/kg/day Kidney 100/1 MRL January, 2004
Molybdenum chronic 5.0E-03 mg/kgiday 100% 5.0E-03 mg/kg/day Kidney/Increased uric acid levels 3011 RIS September, 2004
I ’ subchronic { 6.0E-03 mg/kg/day 100% 5.0E-03 ma/kg/day Kidney/increased uric acid levels 30/1 Chronic
PAWS-GVT\COE-NAE\Batialis\Centredale\OX BOYWTABLES)
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Table 8.1
Non-Cancer Toxicity Data - Oral/Dermat

Addendum To Baseline Human Health Risk Assessment: Oxbow Area
Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island

0

Chemical Chronic/ Oral RfD Oral Absorption Adjusted Dermatl RfD (2 Primary Target Organ or System / Critical Effect Comblined RfD: Target Organ(s)
of Potential Subchronic Value Units Efficlency Value Units Uncertainty / [ Source(s) Date(s)
Concem for Dermal (1) . . Modifying Factors
Nickel chronic .0E-02 mg/kg/day 4% 8.0E-04 mg/kg/day Decreased body and organ weights 300/1 RIS September, 2004
subchronic .0E-02 mg/kg/day 4% 8.0E-04 mg/kg/day Decreased body and organ weights 300/1 HEAST FY 1997
Thallium chronic .0E-05 mg/kg/day 100% 8.0E-05 mg/kg/day Liver/Increased SGOT and LDH 3,000/1 IRIS September, 2004
subchronic 8.0E-04 m da 100% 8.0E-04 mg/kg/day No effects observed 300/1 HEAST FY 1997
Vanadium chronic 1.0E-03 mg/kg/day 2.6% 2.6E-05 mg/kg/day NCEA April, 2004
gsubchronic | 3.0E-03 mg/kg/day 2.6% 7.8E-05 mg/kg/day Kidney 100/1 MRL January, 2004
DIOXINS/FURANS
{237 8-tetrechior > p-dioxdn (TCD| __chronic ND RIS September, 2004)
L subchronic ND
Notes:
IRIS = Integrated Risk Information System: September, 2004 mg = milligram
HEAST= Health Effects Assassment Summary Tables: FY 1897 kg = kilogram
NCEA = National Center for Environmental Assessment: April, 2004 BW = body weight
NCEA provisional values are oblained from the USEPA Region Il RBC Table dated: April, 2004 chronic - the chronic value ls used as the subchronic RfD
PPRTV = Peer-Reviewed Reference Toxicity Value: September, 2004 surrogate - a value for a closely related chémical is used as the RO
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 gukiance, a vaiue of 100% is used for analytes without published vaiues.
(2) Adjusted Dermal RID = 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 | "Risk Updates, No. 5", (August, 1998), 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 Arocior 1254 used as surrogate for other PCB congeners with no published RfDs
RID for Endosulfan used as surrogate for other endosulfan compounds
RfD for Endrin used as surogate for other endrin compounds
For Manganese in drinking water. As recommended by USEPA Region 1 Risk Update, a non-dietary RfD is obtained by subtracting typical
dietary intake of manganese (5 mg/kday) from critical dose (10 mg/day). Non-distary RYD is then adjusted with
a modifying factor of 3, as recommended by IR!S for drinking water exposures.
For manganess in non-drinking water media: As recommended by USEPA Reglon | Risk Update, a non-dietary RfD Is obtained by subtracting typical
dietary intake of manganese (5 mg/kday) from criticat dose (10 mg/day). A modifying factor of 1 is then applied, per USEPA Region 1.
Value for chiordane used for alpha- and gamma- isomers. )
8/10/2006
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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
Nporth Providence, Rhode Island

Chemical QOral Cancer Slope Factor QOral Absorption Absorbed Cancer Slope Factor| Weight of Evidence/ Oral Cancer Slope Factor
of Potential : Efficiency for Dermal (1) for Dermal (2) Cancer Guideline
Concemn 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 RIS September, 2004
Benzo(a)anthracene 7.3E-01 (mg/kg/day) ™! 89% 7.3E-01 (mg/kg/day) B2 IRIS September, 2004
\[Benzo(a)pyrene 7.3E+00 (mg/kg/day) ! 89% 7.3E+00 (mg/kg/day) B2 IRIS September, 2004
l@enzo(b)ﬂuoranthene 7.3E-01 (mglkg/day) ! 89% 7.3E-01 (mgrkg/day) T B2 RIS September, 2004
Benzo(g.h,)perylene NA NA D IRIS September, 2004
IIDibenzo(a,h)anthracene 7.3E+00 (mg/kg/day) 7 89% 7.3E+00 (mg/kg/day) B2 IRIS September, 2004
Indeno(1,2,3-cd)pyrene 7.3E-01 (mg/kg/day) 89% 7.3E-01 (mg/kg/day) ™ B2 IRIS September, 2004
Phenanthrene . NA NA D IRIS September, 2004
PESTICIDES/PCBs
f[Chiordane (alpha & gamma isomers) 3.5E-01 (mg/kg/day) ' 80% 3.5E-01 (mg/kg/day) " B2 IRIS September, 2004
“Q@qn'n ' 1.6E+01 (mg/kg/day) 100% 1.6E+01 | (mg/kg/day) " B2 IRIS September, 2004
Endosulfan |l . . ND
Endosulfan Sulfate ND
Endrin aldehyde ND
Endnin ketone ND
Aroclor-1254 2.0E+00 (mglkg/day) 80% 2.0E+00 (mg/kg/day) T See PCBs
JAroclor 1268 2.0E+00 (mg/kg/day) *! 80% 2.0E+00 (mg/kg/day) T See PCBs
Polychlorinated Biphenyls (PCBs) See Below *** B2 IRIS September, 2004
,:Egh risk and persistence-upper bound 2.0E+00 (mg/kg/day) ! 80% 2.0E+00 (mgikg/day) T
INORGANICS/METALS )
Aluminum ND ND ND
Antimony- ND ND ND IRIS September, 2004
Arsenic 1.5E+00 (mglkg/day) T 95% 1.5E+00 (mg/kg/day) T A IRIS September, 2004
Chromium VI NA NA Inadequate evidence IRIS September, 2004
NA NA D IRIS September, 2004
NA NA B2 IRIS September, 2004
NA NA D IRIS September, 2004
NA 7% NA C IRIS September, 2004
ND ND ND IRIS September, 2004
ND ND ND IRIS September, 2004
NA NA D IRIS September, 2004
ND ND ND
P:WO-GVT\COE-NAE\Battelle\Centredale\OX BOWATABLES\
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Table 6.1

Cancer Toxicity Data - Oral/Dermal

Addendum To Bisellne Human Heazlth 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] Weight of Evidence/ Oral Cancer Slope Factor
of Potential Efficiency for Dermal (1) for Dermal (2) Cancer Guideline
Concem Value Units Value Units Description Source(s) Date(s)
DIOXINS/FURANS
i[2,3,7 8-tetrachiorobenzo-p-dioxin (TCDD) 1.5E+05 {mglkg/day) " 70% 1.5E+05 | (mg/kgiday)™ B2 HEAST FY 1997
Notes: .
Weight of Evidence:

IRIS = Integrated Risk Information System:
HEAST= Health Effects Assessment Summary Tab FY 1997
NCEA = National Center for Environmental Assessr Apri, 2004

September, 2004

NCEA provisional values are obtained from the USEPA Region Ill Apri, 2004

CALEPA - California Environmental Protection Agel 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)flouoranthene,
indeno(1,2,3-c,d)pyrene]; 0.01 [benzo(k)fluoranthene]; 0.001 {chrysene].

" PCB slope factors are applicable to Aroclors 1016, 1248, 1254, and 1260.

P:\WS-GVT\COE-NAE\Battelle\Centredale\OX BOWATABLES\
REG1-DR.XLS, CAN-O

Page 2 of 2

A - Human carcinogen
B1 - Probable human carcinogen - indicates that fimited h
B2 - Probable human carcinogen - indicates sufficient evic
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

8/10/2006



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
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
RECEPTOR AGE: ADULT
}T’(‘ CANCER RISK CALCULATIONS NON-CANCER HAZARD CALCULATIONS
EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURE INTAKE/EXPOSURE
MEDIUM MEDIUM POINT ROUTE CHEMICAL vaLUE | uNiTs | cONCENTRATION CSFUNTTRISK | cANCER RISK CONCENTRATION RIORC D) QTOZT‘:SY?T
Y, UNITS, LVE UNITS YALVE 1 UNITS 1 __VALUE UNITS
SOIL FLOODPLAIN SOIL OXBOW AREA INGESTION la-chlordano 0.0076% mg/kg 4.0E-10 mg/kg/idsy | 3.3E-01 | (mg/kg/day)-) 1LE-10 13IEMD mg/kg/day S.0E-4 mg/kg/day 5.E-06
ldioldrin 006338 | mghg | 33E-09 | mpigiday | L6E+0I | (mgkgiday)-1 $.E-08 1.9E-08 mg/kg/day 5.0E-08 mg/kg/day 4E-04
fendosulfan I 000337 mgkg NC NC 1.0E-09 mg/kg/day 6.0E-03 mg/ky/day 2.E-07
endrin aldehyde 0.00951 mghg NC NC 29E-09 mg/kg/day 3.0E-4 mg/kg/day 1.E-05
endrin ketone 000173 | mghg NC NC $.3E-10 mg/kg/day 3.06-04 mg/Aglday 1.E-06
Is-chlordane 0.00694 mg/kg 3.6E-10 mghg/dsy | 3.5E-01 | (mghkg/day)-1 1L.E-10 2.1E-09 mg/kg/day $.0E-04 mg/kg/day 4.E-06
[Technical Chlordane 0.03008 mg/kg 1.6E-09 mg/kg/dsy | 3.5E-01 | (mgkg/day)-) 6.E-10 9.2E09 mykg/day S.0E-04 mgfkg/day 2.E-05
| Arocior 1254 35133 myks 19E-07 meke/dsy | 2.0E+00 | (mpke/day)-} 4.E-07 1.IE06 og/kg/day 2.0E-08 mg/g/doy $E-02
|Antimony 7.01 mg/kg NC NC 2.1E-06 mg/kg/day 4.0E-04 mg/kg/dey $.E-03
|Arsenic 12.8 mghg | 6.7E-07 mg/kg/dsy | 1.SE+00 | (mg/kg/day)-1 1.E-06 3.9E-06 mg/kg/day 3.0E-04 mg/kg/day 1LE-02
Cadmium 128 mghg NC NC 2.5E06 mp/kg/day 1.0E-03 mgAg/day 3E-03
Copper 357 mg/kg NC NC LIE-4 mg/kg/day
Lesd 1835 wgis || 9.6E-0s mp/kg/day - $.6E-04 my/kg/day
IManganese 159 mg/kg NC NC 2.6E-04 my/kg/day 7.1E-02 mg/kg/dsy 4.E-03
Thailium 1.04 mg/kg NC NC 3.2E-07 my/kg/day $.0E-03 mg/kg/day 4.E-03
anadivn ni my/kg NC NC 2.2E-05 mg/kg/day 1.0E-03 mg/kg/day 1.E-02
Iroxicity Equivalency (Dioxins/Furans]  0.00429) | mgag ||  2.2E-10 mgkg/iday | 1.5E+05 | (mgkg/day)-1 3.E-05 1.3E-09 mg/kg/day
EXPOSURE ROUTE TOTAL 4.E-05 1.E-01
—v—— RN o a—— ez
DERMAL a<hiordane 0.00768 | mpkg || GAE-11 mekg/dsy | 3SE-01 | (mpkg/duy)-| 2E-ll 3.7E-10 me/kg/day 3.0E-04 ‘mg/kgiday 7.E-07
ldicldrin 006338 | mgig || 00E+00 | mghgidsy | 1.6E+01 | (mgAgiday)-] 0.E+00 $.0E-08 mg/kg/day
jendaulfan {1 0.00337 mgkg NC NC 6.0E-03 mg/kg/day
londrin aldebydo 000951 | myAg NC NC 3.08.04 my/kg/day
fendrin ketone 0.00173 mgkg NC NC 3.0B-04 mg/kg/day
~chlordsno 000694 | mghg || s.sE-h mghgidsy | 3SE01 [ (mpkgfday)i 2.E-1i 34E-10 mgkg/day $.0E-04 mp/kgliny 7.E-07
‘echnical Chlordane 003008 | mgAg || . 2.5E-10 mpigiday | 3.5E-01 | (mp/kg/day)) 9.E-11 1.5E-09 mg/kg/day 3.0E-04 mg/kg/doy 3.E-06
[Arocior 1254 3.5833 mg/Ag 1.0E-07 mpkg/day | 206400 | (mgiks/day)-1 2.E-07 6.1E-07 my/kg/day 2.0E-08 myg/kg/day 3.E-02
Antimony 701 mghs NC NC 6.0E-08 mag/day
|Arsenic 12.8 mghg || 3.0B-08 mpkpidasy | LSEH0 [ (mpkgiday)-1 1.E-07 4.7E-07 mg/kg/day 3.0E-04 mg/kg/day 2.E-03
ICadmium 125 mghs NC NC 1.08-08 my/kg/dey 2.5E-05 mg/kg/day 4E-04
Coppor 57 ogks NC NC
Lesd 1835 mghs || 00E+00 | mgxpiday - .
(Mangancss 329 mg/kg NC NC 23E-03 mg/kg/day
Thallium 1.04 mphg NC NC $.0E-05 mghg/day
Vanadium ni1 mg/kg NC NC 26E-03 mg/kg/day
Toxicity Equivalency (Dioxins/Ferans]  0.004291 | mghg | 2.7E-11 mehgiday | 1SE+0S | (mgAg/day)-] 4E06 1.6E-10 mghg/day
EXPOSURE ROUTE TOTAL 4.E-06 3.E-02
EXPOSURE POINT TOTAL 4.E-05 .E-0
TOTAL R 4.E-05 .E-0
e o
4.E-05 E-th
TOTAL RECEPTOR RISK ACROSS ALL MEDIA 4.E-05 TOTAL RECEPTOR HAZARD ACROSS ALL MEDIA 1.4.E-01
NOTES:
(1) - Blank cells indicato that an RfD or RfC is not avalailable from tho sources used (o oblain dose-response dats for this risk aysossment,
NC - Not carcinogenic by this exposure roulo.
NA - Not applicable; exp routo not applicable for this chemi p medium,
-« = Not calculatod; doso-response daia and/or dermal absorption valucs aro not availablo,
Prepared by: X3C
Checked by: MIM
MACTF” ng and Consulting, Inc. .
§/1022006
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CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS -- REASONABLE MAXIMUM EXPOSURE - CURRENT/FUTURR - PASSIVE RECREATIONAL VISITOR - OLDER CHILD

O

TABLE 7.2.RME

ADDENDUM TO BASELINE HUMAN HEALTH RISKX ASSESSMENT: OXBOW AREA
CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
NORTH PROVIDENCE, RHODE ISLAND

()

CENARIO TIMEFRAME: CURRENT/PUTURE
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
RECEPTOR AGE: OLDER CHILD
_EPC CAECER R1§K Eﬂﬂunﬁm NON-CANCER HAZARD CALCULATIONS
EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURE INTAKE/EXPOSURE
MEDIUM MEDIUM POINT ROUTE CHEMICAL VALUE | UNITS| CONCENTRATION CSFUNITRISK | cANCER RISK CONCENTRATION RAVRIC () ovomENT
Y, UNITS YALUE UNITS, Y, UNITS
~30IL FLOODPLAIN SOIL OXBOW AREA INGESTION fschlordane 0.00768 | meng || GIE-40 mgikg/day | 3.5E-01 | (mg/kg/day)-| 2.E-10 3.6E-09 my/kg/day 5.0E-04 mg/kg/day 7.E-06
Micldrin 0.06338 mg/kg 5.2E-09 mg/kg/day | 1.6E+0) | (mpkg/day)-] $.E-08 3.0E.08 mg/kg/day 3.0E-05 mg/kg/day 6.E-04
eadosulfan [T 0.00237 mig/kg NC NC 1.6E-09 mg/kg/day 6.0E-03 mg/kg/day 3.E-07
ondrin aldohyde 0.00931 mg/kg NC NC 4.5E-09 mg/kg/day 3.0E-04 mg/kg/iday 2.E-05
ondrin ketone 000173 | mgkg NC NC $.2E-10 my/kg/dey 3.0E-04 mghglday 3.E-06
-chlovdane 0.00694 wmg/kg 5.6E-10 mg/kg/day 3.5E-01 | (mg/ky/day)-l 2E-10 3.3E-09 mg/kg/day 5.0E-04 mg/kg/day T.E-06
frochnical Chiordans 003008 | mphg § 24E09 | mpAgiday | 1SE-01 | (mpAgiday)-l 9.E-10 14E-08 mgkg/day 3.0E-04 mg/g/day 3.E-03
th 1254 3.5833 mg/kg 29E-07 mg/kg/day | 2.0E+00 | (mg/kg/day)-) 6.E-07 1.7E-06 mg/kg/dey 2.0E-08 mg/kg/day 92.E-02
IAntimony 7.01 mykg NC NC 33E-06 mg/kg/day 4.0E-04 my/kg/day $.E-03
HArsonic 128 mg/kg 1.0E-06 mg/kg/dsy | 1.SE+00 | (mg/ky/day)| 2.E-06 6.1E-06 mg/kg/day 3.0E-04 mg/kg/day 2.E-02
ICadmium .28 mg/kg NC NC 3.9E-06 mg/kg/day 1.0E-03 mg/g/day 4.E-03
Copper 387 wg/kg NC NC 1.7E-04 mgkg/day
Lead 1835 mghg § 15804 mg/ig/dey - 3.7E-04 mg/kg/day
Manganese 859 meks NC NC 4.1E-04 mg/kg/day 71602 my/kg/day 6.E-03
[Thallium 104 my/ks NC NC 4.98-07 mg/kg/day $.0E-08 meAkg/day 6.E-03
Vansdium 711 mg/kg NC NC 3 4E-08 mg/kgldsy 1.0E-03 mg/kg/day 1E-02
‘oxicity Equivalency (Dioxins/Furans]  0.004291 mg/ks 3.5E-10 mg/kg/day | 1LSEHS | (mghg/day)} 5.E-08 2.0E-09 mg/kg/day
EXPOSURE ROUTE TOTAL $.E-05 2.E-01
M —— Tt T T — T — g
DERMAL tchlordane 0.00768 | mgkg § 2.4E-10 mgkgiday | JSEOI | (mgkgidayrl 3511 14E-09 ma/kg/day '5.0E-04 ‘mg/kgisy 3E-06
dicldrin 006338 | mgkg | 00E+00 | mpAgfday | L6EHI | (mpkgiday)l 0.E+00 $.0E-08 mekp/dsy
fondosulfan 11 0.00337 mgkg NC NC 6.0E-03 mg/kg/day
jondrin aldohyde 0.00951 mg/kg NC NC 3.0E-04 mg/kg/dsy
jendrin ketone 0.00173 mg/kg NC NC 3.0E-04 mg/kp/doy
-chlordano 000604 | mgag || 22810 mgkg/dey | 3SE01 | (mpfg/day)] LE-N L3E-09 mg/kg/day $.0E-04 my/kg/dsy 3.E-06
‘ochnical Chlordane 003008 | mgis || 9.4E-10 mekgday | 3SE01 | (mpke/day)l 3.E-10 3.5E-09 mg/kg/day $.0E-04 mgAg/day 1E-08
lar 1254 3.5833 mehg || 3907 | mgAeiday | 20400 | (mppiday)-1 $.B-07 23606 my/kg/day 2.0E-08 makg/day 1.E-01
f[Andimony 101 mgkg NC NC 6.0E-05 mg/kg/day
Arsonic 128 mgig | 3.0E-07 mghgiday | 1.5E+00 | (mpikg/day) 5.E07 1.88-06 myg/kg/day 3.06-04 me/kg/day 6.E-03
ICadmium 3.25 mg/kg NC NC J3E-08 mg/kg/day 2.5E-U8 mghg/ay 2.E-03
Copper 357 mg/kg NC NC
Losd 1533 mg/kg 0.0E+00 mg/kg/day -
IManganese 159 mg/kg NC NC 2.3E-03 mg/kg/day
lium 1.4 mg/kg NC NC 8.0E-05 mg/kg/day
ansdium 7 mgks NC NC 2.6E-05 mekg/day
‘oxicity Equivalency (Dioxing/Furans]  0.004291 mg/kg 1OE-10 mgkgiday | 1.SE+035 | (mg/kg/day)-I; 2.E-08 59E-10 mg/kg/day
EXPOSURE ROUTE TOTAL .E-08 E-0.
EXPOSURE POINT TOTAL .E-03 E-0
E-03 .E-0
7.E-05 3.E-0
TOTAL RECEPTOR RISK ACROSS ALL MEDIA 7.E-08 TOTAL RECEPTOR HAZARD ACROSS ALL MEDIA z.gﬁ- 1
NOTES:
(1) - Blank cells indicaio that 30 RID or RIT is not avalailable from the sources uscd to obtain dose-response dala for this risk amessmont.
NC - Not carcinogenic by this exposure routo,
NA - Not applicablo; exp route not applicabls for this chomical/e medium,
« « Not calculatod; daso-response data and/or dormal absorption valuos arg not available.
Prepared by: KIC
Checked by: MIM
MACTEC Engineering and Consulting, Inc,
8/10/2006
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TABLE 7.3.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS - REASONABLE MAXIMUM EXPOSURE - CURRENT/FUTURK - PASSIVE RECREATIONAL VISITOR - CHILD
ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
CENTREDALE MANOR RESTORATION PROJECT SUPKRFUND SITE
NORTH FROVIDENCE, RHODE ISLAND

‘CENARIO TIMEFRAME: CURRENT/FUTURE
CEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR

RECEFTOR AGE: CHILD
— 7 CANCER RISK CALCULATIONS NON.CANCER HAZARD CALCULATIONS
EXPOSURE EXPOSURE EXPOSURE INTAKIEXPOSURK INTAKI/IXF OSURE
MEDIUM MEDIUM POINT ROUTE CHEMICAL VALUE | UNITS | CONCENTRATION CSPUNITRISK | cANCER RISK CONCENTRATION RD/RIC M) ovommr
e ec— e S — — YALUE AN L YALUE L NI, AL e ALUE
SOIL ] FLOODFLATN SOIL CRBOW AREA TNGESTION a-chiordane COUTeE | MO || L9E00 | mpkyley | 3SE0I | mekwdayi - IEI0 22608 mkgiay | SOEDH | mgkginy 0
diedrin 006338 | mgkg [ LSEGS | mykafday | LeBsol | (mghpdal  2E47 14807 motgy | S0EQS | mghgdsy &0
endosolten 1 00037 | mpag] NC NC 9.6E.09 mprgdny | 60E03 | merpday 2846
endrin sidehyda 00051 | meagl  NC NC 27608 mogity | 30E4 | mghgay 9,808
endrin kotome o003 | mpgl NC NC 43809 wigay | 30E04 | mpkgiday 28405
s-chlorane 000694 | mpagll 17805 | wergiry | 33501 | ergay]  GE0 2.0E-08 mpkgidy | S0E04 | mgrgiaay 4E08
echnical Chlordsnc 003008 | mgag | 79809 | mgapday | 3.3E0) | (mpipay)y 3E09 $.5E08 mg/kg/day S.0E-04 mg/kg/day 1E04
Aroctor 1254 ' 159 | moaa | $3E0T | merwaw | 208400 | (kgamy|  2E06 10803 mpkgy | 20808 | mkyay SEO)
IAntimony 70t | mexg|] NC NC 20805 mpkgany | 40B0s | mgkpasy SE02
Ancnc 128 | mekg | JIEOS | mykgday | 15400 [(mghydayri|  SE0s 3.6808 mpkgday | 10E04 | mgheday 1EDI
(Cadmium 825 | mgxg|| NC NC 24E43 mpkgdy | 1.0B4D mgg/day 1E02
Copper 337 | mexg| NC Ne 1 0B03 myg/day
lLead 1835 mekg | 4.5E04 my/kg/day - 5.2E-03 mg/kg/day
Maoganese 19 | mgef| nC Ne 24501 mAgdy | VIEQ | mpkgy 3E0
Mhalllum 1.04 mg/kg NC NC 3.0E-06 my/kg/day $.0E05 mg/kg/day 4E0
Vanadium 1 | mexef nc Ne 20604 meigiday | 1.0E9) mykgiday 201
oxiciy Equivalency (DioxinsFurwns)] 0004291 | mgag | 10809 | mpngany | 13Ee0s | mpngaanyl] 2804 1208 my/kgiday

1E+00

L
| EXPOSURE ROUTETOTAL ZED4
N g A — —r——— e e ]
DERMAL - 0.00768 mg/kg 2.1E-10 mgkg/day | 3.5E-01 [ (mg/kg/day)l TE-11 1.5E09 mg/kg/day S.0E-04 my/kg/day 5.E-06
eldrin 006338 myxg || 0.0E+00 mggday | 16E+01 | (mgkg/day)-t 0.E+00 $.0E-03 mp/kg/day
flendosultan 1 0.00337 my/kg NC NC 6.0E-0) mp/kg/day
endrin aldehydo 0.00951 mg/kg NC NC 30E-04 my/kg/day
jenhin ketone 000173 mykg NC NC 3.0E-04 mg/kg/day
g-chiordane 0.00694 my/kg 1.9E-10 mgkgidsy | 35801 | (mg/kg/day) 1.E-11 22809 mg/Xgiday 3.0E-04 Ing/kg/day 4E06
‘echnical Chiordane 0.03008 mgig || 8.2E-10 mgg/day | 3.5E01 | (mgkyday)l 3E-10 9.6E-09 mg/kg/day 3.0E-04 mg/kg/day 2E08
Aroclor 1254 3.5833 mgkg || 3.4E-07 mg/kgday | 208400 | (mg/kg/day)-1 1.E07 4.0E-06 mg/kg/day 2.0E08 mykg/day 2.E01
[|Antimony 7.01 mykg NC NC . 6.0E-05 mg/kg/day
|Arsenic 128 mgkg | 2.6E-07 mgkgday | 1.3E+00 | (mgky/cay)-) 4.E07 3.1E06 mg/kg/day 3.0E-04 my/kg/day LE-02
* iCadminm 823 mg/kg NC NC 6.GE-08 mg/kg/day 2.5E-08 my/kg/day 1E03
Copper 387 mg/kg NC NC
Lead 1835 mgkg || 0.0B+00 mg/kg/day -
{Manganese [1]] mgkg NC NC 2.3E03 my/kg/day
[Thalllum 1.04 mg/kg NC NC $.0E-05 mg/kg/day
Vanadium . TR mg/kg NC NC 2.6E-05 my/kg/day
[Toxicity Equivalency (Dioxins/Furs)| 0004291 | wgng || s.2e-11 mg/ky/day | 1.5E+05 | (mg/kg/day)-1 1L.E-0S LOE-09 my/kg/day

EXPOSURE ROUTE TOTAL

EXPOSURE POINT TOTAL

NOTES:
(1) - Blank cells indicate that an RID or RIC i3 not avalailable from the sources used to obtaln dose-resporuse data for this rizk assesyment.

NC - Not carclnogeaic by this exposure route.

NA - Not appli route not appl for this ch p medium.

« = Not calculated; dose-responsc data and/or dermal absorption values are nol available.

Prepared by: KIiC
Checked by: MIM

MACTEC Engineering and Consulting, Inc,
#/102006
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TABLE 74.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

‘CENARIO TIMEFRAME: CURRENT/FUTURE
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR

RECEPTOR AGE: ADULT
N T T T T T Yt
EfC CANCER RISK CALCULATIONS NON-CANCER HAZARD. CALCULATIONS
EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURE INTAKE/EXPOSURE
MEDIUM MEDIUM POINT ROUTE : CHEMICAL VALUE | UNITS || _CONCENTRATION CSFUNITRISK | GANCER RISK CONCENTRATION RD/RIC () QuommENT
I E—— YALUE | NS L VALUE T UNITS YALVE T UNITS | VALUE T __UNGS iy
SOIL FLOODPLAIN SOIL GREYSTONE MILL POND INGESTION -Mothylnaphthaleno 0.17022 mg/kg NC NC 5.2E-08 mg/kg/dsy 4.0E-03 mg/kg/day 1.E-05
. conaphthylono 04579 | mgig NC NC 1.58-07 myhg/day 6.0E-02 mg/ke/day 3.6-06
Bonzo(e)anthracons 341086 | wmghg | 18E-07 | mypApidey | 73E01 | (mgkgiday)l LE-07 1.0E-06 mekg/dsy 3.0E-02 mg/ke/day 3.6-08
Bonzo(a)pyrene 341803 | mpkg || LSEO7 | mykpiday | 7IB+00 | (mpikg/day)-l 1.E-06 1.0E-06 my/kg/day 30E-02 mg/ke/day 3.E-08
Bonzo(b)tuarantheno 428861 | mghg {| 22E07 | mgkgday | TIEOI | (mghgiday)] 2E-07 1.3E-06 my/kg/dsy 3.0E-02 mg/ka/dsy 4E-08
Bonzo(g,h,I)porylene 287139 | mghs NC NC $.3E-07 mg/kg/day 3.08-02 mg/kg/day 3.E-08
Dibenzo(s hanthrscens 072851 | mghg | 33E08 | mgkgiay | 73E+00 | (mghg/day)l 3.E-07 22807 ngikg/dsy 3.0E-02 mg/kg/dsy 1.E-06
ndeno(!,2,3-<d)pyrene 30929 | mehg § 16E07 | mgkgiday | 7IE-0t | (mgigiday)i LE-07 94E-07 my/kghday 3.0E-02 mg/Xg/day 3.E.08
Phocanthrene 530136 | mghks NC NC 1.6E-06 my/kg/day 3.0E-02 me/kg/day 5.E-05
-Chlordsne 003592 | mgAg f| 19E-09 | meAgiday | 3.5E-01 | (mgkgrday)-l 7.E-10 1.IE-08 m/kg/day $.0E-04 mg/kg/day 2B08
HAroclor-1254 0.83872 mgkg 4.4E-08 mg/kg/day | 2.0E+00 | (mgip/day)-) 9.E-08 2.6E-07 mg/kg/day 2.0E-05 mg/kg/day 1.E-02
[Aroctor-1268 013953 | mghg || 73E-090 | mpigiday | 20E+00 | (mpipiday)-1 1LE-08 43E00 mg/kg/day 2.0E-08 mgAp/day 2E.03
dasulfan Sulfate 0.01269 | mghg NC NC 3.9E-09 mg/kg/day 6.0E-03 mgkg/dsy 6.E07
"ochnical Chlordane 073538 | mpAg Il 3.3E.08 mekgiday | 3SE-01 | (mgkeidayrt 1.E-08 226407 mg/kg/day $.0E-04 mgkg/day 4604
luminum 21793 mgks NC NC 6.7E-03 mghkg/day |
Arsenic 122 mghkg 6.4E-07 mg/kg/day | [SE+00 | (mg/kg/day)-i 1.E-06 3.7€-06 mg/kg/day J.UE-04 mg/kg/day 1LE-02
[Chromium 291 mg/kg NC NC 4.9E-08 mg/kg/day 3.0E-03 mg/kg/day JE-0
ICopper 324 mghg NC NC 9.9E-05 mg/kg/day
Lesd 591 meAg || 3IE0S | mpkgiday - LSE-04 my/kg/day
Manganess 4126 my/ks NC NC 1.3E-03 mghg/day 7.1E402 my/kg/day 2802
Marcury 0311 mghg } . NC NC 2.5E-07 my/kg/day 3.0E-04 mg/g/day %.E-04
Molybdenum 8.7 mg/kg 2.7E-05 mg/kg/day 5.0E-03 mg/kg/day S.E-03
ickel 7 mpkg NC NC 1.2E-04 mghg/day 2.0E-02 mg/kg/day 6.E-03
liwn 0.535 my/kg NC NC 1.8E-07 mg/kgiday 3.06-03 myAg/day 25403
anadium 103 mghs NC NC 3.1ES mg/kg/day 1.0E-03 mg/ks/day 3.E-02
[Toxicity Equivalency (Dioxing/Furans] 0000109 | mgig | 5.7E-12 mghgidsy | LSE+0S | (mpAg/day)-i 9.E-07 33E-1 mgAg/day
EXPOSURE ROUTE TOTAL 4.E-06 L.E-01
0.17022 mg/kg NC NG 2.7E-03 mg/kg/day 4.0E-03 mg/kg/day 7E-06
049749 | mgng NC NC 7.9-08 my/kg/day 6.0E-02 mg/g/day 1.E-06
341086 | mghg [| 9.3E-08 mgkg/day | 7.3E01 | Gogkg/day)-1] 7.B-08 SA4E-07 my/kg/day 3.0E-02 my/kg/day 2.B-05
241803 | mgag || 93E-08 | megkpiay | 73E+00 | (mghg/day)-l 7607 S4E-07 my/kg/day 3.0E-02 mpkp/day 2.B-05
428061 | mghg || 12E07 | mgAgiday | 7IE-01 | (mphg/day)-l 8.6-08 6.3E-07 mg/kg/day 3.0E-02 mp/kg/day 2E-05
287139 | mgg NC NC 45E-07 mg/kg/day 3.08-02 mg/ke/dsy 2E-05
0.72351 mg/kg 2.0E-08 mghg/day | 73E+00 | (mg/kg/day)-] LE-07 1.2E-07 mg/kg/day 3.0E-02 mg/kg/dsy 4.E-06
30929 | mehkg | 34E-08 | mgigiday | 73E-01 | (myigiday)l 6,E-08 49607 mykg/dey 3.06-02 mg/Ag/day 2E-05
530136 | mghg NC NC $4E-07 mgAkg/day 3.0B-02 mg/kg/day 3.E-08
003592 | mpig || 3.0B10 | mgApday | 3SE-01 | (mphp/day)1 LE-10 1.8E-09 mg/kg/day $.0E-04 mp/kg/day 4.E-06
083872 | mghg | 23508 | mgiaidsy | 20E+00 | (mghgiday)l SE-08 1.4E-07 mg/g/dsy 2,0E-05 mphg/day 7.E-03
HArocior-1268 013953 | mghg fl 41B09 | mgapiday | 2.0B+400 | (mgig/day)-1 $.E-09 24E-08 mg/kg/day 2.0E-08 mg/kg/day 1.E-03
Endosulfan Sulfate ’ 0.01269 mg/kg NC NC . 6.0E-03 mg/kg/day
[Tochnicat Chlordsne 07338 | mpas i 61E09 [ mpAgiey [ 3SEO1 | (mgAg/day)ri 2E-09 3.68-08 myhgiday $.0E-04 mg/kg/day 17.605
Aluminum 21793 me/kg NC NC
|Arsenio 122 mghs || 7.6E-08 mpkg/day | LSE+00 | (mgAp/day)-1 1.E-07 45807 mg/kg/day 3.08-04 " mg/kgldsy 1.E-03
Chromium 21 me/kg NC NC 7.5E-08 mgAe/day
Foppor 324 - mg/kg NC NC
Lead 9 mgkg 0.0E+00 mg/kg/day -
Manganeso 4126 mg/ks NC NC 2.3E-03 mg/kg/day
IMorcury 0811 mgkg NC NC 2.1E-08 mg/kg/day
Molybdenum 87.7 mghy 3.0E-03 mgkgiday
Nickel Ly ng/ks NC NC 8.0E-04 mg/kg/dsy
Ihallium 0.535 mghy NC NC 1.0E-05 mg/kg/day
trlmdium 103 mg/ks NC NC 26608 mg/kg/dny
{[Toxicity Equivaiency (Dioxing/Furans]  0.000109 mg/ks 23E-14 mghg/day | 1.SE+05 | (mg/kg/day)-1 3.B-09 1.3E-13 mg/kg/day
EXPOSURE ROUTE TOTAL - E-06 .E-02
EXPOSURE POINT TOTAL . E-06 E-0
3.E-( E0
5.E-06 o LE-0.
TOTAL RECEPTOR RISK ACROSS ALL MEDIA 5.E-06 TOTAL RECEPTOR HAZARD ACROSS ALL MEDIA | 13.E-01
MACT* " Engincering and Consulting, Inc, B
P AEBalielieiConiradale\0X BOWITABLER clof2 21072006



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

ISCENARIO TIMEFRAME: CURRENT/FUTURE
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
RECEPTOR AGE: ADULT

MEDIUM

EXPOSURE
MEDIUM

EXPOSURE
POINT

EXPOSURE
ROUTE

CHEMICAL

—
EPC

CANCER RISK CALCULATIONS

NON-CANCER HAZARD CA lrll_u-r|8=Ns

VALUE

INTAKE/EXPOSURE
UNITS CONCENTRATION

CSF/UNIT RISK

YALUE. T UNiS I VALTE T ORI

NOTES:

1) ~ Blank colls indicato that an RfD or RIC is not svalailable from ths sources used to obiain doss-response data for this risk assessment.
NC - Not carcinogenic by this exposure route.

licable for this chomical/

NA - Not appli

roule not
= « Not calculated; dose-response data and/or dermal absorplion valucs are not available.

Prepared by: KIC
Checked by: MIM

Il

MACTEC g and Consulting, Inc,
p OX BOWITABLER
ARSI SUMDMARY-CALC

CANCER RISK

INTAKE/EXPOSURE
CONCENTRATION RID/RIC (1) Ql;/(%\g:_r
e AT e UNITS L VALVE T UNITS

() £1012006



[RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR

TABLE 75.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

CENARIO TIMEFRAME: CURRENT/FUTURE

[RECEYTOR AGE: OLDER CHILD
EPC CANCER RISK CALCULATIONS NON-CANCER HAZARD CALCULATIONS |
EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURE INTAKE/EXPOSURE
MEDIUM MEDIUM POINT ROUTE CHEMICAL vaLve | unrts [ concentraTion CSFUNITRISK [ cANCERRISK||  CONCENTRATION RIRIC (1) Jazagp
YALUE T__DUNITS T VALUE T TNITS VALUE TNITS YALUE UNITS.
SOiL FLOODPLAIN SOIL GREYSTONE MILL POND INGESTION 0.17022 mgkg | NC NC 1.1E-08 mg/kg/day 4.0E-03 mg/kg/day 2.E-05
049745 | mghg NC NC 24E-07 mg/kg/day 6.0E-02 wmg/kg/day 4.E-06
341086 | mghg | 23E-07 | mghgiday | 73E-01 | (mp/kg/day)-) 2E07 1.6E-06 mekg/day 3,0E-02 mgAg/dsy 5 E-05
, 341803 | maxg | 23E07 | mgagiay | 73400 | (mpApiday)1 2.E-06 1.68-06 mgAg/day 3.08-02 wg/kg/day $.E-0S
428861 | myhg [| 33E07 | mpkgiday | 73B-01 | (mgkg/day)-1 3E-07 2.0E-06 mg/kg/day 3.0E-02 mg/kgiday 7E-05
287139 | mghg NC NC 1.4E-06 mg/kg/day 3.0E-02 mg/kg/day $.E-0S
072851 | mgxg § s9E-08 | mgkgiday | 73E400 | (mgApiday)l 4E-07 3.5607 mghg/day 3.0E-02 wghkg/day LE-0S
30929 | mgig f 25B-07 | mgkgiday | 73B-01 | (mggiday)-i 2E-07 1.5E-06 mg/kg/day 3.0E-02 mg/kg/day 5.E-08
530138 mg/kyg NC NC 2.5E-06 mg/kg/dsy 3.0E-02 mg/kg/day 8.E-05
003592 | mphg § 29E09 | mphpidsy [ 3SE-01 | (mgAs/day)-l 1.E-09 1.7E-08 mg/kg/day $.0E-04 mghglday 3E-05
Aroclor-1254 083872 | mphg | 63608 | mgkgiday | 2.0B400 | (mgkg/day)l L.E07 40E-07 mg/kg/day 2.0E-05 mghg/day LE-02
Aroclor-1268 013953 . | mgag | LIE08 | mghpiday | 2.0E+00 {(mgip/day)-! 2E-08 6.GE-08 mg/Xg/dsy 2.0E-08 mgAgdsy 3E-03
{fan Sulfate 0.01269 | myAg NC NC 6.0E-09 mgkg/day 6.0E-03 mgAg/day LE-06
‘echnical Chlordane 0.73533 myig 6.0E-08 wg/kg/dsy | 3.5B-01 | (mp/ks/day)-) 2E-08 3.5E-.07 mg/kg/day S.0E-04 mg/kg/day 7E-04
luminum 21793 mgXkg NC NC 1.0E-02 mg/kg/day
HiArsenic 122 mehg || 99E-07 | mphgiday | LSE+00 | (mphg/day)-) 1.E-06 S3E-06 mgig/day 3.0E-04 me/kg/day 2E-02
IChromium 291 meks NC NC 14804 me/kg/day 3.0E-03 mykgiday $.E-02
ICoppor 324 mghsg NC NC 1.5E-04 mg/g/day
Lead 591 mghg 4.3E-05 mg/g/day - 2.3E-04 mg/kg/day
Mangancse 4125 mpikg NC NC 2.0E-03 mg/kg/day TAE mg/kg/day JE-02
Mercury 0311 mgks NC NC 39E-07 my/kg/day 3.0E-4 mgAg/day |E-03
lolybdenum 877 . mphg 4.2E-05 mg/kg/day S.0E-03 mg/kg/day 8.E-03
INicke! 387 mghs NC NC 18E-04 me/kg/day 2.0E-02 mg/kg/day 9.E-03
[Thaltium 03585 mghks NC NC 28807 myfg/day $.0E-05 mykg/day 3E-03
Vansdium 103 mghg NC NC 49E-03 mpg/day 1.0E-03 mgg/day $.E-02
IToxicity Equivalency (DioxinW/Furans]  0.000109 | mghg J| 8SE-12 | mphgiday | 1.SEw0S | (makgiday)1 1.E-06 S.2E-4) mg/kg/day
EXPOSURE ROUTE TOTAL 8.E-06 — o 2.E-0]
0.17022 ] mgk NC NC TOE-07 mg/kg/day 40E-03 my/kp/day 3E05
049749 | mgh NC NC 2.9E-07 mgig/day 6.0E-02 my/kgiday $.E-06
341086 | mghg | ISEL? | mgkgMey | 73801 | (mgghiay)-l 3.E-07 2.0806° mghg/day 3.0E-02 mghyidey 7.E-08
341800 | mgxg | 35E07 | mgkgiay | 73E400 | (mpApiday)1 3.E-06 2.0E-06 mg/kg/day 3.0E02 makgidny 7.6-08
428361 | mphg | 44E07 | mgAgiay | 73E-01 | (mgkesday)-d 3E-07 2.5E-06 mgkg/day 3.0E-02 mgkg/day L.E-0
287139 mg/g NC NC 1L.7E-06 mg/kg/day 3.0E-02 mg/kg/day 6.E-08
072851 | mpag | 74E08 | mpkgday | 73B+00 | (mpAgiday)-t $.E-07 43E-07 mg/kg/dny 3.0E-02 wehglday LE-05
30929 | mgAg § 3.0E07 | mgAgiday | 73E01 | (msikgiday)-l 2807 19806 mg/kg/day 3.0E02 my/kg/day 6.E05
530136 mg/kg NC NC 3.1E-06 mg/kg/day 3.0E-02 mg/kg/day 1.E-04
003592 | mgag || 11B-09 | mgkgiay | 35601 [ (mekaiday)-t 4E10 - 6.6E-09 mg/kg/day $.0E-04 mg/kg/dsy 1E-0$
083372 mp/kg 9.2E-03 mgkg/day | 2.0E+00 | (mg/kg/day)-] 2.E07 SAE-07 mg/kg/day 2.0E-03 mg/kg/day JE-02
013953 | meAg | 1SE08 | mgAgiday | 2.0E+00 | (mgAg/day) 3E-08 39E-08 mgAg/day 2.0B-05 mgig/dey 4E-03
Endosulfan Sulfate 0.01269 mg/kg NC NC 6.0E-03 mg/kg/day
echnical Chiordane 073538 | mpag f| 23E-08 | wpigday | 3.5E-01 | (mgisidey)-l $.E09 13E-07 mgkg/day S.0E-04 mykg/day 3E-04
{Aluminum um mpkg NC NC
Arsenio 122 mg/kg 29E-07 mgkg/day | LSE+00 | (mp/kg/day)-( 4.E-07 1.7E-06 mg/kg/day 3.0E-04 mg/ig/day 6.E-03
Chromium 291 nglkg NC NC 7.5E-05 mg/kg/day
lCopper 324 my/kg NC NC
Load 591 mghyg 0.0E+00 mg/kg/day -
Manganose 4126 mekg NC NC 2.3E-03 mgAg/day
(Mercury 0.81t mg/ikg NC NC 2.1E-08 mg/kg/day
Molybdenum 8.7 mg/kg 5.0E-03 mg/kg/day
INickel 387 my/kg NC NC $.0E-04 mghg/dsy
[Thallium 0.585 my/kg NC NC $.0E-03 mg/kg/day
[Vanadivm 103 mgkg NC NC 2.6E-0% mghg/day
oxicity Equivalency (Dioxing/Furans]  0.000109 mp/kg B.5E-14 mg/kg/day 1.5E+03 | (mg/kg/day)-1 1L.E-Q8 5.0B-13 mg/kg/day
EXPOSURE ROUTE TOTAL E-06
EXPOSURE POINT TOTAL .E-(
- 1.E-
1.E-05
TOTAL RECEPTOR RISK ACROSS ALL MEDIA Il 1.E-05 TOTAL RECEPTOR HAZARD ACROSS

MACT ‘gineering and Consulting, Inc. . . )
s s BowT. x . e solof2 /1072006
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CENARIO TIMEFRAME: CU!
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
RECEPTOR AGE: OLDER CHILD

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS -- REASONABLE MAXIMUM EXPOSURE - CURRENTIF UTURE - PASSIVE RECREATIONAL VISITOR - OLDER CHILD

NT/FUTURE

TABLE 75.RME

ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
NORTH PROVIDENCE, RHODE ISLAND

EPC CANEER ESR CALCUlATISNS NON-CANCEE HAERD CAEULATIONS
EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURE INTAKE/EXPOSURE
MEDIUM Frtion e vt CHEMICAL VALUE | UNITS | CONCERRATION CSFUNITRISK | CANCER RISK CONCENTRATION RIDARICM QCOMENT
YALE T UNITS U VALDE T_UNITS YaLE Ui 1 VALVE T UNTS

NOTES:
(1) - Blank cells indicato that an RID or RIC is not avslailable from the sourcos used to obtain dose-response data for this risk assessment.
NC- Not cmn\ogamc by this exposure route.
NA - Not appli routs not applicable for this chemicsl/exp
== = Not calculated; dow-luponn data and/or dermal absorption values are not lvnlllblo
Propared by: KIC
Checked by: MIM

MACTEC g and Consuiting, Inc. )

$106329 3/10/2006
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‘CENARIO TIMEFRAME: CURRENT/FUTURE
RECEPTOR POPULAYION: PASSIVE RECREATIONAL VISITOR
RECEPTOR AGE: CHILD

()

TABLE 7.6.RME

CALCULATION OF CREMICAL CANCER RISKS AND NON-CANCER RAZARDS - REASONABLE MAXIMUM EXPOSURE - CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR - CHILD

ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE

NORTR PROVIDENCE, RHODE ISLAND

()

EPC CANCER RISK CALCULATIONS NON-CANCER HAZARD CALCULATIONS
EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURK INTAKE/EXPOSURE
MEDIUM MEDIUM POINT ROUTE CHEMICAL VALUE | UNITS CONCENTRATION CSF/UNIT RISK CANCER RISK CONCENTRATION RIDAIC (1) o'liltz{-?::r
S N N—— — — 7 70T T X NG NS
SoIL FLOODPLAIN SOIL GREYSTONE MILL POND INGESTION ylaphthalene 0.17022 my/kg NC NC 4.9E-07 mg/kp/day 4.0E-03 mg/kp/dey LE04
0.49749 my/kg NC - NC 14806 mg/kg/day 6.08-01 mg/ky/day 2E05
B enzo(a)anibracens 341086 mg/kg $.3B07 mg/ig/dsy | 7.3B-01 | (mg/kg/day)-1 6.E07 9.7E-06 mg/kg/day 30802 mg/kg/day JE-04
3.41303 mgig Il 83E07 mghg/day | 7.3E400 | (mg/kg/day)-1 6.E-06 9.7E-06 mg/kg/day 3.0E-02 mg/ky/day LE04
enro(b)iuoranthens 4.28351 mg/kg 1.0B-06 mgg/day | 73E01 | (mg/kg/day)-] S.E47 1.2E08 mg/kg/day 3.0E-02 mg/kg/day 4.E-04
Benzo(g.hperylone 287139 mg/kg NC NC 82806 mg/kg/day 3.0E-02 mg/kg/day JE04
[Dibenzo(s, bleathracene 0.71851 mg/kg 1LSE-07 mgkgday | 7.35+00 | (mg/kg/day)-i LE06 2.1B-06 my/kg/day 3.0E-02 mg/kg/day 1.E05
indeno(1,2,3-cd)pyrens 3.0929 mpkg | 7.6E-07 mg/kg/day | 7.3B01 | (mg/kg/day)) 6.E-07 $.38-06 mg/kg/day 3.0B-02 mg/kg/day JE-04
5.30136 mg/kg NC ) NC 1.5E-08 mg/ky/day 3.0E02 mg/kg/day S.E04
0.0392 mghkg | 33E-09 mpkg/day | 35801 | (mgg/day)-i 3E-09 1.0B07 mg/kg/day $.0E-04 mg/kg/day 2E-04
083372 mgkg §  2.0E-07 mg/kg/day | 2.0B+00 | (mg/kg/day)-1 4E07 2.4B-06 mg/kg/day 20B-08 mg/kg/day 1.E-01
0.13953 mgiks ] 34E-0B mg/kg/day | 2.08+00 | (mg/kg/day)-) 1.E-08 4.0E07 mg/kg/day 2.0B-03 mg/kg/day 2E02
Sulfate 0.01269 mg/kg NC NC 3.6E-08 my/kg/dsy 6.0E-03 mg/kg/day 6.E-06
‘echaical Chlordane 0.73538 my/kg 1.8807 mghg/day | 35801 | (mgkg/day)-l 6.E-08 2,1E-06 mg/kg/day 5.0E-04 my/kg/day 4.E03
21793 mykg NC NC 6.2E-02 mg/kg/day
[Arsenic 122 mg/kg 3.08-06 mg/kg/dsy | 1.SE+00 | (mp/kg/day)-1 4.E-06 3.5803 mgp/kg/day 3.0E-04 my/kg/day LEOt
Chromium 291 my/kg NC NC $3E04 mg/kg/day 3.0B-03 mg/kg/day 3EQ!
Copper 324 my/kg NC NC 9.2E-04 mg/kg/day
Lead 591 mg/ks 14E04 mg/kg/day - 17803 mg/kg/day
4126 mg/kg NC NC 1.28-02 mg/kg/day 7.1E-02 mg/kg/day 2.E-01
ercury 0.81] mg/kg NC NC . 23E-06 mg/kg/day J.0B-04 mg/kg/day 8.E03
8.7 mg/kg 2.58-04 mg/kg/day 5.08-03 mp/kg/day 5.802
ckel 387 mg/kg NC NC 1.1B03 mg/kg/day 2.0E02 my/kg/day 6.E-02
[Thallium 0.585 mg/kg NC NC 1.78-06 mg/kg/day 8.0E-08 mg/kg/day 2802
Vanadium 103 mykg NC NC 2.98-04 mg/kg/day 1.OE-0) mg/kg/day 2.E0)
[Toxicity Equivalency (Dioxinw/Furans)|  0.000109 | mgikg || 27811 mgkg/day | 1.SE+03 | (mgikg/day)-. 4.E08 3iB-10 mg/kg/day
EXPOSURE ROUTE TOTAL _LEUS 1.E+00 ‘
0.17022 mg/kg NC NC 1.8E-07 mg/kg/day 4.0E0) mg/kg/day 4805
049749 mg/kg NC NC $.2E07 mp/kg/day GUE-02 my/kg/day 9.E-06
341086 mgig || 3.0E07 mg/kg/day | 7.3B01 | (mg/kg/day)-] 2.E07 3.58-06 mg/kg/day 3.0B-02 mg/kg/day 1LE-04
3.41803 mgkg || 3.0E-07 mg/kg/day | 73E+00 | (mykg/day)-l 2.E06 1.5E-06 mg/kg/day 3.0E-03 mg/kg/day 1LE04
4.28861 mgig [ 33807 mgxg/day | 73B01 [ (mgkg/day)) 3.E07 44E06 mg/kg/day 3.0E-02 my/kg/day 1.E-04
287139 mg/kg NC NC 3.0E-06 mg/kg/day 3.0E-02 my/kg/day 1.E04
0.72831 mgkg || 6.5E-08 my/kg/day | 73E+00 | (mypAg/day)] SEQ7 16E07 mg/kg/day 3.0E-02 mg/kg/day JE0S
30929 mgig || 2.7E-07 mg/kgiday | 73E01 | (mghkg/day)-l 2E407 3.2E06 mg/kg/day 3.0E02 mg/kg/day LE04
530136 mg/kg NC NC $.5E-06 mg/kg/day 3.0B-02 myp/kg/day 2.E4
0.03592 mgkg | 9.3E-10 mgkpiday | 3.SE-01 | (mgkg/day)i 3.E-10 1.te-08 mg/kg/day S.UE-04 mg/kg/day 2.605
l|Aroctor-1234 083872 mgikg [|  8.0E-08 mg/kgiday | 2.0E+00 | (mg/xg/day)-1 2.E-07 9.4E07 mg/kg/day 2,0E-05 mg/kg/day $.E02
Aroclor-1268 0.13983 ng/kg 1.3E-08 mgkg/day | 2.0E+00 | (mg/kg/day)-) J.E-08 1.6E07 mg/kg/day 2.0B-05 mgkg/day $.E-03
[Endosulfan Sullsie 0.01269 mg/kg NC NC 6.0E-03 mg/kg/day
‘echnlcal Chlordane 0.73538 mgig | 2.0B-08 mghg/day | 3.SEO1 | (mp/kg/day)-! 1E09 2.3E07 mg/kg/day $.08-04 mg/kg/day SE04
AJuminum 21793 mg/kg NC NC
Arscale 122 mgikg | 25807 mg/ks/day | 1.5E+00 | (mg/kg/day)-1 4EO? 2.9E-06 mg/kg/day 3.0B-04 mg/kg/day 1.E02
mium 91 mg/kg NC NC 7.5E-08 mg/kg/day
324 mykg NC NC
591 mp/kg 0.0E+00 mg/kg/day -
4126 mg/kg NC NC 2.3E-03 mg/kg/day
ercury osl1l mg/kg NC NC 2.1E05 mg/kg/day
lybdenum 8.7 mg/kg $.08-03 mg/kg/day
ckel 32 mg/kg NC NC S.0E-04 mg/kg/day
lum 0.588 mg/kg NC NC .08-08 mg/kg/day
Vanadlum 103 mg/kg NC NC 2.6E08 mg/kg/day
[Toxicity Equivalency (DioxinsFarans)|  0.000109 | mg/ks T.5E-14 mgkg/day | 1.5E+0S | (mgkg/day)-l 1.E-08 £.76-13 mg/kg/day
EXPOSURE ROUTE TOTAL 4.E06 7.E-02
2.E-03 LE+00
2.E-05 1.E+00
i
2.E-08 1.E-+H00
TOTAL RECEPTOR RISK ACROSS ALL MEDIA 2.E-08 TOTAL RECEPTOR HAZARD ACROSS ALL MED 1.2.E+00
MACTEC Enginceriug snd Cousulting, Inc,
i O BT ABLES .80 Rkt oL rycc mage 1of2 /1072006
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SCENARIQO TIMEFRAMK: CURRENT/FUTURE
[RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
RECLPTOR AGE: CHILD

TABLE 7.6.RME
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS - REASONABLE MAXIMUM EXPOSURK - CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR - CHILD
ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA

CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITK
NORTH PROVIDENCE, RHODE ISLAND

- B
EPC CANCER RISK CALCULATIONS NON-CANCER HAZARD CALCULATIONS
EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURK INTAKE/EXPOSURE
MEDITM MEDIUM POINT ROUTE CHEMICAL VALUE | UNITS | CONCENTRATION CSPUNITRISK | CANCER RISK CONCENTRATION RA/RIC (1) QUomENT
YALIE ] VAT T 7T T S 75120 T
NOTES: )
(1) - Blank cells Indicate that an RfD or RIC Is not avalallsble from the sources used 10 oblaln dosc-responsa dats for this risk assessmont,
NC « Not carcinogenlc by this exposure route.
NA - Not app posure route not applicable for thls chem medium,
- « Not calculsted; dosc-resporise dats and/or dermal absorption values arc not aval)
Preparcd by: KIC
Checked by: MIM
MACTECEn, and Consulting, Inc,
1mk2s
. st P; &/10/2008
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. TABLE 7.1.CT -
CALCULATION OF CHEMICAL CANCER RISKS AND 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

SCENARIO TIMEFRAME: CURRENT/FUTURE
RECEPTOR POFULATION: PASSIVE RECREATIONAL VISITOR
RECEPTOR AGE: ADULT
EFC ™ CANCER RISK CALCUCATIONS NON-CANCER HAZARD CALCULATIONS
EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURE INTAKE/EXPOSURE
MEDIUM MEDIUM POINT ROUTE CHEMICAL VALUE | UNITS | CONCENTRATION CSFUNITRISK | cANCER RISK CONCENTRATION RID/RIC (1) dazarn.
- YALUE UNITS YALUE UNIIS UNITS YALUE UNITS
~SOIL FLOODPLAIN SOIL OXBOW AREA INGESTION fachlordanc 000298 | makg || 13E-11 mgkg/day | 3.SE-01 | (mghs/day)l SE- 12 2.3E-10 me/a/day S.0E-04 mphg/dsy SE0T |
licidrin 0023106667 ) mghg J| 1.0E-10 mghg/day | 16E+01 | (mgikg/day)-1 2E-09 1.8E-09 mg/kg/day 3$.0E-05 mghkgiday 4E-08
dosulfan It 0.001183333 | mgAg NC NC 9.0E-11 mg/kg/day 6.0E-03 mp/kg/day 2.£.08
jrodrin aldehydo 0.003341667 | mpxg NC NC 2.9E-10 ma/kg/day 3.0E-04 my/kg/day LE-U6
Jondrin ketone 0.000636667 | makg NC NC 49E-11 mp/kp/dsy 3.0E-04 rmg/kg/dey 2E-07
<chlordane - 0003983333 | meag | 1.7E-11 opkefdsy | 3.5E-01 [ (mpig/day)) 6.E-12 3.0E-10 ma/kg/day $.0E-04 mg/kgidny GE-07
echnlcal Chlordane 0016126667 | mang [| 7.0E-11 mghp/day | 3.5E01 | (mgig/day)) 2E-1] 1.2E-09 mg/kg/dsy $.0B.04 mghg/day 2.E.06
{jAroctor 1254 140967 [ mahg | 6.1E-09 | mgkgiday | 205400 | (mpig/day)- 1.E-08 11E-07 mg/kg/day 20805 mghg/day 3.E-03
$Antimony 3,0255 mgikg NC NC 23E-07 mg/kg/day 4.0E-04 my/kg/day 6.E-04
|Arsenic 339 mag || 24E-08 | mghgidey | 1.5E+00 | (mgkg/day)-1 4E08 4.1E-07 my/kg/day 3.0E-04 mg/kg/day 1.E-03
Cadmivm 4.02 mg/kg NC NC 3.1E-07 mg/kg/day 1.0E-03 mg/kg/dsy 3.E-04
Copper 121.025 mghg NC NC 9.2E-06 mg/kg/day
Lead 57485 | mghg || 25E-06 | mgkgday - : 4.4E-05 mg/kg/day
Mangancso 26 mghg NC NC 63B-08 mp/ky/day 11E0 mg/g/day 9.E-04
lium . 0.71575 mg/kg NC NC 3.5E-08 ng/kg/dsy 8.0E-05 mg/kg/day 71E-04
[Vanadium 593 mg/kg NC NC 4.5E-06 mg/kg/day 1.0E-03 my/kg/dsy $.E-03
[Toxicity Equivalency (Dioxing/Furans] 0.001808571 [ mgig | 79E12 | mphgiay | 1.5E+08 | (mghg/day)] 1LE-06 14E-10 mg/kg/day
EXPOSURE ROUTE TOTAL 1E-06 LE-02
N— M A O N
DERMAL fachlordane 0.00298 | mekg N SIE-I3 mghg/day | 3.SE-01 | (mgkg/day)-| 2E-13 L.OE-11 me/kp/day S.0E-04 mg/kg/day 2E-08
Wioldrin 0023106667 | mpig f| 0.0B+00 | mpigiday | LEE+I | (mpig/day)-l 0.E+00 5.0E-03 mgAa/dey
jendosulfan 1 0.001183333 { mpAg NC NC 6.0E-03 mg/kg/dsy
Jondrin aldehyde 0.003341667 | meikg NC NC 3.0E-04 mg/g/day
bondrin kotono 0.000636667 | mpAg NC NC 3.0E-04 rg/ka/dsy
-chlordans 0.003983333 | mg/kg 7.9E-13 mg/kg/day 3.35E-01 | (mg/kg/day)-1 3E-13 1.4E-11 mg/kg/day 3.0E-04 mg/ky/dey 3E-08
. ‘schnical Chlordane 0016126667 | meag [| 32612 | mpAgidsy | 3SE-01 | (mghp/day)-t LE-12 5.6E-11 wg/kg/day S.0E-04 mghgidsy | LE-07
flaroclor 1254 140987 | mgkg f| 98510 mg/kg/day | 20E+00 | (mghg/day)-1 2E-09 1.7E-08 mg/ky/day 2.0E-08 mg/kg/day 9.E-04
JAntimony 3.0255 mg/kg NC NC 6.0E-05 nghg/day
i 539 mg/kg 8.0E-10 mg/ky/day 1.5E+00 | (mg/kg/day)-1 1.E-09 1.4E-08 mg/kg/day 3.0E-04 mg/kg/day 5.E-05
Cadmluny 402 mgkg NC NC 3.5E-10 mp/kg/day 2,5E-08 mg/kg/day |.E-05
Copper 121.025 my/kg NC NC
Lond $74.85 mehg f| 00E+00 | mgAq/dey - :
Manganose 226 mg/kg NC NC 2.8E-03 mg/kg/day
hallivm 071373 | meng NC NC 1.0E-05 mg/kylday
HVanadium 393 mg/kg NC NC 2.6E-05 mg/kg/day
[Toxicity Equivalency (Dioxing/Purans} 0.001308571 | mgig fi 2.7E-13 mgkgiday | 1LSE+0S | (mgig/day)- 4E-08 47E-12 mg/g/day
EXPOSURE ROUTE TOTAL LE-08 9.E-04
'FJ(POSURE POINT TOTAL .E-06 .E-02
XPOSURE MEDIUM TOTAL , _E-06 E-02
OIL TOTAL . . LE-U6 .E-02
TOTAL RECEPTOR RISK ACROSS ALL MEDIA l 1.E-06 ‘TOTAL RECEPTOR HAZARD ACROSS ALL MEDIA [l 1.5.E-02
NOTES:
(1) - Blank cells indicato that ar RID or RfC ls not avalailable from the sources used 1o obisin dosc-response dats for this risk assessment.
NC - Not carcinogenis by this exposure routs.
NA - Not applicable; exposure roulo not applicablo for this chemical/exposure medium.
~ « Not calculsted; dose-response dais snd/or decmal absorption values are not available.
Prepared by: KIC
Chocked by: MIM
$/10/2006

MACTF? nginecring and Consulting, Inc. .
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CENARIO TIMEFRAME: CURRENT/FUTURE
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
RECEPTOR AGR: OLDER CHILD

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 PROJECT SUPRERFUND SITE ’
NORTH PROVIDENCE, RHODE ISLAND

EPC_ CANCER RISK aLCULATIONg NON-CANCER HAZARD CALCULATIONS
: EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURE INTAKE/EXPOSURE
MEDIUM MEDIUM POINT ROUTE CHEMICAL VALUR | UNITS | CONCENTRATION CSEUNITRISK | cANCER RISK CONCENTRATION RIDRIC (1) VoI
e Yw UNITS YALUE UNITS. YALUE UNITS YALVE UNITS
SOIL FLOODPLAIN SOIL OXBOW AREA INGESTION 0.00298 mg/kg 1.5E-11 mg/kg/day | 3.3E-01 | (mpkg/day)-1 3.E-12 3.5E-10 mg/kg/day 5.0E-04 mp/kg/day 7.6-07
0.023106667 | mgkg || 1.2E-10 | wmgiesday | 1.6B400 [ (mgikg/day)-I 2609 17609 mg/kg/day $.0E-08 mg/kp/day $.805
0001183333 | mghg NC NC L4E-10 mgkp/day 6.0E-03 ma/g/day 2.E-08
0003341667 | mghg NC NC 4.6E-10 mg/kg/day 3.08-04 mg/giday 2.8.06
0.000636667 | mghg NC NC 7.6E-11 my/kg/day 3.08-04 mg/kg/day 3.E.07
0.003983333 ] mgikg 2.0E-11 my/kg/dsy 3.5E-01 | (mg/kg/day)-) 7.E-12 4.7E-10 mg/kg/day $.0E-04 mg/kg/day 9.E.07
0016126667 | mgikg ff 8.2E-11 mg/kgidsy | 3.5E-01 | (mpigiday)-) 3E 19609 mg/kg/day $.08-04 mg/kp/day 4E-06
140987 | mgha || 72809 mgkg/day | 208400 | (mgAg/day)-] LE08 1.76-07 mg/kg/day 2.0E-03 mg/kg/dny $.E-03
3.0255 mpiy NC NC 3.6E-07 mg/kg/day 4.0E-04 mg/kg/day 9.E.04
339 mg/kg 2.7E-08 mg/kg/day | 1.5E+00 | (mgig/day)-) 4.E-08 6.4E-07 mg/kg/day 3.0E-04 mg/kg/day 2.E-03
4,02 mg/kg NC NC 4.3E-07 wg/kg/day 1.0E-03 wnighkg/day $.E-04
121025 | mpng NC NC 1.4E-08 mg/g/day
37485 mg/kg 2.9E-06 mg/kg/day - G.8E-05 mg/kg/day
326 mgkg NC NC 9.8E-05 mg/kg/day 7.1E-02 mg/kg/dey 1.E-03
071573 | mphg NC NC 3.5E08 my/kg/day 8.0E-$ mg/kgldny 1LE03
93 mahy NC NC 7.0E-06 mgkp/day 1.0E-03 mgig/day TE03
[Toxicity Equivalency (Dioxine/Furans] 0.001808571 | mghkg 9.2E-12 mg/hkg/day | 1.SE+0S | (mghkg/day)-1 1.E-06 2.1E-10 mg/kg/day
EXPOSURE ROUTE TOTAL LE-06 — e 2.E.02
DERMAL Tla<chlordane 0.00298 | mgkg | 23E-12 mg/kgidsy | 3.5E-01 | (mg/kg/day)i $E-13 SAE-11 ‘mg/kg/day $.0E-04 mg/g/day 1E07
dieldrin 0.023106667 | mgky 0.0E+00 mg/hg/dsy | 1.6E401 | (mg/kg/day)-] 0.E+00 $.0E-03 mg/kg/day
lendosulfan 11 0.001183333 | mgiky NC NC 6.0E-03 mg/kg/day
londrin aldehydo 0.003841667 | mghg NC NC 3.0E-04 mg/kg/dny
lendrin ketono 0.000636667 | mghg NC NC 3.0E-04 mg/kg/day
l5-chlordane 0003983333 | mgAg | 3.E-12 mghg/dsy | 3.5E01 | (mgg/day)l LE-12 23E-11 mg/kg/day $.0E-04 mghg/dsy 1LE07
[Tochnical Chiordane 0.016126667 | mgag | 1311 mghg/dsy | 3.5E01 | (mgkg/day)! 4E-12 29E-10 mg/kg/day $.0E-04 mehg/day 6E07
{lAroclor 1254 1.40987 mgky 3.98-09 mghkg/dsy | 2.0E+00 | (mg/kg/day)-} $.E-09 9.0E-08 mg/kg/day 2.0E-08 mg/kg/day 4.E-03
Animony 3.0255 mg/kg NC NC 6.0B-03 mp/kg/day
HArsenic 539 mehy f|  3.26-09 mgAg/day | 1.5E+00 | (mgg/day)-| S.E-09 7.4E.08 mgkg/day 3.0E-04 mg/kg/day 2.E-04
[Cadmium 4.02 mg/g NC NC 1.8E-09 mg/kg/day 2.3E-03 mghg/day 7.E-08
{Copper 121,023 mpkg NC NC
Lead 57485 mghg f| 00E+00 | mgkgidsy -
Mangancso 16 mgAy NC NC 2.8E-03 mghg/day
{Thailium 0.71573 mg/kg NC NC 8.0E-05 mgAg/day
[Vanadium 9.3 mg/kg NC NC 2.6E-08 mg/kp/day
[Toxicity Equivalency (Dioxing/Furans} 0.001308571 | mphg 1.1E-12 mg/kg/day | 1.5E+0S | (mg/kg/day)-! 2.E-07 2.3E-11 mg/kg/day
EXPOSURE ROUTE TOTAL 2.E-07 3.E-I)
'F)(POSUR.E POINT TOTAL 2.E-06 .E-0:
EXPOSURE MEDIUM TOTAL 11.=_Lr4 ~0.
OIL TOTAL 2.E-06 J.E-02
TOTAL RECEPTOR RISK ACROSS ALL MEDIA 2.E-06 iTOTAL RECEPTOR HAZARD ACROSS ALL MEDIA 2.6.E-02
NOTES:

(1) - Blank colls indicate that an RfD or RfC is not avalailable from the sources uscd to oblain dose-response data for this risk assersment.

NC - Not carcinogenic by this exposure routo.

ble for this chemicaliexp

medium,

NA - Not applicabl p
~- « Not calculated; doso-respo!

route not appli

Prepared by: KJC
Checked by: MIM

MACTEC
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nso dats and/or dermal absorption values are not available.
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[RECEPTOR AGE: CHILD

CENARIO TIMEFRAME: CURRENT/FUTURE
RECEZPTOR POPULATION: PASSIVE RECREATIONAL VISITOR

)

TABLE 7.3.CT
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS - CENTRAL TENDENCY - CURRENT/FUTURE ~ PASSIVE RECREATIONAL VISITOR - CHILD
ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMEINT: OXBOW AREA

CENTREDALE MANOR RESTORATION PKOJECT SUPERFUND SITE
NORTH PROVIDENCE, RHODE ISLAND

()

EFC CANCER RISK CALCULATIONS NON-CANCER HAZARD CALCULATIONS
EXPOSURE EXPOSURE EXPOSURE INTAKK/EXPOSURE INTAKI/EXPOSURE
MEDIUM MEDIUM POINT ROUTE CHEMICAL VALUE | UNITS | CONCENTRATION CSFAUNITRISK | CANCER RISK CONCENTRATION RID/RIC (1) QvomENT
I E— R —— e % s Y TS I0TS
SOIL FLOODPLAIN SOIL OXBOW AREA INGESTION p-ctiordane 000298 | mgkg || 6.1E-IL mgikg/iday | 3.5E-01 | (mg/kg/day)-} 2.E-11 2.1E-09 ing/kg/day S.0E-04 mg/kg/day 4.E-06
dicldein 0023106667 | mpig 4.7B-10 mg/kg/day | 1.6B+01 | (mpikg/day)-1 $.E-09 1.6E-08 mg/kg/day 35.08-08 mg/kg/day 3E-04
fan 11 0001183133 | mgig NC NC 8.4E-10 my/kg/day 6.0E-03 mg/kg/day 1.E-07
lendrin aldehyde 0.003841667 | mgiky NC NC 27809 mg/kg/day 3.0E-04 mg/kg/day 9.E-06
lendrin ketons 0.000636667 | mgiy NC NC 4.5E-10 tng/kg/day 3.0B-04 mg/kg/day 2.E06
~chlordane 0003983333 | mghg [ s.1E-11 mgkgday | 3.5B-01 | (myxg/day)-1 3E-N 28809 my/kg/day 3.08-04 mg/cg/day 6,506
‘echnical Chiordane 0016126667 | mgxg | 3.3E-t0 mgigiday | 3.3E01 | (mykp/day)l 1E-10 LIE08 g/kg/day $.0E-04 my/kg/day 2.E08
laroctor 1254 1.40987 mgkg | 2.98-08 mgig/day | 2.0E+00 | (mg/kg/day)-1 6508 1.0R06 mg/kg/day 2.0E-08 mg/kg/day SEN
Antmony 3.0255 mg/g NC NC 22606 mg/kg/day 4.0E-04 mg/kg/day $.E-03
Arsenic 539 my/kg 1.1B-07 my/kg/day | 1.5E+00 | (mg/kg/day)1 1E07 3.88-06 ing/kg/day 1.0E-04 mg/ky/day LE02
{Cadmium 4.02 mg/kg NC NC 2.9E-06 mg/kg/day 1.0E-03 mg/kg/day 3EM
Copper 121,025 mgky NC NC 8.6E03 mghg/day
[Lead 37485 mg/kg 1.2E-03 mg/kg/dsy - 4.)E04 mg/kg/day
[Manganese 26 mg/kg NC NC 3.9E-04 mg/kg/day 1.1E-02 mg/kg/day $.B-03
Hum 0.7)575 mg/kg NC NC 5.1E-07 mg/ikg/day $.0E-03 mg/kg/day 6.E0)
ansdiom 39.3 mg/kg NC NC 4.2E-08 mg/kg/day 1.0E-03 my/kg/day 4E02
‘oxiclty Equlvalency (Dioxins/Furans)| 0.001808571 | mg’kg ]|  3.7E-11 mg/kp/day | 1.5E+0S | (mg/kg/day)-1 6.8-06 13E09 mg/kg/day
EXPOSURE ROUTE TOTAL 6.E-06 LEOI
T o T ——— — A~ M
DERMAL 0.00298 mgkg || 27812 mghg/day | 3.5B-01 | (mgkg/day)-1 LE-12 9.5E-11 mg/kg/day 5.0B-04 mg/kg/dsy 2.E07
eldrin 0023106667 | mykg | 0.0E+00 mygkgiday | 16E+01 | (mgkg/day)-1 0.E+00 5.0B08 mg/kg/day
an 1 000118333 [ mgag NC NC 6.0E-03 rg/kg/day
a aldehyde 0.003841667 | mg/kg NC NC 3.0B-04 mg/kg/day
Jondrin ketone 0.000636667 [ mg/kg NC NC 3.0E-04 mg/g/day
-chiordanc 0003983333 | mgig || 3.6E-12 mgkg/day | 3.5B01 { (mgkg/day)-]| LE-12 1.3B-10 mg/kg/day 5.0E-04 mg/kg/day 3.807
"ochnical Chlordane 0.016126667{ mgikg 1.SE-1) mg/kg/dey | 3.5E01 | (mg/kg/day)1 SE-12 $.4E-10 mg/kg/day 5.0B-04 myg/ky/day 1.E08
Asocior 1254 1.40987 mgkg N 4.5E-09 mg/kg/day | 20B+00 | (mpkg/day)1 9.E-09 1.6E07 my/kg/day 2.0E-05 mg/kg/day 8.E-03
|Antimomy 3nss mg/kg NC NC 6.0E-08 mg/kg/day
Arsenic 539 meng || 3.7B-09 mghyday | 1.SE+00 | (mg/kg/day)-l] 609 1.3E07 mghg/day 3.0E-04 ng/kg/day 4.E04
ICadmium 402 mgig NC NC 3.2E09 mgig/day 2.3E05 mg/kg/day LE04
Copper 121028 mg/kg NC NC
Lead 574.85 mgkg §  0.0E+00 mp/kg/day -
IManganeso 226 mg/kg NC NC 28E03 mg/kg/day
lum 0.71575 | mexg NC NC $.0E-08 mg/kg/day
Vansdlum 593 mg/kg NC NC 2.6E-08 mg/kg/day
"onxicity Equivalency (Dioxins/Purans)| 0.00)308571 | mg/kg 1.2E-12 my/kg/dsy | 1.5840S [ (mg/kg/day)-1 1E07 4.3E-11 mg/kg/day
EXPOSURE ROUTE TOTAL 2.E4 3.E<
EXPOSURE POINT TOTAL 6.E-06 1.E
6.E-06 1.E<
- 8, 1.E-81
TOTAL RECEPTOR RISK ACROSS ALL MEDIA 6.E-06 TOTAL RECEPTOR HAZARD ACROSS ALL MED 1.4.E-01
NOTES:
(1) - Blank cells indicate that an RID o RIC is not avalallable from the sources used 10 obtain dose-response data for this risk sssessment.
NC - Not carcinogenic by this exposare route.
NA - Not applicsble; exp Toute not applicable for this Jcal/exp medium,
- = Not calculated; dose-response data and/or deymal rpiion values are not availabl
Prepared by: KIC
Checked by: MIM
Inc. '
8/10/2006

MACTEC Enginecring and Consuiting,
D33
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TABLE 74.CT

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER 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

CENARIO TIMEFRAME: CU! NT/FUTURE

RECEPTOR AGE: ADULT

[RECEFTOR POPULATION: PASSIVE RECREATIONAL VISITOR

CT-BKC I, SUMMARY-CALC

EPC CANCER RISK CALCULATIONS NON-CANEFR HAZARD CAEULAT‘ONS
EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURE INTAKE/EXPOSURE
MEDIUM MEDIUM POINT ROUTE CHEMICAL VALUE | UNITS | CONCENTRATION CSFIUNITRISK | CANCER RISK CONCENTRATION RID/RIC (1) el
- YA UNITS Y, WIS Y. UNITS YALUE 115
SOIL FLOODPLAIN SOIL GREYSTONE MILL POND INGESTION 2-Methylnaphthalona 0.1071 mgkg NLCu NC $.2E-09 mg/kg/day 4.0E-03 mg/kg/day 2.E-06
conaphihylene 031765 | mpAg NC - NC 24E-08 mgAgiday 6.0E-02 mgkg/iday 4E07
Benzo(a)anthracens 30937225 | mgkg f| 1.3E-08 mghg/day | 73E-01 | (mgikg/day)-] 1.E-08 24E-07 mg/kg/day 3.0E-02 mg/kgiday 1.E-06
Benzo{s)pyrenc 30TN775 | mehg [| 13E-08 | mghgiday | 73E+00 [ (mgAgiday)- 1LE-07 23E-07 mgAgiday 3.05-02 mykgiday LE-06
Benzo(b)fluoranthens 345207 mg/ks 1.5E-08 mghkgiday | 7.3E-01 | (mgikg/day)-1 1.E-08 2.6E-07 mg/kg/day 3.0E-02 mg/kg/day 9.E-06
Benzo(g b, Dperylens 233603 | mghg NC NC 1.3E-07 me/kp/day 3.0B-02 mgkg/day 6.E-06
IDibenzo(a, hanthracene 06148475 | mghg | 27609 | mgkgiday | 73E+00 | (mpigiday)-1 2.E-08 4.7E-08 mykg/day 3.0E-02 mgAgiday 2.E-06
Indono(1,2,3-cd)pyrene 251986 | meig || 11E-08 | mgagday | 73E-01 [ (mgAgiday)-t LE-09 19807 mg/kg/day 3.0E-02 mg/kg/day 6.E-06
Phonanthrene 3.955425 mg/kg NC NC 3.0E-07 mg/kg/day 3.0E-02 mg/ke/day LE-08
Ipha-Chiordane 00177975 | mghg | 7.9E-11 mghkg/day | 3.5E-01 | (mpigiday)1 311 1.4E-09 mgAg/day S.0E-04 mghgilay 3.E-06
fjAroclor-1254 05199828 wmg/kg 23B-09 mg/kg/day | 2.0E+00 | (mg/kg/day)-} S.E-09 4.0E-08 mg/kg/day 2.0E-08 mg/kg/day 2.E-03
HAroclor-1268 0.083885 mg/kg 3.7E-10 mg/kg/day | 2.0E+00 | (mg/kg/day)-1 7E-10 6.4E-09 mg/kg/day 2.0E-05 mg/kg/day 3.E-04
Endosulfan Sulfate 0.00650125 | mghg NC NC $.0E-10 mg/kg/day 6,0E-03 mg/kg/day 8 E-08
‘echnical Chiordane 04307 | mgng | 15609 | mpkgday | 335E-01 | (mpApsday)-t 7.E-10 33E-08 mghg/day $.0E-04 mg/kg/day 7.E-08
luminum 1589875 | mgkg NC NC 1.2E-03 ag/kg/dey
Arsenlc 7715 mehg | 34E-08 | mgkgiday | 1.5B+00 | (mpAgiday)-l S.E-08 $.9E-07 mghg/day 3.0E-04 my/kg/day LE03
Cheomium 230.8 mghkg NC NC 1.8E-08 meg/day 3.0E-03 mg/kg/iday 6.E-03
Copper 208 mg/kg NC NC 1.6E-08 wmg/kg/day
Load 450 mekg || 20606 | mghkgiday - 34E-05 mg/kg/day
[[Manganeso 1840.5 mg/ks NC NC 1.4E-04 my/kg/day 71602 mg/kgiday 2E-03
Morcury 0.58175 mghsg NC NC 4.4E.08 mg/kg/dsy 3,0E-04 mg/kg/dsy 1.E-04
{Molybdenum $4.025 | mghs 4.1E-06 mgkg/day $.0E-03 mg/Ag/day 8.E-04
[Nickel 19.725 | mghg NC NC 9.1E-06 wgAg/day 2.0E-02 mg/kg/day S.E-04
[Thallium 04605 mghg NC NC 3.5E-08 mg/kg/day 5.0E-08 mykg/doy 4E-04
Varadium 8225 mg/ks NG NC 6.3E06 mg/kg/day 1.0E-03 mg/kg/iday 6.E-03
[Taxicity Equivalency (Dioxine/Furans) 0.00005495 | mg/g f| 24E-13 | mghgidsy | LSEH0S | (mg/kp/day)-! 4E-08 42812 mg/kg/dny
EXPOSURE ROUTE TOTAL oo 2.E-07 2.E-02
- Methyinaphthalons 0.1071 mg/kg NC NC 1.2E09 mg/kg/day 40E-03 my/kg/day 3607
phihylene 031765 | mgAg NC NC 3.6E09 mghg/day 6.08-02 mgkg/day 6.E-08
Bonzo(a)anthracens 30937225 | mgkg || 20609 | mghgiday | 73E-01 | (mgfkg/day)! LE-09 3.5E-08 mekg/day 3.0E-02 mg/Ag/day LE06
. Benzo(s)pyrene 3.07M775 | mphg | 20E09 | mphgiday | 73E+00 | (mpipiday)1 LE-08 3.5E-08 mg/kg/day 3.0E-02 mg/g/day 1.E-06
Berzo(b)luoranthens 345207 | mgng | 22809 | mpAgiday | 73B.01 | (mpiyiday)) 2E09 39808 mgikg/day 3.0E-02 mghg/day 1.E-06
Benzo(g b, Dpecylene 233603 | mghg NC NC 2.6E-08 mg/kg/day 3.0E-02 mghgiday 9.E-07
[Dibenzo(s, h)anthracene 0.6143475 | mgksg 4.0E-10 mg/kg/dey | 7.3E+00 | (mg/kg/day)-1 3.E-09 7.0E-09 mg/kg/day 3.0E-02 mg/kg/dey 2E-07
Indeno(1,2,3<d)pyreno 251886 | mgkg || 16E-09 | mgAgiday | 73E-O |(mgg/day)-i LE-09 2.3E-08 mg/kgldny 3.0E-02 mghgiday 9.E.07
Phenanthrene 3.955425 mg/kg NC NC 4.5E-03 mg/kg/doy 3.0E-02 wmg/kg/day L.E-06
ipha-Chlordano 00177975 | mghg [| 3.5E-12 | mpigiday | 3.SE-01 | (mphgiday)-i LE-12 G.2E-11 wmg/kg/day S.0E-04 mg/kg/day LE-G7
iJAroclon1234 05199825 | mghg || 36E-10 | mphgiday | 20B400 |(mgAg/dayk 7.E-10 6.3E09 mghg/day 2.08-08 mg/kgiday 3E-04
[lasoctor-1268 0083885 | mghg [| SSE-1l | mgAgiday | 205400 | (mgkg/day)-l LE-10 1.0B-09 mgAg/day 2.0E-05 my/kg/day S.E-05
Esdosulfan Sulfato 000650125 | mgig NC NC 6.0E-03 mg/kg/day
‘echnical Chiordane 0.4307 mghg | 8.6E-1L mghg/day | 3.SE01 | (mgkeiday)l JE-1 1.5E-09 mg/kgiay $.0E-04 mykgiday 3.E-06
Alumginum 1509875 | mghg NC NC
Arsenlc 7758 mg/kp 1.2E-09 mg/kg/day | 1.5E+00 | (mg/kg/day)-1 2.E-09 2.0E-08 mg/kg/day 3.0E-04 mg/kg/day 7.E-08
{{Chromium 2305 mg/g NC NC 7.5E-05 mg/kg/day
Copper 208 gy NC NC
Load 450 mghg 0.0E+00 mg/kg/day -
Manganose 1840.5 mghg NC NC 2.8E-03 mg/kg/day
Mercury 0.5817% mgikg NC NC 2.1E-08 mg/kg/day
Molybdenum 54,025 mg/kg 5.0E-03 mg/kg/day
h'i:kel 19725 | wehg NC NC 1.0E-04 mg/ky/day
Niw 04605 | mghg NC NC 5.0E-05 mp/kghay
Vanadium . $2.25 mgkg NC NC 2.6E-0S mg/kg/day
[Toxicity Equivalency (Dioxing/Furans] 0.00005493 | mghyg 2.7E-16 mghkg/day | 1SEH0S | (mg/kg/day)-t 4.E-1l 4.3E-15 mg/kg/day
EXPOSURE ROUTE TOTAL 2.E-08 4.E-04
EXPOSURE POINT TOTAL 3.E-07 2.E-02
EXPOSURE MEDIUM TOTAL 3.E-07 2.E-02
iy
3.E-07 e s 2E02 ]
TOTAL RECEPTOR RISK ACROSS ALL MEDIA 3.E-07 TOTAL RECEPTOR HAZARD ACROSS ALL MEDIA 2.1.E-02
MACTF”, g and Consulting, Inc.
P IWOX BOWITABLES 2 81072006
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SCENARIO TIMEFRAME: CURRENT/FUTURE
RECEPTOR POPULATION: PASSIVE RECREATIONAL YISITOR

)

TABLET4CT -
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS » CENTRAL TENDENCY - CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR - ADULT
ADDENDUM TO RASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
NORTH PROVIDENCE, RHODE ISLAND

0

RECEPTOR AGE: ADULT
EPC CANCZE Elsﬁ CALCﬁLATlONS NON-CANCER HAZARD CALCULATIONS
EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURE INTAKE/EXPOSURE
MEDIUM MEDIUM POINT ROUTE CHEMICAL VALUE | UNITS || CONCENTRATION CSFUNITRISK | CANCER RISK CONCENTRATION RIDRIC QUOENT
YAL VE] YALVE T _UNITS YALUE I UNITS

NOTES:
(1) - Blank celis indicste that an R(D or RIC is not avalailable from tho sources used 1o obtain dose-response data for this risk assessmont,
NC - Not carcinogenic by this exposure routs,
NA - Not applicable; exp routs not spplicablo for this chemical medium.
« « Not calculated; dose-responso data and/or derms) sbsorption values aro not svailable.
Prepared by: KIC
Checked by: MIM

MACTEC Engincering and Congulting, Ine.

i Pago 202 1012006
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TABLE 75CT
KS AND NON-CANCER HAZARDS - CENTRAL TENDENCY - CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR - OLDER CHILD
ADDENDUM TOQ BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
NORTH PROVIDENCE, RHODE ISLAND

CALCULATION OF CHEMICAL CANCER RIS

SCENARIO TIMEFRAME: CURRENT/FUTURE
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR

RECEPTOR AGE: OLDER CHILD
— 1
. EPC CANCER RISK CALCULATIONS NON-CANCER HAZARD CALCULATIONS
EXPOSURE EXPOSURE EXPOSURE P INTAKE/EXPOSURE INTAKE/EXPOSURE
MEDITM fotheaion Yorr ROUTE CHEMICAL VALUE | UMITS| CONCENTRATION CSMUNITRISK | CANCERRISK(| _CONCENTRATION ki QUOTTENT
I — — IAE T UNTY NG —ALE L ONITS T VALUE TN
SOIL FLOODPLAIN SOIL | GREYSTONE MILL POND INGESTION [2-Mothylnsphihalena 0.1071 T NC NC 1.3E-08 wgkg/dny 4.0E-03 mg/kg/day 3.E-06
ocenaphthylone 031765 mg/kg NC NC 3.3E-08 mg/kg/day 6.0E-02 mg/kg/day 6.E-07
Benzo(a)anthracene 30937228 | mghg || 1.6E-08 mgkgiday | 73E-01 | (makgiday)-] 1.E-08 3.7E-07 mg/kg/day 3.0E-02 me/kg/day 1.E-05
[Benzo(a)pyrone 3.071775 | mghkg 1.6E-08 mg/kg/day | 7.3E+00 | (mg/kg/day)-1 L.E-07 3.78-07 mg/kg/day 3.0E-02 mg/kg/day 1.E-03
. [Bonzo(b)fluoranthens 345207 mghg 1.8E-08 mg/kg/day | 73E-01 | (mg/kg/day)-] L.E-08 4.|E-07 mg/kg/day 3.0E-02 mg/kg/dsy 1.E-05
Benzo(g h.i)peryleno 233603 | mphg NC NC 23607 mg/kg/day 3.0E-02 me/kp/day 9.E-06
Diboazo(a,enthracents 06140475 | mehg | 21809 | mphgidey | 73E+00 | (mphgiday)) 2E-08 73608 mgfig/day 3.08-02 mp/kglday 2.E-06
[Indeno(1 2,3-cd)pyrene 251886 | mghg || 1.3E-03 mghaiday | 73E01 | (mphp/day)-t 9.E-09 3.08-07 mg/kg/day 3.0E-02 mg/kg/day 1E-08
[Phenanthrens 3.955425 mg/kg NC NC 4.7E-07 mg/kg/day 3.0E-02 mg/kg/day 2.E-0%
iaiphs-Chiordane 00177975 | mghg {| 9IE-12 mghgiday | 33801 | (maghgiday)l 3E-) 21E-09 mg/kg/day $.0E-04 mg/kg/day 4.E-06
llaroctar-1254 05199825 | mgig | 2.6E-09 mggidsy | 2.08400 | (mgfgiday)l| - SE-09 6.2E-08 mgikg/day 2.0B-08 mg/kg/day 3.E-03
lor-1268 0083885 | mghg || 43E-10 | mpkgday | 20E+00 | (mphg/day)-l 9.E-10 1.0E-08 mhg/day 20E-05 mgkp/day 5.E-4
I‘Tg:mlﬂn Suifate 0.00650125 | mg/ig NC NC 7.7E-10 mg/kg/day 6.0E-03 mg/kg/dy 1.E-07
ochnical Chlordane 04307 mghe || 22809 mggiday | 3.SE01 | (mpkg/day)-) $.E-10 5.1E-08 my/kg/dey $.0E-04 mg/kg/day 1.E-04
{Aluminum 15898.75 | mgks NC NC 1.9E-03 mg/kg/day
Arsenic 1718 mg/kg 3.9e-08 mg/kg/day 1.3E+00 | (mg/kg/day)-1 6.E-01 9.2E-07 mg/kg/day 3.0E-04 mg/kg/day 3.E-03
ium 2305 gkt NC NC 2.7E-08 mg/kg/day 30E-03 mg/p/day 9.E-03
Eypu’ 203 mg/ke NC .NC 2.4E.05 mg/g/day
Load 450 mghg || 23E06 | meAg/day - 3.3E-08 mgkgidny
Manganese 1840.5 mghkg NC NC 2.2E-04 mg/kg/day 7.1E-02 me/kg/day 3.E03
Mercury 0.58173 mg/kg NC NC 6.9E-08 mg/kg/dny 3.0E-04 mg/kg/dey 2.E-N
Molybdenum 34,025 mg/kg G6.4E-06 mg/kg/day S.0E-03 mg/kg/day 1LE-43
Nickel 119725 | mpig NC NC LAE-03 mgky/day 2.0E-02 me/kg/day TE-04
allium 04605 | mghe NC NC $.5E-08 mgg/day 8.0E-05 mgkgday 7E-04
[Vanadium 82.25 mg/kg NC NC 9.8E-06 mg/kg/day 1.0E-03 mg/kg/day 1.E-02
‘oxicity Equivalency (Dioxins/Furans] 0.00005493 | mgks 2.3E-13 mg/kg/day | 1.5E+05 | (mg/kg/dy)-1 4.E-08 6.5E-12 mg/kg/day
EXPOSURE ROUTE TOTAL 3.E-07 3E02
T — P T
0.1071 mg/kg NC NC G.IE-09 ma/kg/day @OE-03 mghkg/day 2.6-06
031765 | mghg NG NC 1.98-08 mg/kg/day 6.0E-02 mykg/day 3E07
30937225 | mghg || 75E00 mgkgiday | 73B-0% | (mgikg/day)-i 6.E-09 1.E-07 mykg/day 3.08-02 mg/kg/day 6.E-06
3.0m775 | mghg | 73E-00 | mgAgiday | 73E+00 | (mpkgiday)l 6.E-03 1.3E-07 mg/g/day 3.0E-02 mg/g/day 6.E-06
345207 | meng | saE09 mgkg/day | 73E-01 | (mgxg/day)1 GE-09 2.0E-07 ng/kg/day 3.0E-02 mg/kg/day 7.E-06
233503 | mghs NC NC 14E-07 mg/kg/day 3.0E-02 aag/kglday SE-06
06148475 | mghg || 16E-09 mgkgiday | 73E+00 | (mypkg/day)-] 1L.E08 3.6E-08 mg/kg/day 3.0E-02 mg/kg/day L.E-06
Indeno(1,2 3-cd)pyrene 251886 | mghg f| 64E-09 | mgAgiay | 73E-01 | (mpkgiday)-1 S.E-09 15E-07 . mphg/day 3.0E-02 mg/kg/day 5.E-06
Phonanthrene 3955425 | mgis NC NC 2.3B.07 mg/g/day 3.0E-02 mghgiday |~ 8E-06
lalpha-Chiordans 00177975 | mgAg | 14E-11 my/kg/day | 3.5E-01 | (mphg/day)-l SE12 3.2E-10 mg/kg/day $.0E-04 mgkg/day 6.E-07
HAroclor-1254 05199823 | mghg | 14B-09 | mgikgday | 2.0B+00 | (mgAp/day)) IE-0 33E-08 mg/kg/dny 2.0E-05 my/kgfday 2.E-03
Aroclor-1268 0083885 | mghg [| 23E-10 mekg/day | 2.0E+00 | (mp/kg/day)-] S.E-10 5.4B-09 mg/kg/day 2.0E-08 mg/kg/day 3.E-04
tl&ldmulﬁn Sulfars 0.00630123 | mghke NC NC 6.0E-03 mg/kg/day
[Technical Chlordane 04307 | mgig [| 34E-10 | mgAgiday | 35B-01 | (mpkgiday)l LE-10 79E-09 mg/kg/day 5.0E-04 my/kg/day 2.E-05
JAluminut 15898.78 my/kg NC NC
. A rsonic s mehg | 45E09 | mykgday | 13E#00 | Gughgiday)-! 7.E-09 1.1E-07 my/kg/day 3.0E-04 mg/kg/day 4E-04
[Chromium 230.5 meks NC NC 7.5E-08 mg/kg/day
Copper 208 mg/kg NC NC
Load 430 mg/kg 0.0E+00 mg/kg/day -
Manganese 13408 mgkg NC NC 2.3E-03 mg/kg/day
Mercury 058175 | mghg NC NC 2.1E-08 mg/kg/day
Molybdenum 54,025 mg/kg 5.0E-03 wg/kg/dey
ickel 119725 | mgha NC NC $.0E-04 my/kg/day
allium 0.4605 mg/kg NC NC 3.0E-03 mg/kg/day
[Vanadium 3228 mghkg NC NC 2.6E-09 mg/kg/day
[Taxicity Equivalency (Dioxins/Furans] 0.00005495 | mg/kg 1.IE-13 mg/kg/dsy | 1.SE+03 | (mg/kg/day)-1 2.E-10 2.5E-14 mg/kg/day
EXPOSURE ROUTE TOTAL -E-07 2.E-03
EXPOSURE POINT TOTAL 4.E-07 1.E-02
4.E-07 J.E-02
R
4.E-07 3.E-02
4.E-07 OTAL RECEPTOR HAZARD ACROSS ALL MEDIA 3.4.E-02

TOTAL RECEPTOR RISK ACROSS ALL MEDIA

MACT™ ng and Consulting, Inc.

G DT AKD Rasbdom b CHbd Sl e SUMMARY-CALE 2 ‘ ) £/1072006
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‘CENARIO TIMEFRAME: CURRENT/FUTURE
IRECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
[RECEPTOR AGE: OLDER CHILD

)

TABLE 75.CT

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS -- CENTRAL TENDENCY - CURRENT/PUTURE - PASSIVE RECREATIONAL VISITOR - OLDER CHILD
ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA
CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE

NORTH PROVIDENCE, RHODE ISLAND

)

. Eﬁ CANCER RISK CALCULATIONS NON-CANCER HAZARD CALCULATIONS
EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURE INTAKE/EXPOSURE
MEDIUM MEDIUM POINT ROUTE CHEMICAL VALUE | UNITS | CONCENTRATION CSFUNITRISK | cANCER RISK CONCENTRATION RIDRIC (1) P
YALUE T _UNITS 1 VALUE T__UNITS YALVE 1 YALUE 1 UNITS
NOTES:
(1) - Blank cells Indicatc that an RID or RIC is not avalailable from the sources used 1o obtain dose-response data for this risk assossment.
NC - Not carcinogonio by this expasure route,
NA - Not applicabk routs not applicable for this ch medium,
«~ - Not calculatod; dose-responsc dsta and/or dermal absorption values ate not availablo.
Preparod by: KIC
Checked by: MM
MACTEC Enginecring and Consulting, Inc.
$/10/2006
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CENARIO TIMEFRAME: CURRENT/FUTURE
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR

TABLE 7.6CT

ADDENDUM TO BASELINE HI/MAN HEALTRE RISK ASSESSMENT: OXBOW ARELA
CEINTREDALE MANOR RESTORATION PROJECT SUFERFUND SITX
NORTH PROVIDINCE, RHODE ISLAND

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS - CENTRAL TENDENCY - CURRENT/PUTURE - PASSIVE RECREATIONAL VISITOR - CHILD

MACTECEn
3122635
nwaT

ng and Consulting, Inc.

ENCT- Child.

Y.CALC

RECEPTOR AGE: CHILD
“I°C = CANCER RISK CALCULATIONS 'NON-CANCER HAZARD CALCULATIONS
EXPOSURE EXPOSURE EXPOSURE INTAKE/EXPOSURE INTAKE/EXPOSURE
MEDIUM MEDIUM POINT CHEMICAL VALUE | UNTS | CONCENTRATION CSFUNITRISK | cAnCER RISK CONCENTRATION RID/RIC (1) Prntatid
—h TENT
SOIL FLOODPLAIN SOIL GREYSTONE MILL POND 0.1071 mg/kg NC NC 7.6E-08 mg/kg/day 4.0E-0) mg/kg/day 2.E05
0.31768 mg/kg NC NC 236907 mg/kg/day 6.0B-02 mg/kg/day 4E-06
3,097225 | mpig || 63E08 mgkg/iday | 73E0L | (mg/kg/day)-1 3E08 2.2E-06 mg/kg/day 3.0E-02 mg/kg/day 1.E08
3011715 | mpikg 6.3E-08 mg/kg/day | 7.3B+00 | (mg/kg/day)-1 S.EL7 2.2E-06 mg/ky/day 3.08-02 my/kg/day 7.E405
3.45207 mg/kg 7.0E-08 mg/kp/day | 7IE01 | (mp/kg/day)-1 S.E08 2.5E-06 mg/kg/day 3.0E-02 ng/kg/day $.E05
233603 mg/kg NC NC 1.7E-06 mg/kg/day 3.0E-02 mg/kg/day 6.E-05
06148475 | mgag 1.3E-08 mgkg/day | TIE+00 | (mg/kg/day)-1 9.E-08 44E07 mg/kg/day 3.0E-02 mg/kg/day 1.E-0S
251886 mg/kg 5.1F-08 mgkg/day | 73E01 | (mg/kg/day)-1 4EO8 1.8E-06 mig/kg/day 3.08-02 mg/kg/day 6.ES
3.955428 mg/kg NC NC 2.8E-06 mg/kg/day 3.0E02 mg/kg/day 9.E-05
00177978 | mgag 3.6E-10 mgikg/day | 35801 | (makg/day)i 1.E-10 1.IE08 mg/kg/day S.0E-04 Ing/kg/day 3.805
05199825 | mgikg LIEQO8 my/kg/day | 208400 | (mg/kg/day)-1 2.E-08 3.7807 mg/kg/day 2,0E-08 mg/kg/day 2.E02
0083883 mg/kg 1.7E-09 mgAg/day | 2.0E+00 | (mg/kg/day)-1 3.E09 6.0E-08 mg/kg/day 2.0E-05 my/kg/day 31E-0)
Endosulfan Sulfate 0.00630125 | mg/kg NC NC 4.6E-09 mg/kg/day 6.0E-03 mg/kg/day LE07
‘echnical Chlordane 0.4307 mgkg {|  $.8E-09 mg/kp/day | 3.5B01 | (mp/kgiday)l 3.E0? 3.1E07 mg/kg/day $.0E-04 mg/kg/day 6.E-04
Alominum 89875 | mghg NC NC 1.1E-02 mg/kg/day
Arsenic .78 mg/kg 1.6E-07 mg/kp/day | L.SE+00 | (mg/kg/day)-l 2E907 $5.5E-06 mg/kg/day 3.0B-04 mg/kg/day 2.B02
(Chromium 2308 mg/kg NC NC 1.6E-04 mg/kg/day 3.0E03 mg/kg/day 5.B02
* Copper 208 mgikg NC NC 1.5E-04 mg/kg/day
Lead 450 mgig || 92806 mg/kg/day - 32604 mg/kg/day
Mangancse 1340.5 my/kg NC NC 1.3E-03 mg/kg/day 7.1E02 mg/kg/day 2602
Marcury 0.58178 mgkg NC NC 4.1E07 mg/kg/day 3.0E-04 mg/kg/day 1.8:03
y 34.028 my/kg 3.9E-05 my/kg/day $.08-03 mg/xg/day 1803
INickel 119.7128 mg/kg NC NC 8.5E08 wg/kg/day 20E02 my/ky/day 4E03
[Thalllum 0.4608 mg/kg NC NC 3.3E07 mg/kg/day $.0E-08 my/kg/day 4E03
Vanadium 8228 mg/kg NC NC 39E0S mg/kg/day 1.0E-03 mg/kg/day 6.E02
[Taxicity Equivalency (Dioxins/Furans)] 0.00005495 | mg/kg LIE-12 mg/kg/day | 1.SE+03 | (mg/kg/day)-] 2.E407 3.98-11 mg/kg/day
EXPOSURE ROUTE TOTAL 1.E08 2.E01
— MEC—
DERMAL 2-Methylnaphthalene [ACE mg/kg NC NC 1.IE-08 mg/kg/day 4.0E-03 mg/kg/day 1E06
Accnaphthylene 031765 mg/kg NC NC 3.3E-08 mg/kg/day 6.0E-02 mg/kg/day 3E0?
Benzo(a)anihracene 30337225 mg/kg 9.2E-09 mg/kg/day | 7.3E-0) | (mp/kg/day)-) 7.E40% 3.2B:07 mg/kg/day 1.OE4R mg/kg/day 1.B03
Benzo(a)pyrene 307TUTTS | mghkg 9.1E-09 mg/g/day | 7.3E+00 | (mpg/day)-i 7.E08 3.2E407 my/kg/day ).0E-02 my/g/day 1.B-03
Benzo(b)fluoranthene 3.45207 mg/kg 1.OE-08 mg/kg/day | 73E01 | (mg/kg/day)i 7.8-09 3.6E07 mg/kg/day 3.0E02 my/kg/day 1.E05
enzo(g,h,)perylene 2.33603 my/kg NC NC 24E07 mg/kg/day 3.0E-02 mg/kg/day $.6406
Ibenzo(s, h)anthracens 0.614847S | mgkg L.8E09 mg/kg/day | 7.3E+00 | (mgkg/dayrl 1.E-08 GAE03 mg/kg/day 3.0E02 tng/kg/day 26406
ndeno(1,2,3-cd)pyrence 2.51846 mg/xg 7.5E-09 mg/kg/day | 73801 | (mp/kg/day)-) S.E-09 2.6E-07 mg/kg/day 3.08-02 mg/kg/day 9.E06
Pheninthrene 3955425 | mgkg NC NC 4.1E07 mg/kg/day 3.0E-02 my/kg/day LE05
alpha-Chlordane 00177978 mg/kg 16B-11 my/kg/day | 3.SE01 | (mg/kg/day)l G.E-12 $.7E-10 mg/kg/day 5.0E-04 mg/kg/day 1.E-06
Aroclor-1234 05199328 | mukg L7E-09 mg/kg/day | 2.0E+00 | (mg/kg/day)-l 3,809 5.8E-08 my/kg/day 2.0B-05 my/kg/day 3E-03
|Amclar-1268 0083845 | mgikg 2.7E-10 mg/kg/day | 20E+00 | (mg/kg/day)-1 5E-10 9.4E09 mg/kg/day 2.0E-08 my/kg/day SE-04
Endosulfan Sulfwte 0.00650125 | mg/kg NC NC 6.0E-03 my/kg/day
‘echnical Chlordane 0.4307 mg/kg 3.98-10 mg/kg/day | 3.5B-01 | (mg/kg/day)-i 1.E-10 1.4E08 mg/kg/day S.O0E-04 my/kg/day 1E08
Alumlnum 15898.75 mgikg NC NC .
Arsenic N8 mpkg | SIE09 my/kg/day | L3E+00 | (mgpikgiday)l $.E-09. 1.8E-07 mg/kg/day 3.0E-04 my/kg/day 6.E-04
Chromium 2308 mg/kg NC NC 1.5E05 my/kg/day
Copper 205 mgkg NC NC
Lead 450 mg/xg 0.0E+00 mg/kg/day -
[Mangancso 1840.5 mg/kg NC NC 2.3E-03 mg/kg/day
Mercury 058175 | mgig NC NC 2.1E-08 mg/kg/day
[Molybdenum 54,028 mg/kg 50803 mg/kg/day
NIcke! 115.728 mg/kg NC NC $.0E-04 my/kg/day
Thaltium 0.4608 mg/kg NC NC $.0B-08 mgfkg/day
Vansdium $2.25 me/kg NC NC 2.6B-08 my/kg/day
Toxicity Equivalency (DioxinaFurans)| 0.00005495 | mgag Ji  1.3E-18 mpkgiday | 1.5E+08 | (mgkgiday)1 2E-10 4AE-14 mg/kg/day
EXPOSURE ROUTE TOTAL 1.E-07 4.E-0)
1.E06 .E01
1.E-06 EOL
1.E-06 . E-01
TOTAL RECEPTOR RISK ACROSS ALL MEDIA 1,E-06 TOTAL RECEPTOR HAZARD ACROSS ALL MED! 1.9.E-01
/102006
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TABLE 76.CT
CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS - CENTRAL TINDINCY - CURRENT/FUTURE - PASSIVE RECREATIONAL YISITOR - CHILD
ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT; OXBOW AREA
CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
NORTH PROVIDENCE, REODK ISLAND

ISCENARIO TIMEFRAME: CURRENT/FUTURE
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
RECEPTOR AGE: CHILD

_ EPC 'CANCER IUSK CALCULATIONS NON-CANCER HAZARD CALCULATIONS
EXPOSURE EXPOSURE EXPOSURE INTAKR/EXPOSURE INTAKE/EXPOSURE
MEDIUM MEDIUM romT ROUTE CHEMICAL VALUL | UNITS | _CONCENTRATION CSFUNITRISK | CANCERRISK CONCENTRATION Romc QU
YALRE. L UNIS 15 YAL 7 V7 A T
(1) - Blank cells indicate that an RD or RfC is not avalailable from the sources used Lo obtain dose-response data for this risk assessment.
NC - Not carcinogenic by this exposure route,
NA - Not app P ate not app for this cheml P roedium,
=« Not calculsted; dose-response data and/or dermal absorp valucs arg not svailsbl
1
MACTEC Esglacering and Consulting, Inc.
Prmavncoe ST B Raides o veac Pagedor2 /1072006




TABLE 9.1.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs - 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

,ECENARIO TIMEFRAME: CURRENT/FUTURE
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
RECEFTOR AGE: ADULT
B — ]
CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT
EXPOSURE EXPOSURE .~
MEDIUM CHEMICAL EXTERNAL EXPOSURE PRIMARY TARGET EXPOSURE
MEDIUM POINT INGESTION| INHALATION | DERMAL (RADIATION) | ROUTES TOTAL ORGAN INGESTION| INHALATION | DERMAL ROUTES TOTA
e T . e~  r—— e o e = EITErEy
SOIL FLOODPLAIN SOIL OXBOW AREA s-chlordane L4E-10 NA 2.2E-1] NA. 1.6E-10 Liver 4.7B-06 NA 7.5E-07 5.4E-06
idieldrin $.3B-08 NA 0.0E+00 NA 5.3E-08 Liver 3.9B-04 NA 3.9E-04
fendosulfan 11 NC NA NC NA Kidney 1.7E-07 NA 1.7E-07
lendrin aldehyde NC NA NC NA Nervous system 9.7E-06 NA 9.7E-06
jendrin ketone NC NA NC NA Nervous system 1.8E-06 NA 1.8E-06
~chlordane 1L3B-10 NA 2.0E-11 NA 1.5E-10 Liver 4.2E-06 NA 6.8E-07 4.9E-06
F’ochnicd Chlordane 5.5E-10 NA 8.8E-11 NA 6.4E-10 Liver 1.8E-05 NA 2.9E-06 2.1E-05
[Aroclor 1254 3.8E-07 NA 2.1E-07 NA $.8E-07 Immune system 5.5E-02 NA 3.1E-02 8.5E-02
Anfimony NC NA NC NA Adverse clinical signs $.4E-03 NA 5.4E-03
Arsenic 1.0E-06 NA 1.2E-.07 NA 1.1E-06 Skin 1.3B-02 NA 1.6E-03 1.5B-02
ICadmium NC NA NC NA Kidney 2.5E-03 NA 4.0E-04 2.9E-03
iCopper NC NA NC NA - NA
Lead - NA - NA - NA
ganese NC NA NC NA NOAEL 3.7E-03 NA 3.7E-03
allium NC NA NC NA NOAEL 4.0E-03 NA 4.0E-03
anadium NC NA NC NA NOAEL 2.2B-02 NA 2.2E-02
Toxicity Equivalency (Dioxins/Furans) - Mam]  3.4E-05 NA 4,0B-06 NA 3.8E-08 - NA -
ICHEMICAL TOTAL 3.5E-05 - 4.4E-06 - E-OS 1.1B-01 0.0E+00 3.3E-02 1E-01
RADIONUCLIDE TOTAL | | | N - 1 AN
EXPOSURE POINT TOTAL 4E-05 {E-01
EXPOSURE MEDIUM TOTAL 4j5-05 -0
OIL TOTAL 4E-05 E-0
R
l RECEPTOR 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 = S4E-03
NC - Not carcinogenic by this exposure route. ..
NA - Not applicable; exp route not applicable for this chemical/exp di -
' -- - Not calculated; dose-response data and/or dermal absorption values aro niot available. -
,iupmed by: KIC J -
Checked by: MIM TOTAL IMMUNE SYSTEM HI = §.5E-02
TOTAL KIDNEY Hl = 29603
TOTAL LIVER HI = 4.2E-04
TOTAL NERVOUS SYSTEM HI = 1.1E-05
TOTAL NOAEL Hl= 2.9E-02
TOTALSKINHI={ _ 1SE0z

MACTF-
PAWS-G'
RNE-Oxb

g and Consulting, Inc.
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CENARIO TIMEFRAME: CURRENT/FUTURE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs - REASONABLE

O

TABLE 9.2.RME

ADDENDUM TOQ BASELINE HUMAN HEALTH RISK ASSESSMENT: OXBOW AREA

RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR

RECEPTOR AGE: OLDER CHILD

NORTH PROYIDENCE, RHODE ISLAND

CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE

()

MAXIMUM EXPOSURE - CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR - OLDER CHILD

Y Ty y.
EXPOSURE CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT
R EXPOSURE
MEDIUM CHEMICAL EXTERNAL | EXPOSURE || PRIMARY TARGET EXPOSURE
MEDIUM POINT INGESTION| INHALATION [ DRRMAL| canrinon [0 oures ToTadl ORGAN INGESTION| INHALATION | DERMAL o tnow Sty |
SOIL FLOODPLAIN SOIL OXBOW AREA a-chiondano 2.25-10 A B4E-11 NA 3.0E-10 Liver 7.3E-06 NA 7 8E-06 TOE0s |
dieldrin 8.3E-08 NA 0.0B+00 NA 8.3E-08 Liver 6.0E-04 NA 6.0E-04
endosulfan IT NC NA NC NA Kidney 2.7E07 NA 27807
endrin aldehyde NC NA NC NA Nervous system © LSE-0S NA L.SE-05
endrin ketone NC NA NC NA Nervous system 27806 NA 2.7E-06
lordane 20E-10 NA 7.66-11 NA 27B-10 Liver 6.6E-06 NA 2.5E-06 9.1E-06
schnical Chlordane $.6E-10 NA 33E-10 NA 12809 Liver 2.9E-03 NA 1.IE-0S 40E-05
roclor 1254 $.8E-07 NA 7.8B-07 NA 1.4E-06 Immune system 8.5E-02 NA LIE0) 2.0E-01
Antimony NC NA NC NA Adverse clinical signs 8.3E-03 NA 8.3E-03
“1.6B-06 NA 45E-07 NA 2.0E-06 Skin 2.0B-02 NA $.8E-03 26E-02
NC NA NC NA Kidney 3.9E-03 NA 1.5E-03 $4E-03
NC NA NC NA - NA
- NA - NA - NA
. NC NA NC NA NOAEL 5.7E-03 NA $.7E-03
NC NA NC NA NOAEL 6.2E-03 NA 6.2E-03
NC NA NC NA NOAEL 3.4E-02 NA 34E-02
Toxicity Equivalency (Dioxing/Furans) - Mam| ~ 5.2E-05 NA 1.5E-05 NA 6.7B-0 - NA -
CHEMICAL TOTAL 35.5E-05 Z 1.6E-05 — TE-05 1.6E-01 0.0E+00 12E-01 3E-01
RADIONUCLIDE TOTAL { | | { | [
EXPOSURE POINT TOTAL 7E-05 350
- SURE MEDIUM TOTAL - JE-08 350
OIL TOTAL TE08 3E-0
S
NEERAR
ERECEFTOR TOTAL TE-05 2.9E-01
e Tt
TOTAL RISK ACROSS ALL MEDIA 7E~05 TOTAL HAZARD ACROSS ALL MEDIA 2.9E-01
NOTES: TOTAL ADVERSE CLINICAL SIGNS Rl = [ 83E03 ]|
NC - Not carcinogenic by this exposure route. -
NA - Not applicable; exp routs not applicable for this chemical/exposur -
= » Not calculated; dose-response data and/or dermal absorption values sre not available. -
Prepared by: KIC -
Checked by: MIM TOTAL IMMUNE SYSTEM HI = [ z.o:s-o::
TOTAL KIDNEY HI = [~ SAEG3 ||
TOTAL LIVER HI = RE04
TOTAL NERYOUS SYSTEM Hl = 8E-05
TOTAL NOAEL Hl = 4OE02
TOTALSKIN HI = T.GE-02
MACTEC Engineering and Ci lting, Inc.
#/1012006
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TABLE 93.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs - 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

‘CENARIO TIMEFRAME: CURRENT/FUTURE
ECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
ECEPTOR AGE: CHILD
S T YT T S Ty YT T e — e —
CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT
EXPOSURE EXPOSURE
MEDIUM CHEMICAL EXTERNAL EXPOSURE PRIMARY TARGET EXPOSURE
. MEDIUM POINT INGESTION| INHALATION | DERMAL (RADIATION) (ROUTES TOTAL] ORGAN INGESTION| INHALATION | DERMAL ROUTES TOTAL
ey T e S ey
SOIL FLOODPLAIN SOIL OXBOW AREA la~chlordane 6.6E-10 NA 74E-11 NA 7.3E-10 Liver 4,4E-05 NA 4.98-06 4.9E-05
dieldrin 2.58-07 NA 0.0E+00 NA 2.58-07 Liver 3.6E-03 NA 3.6E-03
lendosulfan 11 NC NA NC NA Kidney 1.6E-06 NA 1.6E-06
endrip aldehyde Nc NA NC NA Nervous system 9.0E-05 NA 9.0E-05
lendrin ketone NC NA NC NA Nervous system |.6E-05 NA 1.6E-0%
~chlordane 5.9E-10 NA 6.6E-11 NA 6.6E-10 Liver 4.0E-05 NA 4 4E-06 4 4E-05
‘echnical Chlordane 2.6E-09 NA 2.98-10 NA 2.9E-09 Liver 1.7B-04 NA }.9E-05 }.9E-04
[Aroclor 1254 1.8E-06 NA 6.9E-07 NA 2.4E-06 Immune system 3.1E-01 NA 2.0E-0! 7.1E-01
[Antimony NC NA NC NA Adverse clinical signs 5.0E-02 NA 5.0E-02
Arsenic 4.76-06 NA 3.9E-07 NA 5.18-06 Skin 1.2E-01 NA 1.0E-02 1.3E-0¢
Cadmium NC NA NC NA Kidney 24E-02 NA 2.6E-03 2.6E-02
{{Copper NC NA NC NA - NA
d - NA - NA - NA
ganese NC NA NC NA NOAEL 3.4E-02 NA J.4E-02
Thallium NC NA NC NA NOAEL 3.7E-02 NA 3.7E-02
IVanadium NC NA NC NA NOAEL 2.0E-01 NA 2.0E-0]
(Toxicity Equivalency (Dioxiny/Furans) - Mam 1.6E-n4 NA 1.3E-08 NA L7E-04 - NA -
[CHEMICAL TOTAL 1.6E-04 - 1.4E-08 - 2E-04 9.8E-01 0.0E+00 2.1E-01 1E+00
RADIONUCLIDE TOTAL { HE | 1 ] I ]
[EXPOSURE POINT TOTAL 2E-04 EHO
URE MEDIUM TOTAL 2_1;-04 E+00
OIL TOTAL - 2E-04 1E+00
—
——
“RECEPTOR TOTAL 2E-04 1.2E+00
TOTAL RISK ACROSS ALL MEDIA 2E-04 TOTAL HAZARD ACROSS ALL MEDIA 1.2E+00
NOTES: TOTAL ADVERSE CLINICAL SIGNS Hl = 5.0E-02
NC - Not carcinogenic by this exposure route. .
NA - Not applicabl route not applicable for this chemical/exp di -
-- « Not calculated; dose-tesponse data and/or dermal st values are not availab) -
Prepared by: KJIC -
Checked by: MIM TOTAL IMMUNE SYSTEM HI = 7.1E-01
TOTAL KIDNEY Hl = 2.6E-02
TOTAL LIVERHI = 3.9E-03
TOTAL NERVOUS SYSTEM Hl = 1.1E-04
TOTAL NOAEL Hl = 2,7E-01
TOTAL SKIN HI = 1.3E-01
MACTEC Engineering and Consulting, Inc.
8/10/2006
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CENARIO TIMEFRAME: CURRENT/FUTURE

CEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR

()

TABLE 94.RME
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs - 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

O

[RECEPTOR AGE: ADULT
o T T T
PO! CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT
EXPOSURE EXPOSURE
MEDIUM CHEMICAL EXTERNAL EXPOSURE PRIMARY TARGET EXPOSURE
D
MEDIUM INGESTION| INHALATION | DERMAL (RADIATION) | ROUTES TOTAL ORCGAN INGESTION| INHALATION | DERMAL ROUTES TOT. All
| SOIL FLOODPLAIN EOH. Methylnaphthalene NC NA NC NA Cardiovascular system IJ-IEL:OS NA 6.78-06 2.0E-05
cenaphthylene NC NA NC NA Liver 2.5B-06 NA 1.JE-06 3.3E-06
enzo(s)anthracene 1.3B-07 NA 6.8E-08 NA 2.0E-07 Kidney 3.5E-05 NA 1.3E-03 3.JB-05
1.3B-06 NA 6.3B-07 NA 2.0B-06 Kidney 3.5E-0S NA 1.3B-03 5.3E-03
Benzo(b)fluorantheno 1.6E-07 NA 8.5E-08 NA 2.5B-07 Kidney 4.4E-05 NA 2.3B-05 6.6E-05
enzo(g.h,i)perylene NC NA NC NA Kidney 2.9E-05 NA i.5E-05 4.4E-05
ibenzo(a,h)anthraceno 2.8E-07 NA 14E-07 NA 4.2E-07 Kidney 7.4E-06 NA 3.8E-06 1.1E0S
1,2,3-cd)pyrene 1.2B-07 NA 6.1E-0% NA LSE-07 Kidney 3.1E-0$ NA 1.6E-05 4.8E-05
NC NA NC NA Kidney $.4B-08 NA 2.8B-03 3.2E-05
alpha-Chlordane 6.6E-10 NA LIE-10 NA 7.6E-10 Liver 2.2E-05 NA 3.5E-06 2.5E-05
{lAroclor-1254 8.8E-08 NA 4.9B-08 NA 1.4E07 Immune system 1.3E-02 NA 7.2E-03 2.0E-02
lor-1268 1.5E-08 NA 8.2E-09 NA 2.3E-08 Immune system 2.1E-03 NA 1.2E-03 3.3E.03
dosulfan Sulfuts - NC NA NC NA Kidney 6.5E-07 NA " 6.5B-07
‘echnical Chiordane 13B-08 NA 21E-09 NA 1.6BE-08 Liver 4.5E-04 NA 7.2E-05 5.2E-04
luminum NC' NA NC NA - NA
émic 9.6E-07 NA 1.1E-07 NA 1.1E-06 Skin 1.2E-02 NA 1.5E-0) 1.4E-02
jum NC NA NC NA NOAEL 3.0E-02 NA 3.0E-02
opper NC NA NC NA - NA
- NA - NA - NA
ganese NC NA NC NA NOAEL 1.8E-02 NA 1.8E-02
ercury NC NA NC NA Immune system 8.3E-04 NA 8.3E-04
lybdenum NA Kidney 5.4B-03 NA 5.48-03
[Nickel NC NA NC NA Developmental toxicity $.9E-03 NA $.9E-03
Thallium NC NA NC NA NOAEL 2.2E03 NA 2.2E-03
Vanadium NC NA NC NA NOAEL 3.1E-02 NA 3.1E-02
[Toxicity Equivalency (Dioxins/Furans) - Mamy  8.6E-07 NA 3.4E-09 NA 8.6E-07 - NA -
. "HEMICAL TOTAL 3.9B-06 - 1.2B-06 - .‘306 1.2E-01 0.0E+00 1.0E-02 1E-G1
1
{RADIONUCLIDE TOTAL, T I | ] ] ]
EXPOSURE POINT TOTAL SE-06 LE-
OSURE MEDIUM TOTAL SE-0¢ 1E-
OIL TOTAL SE-06 1E~(
gy
HRECEPT OR TOTAL SE-06 — JE-
T~ 7 I S Tt —rma T =P
TOTAL RISK ACROSS ALL MEDIA SE-06 TOTAL HAZARD ACROSS ALL MEDIA JE-0
NOTES: { b
NC - Not carcinogenic by this exposure route. TOTAL CARDIOYASCULAR SYSTEM HI ] 2.0K-05
NA - Not spplicable; exposure route not applicable for this chemical/exp di TOTAL DEVELOPMENTAL TOXICITY H{ S9E-03
= - Not calculated; dose-response data and/or dermal ab values aro not availabl -
Prepared by: KIC ——
Checked by: MIM TOTAL IMMUNE SYSTEM HI = AE-02
TOTAL KIDNEY HI = . 7E-03
TOTAL LIVER HI = SE-04
[ _;_
TOTAL NOAEL Hl =| 8.1E-02
-
TOTALSKINHI=[ 140z |

MACTEC Engineering and Consulting, Inc,
PAWS-GVT\COE-NAEBatialle\CoatradaleiOX BOWNTABLER
RME-BXG-Resident-Aduli-Soil.xls, SUMMARY

Pagelofl
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SUMMARY OF RECEPTOR RISKS AND HAZA

TABLE 9.5.RME

RDS FOR COPCs - 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

‘CENARIO TIMEFRAME: CURRENT/FUTURE
ECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
RECEPTOR AGE: OLDER CHILD
KQCINOGEN 1C RISK NON-CARCINOGENIC HAZARD QUOTIENT
EXPOSURE EXPOSURE
MEDIUM CHEMICAL EXTERNAL EXPOSURE PRIMARY TARGET EXPOSURE
MEDIUM INGESTION| INHALATION | DERMAL (RADIATION) | ROUTES TOTA ORGAN INGESTION| INHALATION| DERMAL ROUTES TOTA!
SOLL FLOODPLAIN SOIL ~Methyinaphthalen "NC NA NC NA Cardiovascular system | ZO0E.03 NA 2.3E-03 23503
Acenaphthylene NC NA NC NA Liver 3.9E-06 NA 4.9B-06 8.9E-06
enzo(a)anthracene 2.0E-07 NA 2.5B-07 |. NA 4.6B-07 Kidney 5.4B-05 NA 6,7E-05 1.2B-04
Benzo(a)pyrene 2,0E-06 NA 2.5E-06 NA 4.6E-06 Kidney 5.4E-05 NA 6.8B-05 1.2B-04
[Benzo(b)fluoranthene 2.5E-07 NA 3.2E07 NA 5.7E-07 Kidney 6.8E-05 NA 8.5E-05 1.5E-04
Benzo(g h,i)perylens NC NA NC NA Kidney 4.5B-05 NA §.7E-08 1.0E-04
Dibenzo(a,h)anthracene 43EB-07 NA 5.4E-07 NA 9.7E-07 Kidney 1.2B-05 NA 1.4E-08 2.6E-05
Indeno(l,2,3-cd)pyrene 1.8E-07 NA 2.3E-07 NA 4.1B-07 Kidney 4 9E-05 NA 6.1E-05 1.I1E-04
Phenanthrene NC NA NC NA Kidney 8.4E-05 NA {.0E-04 1.9E-04
pha-Chlordane 1.0E-09 NA 3.9E-10 NA 1.4B-09 Liver 3.4E-05 NA 1.3JE-0$ 4, TE0S
roclor-1254 1.4E-07 NA 1.8E-07 NA 3.2E-07 Immune system 2.0E-02 NA 2.7E-02 4.7E-02
Aroclor-1268 2.3E-08 NA 3.1E-08 NA 5.3E-08 Immune system 3.3E-03 NA 4.5B-03 7.8E-03
Endosulfan Sulfats NC NA NC NA Kidney 1.0E-06 NA 1.0E-06
‘echnical Chlordane 2,1E-08 NA 8.0E-09 NA 2.9E-08 Liver 7.0E-04 NA' 2.7E04 9.7E-04
Aluminum NC NA NC NA - NA
HlArsenic 1.5E-06 NA 43E-07 NA 1.9E-06 Skin 1.9B-02 NA 5.6E-03 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
snganese NC NA NC NA NOAEL 2.8E-02 NA 2.8E-02
ercury NC NA NC NA Immune system 1.3B-03 NA 1.3E03
[Molybdenum NA Kidnoy 8.3E-03 NA 3.3E-03
ickel NC NA - NC NA Developmental toxicity 9.2E-03 NA 9.2E-03
aflium NC NA ! NC NA NOAEL 3.5E-03 NA 3.5E-03
snadium NC NA - NC NA NOAEL 4.9E-02 NA 4.9E-02
Toxicity Equivalency (Dioxing/Furans) - M."W 1.3E-06 NA 1.JE-08 NA 1.3E-06 - NA -
ICHEMICAL TOTAL & 1E-06 - 4.5E-06 -~ 1E-05 1.9E-01 0.0E+00 3.8E-02 2E-0l1
RADIONUCLIDE TOTAL | i | { T — T )|
EXPOSURE POINT TOTAL 1E-08 2E-01
EXPOSURE MEDIUM TOTAL _lﬁlis 2E-
'EO[L TOTAL 1E-05 2E-(
., S
RECEPTOR TOTAL 1E-0S 2.3E-01
TOTAL RISK ACROSS ALL MEDIA 1E-05 TOTAL HAZARD ACROSS ALL MEDIA 2.3E-01
NOTES: T
NC - Not carcinogenic by this exposure route. TOTAL CARDIOVASCULAR SYSTEM H1 1 4.5E-05
NA - Not applicable; exp route not applicable for this chemical/exp di TOTAL DEVELOPMENTAL TOXICITY HI 4 9.2E-03
= = Not calculated; dose-response date and/or desmal absorption values are not availabl -
Prepared by: KIC -
Chocked by: MIM TOTAL IMMUNE SYSTEM HI <[ . 5.6E-02
TOTAL KIDNEY HI = 9.2E-03
TOTAL LIVER Hl = 1.0E-03
TOTAL NOAEL H! = 1.3E-01
TOTAL SKIN HI = 2.5E-02
8/10/2006

MACTEC Engineering and Consulting, Inc.

PAWS-OVTCO
RME-BK"

He\Conuwdale\OX BOWATADLES\
ild-80il.xls, SUMMARY
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TABLE 9.6.RME

O

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs ~ REASONABLE MAXIMUM EXPOSURE - CURRENT/FUTURE - PASSIVE RECREATIONAL VISITOR - CHILD
ADDENDUM TO BASELINE HUMAN HEALTH RISK ASSESSMENT: 0XBOW AREA

CENTREDALE MANOR RESTORATION PROJECT SUPERFUND SITE
NORTH PROVIDENCE, RHODE ISLAND

CENARIO TIMEFRAME: CURRENT/FUTURE
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR

RECEPTOR AGE: CHILD
YT
N CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT
EXPOSUR] EXPOSURE :
MEDIUM CHEMICAL EXTERNAL EXPOSURE PRIMARY TARGET EXPOSURE
EDIUM
MED! INGESTION| INHALATION | DERMAL (RADIATION) | ROUTES TOTAI{ ORGAN INGESTION] INHALATION | DERMAL ROUTES TOTA
e =
SOIL FLOODPLAIN SOIL ~Mathyaphihalcoe NC NA NC NA Cardiovasculas sysiem || 12E-04 NA BE0 | LB |
. cenaphthylene NC NA NC NA Liver 2.4E-05 NA 8.6E-06 3.2E-05
enzo{a)anthracens 6.1B-07 NA 2.2B.07 NA 8.3B-07 Kidney 3.2B-04 NA 1.2B-04 4.4E-04
6.1E-06 NA * 2.2B-06 NA $.3B-06 Kidney 3.2E-04 NA 1.2E-04 4.4E-04
enzo(b)fluoranthens 7.6B-07 NA 2.8B-07 NA 1.0B-06 Kidney 4,1B-04 NA 1.5E-04 5.6E-04
enzo{g.h,i)perylme NC NA . NC NA Kidney 2, 7E-04 NA 9.9E.05 3.7E-04
ah)anthracene 1.3B-06 NA 4.7TE-07 NA 1.8E-06 Kidney 6.9E-05 NA 2.5B-05 9.4E-08
1,2,3-cd)pyrene $.5E-07 NA 2.0E-07 NA 7.5B-07 Kidney 2.9B-04 NA 1.1B-04 4.0E-04
NC NA NC NA Kidney 5.0B-04 NA 1.3E-04 6.9E-04
pha-Chlordane 3.1E-09 NA 3.4B-10 NA 3.4B.09 Liver 2.0E-04 NA 2.3B-05 2.3E-04
t 4.1B-07 NA 1.6B-07 NA 5.7E-07 Immune system 1.2E-01 NA 4.7B-02 1.78-01
|Arocior-1268 6.8B-08 NA 2.7E-08 NA 9.SE-08 Immune system 2.0B-02 NA 7.8E-03 2.8E-02
IEndosulfan Sulfate NC NA NC NA Kidney 6.0B-06 NA 6.0E-06
[Technical Chlordane 6.3E-08 NA 7.0E-09 NA 7.08-08 Liver 4.2E-03 NA 4.7E-04 4.78-03
Aluminum NC NA NC NA - NA
i 4.5B-06 NA 31.3E-07 NA 4.8B-06 Skin 1.2B-0) NA 9.7E-03 1.3E-01
NC NA NC NA NOAEL 2.8E-01 NA 2.8E-01
NC NA NC NA - NA
- NA - NA - NA
NC NA' NC NA NOAEL 1.7E-01 NA 1.7E-01
NC NA NC NA Immune system 71.78-03 NA 71.7E-03
NA Kidney $.0E-02 NA 5.0E-02
NC NA NC NA Developmental toxicity $.5E-02 NA $.SE-02
NC NA NC NA NOAEL 2.1E-02 NA 2.1B-02
[Vanadium NC NA NC NA NOAEL 2.9E-01 NA 2.98-0!
[Toxicity Equivalency (Dioxint/Furans) - Mam§  4.0E-06 NA 1.1E-08 NA 4,0E-06 - NA -
ICHEMICAL TOTAL 1.8B-0S -~ 4.0E-06 - E-OS 1.1E+00 0.0E+00 6.6E-02 1E+00
N
RADIONUCLIDE TOTAL | { [ ] ] T
‘OSURE POINT TOTAL 2E-05 |EH)0
'OSURE MEDIUM TOTAL ?.-E-05 1E+00
OIL TOTAL 2E-05 1E+00
e
[RECEPTOR TOTAL TE-03 T2E100_ |
e T s E—— v | |
TOTAL RISK ACROSS ALL MEDIA 2E-0S TOTAL HAZARD ACROSS ALL MEDIA 1.2E+00
NOTES: ‘ =
e
NC - Not carcinogenic by this exposure route, TOTAL CARDIOVASCULAR SYSTEM HI + 1.7E-04
NA - Not applicable; exp route not spplicable for this chemical/exp i TOTAL DEVELOPMENTAL TOXICITY HI 4 $.5E-02
-- - Not calculated; dose-response dats and/or dermal absorption values are not availabl -
lPreplrod by: KIC J =
it S——
Checked by: MIM TOTAL IMMUNE SYSTEM HI 2,0E-01
TOTAL KIDNEY HI - S3E-02
TOTAL LIVER HI =| 4.9E-03
ﬁ
TOTAL NOAEL HI = 7.6E-01
TOTAL SKIN HI = 13E-01
MACTEC Engineering and Consulting, Inc. -
8/10/2006

PAWS-GVTNOOE-NADBatselbe\Coniracdale'OX BORTABLES
RME-DKC-Resident-Child-Soil.xla, SUMMARY
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TABLE 9.1.CT

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs - 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

'CENARIO TIMEFRAME: CURRENT/FUTURE
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
RECEPTOR AGE: ADULT
T et T T2
CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT
EXPOSURE EXPOSURE
MEDIUM CHEMICAL EXTERNAL EXPOSURE PRIMARY TARGET EXPOSURE
MEDIUM POINT INGESTION]| INHALATION | DERMAL (RADIATION) |ROUTES TOTAL ORGAN INGESTION| INHALATION | DERMAL ROUTES TOTAL
e e e T i —————— v ——
SOIL FLOODPLAIN SOIL OXBOW AREA s-chlordane 4.5E-12 NA 2.1E-13 NA 4.8E-12 Liver 4.5B-07 NA 2.1E-08 4.8E-07
dieldrin 1.6E-09 NA 0.0E+00 NA 1.6E-09 Liver 3.5E-05 NA 3.5E-05
endosulfan I NC NA NC NA Kidney 1.5E-08 NA 1.5E-08
drin aldehyde NC NA NC NA Nervous system 9.38-07 NA 9.8E-07
lendrin ketone *NC NA NC NA Nervous system 1.6E-07 NA 1.6E-07
ig-chlordane 6.1B-12 NA 2.8E-1) NA 6.4E-12 Liver 6.)E-07 NA 2.8B-08 6.4E-07
[Technical Chlordane 2.5E-11 NA L1E-12 NA 2.6E-11 Liver 2.5E-06 NA 1.1E-07 2.6B-06
IAroclor 1254 1.2E-08 NA 2.0E-09 NA 1.4E-08 Immune system 5.4E-03 NA 8.6E-04 6.2E-03
Antimony NC NA NC NA Adverse clinical signs 5.8E-04 NA 5.8E-04
Arsenic 3.5E-08 NA 1.2E.09 NA 3.6E-08 Skin 1.4B-03 NA 4.7E-05 1.4E-03
Cadmium NC NA NC NA Kidney 3.1E-04 NA 1.4E-05 3.2E-04
licopper NC NA NC NA - NA
- NA - NA -~ NA
Manganese NC NA NC NA NOAEL 8.9E-04 NA 8.9E-04
allium NC NA NC NA NOAEL 6.8E-04 NA 6.8E-04
"anadium NC NA NC NA NOAEL 4.5E-03 NA 4,5E-03
[Toxicity Equivalency (Dioxins/Furans) - Mam 1.2E-06 NA 4.0B-08 NA 1.2E~06 - NA -
CHEMICAL TOTAL 1.2E-06 - 4.4E-08 - 1E-06 1.4E-02 . 0.0E+00 9.2E-04 1E-02
S — RADIONUCLIDE TOTAL ] ] | 1 [ | ]
— |[EXPOSURE POINT TOTAL E-¢ 1E-0
~ = = E-0¢ 1E-0.
PUIL LU AL hd 1 E-0¢ 1E-02
ﬂRECEPTOR TOTAL 1E-06 1.5E-02
= Ty T I =T Y S T~
TOTAL RISK ACROSS ALL MEDIA 1E-06 TOTAL HAZARD ACROSS ALL MEDIA L.5E-02
NOTES: TOTAL ADVERSE CLINICAL SIGNS Hi = 5,8E-04
NC - Not carcinogenic by this exposure route. -
NA - Not applicable; exp route not applicable for this chemical/exp -
-~ « Not calculated; dose-response data and/or dermal sb values are not b) -
Prepared by: KIC - .
e
Checked by: MIM TOTAL IMMUNE SYSTEM HI = §.2E-03
TOTAL KIDNEY HI = 3.2E-04
TOTAL LIVER HI = 3.9E-05
TOTAL NERYOUS SYSTEM HI = 1.1E-06
TOTAL NOAEL HI » 6.1E-03
TOTALSKINHI= | 14E-03

MACT™ % ring and Consulting, Ine,
PAWSL Il\CantredaletOX BOWATABLER
CT-0%b. . vBoil xls, SUMMARY

U 8/10/2006



TABLE 9.2.CT

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs - 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

P:A\WS-GVT\COE-NAE\Batial}s\Contredals\OX BOW\TABLER
CT-Osbow-Rewident-OlderChild-Soil xls, SUMMARY

Pagelof |

CENARIO TIMEFRAME: CURRENT/FUTURE
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
RECEPTOR AGE: OLDER CHILD
CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT I
EXPOSURE EXPOSURE
MEDIUM CHEMICAL EXTERNAL EXPOSURE PRIMARY TARGET EXPOSURE
MEDIUM POINT INGESTION| INHALATION | DERMAL (RADIATION) |ROUTES TOTAY ORGAN INGESTION| INHALATION | DERMAL ROUTES TOTAL
P S, R - I—
SOIL FLOODPLAIN SOIL OXBOW AREA ja-chlordane $.3E-12 NA 8.2E-13 NA 6.lE-12 Liver 7.1E-07 NA 1.1tE-07 8.2E-07
dieldrin 1.9E-09 NA 0.0E+00 NA 1.98-09 Liver 5.5E-05 NA 5.5E-05
endosulfan [T NC NA NC NA Kidney 2.3E-08 NA 2.3E-08
endrin aldehyde NC NA NC NA Nervous system 1.5B-06 NA 1.5E-06
endrin ketone NC NA NC NA Nervous system 2.5E-07 NA 2.5E-07
-chlordane 11E-12 NA 1.1E-12 NA 8.3E-12 Liver 9.5E-07 NA 1.SE-07 1.1B-06
‘ochnical Chlordane 2.9E-11 NA 4.4E-12 NA 3.3E-1) Liver 3.8E-06 NA $.9E-07 4,4E.06
Aroclor 1254 1.4B-08 NA 7.7E-09 NA 2.2E-08 Immune system $.4E-03 NA 4.5E-03 1.3E-02
[Antimony NC NA NC NA Adverse clinical signs 9.0E-04 NA 9.0E-04
[jAcsenic 4.1B-08 NA 4.78-09 NA 4.6E-08 Skin 2.1E-03 NA 1.5E-04 2.4E-03
sdmium NC NA NC NA Kidney 4.3E-04 NA 7.3E-08 5.5E-04
NC NA NC NA - NA
- NA - NA - NA
anganese NC NA NC NA NOAEL 1.4E-03 NA 1.4E-03
allium NC NA NC NA NOAEL 1.1B-03 NA 1.1E-03
anadium NC NA NC NA NOAEL 7.0E-03 NA 7.0E-03
Toxicity Equivalency (Dioxing/Furans) - Mam) 1.4E-06 NA 1.6E-07 NA 1.3E-06 - NA -
T — o
ICHEMICAL TOTAL 1.4B-06 - 1.7E-07 ~ 2E-06 2.1E-02 0.0E+00 4.8E-03 3E-02
RADIONUCLIDE TOTAL | i} _] | ] ]
EXPOSURE POINT TOTAL 2E-06 JE-02
SURE MEDIUM TOTAL 2E-06 3E-02
OIL TOTAL 2E-06 3E-02
=
A ——r—a
RECEPTOR TOTAL 1E-06 e 2.6E-02
TOTAL RISK ACROSS ALL MEDIA 1E-06 TOTAL HAZARD ACROSS ALL MEDIA 2.6E-02
NOTES: TOTAL ADVERSE CLINICAL SIGNS Hj = 9.0E-04
NC - Not carcinogenic by this exposure route. hod
NA - Not applicable; exposure route not applicable for this chemical/exp di -
- = Not calculated; dose-response data and/or dermal absorption values are not available, =
Prepared by: KIC -
Checked by: MJM TOTAL IMMUNE SYSTEM HI » 13E-02
e
TOTAL KIDNEY Hl = 5.5E-04
TOTAL LIVER HI = 6.1E-05
“— |
TOTAL NERYOUS SYSTEM Hl = 1.3E-06
TOTAL NOAEL Hi = 9SE03 ]
ﬁ
TOTAL SKIN HI = 2.4E-03
MACTEC Engineering and Consulting, Inc.
8/10/2006



TABLE 93.CT

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs - 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

CENARIO TIMEFRAME: CURRENT/FUTURE
ECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
RECEPTOR AGE: CHILD

Ty 1
CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT
EXPOSURE EXPOSURE
MEDIUM CHEMICAL - EXTERNAL EXPOSURE PRIMARY TARGET EXPOSURE
MEDIUM POINT INGESTION| INHALATION | DERMAL (RADIATION) |ROUTES TOTAL ORGAN INGESTION| INHALATION | DERMAL ROUTES TOTAL
M —— T N — e~ T
SOIL FLOODFLAIN SOIL, OXBOW AREA fja-chlordane 2.1E-11 NA 9.5E-13 NA 2.2E-11 Liver 4.2E-06 NA 1.9E-07 4.4E-06
dieldsin 7.5B-09 NA 0.0E+00 NA 7.5B-09 Liver 3.3B-04 NA 3.3E-04
endosulfan 11 NC NA NC NA Kidney 1.4E-07 NA 1.4E-07
enidrin aldehyde NC NA NC NA Nervous system 9.1E-06 NA 9.1E-06
fendrin ketone NC NA NC NA Nervous system 1.5E-06 NA 1.5E-06
[g-chlordane 2.8E-11 NA 1.3E-12 NA 3.0E-11 Liver 5.7E-06 NA 2.5B-07 5.9E06
ITechnical Chlordane 1.1B-10 NA S.1E-12 NA 1.2B-10 Liver 2.3E-03 NA 1.0E-06 2.4E-05
[Aroclor 1254 5.7TE-08 NA 9.0E-09 NA 6.6E-08 Immune sysiem 5.0E-02 NA 7.9E-03 5.8E-02
Antimony NC NA NC NA Adbverse clinical signs 5.4E-03 NA 5.4E-03
Arsenic 1.6E-Q7 NA $.5E-09 NA 1.7E-07 Skin 1.3B-02 NA 43B-04 }.3E-02
Cadmium NC NA NC NA Kidney 2.9E-03 NA 1.3E-04 1.0E-03
Copper NC NA NC NA - NA
Lead -~ NA - NA - NA
Manganese NC NA NC NA NOAEL 8.3E-03 NA 8.3E-03
allium NC NA NC NA NOAEL 6.4B-03 NA 6.4E-03
anadium NC NA NC NA NOAEL 4.2B-02 NA 4.2E-02
[Toxicity Equivalency (Dioxins/Furans) - Mam]  5.5E-06 NA 1.9807 NA $.7E-06 - NA -
CHEMICAL TOTAL $.8E-06 - 2.0E-07 - ﬁ% 1.3E-01 0.0E+H00 8.4B-03 1E-01
RADIONUCLIDE TOTAL | 1 — I 1 ]
‘OSURE POINT TOTAL 6E-06 1E-01
OSURE MEDIUM TOTAL 6E-06 1E-01
OJL TOTAL 6E-06 1E-01
N
—
RECEPTOR TOTAL 6E-06 1.4E-01
TOTAL RISK ACROSS ALL MEDIA 6E-06 TOTAL HAZARD ACROSS ALL MEDIA 1.4E-01
NOTES: TOTAL ADVERSE CLINICAL SIGNS HI = 5.4E-03
NC - Not carcinogenic by this exposure route. -
NA - Not applicabl route not applicable for this chemical/exp di -
- - Not calcutated; dose-response data and/or dermal absorption values are not availabl -~
Prepared by: KIC . -
Checked by: MIM TOTAL IMMUNE SYSTEM HI = 5.8E-02
TOTAL KIDNEY Hi = 3.0E-03
TOTAL LIVER Hl = 3.6E-04
TOTAL NERVOUS SYSTEM Hl = 1.1E-05
TOTAL NOAEL HI = 5.7E-02
TOTAL SKIN HI = 1IE-02
MACTEC Engineering and C Iting, Inc.
PAW9-Q' - el
o rrekattioe P #10/2006
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TABLE 94.CT

O

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs - 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

CENARIO TIMEFRAME: CURRENT/FUTURE
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
RECEPTOR AGE: ADULT
T
EXPOSURE EXPOSURE CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT
MEDIUM CHEMICAL EXTERNAL | EXPOSURE PRIMARY TARGET EXPOSURE
MEDIUM POINT INGESTION| INHALATION | DERMAL} iy i | ROUTES TOTA ORGAN INGESTION| INHALATION | DERMAL | .o e ciron
SOIL ~FLOODFLAIN SOIL -Methylnaphthaleno NC NA NC NA Cardiovascular system 2.0E-06 NA SOE07 2.3E-06
|Acenaphihylene NC NA NC NA Liver 4.0E-07 NA 6.0E-08 4.6E07
enzo(a)anthracens 9.8E-09 NA 1.5E-09 NA 1.1E-08 Kidney 7.9E-06 NA 1.2E-06 9.0E-06
Benzo(a)pyrens 9.3E-08 NA 1.58-08 NA 1.1B-07 Kidney 7.8E-06 NA 1.2E-06 9.0E-06
enzo(b)fluoranthene 1.1E-08 NA 1.6E-09 NA 1.3B-08 Kidney 8.8B-06 NA 1.3E-06 1.0E-05
enzo(g.h,i)perylens NC NA NC NA Kidney $.9E-06 NA 8.3E-07 6.8E-06
ibenzo(s h)anthracens 2.0E-08 NA 2.9E-09 NA 2.2E-08 Kidney 1.6E-06 NA 2.3E-07 1.8E-06
deno(1,2,)-cd)pyrane 8.0E-09 NA 1.2B-09 NA 9.2E-09 Kidney 6.4E-06 NA 9.5E-07 7.4E-06
enanthrene NC NA NC NA Kidney 1.0B-08 NA 1.5B-06 1.28-08
pha-Chlordane 2.7E-11 NA 12812 NA 2.3E-11 Liver 2.7E-06 NA 1.2E-07 2.8B-06
HAroclor-1254 4.5E-09 NA 72810 NA $.3E-09 Immune system 2.0E-03 NA 3.2B-04 23E-03
. HAroclor-1268 73E-10 NA 1.2E-10 NA 3.5E-10 Immune systom 3.2E-04 NA $.1E-05 3.7E-04
Endosulfan Sulfate NC NA NC NA Kidney 8.3E-08 NA $3E-08
[Technical Chlordane 6.6E-10 NA 3.0B-11 NA 6.9E-10 Liver 66B-:05 |- Na 3.0B-06 6.9E-05
Atuminum NC NA NC NA - NA
[Arsenic $.0E-08 NA 1.78-09 NA $.2E-08 Skin 2.0B-03 NA 6.7B-05 2.0E-03
mium NC NA NC NA NOAEL 5.98-03 NA $.9E-03
NC NA NC NA - NA
- NA - NA - NA
anganese NC NA NC NA NOAEL 2.0E-03 NA 2.0E-03
ercury NC NA NC NA Tnunune systom 1.SE-04 NA 1.5SE-04
lybdeaum : NA Kidney 8.2E-04 NA 8.2E-04
kel NC NA NC NA Developmental toxicity 4.6B-04 NA 4.6E-04
IThallium NC NA NC NA NOAEL 4.4E-04 NA 4.4E-04
[Vansdium NC NA NC NA NOAEL - 6.3E-03 NA 6.3E-03
Toxicity Equivalency (Dioxing/Furans) - Mar{  3.6E-08 NA 41E-11 NA .6E-08 - NA -
[CHEMICAL TOTAL 2.4E-07 - 2.4E-08 = 3607 - 2.0E-02 0.0E+00 4.5E-04 T
RADIONUCLIDE TOTAL | [ | | A {
OSURE POINT TOTAL SE07 R0 ]
OSURE MEDIUM TOTAL 3IE-07 02 ]
|
— o ——]
IL TOTAL L 3E-07 1 260
IRECEPTOR TOTAL “3E-07 TIE0Z |
TOTAL RISK ACROSS ALL MEDIA 3E-07 TOTAL HAZARD ACROSS ALL MEDJA 2.1E-02
NOTES:
TOTAL CARDIOVASCULAR SYSTEM HI 4

MACTEC Engi

NC - Not carcinogenic by this exposure route.

le for this chemical/s

1

NA - Not applicable; exp

route not appli
=~ - Not calculated; dose-response dats and/or dermal ab

values are not

TR

Prepared by: KIC
Checked by: MIM

—

ing and Ci

Iting, Inc.

PAWGYTVCOE-NAEWatielis\Contradaie\OX BOVATABLES\
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TOTAL DEVELOPMENTAL TOXICTTY HI %

TOTAL IMMUNE SYSTEM HI =
TOTAL KIDNEY HI =]
TOTAL LIVER HI =

TOTAL NOAEL HI =

TOTAL SKIN Hi =
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TABLE 95.CT
SUMMARY OF RECEPFTOR RISKS AND HAZARDS FOR COPCs - 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

CENARIO TIMEFRAME: CURRENT/FUTURE
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
RECEPTOR AGE; OLDER CHILD
CARCINOGENIC RISK ﬁgﬂ-CARClNOG ENIC HAZARD QUOTIENT
EXPOSURE EXPOSURE
MEDIUM CHEMICAL . [ EXTERNAL EXPOSURE PRIMARY TARGET EXPOSURE
MEDIUM INGESTION| INHALATION | DERMAL (RADIATION) | ROUTES TOTAL ORGAN INGESTION| INHALATION | DERMAL ROUTES TOTA
“SOIL. FLOODPLAIN SOIL ~Mothylnaphthalene NC NA "NC NA Cordiovascular system | 3.2E-06 NA 1.65.06 GIE0E |
cenaphthylene NC NA NC NA Liver 6.3B-07 NA 3.1E-07 9.4E-07
enzo(s)anthracene 1.1E-08 NA 5.7B-09 NA 1.7E-08 Kidney 1.2E-05 NA 6.lE-06 1.8E-05
L1E-07 NA 5.7B-08 NA 1.7E-07 Kidney 1.2E-05 NA 6.1E-06 1.8E-05
20(b)fluoranthene 1.3E-08 NA 6.4E-09 NA 1.9E-08 Kidney 1.4E-05 NA 6.8E-06 2.0B-05
Benzo(g b i)peryteas NC NA NC NA Kidney 9.2B-06 NA 4.6E-06 1.4B-05
Dibenzo{a,h)anthracene 23E-08 NA 1.1E08 NA 3.4E-08 Kidney 2.4B-06 NA 1.2E-06 1.6B-06
ndeno(1,2,3-cd)pyrene 9.4E-09 NA 4.7E-09 NA 1.4E-08 Kidnoy 1.0B-05 NA 5.0E-06 ).5E-08
NC NA NC NA Kidney 1.6E-05 NA 7.8E-06 2.3E-05
Ipha-Chlordane 3.2E-11 NA 4.9E-12 NA 3.7E11 Liver 4.2E-06 NA 6.5E-07 4.9E-06
|{Aroclor-1254 5.3B-09 NA 2.8B-09 NA 3.1E-09 Immune system 3.1E-03 NA L.TB-03 4.7E-03
[Aroclor-1268 8.5E-10 NA 4.6B-10 NA 1.3E-09 Immune system 5.0B-04 NA 2.78-04 7.7E-04
dosulfen Sulfate NC NA NC NA Kidney 1.3E-07 NA 1.3E-07
‘echnical Chiordane 1.7E-10 NA 1.2E-10 NA $.8B-10 Liver 1.0E-04 NA 1.6E-05 1.2E-04
Juminum NC NA NC NA - NA
||Arsenic 5.9E-08 NA 6.8B-09 NA 6.6E-08 Skin 3.1E-03 NA 3.5E-04 3.4E-0
IChromium NC NA NC NA . NOAEL 9.1E-03 NA 9.1E-03
pper NC NA NC NA - NA
Lead - NA - NA - NA
ganese NC NA NC NA NOAEL 3.1E-03 NA 3.1E-03
. ercury NC NA NC NA Immune system 23E-04 NA 23E04
Molybdenum NA Kidney 1.3E-03 NA 1.3E-03
ickel NC NA NC NA Developmental toxicity 7.1E-04 NA 7.1B-04
[Thallium NC NA NC NA NOAEL 6.8B-04 NA 6.8E-04
[Vanadium NC NA NC NA i NOAEL 9.8E-03 NA 9.8E-03
Toxicity Equivalency (Dioxing/Furans) - Mamy ~ 4.2E-08 NA 1.6B-10 NA 4.2E-08 - NA -
CHEMICAL TOTAL 2.8E-07 - 9,6E-08 - 4E-07 3.2E-02 0.0E+00 2.3B-03 B0z ]
RADIONUCLIDE TOTAL i } } ] 1 { ]
iﬁOSURE POINT TOTAL 4E-07 3E-02
EXPOSURE MEDIUM TOTAL ST 3E-02
SOIL TOTAL T4EQT 3502
it e ———
ERECEPTOR 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 43E-06
NA - Not applicabl p route not applicable for this chemical/exp di TOTAL DEVELOPMENTAL TOXICITY HI < 7.1E-04
-= - Not calculated; dose-response dats and/or dermal absorption values are not availabl -
Prepared by: KJC . -
Checked by: MIM TOTAL IMMUNE SYSTEM Hi = 5.7E-03
TOTAL KIDNEY HI =| 1.4E-03
TOTAL LIVER HI =| 1.2E-04
TOTAL NOAEL HI = E==-Z=J£.;==
TOTAL SKIN HI = 3AE-03

§/10/2006

MACTEC Engingering and Consulting, Inc,
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TABLE 96.CT
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs - 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

)

CENARIO TIMEFRAME: CURRENT/FUTURE
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
RECEPTOR AGE: CHILD
s CARCINOGENIE RISK NON-CARCINOGENIC HAZARD QUOTIENT |
EXPOSURE EXPOSURE .
MEDIUM CHEMICAL EXTERNAL EXPOSURE PRIMARY TARGET EXPOSURE
EDI
MEDIUM INGESTION| INHALATION | DERMAL (RADIATION) | ROUTES TOTA! ORCGAN INGESTION| INHALATION{ DERMAL ROUTES TOTA
B — = N e ~ o — 1]
SOIL FLOODPLAIN SOIL -Methylnsphthalene NC NA NC NA Cardiovascular system 1.9-5-05 NA 2.8B-06 2.2E-05
cenaphthylene NC NA NC NA . Liver 3.8B-06 NA $.SE-07 4.3B-06
enzo{s)anthracens 4.6E-08 NA 6.78-09 NA 5.3E-08 Kidney 7.38-08 NA 1.1E-05 8.4E-05
4.6E-07 NA 6.7E-08 NA $.2E-07 Kidney 7.38-03 NA 1.1E-05 8.4E-05
Benzo(b)fluoranthene S.1E-08 NA 7.5E-09 NA $.9E-08 Kidney 8.2E-05 NA 1.2E-05 9.4E-03
en2o(g,h,i)perylene NC NA NC NA Kidney $.5E-05 NA 8.1E-06 6.4E-05
ibenzo(s,h)anthracens 9.1E-08 NA 1.3E-08 NA 1.0E-07 Kidney 1.5E-08 NA 2.1E-06 1.7E-05
J-cd)pyrene 3.7E-08 NA $.4E-09 NA 4.3E-08 Kidney 6.0E-03 NA 8.7E-06 6.9E-05
NC NA NC NA Kidney 9.4E-05 NA i.4E-05 i.1E-04
pha-Chlordane 1.3E-10 NA 5.7B-12 NA 1.3E-10 Liver 2.5E-08 NA 1.1E-06 2.6E-05
2.1E-08 NA 3.3B-09 NA 2.4E-08 Immune system 1.9B-02 NA 2.9E-03 2.1E-02
[iAroclor-1268 3.4B-09 NA $.4E-10 NA 31.9B-09 Immune system 3.0E-03 NA 4.7E-04 3.5E-03
Endosulfan Sulfate NC NA NC NA Kidney 1.7TE07 NA 7.7E-07
‘ochnical Chiordmne 3.1E-09 NA 14E-10 NA 3.2B-09 Liver 6.1B-04 NA 2.7E-05 6.4E-04
[Aluminum NC NA NC NA - NA
JArsenic 24E-07 NA 7.9B-09 NA 24E-07 Skin 1.8E-02 NA 6.2E-04 1.9E-02
romium NC NA NC NA NOAEL $.5E-02 NA 5.5E-02
pper NC NA NC NA . NA
- NA - NA - NA
ganose NC NA NC NA NOAEL 1.8E-02 NA L.8E-02
orcury NC NA NC NA Immune system 1.4E-03 NA 1.4E-03
lybdenum NA Kidney 7.7E-03 NA 7.78-03
ickel NC NA NC NA Developmental toxicity 4.3E-03 NA 4.3E-03
allium NC NA NC NA NOAEL 4,1E03 NA 4.1E-03
(Vanadium NC NA NC NA NOAEL 3.9E-02 NA 5.98-02
Toxicity Equivalency (Dioxing/Furans) - Mam{  1.7E-07 NA 1.9E-10 NA 1.7B-07 - NA -
ICHEMICAL TOTAL 1.1E~06 - 1.1B-07 - 1B-06 1.9E-01 0.0E+00 4.1E-03 2E-01
o RADIONUCLIDE TOTAL | | I | 1 | {
|[EXPOSURE POINT TOTAL ; ~1E.0¢ 2E-01
I e ]
e 1E-06 2E-01
SOILTOTAL L= LT
[RECEPTORTOTAL 1E-06 1.9E-0
TOTAL RISK ACROSS ALL MEDIA 1E-06 TOTAL HAZARD ACROSS ALL MEDIA 1.9E-0
NOTES: -
NC - Not carcinogenic by this exposure route, ‘TOTAL CARDIOVASCULAR SYSTEM HI1 o 2.2E-05
NA - Not applicable; exp Toute not applicable for diis chemical/e dit TOTAL DEVELOPMENTAL TOXICITY Rl 4 43E-03
= = Not calculated; doso-response data and/or dermal ab values are not availsbl -
Prepared by: KIC =
v~ S———
Checkod by: MM TOTAL IMMUNE SYSTEM Hi 2.68-02
TOTAL KIDNEY HI = 8.2E-03
L
TOTAL LIVER HI =| 6.7E-04
ﬁ
TOTAL NOAEL HI = 1.4E-01
-
TOTALSKINHI = 1.9E-02
MACTEC Engineering and Consulting, Inc. -
8/10/2006

PAWS-OVTVOOE-NAEBattel le\Contredule\OX BOW\YABLES\
CT-BXG-Resident-Child-50il.xls, SUMMARY
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TABLE 10.L.RME
RISK SUMMARY + 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

CENARIO TIMEFRAME: CURRENT/FUTURE
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
RECEPTOR AGE: ADULT
. x ]
o CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT
EXPOSURE EXPOSURE
MEDIUM CHEMICAL EXTERNAL EXPOSURE PRIMARY TARGET EXPOSURE
ME
DIUM POINT 4]' INGESTION| INHALATION | DERMAL (RADIATION) |ROUTES TOTAL ORGAN INGESTION| INHALATION | DERMAL ROUTES TOTAL
[yt e r——————— e 2= aeorw: - —rcoe — —ur
SOIL FLOODPLAIN SOIL OXBOW AREA FoTucny Equivalency (Dioxins/Furans) - Mam| ~ 3.4E-05 NA 4.0B-06 NA 3.3E-05
[CHEMICAL TOTAL 3.4E-05 - 4.0E-06 b 4E-08 - 0.0E+00 - OE+00
[RADIONUCLIDE TOTAL | ] ] ] | _ |
. EXPOSURE POINT TOTAL 4E-05 OE+H)0
_
OSURE MEDIUM TOTAL 4E-05 0E+00
OIL TOTAL . 4E-05 QE+0
.
HRECEPTOR TOTAL 4.=E:05 -
T T A e et Ty — T =2

TOTAL RISK ACROSS ALL MEDIA 4E-~05 TOTAL HAZARD ACROSS ALL MEDIA -

NOTES: -

NC - Not carcinogenic by this exposure route. -

NA - Not applicablo; exp route not applicable for this chomical/exp di -

sis

= - Not calculated; dose-response data and/or dermal absorption values are not

Prepared by: KJA
Checked by: MIM

MACT ring and Consulting, Inc, . .
PAWS-G 19\ContredaletOX BOWNTABLENRME-Oxbow-Rasidont-Adult-Soil xIxSUMMARY-COCx - ! u 8/10/2006
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TABLE 10.2.RME
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs - 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

CENARIO TIMEFRAME: CURRENT/FUTURE
CEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
RECEPTOR AGE: OLDER CHILD
=Y Ty T
EXPOSURE CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT ‘
POSUR! EXPOSURE .
MEDIUM CHEMICAL EXTERNAL EXPOSURE PRIMARY TARGET EXPOSURE
DIU
. MEDIUM POINT INGESTION| INHALATION | DERMAL (RADIATION) [ROUTES TOTAL ORGAN INGESTION| INHALATION | DERMAL ROUTES TOTAL
SOIL DP] SOIL OXBOW AREA [Arsenic lfB-OG AﬁA 4.5E-07 NA 2.0B-06 §En - NA -
Toxicity Equivalency (Dioxing/Furans) - Mam|  5.2E-0§ NA 1.SE-05 NA 6.7B-05
PO
ICHEMICAL TOTAL 5.4E-05 - 1.6E-05 - TE-05 - 0.0E+00 - O0E+00
RADIONUCLIDE TOTAL | ] { _t | [ o ‘
SURE POINT TOTAL 7E-05 OE+00
e
l OSURE MEDIUM TOTAL 7E-05 OE+00
IERECEPTOR TOTAL 7E-08 -
M — = I T e I T ——— =P S - T
TOTAL RISK ACROSS ALL MEDIA 7E-08 TOTAL HAZARD ACROSS ALL MEDIA -~
NOTES: ~
NC - Not carcinogenic by this exposure route. bad
NA - Not applicable; exp route not applicable for this chemical/exp di K -
= - Not calculated; dose-response data and/or derinal absorption values are not availabl had
Prepared by: KIC -~
Checked by: MIM ~
MACTEC Engineering and Consulting, Inc.
$122623
Page 1 of | 8/10/2006

PAWS-GVTVCOE-NAE\Batisll#\Cantredal 6YOX BOWNTABLES\RME-Oxbow-Resident-OlderChild-Soil xsSUMMARY-COCs



TABLE 10.2.CT
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs - 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

CENARIO TIMEFRAME: CURRENT/FUTURE
RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR

RECEPTOR AGE: OLDER CHILD

CARCINOGENIC RISK _ NON-CARCINQGENIC HAZARD QUOTIENT
EXPOSURE EXPOSURE
MEDIUM CHEMICAL EXTERNAL EXPOSURE PRIMARY TARGET EXPOSURE
MEDIUM POINT INGESTION{ INHALATION | DERMAL (RADIATION) |ROUTES TOTAL ORGAN INGESTION| INHALATION | DERMAL ROUTES TOTAL|
e e g ey e — NS e NS
SOIL FLOODPLAIN SOIL OXBOW AREA roxiu'ty Equivalency (Dioxins/Furans) - Mam]  1.4E-06 NA 1.6E-07 NA 1.5E-06
ICHEMICAL TOTAL 14E-06 - 1.6E-07 - —2E0 = D.0E+00 - OE+00
L
RADIONUCLIDE TOTAL N | 1 ] — I I A
* [EXPOSURE POINT TOTAL Z-F»OG OE+00
'OSURE MEDIUM TOTAL 2E~0¢ OE+00
OIL TOTAL 2EA OE+00
—
RECEPTOR TOTAL 12-06 -
TOTAL RISK ACROSS ALL MEDIA 2E-06 TOTAL HAZARD ACROSS ALL MEDIA —
NOTES: -
NC - Not carcinogenic by this exposure route. -~
NA - Not applicable; exposure route not applicable for this chemical/exp di -
-- = Not calculated; dose-response data and/or dermal sbsorption values are not availabl -
Prepared by: KJA -
Checked by: MIM =
MACTEC Engineering and Consulting, Inc,
8/10/2006

5122623
PAWy-G* VOX DOWITABLESICT -Oabow-Reuidess-OldarChild-$0il xlaSUMMAR Y-COCs ‘ 'f 1




TABLE 10.3.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

CENARIO TIMEFRAME: CURRENT/FUTURE
ECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
RECEPTOR AGE: CHILD
Y= T,y Ty
RE CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT
EXPOSU. EXPOSURE
MEDIUM CHEMICAL EXTERNAL EXPOSURE PRIMARY TARGET EXPOSURE
M
MEDIU POINT INGESTION| INHALATION | DERMAL (RADIATION) |ROUTES TOTAL ORGAN INGESTION| INHALATION | DERMAL ROUTES TOTAL
v A S ——— — —— _
SOIL DP! OIL EXBSW AREA jAroclor 1254 1.8E-06 NA 6.9E-07 NA 2.4E-06 Immune system - NA -
[lArsenic . 4.7E-06 NA 3.9E07 | NA $.1E-06 Skin - NA -
[Toxicity Equivalency (Dioxing/Furans) - Mam}  1.6E-04 © NA 13E-05 NA 1.7B-04
U
ICHEMICAL TOTAL ).6E-04 - ).4E-08 - 2B-04 -~ 0.0E+00 - OE+00
E—
RADIONUCLIDE TOTAL | ] | | — { | |
EXPOSURE POINT TOTAL ki 2E-04 OE+00 .
SURE MEDIUM TOTAL 2E-04 OE+00
OIL TOTAL 2E-04 OE+00
[RECEPTOR TOTAL E-04 =
T~ R T ————— T = eI T
TOTAL RISK ACROSS ALL MEDIA 2E-04 TOTAL HAZARD ACROSS ALL MEDIA -
NOTES: —~
NC - Not carcinogenic by this exposure route, —
NA - Not applicable; exp route not applicable for this chemical/exp dit -
= = Not calculated; dose-response data and/or dermal absorption values are not available. - =
Prepared by: KJA -
Checked by: MIM -
MACTEC Enginscring and Consulting, Inc,
8/10/2006

3123625
PAWS-OVT\COE-NAE\BetwlleiContradais\OX BOWTABLESRME-Oxbow-Residamt-Chikd-Soxl.sisSUMMARY-COCr Page 1 of !



TABLE 103.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

‘CENARIO TIMEFRAME: CURRENT/FUTURE
[RECEPTOR POPULATION: PASSIVE RECREATIONAL VISITOR
IRECEPTOR AGE: CHILD
ooty T
CARCINOGENIC RISK NON-CARCINOGENIC HAZARD QUOTIENT
EXPOSURE EXPOSURE
MEDIUM p CHEMICAL EXTERNAL EXPOSURE PRIMARY TARGET EXPOSURE
MEDIUM POINT INGESTION| INHALATION | DERMAL (RADIATION) |ROUTES TOTAL ORGAN INGESTION| INHALATION | DERMAL ROUTES TOTAL
SOIL FLOODPLAIN SOIL OXBOW AREA Toxicity Equivafency (Dioxins/Furans) - Mam| 5.5E-06 NA 1.98-07 NA 5.7E-06
{CHEMICAL TOTAL 5.SE06 = 1.9E-07 = “SE-06 = G.0E+00 - 0E+00
| .
JIRADIONUCLIDE TOTAL ] | | ) — | | {
BXPOSURE POINT TOTAL 6336 OE+00
EXPOSURE MEDIUM TOTAL 6E-06 OE+00
OIL TOTAL 6E-06 QE+0
HRECEPT OR TOTAL 2-06 —
TOTAL RISK ACROSS ALL MEDIA 6E-06 TOTAL HAZARD ACROSS ALL MEDIA -
NOTES: -
NC - Not caccinogenic by this exposure route. -
NA - Not applicable; exp route not applicable for this chemical/exp di -
-- - Not calculated; dose-response data and/or dermal absorption values are not svailabl -
Prepared by: KJA -
{Checked by: MIM =
MACTEC Engineering and Consulting, Inc.
5122625 £1 8/10/2006

PAWS-L ilo\Contredale\OX BOWATABLES\CT-Oxbow-Resident-Child-Soil xleSUMMARY-COCa




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 Excess Lifetime Hazard
) Cancer Risk Quotient
Current/Future - Oxbow Area
Passive Recreational Visitor Child (ages 1 through 6) Floodplain Soil Incidental ingestion 1.6E-04 1
. Dermal contact 1.4E-05 0.2
Total Risk: 1.8E-04 1
Older Child (ages 7 through 18) Floodplain Soil Incidental ingestion 5.5E-05 0.2
Dermal contact 1.6E-05 ' 0.1
Total Risk: 7.1E-05 0.3
Adult (ages 19 and above)  Floodplain Soil Incidental ingestion 3.5E-05 0.1
' Dermal contact 4.4E-06 0.03
Total Risk: 3.9E-05 0.1
Total Receptor Risk: 3E-04 NC
Prepared by: KJC
Checked by: MJM

P:W9-GVTICOE-NAEBatisfie\Contredale\OX BOWITABLES!
j Ish . Page 10f 1 8/10/2006

Oxbow-Ci Risks-Soll.xis, RME-Ci




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

PAWO-GVT\COE-NAE\Batielle\Centredale\OX BOWATABLES\ Page 1 of 1

Oxbow~Cummlath

ks-Soil.xis, CT-C

J

Exposure Scenario - Receptor Exposure Point Exposure Route Excess Lifetime Hazard
Cancer Risk Quotient
Current/Future - Oxbow Area
Passive Recreational Visitor Child (ages | 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
Passive Recreational Visitor ~ 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
Passive Recreational Visitor 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

8/16/12006
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Table 12
Summary of Non-Cancer Rigsks

Addendum To Baseline Human Health Risk Assessment: Oxbow Area
Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Istand

Non-Carcinogenic Risk Floodplain Soll 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
Aduit 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: MUM

P:\WS-GVT\COE-NAE\Battelie\Centredale\OX BOWATABLES\
Oxbow-CummulativeRisks-Soil.xls, NONCANCERSUMMinc - 12
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Table 13
Summary of Cancer Risks

Addendum To Baseline Human Health Risk Assessment: Oxbow Area
Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island

Floodplain Soll

incremental Receptor Risk

Carcinogenic Risk
: CcT RME CT RME
Passlve 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).
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Table A-1
Analytical Data for Floodplain Soil in the Oxbow Area

Adeendum To Baseliné Human Health Risk Assessment: Oxbow Area
Centredale Manor Restoration Project Superfund Site

North Providence, Rhode Island

LPX-DU-062104A

LPX-DU-062104B

LPX-DU-062104B DUP

LPX-SD-4401-0005-01

LPX-SD-4402-0005-01

LPX-5D-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
Pesticides/PCBs (mg/Kg I R S
| 0.00899 4
©10.00016 U
~ 0.06338J;
endostifan | 10.00017 UL
endosuifan (I "
g-chlordane 000208 ‘
heptachior .. 0.00015 Ui
heptachior epoxide _ . 000014U;
Lindane . ; i ©0.00076 J;
methoxychior o i ©0.00022U; N 0.00022 U
Technical Chlordane | 0.0162U N © 0.01626 U;
i 0.0162U, N £ 0.01626 U:
~0.01619U. ; 0.01625 U;
""___oo1s15u 1 0.01622U;
_ Sy
- 0.01622
Aroclor 1248 - Sy e — ' o 01622 U
Arocior 1954~ _— e J e
Aroclor 1260 ' T
Aroclor 1268
Inorganics (mg/Kg)
Anti
Cobalt
Sl Summary s XTA8 Gubow it LS Page 1 of 4 871012005
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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 Istand

123478-HxCDD
123478-HxCDF

0.00000213 J!
0.00000184 J:

10.00000167 J;
~.0.000000881 J;

LPX-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
36.7 17.2°
.38 aaa
827
..... ha
324
164 U;
Dloxms/Furans (mg/Kg)
1234678- -HpCDD 0. 0000206
1_2§4~6Z_8.|:|_9CDF - 0. 00000881
1234789-HpCD ) 0. 000000597 U

0.00000061 EMPC
0.00000171 J

" 0.00000128 EMPC
0.00000126 J
0.000000689 U
0.000000281 U

12378- PeCDD 3 P ) 0.0000015 J- 0.000000705 J
12378-PeCDF N . B 0.0000524 EMPCT ~ 000000564 EMPC: ' 0.0000038 EMPC
T 0.00000132J] T - 0 ~0.00000152 J

S - R T T — 0,00000154 J
2378-TCDD ;o 0.000789 J#z__ o ©0.000521 #
2378-TCDF " ......0.00000286 "
OCDD 0.000291 J; 0. 000142 J
OCDF o .0000192 41 . .0.0000292 J; £ 0.000011 J
Toxicity Equivalency - Mammals | 0.000795 T 0.00316] " "0.000405 10.000524

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

Sl Summaryis, XTAB Ontow Oate o ES! Page 2 of 4 8/10/2006




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-4406-0005-01
6/21/2004
0-0.5 ft

LPX-SD-4404-0005-01 | LPX-SD-4405-0005-01
6/21/2004 6/21/2004
PARAMETER 0-0.5 ft 0-0.5 ft

LPX-SD-4407-0005-01

6/21/2004
0-0.5 ft

Pesticides/PCBs (mg/Kg) __  \ . ool

endosulfan |

endosulfan i

endosuifan sulfate
endrin

endrin aldehyde
endrin ketone

heptachlor g
Lindane

met.h°x)/°h'°r RSO R
Technical Chiordane

Barium
Beryllium

Cadmium
Chromlum

Cobalt

0.00251

~0.00021U
000

0. ooozs U

N fo 02032 U
- 0.02028 U

1 0.02028 U
~0.02028 U
 0.63783
.0.02032 U
10.02028 U

P:\W9-GVT\COE-NAE\Battelie\Centredale\OX BOWATABLES\
Soil Summary.xls, XTAB Oxbow Data
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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-4405-0005-01

LPX-SD-4406-0005-01

LPX-SD-4407-0005-01

1234678-HpCDD
1234678-HpCDF
1234789-HpCDF

123478-HxCDL

123478-HxCDF

123678-HxCDD

123678 HxCDF

12378- BeCDD
12378-PeCDF
234678-HXCDF

23478-PeCDF

" 0.00000617 J

6/21/2004 6/21/2004 6/21/2004 6/21/2004
PARAMETER 0-0.5ft 0-0.5ft 0-0.5 ft 0-0.5f

Copper S L 73.2
lead e - 246
Manganese - 809
Molybdenum ~ 5.83
Nickel o 307
Selenium . 178
Siver . . 1.0
Thallium
Vanadium 627
Zinc . 254
Total Organic Carbon 0.03614
Dioxins/Furans (mgIKg)‘_w o

' 0.000224

0

0000213 T
~0.0000023

0 00000875 J

0000122

0.0000027 Ji
0

7 0.0000126J T " 0,000008
855

" 0.00000836

" 0.00000428 EMPCL -

2378-TCDD i
2378-TCDF . 0009.029?,_,.

ocDhD ..0.0041; 0.00148 J
OCDF oo _..eoot77 T 011, . .0.000102 J
Toxicity Equivalency - Mammals 0.000347! T7770.004291 001831 7 770.002102

~0.00000624
~0.000019

0. 00000909
0. 00000393 J
0 00000774

©0.0000113
£ 0.0000174

P:\W9-GVT\COE-NAE\Battelie\Centredale\OX BOWATABLES\
Soit Summary.xis, XTAB Oxbow Data

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-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 7/18/2001
Semivolatiles (ugikg) L \ -

1 ‘T'—Biphenyl _—
h

. 3200U

2-Methyinaphthalene " 10196

2-Nitrophenol
4-Methylphenot

4-Nitrophenol

Acenaphthylene
Anthracene =

320484 - 336461
3263.74 3940.44

bis(2-Ethyihexyl)phthalate
Butylbenzylphthalate
Carbazole =

rysene

Dibenzo(a,h)anthracene

Dibenzofuran e
o

Din-octylphthalate

Fluoranthene

Fluorene e
indeno(1,2,3-cd)pyrene

4335.06

' 6.33
7.65

deita-BHC
Dieldrin

P:\W9-GVT\COE-NAE\Buttelie\Centredale\OX BOVATASLES\
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Analaytical Data for Floodplain Soll in Background Area (Greystone Mill Pond Area)

()

Table A-2

Addendum To Baseline Human Health Risk Assessment: Oxbow Area
Ceontredale Manor Restoration Project Superfund Site

North Providence, Rhode Island

Endosulfan Sulfate

Endrin Ketone

Emi Alde__yde e < o

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
Endosulfant 155U
Endosulfan || ' 155U
12,69 4

gamma-BHC
gamma-Chlordane

Heptachlor Epoxlde

Methoxychlor B
Technical Chiordane
Toxaphene
Aroclors (ug/kg)

155U

Aroclor-1016

Aroclor-1232°
Aroclor-1242

Araclor-221 T T

Aroclor-1260

Aroclor-1268

Aroclor, Total

Alumingm
Antimony
Arsenic
Barium

Berylium

Cadmium_
Chromium

Iron

- ERy
155U
0.74J
1.55 U
361.99 J
38.77 U

63
19.38 U

Copper .. .

12231 J

18600
0.982

Selemum
Silver

Thallium

P \WS-GVT\COE-NAE\Battelle\Centradale\OX BOWATABLES\
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Table A-2
Anataytical 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
Vanadium e 0T 886 BT, 108
Zinc 497, ' 158 249

Dioxins, Furans, HCX (ug/kg).

I TCX

2,3,7,8-TCDD

1,2,3,7,8-PeCDD

PCB Congeners (uglkg)
2-Monochlorobiphenyi (O
4-Chlorobipheny! (3)

2,2"-Dichlorobiphenyl (5)
2,3 chhlorobxphenyl 5

Toxicity Equivalency - Mammals

0 -
0.01228 |
. 0.04586

0.11028 J - 0.01029J 001225 J T 00087
000521 J 10.00294 J 000418 T 000794
;001171\1 "0.00758 J 6

002044  0.05059J
001357 _ 0.03295 J
o ... _ 002481
0.00041 J_ o © 0.00353 U
' o 0.48157
 0.02157

C 01977

[,

3.4- chhloroblphenyl (1 2) o

2,2', 3 Trichlorobiphenyl (16)

richlorobiphenyl (17)

2,2 5_Thch|orob19henyl (18)

bipl o 0.44674 ) )
23 4-Tnchloroblpheny| §2§) e o 0432194 - . e
2,3',5-Trichlorobiphenyl (26) : 1.09534 J

7358234 I

o 8:§§§i‘-5 J"a C e j.“'..-4 o

PAWB-GVT\COE-NAE\Battells\Centradale\OX BOWATABLES\
GreySollSummary.xls, KJH-SO-GMP-HardingESE
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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
7/17/12001 7/16/2001 7/17/2001 7/19/2001
24 5-Trichlorobiphenyl (31) i e 0822
2,4',6-Trichlorobipheny! (32) : ; 0.79627 J e
2,2',3,3-Tetrachlorobiphenyl (40) .3.29677 J o
154495 ]

2,2'3 4 Tetrachloroblphenyl 42)
2

22'3 ,5'-Tetrachlorobiphenyl (44)
2,23 6-Tetrachloroblphgg_y_‘l__i( )

2.3'4,8" Tetrachiorobiphenyl (49) "~ T T T T odeeiad DT
2,2,48-Tetrachlorobiphenyl (50) . = R L 092847J.

) T oaveeed
2,34 4-Tetrachlorobiphenyl (60) _ ._ 02
2,3,4,5-Tetrachlorobiphenyl (61) ' : J
2,3,4',5-Tetrachlorobipheny) (63)
2,3,4' 6-Tetrachlorobiphenyl ©4)
2,3'4,4'-Tetrachlorobiphenyl (66)

3,3, 4 4 -Tetrachlorobiphenyl (77)

2 2' 3, 3' 4-Pentachiorobiphenyl (82)
2,2',3,3',5-Pentachlorobiphenyl (83)

2, 2' 3,3, 6 Pentachloroblphenyl (84)

2 4, Pentachloroblphenyl (86)
2,2 3 4,6-Pentachlorobiphenyl (88)
2,2',3,4,6'-Pentachlorobiphenyl (89)

5-f'entachlorob heny

B Ipf
2 3,345 Pentachloroblphenyl (1 08)

2,3,3',4',6-Pentachlorobiphenyl (110)
2,34, 4' 5~ Pentachloroblphenyl (114)

2 2‘ 3. 3‘ 4 4'-Hexachloroblphenyl (128)
2,2',3,3' 4,5-Hexachlorobiphenyl (129)

2,2',3,34,6-Hexachlorobiphenyl (131) ~ 2J
2,2'3,3 4,6 Hexachiorobiphenyl (132) T ATeeeety
2,2,3,3',5,6-Hexachlorobiphenyl (134) : B 2.52531 J !

PAWS-GVT\COE-NAE\Batlstie\Contredaia\OX BOWATABLES\ 40f6 8/10/2006
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Analaytical Data for Floodplain Soil in Background Area (Greystone Mill Pond Area)

Table A-2

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
7/17/2001

RWR-FP-5002-0000-01
7/16/2001

RWR-FP-5003-0000-01

7/17/2001

RWR-FP-5004-0000-01
7/19/2001

2,2'3,3.6,

2,2',3,3',5,6"-Hexachlorobiphenyl (135)
'-Hexachlorobiphenyl {136)

2, 2 3,44 5 Hexachloroblphe_nyl (137)

2....

xachlorobiphenyl (144)

2,2',3,4',5,5'-Hexachlorobiphenyl (146)

2,2',3,4',5,6-Hexachlorobiphenyl (147)

2,2',4,4',5,5-Hexachlorobiphenyl (15

749559 L.

174)

2,2'3, 3 +4.,6,6"-Heptachlorobiphenyl (176)

22,3345 6-

6-Heptachiorobiphenyl (177)

Heptachlorobiphenyl (178)
2,2'3,4,4'5,5- -Heptachlorobiphenyl (180)

2,2,344.5,6- Heptachloroblphenyl (182) 7

2, 2' 3 3' 4, 5 5' Heptachloroblphenyl (172) - ‘“
-Heptachlorobiphe
-Heptachlorobiphenyt (175)

p
2,2'3,4'5, 5' 6-Heptachlorobiphenyl (187)

2,3, 3' 4, 4' 5,5'- Heptachloroblphenyl {189)

2

-Heptachlorobiphenyt (190)
2,3,3'4,4',5',6-Heptachlorobipheny! (191)

2,2'.3,3',4,4',5,5'-Octachlorobipheny! ( 194)*

2,2',3,3',4,4',5,6-Octachlorobiphenyl (195)

2,2',3,3'4,4",5,6"Octachlorobiphenyi (196)

tachlorobipheny! (1 97)

2,2',3,3'4,5,5',6-Octachlorobiphenyl (198) -

2, 2‘ 3,3'.4,5,6,6-Octachlorobipheny! (200)

-Octachlorobiphenyl 201)

P\WB-GVT\COE-NAE\Battelie\Centredsla\OX BOWATABLES\
GreySollSummary.xis, KJH-SO-GMP-HardingESE

()

2.81425 4

2,3,3'4,4',5-Hexachlorobiphenyl (156) ..2.52639J

2.3,3',4,4',6-Hexachlorobiphenyl (158) 2.38598 J —

2,34,4'5,5 Hexachlorobiphenyl (167) _ L..100081d
70,0963 UJ

0127930
T 1.89239J

0.14433J

.0.91833 J

124699

50f6

()
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0.78162 J
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Table A-2
Analaytical Data for Floodplain Soil in Background Area (Greystone Mill Pond Area)

Addendum To Basellne 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
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

P\WB-GVT\COE-NAE\Battalle\Centradale\OX BOVATABLES\
GreySoliSummary.xls, KJH-SO-GMP-HardingESE 6 of 6 8/10/2006
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Table B-1
WHO TEFs for Human Health Risk Assessment

Addendum To Baseline Human Heaith Risk Assessment: Oxbow Area
Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island

Congener TEF Value
| Dibenzo-p-dioxins
2,3,7,8-TCDD 1
1,2,3,7,8-PnCDD 1
1,2,3,4,7,8-HxCDD 0.1
1,2,3,6,7,8-HxCDD 0.1
1,2,3,7,8,9-HxCDD 0.1
1,2,3,4,6,7,8-HpCDD 0.01 ]
[OCDD B 0.0001
Dibenzofurans
2,3,7,8-TCDF 0.1
1,2,3,7,8-PnCDF 0.05
2,3,4,7,8-PnCDF 0.5
1,2,3,4,7,8-HXCDF 0.1 |
1,2,3,6,7,8-HxCDF 0.1
1,2,3,7,8,9-HXCDF 0.1 ~
2,3,4,6,7,8-HxCDF 0.1
1,2,3,4,6,7,8-HpCDF 0.01 R
1,2,3,4,7,8,9-HpCDF 0.01
— OCDF 0.0001
Non-ortho PCBs
PCB 77 0.0001
PCB 81 0.0001
PCB 126 0.1
[PCB 169 0.01
Mono-ortho PCBs
PCB 105 0.0001
PCB 114 0.0005
PCB 118 0.0001
PCB 123 0.0001
[PCB 156 0.0005
|PCB 157 0.0005
PCB 167 0.00001
PCB 189 0.0001 ]
Hexachloroxanthene (USEPA, 2002)
HCX 0.0002
Notes:
Y TEFs are based on the conclusions of the World Health Organization meeting in Stockholm, Sweden,
June 15-18 1997 (Van den Berg et al., 1998).
Van den Berg, M., Birnbaum, L., Bosveld, B.T.C., Brunstrm, B., Cook, P., Feeley, M., Glesy, J.P., Hanberg, A.,
Hasegawa, R., Kennedy, S.W., Kubiak, T., Larsen, J.C., van Leeuwen, F. X R., Liem, A.K.D. Nott, C., Peterson,
R.E., Poellinger, L., Safe, S., Schrenk, D., Tillit,D., Tysklind, M., Younes, M., Waem, F.,.Zacharewski, 1998.
T. Toxic Equivalency Factors (TEFs) for PC8s, PCDDs, PCDF's for humans and witdfife. Environmentai
Health Perspective, 106 (12), 775-792.
USEPA, 2002. Personal communication with Chau Vu, USEPA Region | re: TEF for HCX, May 22.

P:\WI-GVT\COE-NAE \Battelle\Centredale\OX BOWATABLES\
TEFs.xis, Sheet1 Page 1 of 1 8/10/2006



INTERIM FINAL

Part 11

Addendum to the Interim Final Baseline Ecological Risk
Assessment: Oxbow Area

Centredale Manor Restoration Project Superfund Site
North Providence, Rhode Island

Prepared for:

U.S. Army Corps of Engineers
New England District
696 Virginia Road
Concord, MA 01742

Prepared by:
Battelle

397 Washington Street
Duxbury, MA 02332

August 2006

Battelle

The Business of Innovation



~

()

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
(Figure ES-1); these four areas were designated as APB, LPX, MAP, and DYR, respectively.
The BERA evaluated the following assessment endpoints:

{. 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.
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
untif 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 as part of that investigation.
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Centredale Manor Restoration Project Superfund 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, O
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 COPEC:s 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).

o
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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 compiexes) 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:

e Vermivorous Birds — American woodcock
e Vermivorous Mammals — Short-tailed shrew
e  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). COPEC:s selected for the environmental media evaluated in this Addendum
include the following:

¢ Floodplain soil: inorganic compounds, pesticides, PCBs (Aroclors), and dioxins and
furans.

e 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 toxicologically 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 PCRB 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:
e Comparison of floodplain soil COPEC concentrations to benchmarks/guidelines.
e Comparison of estimated COPEC concentrations in floodplain soil invertebrates to CBRs.

o 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:

e 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:
e Comparison of estimated ingestion doses in vermivorous wildlife with TRVs and toxic
equivalencies.

e 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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e 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 TEQ:s.
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
Miil 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*C,, * %lipid

Ceurthwonn = (Equation l)
YTOC
where:
Coarthworm = chemical concentration in earthworm tissue (ug/g - ww)
BSAF = biota soil accumulation factor derived using site-specific data
(expressed as Zorganic carbon = AW/ tipia - WW)

Cioit = maximum chemical concentration in floodplain soil (ug/g — dw)
% lipid = lipid content of earthworm (g;ie/g; both ww basis)
%TOC = total organic carbon content of floodplain soil (g organic carbon/g5

both ww basis)
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BMF Cearthworm * %lipiduvuan egg
Cavian_ egg = — — (Equation 2)
%llp ldearthworm
where:
Coavian_esg = estimated chemical concentration in avian egg tissue (mg/kg -
wWw)
BMF = literature-based biota magnification factor (expressed as

kgcanhworm lipid/ kgavian_egg lipid)

estimated chemical concentration in earthworm prey (mg/kg
ww)

lipid content of avian egg tissue (ww basis)

lipid content of earthworm tissue (ww basis)

Cearthworm

% lipidavian_Egg
% lipidearpworm

nn

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 of fish; 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 = {[(Csoit X IR0i)+ (Cpood X IRgo0a)] x SUF }/BW (Equation 3)

where:

EDI = daily dose resulting from ingestion of soil and food (mg/kg - day)

Coi = concentration of COPEC in surface soil (mg/kg; dw basis)

IRy = estimate of receptor’s daily ingestion rate of surface soil (kg/day)

Crood = concentration of COPEC in food tissue (mg/kg; ww basis)

IRpou = 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:

e TRVs that relate a threshold concentration or ingested dose to an adverse and relevant
biological response. TRV were established for floodplain soil and biological tissue
(including invertebrates, birds, and mammals);

e Floodplain macroinvertebrate community study; and,
e 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:

e Lack of evaluation of floodplain plant exposures;

e Lack of evaluation of seasonal aquatic exposures (e.g., aquatic macroinvertebrates,
amphibians);

e Lack of analytical floodplain soil data for certain chemical groups evaluated in the
BERA, including HCX, coplanar PCBs, and PAHS; and,

e Lack of toxicity benchmark values and uptake factors for some COPECs.

Uncertainties that may have resulted in the risk estimates being over-estimated include:

e Assumption that complete exposure pathways and suitable habitat for vermivorous
wildlife exist;

e Potential sampling bias to more depositional locations within the area;

e General bias in selecting conservative exposure parameters (including organic carbon
content) and effect measures; and,

e 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:

e 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.

e 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).

e Dietary exposures and modeled tissue burdens in avian eggs and mammal liver tissue
pose a substantial risk of harm to vermivorous wildlife species.

e  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 Rl 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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TABLE ES-1. SUMMARY OF UNCERTAINTIES.

Centredale Manor Restoration Project Superfund Site — Oxbow Area
North Providence, Rhode Island

Uncertainty

Potential Over-
(+) or Under-
estimation (~)

of Risk

Rationale

Problem Formulation

Selection of
Receptors of
Concemn

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.

Identification
and Selection
of COPECs

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.

Area
Boundary
Delineation

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).

Exposure Assessment

Exposure
Parameters

+/-

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 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
avatilable 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,
and PCB
Congeners

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.

Risk Characterization

Hazard
Quotients/
Hazard Indices

+/-

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.
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TABLE ES-2. SUMMARY OF ECOLOGICAL RISK AT THE OXBOW AREA.

Receptor

Contaminant
Group

Hazard Index”

NOAEL

LOAEL

Soil invertebrates
(soil screen)

| Metals

Pesticides |

PCB
Metals

TEQTCDD |

' TEQ/TCDD | I -
Total 278
Soil invertebrates
(tissue screen) - o

| TEQ/TCDD | 1
Total

o S
Short-tailed shrew | Pesticides | - -

American
woodcock

Pesticides

PcBs 1L

Metals

TEQTCDD |
Total

TEQ/TCDD - 13 13
Total 46 6.1
Raccoon | Pesticides —
PCBs e m ]
Metals - -

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
(USACE).

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
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 floodpiain
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.

Protection and maintenance of piscivorous mammal and bird populations.
5. Protection and maintenance of insectivorous mammal and bird populations.

Protection and maintenance of omnivorous mammal and bird populations.

Three of these assessment endpoints (i.e., Assessment Endpoints # {, 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 RUFS 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 (RIDEM, 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
populifolia), dogwood (Cornus 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 (Lythrum salicaria). 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 clamitans).

2.1.7/ 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./ 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,
collermbola, 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. woodhousei fowleri). 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 brevicauday); 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.

2 Batielle

The Business of Innovation



Centredale Manor Restoration Project Superfund Site - Oxbow Area
Addendum to Interim Final BERA August 2006

2.22 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 RI-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).
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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 10 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.
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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 3
mammals were retained as COPECs for the Oxbow Area (Table 2). A discussion of the COPEC
screening process is presented below.

247 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.

242 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 toxicological 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 LCss (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
10™ 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.

245 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).

2.5.7 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.

J 1./ Exposure Assessment

Exposure to COPEC:s 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-1 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 *C, * %lipid

Cearthworm = (Equation 1)
%TOC
where:
Coarthworm = chemical concentration in earthworm tissue (ug/g - ww)
BSAF = biota soil accumulation factor derived using site-specific data
(expressed as organic carbon = AW/ tipia = WW)

Cson = maximum chemical concentration in floodplain soil (pug/g — dw)
% lipid = lipid content of earthworm (gyia/g; both ww basis)
%TOC = total organic carbon content of floodplain s0il (g organic carbon/85

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 ! 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 Ceymworm 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). D

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 TRV (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-1 of the BERA). CBRs (Table G-1 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 O

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).

777 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 TRV 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) 1s 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 §).

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-1 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.

J. /.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); aithough 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 VERMIVORQUS WILDLIFE POPULATIONS

This section evaluates risk to vermivorous bird populations (as represented by the American o
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.

J.2./ 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 COPEC:s 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 = {[(C:oil X IRsoil)+Z(Cfondi x IRfoodl')] x SFF }/BW (Equation 2)

where:
EDI = daily dose resulting from ingestion of soil and food (ug/g - day)
Cson = concentration of COPEC in surface soil (ng/g; dw basis)
Rz = estimate of receptor’s daily ingestion rate of surface soil (kg/day)
Crood = concentration of COPEC in food tissue (ng/g; ww basis)
C Rpow = 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.

i 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., sotl and contaminated biota).

O
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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:

BMF *C * Plipid

h .
Cavian _egg = et tvor:m e (Equation 3)
%llpldearthwarm
where:
Cavian_egg = estimated chemical concentration in avian egg tissue (mg/kg -
wWwW)
BMF = literature-based biota magnification factor (expressed as
kgeanhworm lipid/ kgavian_egg lipid)
Cearthworm = estimated chemical concentration in earthworm prey (mg/kg

ww)
lipid content of avian egg tissue (Ww basis)
lipid content of earthworm tissue (ww basis)

% lipidavian_egg
% llp idearlhwm""

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 of fish; 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.

222 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 ingestion 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.1 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 D4 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 egg 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-1 of the BERA (MACTEC, 2004). Wildlife tissue concentrations o
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 COPEC:s to wildlife receptors.

727 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 ingestion 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.1 and C.2, respectively. Tables C.1-2 and C.1-4 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.1-5 and
C.1-6, 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.1-5 and D.1-6,
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.1-5). 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’-
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.1-6, 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 Jead,
and 17% attributed to chromium (Table D.1-5).

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
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
COPEC:s 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 avian egg 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).

224 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

o ) Batielle
e p T —




O)

Centredale Manor Restoration Project Superfund Site - Oxbow Area
Addendum to Interim Final BERA ‘ August 2006

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 LOAE]L-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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J.7/ 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.34, 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).

772 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
D4 of the BERA) (MACTEC, 2004).

777 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).

34 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./7.7 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 USACE (including a 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./.2 Identification and Selection of COPECs

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 protectiveness 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 /.7 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 3
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.

42/ 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 o
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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.

#42.2 Contaminant Distribution with Soil Depth

Oxbow Area floodplain soil analytical data are available for samples coliected 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.

£.2 7 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 biocaccumulate 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 BMF
values were only available for a subset of COPECs. For instance, no BMF 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 BMF 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.

43/ 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
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 NOAELSs 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 NOAELSs or L.Cs, values) were
selected for use as TRVs. When an endpoint other than a chronic NOAEL was selected as a
TRV, 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 D
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.

472 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 RIiISK 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 3
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.

ot Attempts were made to bound these uncertainties in the Addendum by considering risk associated
with both chronic NOAELSs 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
North Providence, Rhode Island
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FIGURE 6
SELECT PESTICIDE AND PCB AROCLOR CONCENTRATIONS IN FLOODPLAIN SOILS

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

Centredale Manor Restoration Project Superfund Site - Oxbow Area
North Providence, Rhode Island
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FIGURE 9
CBR HAZARD RATIOS BY CONTAMINANT CATEGORY FOR OXBOW AND BERA EARTHWORM TISSUE

\-ol‘-' Centredale Manor Restoration Project Superfund Site - Oxbow Area
North Providence, Rhode Island
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FIGURE 10
SUMMARY OF WILDLIFE EXPOSURE MODELING - AMERICAN WOODCOCK

Centredale Manor Restoration Project Superfund Site - Oxbow Area
North Providence, Rhode Island
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FIGURE 11

SUMMARY OF WILDLIFE EXPOSURE MODELING - SHORT-TAILED SHREW

Centredale Manor Restoration Project Superfund Site - Oxbow Area

North Providence, Rhode Island
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FIGURE 12
CBR HAZARD RATIOS -ESTIMATED VERMIVOROUS BIRD EGG TISSUE

Centredale Manor Restoration Project Superfund Site - Oxbow Area
North Providence, Rhode Island
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FIGURE 13
CBR HAZARD RATIOS - ESTIMATED VERMIVOROUS MAMMAL TISSUE

Centredale Manor Restoration Project Superfund Site - Oxbow Area
North Providence, Rhode Island
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FIGURE 14
SUMMARY OF WILDLIFE EXPOSURE MODELING - RACCOON (Floodplain Exposures)

Centredale Manor Restoration Project Superfund Site - Oxbow Area
North Providence, Rhode Island
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C 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 4 v
LPX-SD-4402 v Ve v v
LPX-SD-4403 v
LPX-SD-4404 v v v v
LPX-SD-4405 v
LPX-SD-4406 4
LPX-SD-4407 v vh v v
Field QC Samples
LPX-DU-062104A° v
LPX-DU-062104B° v v v
PC00562 v
PC01090 v

a. 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.

C 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
Medlan i [+ ( d) Maximum Datectlon Used for Risk Soil Retaln as Deletion or Data Standard Standard
CAS Number|Chemical [o { C ation [{ d) Qualifier Units (detected) Frequency Screening” Benchmark® COPEC? Selection® Distribution Mean Deviation Mean Deviation
Dioxin/FuransiHCX
35822-46-9 [1.2.3,4,6,7,8-HpCOD ) 213.000 21 3440 PG/G_DRYWT | LPX-SD-4404 717 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 n 3190 nva No D Lognormal 70.801 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 3850 5814
39227-28-6 11,2,3,4,7,8-HxCDD 3.930 . 0.61 58 PG/G_DRYWT | LPX-SD-4404 mn 58 nva No D Lognormal 4284 : 4.180
70648-26-9 11,2,3,4,7,8-HxCDF ] 11.700 1.7 88 PG/G_DRYWT | LPX-S8D-4404 717 98 nva No D Lognormal 10.003 ©  3.818
57663-85-7 [1,2,3.6,7,8-HxCDD 9.670 1.3 504 PGIG_DRYWT| LPX-SD-4404 nn 504 nva No 5] Lognormal 10.638 6.822
57117-44-9 |1,2,3,6.7 8B-HxCDF 8.550 1.3 102 PG/G_DRYWT | LPX-SD-4404 mn 102 nva No D Lognormal 8.300 4.253
19408-74-3 [1,2,3,7.8,9-HxCDD 8.360 0.34 213 PG/G_DRYWT | LPX-SD-4404 67 213 nva No D Lognormal 8.540 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-PeCDD 4.190 0.71 52 PG/G_DRYWT | LPX-SD-4404 mn 52 nva No D Lognormal 4.671 3.905
57117-41-6 [1,2,3.7.8-PeCOF 24.400 38 227 EMPC PG/G_DRYWT| L[PX-SD-4406 mn 227 nva No D Lognormal 21.189 4.124
80851-34-5 12,3,4.6,7 8-HxCDF 8.700 1.5 212 PG/G_DRYWT | LPX-S§D-4404 717 212 nva No D Lognormal 9.312 4.989
57117-31-4 12,3.4.7.8-PeCDF 11.100 1.8 173 PG/G_DRYWT | LPX-SD-4404 7 173 nva No D Lognomal 9.830 4.667
1746-01-6  2,3.7.8-TCDD 1800.000 12 4270 S PG/G_DRYWT  LPX-SD-4405 mn 4270 0.89 Yes C Normal 1745 1567
51207-31-9 |2.3,7.8-TCDF 7.540 1.6 T 24 PG/G_DRYWT | LPX-SD-4407 mn 24 nva No D Lognormal 8.241 2.762
3268-87-9 [OCOD 1380.000 142 T 4100 PGIG_ORYWT | LPX-SD-4404 iid 4100 nva No D Lognormal 922.573 3.279
39001-02-0 |OCDF 102.000 11 f 1770 PG/G_DRYWT | LPX-SD-4404 mn 1770 nva No D t.ognormal 89.140 4813
TEB TEQ-BIRD 1851.115 374 4298 PG/G_DRYWT  LPX-SD-4405 m 4298 nva No D Lognormal 1824 1518 1233.140 | 2785
TEM TEQ-MAMMAL . 1830.933 u7 42 PG/G_DRYWT  LPX-8D-4405 mn 4291 nva No D Lognarmal 1809 1518 1211914 @ 2.823
Total HpCDD | Total HpCDD 415.000 40 10700 J PG/G_DRYWT| LPX-SD-4404 mn 10700 nva No D Lognormal 370.161 - 5.908
Total HpCOF |Total HpCOF 136.000 14 5360 J PG/G_DRYWT | LPX-S5D-4404 77 5360 nva No D Lognormal 131437 °~  6.543
Total HxCDD | Total HXCODD 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 mn 6590 nva No D Lognormmal 140306 - 7.166
Total PeCDD |Total PeCDD > 90.350 12 547 J PG/G_DRYWT | LPX-SD-4404 67 547 nva No D Lognormail 76327 [ 6.798
Total PeCDF |Total PeCDF 176.000 14 1630 J PG/G_DRYWT | LPX-SD-4404 mn 1630 nva No D Lognormal 139.235 | 4583
Total TCDD | Total TCDD 1810.000 118 4460 J PG/G_DRYWT| LPX-SD-4405 yiid 4480 nva No o] Lognormatl 1090.711 3.723
Total TCOF |Total TCDF 127.000 21 47 J PG/G_DRYWT! LPX-SD-4404 mn 471 nva No D Lognormal 124.742 3.288
Metals [

7440-3¢-0  Antimony . 2.085 ) 0.92 7.0 UG/G_DRYWT  LPX-SD-4404 4/4 7.0 0.045 Yes c None 3.026 2.774 2231 2437
7440-38-2 _ Arsenic 3.076 28 13 UG/G_DRYWT  LPX-SD-4404 44 13 0.22 Yes c None 5.390 4.845 4215 2106
7440-39-3  Barlum 258.000 174 514 UG/G_DRYWT  LPX-SD-4404 44 514 130 Yeos c None 300.000 150.102 275606 - 1590
7440-41-7  Beryllium : 4.078 3.5 79 UG/IG_DRYWT  LPX-SD-4402 4/4 7.9 0.77 Yes C None 4.878 2071 4801 : 1462
7440-43-¢  Cadmium : 3.320 ' 12 8.3 UG/G_DRYWT  LPX-SD-4404 414 8.3 1.70 Yes C None 4.020 3.018 3210 ! 2223
7440~47-3 _ Chromium . 73.550 43 104 4 UGIG_DRYWT  LPX-SD-4402 44 104 040 Yes c None 73.550 33473 67500 | 1.619
7440-48-4 Cobalt 16.550 88 22 UG/G_DRYWT  LPX-SD-4404 4/4 22 0.13 Yes Cc None 15.973 6.829 14882 : 1.567
7440-50-8  Copper 54.950 : 17 357 UGIG_DRYWT  LPX-SD-4404 4/4 357 0.71 Yes c Nane 121.025 158.020 £3.730 °  3.640
7438-92-1  Lead 210.000 4“4 1835 UG/G_DRYWT  LPX-SD-4404 4/4 1835 20 Yes c None 574.850 B44.231 243.011 @ 4851
7433-96-5 Manganese 818.000 809 869 UG/G_DRYWT  LPX-SD-4404 44 859 100 Yes c Nons 826.000 23.580 825.761 :  1.028
13938-06-5 m 5.770 48 17 UGI/G_DRYWT  LPX-§D-4402 4/4 17 0.32 Yes c None 8.355 5.990 7166 1818
7440-02-0_|Nickel 30800 18 [ 32 [ TUGIG_DRYWT] LPX-SD4402 | 4/4 [ 32 [ 53 [ No ] B [ None 28.100 6.511 27423 1308
7782-49-2  Selenium 1.650 o0.21 22 UG/G_DRYWT  LPX-SD-4404 34 22 0.34 Yos c None 1.431 0.887 1.083  © 30n1
744D-22-4_|Silver 1.045 045 | M I [UG/G_DRYWT] _LPX-SD-4404 | 414 T 11 [ 38 T N T B | Nonme 3411 | 5134 1.530 397
7440-28-0  Thallium 0.711 0.40 1.0 UG/G_DRYWT  LPX-SD-4404 414 1.0 0.24 Yes (o None 0.715 0.267 0675 . 1485
7440-62-2 Vanadium 61.250 4 n UG/G_DRYWT  LPX-SD-4404 414 7 0.72 Yes C None 59.300 11.51% 58.389 [ 1.231
744066-6 Zinc 301.500 109 1867 UG/G_DRYWT  LPX-5D-4404 414 1887 78 Yes C None 644.750 829.272 342534 ° 3817
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SELECTION OF CONTAMINANTS OF ECOLOGICAL CONCERN (COPECs)

TABLE 2

Centredale Manor Restoration Project Superfund Site - Oxbow Area
North Providence, Rhode Island

Rationale for
Maximum Maximum Location of Concentration Floodplaln Contaminant
Median C (d d) Maximum Detection Usad for Risk Soll Ratain as Deletion or Data Standard Standard
CAS Numb | atlon {d ) Qualifier Units {d d Fi g* * | COPEC? Salection® Mean Deviatlon Mean Deviation
PCB as Aroclors
1338-36-3 TOTAL AROCLOR 637.830 103 3583 NG/G_DRY LPX-SD-4402 n 3583 20 Yes c None 1441.413  1874.097 817.879 5.886
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 L NG/G_DRY 03 100 No A None 8.910 1.081 8.868 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 1.125
11087-69-1  Aroclor 1254 837.830 85 3583 J NG/G_DRY LPX-SD-4402 23 3583 92 Yes [+] None 1409.870  1908.368 | 268.614 22.523
11096-82-5_|Aroclor 1260 8.495 8.1 [ u ] NG/G_DRY [ o3 28 No | A None 8827 | 1.084 8884 : 1126
11100-14-4  Aroclor 1268 10.140 8.1 103 NGI/G_DRY LPX-SD-4404 173 103 28 Yes [+ None 40.453 54.272 20382 , 4.088
| PesticidesiHerbicides ) ) 1] ] ) ]
72-548  44-DDD 8.990 ’ 4.420 kil NG/G_DRY LPX-5D-4407 n 27 25 Yos C None 13.330 11.700 10.184 |
72-55-8  4,4-DDE 8.420 ) 8.0 42 NG/G_DRY LPX-SD-4407 i 42 25 Yes c None 18.243 20.887 11.740
50-20-3  44'DDT 0.960 0.075 28 J NG/G_DRY LPX-SD-4407 23 28 2.5 Yes c None 1.265 1.368 0.584
319-84-6  |a-BHC 0.076 0.075 U NG/G_DRY 03 25 No A None 0.082 0.012 0.081
5103-71-9 [a-chlordane 1.180 0.070 7.7 J NG/G_DRY LPX-SD-4407 3 77 100 No B None 2.980 4.109 0.862
309-00-2  |aldrin 0.970 0.070 1.6 J NG/G_DRY LPX-SD-4402 23 16 25 No B None 0.893 0.788 0.481
319-85-7 |b-BHC 0.070 0.065 V] NG/G_DRY 013 1.00 No A None 0.072 0.008 0.071
319-86-8 |d-BHC 0.085 0.080 U NG/G_DRY o3 100 No A None 0.088 0.010 0.088
60-57-1 _ Dieldrin 3.430 2.5 63 J NG/G_DRY LPX-SD-4402 3R 83 0.50 Yes c None 23.107 34.881 8.172
959-98-8  |endosulfan | 0.085 0.085 1] NG/G_DRY 03 100 No A None 0.092 0.012 0.091
33213-65-9 |endosulfan |! 0.100 0.080 3.4 NG/G_DRY LPX-5D-4404 1/3 3.4 100 No B None 1.183 1.894 0.300
1031-07-8 |endosulfan sulfate 0.100 0.095 U NG/G_DRY 013 100 No A None 0.105 0.013 0.104
72-20-8  |endrin 0085 0.080 u NG/G_DRY 3 1.00 No A None 0.088 0.010 0.088
7421-93-4 |endrin aldehyde 1.900 0.12 9.5 J NG/G_DRY LPX-SD-4402 213 8.5 54 No B None 3.842 4.989 1.278
53484-70-5 jendrin ketone 0.100 0.080 1.7 NG/G_DRY LPX-SD-4404 13 1.7 100 No B None 0.837 0.947 0.240
5103-74-2 |g-chiordane 2.930 2.1 6.9 NG/G_DRY LPX-SD-4407 3 6.9 100 No B8 None 3.983 2.596 3.484
76-44-8  |heptachlor 0.095 0.075 0.73 NG/G_DRY LPX-SD-4404 13 0.73 39 No B None 0.300 0.373 0.173
1024-57-3 I, hior epoxide 0.085 0.070 0.18 | NG/G_DRY LPX-SD-4404 hIE) 0.18 43 No B None 0.112 0.060 0.102
58-89-9  Lindane 0.090 0.075 0.78 J NG/G_DRY LPX-SD4402 13 0.78 0.050 Yes C None 0.308 0.3 0.172
72-43-5 | methoxychlor 0.115 0.110 ] NG/G_DRY 0/3 100 No A None 0.122 0.016 0.121
57-74-9 | Technical Chiordane 10.170 8.1 30 NG/G_DRY | LPX-5D-4404 13 30 100 No B None 16.127 12.127 13.549
8001-35-2 |Toxaphene 8.500 81 U NG/G_DRY 0/3 100 No A None 8.932 1.084 8889 |
Ancillary !
{ Total Organic Carbon 15.730 13 36 Percent LPX-SD-4407 33 Norne 21.633 12.635 19.493 1721
Shaded celis indicate chemicals selected as COPECs. |
a. Maximum detected concentration used for screening. T
b. Fi in soil ning values presented in Table D-3 in eline Ecological Risk A {MACTEC, 2004); lower of soil invertebrate and wildlife benchmari lected. Table values originally presented in units of ug/g and adj as Y.
c. Rationale for deleting or retaining analyte:
A - Not retained because compound was not detected in any sample.
B. Not retained because soil ¥ is greater than maximum [
C. Retained becsuse maximum di 0 ing benchmark value.
D. Individual dioxin and furan congeners and homolouge groups were not specifically identified as COPECS because a toxic equivalency approach was employed in the
Tablgs 2 and 3 Rev 2 for intenm final.xls
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TABLE 3

ESTIMATED EARTHWORM TISSUE CONCENTRATIONS DERIVED USING SITE-SPECIFIC BSAFs

C

Centredale Manor Restoration Project Superfund Site - Oxbow Area
North Providence, Rhode Island

Floodplain Soil Earthworm Estimated Earthworm Tissue”
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/IG_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
7440-48-4 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 22 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
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
C 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 36 1.4 UG/G_DRYWT 0.366 3.9e-01 1.6E-01 UG/G_WETWT
11097-69-1 Aroclor 1254 3.6 14 UG/G_DRYWT 0.354 3.8E-01 1.5E-01 UG/G_WETWT
11100-14-4  Aroclor 1268 0.10 0.040 UG/G_DRYWT 0.428 1.3E-02 5.2E-03 UG/G_WETWT
Dioxin/Furans °
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 UGIG_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 UGIG_WETWT
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 2,3,4,7,8-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 UGIG_WETWT
TEM TEQ-MAMMAL 0.0043 0.0018 UG/G_DRYWT 0.353 4.5E-04 1.9E-04 UGIG_WETWT
Tables 2 and 3 Rev 2 for interim final.xls
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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

Notes:
a. Mean Biota Soil Accumulation Factors (BSAFs) presented in Table J-8 of the BERA (MACTEC, 2004). Units are goc(drywt)/giia(wetwt).
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.

2.66%|Average earthworm lipid percentage of Lyman Mill earthworm samples collected to support the BERA (Table 20; MACTEC, 2004).

8.88%|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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TABLE 4

SOIL INVERTEBRATE HAZARD QUOTIENTS FOR COPECs IN OXBOW AREA FLOODPLAIN SOILS

North Providence, Rhode Island

Centredale Manor Restoration Project Superfund Site - Oxbow Area

|’ Chemical Detection Units Exposure Point Concentration TRV® Hazard Quotients
Frequency
MAX® AVG® MAX° |  Ave
"Pesticides
[14.4-DDD 33 UG/G 0.02658 0.0133 0.0025 1.1E+01 5.3E+00
[l4.4-DDE 33 UGIG 0.04236 0.018 0.0025 1.7E+01 7.3E+00
fl4,4-DDT 23 UG/G 0.00276 0.0013 0.0025 1.1E+00 5.1E-01
|[Dieldrin 33 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 UGG 36 1.4 137 2.6E-02 1.0E-02
Aroclor-1254 23 UG/G 36 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
linorganics/Metals
IAntimony 4/4 UG/G 7.0 3.0 3.5 2.0E+00 8.6E-01
Arsenic 4/4 UGIG 13 54 60 2.1E-01 9.0E-02
[Barium 4/4 UG/G 514 300 3000 1.7E-01 1.0E-01
[[Berylium 4/4 UGG 79 49 1.1 7.2E+00 4.4E+00
[lcadmium 4/4 UG/G 8.3 4.0 20 4.1E-01 2.0E-01
flchromium 4/4 UG/IG 104.0 736 04 2.6E+02 1.8E+02
{[Cobalt 4/4 UGIG 220 16.0 1000 2.2E-02 1.6E-02
{lCopper 4/4 UG/G 357 121 50 7.1E+00 2.4E+00
[lLead 474 UG/G 1835 575 500 3.7E+00 1.1E+00
[Manganese 4/4 UG/IG 859 826 100 8.6E+00 8.3E+00
{Molybdenum 4/4 UGIG 17 8.4 200 8.7E-02 4.2E-02
Selenium 3/4 UG/G 22 1.4 70 3.2E-02 2.0E-02
Thallium 4/4 UGG 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 21E+02
[IDioxins
l2,3,7.8-TCDD 1/4 Ui | 00043 | 00017 | 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.

Table 4 rev 2.xIs
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TABLE 5
CBR-BASED HAZARD QUOTIENTS FOR COPECs IN OXBOW EARTHWORM TISSUE

C~ Centredale Manor Restoration Project Superfund Site - Oxbow Area
North Providence, Rhode Island
Hazard Quotient®
Detection . Exposure P?int CBR® Maximum Average
Frequency Units Concentration
Chemical MAX® AVG' | NOAEL | LOAEL | NOAEL _LOAEL | NOAEL LOAEL
IIPesticides
[l+.4-0DD 313 uciG | 00037 | o.0019 | o0.008 06 | 46801 | 62603 [ 2.36-01 [ 3.1E-03
[l.4-DDE 313 uc/G | o0.0069 | 00030 | 0042 029 | 1.68-01 [ 24E-02 | 7.1E-02 | 1.0E02
ls.4-DDT 23 ua/G | 0.00017 | 0000079 0.13 015 | 13803 | 1.2E-03 | 6.1E-04 | 5.3E-04
[Ibieldrin 33 ucic [ o011 | oood0 | o0.01 008 | 1.4E+00 | 1.4E-01 | 4.0E-01 | 50E-02
[lLindane 1/3 ua/G | 0.00030 | 0.00012 2 0072 | 15604 | 42E-03 | 6.1E-05 | 1.7E-03
f Total Pesticides | 1.7E+00 | 1.7E-01 | 7.1E-01 | 6.6E-02
[lPces
[roTAL AROCLOR 33 UGIG 0.39 0.16
flarocior 1254 23 UGIG 0.38 0.15 10.4 81 | 36802 | 47E-02 | 1.4E-02 | 1.8E-02
larocior 1268 1/3 usic | 0013 | o0.0052 045 2.9E-02 1.2E-02
( Total PCBs | 3.6E-02 | 7.6E-02 | 1.4E-02 | 3.0E-02
"InorganicslMetaIs
timony 44 UGIG 15 1 5 9 2.98-01 | 1.6E-01 | 1.3E-01 | 7.0E-02
Arsenic 4/ UGIG 043 0.18 1.0 42 | 42601 | 10601 | 1.7E-01 | 4.3E-02
[Barium 4/4 UGIG 36 21 0.41 8.9E+01 5.2E+01
C {lBeryliium 4/4 UGIG 0.34 0.21 5.1 6.7E-02 4.1E-02
[lcadmium 4/4 UGIG 9.9 48 11 0.093 | 8.9E+00 | 1.1E+02 | 4.3E+00 | 5.2E+01
[Chromium 4/4 UG/G 26 18
[Icobatt 4/4 UGG 0.79 0.57 ]
Icopper 4/ UG/G 1 36 3.4 44 | 3.4E+00 | 2.4E+00 | 1.0E+00 | 8.1E-01
[lLead 414 UGIG 80 25 2.3 58 | 3.56+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/ UG/G 042 0.20
flselenium 3/4 UGIG 12 0.74 2.9 02 | 39E-01 | 5.8E+00 | 2.5E-01 | 3.7E+00
[[rhattium 4/4 UGiG | 0.055 0.038 27 2.0E-02 1.4E-02
[[vanadium 4/4 UG/G 17 14 038 041 | 24€+00 | 4.2E+00 | 1.8E+00 | 3.5E+00
llzinc 4/4 UG/G 345 119 13 20 | 2.7E+01 | 1.8E+01 | 9.4E+00 | 6.1E+00
(l Total Inorganics/Metals | 8.0E+01 | 2.4E+02 | 3.4E+01 | 1.2E+02
fIDioxins
|e.3.7,8-TCDD | m | ueiG | 00003 | 0.0001 | 0.0003 | 0.003 1.1E+00 | 1.1E-01 | 4.4F-01 | 4.4E-02
Total | 8.3E+01 | 2.4E+02 | 3.2E+01 | 1.2E+02
Notes:

a. Estimated earthwom 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.

8/9/2006



This page intentionally left blank



O

TABLE 6

INCREMENTAL RISK SUMMARY FOR OXBOW AREA FLOODPLAIN SOIL

Centredale Manor Restoration Project Superfund Site - Oxbow Area

North Providence, Rhode Island

xbow Study Area Risk Summary Incremental Risk®
Oxbow” Greystone®
Analyte MAX AVG MAX AVG MAX AVG
I 4.8E+02 2.8E+02 1.1E+03 8.5E+02
I%eldn‘n 1.3E+02 4.6E+01 1.9E+01 1.3E+01 1.1E+02  3.4E+D1
[iindane 1.5E+01 6.2E+00 1.5E+01  6.2E+00
|ginc 1.9E+01 6.4E+00 5.0E+00 2.9E+00 | 1.4E+01  3.6E+00
|ta.4-DDE 1.7E+01 7.3E+00 8.2E+00 5.3E+00 8.7E+00  2.0E+00
{ls.4-DDD 1.1E+01 5.3E+00 6.1E+00 3.3E+00 4.6E+00  2.0E+00
[IBeryllium 7.2E+00 4.4E+00 4.1E+00 2.8E+00 3.1E+00  1.6E+00
|iLead 3.7E+00 1.1E+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). Hl 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 7

INCREMENTAL RISK SUMMARY FOR ESTIMATED OXBOW STUDY AREA EARTHWORM TISSUE

Centredale Manor Restoration Project Superfund Site - Oxbow Area
North Providence, Rhode Island

xbow Study Area Risk Summary Incremental Risk®
Oxbow” Greystone®
Analyte NOAEL LOAEL NOAEL LOAEL NOAEL  LOAEL
i 3.2E+01 1.2E+02 2.7E+03 4.9E+02
JICadmium 4.3E+00 5.2E+01 3.2E+01 4.3E+00  2.0E+01
[inc 9.4E+00 6.1E+00 6.7E+00 4.4E+00 2.7E+00  1.7E+0C
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). H!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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C TABLE 8. EXPOSURE ASSUMPTIONS FOR THE AMERICAN WOODCOCK.

Centredale Manor Restoration Project Superfund Site — Oxbow Area
North Providence, Rhode Island

Parameter Symbeol Value Units Reference
Soil concentration Cioil COPEC-specific ug/gsw | Table 1
Percentage of Pearthworms 100 % Assumption
earthworms in diet
Earthworm Cearthworm COPEC-specific ug/g.w | Table2
concentration®
Ingestion Rate’ IR f50q 0.082 kg/day | USEPA, 1993
Incidental Soil IR it 0.012 kg/day | Assumption
Ingestion Rate®
Site Foraging SFF 100 % Gregg, 1984
Factor®
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: IR, (g/day) = 0.301 * BW 0.751 (g) and
converted to kg/day.
¢. 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
C woods (Gregg, 1984) relative to estimated available habitat in Oxbow Area (11.12 hectares).



C 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 Cooil COPEC-specific ug/gsw | Table I

Percentage of Pptants 15 % USEPA, 1993;

plants in diet Whittaker and Feraro,
1963

Plant concentration Colant COPEC-specific ug/g,. | Tables C.2-1, D.2-1

Percentage of Pearthworms 85 % USEPA, 1993;

earthworms in diet Whittaker and Feraro,
1963

Earthworm Carthworm COPEC-specific ug/gww | Table 2

concentration®

Ingestion Rate® IR fo0d 0.013 kg/day | USEPA, 1993

Incidental Soil IR i 0.00064 kg/day | Assumption

Ingestion Rate’

Site Foraging SFF 100 % Buckner, 1966

Factor*

Body Weight BW 0.017 kg Guilday, 1957

C Notes:

a. Earthworm tissue concentrations estimated using site-specific BSAFs as discussed in 3.1.1.

b. Calculated using regression equation for mammals: IR, (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 Earthworm

Estimated Egg

Tissue Concentration® Units :I\I‘::anzris TEF Con::st::tion° CBR® Maximum Average
Chemical MAX | AVG MAX | AVG NOAEL | LOAEL | NOAEL | LOAEL | NOAEL | LOAEL
Pesticides/PCBs
4,4-DDD 0.0037 0.013 UGIG - na 0.009
4,4-DDE- 0.0069 0.0030 UGIG 133 na 2.76-01 | 1.1E-01 0.10 2.7E+00 1.1E+00
4,4-DDT 00002 | 0000079 | UGG 0.69 na 3.5E-04 | 16E-04
Dieldrin 0.011 0.0040 UGIG 282 na 9.0E-02 | 3.3E-02 0.059 1.5E+00 5.6E-01
Lindane 0.00076 0.00031 UGIG #NIA na
Total Pesticides/PCBs 4.2E400 1.7E+00
Dioxins/Furans
2,3,7.8-TCDD 0.00032 0.00013 UG/G 6.99 1 6.5E-03 | 2.7E-03
12,3,7,8-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 157 1 7.1E-05 | 1.3E-05
12,3,6,7,8-HxCDD ANIA HNIA UG/G 5.98 0.01
12,3,4,6,7,8-HpCDD 0.00022 | 0000040 | UGG 0.001
ocob 0.00027 0.00010 UGIG 0.0001
1,2,3,4,7,8-HXCDF 0.000005 | 0.0000011 | UG/G 0.1
1,2,3,6,7,8-HxCDF 0.000013 | 0.0000026 | UG/G 0.1
2378TCDF 0.000001 | 0.00000044 | UG/G - 1
12,3,4,7,8-HxCDD 0.000012 | 0.0000024 | UG/G #NIA 0.05
12,37,89-HXCDD 0.000013 | 0.0000021 | UG/G #NIA 0.1
2.346,78-HCDF 0.000032 | 0.0000055 | UG/G HNIA 0.1
1,2,3,4,6,7,8-HpCDF 0.00020 | 0000032 | UG/G ANIA 0.01
12,34,7,8,9-HpCDF 0.0000070 | 0.0000012 [ UG/G ANIA 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
OXBOW-EW-Bird-Final Page 1 0of 2 8/9/2006




TABLE 10

CBR-BASED HAZARD QUOTIENTS FOR ESTIMATED VERMIVOROUS AVIAN EGG TISSUE

Notes:

Centredale Manor Restoration Project Superfund Site - Oxbow Area
North Providence, Rhode Island

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:

2.7

7.7

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 rev 2.xls

OXUW-Bird-Final
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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 g .
Tissue Concentration® Units BMF® (lipid TEF Concentration® CBR Maximum Average
basis)
Chemical MAX | Ave MAX | AvG NOAEL | LOAEL | NOAEL | LOAEL | NOAEL | LOAEL
Pesticides/PCBs
4,4-DDD 0.0037 0.0019 UGG - na BOE-03 | 06
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 UGIG 11 1 6.0E-03 | 2.5E-03
1,2,3.4,6,7,8-HpCDD 0.000225 | 0.000040 | UG/G 36 001 | 1.3E-04 | 2.4E-05
1,2,3,6,7,8-HxCDD #N/A HNIA UGIG 30 0.1
1,2,3,4,7,8-HxCDF 0.000005 | 0.0000011 | UGIG 57 0.1 4.8E-05 | 1.1E-05
2,3,4,7,8-PeCDF 0.000016 | 0.0000029 | UGIG 54 05 7.0E-04 | 1.3E-04
1,2,3,4,7,8-HxCDD 0.000012 | 0.0000024 | UGIG 9.3 0.1 1.9E-05 | 3.7E-06
2,3,7,.8-TCDF 0.000001 | 0.0000004 | UGIG 0.40 0.1 5.9E-08 | 2.9E-08
12,378PeCDD 0.000016 | 0.000003 | UGIG #N/A 1
12,37,89-HxCDD 0.000013 | 0.000002 | uG/G #NIA 0.1
ocob 0.00027 | 0.000096 | UG/G #NIA 0.0001
1,2,36,7,8-HXCDF 0000013 | 0.0000026 | UG/G #NIA 0.1
2,3,4,6,7,8-HXCDF 0.000032 | 00000055 | UGIG #NIA 0.1
1,2,3,4,6,7,8-HpCDF 0.00020 | 0.000032 | UG/G #N/A 0.01
1234.7.89-HpCDF 0.0000070 | 0.0000012 | UGIG #N/A 0.01
OCDF 0.0002 | 0000022 | UGIG #N/A 0.00071 _ T
TCDD Toxic Equivalency (Mammalsj 6.9E-03 | 2.6E-03 | 1.5E-04 l 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) 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00

Total TCDD TEQ 4.6E+01 | 3.0E+01 | 1.7E+01 } 1.1E+01

Tables 10 and 11 rev 2.xIs
OXBOW-EW-Mammal-Final

Total | 4.6E+01 | 3.0E+01 | 1.7E+01 | 1.1E+01
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TABLE 11

CBR-BASED HAZARD QUOTIENTS FOR ESTIMATED VERMIVOROUS MAMMALIAN TISSUE

Notes:

Centredale Manor Restoration Project Superfund Site - Oxbow Area
North Providence, Rhode Island

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).
¢. Mammalian tissue concentration (mg/kg wet weight) estimated by multiplying the earthworm tissue concentration by the BMF and the ratio

of the otter to earthworm percent lipid. The following lipid contents were assumed:

2.7

4.4

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 rev 2.xIs
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TABLE 12
INCREMENTAL RISK SUMMARY FOR WILDLIFE RECEPTORS - American Woodcock

Centredale Manor Restoration Project Superfund Site - Oxbow Area
North Providence, Rhode Island

xbow Study Area Risk Summary Incremental Risk®
Oxbow” Greystone®

Analyte NOAEL LOAEL NOAEL LOAEL NOAEL  LOAEL
|2 4.6E+01 6.1E+00 4.1E+01 6.7E+00
{ITEQ-BIRD 1.3E+01 1.3E+00 5.1E-01 5.1E-02 1.3E+01  1.3E+00
{izinc 6.0E+00 6.6E-01 3.6E+00 3.9E-01 2.4E+00  2.7E-01
llLead 1.2E+01 1.2E+00 1.0E+01 1.0E+00 | 1.6E+00  1.6E-01
JITOTAL 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). H! is based on summing the HQs of

all COPECs selected in the BERA.

c. Incremental risks calculated for alt 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.

8/9/2006



INCREMENTAL RISK SUMMARY FOR WILDLIFE RECEPTORS - Short-tailed Shrew

TABLE 13

Centredale Manor Restoration Project Superfund Site - Oxbow Area
North Providence, Rhode Island

xbow Study Area Risk Summary Incremental Risk®
Oxbow” Greystone®

Analyte NOAEL LOAEL NOAEL LOAEL NOAEL  LOAEL
liH1 2.6E+02 2.9E+01 1.3E+02 1.6E+01
[FTEQ-MAMMAL 1.9E+02 1.9E+01 4.2E+00 4.2E-01 1.8E+02  1.BE+01
[{Antimony 2.0E+01 2.0E+00 6.3E+00 6.3E-01 1.3E+01  1.3E+00
[[rOTAL AROCLOR 2.2E+00 2.2E-01 4.7E-01 4.7E-02 1.8E+00  1.8E-01
[faroctor 1254 2.2E+00 2.2E-01 6.4E-01 6.4E-02 1.56+00  1,5E-01
licadmium 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.

Incrementat risks for individual analytes are derived by subtracting the upgradient/reference HQs from the exposure area HQ.

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 Cooil COPEC-specific ug/gs. | Table 1

Percentage of Pptans 71 % Llewellyn and Uhler,

plants in diet 1952 as cited in
USEPA, 1993

Plant concentration Colant COPEC-specific ug/g.w | Tables C.3-1,D.3-1

Percentage of P arthworms 29 % Llewellyn and Uhler,

earthworms in diet 1952 as cited in
USEPA, 1993

Earthworm Carthworm COPEC-specific ug/gww | Table?2

concentration®

Ingestion Rate® IR o0 1.7 kg/day | USEPA, 1993

Incidental Soil IR il 0.087 kg/day | Assumption

Ingestion Rate’

Site Foraging SFF 5 % Stuewer, 1943, as cited

Factor® in USEPA, 1993

Body Weight BW 6.2 kg Sanderson, 1984, 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: IR .4 (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

xbow Study Area Risk Summary Incremental Risk®
Oxbow” Greystone”
Analyte NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL
| ] 3.6E+00 5.1E-01 1.4E+01 2.3E+00
lFEQ-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). Hl 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 subtractirig the upgradient/reference HQs from the exposure area HQ.

8/9/2006
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< TABLE 16. SUMMARY OF UNCERTAINTIES.

Centredale Manor Restoration Project Superfund Site — Oxbow Area
North Providence, Rhode Island

Uncertainty

Potential Over-
() or Under-
estimation (-)

of Risk

Rationale

Problem Formulation

Selection of
Receptors of
Concemn

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.

Identification
and Selection
of COPECs

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.

Area
Boundary
Delineation

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).

Exposure Assessment

Exposure
Parameters

+-

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 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 17. SUMMARY OF ECOLOGICAL RISK AT THE OXBOW AREA.

Contaminant Hazard Index”
Receptor Group NOAEL LOAEL

Soil invertebrates
(soil screen)

TEQTCDD | -
Total 278

Soil invertebrates
(tissue screen)

‘Metals 31 122
 TEQ/TCDD e -
Total 32 122
Short-tailed shrew | Pesticides _ - -
PCBs .44 -
Metals | 69 82
TEQ/TCDD | 187 19

Total 264 29

American
woodcock Pesticides - -
 PCBs 14 -
Metals 27 2.2

' TEQ/TCDD 13 1.3

Raccoon  Pesticides | e -
 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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Figure c¢. Facing west in a forest opening located approxmaely 100 eel nori of Figure b. Small

eeround ma be one 0I' several vernal pools Iocaled wutlun the Oxhow Arel _

Figure d. Facmg west in nnrthwestcrn pntlon of Oxlmw Area° note yellow-stained Ieaves along
recent wet channel,
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S
Figure e, Disturbed borrow and fill topography typlcal of south central paruon of the Oxbow Area
L across the Woollas ] uatnckel Rwer I:'rom the Lee Romno Baseball Field.
N
Figure l' Across Woonasquat ucke Rwer from the former Allenda!e Pond mill bmldmg complex.
Allendale Dam is approximately 500 feet upstream around bend to the left. Note cut in bank in the
fﬂ center of the photo where floodwaters can flow into the Oxbow Area.
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Area,

Figure h. Facing south from uulhern end of oak hammock area a
habitat that fringes the upper portion of Lyman Mill Pond.
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RHODE ISLAND
s?a DEPARTMENT OF ENVIRONMENTAL MANAGEMENT
o 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 in the future. If you have
any questions regarding this review, please contact me at 277-2776, extension 4308.

Sincerely,

Nehac )

Richard W. Enser, Coordinator
RI Natural Heritage Program

0 30% post-consumer fiber



United States Department of the Interior

FISH AND WILDLIFE SERVICE
New England Field Office
70 Commercial Street, Suite 300
Concord, New Hampshire 03301-5087

June 14, 2006

Reference: Project Location
Site assessment 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 location(s) 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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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  PARAMETER RME INTAKE EQUATION/
PARAMETER DEFINITION UNITS RATIONALE/
ROUTE SYMBOL VALUE REFERENCE MODEL NAME

INGESTION EDl, ESTIMATED DAILY INTAKE VIA SOIL INGESTION malkg-d calculated SOIL INTAKE-INGESTION

Coui CHEMICAL CONCENTRATION IN SOIL malkg chemical-specific EDlyyy = Cegit * IReon * SFF * EF * 1/BW

IRgoi INGESTION RATE OF SOIL kg/day 0.012 assumption

SFF SITE FORAGING FREQUENCY unitiess 100% Gregg, 1984

EF EXPOSURE FREQUENCY unitiess 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

2

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| Intake® Units | (NOAEL)® (LOAEL)® Dose Units| (NOAEL)® (LOAEL)®
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 mgkgd | 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/kgd | 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 1.0E+02 mg/kg 6.2E+00 mgkgd | 1.0E+00 5.0E+00 mg/kg-d | 6.2E+00 1.2E+00
Cobalt 2.2E+01 mg/kg 1.3E+00 mg/kgd
Copper 3.6E+02 mg/kg 21E+01 mg/kg-d | 4.7E+01 6.2E+01 mg/kg-d | 4.6E-01 3.5E-01
Lead 1.8E+03 mg/kg 1.1E+02 mgkg-d | 3.9E+00 3.9E+01 mgkgd | 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 1.0E+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 1.0E+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 43E+00 mg/kgd 1.1E+01 1.1E+02  mg/kg-d 3.7E-01 3.7E-02
Zinc 1.9E+03 mg/kg 11E+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/kgd | 28E-03 28E-02 mg/kg-d | 5.7E-01 5.7E-02 °
4,4-DDE 4.2E-02 mg/kg 25E-03 mgkgd | 28E-03 28E-02 mgkgd | 9.1E-01 9.1E-02
4,4-DDT 2.8E-03 mg/kg 17E-04 mgkgd | 28E-03 28E-02 mgkgd | 5.9E-02 5.9E-03 ||
Dieldrin 6.3E-02 mg/kg 3.8E-03 mg/kgd | 7.7E-02 7.7E-01 mg/kgd | 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 II
TOTAL AROCLOR 3.6E+00 mg/kg 2.2E-01 mg/kgd 1.1E-01 2.8E-01 mg/kg-d | 1.9E+00 7.8E-01
Aroclor 1254 3.6E+00 mg/kg 2.2E-01 mg/kg-d 1.8E-01 1.8E+00 mg/kgd | 1.2E+00  1.2E-01
Aroclor 1268 1.0E-01 mg/kg 6.2E-03 mg/kgd | 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 mgkgd 1.4E-05 14E-04 mgkgd | 1.8E+01  1.8E+00
TEQ-MAMMAL 4.3E-03 mg/kg 2.6E-04 mg/kgd
[ 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 D4 in the BERA (MACTEC, 2004).

¢. Hazard Quotients (HQs) calculated by dividing the Estimated Daily Intake dose by either the NOAEL- or LOAEL-based Reference Dose.

2
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TABLE C.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

RME
EXPOSURE PARAMETER RME INTAKE EQUATION/
PARAMETER DEFINITION UNITS RATIONALE/
ROUTE SYMBOL VALUE REFERENCE MODEL NAME
ESTIMATED DAILY INTAKE VIA INVERTEBRATE
INGESTION EDlinvent INGESTION mg/kg-d calculated INVERTEBRATE INTAKE-INGESTION
EDlinvert = Cinven * IRfood * Pinvert * SFF*EF*
Cinvert CHEMICAL CONCENTRATION IN INVERTEBRATES mg/kg chemical-specific 1/BW
IRfo0d INGESTION RATE OF FOOD kg/day 0.082 USEPA, 1993
Where C;.oq is estimated using site-specific
USEPA, 1993; tissue data or calculated using the following
Pinvert PERCENT INVERTEBRATES IN DIET unitless 100% Krohn, 1970. equation:
SFF SITE FORAGING FREQUENCY unitiess 100% Gregg, 1984 Civert = Cson * BAF inyent
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 C.14
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

2

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  EPCUnits| Intake® Units | (NOAEL)® (LOAEL)® Dose Units] (NOAEL)® (LOAEL)®
Antimony 15E+00  mgkg | 5.9E-01  mg/kgd
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/kgd | 4.2E+01 8.3E+01 mgkg-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/kgd | 9.2E-01 9.2E-02
Cadmium 9.9E+00 mg/kg 4.0E+00 mg/kgd | 1.5E+00 2.0E+01 mg/kgd | 2.7E+00 2.0E-01
Chromium 2.6E+00 mg/kg 1.0E+00 mg/kg-d | 1.0E+00 5.0E+00 mg/kgd | 1.0E+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 mgkgd | 4.7E+01 6.2E+01 mg/kgd | 9.0E-02  6.8E-02
Lead 8.0E+01 mg/kg 3.2E+01 mg/kgd | 3.9E+00 3.9E+01 mg/kg-d | 8.3E+00 8.3E-01
Manganese 5.2E+01 mg/kg 21E+01 mg/kg-d | 9.8E+02 9.8E+03 mg/kgd | 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 mgkgd | 4.4E-01 1.5E+00 mg/kg-d | 1.0E+00 3.1E-01
Thallium 5.5E-02 mg/kg 22E-02 mg/kgd | 3.5E+00 5.0E+00 mg/kgd 6.2E-03 4.4E-03
Vanadium 1.7E+00 mg/kg 6.8E-01 mgkg-d | 1.1E+01 1.1E+02 mg/kgd | 6.0E-02 6.0E-03
Zinc 3.5E+02 mg/kg 14E+02 mgkg-d | 1.5E+01 1.3E+02 mgkgd | 9.5E+00 1.1E+00
4,4-DDD 3.7E-03 mg/kg 15E-03 mg/kgd | 28E-03 28E-02 mgkgd | 5.3E-01 5.3E-02 " >
4,4'-DDE 6.9E-03 mg/kg 28E-03 mgkgd | 2.8E-03 28E-02 mg/kgd | 9.9E-01 9.9E-02
4,4-DDT 1.7E-04 mg/kg 6.9E-05 mg/kgd | 2.8E-03 28E-02 mgkgd | 2.5E-02 25E-03
Dieldrin 1.1E-02 mg/kg 44E-03 mgkgd | 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 | 20E+00 2.0E+01 mgkgd | 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/kgd | 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 53E-03 mg/kgd | 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 14E-04 mgkgd | 1.2E+01  1.2E+00
TEQ-MAMMAL 4.5E-04 mg/kg 1.8E-04  mg/kg-d
I 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).

¢. 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

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 (Hl): 1.1E+02

Exposure Medium?
Surface Terrestrial Temestrial  Small Small | Combined Percent
Analyte Water Soil Plants Inverts Birds Mammals HQs® Contribution®
llLead 2.9E+01 - 8.3E+00 - - 3.7E+01 33%
|ITEQ-BIRD 1.8E+01 - 1.2E+01 - - 3.1E+01 28%
llzinc 7.7E+00 - 9.5E+00 - - 1.7E+01 15%
[ichromium 6.2E+00 - 1.0E+00 - - 7.3E+00 6%
[IBerytlium 3.2E+00 - 9.2E-01 - - 4.1E+00 4%
JroTAL AROCLOR 1.9E+00 - 1.4E+00 - - 3.4E+00 3%
llcadmium 3.4E-01 - 2.7E+00 - - 3.1E+00 3%
[larocior 1254 1.2E+00 - 8.4E-01 - - 2.0E+00 2%
[ia,#-DDE 9.1E-01 - 9.9E-01 - - 1.9E+00 2%
[Iselenium 3.0E-01 - 1.0E+00 - - 1.3E+00 1%
[la.4-DDD 5.7E-01 - 5.3E-01 - - 1.1E+00 1%
[iBarium 7.4E-01 - 3.5E-01 - - 1.1E+00 1%
flCopper 4.6E-01 - 9.0E-02 - - 5.5E-01 0%
[Ivanadium 3.7E-01 - 6.0E-02 - - 4.3E-01 0%
[Molybdenum 2.9E-01 - 4.8E-02 - - 3.4E-01 0%
[farsenic 1.5E-01 - 3.3E-02 - - 1.8E-01 0%
{[Dieldrin 4.9E-02 - 5.7E-02 - - 1.1E-01 0%
lla,4-DDT 5.9E-02 - 2.5E-02 - - 8.4E-02 0%
[Manganese 5.3E-02 - 2.1E-02 - - 7.4E-02 0%
[Thallium 1.8E-02 - 6.2E-03 - - 2.4E-02 0%
ltarocior 1268 5.6E-03 - 4.8E-03 - - 1.0E-02 0%
|iindane 2.3E05 - 6.1E-05 - - 8.3E-05 0%
TEQ-MAMMAL
|[TOTAL MEDIUM-SPECIFIC RISK - 7.2E+01 - 4.1E+01 - - 1.1E+02
hP_ERCENTAGEBﬁOTAL 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 C.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 Medium®
Surface Terrestrial Terrestrial ~ Small Small | Combined  Percent
Analyte Water Soil Plants Inverts Birds Mammals HQs"  Contribution®
flLead 2.9E+00 - 8.3€-01 - - 3.7E+00 | 26%
[ITEQ-BIRD 1.8E+00 - 1.2E+00 - - 3.1E+00 22%
[lzinc 8.6E-01 - 1.1E+00 - - 1.9E+00 13%
lfchromium 1.2E+00 - 2.1E-01 - - 1.5E400 10%
{[TOTAL AROCLOR 7.8E-01 - 5.7E-01 - - 1.3E4+00 9%
{iBarium 3.7E-01 - 1.7E-01 - - 5.4E-01 4%
licopper 3.5E-01 - 6.8E-02 - - 4.2E-01 3%
[IBeryliium 3.2E-01 - 9.2E-02 - - 4.1E-01 3%
[Isetenium 8.9E-02 - 3.1E-01 - - 4.0E-01 3%
ICadmium 2.5E-02 - 2.0E-01 - - 2.2E-01 2%
Aroclor 1254 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% ’ >
[[Thaltium 1.2E-02 - 4.4E-03 - - 1.7E-02 0%
[Ioieidrin 4,9E-03 - 5.7E-03 - - 1.1E-02 0%
[la.4-DDT 5.9E-03 - 2.5E-03 - - 8.4E-03 0%
[Manganese 5.3E-03 - 2.1E-03 - - 7.4E-03 0%
ffArocior 1268 5.6E-04 - 4.8E-04 - - 1.0E-03 0%
[ltindane 2.3E-06 - 6.1E-06 - - 8.3E-06 0%
fCopatt = 0 & : - .
[[TEQ-MAMMAL
I
{[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

ISCENARIO TIMEFRAME: Current/Future

EDIUM: Soil

EXPOSURE MEDIUM: All
EXPOSURE POINT: Oxbow Area Floodplain - Maximum

Literature-based BAFs®

Estimated Tissue Concentration

Medium EPC|| Terrestial ~ Terrestrial | Termrestial
Analyte Value Plants Inverts Plants® Terrestrial Inverts®

Antimony 7.0E+00 || 2.0E-03 - 1.4E-02 0.0E+00
lArsenic 1.3e+01 || 1.0E-02 2.5E-02 1.3E-01 3E01 |
JiBarium 5.1E+02 || 3.1€-02 1.8E-02 1.6E+01 9.4E+00
[iBeryllium 7.9e+00 || 2.0E-03 9.0E-03 1.6E-02 7.1E-02
fiCadmium 8.3E+00 || 4.4E-02 1.0E+00 3.6E-01 8.5E+00
[fchromium 1.0E+02 ]| 8.2E-03 6.1E-02 8.5E-01 6.4E+00
ficobatt 2.26+01 || 1.5E-03 2.4E-02 3.3E-02 54E-01 |
[icopper 3.6E+02 || 9.7E-02 2.0E-01 3.5E+01 7.0E+01
{lLead 1.8E+03 || 1.9E-02 1.0E-01 3.5E+01 1.9E+02
fManganese 8.6E+02 |[ 1.6E-02 4.3E-02 1.4E+01 3.7E+01
{iMolybdenum 1.7E+01 || 5.0E-02 1.9E-01 8.7E-01 3.3E+00
[iselenium 22E+00 || 1.3E-01 1.0E-01 2.9E-01 2.2E-01
Thallium 1.0E+00 || 8.0E-04 - 8.3E-04 0.0E+00
Vanadium 7.1E+01 || 9.7E-04 8.4E-03 6.9E-02 6.0E-01

Zinc 1.9+03 || 3.5E-01 36E+00 | 6.5E+02 6.8E+03
4,4-DDD 2.7E-02 || 2.4E-03 1.1E+00 6.5E-05 2.9E-02
4,4-DDE 4.2E-02 || 9.6E-04 1.1E+00 4.1E-05 4.6E-02
4,4-DDT 2.8E-03 || 1.4E-03 1.1E+00 4.0E-06 3.0E-03
IDieldrin 6.3E-02 || 6.7E-03 1.1E+00 4.2E-04 6.7E-02
flLindane 7.6E-04 || 5.9€-02 1.0E+00 4.5E-05 7.8E-04
[roTAL AROCLOR 3.6E+00 || 6.1E-04 1.1E+00 2.2E-03 4.0E+00
llarocior 1254 3.6E+00 || 14E-03 1.1E+00 4.9E-03 3.9E+00
{laroctor 1268 1.0E-01 || 3.4E-04 1.1E+00 3.5E-05 1.2E-01
TEQ-BIRD 4.3E-03 0.0E+00 0.0E+00
TEQ-MAMMAL 4.3E-03 0.0E+00 0.0E+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 (l.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

RME
EXPOSURE PARAMETER RME INTAKE EQUATION/
PARAMETER DEFINITION UNITS RATIONALE/
ROUTE SYMBOL VALUE REFERENCE MODEL NAME

INGESTION EDlggi ESTIMATED DAILY INTAKE VIA SOIL INGESTION mg/kg-d calculated SOIL INTAKE-INGESTION
Ceol CHEMICAL CONCENTRATION IN SOIL mg/kg chemical-specific EDlg,; = Cso * IRso * SFF * EF * 1/BW
IR 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 C.2-3
CALCULATION OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS : Surface Soil (0-2 feet) / Short-tailed Shrew

Screening Level Ecological Risk Assessment
Centredaie 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
Estimated Daily Reference Reference Hazard Hazard
Medium  Medium Daily Intake Dose Dose  Reference| Quotient — Quotient
Analyte EPC EPC Units | Intake® Units (NOAEL)® (LOAEL)® Dose Units| (NOAEL)® (LOAEL)
Antimony 7.0E+00 mgkg | 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 mgkg-d | 2.5E-01 1.2E-01
Berylium 7.9E+00 mgikg 2.9E-04 mgkgd | ©.6E-01 6.6E+00  mg/kg-d 4 AE-04 4.4E-02
Cadmium 8.3E+00 mg/kg 3.0E-01 mg/kgd | 1.0E+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/kgd | 3.1E+01  3.1E+00
Lead 1.8E+03 mg/kg 6.8E+01 mgf/kg-d | 1.3E+02 3.8E+02 mg/kg-d | 5.4E-01 1.8E-01
| Manganese 8.6E+02 mghkg | 3.2E+01 mgkg-d | 88E+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 1.0E+00 mg/kg 3.8E-02 mg/kg-d 1.4E-01 1.4E+00 mg/kgd | 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/kgd | 4.3E-01 2.2E-01
C 4,4-DDD 2.7E-02 mg/kg 9.8E-04 mgkgd | 8.0E-01 4.06+00 mgkgd | 1.2E-03  2.5E-04
4,4-DDE 4.2E-02 mo/kg 106E03 wmgkgd | 8OEO01 40E+00 wmgkgd | 2.0E03 39E-04
4,4-DDT 2.8E-03 mg/kg 1.0E-04 mg/kgd | 80E-01 4.0E+00 mg/kg-d | 1.3E-04 25E-05
Dieldrin 6.3E-02 mg/kg 2.3E-03 mgkgd | 2.86-02 2.8E-01 mg/kgd | 85E-02  8.5E-03
Lindane 7.6E-04 mg/kg 28E-05 mgkgd | 1.6E+00 3.2E+00 mgkg-d | 1.8E-05 8.8E-06
TOTAL AROCLOR 3.6E+00 mg/kg 1.3E-01 mgkg-d | 6.86-02  6.8E-01 mg/kg-d | 1.9E+00  1.9E-01
Aroclor 1254 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
Aroclor 1268 1.0E-01 mg/kg j 3.8E-03 mg/kgd | 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 mgkgd | 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 RME INTAKE EQUATION/
PARAMETER DEFINITION UNITS RATIONALE/
ROUTE SYMBOL VALUE REFERENCE MODEL NAME

[ INGESTION | EDluy _ |ESTIMATED DAILY INTAKE VIA PLANT INGESTION mg/kg-d calculated PLANT INTAKE-INGESTION
Cotant CHEMICAL CONCENTRATION IN PLANTS mg/kg chemical-specific EDlyiant = Cpamt * IRtood * Ppiant * SFF * EF *
IRto00 INGESTION RATE OF FOOD kg/day 0.013 USEPA, 1993
Pojant PERCENT PLANTS IN DIET unitless 14% Whitaker and Where C.n is estimated using site-specific
SFF SITE FORAGING FREQUENCY unitless 100% Buckner, 1966 Cotant = Coot * BAF piany
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 C.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

CENARIO 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  EPCUnits| Intake® Units | (NOAEL)® (LOAEL)® Dose Units] (NOAEL)® (LOAEL)®
| Antimony 1.4E-02 mg/kg 1.5E-03 mgkgd | 26E-02 26E-01 mgkgd | 5.7E-02 5.7E-03
Arsenic 1.3E-01 mg/kg 1.3E-02 mg/kgd 1.3E-01 1.3E+00 mg/kgd 1.1E-01 1.1E-02
Barium 1.6E+01 mg/kg 1.7E+00 mgkgd | 7.5E+01 1.6E+02 mgkgd | 2.2E-02  1.1E-02
| Beryllium 1.6E-02 mgikg 17803 mgkgd | 6.6E01 ©66E+00 wmgkgd | 25E03 2.5E-04
Cadmium 3.6E-01 mg/kg 3.8E-02 mgkgd | 1.0E+00 1.0E+01 mg/kgd | 3.8E-02  3.8E-03
Chromium 8.5E-01 mg/kg 9.0E-02 mgkg-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 mgkgd | 76E-02 76E01 mgkgd | 45E-02 4.5E-03
- Copper 3.5E+01 mg/kg 3.6E+00 mg/kgd | 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/kgd | 1.3E+02 3.8E+02 mg/kg-d | 3.0E-02 9.9E-03
Manganese 1.4E+01 mg/kg 14E+00 mgkgd | 88E+01 28E+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/kgd | 4.8E-01 4.8E-02
Selenium 2.9E-01 mg/kg 3.0E-02 mgkgd | 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/kgd | 1.4E-01 14E+00 mg/kg-d | 6.2E-04 6.2E-05
Vanadium 6.9E-02 mg/kg 7.2E-03 mgkgd | 4.2E-01 21E+00 mg/kg-d | 1.7E-02  3.5E-03
Zinc 6.5E+02 mg/kg 6.8E+01 mg/kgd | 1.6E+02 3.2E+02 mgkg-d | 4.3E-01 2.1E-01
4,4-DDD 6.5E-05 mg/kg 6.8E-06 mgkgd | 8.0E-01 4.0E+00 mg/kgd | 8.5E-06 1.7E-06
4 4-DDE AAE-05 mg/kg 43E06 mgkg-d | 8.0EODt 40E+00 mgkgd | 53E06 1.1E-08
4,4-DDT 4.0E-06 mg/kg 4.2E-07 mgkgd | 8.0E-01 4.0E+00 mgkgd | 5.3E-07 11E-07
Dieldrin 4.2E-04 mg/kg 45E-05 mgkgd | 2.86-02 28E-01 mgkgd | 1.6E-03 1.6E-04
Lindane 4.5E-05 mg/kg 47E-06 mgkgd | 1.6E+00 3.2E+00 mgkgd | 2.9E-06 1.5E-06
TOTAL AROCLOR 2.2E-03 mg/kg 23E-04 mg/kgd | 6.8E-02 6.8E-01 mgkgd | 3.4E-03 34E-04
Araclor 1254 4.9E-03 mg/kg 5.1E-04 mg/kgd | 6.8E-02 68E-01 mg/kgd | 7.5E-03 7.5E-04
Aroclor 1268 3.5E-05 mg/kg 36E-06 mgkgd | 68E-02 68E-01 mgkgd | 53E-05 53E-06
TEQ-BIRD 0.0E+00 mg/kg 0.0E+00  mg/kg-d
| TEQ-MAMMAL 0.0E+00 mg/kg 0.0E+00 mg/kgd | 1.0E-06 1.0E-05 mgkgd | 0.0E+00 0.0E+00
I 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).
¢. 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

RME
EXPOSURE PARAMETER RME INTAKE EQUATION/
PARAMETER DEFINITION UNITS RATIONALE/
ROUTE SYMBOL VALUE REFERENCE MODEL NAME
ESTIMATED DAILY INTAKE VIA INVERTEBRATE
INGESTION ED!;vent INGESTION mg/kg-d calculated INVERTEBRATE INTAKE-INGESTION
ED‘Inven = Clnven * IRfood * Pinvan * SFF*EF *
Cinvert CHEMICAL CONCENTRATION IN INVERTEBRATES mg/kg chemical-specific 1/BW
IRto0d INGESTION RATE OF FOOD kg/day 0.013 USEPA, 1993
USEPA, 1993; Where C,,,o is estimated using site-specific
Whitaker and tissue data or calculated using the following
Pvert PERCENT INVERTEBRATES IN DIET unitless 85% Feraro, 1963 equation:
SFF SITE FORAGING FREQUENCY unitless 100% Buckner, 1966 Cinvert = Csot * BAF nyent
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.0., 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

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

RECEPTOR: Short-tailed Shrew

EXPOSURE POINT: Oxbow Area Floodplain - Maximum

Estimated Daily Reference Reference Hazard Hazard
Medium Medium Daily Intake Dose Dose Reference| Quotient  Quotient
Analyte EPC  EPC Units| Intake® Units | (NOAEL)® (LOAEL)" Dose Units| (NOAEL)® (LOAEL)
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/kgd | 2.1E+00 2.1E-O1
Barium 3.6E+01 mg/kg 2.3E+01 mg/kgd | 7.5E+01 1.6E+02 mg/kgd | 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/kgd | 3.3E-01 3.3E-02
Cadmium 9.9E+00 mg/kg 6.3E+00 mg/kgd | 1.0E+00 1.0E+01 mg/kgd | 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 mgkgd | 7.6E-02  7.6E-01 mg/kg-d | 6.6E+00  6.6E-01
Copper 1.1E+01 mg/kg 6.6E+00 mgkgd | 4.2E-01 4.2E+00 mgkgd | 1.6E+01  1.6E+00
Lead 8.0E+01 mg/kg 5.0E+01 mg/kgd | 1.3E+02 3.8E+02 mg/kg-d | 4.0E-01 1.3E-01
Manganese 5.2E+01 mg/kg 3.3E+01 mgkgd | 8.8E+01 2.8E+02 mg/kgd | 3.7E-01 1.1E-01
Molybdenum 4.2E-01 mg/kg 2.7E-01 mg/kg-d 1.9E-01 19E+00 mg/kgd | 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 34E-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 mgkg-d | 4.2E-01 2.1E+00 mgkg-d | 2.6E+00 5.1E-01
Zinc 3.5E+02 mg/kg 22E+02 mg/kgd | 1.6E+02 3.2E+02 mgkgd | 1.4E+00 6.8E-01
C 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 44E-03 mgkgd | 80E-01 40E+00 mgkgd | 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/kgd 1.4E-04 2.7E-05
Dieldrin 1.1E-02 mg/kg 7.0E-03 mg/kgd | 28E-02 2.8E-01 mg/kg-d | 2.5E-01 2.5E-02
Lindane 3.0E-04 mg/kg 19E-04 mgkgd | 1.6E+00 32E+00 mgkg-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
Aroclor 1268 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/kgd
TEQ-MAMMAL 4.5E-04 mg/kg 29E-04 mg/kgd 1.0E-06 1.0E-05 mgkgd | 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) calcutated 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 w >
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 (Hl): 2.6E+02

Exposure Medium®
Surface Terrestrial Terrestrial  Small Small | Combined  Percent
Analyte Water Soil Plants Inverts Birds Mammals HQsP Contribution®

[TEQ-MAMMAL 6.7E+01 - 1.2E+02 1.9E+02 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%
licobait 7.8E+00 3.3E-02  4.8E+00 1.3E+01 5%
llvanadium 52E+00 1.4E-02  2.1E+00 7.4E+00 3%
[lcadmium 1.5E-01  1.8E-02  3.0E+00 3.2E+00 1%
[ISelenium 2.6E-01  97E-02  23E+00 2.7E+00 1%
lIMolybdenum 1.6E+00 2.3E-01  6.8E-01 2.5E+00 1%
HArsenic 1.6E+00  4.5E-02  9.0E-01 2.5E+00 1%
[roTAL AROCLOR 7.8E-01  14E-03  1.5E+00 2.2E+00 1%
[Aroclor 1254 7.6E-01  3.0E-03 1.4E+00 2.2E+00 1%
[lzinc 1.5E-01  15E-01  4.7E-01 7.7E-01 0%
[Manganese 3.5E-01 1.6E-02  3.6E-01 7.2E-01 0%
lIBeryllium 27E-01  1.6E-03  2.0E-01 4.8E-01 0%
JIThallium 1.9E-01  4.3E-04 1.7E-01 3.6E-01 0%
liBarium 1.5E-01  1.3E-02  1.8E-01 3.4E-01 0% O
[itead 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 A4.8E-02 7.0E-02 0%
{f4.4-DDE 84E-04 2.3E-06 23E-03 3.2E-03 0%
[lchromium 1.8E-03 4.3E05 7.9E-04 2.7E-03 0%
|4.4-DDD 6.1E-04 43E-06 1.5E-03 2.1E-03 0%
{4,4-DDT 5.8E-05 24E-07 6.3E-05 1.2E-04 0%
[ltindane 71E-06 1.2E-06 4.8E-05 5.7E-05 0%
[FEQ-BIRD
| _
{ITOTAL 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.

S
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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

RECEPTOR: Short-tailed Shrew

ISCENARIO TIMEFRAME: Current/Future
EXPOSURE POINT: Oxbow Area Floodplain - Maximum

Centredale Manor River Restoration Superfund Site
North Providence, Rhode Island

TOTAL RISK (HI):  6.6E+01
Exposure Medium®
Surface Terestrial Terrestrial  Small Small |Combined  Percent
Analyte Water Soil Plants Inverts Birds Mammals HQs® Contribution®

TEQ-MAMMAL 1.6E+01 - 2.9E+01 4.4E+01 68%
[Copper 31E+00  8.6E-01  1.6E+00 5.6E+00 9%
lantimony 9.9E-01 57E-03  3.5E+00 4.5E+00 7%
[selenium 25E-01  91E-02 2.2E+00 2.5E+00 4%
IVanadium 1.2E+00  3.5E-03  5.1E-01 1.8E+00 3%
[Cobalt 1.1E+00 4.5E-03  6.6E-01 1.7E+00 3%
[lzinc 22E-01  21E-01  6.8E-01 1.1E+00 2%
[lcadmium 3.0E-02 3.8E-03  6.3E-01 6.6E-01 1%
[tarsenic 37E-01  11E-02  2.1E-01 6.0E-01 1%
l[rOTAL AROCLOR 1.9E-01  3.4E-04  3.6E-01 5.6E-01 1%
[Arocior 1254 1.9E-01  7.5E-04  3.5E-01 5.5E-01 1%
[IMolybdenum 3.4E-01 4.8E-02 1.4E-01 5.2E-01 1%
[ltead 1.8E-01  9.9E-03  1.3E-01 3.2E-01 0%
[IBarium 1.2E-01  1.4E-02  1.4E-01 2.7E-01 0%
[IManganese 11E-01  5.0E-03 1.1E-01 2.3E-01 0%
[IBerytium 44E-02 25E-04 3.3E-02 7.7E-02 0%
[rhaltium 2.7E-02  6.2E-05 2.5E-02 5.2E-02 0%
[IDieldrin 8.5E-03 1.6E-04 2.5E-02 3.4E-02 0%
[laroclor 1268 5.6E-03 5.3E-06 1.2E-02 1.8E-02 0%
|ls.4-DDE 3.9E-04 1.1E-06 1.1E-03 1.5E-03 0%
|l4.4'-DDD 25E-04 1.7E-06  5.8E-04 8.3E-04 0%
fichromium 2.6E-04 6.1E-06 1.1E-04 3.8E-04 0%
[itindane 8.8E-06 1.5E-06  6.0E-05 7.0E-05 0%
4,4-DDT 2.5E-05 1.1E07 2.7E-05 5.3E-05 0%
TEQ-BIRD

fTOTAL MEDIUM-SPECIFIC RISK - 2.4E+01 | 1.3E+00 | 4.0E+01 - - 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.

6/6/2006



TABLE C.3-1
ESTIMATED TERRESTRIAL PREY TISSUE CONCENTRATIONS DERIVED USING LITERATURE-BASED BAFs

v,

Screening Level Ecological Risk Assessment
Centredale Manor River Restoration Superfund Site
North Providence, Rhode Island

CENARIO TIMEFRAME: Current/Future
MEDIUM: Soil
EXPOSURE MEDIUM: All
EXPOSURE POINT: Oxbow Area Floodplain - Maximum

Literature-based BAFs’] Estimated Tissue Concentration
Medium EPC|| Terrestial Terrestrial | Terrestial
Analyte Value Plants Inverts Plants® Terrestrial Inverts®
[Antimony 7.0E+00 || 2.0E-03 - 1.4E-02 0.0E+00
tArsenic 1.3E+01 || 1.0E-02  2.5E-02 1.3E-01 3.1E-01
[(Barium 51E+02 || 31E-02  1.8E-02 1.6E+01 9.4E+00
[Beryliium 7.9E+00 | 2.0E-03  9.0E-03 1.6E-02 7.1E-02
[licadmium 8.3E+00 || 44E-02  1.0E+00 3.6E-01 8.5E+00
[ichromium 1.0E+02 | 8.2E-03  6.1E-02 8.5E-01 6.4E+00
licobatt 2.26+01 || 1.56-03  2.4E-02 3.3E-02 5.4E-01
licopper 36E+02 || 9.7E-02  2.0E-01 3.5E+01 7.0E+01
llead 1.86+03 [ 1.9E-02  1.0E-01 3.5E+01 1.9E+02
liManganese 86E+02 || 16E-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
[Iselenium 226+00 [ 13E-01  1.0E-01 2.9E-01 2.2E-01
hallium 1.0E+00 || 8.0E-04 - 8.3E-04 0.0E+00
Vanadium 7.1E+01 || 97E-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 27E-02_ || 24E-03  1.1E+00 6.5E-05 2.9E-02
4,4-DDE 42602 || 96E-04 1.1E+00 | 4.4E-05 4.6E-02 ‘ ,
4,4-DDT 2.8E-03 || 14E-03 1.1E+00 |  4.0E-06 3.0E-03
libietdrin 6.3E-02 || 67E-03  1.1E+00 | 4.2E-04 6.7E-02
lltindane 76E-04 || 59E-02 1.0E+00 4.5E-05 7.8E-04
[[roTAL AROCLOR 36E+00 { 6.1E-04 1.1E+00 2.2E-03 4.0E+00
roclor 1254 36E+00 | 1.4E-03  1.1E+00 4.9E-03 3.9E+00
Eroclor 1268 1.0E-01 || 34E-04 1.1E+00 3.5E-05 1.2E-01
EQ-BIRD 4.3E-03 0.0E+00 0.0E+00
TEQ-MAMMAL 4.3E-03 0.0E+00 0.0E+00

Footnotes:

a. Literature-derived BAFs are summarized in Table J-1 in the BERA (MACTEC, 2004).

b. Estimated plant and invertebrate concentrations calcutated 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 (l.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. D
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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

RME
EXPOSURE PARAMETER RME INTAKE EQUATION/
PARAMETER DEFINITION UNITS RATIONALE/
ROUTE SYMBOL VALUE REFERENCE MODEL NAME

INGESTION EDl ESTIMATED DAILY INTAKE VIA SOIL INGESTION mg/kg-d calculated SOIL INTAKE-INGESTION
Cesail CHEMICAL CONCENTRATION IN SOIL mg/kg chemical-specific EDlggy = Cooif * IRgo * SFF * EF * 1/BW
IRs0i INGESTION RATE OF SOIL kg/day 0.087 assumption
SFF SITE FORAGING FREQUENCY unitless 100% Stuewer, 1943
EF EXPOSURE FREQUENCY unitless 50% USEPA, 19983
BW BODY WEIGHT kg 6.2 Sanderson, 1984

REFERENCES

Sanderson, G.C., 1984. Cooperative raccoon collections; lli. Nat. Hist. Survey Div.; Pittman-Robertson Proj. W-49-31,

Stuewer, R.W., 1843. 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 | Intake® Units (NOAEL)® (LOAEL)® Dose Units] (NOAEL)® (LOAEL)®
Antimony 7.0E+00 mg/kg 49E-02 mg/kgd | 2.6E-02 2.6E-01 mg/kgd | 1.9E+00 1.9E-01 1
Arsenic 1.3E+01 mg/kg 9.0E-02 mg/kg-d | 4.8E-02 4.8E-01 mg/kgd | 1.9E+00 1.9E-01
Barium 5.1E+02 mg/kg 36E+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 56E-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 58E-02 mg/kgd | 1.0eE+00 1.0E+01  mg/kgd 5.8E-02 5.8E-03
Chromium 1.0E+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/kgd | 2.0E+00  2.0E-01
Copper 3.6E+02 mg/kg 25E+00 mg/kgd | 1.2E+01  1.5E+01 mg/kg-d 2.2E-01 1.7E-01
Lead 1.8E+03 mgkg 1.3E+01 mgkgd | 1.3E+02 3.8E+02 mg/kg-d 1.0E-01 3.4E-02
Manganese 8.6E+02 mg/kg 6.1E+00 mg/kgd | 8.8E+01 28E+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/kgd 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/kgd 1.4E-01 14E+00  mg/kgd 5.2E-02 5.2E-03
Vanadium 7.1E+01 mg/kg 5.0E-01 mg/kg-d | 4.2E-01 21E+00 mg/kg-d | 1.2E+00 2.4E-01
Zinc 1.9E+03 mg/kg 1.3E+01 mg/kgd | 2.0E+02 3.9E+02 mg/kgd 6.8E-02 3.4E-02
4,4'-DDD 2.7E-02 mg/kg 1.9E-04 mg/kg-d 8.0E-01 4.0E+00 mg/kgd 2.3E-04 4.7E-0f3
4,4-DDE 4.2E-02 mg/kg 3.0E-04  mg/kg-d 8.0E-01 4.0E+00 mg/kgd 3.7E-04 7.5E-05'Y
4,4-DDT 2.8E-03 mg/kg 1.9E-05 mg/kgd 8.0E-01 4.0E+00 mg/kgd 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 54E-06 mg/kgd | 1.6E+00 3.2E+00 mg/kgd 3.4E-06 1.7E-06
TOTAL AROCLOR 3.6E+00 mg/kg 25E-02 mg/kg-d 5.0E-03 20E-02 mgkgd | 51E+00 1.3E+00
Aroclor 1254 3.6E+00 mg/kg 2.5E-02 mg/kg-d 5.0E-03 2.0E-02 mgkgd | 51E+00 1.3E+00
Aroclor 1268 1.0E-01 mg/kg 7.3E-04  mg/kg-d 5.0E-03 2.0E-02 mgkgd 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
I 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

RME
EXPOSURE PARAMETER RME INTAKE EQUATION/
PARAMETER DEFINITION UNITS RATIONALE/
ROUTE SYMBOL VALUE REFERENCE MODEL NAME
INGESTION EDlpiant ESTIMATED DAILY INTAKE VIA PLANT INGESTION mg/kg-d calculated PLANT INTAKE-INGESTION
EDIpIam = Cplant * lRfood * Pplam * SFF*EF*
Colant CHEMICAL CONCENTRATION IN PLANTS mg/kg chemical-specific 1/BW
IR000 INGESTION RATE OF FOOD kg/day 1.7 USEPA, 1993
USEPA, 1993; Where C,,. is estimated using site-specific
Liewllyn and Uhler, | tissue data or calculated using the following
Poiant PERCENT PLANTS IN DIET unitless 1% 19562 equation:
SFF SITE FORAGING FREQUENCY unitless 100% Stuewer, 1943 Cpiant = Cooit * BAF pjant
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. Midl. Nat. 48:193-203.
Sanderson, G.C., 1984. Cooperative raccoon collections; lll. 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| Intake® Units (NOAEL)® (LOAEL)® Dose Units| (NOAEL)® (LOAEL)®
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 mgkg-d | 4.8E-02 4.8E-01 mg/kg-d | 2.7E-01 2.7E-02
Barium 1.6E+01 mglkg 1.6E+00 mgkg-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 mgkgd | 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/kgd | 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 mgkgd | 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/kgd | 1.3E+02 3.8E+02 mg/kg-d 2.8E-02 9.5E-03
Manganese 1.4E+01 mg/kg 14E+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 29E-02 mgkg-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 21E+00 mg/kg-d 1.7E-02 3.3E-03
Zinc 6.5E+02 mg/kg 6.5E+01 mg/kgd | 2.0E+02 3.9E+02 mg/kgd | 3.3E-01 1.7E-01
4,4'DDD 6.5E-05 mg/kg 6.5E-06 mg/kg-d 8.0E-01 4.0E+00 mg/kgd | 8.2E-06 1.6E-00 >
4,4'-DDE 4.1E-05 mg/kg 4.1E-06 mgkgd 8.0E-01 4.0E+00 mg/kg-d 5.1E-06 1.0E
4,4-DDT 4.0E-06 mg/kg 4.0E-07 mgkgd | 8.0E-01 40E+00 mg/kgd 5.0E-07 1.0E-07
Dieldnin 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 45E-06 mg/kg-d | 1.6E+00 3.2E+00 mg/kgd 2.8E-06 1.4E-06
TOTAL AROCLOR 2.2E-03 mg/kg 22E-04 mg/kgd 5.0E-03 20E-02 mgkgd | 4.4E-02 1.1E-02
Aroclor 1254 4.9E-03 mg/kg 49E-04  mg/kg-d 5.0E-03 20E-02 mg/kgd | 9.8E-02 2.4E-02
Aroclor 1268 3.5E-05 mg/kg 3.5E-06 mg/kgd | 5.0E-03 20E-02 mgkgd | 7.0E-04 1.7E-04
TEQ-BIRD 0.0E+00 mg/kg 0.0E+00  mg/kg-d
TEQ-MAMMAL 0.0E+00 mg/kg 0.0E+00  mg/kg-d 1.0E-06 1.0E-05 mg/kgd | 0.0E+00 0.0E+00
L HAZARD INDICES: 1.9E+00  6.3E-01

Notes:

a. Estimated Daily Intake (EDI) calculated using parameters presented in Table C.34.

b. Reference Dose Values presented in Table D4 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.

D
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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

RME
EXPOSURE PARAMETER RME INTAKE EQUATION/
PARAMETER DEFINITION UNITS RATIONALE/
ROUTE SYMBOL VALUE REFERENCE MODEL NAME
ESTIMATED DAILY INTAKE VIA INVERTEBRATE
INGESTION EDlinvert INGESTION mg/kg-d calculated INVERTEBRATE INTAKE-INGESTION
EDlmven = Cmven * IRfood * P|nver1 * SFF*EF*
Cinvert CHEMICAL CONCENTRATION IN INVERTEBRATES mg/kg chemical-specific 1/BW
IRto00 INGESTION RATE OF FOOD kg/day 1.7 USEPA, 1993
USEPA, 1993; Where C,.,. is estimated using site-specific
Llewllyn and Uhler, | tissue data or calculated using the following
Pinvert PERCENT INVERTEBRATES IN DIET unitless 29% 1952 equation:
SFF SITE FORAGING FREQUENCY unitless 100% Stuewer, 1943 Cinvert = Csoil * BAF inven
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

Liewellyn, 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; lll. 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 ,
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
Estimated Daily Reference Reference Hazard Hazard
Medium  Medium Daily Intake Dose Dose  Reference] Quotient  Quotient
Analyte EPC EPC Units| Intake® Units (NOAEL)® (LOAEL)® Dose Units{ (NOAEL)® (LOAEL)®
Antimony 1.5E+00 mg/kg 59E-02 mg/kgd | 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 14E02 mg/kgd | 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 1.0E-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 mgkgd | 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/kgd | 1.3E+02 3.8E+02 mgkgd | 2.5E-02 8.5E-03
Manganese 5.2E+01 mg/kg 21E+00 mg/kgd | 8.8E+01 2.8E+02 mg/kgd 2.4E-02 7.3E-03
Molybdenum 4.2E-01 mg/kg 1.7E-02  mglkg-d 1.9E-01 1.9E+00 mg/kg-d 9.0E-02 9.0E-03
Selenium 1.2E+00 mg/kg 46E-02 mg/kgd | 2.0E-01 3.3E-01 mg/kgd | 2.3E-01 1.4E-01
Thallium 5.5E-02 mg/kg 2.2E-03  mg/kg-d 1.4E-01 14E+00 mg/kg-d 1.6E-02 1.6E-03 "
Vanadium 1.7E+00 mg/kg 6.9E-02 mg/kgd | 4.2E-01 21E+00  mg/kg-d 1.6E-01 3.3E-02 ||
Zinc 3.5E+02 mg/kg 14E+01 mghkgd | 2.0E+02 39E+02 mg/kgd | 7.1E-02 3.6E-02
4,4-DDD 3.7E-03 mg/kg 1.5E-04 mgkgd | 8.0E-01 4.0E+00 mgkgd 1.9E-04 3.7E-07
4,4-DDE 6.9E-03 mg/kg 28E-04 mg/kg-d | 8.0E-01 40E+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 mgkg-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/kgd | 3.0E-02 3.0E-03
Lindane 3.0E-04 mg/kg 1.2E-05 mgkgd | 1.6E+00 3.2E+00 mg/kgd | 7.6E-06 3.8E-06
TOTAL AROCLOR 3.9E-01 mg/kg 1.6E-02 mgkgd | 5.0E-03 20E-02 mgkgd | 3.2E+00 7.9E-01
Aroclor 1254 3.8E-01 mg/kg 1.5E-02 mg/kg-d | 5.0E-03 20E-02 mg/kgd | 3.1E+00 7.7E-01
Aroclor 1268 1.3E-02 mg/kg 53E-04 mg/kg-d | 5.0E-03 20E-02 mglkg-d 1.1E-01 2.7E-02
TEQ-BIRD 4.4E-04 mg/kg 1.86-05 mgkgd
TEQ-MAMMAL 4.5E-04 mg/kg 1.8E-05 mg/kg-d 1.0E-06 1.0E-05 mg/kgd | 1.8E+01  1.8E+00

I HAZARD INDICES: 29E+01 4.0E+00

Notes:

a. Estimated Daily Intake (ED!) 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

SCENARIO TIMEFRAME: Current/Future

EXPOSURE POINT: Oxbow Area Floodplain - Maximum

RECEPTOR: Raccoon

North Providence, Rhode Island

TOTAL RISK (HI):  8.0E+01
Exposure Medium®
Surface Terrestrial Terrestrial ~ Small Small |Combined  Percent
Analyte Water Soil Plants Inverts Birds Mammals HQs®  Contribution®

TEQ-MAMMAL 3.0E+01 - 1.8E+01 - - 4.96+01 61%
TOTAL AROCLOR 51E+00 4.4E-02  3.2E+00 - - 8.3E+00 10%
Aroclor 1254 51E+00 9.8E-02  3.1E+00 - - 8.2E+00 10%
IAntimony 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%
licopper 22E-01 3.0E01  3.6E-02 - - 5.5E-01 1%
[lcadmium 58E-02 3.6E-02 4.0E-01 - - 4.9E-01 1%
lzinc 6.8E-02 3.3E-01 7.1E-02 - - 4.7E-01 1%
[Isetenium 7.8E-02  14E-01  2.3E-01 - - 4.5E-01 1%
[{Arocior 1268 15E-01  7.0E-04 1.1E-01 - - 2.5E-01 0%
fitead 1.0E-01 2.8E-02  2.5E-02 - - 1.6E-01 0%
{Manganese 6.9E-02 1.6E-02 24E-02 - - 1.1E-01 0%
[iBarium 48E-02 22E-02 2.0E-02 - - 8.9E-02 0%
[frhallium 5.2E-02  6.0E-04  1.6E-02 - - 6.9E-02 0%
|IDieldrin 3.0E-02 2.9E-03  3.0E-02 - - 6.2E-02 0%
[iBeryllium 46E-02 1.3E-03 1.1E-02 - - 5.9E-02 0%
|la,4-DDE 37E-04 51E-06  3.5E-04 - - 7.3E-04 0%
llchromium 50E-04 5.9E-05 7.1E-05 - - 6.3E-04 0%
la,4-DDD 2.3E-04 82E-06 19E-04 - - 4.3E-04 0%
u4-DDT 24E-05 50E-07 8.7E-06 - - 3.4E-05 0%
{lindane 34E-06  2.8E-06  7.6E-06 - - 1.4E-05 0%
TEQ-BIRD

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.
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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

SCENARIQ TIMEFRAME: Current/Future

EXPOSURE POINT: Oxbow Area Floodplain - Maximum

RECEPTOR: Raccoon

North Providence, Rhode Island

TOTAL RISK (Hl):  1.1E+01
Exposure Medium®
Surface Terrestrial Terrestrial ~ Small Small | Combined  Percent
Analyte Water Soll Plants Inverts Birds Mammals HQs®  Contribution®
[TEQ-MAMMAL 3.0E+00 - 1.8E+00 - - 4.9E+00 42%
TOTAL AROCLOR 1.3E+00  1.1E-02  7.9E-01 - - 2.1E+00 18%
Aroclor 1254 1.3E+00  2.4E-02  7.7E-01 - - 2.1E+00 18%
Copper 1.7E-01  2.3E-01 28E-02 - - 4.2E-01 4%
IAntimony 1.9E-01 55E-03 23E-01 - - 4.2E-01 4%
Selenium 47E-02  87E-02  1.4E-01 - - 2.8E-01 2%
anadium 24E-01  33E-03  3.3E-02 - - 2.8E-01 2%

Cobalt 2.0E-01  44E-03  4.2E-02 - - 2.5E-01 2%
larsenic 19E-01 2.7E-02  3.6E-02 - - 2.5E-01 2%
[zinc 34E-02 1.7E-01 3.6E-02 - - 2.4E-01 2%
[Molybdenum 6.4E-02 4.6E-02 9.0E-03 - - 1.2E-01 1%
[fAroclor 1268 3.6E-02 1.7E-04 2.7E-02 - - 6.3E-02 1%
ltead 34E-02 95E-03  8.5E-03 - - 5.2E-02 0%
flcadmium 58E-03 3.6E-03  4.0E-02 - - 4.9E-02 0%
(IBarium 23E-02 1.0E-02 9.2E-03 - - 4.2E-02 0%
[Manganese 21E-02 4.8E-03  7.3E-03 - - 3.3E-02 0%
{Thallium 5.2E-03 6.0E-05 1.6E-03 - - 6.9E-03 0%
|[Dieldrin 3.0E-03 29E-04 3.0E-03 - - 6.2E-03 0%
{Beryllium 46E-03 1.3E-04 1.1E-03 - - 5.9E-03 0%
4,4'DDE 7.5E05 1.0E-06  7.0E-05 - - 1.5E-04 0%
4,4-DDD 47E-05 1.6E-06 3.7E-05 - - 8.6E-05 0%
IChromium 5.0E-05 5.9E-06 7.1E-06 - - 6.3E-05 0%
ILindane 1.7E-06  14E-06  3.8E-06 - - 6.9E-06 0%
4,4'-DDT 49E-06 1.0E-07 1.7E-06 - - 6.7E-06 0%
[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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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

RME
EXPOSURE PARAMETER RME INTAKE EQUATION/
PARAMETER DEFINITION UNITS RATIONALE/
ROUTE SYMBOL VALUE REFERENCE MODEL NAME
INGESTION EDlI ESTIMATED DAILY INTAKE VIA SOIL INGESTION mg/kg-d calculated SOIL INTAKE-INGESTION
(o CHEMICAL CONCENTRATION IN SOIL mg/kg chemical-specific EDlyi = Ceoit * IRsoi ¥ SFF * EF * 1/BW
IR0 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 Solil (0-2 feet)
EXPOSURE POINT: Oxbow Area Floodplain - Average

RECEPTOR: Woodcock

RN

Estimated Daily Reference Reference Hazard Hazard
Medium  Medium Daily Intake Dose Dose  Reference| Quotient  Quotient
Analyte EPC EPC Units | Intake® Units (NOAEL)® (LOAEL)® Dose Units| (NOAEL)® (LOAEL)®
Antimony 3.0E+00 mg/kg 1.8E-01 mg/kg-d
~ Arsenic 5.4E+00 mg/kg 3.2E-01 mg/kg-d | 51E+00 1.3E+01 mg/kg-d | 6.3E-02 2.5E-02
Barium 3.0E+02 mg/kg 1.8E+01 mgkgd | 42E+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/kgd 1.7E-01 1.2E-02
i Chromium 7.4E+01 mg/kg 44E+00  mg/kg-d 1.0E+00 50E+00 mg/kg-d | 4.4E+00 8.8E-01
[ Cobalt 16E+01  mgkg | 9.6E-01 mglkgd ]
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 |
I Lead 5.7E+02 mg/kg 34E+01 mgkgd | 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/kgd | 9.8E+02 9.8E+03 mg/kgd | 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 mgkg-d | 4.4E-01 1.5E+00 mgkgd | 2.0E-01 5.7E-02
Thallium 7.1E-01 mg/kg 43E-02 mg/kgd | 3.5E+00 5.0E+00 mgkg-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 mgkgd | 2.9E-01 2.9E-02 -
" 44'DDE 1.8E-02 mg/kg 1.1E-03 mg/kgd | 2.8E-03 2.8E-02 mgkgd | 3.9E-01 3.9E-02
4,4-DDT 1.3E-03 mg/kg | 7.6E-05 mgkgd | 2.8E-03 28E-02 mgkgd | 27E-02 2.7E-03
Dieldrin 2.3E-02 mg/kg 14E-03 mgkgd | 77E-02 7.7E-01 mg/kg-d 1.8E-02 1.8E-03
Lindane 3.1E-04 mg/kg 1.9E-05 mgkgd | 2.0E+00 2.0E+01 mg/kgd | 9.3E-06 9.3E-07
TOTAL AROCLOR 1.4E+00 mg/kg 8.6E-02 mg/kgd 1.1E-01 2.8E-01 mg/kgd | 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 mgkgd | 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 14E-04 mg/kg-d | 7.8E+00 7.8E-01
TEQ-MAMMAL " | 18E-03  mgkg | 1.1E-04 mgkgd ]
I 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).
¢. 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

RME

EXPOSURE PARAMETER RME INTAKE EQUATION/
PARAMETER DEFINITION UNITS RATIONALE/
ROUTE SYMBOL VALUE REFERENCE MODEL NAME
ESTIMATED DAILY INTAKE VIA INVERTEBRATE
INGESTION EDlinvent INGESTION mg/kg-d calculated INVERTEBRATE INTAKE-INGESTION
EDlinven = Cnnver\ * IRfood * Pinver\ * SFF *EF*
Cinvert CHEMICAL CONCENTRATION IN INVERTEBRATES mg/kg chemical-specific 1/BW
IRt00d INGESTION RATE OF FOOD kg/day 0.082 USEPA, 1993
Where Ci...n is estimated using site-specific
USEPA, 1993; tissue data or calculated using the following
Pinven PERCENT INVERTEBRATES IN DIET unitless 100% Krohn, 1970. equation:
SFF SITE FORAGING FREQUENCY unitless 100% Gregg, 1984 Cinvert = Cson * BAF invert
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 1893; Washington, D.C.
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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| Intake® Units (NOAEL)® (LOAEL)® Dose Units| (NOAEL)® (LOAEL)®
Antimony 6.3E-01 mg/kg 2.5E-01 mg/kg-d
Arsenic 1.8E-01 mg/kg 72E-02 mgkgd | 5.1E+00 1.3E+01 mg/kg-d | 1.4E-02  5.6E-03 |
Barium 21E+01  mg/kg | 8.5E+00 mg/kg-d | 42E+01 83E+01 mgkgd | 2.0E-01  1.0E-01
Beryllium 2 1E-01 mgkg | B4E-02 mgkgd | 1.5E-01 15E+00 mg/kgd | 5.7E-01 57E-02
Cadmium 48E+00 mgkg | 1.9E+00 mgkgd | 1.5E+00 2.0E+01 mg/kg-d | 1.3E+00  9.7E-02
Chromium 1.8E+00 mgkg | 7.3E-01 mg/kgd | 1.0E+00 5.0E+00 mg/kgd | 7.3E-01 1.5E-oﬂ
Cobalt 5.7E-01 mg/kg | 23E-01 mgkgd ]
Copper 36E+00 mglkg | 14E+00 mg/kgd | 47E+01 6.2E+01 mg/kg-d | 3.0E-02 2.3E-02 |
— Lead 25E+01 mgkg | 1.0E+01 mgkgd | 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 mgkgd | 3.5E+00 3.5E+01 mgkgd | 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 mglkg 15E-02 mg/kg-d | 35E+00 50E+00 mg/kgd | 4.3E-03  3.0E-03
Vanadium 14E+00  mgkg | 57E-01 mgkgd | 1.1E+01 1.1E+02 mgkgd | 50E-02  50E-03
Zinc 12E+02 mgkg | 48E+01 mgkgd | 1.5E+01 1.3E+02 mg/kg-d | 3.3E+00  3.6E-01
4,4-DDD 19E-03 mgkg | 7.4E-04 mgkgd | 2.8E-03 28E-02 mghkgd | 2.7E-01 2.7E-0®
4,4-DDE | 3.0E-03  mglkg 12E-03 mg/kgd | 2.8E-03 28E-02 mgkgd | 43E01 4.3E02
44-DDT 79E-05 mgkg | 3.2E-05 mg/kgd | 2.8E-03 2.8E-02 mgkgd | 1.1E02 1.1E-03
B Dieldrin | 4.0E-03  mgkg 16E-03 mgkgd | 7.7E02 7.7E-01 mgkgd | 21E-02 2.1E-03
Lindane 12E-04 mgkg | 49E-05 mgkgd | 2.0E+00 2.0E+01 mg/kgd | 25E-05 25E-06
[ TOTAL AROCLOR 1.6E-01 mgkg | 6.3E-02 mgkgd | 1.1E-01 28E-01 mgkgd | 57E-01  2.3E-01
Aroclor 1254 1.5E-01 mgikg | 6.0E-02° mgkgd | 1.8E-01 1.8E+00 mgkgd | 3.3E-01  3.3E-02
Aroclor 1268 52E-03 mgkg | 2.1E-03 mgkgd | 1.1E+00 1.1E+01 mg/kg-d | 1.9E-03  1.9E-04
TEQ-BIRD 19E-04 mgkg | 7.4E-05 mgkgd | 14E05 1.4E-04 mg/kgd | 5.3E+00 5.3E-01
TEQ-MAMMAL 1.9E-04 mgkg | 7.7E-05 mglkgd
I B
r_
[ HAZARDINDICES: 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).
¢. 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.1-5
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 Medium®

Surface Terrestrial Terrestrial ~ Small Small Combined Percent

Analyte Water Soil Plants Inverts Birds Mammals HQs" Contribution®
TEQ-BIRD 7.8E+00 - 5.3E+00 - - 1.3E+01 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 - - 2.5E+00 6%
Cadmium 1.7E-01 - 1.3E+00 - - 1.5E+00 3%
TOTAL ARCCLOR 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%
Aroclor 1254 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%
Thatlium 1.2E-02 - 4.3E-03 - - 1.7E-02 0% |
Aroclor 1268 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
IPERCENTAGE 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.

¢. Relative contribution of COPEC to total risk associated with the ingestion exposure pathway.
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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

SCENARIO TIMEFRAME: Current/Future

EXPOSURE POINT: Oxbow Area Floodplain - Average

RECEPTOR: Woodcock

North Providence, Rhode Island

TOTAL RISK (Hl):  6.1E+00
Exposure Medium®
Surface Terrestrial Terrestrial  Small Small |Combined  Percent
Analyte Water Soil Plants Inverts Birds Mammals HQs® Contribution®
TEQ-BIRD 7.8E-01 - 5.3E-01 - - 1.3E+00 21%
Lead 9.0E-01 - 2.6E-01 - - 1.2E+00 19%
Chromium 8.8E-01 - 1.5€-01 - - 1.0E+00 17%
Zinc 3.0E01 -  36E-01 - - 6.6E-01 11%
TOTAL AROCLOR 3.1E-01 - 2.3E-01 - = 5.4E-01 9%
Barium 2.2E-01 - 1.0E-01 - - 32601 | 5%
Selenium " 5.7E-02 - 2.0E-01 - - 2.6E-01 4%
Beryllium 2.0E-01 - 5.7E-02 - - 2.5E-01 4%
Copper 1.2E-01 - 2.3E-02 - - 1.4E-01 2%
Cadmium 1.2E-02 - 9.7E-02 - - 11E-01 | 2%
4,4'-DDE 3.9E-02 - 4.3E-02 - - 8.2E-02 1%
Aroclor 1254 47E02 - 3.3E-02 - - 8.0E-02 1%
4,4-DDD 2.9E-02 - 2.7E-02 - - 5.5E-02 1%
Vanadium 3.1E-02 - 5.0E-03 - - 3.6E-02 1%
Arsenic 25E-02 - 5.6E-03 - - 3.1E-02 1%
Molybdenum 1.4E-02 - 2.3E-03 - - 1.7E-02 0%
Thattium 8.6E-03 - 3.0E-03 - - 1.2E-02 0%
Manganese - B5AE-03 - 2.0E-03 - - 71E-03 0%
Dieldrin " 1.8E-03 - 2.1E-03 - - 3.9E-03 0%
4,4-DDT 2.7E-03 - 11E-03 - - 3.8E-03 0%
Aroclor 1268 2.2E-04 - 1.9E-04 - - | 41E-04 0%
Lindane 9307 - 2.5E-06 - - | 3.4E06 0%
Antimony
Cobalt - i ]
TEQ-MAMMAL
. - - . 1
T
TOTAL MEDIUM-SPECIFIC RISK - 4.0E+00 - 2.1E+00 - - 6.1E+00
IPERCENTAGE 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.
¢. Relative contribution of COPEC to total risk associated with the ingestion exposure pathway.
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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: Ait

EXPOSURE POINT: Oxbow Area Floodplain - Average

Literature-based BAFs® Estimated Tissue Concentration
Medium EPC|| Terrestial ~ Terrestrial | Terrestial
Analyte Value Plants inverts Plants”  Terrestrial Inverts®

J;Antimony 3.0E+00 |[ 2.0E-03 - 6.2E-03 0.0E+00
lfarsenic 54€+00 || 1.0E-02 2.5E-02 5.4E-02 1.3E-01
({Barium 3.0E+02_[I 3.1E-02 1.8E-02 9.4E+00 5.5E+00
lIBeryltium 4.98+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
IChromium 7.4E+01 || 8.2E-03 6.1E-02 6.0E-01 4.5E+00
ficobatt 1.6E+01 || 1.5E-03 2.4E-02 2.4E-02 39E01 |
licopper 1.2E+02 9.7E-02 2.0E-01 1.2E+01 2.4E+01
lltead 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 84E+00 |l 5.0E-02 1.9E-01 4.2E-01 1.6E+00
lsetenium 1.4E+00 | 1.3E-01 1.0E-01 1.8E-01 1.4E-01
[[rhaftium 7.1E-01 {| 8.0E-04 - 5.7E-04 0.0E+00
[iVanadium 596+01 || 9.7E-04 8.4E-03 5.8E-02 5.0E-01
lzinc 6.4E+02 || 3.5E-01 3.6E+00 2.2E+02 2.3E+03
Ja.4-DDD 1.36-02 I 2.4E-03 1.1E+00 3.2E-05 1.4E-02

4-DDE 1.86-02 || 9.6E-04 1.1E+00 1.7E-05 2.0E-02
I 4-DDT 1.3E-03 || 1.4E-03 1.1E+00 1.8E-06 1.4E-03
|Ipietdrin 23802 || 6.7E-03 1.1E+00 1.5E-04 2.4E-02
Htindane 3.1E-04 )| 59E-02 1.0E+00 1.8E-05 3.2E-04
ITOTAL AROCLOR 14E+00 || 6.1E-04 1.1E+00 8.8E-04 1.6E+00
{Arocior 1254 14E+00 || 1.4E-03 1.1E+00 1.9E-03 1.5E+00
fArocior 1268 4.0E-02 || 3.4E-04 1.1E+00 1.4E-05 4.5E-02
TEQ-BIRD 1.8E-03 0.0E+00 0.0E+00
TEQ-MAMMAL 1.8E-03 0.0E+00 0.0E+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 (l.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 muitiplied by the small mammat 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

RME
EXPOSURE PARAMETER RME INTAKE EQUATION/
PARAMETER DEFINITION UNITS RATIONALE/
ROUTE SYMBOL VALUE REFERENCE MODEL NAME
INGESTION EDlggi ESTIMATED DAILY INTAKE VIA SOIL INGESTION mg/kg-d calculated SOIL INTAKE-INGESTION
Cooil CHEMICAL CONCENTRATION IN SOIL mg/kg chemical-specific EDlgoi = Cooit * IRsey * SFF * EF * 1/BW
IRgen 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.
6/6/2006



TABLE D.2-3

CALCULATION OF EXPOSURE PATHWAY/MED!IUM-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 Fioodplain - Average
RECEPTOR: Short-tailed Shrew
Estimated Daily Reference Reference Hazard Hazard
Medium  Medium Daily Intake Dose Dose  Reference| Quotient  Quotient
Analyte EPC  EPCUnits| Intake® Units | (NOAEL)" (LOAEL)® Dose Units| (NOAEL)® (LOAEL)
Antimony 3.0E+00 mg/kg 1.1E-01 mg/kgd | 2.6E-02 26E-01 mg/kgd | 4.3E+00 4.3E-01
Arsenic 5.4E+00 mg/kg 2.0E-01 mg/kgd | 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 mgkgd | 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 mgkg-d | 1.5E-01 1.5E-02
Chromium 7.4E+01 mg/kg 27E+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 45E+00 mg/kgd | 4.2E-01 4.2E+00 mgkgd | 1.1E+01 1.1E+00
Lead 5.7E+02 mg/kg 21E+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 28E+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 mgkgd | 1.6E+00  1.6E-01
Selenium 1.4E+00 mg/kg 5.3E-02 mg/kgd 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/kgd | 4.2E-01 2.1E+00 mg/kg-d | 5.2E+00 1.0E+00
Zinc 6.4E+02 mg/kg 24E+01 mg/kg-d | 1.6E+02 3.2E+02 mg/kg-d | 1.5E-01 7.4E-02
C 4,4-DDD 1.3E-02 mg/kg 49E-04 mg/kgd | 80E-01 4.0E+00 mgkgd | 6.1E-04 1.2E-04
4.4-DDE 1.8E-02 mg/kg 6.7E-04 mg/kg-d | 8.0E-01 40E+00 mgkgd | 8.4E-04 1.7E-04
4,4-DDT 1.3E-03 mg/kg 47E05 mg/kgd | 8.0E-01 4.0E+00 mg/kgd | 5.8E-05 1.2E-05
Dieldrin 2.3E-02 mg/kg 85E-04 mgkgd | 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/kgd | 1.6E+00 32E+00 mgkg-d | 7.1E-06 3.6E-06
TOTAL AROCLOR 1.4E+00 mg/kg 5.3E-02 mg/kgd | 6.8E-02 6.8E-01 mg/kg-d | 7.8E-01 7.8E-02
Aroclor 1254 1.4E+00 mg/kg 52E-02 mgkgd | 6.8E-02 6.8E-01 mg/kgd | 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 mgkgd | 6.7E+01  6.7E+00
I 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 D4 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.

C
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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 Istand

SCENARIO TIMEFRAME: Current/Future

MEDIUM: Biota 1

EXPOSURE MEDIUM: Terrestrial Plants

EXPOSURE POINT: Oxbow Area Floodplain - Average
RECEPTOR: Short-tailed Shrew

RME
EXPOSURE PARAMETER RME INTAKE EQUATION/
PARAMETER DEFINITION UNITS RATIONALE/
ROUTE SYMBOL VALUE REFERENCE MODEL NAME
[ INGESTION | EDkygy  |ESTIMATED DAILY INTAKE VIAPLANT INGESTION | mglkg-d calculated PLANT INTAKE-INGESTION
Chlant CHEMICAL CONCENTRATION IN PLANTS mg/kg chemical-specific EDpiant = Cpant * WReooa * Ppam * SFF * EF *
IRo0d INGESTION RATE OF FOOD kg/day 0.013 USEPA, 1993
Poiant PERCENT PLANTS IN DIET unitless 14% Whitaker and Where Cn is estimated using site-specific
SFF SITE FORAGING FREQUENCY unitless 100% Buckner, 1966 Coiant = Csan * BAF any
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.

6/6/2006

U O )



C

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

ISCENARIO 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 } Intake® Units (NOAEL)® (LOAEL)® Dose Units} (NOAEL)® (LOAELY
Antimony 6.2E-03 mg/kg 6.5E-04 mg/kgd | 2.6E-02 2.6E-01 mg/kgd | 2.5E-02  2.5E-03
Arsenic 5.4E-02 mg/kg 57E-03  mg/kg-d 1.3E-01 1.3E+00 mg/kgd | 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 1.0E-03 mg/kgd | 6.6E-01 66E+00 mg/kgd { 1.6E-03 1.6E-04
Cadmium 1.8E-01 mg/kg 1.86-02 mg/kgd | 1.0E+00 1.0E+01 mgkgd 1.8E-02 1.8E-03
Chromium 6.0E-01 mg/kg 6.3E-02 mgkg-d | 1.5E+03 1.5E+04 mg/kg-d | 4.3E-05 4.3E-06
Cobalt 2.4E-02 mg/kg 25E-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 12E+00 mg/kgd | 42E-01 42E+00 mgkgd | 29E+00 2.9E-01
Lead 1.1E+01 mg/kg 1.2E+00 mg/kg-d | 1.3E+02 3.8E+02 mgkg-d | 9.2E-03 3.1E-03
Manganese 1.3E+01 mg/kg 14E+00 mgkgd | 8.8E+01 2.8E+02 mg/kg-d 1.6E-02 4.8E-03
Molybdenum 4.2E-01 mg/kg 44E-02 mg/kgd | 1.9E-01 1.9E+00 mgkgd | 2.3E-01 2,3E-02
Selenium 1.8E-01 mg/kg 1.9E-02 mgkgd | 2.0E-01 33E-01 mgkgd | 9.7E-02  59E-02
Thallium 5.7E-04 mg/kg 6.0E-05 mg/kg-d | 1.4E-01 1.4E+00 mg/kgd | 4.3E-04 4.3E-05
Vanadium 5.8E-02 mg/kg 6.0E-03 mgkg-d | 42E-01 2.1E+00 mgkgd | 14E-02 2.9E-03
Zinc 2.2E+02 mg/kg 2.3E+01 mg/kg-d | 1.6E+02 3.2E+02 mgkg-d 1.5E-01 7.3E-02
4,4-DDD 3.2E-05 mg/kg 34E-06 mgkgd | 8.0E-01 4.0E+00 mg/kgd | 4.3E-06 8.5E-07
4,4'-DDE 1.7E-05 mg/kg 1.8E-06 mg/kgd | 80E-01 4.0E+00 mg/kgd | 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 mgkg-d | 2.4E-07 4.8E-08
Dieldrin 1.5E-04 mg/kg 1.6E-05 mgkgd | 28E-02 28E-01 mg/kg-d | 59E-04 5.9E-05
Lindane 1.8E-05 mg/kg 1.9E-06 mgkgd | 1.6E+00 32E+00 mgkgd | 1.2E-06 §.9E-07
TOTAL AROCLOR 8.8E-04 mag/kg 9.2E-05 mgkgd | 6.8E-02 6.8E-01 mg/kg-d | 1.4E-03 14E-04
Aroclor 1254 1.9E-03 mg/kg 2.0E-04 mgkgd | 6.8E-02 68E-01 mgkgd | 3.0E-03 3.0E-04
Aroclor 1268 1.4E-05 mg/kg 14E-06 mg/kgd | 6.8E-02  6.8E-01 mgkg-d | 21E05 2.1E-06

TEQ-BIRD 0.0E+00 mg/kg 0.0E+00  mg/kg-d

TEQ-MAMMAL 0.0E+00 mg/kg 0.0E+00 mg/kg-d | 1.0E-06 1.0E-05 mgkgd | 0.0E+00 0.0E+00

Notes:

a. Estimated Daily Intake (EDI) calculated using parameters presented in Table D.2-4.
b. Reference Dose Values presented in Table D4 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.

HAZARD INDICES:

365+00 48601 ]
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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

RME
EXPOSURE PARAMETER RME INTAKE EQUATION/
PARAMETER DEFINITION UNITS RATIONALE/
ROUTE SYMBOL VALUE REFERENCE MODEL NAME
ESTIMATED DAILY INTAKE VIA INVERTEBRATE
INGESTION EDlinvert INGESTION mg/kg-d calculated INVERTEBRATE INTAKE-INGESTION
ED'inven = Cmven " lRfood * F,invuarl * SFF * EF *
Cinvert CHEMICAL CONCENTRATION IN INVERTEBRATES mg/kg chemical-specific 1/BW
IRto0d INGESTION RATE OF FOOD kg/day 0.013 USEPA, 1993
USEPA, 1993; Where C,... is estimated using site-specific
Whitaker and tissue data or calculated using the following
P overt PERCENT INVERTEBRATES IN DIET unitless 85% Feraro, 1963 equation:
SFF SITE FORAGING FREQUENCY unitless 100% Buckner, 1966 Ciwert = Cson * BAF invert
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.



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

ISCENARIO TIMEFRAME: Current/Future
MEDIUM: Biota 2
EXPOSURE MEDIUM: Soil Invertebrates

RECEPTOR: Short-tailed Shrew

EXPOSURE POINT: Oxbow Area Floodplain - Average

Notes:

a. Estimated Daily Intake (ED!) 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.

C

Estimated Daily Reference Reference Hazard Hazard
Medium Medium Daily Intake Dose Dose Reference | Quotient  Quotient
Analyte EPC  EPC Units| Intake® Units | (NOAEL)® (LOAEL)® Dose Units| (NOAELY (LOAEL)Y
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/kgd | 2.0E-01 2.0E-02
Cadmium 4.8E+00 mg/kg 3.0E+00 mgkg-d | 1.0E+00 1.0E+01 mgkgd | 3.0E+00 3.0E-01
Chromium 1.8E+00 mg/kg 1.2E+00 mg/kg-d 15E+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/kgd 4.2E-01 42E+00 mgkgd | 54E+00 5.4E-01
Lead 2.5E+01 mg/kg 1.6E+01 mgkgd | 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/kgd | 8.8E+01 28E+02 mg/kg-d 3.6E-01 1.1E-01
Molybdenum 2.0E-01 mg/kg 1.3E-01 mgrkg-d 1.96-01 1.9E+00 mgkgd | 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 24E-02  mglkg-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 mgkgd | 4.2E-001 21E+00 mgkg-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 mgkgd | 4.7E-01 2.3E-01
C 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/kgd } 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/kgd 6.3E-05 1.3E-05
Dieldrin 4.0E-03 mg/kg 2.5E-03  mg/kg-d 2.8E-02 2.8E-01 mglkg-d | 9.2E-02 9.2E-03
Lindane 1.2E-04 mg/kg 7.76-05 mg/kgd | 1.6E+00 3.2E+00 mgkg-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
Aroclor 1254 1.5E-01 mg/kg 94E-02 mg/kgd | 6.8E-02 6.8E-01 mg/kgd | 1.4E+00  1.4E-01
Aroclor 1268 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/kgd 1.0E-06 1.0E-05 mgkgd | 1.2E+02 1.2E+01
I HAZARD INDICES: 1.6E+02  1.8E+01
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TABLE D.2-8
SUMMARY OF EXPOSURE PATHWAY/MEDIUM-SPECIFIC HAZARD QUOTIENTS USING NOAEL-BASED RTVs : Short-tailed Shrew

e\
Screening Level Ecological Risk Assessment
Centredale Manor River Restoration Superfund Site
North Providence, Rhode Island
SCENARIO TIMEFRAME: Current/Future
EXPOSURE POINT: Oxbow Area Fioodplain - Average
RECEPTOR: Short-tailed Shrew
TOTAL RISK (HI):  2.6E+02
Exposure Medium®
Surface Terrestrial Terrestrial  Small Small |Combined  Percent
Analyte Water Soil Plants inverts Birds Mammals HQs®  Contribution®
TEQ-MAMMAL 6.7E+01 - 1.2E+02 1.9E+02 71%
Antimony " 4.3E+00 25E-02 1.5E+01 2.0E+01 7%
b 11E+01 29E+00 5.4E+00 1.9E+01 7%
7.8E+00 3.3E-02 4.8E+00 1.3E+01 5%
e 52E+00 1.4E-02 2.1E+00 7.4E+00 3%
15601 1.8E-02 3.0E+00 3.2E+00 1%
[Iselenium 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%
[farsenic 1.6E+00  4.5E-02  9.0E-01 | 256400 1%
[[TOTAL AROCLOR 78E-01 14E-03 15E+00 | 2.26%00 1% |
{fArocior 1254 7.6E-01  3.0E-03  1.4E+00 2.2E+00 1%
{izinc - 15601 15E01  4.7E-01 e} 0%
[Manganese 35E-01 16E-02 3.6E-01 7.2E-01 0%
Beryllium 27E-01 1.6E-03 2.0E-01 | 4.8E-01 0%
I%mn‘ - 1.9E-01  4.3E04 1.7E-01 3.6E-01 0%
{lBarium 1.5E-01  1.3E-02  1.8E-01 3.4E-01 0% o
JIcead 1.7E-01  9.2E03  1.2E-01 3.0E-01 0%
libieldrin 31E-02 59E-04 9.2E-02 1.2E-01 0%
Aroclor 1268 22E-02 21E-05 4.8E-02 7.0E-02 0%
4,4 DDE 8.4E-04 23E-06 23E-03 3.2E-03 0%
Chromium 18E-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 24E-07 6.3E-05 1.2E-04 0%
ILindane 71E-06 1.2E-06 4.8E-05 5.7E-05 0%
[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.

2
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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 Medium?
Surface Terrestrial Terrestrial ~ Small Small | Combined  Percent
Analyte Water Soil Plants Inverts Birds Mammals HQs® Contribution®

TEQ-MAMMAL 6.7E+00 - 1.2E+01 1.9E+01 64%
Antimony 43E01 25E-03  1.5E+00 2.0E+00 7%
{{Copper 1.1E+00  2.9E-01  5.4E-01 1.9E+00 6%
[iSelenium 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%
l[Sobait 7.8E-01 3.3E-03  4.8E-01 1.3E+00 4%
[izinc 74E-02  7.3E-02  2.3E-01 3.8E-01 1%
{lcadmium 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  14E-04  1.5E-01 2.2E-01 1%
[Manganese 11E-01 4.8E-03  1.1E-01 2.2E-01 1%
[{Aroclor 1254 7.6E-02  3.0E-04 1.4E-01 2.2E-01 1%
liMotybdenum 1.6E-01 23E-02  6.8E-02 2.5E-01 1%
{[Barium 6.9E-02  6.1E-03  8.4E-02 1.6E-01 1%
[lLead 5.6E-02  3.1E-03  4.2E-02 1.0E-01 0%
[(Berytiium 27E-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%
[iDieldrin 31E-03  5.89E-05 9.2E-03 1.2E-02 0%
[tarocior 1268 22E-03 21E-06 4.8E-03 7.0E-03 0%
{la,4"-DDE 1.7E-04  4.6E-07  4.7E-04 6.4E-04 0%
|la.4-DDD 1.2E04 B.5E-07 2.9E-04 4.2E-04 0%
{lchromium 1.8E-04 4.3E-06  7.9E-05 2.7E-04 0%
Lindane 3.6E06 59E-07 24E-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
hﬁsRCENTAGE 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.
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Screening Level Ecological Risk Assessment

TABLE D.3-1
ESTIMATED TERRESTRIAL PREY TISSUE CONCENTRATIONS DERIVED USING LITERATURE-BASED BAFs

Centredale Manor River Restoration Superfund Site
North Providence, Rhode Istand

SCENARIO TIMEFRAME: Current/Future
EDIUM: Soil
EXPOSURE MEDIUM: All

EXPOSURE POINT: Oxbow Area Floodplain - Average

Literature-based BAFs®

Estimated Tissue Concentration

Medium EPC)| Terrestial Terrestrial| Terrestial
Analyte Value Plants Inverts Plants® Termestrial Inverts®
Antimony 3.0E+00 |[ 2.0E-03 - 6.2E-03 0.0E+00
Arsenic 54E+00 || 1.0E-02  2.5E-02 5.4E-02 1.3E-01 :{
{iBarium 30E+02 || 31E02  1.8E-02 | 9.4E+00 5.5E+00
lIBeryttium 49E+00 || 2.0E-03  9.0E-03 9.8E-03 4.4E-02
llcadmium 40E+00 || 44E-02  1.0E+00 1.8E-01 4.2E+00
hromium 74E+01 || 82E-03  6.1E-02 6.0E-01 4.5E+00
(Cobait 1.6E+01 || 1.5E-03  2.4E-02 2.4E-02 39E-01 |
ficopper 1.2E+02 || 9.7E-02  2.0E-01 1.2E+01 24E+01
[iLead 57E+02 || 1.9E02 1.0E-01 1.1E+01 5.9E+01
[IManganese 8.3E+02 || 1.6E-02  4.3E-02 1.3E+01 3.5E+01
{Motybdenum 84E+00 |l 5.0E-02  1.9E-01 4.2E-01 1.6E+00 |
ISelenium 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 0.0E+00
Vanadium 596+01 || 9.7E-04  8.4E-03 5.8E-02 50E-01 |
Zinc - 6.4E+02 || 35601 36E+00 | 2.2E+02 2.3E+03
4,4-DDD 13602 || 24E-03  1.1E+00 3.2E-05 14E-02 |
4,4-DDE 1.8E-02_ || 9.6E-04 1.1E+00 1.7E-05 2.0E-02
4,4-DDT 13603 || 14E-03  1.1E+00 1.8E-06 1.4E-03
Dieidrin 23E-02 || 6.7E-03  1.1E+00 1.5E-04 24E02 |
JiLindane 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 40E-02 | 34E-04  1.1E+00 1.4E-05 4.5E-02
TEQ-BIRD 1.8E-03 0.0E+00 0.0E+00 |
TEQ-MAMMAL 1.8E-03 0.0E+00 0.0E+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/kglww]). 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 (l.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 Istand

SCENARIO TIMEFRAME: Current/Future

MEDIUM: Soil

EXPOSURE MEDIUM: Surface Soil (0-2 feet)
EXPOSURE POINT: Oxbow Area Floodplain - Average

RECEPTOR: Raccoon

RME
EXPOSURE PARAMETER RME INTAKE EQUATION/
PARAMETER DEFINITION UNITS RATIONALE/
ROUTE SYMBOL VALUE REFERENCE MODEL NAME

INGESTION EDl g0 ESTIMATED DAILY INTAKE VIA SOIL INGESTION mg/kg-d calculated SOIL INTAKE-INGESTION
Ceoil CHEMICAL CONCENTRATION IN SOIL mg/kg chemical-specific EDlgoi = Ceoil * IR0l * SFF * EF * 1/BW
IR il 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; lll. 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| Intake® Units (NOAEL)® (LOAEL)® Dose Units| (NOAEL)® (LOAEL)®
Antimony 3.0E+00 mg/kg 2.2E-03 mg/kgd 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
Beryltium 4.9E+00 mg/kg 36E-03 mgkgd | 1.2E+00 1.2E+01 mg/kgd | 3.0E-03  3.0E-04
Cadmium 4.0E+00 mg/kg 29E-03 mgkg-d | 1.0E+00 1.0E+01 mg/kg-d 2.9E-03 2.9E-04
Chromium 7.4E+01 mg/kg 54E-02 mgkgd | 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/kgd | 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/kgd | 1.2E+01 1.5E+01 mg/kg-d | 7.5E-03  5.8E-03
Lead 5.7E+02 mg/kg 4.2E-01 mgkgd | 1.3E+02 38E+02 mgkgd | 3.3E-03 1.1E-03
Manganese 8.3E+02 mg/kg 6.0E-01 mg/kg-d | 8.8E+01 28E+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/kgd | 3.2E-02 3.2E-03
Selenium 1.4E+00 mg/kg 1.0E-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 52E-04 mgkgd | 1.4E-01 14E+00 mgkgd | 3.7E-03  3.7E-04
Vanadium 5.9e+01 mg/kg 43E-02 mg/kgd | 42E-01 21E+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/kgd | 2.4E-03 1.2E-03
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 2.4E-0fj
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/kgd | 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/kgd 1.4E-07 7.0E-08
TOTAL AROCLOR 1.4E+00 mg/kg 1.0E-03 mgkgd | 5.0E-03 20E-02 mgkgd | 2.1E-01 5.2E-02
Aroclor 1254 1.4E+00 mg/kg 10E-03 mgkgd | 50E-03 20E-02 mgkgd | 2.1E-01 5.1E-02
Aroclor 1268 4.0E-02 mg/kg 29E05 mg/kgd | 5.0E-03 20E-02 mgkgd | 59E-03 1.5E-03
TEQ-BIRD 1.8E-03 mg/kg 1.3E-06 mgkg-d
TEQ-MAMMAL 1.8E-03 mg/kg 1.3E-06 mg/kg-d 1.0E-06 1.0E-05 mgkgd | 1.3E+00  1.3E-01
I 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.

2
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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

RME
EXPOSURE PARAMETER RME INTAKE EQUATION/
PARAMETER DEFINITION UNITS RATIONALE/
ROUTE SYMBOL VALUE REFERENCE MODEL NAME
INGESTION EDlpian ESTIMATED DAILY INTAKE VIA PLANT INGESTION mg/kg-d calculated PLANT INTAKE-INGESTION
ED'plam = Cplant * IRfo0q ™ Pplam * SFF*EF*
Colant CHEMICAL CONCENTRATION IN PLANTS mg/kg chemical-specific 1/BW
IR 1004 INGESTION RATE OF FOOD kg/day 1.7 USEPA, 1993
USEPA, 1993, Where C,.n is estimated using site-specific
Liewllyn and Uhler, | tissue data or calculated using the following
Ppiant PERCENT PLANTS IN DIET unitless 71% 1952 equation:
SFF SITE FORAGING FREQUENCY unitless 10% Stuewer, 1943 Cpiant = Coon ™ BAF jany
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

Liewellyn, L.M., and F.M. Uhler, 1952. The foods of fur animals of the Patuxent Research Refuge, Maryland; Am. Midl. Nat. 48:193-203.

Sanderson, G.C., 1984, Cooperative raccoon collections; ill. 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 Floodp!ain - Average
RECEPTOR: Raccoon
Estimated Daily | Reference Reference Hazard Hazard
Medium  Medium Daily Intake Dose Dose  Reference| Quotient  Quotient
Analyte EPC  EPCUnits| Intake® Units | (NOAEL)® (LOAEL)® Dose Units| (NOAEL)® (LOAEL)®
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
Barnium 9.4E+00 mg/kg 97E-02 mg/kgd | 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 mglkg-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/kgd | 1.56E+03 15E+04 mgkgd | 4.3E-06 4.3E-07
Cobalt 2.4E-02 mg/kg 2.5E-04 mgkgd | 7.6E-02 7.6E-01 mg/kg-d { 3.3E-03  3.3E-04
Copper 1.2E+01 mg/kg 1.2E-01 mgkg-d | 1.2E+01  1.5E+01  mg/kgd 1.0E-02  8.0E-03
Lead 1.1E+01 mg/kg 1.2E-01 mg/kgd | 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 mgkg-d 1.9E-01 19E+00 mg/kgd | 2.3E-02 2,303
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/kgd | 1.4E-01 14E+00 mg/kgd | 43E-05 4.3E-06
Vanadium 5.8E-02 mg/kg 6.0E-04 mg/kgd | 42E-01 21E+00 mg/kg-d 14E-03  2.9E-04
Zinc 2.2E+02 mg/kg 2.3E+00 mg/kg-d | 20E+02 3.9E+02 mg/kg-d 1.2E-02  6.0E-03
4,4-DDD 3.2E-05 mg/kg 34E-07 mgkgd | 8.0E-01 4.0E+00 mg/kgd | 4.2E-07 84E-(
4,4-DDE 1.7E-05 mg/kg 1.8E-07 mgkgd | 8.0E-01 40E+00 mgkgd | 2.3E-07 4.6E-O
4,4'-DDT 1.8E-06 mg/kg 1.9E-08 mgkgd | 80E-01 4.0E+00 mgkgd | 24E-08  4.8E-09 ||
Dieldrin 1.5E-04 mg/kg 1.6E-06 mg/kg-d | 1.5E-02 1.5E-01 mg/kgd | 1.1E-04 1.1E-05
Lindane 1.8E-05 mg/kg 1.9E-07 mg/kgd | 1.6E+00 3.2E+00 mg/kg-d 1.2E-07 5.9E-08 Il
TOTAL AROCLOR 8.8E-04 mg/kg 91E-06 mg/kgd | 5.0E-03 2.0E-02 mg/kgd 1.8E-03 4.6E-04 ||
Aroclor 1254 1.9E-03 mg/kg 2.0E-05 mgkg-d | 50E-03 20E-02 mgkgd | 4.0E-03 9.9E-04 "
Aroclor 1268 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 0.0E+00 mg/kg 0.0E+00  mg/kg-d
TEQ-MAMMAL 0.0E+00 mg/kg 0.0E+00 mg/kg-d | 1.0E-06 1.0E-05 mg/kgd | 0.0E+00 O0.0E+00

I HAZARD INDICES: 85E-02__ 27E-02

Notes:

a. Estimated Daily Intake (EDI) calculated using parameters presented in Table D.3-4.

b. Reference Dose Values presented in Table D4 in the BERA (MACTEC, 2004).

¢. 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.3-6

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

RME
EXPOSURE PARAMETER RME INTAKE EQUATION/
PARAMETER DEFINITION UNITS RATIONALE/
ROUTE SYMBOL VALUE REFERENCE MODEL NAME
ESTIMATED DAILY INTAKE VIA INVERTEBRATE
INGESTION EDlven INGESTION mg/kg-d calculated INVERTEBRATE INTAKE-INGESTION
EDlinver( = Cinven * |Rfood * Pinven * SFF*EF*
Cinvert CHEMICAL CONCENTRATION IN INVERTEBRATES mg/kg chemical-specific 1/BW
IRf00d INGESTION RATE OF FOOD kg/day 1.7 USEPA, 1993
USEPA, 1993; Where Ci,.. is estimated using site-specific
Liewllyn and Uhler, | tissue data or calculated using the following
Pinvert PERCENT INVERTEBRATES IN DIET unitless 29% 1952 equation:
SFF SITE FORAGING FREQUENCY unitless 10% Stuewer, 1943 Ciwert = Csol " BAFinven
Bioaccumuiation 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. Mid!. Nat. 48:193-203.
Sanderson, G.C., 1984. Cooperative raccoon collections; Ili. Nat. Hist. Survey Div.; Pittman-Robertson Proj. W-49-31.
Stuewer, RW., 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.

6/6/2006




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{ Intake® Units (NOAEL)® (LOAEL)® Dose Unitsf (NOAEL)® (LOAEL)"
Antimony 6.3E-01 mg/kg 2.6E-03 mg/kg-d 2.6E-02 2.6E-01 mg/kg-d 1.0E-01 1.0E-02
Arsenic 1.8E-01 mg/kg 7.5E-04 mgkg-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/kgd { 75E+01 16E+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/kgd | 7.3E-04 7.3E-05
Cadmium 4.8E+00 mg/kg 2.0E-02 mgkg-d | 1.0E+00 1.0E+01 mgkgd | 2.0E-02  2.0E-03
Chromium 1.8E+00 mg/kg 7.6E-03 mgkgd | 1.5E4+03 1.5E+04  mg/kg-d 5.2E-06 5.2E-07 |
Cobalt 5.7E-01 mg/kg 24E-03 mg/kgd | 7.6E-02 7.6E-01 mg/kg-d 3.1E-02 3.1E-03
Copper 3.6E+00 mg/kg 15602 mg/kg-d | 1.2E+01 1.5E+01  mg/kg-d 1.3E-03 9.8E-04
Lead 2.5E+01 mg/kg 1.0E-01 mgkg-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/kgd | 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 7.4€E-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/kgd 1.4E-01 1.4E+00 mg/kg-d 1.1E-03 1.1E-04
Vanadium 1.4E+00 mg/kg 59E-03 mg/kgd | 4.2E-01 2.1E+00  mg/kg-d 14E-02  2.8E-03
Zinc 1.2E+02 mg/kg 5.0E-01 mg/kg-d | 2.0E+02 3.9E+02 mg/kgd | 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 mgkg-d | 9.7E-06 1.9E-0f
4,4-DDE 3.0E-03 mg/kg 1.2E-05 mg/kgd | 8.0E-01 4.0E+00 mg/kg-d 1.6E-05  3.1E-0
4.4-DDT 7.9e-05 mg/kg 3.3E07 mg/kgd | 80E-01 40E+00 mgkgd | 41E07 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/kgd | 1.6E+00 3.2E+00 mg/kgd | 3.2E-07 1.6E-07
TOTAL AROCLOR 1.6E-01 mg/kg 6.6E-04  mg/kgd 5.0E-03 20E-02 mg/kgd 1.3E-01 3.3E-02
Aroclor 1254 1.5E-01 mg/kg 6.2E-04 mg/kg-d | 5.0E-03 20E-02 mg/kgd 1.2E-01 3.1E-02
Aroclor 1268 5.2E-03 mg/kg 22E05 mg/kgd 5.0E-03 20E-02 mg/kgd | 4.3E-03 1.1E-03
TEQ-BIRD 1.9E-04 mglkg 7.7E-07  mg/kgd
TEQ-MAMMAL 1.9E-04 mg/kg 8.0E-07 mg/kgd 1.0E-06 1.0E-05 mg/kg-d | 8.0E-01 8.0E-02
L HAZARD INDICES: 1.3E+00  1.8E-01

Notes:

a. Estimated Daily Intake (ED1) calculated using parameters presented in Table D.3-6.

b. Reference Dose Values presented in Table D4 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

SCENARIO TIMEFRAME: Current/Future

EXPOSURE POINT: Oxbow Area Floodplain - Average

RECEPTOR: Raccoon

North Providence, Rhode Island

TOTAL RISK (HI):  3.6E+00
Exposure Medium®
Surface Terrestrial Terrestrial  Small Small |Combined  Percent
Analyte Water Soil Plants Inverts Birds Mammals HQs®  Contribution®

TEQ-MAMMAL 1.3E+00 - 8.0E-01 - - 2.1E+00 59%
TOTAL AROCLOR 21E-01  1.8E03  1.3E-01 - - 3.4E-01 10%

roclor 1254 21E-01  4.0E-03  1.2E-01 - - 3.3E-01 9%
Cobalt 1.5E-01  3.3E03  3.1E-02 - - 1.9E-01 5%
Antimony 84E02 25E-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  23E-02 4.5E-03 - - 5.9E-02 2%
[[Setenium 52E-03 9.6E-03  1.5E-02 - - 3.0E-02 1%
licadmium 2.9E-03 1.8E-03  2.0E-02 - - 2.5E-02 1%

opper 75E-03 1.0E-02  1.3E-03 - - 1.9E-02 1%

inc 24E-03  12E-02  2.5E-03 - - 1.7E-02 0%
{Manganese 6.8E-03 1.5E-03 2.3E-03 - - 1.1E-02 0%
[laroctor 1268 59E-03 28E-05 4.3E-03 - - 1.0E-02 0%
[iBarium 29E-03 13E-03 1.2E-03 - - 5.4E-03 0%
liLead 3.3E-03 9.2E-04 8.2E-04 - - 5.1E-03 0%
[rhatlium 37E-03 4.3E-05 1.1E-03 - - 4.9E-03 0%
{IBerytiium 3.0E-03 8.5E-05 7.3E-04 - - 3.8E-03 0%
{IDieldrin 11E03  1.1E-04 1.1E-03 - - 2.3E-03 0%
{lchromium 3.6E-05 4.3E-06 52E-06 - - 4,6E-05 0%
{la,4-DDE 1.7E-05 2.3E-07  1.6E-05 - - 3.2E-05 0%
l,4-DDD 1.2E-05 4.2E-07 9.7E-06 - - 2.2E-05 0%
[4.4-DDT 1.2E-06 2.4E08 4.1E-07 - - 1.6E-06 0%
[ltindane 14E-07 1.2E-07 3.2E-07 - - 5.8E-07 0%
[rea-BIRD
I

OTAL MEDIUM-SPECIFIC RISK - 2.2E+00 | 8.5E-02 | 1.3E+00 - - 3.6E+00
“;ERCENTAGE 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.
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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 Superfund Site
North Providence, Rhode Island

SCENARIO TIMEFRAME: Current/Future
EXPOSURE POINT: Oxbow Area Floodplain - Average
RECEPTOR: Raccoon

TOTAL RISK (HI): _ 5.1E-01
Exposure Medium®
Surface Terrestrial Terrestrial ~ Small Small | Combined  Percent
Analyte Water Soil Plants Inverts Birds Mammals HQs®  Contribution®
TEQ-MAMMAL 1.3E-01 - 8.0E-02 - - 21E-01 41%
TOTAL AROCLOR 52E02  4.6E-04 3.3E-02 - - 8.6E-02 17%
Aroclor 1254 51E-02  9.9E-04 3.1E-02 - - 8.3E-02 16%
[Vanadium 21E-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%
[fAntimony 84E-03 2.5E-04 1.0E-02 - - 1.9E-02 4%
|fselenium 3.2E-03 5.8E-03 94E-03 - - 1.8E-02 4%
{[Copper 58E-03 8.0E-03 9.8E-04 - - 1.5E-02 3%
[jArsenic 8.2E-03 1.2E-03  1.6E-03 - - 1.1E-02 2%
fizinc 1.2E-03  6.0E-03  1.3E-03 - - 8.4E-03 2%
[iMolybdenum 3.2E-03  2.3E-03  4.5E-04 - - 5.9E-03 1%
liManganese 21E-03 4.8E-04 7.3E-04 - - 3.3E-03 1%
[tarocior 1268 1.5E-03 7.1E-06  1.1E-03 - - 2.6E-03 0%
[IBarium 14E-03 6.1E-04 55E-04 - - 2.5E-03 0%
llcadmium 2.9E-04 1.8E-04 2.0E-03 - - 2.5E-03 0%
lLead 11E-03  3.1E-04 2.8E-04 - - 1.7E-03 0%
{Thallium 37E-04 4.3E-06  1.1E-04 - - 4.9E-04 0%
[Berytiium 3.0E-04 B85E-06 7.3E-05 - - 3.8E-04 0%
[|Dieidrin 11E-04 1.1E-05 1.1E-04 - - 2.3E-04 0%
it4.4'DDE 3.3E-06 4.6E-08 3.1E-06 - - 6.5E-06 0%
llchromium 3.6E-06  4.3E-07 52E-07 - - 4.6E-06 0%
4,4-DDD 24E-06 84E-08 1.9E-06 - - 4.4E-06 0%
A4-DDT 2.3E07 4.8E09  B.3E-08 - - 3.2E-07 0%

Lindane 7.0E-08 59E-08  1.6E-07 - - 2.9E-07 0%
[TEQ-BIRD

I

ITOTAL MEDIUM-SPECIFIC RISK - 3.1E-01 | 2.7E-02 | 1.8E-01 - - 5.1E-01
{IPERCENTAGE 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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