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EXECUTIVE SUMMARY


New Bedford Harbor is an urban tidal estuary located between the

City of New Bedford on the west and the Towns of Fairhaven and

Acushnet on the east, at the head of Buzzards Bay, Massachusetts

(Figure E-l). Between 1974 and July 1982, several environmental

studies were conducted to assess the magnitude and extent of

polychlorinated biphenyl (PCB) and heavy metal contamination in

New Bedford Harbor. The studies revealed that sediments north

of Hurricane Barrier contain elevated PCB and heavy metals

levels. PCB concentrations range from a few parts per million

(ppm) to over 100,000 ppm, and concentrations of metals range

from a few ppm to over 5,000 ppm. PCB concentrations in surface

water in excess of the Ambient Water Quality Criterion for PCBs

were observed. Concentration of PCBs in locally caught fish

were also detected in excess of the Food and Drug Administration

PCB tolerance level of 2 ppm (previously 5 ppm). Data from

these and more recent studies have been combined to form the

central New Bedford Harbor Data Base.


The purpose of this risk assessment was to estimate potential

risks to public health under baseline (i.e., current) conditions

from exposure to PCBs and metals detected in the sediment,

surface water biota and air within the New Bedford Harbor site.

The baseline assessment is the first of a series of three risk

assessments to provide the basis for evaluating the need for and

the extent of remediation; it is based on existing conditions in

the harbor and does not consider potential natural decreases in

contaminant concentration due to transport and degradation

through time.


Recent sampling data indicates that no appreciable changes in

PCB concentrations have occurred over the past decade.

Sustained elevated levels of PCBs (i.e., greater than 2 ppm) in

lobster and several other species have been documented in

fishing closure Area 3 (Kolek and Ceurvels, 1981; Massachusetts

Divison of Marine Fisheries, unpublished data; Pruell et al. ,

1988), and elevated levels of PCBs (i.e., greater than 4,000

ppm) in sediment have been reported (USAGE, 1988). While it is

probable that natural processes such as biodegradation and

photolysis will result in a decrease in PCB concentrations in

sediment and biota, these changes are not expected to be

significant over the next 10 years. The evaluation in this risk

assessment indicates that an order-of-magnitude or more change

in PCB concentrations would be necessary to reduce exposure

concentrations to levels consistent with EPA and state public

health guidance. Reduction of that magnitude is not expected to

occur without remedial actions.
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To evaluate the effectiveness of various remedial alternatives, 
additional risk assessments will be conducted based on the 
results of the sediment contaminant transport and food-chain 
models. These risk assessments will allow an evaluation of the 
relative effectiveness of the various remedial alternatives 
against the baseline conditions. 

The methodology and results of this baseline assessment is 
summarized in the following subsections. 

PUBLIC HEALTH RISK SUMMARY 

The purpose of the public health risk assessment was to 
accomplish the following: 

• identify human receptors potentially at risk from 
contaminant exposure 

• determine significant exposure routes 

• characterize the intrinsic toxicity of PCBs, cadmium, 
copper, and lead 

• estimate the potential carcinogenic and noncarcinogenic 
risks to public health from contaminant exposure. 

Primary sources of information used in this report were the New 
Bedford Harbor Data Base, the Greater New Bedford Health Effects 
Study (GNBHES) , various site investigation reports, and data 
from the pilot study recently conducted by the Army Corps of 
Engineers. The public health risk assessment consists of four 
sections. The first section, the Introduction, reviews the site 
history. The second section, the Exposure Assessment , 
identifies potential human receptors and describes mechanisms by 
which these receptors may be exposed to contaminants within the 
New Bedford Harbor area. The third section, the Toxicity 
Assessment, provides a description of the toxic properties of 
PCBs, cadmium, copper, and lead. The final section, the Risk 
Characterization, quantifies carcinogenic and noncarcinogenic 
risks to public health. 

SUMMARY OF THE EXPOSURE ASSESSMENT 

An analysis of demographic and land use information, and 
activity and behavior patterns, indicated that contaminant 
exposure in the New Bedford Harbor area could occur through 
dermal contact with sediments and water, ingestion of water and 
b iota , and/or inhalat ion of airborne contaminants. A 
quantitative screening analysis of the exposure pathways was 
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performed to identify the principle pathways of exposure, which 
consist of the following: 

• ingestion of aquatic biota 

• direct contact with sediments 

• ingestion of sediments 

• inhalation of airborne contaminants 

These exposure pathways accounted for over 99 percent of the 
potential exposures within the New Bedford Harbor area, and were 
the focus of the quantitative risk evaluation. Exposure to 
contaminants from direct contact with and/or ingestion of 
surface water was also evaluated. However, these exposure 
routes were not considered to present a public health risk. 
PCBs and metal concentrations in surface water were not at 
levels considered harmful to public health. 

Exposure scenarios were developed to estimate the potential 
exposure dose contaminant and for each exposure pathway. These 
scenarios were based on a various exposure conditions, primarily 
focusing on areas where exposure was considered likely to 
occur. 

The New Bedford Harbor site was divided into three areas (i.e., 
Areas I, II, and III) for purposes of assessing exposure to 
sediments. This division separates areas of high sediment 
contamination from areas of low sediment contamination. 
Area-specific contaminant concentrations provide a realistic 
estimate of the exposure point concentration. The areas were 
defined as follows: 

• Area I - the area be twee  n the Woo  d Street and 
Coggeshall Street bridges 

• Area II - the area between the Coggeshall Street Bridge 
and the Hurricane Barrier 

• Area III - the area south of the Hurricane Barrier. 

These areas are depicted in Figure E-2. 

Exposure through the ingestion of biota was assessed separately 
for the following four areas: 

• Area 1 - the area between the Wood Street Bridge and 
the Hurricane Barrier 

ES-4
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• Area 2 - the area between the Hurricane Barrier and

Wilbur and Ricketsons Points


• Area 3 - the area between Wilbur, Ricketsons, and Rock

points, and Negro Ledge and Mishaum Point


• Area 4 - beyond Area 3 extending into Buzzards Bay


These areas are depicted in Figure E-3.


SUMMARY OF THE TOXICITY ASSESSMENT


This section provides appropriate toxicological information

necessary to evaluate the potential public health risks from

exposure to PCBs, cadmium, copper, and lead.


Toxicological evaluations, developed for each contaminant,

describe the nature and severity of potential adverse effects

associated with exposure to each compound. Information

contained in these evaluations includes physiochemical data,

pharmacokinetic and toxicity information, and descriptions of

noncarcinogenic effects associated with acute, chronic, and

lifetime exposures.


In addition, information about the potency of PCBs, cadmium,

copper, and lead was presented as part of the dose-response

assessment. The assessment included pertinent standards,

criteria, advisories, and guidelines developed for protecting

public health. These standards and criteria were used to

evaluate potential noncarcinogenic and carcinogenic risks

associated with contaminant exposure.


SUMMARY OF PUBLIC HEALTH RISKS


Estimates of carcinogenic and noncarcinogenic risks associated

with PCB and metals exposure were developed for direct contact

and ingestion of sediments, ingestion of biota, and inhalation

of airborne contaminants.


Noncarcinogenic risk estimates were generated by comparing the

exposure dose for each contaminant to the most applicable

health-based standard or criteria value. Values used in this

risk assessment represent contaminant concentrations that do not

present a public health risk. The ratio of the estimated body

dose levels to standard or criteria values is used to evaluate

risk. In this risk assessment, the ratio is referred to as the

risk ratio.


The risk ratio was evaluated against a value of 1. Generally,

the Environmental Protection Agency (EPA) states that if the

risk ratio is less than 1, the predicted body dose level is
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anticipated to be without lifetime risk to public health. The

sum of these risk ratios, referred to as the Hazard Index (HI) ,

represents the potential risk associated with concurrent

exposure to multiple contaminants. As with the risk ratio, the

HI is evaluated against a value of 1.


Carcinogenic risk estimates were calculated by multiplying the

potency factor of the contaminant by the estimated body dose

concentration. The product of the two values is an estimate of

the incremental lifetime cancer risk, which is defined as the

excess probability that an individual will develop cancer over a

lifetime.


EPA guidance states that the target total carcinogenic risk for

an individual resulting _from exposure at a Super fund site may

range from 10 to 10~ . Therefore, response objectives and

remedial alternatives are developed to reduce the total

carcinogenic risks to levels within or below this range.

Carcinogenic risk estimates developed in this report were

evaluated using this target range.


In addition to the EPA target range, carcinogenic risk estimates

were, also evaluated against a total site cancer risk level of

10 . This risk level is stated in the portion of the

Massachusetts Contingency Plan (MCP) relevant to risk

assessment. The MCP requires that a permanent solution be

implemented at all disposal sites that effectively eliminates

significant or otherwise unacceptable risk to health, safety,

public welfare, or the environment. As stated in the MCP, the

total site cancer risk must be compared to a cancer risk of

10~ .


The following subsections summarize risk estimates generated for

each exposure route.


Direct Contact with Sediment


Noncarcinogenic and carcinogenic risks associated with direct

contact exposure to PCB-, cadmium-, copper-, and

lead-contaminated sediment were evaluated separately for Areas

I, II, and III, and focused on locations within these areas

where exposure was likely to occur. Contaminant concentrations

detected in shoreline sediments were used when available.


Noncarcinogenic risk estimates for exposure to sediment in Area

I exceeded 1 under the majority of scenarios evaluated, and

ranged from 0.7 to 200. PCB exposure accounted for most of the

risk. Individual risk ratios for cadmium, copper, and lead were

all below 1. Noncarcinogenic risk ratios associated with PCB

exposure in Area I indicate a potential public health risk.
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Exposure to sediments from Areas II and III were associated with

noncarcinogenic risk ratios ranging from less than 1 to 3. The

only risk ratios to exceed 1 were based on conservative exposure

assumptions, which were not considered representative of likely

exposure conditions for these areas (including long-term

repetitive exposure to the maximum detected contaminant

concentration) . Based on this evaluation, the noncarcinogenic

risk for direct contact exposure in Areas II and III was not

considered to pose a risk to public health.


Carcinogenic risks associated with direct contact exposure to

sediments was greatest for Area I. Risk estimates based on

exposure by a child, an older child, and an adult, ranged from

lxlo"~6 to 1x10 , with most scenarios associated, with risks

in excess of the EPA target risk range of 10~ to 10~ .

Based on this evaluation, methods to reduce these risks will be

addressed in the Feasibility Study (FS).


Carcinogenic risks estimated for Area-II assuming probable

exposure conditions ranged from 2x10" to 8x10 . The only

risk estimates exceeding the target range were those associated

with PCB exposure under conservative exposure conditions.

Because these conditions assume repetitive, long-term exposure

to the maximum PCB concentration, the associated risks were

considered overly conservative. As stated, exposure under more

realistic conditions were associated with risks in the lower end

of the target range. 

— 8In Area III, carcinogenic risks ranged from 1x10  — 6 to 2x_LO 
under probable exposure conditions, and from 2x10 to 
1x10 under conservative exposure conditions. No risk 
estimates exceeded the EPA target risk range. 

Ingestion of Sediment 

Exposure through ingestion of sediment was considered an

age-related activity and most significant for children less than

six years old. Both noncarcinogenic and carcinogenic risks

associated with this route of exposure were evaluated.


Noncarcinogenic risk associated with exposure to cadmium- and

copper-contaminated sediments in Areas I, II, and III were below

1 for all scenarios evaluated. Risk ratios based on exposure

to PCBs and lead-contaminated sediments exceeded 1 under certain

scenarios. For Area I, risk ratios for PCBs and lead ranged

from 11 to 175 and 26 to 33, respectively. The magnitude and

extent to which the values exceed 1 indicates that ingestion of

Area I sediment presents a potential health risk to children.


Risk ratios based on ingestion of PCB-contaminated sediment in

Areas II and III ranged from below 1 to 17. However, the risk
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ratios based on exposure at recreational locations and under

probable exposure conditions within these areas were all below

1. Because these scenarios were considered to represent actual

exposure conditions, ingestion of sediments from Areas II and

III was not considered to present a noncarcinogenic health

risk.


Incremental carcinogenic risks associated with exposure through

the ingestipn of sediment were greatest for Area I and ranged

from 6xlO~ to Ixio" . These risk estimates were based on

exposure to sediments in areas where access by children is

considered possible. These risks fell within and exceeded the

EPA target range of 10~ to 10~ . As such, methods to

reduce these risks will be addressed in the FS.


Risk estimates based on exposure in Area II ranged from 2xlO~

to 2xlO~ , with most risk values falling between 10~ and

10~ . Risk estimates basedg on probable exposure conditions

ranged from 9xlO~ to 2x10 . The risks based on exposure

in Area III fall-within the lower end of the target range and

are between 2xlO~ to 3xlO~ .


Risks associated with exposure through direct contact and

ingestion of contaminated shoreline sediment are greatest for

Area I. Both the carcinogenic and noncarcinogenic risk

estimates based on PCB exposure in this area exceeded the

EPA-established criteria levels. Noncarcinogenic risks based on

exposure to metals in this area were below levels considered to

represent a public health risk. Methods to reduce carcinogenic

risks from PCB exposure will be evaluated in the FS.


Risk estimates based on exposure to sediment from other New

Bedford Harbor areas were less than those developed for Area I.

Noncarcinogenic risks based on exposure to PCBs and metals were

below levels considered to represent a public health concern.

Carcinogenic risks associated with probable exposure condition

through direct contact with and ingestion_jof sediments from

Areas II and III ranged-from less_±han 10" to 8xlO~ . Most

risks were between 10~ and 10~ . Young children were

considered at greater risk from contaminant exposure than older

children or adults.


Risk estimates based on acute exposure to sediments ,

representing intermittent or once-in-a-lifetime exposure were

below EPA criteria levels . Therefore, these exposures were not

considered to present a public health risk.


Inaestion of Aquatic Biota


Exposure to PCBs and metals through ingestion of biota was

evaluated for potential noncarcinogenic and carcinogenic risks.
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Three species were considered in this evaluation: winter 
flounder, clams, and lobster (both with and without tomalley) . 
Separate scenarios were developed for each species and assumed 
that 100 percent of the seafood diet was comprised of said 
species. A standard 8-ounce fish meal ( i .e. , 227 grams) was 
assumed for older children and adults, and a 4-ounce fish meal 
(i.e., 115 grams) was assumed for younger children. 

Risk ratios based on exposure to cadmium and copper by older 
children and adults ranged from below 1 to 7 .9 . Ratios in 
excess of 1 were based on daily ingestion frequencies and 
whole-body tissue concentrat ions. These conservative 
assumptions may overestimate the actual risks, suggesting that 
exposure to cadmium and copper may not present a public health 
concern. 

However, exposure to cadmium and copper by children resulted in 
risk ratios ranging from below 1 to 15.8. Because young 
children are more sensitive to contaminant exposure than older 
children and adults, this exposure route was considered to 
present a greater risk to a child's health. 

Risk ratios based on exposure to lead and PCBs via ingestion of 
biota for all age classes exceeded 1 for most scenarios 
evaluated. No particular area or species appeared to 
consistently present a greater risk from exposure to these 
compounds. Based on this evaluation, exposure to lead and PCBs 
through the ingestion of biota presents a public health risk. 

Incremental carcinogenic risks associated with the ingestion of 
biota fall within or exceed the EPA target range. Many 
scenarios evaluated had associatedgrisks in_excess of 10~ . 
The risk estimates ran5fi from 1x10 to 9xlO~ ; for Area lj 
from 4x10 to 1x10 for_6Area 2; from 6x10 to 8x10 
for Area 3 and f rom lx lO~ to 2 x l O ~ for Area 4. The 
highest risks were associated with ingestion of lobster 
including the tomalley. 

Methods to reduce the noncarcinogenic risks from exposure to 
cadmium, copper, lead, and PCBs, and carcinogenic risks from 
exposure to PCBs will be assessed in the FS. 

Inhalation of Airborne Contaminants 

Limited air data were available to assess risks associated with 
inhalation exposure to PCBs. Data available for risk evaluation 
were collected from sampling stations distant from receptor 
locations that were chosen to provide a measure of the maximum 
PCB concentrations in the air above the mud-flats in Area I. 
Using these concentrations to assess potential risk was 
considered overly conservative. 
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Lifetime exposure to the assumed background concentration of 10 
nanograms per cubic meter for the New Bedford Harbor area was 
assessed_and associated with incremental carcinogenic risks in 
the 10 range. These risk estimates were based on 
conservative exposure conditions suggesting that actual risks 
from this route of exposure are less than 10~" . 

SUMMARY OF TOTAL SITE RISKS 

The total site risk associated with multimedia and multitoxic 
exposure was generated by summing the individual risk estimates 
developed for the ingestion and direct contact with sediments, 
ingestion of biota and inhalation of air. This scenario 
represents the risks associated with concurrent or sequential 
exposure to contaminants through multiple exposure pathways. 
Total site risfcu estimates were evaluated against the MCP 
criteria of 1x10 incremental carcinogenic risk level and of 
0.2 noncarcinogenic HI. 

The total site risks evaluated in this report were based on 
chronic exposure via ingestion of, direct contact with, and 
inhalation of PCBs, cadmium, copper, and lead under probable 
exposure conditions. The carcinogenic and noncarcinogenic risk 
estimates for each age class and areas assessed exceed 10 
and 0.2 respectively. Based on this evaluation, methods to 
reduce the overall site risk will be addressed in the FS. 

THE GREATER NEW BEDFORD HEALTH EFFECTS STUDY 

In the fall of 1987, the Massachusetts Department of Public 
Health released the findings of the GNBHES, a three-year study 
to determine the prevalence of elevated serum PCB levels in a 
random sample of Greater New Bedford area residents and to test 
the relationship between serum PCB levels and various health 
effects. GNBHES was a collaborative effort of the MDPH, the 
Massachusetts Health Research Institute, and the U.S. Centers 
for Disease Control. 

GNBHES provided retrospective exposure and demograph i  c 
information for the greater New Bedford area, which was 
incorporated into this exposure assessment. Because GNBHES 
focused on seafood consumption and occupational exposure, no 
information for either inhalation or direct contact exposure to 
PCBs was presented. Additionally, GNBHES provided exposure and 
limited demographic information only for persons between 18 and 
64 years of age. 

The purpose of this risk assessment was to predict how people 
are or may be exposed to PCBs under var ious exposure 
conditions. Exposure scenarios were developed to describe the 
possible exposures received by a hypothetical individual . 
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GNBHES does not contradict this risk assessment. Measures

recommended in the GNBHES can be viewed as ways to reduce many

of the risks identified in this risk assessment.
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1.0 INTRODUCTION


This report presents the baseline public health risk assessment 
for the New Bedford Harbor Superfund site. This work is a 
component of the New Bedford Harbor REM III S u p e r f u n  d 
Feasibility Study (FS) and was conducted under contract to 
Ebasco Services, Inc. (Ebasco) under U . S  . Environmental 
Protection Agency (EPA) Contract Number 68-01-7250. 

1.1 SITE DESCRIPTION AND HISTORY


New Bedford Harbor is an urban tidal estuary on the western

shore of Buzzards Bay, Massachusetts, situated between the City

of New Bedford on the west and the Towns of Fairhaven and

Acushnet on the east. The area contains approximately six

square miles of open water, tidal creeks, salt marshes, and

wetlands, and provides habitats for a wide variety of aquatic

organisms that use this area for spawning, foraging, and

overwintering.


The Acushnet River runs through three communities: Fairhaven,

New Bedford, and Acushnet, Massachusetts. The coastal town of

Dartmouth, Massachusetts, is located south of and adjacent to

New Bedford and borders Clark Cove and Buzzards Bay. These four

towns comprise the Greater New Bedford Harbor area. The

estimated population of this area is 145,600 (based on the 1987

town census for Acushnet, Fairhaven, and Dartmouth and the 1986

census for the City of New Bedford) .


Between 1974 and 1982, a number of environmental studies were

conducted to assess the magnitude and extent of PCB

(polychlorinated biphenyl) contamination in New Bedford Harbor.

Results of these studies revealed that sediment north of the

Hurricane Barrier contained elevated levels of PCBs and heavy

metals. Additional investigations revealed that PCBs had been

discharged into the surface waters of New Bedford Harbor,

causing elevated PCB concentrations in sediment, water, fish,

and shellfish.


To reduce the potential for human exposure to PCBs, the

Massachusetts Department of Public Health closed much of the New

Bedford Harbor area to fishing. Three closure areas were

established on September 25, 1979. Area 1 (New Bedford Harbor)

is closed to the taking of all finfish, shellfish, and

lobsters. Area 2 (Hurricane Barrier to a line extending from

Ricketson Point to Wilbur Point) is closed to the taking of

lobster and bottomfeeding fish (eel, scup, flounder, and

tautog) . Area 3 (from Area 2 out to a line from Mishaum Point,

Negro Ledge, and Rock Point) is closed to the taking of lobster.


In July 1982, the U.S. Environmental Protection Agency (EPA)

placed New Bedford Harbor on the Interim National Priority List

(NPL). The final NPL was promulgated in September 1984. The
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site, as listed, includes the Upper Estuary of the Acushnet

River, New Bedford Harbor, and portions of Buzzards Bay.

Following the NPL listing, EPA Region I initiated a

comprehensive assessment of the PCB problem in the New Bedford

area. This assessment included an area-wide ambient air

monitoring program, a sediment profile for the Acushnet River

and harbor, and a biota sampling program in the estuary and

harbor.


As a result of these studies, a better understanding of the

extent of PCB contamination has been gained. The entire harbor

north of the Hurricane Barrier, an area of 985 acres, is

underlain by sediment containing elevated levels of PCBs and

heavy metals. PCB concentrations in this area range from a few

parts per million (ppm) to over 100,000 ppm. Portions of

western Buzzards Bay sediment are also contaminated, with PCB

concentrations occasionally exceeding 50 ppm, primarily near

locations of combined sewer outfalls. The water column in New

Bedford has been measured to contain PCBs in excess of EPA's

Ambient Water Quality Criterion (AWQC). Concentrations of PCBs

in edible portions of locally caught fish have been measured in

excess of the Food and Drug Administration (FDA) 2 ppm tolerance

level for PCBs.


In 1984, EPA conducted an initial Feasibility Study (FS) of the

highly contaminated mudflats and sediment in the upper estuary

of the Acushnet River. Five clean-up options were presented in

that report. EPA received extensive comments on these options

from other federal, state, and local officials, potentially

responsible parties, and the public. Many of the comments

expressed concern regarding the proposed dredging techniques and

potential impacts of dredging on the harbor, and potential

leachate from the proposed unlined disposal sites.


In responding to these comments, EPA elected to conduct

additional studies before choosing a clean-up alternative for

the Upper Estuary. Concurrent with these studies, EPA is

conducting additional surveys to better define the extent of PCB

contamination throughout the overall Harbor and Bay. Through

these efforts, clean-up options for this site are being

developed.


PCBs are the primary contaminant of concern in the Hot Spot area

and estuary. However, the Acushnet River Estuary is not a

pristine estuarine environment, and has historically been

polluted with industrial and sanitary waste discharges. Due to

these other discharges, there are elevated levels of polycyclic

aromatic hydrocarbons (PAHs) and heavy metals (i.e., copper,

chromium, lead, and cadmium) in the estuary sediment. The

presence of and potential risks from metal contamination are

presented in the baseline risk assessment; risks from exposure


1-2




to PAHs in the Hot Spot area have been previously evaluated

(E.G. Jordan/Ebasco, 1987).


PAH compounds were found to be collocated with PCBs; however,

the range of PAH concentrations in sediment was significantly

less than the range of PCS concentrations. Total PAH

concentrations range from below detection limit to 930 ppm, with

an average PAH sediment concentration of approximately 70 ppm.

(The highest PAH concentration of 930 ppm was detected in the

Hot Spot area of the upper estuary.) No discrete areas of

elevated levels of PAH compounds were observed, suggesting that

PAH contamination results from non-point sources such as urban

runoff. PAH concentrations detected in New Bedford Harbor

sediment are similar to PAH concentrations detected in other

urban and industrialized areas (EPA, 1982).


The relative toxicity of PAH compounds with respect to PCBs

indicates that the majority of risk from exposure to sediment

can be attributed to PCBs. Since PAH compounds can be

effectively treated by the technologies identified in the Hot

Spot FS to treat PCB contamination, methods taken to reduce PCB

contamination will effectively reduce PAH contamination (E.G.

Jordan/Ebasco, 1989). However unlike PCBs, the discharge of PAH

compounds is expected to continue after remediation into the

upper estuary from non-point sources. Therefore, remedial

actions may not permanently reduce levels of these contaminants.


1.2 OBJECTIVES OF THIS REPORT


EPA Region I is responsible for the cleanup of the New Bedford

Harbor site under the authority of the Comprehensive

Environmental Response, Compensation, and Liability Act (CERCLA)

as amended by the Superfund Act Reauthorization Amendments

(SARA) of 1985. Pursuant to this charter, Region I has direct

responsibility for conducting the appropriate studies for this

site to support the need for and extent of remediation. In

accordance with the National Contingency Plan (NCP), these

studies form the basis of the Remedial Investigation/Feasibility

Study (RI/FS) for the site.


This risk assessment presents and quantifies risks to public

health due to PCB, cadmium, copper, and lead exposure in the New

Bedford Harbor area under baseline (existing) conditions. The

baseline assessment is the first of a series of risk assessments

that will provide the basis for evaluating the need for and

extent of remediation. It is based on existing conditions in

the harbor only and does not consider potential natural decrease

in contaminant concentration in the harbor due to transport and

degradation through time.
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While it is probable that natural processes will result in a

decrease in contaminant concentrations, these processes are not

expected to show significant changes over the next decade.

Recent sampling data indicates no appreciable change in PCB

concentrations have occured over the past 10 years. Sustained

elevated levels of PCBs (i.e., greater than 2 ppm) in lobster

and other species have been documented (Kolek and Ceurvels,

1981; Massachusetts Division of Marine Fisheries, unpublished

data; Pruell et al., 1988), and elevated levels of PCBs in

sediment (i.e., greater than 4,000 ppm) have been recorded

(USAGE, 1988). Reduction of PCB concentrations to levels

consistent with EPA and state public health guidance are not

expected to occur without remedial actions.


Additional risk assessments will be conducted to determine the

effectiveness of various remedial alternatives. Results of the

sediment contaminant transport and food-chain models will be

used to provide future potential exposure point concentrations

under various conditions. Risk assessments conducted using

these modeled results will allow an evaluation of the relative

effectiveness of the various remedial alternatives against the

baseline conditions.


1.3 REPORT STRUCTURE


This report consists of three sections. The first section is

the Exposure Assessment, which identifies potential human

receptors and describes the mechanism by which these receptors

may be exposed to contaminants within the New Bedford Harbor

area. The second section, Toxicity Assessment, provides a

description of the toxic properties of PCBs, cadmium, copper,

and lead. In addition, the existing standards and criteria for

these compounds are presented and discussed. The final section,

Risk Characterization, combines information presented in the

first two sections to describe and quantify the potential risks

to public health.


1.4 PROGRAM DATA BASE


Data on the distribution of PCBs in sediment and overlying

waters of New Bedford Harbor and the Acushnet River Estuary were

provided by Battelle Pacific Northwest Laboratories (PNL). For

consistency with other aspects of the RI/FS process in New

Bedford, the public health risk assessment was based primarily

on a data set developed as the initial conditions for the

physical/chemical transport model. The initial conditions were

established by PNL using information on PCBs in the harbor

obtained from three sources, each of which will be described

briefly below: data collected by Battelle Ocean Sciences (BOS)

(Duxbury, MA) specifically for the calibration and validation of

the model, a data base compiled by GCA Corporation (now

Alliance Technologies Corporation) from a variety of historical
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sources, and a detailed survey of PCBs in the harbor developed

by NUS. These three data sets were subsequently combined into

the central New Bedford Harbor Data Base by BOS (Administrative

Record).


1.4.1 BOS Calibration/Validation Data 

From 1985 through 1986 BOS conducted four samplings of water, 
sediment, and biota in the Acushnet River Estuary, New Bedford 
Harbor, and adjacent areas of Buzzards Bay to provide data for 
calibration and validation of the physical/chemical transport 
model and food-chain model. Twenty-five stations were 
established and sampled on each of three surveys; the remaining 
survey was limited to eight stations and was conducted 
immediately following a storm event. Although the samples 
obtained during these surveys were collected and analyzed under 
rigorous quality control procedures, the data were intended for 
use primarily for model calibration/validation; their usefulness 
for determining patterns of PCB distribution in the harbor is 
limited by the relatively sparse spatial distribution. 

1.4.2 Alliance Data Base


This previously compiled data base summarizing a number of

diverse field investigations in the harbor represented an

important source of data and was used extensively to set initial

conditions for the model. The data base was originally

constructed for EPA by Metcalf & Eddy, Inc. (1983) and was

transferred to Alliance in 1986. Alliance began to expand the

data base and converted it to run under dBase III, a personal

computer data base management software package. This work was

never completed, and the data base was subsequently provided to

Jordan for their internal use, and to BOS for quality assurance

checks and subsequent incorporation into the central New Bedford

Harbor data base. The data base used to establish initial

conditions for the model was provided to PNL by Jordan.


Several technical difficulties were encountered by PNL in using

the Alliance data base in the dBASE III form. The most

significant of these was that contaminant data were not indexed

fully and consistently or, in some other cases, correctly. Data

from the Alliance data base were eventually extracted from ASCII

versions of the data base files using a combination of

custom-written FORTRAN programs and hand editing at PNL.


1.4.3 NUS Data Base


The NUS data base was provided to PNL in digital form by BOS.

The data base was apparently complete and contained data for

PCBs expressed as the concentrations of various Aroclors for

samples obtained on a regular grid. The GZA data proved to be
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valuable because they provided concentration data for the entire

study area.


Sediment Data. PCBs detected in sediment from New Bedford

Harbor vary both in level and composition. The Aerovox facility

and the Cornell Dubilier facility used blends of PCBs (marketed

under the trade name "Aroclor") in the manufacture of electronic

capacitors from the late 1940s to the late 1970s. Aroclor 1242

was used in substantial quantities in New Bedford until 1971

when Aroclor 1016 was introduced, replacing Aroclor 1242.

Aroclors 1254 and 1252 were used in lesser quantities.


The data sets used to establish the initial condition for the

modeling included PCB data in a variety of different forms. In

some data sets, PCBs were reported as Aroclor 1242, Aroclor

1254, Aroclor 1242/1016, and non-specific PCB. Some samples

included data on level-of-chlorination homologs. The desired

final measure, total PCB, was obtained for each sample by

summing the concentrations of all quantified Aroclors.


When quantitation in the Alliance data base had been performed

on a wet-weight basis, a conversion to dry weight was performed

using the group-average water content of 55 percent. Data

obtained via this conversion were identified as "CDW" in the

final data files. Only data with equivalent units of parts per

million dry weight (ppm dw) , milligrams per kilogram dry weight

(mg/kg dw), or the same units in converted dry weight were used.


PCB concentrations in the NUS data base were reported as Aroclor

1242, Aroclor 1248, or Aroclor 1254 in units of micrograms per

kilogram (ug/kg), and assumed to be dry weight. Typically, only

one or two Aroclor concentrations were summed and converted to

units of micrograms per gram (ug/g), equivalent to ppm dw. Some

replicate samples occurred in the NUS data base; in these cases,

the arithmetic average of the two reported concentrations was

used.


The BOS data base reported PCB concentrations by level-of-

chlorination homolog in units of ug/g dw. These concentrations

were summed to produce an estimate of total PCB concentration.


Values below specified detection limits occurred in all data

bases and were used in determining initial conditions; values

reported as zero were not used. Data reported below detection

limits were assigned a value equal to approximately 0.1 times

the specified detection limit of the analytical procedure and

were placed in a separate file. When detection limits were not

reported, concentrations of zero were assigned values of

approximately 0.1 times the lowest reported value. These

arbitrary assignments were necessary because the data were later

log-transformed and values of zero would have been unacceptable.
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The selected and converted sediment PCS concentration data were

combined into four files with common formats. Each record in

the files contained information on the data source, location,

total PCB concentration, units, and the number of samples summed

to produce the total concentration. Original units were

included in these files, but the units of ppm, ug/g, and mg/kg

are numerically equivalent. The below-detection-limit values

discussed in the preceding section were segregated to facilitate

changes to the assigned values, if necessary.


Standard univariate statistics were calculated for the raw and

log-transformed data. The log-transformed data produced

near-normal distributions around the mean value for each data

set.


Computerized contour plots of the PCB surface sediment

concentrations were prepared at PNL using data contained in the

New Bedford Harbor data base. These plots were used to estimate

PCB exposure point concentrations at various locations within

the study area. These concentrations are, therefore, based on

both actual data and computerized interpolation of these data.


The metal concentrations used in this report were accessed

directly from the New Bedford Harbor data base. These data were

collected as part of the Battelle sampling programs and reported

in wet weight concentrations. No conversion to equivalent dry

weight concentrations were made. The mean metal value

represents the mean concentration of only the detected (i.e.,

greater than the detection limit) samples. Using appropriate

longitude and lattitude coordinates, area-specific metals data

were obtained and used as exposure point concentrations.


Water Data. PCB concentrations in the water column for the

risk assessment were also based on the values used for the

physical/chemical transport model. Unlike sediment

concentrations, however, the use of initial conditions, per se.

is not appropriate because preliminary model runs indicated that

concentrations in the water column are determined largely by the

assigned sediment concentrations following a brief "spin up"

period of approximately 90 days simulation. Accordingly, PNL

did not determine initial conditions for the water column in a

manner similar to that previously described for sediment, but

assigned initial conditions that were generally consistent with

the field data and then allowed the model to produce its own

"starting conditions" based on the assigned sediment

concentrations. These starting conditions in the water column

were averaged vertically and provided to Jordan along with

initial sediment conditions. As with the metals sediment data,

metals water data were accessed directly from the Alliance data

base.
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1.4.4 Other Sources of Data


Additional information used in this risk assessment includes

various site investigation reports, the Greater New Bedford

Health Effects Study (GNBHES) (MDPH, 1986), the Pilot Study

conducted by the U.S. Army Corps of Engineers, and the Damage

Assessment Report prepared for National Oceanic and Atmospheric

Administration (NOAA) (NOAA, 1986).
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2.0 EXPOSURE ASSESSMENT


The purpose of this public health exposure assessment is to

identify potential receptors (i.e., individuals or populations)

and describe the mechanisms by which persons may be exposed to

contaminants at the New Bedford Harbor site. This assessment is

based on land-use and demographic information for this area and

assumptions regarding the frequency and duration of activities

likely to result in contaminant exposure. The demographic,

land-use, and exposure information used to complete this section

includes the GNBHES (MDPH, 1987), the federal census (U.S.

Department of Commerce, 1980) , the "Land-use and Point Source

Inventory, New Bedford, Massachusetts" (EPA, 1982a), The Damage

Assessment Report (NOAA, 1986), and the "New Bedford Harbor Site

Visit; Summary Report" (GCA, 1986b).


Although it is not possible to identify specific individuals or

determine the exact number of adults and/or children who may be

exposed to contaminants in New Bedford Harbor, it is possible

through interview, land-use and demographic information to

estimate how and to what level of contamination individuals may

be exposed. The following section describes possible

contaminant exposure in qualitative terms which reflect

behavioral patterns and physical and chemical conditions at the

site.


2.1 DEMOGRAPHICS


PCB and heavy metal contamination in the Acushnet River is

documented from the Wood Street Bridge throughout the harbor and

into Buzzards Bay. The primary areas of concern for public

health at this site include the Uppej: Estuary (from the

Coggeshall Street Bridge to the Wood Street Bridge) where

elevated levels of PCBs (i.e., greater than 4,000 ppm were

documented in the sediment, and along the shoreline where access

to the river is unrestricted.


The Acushnet River runs through three communities: Fairhaven,

New Bedford, and Acushnet, Massachusetts (Figure 2-1). The

coastal town of Dartmouth, Massachusetts, is located south of

and adjacent to New Bedford, bordering Clarks Cove and Buzzards

Bay. These four towns compose the Greater New Bedford Area, and

are the focus of this exposure assessment. The inhabitants of

these communities were considered most likely to be at potential

risk to contaminant exposure due to their proximity to the river

and harbor area. The total population of these four communities

is 145,605 (Town Census for Acushnet, Fairhaven, and Dartmouth;

1986 Census for the City of New Bedford) .


Although any individual within the defined population may

potentially be exposed, four groups within the general

population were considered more sensitive to environmental

contaminant exposure:
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• In fan t s and Young Children. Infants and children 
engage in more activities that could result in 
contaminant exposure. This subpopulation may be more 
sensitive to contaminant exposure because of their 
small body sizes, developing immune systems, and rapid 
development. These factors effectively reduce their 
ability to compensate for chemical insult. 

• Developing Fetus. The fetus is often considered to be 
sensitive to chemical exposure because of rapid 
development, especially during the first trimester. 
Many environmental contaminants are capable of crossing 
the placental barrier and potentially interfering with 
fetal development. Because of its small body size, 
b o d  y w e i g h t  , and rapid g rowth  , the fe tu  s is 
pa r t i cu l a r l  y sens i t ive to chemica l insu l t . 

• The Elderly. The elderly are considered a sensitive 
subpopulation because of potentially compromised immune 
systems and the frequent presence of disease and organ 
pathology. These conditions may reduce the functional 
ability to compensate for chemical injury through 
regenera t io  n or repair of cells, or metabolic 
detoxification of chemicals. 

• Chronically 111. In addition to the groups discussed 
p rev ious ly  , there are also individuals in the 
mainstream population who may be hypersensitive to 
contaminant exposure because of their immunologic 
status, presence of disease or spec i f i  c o rgan 
pathology, or medication status. 

The 1980 Federal Census provides estimates of the number of 
infants/children (zero to 5 years) , women of childbearing ages 
(14 to 44 years) , and the elderly (older than 65 years) having 
permanent residence in the Greater New Bedford Area. These 
subpopulations are indicated by an asterisk in Table 2-1. 
Assuming that the age distribution within this population has 
not s i g n i f i c a n t l  y changed since 1980, these high risk 
populations account for approximately 50 percent of the total 
population. Specifically, 7 percent of the people are less than 
5 years old, 28 percent are women between 14 and 44 years, and 
15 percent are over 65 years. 

The group considered at highest risk of direct exposure to 
sediment within the New Bedford Harbor site area is children 
between the ages of 6 and 16, since individuals within this age 
group are most likely to wander and play in areas that may be 
contaminated, and are least likely to be aware of the potential 
dangers associated with contaminant exposure. Children younger 
than 5 years are at risk from contaminant exposure due to small 
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TABLE 2-1


POPULATION DISTRIBUTION BY AGE GROUP AND SEX FOR THE

GREATER NEW BEDFORD AREA

NEW BEDFORD, MASSACHUSETTS


Age New Bedford Acushnet Dartmouth Fairhaven Total 

Males 

0-5* 4,268 264 657 466 5,655 
6-16* 8,007 873 2,256 1,412 12,548 
17-44 17,452 1,708 4,832 2,985 26,977 
45-64 10,257 1,014 2,644 1,793 15,708 
>65* 5,889 401 1,237 937 8,464 

Females 

0-5* 3,941 288 573 429 5,231 
6-16* 7,959 780 2,087 1,303 12,129 
17-44* 18,782 1,722 5,495 2,942 28,941 
45-64 
>65* 

12,181 
10,007 

1,075 
579 

2,911 
1,781 

1,966 
1,526 

18,133 
13,893 

Total 

0-5 8,209 552 1,230 895 10,886 
6-16 15,966 1,653 4,343 2,715 24,677 
17-44 36,239 3,340 8,929 5,927 55,918 
45-64 22,438 2,089 5,555 3,759 33,841 
>65* 15,896 980 3,018 2,463 22,357 

Source: U.S. Department of Commerce, 1980


Note:


* Indicates subpopulations considered to be more sensitive to contaminant exposure

(see text).
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body sizes, developing immune systems, and rapid growth and

development. However, exposure to contaminants by this age

class is expected to be limited, given that children under age 5

are generally supervised and have limited mobility. Therefore,

they are unlikely to be playing in areas of high contamination.


Adults (including those older than 65 years) are also expected

to have more limited exposure than older children. This age

class is considered to be more aware of potential dangers

associated with contaminant exposure and is likely to

voluntarily restrict access to contaminated areas. However, it

is considered likely that persons within this age class may fish

or shellfish in contaminated areas.


According to the 1980 census, approximately 90 percent of New

Bedford residents reported living in Bristol County during the

previous five years, and approximately 60 percent of the

population have not changed their residences. This indicates

that chronic and/or lifetime contaminant exposure is possible

for a large segment of the population.


The Greater New Bedford Area experiences a seasonal fluctuation

in population. Although this increase cannot be quantified,

tourists and summer residents result in a temporary increase in

population. Because of recreational activities associated with

this area, summer residents and/or tourists have the potential

for exposure to contaminants in the New Bedford Harbor Site Area

while swimming, fishing, and shellfishing. However, given the

temporary residence of this subpopulation, exposure is likely to

be sporadic or short-term in duration.


Approximately 50 percent of the New Bedford population is of

single Portuguese ancestry and 20 percent is from multiple

ancestry (i.e., English, French, German, Irish, Italian, and

Polish). Reportedly, 55 percent of the residents speak English,

35 percent Portugese, and 5 percent Spanish (U.S. Department of

Commerce, 1980) . Where possible, the REM III team has

considered cultural differences that may affect exposure to

contaminated media.


2.2 LAND-USE WITHIN THE NEW BEDFORD HARBOR SITE AREA


Land-use classifications for the Acushnet River/New Bedford

Harbor Site Area include urban (residential and industrial) ,

wetlands, beaches, and barren land; with the majority being

classified as urban residential (Figure 2-2) (EPA, 1982a). The

land-use information, combined with demographic data, can assist

in determining how and where people may become exposed to

contaminants.


Figure 2-2 identifies the residential and recreational areas

located within an approximate 1-mile radius of the Acushnet
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River. Most of the land within this area is used for

residential purposes, with a much smaller portion set aside for

recreational uses. The land directly adjacent to Acushnet

River, on the New Bedford side, is primarily industrial.

However, the amount of industrial land-use decreases southward

from the harbor toward Buzzards Bay, where public beaches

constitute most of the southern shoreline. The land-use on the

Fairhaven side of the river is primarily residential. The

population residing within a 3-mile radius of the Upper Estuary

is estimated at 90,000 (Figure 2-3) (EPA, 1982b).


Recreational and land-use information obtained from NOAA (1986)

and the GNBHES (MDPH, 1987) include data on beach use and

recreational fishing in the Greater New Bedford area. Surveys

conducted by NOAA show that 71 percent of the respondents

reported visiting saltwater beaches in the Greater New Bedford

area in 1985. Beaches located adjacent to the Acushnet River

include the Fort Phoenix State Beach (Fairhaven, Massachusetts)

and Fort Rodman/East Beach (New Bedford, Massachusetts) .

Twenty-three and 18 percent of respondents reported visiting

these two locations, respectively (NOAA, 1986).


The NOAA study also reported that 19 percent of respondents

fished in the New Bedford area in 1985. Eighty persons

indicated having fished in the area north of Ricketson Point or

Wilbur Point 14 times on average in 1985. The GNBHES reported

that 12.9 percent of the Greater New Bedford population obtain

fish by catching it themselves (MDPH, 1987). However, when

looking at sources of seafood caught and consumed from

contaminated areas, most people (61.5 percent) report they do

not consume this seafood. The GNBHES concluded that the

majority of the general public was not directly or knowingly

catching and consuming fish from contaminated areas (MDPH,

1987). However, the GNBHES identified a small percentage of the

population who did report catching and consuming locally caught

fish (MDPH, 1986).


In addition to these data, qualitative information describing

the Acushnet River and potential activities that may occur at

various locations along the shoreline were made by GCA during a

site visit to New Bedford Harbor (GCA, 1986b). These

observations were limited to one season (late summer) and

therefore cannot be considered representative of year-round

conditions. However, these observations in conjunction with the

GNBHES and NOAA reports, indicate that individuals access the

river for various purposes. The major observations are

summarized as follows:


Upper Estuary: Acushnet River Between Coggeshall and Wood

Street Bridges
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• The New Bedford Harbor side of this section of the 
river is primarily industrial, while the Fairhaven side 
is much less commercially developed. 

• Access to the river is unrestricted; however, warning 
signs are posted. 

• Swimming is unlikely, although wading in the mudflat 
areas is possible. 

• The Acushnet River is very "dirty" with brown and 
pungent water, oil stains, and trash. 

• An approximate 10-foot width of bottom sediment is 
exposed at low tide. 

• Children were observed in a playground located within 
300 feet of the river bank (Cove Area) .


Upper Harbor: Coggeshall Street to Fairhaven (Hutchinson

Street) Bridge


• The Fairhaven side of this section of the river is less

commercially developed than the New Bedford Harbor

side.


• Access to the river is unrestricted, and no warning

signs were observed.


• Wading and swimming in this section of the river are

considered possible.


• The river shows visual signs of pollution (e.g., trash

and oil stains) .


• A pungent odor from the water was noted and the bottom

sediment was exposed at low tide.


Lower Harbor: Fairhaven (Hutchinson Street) Bridge to Hurricane

Barrier


• The Fairhaven side of this section of the river is

primarily residential. The New Bedford Harbor side is

less commercially developed than areas to the north.


• Access to the river is unrestricted along the Fairhaven

side. Access along the New Bedford Harbor side is

restricted by the presence of fenced private property

(i.e., warehouses).


• Wading and swimming in this section of the river seem

likely. Persons were observed fishing around the
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Hurricane Barrier. Palmer Island can be accessed by

foot at low tide.


Entrance to Buzzards Bay: Hurricane Barrier to Fort Rodman


• Fort Phoenix and Fort Rodman State Reservations are

located in this section of the river.


• Children and adults were observed fishing, wading, and

swimming in this area.


• Both sides of the river are primarily residential with

some commercial development around the Hurricane

Barrier.


• Fishing, wading, and swimming are likely activities in

this area.


• Beaches run along the river bank for most of this area.


Access to the estuary and harbor is unrestricted in most areas,

including locations of high contamination. Although warning

signs are posted in the Upper Estuary, fishing, wading, and/or

playing in this area was observed. However, activities along

the shoreline were observed more frequently in the southern

portion of Acushnet River near Buzzards Bay. This, in addition

to the physical conditions of the Upper Estuary, suggests that

exposure to sediment and water will be more common in the

southern portion of the Lower Harbor/Bay Area. However, since

access to the Upper Estuary is unrestricted, exposure to high

levels of contaminated sediment is possible.


Summary. A culturally diverse population resides within the

Greater New Bedford Area. A large percentage of residents

report living in this area for at least five years. A seasonal

influx of summer residents and tourists suggests that short-term

or acute exposures to contaminated media may be occurring, in

addition to possible chronic exposure experienced by permanent

residents.


Activities observed or reported to occur include swimming,

wading, fishing, and shellfishing (GCA, 1986b; NOAA, 1986c;

MDPH, 1987). The areas of the Acushnet River where recreational

activities are considered likely to occur include Palmer Island,

Marsh Island, Popes Island, and Fort Rodman and Fort Phoenix

State Beaches. These areas are either easily accessible or

support organized recreational uses. However, because access to

most portions of the Acushnet River is unrestricted, inadvertent

contaminant exposure is considered possible for all areas of the

river.
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2.3 EXTENT OF CONTAMINATION


An extensive data base, containing contaminant concentrations

for all media throughout the Acushnet River and Buzzards Bay,

was developed and used in this risk assessment to provide

exposure concentrations for various receptor locations within

the New Bedford Harbor site area (New Bedford Harbor Data Base,

1987) . The majority of sample analyses in this data base were

obtained between 1981 and 1986 and, therefore, were considered

to provide an accurate description of the current extent and

level of PCB and metal contamination. This data base was also

used to establish initial conditions for the physical/chemical

transport model.


The Acushnet River/New Bedford Harbor Site Area was subdivided

into three areas to assess sediment and water exposure in this

risk assessment:


• Area I: the area between the Wood Street and

Coggeshall Street bridges


• Area II: the area between the Hurricane Barrier and

Coggeshall Street Bridge


• Area III: the area south of the Hurricane Barrier.


This subdivision, illustrated in Figure 2-4, separates areas of

high contamination (i.e., hot spots) from areas of relatively

low contamination (south of the Hurricane Barrier), thereby

providing a more accurate estimate of exposure concentrations.


Another subdivision of the Acushnet River/New Bedford Harbor

Site Area was used to assess exposure through the consumption of

aquatic biota. The Acushnet River/Buzzards Bay Area was divided

into four areas for purposes of modeling future contaminant

concentrations in aquatic biota. Since these estimated

concentrations will be used to evaluate future potential risks

in this area, this subdivision was used to assess exposure via

the ingestion of aquatic biota. These areas are shown in Figure

2-5.


In summary, exposure to sediment and water was assessed for the

three areas, referred to by Roman numerals (i.e., I, II, and

III), shown in Figure 2-4. Exposure through the ingestion of

aquatic biota was assessed for the four areas established by

HydroQual, referred to by Arabic numerals (i.e., 1, 2, 3, and

4) , and shown in Figure 2-5.
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2.4 PRINCIPAL EXPOSURE PATHWAYS 

Demographic and land-use information indicates a large 
residential population in the immediate area surrounding the 
Acushnet River and that people access this site for occupational 
and recreational purposes. Analytical data for New Bedford 
Harbor document the presence of elevated levels of PCBs and 
metals in the sediment, water, biota, and air. Therefore, 
exposure to contaminants detected in these media is possible 
through several different pathways, including dermal contact 
with sediments and water, ingestion of sediment, water, and 
biota, and/or inhalation of airborne contaminants. To determine 
the exposure pathways that contribute most significantly to the 
total contaminant exposures at New Bedford Harbor, a screening 
evaluation was performed. 

The route-specific exposure level (defined as the amount of 
contaminant taken into the body per unit weight per unit time 
[mg/kg /day ]  ) at tr ibuted to each exposure pathway was 
determined. These levels were estimated based on extremely 
conservative exposure assumptions. The route-specific exposure 
level for each contaminant was estimated assuming the exposure 
point concentration was the maximum detected concentration of 
each contaminant. It was also assumed that repetitive exposure, 
over 70-years duration, occurred at this maximum concentration. 
The estimated exposure level was then compared to the most 
appropriate health-based criterion. Exposure pathways were 
excluded from further consideration only if they contributed a 
negligible amount to the total exposure dose and if the 
associated risk was minimal (see Section 4 . 0 )  . This approach 
was considered appropriate since the screening evaluation was 
based on extremely conservative exposure assumptions, with lower 
exposure levels expected under more realistic exposure 
conditions. 

Exposure to PCBs was evaluated for all routes of exposure. When 
or i f the exposure levels for PCBs were cons ide red 
insignificant, exposure to cadmium, copper, and lead was then 
evaluated. This approach prevented the elimination of any route 
of exposure considered a primary pathway for only one or two 
contaminants. 

Estimated l i fe t ime body doses for the exposure scenarios 
evaluated in the screening process are in Table 2 -2 . (The 
exposure assumptions and body dose calculations appear in 
Appendix A, Tables A-l through A-6 .  ) 

Based on the screening results, direct contact with sediment, 
ingestion of aquatic biota and sediment, and inhalation of 
airborne contaminants were all considered to significantly 
contribute to the total PCB exposure at the New Bedford Harbor 
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TABLE 2-2


ESTIMATED LIFETIME BODY DOSES FOR SCREENING SCENARIOS

EXPOSURE TO PCBs


NEW BEDFORD, MASSACHUSETTS


Average Percent 
Daily Dose Contribution 
for PCBs to Total Principal 

Pathway of Exposure Exposed Population (mg/kg-day) Dose Pathway 

Ingestion of Aquatic Biota Older Child (6-16) 9.5xlO~ 4 1.4 Yes 

Direct Contact with Sediments Older Child (6-16) 5.7x10" 2 84 Yes 

Direct Contact with Surface Older Child (6-16) 5.3x10" 7 7.8x10"* No 
Water 

Ingestion of Surface Water Older Child (6-16) 3.4x!0"6 S.Oxlo"3 No 

Inhalation of Airborne Child (0-5) 1.7xlO"5 0.025 Yes 
Contaminants 

Ingestion of Sediments Child (0-5) l.OxlO"2 14.7 Yes 

Total Dose 6.8xlO"2 100 

The percent contribution was calculated by: Average Daily Dose x 100. It provides

, a relative measure of exposure. Total Dose


The maximum concentration was assumed to represent the contaminant in the vapor phase.


NOTE:


The average daily dose was estimated based on conservative exposure assumptions,

including repetitive exposure to the maximum detected contaminant concentration. The

age-class chosen for each pathway of exposure was that considered most likely to be at

risk from exposure due either to low body weight or higher frequency of exposure. For

example, exposure to children ages 0 to 6 was evaluated because it is possible that this

age class could be exposed 24 hours/day. The low body weight of children puts them

at greater potential risk to PCB exposure than older children and adults exposed 24

hours/day with a higher body weight. These screening scenarios represent the upper

bound, conservative estimate of potential risk.


The Average Daily Dose values in this table were used to screen exposure pathways and

not forthe risk assessment presented in Chapter 4.0.


3.88.80

0007.0.0




site. These four exposure pathways result in more than 99

percent of the total exposure and, therefore, were assumed to

account for the majority of risk at the site. The screening

results also show that direct contact with and/or the incidental

ingestion of surface water does not result in a significant

contaminant exposure. These exposure routes account for 0.001

percent of the PCB exposure.


Exposure dose levels for metals were estimated for direct

contact with and incidental ingestion of surface water because

these routes of exposure were considered insignificant for PCB

exposure. The exposure dose levels for metals estimated under

the same conservative assumptions were also insignificant.

Because these scenarios were based on conservative exposure

assumptions, lower exposure levels would be expected under more

realistic exposure conditions. Therefore, exposure to

contaminants through incidental ingestion of and direct contact

with surface water was not evaluated further in this risk

assessment. In summary, PCB and metals exposures for direct

contact with and ingestion of sediment, ingestion of biota, and

inhalation of airborne contaminants were carried through the

analysis for quantitative evaluation.


2.5 QUANTITATIVE EXPOSURE ASSESSMENT


In this section, the equations used to calculate the route-

specific exposure level for the principal exposure pathways are

described. In addition, the exposure parameters used in these

equations are identified and discussed. Values for these

exposure parameters were chosen by the REM III team based on

site-specific factors and realistic exposure considerations.

For example, sediment deposition factors were chosen to reflect

sediment characteristics, and site-specific weather conditions

were considered in developing exposure frequencies. In

addition, location-specific exposure concentrations were used

that allowed exposure to be evaluated separately for areas of

high contamination and areas of low contamination. This

provided a realistic range of exposure parameters which

reflected the exposure conditions in this area. Exposure

parameters were obtained from the scientific literature and

appear in the tables in Appendix C.


To provide a range of exposure doses, two exposure scenarios

were considered in each analysis: one based on "average" or

probable or moderate exposure conditions, and the other based on

"conservative" exposure conditions. Together, these scenarios

provide a range of potential exposure levels, within which the

actual exposure for a particular individual would likely fall.

Figure 2-6 is an overview of the exposure scenarios evaluated in

this section.
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The exposure scenarios evaluated in this report provide a range

of possible exposure doses for a "hypothetical individual,"

rather than for a specific population. These scenarios do not

predict the number of people who may be exposed to contaminants

in the Greater New Bedford Area, but rather provide an estimate

of the magnitude of exposure that could be incurred by an

individual receptor under specified exposure conditions.


Exposure to each medium is discussed generally in subsequent

subsections, followed by a quantitative exposure analysis for

each scenario under review. The equations used to estimate

systemic contaminant doses from the various exposure routes are

in Table 2-3. The exposure parameters identified in these

equations are summarized in Table 2-4, as well as in the text.


2.5.1 Sediment


For sediment, possible exposure pathways include two exposure

scenarios: (1) direct contact exposure to sediment, and (2)

ingestion of sediment.


Ingestion of sediment is considered limited to children younger

than 6 years, while direct contact with sediment is possible for

all age groups. Because different exposure parameters govern

these two exposure pathways, separate evaluations were

performed.


2.5.1.1 Direct Contact Exposure to Sediment


Land-use around the study area and results from NOAA (1986) ,

indicate that the local population uses the beaches along the

Acushnet River for recreational purposes. Therefore, persons of

all ages may be exposed to contaminated sediment as a result of

swimming, wading, and/or fishing in the Acushnet River. The

most likely locations for these activities to occur are south of

the Coggeshall Street Bridge (Areas II and III). However,

because access to the river is not restricted, exposure to

sediment in Area I is possible, and therefore, was evaluated in

this section.


Direct contact exposure to sediment was assessed separately for

Areas I, II, and III. Because of the wide range of PCB

contaminant concentrations in Area I (ND to 6,393 ppm), separate

exposure scenarios were developed for the Cove Area, and the

Upper and Lower Estuary (Figure 2-7). For Areas II and III,

exposure was evaluated at specific locations that support

recreational activities; these included Popes Island, Palmer

Island, and Marsh Island for Area II; and The Fort Rodman and

Fort Phoenix state beaches for Area III.


The contaminant concentrations detected or estimated through

computer interpolation in the shoreline sediment were used to
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TABLE 2-3


EQUATIONS USED TO ESTIMATE SYSTEMIC CONTAMINANT DOSES

NEW BEDFORD, MASSACHUSETTS


Exposure Via Direct Contact:


DEXDC = C. x SA x DF x TKF x F x CF
DC = CA


BW


Exposure Via Ingestion:


=  C A x Q x T K F x F x C  F 

BW 

Exposure Via Inhalation:


DEXJNH = CA x IR x TKF x F


BW


For carcinogens, the average daily exposure over a lifetime is calculated by multiplying

DEX by the duration of exposure (D = years) divided by 70-year lifetime.


where:


DEX = Average Daily Exposure Over Period of Exposure (mg/kg-day)


C. = Contaminant Concentration Detected in Area A (mg/kg, mg/L or mg/m3)


SA = Exposed Surface Area (cm2)


DF = Sediment Deposition Factor (mg/cm2-event)


Q = Quantity of Sediment Ingested (mg/exposure)


IR = Inhalation Rate (m3/day)


BW = Body Weight (kg)


TKF = Toxicokinetic Factor (unitless)


F = Frequency of Exposure (events/exposure period (days))


D = Duration of Exposure (years)


CF = Correction Factor (1 kg/106 mg)


3.88.80 
0009.0.0 



TABLE 2-4


AGE-SPECIFIC EXPOSURE PARAMETERS USED TO ESTIMATE AVERAGE DAILY EXPOSURE DOSES

NEW BEDFORD, MASSACHUSETTS


Age Category

0-5 6-16 17-65


Body Weight1 10 kg 40 kg 70 kg


Surface Area Total1 6,880 cm2 11,900 cm2 18,000 cm2


Legs and Feet1 2,280 cm2 4,400 cm2 3,060 cm2


(lower legs only)


Forearms, Arms, Hands, 2,525 cm2 4,415 cm2 4,990 cm2


Lower Legs and Feet1


Sediment Deposition2 1.5 mg/cm2 1.5 mg/cm2 1.5 mg/cm2


Factors


Sediment Ingestion 0.5 grams N/A N/A

Rates3


Inhalation Rates4 5 m3/day 20 m3/day 20 m3/day


Biota Ingestion Rates 115 grams/per meal 227 grams/per meal 227 grams/per meal


Toxicokinetic Factor5


Dermal-PCBs 0.07 0.07 0.07

-Metals 0.01-0.001 0.01-0.001 0.01-0.001


Inhalation-PCBs 1.0 1.0 1.0

-Metals 1.0 1.0 1.0


Gastrointestinal-PCBs 1.0 1.0 1.0

-Metals 1.0 1.0 1.0


Notes:


1
 USEPA, 1985

2
 USEPA, 1984

3
 LaGoy, 1987

4
 USEPA, 1986

5 See Appendix B

N/A = Not Applicable
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evaluate direct contact exposure when available. (These data

are contained in the New Bedford Harbor Data Base and the

Administrative Record.) Midchannel sediment concentrations were

not included because exposure to this sediment is considered

unlikely. In general, midchannel sediment was more contaminated

than shoreline sediment. The geometric mean and the maximum PCB

concentrations were used to evaluate exposure under probable and

conservative exposure conditions, respectively. The arithmetic

mean and maximum metal concentrations were used to evaluate

exposure under probable and conservative exposure conditions,

respectively. (Data were not available to determine the

geometric mean concentrations for metals.) Table 2-5 presents

the mean and maximum sediment concentrations used to assess

direct contact and ingestion exposures.


It was assumed that young children would only be exposed to

sediment while playing or swimming at the beach. The frequency

of exposure (e.g. , the number of trips to the beach per year)

was estimated to range between 20 and 100 times per year, which

corresponds to one and five days per week during the warmer

months.


Although children in this age class are not expected to have

access to nonbeach areas of the New Bedford Harbor site, a

subsection of Area I (i.e., Cove Area) is located next to a

playground and represents a specific area where children may

access the shoreline. Because inadvertent exposure is possible,

exposure scenarios were developed for this area. The frequency

of exposure in this location was considered less than in the

beach area, and was estimated to range from 1 to 20 exposures

per year.


An older child or adult was assumed to have access to all areas

(i.e., Areas I, II, and III) of the New Bedford Harbor site and

contact with sediment as a result of swimming, wading, or

shellfishing activities. The frequency of contact was estimated

to be between 20 and 100 times per year. This range represents

exposures occurring one and five days per week during the warmer

summer months. Body weights of 10, 40, and 70 kilograms were

assumed for children, older children, and adults, respectively

(EPA, 1985a).


Exposure was also evaluated assuming acute (single event),

subchronic (1- to 5-year), chronic (10-year), and lifetime

exposure durations. Lifetime exposure was assessed by summing

the exposure dose received during each age period (i.e., zero to

5, 6 to 16, and 17 to 70). These exposure durations were chosen

to reflect likely exposure periods for the Greater New Bedford

Area population.
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The amount of sediment contacted per exposure event was

estimated based on the exposed surface area and the deposition

of sediment onto the skin. For wading and swimming activities,

the exposed surface area was considered to be the lower legs;

for shellfishing activities, both the lower legs and forearms

were considered. Surface areas for these body parts were

obtained from EPA and are in Table 2-4 (EPA, 1985a). The

sediment deposition factor was estimated to be 1.5 mg/cm ,

which represents the upper end of the soil deposition range used

by EPA to assess contact with soil (EPA, 1984a). This value was

considered appropriate for assessing sediment exposure, given

that sediment tends to adhere more to exposed skin than soil.

The sediment deposition factor multiplied by the surface area

equals the amount of contaminated sediment contacted per

exposure event.


The toxicokinetic factor (TKF) is the final parameter necessary

to assess direct contact exposure. This factor adjusts for the

differences in absorption between the dermally absorbed dose

received from exposure to sediment at the site, and the

administered dose of the laboratory test from which the cancer

potency factor or reference dose was derived. This adjustment

allows quantitative dose-response data from animal studies to be

applied to human exposure doses. Jordan derived two TKFs for

dermal exposure to PCBs. A TKF of 0.5 (50 percent) was used to

estimate exposure to highly contaminated sediment (i.e., PCB

concentrations greater than 1 percent); 0.07 (7 percent) was

used to assess exposure to moderately contaminated sediment

(i.e., PCB concentrations less than 1 percent). The TKF and the

basis for its development are discussed in Appendix B. The

parameters used to assess direct contact exposure appear in

Table 2-6; body dose calculations are in Appendix C.


2.5.1.2 Ingestion of Sediment


Exposure to contaminants can also result from the inadvertent or

incidental ingestion of sediment deposited on the hands, food

items, or objects placed in the mouth. This route of exposure

is expected to be most significant for children less than 6

years old. Young children in this age group engage in

substantial hand to mouth activities that can result in

incidental soil ingestion. Therefore, this route of exposure is

expected to be most significant at locations where children

play. For the New Bedford Harbor Site Area, these include the

public beaches in Area III and recreational areas located in

Area II. Because recreational areas in Area I abut the

shoreline (Cove Area), exposure via the ingestion of sediment at

these locations is considered possible. The high concentration

detected in this sediment suggests that even minimal exposure

may be significant. Therefore, exposure scenarios were

developed to assess incidental ingestion of contaminated

sediment from Area I and the recreational and beach areas in

Areas II and III (see Figure 2-7) .
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TABLE 2-6


EXPOSURE PARAMETERS USED TO ASSESS DIRECT CONTACT EXPOSURE

TO SEDIMENTS (SUBCHRONIC, CHRONIC, AND LIFETIME EXPOSURES)


NEW BEDFORD, MASSACHUSETTS


Exposure Parameter Child Older Child Adult


Average Weight over Period 10 kg 40 kg 70 kg

of Exposure


Frequency of Exposure


Area I


Probable 1 exp/year 20 exp/year 20 exp/year

Conservative 20 exp/year 100 exp/year 100 exp/year


Area II and III


Probable 20 exp/year 20 exp/year 20 exp/year

Conservative 100 exp/year 100 exp/year 100 exp/year


Amount of Sediment

Contacted


Probable Legs and Feet Legs and Feet Lower Legs and Feet

Conservative Forearms, Arms, Forearms, Arms, Forearms, Arms,


Hands, Lower^Legs Hands, Lower^Legs Hands, Lower^Legs

and Feet" and Feet and Feet"


Dermal Toxicokinetic

Factor


Concentrations <10,000 ppm 71 n 7%

Concentrations > 10, 000 ppm 50% 50% 50%


Duration of Exposure 1 year 1 year 1 year

5 years 10 years 10 years


Lifetime


Note:


See Table 2-4


3.88.80

0015.0.0




A review of the literature indicates that between 100 to 500 mg

of sediment per exposure is a reasonable estimate for sediment

ingestion by children less than 5 years old (LaGoy, 1987).

Recent EPA guidance suggests an ingestion rate of 200 mg/day be

applied to exposures concerning children between the ages of 2-6

years (EPA, 1989). In this risk assessment, a value of 500

mg/exposure was assumed as the amount of sediment ingested.

This is the upper end of the range of estimated values and will

provide a conservative estimate of exposure. The frequency of

exposure is assumed to be 1 to 20 days for Area I, and 20 to 100

days per year for Areas II and III. (These are the same

frequencies used to assess direct contact exposure.)


The mean and maximum sediment concentrations detected in each

area are used in the probable and conservative scenarios,

respectively (see Table 2-5). The exposure assumptions used to

assess this route of exposure are in Table 2-7; body dose

calculations are in Appendix C.


2.5.2


Exposure to contaminants through ingestion of aquatic biota is

considered a primary route of exposure for this area. Aquatic

biota are known to bioaccumulate and bioconcentrate PCBs.

Therefore, organisms living in contaminated areas may be a

direct source of PCB exposure if consumed or contribute to PCB

contamination of higher trophic level organism within the food

chain. Studies conducted in New Bedford Harbor show elevated

levels of PCBs in edible tissue of lobsters, clams, and winter

flounder. In general, seafood consumption has been noted as a

primary source of PCB exposure in the areas of the U.S. where

PCB-contaminated sediment has been observed (ATSDR, 1987).


The FDA identified a number of species likely to have PCB

residue if taken from contaminated areas (ATSDR, 1987). These

species are listed in Table 2-8, along with the fraction of

people participating in the GNBHES who reported consuming these

locally caught species (MDPH, 1987) . Based on this summary,

ingestion of winter flounder, lobster, and softshell clam was

considered in this exposure assessment. (Recent analytical data

[post-1984] was not available to assess exposure to eel, striped

bass, or mackerel.) In addition, exposure to metals via

consumption of biota was assessed.


Ingestion of biota was assessed separately for each age class:

children, older children, and adults. Body weights of 10, 40,

and 70 kilograms were assumed for children, older children, and

adults, respectively (EPA, 1985a).


A standard 8-ounce (i.e., 227 grams) portion of fish per meal

for older children and adults, and 4 ounces (i.e., 115 grams)
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TABLE 2-7


EXPOSURE ASSUMPTIONS USED TO ASSESS INGESTION OF SEDIMENTS

NEW BEDFORD, MASSACHUSETTS


Exposure Parameter Value 

Average Weight Over 10 kg 
Period of Exposure 

Duration of Exposure 5 years 

Exposure Locations Cove Area and upper and lower estuary in Area I; 
Recreational and Beach Areas in II and III 

Frequency of Exposure 

Area I: 
Most Probable 1 exp/year 
Conservative 20 exp/year 

Areas II and III: 
Most Probable 20 exp/year 
Conservative 100 exp/year 

Amount Ingested 0.5 grams/exposure 

Gastrointestinal 1.0 
Toxicokinetic Factor 

Contaminant Concentrations See Table 2-5 

3.88.80

0011.0.0




TABLE 2-8


SEAFOOD CONSUMPTION BY SPECIES

NEW BEDFORD, MASSACHUSETTS


Percent Consuming Various Species 
Prevalence1 Enrichment* 
n=840 n=110 

Fish/Shellfish Local Fish Local Fish 

Clams, quahogs 23.3 70.9 

Mussels 2.0 19.1 

Eel 1.9 24.5 

Bluefish/Striped Bass/Mackerel 13.4 70.0 

Scup, tautog, fluke flounder, 17.1 59.1 
cod, or sea trout 

Lobster 13.0 62.7 

Notes:


* Self-reported consumption.


Source: The Greater New Bedford PCB Health Effects Study (1984-1987) (MDPH, 1987).


n = number of respondents


1 Prevalence = The cross-sectional randomly sampled group of residents of Greater New

Bedford participating in this study.


2 Enrichment = The recruited group of residents considered to be at greater risk of

exposure participating in this study.


3.88.80

0012.0.0




per meal for younger children, was assumed. These values were

decided after a review of the literature failed to provide a

site-specific value applicable to recreational consumption of

fish and shellfish.


Examination of the different sources of data shows that a

variety of definitions have been used for "fish consumption."

Some studies examine only commercially-caught fish and others do

not distinguish between consumption of marine versus freshwater

fish, or between finfish and shellfish. Finally, some do not

differentiate between consumption of fresh fish versus processed

(frozen, canned,smoked, etc.) fish. Thus, it is difficult to

draw meaningful comparisons among the various fish consumption

values derived from studies or sources (Environ, 1985).


Values cited in the literature range from 6.5 g fish/day used by

EPA in its Ambient Water Quality Criteria to 18.7 g fish/day

cited by Cordel et al. (1978). (These values correspond to 10.5

and 30 8-ounce fish meals per year, respectively.) The Environ

(1985) report discusses the limitations of these values and

recommends using 14 g fish/day (22.5 8-ounce fish meals per

year) as a reasonable average daily fish consumption by

freshwater recreational fishermen. Since there was no widely

accepted value for recreational fish and shellfish consumption,

the REM team chose to use 8 ounces (i.e., 227 grams) as a

standard value for each fish meal, and vary the number of fish

meals consumed per year to provide a range of exposure

frequencies. The uncertainty associated with the 227- or

115-gram value is well within the ranges of uncertainty for

other exposure parameters, indicating that the use of other

values would not affect the overall uncertainty of the risk

estimated for this route of exposure.


Exposure frequencies of one fish meal per day, per week, and per

month were evaluated in this risk assessment because this range

reflects reasonable exposure frequencies for both tourists

(short-term exposure) and residents (chronic and lifetime

exposure) . Information on local seafood consumption was

reported in GNBHES (MDPH, 1987). The majority of persons eating

locally caught lobster reported a frequency of consumption of

"less than once/month, at least once/year." However, some

people reported consumption frequencies of "two or more

times/week." (These data are presented in Table 2-9.) The

range of consumption frequencies used in this report were based

on likely consumption values of the local population. Acute

exposure via ingestion of biota was evaluated to reflect the

exposure frequency of less than one fish meal per month, and

chronic exposure via ingestion of biota was evaluated to reflect

exposure frequencies of greater than one fish meal per month.


Edible-tissue PCB concentrations were used when available, or

estimated from the data using an edible tissue:whole body ratio
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TABLE 2-9


LOCAL SEAFOOD CONSUMPTION FOR

NEW BEDFORD, MASSACHUSETTS


Number of Persons Reporting


PCB Blood Serum Level Range1: 0.5 - 2.68 2.69 - 3.93 3.94 - 6.84 6.85 - 60.92

n = 212 n = 209 n = 210 n = 209


FREQUENCY OF EATING LOCAL LOBSTER 
Two or more times/week 2 2 3 1 
At least once/week 1 4 7 1 
Less than once/week, at least 
once/month 6 7 13 7 

Less than once/month, at least 
once/year 12 21 11 9 

Less than once/year 1 1 

1 PCB concentrations reported in ppb 

Source: MDPH, 1987; Tables 15 and 16 

3.88.80

0066.0.0




developed by Battelle Ocean Sciences (BOS, 1987). (The edible

portion excludes inedible bones, scales, and viscera.) Edible

tissuerwhole body ratios for metals were not available for any

of the species. Therefore, whole-body concentrations were used

to assess exposure to metals.


The edible tissue:whole body ratio developed by BOS for the

lobster did not include the tomalley (i.e., hepatopancreas) as

part of the edible tissue. Since the tomalley is part of the

lobster's digestive system and tends to accumulate PCBs,

excluding this as part of the ratio underestimates the actual

exposure concentration for those persons who consume lobster

tomalley.


Inclusion of the tomalley is required by the FDA for calculation

of compliance with its tolerance limit of 2 ppm. Analyses which

include the tomalley have been prepared from 1981 through 1987

for Area III lobsters and show PCB levels in excess of 2 ppm,

with no evidence of decline (see Figure 2-8). Analyses

performed by EPA in 1987 included separate analyses of the

tomalley and the muscle tissue, and provide data to calculate a

ratio of these weights. Using this study, it can be shown that

some lobsters analyzed by Battelle (Duxbury) would have exceeded

the FDA limit had the tomalley been included.


PCB concentrations in the edible portion of the lobster, defined

by FDA to include the tomalley, were calculated using data

reported by Pruell et al. (1988). The mean weight of the edible

tissue and tomalley from lobsters collected in Area 3 were 156 g

and 14.4 g, respectively (Pruell, et al., 1988) (see Appendix

E). The mean total weight of edible tissue was 170.4 g. Using

these values and the PCB concentration detected by BOS (1987) ,

edible tissue (including tomalley) concentrations were derived.

The following equations were used:


• PCB concentration in edible tissue x weight of edible 
tissue = ug PCBs 

• PCB concentration in tomalley x weight of tomalley = ug 
PCBs 

• Equation fl) + (2) (ua) = PCB concentration

Total weight of edible tissue (g)


An example calculation using the BOS data is presented in Table

2-10. Using the weights reported by Pruell et al., (1988), the

PCB concentration in edible tissue for Areas 1 through 4 are:

7.6 ppm, 2.3 ppm, 1.4 ppm, and 0.4 ppm, respectively.

Carcinogenic risk calculations have been performed using these

data and show that higher levels of risk are associated with

consumption of the tomalley. (see Section 4.2.2.2)
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TABLE 2-10


CALCULATION OF EDIBLE TISSUE PCS CONCENTRATIONS FOR LOBSTERS (INCLUDING TOMALLEY)

NEW BEDFORD, MASSACHUSETTS


Mean weight of hepatopancreas1 : 14.4 grams

Mean weight of edible muscle1: 156 grams


Total weight of edible tissue: 170.4 grams


Median PCB concentration in edible muscle from lobsters in Area 32: 0.231 (Jg/g


Median PCB concentration in hepatopancreas from lobsters in Area 32: 14.414 (j/g


PCB concentration in edible tissue:


Edible Muscle Concentration


0.231 M8/8 PCB x 156g = 36.1 (Jg PCB


Hepatopancreas


14.414 pg/g PCB x 14. 4g = 207 pg PCB


Total Edible Tissue Concentration


36.1 M8 PCB + 207 M& PCB 1.43 ppm PCB

170.4 g tissue


1 Pruell et al., 1988


 BOS, 1987


3.88.80

0067.0.0




Exposure to contaminants from the consumption of biota was

assessed for each of the four areas identified Figure 2-5.

Tables 2-11 and 2-12 present the mean and maximum PCB and metal

concentrations used to assess exposure via ingestion of lobster,

clams, and winter flounder. Other exposure parameters used in

this assessment are presented in Table 2-13. Body dose

calculations for these exposure scenarios are in Appendix C.


2.5.3 Air


The inhalation of airborne contaminants represents another 
potentially important route of exposure for the New Bedford 
Harbor area. However, limited air monitoring was performed in 
New Bedford and, as such, the data available for this risk 
assessment are viewed as representing a "snapshot" of 
contaminant levels in this area (NUS, 1986). Since the sampling 
locations used to obtain these data were designed to study 
possible tidal influence on airborne concentrations of PCBs and 
metals they may not be appropriate to characterize the extent of 
and potential exposure to airborne contamination at receptor 
locations. 

Monitor ing locations were selected to characterize the 
concentrations at high and low tide around the mudflat near the 
Aerovox Plant. Therefore, any extrapolation of the magnitude of 
air contamination at this area to other areas within the Greater 
New Bedford area may not be appropriate. However, to provide 
some indication of the potential exposure to a i rborn e 
contaminants, these data were used ( N U S  , 1986 )  . 

Cadmium and lead were the only metals of concern monitored in 
the NUS study. Cadmium was not found in any of the samples 
analyzed, and the concentrations of lead were too low to make a 
precise determination of the ambient lead concentrations. 
Therefore, inhalation of airborne contaminants was assessed only 
for PCB exposure. Because no distinction between particulate and 
vapor phase PCBs can be made from the available monitoring data, 
it is assumed that all measured concentrations represent PCBs in 
the vapor-phase. This is a conservative assumption that may 
potentially overestimate the actual exposure; however, it is 
appropriate in the absence of specific data which could 
differentiate between PCBs in the particulate versus vapor 
phase. 

Jordan evaluated inhalation exposure for each age class using 
the maximum, mean, and "background" PCB concentrations detected 
in the 1985 study. (The background PCB air. concentration for 
New Bedford is estimated to be 10 ng/m [ N U S  , 1 9 8 6 ] .  ) 
InhalaticJi rates of 5 m /day were assumed for a young child 
and 20 m /day for an older child and adult (EPA , 1985a) . 
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TABLE 2-11


CONCENTRATIONS OF TOTAL PCBs (ppm) IN EDIBLE TISSUE OF

BIOTA COLLECTED FROM NEW BEDFORD HARBOR


NEW BEDFORD, MASSACHUSETTS


SPECIES AREA I1 AREA 21 AREA 31 AREA 41 

American Lobster2 

Mean NC 0.568 0.213 0.064 
Maximum NC 1.234 0.351 0.176 

Winter Flounder3 

Mean 1.039 0.371 0.278 0.101 
Maximum 2.629 1.048 0.825 0.340 

Clam 

Mean 0.689 0.231 0.156 0.039 
Maximum 2.121 1.181 0.478 0.137 

Notes:


1 = Areas refers to the division of the Harbor and Bay established by HydroQual.

2 = Lobster concentrations DO NOT include tomalley.

3 = The edible tissue concentration was estimated using a whole body: edible tissue


ratio of 0.13 (BOS, 1987).

NA = Not Applicable (shellfish and crustaceans have naturally high levels of copper in


their bodies).

NC = Not Collected; lobsters were not collected from Area I.

Mean = Arithmetic mean value of all samples collected.

Maximum = Maximum value detected in each Area.


3.88.80

0013.0.0




1

TABLE 2-12


CONCENTRATIONS OF METALS (ppm) IN BIOTA

COLLECTED FROM NEW BEDFORD HARBOR AREA


NEW BEDFORD, MASSACHUSETTS


SPECIES AREA I1 AREA 21 Area 31 Area 41 

Cd Cu Pb Cd Cu Pb Cd Cu Pb Cd Cu Pb 

Lobster 
Mean NC NC NC 0.38 NA 0.99 0.33 NA 0.38 0.26 NA 0.23 
Max NC NC NC 0.7 NA 3.3 0.54 NA 1.12 0.59 NA 0.84 

Clam 
Mean 0.17 NA 1.01 0.26 NA 0.76 0.29 NA 1.28 0.32 NA 0.97 
Max 0.36 NA 1.9 0.33 NA 0.98 0.38 NA 3.46 0.49 NA 1.72 

Flounder 
Mean 0.01 3.1 0.89 0.01 3.7 0.83 0.005 9.7- 0.63 0.01 9.6 1.2 
Max 0.014 11.1 3.35 0.02 19.8 4.52 0.012 51.6 2.72 0.09 43.9 6.84 

Notes:


= Areas refers to the division of the Harbor and Bay established by HydroQual.

NA = Not Applicable (shellfish and crustaceans have naturally high levels of copper in


their bodies).

NC = Not Collected; lobsters were not collected from Area I.

Mean = Arithmetic mean value of all samples collected.

Maximum = Maximum value detected in each Area.


3.88.80

0057.0.0




TABLE 2-13


EXPOSURE PARAMETERS USED TO ASSESS INGESTION OF BIOTA

NEW BEDFORD, MASSACHUSETTS


Exposure Parameter Child Older Child Adult 

Average Weight over Period 10 kg 40 kg 70 kg 
of Exposure 

Frequency of Exposure 1 per day 1 per day 1 per day 
(fish meals) 1 per week 1 per week 1 per week 

1 per month 1 per month 1 per month 

Amount Ingested 115 grams/ 227 grams/ 227 grams/ 
fish meal fish meal fish meal 

Gastrointestinal 1.0 1.0 1.0 
Toxicokinetic Factor 

Species Consumed Lobster Lobster Lobster 
Winter Flounder Winter Flounder Winter Flounder 

Clam Clam Clam 

Contaminant Concentrations See Tables 2-9 and 2-10 See Tables 2-9 and 2-10 

3.88.80

0014.0.0




Daily exposure durations of 8 and 24 hours per day were assumed

for the probable and conservative exposure scenarios,

respectively. The pulmonary TKF was assumed to be 1.0.


Table 2-14 presents the parameters used to assess inhalation

exposure to PCBs; the body dose calculations are in Appendix C.


2.5.4 Other Exposure Considerations


Other exposure pathways that may be important but which could

not be quantitatively evaluated in this risk assessment include

neonatal and occupational exposure to PCBs and metals.


PCBs were used in several manufacturing processes in the Greater

New Bedford Area over an extended period. Because PCBs are no

longer manufactured or used in the U.S., occupational exposures

to PCBs in this area are expected to be limited to exposure

during the repair of PCB-containing transformers and capacitors,

or accidents involving electrical equipment containing PCBs. In

an occupational setting, PCB exposure may occur through

absorption by the skin or respiratory or alimentary tracts.

Because PCBs are highly lipophilic and relatively stable, they

tend to rapidly bioaccumulate and distribute into the adipose

tissue of humans. These compounds are slowly eliminated from

the body and tend to bioaccumulate over time. Therefore,

historical and/or current limited occupational exposure to PCBs

may result in an increased body burden of these compounds above

the general population. Although it is not possible to

quantitatively determine the extent of previous exposure from

these sources, environmental exposures to PCBs discussed in

this section represent an additional contribution of PCBs to

existing body dose levels of occupationally exposed individuals.


In-utero and neonatal exposure to PCBs are significant.

Neonates, fetuses, and embryos are unable to effectively

detoxify and eliminate PCBs from the body (EPA, 1986b).

Laboratory studies have demonstrated that PCBs can cross the

placental barrier and accumulate in the fetus (ATSDR, 1987). In

addition, PCBs are known to be excreted in the breast milk of

lactating (i.e., nursing) women. Therefore, frequent and/or

high exposure to PCBs may occur through lactation, in which the

highly lipophilic PCBs are readily transferred from maternal

milk to the neonate. A qualitative discussion of the potential

health effects of neonatal and occupational exposures is

presented in Appendix D.


2.6 THE GREATER NEW BEDFORD HEALTH EFFECTS STUDY


In the fall of 1987, MDPH released the findings of the GNBHES, a

three-year study designed to (1) determine the prevalence of

elevated serum PCB levels in a random sample of Greater New
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TABLE 2-14


EXPOSURE PARAMETERS USED TO ASSESS INHALATION OF AIRBORNE CONTAMINANTS

NEW BEDFORD, MASSACHUSETTS


Exposure Parameter Child Older Child Adult 

Average Weight over Period 10 kg 40 kg 70 kg 
of Exposure 

Duration of Exposure 

Probable 8 hrs/day 8 hrs/day 8 hrs/day 
Conservative 24 hrs/day 24 hrs/day 24 hrs/day 

Frequency of Exposure Daily Daily Daily 

Inhalation Rate 5 m 3/day 20 m 3/day 20 m 3/day 

Pulmonary Toxicokinetic 1.0 1.0 1.0 
Factor 

Contaminant Concentration 

Background 10 ng/m3 10 ng/m3  10 ng/m3 

(NUS, 1985) 

Most Probable 84 ng/m3 84 ng/m3 84 ng/m3 

(NUS, 1985) 

Realistic Worst 471 ng/m3 471 ng/m3 471 ng/m3 

(NUS, 1985) 

3.88.80

0016.0.0




Bedford Area residents, and (2) test the relationship between

serum PCS levels and various health effects. The GNBHES was a

collaborative effort of the MDPH, the Massachusetts Health

Research Institute (MHRI), and the U.S. Center for Disease

Control (CDC).


The GNBHES was conducted in two phases. The purpose of Phase I

was to determine the prevalence of elevated serum PCB levels in

the Greater New Bedford Area population and whether there was a

relationship between serum PCB levels and blood pressure

measurements. Phase I required a random selection of 1,784 New

Bedford, Acushnet, Dartmouth, and Fairhaven residents between 18

and 64 years of age.


In Phase II, if 150 individuals could be found whose serum PCB

level exceeded 30 parts per billion (ppb), the level identified

as the 99th percentile of the general U.S. population, the

health of those individuals would be compared with a control

group.


Of the 1,482 residents considered eligible for inclusion in the

study, 840 individuals chose to participate (the "Prevalence

Study"). The serum PCB levels for this group were measured.

Eleven of the 840 (i.e., 1.3 percent) were identified with PCB

levels (greater than or equal to 30 ppb). Blood pressure did

not appear correlated with serum PCB levels.


Subsequently, additional participants were recruited. These

individuals were not randomly selected and were considered at

high risk from exposure to PCBs as a result of ingestion of

moderate to high amounts of seafood from contaminated areas (the

"Enrichment Group"). Seven of the 110 participants (6.4

percent) in the Enrichment Group had serum PCB levels greater

than or equal to 30 ppb (MDPH, 1987). Because the number of

individuals with greater than 30 ppb was too small for

statistical analysis, Phase II was not conducted.


The geometric mean of PCB serum levels in non-exposed,

non-fisheating populations in the U.S. has been found to range

between 4.2 and 6.4 ppb. The Prevalence Study subjects had a

geometric mean of 5.8 ppb, while the mean of the Enrichment

Group was almost three times as high (i.e., 13.34 ppb).


The GNBHES provided retrospective exposure and demographic

information for the Greater New Bedford Area, some of which was

incorporated into this exposure assessment. Because the GNBHES

focused on seafood consumption and occupational exposure,

information for either inhalation or direct contact exposure to

PCBs was not presented. In addition, the GNBHES provided

exposure and demographic information only for persons between 18

and 64 years of age.
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The GNBHES provided an assessment of the exposure of the general

population several years after issuance of the fishing ban.

This assessment focuses on estimating the potential exposures

received by hypothetical individuals from all exposure pathways,

assuming different levels of consumption and direct contact.


The exposure scenarios developed in this report are not intended

to predict the actual number of individuals exposed to PCBs.

These scenarios are intended to reflect the possible exposures

received by hypothetical individuals in order to assess risks

posed by the site. The scenarios are reasonable possibilities

and are consistent with information collected in the GNBHES and

in studies performed by NOAA of commercial and recreational

fishing and recreational beach use.


Results of this risk assessment are being used to determine the

need for and evaluation of remedial actions rather than to

determine or predict actual health effects. Although the risk

assessment and the GNBHES serve separate purposes, they can be

viewed jointly to gain a better understanding of actual and

potential effects of PCB exposure in this area. Recommendations

stated in the GNBHES include the following:


• The current ban on fishing in and around the New

Bedford Harbor site should remain in effect until PCB

concentrations in aquatic life decline to acceptable

standards.


• Residents should refrain from obtaining and consuming

recreationally caught seafood from the closure areas.


• Small-scale follow-up studies, including surveillance

of high risk individuals, should be designed and

conducted by MDPH for health research purposes.
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3.0 TOXICITY ASSESSMENT 

This section provides appropriate toxicological information 
necessar  y to evaluate the potential carcinogenic and 
noncarcinogenic risks to human health from exposure to PCBs, 
cadmium, copper, and lead. 

A toxicological summary was compiled for each of the four 
contaminants and are in Appendix D. These evaluations describe 
the nature and severity of the potential adverse effects 
associated with exposure to each compound. Information 
contained in the summaries for each compound includes: 
physiochemical data, pharmacokinetic and toxicity information, 
and descriptions of the noncarcinogenic and carcinogenic effects 
associated with acute, chronic, and lifetime exposures. The 
information presented in these assessments summarize available 
research for descriptive purposes. They are not intended to be 
exclusive reviews of the toxicity of the contaminants of 
concern. Comprehensive discussions of the most recent research 
considered by EPA and ATSDR are also presented in EPA (1988a) 
and ATSDR (1987). 

In addition, information on the potency of the four contaminants 
is presented as part of the dose-response assessment. Included 
in this assessment are the pertinent standards, criteria, 
advisories, and guidelines developed for protecting public 
health. How these values were derived and applied to the risk 
evaluation of the contaminants for the New Bedford Harbor site 
is described in the following subsection. 

Because some of the standards and guidelines described in this 
section will be designated as chemical-specific applicable or 
relevant and appropriate requirements (ARARs) or non-promulgated 
standards, criteria, and guidance to be considered (TBCs) in the 
FS, a brief discussion of these values is also presented. These 
ARARs, and TBCs, however, are not necessarily used to assess the 
health risks. For example, Maximum Contaminant Levels (MCLs)
established under the Safe Drinking Water Act are ARARs, but 
because the MCLs are not base  d s t r ic t l  y on h e a l t  h 
considerations, they are not relevant to the dose-response 
evaluation (see Section 3.2 .2)  . It should be noted that the FS 
includes a section identifying and summarizing all ARARs and 
TBCs associated with New Bedford Harbor. 

3.1 TOXICOLOGICAL SUMMARY 

Toxicological summaries compiled for PCBs, cadmium, copper, and 
lead are in Appendix D. These evaluations emphasize the 
potential health effects associated with the principal routes of 
exposure at the New Bedford Harbor site. Therefore, the 
toxicological evaluations for PCBs, cadmium, copper, and lead 
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focus on (when possible) the oral, dermal, and inhalation routes

of exposure. Each evaluation includes background information,

an overview of the health effects observed in animals and

humans, and a discussion of the toxicokinetics and interactive

effects of each contaminant.


3.2 DOSE-RESPONSE EVALUATION


This subsection contains the quantitative indices of toxicity

that were used to estimate risks associated with PCBs, cadmium,

copper, and lead exposure at the New Bedford Harbor site. These

contaminants were identified as the contaminants of concern.

Various regulatory agencies have developed standards,

guidelines, and criteria to protect public health from the

adverse effects of chemical exposure. The NCP identifies these

health-based standards/guidelines/criteria and categorizes them,

along with other technology-based values, as either "potential

ARARs" or "TBCs." Those health-based values relevant to the

assessment of potential risk at the New Bedford Harbor site were

identified for the four chemicals of concern (Table 3-1).


To compare the estimated body doses developed in Subsection 2.5

to an applicable standard or guideline, it was often necessary

to convert the criterion to the same units as the body dose

units (i.e., mg/kg-day). To adjust mg/1 into mg/kg-day for an

adult, the following conversion was used:


- Equivalent Daily Dose (mg/kg-day)

70 kg


(Two liters of water ingested per day and an average adult body

weight of 70 kg are the standard exposure assumptions used by

EPA.)


This conversion was used specifically for Health Advisory (HA)

criteria and the Maximum Contaminant Level Goals (MCLGs) (see

Subsection 3.2.2) .


3.2.1 Carcinogens


If toxicological evidence suggests that a chemical may be a

potential carcinogen, mathematical models are used to calculate

the estimated excess cancer risk associated with exposure to the

chemical. Unit cancer risks or carcinogenic potency factors

were developed by the EPA Carcinogen Assessment Group (CAG) for

approximately 58 chemicals. CAG calculated the unit risks using

a linearized multistage model for low-dose extrapolation.


This model leads to a plausible upper limit (upper 95-percent

confidence limit) of carcinogenic risk. The risk value obtained
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represents increased carcinogenic risk over a person's lifetime

from exposure to a particular chemical. The cancer potency

factors are expressed in units of (mg/kg-day)" .


EPA developed a classification system for the overall weight of

evidence for carcinogenicity of chemicals based on human and

animal studies, as well as other supporting data. The

classification system is divided into five categories: Group A,

Carcinogenic in Humans; Group B, Probably Carcinogenic to Humans

(Bl and B2 for higher and lower degrees of evidence,

respectively); Group C, Possibly Carcinogenic to Humans; Group

D, Not Classifiable as to Human Carcinogenicity; and Group E, No

Evidence of Carcinogenicity for Humans.


For the contaminants of concern at the New Bedford Harbor site,

EPA classified PCBs and cadmium as Group B2 and Bl carcinogens,

respectively; lead as a Group C carcinogen; and copper as a

Group D carcinogen. However, for lead, the test doses that

induce cancer in animals were greater than the lethal dose for

humans. Therefore, exposure to lead is not assessed for

carcinogenic effects. In addition, there are not sufficient

data to consider cadmium to be carcinogenic to humans by the

oral route. Therefore, the potential carcinogenic risks for

cadmium are assessed only for inhalation exposure. Potency

factors were derived by CAG for PCBs and cadmium (see Table

3-1).


The potency -factor for PCBs was recently revised from 4.34

(mg/kg-day) to 7.7 (mg/kg-day) (EPA, 1988a). In the

past, EPA based risk estimates on a study in which chronic

exposure to Aroclor 1260 was shown to cause hepatocellular

carcinomas in female Sherman rats (Kimbrqugh et al., 1975). The

revised potency factor (7.7 (mg/kg-day) ) is based on a study

in which chronic dietary administration of Aroclor 1260 was

shown to cause hepatocellular carcinomas in male and female

Sprague-Dawley rats (Norback and Weltman, 1985). This recent

study is preferred because the Sprague-Dawley rat has a low

incidence of spontaneous hepatocellular neoplasms and because

the study spanned the natural life of the animal. Although the

potency estimate is computed based on exposure to Aroclor 1260,

it is intended to represent other PCB mixtures as well (EPA,

1988a).


A more recent review of the congener-specific toxicity of PCBs

was performed by EPA as part of a risk assessment for Quincy

Bay, Massachusetts (EPA, 1988b). In this report, a cancer

potency factor specific to Aroclor 1254 was used to evaluate the

potential risk from fish consumption. This value was derived

based on the 1978 National Cancer Institute (NCI) study of

Aroclor 1254 and estimated to be 2.6 (mg/kg-day) ~ (EPA,

1988). The application of this cancer potency factor toward
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assessing risk at this site was warranted based on the congener

mix detected in Quincy Bay seafood. Analyses of these data

showed the congener make-up to more closely resemble Aroclor

1254 than Aroclor 1260.


EPA conducted new congener-specific PCB analyses on lobster and

flounder collected from New Bedford Harbor to determine the most

appropriate cancer potency factor to apply to this risk

assessment (EPA, 1988c). These data were statistically analyzed

and the conclusions were summarized as follows: "The PCB

mixture of the seafood from New Bedford Harbor cannot be

classified as any commercial mixture, although the pattern of

PCBs in the seafood appears to lie roughly between Aroclors 1254

and 1260. That the non-ortho-substituted congeners are not

depleted but are actually enriched in New Bedford Harbor seafood

lends some support for taking a conservative approach to

assessing risks from seafood ingestion" (see Appendix E). Based

on this review, the revised cancer potency factor of 7.7

(mg/kg-day)" was used to evaluate risks from PCB exposure.


3.2.2 Noncarcinocrenic


Evaluation of the potential noncarcinogenic effects of a

compound is performed by comparing the exposure dose to the most

applicable health-based standard or criteria. Because multiple

criteria were developed for many compounds, the following list

describes the hierarchy followed in this risk assessment.

Noncarcinogenic risk for each contaminant was estimated by

making the appropriate comparison of the body dose level to the

first standard or criteria on this list available for the

route-specific exposure. Separate lists exist for the

oral/dermal and inhalation routes of exposures. When possible,

chronic exposures were evaluated against criteria based on

chronic exposure (e.g., derived from a chronic toxicity test)

and likewise for acute and lifetime exposures.


The risk evaluation process often requires comparisons between

exposure doses received via direct contact with or ingestion of

contaminants and criteria developed for drinking water exposure

(i.e., MCLs or HAs). This is appropriate and standard procedure

for conducting risk assessments (SPHEM, 1986) , since these

criteria values were developed to provide a level of protection

against contaminant exposure. As discussed in Section 2, the

use of the TKF corrects for differences between contaminant

uptake from the various routes of exposure (see Appendix B) .

Often it is necessary to convert the criteria values expressed

in mg/1 to units of mg/kg-day. This is accomplished by

incorporating the standard exposure assumptions for drinking

water ingestion (see Section 3.2).
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It is also possible to estimate the noncarcinogenic effects

associated with carcinogenic compounds, because some compounds

elicit both carcinogenic and noncarcinogenic effects. However,

the noncarcinogenic risk estimates do not account for the

potential carcinogenic effects.


To assess the potential toxicity from exposure to

Noncarcinogenic from the oral and/or dermal route of exposure,

the following standards or criteria were used. Preference was

given to the first standard or guideline presented.


EPA Reference Dose. Route-specific Reference Doses (RfDs) are

the preferred criteria to evaluate noncarcinogenic effects.

These values are based on the assumption that threshold levels

exist for the toxic effects elicited by each compound. The RfD

is considered to be the level unlikely to cause adverse health

effects in humans exposed for a lifetime. These values are

expressed in mg/kg body weight/day for a 70-kg person. The

degree of uncertainty associated with these values may span one

or more orders of magnitude or more.


RfDs are calculated by dividing a NOAEL (no observed adverse

effect level) or LOAEL (lowest observed adverse effect level) by

an uncertainty factor. The toxic endpoint chosen for

calculating RfDs is the most sensitive effect seen in a test

animal. RfDs for carcinogenic compounds can also be derived.

These values are designed to protect against the noncarcinogenic

effects of carcinogens, but should not be considered to provide

protection from their carcinogenic effects. RfDs are developed

by the EPA Environmental Criteria and Assessment Office (ECAO)

in Cincinnati, Ohio. These values are available through the

Integrated Risk Information System (IRIS).


An RfD exists only for cadmium; this value was used to evaluate

chronic exposure to this contaminant. No RfDs exist for the

other contaminants of concern at New Bedford Harbor. Therefore,

the health-based criteria and standards that follow were used to

assess the potential noncarcinogenic health risks from exposure

to these contaminants at this site.


EPA Health Advisories. The EPA Office of Drinking Water (ODW)

developed Health Advisories (HAs) for contaminants in drinking

water. These HAs are set at levels that are not expected to

cause adverse health effects and are expressed in units of

mg/1. HA values are developed from data describing

noncarcinogenic endpoints of toxicity; therefore, they are not

considered protective of the potential carcinogenic effects of

carcinogenic compounds.


HA values are derived for 1-day, 10-day, longer-term, and

lifetime exposures when applicable information is available.
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HAs are based on a 10-kg child drinking 1 liter of water per

day, or a 70-kg adult drinking 2 liters per day. Lifetime HA

values are developed for adults only.


Because HAs are developed for various exposure durations (1-day,

longer-term, and lifetime), these criteria were used (when

available) to assess potential risks associated with a specific

exposure duration. HAs, developed by the ODW, exist for PCBs

and cadmium (see Table 3-1). The HAs developed for lead are

currently under review by the ODW and are therefore not listed

in Table 3-1. In addition to the HAs developed by the ODW, the

EPA Exposure Assessment Group (EAG) developed a 10-day HA for

PCBs. This value was used to assess acute exposures to PCBs

because it is considered protective against the noncarcinogenic

effects of PCBs for an exposure period of 10 days or less. The

10-day HA values were used in this risk assessment to assess

acute exposures, and the longer-term HAs were used to assess

chronic exposure to PCBs and cadmium. (The longer-term HA and

RfD for cadmium are the same value.) These values, expressed as

mg/1, were converted to the same units as the exposure dose

(mg/kg-day) using the standard exposure assumptions discussed in

Section 3.2.


EPA Maximum Contaminant Level Goals (MCLGs) and Maximum

Contaminant Level (MCLs). Pursuant to Section 1412 of the Safe

Drinking Water Act, EPA promulgated drinking water standards for

certain organic and inorganic substances. These standards

establish Maximum Concentration Limits (MCLs) that specify the

maximum permissible level of a contaminant in water used as a

public water supply. MCLs are enforceable standards and are

based in part on economic considerations such as the

availability and cost of treatment techniques. Generally, an

MCL for a compound represents the maximum allowable lifetime

exposure to the compound, assuming a 70 kg adult ingests 2

liters of water per day.


In the process of developing MCLs, EPA also develops MCLGs.

MCLGs are nonenforceable health-based goals and are therefore

always equal to or less than the MCLs. MCLGs are based on

toxicological information and are set at a level at which no

adverse health effects are anticipated. For contaminants where

no safe threshold is known to exist (i.e., carcinogens), the

MCLG is set at zero.


MCLs and/or MCLGs exist for all the contaminants of concern at

the New Bedford Harbor site (see Table 3-1). Only the MCL for

cadmium is a final value. The MCLs for PCBs, lead, and copper

are proposed values (5/22/89 for PCBs and 8/18/88 for lead and

copper). MCLGs for copper, lead, and cadmium have also been

established. These values are set at levels at which no known

or anticipated effects are expected; therefore, the MCLGs can be
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used to evaluate potential risk. The proposed MCLG for lead was

lowered on August 18, 1988 from 0.005 mg/1 to zero. However,

because the earlier MCLG value (0.005 mg/1 and now the proposed

MCL for lead) was the only criteria available to assess

noncarcinogenic risks from exposure to lead, it was used in this

risk assessment. As such, the noncarcinogenic risks for lead

may underestimate the potential risks. The MCLG for PCBs is set

at zero because it has been classified by the EPA as a Group B2

carcinogen (54 FR 22064) . Since no RfOs or HAs exist for lead

and copper, the MCLGs were used to assess the noncarcinogenic

risks associated with exposure to these contaminants. These

MCLGs, expressed as mg/1, were converted to the same units as

the exposure dose (mg/kg-day) using the standard exposure

assumptions discussed in Section 3.2.


Health Effects Assessment. Health Effects Assessments, prepared

by EPA's ECAO, provide route-specific acceptable exposure levels

for contaminants. Two categories are estimated for each

systemic toxicant (i.e., toxicants for which cancer is not the

endpoint of concern) when sufficient data exist. The Acceptable

Intake Subchronic (AIS) is an estimate of an exposure level at

which no adverse effects are expected when exposure occurs

during a limited time period (subchronic exposure). Animal data

used to estimate AIS levels generally include studies with

exposure durations of 30 to 90 days. The Acceptable Intake

Chronic (AIC) , the second category, is an estimate of an

exposure level at which no adverse effects are expected when

exposure occurs for a significant portion of the lifespan

(chronic exposure). Neither AISs nor AICs are derived for

compounds for which there is sufficient evidence of

carcinogenicity.


For the contaminants at the New Bedford Harbor site, AISs and/or

AICs exist for cadmium, copper, and lead. No AIC or AIS exists

for PCBs. The AIC for copper (0.037 mg/kg-day) is the same

value as the converted MCLG for copper and was used to assess

chronic exposure. No other AIC or AIS values were used in this

risk assessment.


EPA Ambient Water Quality Criteria. Federal Ambient Water

Quality Criteria (AWQC), developed under Section 304(a) (1) of

the Clean Water Act, are health-based estimates of the ambient

surface water concentration that will not result in adverse

health effects.


For most compounds, AWQC are available for two different

exposure pathways. One criterion is based on lifetime ingestion

of both drinking water and aquatic organisms; the other is based

on lifetime ingestion of aquatic organisms alone. These

criteria assume a 70-kg adult consumes 2 liters of water and/or

6.5 grams of aquatic organisms daily for 70 years.
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For carcinogens, the AWQC are water concentrations-corresponding 
t o - i n c r e m e n t a  l ca rc inogenic risks of 10 , 10 , and 
10 . AWQC exist for PCBs, cadmium, and lead (See Table 
3-1) . An AWQC exists for copper but is based on the 
organoleptic threshold and is therefore not considered a 
health-based criterion. 

Food and Drug Administration Tolerance Level. The FDA is 
authorized to establish tolerance levels for unavoidable food 
contaminants which are set to protect public health, as well as 
to consider other factors such as economic and technical 
feasibility. The current tolerance for residues of PCBs in fish 
and shellfish (edible portion) is 2 ppm. The edible portion of 
fish excludes head, scales, viscera, and inedible bones. FDA 
tolerance levels do not exist for cadmium, copper, or lead. 

Because the FDA tolerance levels are intended to be national 
standards, they are developed based on the assumptions that not 
all of an exposed person's diet is from the contaminated food 
source, and not all of the contaminated food source contains 
concentrations at the tolerance level. The FDA tolerance levels 
do not allow the conclusion that lower levels pose no risk, 
particularly in the New Bedford context, because New Bedford 
residents that consume seafood caught within the fish and 
shellfish closure areas may receive a large portion of their 
total diet from a contaminated source. 

Massachusetts Maximum Contaminant Level. The Massachusetts 
Department of Environmental Quality Engineering (DEQE) Office of 
Research and Standards adopted the MCLS promulgated by EPA (310 
CMR 22 .00) . As previously described, EPA MCLs are enforceable 
standards, based in part on economic considerations, which 
specify the maximum permissible level of a contaminant in water 
used as a public water supply. Massachusetts MCLS (MMCLs) exist 
for lead and cadmium (see Table 3-1). 

Inhalation Exposure. To assess risk from inhalation exposure, 
the following criteria and standards may be used. 

EPA National Ambient Air Quality Standards. Primary National 
Ambient Air Quality Standards (NAAQS) were developed by EPA 
based on air quality criteria for individual pollutants. 
Primary NAAQS are designed to protect public health, while 
secondary NAAQS are designed to protect the public welfare 
(e.g., visibility, property, wildlife, and vegetation). The 
Clean Air Act, under which NAAQS are promulgated, does not 
require EPA to consider the costs (economics) of achieving or 
the technological feasibility of implementing the standards. 
Standards can be promulgated as annual maximums, annual 
geometric means, annual arithmetic means, or for other periods 
that vary from 1 hour to one year. 
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Primary NAAQS must allow for an adequate margin of safety to 
account for unidentified hazards and effects. The law requires 
EPA to set its ambient air standards to protect particularly 
sensitive populations (e.g., asthmatics). In developing primary 
NAAQS, EPA must specify the nature and severity of the health 
effects of each contaminant, characterize the sensitive 
population involved, determine probable adverse health effect 
levels in sensitive persons, and estimate the level that 
provides an adequate margin of safety to protect public health. 

For the four contaminants of concern, NAAQS exist only for lead 
(see Table 3-1). 

Massachusetts Acceptable Ambient Level. The DEQE Air Toxics 
Program established draft Acceptable Ambient Levels (AALs) for 
certain compounds. AALs are ambient air limits for specific 
chemicals based on the health effects data. AALs are considered 
protective against the most sensitive effect elicited by a 
chemical. For carcinogens, the AAL is set to correspond to an 
excess l i fe t im e carcinogenic risk of 10~ . AALs were 
developed for PCBs, lead, and cadmium (see Table 3-1) . 

Occupational Safety and Health Administration Standard. The 
Occupational Safety and Health Administration (OSHA) develops 
standards for workplace exposures to hazardous substances (CFR 
29 Section 1910, 1000 Subpart Z). OSHA standards are expressed 
as 8-hour time-weighted averages (TWA) and are legally 
enforceable for occupational exposures. Table 3-1 lists OSHA 
standards for the four contaminants of concern. 

National Institute of Occupational Safety and Health Recommended 
Standard. The National Institute of Occupational Safety and 
Health (NIOSH) develops recommended standards for workplace 
exposure- to hazardous chemicals, which are then recommended to 
OSHA. NIOSH recommends standards based on exposures up to 10 
hours/day for a 40-hour week. NIOSH-recommended standards exist 
for PCBs, lead, and chromium (see Table 3-1). 

Threshold Limit Values. Threshold limit values "(TLVs) are 
developed by the American Conference of Governmental Industrial 
Hygienists (ACGIH) and are used in evaluating occupational 
exposure to a chemical. A TLV is a TWA concentration for a 
contaminant considered to be without adverse effects, assuming 
an 8-hour workday and a 40-hour workweek. TLVs refer to 
airborne concentrations of chemicals, and are typical ly 
expressed in units of ppm or mg/m . As shown in Table 3-1, 
TLVs exist for all the contaminants of concern. 

3.3 ARARs 

Chemical-specific ARARs and TBCs were also identified for the 
contaminants of concern. ARARs and TBCs can be used to 
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determine the extent of site cleanup by providing either actual 
clean-up levels or the basis for calculating medium-specific 
target concentrations, which can then be used to assess the 
effectiveness of remedial alternatives. In addition, ARARs can 
be used to assess the attainment or non -a t t a inmen  t of 
institutional requirements. 

Although the FS will include a section detailing all ARARs 
pertinent to the New Bedford Harbor remediation efforts, a brief 
d e s c r i p t i o  n of A R A R  s i s inc lude  d he re i  n becaus  e 
chemical-specific ARARs and TBCs are identified for the 
contaminants of concern. As required by the National 
Contingency Plan (NCP) and CERCLA as amended by SARA, ARARs are 
required to be identified and evaluated throughout the CERCLA 
RI/FS process. ARARs are promulgated and enforceable federal 
and state requirements that evaluate the appropriate extent of 
site cleanup, scope and formulate remedial action alternatives, 
and govern the implementation and operation of a selected 
action. 

Applicable requirements specifically address a hazardous 
substance, location, or remedial action. Relevant and 
appropriate requirements address circumstances sufficiently 
similar to those at a CERCLA site, thus making the requirement 
relevant. If it is deemed appropriate to use the requirement 
given the circumstances, the requirement is considered an ARAR. 
Applicable requirements and relevant and appropriate 
requirements are given the same weight. 

ARARs are identified and considered so that CERCLA responses are 
consistent with the state and federal environmental laws. ARARs 
are divided into three categories: chemical-specific (e.g. , 
SDWA, MCLs) , location-specific (e.g. , wetlands regulations, 
Endangered Species Act) , and action-specific (e.g., hazardous 
waste rules governing incinerat ion) . Federal and state 
nonregulatory guidance, standards, and criteria such as AWQC, 
MCLGs, and RfDs are not considered ARARs; however, they may be 
considered during a CERCLA response when ARARs do not exist. 
These nonpromulgated standards, guidelines, and criteria are 
categorized as TBCs. 

3.4 SUMMARY 

Selected criteria presented previously were used to develop 
quantitative indices of the potential risks associated with 
exposure at the New Bedford Harbor site. The revised cancer 
potency factor of 7.7 (mg/kg-day ) was used to provide 
estimates of the incremental carcinogenic risks associated with 
exposure to PCBs, which was the only contaminant evaluated for 
carcinogenic risks. (As discussed in Section 2.5.3, it was not 
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necessary to evaluate the carcinogenic risks associated with the

inhalation of cadmium.) Because an RfD exists only for cadmium,

other criteria were used to evaluate the noncarcinogenic risks

associated with exposure to PCBs, copper, and lead. The

converted 10-day and longer-term HAs or the MCLG values were

used when appropriate.
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4.0 PUBLIC HEALTH RISK CHARACTERIZATION 

This section characterizes potential risks associated with 
exposure to contaminants at the New Bedford Harbor site. The 
estimated body dose levels of PCBs and selected metals,

calculated in Section 2.5, are evaluated in this section using

the appropriate health-based standards and criteria identified

and discussed in Section 3.1.


Estimates of carcinogenic and noncarcinogenic risks associated

with acute, subchronic, chronic, and lifetime exposure durations

to PCBs and metals are included in this section, as are

individual risk estimates for each contaminant and the overall

risks resulting from each route of exposure. The contaminants,

exposure routes, and specific locations within the New Bedford

Harbor area that present a significant risk are identified and

summarized. These results are used in the FS to establish

response objectives, indicate impacts associated with the

no-action alternative, and evaluate the effectiveness of the

proposed remedial alternatives.


4.1 METHODOLOGY


The methodology used to generate the various risk estimates is

discussed in the following subsections. Table 4-1 presents the

equations used to derive these quantitative risk estimates.


4.1.1 Estimating Noncarcinogenic Risk


Noncarcinogenic effects associated with contaminant exposure

include a variety of effects on various tissues and organ

systems. These effects are considered to have a threshold value

below which toxicant exposure results in no adverse effects.

The specific noncarcinogenic effects for PCBs, cadmium, copper,

and lead are discussed in Appendix D.


Noncarcinogenic risk estimates for the New Bedford Harbor site

were generated by comparing the exposure dose for each

contaminant to the most applicable health-based standard or

criteria value. The values used in this risk assessment, listed

in Table 3-1, represent the best estimate of the maximum

contaminant level that will not result in adverse effects. The

ratio of the estimated body dose levels to these standard or

criteria values is used to evaluate risk. This ratio is

referred to in this risk assessment as the risk ratio.


Generally, EPA states that if the risk ratio is less than 1, the

predicted body dose level is anticipated to be without lifetime

risk to human health. For example, a value of 0.25 implies that

a person is receiving an estimated average daily dose equal to

25 percent of the acceptable intake of that contaminant. If the

ratio exceeds 1, the estimated average daily dose levels exceed

a level considered safe; therefore, the exposure could
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TABLE 4-1


EQUATIONS USED TO ESTIMATE RISK

NEW BEDFORD, MASSACHUSETTS


Noncarcinogenic Risk Estimates:


Risk Ratio: E

RL


where E = Exposure Level generally in (mg/kg-day).

RL = Reference Level expressed in same units as E.


Carcinogenic Risk Estimates:


Incremental Carcinogenic Risk = GDI x CPF


where GDI = Chronic Daily Intake (mg/kg-day)

CPF = Carcinogenic Potency Factor (mg/kg-day) 1


Multitoxic Risk Estimates:


Noncarcinogenic: HI = E /RL + E9/RL- + Eq/RL_ ... E./RL.

i JL £* Zf O J5 1


where E. = Exposure Level for i .toxicant

RL. = Reference Level for i toxicant

HI1 = Hazard Index


Carcinogenic: I (GDI. x CPF.)


where GDI. = Chronic Daily Intake for i toxicant

CPF = Carcinogenic Potency Factor for i toxicant


3.88.80

0054.0.0




p o t e n t i a l l  y resul t in adverse heal th e f f e c t s  . The 
noncarcinogenic risk estimates developed in this subsection are 
evaluated against a risk ratio of 1. 

The risk ratio best reflects the potential noncarcinogenic risk 
when comparisons are made to standards or criteria that are 
based on the same exposure assumptions as the exposure dose. 
For example, acute exposure doses should be compared to 1- or 
10-day health-based criteria and chronic exposure doses to 
longer-term criteria. However, for many contaminants in this 
risk assessment, the only criteria available to evaluate 
noncarcinogenic risks were those based on lifetime exposure. 
RfDs and MCLGs are criteria that define an acceptable daily 
exposure of a contaminant , assuming a 70-year exposure 
duration. Therefore, comparing an average daily dose derived 
for a chronic (10-year) or acute exposure to the RfD or MCLG may 
overes t imate the actual risk. In such instances, the 
significance of the risk ratio value requires f u r t h e  r 
evaluation. For this report, the toxicity endpoints and the 
magnitude of the uncertainty associated with the criteria 
development were considered in evaluating these potential risks. 

4.1.2 Estimating Carcinogenic Risk


Carcinogenic risk estimates for known or probable human

carcinogens were calculated by multiplying ..the potency factor of

the chemical (expressed as (mg/kg-day) ) by the estimated

body dose (expressed as (mg/kg-day)). The product of these two

values is an estimate of the incremental lifetime cancer risk,

which is defined as the excess probability that an individual

will develop cancer over a lifetime.


In this risk evaluation, PCBs are the only contaminants assessed

for carcinogenic risks. Of the other contaminants, copper and

lead are not classified as known or probable human carcinogens,

and cadmium is considered carcinogenic only by the inhalation

route of exposure. Because cadmium was not detected in any air

samples, a risk evaluation for this route of exposure was not

necessary.


The incremental carcinogenic risk estimates appear in scientific

notation in this report. For example, a 2xlO~ incremental

risk level implies that an individual's probability of

manifesting cancer from the exposure assessed is two in one

million.


The method used to estimate carcinogenic risks is based on EPA's

linearized, multistage model of carcinogenic dose-response.

This model assumes that no threshold value exists below which

exposure to a carcinogen can be considered safe or risk-free.

Therefore, any positive dose is assumed to result in a finite

increment to an individual's lifetime risk of developing cancer.
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EPA guidance states that the target total carcinogenic risk for

an individual resulting from exposure at a Superfund site may

range from 10 to 10 (EPA, 1986a and 1988). Response

objectives and remedial alternatives should be developed to

reduce total carcinogenic risks to levels within or below this

range. The carcinogenic risk estimates developed in this

subsection are evaluated using this target range.


4.1.3 Estimating Multitoxic Risk


Because most instances of environmental contamination involve

concurrent exposure to a variety of compounds, it is necessary

to assess the potential adverse effects that exposure to

contaminant mixtures may have on public health. EPA proposed

guidelines for assessing the effects of exposure to chemical

mixtures (51FR:34014, 1986). These guidelines, based on the

assumption of dose additivity, recommend estimating a Hazard

Index (HI) for a mixture by summing the individual risk ratios

for each chemical in the mixture. This approach assumes that

multiple subthreshold exposures may result in adverse effects

even if no single chemical exceeds its reference level. As with

single contaminant exposure, concern over the potential risk

increases as the HI approaches unity.


Because of the assumption of dose additivity, the use of the HI

is appropriate only if chemicals in the mixture are expected to

exert similar toxic effects by the same mechanism. Therefore,

the chemicals of concern in this risk assessment were grouped

and assessed together based on their critical effect. HI values

for multitoxic exposure were calculated for PCB and metal

exposure, because these compounds have been shown to exert

similar toxic effects (i.e., renal, hepatic, and reproductive)

in test animals and humans.


For carcinogens, the multitoxic value is derived by summing the

incremental carcinogenic risks associated with each compound in

the mixture. Because only one carcinogenic compound (i.e.,

PCBs) was evaluated in this risk assessment, multitoxic

carcinogenic risk estimates were not developed.


As mentioned in Section 1.0, PAH compounds have also been

detected in sediment from the New Bedford Harbor area. These

compounds tend to be co-located with PCBs, but generally are

present at lower concentrations (E.G. Jordan/Ebasco, 1986).

Total PAH concentrations ranged from below detection limit to

930 ppm. The carcinogenic risks associated with exposure to PAH

compounds were not evaluated in this risk assessment. As such,

the risk cited for direct contact with and/or incidental

ingestion of sediment may be underestimated. However, because

the treatment technologies proposed for remediating PCB

contamination would adequately reduce PAH concentrations, no

residual risks from exposure to these compounds are anticipated
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( E . G  . Jordan/Ebasco, 1989). PCBs are the
contaminants of concern and were the focus

 carcinogenic 
 of this risk 

assessment. 

4.1.4 Uncertainties in Estimating Risk 

It should be emphasized that the risk estimates in this 
subsection are based on numerous assumptions, each having 
uncertainty associated with it. Several types of uncertainties 
should be considered in any risk evaluation: 

• uncertainties associated with estimating the frequency, 
duration, and magnitude of exposure 

• uncertainties associated with assigning exposure 
parameters to a heterogeneous population (e.g., body 
weight and ventilation rate) 

• uncertainties in estimating carcinogenic potency 
factors and/or noncarcinogenic measures of toxicity 
(e.g., RfDs and MCLGs) 

The uncertainties associated with estimating exposure result 
from the variance in sampling and analytical techniques, 
estimating the extent of contamination, and quantifying 
parameters that are not directly observed (e.g., frequency and 
duration of exposure) . Because some of these parameters are 
functions of the behavior patterns and personal habits of the 
exposed populations, no one value can be assumed representative 
of all possible exposure conditions. To account for some of 
this variation, exposure scenarios were developed based on a 
range of exposure frequencies and durations. For some exposure 
scenarios, the range of exposure parameters spans two orders of 
magnitude. It was assumed that the actual exposure encountered 
by any individual receiving exposure will fall within this 
range. 

There is also uncertainty associated with assigning quantitative 
values to exposure parameters such as body weight, ventilation 
rate, surface areas, and absorption or TKFs. The parameters 
used in this exposure assessment were based on actual or 
extrapolated values from surveys reported in the literature and 
professional judgment; therefore, they may not be representative 
of specific individuals in the New Bedford Harbor site area. 
However, the parameters are considered representative of the 
populations described in the exposure scenarios. The 
uncertainties associated with assigning values to these 
parameters are estimated to be less than one order of magnitude. 
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The use of toxicity parameters (e.g., RfDs and MCLGs) and cancer 
potency factors introduces additional uncertainties into the 
risk assessment process. These parameters are generally based 
on animal studies, many of which are performed at high doses 
relative to the site-specific exposures actually experienced at 
Superfund sites. These data require interpretation and/or 
extrapolation in the low dose area of the dose-response curve. 
Uncertainty factors are often incorporated to account for 
species-to-species and/or route-to-route extrapolations. The 
uncertainties associated with the use of toxicity parameters may 
be as high as three orders of magnitude. 

To account for some of the uncertainties described in the 
previous paragraphs, the approach taken in this risk assessment 
was to estimate risk based on both most probable and upper-bound 
exposure conditions. This approach provided risk estimates that 
were considered appropriately conservative and unlikely to 
underestimate the actual risk. 

4.1.5 Evaluating Risk 

As stated previously, EPA established criteria for evaluating 
both noncarcinogenic and carcinogenic risk estimates at 
Superfund sites. For noncarcinogenic risks, a risk ratio less 
than 1 represents an exposure dose considered to be without 
lifetime risk to public health. For carcinogenic risks, EPA 
uses a target risk range of 10 to 10 to evaluate the 
need for and effectiveness of various remedial actions. The 
risk estimates developed in the following subsections are 
evaluated against these criteria. 

In addition, the Commonwealth of Massachusetts enac te  d 
legislation parallel to CERCLA authorizing state response to 
releases of oil or hazardous materials and the assignment of 
liability, and providing for cost recovery for assessment, 
remedial response, and damage to natural resources. This 
legislation is contained in Chapter 21E of the Massachusetts 
General Laws (MGL.C.21E 1983, amended 1986). Regulations in the 
form of a state contingency plan were promulgated in October 
1988. The portion of the Massachusetts Contingency Plan (MCP) 
relevant to this risk assessment requires that a permanent 
solution, which effectively eliminates significant or otherwise 
unacceptable risks to health, safety, public welfare or the 
environment, be implemented at all disposal sites. As stated in 
the MCP, the total site cancer risk will.be compared to a cancer 
risk limit of 1 in 100 ,00  0 (1x10 ). The total site 
nonca rc inogen i  c risk will be compared to a risk limit 
represented by an HI equal to 0.2. The risk estimates generated 
in this report are also evaluated against the MCP criteria (see 
Section 4 .3 )  . 
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4.  2 QUANTITATIVE RISK EVALUATION 

Numerous risk estimates were derived as part of the risk 
evaluation for the New Bedford Harbor site. Each risk 
calculation is in Appendix C and is presented in summary tables 
throughout this subsection. A strict comparison of these risk 
estimates to appropriate standards and criteria values or the 
target range risk levels shows that many of these values exceed 
levels of risk considered to be of potential concern, under 
current EPA and state guidance. As such, these risks indicate 
that remedial actions may be warranted at this site. 

Noncarcinogenic and carcinogenic risks were evaluated separately 
and are presented in the f o l l o w i n  g subsec t ions  . The 
noncarcinogenic evaluation, discussed first, describes risks 
associated with acute and chronic exposure to PCBs, cadmium, 
copper, and lead. The carcinogenic evaluation follows and 
describes the risks from chronic and lifetime exposure to PCBs. 

4.2.1 Noncarcinogenic Risk Evaluation 

Noncarcinogenic risk ratios were developed for exposure to 
cadmium, copper, lead, and PCBs under both acute and chronic 
exposure conditions for the following routes of exposure: 

• ingestion of sediment

• direct contact with sediment

• ingestion of aquatic biota


In addition to deriving the individual risk ratio values, Jordan

generated multitoxic HI values for concurrent exposure to the

three metals and PCBs. These compounds exhibit similar toxic

endpoints (see Appendix D); therefore, it was appropriate to sum

the individual risk ratios to derive a multitoxic HI value.


4.2.1.1 Sediment


Two routes of exposure (i.e., direct contact with and ingestion

of contaminated sediment) were evaluated in this risk

assessment. Exposure dose levels of PCBs, cadmium, copper, and

lead were estimated separately for both routes of exposure and

compared to the most applicable standard or criteria value. The

noncarcinogenic risk evaluation for these routes of exposure are

discussed separately in the following paragraphs.


Direct Contact with Sediment. The land use and activity

patterns for the New Bedford Harbor area suggest that persons of

all ages may be exposed to contaminated sediment as a result of

swimming, wading, and/or fishing in the Acushnet River. As

stated previously, the most likely locations for these

activities to occur are south of the Coggeshall Street Bridge in
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Areas II and III. Exposure to contaminated sediment in these

areas was estimated to occur between 20 and 100 times per year.

Because access to the shoreline Area I is not restricted,

exposure to sediment in this area was considered possible and

also evaluated. For adults and older children, who may access

the mudflats in Area I to clam or fish, exposure to sediment was

estimated to occur between 20 and 100 times per year. Since

there are no recreational areas located within Area I and

children (0-5) have limited mobility, exposure to sediment in

Area I was estimated to occur between 1 and 20 times per year.


Risk ratio and multitoxic His were evaluated for both acute and

chronic exposure durations. These values are listed in Table

4-2.


Chronic. Risk ratios for chronic exposure to PCB- and

cadmium-contaminated sediment were derived by comparing the

estimated exposure dose of each contaminant to the respective

longer-term HAs. The HAs, expressed in mg/1, were converted to

mg/kg-day by factoring in the standard exposure assumptions of 1

liter of water ingested per day for a 10-kg child or 2 liters of

water ingested per day for.a 70-kg adult. The. converted

longer-term HAs are 1x10 mg/kg-day and 5x10 mg/kd-day

for PCBs and cadmium, respectively. (Note the converted

longer-term HA for cadmium is the same value as the RfD for

cadmium.)


Risk ratios for lead and copper exposure were derived by

comparing the exposure dose of each contaminant to the

respective MCL or MCLG. The MCL and MCLG values were converted

to units of mg/kg-day by factoring in the standard exposure

assumptions of 2 liters of water ingested per day for a 70-kg

adult. The converted MCL for lead is 1.4xlO~ and MCLG for

copper is 3.7x10 . (Note the converted MCLG for copper is

the same value as the AIC for copper.)


Location-specific exposure concentrations were used when

available. However, the metals data could not be segregated by

specific locations within an area; therefore, area-wide

contaminant concentrations were used to evaluate exposure to

metals. As such, the assumed exposure-point concentrations may

overestimate actual exposure conditions, because they include

data collected from the more-contaminated midchannel sediment.


Risk ratios for chronic exposure by children (0-5) years to

sediment in Area I under most-probable conditions were not

evaluated since it was assumed that exposure in this area occurs

only once per year. The potential risks for this route of

exposure is evaluated under acute exposure to sediment. Chronic

exposure to contaminated sediment in Area I is evaluated

assuming conservative exposure conditions only. Exposure to
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TABLE 4-2. NONCARCINOGENIC RISK FROM DIRECT CONTACT WITH SEDIMENTS; CHILDREN

OLDER CHILDREN AND ADULTS; NEW BEDFORD, MASSACHUSETTS.


PCB Cadatua Copper Lead Multi-
Location Ri»k Risk Risk Risk Toxic 

Ratio (•) Ratio (b) Ratio (c) Ratio (d) HI (•) 

CHRONIC EXPOSURE: 

AREA I 
Area Mida 

Child 
Prob. HA HA MA MA MA 
Cora. 93 0.003 0.002 0.2 93 

Older Child 
Prob. 2.4 0.0003 0.00014 0.025 2 
Cora. 200 0.0060 0.0038 0.5 201 

Adult 
Prob. 1.0 0.0001 0.00006 0.010 1 
Cora. 130 0.0040 0.0025 0.35 130 

Upper Estuary 

Child 
Prob. MA MA MA MA MA 
Cora. 93 0.003 0.001 0.3 93 

Older Child 
Prob. 2.4 0.0003 0.00014 0.028 2 
Con*. 200 0.0062 0.0023 0.5 201 

Adult 
Prob. 1.0 0.0001 0.00006 0.011 1 
Cora. 130 0.0040 0.0015 0.35 130 

Lower Estuary 

Child 
Prob. MA MA MA MA MA 
Cons. 6 0.003 0.002 0.2 6 

Older Child 
Prob. 0.9 0.0004 0.00015 0.018 1 
Cons. 13 0.0057 0.0038 0.43 13 

Adult 
Prob. 0.4 0.0001 0.00006 0.007 0.4 
Cons. 8 0.0036 0.0025 0.27 8 

Cove Area 

Child 
Prob. MA MA MA MA MA 
Cons. 6 0.002 0.002 0.2 6 

Older Child 
Prob. 1.8 0.0004 0.00022 0.025 2 
Cora. 13 0.0043 0.0039 0.43 13 



TABLE 4-2. NONCARCIMOGEN1C RISK FROM DIRECT CONTACT UITH SEDIMENTS; CHILDREN


PCB CadniuH Copper Lead Multi-
Location Risk Risk Risk Risk Toxic 

Ratio (a) Ratio (b) Ratio (c) Ratio (d) HI (e) 

Cove Area Adult 
Prob. 0.7 0.0001 0.00009 0.010 0.7 
Cone. 8 0.0028 0.0025 0.28 8 

AREA II

Area wide


Child

Prob. 0.27 0.0003 0.0003 0.021 0.3

Con*. 9 0.0029 0.008 0.410 9


Older Child

Prob. 0.13 0.0001 0.00013 0.010 0.1

Cone. 4 0.0012 0.003 0.2 4


Adult

Prob. 0.05 0.00005 0.00005 0.004 0.06

Cone. 2.60 0.0008 0.002 0.100 3


Pope* Island


Child

Prob. 0.14 NO 0.00024 0.02 0.2

Cone. 2.50 NO 0.002 0.2 3


Older Child

Prob. 0.069 NO 0.00012 0.01 0.08

Cona. 1.10 NO 0.0009 0.087 1


Adult

Prob. 0.027 NO 0.000047 0.004 0.03

Cone. 0.69 NO 0.0006 0.057 0.7


PaUwr Island


Child

Prob. 0.039 NO 0.00015 0.018 0.06

Cons. 0.80 ND 0.0009 0.100 0.9


Older Child

Prob. 0.019 NO 0.000075 0.0089 0.03

Cons. 0.35 ND 0.0004 0.044 0.4


Adult

Prob. 0.0075 ND 0.00003 0.0035 0.01

Cons. 0.23 ND 0.0002 0.029 0.3


Marsh Island


Child

Prob. 0.1 ND 0.00015 0.025 0.13

Cons. 1.60 ND 0.0008 0.240 1.8




TABLE 4-2. MONCARCIMOGEN1C RISK FROM DIRECT CONTACT WITH SEDIMENTS; CHILDREN

OLDER CHILDREN AND ADULTS; NEU BEDFORD, MASSACHUSETTS.


PCB Cadaiusi Copper Lead Multi-
Location Risk Risk Risk Risk Toxic 

Ratio (a) Ratio <b> Ratio (c) Ratio (d> HI (a) 

Older Child 
Prob. 0.05 NO 0.00007 0.012 0.06 
Cons. 0.70 ND 0.0004 0.100 0.8 

Adult 
Prob. 0.02 NO 0.000029 0.0049 0.02 
Cons. 0.45 NO 0.0002 0.067 0.5 

AREA III 
Area wide 

Child 
Prob. 0.05 NO 0.00005 0.007 0.06 
Cons. 2.10 NO 0.0004 0.078 2.2 

Older Child 
Prob. 0.02 NO 0.00002 0.004 0.027 
Cons. 0.93 ND 0.0002 0.034 1.0 

Adult 
Prob. 0.01 NO 0.000009 0.00140 0.011 
Cons. 0.59 NO 0.0001 0.022 0.6 

Fort RodMn 

Child 
Prob. 0.03 NO ND ND 0.03 
Cons. 0.50 ND NO NO 0.5 

Older Child 
Prob. 0.01 NO ND ND 0.012 
Cons. 0.22 NO ND ND 0.2 

Adult 
Prob. 0.005 NO ND ND 0.005 
Cons. 0.14 NO ND HO 0.1 

Fort Phoenix 

Child 
Prob. 0.008 ND ND ND 0.01 
Cons. 0.05 NO ND NO 0.1 

Older Child 
Prob. 0.004 NO ND ND 0.004 
Cons. 0.02 NO ND ND 0.0 

Adult 
Prob. 0.001 NO ND ND 0.001 
Cons. 0.02 ND NO ND 0.0 



TABLE 4-2. NONCARCIMOGEN1C RISK FROM DIRECT CONTACT WITH SEDIMENTS; CHILDREN

OLDER CHILDREN AND ADULTS; NEW BEDFORD, MASSACHUSETTS.


Location
PCS 

 Risk 
Ratio (a) 

CadMius 
Risk 

Ratio (b) 

Copper 
Risk 

Ratio (c) 

Lead 
Riak 

Ratio (d) 

Multi-
Toxic 
HI (e) 

ACUTE EXPOSURE 

AREA I 
Cove Area 

Child 
Prob. 
Cons. 

Older Child 
Prob. 
Cone. 

0.68 
1.10 

0.33 
0.46 

0.0020 
0.0042 

0.0007 
0.0018 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

0.7 
1.1 

0.3 
0.5 

Adult 
Prob. 
Cons. 

0.13 
0.29 

0.0003 
0.0012 

NA 
HA 

HA 
NA 

0.1 
0.3 

Maxia Concentration 

Child 
Prob. 
Cons. 

Older Child 

15.00 
17.00 

0.0038 
0.0042 

HA 
NA 

NA 
NA 

15.0 

17.0 

Prob. 
Cone. 

7.30 
7.30 

0.0018 
0.0018 

NA 
NA 

NA 
NA 

7.3 
7.3 

Adult 
Prob. 
Cone. 

2.90 
4.70 

0.0007 
0.0012 

HA 
HA 

NA 
HA 

2.9 
4.7 

(a) - The Modified longer-ten* HA wee used to assess chronic exposure and the

Modified 10-day HA Mas used to assess acute exposure.


(b) * The Modified longer-term HA was used to assess chronic exposure and the

Modified 10-day HA Mas used to assess acute exposure.


(c) * The AIC Mas used to assess chronic exposure; no appropriate

standard or guideline exists to assess acute exposure.


(d) * The Modified proposed NCL was used to assess chronic exposure; no appropriate

standard or guideline exists to assess acute exposure.


(e) « The Nultitoxic Hazard Index (HI) is the SUB of the risk ratios for PCBs, caotaius,

copper and lead.


HA « Not Applicable

NO - Not Detected




sediment in Area I by older children and adults was evaluated

for both most-probable and conservative scenarios.


Metals. The risk ratios based on exposure to cadmium-, copper-,

and lead-contaminated sediment were below 1 for all areas and

for all exposure conditions. These included risk ratios based

on exposure to the maximum contaminant concentration detected in

sediment. Because these values fall below 1, direct contact

exposure to these contaminants is not considered to present a

human health risk.


FOBS. The risks associated with direct contact exposure to

PCB-contaminated sediment were greatest for the Upper Estuary in

Area I. Risk ratio values for older children and adults under

probable exposure conditions ranged from less than 1 to 2.4, and

under conservative exposure conditions ranged from 8 to 200.

Chronic exposure to sediment by younger children was assessed

under conservative exposure assumptions only. The risk ratios

for these scenarios ranged from 6 to 93. The magnitude to which

these values exceed 1 indicates that exposure to

PCB-contaminated sediment in this area presents a public health

risk. All age classes appear to be at risk from direct contact

exposure to PCBs. Methods to reduce these risks will be

addressed in the FS.


Risk ratios based on exposure to PCB-contaminated shoreline

sediment from Area II ranged from below 1 to 9. Risks

associated with exposure to sediment from specific locations

within Area II were lower than those estimated based on

area-wide PCB concentrations. Risk ratios based on exposure to

PCB concentrations detected in shoreline sediment from the

Palmer Island area were all below 1, while risk ratios for Marsh

Island ranged from 0.05 to 1.6,"and risk ratios for the Popes

Island area ranged from 0.03 to 3 (see Table 4-2).


The two risk ratios which exceeded 1 (1.6 and 3) were based on

exposure by a young child to the maximum PCB concentration

detected in these specific areas. Since it is unlikely that

repetitive, long-term exposure to this concentration will occur,

the potential risk to young children is considered to be less

than the risks indicated by the ratios. Exposure to sediment in

Area II is not considered to present a public health risk.


The risk ratios based on exposure to shoreline sediment at Fort

Rodman and Fort Phoenix beaches in Area III were below 1 for all

scenarios evaluated. The only risk ratio to exceed 1 was based

on exposure to the maximum PCB concentration detected in

shoreline sediment from all of Area III, and was estimated at

2. Since it is unlikely that repetitive long-term exposure will

occur at this concentration, this scenario is considered to be

overly conservative. The risks associated with exposure under
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more realistic conditions are all less than 1. Direct contact 
exposure to PCB-contaminated sediment in Area III is not 
considered to present a public health risk. 

Multitoxic. The multitoxic HI values based on concurrent 
exposure to the three metals was less than 1 for all exposure 
conditions except one, in which the HI was 1.1. However, this 
exposure scenario was based on conservative assumptions and is 
not considered representative of actual exposure conditions. 
Therefore, concurrent exposure to cadmium, copper, and lead is 
not considered to present a risk to human health. 

The multitoxic HI based on concurrent exposure to all four 
contaminants slightly exceeded 1 in Area I (most-probable case) 
and exceeded 1 only under conservative exposure conditions for 
other areas within the New Bedford Harbor area. The majo  r 
contribution to the HI value was the individual risk associated 
with exposure to PCBs. 

Because exposure to all four contaminants at the maximum 
concentration is unlikely, these exposure scenarios are 
considered to be overly conservative. Actual exposure 
conditions are more likely to be represented by the conditions 
assumed under the probable exposure scenarios. The multitoxic 
HI values associated with these scenarios were below 1. 
Exposure through direct contact with metal-contaminated sediment 
is therefore not considered to present a risk to public health. 

Acute. An acute exposure scenario was evaluated to determine if 
intermittent or once-in-a-lifetime contact with contaminated 
sediment posed a risk to public health. To provide an estimate 
of potential risk, body dose levels were calculated using the 
mean and maximum contaminant levels detected in shoreline 
sediment from Area I . This area was the mos  t w ide l  y 
contaminated and had the highest shoreline PCB concentrations. 
The body dose levels estimated under this scenario were compared 
to appropriate short-term criterion. For PCBs and cadmium, the 
converted 10-day HAs were used to evaluate risk; however, there 
were no appropriate short-term criteria available to assess lead 
or copper exposure. The risk ratios are listed in Table 4-2. 

The risk ratios associated with acute exposure to cadmium-
contaminated sediment were below 1 for all scenarios. The risk 
ratios associated with acute exposure to PCB-contaminated 
sediment ranged from 0.2 to 17. The ratios that exceeded 1 were 
all based on exposure to the maximum PCB concentration detected 
in this area ( 6 , 3 9  3 p p m  ) . A distribution of the PCB 
concentration in sediment from this area estimates the 90th 
percentile to be 1,800 ppm and the 75th percentile to be 390 ppm 
PCB (Battelle Sediment Data Base, 1988), suggesting that it is 
u n l i k e l  y fo  r exposu r  e t  o occur a  t th  e m a x i m u  m PC B 
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concentration. Risk ratios based on acute exposure via direct

contact exposure to 1,800 or 390 ppm PCB were below 1 for all

subpopulations. Since shoreline PCB concentrations in Areas II

and III are less than 390 ppm, acute exposure to sediment in all

three areas is not considered to present a public health risk.


Ingest ion of Sediment. Ingestion of sediment is considered an

age-related activity and most significant for children less than

six years old. Exposure through ingestion of sediment was,

therefore, assessed for the zero to 5-year age class only, and

focused on areas where exposure by this age group was likely.

Risk ratios for PCBs and metals were generated for exposure to

sediment in the Upper and Lower Estuary and the Cove Area of

Area I, and the recreational and beach areas within Areas II and

III (see Figure 2-7). Location-specific concentrations of these

contaminants were used when available. Given the nature of the

metals data, cadmium, copper, and lead concentrations could not

be estimated for specific recreational areas. Since the

exposure concentrations used to derive the risk ratios for

metals are based on area-wide concentrations, they may be

greater than the location-specific exposure concentrations.


The areas chosen in these exposure scenarios represent locations

where young children may have access to shoreline sediment.

Children were expected to frequent the recreational and beach

areas more often than areas in Area I. Therefore,

differentfrequencies of ingestion were assumed for Area I than

Areas II and III. Risk ratio values for exposure via ingestion

of sediment are in Table 4-3.


Chronic. Risk ratios based on exposure to cadmium- and

copper-contaminated sediment were below 1 for all scenarios.

Risk ratios based on exposure to PCB- and lead-contaminated

sediment exceeded 1 under certain scenarios. For Area I, risk

ratios were derived assuming only conservative exposure

assumptions, since the probable exposure scenarios assumed only

1 exposure per year which represents an acute versus chronic

exposure. Assuming chronic exposure, both PCB and lead risk

ratios exceeded 1 for all areas within Area I and ranged from 11

to 175 and 26 to 33, respectively. The multitoxic HI for these

scenarios ranged from 37 to 209. Although these risk ratios

were based on conservative exposure assumptions, the magnitude

to which they exceed 1 indicates that ingestion of sediment from

Area I presents a potential health risk.


The risk ratios for ingestion of lead-contaminated sediment from

Area II ranged from 2.7 (Palmer Island) to 55 (area-wide). The

highest risk ratios were based on conservative exposure

conditions. Because the maximum lead concentrations used to

derive these ratios were detected in midchannel sediment, they

may overestimate the potential exposure and subsequent risk from
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TABLE 4-3. NONCARCIMOGEN1C RISK FROM CHRONIC INGESTION OF SEDIMENTS; CHILDREN 
MEW BEDFORD, MASSACHUSETTS. 

PCS CadBii* Copper Lead Nulti-
Location Risk Risk Risk Risk Toxic 

Ratio (a) Ratio (b) Ratio (c) Ratio <d) HI (e) 

AREA I 
Area Midt 

Child 
Prob. NA NA HA NA NA 
Cora. 175 0.380 0.23 33 209 

Upper Estuary 

Child 
Prob. NA NA NA NA HA 
Cora. 175 0.380 O.UO 33.0 209 

Lower Estuary 

Child 
Prob. NA NA NA NA NA 
Cora. 11 0.340 0.230 26.0 38 

Cove Area 

Child 
Prob. NA NA NA NA NA 
Cora. 11 0.260 0.230 26.0 37 

AREA II -
Area wide 

Child 
Prob. 0.57 0.0410 0.0420 3.1 3.8 
Cora. 17 0.3800 1.000 55 73 

Popes Island 

Child 
Prob. 0.3 NO 0.04 3 3.3 
Cons. 4.70 NO 0.280 27.0 32 

Palmer Island 

Child 
Prob. 0.08 NO 0.02 2.7 2.8 
Cora. 1.50 NO 0.1100 14 15.6 



TABLE 4-3. HONCARCINOCEHIC RISK FRCM CHRONIC INGEST 1C* OF SEDIMENTS; CHILDREN


NEW BEDFORD. MASSACHUSETTS.


PCB Cadmium Copper Lead Multi-

Location Risk Risk Risk Risk Toxic


Ratio (a) Ratio (b) Ratio (c> Ratio (d) HI <e>


Marsh Island


Child 
Prob. 0.22 ND 0.02 3.7 3.9 
Cons. 3.00 ND 0.1100 32 35 

AREA III "̂ 

Area wide


Child

, Prob. 0.11 ND 0.00700 1.100 1.2

Cons. 4.00 NO 0.0600 10.000 14


Fort Rodman


Child

Prob. 0.06 ND ND ND 0.06

Cons. 0.90 ND ND ND 0.9


Fort Phoenix


Child

Prob. 0.020 ND ND ND 0.02

Cons. 0.10 HD ND ND 0.1


(a) • The Modified longer-term HA was used to assess chronic exposure,

(b) * The Modified longer-tern HA was used to assess chronic exposure,

(c) » The Modified MCLC (AIC) was used to assess chronic exposure,

(d) « The Modified proposed MCL was used to assess chronic exposure.

(e) « The Multitoxic Hazard Index (HI) is the sum of the risk ratios for PCBs, cadmium,


copper and lead.

MD * Not Detected




this route of exposure. Midchannel sediment, in general, was

more contaminated than shoreline sediment.


The risk ratios developed for ingestion of lead-contaminated

sediment in specific areas, under probable exposure conditions,

were considered more representative of the potential risks from

this route of exposure. These values slightly exceed 1 and

ranged from 2.7 to 3.7, suggesting that chronic exposure to lead

through ingestion of sediment is not significant for Area II.

Lead was not detected in sediment from the Fort Rodman and Fort

Phoenix beach areas in Area III.


The risk ratios based on ingestion of PCB-contaminated sediment

in Areas II and III ranged from below 1 to 17. However, the

risk ratios based on probable exposure conditions and

location-specific PCB concentrations were all below 1. Since

these scenarios are considered to be most representative of

actual exposure conditions, ingestion of sediment from Areas II

and III is not considered to present a noncarcinogenic public

health risk.


Acute. Acute exposure to contaminants from ingestion of

sediment was evaluated to determine if intermittent or

once-in-a-lifetime exposure to sediment in New Bedford Harbor

presented a risk to children, older children, and adults. The

acute scenario was based on exposure to the maximum contaminant

level detected in shoreline sediment. Risk ratios could only be

derived for PCBs and cadmium because no appropriate standards or

criteria exist to evaluate acute exposure to copper or lead.

The body dose levels for PCBs and cadmium were compared to

converted 10-day HAs. These risk ratios appear in Table 4-4.


The risk ratios based on ingestion of cadmium-contaminated

sediment were below 1 for all subpopulations and areas. The

risk ratios based on ingestion of PCB-contaminated sediment

exceeded 1 only in Area I and ranged from 0.28 to 2 based on

exposure to the mean PCB concentration and 4.6 to 32 for the

maximum PCB concentration. Children are considered to be at

greater risk than older children and adults. Risk ratios for

this age class exceeded 1 under both most probable and

conservative scenarios.


Summary. The noncarcinogenic risks associated with direct

contact and ingestion exposures to sediment were evaluated by

comparing the estimated exposure dose to the most appropriate

standard or criterion. The risk ratios developed based on thesp

evaluations indicate a potential risk to public health fr'

chronic exposure via ingestion and/or direct contact wiv

sediment in Area I. Children may be at risk from acute exposure

via ingestion of sediment in Area I. PCBs are the major

contaminant of concern in this area, and methods to reduce these
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TABLE 4-4. NONCARCIMOGEN1C RISK FROM ACUTE EXPOSURE TO CONTAMINANTS VIA INGEST ION OF SEDIMENTS;

CHILDREN; OLDER CHILDREN AND ADULTS; NEW BEDFORD, MASSACHUSETTS.


PCS Cadmium Copper Lead Multi-

Location Risk Risk Risk Risk Toxic 
Ratio (a) Ratio (b) Ratio (c) Ratio (d) HI (e) 

AREA I (Maximum Concentration)


Child 32 0.8 NA NA 33


Older Child 8 0.2 NA NA 8


Adult 4.6 0.11 NA NA 5


AREA I (Mean Concentration)


Child 2 0.23 NA NA 2


Older Child 0.47 0.056 NA NA 0.5


Adult 0.28 0.03 NA NA 0.3


AREA II (Maximum Concentration)


Child 0.6 0.16 NA NA 0.76


Older Child 0.16 0.04 NA NA 0.20


Adult 0.086 0.023 NA NA 0.11


AREA III (Maximum Concentration)


Child 0.14 ND ND ND 0.1 

Older Child 0.03 ND ND ND 0.03 

Adult 0.021 NO ND ND 0.02 

(a) = The modified 10-day HA was used to assess acute exposure.

(b) = The modified 10-day HA was used to assess acute exposure.

(c) = No appropriate criterion was available to assess acute exposure.

(d) = No appropriate criterion was available to assess acute exposure.

(e) = The Multitoxic Hazard Index (HI) is the sum of the risk ratios.

ND = Not Detected

NA = Not Applicable




risks will be evaluated in the FS. Chronic and acute exposure

to PCB-, cadmium-, copper-, or lead-contaminated sediment in

other locations of the New Bedford Harbor site area were not

considered to present a significant noncarcinogenic risk to

public health.


4.2.1.2 Biota


Risk ratios were generated for acute and chronic exposures to

PCBs, cadmium, copper, and lead through ingestion of aquatic

biota and are listed on Table 4-5. Because copper occurs at

naturally high levels in shellfish and crustaceans (due to their

copper-based blood), it is not possible to determine the copper

concentration in these organisms resulting from contaminant

exposure. Because copper data for lobsters and clams were not

suitable for describing contaminant exposure, exposure to copper

was only assessed for the ingestion of winter flounder. As

discussed in Section 2.5, exposure to aquatic biota was assessed

for the same four areas (Areas 1 through 4) established by

HydroQual for their food-chain model.


Exposure through the ingestion of aquatic biota by younger

children, older children, and adults was evaluated for both

weekly and daily exposure frequencies, assuming an ingestion

amount of 4 ounces (i.e., 115 grams) for younger children and 8

ounces (i.e., 227 grams) of fish per meal for older children and

adults. Separate exposure scenarios were developed for each of

the three species. Therefore, each scenario assumes that 100

percent of the seafood diet is comprised of the species

evaluated.


Chronic. Chronic exposure to PCBs and metals via ingestion of

biota was based on daily and weekly consumption frequencies and

evaluated against criteria based on toxicity studies of chronic

but less than lifetime exposure duration, when available. The

most appropriate criterion for assessing chronic exposure to

PCBs and cadmium is the converted longer-term HA. No

appropriate criteria are available to evaluate chronic exposure

to lead or copper; therefore, these contaminants were evaluated

using the converted MCL and MCLG, respectively. Because the MCL

and MCLGs are developed to be protective for lifetime exposure,

using them to assess chronic exposure (i.e., 10-year) may

overestimate potential risks.


Metals. Chronic exposure to cadmium and copper by older

children and adults was not considered to present a public

health risk. Risk ratios based on both weekly and daily

ingestion frequencies for these subpopulations ranged from less

than 1 to 7.9. Ratios in excess of 1 were based on daily

ingestion frequencies and whole body tissue concentrations.

These factors may result in conservative estimates of risk. The
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risk ratios for cadmium and copper generated under weekly

exposure conditions are considered more reflective of actual

exposure conditions, and these values were less than 1.


Chronic exposure to cadmium and copper through the ingestion of

fish by children (zero to 5 years) resulted in risk ratios

ranging from below 1 to 16. Of the 70 scenarios evaluated for

children,"35 had corresponding risk ratios greater than 1.

Although many of these scenarios were based on conservative

assumptions (i.e., daily ingestion and whole-body contaminant

concentrations), the frequency and magnitude to which these

values exceed 1 suggest a potential health risk. In addition,

young children are more sensitive to contaminant exposure than

adults. Therefore, exposure to cadmium and copper through

ingestion of biota may pose a risk to a child's health.


The risk ratio based on exposure to lead through the ingestion

of biota by all age classes exceed 1 under both sets of exposure

conditions and for all areas. These risk ratios were based on

both weekly and daily ingestion frequencies and were as high as

540 (see Table 4-5). The frequency and magnitude by which the

risk ratio values exceeded 1 indicate a potential risk to human

health from lead exposure.


No one area or species appeared to consistently present a

greater risk for exposure to lead. The mean lead concentration

detected in winter flounder, clams, and lobsters from all four

areas ranged from 0.23 to 1.28 ppm, and the maximum

concentrations ranged from 0.84 to 6.84 ppm. The relatively low

variance in concentrations indicates that chronic ingestion of

any species from any area presents a potential risk to public

health.


PCBs. The noncarcinogenic risks associated with PCB exposure

were estimated by comparing the intake contaminant level to the

longer-term HA established for PCBs. The risk ratio based on

all sets of exposure conditions ranged from below 1 to 298.

Elevated risk ratios were observed even under probable exposure

conditions, suggesting that exposure to PCBs via ingestion of

biota presents a potential health risk for all age classes.


As with lead, no one species or area appeared to consistently

present a greater risk for PCB exposure. The mean PCB

concentration in all three species (edible portion) ranged from

0.064 to 1.039 ppm, and the maximum PCB concentration ranged

from 0.137 to 2.629 ppm. The low variance in concentrations

indicates that ingestion of any species from any area presents a

potential noncarcinogenic risk to public health.


These risk estimates only address the potential noncarcinogenic

effects associated with PCB exposure and do not reflect the
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potential carcinogenic risks. The carcinogenic risks associated 
with PCB exposure are evaluated in the next subsection. 

Multitoxic. The combined HI values generated by summing 
individual risk ratios for the four contaminants exceed 1 for 
most exposure conditions evaluated (see Table 4-5). Concurrent 
exposure to these contaminants may therefore result in exposure 
levels in excess of those recommended in health-based criteria. 
The majority of the risk described by the multitoxic HI value is 
derived from the contribution of lead and PCB exposure. As 
indicated, the ingestion of biota may result in exposure to lead 
and PCBs above recommended levels. Because cadmium and copper 
exhibit similar toxic effects, the concurrent exposure to these 
contaminants may increase this risk. 

Acute. Acute exposure via ingestion of biota was evaluated to 
reflect the potential risks associated with consumption 
frequencies of less than one fish meal per month. As discussed 
in Section 2 . 5 .  2 and presented in Table 2-9, the majority of 
residents in the Greater New Bedford area consume seafood less 
than once per month but greater than once per year. Because of 
the infrequent exposure, a larger portion of fish per meal was 
assumed. The exposure scenario was based on a single meal 
consisting of 400 grams of f ish containing the max imu  m 
contaminant level detected in each species. The 10-day HAs for 
PCBs and cadmium were used to derive risk ratios (Table 4-6) . 
Currently, no appropriate standard or criteria values are 
available to assess acute exposures to lead or copper. 

Risk ratios based on cadmium exposure are equal to or less than 
1 for all species and for all areas, indicating that acute 
exposures do not exceed the acceptable daily intake for this 
contaminant. These risk ratio values represent the upper-bound 
risk estimates because they were based on the maximum cadmium 
concentration detected in each species. Therefore, lower risks 
would be associated with more probable exposure conditions 
(i.e., lower contaminant concentrations). 

The risk ratios based on acute exposure to PCBs slightly 
exceeded 1. However, the probabili ty of ingesting f ish 
contaminated with the maximum concentration of PCBs is low, 
suggesting that these risk ratios are overly conservative. 
Lower risk ratio values based on the ingestion of 400 grams of 
fish contaminated at the mean PCB concentration were below 1. 
These values are considered more reflective of potential risks 
from acute exposure via ingestion of biota. Therefore  , 
noncarcinogenic risks associated with acute exposure via 
ingestion of aquatic biota are not considered to present a 
public health risk. 
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TABLE 4-6. NONCARCINOGEHIC RISK FROM INGESTION OF BIOTA; ACUTE EXPOSURE


NEW BEDFORD, MASSACHUSETTS.


Risk Ratios


Maximum Acute Older 
Species/ Concentration Criteria Child Child Adult 

Contaminant (PPM) (mg/kg) 

Lobster


PCBs 1.23 0.01 4.92 1.23 0.70

Cd 0.7 0.004 7 1.75 1

Cu N/A

Pb 16


Flounder


PCBs 2.63 0.01 10.52 2.63 1.50

Cd 0.1 0.004 1 0.25 0.14

Cu 51.64

Pb 6.39


Clam


PCBs 2.12 0.01 8.48 2.12 1.21

Cd 0.5 0.004 5 1.25 0.71

Cu N/A


Pb 6.34


N/A 3 Data Not Available due to the naturally high level of copper in blood

of these organisms.


No appropriate criteria or standards are available to assess acute

exposure to copper or lead.


The converted 10-day HA values were used to assess acute

exposure to PCBs and cadmium.




4.2.1.3 Air


The noncarcinogenic risks associated with inhalation of airborne

contaminants were not developed because of the limited amount of

available data (see Section 2.5). Carcinogenic risk estimates

associated with this route of exposure were developed to provide

a conservative estimate of the potential risks (see Subsection

4.2.2.3).


4.2.2 Carcinogenic Risk Evaluation


A major focus of this risk assessment was on the carcinogenic

risks associated with exposure to PCB-contaminated sediment

(ingestion and direct contact), biota, and air. As discussed in

Section 3.0, exposure to copper, lead, and cadmium was not

evaluated for potential carcinogenic risks.


Incremental carcinogenic risk estimates were developed based on

subchronic, chronic, and lifetime exposures to PCBs and are

presented in summary tables throughout this subsection. Chronic

exposures to PCBs were considered most representative of

probable exposure durations for the population within the New

Bedford Harbor site area, given that a relatively large

percentage of the population reported living in this area for

more than five years (see Section 2.1). Therefore, risk

estimates based on chronic exposure were the focus of the

carcinogenic risk evaluation. The lifetime and subchronic risk

estimates were used as upper and lower bounds of potential risks

and to strengthen conclusions regarding risks associated with a

particular route of exposure. The lifetime risks were estimated

by summing the incremental risks associated with exposure during

0-5 years, 6-16 years and 17-70 years.


The carcinogenic risk estimates are based on environmental

conditions as they exist in 1986 and assume that contaminant

concentrations remain constant over the period of time

evaluated. Therefore, the lifetime incremental carcinogenic

risk estimates assume that PCB concentrations in sediment and

biota remain constant over 70 years. This assumption may

overestimate the actual exposure dose and subsequent risk.


Carcinogenic risk estimates developed for each route of exposure

were evaluated with reference to the Superfund target range of

10 to 10 . Additional criteria used to evaluate the

significance of these risk estimates included the contaminant

distribution for both the general areas (Areas I, II, and III)

and the specific exposure locations within each area; the ease

of access to and the physical conditions at exposure locations;

and the assumed exposure parameters, including frequency and

duration of exposure. The discussion of carcinogenic risks for

the New Bedford Harbor site is presented by medium for the

significant routes of exposure in the following subsections.
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4.2.2.1 Sediment


Two routes of exposure (i.e., direct contact with and ingestion

of contaminated sediment) were evaluated in the exposure

assessment. The risks associated with these routes of exposure

are presented in the following paragraphs.


Direct Contact with Sediment. Risks from direct contact

exposure to PCB-contaminated sediment were assessed separately

for area-wide mean contaminant concentrations in Areas I, II,

and III, and for location-specific mean and maximum

concentrations within these areas (see Figure 2-7). Wading,

shellfishing, and fishing were activities considered most likely

to result in contaminant exposure. Because these activities

occur in shoreline areas, the exposure concentrations used to

assess direct contact exposure were based on contaminant levels

detected in the shoreline sediment. Concentrations of PCBs

detected in midchannel sediment were not included as part of

this evaluation. The incremental carcinogenic risks associated

with these exposure scenarios are in Table 4-7 and summarized by

area in the following paragraphs.


Area I. Exposure to sediment in Area I was considered likely

for all age classes based on the ease of access to the

shoreline, the large mudflat areas suitable for clamming, and

the high population density around this area. Because of the

large range of contaminant concentrations detected in shoreline

sediment from this area (ND to 6,393 ppm), separate evaluations

were made for the upper and lower halves of the estuary and the

Cove Area.


The incremental carcinogenic risks associated with direct

contact exposure were'greatest for children and older children.

The risk estimates for these age classes range from within to

greater than the target range for all subdivisions of Area I

even under probable exposure conditions. The risk estimates for

adults also exceeded the 10~ risk level. Under conservative

exposure assumptions, these risks were as high as 2x10 for

chronic exposures by children and older children. The

relatively high risk estimates generated for all three areas, in

addition to the ease of access and likely land-use indicates a

potential risk to public health. Methods to reduce these risks

will be addressed in the FS.


Area II. The risk associated with direct contact exposure to

sediment from Area II focused on locations where recreational

activities were likely to occur. A majority of the shoreline in

Area II is not readily accessible since the private property

abutting the shoreline is fenced off. In addition, much of the

land use in this area is classified as industrial. However,

three locations within Area II are accessible and support
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recreational land uses. These are: Popes Island, Marsh Island, 
and Palmer Island. 

The PCS concentration in shoreline sediment was lowest for the 
Palmer Island area (3 ppm mean; 11 ppm maximum) than for Marsh 
Island (8 ppm mean; 22 ppm maximum) or Popes Island (11 ppm 
mean; 34 ppm maximum). The incremental carcinogenic risks 
associated with contaminant exposure around Palmer were greatest 
for children and older children. Risk estimates based on 
realistic exposure conditions for these age classes ranged from 
2 x l O ~ to 2 x l O ~ . Under more conserva t iv  e exposure 
conditions, the risk estimates increased and ranged from 
4 x l O ~ to 4 x l O ~ . Lower risks were associated with 
contaminant exposure by adults. 

The concentration distribution of PCBs in sediment from Palmer 
Island show that 93 percent of the concentrations fall below 5 
ppm (Figure 4-1) , indicating that the actual exposure in this 
area is reflected by the assumptions used in the probable 
exposure scenario (mean concentration 3 ppm; 93 percentile is 5 
ppm) . Since these risk estimates fall at or below the lower end 
of the target range, exposure in this area is not considered to 
present a significant health risk. 

The risk estimates generated for exposure to sediment around 
Marsh Island were greatest for children and older children, and 
ranged f r o  m 5 x l O ~ to SxlJL under probable exposure 
conditions and 8xlO~ to 8xlO~ under conservative exposure 
conditions. Risk estimates for adults were lower than those for 
children. All risk estimates, however, fall within the target 
range of 10 to 10 . 

The concentration distribution of PCBs in sediment from the 
Marsh Island area indicates that 77 percent of the PCB 
concentrations are less than 8 ppm and similar to the 
concentration used to assess risk under probable exposure 
conditions (Figure 4 -2 )  . As stated, risk estimates based on 
exposure by all age classes to__8 ppm PCBsgand probable exposure 
parameters range from 2xlO~ to 6xlO~ (Table 4-7) . These 
risk estimates fall within the lower end of the target range and 
are considered reflective of the likely exposure conditions in 
this area. 

The concentrations of PCBs in sediment from Pope's Island are 
higher than those detected at either Marsh Island or Palmer 
Island (Figure 4-3). The risks associated with exposure to this 
sediment are within or slijhtly above the target range with_^two 
scenarios exceeding a 10 risk ( 1 . 2 x l O ~ and 1 .3xlO~ )  . 
As with exposure around Palmer and Marsh Island, the incremental 
carcinogenic risks were greatest for children and. older 
children. These risks ranged from 8x10 to 8x10" under 
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probable exposure conditions and 1x10 — 5 to 1x10 —4  under

conservative exposure conditions. Because the 50th percentile

of PCS concentrations from this area is greater than the mean

concentration used to evaluate risk under probable exposure

conditions, the risks estimated under conservative exposure

conditions are considered to reflect likely exposure conditions

in this area. Because these risk estimates span the target

range with two scenarios exceeding a 10" risk, methods to

reduce these risks will be addressed in the FS.


Area III. Direct contact exposure to sediment in Area III was

assessed separately for the Fort Rodman (2.1 ppm mean; 7.1 ppm

maximum) and Fort Phoenix (0.6 ppm mean; 0.8 ppm maximum) state

park areas. The incremental risks estimated for aJU. age classes

for these locations range from 2xlO~ to 3x10 . Under, the

probable exposure conditions, risks ranged from 2x10 to


~*


The concentration distribution of PCBs in sediment from the

beach areas indicates that exposure is likely to occur at

concentrations similar to those assumed under the probable

exposure conditions. Seventy-five percent of samples had PCB

concentrations less than 5 ppm from the Fort Rodman area, and

less than 0.65 ppm for Fort Phoenix area (Figures 4-4 and 4-5).

Risks associated with exposure to sediment from these areas are

reflected by those calculated under probable exposure

conditions. The low frequency of detection of highly

contaminated sediment, combined with carcinogenic risks that are

less than 2xlO~ suggests minimal public health risks from

exposure to this sediment.


Inaestion of Sediment. Ingestion of sediment is considered an

age-related exposure pathway that is most significant for ages 2

through 5. For the New Bedford Harbor site area, exposure

through the ingestion of contaminated sediment is considered

likely for the Cove Area of Area I and the beaches (Fort Rodman

and Fort Phoenix) located in Area III (see Figure 2-7). These

locations represent areas where children may play. Access to

shoreline sediment in other locations in Areas I and II is

considered unlikely given that industrial land use accounts for

the majority of shoreline, and that children ages 2 through 5

are generally not unsupervised or sufficiently mobile to gain

access to such areas. However, because access to these other

areas is not restricted, exposure is possible. Therefore, the

carcinogenic risks associated with exposure to sediment in all

locations were evaluated. The incremental carcinogenic risks to

young children are listed in Table 4-8 and summarized by area in

the following paragraphs.


Area I . The incremental carcinogenic risks associated with the

ingestion of sediment were greatest for exposure to sediment in
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the Upper Estuary Area of Area I. The risks estimated based on

exposure in this -area were- within or exceeded the target range

of 10~4 to 10 (6x10 to 1x10 ). The PCB exposure-

point concentrations were 378 and 6,393 ppm. However, since

young children are not expected to have access to these areas

the risks estimated may not reflect actual exposure conditions.


The risk estimates for exposure to sediment from the Cove Area

are considered more representative of potential exposure

conditions because this area is located near a playground. The

risk estimates based on ingestion of sediment from- the Cove Area

fall within or exceed the target range (4x10 to 6xlO~ ).

The assumed exposure concentrations in this area were 286 and

399 ppm of PCBs. The PCB distribution in shoreline sediment

from the Cove Area shows that over 80 percent of this sediment

have concentrations between 250 and 400 ppm (Figure 4-6) ,

indicating that exposure to sediment in this area is likely to

occur at concentrations similar to those used to assess risk.

Because these risk estimates are based on realistic exposure

conditions, they are considered to represent a public health

risk; methods to reduce these risks will be developed in the FS.


Area II. The risk estimates based on ingestion of sediment from

Area II ranged from 9x10 to 2xlO~ , wJJth the majority of

risk values falling between 10 and 10~ . Risks associated

with exposure to sediment were lower at the Palmar Island area

(9xlO~r to 8x10 ) than Marsh Isjand (2x10 to 2.xlO )

or Popes Island (3x10 x 2x10 ). The higher risk

estimates are associated with exposure under conservative

conditions.


The highest risk estimates for this route of exposure are

associated with chronic exposure to sediment from the Pope

Island and Marsh Island area. Because these values exceed the

target range, they may present a public health risk. As such,

methods to reduce these risks will be evaluated in the FS.


Area III. The risk estimates generated based on ingestion

exposure to sediment in the southern portion of New Bedford

Harbor are lower than those estimated for Areas I or II.

Specific locations within Area III, where exposure was

considered likely to occur, included the beaches at Fort Rodman

and Fort Phoenix state parks. The concentrations used to assess

exposure at these areas ranged from 0.6 to 7.1 ppm PCBs. The

risk estimates generated for these areas are below or within the

lower-end of the target range (the highest risk estimate was

5x10 ) .


The concentration distribution in sediment from these areas

suggests that exposure is more likely to occur at concentrations

similar to those evaluated under the probable exposure scenario
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(3 to 5 ppm) (see Figures 4-4 and 4-5). Therefore, the risk

estimates generated under probable exposure conditions are

considered to best reflect the potential risks associated with

this route of exposure. These values fall within the lower end

of the target range and are between 2xlO~ and 3xlO~ .


Summary. Risk from direct contact and ingestion of contaminated

shoreline sediment is greatest for Area I. Exposure to sediment

in all three subdivisions of this area (i.e., Upper Estuary,

Lower Estuary, and Cove Area) resulted in_.risks for all age

classes exceeding the target range of 10~ . Risks were high

even under probable exposure conditions (i.e., mean

concentrations and probable exposure parameters). Exposure

through direct contact to and ingestion of sediment around the

Popes Island area was within or above the target range. Young

children were considered to be at greater risk from contaminant

exposure in this area than older children or adults. Ingestion

of sediment from the"̂  Marsh Island area was associated within or

above the target range. Methods to reduce risks associated with

these exposure scenarios will be addressed in the FS. Exposure

to sediment from other locations in Areas II and III was not

considered to present a public health risk.


4.2.2.2 Biota


Exposure to PCBs through the ingestion of biota was assessed

separately for lobster, winter flounder, and clams. These

species were considered representative of biota most commonly

consumed in the New Bedford Harbor site area. Exposure

frequencies of one fish meal per day, per week, and per month

were assessed. As discussed in Section 2.5.2 and presented in

Table 2-9, the majority of the population in this area consumes

fish less than once per month but greter than once per year.

Each scenario assumes that the particular species evaluated

comprises total seafood consumption. Incremental carcinogenic

risk estimates for this route of exposure are in Table 4-9.


Risk estimates were derived for subchronic, chronic, and

lifetime exposure durations, to the mean and maximum PCB

concentrations detected in these species. As discussed in

Section 2.5.2, the edible-tissue PCB concentration was used when

available. PCB concentrations in the winter flounder, lobster

(without tomalley), and clams ranged from 0.039 to 2.7 ppm, with

only two concentrations greater than 2 ppm (see Table 2-9).

Lobster concentration in edible tissue including tomalley ranged

from 0.4 to 2.3 ppm (Pruell, 1988). Risks from ingestion of

biota were evaluated separately for each area.


Area 1. Risk estimates based on exposure to biota obtained from

Area 1 exceed the 10 risk level for the majority of exposure

conditions evaluated. The best indicator of potential risks
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TABLE 4-9. CARCINOGENIC RISK ESTIMATES FOR THE INGESTION OF BIOTA; CHILDREN; 

OLDER CHILDREN AND ADULTS; NEW BEDFORD, MASSACHUSETTS. 

CHILD OLDER CHILD ADULT 
PCS Incremental Risks Incremental Risks Incremental Risks 

Area Concen- Sub Sub Sub Life 
of tration Chronic Chronic Chronic Chronic Chronic Chronic time 

Exposure <PP"0 (1 year) (5 year) (1 year) (10 year) (1 year) (10 year) (70 yrs) 

AREA 1 

Lobster 

Prob. daily 0.52 NA NA NA NA NA NA NA 
weekly NA NA NA NA NA NA NA 

monthly NA NA NA NA NA NA NA 
Cons, daily 0.52 NA NA NA NA NA NA NA 

weekly NA NA NA NA NA NA NA 
monthly NA NA NA NA NA NA NA 

Clara 

Prob. daily 0.689 S.6E-04 4.3E-03 4.3E-04 4.3E-03 2.4E-04 2.4E-03 2.2E-02 
weekly 1.2E-04 6.1E-04 6.1E-05 6.1E-04 3.5E-05 3.5E-04 3.1E-03 

monthly 2.8E-05 1.4E-04 1.4E-05 1.4E-04 8.1E-06 8.1E-05 7.3E-04 
Cons, daily 2.121 2.6E-03 1.3E-02 1.3E-03 1.3E-02 7.6E-03 7.6E-02 4.4E-01 

weekly 3.8E-04 1.9E-03 1.9E-04 1.9E-03 1.1E-04 1.1E-03 9.9E-03 
monthly 8.6E-05 4.3E-04 4.3E-05 4.3E-04 2.5E-05 2.5E-04 2.2E-03 

Flounder 

Prob. daily 1.039 1.3E-03 6.5E-03 6.5E-04 6.5E-03 3.7E-04 3.7E-03 3.3E-02 
weekly 1.8E-04 9.2E-04 9.2E-05 9.2E-04 5.3E-05 5.3E-04 4.8E-03 
monthly 4.2E-05 2.1E-04 2.1E-05 2.1E-04 1.2E-05 1.2E-04 1.1E-03 

Cons, daily 2.629 3.2E-03 1.6E-02 1.6E-03 1.6E-02 9.3E-04 9.3E-03 8.3E-02 
weekly 4.6E-04 2.3E-03 2.3E-04 2.3E-03 1.3E-04 1.3E-03 1.2E-02 

monthly 1.0E-04 5.2E-04 5.2E-05 5.4E-04 3.1E-05 3.1E-04 2.8E-03 

AREA 2 

Lobster (w/o tomalley) 

Prob. daily 0.57 7.0E-04 3.5E-03 3.5E-04 3.5E-03 2.0E-04 2.0E-03 1.8E-02 
weekly 1.0E-04 5.0E-04 5.0E-05 5.0E-04 2.9E-05 2.9E-04 2.6E-03 

monthly 2.4E-05 1.2E-04 1.2E-05 1.2E-04 6.7E-06 6.7E-05 6.1E-04 
Cons, daily 1.234 1.5E-03 7.7E-03 7.7E-04 7.7E-03 4.4E-04 4.4E-03 4.0E-02 

weekly 2.2E-04 1.1E-03 1.1E-04 1.1E-03 6.3E-05 6.3E-04 5.7E-03 
monthly 5.0E-05 2.5E-04 2.5E-05 2.5E-04 1.5E-05 1.5E-04 1.3E-03 

Lobster (tomalley) 

daily 2.3 2.8E-03 1.4E-02 1.4E-03 1.4E-02 8.1E-04 8.1E-03 7.3E-02 
weekly 4.0E-04 2.0E-03 2.0E-04 2.0E-03 1.2E-04 1.2E-03 1.0E-02 
monthly 9.7E-05 4.8E-04 4.8E-05 4.8E-04 2.7E-05 2.7E-04 2.5E-03 



TABLE 4-9. CARCINOGENIC RISK ESTIMATES FOR THE INGEST ION OF BIOTA; CHILDREN;

OLDER CHILDREN AND ADULTS; NEU BEDFORD, MASSACHUSETTS.


CHILD OLDER CHILD ADULT

PCS Incremental Risks Incremental Risks Incremental Risks


Area Concen- Sub- Sub- Sub- Life

of tration Chronic Chronic Chronic Chronic Chronic Chronic time


Exposure (PP"» (1 year) (5 year) (1 year) (10 year) (1 year) (10 year) (70 yrs)
__ =====_=_==_________3________«.e._..9).«.._^%__v___________________a___ «. ______________


Clam


Prob. daily 0.231 2.8E-04 1.4E-03 1.4E-04 1 .4E-03 8.2E-05 8.2E-04 7.3E-03 
weekly 4.0E-05 2.0E-04 2.0E-05 2.0E-04 1.2E-05 1.2E-04 1.1E-03 

monthly 9.4E-06 4.7E-05 4.7E-06 4.7E-05 2.7E-06 2.7E-05 2.4E-04 
Cons, daily 1.181 1.5E-03 7.4E-03 7.4E-04 7.4E-03 4.2E-04 4.2E-03 3.8E-02 

weekly 2.0E-04 1.0E-03 1.0E-04 1.0E-03 6.0E-05 6.0E-04 5.3E-03 
monthly 4.8E-05 2.4E-04 2.4E-05 2.4E-04 1.4E-05 1.4E-04 1.3E-03 

Flounder 

Prob. daily 0.371 4.6E-04 2.3E-03 2.3E-04 2.3E-03 1.3E-04 1.3E-03 1.2E-02

weekly 6.6E-05 3.3E-04 3.3E-05 3.3E-04 1.9E-05 1.9E-04 1.7E-03


monthly 1.5E-05 7.6E-05 7.6E-06 7.6E-05 4.3E-06 4.3E-05 3.9E-04

Cons, daily 1.048 1.3E-03 6.5E-03 6.5E-04 6.5E-03 3.7E-04 3.7E-03 3.3E-02


weekly 1.9E-04 9.3E-04 9.3E-05 9.3E-04 5.3E-05 5.3E-04 4.8E-03

monthly 4.4E-05 2.2E-04 2.2E-05 2.2E-04 1.2E-05 1.2E-04 1.1E-03


AREA 3


Lobster (u/o tomalley)


Prob. daily 0.213 2.6E-04 1.3E-03 1.3E-04 1.3E-03 7.6E-05 7.6E-04 6.8E-03

weekly 3.8E-05 1.9E-04 1.9E-05 1.9E-04 1.1E-05 1.1E-04 9.8E-04


monthly 8.8E-06 4.4E-05 4.4E-06 4.4E-05 2.5E-06 2.5E-05 2.3E-04

Cons, daily 0.351 4.4E-04 2.2E-03 2.2E-04 2.2E-03 1.2E-04 1.2E-03 1.1E-02


weekly 6.2E-05 3.1E-04 3. IE-OS 3.1E-04 1.8E-05 1.8E-04 1.6E-03

monthly 1.4E-05 7.2E-05 7.2E-06 7.2E-05 4.1E-06 4.1E-05 3.7E-04


Lobster (tomalley)


daily 1.4 1.7E-03 8.5E-03 8.5E-04 8.5E-03 5.0E-04 5.0E-03 4.5E-02

weekly 2.3E-04 1.2E-03 1.2E-04 1.2E-03 7.2E-05 7.2E-04 6.3E-03

monthly 5.8E-06 2.9E-05 2.9E-06 2.9E-05 1.6E-05 1.6E-04 9.6E-04


Clam


Prob. daily 0.156 1.9E-04 9.7E-04 9.7E-05 9.7E-04 5.6E-05 5.6E-04 5.0E-03

weekly 2.8E-05 1.4E-04 1.4E-05 1.4E-04 7.9E-06 7.9E-05 7.1E-04


monthly 6.4E-06 3.2E-05 3.2E-06 3.2E-05 1.8E-06 1.8E-05 1.6E-04

Cons, daily 0.478 6.0E-04 3.0E-03 3.0E-04 3.0E-03 1.7E-04 1.7E-03 1.5E-02


weekly 8.4E-05 4.2E-04 4.2E-05 4.2E-04 2.4E-05 2.4E-04 2.2E-03

monthly 2.0E-05 9.8E-05 9.8E-06 9.8E-05 5.6E-06 5.6E-05 5.0E-04




TABLE 4-9. CARCINOGENIC RISK ESTIMATES FOR THE INGESTION OF BIOTA; CHILDREN; 
OLDER CHILDREN AND ADULTS; NEW BEDFORD, MASSACHUSETTS. 

CHILD OLDER CHILD ADULT 
PCS Incremental Risks Incremental Risks Incremental Risks 

Area Concen- Sub- Sub Sub Life 
of tration Chronic Chronic Chronic Chronic Chronic Chronic time 

Exposure <PP*» (1 year) (5 year) (1 year) (10 year) (1 year) (10 year) (70 yrs) 

Flounder 

Prob. daily 0.278 3.4E-04 1.7E-03 1.7E-04 1.7E-03 9.9E-05 9.9E-04 8.8E-03 
weekly 5.0E-05 2.5E-04 2.5E-05 2.5E-04 1.4E-05 1.4E-04 1.3E-03 

monthly 1.1E-05 5.7E-05 5.7E-06 5.7E-05 3.3E-06 3.3E-05 3.0E-04 
Cons, daily 0.825 1.0E-03 5.1E-03 5.1E-04 5.1E-03 2.9E-04 2.9E-03 2.6E-02 

weekly 1.5E-04 7.3E-04 7.3E-05 7.3E-04 4.2E-05 4.2E-04 3.8E-03 
monthly 

.̂ 3.4E-05 1.7E-04 1.7E-05 1.7E-04 9.7E-05 9.7E-04 5.7E-03 

AREA 4 

Lobster (w/o tomalley) 

Prob. daily 0.069 8.0E-05 4.0E-04 4.0E-05 4.0E-04 2.3E-05 2.3E-04 2.1E-03 
weekly 1.1E-05 5.7E-05 5.7E-06 5.7E-05 3.2E-06 3.2E-05 2.9E-04 
monthly 2.6E-06 1.3E-05 1.3E-06 1.3E-05 7.5E-07 7.5E-06 6.7E-05 

Cons, daily 0.176 2.2E-04 1.1E-03 1.1E-04 1.1E-03 6.3E-05 6.3E-04 5.7E-03 
weekly 3.2E-05 1.6E-04 1.6E-05 1.6E-04 8.9E-06 8.9E-05 8.1E-04 

monthly 7.2E-06 3.6E-05 3.6E-06 3.6E-05 2.1E-06 2.1E-05 1.9E-04 

Lobster (tomalley) 

daily 0.4 4.6E-04 2.3E-03 2.3E-04 2.3E-03 1.3E-04 1.3E-03 1.2E-02 
weekly 6.6E-05 3.3E-04 3.3E-05 3.3E-04 1.9E-05 1.9E-04 1.7E-03 

monthly 1.5E-05 7.5E-05 7.5E-06 7.5E-05 4.3E-06 4.3E-05 3.9E-04 

Clam -

Prob. daily 0.039- 5.0E-05 2.5E-04 2.5E-05 2.SE-04 1.4E-05 1.4E-04 1.3E-03 
weekly 7.0E-06 3.5E-05 3.5E-06 3.5E-05 2.0E-06 2.0E-05 1.8E-04 

monthly 1.6E-06 8.1E-06 8.1E-07 8.1E-06 4.7E-07 4.7E-06 4.2E-05 
Cons, daily 0.137 1.7E-04 8.5E-04 8.5E-05 8.5E-04 4.9E-05 4.9E-04 4.4E-03 

weekly 2.4E-05 1.2E-04 1.2E-05 1.2E-04 6.9E-06 6.9E-05 6.2E-04 
monthly 5.6E-06 2.8E-05 2.8E-06 2.8E-05 1.6E-06 1.6E-05 1.4E-04 

Flounder 

Prob. daily 0.101 1.3E-04 6.3E-04 6.3E-05 6.3E-04 3.6E-05 3.6E-04 3.2E-03 
weekly 1.8E-05 9.0E-05 9.0E-06 9.0E-05 5.1E-06 5.1E-05 4.6E-04 
monthly 4.2E-06 2.1E-05 2.1E-06 2.1E-05 1.2E-06 1.2E-05 1.1E-04 

Cons, daily 0.339 4.2E-04 2.1E-03 2.1E-04 2.1E-03 1.2E-04 1.2E-03 1.1E-02 
weekly 6.0E-OS 3.0E-04 3.0E-05 3.0E-04 1.7E-05 1.7E-04 1.5E-03 
monthly 1.4E-05 7.0E-05 7.0E-06 7.0E-05 4.0E-06 4.0E-05 3.6E-04 

The cancer potency factor for PCBs is 7.7 (mg/kg-day)-1 
Prob. - Probable exposure conditions. 
Cons. = Conservative exposure conditions. 
Lifetime = Incremental carcinogenic risk for 70 year exposure. 
NA = Data not available. 



from exposure to biota from this area is the clam because this

organism is sessile and lives its entire life within the

contaminated sediment from this area. (Winter flounder is a

migratory species and spends a portion of its life cycle outside

the contaminated area; lobster is not expected to inhabit this

area because of the physical and chemical conditions of the

Upper Estuary.) Risk estimates based on ingestion of__clams fall

within or exceed the target range o_f2 10 to 10~ . These

estimates range from 8xlO~ to 2xlO~ . Risk_estimates for

ingestion of winter flounder range from lxlO~ to 2xlO~ .

Because of the frequency and magnitude to which these values

exceed the target range, methods to reduce risks associated with

ingestion of biota will be addressed in the FS.


Area 2. Incremental carcinogenic risk estimates based on

consumption of biota obtained for .Area 2 were within or exceeded

the target range of 10~ to 10~ . Chronic exposure through

the daily or weekly ingestion of any species (i.e., clam,

lobster, or winter flounder) containing the mean PCB

concentration resulted in risk estimates that exceed 3xlO~ .

Ingestion of lobster (including the tomalley)_.presented .the

highest risks. These risks ranged from 3x10 to 2xlO~ .

Methods to reduce risks from ingestion of biota from this area

will be considered in the FS.


Area 3. Exposure through the consumption of biota obtained from

Area 3 results in incremental risks in_^xcess of 10~ for most

scenarios. Risks in excess of 6xlO~ are noted even when

assuming probable exposure conditions. Methods to reduce these

risks will be addressed in the FS. As in Area 2, ingestion of

lobsters (including the tomalley) presented the greatest risk.


Area 4. Biota concentrations detected in Area 4 were lower than

other areas (0.039 to 0.4 ppm). However, risk estimates based

on exposure to PCB concentrations observed in biota from_±his

area_still fall within or above the target range (2xlO~ to

2xlO~ ) . Methods to reduce these risks will be addressed in

the FS. The highest risks were associated with ingestion of

lobster (including the tomalley).


Summary. Risks from ingestion of contaminated biota, when

assessed for all species and areas, fall within or exceed the

target range for most scenarios, even when assuming probable

exposure conditions (see Table 4-9) . The highest risks were

associated with the ingestion of lobster including the

tomalley. Risks associated with ingestion of lobster excluding

tomalley were consistently lower, indicating that persons who

consume tomalley are potentially at greater risk from PCB

exposure than persons who do not consume tomalley. In addition,

high incremental carcinogenic risks are estimated for lifetime

exposure to PCBs from this route of exposure^ Many of the

lifetime exposure scenarios exceed the lxlO~ risk level.
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Methods to reduce the risks from contaminant exposure via

ingestion of biota will be addressed in the FS.


4.2.2.3 Air


Limited data were available to assess risks associated with

inhalation exposure to PCBs. Risk estimates associated with the

probable and conservative scenarios for subchronic and chronic

exposures ranged from lxlO~ to 3x10** and are in Table

4-10. The data available for risk characterization were taken

from areas distant from receptor locations and were considered

indicative only of maximum concentrations from certain point

source areas (i.e., the Hot Spot Area). Therefore, it was

difficult to interpret the potential risk to public health from

this route of exposure.


An interpretation of the assumed background PCB concentrations

of 10 ng/m was also made in this risk assessment (NUS,

1986) . Assessing exposure to PCBs at this concentration results

in riskj estimates at the lower end of the target range (10~

to 10 ) . The conservative nature of the exposure assumptions

(i.e., continual exposure, complete absorption, and PCBs

exclusively in the vapor phase) in this analysis suggests that

actual risks from a background exposure of 10 ng/m may be

even lower. The lifetime risk associated with a 70-year

exposure-duration to the estimated 10 ng/m background level

is 8x10 .


4.2.3 Risk Summary


The noncarcinogenic and carcinogenic risks associated with

exposure to PCBs, cadmium, copper, and lead are summarized by

route of exposure in the following subsections.


4.2.3.1 Direct Contact with Sediment


Noncarcinogenic and carcinogenic risks associated with direct

contact exposure to PCB-, cadmium-, copper-, and

lead-contaminated sediment were evaluated separately for Areas

I, II, and III, and focused on locations within these areas

where exposure was likely to occur. Contaminant concentrations

detected in shoreline sediments were used when available.


Noncarcinogenic risk estimates for exposure to sediment in Area

I exceeded 1 under the majority of scenarios evaluated and

ranged from 0.7 to 200. Exposure to PCBs accounted for the

majority of the risk. Individual risk ratios for cadmium,

copper, and lead were all below 1. The noncarcinogenic risk

ratios associated with PCB exposure in Area I indicate a

potential public health risk. Young children were considered to

be at greatest risk.


Exposure to sediment from Areas II and III was associated with

noncarcinogenic risk ratios ranging from less than 1 to 3. The
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only risk ratios to exceed 1 were based on conservative exposure

assumptions which were not considered representative of likely

exposure conditions for these areas. These include long-term

repetitive exposure to the maximum detected contaminant

concentration. The risk ratios based on more realistic exposure

conditions were less than 1. Based on this evaluation, the

noncarcinogenic risk for direct contact exposure in Areas II and

III was not considered to pose a risk to public health.


The carcinogenic risks associated with direct contact exposure

to sediment was greatest for Area I. The risk estimates based

on exposure by _a child, older child and adult, ranged from

lxlO~ to 2xlO~ , with the majority of scenarios associated

with risks in excess of EPA's target risk range of 10~ to

10~ . Based on this evaluation, methods to reduce these risks

will be addressed in the FS.


The carcinogenic risks estimated for Area II assuming probable

exposure conditions ranged from 2xlO~ to 5xlO~ . The only

risk estimates exceeding the target range were those associated

with exposure to PCBs under conservative exposure conditions.

Since these conditions assume repetitive, long-term exposure to

the maximum PCB concentration, the associated risks were

considered to be overly conservative. As stated, exposure under

more realistic conditions were associated with risks in the

lower end of the target range.


In Area III, the carcinogenic risks ranged from 1x10— 8  to 
2 x l O ~ _under probable exposure conditions, and from 2xlO~ 
to 1x10
estimates

 under conservative exposure conditions.
 exceeded EPA's target risk range. 

 No risk 

4.2.3.2 Ingestion of Sediment 

Exposure through ingestion of sediment was considered
age-related activity and most significant for children

 to be an 
 less than 

six  Both noncarcinogenic and carcinogenic risks  years.
associated with this route of exposure were evaluated. 

Noncarcinogenic risk associated with exposure to cadmium- and 
copper-contaminated sediment in all three areas was below 1 for 
all scenarios evaluated. Risk ratios based on exposure to PCB-
and lead-contaminated sediment exceeded 1 under certain 
scenarios. For Area I, risk ratios for PCBs and lead ranged 
from 11 to 175 and 26 to 33, respectively. The magnitude and 
extent to which these values exceed 1 indicates that ingestion 
of sediment from Area I presents a potential health risk to 
children. 

Risk ratios based on ingestion of PCB-contaminated sediment in 
Area II and III ranged from below 1 to 17. However, risk ratios 
based on exposure at recreational locations and under probable 

4-48




exposure conditions within these areas were all below 1. Since

these scenarios were considered representative of actual

exposure conditions, ingestion of sediment from Areas II and III

was not considered to present a noncarcinogenic health risk.


The incremental carcinogenic risks associated with exposure

through ingestiongof sediment were greatest for Area I and

ranged from 6xlO~ to 1x10 . These risk estimates were

based on exposure to sediment in areas where access by children

is considered possible. These risk faLl within and exceeded the

EPA's target range of 10 to 10~ . As such, methods to

reduce these risks will be addressed in the FS.


The r̂ sk estimates based on exposure in Area II ranged from

9xlO~ to _2xlO~ , with the majority of risk values falling

between 10~ and 10~ . Risk estimates based_5on probable

exposure conditions ranged from 9xlO~ to 2x10" . The risks

based on exposure in Area III fall- within the lower end of the

target range and are between 2xlO~ to 3xlO~ .


Summary of Sediment Exposure. The risks associated with

exposure via direct contact with and ingestion of contaminated

shoreline sediment are greatest for Area I. Both the

carcinogenic and noncarcinogenic risk estimates based on

exposure to PCBs in this area exceeded the criteria levels

established by EPA. Noncarcinogenic risks based on exposure to

metals in this area were below levels considered to represent a

public health risk. Methods to reduce these carcinogenic risks

from PCS exposure will be evaluated in the FS.


Risk estimates based on exposure to sediment from other areas in

the New Bedford Harbor were less than those developed for Area

I. Noncarcinogenic risks based on exposure to PCBs and metals

were below levels considered to represent a public health

concern. Carcinogenic risks associated with probable exposure

conditions via direct contact with and ingestion of sedjbnent

from_5Areas II and III ranged from less than 10" to

8x10" . The majority of risks were between 10~ to 10~ .

Young children were considered to be at a greater risk from

contaminant exposure than either older children or adults.


Risk estimates based on acute exposure to sediment, representing

intermittent or once-in-a-lifetime exposure, were not considered

to present a public health risk.


4.2.3.3 Ingestion of Aquatic Biota


Exposure to PCBs and metals via ingestion of biota was evaluated

for potential noncarcinogenic and carcinogenic risks. Three

species were considered in this evaluation: winter flounder,

clam, and lobster. Separate scenarios were developed for each

species and assumed that 100 percent of the seafood diet was
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comprised of these species. A standard 8-ounce (i.e., 227

grams) fish meal was assumed for older children and adults and

4-ounce (i.e., 115 grams) fish meal was assumed for younger

children.


Risk ratios based on exposure to cadmium and copper by older

children and adults ranged from below 1 to 7.9. Ratios in

excess of 1 were based on daily ingestion frequencies and whole

body tissue concentrations. These conservative assumptions may

overestimate the actual risks, suggesting that exposure to

cadmium and copper may not present a public health concern.

However, exposure to cadmium and copper by children resulted in

risk ratios ranging from below 1 to 16. Since young children

are more susceptible to contaminant exposure than older children

and adults, this route of exposure was considered to present a

greater risk to a child's health.


Risk ratios based on exposure to lead and PCBs via ingestion of

biota for all age classes exceeded 1 for the majority of

scenarios evaluated. No one area or species appeared to

consistently present a greater risk from exposure to these

compounds. Based on this evaluation, exposure to lead and PCBs

through ingestion of biota presents a public health risk.


Incremental carcinogenic risks associated with ingestion of

biota fall within or exceed EPA's target range. Many of the

scenarios evaluated had associated lifetime risks in excess of

10 . „ The risk estimates based on chronic exposure range, from

lxlO~° to 9x10 for Area 1; from 4x10 to lxlO~^ for

Area 2; _£rom 6x10" to 9x10 for Area 3; and from 1x10

to 2xlO~ for Area 4. Ingestion of lobster, including

tomalley, presents the greatest risk from exposure to PCBs.


Methods to reduce the noncarcinogenic risks from exposure to

cadmium, copper, lead, and PCBs and carcinogenic risks from

exposure to PCBs will be assessed in the FS.


4.2.3.4 Inhalation of Airborne Contaminants


Limited air data were available to assess risks associated with

inhalation exposure to PCBs. The data available for risk

evaluation were collected from sampling stations distant from

receptor location. These areas were chosen to provide a measure

of the maximum PCS concentrations in the air above the mudflats

in Area I. Using these concentrations to assess potential risk

was considered to be overly conservative.


Lifetime-exposure to the assumed "background" concentration of

10 ng/m for the New Bedford area was assessed and associated

with incremental carcinogenic risks in the 10~ range. These

risk estimates were based on conservative exposure conditions,

suggesting that actual risks from this route of exposure are

less than 10~ .
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4.3 OVERALL SITE RISKS


The risk evaluation performed in Section 4.2 focused on the

carcinogenic and noncarcinogenic risks from a single exposure

pathway. Based on this evaluation, exposure to contaminants

through ingestion of and direct contact with sediment in Area I

and ingestion of biota from all areas may result in potential

risks to human health. PCBs were identified as the major

contaminant of concern. Noncarcinogenic risks in excess of

EPA's criterion were also attributed to lead exposure through

the ingestion of biota (all age classes). In addition, young

children (zero to 5 years) were considered to be at a higher

risk from cadmium and copper exposure through the ingestion of

biota than older children and adults.


The total site risk associated with multimedia and multitoxic

exposure was generated by summing the individual risk estimates

developed for the ingestion of and direct contact with sediment,

ingestion of biota, and inhalation of air. This scenario

represents the risks associated with concurrent or sequential

exposure to contaminants through multiple exposure pathways.

These risk estimates are listed in Table 4-11. Total site risk

estimates were evaluated against the MCP criteria of 1x10

incremental carcinogenic risk level and 0.2 noncarcinogenic HI.


The total site risks evaluated in this report were based on

chronic exposure via ingestion of, direct contact with, and

inhalation of PCBs, cadmium, copper, and lead under probable

exposure conditions. The carcinogenic and noncarcinogenicu risk

estimates for each age class and area assessed exceed 10~ and

0.2, respectively. Based on this evaluation, methods to reduce

the overall site risk will be addressed in the FS.
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APPENDIX A


EXPOSURE ASSUMPTIONS AND BODY DOSE CALCULATIONS

FOR THE SCREENING SCENANRIOS




TABLE A-l


EXPOSURE ASSUMPTIONS FOR INGESTION OF BIOTA: SCREENING SCENARIO


Exposure Parameter Value


Average Weight Over Period-of Exposure 40 kg


Duration of Exposure 10 years


Frequency of Exposure 52 exp/year


Amount Ingested 227 grams


Gastrointestinal Toxicokinetic Factor 1.0


Contaminant Concentration Average Daily Exposure Dose


8.2 ug/g (reported by Battelle) 9.5xlO~4 (mg/kg-day)


3.88.80

0017.0.0


A-l




TABLE A-2


EXPOSURE ASSUMPTIONS FOR DIRECT CONTACT WITH SEDIMENTS: SCREENING SCENARIO


Exposure Parameter Value


Average Weight Over Period of Exposure 40 kg


Duration of Exposure 10 years


Frequency of Exposure 100 exp/year


Amount of Sediment Contacted* 6.6 grams/exp


Dermal Toxicokinetic Factor 0.5


Contaminant Concentration Average Daily Exposure Dose


17,404 mg/kg (reported by Battelle) 5.7x!0"2 (mg/kg-day)


2
* Surface Area (4,415 cm ) x Deposition Factor (1.5 mg/cm2) = 6.6 grams/exposure.


3.88.80

0018.0.0


A-2




TABLE A-3


EXPOSURE ASSUMPTIONS FOR DIRECT CONTACT WITH SURFACE WATER: SCREENING SCENARIO


Exposure Parameter Value


Average Weight Over Period of Exposure 40 kg


Duration, of Exposure 10 years


Frequency of Exposure 100 exp/year


Hours Exposed 2.6 hrs/exp


Exposed Surface Area 11,900 cm2


Flux Rate of Contaminant Across Skin 0.5 mg/cm2/hr


Contaminant Concentration Average Daily Exposure Dose


Weight Fraction of Penetrant in H?0 5.3xlO~7 (mg/kg-day)

0.035 mg = PCBs

1000 gm H2 0


0.00029 mg = Cadmium 4.3xlO~4 (mg/kg-day)

1000 mg H20


O.Q04 mg = Lead 6-Oxlo"8 (mg/kg-day)

1000 mg H20


0.0094 mg = Copper 1.4xlO~7 (mg/kg-day)

1000 mg H20


3.88.80

0019.0.0 A-3




TABLE A-4


EXPOSURE ASSUMPTIONS FOR INCIDENTAL INGESTION OF SURFACE WATER: SCREENING SCENARIO


Exposure Parameter Value 

Average Weight Over Period of Exposure 40 kg 

Duration of Exposure 10 years 

Frequency of Exposure 100 exp/year 

Amount Ingested 100 mls/exp 

Gastrointestinal Toxicokinetic Factor 1.0 

Contaminant Concentration Average Daily Exposure Dose 

35 |Jg/£ (reported by Battelle)-PCB 3.4xlO~6 (mg/kg-day) 

0.29 [ig/S. Cadmium 2.8X10"11 (mg/kg-day) 

4 |jg/£ Lead 3.9xlO~7 (mg/kg-day) 

9.9 Hg/£ Copper 9.1xlo"7 (mg/kg-day) 

3.88.80

0020.0.0
 A-4




TABLE A-5


EXPOSURE ASSUMPTIONS FOR INHALATION OF AIRBORNE CONTAMINANTS: SCREENING SCENARIO


Exposure Parameter Value 

Average Weight Over Period of Exposure 10 kg 

Duration of Exposure 5 years 

Frequency of Exposure 24 hours/day 

Amount Inhaled 5 m 3/day 

Respiratory Toxicokinetic Factor 1.0 

Contaminant Concentration Average Daily Exposure Dose 

471 ng/m3 (reported by NUS) 1.7x!0"5 (mg/kg-day) 

3.88.80

0021.0.0


A-5




TABLE A-6


EXPOSURE ASSUMPTIONS FOR INGESTION OF SEDIMENTS: SCREENING SCENARIO


Exposure Parameter Value


Average Weight Over Period of Exposure 10 kg


Duration of Exposure 3 years


Frequency of Exposure 100 exp/year


Amount Ingested 0.5 grams/exp


Gastrointestinal Toxicokinetic Factor 1.0


Contaminant Concentration Average Daily Exposure Dose


17,404 mg/kg (reported by Battelle) 1.0xlO~2 (mg/kg-day)


3.88.80

0022.0.0


A-6
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DERIVATION OF THE TOXICOKINETIC FACTORS

FOR PCBS




APPENDIX B

PCB TOXICOKINETIC FACTORS FOR USE


IN NEW BEDFORD HARBOR RISK ASSESSMENT


Because the dose/response information employed in risk

assessments is derived from toxicological studies that are based

on administered doses, it is important in a quantitative risk

assessment to estimate an administered dose, not an absorbed

dose. In comparing two administered doses, it may be necessary

to make adjustments if the efficiency of absorption is known or

expected to differ because of physiological effects and/or

matrix or vehicle effects. The toxicokinetic factor (TKF) is

used for this purpose. The TFK is defined as the ratio of the

estimated dermal absorption factor for contaminated soil or

sediment to the absorption factor for the laboratory toxicology

study from which the cancer potency factor or reference dose was

derived. Most commonly, this will be a study where the test

compound was administered orally. For PCBs, the cancer potency

factor was derived from a long-term feeding study with

laboratory animals.


PCB TKFs have been developed for two types of contaminated

sediment: heavily contaminated sediments in which the

concentration of total PCBs exceeds 1 percent; and less

contaminated sediments. The two approaches are required because

PCBs not adsorbed to matrix matter are present in samples that

are contaminated in the percent range. In lesser contaminated

sediments, PCBs are adsorbed to matrix components. It is

appropriate to consider the effects of matrix components in

reducing the bioavailability of PCBs only when the ratio of

sediment to PCBs is large, such as when PCBs are present at ppm

levels.


To estimate the two TKFs for dermal exposure to contaminated

sediments, the following three factors have been derived:


(1) The gastrointestinal absorption factor for the study

from which the EPA cancer potency factor was derived

(Norback and Weltman, 1985) is estimated at 80%.


(2) The dermal absorption factor for pure PCBs is

estimated at 41%.


(3) The dermal absorption factor for PCBs in sediments

contaminated with PCBs at levels below 1% is estimated

at 5.4%.


The supporting documentation for these estimates appears in the

accompanying appendices.
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The TKFs for use in risk assessment are derived below:


(A) TKF for highly contaminated sediments ([PCBs]>l%)


TKF = Absorption, dermal, pure compound m 41%= _.. (Q

™ Absorption, oral, diet * 80%= l


(B) TKF for moderately contaminated sediments ([PCBs]<l%)


Absorption, dermal sediment
 =
 5.4% _ _„ fn n_.
07)
Absorption, oral, diet  80%~ 7* (0'


For risk assessment, the administered doses from contaminated

sediment should appear in the equations for estimated body dose

levels, and they should be multiplied by the appropriate TKF

before computation of carcinogenic risk. The relevant exposure

level of PCB-contaminated sediment is estimated by multiplying

surface area (cm ) by the deposition factor (mg/cm ).

Because of the nature of the experiments from which the above

absorption factors were derived,-the estimated deposition factor

should not exceed 15 mg/cm . Optimal accuracy will be

achieved for moderately contaminated-sediments (<1% PCBs), with

deposition factors of 1.5-15 mg/cm , because this range of

deposited sediment per unit area is similar to the amount of

pure PCB administered to experimental animals per unit area.

For highly contaminated sediments (>1% PCBs), optimal accuracy

will be achieved with deposition factors of 1.5 mg/cm or

less. This is because a smaller fraction of the sediment-

adsorbed PCBs in contact with the skin is available for

absorption compared to pure PCBs.


B-2




Supporting Documentation for PCB Toxicokinetic Factor


Gastrointestinal Absorption Factor for Norback and Weltman (1985)

Study


This study, from which the current EPA carcinogenic potency

factor is derived, is a chronic feed study using Sprague-Dawley

rats. PCBs (Arochlor 1260) were administered in the diet.

Arochlor 1260 was mixed in corn oil and then added to Purina Rat

Chow. No information on the efficiency of gastrointestinal

absorption was available from the study. To estimate the

efficiency of gastrointestinal absorption, the toxicological

literature was searched for appropriate studies on PCBs. Six

studies were identified that contained relevant absorption

information:


(1) Allen, et. al. (1975) gave single oral doses of

2,5,2',5'-tetrachlorobiphenyl (18 mg/kg bw) to four

adult rhesus monkeys by gastric intubation. PCBs were

given in 2.5 mL of corn oil on an empty stomach.

Unmetabolized PCBs were analyzed in the feces by GC.

Minimum gastrointestinal absorption was found to be

88%. PCBs found in the feces over specified post-

dosing times were presumed to be unabsorbed material.

Because PCB metabolites are known to be eliminated in

the bile, the possibility exists that some of the PCBs

present in the feces were absorbed and then

eliminated. As such, only minimum absorption

efficiencies can be determined from this and similar

studies.


(2) Allen, et. al. (1974) gave single oral doses of PCBs

(Arochlor 1248) (1.5 or 3.0 g/kg bw) to two adult

rhesus monkeys by gastric intubation. The vehicle was

not specified but is presumed to be corn oil. Dosing

was done on an empty stomach. Unmetabolized PCBs were

analyzed for in feces by GC. Recovery was reported to

be high. Minimum gastrointestinal absorption was

reported to be 94%.


(3) Norback, et. al. (1978) gave single oral doses of

2,4,5,2',4',5'-hexachlorobiphenyl (mg/kg bw) to two

adult rhesus monkeys by nasogastric intubation. Corn

oil was the vehicle. No information was available

concerning the animals' stomach contents at the time of

dosing. Total radioactivity was measured in the feces

and the bile (bile duct cannulated). Minimum

absorption was 13% in one animal and 4'1% in the other

(average = 27%).
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Because these investigators were measuring both parent

and metabolized species in the feces (total

radioactivity), the degree of absorption may be

underestimated if metabolites were present in the feces

during the first week. In addition, according to the

limited experimental details available in this

abstract, bile was returned from the cannulated bile

duct to the duodenum. If so, not all of the

radioactivity in the feces may be due to unabsorbed

material. Thus, the reported absorption figures are

minimum values.


(4) Albro and Fishbein (1972) gave single oral doses of 20

different PCB congeners (5-100 mg/kg bw) and the

unabsorbed marker compound, sgualene, to CD rats. The

mixture was given by stomach tube to feed animals who

were allowed food and water ad libitum. No vehicle was

specified. Although this was not a diet study, per se,

it is possible that dietary components were present in

the stomach at the same time as were the test

compounds. Minimum absorption was reported to be 90%

for all congeners.


(5) Tanabe, et. al. (1981) gave repeated oral doses of

Kanechlors (300, 400, 500, 600) (c.30 mg/kg bw/day x

5 days) to Wistar rats. The dose was given in corn

oil.


Commercial diet was given ad libitum. No information

on the animals' stomach contents was reported. Parent

compounds were analyzed in the feces by GC/MS. Minimal

gastrointestinal absorption was reported to be 85% for

total PCBs. el- to Cl_ congeners had 75-90%

absorption. '


(6) Berlin, et. al. (1974) gave a single oral dose of

2,4,5,2',4',51-pentachlorobiphenyl (7 mg/kg bw) to

three CBA mice. The PCBs were given as an aqueous

emulsion. No information on the animals' stomach

contents was given. Minimal gastrointestinal

absorption was reported to be 93%.


These studies, which involve both rodents and primates and

various PCB mixtures and purified congeners, all show that PCBs

are very effectively absorbed from the gastrointestinal tract.

It is possible that absorption of PCBs that are thoroughly mixed

in the diet is lower than absorption from these studies in which

PCBs are dissolved in corn oil and given by gastric intubation.

In the chronic feeding study of Norback and Weltman (1985),

however, PCBs were added to the diet as a corn oil solution.

Jordan has determined that the above studies do yield reasonable
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estimates of the degree of absorption expected in the Norback and

Weltman study. This six absorption factors were averaged to

yield the estimate of 80%.


Dermal Absorption of Pure PCBs


Several studies have investigated the efficiency of dermal

absorption of pure PCBs or PCBs given in aqueous solution.


(A) Shah, et. al. (1981) place 2,4,5,2',4',5',-hexa-

chlorobiphenyl on the shaved backs of Dulpin ICR mice

for various times. The PCB was administered in 100

mL of acetone, which was quickly evaporated. Total

radioactivity was determined in specific tissues,

organs, excretory products, and the carcass. Radio

activity at the application site was analyzed to

determine the quantity of unabsorbed chemical. 45% of

the administered dose was systemically absorbed in 30

minutes (n=3), and 55% was absorbed in 1 hour (n=3).

After evaporation, the quantity of PCB on the skin

surface was a film 0.0005 mm thick (assuming that the

density is 1 g/cm ).


(B) Wester, et. al. (1983) placed 42% PCB (4.1 and 19.3

ug/cm ) on the shaved abdomens of four rhesus monkeys

for 24 hours. The PCB was administered in 50 uL of

hexane/benzene (1:1) that evaporated quickly. The

efficiency of dermal absorption was determined by

comparing the total urinary excretion of radioactivity

following topical administration to the following

parenteral administration. 15-34% of the administered

dose was systemically absorbed. The average absorption

for the four animals was 21.5 + 8.5%. After

evaporation, the dose of PCB corresponded to a thin

film of 4-19 x 10~ mm thickness (assuming that the

density is 1 g/cm ).


Guinea pigs were dosed with 42% PCB (4.6 ug/cm ) or

54% PCB (5.2 ug/cm ) on the skin on the back of the

ear for 24 hours. Dermal absorption was 33.2 + 6.3%

(n=3) for 42% PCB and 55.6 ± 2.6% (n=3) for 54% PCB.

These values indicate the dermal absorption that was

observed after 24 hours. No earlier time points were

determined. Shah, et. al. (1981), however, found that

dermal absorption of PCBs in mice was not linear over

time. Instead, it plateaued after only a short

periodof time (approximately 1 hour). Thus, the

absorption observed by Wester, et. al. (1983) over 24

hours was probably virtually complete after 1-2 hours.
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(C) Wester, et al. (1987) found that 96% of the 54% PCS in

dilute aqueous solution (1.6 ug/mL) bound to powdered

human skin (stratum corneum). In this experiment, 1.5

mL of aqueous solution was mixed with 1.5 mg of

powdered skin. The fraction of chemical bound was

determined by measuring the amount of radioactivity on

the skin and in the supernatant. In another in vitro

experiment, 12% of the PCBs in the same aqueous

solution were bound to and absorbed through a section

of fresh human skin from surgical reduction. The

administered dose corresponds to a thin film of aqueous

solution 1.6 mm in depth above the skin surface.


For purposes of estimating the dermal absorption of pure PCBs

from the available data based on several experiments, the results

of Wester, et. al.'s in vitro powdered skin experiment was

excluded. The absorption may have been abnormally high due to

the very high surface area of the skin. The four results for

mice, guinea pigs, rhesus monkeys, and humans from the three

studies were averaged to yield a value of 41.3 ± 16.8% absorption

for pure PCBs.


Dermal Absorption of PCBs for Contaminated Sediments


There are no experiments in which the dermal absorption for PCB

contaminated soils or sediments is measured. In one study,

however, the absorption of structurally similar TCDD was compared

for a TCDD solution in methanol and for TCDD-contaminated soil.

Poiger and Schlatter (1980) dosed hairless rats (Naked ex

Back-Cross and Holzman strain) with radiolabelled TCDD. The

percent of the administered dose in the liver after 24 hours was

compared for two situations:


(1) 26 mg TCDD in 50 uL of methanol per 3 cm of skin; and


(2) 350 or_l,300 mg TCDD in a soil/water paste of 75 mg per

3-4 cm of skin (50 mg dry soil/3-4 cm )


The percent dose in the liver after administration of the soil

paste was the same for the two dose levels. Jordan averaged the

values and compared them to the percent dose in the liver

following administration of pure PCB from a methanol solution:


dermal absorption, soil - 1.95 _ ,_. (n ,_.

dermal absorption, solvent 14.8 l«-•«••»;


It is assumed that PCBs are absored to soil and retarded in their

dermal absorption to the same degree as is TCDD. Thus, the
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dermal absorption factor for PCBs in contaminated sediments is

derived by multiplying the dermal absorption factor for pure PCBs

by the expected ratio for the dermal absorption from sediments to

the dermal absorption of pure PCBs.


The dermal absorption factor for PCBs in contaminated sediment =

0.13 x 1.413 - 0.054 (5.4%). This value agrees well with the

dermal absorption factor used by EPA for PCB contaminated soil in

contact with human skin (5%) (EPA, 1986).
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APPENDIX C


EXPOSURE DOSE CALCULATIONS




TAKE C-l. BODY DOSE CdCUUIlOWl DIRECT CONTACT KITH SEtlBDIISi UPKI ESTUMVj ADULT AW OLKD CHILD. 
TABLE HEADEti TABLE 1 

CIMCEIITfiATlM luq/gl FAKTIM ABSOfHEI II) CAC POTENCT 
SITE: Dn Btdfnrd CWTWWWTS HOST REALISTIC KOST REALISTIC ESTIKATE 
EIPOSURE: lirtct Contact «tk Mi ATM 1 Uittr Eitury OF COKCEBKi PROBAILE WMST PWBMU MRST 'if/kq/lliyl-l 

Carcinoftmc Efftcti HaicamnoqNic Efftct PCB't STB. 0000 6W.MOO o.o; 0.07 ?.;oE»oo 
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ISSUE C-l. IODV DOSE MLCUUmMS; DIRECT CMTUT WITH 5ED1KM15; IFFM E5TUM<I| ADUL1 AK) OLDER CHILD. 

»w Bedford 
Urn I Upper Eituiry 
Direct Coetict »th Sediwnt 
Circinoonic Edicts 
Retlistic Worst Cut 
Older Child 

AMunt of SediMnt Friction ) tody Atmnt of : Short-ten « Potncy ! Risk ! Rnk I Ink 
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: 40.0 ,.«* : . 2.0E-02 2.0C-OI 7.70E*00 2.2K-03 I 2.25E-02 

Do tnltord 
ftrcl 1 Upper Eftutry 
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I 
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1 
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TUIE C-2. BOD* DOSE CALCULMIMS; HRECT CWTWT «ITH SQ1KHTS; LflKR ESTUMH; UIA.T m OLKR CHILD 
Arn 1 Lowr Estuary 
Direct Contact nth Stdiwit 
Circiiognic Eflfcts 
Hfil i i t ic »or»t Cut 
OldK Child 

kmut of Stdimt Friction ! Body ! temiit of Short-ttri ! CM Potncy ! *i»k 1 Risk 1 Bui 1 
CoMound CmcMtritton Coituttd Murbtd ! Dtight i Contuinwt body dow ! EttiHti ! Eitiutt ! Eituiti ! EitiHtt ! 

(U|/|l <t/n»l (1) ! lk|) IMurbtd lit/np) l»g/ki-dir> ! <iq/kg/d4y)-l ! Sub-chronic t ChroaK ! lifttm ! 

1 i i : ! i : : 
PCt'i W.OOW t.b 0.07 ! 40.0 ! I.BS-01 M ! 1.3E-03 1 I.3E-02 7.7M»00 I I.m-«4 ! 1.3«-«3 ! IM i 

! ! i ! ! ! ! i 

Nn BnHvd 
Arii 1 ItMtr Eftttirv 
Dirtct Contjtt nih Sfdnmt 
Cvcino^mic Elftcti 
Rvih&t i  c Norst Casr 
Mult 

taoait o) ScliMnt Friction Body ! ftimnt o4 Skort-ttrt ! CM Potixy Hi ft ! Rnk liik 
Coitound Concntrition Conticttd Miurbtd •tight ) Cmtuintnt body dow ! i Eitiuti EitiHti 1 Eitiiite EltlMtt 

lu|/g) I4/FI») II! Ikg) iMiorbid (if/npl (•5/krd«yl ! '• Hg/k|/diy]-l 5u»-ckro«ic I Chronic LltltlM 

i ! ! j 

PCB'j W.OOOC 7.5 0.07 70.0 1 2.ME-OI M I 8.2E-M ! B.2E-C3 ! 7.70E««0 9.00E-05 ! S.OOE-04 4.WE-03 

C-4 
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<»!'»> Ig/eitl 11) ! (kg) AburbN lM/np) ltg/kg-<a> 1 <i«/kg/d«y)-l ) Sub-chronic 1 Chronic 1 LlfttlM 

'. 1 : : i ; 
pci'i 3w.oooo M 4.07 ! 40.0 1.85E-OI W ! 1.3E-03 ! 1.3E-02 1 7.70E*M i I.3»E-04 ! 1.3H-03 1 m 

»if Bedford 
«rn I Coye Art! 
Direct Contict nth StdiM tnt 

Realistic iorst Cite 
Mult i 

taount oi Stdiuit Fraction Body Aioiint 04 Short-tiri ' CAE rotmcy Ruk ! Ruk ; Rut 
CoitwM Concintrition Coitactid Miorbid Might I Contaoiiint body dou ! EitiMtt Eitiute ! Ettnati ! Eltilttt 

lug/g> (g/mpl (I) (kg) !A<>orbe< (H/ml lig/kg-iiy) ! /) dVkg/fayl-1 Sub-ckroiic 1 Chrmic ', LlfttlM 

I ! I ! . 
PCB'i 3W.OOOO 7.5 0.07 70.0 :

:
 2.09E-01 M !
 i

 B.2E-M I 
: 

B.2E-03 7.7KtM f.04E-0! ! f.DOE-M ! 4.MEH)3 
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TABLE M. BODY DOSE CALCULATIONS: DIRECT CONTACT KIT H SEDlKNTSi AREA II; ADULTS AMD OLDER CHILDREN. 
SIMMfiY TABU HEADER: 

COCOITMT1W lui/|l FRACTION ABSORBED II) US POTENCY 
SITE: Nw Btdford CONTAIHNANTS MIST REALISTIC HOST REALISTIC ESTIMTE 
EIPOSURE: Di rK t Contict nth Stdiunt ATM II OF CONCERN: PROBABLE NORST PROBABLE WAST (io./k|/fay>-l 

Cvcinogcmc Eff tc t i Nodcircnoqwic Etftct PCB'i 20.?100 124. 5WO 0.07 0.07 7.70E«00 
doit rYobiolt Cut Rtthitic Kent CIM 
Oldtr Chil  d (Unit 

DATE: U-IUr-n 

DIRECTORY! AMOUNT OF SEJIHENT CONTACTED l«/n») 
DISK: *H BEDFORD MIST PMBMLE MO* NEISHT (k«l 
F I L E  : SCDAII CHILD: i.4 CHILD: 40 

ADULT: 4.H ADULT: 70 

REALISTIC MMST ADULT LIFETIME EIPOSURE: 
CHILD! 4.1225 55 
AIULT: 7.W 

KM Mfort 
AfH II 
Dirnt Cwtict nth Stdiwnt 
CirciDo^mc EHftti 
Host Probiilt Cut 
OUtr Chi Id 

Auint of Stdimt Friction Body Atoint of Sbort-ttri I US Pottxy I Riik ! Ri<k Rlik 
»0«,d Conctntntio* Contuttd AbwrbKl •tight Coituinuit body doit I Ettiutt I Eftiutt ! Eituitt Eltltttt 

Ij/tMl III Ikj) Aburbtd IH/MJ! (K)/k|-dl, I {*t/kq/diy)-t ! Sri-chrome ! dirofiic Lltttllt 

! I 30.»!00 k.t 0.07 to.o 1.UE-03 NA I.3E-05 I.3E-M 7.70E»00 l.UE-Oi> 1.4M-05 
I I I 

»t> Bedford 
Artt II 
Dirtct Cootut nith StdiMdt 
Circinoitou Efftctt 
Itoit Prokult Cut 
Mult 

Coopoiud 
Itaouit of SidiMnt 

Conctntritin 1 Conticttd 
lu(/g) ! (g/Hf) 

Friction 
Aturbtd 

(I) 

Body 
fcight 

Ito) 

; Aiount of : 
I Contuiflint ! 
iAburbtd lif/ri|i: 

Short-ttri
tody doti
Ioo/k«-d4yl

 1 
1 
: 

1 
; 
! 

ME Pottocy 
Eituitt 

ll«/k|/diyl-l 

:
1
!

 Rnk
 Eituitt
 Sub-chronic

 : 
' 
I 

Risk
Eituitt

ftronic

 ! 
: 
1 

R»k 
Estllitt 
Llfttltt 

. 1 1 I I 1 1 1 . 
PCB'9 20.9100 1 4.1 0.07 70.0 1 4.72-05 ! W '. 33.5t-0t i 5.H-05 1 7.70E<00 ! 5.7BE-07 1 5.79E-W, ! 5.1H-M 

: ; : 1 : 1 1 ; 
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TMLE C-4. n»1 DOSE ULCUUTIOKSi DIRECT CMITKT KITH SEIIHENTS; M)EA II; ft WITS MID OLD£» CHIINEN. 

UN Btdford 
ATM II 
DirKt Cutlet nth Sriiufit 
Ctmiogtmc Eff tc t  s 
Rtilutit Korit Cm 
Oldtr Quid 

! AMunt o» Stditnt Friction lody •taint of : Shor i CM Putney i Rilk Ink 1 Ritk 
Cntcnind ! Conttntrition Conttcttd Msorbtd fcigkt Contuiunt ! bod> ' EttiMtt i Ettiutt Ettiutt 1 Ettiutt 

(1) Ikg) Usorbtd (t(/n»i: Ito,, I <Kj/kg/(jyl-l ! M-chroiiic Chronic ! Lifrtitr 

i i ; i : 1 
PCB s 1 124. 5TO 4.4 0.07 40.0 S.7BE-02 !

;
 M !
 :

 4.0{-M i
 :

 4.0E-03 t
 :

 7.7K*M I
 i 

 4.35E-05 4.SE-44 !
I 

IM 

Vti II 
DirKt [outlet nth Stintnt 
C4rcino9«nic Efftct i 
Dtihitic Hurst C»t 
Mult 

•mint of Stdimt Friction I Body Atount o( ! Short-ttrt ! CM Mncy ! Risk 1 Hitk Ritk 
Cotooind I Conctntriti on Cottuttd Mtorttd I «ti gilt Contuiiunt 1 body dost 1 Etttutt i Ettiutt 1 Estititt Ettiutt 

(I) ! Ikg) Absorbtl Io9/n|)l Itq/k^-uy) ! It. U-cbroiiic ! Chrotic LllttlM 

PCB's i 124. 55M 7.5 0.07 ! 70.0 6.3SE-02 ! HA ! 2.4E-M 1 2.41-03 7.70E*00 1 2.8IEH» ! 2.81E-04 1.55E-03 
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TARE C-S. BOH DOSE CM.CU.AT1MS; DIRECT CDWACT KITH SEOHIEHTS: MLHER 1SLAW IMEft l l )  g ADULTS A»D DLKR CHILDREN 
SIMMY TABLE H£ADE»: 

COtCENTMTION (u;/gl FRACT1W AWWK6 (I) CAB POTEKCY NONCARCIHOKK STANDARD/B 
SITE: KM Bedford CWTMINMTS MIST REALISTIC HOST KALISTIC ESTIMATE ACUTE SUB-CHROMIC 
EIPOSIK: Dirrct Cntut nitlt Stditmt Pilttr Mint ftrtl 11 OF CONCERN: PDOIABLE •WET PROBABLE •ORST 

Circmgtnic Efftcts Moncvcinofimc Elltct PC! I 3.0400 1M200 0.07 0.07 7.70E*00 0.00 0.00 
Host Probtili Cut Rtiliitic ferit Cm Copitr 0.0400 0.0000 0.00 O.M O.OOE«00 O.M 0.00 
Dlcttr Child Mult L»< 0.0000 0.0000 0.00 0.00 O.OOE'OO 0.00 0.00 

0.0000 O.OOM 0.00 0.00 o.ooctoo O.M O.M 
OATE: ii->..-"> 

OldEETDRY: V SEDIHOIT COKTKTED Ig/np) 
DISK: d BEJf DOST PMBABLE BODY KIWI (kg) 
FILE: SEH1IA CHILD: o.t CHILI: 40 

ADULT: 4.3? ADULTl 70 

REALISTIC WRST ADULT LIFETIK EIP05URE: 
•HlUl 4.4225 S3 
ADULT: 7.413 

Nn Brttord 
Pilitr Islind VH II 
Oirtct Cwtut »ith S^iwnt 
Circino|t)i:c E4titU 
ItMt Protabli Cut 
Oldtr Quid 

Amnt of StdiiMt Friction Body Aiount of 1 Short-ttr 1 CAC PotlKy I Risk ! Risk 1 Risk 
Cotiomd Concntritlon Cnticttd Absorbtd •tight Cntiiinut ! body oow : Eitniti : EstlMtl ! EitiMtt : EstlMtt 

It/tip) 111 Ikgl Aturitd lio/npll (>g/kg-<> log/kg/oiyl-l 1 Sui-chronic 1 Chrmc 1 LlfttlK 

PCB > 5. MOO k.4 0.07 (0.0 

. 

I.40E-43 : m 
j

l.K-Ot 1
:

 )
 l.«-05 !
 i

 7.70E»00 ! 
1 

: 
2.12E-07 ! 

, 

1 
2.12E-M : 

1 

! 
W 

•n tedlord 
Pilicr lilud ATM I  I 
DirKt Cootut nth Stdixnt 
Circnojtnu Ef f tc t  I 
Hint Protilili Cut 
Adult 

Auunt of ScdlMnt Friction Body Amiitt of Skort-ttro CAB PotlKy Risk 1 Rnk 1 Risk 
((Hind Conctntrition ContiCttd Abwbtd •tight Contuinuit body <o»t Estiutf Estiiitt : Estiutt I EstlMtt 

lu«/g) Ig/nil (II (kg) Atsorbtd lig/np) (ig/k|-diyl (•g/kg/fiirl-1 Sub-thrmic ! Chronic '. Lifetiw 

1 ! ! 
's 3. MOO 4.4 0.07 70.0 ».T7E-<I4 MA 7.6E-07 1 7.M-04 7.70E»»0 B.4IE-0* ! B.4IE-07 1 ».43E-04 

1 1 
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TMU t-5. IMY MS CM.CUUT1WS; DIRECT CMTftCT KIT H KDIBWTS; fULKI ISLMt IMEA 11); WUL1S Mt XKD CH1LWU. 

HM Mford 
Pilwr lilind Aril 11 
Birtct Cmtict «th Sfdiiwt 

ANhitic Hoi-it Cut 
Old«r Child 

Co*|nuid
iftwut at StdiMtt! Friction

 Concntrition t Coituttd ! AburM
 : My
 ' Htigkt

 tout ol
 ContMinut

 Stort-tr.
 body dot.

 !
 !

 M6 Potwcy
 EitiMtt

 ! 
! 

Ink
EitiMti

 ! 
: 

ftiik
Eltlutl

 1
 !

 Riik
 Eltliltf

 I 
1 

(»|/4) ! («/np) 1 (I) ', Ik;) Miorbtd lif/nfl lK)/k|-d. 1 («fl/i(/li»)-l t Sub-clirotic 1 Oirooit '. Litttiw '. 

! ! ! 1 ! ! 1 
fO i 11. MOO )

!
 k.k !
 i

 0.07 !
 I

 40.0 :.2%-03 M 1
 I 

 3.if-05 !
I 
 J.K-M 1

I 
 7.70£»00 ! 

! 
3.WE-M 1 

1 
3.ME-W !

i
 W 1 

; 

•n kdlord 
PilMr 111 »d »rn 11 
DirKt Cootict wtk SrtiiMM 
Carcinoftflic ElfKt  i 
RMlutic lorit Cut 
Mult 

)
;Coi9Hnd
 taut

 Cencmtrition
 of SidiMit Friction

 Coiticttd ftburbri
 lody

 l»i|tit
 !
 !

 tout of
 Cmtumut

 Cbvt
 body •

 1
 1

 CM Potincy
 EitiMtt

 : 
! 

Bilk 
Eitiuti 

Hit*
Eitiuti

 !
 :

 Kilk
 Eiti«tt

 1 
: 

lu«/|l (|/npl (1) (kg) tMiorbtt l>q/np) Itf/kt l>l/k|/diyl-l I Sub-thrnic CkrMic I Lifttiw I 

i ! : : : i . 
'.PCI t tl. 1200 7.9 0.07 70.0 I

I
 3.WE-03 M '.
 :

 2.31-05 i
 :

 2.JE-W I
 ;

 7.70E+00 1 
: 

2.SK-Oi 2.SK-05 1
i
 l.m-H 1 

: 
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TMLE C-4. MOT MSE CNXUUT1IMS; DIRECT COKTKT HITH 5EJ1HEJITS; POPES ISLAW (AREA ID; ADULTS AM) OLKR CHILDREN, 
SUIWW TAILE HEADH: 

CONCENTRATION lui/gl FRACTIM ABSORBED II) CAB POTENCY KKARCIMKII STANDARD'S 
SITE: UN Brtford CMTAKIMNTS HOST REALISTIC HOST REALISTIC EST1MTE ACUTE SUB-CHRONIC 
EIPOSURE: DirKt Contict nth Srtutnt Potn Ulind Aria 11 OF COktERN: PROBABLE MUST PROBABLE WMST (to/kj/diyl-1 lig/kg/diy) Itg/kg/diyl 

Circiiiognic Efftctf Nmcirciiottnic Efltct PCB'« 10. BMC 34.0100 0.07 0.07 7.70E«00 0.00 0.00 
Kent Probttlf Cut Rtihitic Hunt bit Coppir 0.0000 0.0000 0.00 O.M O.OOE<00 0.00 O.M 
Olotr Child Adilt Liid 0.0000 0.0000 0.00 0.00 O.ME*00 0.00 0.00 

0.0000 0.0000 0,00 O.M O.OOEiM O.M O.M 
Mil: l*-»«r-W 

DIRECTORY: MT OF SEIIICin COKTACTEt If/tip) 
DISK: KEH BEDFORD HOST PROBABLE BODr NE16HT lk|) 
FILEi SEDAIIB CMlLBl i.i CHILD: 40 

MULTi 4.59 MULT: 7« 

REALISTIC WRfT ADULT L1FET1KE DPOSURE: 
CHILD: 6.6225 95 

F ADULTt 7.485 
s: 
S. 
L: 

**e*******mrnmn^**mm9mm*mm9Mnnm*mmm*M**mmnm*fm****m*mmnmmmmmww*mmnsxmn 

In Mfwt 
Popn 111 in* ATM II 
Dirttt Cwtut nth Stdiitnt 
CirciDOftmc Elfcctt 
Itolt Probltll Cl» 
OUff Child 

taouit of SrtiMiit Frictio Body Aiont pf ! Skort-trr- CAB Polmcy 1 Ritt i Rnk ! Rnk 
tapiNod ConcK.tr jti oo Contutid Atwrbrt Mtigbt CMtmntnt ! body *»» Ettiutt 1 Eftiuti ', Estiutt 1 Eltmtf 

<u|/g) l i /np) III Ikg) Miorbtd <i|/n»l! (if/kg-di) lig/k|/diy)-l ! Suk-cbromc I Chronic 1 LiMiit 

; : 1 1 1 
PCB'j 10.6600 t.6 0.07 40.0 5.02E-03 1 M : t.fE-M 6.KHJ5 7.7«»00 ! 7.ME-47 1 7.54E-W 1 HA 

KM ltdfwd 
PWH hlui< VH II 
Dirict Coitut nith SfdiM«t 
CirciROfmc EHttti 
Itost rVobUll Ci» 
Mult 

Amunt o( StdiMit Fraction Body tMunt of ! Short-tfri ! CAC Potncy : Rllk ! Rnk t Ink 
Conpound Concmtritlon Contictid Aburbtd Ntight Contuinint 1 body dnt I Eitiutt ', EitiNtt ! Eft iMt r ! Eitititt 

lug / f ) (g/npl (1) (kgl Abiorbtd lig/np)! (ig/kg-diy) 1 t«g/kg/d<y)-l ! M-cnronic ! Chronic I L i f f tm 

PCB'j 10. MM 4 t 0.07 70.0 3.4K-03 ! Ml ! 2.7E-06 : 2.7E-05 1 7.70E*M 1 3.WE-47 1 3.ME-M 1 l.UE-0! 
1 1 1 ! 1 
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TABLE C-4. BODI HOSE CN.CULAT1WS; DIRECT CWTACT N1TH SEDIKENTS; POPES 15:Mil IMEA ID; ABUTS AND OLDER CHILDREN. 

MM BMford 
POOH Him* ATM 11 
Direct Contict «ith Srtimt 
Circmogtni c Efltcti 
Rtilistu Horst Cl» 

taouit of SHiHnt Fraction Body *Mi»t tt Short-tin '. US Potncy Disk ! Rnk 1 lilt 
CMfOUIMJ Concifltrition Contictt* Miorbrd •tight Coituintnt body tea ', Eitiutf Estiutt ! Ettinti ! Eitiiito 

<U|/|I Ig/np) IZ) (k;l Abiortill Il)/Ril (M/kg-iiy ' (§9/k)/dlyl-l Sub-chroiic 1 Cbrotic 1 Lifrtiit 

: ! 1 ! I 

PCB'i 34.01M 4.6 0.07 H.O 1.58E-02 U ! 1.1E-04 ! 1.1E-03 ! 7.70E*00 1.19E-OS : i.m-M : w 

Nn Btdtor 
Popn Iilud VN II 
DirKt Cu ict nth Srtiiwl 

c Elftcti 
Rtilistic •orit Ca» 
Adult 

Aiount Hi StdiHnt Friction Body Amint of Stiort-tfr» CAt Potincy Rnk ! Rtik R.ik 
Coioountf Concntrttioo Contuted Abiorbtd Utiokt Contiiiunt body dow EttlMtt Estiute ! Eftiutc Ettinti 

lu,/,) (j/njl ID Iko.) Abiorbid Itq/fip) Suo-chroiic ! Chronic Llfrtil* 

PCB's 34.0100 7.5 0.07 70.0 1.7BE-02 W ! 7.0E-M i 7.0E-04 7.70E*00 7.47E-W i 7.47E-05 4.22E-
1 
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TAKE C-7. BODY DOSE CALCULATIONS; DIRECT CONTACT NITH SEDHIEHTS: AREA III; ADULTS AW DllEI CHILMH. 
1 TABLE HEAKS

CONCEIITRATIDII lug/g) FRACTION WSDRIEB (I) CA6 POTEKV MMCAKINOCEII STANDAR1/G 
Sl'E: He. Set-ford COKTABIPIAKTS HOST REALISTIC DOST KALIST1C ESTIMATE ACUTE SUB-CHRONIC 
EIPOSURE: Direct Contact nth Sediieit Area III OF CDHCEJW: PROBABLE WRST PROBABLE •TOST l»5/kq/dayl-l 

Carcinogenic Effects Norcarcinoqeiiic Effect PCB's 3.7000 2?. 2200 0.07 0.07 7.70EOO 0.00 0.00 
Boil Probable Caw Realistic tarst Caw Copper 0.0000 0.0000 0.00 0.00 O.OOE<00 0.00 0.00 
Older Child Adult lead 0.0000 0.0000 0.00 0,00 O.OOE«00 0.00 0.00 

Cadiiue- 0.0000 0.00*0 0.00 0.00 0,OOE«00 0.00 0.00 
BATE: 14-fla-" 

DIRECTORY! : 5U1HBTT COMTACTEt 19/11*) 
DISK: KOI BEDFORD DOST PMBABLE BODY HEIGHT Ik)) 
FILE: SEMI11 HILt: t.b CHIUi 40 

iBULT: 4.W ADULT: 70 

REALISTIC WIST AKILI L1FET1W EPD5UK: 
"Ul 6.4225 SS 

AMU I: 7.4BS 

Nn BMforij 
Am I I I 
D l f K  t Contact wt  h Stdiltnt 
Carcinottnic Effects 
flnt Probable Case 
Older Quid 

Annul of Seditent Friction Body «M.nt ti Sbort-teri CAS Potency Risk 1 Risk Risk 
ConcentratiM Contacted Absorbed •eiokt ' Contuinant body dose Estiute Estnate : Estnate Estieate 

(I) (kg) Abserbet log/eip) Itg/kg-day) (ig/kg/day)-l 5ub-cbronic ! Chronic Liletii* 

:PCI s 3.7000 6.4 0.07 40.0 1.7IE-03 m 2.3E-W ! 2.3E-05 7.70E-00 2.5BE-07 1 2.ME-06 IM 

leu Bedford 
Arei 11! 
Direct Contact Nith Sedieent 
Cartinogeric Effects 
Post P'oeaOle Caw 

A«wit of Setntit Fraction Body AaoMt of Sbort-tero CAE Potency Rnk Risk Risk 
Cowound Concentration Contacted Aiurbe* •eight Contaeinant body dow Eitmtr Estiute Estnate Estnate 

lug/gl l«/eipl III Ikg) Atforbed lii/eiel l>g/kg-diyl lt|/kg/day)-l Sub-chronic Chronic Lifetue 

IPCB s 3.7000 4.6 0.07 70.0 I.IK-03 NA I 1.5E-07 1 9.5E-06 7.70E«00 I.02E-07 1.02E-06 !. 431-06 
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TAKE C-7. BODY DOSE CALCULATIONS; DIRECT CONTACT KITH SEDlKKTSj AREA III; ADULTS AW OiKR CHILDREN. 

ten Bedford 
Arti Il l 
DuKt Indict n th Srinrnt 
Circlnogwic EHwts 
Rrilistic Morst Cisr 
Older Cbild 

Aiount it StdiMnt Friction tali I Atount it ! Skort-trri 1 CM PotMCf Riik i ftifk ! Risk 
CMgouid Conctntrition Coitictid Aburbcd Vtigtt ! Contuinint : boo> dot* I EltlMtt EEituttr I Eitutti I EitiMti 

(I) (kg) lAkwrttd lig/nlK Itg/kg-dly) So Sub-ckrouc ! Chronic I LHrtiM 

: 
PCf» 27.2200 4.6 0.07 40.0 : 1.3S-02 : w ?.3E-M 1 ».3E-04 ! 7.70E+00 I.02E-05 I I.C2E-M I 

! 1 

*» It 11 art 
ATM III 
Direct Cwtut Kith 5Hi«Kit 
Ctrcinogmc Efficts 
Rtilntic Merit Cut 
Adult 

hount o< Stdmnt Friction lody Amnt o( Skort-ttri CAB PotMcy Bilk Ink 
CoipDund Conttntrition Conticttd Aesorbrt feiglit Contuinut totff dOM Estiutt Eltiutt Eitiutt 1 Eltintf 

lug/)) Ij/Mp) (!) (kg) Uwkid lig/np) (•g/kg-dly) Sub-chrmu Chrwic ! LlfftlM 

pcr« 21.2m 7.5 0.07 70.0 1.53E-0? MA 6.0E-M 4.0E-04 7.70E»«« 4.59E-W 6.5?E-0 5 ,' 3.63E-54 
1 
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TABiE C-6. BODY DOSE CALCULATIONS^ DIRECT CONTACT N1TH SED1ISNTS] FORT ROMAN IAREA HI); ADULTS AND OLDER CHILDREN. 
SUftlWRY TABLE H«KR: 

CDNCEKTRATIW (Ul/j; FRJKTIIM AKDUED (I) CM POTEKY ttONORCINOSEN 5TANMRI/E 
SITE: »M Bedford 1ST REALISTIC HOST REALISTIC EST1MTE ACUTE SUB-CHRONIC 
EIPOSURE: DirKt Contact nth Stdlirnt Fort Dodun Beack Area OF CONCERN: lABU kWST MflBMLE MUST (if/kg/dayl-l 

Camiottnic Effects Noicarciiwgnic EffKt PCB's 2.1500 7.1JOO 0.07 0.07 7.70£»M 0.00 0.04 
Host Probable Cafe Realistic Horst Cast Copper 0.0000 0.0000 0.00 0.00 O.OOE«00 0.00 O.M 
Older to-.lt Adult Lead 0.0000 0.0000 0.00 0.00 O.ME«M 0.00 0.00 

Cadum 0.0000 0.0000 0.00 0.00 O.OOE««0 0.00 0.00 
DATE: 

DIRECTORY. ' OF S£tl«»T CONTACTED lg/«p) 
DISK: MKT PMIABtE UDT KIEHT Itg) 
FILE: CHILD: i.i CHILI: 40 

ADU.TI 4,59 AMILTi 70 

REALISTIC WftST AWLT LIFETIME EIPOSUREi 
rHlU: 6.U2S 55 
A WIT. 7.185 

Hen Bedford 
Fort Rodun Btach Arta 
Direct Contact >ith Sedlmt 
Carcmodcnic Effects 
(tost Probable Case 
Older DiilS 

Aiount of ScdiMiit Fraction Bod* Aroint of Skort-ttri CAB Potency Risk Risk Risk 
Coifound Concentration Contacted Absorbed Ntigbt Contaitnut Estntte EitiHte Estnate Estiute 

l|/eiil 1:1 Absorbed Hij/tip) !̂LJ , Sut-ctironic Chronic Lifetue 

PCI's 2.1500 4.4 0.07 40.0 M3E-04 M ! 1.4E-06 1.4E-05 ! 7.70E«X 1.50E-07 l.JOE-94 » 

KM ttdford 
Fort Rodian Btach Aria 
Si-Kt Contact »it» SnliiMt 
Carcinogmic Efftcti 
floit Probaoli Caw 
Adult 

Aiount of ScdiHnt Fraction Body Aiount of Siort-tfr- CAS Potency Risk ! Risk Risk 
Ccitount Concentration Contacted Absorbed Height Contuinant body dose EstiMte Estiiate ! Estieate Eltiiate 

luo/|l Ij/eipl II) Ikg.) Absorbed lia/eisl ltg/k;-da» (•g/ko/dayl-1 Sub-chronic t Chronic Lifetlte 

PCS s 2.150« 4 t 0.07 70.0 «.»1E-0« HA 5.4E-07 5.4E-04 7.70E»00 S.WE-OS 1 J.WE-07 :.27E-04 
] 
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TABLE t-B. BODY MSE CALOILATlDHSl DIRECT CDITACT KITH 5ED1ICNT5; FORT RODIMH (AREA 111); ADULTS AND OLDER CHILDREN. 

Dn Btdford 
Fort RodMn Btaiti Aril 
Jir»cl Contict nith Stdiwt 
CircinooMic flttcti 
Rvaliitic Horst C<» 
0!dc Child 

A«nut >f Stdmnt Friction lody A«oint of Slrart-tKi CM Potency ! Riik Rllk ! Rilk 
Cnpound ConcintrltiM Cootictid AbMTtlld fcigllt Contuinuit body dow Eitmtt ! EitiHtt Eitintl 1 EitiHtt 

lui/|) <)/«pl II) <kg) Aburbfd lij/npl (H/kJ-dlyl Itg/kt/dirl-l 1 Sub-ckronic Chrtnic ! LlfttiM 

I 
PCS' i 7.1500 t.i 0.07 40.0 3.3IE-03 IU 2.3E-05 2.3E-04 : 7.70£*00 1 J.49E-06 2.49E-03 I NA 

1 1 

*« Brdford 
Fort Rodll/l Dnch Artl 
DirKt Coitict utt\ Stdntnt 

: Hurst C»i 

lAuuit of Stdimt Friction Ml ! taout of Short-ttn CM Pottficy ! Ink Rllk Rllk 
Conowd ConcntritiM ! Conticttd Abwbrd Hiigkt i Cmtwiunt body tnt EitiHti ! EitiMtt EitiHtt EitiHtt 

II) ik?) lAbwbt* Ii9/tipl Iiq/k9/uy)-l ! Suk-chromc Chronic LlfttlM 

: i 
FCB'l 7.1300 ! 7.5 0.07 70.0 ! 3.74E-OJ m \ 1.3E-09 1 1.5E-M 7.70E*00 ! I.ME-M 1.4IE-05 B.85E-05 

1 
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TAKE C-». BODY tOSE CALCULATIOHS; DIRECT DMT ACT KITH SEDINEJTS: FOST PHOEHH IAREA [ID; ADUITS AHD OLDER CHILDKN. 
SIMIAN TABLE HEADER: 

[OHCEHTRUION (119/9) FDACT1M ASSUMED II) CM niTEKV HONCMtClHMEN STANMRD/B 
SITE: Hn Bedford HOST REALISTIC HOST REALISTIC ESTIMATE ACUTE SUB-CHRONIC 
E1POSUBE: Direct Contact Kith Sedntnt Fort nimu leach AreaOF CONCERN: PHOIMLE MRS1 PROMBLE •OUST 

Carcinogenic Ef fec t  s Norcamnogemc Effect PCB's 0.5900 0.75M 0.07 0.07 7.70E*00 0.00 0.00 

Hoit Protable Cast Rxhitic krit C»» Cogpir o.owo 0.0000 0.00 0.00 O.OOE«00 0.00 0.00 
Older Child Adult Ltid o.oooo 0.0000 0.00 0.00 O.OOE'OO 0.00 0.00 

o.oooo o.oooo 0.00 0.00 O.OOE<00 0.00 0.00 
DATE: 

DIRECTOR DUCT OF SCtmEKT CWIACUD H/ 
DISK: HOST PROBMIE BODV K1CHT (kg) 
FHE: CHIL9: i.d CHIU: 40 

AWU: t.Jf «MHT: 70 

REALISTIC WftST «WLI L1FET1K EIPOSUREl 
CHILt: 4.W25 55 
ANILIi 7.495 

Hi Btdford 
Fort plii>«ii 8t«li ATM 
Circct Contact nth SidiKfit 
CArtinoqcoic Effects 
Nest Prooiblc Cist 
Older Chil  d 

fttount of Stiiwnt Friction Body AHunt of ! Sliort-ttri j CM Potency R»k ! Risk Risk 
Cnfound i Ccncintrtti on Cwtictrt Absorb td Dtiglit Contuinint ! body IOM Estiute Ettitate ! Estiute Estuate 

: iu,/,i Iq/np) (11 Ikg) Aburbid lit/till ! lt«/li«-iiy) . . (•g/kg/dayl-l Slit-chronic 1 Chronic Lifetiee 

: 1 
PCJ's i 0.5W k.k 0.07 40.0 2.7K-04 : M I.7E-07 I 3.7E-04 ! 7.70E*00 4. HE-OB 1 4.11E-07 HA 

1 

Hn Btdford 
Fort Ptiotnii l»c)i Artl 
Dirtct CotUct nth Srdunt 
Carcinogenic Effects 
Host Prooible Ciu 
Adult 

Awint of SediMtit Fraction Body AMWlt Of Short-ten CM Potency Risk Risk Risk 
COMOUAd Concentritiofl ContKted Atsorbed •eioht Contaeiunt bodv do« Eitnate Estiute EitiMte Estloatt 

(U|/|l l«/e<p) ID Ikg) Miorbid (t4/nil Ito.'ka.-o'ay) (•4/k|/dlyl-l Sub-chr-..nc Chronic LlfMltf 

pa s 0.5WO 4.t 0.07 70.0 l.»OC-04 HA 1 IE-07 ! 11.5E-06 7.70E<00 I.»3E-M 1.43E-07 B.9BE-07 

: 
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TAH.E C-9. BODY POSE CALCULATION; DIRECT CONTACT KITH SED'rlHTS; FORT PWEN11 IMEA 11!); AMH.TS AND OLDER CHILDREN. 

No Btoford 
Fort PtioMii Bcut trti 
Dirnt Contict nth MiMfit 
Cirr.uoo.Mlc Effect! 
RM list ic Mor it Case 
Olitr Child 

texiDt of Scdiwit Friction Bsdy AMIUt ti Sliort-tert CAG Pottncy Risk Risk Risk 
Couound Conctntrition Contictvd Ab»rbM Vtiqht Cmtuinuit body dost Estllltt Eltilitt Eitiiitt Estnate 

lll|/|) ig/np) HI (kg) Abtorbtd di/tipl (n/*i-d'r> 1 i li;/k;/diyl-I Suk-thronic Chrome Ll(Ftl» 

PCl'i 0.7500 6.4 0.07 40.0 3.«E-m UA 2.4E-04 : 2.4E-05 7.70E»M 2.62E-07 2.62E-06 H» 

Fort Ptioeiix Peich 4rn 
Direct Contact vi^ Sffli 
C«r cino9V"ic E f f ec t  s 
S'ilistic Korst Cis* 
Adult 

Aiaunt o^ Scditent FrjttlOf, Body Alount at Short-twi CA6 Potency Risk Risk Risk 
Coipsuptf Coicfptraticn Conttctrd ttssrbtd fei;ht Contmnint body dose Estliite Estiiitt Estiiitt Estiutt 

i !u;'g! lq/t<al (I! 'kg) Absorbtd !i?/fip) li?/kq-d<r> < (»]/k|/dljl-l Sub-chronic Ctiromc Lifttin 

PCS'! 1 0.7300 7.5 0.07 70.0 3.53E-04 Ptt I I.5E-W 1.5E-05 7.70E»00 1.69E-07 I.69E-04 9.ME-04 
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TABLE MO. BODY DOSE CALCULATIONS: DIRECT CONTACT KIT H SEttttNTS; COVE AREA {AREA I ) ; CHILD. 
SWWItf TABU HEADES: 

COKCEJnMTlW l fRKTIW ABSQfiBC!) II) UC POTEKV 
SITE: Me. Bedford COUTAnllMHTS DOST HOLISTIC KST REALISTIC EST1MTE 
EIPOSUSE: Direct Contact iith Sedieent ATM 1 Coye ATM V COWEMi PM8ABLE MHtST PROMBLE WRST (»)/kS/<iy)-l 

Carcinogenic Effects Noncarcinogenic Effect PCB's m.oooo JM.OOOO 0.07 0.07 7.70€*00 
Host Probable Case Realis t ic Horst Case 
Child Mult 

DATE: 

BIRECTWV: :»T V SUinENT CWTACTEI Ifl/np) 
DISK: KEN B HOST PROMBLE BOIY C16HT (k;l 
FILE: SEJ1B CHILD: 3.»J CHILD: 

ADULT: «/A AWLT: 

REALISTIC WliST AWLT L1FETIHE ElPflSUREl 
CHILD: 3.7875 55 
ADULT: N/A 

He. Mford 
Am 1 Cox Aret 
OirKt Contict m t  h Stduent 
Carcinoienic Effect! 
Ro;t Probible Cite 
C h i l  d 

Amint of StdiMnt Frution Body AMHUlt Of Short-teri M6 Potency Bilk Rut Rut 
Compound Conceitrition Corticte^ Absorbed feloM Contuinut body dow Estinte Ettiute Ettiute Eitiiite 

(u,/,l !(/ni) 111 lkq> tola-bid lit/eipl Ii5/k,-d»rl (•q/tq/djyl-l Sub-chronic Chronic LifetiM 

PCB s 2M.OOOO 3.» 0.07 It.O 4.B5E-02 MA : I.9E-05 ! ?.«-05 : 7.70E»00 2.ME-M i.OJt-05 M 

Net Bedford 
Area I Cove Area 
Direct Contact >itli Stdiient 
Carcinogenic E f f e c t  s 
Peiiistic Vorit Caie 
C h i l  d 

Aiount of Sftdieent Fraction Body Atount of Short-teri CAE Potncy Risk Risk 1 Risk 
Compound Concentration Contacted Absorbed Height Coituinut body dose ! Estnate Estuate Estimate I Eitiutt 

luq/g) <i/e>i> (I) (kol Absorbed Itq/np) lig/ko-tay) liq/ki/dayM Sub-diromc Chronic 1 Lifetin 

1 
PCB'J W.OOOO 3.8 o.o; 10.0 1.061-01 «» 1 S.B'E-O* 1 2.K-03 1 7.70E«00 1..3BE-05 3.HE-M ; M 
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TAKE Ml. BODY DOSE CALCULATIONS; JIKECT CONTACT »ITH SEDIDEKTS; UPPER ESTUARY IAKA II; CHILI 
SUHWRY TABLE HEADER: 

CONCENTRATION <ug/g> FRACTION ABSORBED ID CAE POTENCY NONCARCINOMN STAWARD/6 

SITE: Hn Bedford CONTAHINANTS MET REALISTIC HOST REALISTIC ESTIMATE ACUTE SUB-CHRONIC 

EIPOSURE: Direct Contact nth Sednent Art* I Utper Estmry OF CONCERN: PROBABLE HOfiST PROBABLE HORST (•o,/ki/dar>-l 

Circmog,tnic Effects Noncvcinogtnic Effect PCB s 17B.OOOO 6313.0000 0.07 0.07 7.70E*00 0.00 0.00 

Roil Probable Cl» Realistic Horst Case Copper 0.0040 0.0040 0.00 0.00 O.OOE*00 0.00 0.00 

Child Mult lift 0.0000 0.0000 0.00 0.00 O.OOEtOO 0.00 0.00 

Cldiiu 0.0000 0.0000 0.00 0.00 o.oo£*oo 0.00 0.00 

DATE: 14-Har-B1 

tHECTORV: HT OF SED1KNT CDNTACTEt (g/tsp) 

net BEI MET PROBABLE BODY HEIGHT (kg) 
FILE: SEH-C CHILI: 3.42 CHILD: 

ADULT; N/» ADULT: N/A 

REALISTIC MRST AMH.T LIFHIHE EIPOSURE: 
WILD: J.7B75 
ACULTi «/A 

UN Btdfortf 
Am 1 Upper Eltuiry 
Direct Contict "ith Sediwiit 
Carcinogenic Effects 
Host Probible Cue 
CMld 

Auunt of StdlKlt Friction Body Atount Df Skort-teri CAB Potency Risk Risk Risk : 
Coi«oun4 . Concentrition Cwttcted Absorbed •tight Cwtaiinut body dose Estiute Estiute Estiute Estiute ! 

: log.'jl li/n>l (1) (kg) Absorbed li(/npi (•g/kg-diy) lig/kg/diyl-1 Sub-chronic Chronic Lifetite ! 

PCB'i 1 376.0000 3.4 0.07 10.0 9.05E-02 HA I 2.SE-05 ! 1.2E-04 7.70E«00 2.73E-04 1.3K-05 w : 

Ne» Bedford 
Arei 1 Upper Estutry 
Direct Cootict «ith Seduent 
Carcinogenic Effects 
Rtilistic Hurst Cist 
Cki l  d 

Awunt of Sedlient Fraction Body Awunt of Short-ten CA6 Potency Risk Risk Risk 
Compound ! Concentrition Conticted Absorbed Height Contaeinant body dost Estitite Estitite Estnite Estiute 

: lu|/gl <g/exp) III Ikg) Absorbed lH/npl lig/kg-di) lig/kt/diyl-1 6ub-chrwiic Chronic Lifetii* 

PCB's 1 UV3.0000 3.B 0.07 10.0 l.Mf'OO NA ! 1.3E-03 ! 4.6E-02 7.70E»00 1.02E-03 5.1IE-03 NA 
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TABLE C-12. BODY DOSE CALCU.AT10IIS; DIRECT COHTAC1 KITH SEDIHIfiS; LO«R ESTUARY (AREA 1); CHILD. 
SUB1WRT TABLE HEADER: 

COKENTDATIW lug/jl FXACTIM ABSODBEC II) CM POTENCY HDNCARCIN06EII STANDARD/S 
SITE: *t> Bedford CONTAHIMN1S HOST REALISTIC HOST REALISTIC EST1WTE ACUTE SUB-CHMMIC 
EIPOSURE: Direct Ccntict nth SM.itnt Aril 1 Low Estwry OF COKCERH: PROBABLE HORST PROBABLE HRST 

Circinoctmc EHtctl Noncirtinojenic EHtct PCB'i 149.0000 3M.OOOO 0.07 0.07 7.70E*«0 0.00 0.00 
Ant IVobitlc Ciu Riihstic torit Ctst Copptr 0.0000 0.0000 0.00 0.00 O.OOEtOO 0.00 0.00 
Child Mult Lwd 0.0000 0.0000 0.00 0.00 O.WE'OO «.oo o.oo 

Cidliui 0.0000 0.0000 0.00 0.00 O.OOE»00 0.00 0.00 
DAT: 

DID! SEDlrSHT COKTACTEt Iq/npl 
CIS HOST PROBABLE W»V K1WT (kg) 
FIL; IIU: 3.42 CHILD: 

HILT: »/A ADULT: N/i 

REALISTIC WRST AMILT LIFETIME EIPDSURE: 
IILB: 5.7B73 SS 

...JIT: M/ft 

MM Btdford 
ATM 1 LMtr Eituiry 
DtrKt Contut nth Stdintit 
Circinoqenic Ef4rcts 
Host Probtblc Cur 
CkiH 

Awuit of Stdinnt Fraction Body Aaaont of Shart-ttri CAC Pgttncy Rllk Rilk : Risk 
Cupnini Concertrition CnitKttd Wsorbtd Yn9M Contuinut body <of* Eitinti Eltllltt Eltllltt ! Estnitt 

lu)/)l Ij/npl (II (kql Mtorbtd («i)/npl IH/k|-'«»' . . --, • Its/kj/djyl-l Sub-chrmic Chronic ! LifitiM 

: t 
ra •> 14?. 0000 3.4 0.07 10.0 3.57E-02 •A 9.BE-06 ! 4.«-05 ! 7.70E«00 l.OK-06 5.38E-06 ! M 

! 1 I 

Hn tret art 
Am I Low Estuiry 
CirKt Contict ultS Srdittnt 
Circincoffiit EHtcts 
Rrilistic Horst Cisr 
Ch. l  d 

Aiount o« SediMnt Friction Body Auunt of Short- W6 Potency But Ritk Risk c_, Concintrition Conticted Abiorbld CofltMl nint body * Estmti Eitiute EstlMtf Eitiutf 
(o/np) (1) Aburbri li^/np) Sub-chronic Chronic Lifetnc 

PCTs 399.0000 1.6 0.07 10.0 1.0kE-01 NA : 3.BE-04 : 2.9E-03 7.70E»00 i.38E-OS 3.m-04 DA 
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TAKE :-n. BODY COSE CALCULATIONS: BISECT CONTACT KITH sEtinMTS; AREAi i : cunt. 
SUKMFY TAKE HEADER: TABLE t 

CONCENTRATION l FRACTION ABSORBED II) CAB POTENCY NONCARCIN06EN STWDARD/E 
SITE: *M Bedford CONTAMINANTS IBST REALISTIC HOST REALISTIC ESTIMATE ACUTE SUB-CHRONIC 
EIPOSUSE: Direct Contact »ith Setnent ATM II DF CONCERN: PROBABLE MUST PROBABLE HOST 

Circiiogrmc Effects Noncarcioo;enic Effict PCI I 20.»IOO 0.07 0.07 7.70E»00 0.00 0.00 

Host Probable Cist Realistic Norst Case Copper 0.0000 0.0000 0.00 0.00 O.OOE'OO 0.00 0.00 
Chi 14 Adult Lead 0.0000 0,0000 0,00 0.00 O.OOEHM 0.00 0.00 

Cadi) ui 0.0000 0,0000 0.00 0.00 0.00 0.00 
DATE. ' - 

D1IEI CONTACTED lg/»p) 
BISK- MIST PROBABLE KIBHT 11,1 
F I L E  ' Dl 3.42 CH1U): 

T: »/A ADULT: •/A 

REM.ISTIC WRST ADULT L1FETIK E1POSURE: 
D: 3.717! 5! 

„': K/ A 

Nn Bedford 
flrn !I 
Iirect Contact «lth Sedietflt 
Carcinogenic Effects 
Host Probable Cue 
Child 

hnouot of Seeiwnt! Fraction Body AMUflt of 1 Cfl6 Potency Risk Risk Risk 
Coipoutd Concentration Contacted : Absorbed Height Contannant { Estuate Eftittte Estnatt Estuate 

(ug/il Ig/eipl : (11 (kol Absorbed (eg/eip) : (ig/kt/dayl-l Sub-chronic Chronic LifetiM 

. 1 1 
PCB's 20.?100 3.4 i 0.07 10.0 5.01E-03 NA i 2.7E-05 1.4E-04 i 7.70E*00 3.02E-06 I.5IE-05 NA 

Nen Bedford 
Aret II 
Direct Contact nth SMumt 
Carcinogenic Effects 
Reahitic Norst Case 
Child 

ftiouot of Sediwot Fraction Body Atount of 1 CAB Potency Risk ) Disk Risk 
Compound : Concentration Contacted Absorbed •eight Contannant t ! Estuate EstiMtt : EstiHte Estnatr 

1 loi'l) (|/ei»l III (kg) Absorbed (ia./e>>> 1 lig/k|/dayl-l Sub-chronic , Chronic Lifetite 

PCB s i 124.5MO 3.6 0.07 10.0 3.30E-02 NA i 9.0E-04 ! 4.5E-OJ ! 7.70E»00 ».?5E-05 ! 4.ME-04 
1 , i 
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TARE C-13. BODY HOSE CALCULATIONS: D1REC' CONTACT KITH SEDlH£»!5i ARE* II; CHILD. 
SUM1ASV 'ABLE HEADER: TABLE 1 

CONCENTRATIDH lu|/g) FRACTION ABSORBCC II) CAE POTENCf MHCARCIHOGEH STAHDARD/G 
Sl'E: Nn Bedford CWTAHIHAVTS VST REALISTIC HOST REALISTIC EST1BATE ACUTE SUB-CHRONIC 
EIFOSUPE: Direct Contut nth Seeieent ATM II DF COKED* PROBABLE HflST PROBABLE HIRST 

Carcinogenic Effects Noncarunogenic Effect PCB s 20.9100 124.5900 0.07 7.70E«00 0,00 0.00 

Holt fTobable Case Rtalistic Horst C»i Coppfr 0.0000 0.0000 0.00 0.00 O.OOE«00 0.00 0.00 

Dull" Muit Lud 0.0000 0.0000 0.00 0.00 O.OOE*W 0.00 0.00 

0.0000 0.0000 0.00 0.00 0. OOE*00 0.00 0.00 

DATE: 

DIRECTORY: AIOIMT DF SEDlHEin CONTACTED l;/fipl 
DISK: HH : DOST PROBABLE BODY HEIGHT (kg) 
FILE: SEB1. CHILD: 3.42 CHILD: 

AMJLT: «/« ADULT: H/i 

REALISTIC MOST ADULT LI FEU BE EXPOSURE: 
CHILD: 3.7871 55 
AMILT: N/A 

Hen Bedford 
Arti 11 
Pirnt Contut nth S 
Circirojenic Effects 
Hcit Problble C»l 
Chi ld 

Auunt of Sfdiunt Fraction Booy Aiixint of Short-teri CAG Potency Risk ! Risk Risk 
' Cocpounti Cofttentration Contacted Absorbed •tiilit Contannant body oou Eitiute Estiwte ! Estieate Estliate 

luj/).1 (|/nil (I) (kg) Abiorbed laq/r»p) li;/kg-iay) lig/kg/darl-1 Sub-chrome 1 Chrome Lifttlie 

i'CB s M.7100 3.4 0.07 10.0 5.01E-03 W 1 2.7E-OS ! 1.4E-04 7.70E«00 3.02t-04 ! 1.51E-05 HA 

He. Bedfori! 
Area II 
Direct Contact Kith Sedmnt 
Carcinogenic Effects 
Realistic Morst Case 
Child 

lAiOiut of Sfdiwnt Fraction 1 Body Auunt c CAG Potency Risk ! Risk Risk 
'CoMOiind Cottcentration ' Contacted Absorbed ; Height Cofltaain: Estieate EitiMte ! Estliate Estieate 

(ug/gl : (g/eip) (I) , Iko.) Absorbed (v (•q/kg/dlyl-l Sub-cnrnmc ! Chronic Lifetlte 

] 1 
PC! s 124. 5?M i 3.B 0.07 : 10.0 3.30E-02 HA 9.0E-04. 4.5E-03 7.70E»00 9.«E-05 i 4.W-04 HA 
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1AB.E C-14. BODY DOSE CALCULATIONS; DIRECT CONTACT iITH SEDIHEHTSi Him ISLAM IAREA []); CHILD. 
E'jhUMY TABU HEADER: 

CONCENTMTIOII FRACTION A8SW6EI ID CAE POIEKC1 WNCARCINWEH STANDASD/E 
SHE: In Bedford HOST REALISTIC 11051 REALISTIC ESTlNATt ACUTE SUB-CHRONIC 
E1POSURE: Direct Contact «th Sednent Afil II Pi)Mr Wind OF CONCERN: PROBABLE NDRST PROBABLE MUST 

Carcinogenic Effects hancarcinoa.enic Effect PCB's 3.0400 11.4200 0.07 0.07 7.70E»00 0.00 0.00 

Host Probible Case Realistic Norst Cm Copter 0.0000 0.0000 0.00 0.00 0.001*00 0.00 0.00 

Child Milt lead 0.0000 o.oooo 0.00 0.00 0, DOE *00 0.00 0.00 

0.0000 0.0000 0.00 0.00 O.W>E»00 o.w o.oo 
DATE: 

DIRECTORY: 1D1MT OF SED1KEXT CWTKTED Iq/tip) 
DISK: *B BE HOST PMBBBLE MD1 HEIGHT Ike.) 
FILE: SEHIIC CHILD! 3.42 CHILI: 

ADULT: K/A ADULT: «/ 

REALISTIC WRST AtULT L1FET1K EIPD5URE: 
CHILIi 3.7875 55 
ADULT: M/A 

Nn BKford 
Art! II I'll Mr Island 
Direct Contact Kith Sediwnt 
Carcinogenic EHicts 
lint Probable Case 
Child 

Atouiit of Stditent Friction ' Body Aioint of Sbort-twe • CAE Potency Risk Risk Risk 
CO..C,, Concentration Contacted Absorbed I Height Coiita>inut body dose Estiute Estiute Estteate Estllatt 

111?/?! (1) ! !kql Absorbed lig/eip) <»g/kq-<tay} Suk-chronic Chronic Llfetue 

PCB'S 3.0400 3.4 0.07 : 10.0 7.28E-04 NA 4.0E-W 2.0E-05 7.70£«00 4.39E-07 2.1»E-Oo NA 

Nn Bedford 
Area II Pilier Island 
DirKt Contact «ith Sednent 
Carc:ne?«ic Ejects 
Realist ic ricrst Case 
Chi l  d 

Aiount o< StdiHnt Fraction ! Body Auunt of Short-ten CAE Potency Risk Risk Risk 
Coacound Concentration Contacted Absorbed ' Height Contaiinant bod) dose Estieate Estnate Estnate I Estitate 

lue/|l lf/ei»l II) : liq) Absorbed lei/eipl l«4/ki-dai» Sub-chronic Chronic : L i f e t i  M 

PCJ's 11.42M 3.8 0.07 : 10.0 3.0JE-03 M B.3E-05 4.IE-04 7.70E«00 9.12E-0. ,.«* NA 
1 
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WE C-15. 1 DBSE MLCUU'IIWS: DIRECT CWTKT KITH SEDIHENTS; POPES ISLAM IAREA lii; CHILD. 
SUHIWRY 'ABLE HEADED: 

CDWENTRATION luj/'gl FRACTION ABSORBED II) CAE POTENCY NOMCARCIWCEN STAHMRD/S 

SITE: He. Bedford CDNTAIUMANTS ID5T REALISTIC HOST REALISTIC EST1HATE ACUTE SUt-CHRONIC 
EIPOSURE: Direct Contact »ith Sednent Area II Popes IsUnd OF CONCEM: ffDMBlE KMST PROBABLE HORST 

Carcinogenic Effects Moicarcinogenic Effect PCB'i 10.BMO J4.0100 0.07 0.07 7.70E«00 0.00 0.00 

Hoft Probable Case dullstu Horit List Copper t.OOOO 0.00 O.M O.DOE*00 0.00 0.00 

Child Adult Ltid C.OOOC 0.0000 0.00 0.00 O.OOEtM 0.00 0.00 
0.0000 o.oooo 0.00 0.00 0.001*00 0.00 o.oo 

DATE: 20

DIRECTDRY: KOUKT OF SEDIHEKT CONTACTED (g/np) 
9ISK: NEV BEIF' HOST PROBABLE IODY KIGHT Ikgl 
FILE: SED1I8-C CHILD: 3.42 CHILD: 

ADULT: I/A ADULT: «/' 

REALISTIC WRST ADULT L1FETIHE HPOSUREl 
CHILOi 3.7875 a 
ADULT: N/A 

KM Bedford 
Arta H PDPH Island 
Birttt Contict .ith Stdttcnt 
Circinoqmic EHfcts 
hoit Protitlt Ci» 
Child 

Aiouit of Scdiunt Fraction Body Awwit of Short-ttrt CAG Potmcy Disk Rut Risk 
Cowound Conctntrttion tetitttd Murbtd Vtigkt Contiiiwit body 'DM EltlMtt EstiMtt Eitititt Estliitr 

(u|/gl (9/np) (I) Itq) Absorbtd d;/np) Itg/kg-dayl li^/kg/dlyl-l Sub-chronic Chronic LlfttlM 

PCB's tO.BiOO 3.4 0.07 10.0 2.40E-03 M 1.4E-05 ! 7.1E-05 7.70E«00 1.57E-04 7.84t-0e W 

Mw Btdford 
Art< !! Poet; Island 
Direct Contact vith Sedntnt 
Carcno;»<ii[ Efftcti 
Realistic No^st Case 
Wild 

Aiount of SrdiMot Frac t io  n Body taunt of Short-ten US Potency Rl<k R i f  k Disk 
CtKCDWll ContMtration Contacted Absorbed lleioht Contannant body tmt Eititate Eittiate Estnate Estiiatt 

(>|/g) <;/e>i! (1) (kgl Atsorted dg/eii) (to/kq-day) (•q/kg/dayl-l Sub-chronic Chronic Llfetue 

PCB's 34.0100 3.6 0.07 10.0 9.02E-03 IM 2.5E-04 1.2E-03 : 7.70E»00 2.7JE-OS I.14E-04 HA 
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TABLE c-u. mi DOSE CALCULATIONS! DIRECT CONTACT KITH SEDININTS; AREA u CHILD. 
SIWWR1 TABLE HEADER: 

CMCEHTMT10N luq/g) FRACTION 111 CA6 PDTEMCV STANDARD/6 
SI'E; KM Bedford COHTAKIHMTS HOST REALISTIC HOST REALISTIC E5TIKATE ACUTt SUB-CHRONIC 
ElfDSUK: Direct Cmtict nith Sednent Are* lit OF CONCERN: PROBABLE •OUST PROBABLE NDRST 

C»rcnogenic Effects Nonc*rcino|enu Effect PCB'a 3.7100 29.2200 0.07 0.07 7.70E-00 0.00 0.00 

Host Prohibit Cue Rtihstic Horst C«se Copper 0.0000 0.0000 0.00 0.00 0.00£*00 0.00 0.00 

Child Milt Lnd 0.0000 0.0000 0.00 0.00 O.OOE+00 0.00 0.00 

Cidti in 0.0000 0.0000 0.00 D.OO O.OOE<00 0.00 0.00 
DATE: M-II..-OO 

DIRECTOR BUST OF SEDINEXT CONTACTED (g/«p> 
DISK: HOST PROBABLE BODY K1GHT (kg) 
FILE: CHILD: S.42 CHILD: 

ADULT: N/A ADULT: «/ 

REALISTIC UR51 ADULT LIFET1* EIPOSURE: 
CHILD; 3.7B73 55 
ADULT I N/A 

Mn Btdford 
Sr.i III 
Birfct Cwitjct nth Srtupnt 
Circinogenic EOects 
Bait "robatiU C»t 
Child 

AMuit of StdiMnt Friction Bod» Atount 0. U6 Potency Rltk Rilt Riik 
Cownond Cui»ntr<ti«i Contictti Absorbed Mfiqht CDRtannio EitiMte Eitiute Eitmtf Estiute 

l«l/l> l;/t<|il III Iktl Abiorbtd \*>i [•)/'kq/di»l-l Sub-chronic Chronic Lifttue 

P£«'» J.7100 3.« 0.07 10.0 6.88t-0< NA ! 4.7E-M 2.4E-OS 7,70E*00 5.J5E-07 2.6BE-Oi NA 

DM Bedford 
Arti III 
Direct Contact ulh Sed-.itnt 
Cvcinotcnic Efftcts 
Reihitic llorit Cue 
Cnild 

Aioiut at Stduent Friction Bocy AHunt of Short- CAG Potency Risk Disk disk 
Coaoound 1 Corcentration Contlctrd Absorbed •eight Contiiinint body i. Eitiwte Eftiiite Estinte Eitiute 

Ino/ll lo/eipl II) Ikq) Absorbed (l|/e>il (10/k (•o,/ko./dir)-l Sub-chronic Chronic Litetue 

PCI'i 2^.2200 I.B 0.07 10.0 7.75E-03 M : 2.1E-04 i l.lt-03 7.70E«00 2.33E-05 I.17E-04 •A 
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TABLE C-17. BOtV DOSE CALCULATIONS; BISECT CONTACT KITH SEDIKENTS; FORT ROOM*1 IADU HI); CHILD. 

TAKE hEAOEF: 
CONCENTRATION (ug/g) FRACTION MSMtEt ID CAB POTENCY NMCMCINOKH STWCAKD/E 

SITE: Ne> Bedford CDHTMIIUVTS WST REALISTIC MIST REALISTIC ESTINATE ACUTE SUB-CHRONIC 
E1POSURE: Direct Contact n i t  h Sednent Fort Rooun finch Area DF COWER*: PBWABLE MUST PROBABLE HURST ltg/kg/diyl-1 l«g/kg/diyl 

Carcinogenic Effects Noacamnofenu Ef fec  t PCB's 2.1500 7.1300 0.07 0.07 7.70E»00 0.00 0.00 
Host Probable Case Reihstic Norst Case Copter O.OOM 0.0000 0.00 0.00 O.OOE'OO 0.00 O.M 
Child Mult Lead 0.0000 o.oooo 0.00 0.00 O.OOE'OO 0.00 0.00 

Cadiiu. 0.0000 0.0000 0.00 0.00 O.OOE'OO 0.00 0.00 
DATE: 

DIRECTOR- UHI1MT DF SEIH«E«T CONTACTED Iq/t ipl 
DISK: HOST PROBABLE >OOV KE16HT Ikg) 
FILE: CHILD: ].«2 CHILD: 

ADULT: «/« ADULT: N/i 

REALISTIC HOPST ADIH.T LIFE11HE ElPOSUffi: 
CHILD: J.7B75 55 
ADULT: N/A 

Nn Btd-ord 
Fort Rodtin Btach Area 
Direct Contict «ith Sednent 
Cvcinogenic Effect: 
Host Prutlible Cue 
C h i l  d 

ftiouot of Sediient Friction Body Atount of Stort-tffi CA6 Potency 1 Rllk Rltk Risk 
:Co>foui« Concentrition ConUcted Absorbed •eight ConUunint body lose Eitmte ! Estiute Estiutr EstlMtr 

l«9/») (?/«?! II) (kg) Absorbed leg/rip) lig/kg-dirl . l»g/kg/diy>-l ' Sub-chronic Chronit Lifetite 

:pcfi 2.1500 :.4 0.07 10.0 5. 15£-0« M ! 2.8E-04 ! I.4E-05 ! 7.70£»00 I 3.10E-07 1.55E-04 NA 

KM Bedford 
Fort Rodltn Beacl) Area 
Direct Contact »ith Seditent 
Carcinogenic Effect; 
Reahsti: Horst Case 

AMunt of Sediient Fraction Bodt Ainnt of Sliort-teri CAB Potency Risk Disk Risk 
CMpound Concentration Contactel Absorbed Meigbt Contatinint body dose Estnate Estimate Estiute Estnate 

lug'gl Ig/e.pl (I) Ikgl Absorbed (ig/eipl (>g/kg-dir) <«g/kg/day)-l Sub-chronic Chronic Lifetue 

PCB's 7.1100 3.8 0.07 10.0 I.BK-03 NA ! 5.2E-05 ! Z.4E-04. 7.70E»00 5.70E-04 2.85E-05 HA 
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TABLE C-1B. BODY DDSE CALCULATIONS: DIRECT CONTACT IHTH SEDlflENTS; FORT PHOENII (AREA III): CHILD. 
SUMWfif TABLE HEADER: 

CONCENTRATION lug/»> FRACTION ABSORBED II) CAS POTENCY NONCAHCIN06EN STANDARD/fi 
SITE: »« Bedford CONTAHINANTS HOST REALISTIC HOST REALISTIC ESTIHATE ACUTE SUB-CHRONIC 
E1P05WE; Direct Contact nth Sedixnt Fort Pkoemi Bfich AreaOF CONCERN: PROBABLE NORST PROBABLE NODST <ig/kg/day) 

Carcinogenic Ef fec t  s Nwcamnosenic Ef fect PCB s 0.5900 0.7500 0.07 0.07 7.70E«00 0.00 0.00 
Host Probable Case Realistic Norst Catt Copper 0.0000 0.0000 0.00 0.00 O.OOE«00 0.00 0.00 
Child Mult Lead 0.0000 0.0000 0.00 0.00 O.OOE'OO 0.00 0.00 

Caduui 0.0000 0.0000 0.00 0.00 O.OOE'OO 0.00 0.00 
DATE: 

DIftEt MOUNT OF SEDMENT CWTACTED (g/np) 
DISK. HOST PROMBLE BODY HEIGHT (ki) 
FILE: CHILD: 3.42 CHILD: 

ADUIT: N/A ABULT: N/A 

REALISTIC MRST AtULT L1FETIW DP05URE: 
CHILD: 3.7875 55 
ADULT: N/A 

Nn Beiford 
Fort Photftii Beach Area 
C:rect Contact nth Sediient 
Carcinogenic Effect: 
Host fVobible Case 
Child 

Aeount of Sedietftt Fraction Body Aiount of Short-t CAE Potency Risk : Risk Risk 
Cotjound Concentration Contacted Absorbed Neight Contact nut body dc Estiute Estiute ! Estitate Estnate 

liq/i) lg/e*p) 111 Ikgl Absorbed (i«/eipl Sub-chronic ' Chronic Llfetue 

PCS's 0.5900 3, 0.07 10.0 I.4.1E-Ot NA i 7.7E-07 .' 3.?E-0« : 7.70E»00 B.ME-08 : 4.2oE-07 NA 

Ne. Bedford 
Fort Ptiotflu Beach Area 
Direct Contact nth Sediient 
Carcinogenic Ef fects 
Deahstic Norit Case 
C h i l  d 

AMunt of Sedimt Fraction Sody Axiunt of Short-tl ! CA6 Potency Risk \ Risk Disk 
Cowound ' Concentration Contacted Absorbed Height Contannant body (01 ' Estiute Estiute I Estnate Estnate 

(ui/gl H/e.p) U! (kg) Absorbed lig'e>p) lig/kg-v. ! dg/k;/day)-l Sub-chronic ! Chronic Llfetlte 

PCB's 1 0.7500 3.8 0.07 to.o l.WE-0* HA 5.4E-04 1 2.7E-05 i 7.70E<00 5.?9E-07 ' 3.00E-Ot NA 
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Ô



-« 
o



1 Subchroaic 1

! body dosi I

! lia/kg-diy) 1


s
 s



U
J
 
U
J



f
i



l
|
|



S
O



I
I
I



?f

§1 

I
i



0
^
3
 

M
 
S



W
»
 
O
 

M



11!

l~


0
0
 

0
0



O
 
0
 

«
>
 
0



l|t



8
8
 

3
3



—
 
0



1
1
s



U
.
 «



•* 
Ô



tr* m



at 
£



*
 —



8
8
 

s
II


••
 
K
>



0
0



u
 
a



u



1

-
s

i 
1 

.
 3

]
1
1

il 

J



a





CONTA»!WH" CDNCESTPATIO-. 
\h W L3' l !i "AC'IDH ABSQRPEi II' CA5 POTEKCV liONCHfiClKOEEtl ! 

S " T = . »K SfO'O'd CONTAMINANTS HOST PE6.15TIC POST SESLIS'IC EST1IWTE ACUTE 5L'E-LUPW!C 
•>'C5- 'E. !-"iU»:or ci Sir DF CMCEflN: P'OFSK! KOFJT 'fiDPUHE yflSS' '• I /kD'dav)-] iM'tD'di ' ' io43'dj. 
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TARE C-.:. K!-i iCSE Cx.CULtTilUS: INHAi^'IDI Jf MP: ASA' AW JL[E« CHILD. 
A l l ir«. 
!ihjli*:pi r* Air 
Li'TiTM":: Ei'fct' 
Ett!:ili: Kr'st Cist 
r'dtr Child v«r sip 10 vpir i 
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î 

t-l 
|ii

 
"
 2

"
 

ir> 
i 

~sgg g 
u

o
?

f
3 

u
? f 

S
 u

* -3
 d
 °
 °
°
 

•2 S
 

Si S
 

Si 
•2* 

S
 

^ s 
o

i
 

3
 2

1
 

s s -5 
r
f
»
 O

 
•n

 
2

2
-
S

 
in

 
<>

 

*«• i
 

^
J
 

"
2

 ̂
 

(3
 

g
-
 

T
S

f
f

 f 
2

S
 

-
S

 
g
i

S
 

•
 

h_ 
g

*-4
 
-a

 
*̂ 

o
 
o

 
o

 
w

 
•s s r 

3 i -o 
i

•S 
3

 f 
a

l 
£
 
=

 'O
K

*; o
 o

 
o

 
3
 

0
 

§
5

 
~J 

£
 

*** 
•
 

2
 

12 i
 

"
S

| 

S
g

g
 g
 
|
 

|l
 

2
J

| 
^

 
1

If 
^ 

r
if

 
u

 
-̂

 
J7

 H
! »~ —

• «
 o

 
o

 
^

 
2

 
<K 

3
 
u

 
u$

S -2 5" 
o
 ̂

 
s 

•g 'j 5
 

o
1 ̂

 
2

 
£

 
S

 5
. 

t
 °i

* 
• 

~
 •"

 95 
5

 
!fc 

9
 

P
 »-

»-» 
^

 
O

B
 

u* «
 3

 
iu

 
—

 
OB 

u
j 

:•
 
»

 
•* 

oc 
v

 
»-̂

 
g

O
 E
 

M
 ̂

 
U

J
 

C
*4 

U
9
 
«
 

i 2
 Ij. 

4
 

a
a

 f 
C

J
 

•
 

3
 

§
 5

 3
 

I S
 

K
 

oe 
3

 
S

 S
 S

 S
 

—
!|
 

—
 

s s 
—
i

 
H

^
 

u4 
—

 
o

 
o

 
o

 
n

 
U

J
 

lA
l 

! 
3

 
S

-3 
,.
 

s s
S

 
,_

M
 

-
0

1
 

s
(>

« 
^

 
•1
 

^
 

•s
 r 

I
 

"̂
> 

>
•
 
*
*
. 

if
"

O
-

H
1

3
3

 ?
 

.
-
i
i
 

N
 

—
*• 

•
 

a
. 

H
 

0
0

9
 0

 
5 .* "S

 
5 "

 s
 

: 
a . *

 
?

f 
"
s

i 
s • »

 
s s -3 

T
 
*
 

g 
S

 -3 
i

 s
 

.A
 

a
* 

P
^
 

O
 

u
 
^

^
 

^
 -q

1 ̂
 

"~* 
If* 

il 
i 

s
 

il?
 

...... 
._

,
f
 

^^
 

=
 

g
 
g

|Il«
2
 

|
 
I
I
 

I
I

 
1 

1
 

fii
l
l
f
 

3
*
 

f -s =• 
a

l 
S

: 
ill 

1
1
1
 

:
i

?
f
 

•S 
i

s g
 

N
 

E
5 

~ s c 
*-S

 
5 

ro
 

§
 

: 
111 

»
 
0

^
 ̂

s 
Is

J
l
l
 

J
 S

 ff 
3 s s-

1
I.-U

S
 

2 
3

 B. 3
 

g-S
 TS 

(
 

i
 

J
 

1
 

*
-l 

O
 
&

.
 
U

 
^
4
 
t
J

0
 
0
 

^
 o

 
"

 
-. 

i
'

£
 
S

.̂ s
 V—

 
^

 o
 

>. s —
 

• 
2I

2
 
-

Jf£ 
1 

M
 

!
g

 g 
M

 
e

 
u

 
i

g
g

 

tj 2 —
 

-̂
 

<=>
 

oT 
5 

u
 -3 

1
3

-
^

 ̂
 

3
5


u
. ̂

* 
ill!

 
1
1
"
 

a 
0
 
0
 

at
0
 
0

*
 

s 
-i
 

** "• 
10 ** 

^
|
 

1
M

g
 
£

 
S

a
 

v
 

*
 

un 
"" S

5
 

i •
I-

P
 

3
 

L
. 

S
 

S
 

H
 

"
 

*
|
5

 
o
 

"
 
' 

• 
g 

g 
2
 |

3
 

1̂
 
u

 —
 

e
_ 0
 
0
 

o
 
o

a s 
1s ||

 
f 

|
 

N

 
s

 
s . 

^
 ro

 
£ 

S
 

3 r 
g

 
1. 

v. 
S

.3
 

S
 f 

C
J
 

s
-

J
 "

 
3^
 

j|
 «

 u
 
£

 
u

 
a^

 
3E

 
!! 

u
, 

^
 
u

 C
a 

"1 
1

5
3

3
s

 , 
1
 

.
2
 

J
<* 

o
 
-~
 «

 
•

 
—
•
 

-C
 

k
. 

•»
 

-H
 

ii ii 
i ii= 

Q
 

^
j 

Q
 

s 
3

s
i 

U
 

^
 u

i
 

C
-33 



~«»L£ [-23 MIY C2SE CAtCULinDNS: IkiUjTlGN OF AID; CHILD. 
Sll'Mr 'ABLE nEAIER CDNTAKINANT CONCENTRATION 

IN AIR lu»/iAJ) FRACTION ABSORBED IZI CAS POTENCY NONCARCINDEEN STANDARD/ 

SITE Nn Seoford CONTAMINANTS HOST REALISTIC HOST REALISTIC ESTIMATE ACUTE SUB-CHRONIC 

EIPOSufiE Inhalation of Air All Areas OF CONCERN: PROBABLE •TOST PROBABLE HPST i«,/kg/day)-l (•g/ki/day) <>c/ko/dav) 

Carcinogenic Effects Ncncarcinogemc Effect PCB s 0 H4S 0.4710 1.00 1.00 7.70£*00 0.0! 0.01 
Host Probaile Case Realistic tcr=t Case Cocoer 0 0000 0.0000 0.00 0.00 O.OOE'OO 0.00 0.00 
Cv'.o Adult Lead 0.0000 0.0000 0.00 0.00 O.OOE'OO 0.00 0 00 

Cadnui 0 0000 0.0000 0.00 0 00 0 OOE»00 0.00 0.00 
DATE 2l-«ar-B9 

DIRECTOPY: VENTILATION RATE li*3/eipl 
DISK. NEN BEDFORD NOST PROBABLE BODY NEISHT IkoJ 

FILE A1RCHLD CHILD: S CHILD: 10 
ADULT' 20 ADULT- 70 

REALISTIC NORST NUKBER OF HOURS OF E1POSURE 
CHILD. 5 PER 24 HOUP PER010 
ADULT: 20 

MIST PROBABLE B 
REALISTIC NORST 24 

tie« Sec-lore1 

All Areas 

innaiatlo" of Air 
Carcinoflenc Effects 

Nest "rouble Case 

Cm Id 

1 Fraction ' Body . Atot.nt of Short-ten ! Sdichromc I Llfttit* ' CAE Poteicv ' Risk ! Risk Risk 

ICoitotid Concentration Ventila'ion Rate Absorbed ' Keignt ICoitaurant Absorbed body dose body dose body dose ; Estiute Estiute Estiute Estiute 

(uq/t'3) lf'3/eiposurel IZ! (kg 1 tte,/eiposure)_ {•9/lo-diy) (•4/ko-day) ' (•g/kg-dav) ' leg/kg/day>- l Short-ten ' Sub-chronic Chronic 

»CB s 0 0845 5 0 1.00 10.0 ' 4.23E-04 NA 1 4E-05 1.4E-05 7 70E»00 , NA I I.55E-06 ! 7.75E-04 
Cadnui 0 000(> 5.0 0.00 10.0 O.OOE'OO O.OE'OO 0 0£>00 O.OE'OO O.OOE'OO , O.OOE»<iO , O.OOE'OO , O.OOE'OO 

1 SUWIARV INCREtENTAL RISK ', O.OOE'OO I.53E-06 ' 7 75E-04 

Ntn eed'ord 
All Area s 
In-alation of Air 

Cir:noqenu Effects 

Peanstic Norst Case 

Clild 

' F* action Body : Aiount of : Short-ten Subchrontc Lifetlie CAE Potency Risk Risk ' Risk 
Cowound Concentration Ventilation Rate Absorbed Neiqnt 'Co  Absorbed ntaminant body dose " body dose body dose , Estieate Estiute Estiute ' Cstiute 

(ug/e'3) fi*3/eiposure) (Z 1 (kg > ' lag/exposure) ll!/k;-day> ito'ko.-dayl (ig/rg-dayl <i;/ko'dayl-l ' Short-ten Sub-chronic ' Chronic 

PCB s 0.4710 5 0 . 1.00 10 0 2.35E-03 NA 2.4E-04 2.4E-04 ' 7.70E«00 ' NA 2 5?E-05 1 30E-04 
Cacuui 0.0000 5 { o 00 10 0 0 OOEtlW O.OE'OO ! O.OE'OO ' 0 OE*00 O.OOE'OO O.OOE'OO O.OOE'OO 0 OOE'OO 

SMARV INCREnENTAL RISK 0.00£»00 2.5TE-05 1.30E-0< 



TABLE C-24. BOM MSE CALCUL«.T1Q«: IPSESTiO* OF 5ED1HENTS! FOST HODIWK UREA III): CHILD. 
SHE: »M Bedford CONTAMINANTS WRST USE NORST USE NDRST CASE UDDST CASE ESTIMATE 
EPDSURE: Inneslion of Sedlient OF CONCERN: ONE THO OK T«0 liq/kq/diyl-l 

Camnooemc Effect! PCB's 2.15W 7.15W 1.00 1.00 7.70t»00 
Area IlhFort ftodun 
Chili! 

DATE: 21-1 
Knt Probibli Ci5t mm DF 

DIRECTORY: OF COKTMT ld»y«) EJPOSURES MYS MOUNT OF 5EOIDENT CDNSWED (g/tip) 
DISK: 205 MUST CUE DDE BODY HEI6HT lk;l 
FILE: IWAIIla '.t>: t.S CHILD: 

IDRST CASE TKO 
ID: O.S 

Btofori! 
Srdmnt 

Cisc 
Chil l i 

Aiount o' Std Friction Body Aiount of Short-tfrt Subcftronic Cnromc CM PotKio Risk Risk Risk 
CMDQufld .' Concrntrition ConluMfl Muorbtd Height Continuant Abiorfifri body Oost body do» bodt tan Estmtf EstiHtr Estiiitr Estiutt 

! 1119/5; [g/MFOSure} 11! Ikgl (•g/eiposuret (H'kg/ilivS (i5/k;'«i») Ii?/k9/*jyl l«3/l?;djyl-l Sho^t-tffi Sut-chronic Chronic 

F-CB's : 2.1500 0.5 I.OC 10.0 1.06E-05 DA 5.9E-Oi 5.9E-04 7.70E-00 NA 4.48E-07 3.24E-Ot 

Kftt Bwford 
!n;n*.ion of Stdlient 
Carcinoqinic Ef fec ts 
Realistic lorst Cist 
ChiU 

Aiount of Sed Fraction Body AMunt of Short-leri Suichronic Chronic CM Potency Risk Risk ftisk 
CdWDund : Concentration ConsuKd Absorbed kfeio.fct Contannant Absorbeo body dost body dost body dose Estiutl Estiiate Estiute EstiMte 

(u;/o) iq/eiDosurc) 11) Ik;) liq/fish wall lig/k;/day) l iq/kq/dayl (io./ko./day> lit/kg/diyl-1 Skort-ter* Sub-chronic Ch'onit 

PCB s 1 7.130(1 0.5 1.00 10.0 5.57E-03 «A ».BE-05 9.BE-05 7.70£»0« M 1.07E-05 5.371-05 

C-35 



TABLE C 25 MD» DOSE CALCULATIONS. 1N6ESTION Of SEDIHEHTS. FORT PHOEKII (AREA. PP. CHILD. 
lug/gl FRACTION ABSORBED III CS6 POTENCT 

Si'E ten Bedford CONTAHIIMNTS WRST CASE WRST CASE NDSST CASE MRS' CASE ESTIMATE 
EIPOSURE Ingestion 01 Sediient OF CONCEFN ME TW ONE T»D lig/tg/dayl-l 

Carcinooemc Effects PCB s 0 5900 0.7500 1.00 I 00 7.70E»00 
Area IP cort Phoenu 
Chnd 

BATE 2l-«ar-B9 
- tuMiazG nc 

DIRECTORY m OF SEDIMENT COHSUKO Ig/eip) 
DISK 205 WRST CUE ONE 60DV NCIGHT Ikgl 
FILE INSAHIb HILt. 0 5 CHILD

IORST CASE TW 
CHILD 0 5 

•M Bedrord 

Carcinogenic Effects 
Aast Probable Case 
Child 

Aiount of Sed Fraction Eodv Ajount of Short-ten Subchronic Chroric CA6 Potency ' Risk Risk Risk 
Co«pojnd Concentration Consuacd Abscrbea Height Contannant Absorbed body dose body dose body dose Esfiiate Estnate Estnate Estnate 

(ug g) (B/eiposi'e> ( Z  1 Ikg) (ig/eiposure) dg/kg/day) (ig/kg/dav/ (ig/kg/day) dg/kg/dayl-l Short-ten Sub-chroric Chroric 

PCB s 0 5WO 0.5 1 00 10 0 2 95E-04 NA 1 6E-04 1 4E-06 7 7K»00 DA 1 7BE-0' 8 B9E-CH 

Ne> Bedford 
Ingest ion of Sedlieit 
Carcincaenic Effects 
Realistic Horst Case 
Uild 

A«H»t of Sed Fraction Body Aiount of Short-ten ' Subchron.c 1 Chronic CAS Potency Risk Risk °isk 
Coipound Concentration 

lug/;) 
Consuied 

(g eiposure1 
Absorbed 

IZI 
Height 

Ikgl 
Contannant Absorbed 

liq/fish leal) 
body dose 
lig/kg/day) 

body dose 
dg/kg/dav) 

bouv dose 
(ig/rg/flay 

Estnate 
llg/kg/dayl-1 

Est late 
Short-ten 

Estnatt 
Sub-chronic 

Estiutc 
Chroric 

6 7500 0  5 1 ut '0 0 3 75E-04 DA I 0£-0« I.OE-05 7 70E»M NA I I3E Ot 5 4<E t 

C-36 
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TABLE :-2». BOSY DOSE CALCUUTIOHS: IKM5T10K OF BIOTA iCLAII ) ; AREA 1; ADULT AW OLDER CHILD, 
SL1WMY TABLE HEADER: TABLE 1 CONCEMTRATim IN EDIBLE 

PORT ION OF FISH (uj/o) FRACTION ABSORBED Hi CAS fOTEHCY 
SITE: In Bedford CIMTAIIIIMII''S HOST KAUSTIC DOST REALISTIC ESTIWTE 
EIPOSUflE: Ingestion oi Clii ( l i i lv l Arri I OF COHCERH: PROBABLE WMT PROBABLE KORSI Il9/i(/d»y!-l 

Circinogenu Ef fec t s Honcimnojenic Ef fec t PCB'i O.i890 2.1210 1.00 1.00 7.70EMJO 
Hnt Probible Cue Reiiistic Korst Cise 
Older C h i l  d Adult 

DATE: 20-Blf 
IOST PROBABLE MMBER OF 

DIRECTORY: MOUNT OF F1SM COKStWD lo/Will 
DISK: NEK BEDFORD WET PROBABLE BODY KIBHT 
CILE: CLAKI CHILD: 227 CMILD: 40 

AOIXT: 227 ADULT: 70 

REALISTIC HDRST 
CHILD: 227 
MULT: 227 

KM Bedford 
Am 1 
Inqtltitm o4 Clu (dii 
Circinoanic EHtcts 
Host Problole Cau 
Older Chi ld 

Aiount of Fish Friction BMr AiMint of CM Potircy Risk Risk Risr 
Compound ContMtrition Consund Absorbed Mioht Contwiniit Absorbe< EftiMtr EstlMtt EstiMte Estuatc 

lug/]' l;/(isk Kill III (to) (if/fish Mil) (i5/kg/d»f>-l Short-ttri Sub-chronic Chronic 

K! i O.i8»(i 2J7.0 1.00 40.0 1.54E-0! J.9E-03 i 5.«-«« : 7.706*00 MA 4.30E-04 4.30E-03 

KM Bedford 
Are* 1 
Inqcstion of CUi (dai 
ClmnodMic Ef fects 
K&st Profiible Cise 
Aduit 

Aiount of Fish Friction Body : Aiwnt of CAE Potency Risk Risk RISK 
CiMpounH Coricentrjtl9fl Consult* Absorbed Height IContiiiiint Absorted Eftiutf Estiute Estiute Estiute 

(U|/|l l;/fl!h ml) ::< Iko) ! l^/lnh itill lig/kg/diy)-l Short -teri Sub-thronic Chronic 

KB'j 0.4890 227.0 1.00 70.0 ; l.ME-01 2.2E-03 ! 3.2E-04 1 7.70E»00 HA 2.46E-04 2.45E-03 

C-37 



'AFXE C-2b. BOM DOSE CALCULATIONS: 1M6EST1IM OF BIOTA ICLMII; AREA I; ADULT AM OLDER CHILD. 

fen Bedford 
Ar» 1 
bgestion of Clu (du ly ) 
Circino^nu Ef fec t s 
Rtihitic Dorit C>» 
Cider Chilli 

Atount of Fish Friction Body AMunt of CM Potency Rnk ! Risk : Risk 
Couound Coftcentrition ConsuMil Absorbed Height CDntiliniit Afesorbed Eitiute Estiute 1 Estiutt 1 Estiutt 

lug/!) lj/fl!h Mil) (11 Uo> l iq/fish Hill llq/kil/iiiyi-1 Siort-teri 1 Sub-cironic 1 Chronic 

1 1 
PCB'l 2.1210 227.0 1.00 40.0 4.81E-01 1.2E-02 : I.7E-03 7.70E»00 M ! 1.325-05 ! 1.32E-02 

to Bedford 
tun 1 
Inaestion of Clu (du ly ! 
Cimnoqemc Effects 
F.Hlutu Horst Cue 

Aiount of Fish Friction tody taount of CAC Potency Risk Risk Risk 
Coitound Concntrition Consuwd Absorbed Veiglit Contiiimnt Absorbed Estiute EstiHte Estiute Estmtt 

lui/gl l;/fish Mill 111 Itgl (ig/fish Mil) t lig/tg/diyl-l Short-teri Sub-thronic Chronic 

PCS'! 2.1210 227.0 1.00 70.0 4.B1E-01 4.9E-03 i 9.BE-0* 7.70E»00 NA 7.57E-04 7.34E-J3 

C-38




!MIE C-27. BODY HOSE CALCULATIONS; HEEB.Y 1H6E5T10N Df BIOTS (CLAH); AREA  I j AKJIT AW OLDER CHUB. 
EUWWflY TABLE HEAPED: TABLE I CWCENTMTIIW III EBIBLE 

POST I ON OF FISH lu;/)l FRACTION ABSORBED (I) CAE POTENCY 
SITE: MM i«(or: CONTAHIWNTS HOST REALISTIC HOST REALISTIC ESTIIHTE 
E1POSURE: logtitim of Clu ATM 1 DF CDXCEW: PTOMBU WRST PROBABLE MttST 

Carcinoe«lc NoncircmogMic E^rc PCB's 0.48W 2.1210 I .  M 1. 00 7.70EKW 
Ant Probitlt Cut Sfjlutic Hunt Cut 
Dldrr Child Malt 

BATE: 20-Hlr-W 
HOST PROBABLE MWFER Of 

DIRECTORY: FISH HEALS MOUNT DF FISH COHSIffiED l;/Hill 
DISK: NED BE3FDRB HOST PROBABLE BODY KE1WI Ikjl 
FILE: CLAfllj CHILI: 227 CHILD: 40 

ADULT: 227 ADULT: 70 

REALISTIC HORST 
CHILD: 227 
ADULT: 227 

- No. in itf chronic 
- Mo yri tip sutchromt 

Nn BfDforJ 
ArM 1 
In?fitiwi of CIu lmklr> 

Prrtjble 
r Child 

Aioiut of Fith Frittion Body Aiount of ! CAS Pottnty Hi si Risk Risk 
Coipouid Concntrjtion Aburbtd fcig.lt Contutnant Absorbtd! EstiMtt Eitiute Estmte EttlMtt 

l»,/ful> ml) III Iko) (io/fish Mil) ! Short-ttri Sub-chronic Chronic 

PCB'i 0.4890 227.0 1.00 40.0 l.ME-Ot ! S.tf-04 ! 8.0E-05 7.70E»00 NA t.IJE-05 6.I3E-04 

Kn Bedford 
Artl I 
In;rstioci of Cl 
Circnosfrit Ef 
flnt Probiblf 

Ainint of FIM Frjctioti Body Aiouot of CAE Potrncy «i»l R;>k Rist ' 
CoAoound Ccnctntriticn ConsuMtf Abiorbtd Ntmht twit Hi runt Abiorbtd EltlNtt Eitiutt EftlMtl Estiutf -

fug/9) lo/fish Mil) (I' (kg) l»?/fufc will lig/kg/diyl-l Shw-t-tm S»b-ckro<iic Chronic 1 

PCJ'! 0.48W 227.0 1.00 70.0 I.54E-OI 3.2E-04 I 4.5E-05 7.70E»M »A J.JOE-05 3.50E-04 : 

C-39




TAfcE t-27. iWI DOSE CALCULATIOHS; lEECLf 1«EST!0» OF BIOTA ICLAK); AREA 1; AWJU AM) OLDER CHILD. 

Nt« tit tort 
Arei I 
Ingntiofl of Cln (MFtly) 
CimnogeiMC Edicts 
Reiiistic Worst Cjsc 
OUtr Child 

Atwnt al Flit friction My tanint of CA6 Potmcy Dull Rut I Risk 
Compound ! CcncentritiMi CmtuMd Atiorlrt Vtigkt Contuinant Atsorarl Eitiutt EltlMtl Eftiutt 1 Eitiute 

! lu;/j) lg/<ish Mil) (I) (M> l(0./'l<» Mil) (ll/kg/llir)-! Skort-ttri Sub-ckronic ! Chronic 

rtt t : 2.1210 227, » l.M 40.0 t.BlE-01 !.7E-«3 2.4E-04 7.70C+M M 1.B9E-04 : I.BK-03 
: 

MH BMford 
Arcj 1 
JnqMtjon of Clu (weekly) 
Cvcinogcnic Ef fect  * 
Pulutic Vorst C»r 
Adult 

Aiount of Fish Friction Body taount of : CAC Potncy Ritlt Unit Rist 
Commit ' Conctntrition Consuud Absorbri MtlQllt Cent JU Hint Absorbed Estllltf EltlMtt Estiute Estiuti 

: lug/|) (g/fn» Kil) II) Ikg) (ig/fiili Mil) llg/kg/dly)-l Snort-twi Sub -chronic Chronic 

Kit : 2.1210 227.0 1.00 70.0 4.B1E-01 ?.8E-0( !
i
 1.4E-04 1
 ; 

 7.70f»00 NA l.OBE-04 LOSE -03 

C-40 



TABLE [-29. BOD? DOSE CAUULAT1WS; IKKTHLY 1I«5TIW OF IIDTA ICLMtl; A*£A l i MULT AM OLDER CHILI. 
SUfflARV TABLE HEABERi TA8LE I COKEDTIIATIOII III EDIBLE 

PMT10K OF FISH lug/g) FRACTION ABSOME! Ill CAC POTEdCT 
SITE: »» Bedford CONTAIN HANTS MIST KALISTIC HOST REALISTIC ESTIMATE 
EIPOSUDE: Iigestion (H Clu <•* i t h l y  l ATM 1 OF CONCERN: PROMK.E UDDST fUDBAJLf KORST lig/tg/«iy)-l 

Circiflogeiuc Effects Koncircinojtnic Ef fec t PCB's 0,4S?0 2.1210 1.00 1.00 7.70£*«0 
Host fVobitle Ci» Rtihstic Norst Cise 
Dlder CM Id Adult 

0»TE: JO-IUr-81 

DIRECTORY: OF FISH CWSWD Ig/Mil) 
DISK: HE* BEJFDW) HOST PROBABLE BODY KIWI I k g  l 
FILE: CLABIt •l 227 CHILD: 40 

: 227 ADULT: 70 

REALISTIC ttORST 
: 227 
: 227 

Nn SrtfonJ 

Aria 1 
InqntlM of C!u lun th ly ) 
Cirtinottnu EHict: 
Hnt Proliblt Cur 
Older Child 

I A»ount of Fish ' Fr i r t ior ' ?-:, fi;.i* ;•' P.;l F.:;. ' =.: 
CMCOunC 1 Concent'at £;t.~:E I Eit.s;te E-:t.:.;t 

Ehor t - tpre . Sab-^hroric ! C h r o n i c 

l.IE-04 1.8E-05 7.70EV)0 NA 1.4IE-05 ' 1.41E-0* 

Aecunt of F:&h Friction toil Ainint o) Suachranu Risk Risk Ris k 
§!:jid 1 CmcMtrit.cn Consutcd AfciorbrC Height CDrtMinint Absorbed body d«e 1 Estiute EstiMti Estiiitt 

' (uq/j! Ig/fish MI!) ID (kg ) lig/fisK teil) li;/^/diy) Ik 1 Short-ten Sub -chronic Chronic 

B s 1 0. 6BW 227.0 1.00 70.0 I.54E-01 J.3E-05 l.OE-05 7.70E»«0 HA 8.0B£-«6 8.06E-05 



TABLE C 26 lOtl DOSE MuCUlATIMS NHCHLV IttESTIW OF BIOTA (CUB), AREA 1, MULT AHD OLDER CHILD 

NM Bedford 
Arei 1 

Cjrcinosenu Effects 
Rti'i'tic Horst Cist 
Olrtr Oil If 

Aiount oi Fish Friction Body Aiount of CAE Potency tut Hist ! Hull 
Cupounl' Conientntion Contu •td Absorbed Height Continmnt Absorbed Estiutt Estiute ! Estiute Estiute 

lug/jl Ig/fub mil (tl (kgl (Kj/fnb ml) 1 {ig/kg/diy)-! Short-tera Sub-chronic ' Chronic 

PCI s 2 1210 2J7 0 1 00 40 0 4 B1E-OI 4 OE-04 5 71-05 ' 7.7«*00 » 4.35E-OJ 4.35E-04 

Nn Bfdford 
Arti I 
InQiihon of Clll (Mnthlyl 
Circinognu E«»cts 
f.til stic Morst CISF 
Mult 

Aiount of Fish Friction Body Aiount of CAC fgttncy filst Hist 
Coipound Concentrihon ConsuMd Absorbed Height Contiiiunt Absorbed b Eltiutl Estiutr Eitiutt Estiutt 

In,/)) lo/fish Hill (I) 1 lio/fisbnill li .(I li;/l:;/dly)-l Sbort-trrt Sib-chronic Chronic 

PCB s 2 1210 227 0 1.00 70 0 4 8IE-01 3E-04 3 2E-05 7 70£»00 2 49E-05 2 4fc-0« 



TABLE C-29. MOV DOSE CALCULATIONS: MILY IN6E5TION OF BIOTA ICLflHIj AREA 2; MULT AM) OLIER CHILI. 
SWIMY TABLE HEWER: TABLE ! CONCENTMTIDH IN EDIBLE 

PDRTIOH OF FISH luq/g) FRACTION AB50RBEI '! CM POTENCY 
SITE: Nn Bedford COMTAfllNAITS DOST REALISTIC DOST REAiir:: ESTIMATE 
EIPDSURE: IntKtion o< tlu tdiilyl ATM 1 Of CONCERN: PROBAKE NORST PROBABLE (OK 

Cirtinoqeim Effects Noncifcinogtnic Effect PCB's 0.2310 1.1810 l .OC I.H 7.70E*0« 

Host Prohibit Cist RMhitic Mont Cise 
Older Child Adult 

DATE; 20-IU/--W 
IBST PROBABLE NUBBER OF 

DIRECTORY: FISH HALS AHOUNT OF FISH CONSUICD ( 

DISK: NEK HDFOM HOST PROBABLE BODY NEIBT 

FILE: CUH1I No. Mlls'ytlr 365 CHILC: 227 CHILI: 4« 

1 ADULT: 227 ADULT: 70 

- No. yrs txp chronic 10 
- Ho yr> lip subchronit 1 REALISTIC NORST 

CHILI: 227 

ADU.T: 227 

545 
I 

- No. yrs up chronic 10 
- No yrs np subchronn 1 

tt» Bedford 
A'ti 1 
Inorstion of Clu Idai 
Cvc:nogtflic Effects 
Host frobjblt Cist 

Dldtr Child 

Auiut of Fish Friction Body Arant of CA6 P::K:Y Risk : Risk Risn 

ICoioouid Concentration ConsuMd Absorbed MlOftt Contuinint Absorbtd Estiutf Estiute : Estiute Estiutt 

(1)1/1) Ig/fish Mil! (1) Iko) Itq/fish Mil! li|/k: u. -1 Sfcort-teri ) Sub-chrome Chronic 

:PC! s 0.2210 227.0 1.00 40.0 5.24E-02 1.3E-03 1.9E-04 ,>-:o . i 1.44E-04 I.44E-0! 

Nn Brdford 
Urn 1 
IncMtion o4 Clai (duly) 

Circiroaenic Ef fect  s 
Host Prohibit Cist 
Adult 

! Aiount of Fish Friction Body Aiount of CAS -T.rr:, Risk Risk Risk 

Coipound Conctntrition ! Consund Aburbtd Ntight Contiiiiint Absorbed Est.u'- Estiute Estiute Estiute 

lue/gl : Ig/fish Hill III Ika) (•4/flsh Mil! I§9/I[ u> -1 Short-teri Suo-ckronic Chronic 

PCI s 0.2310 ! 227.0 1.00 70.0 5.24E-02 i 7.5E-04 ! 1.1E-04 V*e-M NA B.24E-05 B.24E-04 
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TABLE C-29. BOBY DOSE CALCULATION DAILY IN6ESTIC* OF BIOTA ICLAB!; AREA 2; AOULT MID OLDER CHILD. 

KM Bedford 
Arti 1 
Ingestion of Clii H n l f l 
Carcinogenic E f f e c t s 
Real is t ic Worst die 
Older Cki ld 

Aiount of Fish Fraction Body Aiount of CAE Potency Risk Risk Risk 
und Cone nitration Consuicd Absorbed •eight Contaiuant Absorbed Eitiute Estiute Estiute Estnate 

(ue/i) lo/fut teal) (I) (kg) lig/fish Mil) (•g/kg/day)-! Short-teri Sob-chronic Chronic 

:PCB 1.1B10 227.0 1.00 40.0 2.4BE-01 6.7E-03 ,.E-0, 7.7«»00 HA 7.37E-04 7.35E-03 

HM Betfforii 
Arti 1 
Inoestion of Clu (du ly ! 
Carcinoj«n:c Effects 
Real i s t ic Morst Case 
Adult 

Aaount of Fish Fraction Body Amint of CA6 Potency Risk Ris> Risk 
ICoipound Conceitration Contused Absorbed hioht Contanunt Absorbed Estiute Estiute Estnate Estiute 

(U|/|) (g/fish Hal) (I) (kg) (•g/fish Kill , li;/kg/day)-l Short -ter« Sub-cb^onic Chronic 

;FCB s 1.1B10 227.0 1.00 70.0 2.i8E-01 1 J.8E-03 ! 5.5E-04 7.7«E»00 NA '.2IE-04 4.20E-03 
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TABLE C-2»«. mi DOSE CALCULATIONS: HEEXIY IN6EST10N OF BIDTA ICLAHI; AREA 2: ADULT AND OLDER CHILD. 
5UWARY TA81E HEADER: 'ABLE I CONCENTRATION IN EDIBLE 

PORTION OF FISH luo/«l FRACTION ABSORBED (I) CAE POTENCY 
SITE: KM Bedford CONTAIN NANTS DOST REALISTIC HOST REALISTIC ESTIHATE 
EIPOSUHE: [notation D( Clii <« •il») Arti 1 Of CONCERN: PROSA8LE WRST PROBABLE WRST l§o/ko./diyl-J 

Circinogenic Effects Noncimnottnic Effect PCB's 0.2310 1.1610 1.00 1.00 7.70E»00 
Host Prohibit Cist Rtihstic Hurst Ciu 
Older Child Wait 

DATE: 20-1 
HOST PROBABLE NUIBER OF 

DIRECTORY: FISH *AL5 MOUNT OF FISH CONSUMED ((/Mill 
DISK: NEK BEOF HOST PdMABLE BODY BEI6HT Iko) 
FILE: CUMIIli CHILD: 22? CHILD: 40 

ADVLTi 227 ADULT: 70 
No. yrs HP chronic 10 
No ITS tip subchronic 1 REALISTIC NOAST 

CHILD: 227 
ADULT: 227 

51 345 
1 

No. yrs tip chronic 10 
No yrs tip subchronic I 

lie. Etdford 
Arei 1 
InoestioK of Ciu <ntk]y) 
Circinogtnic Efftcts 
Hc4t Prooiblt Cist 
01 df Child 

Awunt o* Fish Friction Body Aiount of CAG Potency Risk Risk Risk 
CoKmund Concentration Consuitd Absorbed Height Contiiitiiit Aisorltd Estiutt EstiHte Estiiite EstiMtt 

Wl> lo/fish Hil) (I) (ko) (•q/fish Mill lig/kg/day)-l Sliort-teri Sub-chronic Cnroric 

PCB s 0.2310 227.0 1.00 40.0 5.24E-02 i l.tt-04 ! 2.71-05 7.70E*I» NA 2.05EHJ5 2.05E-04 

Nnr Btdrord 
Arti 1 
liqtstion of Ciu (Mtkly) 
Circinojtnic Ef(t:t$ 
Kost Probablt Cast 
Adult 

Aiount Qi Fish ! Friction Bodr Atount of CAE Pottncy 1 Risk ! fink I Risk 
CMpound Coictfltrition Consuttd . Absorbed •right Contuinint Absorbtd Eitiutt ; Estiute I Estiutt : Estiutc 

luo/,1 l;/fish Kill : III Hg! (H/fish Mil) lig/kg/diy)-! • Snort-ttri ; Stth-cbronic ! Chronic 

1 ! 1 1 
PCB s 0.2310 227.0 1 l.M 70.0 5.24E-OJ I.1E-04 : 1.5E-05 7.70E»00 i M ! I.17E-4! i 1.17E-0* 
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TABLE C-29a. NICV DOSE CALCULATIONS; KEKLY INSCSTIOM OF BIOTA (CLAfllj AREA 2: AJULT AM) OLDER CHILD. 

»e» Bedford 
ATM 1 
lugestion al Clai (netkly) 
Carcinogenic Effects 
Realistic Norst Case 
Older Chill) 

AMUIlt O f Fish Friction Body AiMIlt Of CAE Pottocy Rut Risk Risk 
Coiiound Cont nitration luiiani Absorbri •eight Cnttiiintnt Abiorbed Estiutf EftlHtt Eitiiitt EftlMte 

lu,/!! lg/<isli Mil) ID (k,l (if/Fllll Mil) I Ii4/lt;/iliy)-l Skort-tfrt Sob -chronic Chronic 

: 
PCB 9 1.1B10 227.0 I.M 40.0 2.6BE-01 9.JE-04 1 1.4E-04 7.7M*00 m 1.05E-04 I.05E-03 

Nt> Brdford 
Area 1 
InqMtlon of Clu (wtklyl 
Carcinogmc Ef fec t  s 
Rfihstic Hurst Case 
Adult 

Awunt of Fish Fraction Body Aimint of CAE Potency Disk Risk Risk 
Xixoound Cixicentratioii Consuifd Absorbed •tight Contannant Absorbed Estnate Estiute Estiute Estnate 

(uj/gi Ig/fisk wall (II Ikgl («?/fuh Mall ( lig/tq/day)-! Short-teri Sitb-cftronic Chronic 

;PC8's 1.1810 227.0 1.00 70.0 2.iBE-01 5.5E-04 1 7.BE-05 7.70E-M MA t. OOf -05 i.OOE 
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IB.E MO B£!» MSE CALCULATIONS, HDNTHLY Iti6£STU)lc Of BID'A (CU1>. AREA 2; ADULT AND OLDER CHILD 
TA8LE liEMER CONCENTMT10N IN E9IBLE 

POST ION OF FISH lug:?I FPACTION ABSORBED (1) US POTENCY 
SHE Ne. Ff»<orc CONTAMINANTS HOST REAUSnC HOST REALISTIC ESTIItATE 
E1P05USE. Inoestion o< Cla» dnthlyl Art! 2 OF CONCERN PROBABLE MRST PROBABLE MDRST 

Carcinogenic Ef fects NoncarcinoQfnit E f fec  t PCB s 0 2310 1 1810 1 00 1 00 
host Probable Cm RtuiftK Vorit Clu 
Older Ihild Melt 

DA'E ZO-IUr-81 

HOST PROBABLE mm OF 
OIREtTDW- FISH «S MOUNT OF FISH CON51WED I;/H<1I 
DISK. NEK BEDFORD HOST PROBABLE IOOT HEIGHT It;) 
FILE CLMIIb CHILD 227 CHILD 40 

ADULT: 227 AWLTi 70 
- No. yrs tip chronic 10 
- No yrs exp subchrooic 1 REALISTIC «OR:T 

NW1KS OF CHILD: 227 
ADULT: 227 

No. yrs eig chronic 
No yrs up subchronic 

A'M 2 
Ingis'ion of CUi iMrtMv) 
Gircinogeric Eff tct ! 
"ost Prsbulf Cut 
Oldrr Cl»l< 

Amount M Fish Fraction 9od» Amount of ' CAE Potency Risk Risk Risk 
lotpcund Corcent'at en

lu j /3  >
 ConsuMif

 lo/<ishieall
 ' Abso'bed 

' III 
He ght 

(kg) 

Contaunant Absorbed 
Itq/fish Mai) 1 i

' Estimate 
dg/kg/darl-l 

EstiMte 
Short-teri 

1
1
 EltlMte 
 Sub-chronic ' 

EstiMte 
Chronic 

PCB s 0 2310 227.0 1.00 40.0 ' 5.24E-02 4.3E-05 6.2E-04 7.7DEtOO 4.7«H)6 4.74E-05 

Ne> Bedford 
Area I 
igestion 01 Clas (untnlir) 

Ca'c.nocjp'ic Effects 
Host P'obablr Case 
ACilt 

Aiount of Fish ' Fraction Body Aicunt of I . CM Potency Risv : Risk Risk 
Coipound Concentration Consuied ' Absorbed Vtiglt Contannart Absorbed Estiiate ' Eitltate Estnate Estiiate 

Ijq/el l ; / f isA Mai) ' !!' ilo, Itq/Ush Mai) ' (it/kj/dayl-l Short-teri Sub-chronic Chronic 

PCS s 0 2310 227 0 1 00 70 0 5.24E-02 2 5E-05 ' J.5E-04 7.70£*00 2.71E-06 2 'IE-OS 
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TABLE C-50. DOSE CALCUIATIOIIS; HOfiTHir IN6ESTIO* OF SIDTA ICLAR); MEA 2; ADULT MD OLDER CHILD. 

M» Bedford 
•rei 2 
Inaestioo of Clu tionthly) 
Carcinogenic Effect! 
fleilntic Hurst C»e 
Older Child 

taouot of Fish Friction Body Mount ol CM Potency Risk Risk Rli« 
Conou/id 1 Cmctntration Conuwd Absorbed Height Contiunint Absorbed Estiute Estiute EstiMte EstiMte 

i lu)/9l (5/'l!k Kill III (tol do/full teil) (i|/k;/diy)-l Short-ten Sub-chronic Chronic 

PtB's 1 1.1810 J27.0 1.00 40.0 2.6BE-01 2.2E-04 3.IE-0! 7.70E-00 NA 2.42E-05 2.42E-«4 

Dei Bedford 
Arei 2 
Inqestion of Clu Itoithly) 
Circmooeric Effects 
Reilntit Korst Cise 
Adult 

Awunt of Fish Friction Body Aiount of CA6 Potency Risk Risk ft: it 
nun I Concentration Consuwd Absorbed Height Continuant Absoried Estiute Eitiute Estiute Estliite 

) lug/gj Ig/fiih Mii) (I) Ikg) (•g/fish Mil) <ig/kg/diy)-l Short-tert Sub-chronic Chronic 

PCB's ! 1.SB10 227.0 1.00 70.0 2.66E-01 1.3E-04 i l.BE-05 7.70E»00 DA 1.39E-05 1.3?£-0< 
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TABLE £-31. B!!Y DOSE CALCULATIONS; MILY IWES'IDH DF SIOTA ICLABii AREA 3; ADULT AND OLDER CHILD. 
SIMMY TABLE HEADER: CONCENTRATION IN EDIBLE 

PORTION DF FISH !u«/;l FRACTION USORB£D (1) CAB POTENCY 
EITE: "if. BedfO'd CONTAMINANTS WST REALISTIC WST REALISTIC ESTIHATE 
EIPDSURE: Ingestion of C]» (loathlyl Area 3 DF CONCERN: PRDMRE WKT fHOBASLE MUSI 

Carcinogeric Ejects Moncarcinogenjc Effect PCB'i C.I 560 0.4780 1.00 1.00 7.70E»«0 
Host '•robabli Casr Realistic Varst Cist 
Older Child Milt 

DATE: 20-fl*r-B9 
IUST PROBABLE NIMKR OF 

DIRECTORY: FISH HEALS AflOUNT OF FISH CDNSIMED Ig'ifil) 
DISK: *E« 8EJFORD HOST PROBABLE BODY KIWI Ikfl 
FILE: CUHII  I CHILD: 221 CHILD: 40 

MULT: 227 ADULT: 70 

REALISTIC WAST 
CHILD: 227 
ADULT: 227 

Nm BMfard 
Arci 3 
Ingtstton o4 Clu («onthlyl 
C»fcino9«ic Effetts 
nnt ^-c«itiU Cist 
Dldrr Child 1tt' nf ID ftir tip 

Aiount of Fish Fraction Body Aiount of i CA6 Potency Risk Risk : Risr 
Cotcounti Concentration ConsuHd Absoroetf •ei;ht ContJiiiint Atforled Estiwte Eitnate Estnate ! Estnate 

lut'|l lD/h9h Hll) III Ik;) liq/fiib ml) li;/kc/dayl-l Short-tfri Sub-chronic ! C^ronlc 

PCB'i O.I 540 227.0 1. 00 40.0 3.54E-02 B.9E-34 I 1.3E-04 7.70E*«0 9.74E-03 ! V.74E-14 

Net Bedford 
Area ! 
inqrstion of Clu monthly) 
Ci'cinooenic Effects 
Host Probable Case 
Adult 

Aaouflt of Fish Fraction Body Aiount of f CAE Potency Risk Risk R:s » 

Coipound Concentration Consuted Absorbed •eight Contannant Absorbed Estilate EstiMte EstiMte EstiMte 
(uj/gi Ig/fisk Mill II) Ikgi (•4/fisli xal) lig/k;/day)-l Short-tere Sub -chronic Chronic 

PCB s 0.1SM 227.0 l.DO 70.0 3.54E-02 i.lE-04 ! 7.2E-05 7.7««W HA 5.54E-05 5.54E-0" 
1 
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TAR.E C-31. 900V JOSE CALCULATIONS! DAILY DIGESTION OF (IOTA ICLAHI; AREA 1; UU.T AW OLDER CHILD. 

«H BrUart 
Am 3 
Inotstion o( Clu (unthlyl 
CjmnojtnK Efftcts 
Rtllistic Korst Cast 
Oltfir Clnld 

A*ount of Fish Frjetiw lodr Atnint of CA6 fotmcr dsk Disk Risk 
Couound Concfntntion Cmsuttd Aturltd fcigkt Contannuit Msorbid Ettiute Estiutt Estiutt Estiutt 

lug/gl Iq/luli Mil) (11 (k,) lit/fllll Kll) (ig/tg/diy!-l Short -t»r« Sub -chronic Chronic 

PCB 0.(7M 227.0 1.00 40.0 I.ME-OI 2.7E-03 ! J.K-04 7.70E-00 N« 2.98E-04 2.WE-0 

Mn Itltfor* 
Arta 3 
Ingtstion of Clit (mttly) 
Circinoimi EHtcts 
Realistic Morst Caif 
Adult 

J Awunt of Fish Friction Jody AMUBt Of CAE Potmcr ! Risk Risk Risk 
Compound ! Conctfltratlon Consund Absorotd wight Contaminant Absorbtd Estiutt ! Estiuti Estnatt Estiutt 

! IU9/|I It/fish Mai) (1) <kol (19/fist wall lM/kg/day)-l 1 Short-ttri Sub-chronic Chronic 

PC!'s ' 0.47M 227.0 1.00 70.0 1.09E-W 1 l.K-03 i 2.2E-04 7.70E+00 1 M 1.71E-04 1.70E-03 
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TARE C-32 BODY COSE CALCULATION HEEH.Y IN6ESTION Of BIOTA (CLAH); ARM !( MULT AW OLDER CHILI. 
SUMMIT TABLE mm CmCEHTMTlW IN EDIBLE 

PORTION OF FISH (u?/g) FRACTION ABSORBED 121 CM POTENCY 
SITE: Mf, Bedford CONTAB1NAIITS HOST REALISTIC HOST REALISTIC ESTIHATE 
EIPOSUSE lnqestion of Clu liwtblyl Arti 3 OF CONCERN- PROBABLE HORST PflOBftBLF. KM5T {it/tq/liyj-l 

Carcinogenic Effects MoncarcmDgenic Effect PCB s 0.1560 0.4760 1.00 1.00 7.70E»«0 
Host Probable C»e Reihstic ttorit Cut 
Older Child Mult 

DATE- 20-Nar-W 
W5T PROBABLE NUfleF.fi OF 

DIRECTORY: FISH HEALS AflOUNT OF FISH CONSUHED l;/»il) 
915K- KEN BEDFMO HOST PROBAiLE BODY HEIGHT (kg) 
FILE' CLAHIIIa CHILD' 227 CHILD. 40 

AKILT' 227 ADULT: 70 

REALISTIC BURST 
CHILD: 227 
ADULT: 227 

Nn Bedford 
Arei 3 
Invest ion of Clu I ninthly) 
Clrc]no?tnit Ef fects 
Fost Probielc Cue 
Older Cnild 1 yeir eip 10 yeir tip 

Aiount of Fisn 1 Fraction Body JWount of CAE Potency ', Risk Risk Risk 
ICoapound Concentration Consucd : Absorbed •eight Contuinant Absorbed Estiute ! EstiMte ! Estiute Estiute 

(utVgl Iq/fish leal) (I) ' Ikq) (if/fish teal) 1 Ii»/ka7»ay)-l : Short-ten Sub-chronic ' Chronic 

PCB s 0 1540 227 0 1.00 40 0 3 HE-02 : 1.3E-04 : I.BE-O! 7.70£»00 : HA 1.39E-05 I.39E-04 

Ne> Bedford 
Ar» 3 
In;estio« of Clu iMfltlily) 
Circinoqenic Effects 
BMt Pruible Case 
Mult 

teount of Fnh Fraction ' fiwfy . Atouit of CAS Potency Disk Risk Disk 
'CMpounii ! Concentration Ccnsuttd Absorbtd ' Knqfit .Cwitwinint Abiorbtd Estiute Estiute Estnite Estlaate 

Ig/hih wil) (I) (kq ) , (tq/fuft HI!) } li;/ko/day)-l Short-teri Sufa-chronic Chronic 

PCB ! 0 15M 227 0 1.00 ' 70.0 3.54E-02 7.2E-05 l.OE-05 ! 7.70E«00 ! 7.93E-04 7.93E-05 
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TASLE C-32. BODY OOSE C«.mU1IO«j HEEKU IKKSTIOK OF BIOTA IttWII; MS.li 1; ASULT AM OLDER CHILD. 

Mt> BnHord 
Arei 3 
tnq»tion of CUi deathly) 
C*rcinoo,«mc Effects 
Riilutic lorst Cist 
Oldr Chi It 

AMiint of Fllh Friction Bodr Auunt o( ! CM Potfiicy htk Rifk 1 Auk 
Cwourri Concntrition Coniund »bwrbrt •tight Contiiiiant Abiwkcd ! Eitiutr Eitiutt Eitiuti ! Estiute 

lu|/i) (IJ/fit* Mil) ID Itg) ltt,/fllh Will : df/kj/diyl-l Short-ttri Sub-chronic ! Cbroflic 

PCB's 0.4780 227.0 1.00 40.0 I.WE-01 ! J.K-04 ! 5.5E-05 i 7.70E*00 M 4.2H-05 i 4.25E-04 

»« Brtlord 
Aril 3 
IngntiM of On lion 
CircinoQtnu EHtcts 
Rtlhitu Morst C»e 

Anunt of Fish Friction Body Aiount of CAG PotKicy Risk Rut Risk 
C«(OUIKl Concintrjtion Canuud Usorbrtf Kfiqht Contmnint Absorbid EltlMtt EltlMtt Eitiutc Est:««tf 

(U5/,l (g/ f is  h MI!) 111 Ikg) (•5/tnh Mil! (i;/kg/diy)-l Short-ttri Sub-chronic Chronic 

PCB'J 0.47BO 227.0 1.00 70.0 l.WE-01 ! 2.2E-04 ! 3.2E-05 7.70EHIO NA 2.«3E-05 2.43E-04 
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TARE C-33. BODY DOSE CALCULATIONS; WNTHLY IN6ESTION OF BIOTA I CUB!; UK* 3] ADULT Ml!) DLK8 CHILD. 
5UIWWY TABLE HEAKR: CONCENTRATION III EDIBLE 

PORTION OF FISH tuo/i.1 FRACTION ABSORBED It) CAE POTENCY 
SITE: Hn Bedford CONTAIIINANTS HOST REALISTIC HOST REALISTIC E5TIMTE 
EIPDSURE: jnqntion of Clu (eonthly) Area 3 OF CONCERN! CRUMBLE WRST ntOBMLi HRST lig/kg/dayl-l 

Carcinogenic Effects •oncarcinoienic Effect PCB's 0.1540 0.4780 1.00 1.00 7.70E*«0 
Host Probable Case Realistic Morst Case 
Older Child Mult 

DATE: JO-ltar-W 
HOST PROBABLE NUIQER OF 

CIRECTWY: ncu ICAJ c AMOUNT OF FISH CONSIMEB Ig/Mal) 
DISk! K» BEDFO HOST PROMIU BODY NE16HT (kg) 
FILE: CUWIIIb CHILD: 227 CHILD: 40 

ADULT: 227 ADULT: 74 

REALISTIC kWST 
CHILD: 227 
ADULT: 227 

«« Bedford 
Arti J 
In^estion of Clu Itonthly) 
Circino;eric Effect! 
flnt Probable Cup 
Ktf Child 1 yeir eip 10 year exp 

Aiount it Fifft Friction Body Amint of CAE Potency Risk Risk Risk 
Catpound Concentration Cwsueed Absorbed Height Contlimnt Absorbed Eitiute Estiute Eitiiiti EltiMte 

lul/g) (O/fllb Mil) (!) Ikg) (•4/fllll Mil) liq/k;/diy)-l Short-teri Sub-chronic Chronic 

PCB 5 O.I9M 227.0 1.00 40.0 3.54E-02 i 2.?E-0! ! *.2£-Ok 7.70E*00 NA 3.20E-04 3.20E-05 

Nn Bedford 
Are< 3 
Ingestion of Clai donthly! 
Carcinogenic Effects 
(tost Probable Case 
Adult 

Aiount sf Fish Fraction Body Aiount of CM Potency Risk Risk Risk 
Comound : Concentration Consuwd Absorbed Height Contatinant Absorbed Estiute EstlMte Eitiiate Estiute 

tuo/c) (;/fnh italf (I) (kg) lig/hih Mall . . r> li;/kg/day)-l Short-tere Sii«-c»ronic Chronic 

PCB's . O.I5W 227.0 1.00 70.0 3.54E-02 1 .1.7E-05 i 2.4E-04 7.70E»00 NA 1.B3E-06 1.B3E-05 
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TABLE C-33. BOO DOSE CM.CUUTIIMS; BOtiTHLY IK6ESTIO* OF BIOTA iCUB); ARE* 3; ADULT Ml OLDER CH1U. 

H» fltdford 
Am 3 
Ingntiui of Cln i M n t h l y  l 
Ctrcinogmc Efftcts 
Ruhstic Horst Cut 
Oldrr Child 

Amount of Fish Friction Body AMWt Of CA6 Pottncy Risk Risk Risk 
Cououtd Concititritiivi Consuitd Absorbrd •tight Contiiinint Msorbtd Estiutt EltlMtt Estllitt Estiute 

l«j/)l l;/4iili Mil) (I) Ikg) lig/fiih mil l>«/kq/dly)-l Short-ttri Sutthronit Chronic 

PCB's 0.47BO 227. C 1.00 40.9 l.WE-01 ! B.»E-0! l.JE-05 7.70E»00 NA 9.81E-06 9.B1E-05 

*t> (ntford 
Arti 3 
Inftstioo of Clw (tontMy) 
Circuoitnu Efftcts 
Hullstic Horst Cut 
Adult 

Aaount of Fish Friction Body Aaount of CA6 Pottncy Siil Risk Risk 
CoipDund Conctfltrati on Consuitd Absorttd wight Contiiinint Absoritd Estiutt EstiMtt Estiutt Estiutt 

Iuc/Sl l?/fl!tl Mil) (1) <ko > (•9/fish ml) ., di/kg/diy)-l Short -ttrt Suta-fhronic Chronic 

pcrs 0.«7BC 227.0 1.00 70.0 l.(r!E-01 : 5.IE-05 ! 7.3E-04 7.70E*M MA 5.4IE-04 S.ilE-05 
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'ABLE C-J<. SOD? 505£ CALCULATIOIIS: DAILY IK6EST10* OF BIOTA (CLMI: ARE* 4; ADULT AND OLDER CHILD. 
SUIUttPY TABU HEADER: CWCEHTMT10* III EDIILE 

PORT I OH OF FISH lug/o.) FRACTION ABSORBED III CAE POTENCY 
SITE: *>» Bedford CWTAKINAIITS HOST REALISTIC HOST REALISTIC ESTIMATE 
E1POSURE: Ingettion of Clu (daily) Area 4 Of CONCERN PR08AK.E «RST PROBABLE HORST Itg/kg/dayl-l 

Carcinogenic Effects Noncircmojenic Effect PCB's 0.03*7 0.1J70 1.00 1.00 7.70£»00 
Holt Probable Cate Realistic Mont Case 
Dlder Child Adult 

DATE: 
HOST PROBABLE NUUER OF 

DIRECTORY! FISH HEALS AKOUNT Of FISH CONSUKD Ig/ml) 
DISK.- » HOST FHOIABLE BODY HEIGHT Ik;)
FILE: OAH1V CHILD: 227 CHILD: 40 

AWLT: 227 ADULT: 70 

REALISTIC "OUST 
CHILD: 277 
AWLT! 227 

KM Bedford 
«-(> 4 
In;«tiOT o( Clu Idnly) 
Cvcinogtnu EHfct! 
Hnt Probable Cue 
Oldrr Child 1 rear e>t 10 ytar fip 

fteount of Fish Fraction Body A»unt of CAE Potency Risk Risk Risk 
lund Concentration Coniuitd Absorbed •eight Cofltaaiaant Absorbed Estnate Estiiate Estieate EstiHte 

(uj/'g) Ig/fnh xal) (I) Itg) («5/fuh Mall lig/kg/day)-) Short-ten Sub-chronic Chronic 

5PCB's 0.03T7 227.0 LOO 40.0 9.01E-«! 1 2.3E-04 ! J.2E-05 7.70€»00 M 2.48E-05 2.4BE-04 

Nw Bedford 
Area 4 
Ingestion at Clai Idailyl 
Carcinogenic Effects 
Host Probable Case 
Adult 

Aiount of Fish Fraction Body Aiount of CAE Potency Risk Risk Risk 
ICouound Concentration Consuxd Absorbed night Contanitant Absorbed Estiute Estiute EstiHte Estiute 

(u;/gl Ig/fish Mai) (1) (kg) lig/fnh wall {|;/kg/day)-l Short-tert Sub-chronic Chronic 

i : 
:PCB s 0.03»7 227.0 1.00 70.0 9.01E-03 i 1.3E-04 i l.BE-05 7.70E*0« NA 1.42E-05 I.42E-04 
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TARE C-34. BODY COSE CALCULATIONS; DAILY INSESTIO» OF BIOTA ICLAfll; AREA 4; ADULT AMD OLDER CHILD. 

KM Bedford 
Aril 4 
Ingestiofl of Clii (diilrl 
Circmooenic Effects 
Reihstic «o-!t Cist 
Older Child 

Atount of Fish Friction Body Axwnt of CM Putney I (ink Ri>» Risk 

Cowound Concentntion ConsuMd Absorbed Might Contiiimnt Absorbed EstKitt I EltlMtt Estiutl Eitiutt 

(ug/g) Ig/fnh Mil) (I) Ikg) lie/tub Mill lig/kq'djyl-1 ! Shoft-teri Sub-chronic Chronic 

PCB I 0. 1370 227.0 1.00 40.0 3.11E-02 1 7.H-04 ! I.IE-04 7,7M*00 ! M B.55E-05 8.55E-64 

*» Bedford 
«r» 4 
Iflqntion of Clu (duly) 
Circinogmic Effects 
Rtilistic "ofit Cist 
Adult 

Amint of full Friction Bod, Anuit of CM Potency Risk Risk Risk 

! Co-pound Conctntntion ContuMd Absorbed Might Contiiinut Absorbed EstlMtt Estiute EstlMtt EstiHte 
' lug/gl Iq/fisb MI!) (I) (kg) (•g/fish nil) lig/kg/diy)-l Short-ten Sub-chronic Chronic 

IPCB ! 0.1370 227.0 1.00 70.0 3.11E-02 ! 4.4E-04 I i.!E-0: 7.70E-00 MA 4.B9E-05 4.B?E-«4 
: ! ; 
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TAKE £-33. BODY DOSE CALCULATIONS; NCEKLY 1N6E5TION Of BIOTA ICLM1); AREA 4; AtULT AW DUES CHILI. 

StfflMfV TABLE HEADER: CO«E»!R«I!W IN EDIBLE 
PORTJWI OF FISH 1114/4) FRACTION ABSORBED (I) CAfj POTENCY 

SITE: KM Bedford COHTAHllttNTS HOST REALISTIC HOST REALISTIC ESTIrMTE 

EIFOSUHE: lno.eition of Clii (wekly) Am 4 OF CONCERN: PROMBLE WP5T PROBABLE WIST iM/kg/diyl-l 
Cjrcinoo.emc Effects Nor,circino9enic Effect PCS'] 0.03?7 0.1570 1.00 1.00 7.7DE*00 
»«t Probibli C»e Reillltl[ Hortt CiH 

Older Child Adult 

DATE: 20-IUr-B? 
DOST PMMBLE NWBER OF 

fKH HFWc; AWUNT OF FISH COHSUHED I;/M>1) 

DISK: K« IEDFDR1 HOST PROBABLE BODY VEI6HT (kg) 
FILE: CLAmVi No. CHILI: 227 CHILD: 40 

ADULTl 227 ADULT: 70 

REALISTIC NORST 

CHILD: 227 

AWLT: 227 

»n Miort 
Aril 4 
InjMtim of Clu (i 
Circirogwic Eff«tts 
lt»t Prnbitli Cut 
Ndrr DiiK up 1C ytir tip 

Anunt of Fifti Friction Body Aniwt of CAE Pottniy Riik Riik Risk 
CMpound Corcentrition Cwsuwd Absorbtd Nci glit Cottiiinut Akforbed Ettiuti Estiuti Eltllltc EjhMte 

liq/g) l;/fifk Mil) ill Ik;) liq/luk will IH/kg/dirM Short-ttri Sub-chronic Chronic 

PCB'  s O.OM7 227.0 l.H 40.0 ».0!E-05 1 3.2E-03 ! 4.4E-0* 7.70E+00 NA 3.53E-Ok 3.53E-05 
; i 

KM Btdford 
Am t 
In^ntion of Clu iM 
Cvcinofenic Effects 
Host Probible C»i 
Adult 

taouit of Flih Friction Body Aiount of CAS Potency Risk Risk Risk 
Cocpound Concintrition Consuwd Aburbrd •tight Contmnint Absorbid Estiuti EitiMte EstlHtl Estiuti 

lu«/ql Ig/fllh Mil) 111 Ikgl (iO/fllh Mil) l>;/k;/diyl-l Short -teri Sub -chronic Chronic 

i ; 
PCB's 0.03?7 227.0 1.00 70.0 ?.OIE-03 ! l.BE-05 ! 2.tE-o* 7.70E«00 PW 2.02E-06 2.02E-05 
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TAfLE C-J5. BODY DOSE CALCUIATIOHS; KEKIV 1M6EST1W OF BIOTA (CLW1); AREA 4; (WILT AND OLDER CHILD. 

Weil Button) 
Aril 4 
Ingeslion of CUi (neekly) 
Carcinogenic Effects 
Realistic Morst Case 
Older Oil 111 

Atount of Fuh Fraction Body AMunt of I CAC Potency Disk Risk Risk 
Cotpouml Concentration ConsuMd Absorbed wight Continuant Absorbed i Estiute Estiute Estiute Estiute 

IUO/Q) Ig/fisk Mai) (I) (kg) Ita/fiih if ill ! lig/kcVday)-l Short-ten Sua -chronic Chronic 

PCfl's 0.1370 227.0 1.00 40.0 3.11E-02 1.1E-04 ! l.sE-0! I 7.7»E*00 •A 1.22E-05 1.22E-04 

Aria « 
Iniestion o< Clai lietkly) 
CarcinoQenic Effects 
Realistic Vorst Case 
Adult 

! teount of fish Fraction Body At/Hint of CAB Potency Risk Risk Risk 
Compound ConcntritiDn ! ContuHd Absorbed •light Contaiinant Absorbtd Estiute Eitiute Estiute Estitate 

(119/9) 1  E 9/ f  i5*> M«D (1) Ikq) Ho./hih Hall liB/k;/day)-l Short-teri Skb-ttaronic Chronic 

i 

PCB's 0.1370 ! 227.0 1.00 70.0 3.1IE-02 ! 4.3E-05 ! ».OE-Ot 7.70E«00 . 6.94E-04 i.96E-05 
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'ABLE C-34. mi DOSE CALCULATIONS! HOKTHLY 1NEEST10N OF BIOTA ICLAfllj AREA 4; ADULT MI OLDER CHILD. 
SIMMY TABLE HEADER: CONCEWRATIOH [N E11BIE 

PORTION OF FISH lup/91 FRACTION MSORIED (I) CW POTENCY 
SITE: Nei Bedford COHTAHINANTS HOST REALISTIC MET REALISTIC ESTIMATE 
EIPDS'JBE: Inneition of CUi lionthlyl Area 4 OF CONCERN: PROBABLE WRS1 PROBABLE WRST 

Carcinogenic Effects Noncircioogeiiic Effect PCB < 0.0397 0.1370 1.00 1.00 7.70E*«0 
lost Probable Case Realistic Dorit CiSC 
Older Child Adult 

0»TE: 20-ltar-W 
HIST PROBABLE 

DIRECTORY: AMOUNT OF FISH COHSIKD Ig/ieil) 
DISK: NE» BEDFORD HOST FHOIABLE IODV HEIGHT Ikgl 
FILE: CLAniVb No. Mali/year CHILD: 227 CHILD: (0 

MUt I: 227 MULT: 

REALISTIC WRST 
CHILD: 227 
ADULT: 227 

Ken Bedford 
A'ti 4 
InqMtlon of Clu (Mnthlyl 
C«rcino?eiic Effects 
Host Protiible Cue 
Older Child 1 yeir e>p 10 rtjr esp 

Atount of Filh ! Friction todr AiOUBt Of CAE Potency Risk Risk Risk 
ICoipouna Concentritior Consuttd : Absorbed Height Contmntit Miorbed Eltiute EstiHte Estiute Estiutt 

fiit/i) Ig/fnh Mil) 1 (I) Ikg) [I0/fl<l> Mill <i;/kb/ilyH Short-ten S«b -chronic Chronic 

PCI i 0.0397 227.0 ! 1.00 40.0 ».HE-03 1 7.4E-06 1 1.1E-W 7.70€»00 NA B. 15E-07 B.15E-04 

Men Bedford 
Arei 4 
Ingeition of Clu liontlily) 
Circinoqenic Effects 
Hint Probible C»e 
Adult 

Atount of Fish Fraction (ody Amount of CA6 Potency Rnk Risk Risk 
ICotpou&d Concentration CDASUMd Absorbed •eight Contiinant Absorbed Estiute Estiute Estiute Estiute 

(uj/g) <g/fisti teal) (I) Ikgl (•g/fish Mil) Short-ten Sub -chronic Chronic 

IPCB t 9.0397 227.0 1.00 70. 0 9.0IE-03 4.2E-06 i ».OE-07 7.70E»W NA 4.WE-07 4..E-0, 
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TABLE C-34, BGDY DOSE CALCUIATIMS; IWTHLY IWESTIOtl OF BIOTA (CLAII'j AftEA 4: AW.T MID OIKS CHILD. 

ten Bedford 
Art) I 
Ingestion of Dial (Hnthly) 
Carcinogenic Effects 
Realistic Hurst Case 
Older Child 

taount of Full Friction Body ! teount of CM Potency RJS > ftisk f isk 
Concentration ContuMd Murbiit •tiolit IContiiioint Absorbed Eitiute Estiute Estiutt Est:iate 

lui/il ll/fl>h Mil) (I) (tl) ! 1*1/1 Ilk Kill l««/tg/diyl-l Short-tfr« Suft -chronic Oirornc 

PCB's 0.1370 237.0 1.00 «.0 ! 3.1IE-02 2.«-05 ! 3.7E-04 7.70£»<iO »« 2.81E-06 2.SIE-0! 

Ihn Bedford 
Urn 4 
Iftfitttion of CUl donthlrl 
Carcinogenic Effects 
Realistic Hunt Case 
Adult 

taount of Fish Fraction BoHy Aiount of CM Potency Disk (tisk ; fisi 
Coitound Concentration ConsuMd Absorbed •eiobt Contaiinant Absorbed Estiuti Estiute Estilate ) Estiute 

|U(/?I l;/fnh ical) 11! (kg) Itq/fish MI!) , dg/k;/day)-l Short-ten 5ub-cbronic ' Chron:: 

Kt j 0.1370 227.0 1.00 70.0 3.11E-02 ! I.5E-05 : 2.1E-44 7.70E»00 M l.JJE-tl ' !.c!E-15 
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TABLE C-T7. BODY (OSE CALCUUTIOKS: DAILY !«ESTID» OF &IDT» WINTER FLOUNDER); AREA 1; ADULT AW OLDER CHILD. 
SUWWRY TABLE HEADER: CONCENTMTIDH IN EDIBLE 

PORTION OF FISH (119/91 FMCHDN ABSORBED (II C»6 PDTENCr 
SITE: tte« Bedford CONTAII1NANTS HOST KALI STIC HOST REALISTIC ESTIMTE 
EIPDSURE: Inoestion of Flounder ((iilyl Arti 1 OF CONCERN: PROBABLE KORST PROBABU HDRST l>4/k;/diyl-l 

Circinognic Ef fect  s Noncirciflooenic Effect PCB'i i .OJM 3.42M l.M 1.00 7.7K«00 
Host Probible Cise Reihltic Hunt Cue 
Older Child Adult 

»TE: JO-lta'-B 
WST PROBABLE NUfltER OF 

DIRECTDRY: AHOUMT OF FISH CONSUMED Igrieil) 
DISK: NED BEDFORD 0 HOST PROBABLE BODY KE16HT Ikg) 
FILE: Kfl Ho. iHls/ytir ! CHILD: 227 CHILD; 40 

ADULT: 227 ADULT: 70 

REALISTIC NDRST 
CH1LB: 227 
ADULT: 227 

KM Ittlori 
»-H 1 

Ingrstion of Flninbtr 

Host Prohibit C»> 
Dldrr Child 1 ftir exp 10 ytir eip 

Aiount of Fish Friction Body Aiount of c CM Potency Risk Risk ; Risk 
Compound ! Concentntipn ConsuMd Absorbed Height Contllinint Absorbed EstiMte Estmte Estiute Estiute 

Ig/fisk MI!) II) Ikg) dj/fish Mill (ig/kg/diyl-l Short-teri Sub-chronic ' Chronic 

PCB's 1 1.0390 227.0 1.00 40.0 2.34E-01 ! 5.1E-03 ! B.4E-«4 7.70E»00 » 6.4«-{H 1 6.49E-03 

No Bedford 
Arei 1 
Ingii tion of Flounder (duly) 
Circi noqenic Ef fect  s 
Host Probible Cise 
Adult 

Atount of Fish Friction Body Aiount if C,.k^fc — CAE Potency Risk Risk Risk 
Coioound Concentntion Contuied Absorbed •eight Contitinint Absorbed Estiute Estiute Estiute EstiMte 

lug/fl !;/fish Hill 111 Ikol d;/fisli HI!) (. lig/kg/diy)-) Short-ten Sub -chronic Chronic 

PCJ's 1.0390 227.0 1.00 70.0 2.34E-01 3.4E-03 ; 4.8E-04 7.70E-00 K» 3.7IE-04 3.70E-OJ 
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TAKE C-37. BODY DOSE CALCUUT1MS; DAkY INSESTIDIi DF B I O T A UHITER FLOUNDER!; APEA I; AWILT AW OUEP, CHILD. 

Mm Bedford 
«rei 1 
Input!on of Flounder I t f u l y  l 
Circlftoaenic E f f e c t  s 
R«!»tlC Hurst Ci» 

0!lt(r C k l l  d 

'' IWouit it Fish Friction Bmty AMiint of CA6 Potncy Risk Risk ! »nk 
Cnpoun< ConcmtritiOT ' ConiuMd •blorttd taicNt Contitintnt Abio'btd EltllltC Ettiutt Estiutt ! Eitiutt 

lug/gl , Iq/litb Mil) (I) (kg) (to/fist M»l) <ig/kg/iliy)-l 5bort-t«rt Sib-tkronic ! Chronic 

PCCs I.UW i 227. » 1.00 10.0 i.m-oi 1.5E-C2 ! 2.IE-03 7.70E*00 M l.ME-03 1 1.43E-02 

Mn Btilford 
Arti I 
Inoestion of Flounder ( d u l y  ) 
Carcinogenic Effec ts 
Rtihitic Korst Cut 
A d u l  t 

Amint of Fi»l> Friction Bod* Amint of CAE Potency Risk Disk 81 si-
Coflctfltntiofl Conuwd Aburbnl •tight Cofltuinint Absorbed Eitiuti Eitiute Eltllltl Ei t iute 

l«o/c) lo/hsh wil) C) (kg) {•g/fisb Mil) , llj/kg/dlyl-l Sbort-teri Sub-ckronit Chronic 

PCI s 2.42W 227.0 1.00 70.0 5.97E-01 e.H-«j : 1.2E-03 7.70EHIO »A 9.38E-04 9.3JE-03 
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TABLE C-38. CODY DOSE CALCULATIONS; KEH.Y INKSTION OF BIOTA (HINTER FLOlfflKfi); APEA 1; ADUL1 Ant OLDER CHILI. 
5UBIARY TABLE HEASER: CWCEKTMTION III EDIBLE 

PDR710H OF FISH luq/g) FRACTlDk ABSORKD ill CM POTENCY 
SITE: Nm Bedford CDNTAHHMKTS HOST REALISTIC M5T REALISTIC EST1NATE 
EIPOSUftEi Inoestion of Flomder Itttkly) Area I OF CONCERN: PROBABLE WMT PROBABLE MW5T 

Carcinogenic Effects Noncarcinoo,enic EHfct PCB'i 1.03W 2.4250 1.00 1.00 7.70E»0« 
Brit Probable Cast HelliStic Vorit C»t 
mart Child Mult 

DATE: 20-Hir-B» 
HOST PROBABLE KUBKB OF 

DIRECTORY: E1CU Wbl C MOUNT OF FISH CONSUMED (g/itill 
DISK: HEH BEDFORD MST PftOiABLE BODY KIBHT lk;l 
FILE: HFla Ho. mis/year CHILD: 227 CHILD: 40 

ADULTi 227 ADULT: 70 

REALISTIC MMST 
CHILD: 227 
ADULTi 227 

Ho. 

KM BHtcrrd 
Am 1 
Ingnt:«i of Floundr 
Carcinosmic EffKti 
Host PrOBiblt Case 
Olcer Chilli 1 year eio 10 year tip 

taount of FiJti Fraction Body Anunt of CAE Potency Risk Risk Risk 
CsKDund Conctntratim Conuied At sorted Height Contavoant Absorbed Estnatt Estliatt Estiiatt Estilitt 

lui/g) !q/fish Mil) III Ike) (•c/hsh mi) «l lig/kg/dtyl-1 Short-ten Sub-chronic Chronic 

PCB's 1.03W 227.0 1.00 40.0 2.34E-01 B.4E-«4 ! 1.2E-04 7.70E*00 NA 9.24E-05 9.24E-04 

Nei Bedford 
Area 1 
Ingtstion of Flounder •ft hi 
Carcinogenic Effect s 
Host Probable Cast 
Adult 

Attxint of Fish Fraction lody Aioimt of CAC Potency Risk Risk Rl5t 

CoipouAd Concentration Consuied Absorbed Height Contannant Absorbed Estiiate EstlMtt Estiiate Estleate 
(U,/J) (q/f isk teal) ID Ikgl Itg/hsh ecal) , llB/kg/day)-l Short-ter« Sub-chronic Chrpnic 

PCB s 1.03M 227.0 1.00 70. 0 2.54E-01 1 4.BE-04 ! 4.«-05 7.70E»00 NA 5.2BE-05 5.2BE-04 
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TABLE C-38. BOH DOSE CALCULATIONS; HEEUY M6ESTIDN OF BIOTA IIIINTER FLDlMEftlj AREA I; ADULT MD OLDER CHILD. 

Nn It it art 
Arei I 
Ingestion of Flounder IM eUy) 

Carcinogenic Ejects 
Realistic Hunt Cist 
Older Child 

AKunt of Fish Friction lodv Aiount of CK Poteocy Risk liisk Risk 
Compound Concentrition Consumed Absorbed Height Contieimnt Absorbed Eitiute Estiute Estiiate Estiute 

(ug/g) l«/tish Mil) (J) Ikg) (•g/fish tell) (H/kj/diyl-l Short-teri Sub-cbronic Chronic 

PCB's 2 62?0 227 0 1.0» 40.0 5.97E-01 i 2.1E-03 i 3.0E-04 7.70EHIO IM 2.34E-04 2.34E 
! ! 

Mti ledtord 
Area I 
Ingestion of Flnineer Iveekly) 
Circinosenic Effects 
Realistic llorst Cise 
Adult 

Anunt of Fish Friction Body Auunt of CM Potency RisV ! Risk Risk 
! Compound Concentrition Consuted Absorbed Height ContuiHint Absorbed Estiute Estiute ! Estiute Estiute 

lug/g) Ig/fish Hill (!) Ikg) lig/fish mil rl lig/kg/diyl-1 Short-teri ! Sus-chromc Chronic 

TO s 2.62W 227. D 1.00 70.0 5.97E-01 1.2E-03 ! 1.7E-04 7.7M»00 Nft ; 1.54E-04 1.34E-OI 
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TABLE C-39. BODY WSE CALCULATIONS; WNTHLY IN6ESTION Of BIOTA iKiNTIR FLOUNDER); AREA 1; ADULT AND OLDER CHILD. 
SIWWftY TAKE HEADER: CONCEKTMTIIM IN ECilLE 

PMTIIM OF FISH lu(/9l FRACTION ABSORBED (II CAG POTENCY 
SITE: MM ledford CONTAHIHANTS MSI REALISTIC HOST REALISTIC ESTIIMTE 
EIPOSURE: Ingestion o< Flounder leanthly) ATM 1 OF CONCERN: WIMBLE KWtST PROBABLE HIRST < ig /kg /day ) - l 

Carcinogenic Effects Noncarnnoflenic Effect PCB'» 1.0390 2. tW 1.00 1.00 7.70E*00 
Host ProbaHe Case Rtihltic Korst C.M 
Older ttild Adult 

MTE: 
HOST PROBABLE WWBED OF 

tlRECTORY: F15U wait MOUNT OF FISH CONSUMED Ig/nil) 
DISK: «» BEDFORD HOST PROBABLE BODY KI6HT 
FILE: »flb Ho. Mils/ytir CHILD; 227 WILD: 

ADULT: 227 ADULT: 

REALISTIC HORST 
CHILD: 227 
ADULT: 227 

IM Brtford 
Artl 1 
In;ntion of Flnuidtr (unthly) 
Cjrcirio^wic EHtcts 
"Mt Prctitle Cut 
OHw Child 1 ytir tip 10 yiir up 

Amint of Fitb Friction Body Aiount of ' CK Potency Risk Risk ! RISK 
CotfOund Concefttration Cmuiid Abiorbrt •tight ContHinilt "liorttd . Estinte Eitiute Estmte ! EstiMte 

(ui)/9l Ig/fish Mil) III li,l Itg/fish Kill li;/tq/d>yl-l Short-tere Sub-chronic ' Chronic 

PCB * I.WW 227.0 1.00 40.0 2.34E-01 : I.?E-0< ! 2.BE-05 1 7.70E»M NA 2.13E-05 ! 2.13E-04 

Nn Bedford 
Am 1 
InQMtion of Flounder {untblyl 
Carcinogenic Ef fec t  ! 
Host Probaalt Cue 
Adult 

! Aiount of cisr Fraction ' Body ! AlDunt of ! : C»E Fctency Risk Risk lint 
Compound Concentration Consueed Absorbed Height IContaeinant Absorbed! ' Estiute Estintf Estinte iV.n'.c 

luc,/n) ! Iq/fish teal) 111 '*! fio,"isl1 teilj ' 1 l is 'kg'«ay)- l Sho't-teri Sui-ch-tn:: Ciro-ic 

PCfi's 1.059" jr.O 1.00 7C.  O ! t».« ; !,!E-(i« ; 1.6E-05 ' 7.7CE«'10 NA 1.22-01 I.22E-M 

C-65 



T«_E ;-:«. ECDV MSE CA_Ci!JlTmS: WrHl.Y 1N9E£T!0« V BIC't lUSTES FLOUIPEP); APEft 1: BDUL1 Mtt OL8EP C»1LI. 

Ht. Bc'o'i! 

I 'geit:w c< FlounSer l i o i t t l v ) 
Ca-:ir5aer,:c E f ' e t t  s 
*e*li!'.ic llorst Cise 

ftcourt of Pish trictlO" BoDy Aiour.t of f i -' C« Potency Risk Risk Risk 
Cctsnund Cop:entritior Consuied Atso-bed Migtt Contllinjnt Absorbed Estiute Estiute Estiute Estiuti 

: lug/j) Ig/hlh Mil! (I! (kg) lig/hsh Mill llj/kg/dly)-l Short-ten Sub -chronic Chronic 

PCB's ! 2.4290 227.0 1.00 40.0 5.97E-01 4.9E-04 I 7.0E-05 7.70E-K10 M 5.40E-05 5.40E-04 

He. Bedford 
Arti 1 
Ingntion ol flounder (untidy) 
Circinofienic Ejects 
Rrihstlc Horit C«l 
A d u l t 

toount of Fith Friction Body taunt of CM Potency Risk Risk Risk 
CtupounJ Coocentrition Coniuwd Absorbed wight Contiiiiint Absorbed ,t Eitiutf Estiute Estiute Estiutt 

Ilig/S) (O/flSh Mil) (I) <kg) (H«nh MI!) diyl l>g/tn/diy)-l Short-teri Subthronic Chronic 

rtt > 2.62W 227.0 1.00 70.0 5.97E-01 i 2.BE-0* 1 4.0E-05 7.70E»00 Nft 3.06E-05 3.08E-M 
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TAKE C-40. IOOY KJSE CALCULATIONS; Will 1N6ESTIW, OF BIOTA ININTES FLOUNDER); ME* 2; ADULT AND OLDER CHILD. 
SWINARY TABLE HEADER: CONCENTRATION IN EDIBLE 

PORTION DF F1SK lug/gl FRACTION ABSDRIED (I) CAS POTENCY 
SITE: Dn Bedford CONTAHINAKTS HOST REALISTIC HOST REALISTIC ESTIIMTE 
EIPOSURE: Inoestll>n of Flounder ( d a i l y l Arei 2 OF CONCERN: WHILE HOBS! PROBABLE WRST 

Carcinogenic E f f e c t  s Noncarcinooenic Effect PCB s 0.3710 LOW t.OO 1.00 7.70E«00 
rant Frobable Cue Realistic Horst C»e 
Older Ch i ld Mult 

DATE: 20-ltar-H 
HOST PROBABLE NtMIEROF 

DIRECTORY: FISH HEAU AKHIKT OF FISH CONSIKD Ig/Mil) 
DISK: »E« 1EDFORD 10 HOST PRMABLE NDY HEIGHT It!I 
FILE: «F1I No. Mall/year 345 CHILD: 227 CHILD: 40 

ADULT: 227 ADULT: 70 

REALISTIC NMST 
CHILD: 227 
ADULT: 227 

Nn Bedford 
Arei 2 
IngestiM of Flounder 
Circinogenic Effects 
Host Probiale CAM 
Dlde- Chi ld 1 (Tfir up 10 (rtir e>p 

Aiount of Fish Fraction Body Mount of CAB Potency Risk Risk Risk 
Coapound Conceotratton ConsuMt Absorbed Nfiqht Contannint Absorbed Estiute Estliate Eltiute Estiute 

<U|/|I Ig/fish will 111 Ikcl (•oVfisfe Mai) »' lio/to/day)-l Short-teri Sub-chronic Chronc 

PCB'l 0.3710 227.0 1.00 40.0 8.42E-02 2.1E-03 ! 3.0E-04 7.70IKK) NA 2.32E-04 2.32E-03 

Nn Bedford 
Area 2 
Ingestion of Flounder U a i l y  l 
Carciflogemc Effects 
Host Probable Case 
Acul t 

Aflount of Fish Fraction Body Atount of CAC Potency Risk Risk Risl 
Coapound Concentration Conuted Absorbed •eight Contatmnt Absorbed Estliate Estliate Estliate Estiaale 

lua/jl Ig/fish wall III Ikol do/fisn teal) 1 lig/kg/diyl-1 Short-teri Sub-chrome Chronic 

PCB's 0.3710 227.0 1.00 70.0 B.42E-02 1 1.2E-03 ! I.7E-04 7.70E*0« NA 1.32E-0( 1.3JE-03 
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TABLE C-«. BOOY DOSE CALCULATIWSj D A I L Y 1M6ESTIOM DF BIOTft I»]«TER FLDUWEfi); ARE* 2; ADULT AMD OLDER CHILD. 

KM Bedford 
Arti 2 
In(Mti«i of Flounder 
Carcinogenic E f f e c t  s 
Rt i l i s t ic lorit Cut 
Oldfr Child 

Aiowt of Fish Friction Aioult of ! CAE Potency Risk Ritk Risk 
Cotpound ! Concentrltion Consued 

ig / fnb Mil ) 1:1 
Might 

Ik s ) 
ContniMit Absorbed ! Estiute Estiute 

Short-ten 
Estiute 

Sob-chronic 
Eitiiite 

Chronic 

PCS's i I.MBO 227.0 1.00 40.0 2.38E-01 ! 5.1E-OJ ! B.5E-04 ! 7.70£»00 M 6.54E-04 4.52E-

NH BuJford 
Arci 2 
Ingntion of FJoundK 
Circinogtnic Effects 
Rtilistic lorst Cist 
Adult 

taoutt of Fish Friction Body Auuot of CM Potency Risk Risk fiisk 
Cotfounl ! Conceotrition Consiutd Absorbed Might Contiiuwt Absorbed EstlMte EltlMtt Estiutt Estiute 

lq/fi>b MI!) III (kol (ig/fish Mil) (•9/k«/dlyl-l Short-ten S»b-cnronic Oronic 

FCB's : 1.04BO 227.0 1.00 70.0 2.3BE-OI I 3.4E 4.9E-04 7.70E*00 MA 3.74E-04 3.7IE-03 
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TABLE Ml. BOOT DOSE CALCULATIONS; HEIKLV IN6F.STION OF BIOTA HINTED FLOUNDER); AREA 2; MAI AND DICED CHILD. 

SLUMRY TABLE HWDERi COHCflfTRATIC* In EDIBLE 
FWTION OF FISH lu«/j) FRACTION MSDDBEI 111 CUB POTENCV 

SITE: Nw Bedford CDNTAHHMNTS HOST REALISTIC HOST REALISTIC EST1MTE 
EIPOSURE: Ingestion of Flounder l»tekly) Arn 2 OF CONCERN: fDOCABLE WDST PROBABLE WDST 

Circinogenic Effects Noftcircioogenic Effect PCB's 0.3710 1,0480 l.W 1.00 7.7C£»00 
lint Probible Cist Dtihitic Korst Cut 
Older Ch i l  d Adult 

DATE: 20-IUr-W 

HOST PWBMLE IMIKD OF 
DIRECTORY: FISH DEALS AHDIWT OFFISH CDMSUKEl l«/nill 
DISK: •TEH BEDFORD 10 HOST PROBABLE BODY K16HT lk«) 
FILE: Nfllj No. Mjls/ytir 52 345 CHILD: 227 CHILD: 40 

t ADULT: 227 ADULT: 70 

REALISTIC NORST 
CHILD: 227 
ADULT: 227 

Nn Bedford 
Arei 2 
Injfstiw of Flounder (nelly) 
Cjrcinogtnic Effect! 
Host ProCible Case 
Older Child exp 10 rtir eip 

Auunt of Fish Friction Bodr Amint of CAS Potency Risk Risk RISK 
ddCotooun ! Concentrition ConsuMd Absorbed •tight Contiitn«nt Absorbed Eitiute Eitllite Estliitt Estiute 

: lui/gl Ig/fish Mil) III (to) (KJ/fllk Hill (•l/kj/dtyl-1 Short-ten Sub-thronic Cnronsc 

PCI's 1 O.T710 227.0 1.00 40.0 8.42E-02 ! 3.0EHJ4 1 4.JE-05 i 7.70E»00 NA 3.30E-05 3.30E-04 

On Bedford 
Arti 2 
Ingestioii of Flouider lueekly) 
Carcinogenic E'ftcts 
lost Probible Cise 
Adult 

Aiouftt of Fish Friction Body Mount of CAC Potency Risk Risk Risk 
Coigound Cwcentrttion Consuied Absorbed Ntight CoMitinint Absorbed EstlHte Estiute Estiuti Estiutt 

lug/g) Ig/fish MI!) II) (kg) liq/fisli Mil) iyl (>g/kg/dly)-l Short-ten Sub'chrofiic Chronic 

PCB's 0.3710 227.0 1.00 70.0 B.42E-02 i 1.7E-04 1 2.4E-05 7.70£»00 (W l.B«-05 1.B9E-04 
• 
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THH.E [-41. BODY DOSE CALCuWlOHSj KEKLY ]»6£5T]0« OF BIOTA UHITER FLOUNDER)! MEA 2; ADUU Ml OLDER CHILD. 

Men Bedford 
Arei 2 
Ingestion of Flounder («ekly> 
Carcinogenic Ef fects 
Realistic »orst Case 
Older Cnilil 

(Uount of Fish Fraction Body taunt of C«G Potency Risk Risk Risk 
CoMOund Cwcentrition CMUM* Absorbed •tight Contiimint Absorbed Estiute Estiute Estiute Estiute 

fug/o) Ij/flill Mil) (I) Iko) <KJ/fl!h Mill -, , 114/to/diyl-l Short-ten- Sub-ctronic Chronic 

PCB'5 l.MBO 277.0 1.00 40.0 2.38E-01 B.5E-04 1 1.2E-04 7.70EtOO MA 9.32£-05 9.32E-04 

Kn Beeford 
Urn 2 
Inqestion of Flounder (weekly) 
Carcinogenic E f fec t s 
R e a l i s t i  c Horst Case 
At fu l  t 

AMUflt Of FlSk Fraction Body taouit of CA6 Potency Risk Risk Risk 
Compound Concentration CHSuted Absorbed Height Cwtaiinut Absorbed Estiute Estiute Estiute Estiute 

lug/;l (g/fisb wal) 111 (kg) lnj/fufc Mai) ..,,.,/g«|rl (io/ig/dayl-! Short-teri Sub -chronic ChroflLc 

FCB s 1.04 BO 227.0 1.00 70.0 2.3BE-01 1 4.8E-04 ! i.W-05 7.70E«I» lift 5.33E-05 5.33E-<i| 
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TABLE C-42. mi M5E CALCULATIONS; NONTHLY IN6ESTION OF BIOTA ININTER FLOUNDER); UREA 2; ADULT AND OLUE* CHILD. 
SUWMKY TABLE HEADER: CWCENTRMIM IK EtlBLE 

PORTION OF FISH (u(/qi FMCTION ABSORBED 111 CAS POTENCY 
SITE: Uni Bedford CDNTAHINAHTS HOST KALISTIC HOST REALISTIC ESTIIMTE 
EIPOSURE: Ingestion of Flounder luntkly) Area 2 OF CONCERN: PfiOBAfLE NORST PROBABLE MRST 

Carcinogenic Effects Noncarcinoqenic Effect PCB's 0.3710 1.04BO 1.00 1.01 7.70E»00 
Host Prohibit Cut Deilittic torsi Cise 
Older C h i l d Mult 

BATE: 2D-RV-B9 
HOST PftOBAiLE NUMER OF 

DIRECTORY: FISH HEALS AHOIMT OF FISH CDNSUIED Ig/ii 
DISK: NCN BEDFORD HOST PROBABLE BODY NEIBHT It)) 
FILE: •Fllb No. l»als/year 12 CHILtl 227 CHILD: 40 

1 AUDIT: 227 ADULT: 70 

REALISTIC NOR5T 
CHILD: 227 
MULT: 227 

No. 

KM Bedford 
Area 2 
Ingejtion of Flounder (nnthly) 
Circiiooenic Effect; 
Host Prooible Cut 
Olde' Child 1 rear eig 10 year eip 

AwuBt of Flit Fraction Body AMl»t of CA6 Potency Risk Risk Risk 
Compound Concentration Coniuied Absorbed •ti^t Contannint Absorbed Estiwte Eitnate Estnate Estnatc 

luo/«] !5/<ub Mil) 111 (kg) (to/fish teal) •I d{/kg/dayl-l Short-teri Sub-chronic Chronic 

PCB 5 0.3710 227.0 LOO 40.0 B.42E-02 1 4.9E-0! ! 1.11-U 7.7«»00 NA 7.4IE-0* 7.61E-05 

Net Bedford 
Vea 2 
IngestiHi of Flounder (unthlyl 
Carcinogenic Effects 
fast Probable Case 
Adult 

Auunt of Fish Fraction Body Atount of 1C CAE Potency Risk Risk Risk 
Cmiound Concentration Consuwd Absorbed •eiont Contaunant Absorbed se Estiute Estnatt Estiute Estnatt 

IUf/|) 15/hsh MI)! (11 (kg) (i«/fisk ital) J»yl ltg/kg/dayl-1 Short -twi Sub-chronic Chronic 

PCB s 0.3710 227.0 I.DO 70.0 B.42E-02 I 4.0E-05 : 5.7E-Ok 7.70E*00 NA 4.35E-06 4.35E-05 
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TABLE [-<:. Kll DOSE CALCULATIONS; WNTBiY 1K6ESTIW OF (IOTA UNtll) FLDLWEfl); AREA I; AMJLT AW OLDER CHILD. 

«f« Bedford 
Are] 2 

l»o.estiem ot Flounder (l«lthl|il 

Ciriinoowu Effects 
fteihstic Horst Cut 
Older Child 

Awunt of Filh Friction Body Aiount of CDC Pottncy Rut fink Risk 
CompounddUl Conctntration CctiUMd Aosorbiil fcioht ContJiinut Atiorbtri Estiutc Eitiutt Eltilitl Estiutt 

IU)/jl l;/fnli mil) III (kg) (•5/(l!ft Mil) li«/tq/dirl-l Sfcort-ttfl Sub-chronic Clironic 

PCS'i LOW 227.0 l.M 40.0 2.58E-01 2.0E-04 ! 2.8E-05 7.70E*00 NA 2.15E-OJ 2.I5E-04 

K» Btdford 
Ari> 2 

Ipgntion of Flounder ItontNly) 

Circiftoqenic Ef fect f 

Pulistic Norft Cut 
Adult 

Aiount of Fnh Friction Boe> taount of HE Potency Fuji Disk Disk 
CMpounti Concentritim Consuicd Uiorbtd Might Contifinint Absorbed Ettiute Eitiute Eitllite Eitiute 

(uo/g! Ij/llSfc Mil) III !kgi iM/flth Ml!) lig/li;/diri-l Sbort-tere Sub -chronic Chronic 

KB 'i I.MM 227.0 1.05 7D.O 2.3SE-OI ! I.1E-04 : 1.4E-05 7.70E«00 N» 1.2JE-05 1.23E-04 
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TAKE t-43. BODY DDSt CALCULATIONS; D A I L Y IN6E5T1M OF BIOTA INDITES FLOUNDER); AREA 3; ADULT AND OLDER CHILD. 
SIWMflY 'ABLE HEADER: CDKEKISSIION III EDIBLE 

POST 10* OF FISH lu|/q) FMCT10N USDRBED (I) CA6 POTENCY 
SITE: Nw Bedford CONTAniNANTS HOST REALISTIC DOST REALISTIC ESTIMATE 
E1POSURE: Ingestion of Flounder (du ly ) Area 3 OF CONCEMI: PROMM.E »0»ET PAOBAiLE MORST 

Cirunoeem Effec t s toncircino9(nic EHtct PCB's 0.27BO O.B250 1.00 1.00 7.70E»00 
Host Prohibit Cast Riilntic Korst Cm 
Cider Child Mult 

DATE: 20-flar-89 
HOST PM8A8LE HWBEft OF 

I!RECTORY: FISH HEALS MOUNT OF FISH CONSUMED (;/l(ill 
IlEt: NEV BEDFORD 10 MST PSD6AILE BODY HEIGHT llcjl 
FILE: H F I I 1 No. Mais/year 365 CHILD: 227 CHILD: 40 

MULT: 227 ADULT: 70 

REALISTIC MUST 
CHILD: 227 
ADULT: 227 

Kn Bedford 
Kru 3 
hgrstion of Floundtr < d « i l r  ' 
Ctmnogtim E^f tc t s 
Pint Proiiblt Cut 
Dldrr Chi ld 1 ylir tip I  D riir tip 

Aftotint of Fish Fraction hdr Auunt of CA6 Potency Risk Risk Risk 
Coipounil Concentritiofl Consuxd Abtorbnl Utioftt Cwtiiimiit Afeiortid EltlMtt EltlMtt EstlMti Estiilte 

luf/jl l;/hsfc M<1) 111 (kg) (•9/fllll Mil) li;/ka/dir)-l Sliort-tfrt Sub -chronic Cbromc 

°C8's 0.2780 227.0 1.00 40.0 i.31E-02 : l.tE-03 ! 2.3E-04 ! 7.70E»00 HA 1.74E-04 1.74E-03 

Mm Bedford 
Arei 3 
Ingntion of Floundtr (duly) 
Carcinogenic E f f e c t  s 
Dost Prrt j t l f Case 
Adult 

Aiount of Fish Fraction Body Aiount of CM Potency Risk Risk Risk 
Coipound Concentration Consuietf Absorbed Height Containiant Abut Estiute EstlHte Estiute Estnate 

<iii'|) ig/fist nil) (1) (kgi Itg/fish wall d|/kg/day)-l Short-tere Sub-chronic Chronic 

PCB s 0.27 BO 227.0 1.00 70.0 6.J1E-W 1 9.0E-C4 ! 1.3E-04 7.70EKIO IM 9.WE-05 9.92E-04 
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TAJLf C-<3. mi DOSE CALCULATIONS; tAILY IWESTIW OF BIOTA (KlNTEf FLOUNDER); AREA 3; ADULT AND OLDEB CHILD. 

»n Briford 
Art! 3 
Ingntion of Flounitr Idlilyl 
Circiiogrnic EHntt 
fttillitic lor it Ci» 
Dldrr Child 

taouit of Fnh Friction Body Amuit of CW Pottncy lUsk Risk Risk 
pound Concentntion CotlWHd Aoiorbtd Might Contiaiiunt Abiorbtd Estiutt EttlMtl EltlMtt Eitliitt 

Ig/firt MI!) (II (kg) iM/fllb Mill Short-ttri Sub -chronic Chruiic 

'I 0.8250 227.0 l.OD 40.0 1.B7E-01 : 4.7E-03 t.TE-04 7.70E*«0 . 5.15EHH 5.14E-03 

Nn Bedford 
Arta 3 
Inqtstion of Flounder (duly) 
Carcinogenic E-Htfcti 
Realistic Horst Ca»» 
Adult 

toount ol Fistt Friction lody Amint a) • ' CM Pottncr Rut Risk Risk 
CMfOUDd Cortcthtrition ConiuMd ttsorbtd wight ContiiiniAt Abiorbtd Elt.Mtt Eitiaitt Estiutt EstlMtl 

(U|/g) lg/<isb Mill III Ikgl (M/flfh Mil) l»g/kg/diy)-l Sbort-teri Sub -chronic Chronic 

PCB's O.B250 227.0 1.00 70.0 I.87E-OI ! 2.7E-03 ! J.BE-04 ! 7.70E*00 MA 2.94E-04 2.94E-03 
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TASLE C-M. JODr JOSE CALCULATIONS; KEKL» IN6EST10N OF BIOTA (NJNTER FLOUNDER); MED 3; AtULT AND OLDER CHILD. 
SUHMRV TABLE HEA5ER: COKENTRATIW IN EIIBLE 

PORTION OF FISH lu;/ql FRACTION ABSORBED (II CAE POTENCY 
SITE: Nn Bedford CONTAMINANTS DOST REALISTIC HOST REALISTIC ESTIMATE 
E1POSUDE: Infltstion of Flounder lutekly) Aril 3 OF CONCERN! PSDMBLE WRST PROBABLE HIRST <i«/tq/diy)-l 

Circinotenic Effect  s Noflcircinogenic E f fec  t PCI t 0.2780 0.8250 l.W 1.00 7.70E«M 
Dost Probible Cue Rtilistic tor it Cl» 
Older Child Mult 

DATE; 20-IUr-W 
WST PROBABLE NMKR OF 

DIRECTORY: FISH HEALS AMOUNT OF FISH CONS1KD (g/wal I 
DISK: NEN BEDFORD WST PRMAKE BODY NE16HT Ikql 
FILE: HFIIIi Ho. »tils/yeir CHILI: 227 CHILD: 40 

ADULT: 227 MULT: 70 

REALISTIC NORST 
CHILDr 227 
ADULT: 227 

•n ttilari 
Arti 3 
InOKtion of Floueder 
Circinoqcnic EffKtl 
Host Probiblt C»» 
Older Child 1 yfir tip 10 ytir tip 

1 Atnint of Fifti Friction Body Aiount of CAS Potent, Risk RISK Risk 
CMPOWI! CoicntritiDn ) Consutcd Aburbtd Migtt CntllliiDt Absorbed Estiute Estllite EstiHte Cstiute 

luq/$l . Ig/hih Mil) (1) (ko) (•q/flih Mil) li«/k;/diy)-l Short-teri Stb-chronic Cft'onit 

PCB'5 0.27BO 1 277.0 1.00 40.0 k.31E-02 ! 2.2E-04 I 3.2E-05 i 7.70E»00 NA 2.47E-05 2.47E-04 

«e« Bedford 
Ar» 3 
bjeitiw of Flounder (Mekly) 
Cjrunojfn:c Effect: 
nnt Probible Cue 
Adult 

Aiount of Fisti FrKtion Body Aiount of CM Potency Risk Risk Risk 
Cotpoufid Conctfltrition ConsuMd Aosorbtd NcigH Continent Absorbed EstiMte Estiute Estiute Estiute 

l»g/{) Ig/fith H<1) (11 (k|) (•9/fisk Mil) f | li;/kg/dirl-l Skort-teri Sub -chronic Chronic 

PCB's 0.27BO 227.0 1.00 70.0 (..31E-02 ! 1.3E-04 ,' 1.81-05 7.70E««0 NA 1.41E-05 1.4IE-04 
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TABLE C-44. BODY DOSE CALCULATIONS! HEEIfLY 1K6E5T1W OF BIOTA HINTER FLOUNDER!; AREA 3i Mill Hit OLDER CHILt. 

Kn Bedford 
ton 3 
Ingestion of Flounder (wckly) 
Carcinogenic Effects 
Riihstic Kent Cise 
Older Child 

AMuDt of Fish Friction Body Atount of CAE Potency Risk Risk Risk 
pound Concentrition Counted Absorbed Contiiinint Absorbed e EstlHtt EstiMte Estiute Estiute 

Ig/fisk will III (kg) (HJ/flSk Mil) (•g/kg/dayl-l Short -ter» Sub -chrome Chronic 

•i 0.9250 227.0 1.00 40.0 1.B7E-01 1 e.7E-04 ! ?.5E-«5 7.70£«00 HA 7.34E-05 7.34E-04 

MM Intford 
Arci 3 
Inontion of Flouodtr iMttly) 
Carcinogenic Efficti 
Rrilistic Vorst Cise 
Adult 

toouot of Fish Friction Body bount of CA6 Potency list Rut R,5> 
Compound Concentration ConsuM* Absorbed Height Continuant Absorbed Estiute Estiute Estiute Estiute 

(ug/g) (g/fisli wal) (I) Ikg) (>g/fish Mil! -, .,..<ri (•g/kg/day)-l Sfeort-teri 5gi -chronic Chronic 

PCB's O.B25<' 2J7.0 1.00 70.0 1.B7E-01 3.BE-04 5. 4E-05 7.70E.O m 4.19£-<I5 4. I?E-C< 
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TABLE C-n. IODY DOSE CALCULATIONS; fflMTHLY IH6ESTIW OF BIOTA HIHTER FLOUKDER); AREA 3; MULT AND DLDEK CHILD. 
SUWARY TABLE HEADED: COHCENTMTION IH EDIBLE 

POST]OK OF FISH iulj/ql FRACTIM AISORBED (!) CA6 POTEKCY 
SITE: fen Bedrord CONTAMINANTS HOST REALISTIC HOST REALISTIC ESTIMATE 
ElPOSUflE: Ingestion o< Flounder l ionthlyl Arei 3 OF CONCERN: PROBABLE WRST PROBABLE WRST 

Carcinogenic Effec ts Nontimnogenic Effect PCB's 0,2780 O.B25C 1.00 1.00 7,70E»«0 
Host Probiile Cist Rnlnt ic Korjt tjie 
Older Child Mult 

BUTE: 20-Hir-W 
HOST PROBABLE NWKR OF 

DIRECTORY: FISH DEALS MOUNT OF FISH CDKSUITED Ig/Mill 
DISK: HE» BEVORO 10 HOST PROBABLE BODY KEIBHT I k g ) 
FILE: IFIIU Ho. Mlls/yeir 365 CHILD: 227 CHILD: 40 

ADULT: 227 ADULTi 70 

REALISTIC WRST 
CHILD: 227 
ADUU: 227 

Hn Itttmt 
Art! 3 
Ingntitm of Flounder Innthly) 
CirtinDjinic Effect! 
Ant PrttiMt Cue 
Older Cki ld 1 rttr Kf 10 yeir ezp 

'Awunt af Fisli Friction Body Aiount of CAS Potency Risk Risk Rl<K 

Coiponns Concentration Cotisuttl At sorted Height Contuinint Absorbed Estiiite Estiiite Estiiite Estiiite 
lug/)) lo/fisb will (I) Ito.) (•o/fish Mil) d;/kg/dly)-] Short-ten Sutrckronic Chrcnit 

PC!'J 0.27BO 227.0 1.00 40.0 t.3IE-02 ! 5.2E-05 i 7.4E-04 7.70E»00 HA 5.71E-04 5.7IE-05 

Hei Bedford 
Arei 3 
Inqestion of Flounder donthlyl 
Circinogenic Ef fec t s 
Host Protinlr Ctse 
Adult 

Amut of Fish Friction Body Aiount of CAB Potency Risk Risk Risk 
Coifound CoACCRtrition ConsuKl Absorbed Detoht Contlltnint Absorber Estiiite Estiute Estiute Estiute 

luf/g) Ig/f ish MI!) (1) Itg) I*)/*:M Mil) ligAg/diyl-l Short-teri Sub-chronic Chronic 

PCB s C.27BO 227. D 1.00 70.0 t.31£-02 : 1 3.0E-05 4.TE-04 7.70E»00 HA 3.26E-06 3.2kE-05 
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TABU C-45. WDY JOSE CAUIH.ATIWS; NON7HLY IHSESTIOH OF HOT* I»I»TER FLOUNlERi; AREA 3; ADULT AW DUES CHILD. 

Htt Bedford 
Art! 3 

[aSestlort of Flounder (ionthlyl 

Cjrcinoo.e»ic Effects 
Peihstic Morst Citr 
Dldf Chi ld 

toount of Fiih Friction Body Aiount of CM Potency Suk ! Rul Di>t 
un( Ccnctntntion CniuMd AbiorbnJ Mt!BM Contiiniint Abiorbid Eltilltt Eitiuti ! EttiMti EttlUtE 

l«l/j) lj/<uh will 111 (kjl (toVfuli ttil) (il/kg/diyl-l Sfcort-teri ! Stb-ckronic Chronic 

O.B250 227.0 1.00 40.0 I.B7E-01 I.5E-M ! 2.B-05 7.7M»<IO M 1 l.ifE-o; I.69E-04 
: 

Kn Bedford 

Arti 3 
Inofition of Flouidtf Uonthlyl 

Circnoocic Effects 

Pnliitu Dorit Cut 
Mult 

toount of Fish Fraction locy Aiount of CAE Potntty Disk Risk hit 
Coipcund 1 Concintrition Coouwd tturbrd •tight Continnint Aiiorbtd Estiuti Estiutt Eihiltt EstlMtP 

! (u|/;l Ig/fish Mil) 121 (to) (to/full Mil) (»</k;/diy)-l 5hort-tfi Sub-chronic Chronic 

Kt t ! 0.8250 227.0 1.00 70.0 1.B7E-01 B.8E-05 ! 1.3E-05 7.70E«00 .A 1.tK-i>b 9.4BE-05 
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BLE C-44. »OD« DOSE CALCULATIONS; DAILT IN6EST10N OF BIOTA INDITE* FLOUNDER); AREA 4; ADULT MID CUES CHILD. 
SUfWARy TABLE HEADED: COMCENTRATIOM IN EDIBLE 

PORT10K DF FISH lug/jl FRACTION ABSORBED ID CAB POTENCY 
SITE: Hen Bedford CONTAMINANTS HOST REALISTIC HOST REALISTIC ESTIBATE 
E1PDSURE: I»g«tion of Flounder IJulyl ATM 4 OF CONCERN: PROBABLE WRST PROBABLE NDRST 

Clrcifiogenic Effects NoncircinoceiiH Effect PCB ! 0.1010 0.339 1.00 1.00 7.70E«Ot 
Host Protuble Cise Riilistic Horst CMC 
Older Child Mult 

DATE: 20-Hir-W 
HOST PROBABLE WHIBER Of 

DIRECTORY: FISH KALE AMXJftT OF FISH COMSIMED Iq/Mil) 
DISK: HE* BEDFORD 10 HOST PROBABLE BODY HEIGHT I 
FILE: HFIV No. Mlli/yeir 365 315 CHILD: 227 CHILD: 40 

1 ADULT: 227 ADUU: 70 

REALISTIC NORST 
CHILD: 227 
ADUU: 227 

Nn Bedford 
Aril 4 
Inqntion of FlDundrr 
Ci'cinogoiic EHtttl 
Brst Prrtiblc Cut 
Oldff ChUd 1 yeir exp _ 

Aiount of Fiih Friction Body Atount of CAE Potency Risk fil>k Ri;k 

Cmcfxtrttion CofisuKd Absorbed Height ContiiiBint Absorbed Eitiute Estiwte Estiute Estiutl 
lug/;) (5/4i)h Hill (I) Itgl (H/fuh Mil) lig/tg/diyl-1 Short-teri Snb-chronic Chronic 

PCI' s 0.10H 227.0 1.00 40.0 2.27E-02 : 5.7E-04 B.2E-05 7.70E»00 NA 4.30E-05 4.30E-04 

He> Bedford 
Arei « 
Ingestion of Housder (duly) 
Circinogenic Effects 
Host Probiole Cut 
Adul t 

Aiount of Fist) Friction Body Aiount of C(t6 Potency Risk Risk Risk 
Cowound I Concentrition ContuMd Absorbed Height Continent Absorbed Estiute Estiute EstlMte Estiute 

1 luj/j) Ig/fiit ml) II) Ikg) dg/fisb Mill lig/kg/diy)-l Short-tsri Stb -chronic Chronic 

PCB t ', 0.1010 227.0 1.00 70.0 2.29E-02 3.3E-04 4.7E-05 7.70E«00 NA 3.40E-05 3.40E-04 
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TMLC C-46. BCtl DOSE CALCULATIONS; DAILY 1N6ESTIC* OF (IDT* HIKTES FLOIMDER); AREA 4j ADULT AND OLDER CHILI), 

Nn Bedford 
Am « 
Ingestion of Flounder Itiilyl 
Carcinogenic Edicts 
Reilistic Horst Cue 
Older Wild 

tonint of Fish ! Friction Body taount o( CA6 F-otracr Risk Risk Risk 
Cowound Concentntion Consutf 1 Absorbed Ktijlit CmtiMAiat Absorbed Estiutt Estiiitt Estiute Estiutt 

mi/j) Ig/fufc HI!) ! Ill (kg) lit/hin Mill lig/tq/tfiyl-l Short-tfri Sub-chronic Chronic 

PCI s 0.33W 227.0 ' 1.00 40.0 7.70E-02 i l.?E-«3 ! 2.7E-04 ! 7.70E*«0 Itt 2.!2£-04 2.1IE-OJ 

»» Bedford 
Arei 4 
Inqestion of Flounder Kulyl 
Cjrcinotenic Effects 
Realistic Itorst Cut 
Muit 

AMunt of Fish Friction Body Atnnt of CAE Potency ! Risk Risk Risk 
oipound Cone attrition COASUMd Absorbed •eight Contuinut Absorbed Estiute ! Estiute Estiute Estiute 

l«l/g) Ig/fish wall (I) (kg) (M/fish Mil) lig/kg/diy)-l i Short-teri Sub -chronic Chronic 

CI s 0.3390 227.0 1.00 70.0 7.70E-02 I.IE-03 I 1.4E-04 ; 7.7«*00 ', M 1.21E-04 1.21E-0 

C-80 



TAKE C-47. BOD* HCSl CALCULATlOMSi MEEKLY IHKST10N OF BIOTA HUNTER FLOUMtEP); AREA 4j ADULT AM OLDER CHILD. 
StWWRY TABU HHDER: CWCENTRATIM lU EDIBLE 

POftTlOK OF FISH luj/jl FRACTION ABSORBED (!) CAS F-OTEMCY 
SITE: MM Bedford COKTMIIMirTS HOST REALISTIC HOST REALISTIC ESTIHATE 
EIPDSUAE: Injestion of Flomder («ekly> Vea 4 OF CDNCEA*: PROIABtE WRST PROBABLE WRET 

Circinooemc Effects NcxicvcinnjniK Effect PCB'i 0.1010 0.3390 1.00 1.00 7.70E*00 
Dost Prohibit Cut Rciliitu tor it Ci« 
Older Olid Mult 

DATE: 20-Har-W 

HOST PROBABLE mm v 
DIRECTORY: FISH DEALS HWtn OF FISH CDNSlMEt I 

DISK: »E» BEDFORD 10 HOST PAOMiLE BODY HEIGHT Ik?) 
FILE: HFIVa No. itall/year 52 ZK CHILD: 227 CHILD: 40 

1 ADULT: 227 ADULT: 70 

REALISTIC HDRST 

CHILD: 227 

ADULT: 227 

«« Bnlford 
Arta 4 
Injtltion of Flounder (wckly) 
Circino)niic EHtcti 
fl»t Prodagli Cist 
Cldrr Diild 10 ytir tifl 

Aaount of Fish Friction tody Ainnt of CAE Potency Risk Risk Hist 
und Conrentntion Coosuwd Absorbed Vtioht Contiitnint Absorked Estmte Estiute EstiMte Estiute 

luq/gl lo/*ish Mil) 111 (kol !•)/(] 5)1 Mil) •g/to/diy)-l Eno't-teri 5«b-clironic Chronic 

PCB s 0.1010 227.0 1.00 40.0 2.2«-02 I 8.2E-05 ! I.2E-05 ,' 7.70E»00 NA B.?8£H>4 B.98E-05 
! I ) 

Ne> tut art 
firti 4 
InofstiMi of Flounder l> .>ekly) 
CirciHomeric Ef fec t  s 
Host Probible Case 
Adtlt 

A»ou»t of Fish ! Fraction Body Aiount of CA6 Potency Risk Risk Risk 
Coioound Concentration ConsuMd i Absorbed Keiqht Contaunant Absorbed Estnate EstiMte Estiute Estiute 

lot/ft (j/fn» teal) I (I) Iko) {•g/fish will lig/kg/dayl-l Snort-tert Stb -chronic Chronic 

! 
PCS i 0.1010 227.0 ! 1.00 70.0 2.29E-02 : 4.7E-05 ! i.TE-06 7.70E»00 HA 5.1JE-06 5.13E-05 

: 
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TABLE C-47. Ml DOSE CAtCUUIlWS; «EHV 1KEEST10K OF BIOTA ("1KTEI FLOUHDERJ; AREA 4; ADULT AND OLDER CHILD. 

Ken Bedford 
Arti 4 
lnge«tlM of Flounder *tHyl 
Carcinogenic E f fec t  s 
Realistic Horst Case 

Older Chi ld 

taount of F.iti Frjctior tMl Aiouit ai CM Potency Risk Rule Risk 
CMpouirf Concentration 

luj/|l 
Con>u»< 

ij/fnh HID 
Mtorbril 

(I) 
Height 

(kg) 

CDntinnint Absorbed 
lig/fnh Mill 

! Eftiute 
: ltg/t;/d>rl-l 

EstiMte 
Short-teri 

Eitiute 
Sub-chronic 

Estlilte 
Cfironic 

PCS s 0.33W 227. S l.tKI 40.0 7.70E-02 : 2.7E-04 J.9E-05 : 7.70E»00 HA 3.01E-05 3.ME-04 

Hn Bedford 
Arti 4 
Injestion at Flounder Iweklr' 
Circinoqtnu EHectt 
Reilistic tcvst Cm 
Adult 

Atount of Fish Fraction iodr Aioont of CAE Potency Risk Risk Risk 
Cotpountf Concentration ConsuMd Aturbed Ki;At Contaemant Abf orbed Ettiiate Estiute EstiMte Estiute 

liq/i) Ig/fish Mil) III (»gl do/fish Mai) lM/kg/dayl-1 Short-ten Sub -chronic Chronic 

PCB's 0.33W 227.0 l.OC 70.0 7.70E-02 1 l.«-04 i 2.2E-05 7.70E»00 «A 1.72E-05 I.72E-04 
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TABLE [-48. BOD* DOSE CALCULATIONS; hWHLY INGE5TIDN DF BIOTA UINTER FLOUNDER); AREA 4; MULT AW OLDER CHILI. 
TAKE HEADED: CWCENTMIIDN III EDIBLE 

PORTION OF FISH lug/;) FRACTION ABSORBED III CA6 POTENCY 
SITE: N» Bedford COhTAh-INAKTS HOST REALISTIC WST KAU5T1C ESTIMTE 
EIPOSUSE: Ingeition of Floutdef (•Mthlyl ATM 4 DF CONCERN: PROBABLE WRST PROBABLE W8ST (i,/t)/day)-l 

Circmotenic Effects Ncmcvcinotenic Effect PCB'i 0,1010 0.3390 l.OD 1.00 7.7K»00 
Most Probitle Cue KM) i <t ic Vorst CIK 
Older Child Adult 

DATE: 20-IUr-
NUKBER Of 

DIRECTORY: FISH ICALS MOUNT OF FISH CONSUMED Iq/ml) 
DISK: KEN BEDFORD 10 DOST PROBABLE BODY KEI6HT I k g l 
FILE: BFlrt US CHILD: 227 CHILD: 40 

ADULT: 227 ADULT: 70 

REALISTIC HffiST 
CHILD: 227 
ADULT: 227 

Nn Brtforil 
Arti 4 
Inqrftion of Flounder (wntbly) 
CircinogMic Efffcts 
Doit PrMible Cat 
Slttr DilU 1 few eip 10 iev tip 

Auunt of Fish Friction Booy AMUDt Of CAG Potency Risk Risk fil!l 

Cotpmni) Concentration ConsuMd Miorbed Height ContuiDiiit Abiorbed EitiMte Eitiute Estiiite Estiute 
lug/,' l;/fish Mil) (I) Itg) (»9/fiih wal) d;/kg/dir)-l Short-teri Sub -chronic Chronic 

PCB f 0.1010 227.0 1.00 40.0 2.2?E-02 i l.»E-0! 2.7E-06 7.70E«00 HA 2.07E-06 2.07E-05 
1 

Ne> Bedford 
Am 4 
[n;e«tion of Flounder lunthlyl 
Cvonogwic Effects 
Nnt Probillr Cist 
Adult 

Atount of Fish Friction Body Aiount of CAG Potency Risk Risk Disk 
Conouad Concentration ConsuMd Absorbed Neiqnt Contmnant Absorbed Estiute Estiute Estiutt Estiute 

liH/l) (o/f ish Mil) 'II (kg) (•4/fiih MI!) (M./koyd«y)-l Short -tert Sub-chronic Chronic 

PCB s 0.1010 237.0 1.00 70.0 2.29E-02 ! 1.1E-05 ! 1.5E-06 7.70EtOO NA I.16E-04 I.1BE-05 
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TABLE C-4S. BODY DOSE CALCULATIONS; hOHTHLY 1«6E£T[0» Of !IOTA mlKT£R FLOUWESJ; AREA 4; ADULT AMI OLDER WILD. 

KM Brdlord 
Aril 4 
Ingrstion of Flotuidtr [toflthlyl 
CircinojMic Ef f tc t  s 
Rllhstic Horst Cist 
OUtr Child 

AMunt of Fnk Friction Body Ainint of : C« Potncy : Risk Ruk Risk 
Cwpound Coflcffntrjtlon Consuwd Adsorbed Might ContitDimt Aosorkcd! EitiMti ! Estiute EstlMtf Estiutt 

lug/gl li/fnh will (1) (ko) l«g/fi»fc ml) ! .,..,.«•?} lig/kg/diy)-! ! Short -ttrt Stb-ckronic Chronic 

PCB'i 0.33W 227. » 1.00 40.0 7.70E-02 ! 6.3E-05 ! »,OE-Ok 7.70E»00 : NA 4.?4E-Ot 4.96E-
: 

Nr« Bedford 
Arti 4 
Inqtstion of Floundfr dontlily) 
Circinogmic EffKts 
Rtihst:c »ori! Cist 
Aduit 

Atcont of Fllh Friction Body Aiount of 1C CA6 PotMcy Ri >k : Ri sk Risk 
Cowound Concntntini Contutrt Atiorbtd Vtight Cmtiiiunt Absorbed li Eitiute EstlMtt ! EitlMtC Estintc 

luo/j) Ig/firt Mil) (I) (kg) lig/fith Mill •diy) l>9/kg/diy)-l Sliort-ttr» i Sub-cdronic Chronic 

PCB's 0.33W 227.0 l.W 70.0 7.70E-02 ! 3.6E-05 ! 5.2E-06 7.70E»00 MA ! 3.9BE-W 3.9M-C5 
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^:i* 2: A!^" tfl'. OLDER CHILD. 
CONCEhTMTlON IN EDIBLE 

PORTION OF FISH IUO./P) FRACTION ABSORBED 111 CAS POTENCY 
CONTAHINANTS HOST REALISTIC HOST REALISTIC ESTINATE 

A-ea 2 OF CONCERN; PROBABLE WRS1 PfiDBABLE KOR5T 
Ca'Cir^er-lt E f fec t ; NoncarcinooePic Effec t PCB f 0.5480 1.2340 1.0 1.00 7.70£»OI) 
fa: P-Mable Case Rtihttic Morst Case 
Cider [hilc Mult 

SHE: 20-Har-B9 
«ST PROBABLE MMBER OF 

HREC'DPY: FISH HEALS AHDWT OF FISH CONSUnED Ig/ml) 
DISK: NEK BEDFORD DOST PROBABLE KDT HEIWI <k f  > 
FILE: LOB! No. wall/year 345 CKILt: 227 CHILD: 40 

ADULT: 227 ADULT: 70 

REALISTIC IrORST 
CHILD: 227 
ADULT: 227 

C-85 

Arti 2 
!t;estioti of Lobittr (duly) 
Circiflo^enu Effect s 
ftott Probitle Case 
Older Child 1 year eip 10 year tip 

' Aiount of Fish Friction Body Aiount of CAB Potency Rut Risk Risk 
Cupound Concentration 1 Consuiel At sorted Height Contaauaflt Absorbed Estiute EstiHte EstiHte Estiute 

109/5) ; Ig/fish wal) (I) Ik;) tio/fish wall lit/kg/day)-! Short-ten Su^-ctironic Chronic 

"CS'5 O.UW ' 227.0 1.00 40.0 1.21E-01 3.2E-03 : 4.bE-04 7.70E»«0 HA 3.55E-04 3.35E-03 

Hen Bedford 
Area 2 
Inqestion of Lobster (duly) 
Caronoornic Effects 
Host Probable Case 
Adult 

AiouAt of Fish >' Fraction Body Aiount of CAG Potency Risk Risk Risk 
ICMpountf Concentration ! Consumed ! Absorbed •tight Contaminant Absorbed Estiiati Estnate Estnate Estiutt 

lug/;! : l;/fisb ml) i 111 Ikgl <i4/fish teal) l*)/t9/dly)-l Short-teri Sub-chronic Chronic 

!PC8 s S.5S30 ; 227.0 ! 1.00 70.0 1.2H-01 : l.BE-03 2.6E-04 7.7C£«00 HA 2.03E-04 2.02E-03 



TABLE C-49. BODY DOSE CALCULATIONS; DAILf 1WEST1DN OF BIOTA ILOBSTESIj AREA 2; ADULT MID OLDER CHILD. 

«» Bedford 

Are« 2 

Ingeition of Lobster Idulyl 
Carcinogenic Effect! 
Realistic florst Case 
Oliltr Child 

taunt of Fiih Tract i en Body AMunt at CAE Potmcr Out Kill R i > k 
Cawnin* Concintritim ConwMd tturted »fij«t Cwitaunut Agiorbtd Eitiutt Eitiutt Eitiutt EltlMt! 

(uj /g) Ig/fnk Hill (II (kgl (lO/fiill Mil) . . . lio/kg/diy)-l Stort-tn Sub-thronic Chronic 

I : 
PCB'l 1.2340 2J7.0 1.00 '0.0 2.BOE-01 : 7.0E-OI .' I.OE-03 7.70E»00 «A 7.70E-M 7.47E-03 

M» Bedford 
Artl 2 
Ingestion af Labstff (duly) 
Carctnogrnic Effrcti 
Hullstic Iterst Ciif 
Adult 

Atount of flth Friction Body Aaount of CAG Potency Kiik Rut Sis* 
und ConcntratiDfi Confuatd Absorbed Vtight •Contiiiniitt Absorbed EitiMte Eitiute Eitiute Estiwte 

lug/gl l;/fi<h Mil) (I) (kg) lig/fisb Mill lio/kg/diy)-l Short-trri Sic -chronic Chronic 

PC!'! 1.2340 227.0 1.00 70.0 2. BOE-01 4.0E-03 1 5.7E-04 7.70E«00 «A 4.40E-04 4.39E-03 
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TABLE C-50. BODY DOSE CALCULATIONS: INKSTIOK OF BIOTA (LOBSTER); AREA 2; ADULT AND OLDER CHILD. 
SUWMV TABLE HEADER: CmCENTMTlON III EDIBLE 

PORTION OF FISH Iu9/|l FRACTION ABSORBED (I) CAE POTENCY 
SITE: Hen Bedford CONTAMINANTS HOST REALISTIC «5I REALISTIC ESTIHATE 
EIPOSURE: Ingestion of Lobster (mkly l ArN 2 OF CONCERN; PROBABLE HOIST PROBABLE WR5T Ii9/t«/d<v)-l 

Circinogenic E f f e c t  s Nonctrcinogenic Effect PCB's O.ttBO 1.2340 1.00 1.00 7.70EHIO 
Host Probible Cise RMlistic fcrst Cise 
Older C h i l  d Mult 

DATE: 20-Hir-W 
IMIBER OF 

DIRECTORY: FISH HEALS AMUNT OF FISH CONSIMED 
DISK: KEN KIFWD 10 DOST PKOBABLE BODY HEIGHT (kg) 
FILE: LOBJi 345 OIILD: 227 CHILD: 40 

ADULT! 227 AOOLT: 70 

REALISTIC HURST 
CHILD: 227 
ADULT: 227 

Mm Bedford 
ATM 2 
Ingtstiofl of Lobster 
Cvcinootnic Effects 
Host Probible Cast 
01 df Child 1 veir eip 10 reir eip 

Atouot of Fish Friction toil Aiount of CAE Potency Risk Risk Risk 
Ccipoun< Concentntim ConsuMil Absorbed *t:gtt ContmiMt Absorbed EstiMte EstiMte EstiMte Estiutt 

(U0'(l Ig/fish MI!) II) (kg) Itg/fish ml) lif/to/dir)-) Short-tere Sub-chronic Chronic 

PCB's 0.5480 227.0 1.00 40.0 1.29E-01 4.4E-04 ! 4.4E-05 7.70E»«0 NA 5.05E-05 5.05E-04 

Xw tedforo 
Arei 2 
Ingtsticn of Lobster lutekly) 
Circinogenc Ef fKt  s 
Host Probible Cm 
Aiult 

Atount of Fish Friction Body Aeount of ! CAS Potency ! Disk Risk Risk 
mind Concentration Consumed Absorbed Height Contaiitant Absorbed ! EstiMte 1 EstiMte EstiMte EstiMte 

luf/gl {g/fisk will <l) (kg) Itf/fisk Mil) ) ; leVkg/diyl-l ! Short-teri Sub-chronic Chronic 

! ! ! 1 
ssPCB 0.5460 227.0 1.04 70.0 1.29E-OI ! 2.4E-04 i 3.7E-05 1 7.70t»M ! NA 2.HE-05 2.B9E-04 
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TABU C-50. BODY DOSE CALCUUTIDHS; KEKLr 1H6ESTIO* OF BIOTA ILD8STER); AREA 2; AtULT Alffl OLDER CHILD. 

Knr BnUord 
Vti 2 
IngMtion of Loisttr Iwtklyl 
Circinogtnir Effect! 
Rttlntic Morit C»t 
01de- Child 

Aitwnt of Fiih Friction tadr AnuDt of CM Potwcr Rut Risk Risk 
Cotpoundd Conctntrition ConuiMd Aturbttf •tight Cofttuiiunt Atforbtd Estiutt Eftiutr Eitiutt EitlHtt 

lug/)l l?/fuh Mil) III (kg) dt/fiit nil) (•g/kg/diy)-l Short-ttrt S«b-chronic Chronic 

PCI'5 1.2340 H7.» I.W 40.0 2.BOE-OI l.OE-03 i 1.4E-«4 7.7M*OC M I.IOE-04 I.10E-03 

•til hit ford 
Am 2 
Ingtstion of Lobsttr l««Uy) 
Circinogtnic Efftcts 
Rtilistic Horst Cut 
Altult 

taunt of Fish Friction Body Auuitt of CK Potrncy Risk Risk Risk : 
!Compound Conctntrjtion ConsuMd Absorbtd Height Contuinint Absorbtd Estiute Estiutt Estiutt Estiutt ! 

' lug/gl Ig/hsb Mill III Itgl <M/fiih Mil! 1 lig/lg/diil-1 Short-ttri Sub-chronic Chronic ! 

'Ki i 1.2340 227.0 1.00 70.0 2.BOE-01 5.7E-04 ! B.1E-05 7.70E»00 M k.27E-05 U.27E-04 , 
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C-51. BOOT JOSE ULCULATlMISi IBNTHLY INBESTIM OF BIOTA ILDBSTESU AREA 2; MULT MB OLDER CHILD. 
SUWWRY TABU HEADED: CONCENTRATION IN EJIHE 

mim OF FISH lug/)) FRACTION ABSORBED III CAE POTENCY 
SITE: Mn Bedford CONTAmWMITS HOST REALISTIC MSI REALISTIC ESTI*TE 
EIPOSUflE: Inoestion of Loblttr Iwnthly) Arti 2 OF CONCERN: PSOMBU WRST PROBABLE W»ST 

Carcinogenic Effects Noncarcinooenic Effect PCB't 0.5460 I.2J40 1.00 1.00 7.7DE»00 
Holt Probaole Cut (fillstu Hortt CJM 
Older Child Mult 

DATE: 20-IUr-W 
HOST PROBABLE 

DIRECTORY: MOUNT OF FISH CONS1MED l«/»il) 
DISK! HE* BEDFOfi! HOST PROBABLE BODT KI6HT lk?l 
FILE: LDBlb ! CHILD: 227 CHILD: 40 

AIU.T: 227 ADULT: 70 

REALISTIC WRST 
CHILD: 227 
AMU: 227 

UN Bedford 
Arei 2 
Ingtitiwi of Lebsttr liMthlr) 
Cimnogcnit Effects 
Hoit Probiblt Ciu 

1 rtar tip ID ycir up 

Ainilt of Fish Friction Body AMIUlt Of CAS Potency Rlik 1 Risk Risk 
Coipoiuid Coficntntion Consuwtf Abiorbrd •eight CoAtiiinint Afeiorbed Eitiute Eitinte ! Estmte EttlMtt 

lui/p) Ig/fisk Mil) (1) Itq) (•4/fllll Mil) l«4/tq/dly)-l Short-teri 1 5ub-thronic Cnroru 
1 

1 
PCB's 0.5680 227.0 i.OO «0.0 1.29E-OI I.1E-0« : l.K-05 7.70E-00 NA 1 1.17E-05 1.17E-«» 

! 1 

Ne> Bedford 
Arei 2 
Inoeitioo of Lobster 
Carcinogenic Effects 
flnt Prooille Cue 
Acult 

Aaount of Fiih Fraction Body Aiiwnt of CA6 Potency Risk Rill Ris. 

Covouni Concentration Conuied Absorbed *10llt Contaiinant Absorbed EstlMtt EstlHte Estiute Estiutr 
lug/gl [g/fnh Mil) 121 (k|l {if /f ilk wall • I lig/kg/darl-l Short-ten Sub -chronic Chronic 

PCBs O.SiBD 227.0 1.00 70.0 1.29E-01 : j.lE-05 : B.7E-Ok 7.70E*00 M 
.** 

i.44E-05 
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TABU C-51. BODY MSE CAICULATIOHS; KGHTH1I 1N6ESTIW Of BIOTA (LOBSTEIi)j AREA 2: ADULT AND OLKfi CHILD. 

Me> Bedford 
Aril 2 
Ingestion of Lobster iMnthly) 
Circinogenic Effects 
Reihstic Norst Cise 
Older Child 

i Atowit of Fish Friction Body Auunt of ' " CAE Potency Risk Risk Rut 
Cotgound '• Concentration Cwisuied Absorbed Height Cwtmiint Absorbed Eitiwte Estiute Estiute Estiute 

lug/gl (g/fist eeil) (I) Itg) (tg/fish teil) 1 ltg/kg/diyl-1 Short-tefi Sub-thronic Chronic 

PCfl's : 1.2340 2J7.0 1.00 40.0 2.80E-01 2.5E-04 ! 3.JE-03 7.70£»00 NA 2.5K-05 2.53E-04 

Ne> Bedford 
Arei 2 
IngMtion of Lobster leonthly) 
Ctrcinogenic Effects 
fteilistic iorst Cise 
Adult 

! Anouot of Fiwi Friction Body Aiount of CA6 Potency Risk Risk Disk 
CMAOund i Concentrition Coflsuaed Absorbed Height Contuiiunt Absorbed Estiwte Estitite EstiMte Estiute 

1 luq/j) l;/fist Mil) (11 (kg) (ag/fish fell) , -,.*•>) dg/kg/diy)-! Short-ten Sab-chronic Chronic 

PCB s : 1.2340 27.0 1.00 70.0 2.BOE-01 1.3E-04 : l.W-05 7.70E+00 NA 1.4K-05 1.45E-0< 
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TUIE C-52. mi tOX CALCULATIONS! MIL) ] WEST ION OF BIOTA (LOBSTER); AREA 3; ADULT AND OLDER CHILI. 
SUWWRV TABLE HEADER: CONCENTRATION IN EDIBLE 

PORTION OF FISH lu;/g> FRACTION ABSORBED III CAC POTENCY 
SITE: Mn Bedford COHTAHINANTS HOST REALISTIC HOST REALISTIC EST1MTE 
EIPOSUM: l»g.»tion of Lobster (du ly  ) Are» 3 OF CONCERN: PROBAtLE WRST PROBABLE MUST 

Circnocelic Effects Nonurcinojenic Effect PCI s 0.2130 0.3510 i.oo i.oo 7.70E»00 
Host Probible CHI RM)I it ic Horst Ctse 
Older Child Mult 

DATE: 20-IUr-M 
NUrlKR OF 

DIRECTORY! FISH NEAIS ANOINT OF FISH CODSUICD l;/ml) 
DISK: HE* BEDFORD HOST PROBABLE BOM KIBHT lk|l 
FILE: LDBI1I 545 CHILD: 227 CHILt: M 

1 MULT: 227 ADULT: 

REALISTIC NDRST 
CHILD: 227 
ADULT: 227 

NM Bedford 
Art< 3 
Inantion of Lobster 
Circinoptnic E4fKts 
Host Probible Cut 
Older Child 1 ytir up 10 yfir np 

Aiount of Fnh Frjttiwi Body tamnt of CAE Potency Risk Risk Disk 
und ! ConcKltrition 

! lug/gl 
Coniutetf 

(;/fish will 
Usorbrd 

II) 
Height 

Ikq) 
Cofltuimit Absorbed 

(•i/fnh HID ^ 1 
Estiute 

ltg/tg/diyl-1 
Estiute 

Short-teri 
Estiwte 

Sub-chronic 
Estiutr 
Chronic 

PCB'i> ! 0.213(1 227.0 1.00 40.0 4.B4E-02 1.2E-05 ! 1.7E-04 7.70E«00 m 1.33E-04 1.33E-03 

KM Bedford 
Arei 3 
IngMtiun of Lotster Idulyl 
Circinogenic Effects 
Host Probible Cise 
Adult 

I Atwint of Fish Friction Body Aiount of ' ' ' c CAE Potency Rilk Risk Risk 
Conouid ! Concntrition Coosuwd Absorbed Ifeioht ContMiniftt Absorbed e Estiute Estiute Estiute Estiute 

I l«i/;l Ig/fisli MI!) (1) (roi lit/fist mil ly) (ii/kg/diyl-1 Short-teri Sub -chronic Chronic 

J j 

PCB s : 0.2130 227.0 1.00 70.0 4. B4E-02 4,?E-04 ! ?.«-05 7.70E«00 NA 7.40E-0! 7.40E-U 
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TABLE C-52. BOBY DOSE CALCULATIONS; DAILY MKSTIIM OF BIOTA (LOBSTER); AREA 3; MULT MID OLDER CHILD. 

*» Before 
Arn 3 
Ingestion of Lobster (duly) 
Carcinogenic Effects 
Realistic Horsl Case 
Older Child 

Anunt of Fish Fraction Body Awunt of CM Potency Risk Risk Risk 
Concentration ConsuMd Absorbed Height Contaiinant Absorbed i Estiute Estiute Estuate Estuate 

lug/gl Ig/fish teal) 12) (kg) (10,/fisk teal) «»l ltj/kg/day)-l Snort-ten Sub-chronic Chronic 

iPCB's 0.3S10 277.0 1.00 40.0 7.97E-02 ! 2.0E-03 1 2.8E-04 7.70£««0 M 2.1«-04 2. Itt-t-03 

UN Brtford 
Am 3 
Ingtstion of Lobster (duly) 
Carcinogenic Effect! 
Riilntic Vortt C»t 
Mult 

taunt of Fitn Friction Bod, Aiount of CAE Potency 1 tut Risk Risk 
Compound Coottntrition Contuicd Absorbed Height Contitinut Abiorbe< 

* 
Estiute 1 Eshute Estiute Estiute 

(ug/fl Ig/fuh Mil) 111 llgl (if/fllll Mil) iri lig/kg/diyl-l I Sbort-tere Sub-cbronic Chronic 

Kt'. S.3510 2?7.0 t.00 70.0 7.57E-02 l.!E-«3 ! 1.4E-04 7.70£»00 ! M 1.25E-04 1.25E-03 
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TABLE C-53. BODY DOSE CALCULATION! MEKLY IK6E5T1W OF BIOTA (LOBSTER); AREA 5; ADULT AW DUCK CHILD. 

SLWIARY TAIU HEADER: CDHCEHTM110H IN EI1BLE 
POBT1W DF FISH lu;/«l FRACT10II ABSORBED (I) CAE POTEKCY 

SITE: Dn Bedford CMTAnlNANTS DOST REALISTIC HOST REALISTIC EST1IWTE 
E1POSURE: Ingestion o< Lobster I. ekly ) ATM 3 OF CObtER»l PROBABLE KORST PROBABLE WffiST 

Ctrciiogenic Ef fects NoiCircitogeim Effect PCS'! 0.2130 0.3515 I .  M 1.00 7.70E«00 
tint Probible Cist Realistic Worst Litt 
Older Child Adtlt 

DATE: 20-Bir-8 

MINER OF 
DIRECTORY: FISH IEALS AMOK! DF FISH COHSUKD Ig/Mil) 
DISK: KV BOfORD 10 HOST PROBABLE BODY KI6H1 Ikgl 
FILE: LOtllll a 515 CHILD: 227 CHILD: 40 

1 ADUT: 227 ADULTi 70 

REALISTIC NDRST 
CHILt: 227 
ADULT: 227 

Kn Bedford 
Arei 3 
Ino»5tion of Lobsttr Inthly) 
CircinofFr.ic Effects 
Host Probille Cut 
Oldrr Child 1 r»r »P 10 yfir tip 

Ainint at Fish Friction Body taunt of CA6 Poteniy Risk I Risk Risk 
Coioountf ContlfltritlDn Consuwd Aburbed wight Cootiiinint Absorbed e Estiutt Estiiite I Estiute EstlHtf 

'I'll l9/fl>h Mil) (I) (kg) llO/'lSh Mil) ly) <i>/kg/diy)-l Snort-teri ! Sub-tbronic Chronic 

PCB's 0.2130 227.0 1.00 40.0 4.B4E-02 i 1.7E-04 ; 2.5E-0! 7.70E»00 NA 1 l.Btt-o: 1.B9E-04 
: : ! 

Ken Bedford 
Arei 3 
Ingtstion of Lobster (Mfkly) 
Carcinogenic Ef fect  s 
Itot Prubible Cise 
Adult 

Aiount of Fish Friction Body AMiint of . CAG Potency Risk Risk Risk 
CMBOIUld Concentrition Consund Absorbed •eight ContiiiDMt Absorbed • Estiute Estiute Eltiute Estiiite 

lug/gl Ig/fisb Mil) III Ikg) liq/fiib MI!) .y) lig/kg/diyl-l Snort-ten Sub-chronic Chronic 

PCB s 0.2130 227.0 1.00 70.0 4.B4E-02 9. BE -05 1.4E-05 7.70E»00 NA l.OBE-05 KOBE -04 
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TABU C-53. BODY WSE CW.CUUT10NS; KEKLY IN6EST1W OF BIOTA (LOBSTER)i ARE* 3; AW.T AW DUES CHILD. 

NH Bedford 
Aril 3 
Infill or of Lobster meekly) 
Clrcinoqenc Ef f rc t s 
fiHlistic Iwit tut 
Ulcer Chi ld 

taoiflt nl Fish Friction Body Heount of 1 CM Potency ! Risk Risk Risk 
Coepouni Concentration ConsuMd Absorbed •eight Continnint Absorbed ! Estiute : Estiiite Ettiute Estiute 

l.g/!> Ic/fisk Mil) ID Ikg) lic,/fish MI!) ') 1 lig/kg/dly)-! ! Short-tert Sub-chronic Chronic 

PCB's 0.3510 227.0 1.00 40.0 7.»7E-02 ', 2.BE-04 ; 4. IE-OS ! 7.70E<-00 I MA 3. 12E-05 3.1X-04 

Hf. Bfllford 
Artl 3 
IngMtim of Lobster l*«vk]y) 
Circinojtnic Ef*tct: 
Rethstic Horst Cue 
Adul t 

teount of Fiih Friction Body tanint o( CM Potency Ruk Risk Disk 
Couound ConcefttritiDfi Con SUM* Absorbed Vtight ContiiinMt Aburbed Eftiute EitiMte Estiute Estiutt 

luj/g) H/Jub Mil) 111 Ik;) (•q/fisb Mil) lli/kg/diy)-l S«ort-ter« Sdb-cnrontc Chronic 

PCB's 0.3510 227.0 1.00 70.0 7.97E-02 I l.tE-04 2.3E-05 7.70£»00 NA 1.7K-05 1.7BE-04 
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TABLE C-54. BMY MSE CALCULATIONS; MMTHU IN6ESTIDN OF BIOTA ILDBSTER): AREA 3j ADUU AND OLKR CHILI. 
SUWWRY TARE HEADER: COWENTRAT1W IN E1IILE 

PORTION OF FISH Iu9/« l FRACTION ABSORBED 111 CA6 POTENCK 
SITE: Kn Bedford CONTAHINANTS HOST REALISTIC HOST REALISTIC ESTIMATE 
EIPOSUBE: Ingestion of Lobster iMfltf t ly) ATM 3 OF CONCERN: PROBABLE NW5T PROBABLE MRST 

Cimnogenic Effects Noncircinoqrntc Effect PCB % 0.2130 0.3515 1.00 1.00 7.70£«00 
Host Prooible Ci» Rlthitic Horit Cist 
Oldff Ch i ld Adult 

DATE: 20-Hir-« 
HOST PROBABLE mm OF 

DIRECTORY: FISH BEAL5 OF FISH CONSUKD Iq/iell) 
DISK: KM BEDFORD 10 HOST PMMBLE BOM HEIGHT (kg l 
FILE: LDHllb 365 CHILD; 227 CHILI: 40 

AMI i 227 AMU: 70 

REALISTIC MORST 
CHILD: 227 
ADULT: 227 

Nn Ertfford 
Arti 3 
InqKttttl of Lfidsttr 
Circino^enic Effect i 
Ao<t ProlKbli Cue 
Older Chi ld exp 10 fear eip 

Aiount of Fith Friction Body Aiount of ! CAG Potency Risk (ink Risk 
CMP rand Concentrttiofi Consued Absorbed Right Contiiiniitt Aburbedl Estiute EstlHtf EstlMtt Estiute 

(•9/g) lg/fi<k Mil) II) Itfll doVfiifc Mil) : <r> ltg/kg/diyl-1 Short-teri Sub-chronic Chrmir 

PCB's 0.2130 227.0 1.00 40.0 4.B4E-02 ! : 4.0E-0! i 5.7E-04 7.70E«00 NA 4.37E-04 4.37E-05 

hm Bedford 
Arei 3 
Inqeition of Lobfter ( tonthly) 
Circinooenic E f f e c t  s 
Rest Probiblc Cise 
Adul t 

AlOUBt Of Flfh Friction Body Aiount of 1C CA6 Potency Risk : Risk Risl 
Cowound Concentrition Conuud Absorbed •eight Contuinut Absorbed ise Estiute Estiute ! Estliite EstllitF 

1119/91 <g/flth Mil) III Ikg) (•9/flSll Mil) 'diyl (•9/kg/diy)-l Short-teri ! Sob-chronic Chronic 

PCB » 0.2IJO 227.0 1.00 70.0 4.ME-02 I 2.3E-05 i 3.21-06 7.70£»00 NA I 2.5«-Ot 2.50' 05 
! 
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TABLE C-54. 80DV DOSE CALCULATIONS! BON1HU INKSTIOK OF BIOTA (LOBSTER); ARE* 3: ADU.T AND OLDER CHILD. 

Wn Bedford 
Area 3 
Ingeition of Lobster (ionthlv) 
Circinojemc Effects 
Realistic Horst Case 
Older Chili! 

Atount of Fish Friction ! Body Aiount of UE Potency Kilt Fust Risk 
CMpoind Concentration CwiUIMd Abiorbed 1 Height ContMinint Absorbed Eitiutt EstiHte Estiute Estiutt 

lug/gl (t/fllll Mil) (I) ! lig) (»)/(lttl Hill yi lif/ig/diyl-1 Short-tert Sub-chronic Chronic 

. J ! 
fa t 0.3510 227.0 i.oo : 40.0 7.97E-02 i t.SE-05 ! V.K-Q 7.70E»00 M 7.20E-06 7.20E-05 

DM Bedford 
Area 3 
Ingestion of Lobster In ithhl 
Carcinogenic Effects 
Realistic Itorjt Case 
Adult 

taorat of Fish Fraction Body taunt of CA6 Potency Risk Risk Risk 
Cotoouid Concentration ConsuHd Absorbed Height Contannant Absorbed Estiutt Estiute Estiuti Estnatt 

lug/il Ig/fub nal) 111 Ikgl (if/rut teal) lig/tg/dayl-1 »ort-tere Sub-chronic Chronic 

PCB's t.nio 227.0 1.00 70.0 7.97E-02 i 3.7E-05 ! 5.3E-04 7.70£tOO M 4. 12E-04 4.12E-05 
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TABLE C-55. BODY SOSE CAICULATIWS; HI LI INEESTlDk OF B I O T A ILDBSTER); AREA 4; ADULT Mt OLDER CHILD. 
TARE HEADER: CONCENTRATIOM III EDIBLE 

PMT10N OF FISH lu«/a) FRACTION ABSORBED III CA6 POTENCY 
SITE: «t« Bedford CDMTAnilMlirS HOST DEM.I5TIC mi REALISTIC ESTIKATE 
EIPOSURE: Ingestion of Lobster I d a i l y ) Arti 4 OF CONCEJW: PROMBU WKST PROBABLE WRST llgAg/dayl-l 

Carcinogenic Effects NDfic4rcino|cnic E f f e c t PC6 s O.M40 0.1745 I .M 1.00 7.7«*00 
(lost Probable Cist R e a l i s t i  c Horst Case 
Older C h i l d Adult 

DATE: 20-Har-

H)ST v 

DIRECTORY: FISH ICAL5 MOUNT OF FISH COMSUHED (9/Mill 
DISK: KE» BEIFORJ HOST PROBABLE BODV WIBHT I k q ) 
FILE: LOBIV CHlLti 227 CHILD: 

ADULT: 227 ADULT: 

REALISTIC HORST 
CHILDi 227 
ADULT: 227 

Nef Bedford 
Area » 
[i>|estion of Lobster 
Carciito^eitic Effects 
Host Probable Case 
Older Child 1 rear eip 10 year e>p 

»«ount of Fish Fraction Body AtOUftt Of CM Potency Risk R i s k Risk 
Covomd CHiceitration Consuwd Absorbed •eight Contuinatt Absorbed i Estiute EstiHte Estiute Estiute 

(u|/gl iq/ l i ih wall II) It;) dc/fisn Mai) ayl I t4/ tg/day)-l Short-teri Subttirmic Ch'cni: 

PCB's 0.0640 227.0 1.00 40.0 I.4SE-02 : 3.4E-04 : 5.2E-05 7.7C£*00 M 4.00E-05 4.00£-0« 

Nt. Bedford 
Vea 4 
Ingestion of Lobster ( d a i l y  ) 
Carcinogenic Effects 
Host Probable Case 
Mul t 

Ajount of Fish Fraction Body Aaount of «..!..•. CA6 Potency Risk Risk Risk 
CMfouid Concentration Consueed Absorbed Keicfct Cental! nant Absorbed Estnate EstiMte Estiute Estnate 

(ug/gl Ig/f isk Hal) 111 (kg) lig/fish wall ltg/kg/dayl-1 Short-teri Sub-chronic Chronic 

PCI s 0.04 to 227.0 1.00 70.0 1.45E-02 '2.1E-04 : J.OE-05 7.70£»00 HA 2.2BE-05 2.2BE-Ci 
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TABLE C-55. BOOT DOSE CALCULATION; DAILY IK6EST1W Df BIOTA (L06STERI; MEA 4; ADULT AND OLDER CHILD. 

Nn Bid* or d 
Aril 4 
IngntiM of Lobster ( d a i l y  ) 
Cvcimqmic Effects 
Real is t ic Horst Case 
Older Child 

taount of Fish Fraction Body taount of ! CM Potency Rilk Disk Risk 
Ccwound Concentration CmuH< Msorbtd •tight ContMinut Aosorbid : Estiuti Estiute Estiutt EshMtt 

(uj/ql Ig/fish Mill 111 (k;l (•0,/fnti Mai) ! (ii/kf/diy)-l Short-ttrf Sub-chronic Chronic 

PCB's 0.1740 227.0 1.00 40.0 4.00E-02 I.OE-OJ ! I.4E-44 ! 7.70E«00 M 1.10E-04 1.IOE-03 
: i 

Nn Btcford 
Area 4 
looHtion of Lobster I d n l y  l 
Carcino|HK Effects 
Realistic Morst Case 
Adul t 

Mount of Fish Fraction Body A«ount of c CM Potency Risk Risk Risk 
bOipound Concentration Consul* Absorbed *tio>t Contuinant Absorbed e Estiute Estiute Estiute Estiute 

liq/il Iq/fish ttal) (1) (kg) lig/flsb Mill . 'iVl lig/k;/day)-l Short-ten Sub-chronic Chronic 

PCS's O.I'M 227.0 1.00 70.0 4.00E-02 5JE-04 ! B.2E-0! 7.70E»«0 HA 0.2BE-05 • 4.2BE-0* 
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'ABLE [-54. BODY COSC CALCULATIONS! KEEKLY I WEST IW Of (IOTA (LOBSTERI; AREA 4; «ULT AM OLDER CHILD. 

SUWKV TARE HEADER: CONCENTRATIOM IK EDIBLE 
PORTION OF FISH lug/gl FRACTIW AiSORBED (I) CAG POTENCY 

SITE: Ken Bedford COHTAIIINAIITS DOST REALISTIC MET REALISTIC ESTIIMTE 

EIPDSUSE: Ingestion of Lobster (NI Arti 4 OF CONCERN: PROBABLE KORST PROBABLE VDRST 

Carciaoflenic Effects Moncarci&ogenic Effect PCB's 0,0440 0.1740 1.00 1.00 7.70E««0 
flost Probable Case Realistic fcfst Cut 
Older Child Adult 

DATE: 20-N*-B9 
»ROBABl£ WWBER OF 

DIRECTORY: FISH KALE AdOtWT OF FISH CODSUVD lg/»ll) 

DISK: HI BEDFORD 10 HOST PROIABLE BOD* VEIBHT lt|l 
FILE: LDBWa 345 CHILD! 227 CHILD: 40 

ADULT: 227 ADULT: 70 

REALISTIC KOP5T 

CHILD: 227 

ADUTi 227 

»H Brdford 
ArM 4 
lojntiM of Lobittr (>Kklr> 
CvcinoQenic Effects 
P»t Protiibli Cisi 
y.ttr Dull 1 yeir np 10 vtir rip 

taount of Fiih Friction Bodr AMuftt of CA6 Potrncr ftnk Risk Risk 
Coipound Concentration Cooiuiet Absorbed Height Contiimut Aosorbe< Estiute Eitiute Estiute Estiute 

lug/,1 (g/hih Mill 111 (kg) (•t/fisk Mil) rl Ii4/kn/d>r>-l Short-tere. Sib-ckronic Chronic 

PCl's O.OkM 227.0 1.00 40.0 1.4K-02 5.2E-0! ! 7.4E-06 7.70E»00 W 5.««-Ot 5.49E-05 

leu Bedford 
Arei 4 
Ingestion of Lokiter (»f»tlr) 
Cvcinogrnic Effects 
Host Promt It Cue 
Alult 

Amint of Fnh Fraction Bodr Amount of CAE Potency Disk Risk Risk 
Coicounl Concentrition Consuted Absorbed Height Contmnut Absorbed Estnate Estiiate Estinte Estiute 

IU./JI Ig/fislt MI!) 111 (kgl («5/f]ll! Mil) ItS/kg/diyl-l Short-tere Ssb-cbronic Chronic 

»CB'« O.H40 227.0 1. 00 70.0 1.4K-02 1 J.OE-05 4.H-04 7.70£»00 NA 3.25E-04 J.25E-05 
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TABLE C-54. BODY DOSE CALCULATIONS; MEEKLY [NEEST1M OF B I O T A I LOBSTER); AREA 4; ft WIT AND OLDER CHILD. 

Nn Bedford 
Am 4 
InintlMl of Lobster Imtkly l 
Carcinootmc Effec ts 
Realist ic Norst Case 
Older C h i l  d 

Ateunt of Fish Friction Boor kuunt of CA6 Potency Bilk Risk ) Risk 
Coapounrt Concentration ConsuMd Absorbed •tight Contaunant Absorbed Cstiuti Estiutt Estiute : Estitate 

(UJ/J) (j/fisl nil) (I) Ikg) li«/flSh Mil) (•5/H/dty)-! Short-tfrl Sub-chroflic ! Chronic 

KB t 0.17W 227.0 1.00 40.0 4.00E-02 ! 1.4E-M ! 2.0E-0! 7.7«»00 M 1.57E-05 ! 1.57E-04 
! 

Urn Bedford 
Area 4 

Inqeitlon of Lobster l««»»l 
CarciAoqenic E f f e c t  s 
Real is t ic Horst Case 
Adult 

taount of Fish Fraction Body Aiount of c CAS Potency 1 Disk Risk Risk 
Coioound Concentrttion Consult* Absorbed Height Cwitatinant Absorbed Eitiute ! Estiute Estiiate Estiute 

(Ul/ll lo/fisfc ttal) III Ik,) do/fish ttall •yi ItVki/dayl-l ! Sbort-teri Sub-chronic Chronic 

PCB's 0.17M 237.0 1.00 70.0 4.00E-02 B.1E-05 1.2£-«5 7.70MO ! NA 6.V4E-06 B.94E-05 
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TABLE C-57. BODY DOSE CALCULATIONS: KHITHLY IWESTION OF BIOTA (LOBSTER'; AREA 4: ADULT AW OLDER CHILD. 
SWUM TABLE HEADER: CmCENTRATtO* III EDIBLE 

PORTION OF FISH lug/)) FRACTION ABSORBED III CAE PDlENCr 
SITE: *n Bedford CDNTAnlNANTS HOST REALISTIC HOST REALISTIC C5T1MTE 
EIPOSUflE: I«gestion of Lobster Iwnthly) Arei 4 OF CONCERN: PROMBLE KOR5T PROBABLE HORST 

Clrcinogenic Effects Noncircieogeinc Effect PCB'l 0.0440 0,1740 1.00 1.00 7.70E»00 
Host Probable Cue Relhstic tors) bu 
Older Cbild Adult 

MTE: 20-fcr-B! 
IMIKS OF 

DIRECTORY: FISH DEALS ArXXIKl OF FISH CONSUDED (f/ml 
DISK: DEN BEDFORD 10 HOST PROBABLE BODY KIBHT Ik;I 
FILE: LOBIVk J45 CHILD: 277 CHILD: 40 

ADULT: 227 AIHAT: 70 

REALISTIC KOflSI 
CHILD: 227 
AM1LT: 227 

Dei Bedford 
Aril 4 
Ingestion of Lobster mthly) 
Urtinogtnc Effect) 
Koit Probibli Cue 
Ol-.r Child I yeir eip 10 vtir eip 

Atnint of Fnh Friction Body Aiouit of CAE Potency Risk Risk R:sr 

unt ConcentritiHi Con su led Absorbed Height Contuuut Absorbed EstiMte Eltiute Eitiwte Estitite 

lui/g! Ig/fuli Mil) (I) Ikg) (•g/fish Mil) ] lig/kg/dir)-l Short-teri Sub-thronic Chronic 

PCB'J O.OMO 227.0 1. 00 W.O 1.45E-02 ! I.2E-05 ! 1.7E-Ok 7.70E»«0 W 1.31E-06 1.31E-05 

*n Bedford 
Arel * 
Ingeitjon of Lobster donthlyi 
Circinogcnu Effect! 
Host Probible Cise 
Adult 

AKwnt of Fish Friction Body AMunt of - ..... t CM Potency Risk Rist RISK 
CMpOUOd ConcentratiDn Consuwd Absorbed •eight ConUunint Absorbed s EstiMte EstiMte EstiNte Estiutc 

lug/g) lg/<isb HI!) 111 Ikgl (•g/fish ml) if) (•g/kg/diyl-1 Short-teri Sub-chrwtic Chronic 

PCB s O.OMO 227.0 1.00 70.0 1.45E-02 : i.8E-ot ?. 7E-07 7.7K»00 NA 7.51E-07 7.51E-04 
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TABLE C-57. BOJY DOSE CALCULATIONS; hONTHU [HKSTION Of BIOTA (LOSSTEJtl; AREA 4; ADULT AW OLKR CHILD, 

Nn Bedford 
ATI. 4 

logejtion of Lobtttr lionthly) 
Cjronogenie Effects 
Reihstu Horst C«e 
Older Child 

Anunt of Fish Friction tedr ! A«ou»t of c ! CM Pottncr ! Rut Ri>k 1 Risk 
Cnpoiuitf Concentrttion Coniuxd Aosorbrd *tig»t IContiiiunt Atiorttd < ! Eitiuti ! EitiMte Eitiutc 1 Estiutc 

lu|/g) l;/fiili will (I) Ikg) : l<t/fiik HI!) . , -, -, -, Jiy) ! (ig/kg/iliyf-l ! Skort-ttro Sib-thronic ! Chrome 

i 
PCB's 0.1760 2J7.0 l.Ot 40.0 ! 4.ME-02 : 3.5E-05 : 4.7E-«4 : 7.70E««i : »» 3.41E-06 ! 3.41E-05 

Ar« 4 
Ingntion of Lobiter lunthly) 
Circinogmc Effects 
Rtilutic lorst Cise 
ftoult 

Amuitt of Fith Friction Bodr A»ount of CAC Potency hit Ditk Rlik 
Compound Concentrition Coniuwd Aosorbrt •tight ContniAut Abiorbed Estiutl Eitiutt Estiutt EstiMtr 

(ug/|) (g/fi>h Kil) (11 Itgl (ig/fuli Mil) d|/fcg/diy)-l Short-ten Sub -chronic Chronic 

fa's 0.17K 227.0 l.M 70.0 4.00E-02 l.W-05 ! 2.7E-0* 7.70E»00 MA 2.06E-06 2.04E-05 
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TABLE C-58. BODY DOSE CALCULATIONS; DIRECT CONTACT KITH SEDIMENTS; HARSH ISLAND (AREA HI; CH1U 
SUIMARY TABLE HEADEfl: 

CONCENTRATION lug/gl FRACTION ABSORBED (I) CM POTENCY 
SITE: «M Bedford CONTfUIINANTS MSI REALISTIC BOS' REALISTIC ESTIMATE 
EIPOSURE: Direct Contact nith Sediifflt Area II; Birsh Island OF CONCERN: PROBABLE MUST PROBABLE UOMT (.g/ki./diyl-l 

Carcilogenic Effects Noncarciiogrnic Effect PCB'i 1.0000 22.0000 0.07 0.07 7.70£«00 
Host Prooablr Ciw Realistic Norst Cm 
Chi ld Adult 

SATE: 
HOST PAOBAK.E 

DIRECTORY: EIP •<IOtWT OF SED1KOT CnrTACTU Ig/rip) 
DISK: »et BEDFORD DOST PROBABLE BODY HEIGHT (tgl 
FILE: SEJllN Frtigutncr of contact CHILD: 3.42 CHILD: 

c»*n«nrv of CDHtlCt AtULTi «/A ADULT: N/A 

REALISTIC WRST ADULT LIFETIME ElPDSUKi 
CHILD: 3.7B79 SS 
AWLTl K/A 

Kf. Brttwd 
Aria II; lUrsti Islind 
Hirrct Contict >itl> Srdixnt 
Cimncqtnic Effects 
Rnt Probtble Cist 
Child 1 ytir rip 10 yra rip 

Aeount of Sedimt Fraction Body fcount of Siort-tere CAE Potency I Risk Risk Risk 
! Compound Concentration Cratacted Absorbed •eight Contuinant body dote Estiiatr 1 EitiMtr Eitnate Estiutt 

lig'al lg/«pl III (kg) Absorbed lig/exp) Itg/kg-dayl l>;/l:|/d<yl-l : Sub-chronic Chronic Lifetue 

iPCB's e.oooo 3.4 0.07 10.0 I.HE-03 HA 1 I.OE-03 S.2E-05 7.70E*00 ! I.15E-04 5.77E-04 NA 
1 1 

Btdfor 
Arri II; Hvih Islud 
DirKt Con act mth Srdlimt 
Carcinogenic Effects 
Rrahstic lorst Ca» 
Child 1 yrar np 10 yrs tip 

Awxuit of Seditent Fraction Body Atwnt of »ort-ttri '. 1 MS Potency Rllk 1 Disk 1 Riifc 
Cofcoti/id Concentration Cwticted Aburbrit •eight Contannant body dote .' ' EstiMtr Eitnate ! Eitnate ' Estnate 

lul/|l Ij/np) III (ill Absorbrd lif/rtp) (•g/kg-d«y) iyl 1 (>g/k|/darl-l Sub-chronic 1 Chronic ) Lifrtiie 

I : ! 1 1 
PCB s 22.0000 3.8 0.07 10.0 5.83E-OJ m i i.iE-04 : a.o£-»a. : 7.?oE«oo I.74E-05 ; 8.7K-05 : HA 

I ! I 1 1 

C-103 



At .-5B. SOI- DOSE CALCULATIONS; DIRECT CONTACT KITH SEDIHENTS; HARSH ISLAND IAREA II); ADULTS AND OLDER CHILDREN. 
51 W TABLE HEACES: 

CONCENTRATION lug/jl FRACTION A65MBE5 II) US POTENCY 
SITE: UN Bedford CDNTAHIMNTS HOST REALISTIC HOST REALISTIC ESTIDATE 
EIT'SURE: Direct Cntict »lth Sediwnt Area II; Harsh Island OF CONCERN: PROBABLE NDRST PROMBLE KOfiST lig/t{/lf<r)-l 

Carcinoqeiic Ejects Noncarcinotenic Ef fect PCB's 6.0000 22.0000 D.«7 0.07 7.70E«00 
Host P-obable Cut Realistic Horst Case 
Older Chill Adult 

DATE: 20-«jr-M 
WST PROBABLE 

5 TORY: EIPOSWES DAYS MOUNT OF SEDIKDT COKTUTE) Ij/lip) 
D NEV BEDFORD I 10 HOST PROBABLE BODY HEIGHT (kg) 
FlLt: SEIIIIW 20 US CHILD: 6.4 CHILD: 40 

20 ADULT: 4.Sf ADULT: 70 

REALISTIC NORST ADULT LIFETIME EIPOSURt: 
CHILD: 4.1225 55 
ADULT: 7.465 

Bedford 
I!: Harsh Island 

trect Contact >lth Sei 
ireinmenic Ef fec t  s 
ns^ Probatlt Cast 

•r Child 1 y(ir np 10 yn tip 

tanut D) ScdiMnt Fraction Bodr Aioont 94 Short-t» CA6 Potency Risk Risk Ri«k 
und Concentration Contacted Usorbed Neight Cntuintnt body do Eitnttt Eitixte Eitmte Eititate 

• (ui/gl Ij/eipl 111 Ikol Wiorbfd li;/e<p) li«/kg-4iyi '•«'•* «r liq/kg/dayl-1 Sub-chronic Chronic Lifetue 

; B.OOOO 4,t 0.07 40.0 3.70E-03 NA 5.1E-Ok ! S.1E-05 7.70E«00 5.57E-07 5.57E-04 NA 

Bedfo'd 
i !!: Sarsh liUni 
K: Contact >:th Sedittnt 

rcinojenic Effects 
-,; Pr^ialle Cast 

I yeir tip 10 yrs tip 

AKWIt Of StdlMOt Fraction lody Anunt of Skort-tert : CAS Pottncv : Risk Rllk 1 Risk 
round ' Concentration Contacted Absorbed Height Contaiinant body lose ! EstiHte ! Estitatt Estnate : Estieate 

I (ug/ql Iq/tipl III Ikgl Absorbed lia/eipl (•«/k»-day <y) 1 (io/k;/day)-l 1 Sub-chronic Chronic ! Lifetiif 

s ' 8.0000 4,t 0.07 70.0 2.57E-03 W 2.0E-04 ; 2.0E-05 i 7.70E»00 : 2.21E-07 2.21E-W 1 I.22E-05 
! 1 1 
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APPENDIX D


TOXICOLOGICAL EVALUATIONS




D.O INTRODUCTION


This appendix contains the toxicological evaluations for the four

contaminants of concern at New Bedford Harbor: polychlorinated

biphenyls (PCBs) , cadmium, copper, and lead. Each evaluation

includes a discussion of the contaminant's pharmacokinetic

properties, its acute and chronic toxicity (from humans and

animals studies) including, if applicable, carcinogenicity,

mutagenicity, teratogenicity, and reproductive toxicity,

interactive effects, and high risk subpopulations.


D.I TOXICOLOGICAL EVALUATION FOR POLYCHLORINATED BIPHENYLS (PCBs)


The purpose of this section is to describe the toxicological

properties of polychlorinated biphenyls (PCBs), particularly with

respect to risk to public health from contamination at New

Bedford Harbor. The Toxicological Evaluation is not intended to

be a comprehensive evaluation of primary scientific studies.

Rather, it is meant to be an overview of information gleaned from

review articles and summary documents regarding the nature and

extent of the toxicity of PCBs. This chapter has an emphasis on

the potential health effects that could result from exposure by

the anticipated exposure routes for the New Bedford Harbor

population. Therefore, the Toxicological Evaluation will

emphasize routes of exposure (oral, dermal, and inhalation) in

presenting toxicity information. Furthermore, information on the

actual health effects previously observed in humans will be

presented whenever available. The Toxicological Evaluation will

include the following sections: (1) Background Information, (2)

Toxicokinetics, (3) Overview of Health Effects Observed in

Humans, (4) Toxicity, (5) Interactive Effects, (6) High Risk

Subpopulations, and (7) Summary.


D.l.l Background


Polychlorinated biphenyls (PCBs) are man-made chemical compounds

with the general chemical structure as is shown in Figure 2-6.

They are mixtures of chlorinated biphenyl isomers. Commercial

production of PCBs dates from 1930 (Cordle, 1982). Their

properties of thermal stability, nonflammability, and dielectric

capability resulted in their use as a liquid insulating material

in electrical capacitors, transformers and other electrical

equipment. Beginning in 1971, PCBs were sold in the United

States only for use in closed systems. In 1977, PCB production

ceased entirely (EPA, 1982c, d) . Release of PCBs still occurs,

however, during maintenance and disposal of electrical equipment,

particularly transformers and capacitors.


Monsanto, the U.S. manufacturer of PCBs, used the tradename

"Aroclor" followed by four digits. The first two digits refer to

the 12 carbon atoms of the biphenyl and the second two digits
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indicate the approximate percent by weight of chlorine in the

mixture. For example, Aroclor 1254 is a mixture of biphenyls

having an average chlorine content of 54%. A PCB mixture with

average chlorine content of 54% is also referred to as "54% PCB."


PCBs are manufactured in other countries under tradenames such as

Kaneclors (Japan), Clophens (Germany) and Phenoclors (France).

Table D-l gives the percent composition of various commercial PCB

mixtures. One mixture, Aroclor 1016, is an exception to the

standard nomenclature.


Some PCB mixtures have been reported to be contaminated with

polychlorinated dibenzofurans, a highly toxic class of compounds

which causes health effects similar to those seen with PCBs. As

shown in Table D-2, the potential for contamination does not

compromise the large literature on PCB toxicity. Toxicological

studies with PCB mixtures uncontaminated with polychlorinated

dibenzofurans have reported the same health effects (liver

damage, including tumors, and dermal lesions) as studies with

reportedly contaminated mixtures. For instance, studies of

Aroclor 1260 "free" of chlorinated dibenzofurans (limit of

detection: 1 ppm) have reported toxic effects in the liver and

skin of rabbits given dermal applications of this uncontaminated

Aroclor (Vos and Totenboom-Ram, 1972).


PCBs do not occur naturally; their presence in the environment is

associated with human activities. PCBs are inert chemicals which

are relatively resistant to degradation. Because of their

stability, they have a long half-life and thus accumulate in the

environment. They were first reported in environmental samples

in 1966 in Baltic Sea fish (Jensen, 1966, EPA, 1977a) and are now

widely distributed in the environment. Background levels of PCBs

can be found in outdoor air (0.02-30 ng/m ) (Eisenbreich et

al., 1981), on soil surfaces (2.3-444 mg/kg) (Greaser and

Fernandes, 1986), and in water (0.04-3 ng/1) (Tanabe et al.,

1983, 1984; Boon and Duinker, 1986; Giam et al., 1978). In

addition, fish in certain waters are widely contaminated with

PCBs. Consumption of contaminated fish is a major source of PCB

exposure to humans.


D.I.2 Toxicokinetics


Toxicokinetics is the study of the uptake, distribution,

biotransformation and elimination of foreign compounds, such as

toxic contaminants. The purpose of this section is to discuss

toxicokinetic issues regarding exposure to PCBs. Toxicokinetic

parameters govern the rate at which a contaminant enters and is

eliminated from the body and, therefore, the contaminant

concentration in the body or at a particular target organ. When

the rate of absorption exceeds the rate of elimination, some
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TABLE D-2


POLYCHLORINATED DIBENZOFURAN CONCENTRATION

IN COMMERCIAL PCBS*


Concentration (ug/g)

PCB 4-C1 5-C1 6-CL Total


Aroclor 1016 (1972) <0.001 <0.001 <0 .001 <0 •003


Aroclor 1248 (1969) 0.5 1.2 0.3 2.0


Aroclor 1254 (1969) 0.1 0.2 1.4 1.7


Aroclor 1254 (1970) 0.2 0.4 0.9 1.5


Aroclor 1260 (1969) 0.1 0.4 0.5 1.01

Aroclor 1260 (lot AK3) 0.2 0.3 0.3 0.8


Clophen A-60 1.4 5.0 2.2 8.4


Phenoclor DP-6 0.7 10.0 2.9 13 6


""Source: Adapted from Bowes et al., 1975


3.88.80

0048.0.0




contaminants may accumulate to concentrations capable of 
eliciting toxic effects (Loomis, 1983). For other contaminants 
the rate of elimination has little effect on toxic response 
because their potency is so high. Many chemicals also undergo 
extensive biotransformation by metabolic enzyme systems that may 
render the chemical more or less toxic depending on its 
particular characteristics. Thus, these pharmacokinet ic 
parameters often govern the severity, mode and site of toxic 
action. 

D.I.2.1 Absorption


The absorption potential of a chemical is a critical factor in

determining the toxic effects elicited. The efficiency of

absorption of pure PCBs can differ for the oral, dermal and

inhalation routes of exposure. In addition, matrix effects can

significantly alter absorption behavior. For instance, PCBs can

be administered as contaminants of soil or food constituents, as

solutions in corn oil or organic solvents, or as trace

contaminants in water. Interpretation of toxicity data for use

in risk assessment must carefully consider the available

absorption information.


Because the toxicological studies that will be employed for risk

characterization are all based on administered doses, one cannot

compare the estimated absorbed dose from the risk assessment to

the administered dose from the laboratory experiment. Instead,

one must compare two administered doses and make any necessary

adjustments if the efficiency of absorption is known or expected

to differ because of physiological effects and/or matrix or

vehicle effects. The toxicokinetic factor (TKF) is used for this

purposa. The TKF is dafined as the ratio of the estimated

absorption factor for the route of interest and for the

contaminated medium of interest to the absorption factor for the

laboratory toxicology study from which the cancer potency factor

or reference dose was derived. Most commonly, this will be a

study where the test compound was administered orally. For PCBs,

the EPA cancer potency factor was derived from a laboratory study

in which PCBs were given to rats in the diet.


Oral Exposure—The gastrointestinal absorption factor for the

study from which the EPA cancer potency factor was derived

(Norback and Weltman, 1985) is estimated as 80%. This study is a

chronic feed study using Sprague-Dawley rats. PCBs (Aroclor

1260) were administered in the diet. Aroclor 1260 was mixed in

corn oil and then added to Purina Rat Chow. No information on

the efficiency of gastrointestinal absorption was available from

the study. To estimate the efficiency of gastrointestinal

absorption, the toxicological literature was searched for

appropriate studies on PCBs. Six studies were identified that

contained relevant absorption information.
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Allen et al. (1975) gave single oral doses of

2,5,2',5'-tetrachlorobiphenyl (18 mg/kg bw) to four adult rhesus

monkeys by gastric intubation. PCBs were given in 2.5 mL of corn

oil on an empty stomach. Unmetabolized PCBs were analyzed in the

feces by gas chromatography. Minimum gastrointestinal absorption

was found to be 88%. PCBs found in the feces over a specified

post-dosing time were presumed to be unabsorbed material.

Because PCS metabolites are known to be eliminated in the bile,

the possibility exists that some of the PCBs present in the feces

were absorbed and then eliminated. As such, only minimum

absorption efficiencies can be determined from this and similar

studies.


Allen et al. (1974) gave single oral doses of PCBs (Aroclor 1248)

(1.5 or 3.0 g/kg bw) to two adult rhesus monkeys by gastric

intubation. The vehicle was not specified but is presumed to be

corn oil. Dosing was done on an empty stomach. Unmetabolized

PCBs were analyzed for in feces by gas chromatography. Recovery

was reported to be high. Minimum gastrointestinal absorption was

reported to be 94%.


Norback et al. (1978) gave single oral doses of 2,4,5,2',4',5'

hexachlorobiphenyl (Ig/kg bw) to two adult rhesus monkeys by

nasogastric intubation. Corn oil was the vehicle. No

information was available concerning the animals' stomach

contents at the time of dosing. Total radioactivity was measured

in the feces and the bile (bile duct cannulated) . Minimum

absorption was 13% in one animal and 41% in the other (average =

27%) .


Because these investigators were measuring both parent and

metabolized species in the feces (total radioactivity) , the

degree of absorption may be underestimated if metabolites were

present in the feces during the first week. In addition,

according to the limited experimental details available in this

abstract, bile was returned from the cannulated bile duct to the

duodenum. If so, not all of the radioactivity in the feces may

be due to unabsorbed material. Thus, the absorption reported in

this study is a minimum gastrointestinal absorption.


Albro and Fishbein (1972) gave single oral doses of 20 different

PCB congeners (5-100 mg/kg bw) and the unabsorbed marker

compound, squalene, to CD rats. The mixture was given by stomach

tube to fed animals who were allowed food and water ad libitum.

No vehicle was specified. Although this was not a diet study,

per se, it is possible that dietary components were present in

the stomach at the same time as were the test compounds. Minimum

absorption was reported to be 90% for all congeners.
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Tanabe et al. (1981) gave repeated oral doses of Kanechlors (300,

400, 500, 600) (c. 30 mg/kg bw/day x 5 days) to Wistar rats. The

dose was given in corn oil. Commercial diet was given ad

libitum. No information on the animals' stomach contents was

reported. Parent compounds were analyzed in the feces by GC/MS

analysis. Minimal gastrointestinal absorption was reported to be

85% for total PCBs. C15 to Cl_ congeners had 75-90%

absorption.


Berlin et al. (1974) gave a single oral dose of 2,4,5,2I,5I


pentachlorobiphenyl (7 mg/kg bw) to three CBA mice. The PCBs

were given as an aqueous emulsion. No information on the

animals' stomach contents was given. Minimum gastrointestinal

absorption was reported to be 93%.


These studies, which involve both rodents and primates and

various PCB mixtures and purified congeners, all show that PCBs

are very efficiently absorbed from the gastrointestinal tract.

It is possible that absorption of PCBs that are thoroughly mixed

in the diet is lower than absorption from these studies in which

PCBs are dissolved in corn oil and given by gastric intubation.

In the chronic feeding study of Norback and Weltman (1985),

however, the PCBs were added to the diet as a corn oil solution.

It has been determined that the above studies do yield reasonable

estimates of the degree of absorption expected in the Norback and

Weltman study. The six absorption factors were averaged to yield

the estimate of 80%.


Absorption by the gastrointestinal route has also been reported

in humans. Increased consumption is associated with increased

PCB blood levels in several studies. Humphrey (1976) reported

blood levels of PCBs in people who consumed contaminated sport

fish from Lake Michigan. Annual consumption of >. 24 pounds

resulted in a mean blood level that was 4 times the blood level

of PCBs in persons who ate <. 6 pounds per year, Schwartz et al.

(1983) also found elevated levels of PCBs in blood serum and

breast milk of women who ate PCB-contaminated fish. These

investigators described a quantitative relationship between PCB

consumption and serum and blood PCB levels. In addition, Drotman

et al. (1983) found a positive correlation between the PCB

concentration in human breast milk and the number of

PCB-contaminated eggs consumed by lactating women. Finally,

numerous adverse health effects have been well-documented in a

Japanese population who accidentally ingested rice oil that was

heavily contaminated with PCBs.


Dermal Exposure—Extensive absorption also occurs with dermal

application of PCBs. For use in the New Bedford Harbor risk

assessment, PCB toxicokinetic factors (TKFs) have been developed

for two types of contaminated sediment: heavily contaminated

sediments in which the concentration of PCBs exceeds 1% and less
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contaminated sediments ([PCBs]<l%). It is expected that the

former factors would only be used for assessing the risks to PCBs

from exposure at certain "hot spot" areas. The two approaches

are required because free PCBs are present in samples that are

contaminated in the % range. It is inappropriate to consider the

effects of matrix components in reducing the bioavailability of

PCBs unless the ratio of sediment to PCBs is large, such as when

PCBs are present at ppm levels or lower.


The dermal absorption factor for pure PCBs is estimated as 41%.

This estimate is based on the result of several studies which

have investigated the efficiency of dermal absorption of pure

PCBs or PCBs given in aqueous solution.


Shah et al. (1981) placed 2,4,5,2',4',5'-hexachlorobiphenyl on

the shaved backs of Duplin ICR mice for various times. The PCB

was administered in 100 mL of acetone, which was quickly

evaporated. Total radioactivity was determined in specific

tissues, organs, excretory products and the carcass.

Radioactivity at the application site was analyzed to determine

the quantity of unabsorbed chemical. 45% of the administered

dose was systemically absorbed in 30 minutes (n=30) , and 55% was

absorbed in 1 hour (n=3). After evaporation, the quantity of PCB

on the skin surface was a -film of thickness 0.0005 mm (assuming

that the density is 1 g/cm ) .


Wester et al. (1983) placed 42% PCB (4.1 and 19.3 ug/cm2) on

the shaved abdomens of four rhesus monkeys for 24 hours. The PCB

was administered in 50 uL of hexane/benzene (1:1) which

evaporated quickly. The efficiency of dermal absorption was

determined by comparing the total urinary excretion of

radioactivity following topical administration to that following

parenteral administration. From 15-34% of the administered dose

was systemically absorbed. The average absorption for the four

animals was 21.5 + 8.5%. After evaporation, Jbhe dose of PCB

corresponded to a thin film of 4-1-9 x 10 mm thickness

(assuming that the density is 1 g/cm ) .


Guinea pigs, were dosed with 42% PCB (4.6 ug/cm2) or 54% PCB

(5.2 ug/cm ) on the skin on the back of the ear for 24 hours.

Dermal absorption was 33.2 + 6.3% (n=3) for 42% PCB and 55.6 +.

2.6% (n=3) for 54% PCB. These values indicate the dermal

absorption that was observed after 24 hours. No earlier time

points were determined. Shah et al. (1981), however, found that

dermal absorption of PCBs in mice was not linear over time.

Instead, it plateaued after only a short period of time (approx.

1 hour). Thus, the absorption observed by Wester et al. (1983)

over 24 hours was probably virtually complete after 1-2 hours.


Wester et al., (1987) found that 96% of the 54% PCB in a dilute

aqueous solution (1.6 ug/mL) bound to powdered human skin
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(stratum corneum). In this experiment 1.5 mL of aqueous solution

was mixed with 1.5 mg of powdered skin. The fraction of chemical

bound was determined by measuring the amount of radioactivity on

the skin and in the supernatant. In another in vitro experiment,

12% of the PCBs in the same aqueous solution were bound to and

absorbed through a section of fresh human skin obtained from

surgical reduction. The administered dose corresponds to a thin

film of aqueous solution 1.6 mm in depth above the skin surface.


For purposes of estimating the dermal absorption of pure PCBs,

the results of the in vitro powdered skin experiment were

excluded. The absorption may have been abnormally high due to

the very high surface area of the skin. The other four results

for mice, guinea pigs, rhesus monkeys, and humans were averaged

to yield 41.3 +. 16.8% absorption for pure PCBs. The dermal

absorption factor for PCBs in sediments contaminated with PCBs at

levels below 1% is estimated as 5.4%.


No experiments were located in the available literature in which

the dermal absorption for PCB-contaminated soils or sediments was

measured. In one study, however, the absorption of structurally

similar TCDD was compared for a TCDD solution in methanol and for

TCDD-contaminated soil. Poiger and Schlatter (1980) dosed

hairless rats (Naked ex Back-Cross and Holzman strain) with

radiolabelled TCDD. The percent of the administered dose in the

liver after 24 hours was compared for two situations: 26 mg TCDD

in 50 uL per 3 cm of methanol; and 350 or 1300 mg TCDD in a

soil/water paste of 75 mg/3-4 cm . The percent of the dose in

the liver after administration of the soil paste was the same for

the two dose levels. The values were averaged and compared to

the percent of the dose in the liver following administration of

pure PCS from a methanol solution:


dermal absorption, soil = 1.95 = 13% (0.13)

dermal absorption, solvent 14.8


It is assumed that PCBs are adsorbed to soil and retarded in

their dermal absorption to the same degree as is TCDD. Thus, the

dermal absorption factor for PCBs in contaminated sediments is

derived by multiplying the dermal absorption factor for pure PCBs

by the expected ratio of the dermal absorption from sediments to

the dermal absorption of pure PCBs.


Dermal absorption factor for PCBs in contaminated sediment = 0.13

x 0.413 = 0.054 (5.4%). This value agrees well with the dermal

absorption factor used by EPA for PCB-contaminated soil in

contact with human skin (5%) (EPA, 1986b).


Dermal exposure to PCBs has not been well-documented in humans.

However, many epidemiological researchers have postulated that

occupational exposures to PCBs are probably due both to
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inhalation and direct dermal contact with PCBs. For instance, in

a study of occupational exposure of electrical workers to PCBs

(Pyralen 3010 and Apirolio, 42% chlorine), Maroni et al. (1981)

concluded that absorption of PCBs occurred mainly through the

skin as compared to respiratory absorption.


Inhalation Exposure—Airborne PCBs are assumed to be rapidly

absorbed by humans based on the results of numerous occupational

studies in which PCB exposure was related to adverse health

effects. However, little experimental information quantitating

the efficiency of inhalation uptake was found in the available

literature.


PCBs were rapidly absorbed by inhalation when male Wistar rats

were exposed to a commercial PCB mixture containing 42% chlorine

(Pydranil A200) (Benthe et al., 1972). After 15 minutes exposure

to 30.4 g/m3, significant liver concentrations of PCBs were

reported.


The PCB concentration used in this experiment is significantly

higher than the concentrations that have been reported

historically in workplace environments. Absorption factors were 
not quantified in the experiment. 

D.1.2.2 Distribution 

The toxicity of a chemical is influenced by its distribution and 
storage in the body. Distribution of ingested or injected PCBs 
follows a two-phase pattern. Dur in  g the f i rs t p h a s e  , 
distribution from the blood muscle and liver occurs quite 
rapidly. During the second phase, redistribution to fat, skin 
and fat-containing organs occurs more slowly (Matthews and 
Anderson, 1975). 

Distribution following inhalation exposure shows a similar 
pattern. Initial distribution is to the liver. Within the first 
24 hours, rapid increases in brain and fat levels is seen. At 
the end of 2 days, liver and brain levels of PCBs fall, and 
levels in adipose tissue attain a maximum (Benthe et al., 1972). 

PCBs can be detected in human blood, body fat, and breast milk. 
Blood PCB levels are the best indicators of recent exposure to 
PCBs, and levels in fat are the best indicators of long-term 
exposure. Tables D-3, D-4, and D-5 show the following blood 
serum PCB concentrations: 1) in United States populations 
without occupational exposure to PCBs (range: 0-60 ng/mL) ; 2) 
subpopulations consuming fish from PCB-contaminated waters 
(range: < 3-366 ng/mL); and 3) populations with occupational 
exposure (range: 1-3330 ng/mL). Other tissues that tend to 
accumulate PCBs include gonads, adrenals and kidneys (Kurachi and 
Mio, 1983b). 
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The biological half-life of PCBs in humans is relatively long,

and humans appear to retain PCBs in their tissues more

effectively than any other mammal (EPA, 1977a). In 1971, the

National Human Monitoring Program reported PCBs in measurable

amounts in 31.6% of 637 human adipose tissue samples (Kutz,

1976) . PCB residues most frequently found in human tissues

closely resemble Aroclors 1254 or 1260 (Highland, 1976).


PCBs cross the placenta, and tissue levels in the fetus may

exceed those in dams in the final stage of gestation. PCBs are

also transferred through milk fat. Tissue levels in 1-month-old

weaned rats exceeded those of dams (Mizunoya et al., 1974). This

same phenomenon was observed in fetal and nursing infant rhesus

monkeys (Allen and Barsotti, 1976). Masuda et al. (1979) noted

that the lesser chlorinated isomers, being more rapidly

metabolized, did not transfer as readily through milk fat as

those isomers which tend to accumulate in fat tissue.


PCBs have also been reported in the breast milk of women

throughout the world (Miller, 1977; Kuwabara et al., 1979,

Hofvander et al., 1981; Rogan et al., 1980; Wickizer et al. ,

1981) with reported levels ranging from 10 ppb in Norway to 100

ppb in Germany (Wasserman, 1979) . As noted earlier, elevated

levels of PCBs in breast milk have been reported in women who

consumed PCB-contaminated fish (Schwartz et al., 1983).


D.I.2.3 Metabolism and Excretion


The toxicity of a chemical can be increased or decreased through

metabolism. The metabolic processes and their rates can also

determine the elimination of a chemical. PCBs and their

metabolites are excreted primarily in the feces due to biliary

excretion. Excretion in the milk, hair, and urine have also been

observed. Urinary excretion has been found to be only a minor

route of excretion in all species tested. Excretion of PCB

metabolites occurs almost exclusively in conjugated form.

Glucuronide, sulfate, and glutathione conjugates have all been

observed. Excretion of PCBs in an unmetabolized form from the

stomach wall and into the feces has also been reported in rats

(Yoshimura and Yamamoto, 1975).


All mammals tested metabolize PCBs in a similar fashion.

Differences in metabolism of PCBs among species of mammals are

primarily quantitative (Allen and Norbeck, 1976; Safe et al.,

1975) . Hydroxylated products are the major PCB metabolites

although methyl sulfones, methyl ether derivatives, and other

metabolites have also been observed. The degree of chlorination

and the position of the chlorine substituents profoundly affects

the rate and extent of metabolism. Although the effects of

chlorine substitution have not been systematically studies,
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several conclusions appear to be generally true. The presence of

at least two adjacent, unsubstituted hydrogen atoms is required

for rapid metabolism of PCS isomers. All of the mono-, di-, and

trichlorinated isomers and all tetrachlorinated isomers, except

one, satisfy this requirement. Hence, metabolism of the lesser

chlorinated isomers occurs more rapidly than metabolism of the

more heavily chlorinated isomers. Gage and Holm (1976) noted

that the isomers which translocate to adipose tissue to a greater

extent are the isomers which are the least metabolized and

excreted, i.e. the more highly chlorinated isomers. This same

finding has been reported in humans (Chen, 1982).


Metabolism seems to preferentially involve hydroxylation at the

4- or 3-, 4- positions (Safe, 1980). Hydroxylation may be

directly through hydroxylating enzyme systems, or through

formation of arene oxide intermediates. This latter process is

of particular concern because arene oxides are known to be

reactive electrophilic agents that form reaction products with

important cellular macromolecules such as RNA and DNA. The

processes of mutagenesis and carcinogenesis are often associated

with the in vivo formation of such reaction products. Van Miller

et al. (1975) and Norback et al. (1976) postulated an arene oxide

intermediate as a likely intermediate of PCB metabolism. The

observation of trans-3,4-dihydro-3,4-dihydroxy-metabolites in

monkeys (Norback et al., 1976; Hsu et al., 1975a,b) and rabbits

(Gardner et al., 1973) was interpreted as strong evidence for

arene oxide formation. Arene oxides characteristically hydrate

in vivo to yield dihydrodials.


D.I.3 Overview of Health Effects Observed in Humans


Information of human health effects due to PCB exposures is

available from studies of occupational populations and the

general population. Many important parameters, such as route,

duration, and magnitude of exposure and the demography of the

exposed group, differ in these two classes of scientific

studies. Occupational exposure occurs from both inhalation and

dermal routes of exposure. Exposure to the general population is

thought to be primarily from ingestion of contaminated foods,

mainly fish.


Studies of occupational exposure to PCBs have shown varying

degrees of dermatologic and hepatic effects. Possible liver cell

damage has been demonstrated only in occupationally exposed

groups with higher ranges of PCB levels (Kreiss, 1985). Workers

with occupational exposure to PCBs (Table D-5) have also been

evaluated for various subclinical effects, such as changes in

serum levels and other parameters. Drill et al. (1981) concluded

that serum levels of liver-associated enzymes appear to be the

most sensitive indicators of PCB exposure in humans, and that

changes in liver enzymes may occur at levels below those at which

chloracne occur.
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There is some evidence that PCBs cause cancer in humans based on

studies of people exposed to PCBs in the workplace and on studies

of people who accidentally consumed PCB-contaminated rice oil in

Japan. Although the results of these studies are suggestive of a

cause and effect relationship between PCB exposure and cancer,

the EPA considers the data at this time to be inadequate to

conclude that PCBs are human carcinogens.


Studies of the toxic effects of PCBs have also been conducted on

the general population, particularly on groups who consumed

contaminated fish. Exposure levels were assumed to be lower than

in occupational settings. Kreiss et al. (1981) found a direct

correlation between increasing serum PCB levels and elevated

blood pressure in 458 volunteers 12 years of age from Triana,

Alabama, who had consumed contaminated fish. Serum PCB levels

were also positively correlated with consumption. Humphrey

(1983) studied farm families exposed to PCBs from eating

home-raised milk and beef from animals exposed to

PCB-contaminated feed. Follow-up studies indicate that PCB

circulating serum blood levels decrease only slowly or not at

all.


Accidental human ingestion of PCB-contaminated rice oil in Japan

and Taiwan resulted in effects similar to those seen following

occupational exposure. The observed effects include acneform

eruptions of the skin and abnormal hepatic function. (Kuratsune

et al., 1969, 1972; Goto and Higuchi, 1969; Hirayama et al. ,

1974; Chang et al., 1980a,b; Chen et al., 1980, 1981). This

syndrome was called Yusho. Outbreaks of sensory neuropathy were

reported in both the Japanese and the Taiwanese populations (Chen

et al., 1985; Murai and Kuroiwa, 1971). A negative correlation

was noted between PCB blood levels and nerve cell functioning.

Adverse developmental effects were also observed following the

poisoning. Infants born to Japanese woman who had Yusho during

pregnancy were generally small for their gestational age and

exhibited several adverse effects, including abnormal brown

pigmentation on the skin, eruption of teeth at birth, and facial

edema. (Yamashita, 1977; Yamaguchi et al., 1971; Taki et al.,

1969; Funatsu et al., 1971; Kikuchi et al., 1969).


The average total amount of PCBs consumed by each person was

estimated to be ~2g, which was much higher than the estimated

doses in studies of contaminated fish ingestion. The

contaminated rice oil also contained polychlorinated

dibenzofurans, which have health effects similar to PCBs. Thus,

the specific role of PCBs in the causation of the above effects

cannot be stated with certainty.


In a study of New Bedford residents, 1.3% of 840 participants had

serum PCB levels < 30 ppb. The Center for Disease Control (CDC)
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estimates that 99 percent of unexposed persons in the United

States have PCB levels less than 30 ppb and 95 percent have

levels below 20 ppb (MDPH, 1987) . Mean serum PCB levels for

persons without occupational exposure were usually between 4 and

8 ppb (ATSDR, 1987). For the New Bedford residents, those

individuals who ate locally caught seafood tended to have higher

PCB serum concentrations than individuals who did not consume

local seafood; however, levels in both groups were generally low

(i.e., >30 ppb). Blood pressure levels were not correlated with

serum PCB levels in this study. (MDPH, 1987) . 

D.I.4 Toxicity 

The toxic i t  y of
particularly chronic

 PCBs has been
 toxicity by the

 well-studied
 oral route.

 in
 In

 an imals  , 
 addition, 

there are numerous studies of humans exposed to PCBs in an 
occupational setting or due to accidental ingestion of PCBs. 
This section discusses the toxicity of PCBs in humans and 
laboratory animals with respect to several e f fec t s  : (1) 
lethality and decreased longevity, (2) systemic and target organ 
toxicity, (3) developmental toxicity, (4) reproductive toxicity, 
(5) genotoxicity, and (6) carcinogenicity. Toxicity information 
is discussed separately for the three routes of exposure that are 
relevant to exposures to PCBs at the New Bedford Harbor site. 

D.I.4.1 Lethality and Decreased Longevity


PCBs have a low order of acute lethality. Tests of acute

lethality of PCBs in laboratory animals, with the exception of

the guinea pig, suggest that PCB products have similar toxicity

regardless of species or age of the animal.


Inhalation Exposure—Pertinent data on the acute toxicity of PCBs

were not located in the available literature for either humans or

animals.


Oral Exposure—


HUMAN. Pertinent data were not located in the available

literature.


ANIMAL. PCBs have a low order of acute lethality in most species

tested. The single dose oral LD50 value in rats, rabbits, mice,

and mink ranged from 0.5-20 g/kg body weight (Grant and Phillips,

1974; Bruckner et al., 1973; Kimbrough et al., 1978; Fishbein,

1974; Garthoff et al., 1982; Aulerich and Ringer, 1977). There

is evidence that the guinea pig may be more sensitive to the

acute toxicity of PCBs than other species (Miller, 1944;

McConnell and Kinney, 1978) . The LD50 in the latter study was
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0.5 mg/kg body weight. No test result for monkeys, which have

been shown to be more sensitive than rodents to other of PCBs'

toxic effects, have been found in the available literature.


Dermal Exposure—


HUMAN. Pertinent data were not located in the available

literature.


AMIMAL. Median lethal doses for single application of Aroclors

to the skin of rabbits ranged from > 1269 mg/kg for Aroclors 1242

and 1248 in 50% corn oil to < 3169 mg/kg for undiluted Aroclor

1221 as reported by Nelson et al. (1972) and summarized by

Fishbein (1974). LD50 values for other species have not been

located in the available literature.


D.I.4.2 Systemic Target Organ Toxicity


Liver Effects—The liver appears to be the organ most sensitive

to PCS exposure and is the organ that is most frequently affected

by PCB exposure in toxicity studies. Enlargement of the liver is

an effect that has been repeatedly observed in humans and

laboratory animals. Alterations in blood serum levels of

liver-associated enzymes have also commonly been observed after

PCB exposure. Fat deposition and necrosis are also often

observed. The most significant effect on the liver caused by PCB

exposure is the induction of liver tumors and other proliferative

lesions. This effect is discussed fully in Section E.6 

Carcinogenicity.


Inhalation Exposure—


HUMAN. Epidemiological studies and clinical surveys indicate

that occupational exposure to Aroclors can produce alterations in

liver enzymes that may be indicative of subclinical liver cell

damage (Ouw et al., 1976; Alvares et al, 1977; Fishbein et al.

1979, 1985; Baker et al., 1980; Smith et al., 1981a,b,c; Brown

and Jones, 1981; Fishbein, 1985; Emmett, 1985; Lawton et al.,

1985; Drill et al., 1981; Kriess, 1985). The subjects of these

studies were primarily involved in the manufacture and repair of

electrical equipment (e.g., capacitors, transformers), and many

had measurable and often high serum levels of PCBs.


The significance of the enzyme effects is unclear, because the

effects were not associated with clinically detectable liver

damage in most cases. However, significant correlations between

plasma PCB levels and various serum parameters have been

reported. Drill et al. (1981) concluded that levels of serum

glutamic-oxaloacetic transaminase (SCOT) and serum

glutamic-pyruvic transaminase (SGPT) appear to be the most

sensitive indicators of PCB exposure in humans. In addition,
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changes in serum levels of liver enzymes may occur at levels

below those at which chloracne occur.


Clinically evident liver disease has also been observed in some

occupational studies. Drinker (1937) described a fatal case from

PCS exposure. The worker developed chloracne followed by

jaundice. At autopsy, cirrhosis of the liver with superimposed

acute yellow atrophy was found. Alvares et al. (1977) reported

impaired liver function in the absence of overt toxic effects.

Liver disease has also been shown to occur independently from

chloracne (Kimbrough, 1972). Maroni et al. (1981) observed liver

failure in several electrical workers exposed to PCBs.


The methodological limitations of all the above occupational

studies should be noted. In no cases were airborne PCB exposure

concentrations known with certainty. In addition, although the

exposures are generally presumed to be by the inhalation route,

there is a growing body of evidence that dermal exposures may

contribute significantly to total PCB exposure in workplace

settings.


No information was found in the available literature regarding

the effects of PCB inhalation by members of the general

population.


ANIMAL. Degeneration of liver tissues was observed in rats,

mice, rabbits, cats, and guinea pigs that were exposed to Aroclor

1254 vapors (1.5 mg/m ) for prolonged periods. The noted

effects were reversible after the 213 day dosing was completed.

Similar effects were not seen with Aroclor 1242 (Treon et al.,

1956) .


Oral Exposure—


HUMAN. Kriess et al. (1981) found a direct correlation between

increasing serum PCB levels, selected serum enzyme parameters and

elevated blood pressure in 458 volunteers 12 years of age from

Triana, Alabama, who had consumed contaminated fish. Serum PCB

levels were positively correlated with consumption. In a study

of residents of Bloomington, Indiana, hepatic function indices

were not adversely affected in individuals having PCBs in their

serum (Baker et al., 1980).


Accidental human ingestion of PCB-contaminated rice oil in Japan

and Taiwan resulted in effects similar to those seen following

occupational exposure including abnormal hepatic function

(Kuratsune et al., 1969, 1972; Goto and Higuchi, 1969; Hirayama

et al., 1974; Chang et al., 1980a,b; Chen et al., 1980, 1981).

The average total amount of PCBs consumed was estimated to be

~2g, much higher than the estimated doses in studies of

contaminated fish ingestion. The contaminated rice oil also
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contained polychlorinated dibenzofurans, which have similar

health effects to PCBs, so the contribution of the PCBs alone to

the observed liver toxicity cannot be determined.


ANIMAL. Numerous experimental studies in which PCBs were fed or

administered by gavage to animals have demonstrated adverse

effects on the liver. Increases in liver-to-body weight ratio

appear to be one of the sensitive indicators of PCS exposure.

Carter (1983) observed enlargement of the liver in rats ingesting

diets containing as little as 20 ppm Aroclor 1254 (1 mg/kg

bw/day) for 14 days.


PCBs have been widely used to induce the increased synthesis of

hepatic enzymes, often in studies with other chemicals. Since

large doses have been given to obtain a maximal response, few

studies identify threshold oral doses. Chu et al. (1977) and

Garthoff et al. (1977) reported that 5-50 mg Aroclor 1254/kg diet

for 2 weeks resulted in the induction of many hepatic enzyme

systems.


Fatty degeneration and other clinically evident pathohistological

effects of the liver have also been observed in rats exposed to >.

20 ppm Aroclor 1254 or 1260 for 28 days (Chu et al., 1977), rats

exposed to >. 20 ppm Aroclor 1254 or 1260 for 8 months (Kimbrough

et al., 1972), and mice exposed to 37.5 ppm but not 3.75 ppm

Aroclor 1254 for the same duration of 6 months (Koller, 1977).


Adverse effects in the liver have also been observed in monkeys

fed PCBs in the diet. Barsotti et al. (1976) observed hepatic

effects that included focal areas of necrosis, enlarged

hepatocytes, and lipid droplets in two rhesus monkeys fed Aroclor

1248 at 2.5 or 5.0 ppm for greater than 173 days.


Although only one animal per dose was examined, these effects

must be regarded as treatment-related because of the

characteristic nature of the hepatic response. Also, similar

effects on the liver were observed in an earlier study by Allen

(1975) in which the animals received Aroclor 1248 in the diet at

levels of 100 and 300 ppm for 2 or 3 months.


As described in Section E.6-Carcinogenicity, chronic dietary

studies in rodents reveal that the formation of proliferative

lesions of the liver constitute a major effect of oral PCB

exposure (hyperplasia, nodule formation, benign tumor formation,

and malignant tumor formation).


Dermal Exposure—


HUMAN. Pertinent data were not located in the available

literature. It has been recently suggested, however, that

occupational exposures to PCBs formerly attributed to the
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inhalation of PCB-contaminated air may have been due in 
significant part to the dermal exposure route. 

ANIMAL. Although fewer toxicological studies have been conducted 
by the dermal exposure route compared to the oral, similar 
effects are seen. In addition to the direct effect on the skin, 
dermal application of PCB mixtures to mice, guinea pigs, and 
rabbits causes systemic lesions of the liver, including atrophy 
and fatty infiltration (Von Wedel, 1942) . For instance, numerous 
histologically apparent liver lesions were observed in rabbits 
given subchronic dermal doses of Aroclor 1260 and other similar 
mixtures. The PCB mixtures were given daily as an isopropanol 
solution at doses of 118 mg/day for 38 days (Vos and Beems, 1971) 
or 120 mg/day for 28 days (Vos and Notenboom-Ram, 1972). Adverse 
skin and kidney effects were also reported. The Aroclors in this 
exper imen t wer  e reported to be free of polychlorinated 
d ibenzofura  n contamination . 

Skin Effects— 

Inhalation Exposure— 

HUMAN. Adverse skin effects are among the health effects that 
were reported in workers shortly after the manufacture of PCBs 
began. Jones and Alden (1936) reported that 23 of 24 workers in 
a nonenclosed PCB manufacturing process developed chloracne. 
Chloracne is a skin condition characterized by the outbreak of 
numerous pimple-like eruptions and associated rashes. It has 
been repeatedly observed in chemical workers exposed to certain 
chlorinated solvents. Schwartz (1936) reported burning of the 
eyes, among other effects, in men working with PCBs. 

Chloracne, skin rashes, burning eyes, and burning skin have been 
repeatedly reported in studies of individuals occupationally 
exposed to various PCB mixtures (Jones and Alden, 1936; Drinker 
et al., 1937; Schwartz, 1943; Meigs et al., 1954; Fishbein et 
al., 1979; Warshaw et al., 1979; Maroni et al., 1981; Ouw et al., 
1976; Alvares et al., 1977; Zauder, 1979; ATSDR, 1988). These 
effects have been generally attributed by the authors to 
inhalation exposures because PCB contamination of the workplace 
air was reported. Because of inadequate moni tor in  g data  , 
however, inhalation exposure levels cannot be estimated with 
confidence. Furthermore, the contribution of direct dermal 
contac t to PCB s in these workplac  e settings cannot be 
determined. It is unclear whether the skin effects observed in 
workers were due to inhalation exposure, direct contact exposure, 
or both. 

ANIMAL. Pertinent data were not located in the available 
literature. 
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Oral Exposure—


HUMAN. No information was located in the available literature

regarding the effects on the skin and cutaneous tissues due to

oral exposure to pure PCBs. Although skin disorders have been

reported in Japanese and Taiwanese patients who accidentally

consumed PCB-contaminated rice oil, the potent toxicants

polychlorinated dibenzofurans (PCDFs) were also consumed. Thus,

the effects cannot be solely attributed to the PCBs themselves.

The levels of contaminating PCDFs in these PCB mixtures greatly

exceeded the levels observed in the PCB mixtures manufactured and

used in the United States.


ANIMAL. Skin effects following oral exposure to PCBs have been

well-characterized in rats, mice, and monkeys. Therefore, direct

contact of the skin with PCBs is not necessary for the

development of adverse effects to skin tissues. Rats exposed to

Aroclor 1254 in the diet (50 ppm) developed hair loss, facial

edema, and exophthalamos (protrusion of the eyeballs) after 72

weeks. These effects did not occur after 104 weeks of exposure

to dietary levels of 25 ppm (NCI, 1978) . Skin effects were also

observed in mice exposed to Aroclor 1254 in the diet (200 ppm)

for 23 weeks (Bill, 1983).


Monkeys exhibit the same signs of PCB-induced toxicity as other

species, including humans. Skin lesions, such as edema of the

face and eyelids are an early sign of toxicity induced by

Aroclors (Allen et al., 1974a; Allen, 1975). These signs

progress to facial hair loss, the development of chloracne, and

generalized edema. The monkey is highly sensitive to the toxic

effects o-f PCBs in chronic bioassays. The most common

observations in monkeys exposed to Aroclor 1248 in the diet for a

period of 8 to 39 months were skin lesions similar to the

chloracne observed in humans (Barsotti and Allen, 1975; Allen and

Barsotti, 1976; Allen et al., 1980; Becker et al., 1979). These

effects were observed at the lowest doses tested, ranging from

2.5 to 3 ppm in the diet (0.095 - 0.126 mg/kg bw/day) .


Dermal Exposure—


HUMAN. Pertinent data were not located in the available

literature. As discussed in the section on occupational

exposure, however, adverse skin effects observed in

occupationally exposed people may be due in part to direct

contact exposure in addition to inhalation exposure.


ANIMAL. Skin effects have been observed in laboratory animals

dosed with PCBs dermally. When given 118 mg/day of Aroclor 1260

and similar mixtures (free of PCDF) for 28-38 days, rabbits were

observed to develop skin irritation, acneform lesions, and skin
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thickening (Vos and Beems, 1971; Vos and Notenboom-Ram 1972) . 
The observed skin effects are similar to those observed in other 
species when dosed orally with PCS mixtures. 

I m m u n o l o g i c a l E f f e c t s - - P C B  s have been s h o w  n to h a v  e 
immosuppressive effects in several laboratory animals. The 
effects of PCB exposure on the normal functioning of the immune 
system has not, however, been adequately evaluated. 

Inhalation Exposure— 

HUMAN. Pertinent data were not located in the available 
literature. 

ANIMAL. Pertinent data were not located in the available 
literature. 

Oral Exposure— 

HUMAN. Pertinent data were not located in the available 
literature. 

ANIMAL. PCBs, when ingested, have been shown to cause 
immunosuppression as measured by functional impairment of 
immunological responsiveness, decreases in normal immune 
parameters, and histological evidence of immune tissue damage. 
Adverse effects have been observed in rats, mice, guinea pigs, 
and rhesus monkeys. 

PCBs have been shown to cause splenic, thymic and lymph node 
atrophy in rats (Allen et al., 1975; Allen and Abrahamson, 1973; 
Parkinson et al., 1983). The results of alterations in these 
organs have been pronounced immunosuppression (Allen et al . , 
1975). 

Mice have been used as a model to demonstrate the suppressive 
effects of PCBs on the immune system. Increased mortal i ty 
following exposure in the diet (167 ppm of Aroclor 1016 or 1242 
for 6 weeks) was observed in mice injected with a bacterial 
endotoxin or live malarial organisms (Loose et al., 1978a,b) . 
Loose et al. (1978 a,b) concluded that depressed immune function 
resulted before histologically discernible damage had occurred to 
thymus, spleen or lymph mode and was therefore a sensitive 
indicator of PCB toxicity. Thomas and Hinsdill (1978) observed 
an enhanced sensitivity to bacterial infection in mice fed 
Aroclor 1248 at 100 ppm in the diet for 3 to 5 weeks. 

Immunosuppression has also been observed in guinea pigs that were 
fed 50 ppm Aroclor 1260 and related PCB mixtures for six weeks. 
Treated animals had significantly lowered tetanus autotoxin 
levels, lowered levels of circulating immune cells (leukocytes 
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and lymphocytes), and atrophied thymuses (Vos and Van Gendersen, 
1973). Splenic atrophy was observed in guinea pigs exposed to 10 
ppm of dietary Aroclor 1260 for eight weeks (Vos and de Roij , 
1972) . 

Evidence of immunosuppression has also been reported in rhesus 
monkeys fed 2.5 or 5.0 ppm of Aroclor 1248 in the diet for 7 
months. Monkeys developed shigellosis during after treatment, 
indicating an increased susceptibility to infection. 

Dermal Exposure— 

HUMAN. Pertinent data were not located in the available 
literature. 

ANIMAL. In rabbits, adverse effects on the immune system have 
been reported following 20-27 dermal applications of Aroclor 1260 
( f r e  e of P C D  F c o n t a m i n a t i o n  ) at 118 mg/da  y (Vos and 
Notenboom-Ram, 1972; Vos and Beems, 1971). Atrophy of the thymus 
and histopathological changes in spleen and lymph nodes were the 
reported effects. 

Thyroid Effects--The ef fec ts of PCB exposures on thyroid 
funct ioning have been investigated only in animals exposed 
orally. The thyroid is a target organ for PCB toxicity in rats. 
The observed effects of PCB exposure on thyroxin secretion may 
explain some of the well-characterized e f fec t s of PCBs on 
reproduction, growth, and development. 

Oral Exposure— 

HUMAN. Pertinent data were not located in the available 
literature. 

ANIMAL. Rats exposed to low levels of PCBs in the diet for 
several months have developed adverse thyroid effects that 
progress from enlargement to degenerat ion. Reduced serum 
thyroxin levels accompanied the tissue changes (Collins, et al. 
1977; Collins and Capen, 1980 a,b,c; Kasza et al. , 1978). The 
morphological effects have been observed in rats fed 5 ppm of 
Aroclor 1254 (0.25 mg/kg bw/day) for 4 weeks (Collins and Capan, 
1980b) and rats fed 5 ppm of PCBs for 5 weeks (Kasza, et al., 
1978) . 

Stomach Effects—Effects of PCB exposure on the stomach have only 
been studied in animals exposed orally. 

Oral Exposure — 

HUMAN. Pertinent data were not located in the available 
literature. 
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ANIMAL. Adverse effects of PCBs on the stomach have been

observed in monkeys dosed with Aroclor 1242 or 1248 either by

gavage or in the diet (Allen and Norback, 1973; Allen et al. ,

1974a,b; Allen, 1975; Barsotti and Allen, 1975, and Becker et

al., 1979). Gastritis that progressed to hypertrophy and

hyperplasia of the gastric mucosa was observed at doses as low as

a single gavage dose of Aroclor 1248 (1.5 g/kg) (Allen et al. ,

1974a); 25 ppm of Aroclor 1248 in the diet for 1 year (Barsotti

and Allen, 1975) and 3 ppm of Aroclor 1242 in the diet for 71

days (Becker et al., 1979).


D.I.4.3 Developmental Toxicity


Although there is evidence that PCBs have caused teratogenic

effects in mice following oral exposure during gestation, there

is no evidence of such effects in numerous studies with rats,

rabbits, and monkeys. Furthermore, considerable maternal

toxicity was observed in mice at dose levels causing structural

abnormalities in the newborn animals. Fetal toxicity, on the

other hand, has been observed in several species tested. In

humans, there are reports of reduced birth weight and gestational

age in infants of mothers who had occupational or environmental

exposure to Aroclors. These studies do not conclusively

demonstrate that PCBs cause fetal toxicity in humans because the

role of confounding exposures to other toxic contaminants cannot

be defined. However, these effects observed in humans are

consistent with the animal data.


Inhalation Exposure —


HUMAN. Taylor et al. (1984) examined pregnancy outcome in female

capacitor workers who had a history of high exposures to Aroclors

1016, 1242, and/or 1254. Compared to infants born to women who

worked in low exposure areas, the study infants had lower birth

weights and lower gestational ages. The differences between

groups were small, however, and the decreased birth weight could

be explained by the reduction in gestation period.


ANIMAL. Pertinent data were not located in the available

literature.


Oral Exposure —


HUMAN. A study of 242 newborn infants whose mothers consumed

moderate quantities of PCB-contaminated lake fish showed lower

birth weight and smaller head circumference compared to 71

infants whose mothers did not eat contaminated fish (Fein et al.,

1984). These effects could not be attributed to confounding

variables such as socioeconomic status, maternal age, smoking

during pregnancy and exposure to polybrominated biphenyls
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(PBBs). Both maternal consumption of fish and levels of PCBs in

umbilical cord serum were positively correlated with lower birth

weight, smaller head size, and shorter gestation. In another

study with 930 children, Rogan et al. (1986) found no correlation

between birth weight or head circumference with PCS levels in

placenta, maternal serum or cord serum.


Several investigators have also reported behavioral changes in

children of women exposed to PCBs. In a study of the same

infants whose mothers consumed contaminated fish as reported by

Fein et al. (1984), Jacobson et al (1984b) reported that

contaminated fish consumption was positively correlated with

impaired autonomic maturity, increased numbers of abnormal

reflexes, and a decreased range of neurological responsiveness.

Rogan et al. (1986) found that the levels at birth of PCBs in

milk fat of 3.5 to > 4 ppm were significantly correlated with

decreased muscle tone, decreased activity levels, and abnormal

reflexes in the infants. Jacobson et al. (1985) also found that

intrauterine exposure to PCBs, as determined by fish consumption

rates and PCB levels in cord serum, were significantly correlated

with poor visual recognition memory in the infants.


Infants born to Japanese women who exhibited symptoms of acute

PCB toxicity during pregnancy were generally small for their

gestational age and had birth defects including dark brown

pigmentation on the skin, eruption of teeth at birth, skeletal

malformations of the head, facial edema and exophthalmic eyes

(Yamashita, 1977; Yamaguchi et al., 1971; Taki et al., 1969;

Funatsu et al., 1971; Kikuchi et al., 1969). As has been

discussed in Section E.3.a, the PCBs to which the above women

were exposed were contaminated with PCDFs. Therefore, the role

of PCB compounds, if any, cannot be determined.


ANIMAL. PCBs have been documented as being fetotoxic in rats,

mice, rabbits, and monkeys. There is some evidence that PCBs can

cause teratogenic effects, but this has been reported only in

mice and at doses that also caused significant maternal

toxicity. In rats, rabbits, and monkeys, Aroclors did not cause

structural malformations when administered via the oral route

during critical periods of organogensis even at doses that caused

fetotoxicity and/or maternal toxicity.


PCBs have been shown to cause fetal toxicity. In monkeys fed

PCDF-free Aroclor 1016 in the diet (1 ppm) prior to mating and

during pregnancy, Barsotti and Van Miller (1984) observed

significantly reduced mean birth weight compared to controls.


In another study, Allen et al. (1979) gave Aroclor 1248 (0.5 or

1.0 ppm) to monkeys in their diet before and during pregnancy.

This exposure produced fetal loss, reduced infant birth weights

and areas of hyperpigmentation of infant skin.
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Rabbits and rats have also been shown to be sensitive to the

fetotoxic effects of PCBs. In two experiments increased

abortions, stillbirths and accompanying maternal deaths were

observed in rabbits given > 12.5 mg/kg/day of Aroclor 1254 orally

during pregnancy (Villenewe et al., 1971). On rats, 100

mg/kg/day exposure to Aroclor 1254 during pregnancy caused

reduced average pup weights and reduced pup survival (Villenewe

et al., 1971; Spencer, 1982). Collins and Capen (1980) also

observed a reduced litter size from rats fed 500 ppm of Aroclor

1254 on the diet during pregnancy and lactation. In addition,

lesions in the thyroid tissues and reduction in serum levels of

thyroid hormones were observed in neonatal and weaning rats whose

mothers received 2.5 and 25 mg/kg/day.


In mice treated orally with PCS mixtures, structural

abnormalities have been reported in addition to f etotoxicity.

Marks et al. (1981) orally administered 0.1 to 16.0 mg/kg bw/day

of a specific hexachlorinated PCS isomer to mice from day 6 to

day 15 of gestation. Fetotoxicity in the 8 and 16 mg/kg/day dose

groups was demonstrated as measured by a decrease in the number

of live fetuses per dam,a decrease in the number of implants,

and an increase in the number of fetal resorptions. Teratogenic

effects were also discovered. A significant dose-related

increase in the incidence of cleft palate occurred in groups of

mice dosed at or above 2 mg/kg/day. Other evidence of

teratogenic effects was reported by Watanabe and Suggahara

(1981). In both cases considerable maternal toxicity was

observed at the dose levels causing teratogenic effects.


Other investigators have observed early abortions, resorptions,

still births and/or reduced birth weight, as well as lengthened

menstrual cycles and lowered serum progesterone levels in monkeys

exposed to 2.5 or 5.0 ppm Aroclor 1248 in the diet (Allen and

Barsotti, 1976; Allen et al., 1979, 1980). The purity of the PCS

mixtures was not reported in the later experiments.


Dermal Exposure—


Pertinent data were not located in the available literature.


D.I.4.4 Reproductive Effects


In addition to the adverse effects on the developing fetus, PCBs 
have been shown to adversely interfere with the normal 
reproductive systems of the animals tested. 

Inhalation Exposure—


Pertinent data were not found in the available literature.
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Oral Exposure ——


HUMAN. Pertinent data were not found in the available

literature.


ANIMAL. PCBs have been demonstrated to cause adverse

reproductive effects in mice, rats, minks, and monkeys. A series

of reproductive effects has been reported including disruption of

the estrus cycle, decreased sexual receptivity, infertility, and

fetal loss.


Monkeys were exposed to Aroclor 1248 in the diet for 18 months at

dose levels of 2.5 and 5.0 ppm. In addition to alterations in

menstrual cycles, there was an almost total inhibition of

reproduction at the high dose level. At the low dose level there

were early abortions and fetal resorptions at a significantly

higher rate than observed in controls. The contribution to the

observed toxicity caused by contaminating PCDFs could not be

determined (Allen et al., 1979, 1980; Barsotti et al., 1976).


Mink appear to be particularly susceptible to PCBs. Levels of 5

ppm Aroclor 1242 in diet completely halted reproduction, and

levels of 20 ppm of Aroclor 1016 significantly reduced

reproduction (Bleavins et al., 1980). Reduced reproductive

efficiency was also observed by Aulerich and Ringer (1977) in

minks fed 5 ppm of Aroclor 1254 in the diet for 4 months prior to

mating. Total inhibition of reproduction occurred in the animals

fed 15 ppm of the PCBs.


Rats appear to be less sensitive to the effects of PCBs on

reproduction. Complete losses of fertility were seen in male and

female Wister rats caged together for 9 weeks while ingesting 6.4

mg/kg bw/day of Aroclor 1254 in their drinking water (Baker et

al., 1977). Males regained normal fertility after removal from

treatment for 2 weeks.


When Aroclor 1254 was administered to lactating Holtzman rats at

32 mg/kg bw/day on days 3, 5 and 7 of lactation, the future

mating capability of nursing male pups was adversely affected

(Sager, 1983). Testicular hyperplasia and subnormal development

of accessory sex glands suggested that PCB exposure interfered

with circulating levels of androgens.


Sprague-Dawley rats were infertile after receiving 15 mg/kg

bw/day on days 6 to 15 of gestation (Spencer, 1982). Adverse

reproductive effects due to oral exposure to PCBs prior to or

during gestation have also been observed in rats (Brezner et al.,

1984), mice (Welsch, 1985; Orberg and Kowstrom, 1973), and rats

(Linder et al., 1976).


Dermal Exposure—
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Pertinent data were not found in the available literature.


D.I.4.5 Genotoxic Effects


HUMAN. Pertinent data were not located in the available

literature.


NONHUMAN. PCBs have not been shown to be strongly genotoxic in

any test system. In short-term in vitro assays for gene

mutations in bacterial cells and mammalian cells in culture and

in assays for chromosomal aberrations in cultured mammalian

cells, results have been generally negative (ATSDR, 1987). Only

one investigation, Wyndham et al. (1976), reported positive

results. In this study, Aroclor 1221 was reported to be

mutagenic to bacteria. This result has not been given a high

degree of confidence, however, because the authors have failed to

reproduce their findings.


In tests for chromosomal aberrations and heritable genetic

mutations with live animals, results have also been generally

negative. Negative results were obtained with fruit flies,

chickens, mice and rats. A weakly positive result in a

chromosomal aberration assay in ring dove embryos fed Aroclor

1254 at 10 ppm in the diet suggested to the investigators that

PCBs might cause chromosomal breakage (Peakall et al., 1972).


D.I.4.6 Carcinogenic Effects


PCBS have been demonstrated to cause cancer in three strains of

rats and two strains of mice. The EPA has thus classified PCBs

as probable human carcinogens. There is some evidence that PCBs

cause cancer in humans based on studies of people exposed to PCBs

in the workplace and on studies of people who accidentally

consumed PCB-contaminated rice oil in Japan. Although the

results of these studies are suggestive of a cause and effect

relationship between PCB exposure and cancer, the EPA considers

the inhalation exposure data to be inadequate to conclude that

PCBs are known human carcinogens at this time.


HUMAN. The results of a mortality -study on populations

occupationally exposed to PCBs are suggestive that PCBs are

carcinogens in humans (Brown and Jones, 1981; Brown, 1987).

Brown and Jones (1981) reported a retrospective cohort mortality

study on 2566 workers who had worked at least 3 months at one of

two capacitor manufacturing plants. Over 50% of the population

had exposure jfor only 2 years or less. Exposure levels were

24-393 mg/m at the first plant and 318-1260 mg/m at the

second (NIOSH, 1977). Deaths from liver cancer, cirrhosis of the

liver and rectal cancer were slightly higher than expected, but

the results were not statistically significant.
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The increased rate of cancer of the rectum was statistically

significant only among females at one of the plants. The results

of this study cannot be interpreted as providing evidence that

PCBs do not cause cancer in humans, however, because the

statistical power of the study was limited due to the short

follow-up period (only 15 years). After an additional 7 years of

follow-up, a statistically significant excess risk of liver and

biliary cancer was reported, with four of five liver cancers in

females of plant 2, the plant in New Bedford, Massachusetts

(Brown, 1987}. As evidence to support a causal relationship, the

authors point out that personal inhalation exposures to PCBs were

higher at plant 2 than at plant 1. All of the liver cancers

occurred after the fifteenth year of follow-up from the beginning

date of employment. All of the women contracting liver cancer

also began working at a time when levels of exposure were likely

to be highest. The results of this follow-up study had not yet

been reported when EPA classified PCBs as a probable human

carcinogen (Classification B2).


The results of other epidemiological studies neither support nor

refute the above results because of various methodological

difficulties. Bahn et al. (1976, 1977) reported a significantly

increased incidence of malignant melanoma and pancreatic cancer

in petrochemical workers exposed to PCBs and other unidentified

chemicals. Quantitative PCB exposure data were not reported;

thus, the role, if any, of PCBs cannot be determined from this

study.


Bertazzi et al. (1981) reviewed mortality of 290 males and 1020

females who had worked for 6 months or more in capacitor

production. Males had a statistically significant increased

number of deaths from all neoplasms compared to controls.

Neoplasms of the digestive system, the peritoneum, and the

lymphatic and hematopoietic tissues were also elevated compared

to controls. Among females, all causes of death were

significantly elevated. Because of uncontrolled confounding

exposures, the role of PCBs cannot be demonstrated by this

study. Gustavsson et al. (1986) performed a cohort study of 142

male Swedish capacitor manufacturing workers who had been exposed

to PCBs for an average of 6.5 years. Although no excess

mortality or cancer incidence compared to national statistics was

observed among PCB workers, a carcinogenic effect of PCBs could

not be ruled out because of the small cohort and the relatively

short follow-up period.


ANIMAL. No pertinent data were located in the available

literature.
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Oral Exposure —


HUMAN. After a follow-up of over 16 years, a statistically

significant increase in liver cancer incidence has been reported

in Yusho patients who ingested PCB-contaminated rice oil. The

findings are considered to be tentative, however, because the

excess of liver cancer occurred in only one geographical area.

In addition, the PCBs were known to have been contaminated with

PCDFs, which very possibly contributed to the causation of liver

cancer. Although the findings are suggestive of a causal

relation between oral exposure to high levels of PCBs and excess

liver cancer risk, the EPA considers the present data inadequate

to conclude that PCBs are known human carcinogens (EPA, 1988a).


ANIMAL. Liver cancer has been reported in three strains of rats

and two strains of mice. Norback and Weltman (1985) fed Aroclor

1260 at 100 ppm to 70 male and 70 female Sprague-Dawley rats for

16 months, followed by a 50 ppm diet for an additional 8 months

and then by a control diet for 5 months. Female rats had a 95%

incidence of hepatocellular carcinomas, with males exhibiting

only a 4% incidence. The tumors, although malignant, were

relatively unaggressive. PCB treatment did not affect mortality,

probably because of the late appearance and slow growth of the

tumors. Concurrent morphologic studies showed the sequential

progression of liver lesions from cell alteration to neoplastic

modules to hepatocellular carcinomas. EPA (1988a) used this

study as the basis for its cancer potency value for PCBs using

combined incidences of neoplastic nodules and hepatocellar

carcinomas.


Malignant liver cancers were also observed in Sherman rats.

Exposure of 200 female Sherman rats to 100 ppm Aroclor 1260 in

the diet for 630 days resulted in 144 of 184 surviving animals

having neoplastic nodules of the liver (Kimbrough et al., 1975).

Hepatocellular carcinomas were found in 26 animals compared to

only one hepatocellular carcinoma in the 173 control group

survivors. The National Cancer Institute (NCI, 1978) reported a

similar result in 24 male and 24 female Fischer 344 rats treated

with Aroclor 1254 at 25, 50 and 100 ppm for 104-105 weeks. A

dose-related increased incidence of nodular hyperplasia in both

sexes was reported, as well as three cases of hepatocellular

carcinomas among treated males. Morgan et al. (1981) found

gastric adenocarcinomas in 6 of the 144 above rats that were

exposed to 100 g Aroclor 1254/kg diet for 104-105 weeks.


Other studies support the conclusion that PCBs are animal

carcinogens. Carcinogenicity has been reported in animals

exposed to furan-free PCB mixtures. Schaeffer et al. (1984) fed

male Wistar rats reportedly furan-free diets containing 100 ppm

Clophen A 30 (30% chlorine by weight) or Clophen A 60 (60%

chlorine by weight) for 800 days. Hepatocellular carcinomas
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developed in 61% of the rats fed Clophen A 60. In the Clophen A

30 treated rats, 3% developed hepatocellular carcinomas, while

89% had preneoplastic (pretumorous) lesions. This result

strongly suggests that the observed carcinogenic effects of PCBs

are not due to contaminating PCDFs.


Mice have also been shown to be sensitive to PCBs1 carcinogenic

effects. Ito et al. (1973) reported malignant liver tumors in 5

of 12 male mice exposed to 500 ppm Kanechlor-500 for 32 weeks.

Kimbrough and Linder (1975) administered Aroclor 1254 in diet to

50 male BALB/CJ mice for 11 months at 330 ppm followed by a

5-month recovery period. Benign liver tumors were observed to

40.1% of the animals.


Dermal Exposure —


HUMAN. The occupational exposures attributed to the inhalation

route may have been due, in part, to direct dermal contact with

PCBs.


ANIMAL. Because PCBs have not been conclusively shown to be

mutagenic in numerous studies, many researchers have postulated

that they are tumor promoters and not initiators. At this time

there is no experimental support for this hypothesis. Aroclor

1254 was reported to be a weak tumor initiator (DiGiovanni et

al., 1978) when tested in the two-stage mouse skin system with a

phorbol ester (TPA) as a promoting agent. The purity of the

Aroclor was not reported, however. Thus the role of PCBs as

tumor initiators cannot be clearly demonstrated by this

experiment. When tested as a tumor promoter in mouse skin,

Aroclor 1254 proved negative. Berry et al. (1978) initiated

mouse skin with the potent initiator dimethylbenzanthracene and

repeatedly applied the PCB mixture to the affected skin.

Negative results were obtained. In this same experiment Aroclor

1254 did not produce skin tumors when applied (l mg) twice weekly

for the duration of the experiment.


D.I.5 Interactive Effects


Many of the interactive effects between PCBs and other compounds 
are thought to be due to the capability of PCBs to induce the 
synthesis of oxidative enzymes in^ the liver. Oxidative 
metabolism of drugs or other foreign compounds sometimes leads to 
detoxif icat ion of the compound and other times leads to 
toxification. The effects of metabolizing enzymes, such as the 
cytochromes P-450, are thus compound-specific. Because of this, 
the interactive ef fec ts of co-exposure to PCBs are also 
compound-specific. The following effects have been reported. 

PCB pretreatment of rats resulted in increased rate of metabolism 
and e x c r e t i o  n of p e n t o b a r b i t  a 1 , and in r e d u c e  d 
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pentobarbital-induced sleeping times (Chu et a l . , 1 9 7 7  ; 
Villeneuve et al., 1972). Hepatotoxicity induced by vinylidene 
flouride (Connolly et al., 1979) and halothane anesthesia (Sipes 
et al., 1978) was increased in rats by pretreatment with PCBs. 
In addition, the mutagenicity of benzo(a)pyrene was reported to 
be increased by simultaneous exposure to PCBs (Hutton et al., 
1979). 

As would be expected, PCBs have had both stimulatory and 
antagonistic effects on tumor development caused by exposures to 
other chemical compounds. For instance, Aroclor 1254 
pretreatment protected mice from the development of lung tumors, 
but increased the number of mice with liver tumors 18 months 
after administration of N-nitrosodimethylamine (Anderson et al. 
1983). Makiur et al. (1974) reported that Kaneclor 500 inhibited 
t h  e l i v e  r c a r c i n o g e n i  c e f f e c t  s c a u s e  d b  y 
3'-methyl-4-dimethylaminoazobenzene, N-2-f luoreylacetamide, and 
N-nitrosodiethylamine when administered orally to rats. On the 
other hand, Nagasaki et al (1975) found that Kanechlor 400 and 
500 enhanced the effects of 2-benzene hexachloride in causing 
liver tumors in mice. Because of the differing effects that 
oxidative metabolism has on the metabolic disposition of 
different chemicals, there are no readily apparent trends in the 
effects that PCBs may have on the toxicity of other chemicals to 
which exposure occurs. 

D.I.6 High Risk Subpopulations


High risk subpopulations include occupationally-exposed workers, 
pregnant women and fetuses, and nursing infants. Fetuses and 
neonates lack the hepatic microsomal enzyme systems that 
facilitate detoxification and excretion of PCBs (Calabrese and 
Sorenson, 1977; Gillette, 1967; Nyhan, 1961). Breast-fed infants 
have additional risk caused by a steroid excreted in human breast 
milk, but not cow's milk, that inhibits glucuronyl transferase 
activity and thus glucuronidation of PCBs (Calabrese and 
Sorenson, 1977; Gartner and Arias, 1966) . Conjugation of 
hydroxylated PCB metabolites with glucuronic acid results in 
metabolites that are much more water soluble than PCBs 
themselves. This metabolic pathway is known to enhance excretion 
of PCBs. 

Other high risk subpopulations include individuals unable to 
effect glucuronide formation because of enzyme deficiencies, such 
as persons with Gilbert 's syndrome or Crigler and N a j j a  r 
syndrome; children simultaneously exposed to the antibiotic 
novobiocin, which inhibits the glucuronidation enzymes; and 
persons with hepatic infections, such as infectious hepatitis 
(Calabrese and Sorenson, 1977; Gillette, 1967; Nyhan, 1961; 
Gartner and Arias, 1966; Lokeitz et al., 1963; Lester and Shmid, 
1964). 
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D.I.7 Summary 

PCBs or polychlorinated biphenyls are inert chemicals which are 
relatively resistant to degradation and hence accumulate in the 
environment. They are well absorbed by all routes of exposures 
(oral, dermal and inhala t ion  ) regardless of degree of 
chlorination. Inhalation and dermal exposure are the routes of 
occupational exposure. The general population is exposed to PCBs 
primarily by the oral route through food, particularly fish. 

Metabolism is similar among mammalian species, and the degree of 
chlorination profoundly a f fec t  s the rate and extent of 
metabolism. The more highly chlorinated PCBs are resistant to 
degradation and tend to accumulate in fat . PCBs also tend to 
accumulate in the gonads, adrenals and kidneys. The biological 
half-life of PCBs in humans is relatively long, and humans appear 
to retain PCBs in their tissues more effectively than any other 
mammal. Blood PCS levels are the best indicator of recent 
exposure to PCBs, and levels in fat are the best indicators of 
long-term exposure. PCBs cross the placenta and are excreted in 
milk fat. 

PCBs show similar health ef fec ts regardless of route of 
exposure. PCBs appear to have a low order of acute lethality, 
and tests of acute lethality suggest that PCS products have 
similar toxicity regardless of route of administration, species, 
or age of the animal. The signs of chronic toxicity from PCBs 
closely resemble the signs of acute toxicity. Liver and 
cutaneous (skin) tissue are the major target organs for PCBs. 
Thyroid a l t e ra t ions  , sys temic les ions of the k i d n e y  , 
immunosuppressive effects, porphyria and changes in blood and 
urine chemis t r ie  s have al l been reported in a n i m a l s  . 
Reproductive effects including loss of fertility, increased 
resorptions (miscarriages), and decreased litter size have been 
reported in animals. 

In humans, studies of occupationally exposed populations have 
shown varying degrees of dermatologic and hepatic effects. A 
statistically significant excess risk of liver and biliary cancer 
has also been reported among women employed at a PCB capacitor 
manufacturing plant. Serum PCB levels are positively correlated 
with consumption of contaminated fish in the general population. 
High serum PCB levels among pregnant women have been associated 
with increased abortions, premature deliveries, and decreased 
birth weight. Behavioral changes and a reduction of the length 
of gestation period have been associated with higher PCB intake. 
Thes  e s tud ie  s are not conc lus iv  e because of v a r i o u  s 
methodological problems, but the results are consistent with the 
results of laboratory animal studies. More serious health 
effects, including neurological effects, have been observed in 
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humans who accidentally consumed rice oil contaminated with PCBs

and polychlorinated dibenzodifurans.


The EPA has classified PCBs as a probable human carcinogen (B2

classification) based on the induction of malignant liver tumors

in five studies of rodents and suggestive evidence of excess risk

of liver cancer in humans by ingestion and inhalation and/or

dermal contact.


D.2 Cadmium Toxicity Profile


The purpose of this section is to describe the toxic properties

of cadmium, particularly with respect to risk to public health

from contamination at New Bedford Harbor.


Cadmium is a transitional metal element which occurs in lead or

zinc ores. Trace amounts of cadmium are widely distributed

naturally in the environment. Among the sedimentary rocks, the

carbonaceous shales, formed under reducing conditions, contain

the most cadmium. The most often-quoted average concentration of

cadmium in the earth's crust is 0.15-0.20 ppm (Fleischer et al,

1974). In noncontaminated, noncultivated soils, cadmium

concentration is largely governed by the amount of cadmium in the

parent material. Based on the cadmium concentrations reported

for common rocks, one can expect that, on the average, soils

derived from igneous rocks would contain the lowest cadmium

(<0.1-0.3 ppm), soils derived from metamorphic rocks would be

intermediate (0.1-1.0 ppm), and soils derived from sedimentary

rocks would contain the largest amount of cadmium (0.3-11 ppm)

(Page and Bingham, 1973). Cadmium also enters the environment as

the result of manufacture, use and disposal of cadmium-containing

products.


D.2.1 Pharmacokinetics


Cadmium is absorbed by ingestion, by inhalation, and, to a very

limited degree, by the dermal route of exposure. For the

gastrointestinal route of exposure, about 5-6% of the cadmium

ingested is absorbed in humans (Rahola et al., 1973; McLellan et

al., 1978). This may be altered by a variety of dietary

parameters (Bremner, 1974). Washko and Cousins (1976) found that

diets low in calcium result in a significant increase in cadmium

absorption. Diets deficient in vitamin D, protein, zinc, iron,

and copper also increase the extent of cadmium absorption (Worker

and Migicovsky, 1961; Suzuki et al., 1963).


Absorption of cadmium from the respiratory tract appears to be

much more extensive than absorption from the gastrointestinal

tract. For inhalation, absorption depends on particle size and

solubility. Absorption of cadmium particles deposited in the

respiratory tract of humans is estimated to be 20-25% of the

deposited fraction.
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Minimal dermal absorption has been demonstrated in animals (Skog

and Wahlberg, 1964; Wahlberg, 1965; Kimura and Otaki, 1972).

When 300-500 g of radiolabelled cadmium chloride in aqueous

solution was applied to the back skin of guinea pigs of both

sexes, a maximum of 1.8% was absorbed in 5 hours (Skog and

Wahlberg, 1964).


About half of the cadmium distributed throughout the organs is

found in the kidney and liver, with the kidney accounting for 30%

of the total body burden (Frieberg et al., 1974; Nordberg,

1972). Other organs that accumulate cadmium include the testes,

lungs, pancreas, spleen, and various endocrine organs.


D.2.2 Toxicity in Animals


Adverse health effects in animals exposed to high levels of

cadmium include renal damage, testicular necrosis (cell death),

pulmonary tract damage, endocrine system disruption, hypertension

(high blood pressure), anemia, heptatotoxicity and reduced

immunological responses. These effects have been most

consistently demonstrated to occur after single intraperitoneal

or subcutaneous injection of various cadmium salts in solution

and at dose levels exceeding 0.5 mg cadmium/kg body weight.


The major effects of long-term exposure to cadmium are similar

following both oral and inhalation exposure. The most typical

and severe effect of chronic low level cadmium exposure is renal

dysfunction. Signs of renal damage have been observed in rats

and rabbits with prolonged oral exposure to cadmium over periods

of weeks and months, starting at exposure levels of 2 ppm or 10

ppm in drinking water. Aughey et al. (1984) reported that

treatment of male Wistar rats for only 24 weeks with 50 mg/L

cadmium in drinking water produced clear signs of kidney

inflammation.


Significant immune suppression effects have also been observed

with oral exposures of mice and rabbits to cadmium chloride in

drinking water at levels of 10 ppm for periods of 5-10 weeks.

Such immune suppression effects have been observed in the absence

of other more classic signs of cadmium toxicity (e.g., renal

damage) and may represent unrecognized "subclinical" effects of

chronic cadmium exposure.


Reproductive effects have been observed in animals with long-term

exposure to cadmium. Significant reductions in birth weights

have been reported for o-ffspring born to female rats exposed via

inhalation to 3 mg/m cadmium sulfate for 7 months or to

200 ppm cadmium chloride in the diet. The reduction in birth

weights appear to result from cadmium effects on maternal and

fetal nutritional status and likely occur secondarily to

reductions in fetal copper, iron, and zinc levels.
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D.2.3 Human Health Effects


Studies of health effects in humans from cadmium exposure include

studies of workers occupationally exposed and studies of general

populations in areas of high cadmium pollution. Acute effects of

cadmium exposure generally result from occupational exposure via

inhalation exposure. The chief effect is pulmonary congestion

and edema.


The major effect of long-term exposure to cadmium in humans is

renal dysfunction. This results in disturbances in mineral

metabolism and eventually in formation of kidney stones or

osteomalacia (softening of the bones). Pulmonary dysfunction is

observed following inhalation exposure of greater magnitude.

Cadmium exposure has also been correlated with hypertension in

humans.


Renal effects from cadmium exposure are well documented. The

prevalence of proteinuria, generally the first symptom to occur,

increases with the duration of cadmium exposure. Once renal

dysfunction has proceeded to the point of pronounced proteinuria,

it is essentially irreversible.


Disturbances in kidney function also exert their effects on bone

and mineral metabolism, via effects on calcium and phosphorus

metabolism. Extreme examples of this are osteoporosis (loss of

bone tissue) and osteomalacia (softening of the bones). An

additional secondary effect of renal dysfunction is the formation

of kidney stones. Iron-deficiency anemia has also been noted in

humans under conditions of occupational exposure to cadmium.


Findings in humans of adverse developmental effects are

consistent with animal studies which show reductions in birth

weight from oral exposure of pregnant animals. Cadmium has not,

however, been reported to cause birth defects in humans.


D.2.4 Carcinogenicity and Mutagenicity


Cadmium compounds have been shown to be carcinogenic in rats and

mice by two routes of exposure. Exposure of Wistar rats to

cadmium as cadmium chloride at concentrations of 12.5, 25. and 50

ug/m for 18 months, with an additional 13-month observation

period, resulted in significant increases in lung tumors

(Takenaka et al., 1983). Intratracheal instillation of cadmium

oxide caused mammary tumors in female Fischer 344 rats and tumors

at multiple sites in males, although lung tumors were not

produced (Sanders and Mahaffey, 1984). Injection site tumors and

distant site tumors (e.g., testicular) have been reported by a

number of authors as a result of intramuscular or subcutaneous

administration of cadmium metal and chloride, sulfate, oxide, and
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sulfide compounds of cadmium to rats and mice (EPA, 1985b). The

results of these studies have limited relevance, however, to

assessing the risks to human health posed by oral or dermal

exposure to cadmium compounds. Seven studies in rats and mice

where cadmium salts (acetate, sulfate, chloride) were

administered orally have shown no evidence of a carcinogenic

response.


Results of mutagenicity tests in bacteria and yeast have been

inconclusive. Positive responses have been obtained in mutation

assays in Chinese hamster cells and in mouse lymphoma cells

(Casto, 1976; Ochi and Ohsawa, 1983, Oberly et al., 1982).

Conflicting results have been obtained in assays of chromosomal

aberrations in human lymphocytes treated in vitro or obtained

from exposed workers. Cadmium treatment in vivo or in vitro

appears to interfere with cell replication, which results in

abnormal chromosome numbers in germ cells of exposed mice and

hamsters (Shimada et al., 1976; Watanabe et al., 1979; Gilliavod

and Leonard, 1975) .


An increased risk of lung cancer and cancer of the prostate has

been reported in workers exposed to cadmium via inhalation. A

2-fold excess risk of lung cancer was observed in cadmium smelter

workers. (Thun et al., 1985). The cohort consisted of 602 white

males who had been employed in production work for 6 months or

more during the years 1940-1969. The population was followed to

the end of 1978. Urine cadmium data available for 261 workers

employed beyond 1960 suggested a highly exposed population. The

increased risk was shown not to be due to the presence of arsenic

or to smoking. Four studies of workers exposed to cadmium dust

or fumes provided further evidence of a statistically significant

positive association with prostrate cancer (Kipling and

Waterhouse, 1967; Lemen et al., 1976; Holden, 1980; Sorahan and

Waterhouse, 1983). An excessive lung cancer risk was also

observed in three other epidemiologic studies (Varner, 1983;

Sorahan and Waterhouse, 1983; Armstrong and Kazantzis, 1983), but

these studies were compromised by co-exposure to other

carcinogens (arsenic, cigarette smoke) or by a small study

population.


Based on limited evidence from epidemiologic studies and

sufficient evidence of carcinogenicity in rats and mice by two

routes of exposure, the U.S. EPA Carcinogen Assessment Group

(CAG) has classified cadmium as a Probable Human Carcinogen (Bl)

by inhalation. Studies of human ingestion of cadmium are

inadequate to assess carcinogenicity.


D.2.5 Summary


Trace amounts of cadmium are widely distributed naturally in the

environment. Higher amounts enter the environment from the
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manufacture, use, and disposal of cadmium-containing products.

Cadmium is absorbed by ingestion, by inhalation, and, to a

limited degree, by dermal absorption. The major long-term

effects of exposure to cadmium are similar for both the oral and

inhalation routes. Similar effects are seen in both animals and

humans. For humans, the major effect is renal dysfunction. This

results in disturbances in mineral metabolism and eventually in

formation of kidney stones or osteomalacia. Pulmonary

dysfunction has been observed following inhalation exposures of

greater magnitude. Cadmium exposure has been correlated with

hypertension in humans. In addition to these effects, reduced

immune system function, testicular effects, reduction in birth

weight and birth defects have been seen in animals. Cadmium has

been classified as a Probable Human Carcinogen (Bl) by inhalation

based on limited evidence from epidemiologic studies and

sufficient evidence of carcinogenicity in rats and mice by two

routes. Studies of cadmium exposure by the oral route in both

animals and humans have been inadequate to assess

carcinogenicity.


D.3 Copper Toxicity Profile


The purpose of this section is to describe the toxic properties

of copper, particularly with respect to risk to public health

from contamination at New Bedford Harbor. Information on copper

toxicity was obtained from the document entitled: "Summary

Review of the Health Effects Associated with Copper" (EPA, 1987).


Copper is a metallic element with great industrial uses.

Estimates for the average crustal abundance of copper range from

24 to 55 ppm (Cox, 1979). Recent reported average value for

total copper content o-f world soils is 30 ppm, with values

ranging from 2 to 250 ppm. For normal agricultural soils, total

copper is expected to range from 1 to about 50 ppm (Gilbert,

1952).


Copper is essential to human life and health, but, like all heavy

metals, it is potentially toxic also. In response to this

duality, biochemical mechanisms have evolved that control the

absorption and excretion of copper. These mechanisms operate to

offset the effects of temporary deficiency or excess of the metal

in the diet.


D.3.1 Pharmacokinetics


Copper is an element essential for proper nutrition. Absorption

of copper and copper compounds can occur by oral and inhalation

routes of exposure, with highest uptake rates occurring in the

gastrointestinal tract followed by respiratory absorption. Very

little dermal absorption occurs.


Although estimates of the percentage of orally absorbed copper in

humans vary widely, recent studies have reported that absorption
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ranges from 32% to 70% for adults (Strickland et al., 1972; King

et al., 1978; Davies and Bennett, 1983) and from 42% to 85% for

children 3-6 years of age (CRP, 1975) . Only 20% of inhaled

copper mists, fumes or dusts is estimated to be absorbed by the

lungs. Inhaled copper may also be ingested and absorbed through

the gastrointestinal tract. This occurs from coughing and

swallowing which leads to ingestion of copper. Fecal excretion

is the primary route of copper elimination.


Copper can also cross the placental barrier and is taken up by

the fetus. Fetal copper content and distribution differs from

that observed in adults in that total body content and liver

concentration of copper are much higher in the fetus.


The pharmacokinetic properties of copper in animals and humans

demonstrate that sophisticated homeostatic mechanisms have

evolved to cope with copper intake deficiencies and excesses.

Despite fluctuations in copper intake, proper copper balance in

the body can be maintained by varying the amount of copper

absorbed and excreted and by altering copper's distribution to

various tissues.


D.3.2 Toxicity in Animals


Oral Exposure—Liver damage, hemolytic anemia, renal damage and

gastrointestinal irritation are effects of acute copper poisoning

that have been observed to occur in laboratory animals and man

(Bremner, 1979; Owen, 1981).


Ingestion of 100 mg copper/kg/day by rats for 1 week resulted in

no observable adverse effects (e.g., no liver accumulation and no

adverse renal -or hepatic morphology) . Administration of this

dose for up to 6 weeks caused severe renal or hepatic effects in

rats. Further administration of copper at this dose to rats for

up to 15 weeks resulted in no further damage; rather,

regeneration of hepatic and renal tissues was observed (Haywood,

1980). Support for these observations was reported by Rana and

Kumar (1980) who observed liver and kidney necrosis in rats fed

25.4 mg copper/kg/day for 20 days.


Increased liver copper concentrations were observed in rats fed

16.7 mg copper/kg/day for 27 days (Boyden et al., 1938) and 11.0

mg copper/kg/day for 21 days (Miranda et al . , 1981).

Administration of higher levels of dietary copper resulted in

elevated liver and spleen copper levels, growth reduction and

reduced dietary intake resulting in death (Boyden et al., 1938).


Inhalation Exposure—Limited inhalation studies with copper

compounds generally resulted in minor, transient effects in

experimental animals; however, guinea pigs exposed to a fungicide
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containing copper sulfate, exhibited various lung lesions.

(Pimental and Marques, 1969).


Teratogenic Effects—


Copper compounds have been observed to elicit a teratogenic

response at -2 mg copper/kg when injected into female hamsters on

the 8th day of pregnancy (DiCarlo, 1980; Perm and Hanlon, 1974) .

Lecyk (1980) reported a teratogenic response of

orally-administered copper sulfate in mice for the 30-day dietary

exposures at 103.5 mg copper/kg/day. Copper deficiency has also

been shown to produce responses.


D.3.3 Human Health Effects


Information on the toxicity of copper in humans is provided from

1) studies of occupational exposure and 2) case reports and

epidemiologic studies of the general population. Because of the

well-developed homeostatic mechanisms, episodes of toxicity from

excess copper exposure in humans are relatively rare.


D.3.3.1 Occupational Studies—Despite the fact that occupational

exposure to copper and copper products is common, cases of copper

intoxication are rare (Cohen, 1974; Williams, 1982). A condition

known as "metal fume fever" characterized by influenza-like

symptoms (stuffiness of the head, sensations of chills or warmth,

and general aches and pains) has been reported in workers exposed

to fine copper dusts (-0.1 mg copper/m ) (Gleason, 1968),

copper fumes (Armstrong et al., 1983) and copper oxide and copper

acetate dusts (Stokinger, 1981; Cohen, 1974). Vineyard workers

exposed to a fungicide containing copper sulfate reportedly had

various histological lesions in the lungs and liver (Pimental and

Marques, 1969). These lesions were similar to those observed in

guinea pigs exposed to the same mixture.


Chronic effects observed from industrial exposure to copper

include contact dermatitis (Stokinger, 1981; £ohen, 1974;

Williams, 1982), mild anemia (0.6-1 mg copper/m ) (Finelli et

al., 1984) and leukocytosis (Armstrong et al., 1983). A study of

14,562 white male workers from the copper and zinc smelting

industries did not show any overall mortality excesses as

compared with the mortality of the total U.S. population

(Enterline et al., 1986).


D.3.3.2 General Population Studies—Daily intakes of copper

ranging from 2-32 mg due to contaminated drinking water has

reportedly caused general gastric irritation characterized by

nausea, vomiting, abdominal cramps and diarrhea (Spitalny et al.,

1984; Nicholas and Brist, 1968; Semple et al., 1960; Wyllie,

1957) .
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A disease known as Indian Childhood Cirrhosis has frequently been

associated with high intakes of copper in children ranging in age

from 6 months to 5 years (Bhandari and Sharda, 1982; Bhargave,

1982; Chaudhary, 1983; Pandit, 1982; Pandit and Bhave, 1983;

Sharda, 1984; Tanner et al., 1983). This disorder is

characterized by widespread hepatic necrosis and very high

hepatic copper content (Pandit, 1982; Pandit and Bhave, 1983).

It is generally believed that milk and water stored in brass and

copper containers leads to increased dietary copper in children,

which is at least partly responsible for the pathogenesis of the

disease.


Other epidemiology studies have failed to establish a definite

link between chronic exposure to copper and cancer or other

diseases. Increased mortality from hypertension or hypertensive

heart disease and elevated rates of cancer of the trachea, lung,

bronchus, liver and biliary passages have been observed in

counties containing primary copper smelters (PEDCo, 1978) ;

however, copper ore concentrates also contained arsenic, lead,

nickel, antimony and selenium and the authors cautioned against

overemphasizing the association between copper and increased

disease rates.


The population most sensitive to elevated environmental copper

levels is that afflicted with Wilson's disease, an inborn error

in copper metabolism (-1 in 200,000 individuals). These

individuals have endogenous chronic copper toxicity. Copper

levels in all tissues, especially in the liver, are markedly

increased, thus causing these people to be extremely vulnerable

to minor variations in copper intake. Newborns and young

children are more sensitive to excess copper than are normal

adults. Increased copper concentrations in the body and

underdeveloped homeostatic mechanisms probably contribute to this

susceptibility.


D.3.4 Carcinogenicity—Equivocal results have been obtained

from experiments designed to evaluate the carcinogenicity and

mutagenicity of copper compounds. Administration of copper

compounds to mice by subcutaneous injection has been reported to

induce tumor formation (BRL, 1968; Haddow and Horning, 1960).

The only tumorigenicity studies for orally-administered copper

were negative (BRL, 1968).


Microbial mutation assays using copper compounds have generally

provided negative results. Some mutagenic activity by copper

compounds at high concentrations has been observed in cell

culture assays. Copper sulfate was observed to increase the

frequency of recessive lethal mutations in fruit flies at high

concentrations (Law, 1938).
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Schrauzer et al. (1977) reported that there is a direct

proportionality between blood copper concentrations and mortality

due to cancer of the intestine in males and females and cancer of

the lung, breast and thyroid in females. The authors contended

that excess copper in the diet may be the cause of the elevated

blood copper levels. Morton et al. (1976) observed a significant

negative association between copper concentrations in tap water

samples and central nervous system malformations (e.g. ,

anencephalus, neural tube malformations) in South Wales. These 
associations, however, can only be critically evaluated when 
additional epidemiologic information becomes available. 

D.3.5 Summary 

In summary, human homeostatic mechanisms act to control copper

balance by regulating the absorption, storage, distribution,

utilization and excretion of the metal. Deficiencies or excesses

in copper by oral exposure rarely result in copper toxicosis. In

cases where homeostatic mechanisms are genetically disrupted as

in Wilson's disease, or underdeveloped as in the fetus and young

children, excess copper intake is not regulated. The symptoms of

copper toxicosis can occur in such individuals when copper

intakes are high.


In its rating of carcinogenic properties, U.S. EPA classifies

copper as a Group D substance (not classifiable) because of

insufficient data to determine the carcinogenic potential.


D.4 Lead Toxicity Profile


The purpose of ihis section is to describe the toxic properties

of lead, particularly with respect to risk to public health from

contamination at New Bedford Harbor.


Lead is a naturally occurring metallic element. Because of its

easy isolation and low melting point, it was among the first

metals to be extensively utilized by man. It is widely used in

industry because of its softness, resistance to corrosion and

radiation, and high density. It is used in pigments for paints

and ceramics, in electric batteries, as a lining for tanks and

pipes, as an ingredient in solder, as a shielding material for

X-rays and atomic radiation and in plastics. Lead has been

distributed throughout the biosphere by the industrial activities

of man and may be found in water, soil, plants, animals and

humans.


D.4.1 Pharmacokinetics


Lead absorption occurs from ingestion and inhalation and, to a

much less extent, from dermal absorption. Absorption of lead
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from the gastrointestinal tract is estimated at 10-15% for adult

humans and 40-50% for children. Gastrointestinal absorption of

lead is influenced by numerous dietary factors. Absorption after

a 6-hour fast was increased up to 8-fold as compared to lead

consumed with food (Wetherill et al, 1974). Absorption is

enhanced by low dietary Ca or Fe, high dietary fat, or low or

high dietary protein (Sobel et al, 1938; Six and Goyer, 1970,

1972; Baltrop and Khoo, 1975). Absorption is decreased in

animals receiving high mineral diets (Barltrop and Khoo, 1975).

Gastrointestinal absorption in infant rats was considerably

greater than in adults (Forbes and Reina, 1974; Kostial et al.,

1971) . Similar results have been reported in humans (Alexander

et al., 1973; Ziegler et al., 1978).


Absorption also occurs via inhalation. Nozaki (1966) reported

inverse relationships between respiration rate, particle size and

lung deposition. For adult humans, the deposition rate of

particulate airborne lead is - 30-50%. It also appears that

essentially all of the lead deposited in the lower respiratory

tract is absorbed (EPA, 1983) (HEA). Respiratory uptake by

children appears to be greater on a body weight basis. One

report estimated that a 10-year-old child has a deposition rate

1.6- to 2.7-fold higher than an adult on a weight basis. (EPA,

1983) .


Absorption of inorganic lead compounds through the skin is of

much less significance than absorption through respiratory and

gastrointestinal routes. Dermal absorption of lead in cosmetic

preparations has been observed to occur in humans with a maximal

efficiency of 0.3% (Moore et al., 1980). For lead alkyls

however, absorption through skin is far more significant than

other routes of exposure. Transplacental transfer of lead has

also been documented and lead uptake by the fetus occurs

readily. Lead is stored in bone, kidney and liver where it may

remain for long periods of time. Lead is excreted by the kidneys

in urine and lesser amounts are eliminated by biliary excretion.


D.4.2 Toxicity in Humans and Experimental Animals


Exposure to lead causes adverse effects in the blood cell forming

system, the nervous system, the kidneys and the reproductive

system. The hemoglobin forming system is the most sensitive

system to lead exposure. Erythrocyte protoprophyrin elevation,

an indicator of decreased hemoglobin synthesis, has been reported

in women and children at levels of 15-20 ug/dl blood (EPA, 1977d,

1980b, 1983). The threshold for decreased hemoglobin levels is

-40 ug/dl blood in children (Betts et al., 1973; Pueschel et al.,

1972) and 50 ug/dl blood in adults (Tola et al., 1973).


Two types of neurotoxic effects are associated with exposure to

lead. Levels of lead in blood of over 80 ug/dl in children and
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over 100 ug/dl in sensitive adults can cause severe, irreversible

brain damage, encephalopathy, and possibly death. In children,

permanent learning disabilities are seen at these levels, even if

there are no overt signs of lead poisoning. The World Health

Organization (1977) estimated that the threshold for noticeable

brain dysfunction in children is 50 ug/dl blood. Other adverse

effects are associated with exposure to low levels of lead.

Slower nerve conduction in peripheral nerves was seen in adults

at 30-40 ug/dl blood.


Numerous studies of occupationally-exposed workers have provided

evidence that lead-induced chronic kidney effects are associated

with blood lead levels as low as 40 ug/dl. Experimental animal

studies have shown similar kidney effects.


Reproductive effects have also been reported. Postnatal

developmental delays have been reported in pups of rats that

received 50-250 mg lead/L drinking water throughout gestation

(Kimmel et al., 1976; Reiter et al., 1975). Schroeder and

Kitchener (1971) reported marked reproductive effects in a

3-generation study with 25 ppm lead in drinking water. In rats,

results included a delay in birth of the first litter, runting

and excessive mortality among the offspring before weaning, a

decrease in the male/female ratio of the Fl generation, and a

decrease in pregnancies and litter size by the third generation.

In mice, the effects were similar but more severe.


In humans, lead compounds have been used to induce abortions

(Tanssig, 1936). Oliver (191911) reported that the miscarriage

rate was elevated among British women occupationally exposed to

lead. Other investigators have related lead exposure, both

before and during pregnancy, with increases in spontaneous

abortions, premature delivery and early membrane rupture (Lane,

1949; Nozaki, 1958; Fahim et al., 1975; Rom, 1976). Altered

testicular function was observed in men with blood lead levels as

low as 40-50 ug/dl.


Pregnant women, preschool age children and fetuses are high risk

populations for exposure to lead.


D.4.3 Carcinogenicitv


Several animal studies have associated specific lead salts with

tumor formation. Dietary lead acetate was demonstrated to cause

renal tumors in Wistar rats (Zawirska and Medras, 1968, 1972;

Azar et al., 1973; Boyland et al., 1962). Lead subacetate caused

renal tumors in Swiss mice (Van Esch and Kroes, 1969) and in

several strains of rats (Van Esch et al., 1962; Oyasu et al.,

1970; Mao and Molnar, 1967; Shakerin and Paloucek, 1965; Hass et

al., 1967; Ito et al., 1971; Ito, 1973). Nerve cell tumors were

also observed in many of these studies.
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In humans, no association between lead exposure and cancer

mortality was found in two epidemio1ogical studies

(Dingwall-Fordyce and Lane, 1973; Nelson et al., 1973). A third

study (Cooper and Gaffey, 1975) reported a statistically

significant elevation in deaths due to "all malignant neoplasms"

and cancer of "other sites" (sites other than major organs).

Using different statistical tests, Kang et al. (1980) reanalyzed

these data and calculated a statistically significant increase in

deaths due to cancer of the digestive organs and cancer of the

respiratory system for both lead smelter workers and battery

plant workers. Deaths due to all malignant neoplasms were

increased among smelter workers only.


Based on inadequate evidence from human studies and sufficient

evidence from animal studies, the EPA Carcinogen Assessment Group

(CAG) has classified the lead salts, lead acetate, lead phosphate

and lead subacetate, as Probable Human Carcinogens (Group B2) .

Since humans are not environmentally exposed to the particular

lead salts that are associated with tumors in animals, lead and

lead compounds as a class are classified only as Possible Human

Carcinogens (Group C) .


Interaction


A number of dietary factors alter the gastrointestinal absorption

of lead. High mineral diets inhibit the absorption of lead

(Barltrop and Khoo, 1976) , and diets low in calcium or iron

enhance absorption (Sobel et al., 1938; Six and Goyer, 1970,

1972) .


Summary


Lead is a naturally occurring element which has been widely

distributed through the biosphere by the industrial activities of

man. It is absorbed by ingestion and inhalation. It is also

absorbed less significantly by the dermal route. Lead is stored

in the bone, kidney and liver. Studies in both animals and

humans have documented adverse effects from exposure to lead to

the hematopoietic system, the nervous system, the kidneys and the

reproductive system. Various lead salts have caused cancer in

animals, and these lead salts are classified as Probably Human

Carcinogens (Group B2) . Since humans are not environmentally

exposed to these particular salts, lead and lead compounds as a

class are classified as Possible Human Carcinogens (Group C) .
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APPENDIX E


SUPPORTING DOCUMENTATION




UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON. D.C 20460 

OFFICE OF 
RESEARCH AND DEVELOPMENT 

MEMORANDUM


SUBJECT: Congener-specific PCB analyses on New Bedford Harbor

Seafood


TO: Frank Ciavattieri, Remedial Project Manager

Region I


FROM: Susan Braen Norton, Environmental Scientist

Exposure Assessment Group s/3/0


Staff of the Exposure Assessment Group and the Narragansett

Laboratory have completed the analysis of the congener-specific

PCB analyses on lobsters and flounders collected from New Bedford

Harbor. The objective of the analysis was to provide insight

into how best to characterize the risk associated with ingesting

seafood from New Bedford Harbor. Specifically, the issue is

whether there is sufficient evidence to support using a cancer

potency factor other than the most recent PCB potency factor that

is based on Aroclor 1260. The analyses, results, ana conclusions

of our effort are described in this memo.


Staff of the Narragansett Laboratory and Science

Applications International Corporation (SAIC) chemically analyzed

five flounders, five lobsters, and samples of the commercial

mixtures Aroclor 1016, 1242, 1254, and 1260. The five flounders

were collected by the Narragansett laboratory from inside the

hurricane barrier, and the five lobsters were collected from Area

3 by the Massachusetts Division of Marine Fisheries. Flounder

flesh, lobster flesh, and lobster hepatopancreas were included in

the study. After extracting the tissues with acetone, PCB

congeners were separated and quantified using capillary gas

chromatography and an electron capture detector. By using three

columns, the Narragansett Laboratory was able to quantify a suite

of 51 separate congeners.


The data were statistically analyzed using principal

components analysis (via the SIMCA software package). Principal

components analysis is a very useful technique that simplifies

large matrices of data (51 congeners by 21 samples in this case)

to a series of independent "principal components" that best

explain the variation in the data. By plotting the principal

components, similarities in the patterns of congeners in the

samples can be more easily identified. In addition, class models

(e.g., for lobster samples) can be constructed and used to test
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how close other samples (e.g., Aroclor 1260) are to the class.

Finally, by examining how each congener influences the principal

components, we can begin to understand how PCB patterns change in

the environment.


The analyses of the New Bedford Harbor data consisted of

three steps; construction of class models, plotting of principal

components, and analysis of specific congeners. First, I

constructed class models (using the PARC subroutine in the SIMCA

statistical package) for the lobster flesh, lobster

hepatopancreas and flounder. Then I tested how close the

commercial mixtures came to fitting the models. The results of

the classification are shown in Table 1. As can be seen, Aroclor

1254 had the lowest deviation from the class models, with Aroclor

1260 running a close second. Even these two mixtures, -however,

were greater than 5 standard deviations away from any of the

classes.


In the second step, I took another look at the relationship

between the samples and Aroclors 1260 and 1254 by plotting

principal components. Figures 1, 2, and 3 show the principal

components plots for each type of seafood plus Aroclors 1254 and

1260. As expected from the classification step, the biota

samples aren't very close to either Aroclor. However, the

principal components plot shows that patterns of PCBs in the

seafood samples lie roughly in between the two commercial

mixtures and are just about equidistant from both.


To gain some insight into how the seafood differs from the

commercial mixture, I investigated which specific congeners were

present in greater amounts in the seafood than in 1254 and 1260.

I divided the fractions of each congener in the seafood by the

corresponding fractions in 1254 and 1260 to obtain "enrichment

factors". Some of the larger enrichment factors are shown in

Figures 4 and 5. Of particular interest is that fractions of

some non and mono-ortho substituted congeners (particularly

3,4,5,3',4'-PCB and 3,4,3',4'-TCB) are consistently higher in the

seafood compared with the two commercial mixtures. The non-ortho

substituted congeners have been shown to induce enzymes in a

manner similar to 3-methylcholanthrene and dioxin. Although

induction of this enzyme system has not yet been correlated with

carcinogenic potency, it has been correlated with other toxic

effects, such as thymic atrophy, in experimental animals.


The conclusions of the analyses can be summarized as

follows. The PCB mixture in the seafood from New Bedford Harbor

cannot be classified as any commercial mixture, although the

pattern of PCBs in the seafood appears to lie roughly between

Aroclors 1254 and 1260. That the non-ortho substituted congeners

are not depleted but are actually enriched in New Bedford Harbor

seafood lends some support for taking a conservative approach to

assessing risks from seafood ingestion.
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It also should be noted that the non-ortho substituted

congeners have not normally been quantified in the past because

of difficulties in analytical techniques. The progress that the

Narragansett Laboratory has made in separating and quantifying

the non-ortho substituted congeners contributed significantly to

the findings of the current effort.


I discussed the results of the analysis with Jim Cogliano of

the Carcinogen Assessment Statistics and Epidemiology Branch

(formerly CAG). CAG's current cancer potency factor for PCBs

(7.7 (mg/kg/d)'1) is based on the Norback and Weltman (1985)

bioassay using rats. This bioassay has a stronger experimental

design than either the 1975 Aroclor 1260 bioassay or the NCI

Aroclor 1254 bioassay. Hence, the 1985 bioassay currently

provides the best estimate of cancer potency for any PCB mixture.

Because, as described above, the PCB mixture in seafood does not

closely resemble any commercial PCB product, there are

uncertainties in using any commercial product to estimate the

potency of the mixture in seafood. Since the potency factor for

Aroclor 1260 of 7.7 (mg/kg/d)'1 is the most scientifically

defensible estimate of PCB potency currently available, I would

recommend that it be used to assess risks from ingesting seafood

from New Bedford Harbor.


cc: M. Callahan (RD-689)

J. Cogliano (RD-689)

R. McGaughy (RD-689)

W. Farland (RD-689)

E. Ryan (EC Jordan)

S. Levinson (Region I)
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PCB Congeners in American Lobster, Homarus amerioanus,


and Winter Flounder, Pseudopleuronectes americanus,


from New Bedford Harbor, Massachusetts


1 ,  2 2

Richard J. Pruell, Robert D. Bowen, Steven J. Fluck,


2 2 1

Joseph A. LiVolsi, Donald J. Cobb and James L. Lake


1 - U.S. Environmental Protection Agency

Environmental Research Laboratory


Narragansett, R.I. 02882


2 - Science Applications International Corporation

U.S. Environmental Protection Agency

Environmental Research Laboratory


Narragansett, R.I. 02882


Final Report to:


Susan Braen Norton

U.S. Environmental Protection Agency


Exposure Assessment Group

401 M Street


Washington, DC 20460


December 1988


E-10




Page 2


Introduction


PCBs are a group of 209 different compounds. The physical,


chemical, and toxicological properties vary depending on the


amount and position of chlorine substitution on the biphenyl


molecule . PCBs were produced and sold as complex mixtures of


congeners which in the United States were marketed under the


trademark of Aroclors (Monsanto Co.). However, once these


commercial mixtures of PCBs are released to the environment


their compositions can change due to the differential behaviors


of the compounds.


Since the properties of PCB congeners differ depending on


the chlorine substitution, environmental alterations may


influence the toxicological significance of PCB mixtures. In


order to better define the potential significance of the PCBs


found in edible marine tissues from New Bedford Harbor, we have


applied methods adapted from Stalling et al. (1979) which


allowed us to better define the PCB mixtures in these samples.


These techniques specifically focus on PCB congeners known to


produce biological effects in some species. This report


presents the results of analyses conducted on the edible tissues


of lobster and flounder collected from New Bedford Harbor.


Certain PCB congeners have been shown to induce enzyme

systems (e.g., Aryl Hydrocarbon Hydroxylase or AHH) in a manner

similar to 3-methylcholanthrene and

2,3,7,8-tetrachlorodibenzo-p-dioxin. These congeners are of

particular interest since the enzyme induction has been

correlated with some toxic effects such as thymic atrophy (see

Safe, 1987 and Duinker, 1988 for more detail). In this report,

these congeners, which include 77, 81, 105, 114, 118, 126, 156,

157, 167, 169 and 189 are referred to as non- and mono-ortho

substituted congeners or AHH inducers.
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Materials and Methods


Sample collection


Lobsters (legal size) were collected with lobster pots by


the Cat Cove Marine Laboratory of the Massachusetts Division of


Marine Fisheries. The five lobsters that were analyzed were


taken from Closure Area 3 (Figure 1). Station locations and


collection dates for these samples are listed in Table 1. Also


listed in this table are the weights of the whole lobsters and


the amounts of muscle and hepatopancreas tissues found in each


lobster. The flounder samples were collected by otter trawl on


January 9, 1987 from just inside of the New Bedford Harbor


Hurricane Barrier. All of the samples were frozen until


analyzed.


Sample analysis


A flow chart of the analysis procedures is shown in Figure


2 and the techniques that were utilized are described in detail


below. Tissue samples were homogenized using a Polytron


(Brinkman Corp.) and then 2 to 5 grams of each homogenate was


weighed into an acetone rinsed 100 ml centrifuge tube.


Octachloronaphthalene (OCN) and PCB congener 100 (Ballschmiter


and Zell, 1980) were added as internal standards along with 25


ml of acetone and the mixture was agitated using a Polytron for


20 seconds. The sample was centrifuged for 15 minutes at 25000


rpm at 4°C and then the supernatant poured into a separatory


funnel containing 150 ml of water. This procedure was repeated


two more times and the extracts combined in the separatory
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funnel. The acetone/water mixture in the separatory funnel was


then extracted three times with 25 ml of freon each time. These


were combined, treated with sodium sulfate and volume reduced


using a heating mantle and a Kuderna-Danish evaporator with a


3-ball Snyder column. The extract was volume reduced and


solvent exchanged to 10 ml of hexane. One ml was removed for a


lipid weight determination and the remaining 9 ml was treated


with concentrated sulfuric acid. This involved adding 5 ml of


acid to the conatiner, shaking gently and allowing the mixture


to sit for two hours.


After the acid treatment, the extract was volume reduced


and then analyzed for PCBs as Aroclors. Sample extracts were


analyzed as Aroclor 1242 and 1254 using capillary gas


chromatography (GC). For these analyses, 1 ul of each sample


was injected splitless into a Hewlett Packard 5890 gas


chromatograph equipped with a 30 m DB-5 fused silica capillary


column (J + W Scientific) and an electron capture detector.


Helium was used as the carrier gas at a flow rate of about 1.5


ml/min and the flow of a 95:5 mixture of argontmethane to the


detector was 35 ml/min. The oven temperature was held at


60°C for 1 min and then programmed from 60 to 315°C at


10°C/min. The injector temperature was 270°C and the


detector was maintained at 325°C.


Aroclor determinations were made by comparing the summed


heights of two peaks in each Aroclor with the heights of the


same peaks in the samples. The peaks used for Aroclor 1242 were


mixed peaks while congeners 138 and 180 (Ballschmiter and Zell,
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1980) were measured for the quantification of Aroclor 1254. OCN


was used as an internal standard for these determinations.


After the PCB concentrations were measured as Aroclors, the


extracts were split and each portion was separated into


fractions using carbon/silica columns. Individual PCB congeners


were quantified in the fractions from these columns. These


separations allowed the quantification of congeners that could


not be separated by GC using the chromatographic conditions that


we employed. Two columns were required because it was not


possible to make the required separations in one step. The


carbon/silica columns consisted of 2 cm of a carbon/silica gel


mixture in a disposable pipette. This mixture was composed of 5


% Super-A Activated Carbon AX-21 with silica gel (Bio-Sil A,


Bio-Rad Laboratories) that had been activated at 150°C for


24 hours.


Both carbon columns were rinsed with 15 ml of toluene, 15


ml of methylene chloride and 10 ml of hexane before the extracts


were added. The elution schemes used are shown in Figure 2.


The first column was eluted with 15 ml of hexane which was


collected as the Fl fraction. The column was inverted and then


eluted with 15 ml of toluene which was collected as the F2


fraction. Congeners containing 2, 3 or 4 ortho substituted


chlorines elute in the Fl fraction. These compounds were


quantified against the congener 100 internal standard. Several


congeners containing 1 ortho substituted chlorine were


quantified in the F2 fraction. The concentrations of these


compounds were calculated using the OCN internal standard which
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eluted into this fraction.


The second column was first eluted with 15 ml of methylene


chloride which was discarded. The column was inverted and then


eluted with 5 ml of toluene which was collected as the F3


fraction. Three congeners containing 0 ortho chlorines (77, 126


and 169) were quantified against OCN in this fraction.


Standards were obtained for all of the congeners that were


quantified. These were purchased from Ultra Scientific and the


National Research Council of Canada.- Congener analyses were


done on a Hewlett Packard 5890 GC as described earlier; except,


a 60 m DB-5 fused silica column was used. The oven temperature


was held at 150°C for 1 min and then programmed from 150 to


315°C at l°C/min.


Since not all 209 PCB congeners could be obtained as


standards it is possible that some of the congeners that were


quantified occur as mixed peaks. This is more likely to be a


problem for congeners quantified in the fraction containing


compounds with 2,3 and 4 ortho chlorines. Fewer compounds are


found in the fractions containing compounds with 0 and 1 ortho


chlorines and most of these compounds were obtained as authentic


standards. Therefore, the identification and quantification of


these compounds are more definitive.


Quality Assurance


E-15




Page 7


A spike and recovery study was conducted as a measure of


the accuracy of the analytical procedure. Thirteen PCB


congeners representing compounds containing 4-10 chlorines and


OCN were spiked into three aliquots of a homogenate of mussel


(Mytilus edulis) tissue. The recoveries ranged from 78 to 84 %


for the 13 PCB congeners and the recovery of OCN averaged 77 %.


Triplicate analyses for individual congeners were conducted


on Aroclor 1242 as a measure of the precision of the method.


The results of these analyses are presented in Table 5. The


relative standard deviations for most of the congeners were less


than 1 %. Blank analyses were conducted with each sample set


which generally consisted of 5 samples. No significant


interferences were found in the blanks. Values of 0.00 in the


tables indicate levels below the analytical detection limits.


Results and Discussion


Total PCB concentrations (on a dry weight basis) measured


as the sum of Aroclors 1242 and Aroclor 1254 are shown in Table


2. The PCB concentrations on a wet weight basis in these


samples are shown in Table 3. Also included in Table 3 are PCB


concentrations calculated for the combined tissues of lobsters.


PCB concentrations and total tissue weights were used for these


calculations. These data can be compared with the FDA Tolerance


Level of 2 ug/g for PCBs.
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The PCB concentrations in the five lobster samples were


similar and all were above the 2 ug/g FDA Tolerance Level (3.14


- 8.79 ug/g). The concentrations found in the flounder,


however, showed a wide range (0.10 - 7.05). Three of the five


flounder contained PCB levels above the FDA Tolerance Level.


This wide range of concentrations may indicate that some of


these organisms had only been in New Bedford Harbor for a short


period of time.


The Massachusetts Division of Marine Fisheries (MDMF) has


monitored PCB concentrations in lobster and several other


species from New Bedford Harbor since 1977 (Kolek and Ceurvels,


1981; MDMF, unpublished data). Their data for lobsters from


Closure Area 3 indicate that the PCB levels remained relatively


constant between 1977 and 1985. Considerable variations were


observed in the average seasonal values (1.0 - 8.8 ug/g);


however, there did not appear to be a major trend in the data.


This is demonstrated by the fact that the average level for 1977


was 3.9 ug/g and the Fall 1985 mean concentration was 4.2 ug/g.


The present study reported a concentration mean of 4.97 ug/g for


lobsters collected during 1987.


The methods used in the present study to quantify PCBs were


different from those used by MDMF. However, a recent


intercalibration between the EPA - Narragansett and MDMF


laboratories on the measurement of PCBs in composite lobster


samples indicated that the values generated by the two


laboratories differ by less than a factor of 2 (Pruell et al.,


1988), EPA reported slightly higher levels which probably
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indicates that the total PCB levels measured in the present


study are very similar to those that have been previously found


in New Bedford Harbor Area 3 lobsters (MDMF, 1981). This


indicates that the PCB levels found in lobsters from Closure


Area 3 have remained remarkably constant for the past 10 years.


Forty-five PCB congeners were quantified in Aroclors 1016,


1242 (analyzed in triplicate), 1254 and 1260, in 5 lobster


muscle and hepatopancreas samples, and 5 flounder muscle


samples. The names and numbers of the congeners that were


quantified are listed in Table 4. The results of the congener


analyses are reported in Tables 5, 6, 7 and 8. The congeners


that were quantified were selected for several reasons. These


included the potential to induce AHH (Safe, 1987), the relative


abundance in environmental samples and the availability of the


standards. All of the congeners listed by Duinker et al.


(1988) as "toxic congeners" were quantified except congener 123


which was not available to us as a pure standard.


The congener mixtures found in the various Aroclors (Table


5) agree well with what has been previously reported (Albro et


al., 1981; Capel et al., 1985). The sums of the congeners


measured for each Aroclor indicate that the congeners that we


quantified represented about 22 % of Aroclor 1016, 25 % of


Aroclor 1242, 50 % of Aroclor 1254 and 63 % of Aroclor 1260.


The patterns of PCBs seen in the lobster samples (Tables 6


and 7) were very similar to those previously reported in


lobsters from New Bedford Harbor by Farrington et al. (1986).
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Congeners found in the highest concentrations included numbers


105, 118, 128, 138, 153 and 180. These 6 compounds accounted


for about 80 % of the mass of the individual congeners that were


quantified in both the muscle and hepatopancreas samples. These


compounds were found to be the major components of Aroclors 1254


and 1260 (Table 5) .


The flounder samples (Table 8) showed a different PCB


pattern than those of the lobster samples. In general more


congeners were found in significant amounts in the fish samples.


The most prominent compounds in flounder included congeners 105,


118, 138 and 153. Maack and Sonzogni (1988) reported that these


were also some of the major components of the PCB mixtures seen


in several freshwater fish species from Wisconsin. A similar


PCB pattern was also seen in the livers of Atlantic cod from the


North Sea (de Boer, 1988).


Several non- and mono-ortho congeners were found in the


lobster and flounder samples. These included congeners 37, 77,


81, 105, 114, 118, 126, 156, 157, 167, 169 and 189. Considering


the concentrations and relative enzyme inducing potencies of the


compounds (Safe, 1987), those that may be the most


toxicologically important in these samples are congeners 77, 105


and 126.
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Table 2. Total PCB concentrations in lobster and

flounder from New Bedford Harbor.


Concentrations as ug/g dry weight


Sample I Organism Muscle Hepatopancreas 

902177 Lobster 5.48 148 
902178 Lobster 3.61 204 
902179 Lobster 3.95 345 
902180 Lobster 4.00 251 
902181 Lobster 6.93 114 

Sample I Organism Muscle 

399568 Flounder 37.0 
399569 Flounder 15.1 
399572 Flounder 0.563 
399574 Flounder 1.64 
399575 Flounder 29.8 
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Table 3. Total PCB concentrations in lobster and

flounder from New Bedford Harbor.


Concentrations as ug/g wet weight


Sample f Species Muscle Hepatopancreas Combined 

902177 Lobster 0.63 29.0 3.14 
902178 Lobster 0.53 51.7 4.89 
902179 Lobster 0.77 55.2 4.32 
902180 Lobster 0.48 50.9 3.73 
902181 Lobster 0.77 62.4 8.79 

Sample ft Species Muscle


399568 Flounder 7.05

399569 Flounder 3.35

399572 Flounder 0.10

399574 Flounder 0.31

399575 Flounder 6.49


* - Calculated using the weights and PCB concentrations

of the muscle and hepatopancreas tissues.
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Table 4. Numbers and names of the congeners that were

quantified (Ballschmiter and Zell, 1980).


*

CONGENER NUMBER

NUMBER ORTHO CL CONGENER NAME


15
 0 4 , 
18
 2 2, 
37
 0 3, 
44
 2 2, 
47
 2 2, 
49 2
 2, 
52 2 2, 
60 1 2, 
72 1 2, 
77 0 3, 
78 0 3, 
79 0 3, 
81 0 3, 
86 2 2, 
101 2 2, 
105 1 2, 
114 1 2 , 
118 1 2, 
119 2 2, 
126 0 3, 
128 2 2, 
137 2 2, 
138 2 2, 
141 2 2, 
143 3 2, 
153 2 2, 
156 1 2, 
157 1 2, 
158 2 2, 
166 2 2, 
167 1 2, 
169 0 3, 
170 2 2, 
180 2 2, 
183 3 2, 
185 3 2, 
189 1 2, 
191 2 2, 
194 2 2, 
201 3 2, 
204 4 2, 
205 2 2, 
206 3 2, 
207 4 2, 

4'
4 
2
4
2
2
2
2
3
3
3
3
3
4
2
2
3
3
3
3
3
2
2
2
2
2
2
3
3
3
3
3
3
2
2
2
2
3
3
2
2
2
3
2
2 

- dichlorobiphenyl

,5 - tr ichlorobiphenyl

4'- trichlorobiphenyl

,3,5'- tetrachlorobiphenyl

,4,4'- tetrachlorobiphenyl

,4,5'- tetrachlorobiphenyl

,5,5'- tetrachlorobiphenyl

4,4'- tetrachlorobiphenyl

,5,5'- tetrachlorobiphenyl

,4,4'- tetrachlorobiphenyl

,4,5 - tetrachlorobiphenyl

,4,5'- tetrachlorobiphenyl

4',5 - tetrachlorobiphenyl

,3,4,5 - pentachlorobiphenyl

,4,5,5'- pentachlorobiphenyl

3', 4,4'- pentachlorobiphenyl

4, 4',5 - pentachlorobiphenyl

,4, 4',5 - pentachlorobiphenyl

,4, 4', 6 - pentachlorobiphenyl

,4 4 ',5 - pentachlorobiphenyl

,3 3 ,4,4'- hexachlorobiphenyl

,3 4 4',5 - hexachlorobiphenyl

,3 4 4',5'- hexachlorobiphenyl

,3 4 5,5'- hexachlorobiphenyl

,3 4 5,6'- hexachlorobiphenyl

,4 4 ,5,5'- hexachlorobiphenyl

3' 4 4',5 - hexachlorobiphenyl

3' 4 4',5'- hexachlorobiphenyl

3' 4 4',6 - hexachlorobiphenyl

4,4' 5,6 - hexachlorobiphenyl

4,4 ,5,5'- hexachlorobiphenyl

4,4 ,5,5'- hexachlorobiphenyl

3,3 ,4, 4',5 - heptachlorobiphenyl

3,4 4', 5,5'- heptachlorobiphenyl

3,4 4', 5',6 - heptachlorobiphenyl

3,4 5, 5',6 - heptachlorobiphenyl


4', 5,5'- heptachlorobiphenyl

4', 5',6 - heptachlorobiphenyl

,4, 4', 5,5'- octachlorobiphenyl

,4', 5, 5',6 - octachlorobiphenyl

4', 5,6,6'- octachlorobiphenyl

4', 5, 5',6 - octachlorobiphenyl

,4,4', 5, 5',6 - nonachlorobiphenyl

,4, 4' , 5, 6, 6' - nonachlorobiphenyl


209 4 Decachlorobiphenyl


* - Number of chlorines substituted in ortho positions.
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Table 5. PCB congener concentrations in Aroclor mixtures.


Concentrations as mg/g


Aroclor

Congener 1016 1242A 1242B 1242C 1254 1260 

15 13.4 16.2 16.6 16.7 0.00 0.00 
18 72.1 68.1 7 0 . 2 7 0 . 0 0.90 1.06 
37 13.8 17.2 17.7 17.7 0.24 0.45 
44 38.9 31.7 32.5 31.8 29.3 0.49 
47 12.0 9.93 10.1 9 .93 1.39 0.12 
49 30.9 25.9 26.5 26.1 15.9 0.37 
52 36.7 31.0 32.0 31.6 52.4 2.03 
60 1.10 2 3 . 2 2 2 . 0 21.7 5.60 3.00 
72 0.15 0.10 0 .09 0.12 0.00 0.00 
77 0.03 2.86 3.00 3 .07 0.22 0.01 
78 0.00 0 .00 0 .00 0 .00 0.52 0.00 
79 0.00 0 .00 0 .00 0 .00 0.00 0.00 
81 0.00 0 . 2 4 0 .27 0 .25 0.44 0.00 
86 0.11 3.54 3 . 4 6 3.53 0.54 0.94 

101 0.76 6 .20 6 . 2 2 ' 6 . 0 0 71.1 27.0 
105 0.09 4.10 4 . 2 7 4.17 54.9 0.28 
114 0.00 0 .25 0 . 2 7 0 .27 1.70 0.00 
118 0.10 4 .22 4 .56 4 . 4 3 66.4 2,62 
119 0.00 0.11 0.11 0.13 0.79 0,05 
126 0.00 0 . 0 5 0 .03 0 . 0 2 0.03 0.00 
128 0.00 0.19 0 .26 0 .23 17.2 3.28 
137 0.00 0.08 0 .08 0 .06 6.12 0.25 
138 0.07 0.55 0.59 0.53 69.3 76.3 
141 0.00 0.12 0.14 O-.ll 14.8 33.4 
143 0.00 0 .05 0 . 0 4 0 .05 5.66 4 .03 
153 0.17 0 . 4 7 0 .55 0 . 4 6 42.7 85.4 
156 0.00 0 .06 O."07 0 .06 7.92 2.68 
157 0.00 0.00 0 .00 0.05 2.86 0.14 
158 0.00 0 .09 0 . 0 8 0 .07 10.1 6.74 
166 0.67 0 .84 1.81 1.31 0.61 2,76 
167 0.00 0 .00 0 . 0 3 0 . 0 0 2.85 1.13 
169 0.00 0 .00 0 . 0 0 0 . 0 0 0.00 0.00 
170 0.00 0.02 0 .02 0 . 0 3 3.54 28.2 
180 0.00 0 . 0 0 0 . 0 0 0 . 0 0 10.5 141. 
183 0.12 0.14 0 .28 0.21 2.77 39.6 
185 0.00 0.05 0.13 0 .09 0.37 8.83 
189 0.00 0 . 0 0 0 . 0 0 0 .00 0.38 1.35 
191 0.00 0 . 0 0 0 . 0 0 0 . 0 0 0.25 2.24 
194 0.00 0 . 0 0 0 . 0 0 0 . 0 0 0.49 28.9 
201 0.00 0.17 0.17 0 .00 0.37 43.9 
204 0.00 0 .08 0 . 0 3 0 . 0 4 0.00 2.97 
205 0.00 0 . 0 0 0 . 0 0 0 . 0 0 0.00 1.46 
206 0.00 0 .00 0 . 0 0 0 .00 0.08 6.19 
207 0.11 0 .00 0.10 0 . 0 0 0.00 1 .00 
209 0.00 0.11 0.14 0.12 0.26 0.15 

Sum 222 248 254 251 502 630 
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Table 6 PCB congener concentrations in the muscle of

lobster from New Bedford Harbor.


Concentrations as ng/g dry weight


Sample #

Congener 902177 902178 902179 902180 902181 

15 0.00 0.00 0.00 0.00 0.00 
18 0.00 0.00 0.00 0.00 0.00 
37 4.98 2.23 2.08 2.99 7.09 
44 0.00 0.00 0.00 0.00 2.66 
47 13.1 8.68 7.80 11.2 24.7 
49 0.00 4.80 0.00 0.00 12.7 
52 4.32 4.32 0.00 2.9 13.8 
60 9.70 10.3 5.92 9.70 27.4 
72 0.50 0.50 0.40 0.40 1.00 
77 9.52 3.82 3.91 4.99 7.09 
78 0.00 0.24 0.00 0.00 0.00 
79 0.00 0.00 0.00 0.00 0.00 
81 0.53 0.00 0.00 0.00 0.69 
86 0.30 1.95 0.20 , 0.40 6.50 
101 14.6 24.6 8.24 13.8 78.7 
105 61.5 32.2 31.8 39.4 63.6 
114 1.92 1.05 0.95 1.60 2.76 
118 237. 124. 120. 146. 220. 
119 2.75 3.45 2.57 2.83 11.5 
126 1.80 0.42 0.69 0.91 1.13 
128 56.3 33.6 39.1 41.7 88.5 
137 11.8 6.94 7.15 9.67 19.2 
138 186. 127. 142. 127. 271. 
141 0.00 3.18 0.00 0.00 6.72 
143 0.00 0.00 0.00 0.00 3.46 
153 332. 164. 189. 196. 359. 
156 15.8 7.93 8.37 9.03 13.7 
157 8.97 4.27 4.69 4.89 8.51 
158 10.6 8.72 8.62 9.59 17.9 
166 0.00 0.00 2.40 0.00 0.00 
167 12.9 5.91 6.21 6.75 11 .4 
169 0.59 0.00 0.27 0.00 0.00 
170 11.1 5.09 6.38 6.12 9.84 
180 42.4 21.5 24.2 25.8 50.7 
183 8.09 7.45 6.89 5.8 15.2 
185 0.00 0.00 1.77 0.00 5.15 
189 1.15 0.54 0.79 0.77 1.08 
191 0.00 0.00 0.20 0.00 3.43 
194 3.74 2.98 3.40 0.80 10.6 
201 9.60 5.13 5.87 8.18 14.4 
204 0.00 0.97 1.10 2.40 2.96 
205 0.00 0.00 1.76 0.50 5.43 
206 0.00 0.00 0.00 0.00 0.00 
207 0.00 2.05 0.00 3.66 5.70 
209 0.00 0.00 0.00 0.00 0.00 

Sum 1070 630 645 696 1410 
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Table 7 PCB congener concentrations in the hepatopancreas

of lobster from New Bedford Harbor.


Concentrations as ng/g dry weight


Sample #

Congener 902177 902178 902179 902180 902181 

15 0.00 0.00 0.00 0.00 64.3 
18 0.00 93.8 0.00 0.00 50.5 
37 223. 176. 316. 361. 209. 
44 0.00 75.8 0.00 0.00 47.1 
47 692. 834. 1544 1560 672. 
49 55.2 424. 40.4 113. 324. 
52 180. 363. 80.8 285. 355. 
60 506. 876. 1030 1230 696. 
72 22.4 66.7 91.6 70.9 55.1 
77 356. 283. 585. 550. 191. 
78 0.00 0.00 0.00 0.00 13.9 
79 0.00 0.00 0.00 0.00 0.00 
81 0.00 17.4 41.0 0.00 13.3 
86 0.00 149. 39.8 0.00 142. 
101 712. 2250 1460 " 1700 1780 
105 3350 3110 5930 6080 2300 
114 114. 96.8 182. 201. 76.9 
118 11600 9420 18800 18900 6920 
119 134. 301. 455. 308. 254. 
126 79.7 63.1 126. 116. 34.9 
128 1980 1900 4920 2800 1170 
137 586. 534. 1160 783. 304. 
138 10900 12000 26100 15400 6810 
141 31.0 251. 67.1 92.7 137. 
143 0.00 75.1 0.00 0.00 25.1 
153 17400 14000 29600 20400 7920 
156 830. 760. 1550 1350 505. 
157 537. 444. 986. 777. 301. 
158 552. 750. 1510 982. 445. 
166 84.0 79.7 150. 107. 45.1 
167 781. 642. 1360 1110 415. 
169 8.24 3.56 7.34 0.00 1.77 
170 601. 482. 1300 644. 287. 
180 2400 2110 5110 2860 1370 
183 428. 643. 1130 652 378. 
185 0.00 0.00 0.00 0.00 19.1 
189 71.2 54.5 118. 114. 33.0 
191 49.8 41.3 111. 123. 24.9 
194 242. 213. 447. 340. 128. 
201 372. 382. 698. 361. 236. 
204 30.6 34.1 63.6 45.4 8.05 
205 0.00 22.3 0.00 68.5 0.00 
206 105. 84.6 180. 79.4 60.4 
207 0.00 0.00 0.00 0.00 0.00 
209 0.00 0.00 0.00 0.00 25.2 

Sum 56000 54100 107000 80600 34900 
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Table 8. PCB congener concentrations in the muscle of flounder

from New Bedford Harbor.


Concentrations as ng/g dry weight


Sample I

Congener 399568 399569 399572 399574 399575 

15 8.42 1.65 0.00 0 . 0 0 0 . 0 0 
18 24.7 31.2 4.10 12.6 4 0 . 2 
37 53.8 22.0 1.39 2 .36 6 .96 
44 26.5 20.5 1.99 6.90 21.2 
47 145. 107. 1.79 6.92 195. 
49 151. 237. 5.79 2 0 . 4 220 . 
52 118. 215. 6.45 21.9 115. 
60 105. 70.2 2.02 10.2 156. 
72 8.69 6.08 0.00 0 .30 11.3 
77 73.1 36.5 0.73 1.27 4 4 . 2 
78 0.00 0.00 0.00 0 .00 0 . 0 0 
79 0.00 0.00 0.00 0 .00 0 . 0 0 
81 6.82 4.37 0.00 0.00 5.52 
86 1.23 1.04 2.0-0 4 . 0 3 21.1 
101 187. 237. 6.76 19.4 255. 
105 420. 175. 3.52 12.1 4 0 6 . 
114 19.8 7.06 0.00 0.75 15.1 
118 1100 390. 8.05 33.9 1010 
119 38.7 15.5 1.12 1.90 37 .0 
126 6.02 2.52 0.00 0.14 4 . 4 6 
128 55.8 37.4 2.63 3.57 149. 
137 48.7 19.3 0.00 1.83 4 9 . 0 
138 698. 302. . 9.39 32.7 850. 
141 51.7 21.1 0.00 2.32 53.0 
143 9.92 8.43 0.00 1.14 11.4 
153 895. 357. 12.9 4 5 . 0 1050 
156 70.9 19.9 0.00 2.58 56 .4 
157 29.3 9.34 00 0 1.57 28.1 
158 85.9 34.1 08 1 2.76 83.8 
166 4.64 3.58 0.00 0.00 0 . 0 0 
167 53.7 14.9 0.00 1.98 41.5 
169 0.56 0.00 0.18 0 .00 0 . 0 0 
170 30.7 8.90 0.00 1.00 30 .5 
180 134. 41.4 2 46 6.53 131. 
183 45.1 18.4 36 1 2.35 42 .7 
185 1.99 1.93 0.00 1.31 3 .29 
189 3.85 00 1 0.00 0.00 3 . 4 2 
191 3.23 58 1 1.87 1.10 5.58 
194 10.5 3 12 0.00 2.71 10.6 
201 10.5 4.58 3.23 2 .73 13.6 
204 2.14 1.58 0.72 1.42 3.68 
205 1.15 0.97 0.00 2 . 3 0 3 .30 
206 4.37 3.18 0.00 0 . 0 0 6 .38 
207 1.67 1.17 0.00 1.21 4 . 4 5 
209 0.94 0.00 0.00 0 . 0 0 0 .00 

Sum 4740 2490 81.5 273. 5190 
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Figure 1. Map showing the lobster sampling locations.
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'Figure 2. Flow chart of the sample analysis techniques
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