!
SDMS DoclD 000218178
- EPA WORK ASSIGNMENT NUMBER: 04-1L43
_ EPA CONTRACT NUMBER: 68-01-7250
-
EBASCO SERVICES INCORPORATED
- DRAFT FINAL BASELINE
PUBLIC HEALTH
RISK ASSESSMENT;
NEW BEDFORD HARBOR
FEASIBILITY STUDY -
AUGUST 1989
ﬁul
.l

Prepared by:

" A £ an

Elfzabeth A. Ryan
Senior Toxicolegist
- E.C. Jordan Co.

Submitted by: Approved by:

(il L Treol

C. AlTen;, P.E. Alan S. Fowler

X New Bedford Harbor Site Manager Project Lead
E.C. Jordan Co. Ebasco Services Incorporated

19

. T
S N



NOTICE
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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-1). Between 1974 and July 1982, several environmental
studies were conducted to assess the magnitude and extent of
polychlorinated bkiphenyl (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
froem 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 indjcates that no appréciable 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.,
1588), and elevated levels of PCBs (i.e., greater than 4,000
ppm) in sediment have been reported (USACE, 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 tof;j{
ocour without remedial actions. il
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To evaluate the effectiveness of variocus 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 wvarious remedial alternatives
against the baseline conditions.

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

PUBLIC HEAITH 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

e 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
biota, and/or inhalation of airborne contaminants. A
quantitative screening analysis of the exposure pathways was

ES~-3
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performed to identify the principle pathways of exposure, which
consist of the following:

¢ ingestion of aguatic biota

® direct contact with sediments

e ingestion of sediments

e inhalation of airborne contaminants

These exposure pathways accounted for over 99 percent of the
potantial 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 IIl) for purposes of assessing exposure to
sadiments. 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: -

e Area I - the area between the Wood 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

;k\m_fV
{

-
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e Area 2 - the area between the Hurricane Barrier and
Wilbur and Ricketsons Points

® Area 3 - the area between Wilkur, Ricketsons, and Rock
points, and Negro Ledge and Mishaum Point

e 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 infeormation
necessary to evaluate the potential public health risks from
exposure to PCBs, cadmium, copper, and lead.

Toxicological evaluations, developed for each coentaminant,
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, chronie, and
lifetime exposures.

In addition, information about the potency of PCBs, cadmiun,
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 noncarcinegenic and carcinogenic risks
associated with contaminant exposure.

SUMMARY OF PUBLIC HEALTH RISKS B

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 contarinant 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. Gene;ally,
the Environmental Protection Agency (EPA) states that 1f 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 g%sulting_grom exposure at a Superfund site may
range from 10 to 10 . Therefore, response objectives and
remedial alternatives are developed to reduce the total

P carcinogenic risks to levels within or below this range.
Carcinogenic risk estimates develcoped in this report were
evaluated using this target range.

- In addition to the EPA target range, carcinogenic risk estimates
' werg 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 gites that effectively eliminates -
significant or otherwise unacceptable risk to health, safety,

- public welfare, or the environment. As stated in the MCP, the
to}gl site cancer risk must be compared to a cancer risk of
10 ~.

The following subsections summarize risk estimates generated for
each exposure route.

- Direct Contac £ m

. 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 sgediment in Area

. I exceeded under the majority of scenarios evaluated, and

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

n‘bgyrisk. Indivigdal risk ratios for cadmium, copper, and lead were

o all below 1. [ Noncarcinogenic risk ratios associated with PCB
g8 exposure in Area I indicate a potential public health risk.

L™
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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 ratics to exceed 1 were based on conservative exposure
assunptions, [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 cg}ld, an older child, and an adult, ranged from
1x10 6 to 1x10 °, with most scenarios associatgﬁrwith 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 Areg7II assum;gq 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

o 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. )

In Area- III, carcinogenic risks ranged from 1x10~8 to 23}0-6
undg& probable exposure conditions, and from 2x10 to
1x10 under conservative exposure conditions. No risk
estimates exceeded the EPA target risk range.
Ingestion of Sediment

Expesure through ingestion of sediment was considered an
age-related activity and most significant for children less than
six years old. Both noncarcincgenic 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

ES-9

74

:,g%%

7,

“n,
/

Y
A

e



ratios based on exposure at recreational locations and under
probable exposure conditions within these areas were all below
l. 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 ingest}gn of sedigfnt were greatest for Area I and ranged
from 6x10 to 1x10 *. These risk estimates were based on
exposure to sediments in areas where access by children is
considered possible. Thesg risks fgll 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 estjmates based on exposure in Area II ranged from_%x10'7
to_gxlo , with most risk values falling between 10 and
10 °. Risk esti_gnjates basegs on probable exposure conditions
ranged from 9x1l0 £o 2%x10 °. The risks based on exposure
in Area III fall,within thg lower end of the target range and
are between 2x10 to 3x10 7,

Risks associated with exposure through direct contact and
ingestion of contaminated shoreline sediment are greatest for
Area I. Both the carcinogenic and noncarcincgenic 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 _of sediments from
Areas II and III ranged . from less than 10 to 8x10 . Meost
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.

ngestijon of A c ot

Exposure to PCBs and metals through ingestion of biota was
evaluated for potential noncarcinogenic and carcinogenic risks.

ES-10
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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 fregquencies 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 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 mnost 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. Mgay
scenarios evaluated had associated.risks in_gxcess of 10 ".
The risk eggémates range from 1x10 to 9%10 "; _for Area 1g
from 4x10 to 1x10 for ;Area 2; from 6x10 to 8x10
for Area 3 and from 1x10 to 2x10 for Area 4. The
highest risks were associated with ingestion of lobster
inecluding 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,

ES-11



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 SKS

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 bhiota and inhalation of air. This scenario
represents the risks associated with concurrent or sequential
exposure to contaminants through multiple exposure pathways.
Total site risﬁsestimates 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 rigg
estimates for each age c¢lass 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

_-.:‘-neme:;
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 Diseasza Control.

GNBHES provided retrospective exposure and demcographic
information for the greater New Bedford area, which was
incorporated into this exposure assessment.__ Begause GNBHE
focused on seafood consumption and occupational exposure, no
“inforfiaticon for either inhalation or direct contact exposure to
PCBs was pregented, 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 various 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 Superfund
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, Massgachusetts, situated bhetween 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 1584. 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 1listing, EPA Region I initiated a
conprehensive 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
wastern 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 isg
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 1is 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



to PAHs in the Hot Spot area have been previously evaluated
(E.C. Jordan/Ebasco, 1987).

PAH compounds were found to be collocated with PCBsg:; however,
the range of PAH concentrations in sediment was significantly
less than the range of PCB concentrations. Total PAH
concentrations range from below detection limit to 930 ppm, with
an average PAH sediment concentrtion 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.C.
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. 1In
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 patural decrease
in contaminant concentration in the harbor due to transport and
degradation through time.



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 sanmpling 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
(USACE, 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, whith 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 Assesgsment, 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 cCharacterization, combinegs 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 bhase 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).

l.4.1 BOS cCalibration/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 inijtial
conditions for the model. The data base was originally -
constructed for EPA by Metcalf & Eddy, Inec. (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 4BASE 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



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 19408 to the late 1970s. Aroclor 1242
was used in substantial quantities in New Bedford until 1871
when Aroclor 1016 was introduced, replacing Aroclor 1242.
Aroclors 1254 and 1252 were used in lesser guantities.

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
sumning the concentrations of all gquantified 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
cbtained 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), oxr the same units in converted-dry weight were used.

PCB concentrations in the NUS data base were reported as Aroclor
1242, BAroclor 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; wvalues
reported as zero were not used. Data reported below detection
limits were assigned a value egqual 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.



The selected and converted sediment PCB concentration data were
combined into four files with common formats. Each record in
the files contained information on the data source, locatien,
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 PNIL 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 ecuivalent dry
weight concéentrations 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, areae-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.



1.4.4 oOther 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
Agsessment Report prepared for National Oceanic and Atmospheric
Administration (NOAA) (NOAA, 1986).



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 gualitative terms which reflect
behavioral patterns and physical and chemical conditions at the
site.

2.1 DEMOGRAPHICS

£cB and heavy metal contamination in the Acushnet River is
~documented from the Wood Street Bridge throughout the harbor and
intoe Buzzards Bay. The primary areas of concern for public
health at this site include the Upper ERstuary (from the
Coggeshall Street Bridge to the Wood Street Bridge) where
elevated levels of PCBs (i.e., greater than 4,000 ppn were
documented in the sediment, and along the shoreline where access
to the river is unrestricted.

/fhe Acushnet River runs through three communities: Fairhaven,
... New Bedford, and Acushnet, Massachusetts (Figure 2-1). The
coastal town of Dartmeouth, 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 teo 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).

aAlthough 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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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 12,181 1,075 2,911 1,966 18,133
>65% 10,007 579 1,781 1,526 13,893
Total
0=5 8,209 552 1,230 395 10,886
6-16 15,966 — 1,653 h 4,343 N 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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® nfant n o dren. Infants and children
engage in more activities that could result in
contaminant exposure. This subpopulation may he 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,
bedy weight, and rapid growth, the fetus is
particularly sensitive to chewmical insult.

o 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
regeneration or repair of cells, or metabolic
detoxification of chemicals.

. chronically Ill. In addition to "the groups discussed
previously, there are alsoc individuals in the
- mainstream population who may be hypersensitive to
contaminant exposure- because of their immunologic
status, presence of disease or specific organ
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 significantly 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 é and 16, since individuals within this age
‘group are most likely to wander and play in areas that may be
contamninated, 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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body sizes, developing immune systems, and rapid growth and
development. However, exposure teo 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 i1s 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 l1ifetime 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 l-mile radius of the Acushnet

2-5
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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
pobulation 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). Howevelr, 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 diréctly 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
ocbservations 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 ne 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
likxely. Persons were observed fishing around the

2-9



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.

o Children and adults were observed fishing, wading, and
swimning 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/orx
playing in this area was observed. However, activities along
the shoreline were observed more fregquently 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.



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 betwesen 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/chenical
transport model.

The Acushnet River/New Bedford Harbor Site Area was subdivided
into three areas to assess sediment and water exposure in this
risk assesgsment:

) Area I: the area between the Wood Street and
Coggeshall Street bhridges

® Area IT: 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 aguatic 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
2-50

In summary, exposure to sediment and water was assessed for the
three areas, referred to by Roman numerals (i.e., I, II, and
IITI), 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]) attributed 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 evaluataed for all routes of exposure. When
or if the exposure levels for PCBs were considered
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 lifetime 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, Tabkles A-1 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

2-14



TABLE 2-2

ESTIMATED LIFETIME BODY DOSES FOR SCREENING SCENARIOS
EXPOSURE TO PCBs
NEW BEDFORD, MASSACHUSETTS

Average Percent
Daily Dose Contribution
for PCBs to Totgl Principal
Pathway of Exposure Exposed Population  (mg/kg-day) Dose Pathway
Ingestion of Aquatic Biota Older Child (6-16) 9.5x10 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) 3.4x10 8 5.0x10 3 No
Inhalation of pirborne Child (0-5) 1.7x10°5 0.025 Yes
Contaminants
Ingestion of Sediments ~— Child (0-5) 1.0x10°2 14.7 Yes
Total Dose ) _ 6.8x10 2 100

2 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
rigsk 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 childrem 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 axposure 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
assunptions, 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
assesgsment. 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 gquantitative 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 ke 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 egquations 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.

than 6 years, while direct contact with sediment is possible for
all age groups. Because different exposure parameters goveriyw
these two exposure pathways, separate evaluations were
performed. — - -

Ingestion of sediment is considered limited to children younger z

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

2-18




TABLE 2-3
EQUATIONS USED TO ESTIMATE SYSTEMIC CONTAMINANT DOSES
NEW BEDFORD, MASSACHUSETTS
Exposure Via Direct Contact:

DEXDC = CA X SAxDF xTKF x F x CF

BW

Exposure Via Ingestion:

DEX = CA x Qx TKF x F x CF

ING

BW

Exposure Via Inhalation:

DEX = CA X IRxTKF x F

INH

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)
CA = Contaminant Concentration Detected in Area A (mg/kg, mg/L or mg/m3)
SA = Exposed Surface Area (cm?)
DF = Sediment Deposition Factor (mg/cm?-event)
Q = Quantity of Sediment Ingested (mg/exposure)
IR = Inhalation Rate (m?/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/10% mg)
3.88.80

0009.0.0



TABLE 2-4

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

NEW BEDFORD, MASSACHUSETTS

Age Category

0=-5 6-16 17-65
Body Weight! 10 kg 40 kg 70 kg
Surface Area Totall 6,880 cm? 11,900 cm? 18,000 cm?
Legs and Feet! 2,280 cm? 4,400 cm? 3,060 cm®

{lower legs only)

Forearms, Arms, Hands, 2,525 cm? 4,415 cm? 4,990 cm?
Lower Legs and Feet!
Sediment Deposition? 1.5 mg/cm? 1.5 mg/cm? 1.5 mg/cm?
Factors
Sediment Ingestion 0.5 grams N/A N/A
Rates3
Inhalation Rates? 5 m3/day 20 m3/day 20 m3/day

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

Toxicokinetic Factor?

Dermal-PCBs 0.07 0.07
~Metals 0.01=0.001 0.01-0.001

Inhalation-PCBs 1.0 1.0
-Metals 1.0 1.0
Gastrointestinal-PCBs 1.0 1.0
-Metals 1.0 1.0

227 grams/per meal

0.07
0.01-0.0601

ot
oo

s
oo

Notes:

! USEPA, 1985

2 USEPA, 1984

3 LaGoy, 1987

4 USEPA, 1986

5 See Appendix B
N/A = Not Applicable

3.88.80
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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 c¢lass 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 meonths. Body welghts 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 (l1- to 5~year), chronic (l0-year), and lifetime
exposure durations. Lifetime exposure was assessed by summing
the exposure dose received during each age period (i.e., 2zere to
5, 6 to 16, and 17 to 70). These exposuras durations were chosen
to reflect likely exposure periods for the Greater New Bedford
Ar@a population.



TABLE 2-5

PCB and METALS SEDIMENT CONCENTRATIONS (ppm) USED
TG ASSESS DIRECT CONTACT AND INGESTION EXPOSURES
NEW BEDFORD, MASSACHUSETTS

PCBs Cadmium Copper Lead
Mean Maximtm Medn Maximum Mean Maximum Mean Maximum
Area 1
!
Shoreline Concentrations
Entire Area 378 6,393 19.2 69 591 3,180 384 1,680
Upper Estuary 378 6,393 18.8 69 588 1,900 445 1,680
Lower Estuary 149 399 20 63 598 3,180 278 1,330
Cove Area g86 399 19.8 48 915 3,180 393 1,330
Area II '
Shoreline Concentrations
Entire Area 21 125 7.6 14 570 2,790 160 559
Palmer Island 3 11 ND ND 310 310 139 139
Popes Island 11 34 ND ND 492 771 156 272
Marsh Island 8 22 ND ND 300 463 191 323
Area ITI
Shoreline Concentrations . l
Entire Area 4 29 ND ND 94 154 95 106
Fort Rodman Beach Area 2 7 NA NA NA NA NA NA
Fort Phoenix Beach Area ¢.59 0.75 NA NA NA NA NA NA

Notes:

Hean conceantration for PCBs represents the geometric mean value. The mean concentration for metals represents the
arithmetic mean value of the concentrations detected in each area.
Maximum concentration represents the maximum value detected in each area.
NA = Not Available; shoreline sediment data for metals was unavailable.
ND = Not Detected.
3.88.80
0010.0.0
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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 ontoc 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
ware considered. Surface areas for these body parts wver v
obtained from EPA and are in Table 2-4 (EPA, 1l985a). The
sediment deposition factor was estimated to be 1.5 mg/cem”,
which represents the upper end of the soil deposition range used
by EPA to assess contact with soil (EPA, 1884a). 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 facter 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 adjustmentrjgauﬁmﬂ
allows quantitative dose-response data from animal studies to be'” i
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 coptaminated -sediment (i.e., PCB -
concentrations greater than 4 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 sgignificant 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 scenarjios 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, MASSACHUSETITS

Exposure Parameter Child Older Child Adult
Average Weight over Period 10 kg 40 kg 70 kg
of Exposure
Frequency of Exposure
Area 1
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
Conservative Forearms, Arms,
Hands, Lower,Legs
and Feet
Dermal Toxicokinetic
Factor
Concentrations <10,000 ppm 7%

Concentrations >10,000 ppm 50%

1 year
5 vears

Duration of Exposure

*
Lower Legs and Feet
Forearms, Arms,
Hands, Lower, Legs

*
Legs and Feet
Forearms, Arms,
Hands, Lower,Llegs

and Feet - and Feet

7% 7%

50% s0%

1 year 1 year
10 years 10 years
Lifetime

Note:

*
See Table 2-4

3.88.80
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A review of the literature indicates that between 100 to 3500 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, 1%89). In this risk assessment, a value of 500
mng/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 yvear for Areas II and III. {These are the same |
freguencies 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; Dbody dose
calculations are in Appendix C.

2.5.2 Bjota

Exposure to contaminants through ingestion of aquatic biocta is
considered a primary route of exposure for this area. Aquatic
biota are known to bicaccumulate and bioconcentrate PCBs.
Therefore, organisms living in contaminated areas may be a
direct source of PCB exposure 1f 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 jdentified 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 s ary,
ingestion of winter flounder, lobster, andﬁ!ﬁﬁ.ﬁ was

considered in this exposure assessment. (Rec analytical data
[post-1984] was not available to assess exposure to eel, striped
bass, or mackerel.) In addition, exposure to metals via

consumption of biocta 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

Average Weight Over
Period of Exposure

Duration of Exposure

Exposure Locations

Frequency of Exposure

Area I:
Most Probable
Conservative

Areas IT and TII:
Most Probable
Conservative

Amount Ingested

Gastrointestinal
Toxicokinetic Factor -

Contaminant Concentrations

Value

10 kg

5 years

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

1 exp/year
20 exp/year

- * 20 expf/year
100 exp/year

0.5 grams/exposure

1.0

See Table 2-5

3.88.80
0011.0.0



TABLE 2-8

SEAFOOD CONSUMPTION BY SPECIES
NEW BEDFORD, MASSACHUSETTS

Percent Consuming Varicus Species

Prevalence! Enrichment?
n=840 n=110
Fish/Shellfish Local Fish Local Fish
Clams, quahogs 23.3 70.9
Mussels 2.0 12.1
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 wvwere
decided after a review of the literature failed to provide a
site-specific value applicable to recreational consumption of
£ish 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 Watexy 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 wvalues 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 valua 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
l15=-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 fregquencies 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 mnore
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

8 2.69 - 3.93 3.94 - 6.84 6.85 - 60.92

. awPCB Blood Serum Level Rangel: 0.
' n = 209 n = 210 n = 209

= IR &
| e 3

-
FREQUENCY OF EATING LOCAL LOBSTER -
. Two or more times/week 2 2 )
my At least once/week 1 4
: Less than once/week, at least
once/month 6 7 13 7 :
' Less than once/month, at least )
- once/year 12 21 11 “$3
Less than once/year -— i -

-1 L2
—

[ =

1 PCB concentrations reported in ppb

®Source: MDPH, 1987; Tables 15 and 16 I

‘- - oy

i

3.88.80
0066.0.0



developed by Battelle Ocean Sciences (BOS, 1987). (The edible
portion excludes inedible bones, scales, and viscera.) Edible
tissue:whole 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
expeosure concentration for those persons who consume lobster
teomalley.

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 c¢an 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 l4.4 ¢, respectively (Pruell, et al., 1988) (see Appendix-
E). The mean total weight of edible tissue was 170.4 g. Using 2\
these values and the PCB concentration detected by BOS (1987)//
edible tissue (including tomalley) concentrations were derived. .
The following equations were used: o

° PCB concentration in edible tissue x weight of edlble‘ '
tissue = ug PCBs N

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

° Equatio 1) + (2 ) = 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 @reas 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 PCB CONCENTRATIONS FOR LOBSTERS (INCLUDING TOMALLEY)
NEW BEDFORD, MASSACHUSETTS
-
Mean weight of hepatopancreas?: 14.4 grams
. Mean weight of edible musclel: 156 grams
-

Total weight of edible tissue: 170.4 grams

-
Median PCB concentration in edible muscle from lobsters in Area 32:  0.231 ug/g
Median PCB concentration in hepatopancreas from lobsters in Area 3%: 14.414 p/g
PCB concentration in edible tissue:

- Edible Muscle Concentration

0.231 ug/g PCB x 156g = 36.1 pg PCB

Hepatopancreas
14.414 pg/g PCB x 14.4g = 207 pg PCB
- Total Edible Tissue Concentration B
- 36.1 pg PCB + 207 yg PCB _ 1.43 ppm PCB
170.4 g tissue

1 Pruell et al., 1988

a2 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 Ajr

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 ugsed 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.

Monitoring 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 airborne
contaminants, these data were used (NUS, 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 c¢oncentrations.
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 air3 concentration for
New Bedford is estimagfd to be 10 ng/m~ [NUS, 1986].)
Inhalatigp 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 EPIBLE TISSUE OF
BIOTA COLLECTED FROM NEW BEDFORD HARBOR
NEW BEDFORD, MASSACHUSETTS

SPECIES AREA 11 AREA 21 AREA 31 AREA 41
Amefican Lobster? Gﬁ
o450 019,
Mean NC 0.568 0/213 0.064
Maximum NC 1.234 0.351 0.176

Winter Flounder?

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 beody: edible tissue
ratio of 0.13 (BOS, 1987).
NA = Not Applicable (shellflsh and crustaceans have naturally high levels of copper in
their bodies). s i
NC = Not Collected; lobsters were not collected from Area 1.
Mean = Arithmetic mean value of all samples collected.
Maximum = Maximum value detected in each Area. Q‘ﬁ\i)
F

(;Ib g (i ) 048 %@w hivy

3.88.80
0013.0.0



TABLE 2-12
-
CONCENTRATIONS OF METALS (ppm) IN BIOTA
COLLECTED FROM NEW BEDFORD HARBOR AREA
- NEW BEDFORD, MASSACHUSETTS
SPECIES AREA 11 AREA 2! Area 31 Area 4!
- 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
R
Notes:
-
1 = Areas refers to the division of the Harbor and Ray established by HydroQual.
NA = Not Applicable {shéllfish 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.
. -y
-
_.
‘-
&
-
-
: 3.88.80
0057.0.0



TABLE 2-13

EXPOSURE PARAMETERS USED TO ASSESS INGESTION OF BIOQTA
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 Consjderations

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 Bedfoxd 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. 1In
an occupational setting, PCB exposure may occur through
abgsorption by the skin or respiratory or alimentary tracts.
Because PCBs are highly lipophilic and relatively stable, they
tend to rapidly bicaccumulate and distribute into the adipose
tissue of humans. These compounds are slowly eliminated from
the body and tend to biocaccumulate over time. Therefore,
historical armd/or current limifed occupatiodonal exposure to PCBs

may result in an increased body burden of these compounds above
the gereral population. Although it 1is 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, 1986bh}.
Laboratory studies have demonstrated that PCBs can cross the
placental barrier and accumulate in the fetus (ATSDR, 1987). 1In
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 wmay occur through lactation, in which the
highly lipophilic PCBs are readily transferred from maternal
milk to the neonate. A gualitative 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 INHAIATION OF AIRBORNE CONTAMINANTS
NEW BEDFORD, MASSACHUSETTS

Exposure Parameter Child Qlder Chilgd 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 m3/day 20 m?/day 20 m3/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/m? 84 ng/m3 84 ng/m3
(NUS, 1985) ' :

Realistic Worst 471 ng/m? 471 ng/m? 471 ng/m?3
(NUS, 1985) o -

3.88.80
0016.0.0



Bedford Area residents, and (2) test the relationship between
gserum PCB levels and various health effects. The GNBHES was a
collaborative effort of the MDPH, the Massachusetts Health
Research Institute (MHRI), and the U.S8. 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.

2=40



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 gsite. 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:

e 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.

e 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
necessary 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
assocjated 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 agsessment. 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 desctribed 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 (ARARsS) or non-promulgated
standards, criteria, and guidance to be considered (TBCs) in the
FS, a brief discussion of these values iz 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, bhut
because the MCLs are not based strictly on health
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 evaluaticns for PCBs, cadmium, copper, and lead



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
contaninants 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/gquidelines/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 boedy dose
units (i.e., mg/kg-day). To adjust mg/l into mg/kg-day for an
adult, the following conversion was used:

ng X 21 x i = Equivalent Daily Dose (mg/kg-day)
1- day 70 kg

(Two liters of water ingested per day and an average adult body
weight of 70 kg are the standard exposure a3sumptions 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 caxcinogens

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 peotency 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



TABLE 3-1. DOSE RESPONSE TABLE FOR THE CONTAMINANTS OF CONCERN AT NEW BEDFORD HARBOR

NEW REDFORDN, MASSACHUSETTS. ! HEALTH ADVISORY (e) (mg/l)

CANCER POTENCY ebserrraesmnarann recssansann trennena sreene crena

COMPOUND CARCINOGENIC RID (a) FACTOR (b) MCL (c) MCLG (d) 1-DAY 10-DAY LONGER TERM LEFETIME

GROUP (mg/kg/day) (mg/kg/day)-1 {mg/L) {(mg/1) (10 kg) (10 kg) (10 kg) (70 kg) (70 ka)

(oral) 5 (chitd) (child}) (child) <(adult) (adult)
PCBs 82 : N 7.7 : 0.0005 : 0 : NA : NA : 0.001 :0.0035 : WA :
: : (oral) ; proposed : : : : : : 3
COPPER 0 : NA s NA : 1.3 : 1.3 : NA i NA i NA : NA : WA i
: : :  proposed proposed : : : : : :
2 : : b : NA 1 NA 1 NA . RA 1 NA :
LEAD c : NA : NA : 0,005 : 0 : (under : (under : (under : (under : (under :
H H 3 proposed : proposed : review) : review) : review) : review) : review) :
CADMIUM B1 : 0.0005 : 6.1 :  0.00 : 0.005 : 0.04: 0.06: 0.005 : 0.02: 0.0003 :
: 1 (inhalation) : final : proposed : H 3 : : :

----------------------------------------------------------------------------------------------------------------------------------------------




TABLE 3~1 (con't).

DOSE RESONSE TABLE FOR THE CONTAMINANTS OF CONCERN AT NEW BEDFORD HARBOR.

10-DAY HEAs (D) FDA ANQC (mg/L) (i) OSHA KIOSH
HEALTH ematsssssneraninanan ACTION LIMIT EemdNem A M MG Abamr R ne s e PR At s sa s a st a s STANDARD RECOMMENDED
COMPOUND . ADVISORY ALS AlC {edibie portiop Water + Fish Fish Ingestion Drinking Water {mg/m3) LEVEL (k)
{wg/kg) ma/kg-day  mg/kg-day fish and Ingestion only Ingestion Only () Cug/n3)
(f) (oral) (oral) shellfish) ¢h)
|
: : : H H : : 2 1.0 (TWAY : :
PCBs : 0.01 : NA : WA H 2 : 7.9£-8 : NA 3 > 12.8E-6 H €1242) : 1.0 (TWA) :
H s s : H H : : D5 (TWA) :
3 : : : : : t : {1254) = H
COPPER H NA H 0.037 : 0,037 HA : 1 : HA : 1 H 1 : HA :
: : : : :{based on taste): :{based on taste): {TWAY & : :
LEAD : NA s WA : 0.0014 = NA :' 0.05 : NA : NA : 0.05 : <100
H H : H H H H H {THA) : (TWA) H
: : H : H H : + 0.2 {TWA) : Lowest @
CADMILIM : NA : NA : 0.03 HA H NA H HA B NA : 0.6 (C} : Feasible :
H H : H H : : : : Limit =



TABLE 3-1 (con't). DOSE RESPONSE TABLE FOR THE CONTAMINANTS OF CONCERN AT NEW BEDFORD HARBOR.

ACGIH MASS. HAAGQS MASS.
TLVY (L) AAL (m} {n) MCL {p)
COMPOUND tma/m3)  {ug/m3) (ug/m3)  (mg/l) ,
£ 1 (TUAY 3 : : t
PCBs t (1262 : 0.003 : NA :  NA :
0.5 (TWA) : (under : : :
t {1254)  : review) : : H
: 1 : : : :
COPPER :{Dust and : NA T NA : WA :
: Mist) : : :
: : 0.68 3 _
LEAD : 0.15  : (under : 1.5 (o) : 0.05 !
: + review) :(90-day) @
: 0.05 : 0.0003 : : :
CADHTUM :{Dust and : (under : NA : 001

s Salts)  : review) :



TABLE 3-1 (con't). DOSE RESPONSE TABLE FOR CONTAMINANTS OF CONCERN AT NEW BEDFORD HARBOR.

FOOTMHOTES

NA = Not Available

(a)
(b)
(c)
(d)
(e)

(f)
(»

¢h)
(i)
i)
(k)
14 9]
(m)
n)

(o)
14-))

RfD = Reference dose, an sstimate (with an uncertainty of one order of magnitude or more) of a Lifetime dose which is likely to be
without significant risk to humen populations.

Cancer Potency Factor = A value, established by the USEPA Carcinogen Assesgment Group, which is used to calculate the incremental cancer
risk that a carcinogen could potentially pose. PCB value obtained from the USEPA DWOC Document, 1988a.

MCL = Maximum Contaminant Level, drinking water regulations that are promulgated under the Safe Drinking Water Act.

Proposed MCLs for copper and leed were tisted in the Federal Register 8/18/88,

The MCL for PCBs is listed in the Federal Register 5/22/89 p.22062,

MCLG = Maximum Contaminant Level Goal, non-enforcesble health goals that are instituted under the Safe Drinking Water Act.

Health Advisory = Deinking water guidance issued by the USEPA Office of Drinking Water (USEPA, 1987). PCB values from USEPA DWGC Document, 1988a.
vatues for lead are currently under review end shouid not be used per USEPA. Lifetime cadmium value from ODW Health Advisory, |gg7.
PCB value developed by USEPA Exposure Assessment Group. (USEPA, 19856).

HEAs = Health Effects Assessments; expressed as AIC (acceptable intakes chronic) and AlS (acceptable intake subchronic); Prepared by
USEPA Envirorsmental Criteria and Assessment Office. These values are listed in the Superfund Public Health Manual (USEPA, 1986)

The edible portion of fish excludes the head, scales, viscers and inedible bones

AWOC = Ambient Water Quality Criteria, guidance for the protection of human health set by the USEPA Office of Water, Standard and Criteria Division.
Values based on carcinogenesis are listed for 10-6 risk. PCB values from the AWQAC Document, 1980; Lead and cadmium values from IRiS.
OSHA Standard = Workplace air regulations promulgated under the Occupational Safety and Health Act. Standards listed are either TWA
(Time Weighted Averages) or C (Ceiling values), Values from NIOSH Pocket Guide to Chemical Hazards, 1985.

NIOSH is the National Instituste for Ocupaticnal Safety and Health. The Recommended Level is a Time Weighted Average(TWA)

for 10 hrs/day; 40 hrs/wk expsoure. Values from NIOSH Pocket Guide to Chemical Hazards, 1985.

ACGIH = American Conference of Government !ndustrial Hygienists. Values listed are Time Weighted Averages (TWA).

MASS AAL = Massachusetts Acceptable Ambient Level for contaminants in air. Corresponds to a 10-5 risk levet

NAAQS = National Ambient Air Quality Standard, air regulations promulgated under the Clean Air Act.

3-month arithmetic mean ,

Mass MCL = Massachusetts Maximum Contaminant Level for contaminants in water. Values from Mass. DEQGE.



represents increased carcinogenic risk over a person's lifetime
from exposure to a particular chemical. 'I'lle 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. 1In 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
fac}:ors were derived by CAG for PCBs and cadmium (see Table
3-1 -

The potency_lfactor for PCBs was _r:fcently 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 (Kimbr_ql_ugh 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 wvalue was derived
based on the 1978 National Cancer Institute (NCI) gtudy of
Aroclor 1254 and estimated to be 2.6 {(mg/kg-day) (EPA,
1988). The application of this cancer potency factor toward



i
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 appreach to
assessing risks from seafood ingestion® (see Appendix E). Based
on this rgfiew, the revised cancer potency factor of 7.77&
(mg/kg-day} was used to evaluate risks from PCB exposure.

3.2.2 one nogeni

Evaluation of the potential noncarcinogenic effaects 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 c¢riteria values expressed
in mg/l to units of mg/kg-day. This is accomplished by
incorperating the standard exposure assumptions for drinking
water ingestion (see Saction 3.2).



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 REID
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 alsc 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, l0-~day, longer-term, and
lifetime exposures when applicable information is available.



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 (l-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 cadmjum (see Table 3-l1)., 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 l10-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
i0-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/l, were converted to the same units as the exposure dose
(mg/};g-day) using the standard exposure assumptions discussed in
Section 3.2, ‘

ont ev s u
GContaminant 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 MCIGs.
MCLGs are nonenforceable health-based goals and are therefore
alwvays equal to or less than the MCLs., MCLGs are bhased 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
MCILG 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/l to zero. However,
becauge the earlier MCLG value (0.005 mg/l 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 MCIG for PCBs is set
at zero because it has been classified by the EPA as a Group B2
carcinogen (54 FR 22064). Since no RfDs or HAs exist for lead
and copper, the MCLGs were used to assess the noncarcinogenic
risks assoclated with exposure to these contanminants. These
MCLGs, expressed as mg/l, 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 Subchrenic (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 Qdata
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 portien 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.

i . ' i . em+ rederal Ambient Water
Quality Criteria (AWQC), developed under Section 304(a)(l) 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 aguatic 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.



For carcinogens, the AWQC are water concentratioqg7corrqggonding
to_.incremental carcinogenic risks of 10 ', 10 ~, and

10 5. AWQC st for PCBs, cadmium, and lead (See Table
. n exists for copper but is based on the
organoleptic reshold and is therefore not considered a

o)
\

$

Y health~based criterion.

d D m . 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 1lead.

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 lavel. 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.

Masgachusetts 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 eccnomic 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.

P o mpbient r alit anda . 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 technelogical feasibility of implementing the standards.
Standards can be promulgated as annual wmaximums, annual
geometric means, annual arithmetic means, or for other pericds
that vary from 1 hour to one year,



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 prokable 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).

Masgachugetts Acceptable Ambjent Level. The DEQE Air Toxics
Program established draft Acceptable Ambient lLevels (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 cprrespond to an
excess lifetime carcinogenic risk of 10 . AALs were
developed for PCBs, lead, and cadmium (see Table 3-1).

mitya]- 2t ] ] £ -~ ~q8L" 1 & ¢ ) = = . f 4 il cd gl

Occupational Safety and Health Administration (OSHA) develops
standards for workplace exposures to hazardous substances (CFR
29 Section 1910, 1000 Subpart 2). 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 Ingtitute of obgupgtiggél Safety and Health Recommended
Standard. The National Institute of Qccupational 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).

s L es. 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 chemifals, and are typically
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-gpecific 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
¢lean-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, ARARsS can
be used to assess the attainment or non-attainment of
institutional requirements.

Although the FS will include a section detailing all ARARs
pertinent to the New Bedford Harbor remediation efforts, a brief
description of ARARs is included herein because
chemical-gpecific ARARs and TBCs are identified for the
contaminants of concern. As regquired by the National
Contingency Plan (NCP) and CERCLA as amended by SARA, ARARs are
required to ke 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,
andigovern the implementation and operation of a selected
action.

Applicable regquirements specifically address a hazardous
substance, location, or remedial action. Relevant and
appropriate regquirements address circumastances 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.qg.,
SDWA, MCLs), location-specific (e.g., wetlands regulations,
Endangered Species Act), and action-specific (e.g., hazardous
waste rules governing incineration). Federal and state
nonregulatory guidance, standards, and criteria such as AWQC,
MCIGs, and RfDs are not considered ARARs: however, they may be
censidered 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 sLEg. 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. (&s 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.



4.0 PUBLIC HEALTHE 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 ratioc,

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. Por 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

wvhere E = Exposure Level generally in {mg/kg-day).
RL = Reference Level expressed in same units as E.
Carcinogenic Risk Estimates:

Incremental Carcinogenic Risk = CDI x CPF
where CDI = Chronic Daily Intake (mg/kg-day) _
CPF = Carcinmogenic Potency Factor (mg/kg-day) !
Multitoxic Risk Estimates:

Noncarcinogenic: HI = EI/RLI + Ezfl‘x'L2 + E3,1RL3 Ei/RLi

Exposure Level for ith toxicant

where Ei =
RLi = Reference Level for i toxicant
HI™ = Hazard Index

Carcinogenic: 2 (CDIi X CPFi)

Chronic Daily Intake for ith toxicant

where CDIi =
CPF™ = Carcinogenic Potency Factor for i toxicant
3.88.80

0054.0.0



potentially result in adverse health effects. The
noncarcinegenic 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 (l10-year) or acute exposure to the RfD or MCLG may
overestimate the actual risk. In such instances, the
significance of the risk ratio value reguires further
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 multiplyinqﬁﬁhe 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_én gecientific
notation in this report. For example, a 2x10 incremental
risk level implies that an individual's probability of
m?n¥festing 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
assumnption 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, c<oncern 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 wvalue 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.C. 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.C. Jordan/Ebasceo, 1989). PCBs are the carcinogenic
contaminants of concern and were the focus of this risk
assessment.

4.1.4 Uncertainties in Egtimating 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 noncarcincgenic 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 repregentative
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
ranga. '

There is also uncertainty associated with assigning quantitative
values to exposure parameters such as body weight, ventilation
rate, surface areas, and absorption or TKrFs. 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.



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 sjites. These data require interpretation and/or
extrapelation in the low dose area of the dose-response curve.
Uncertainty factors are often incorporated to account for
species-to-gpaecies 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
‘-‘=..... - --1.

As stated previocusly, EPA established criteria for evaluating
both noncarcinogenic and carcinogenic risk estimates at
Superfund sites. For noncarcinogenic risks, a risk ratio 1less
than 1 represents an exposure dose considered to bhe without
lifetime risk to public health. For carcig?genic 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 ?j
evaluated against these criteria. et

In addition, the Commonwealth of Massachusetts enacted
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 cChapter 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 100,000 (1x10 ~). The total site
noncarcinogenic 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). .



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 ¢ 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 following subsections. The
noncarcinogenic evaluation, discussed first, describes risks
associated with acute and chronic exposure to PCBs, cadmiun,
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
o 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 c¢riteria value. The
noncarcinogenic risk evaluation for these routes of exposure are
discussed separately in the following paragraphs.

h ment. 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. Expeosure 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 .

Chrenic. 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/l, 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 mng/kg-day and 5x10 mng/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 dgx for a 70-kg
adult. The coqgfrted MCL for lead is 1.4x10 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 nay
overestimate actual exposure conditions, because they include
data collected from the more-contaminated midchannel sediment,

Rigk 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. MONCARCINOGEMIC RISK FROM DIRECT COMVACT WITH SEDIMENTS; CHILDREM

OLDER CHILDREN AND ADULTS; NEW BEDFORD, MASSACHUSETTS.

PCE Cadmium Copper Lead Multi-
Location Risk Risk Risk Risk Toxic
Ratfo (a) Ratio (b) Retio {c) Ratio (d) B (®)

AREA [

CHROMIC EXPOSURE:

Area wide
child
Prob, HA NA NA A RA
Cors. 93 0.003 0.002 0.2 o3
Older Child
Prob. 2.4 0.0003 0.00014 0.025 2
Cons. 200 0.0080 0.0033 0.5 201
Adult
frob. 1.0 0.0001 0.00004 0.010 1
Cons. 130 0.0040 0.0025 0.35 130
Upper Eatuary
Child
Prob. NA RA NA NA NA
Cons. 93 a.003 0.001 0.3 ]
Older Child
Prob. 2.4 0.0003 - 0.00014 0.028 2
Cons. 200 0.0062 0.0023 6.5 201
Adult
Prob., 1.0 0.0001 0.00006 0.011 1
Corm, 130 0.0040 0.0015 G6.35 130
Lower Estuary
chitd
Prob. WA WA A A HA
Cons. & 0,003 0.002 0.2 &
Older Child
Prob. 0.9 0.0004 0.00015 0.018 1
Cons. 13 0.0057 0.0038 .43 13
Adult
Prob. 0.4 0.0001 0.00006 0.607 0.4
Cons. L] 0.0038 0.0025 0.27 8
Cove Area
child
Prob. WA NA NA A NA
Cons. 6 0.002 0.002 0.2 é
Olcier Child
Prob. 1.8 0.0004 0.00022 0.025 2

Cons. 13 0.0043 0.0039 0.43 13




TABLE 4-2, NONCARCINOGENIC RISK FROM DIRECTY CONTACY WITH SEDINENTS; CHILDREW
OLDER CHILDREM AND ADULTS; NEW GEDFORD, MASSACHUSETTS.

PCS Cadeium Copper Lead Mulei-
Location Risk Riek Risk Risk Toxic
Ratio (a) Ratio (b) Retio (¢) Ratio (d) Hl (@)
Cove Area Adult
Prob. 0.7 0.0001 0.00009 0.010 0.7
cons., 3 0.0028 0.0025 0.28 .1
AREA 11
Area wide
Child
Prob. 0.27 0.0003 0.0003 0.021 0.3
Cons. ] 9.0029 0.008 0.410 9
Older Child
Prob. 0.13 0.0001 0.00013 0.010 0.1
cons. & 0.0012 0.063 0.2 4
Adult
Prob. 0.0 0.00005 0.00005 0.004 0.06
Cons. 2.80 0.0008 0.002 0.100 3
Popes 1sland
Child
Prob. 0.14 ND 0.00024 0.02 0.2
Cons. 2.50 ND 0.002 0.2 3
Older child
Prob. 0.069 ] 0.00012 1 3] ] 0.08
Cons. 1.10 (] 0.0009 0.087 1
Mutt
Prob. 0.027 ] 0.000047 0,004 0.03
Cons. 0.9 M 0.0006 0.057 4
Palmer Islend
Child
Prob. 0.03% ND 0.00015 0.018 0.06
Cons. 0.80 N0 0.000% 0.100 0.9
Older Child
Prob., 0.019 ] 0.000075 0.0089 0.03
Cong, 0.35 | ) 0.0004 0.044 0.4
Adui t
Prob. 0.0075 (] 0.00003 0.0035 0.01
Cons. 0.23 ND 0.0002 0.029 0.3
Marsh Istand
child
Prob. 0.1 [ 0.00015 0.025 0.13
Cons. 1.60 ND 0.0008 0.240 1.8



TABLE 4-2. MWONCARCINOGEMIC RISK FROM OIRECT COMTACT WITH SEDIMENTS; CMILDREM
OLDER CHILDRENM AND ADINLTS; MEW BEDFORD, MASSACHWUSETTS.

[ ] Cacmium Copper Lead Multi-
Locatfon Risk Risk Risk Risk Toxie
Ratio (a) Ratio (b) Ratio ¢(c) Ratio (d) Wl {e)
Older Child
Prob. 0.05 [+ 0.00007 0.012 0.06
Cone. 0.7 ] 0.0004 0.100 6.8
Adult
Prob. 0.02 up 0.000029 0.004% 0.02
Cona. 0.45 NO 0.0002 0.067 0.5
AREA 111
Aresa wide
child
Prob. 0.05 N 0.0000% 0.007 0.06
Cone. 2.10 N> 0.0004 0.078 "
Older Child
Prob. 0.02 o 0.00002 0.004 0.027
Cons. 0.93 ND 0.0002 0.034 1.0
Adult
Prob. 0.01 N> 0.00000% 0.00140 0.011
Cons. 0.59 ND 0.000% g.022 0.6
Fort Rocmen
child
Prob. 0.03 [} ND w0 0.03
Cons. 0.50 "o [ ] ND 0.5
Older Child
Prob. 0.01 ND N o 0.012
Cons. 0.22 ND ND [ ] 0.2
Aduit
Prob. 0.00% ] ] [} 0.005
Cone. 0.14 [ ] ND ND 0.1
Fort Phoenix
Child
Prob. 0.008 ] w N0 0.01
Cons. .05 N0 NO ND 0.1
Older Child
Prob. 0.004 ND NO [} 0.004
Cons. 02 ] [T} ND 0.0
Adult
Praob. 0.001 1] [ 1] ND 0.001
Cons. 02 ND ND ND G.0



TABLE &4-2. MONCARCINOGEMIC RISK FROM DIRECT CONTACT WITH SEDIMEMTS; CHILDREM
OLDER CHILDREN AND ADULTS; MEW BEDFORD, MASSACWUSETTS.
PCB Cadmium Copper Lead Malti-
Location Risk Risk Risk Risk Toxie
Ratio (a) Ratio (b} Ratio (c) Ratio (d) Kl (®)
ACUTE EXPOSURE
AREA I
Cove Ares
child
Prob, 0.53 0.0020 WA NA 0.7
Cone. 1.10 0.0042 NA NA 1.1
Older Child
Prob. 0.33 0.0007 NA NA 0.3
Cons. 0.46 0.0018 NA WA 6.5
Adult
Prob. 0.13 0.0003 A NA 0.1
Cone. 0.29 0.0012 NA NA 0.3
Maximm Concentration
Child
Prob. 15.00 0.0038 MA NA 15.0
Cons. 17.00 0.0042 NA NA 17.0
Older Child
Prob. 7.30 0.0018 NA A 1.3
Cong. 7.30 0.0018 HA NA 7.3
Adult
Prob. 2.90 6.0007 HA A 2.9
Cons., 4.7 0.0012 NA NA &.7

(a) = The modified longer-term HA was used to assess chronic exposure and the
wodified 10-day HA was used tO SSSE8S ACULE EXPOSUTE.

(b} = The modified Longer-term HA uas used to assess chronic exposure snd the
moditied 10-day HA was used to assess acute exposure.

(£) = The AIC was used to assess chronic sxposurs; no appropriate
standard or guideline sxists to assess acuts exposure.

(d) = The modified proposed MCL was used to assess chronic exposure; no appropriate
standerd or guideline axists to assess scute exposure.

{e) = The Multitoxic Nazerd Index (Hi) is the sum of the risk ratios for PCBs, cadwium,

copper and lead.

NA = Not Applicable
ND = 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.

PCBS. 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 FsS.

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 detaected 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 PCEP 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 o©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 major
contribution to the HI value was the individual risk associated
with exposure to PCBs.

Because exposure to all four contaminants at the maximun
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 most widely
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 l0-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 (6,393 ppn). 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
PCBE (Battelle Sediment Data Base, 1988), suggesting that it is
unlikely for exposure to occur at the maximum PCB
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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 II1 are less than 390 ppm, acute exposure to sediment in all
three areas is not considered to present a public health risk.

Ingestion 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
IIT (see Figure 2-7). Location-specific concentrations of these
contaminants were used when availabkle. 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 ITI. 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
1l 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
scenariogs 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 &-3, NONCARCINOGENIC RISK FROM CHRONIC IMGESTION OF SEDIMENTS; CHILDREN
- NEW BEDFORD, MASSACWUSETTS.
. rc Cadmium Copper Lead Wultt-
. Location Risk Risk Risk Risk Toxic
' Ratio (a) Ratio (b) Ratio (c) Rstio (d) Wl (o)
- AREA 1
Ares wide
child
- Prob. aA NA NA NA WA
; Cons. 175 G.380 0.23 33 209
. r Est
- Uppe! uary
- Child
Prob. WA NA NA MA MA
- Cone. 175 0.380 0.140 33.0 209
Lower Estuary
' thild _
- frob. NA NA A NA NA
Cons. 1" 0.340 0.230 26.0 38
- Cove Ares
Child
. Prob. NA HA aA [T NA
- Cone. 1" 0.260 0.230 26.0 37
AREA 1T
Area wide
o
Chitd
Prob. 0.57 0.0410 0.0420 3.1 3.8
e Cons. 17 0.3800 1.000 55 3
Popes Islend
N ‘ Chitd
T Prob, 0.3 o 0.04 3 3.3
g Cons. 4,70 [+ 0.280 27.0 32
‘ Palmer Isiend
Child
Prob. 0.08 e 0.02 2.7 2.8
- Cons. 1.50 D 0,100 % 15.6
«



TABLE 4<3. MONCARCINOGENIC RISK FROM CHRONIC INGESTION OF SEDIMENTS; CHILOREN
: NEW BEDFORD, WASSACHUSETTS.

PCR Cadmium Copper Lead Multi-
Location Risk Risk Risk Rink Toxic
Ratio {(a) Retio (b) Ratio (c) Retlo {d) Hl (e}

Marsh 1stiand
!
chiid
Prob. 0.22 ND -0.02 3.7 3.9
Cons., 3.00 N 0.1100 32 35
AREA 111
Ares wide
child
, Preb. .11 ND 0.00700 1.100 1.2
Cong. &.00 ND 0.0560 10.000 1%
Fort Rocman
Child
Prob. 0.06 ] ND ND 0.06
Cons. 0.90 ND HD ND 0.9
Fort Phoanix
thild
Prob. 0.020 Nb 1] D 0.02
Cons. 0.10 ND (] ND 0.1

(a) = The modified longer-term NA was used tc sssess chronic sxposure.

(b) = The modified longer-term HA was used to assess chronic exposure.

(e) = The modified MCLG (AIC) was used to assess chronic exposure.

(d) = The modified proposed WCL was used to sssess chronic exposurs.

(e) = The Multitoxic Hazard Index (H1) is the sum of the risk ratios for PCBs, cedmium,
copper and Lead,

ND = 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 c¢onditions 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 l1l0~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 ratics developed based on these
evaluations indicate a potential risk to public health from
chronic exposure via ingestion and/or direct contact with
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

4-18



TABLE 4-4. MNONCARCINOGENIC RISK FROM ACUTE EXPOSURE TO CONTAMINANTS V1A INGESTION OF SEDIMENTS;
CHILDREM; OLDER CHILDREN AMD ADULTS; NEW BEDFORD, MASSACHUSETTS.

PCB Cadmium Copper Lead Multi-
Location Risk Risk Risk Risk Toxic
Ratio (a) Ratio (b) Ratio (¢) Ratic (d) HI (e}

AREA [ (Maximum Concentration)

child 32 0.8 HA NA 33
Older Child -] 0.2 NA HA 8
Adul t 4.6 0.11 NA NA 5

AREA 1 (Mean Concentration)

Child 2 0.23 NA HA 2
Older Child 0.47 0.056 NA NA 0.5
Adult 0.28 0.03 HA NA 0.3

AREA II (Maximum Concentration)

Child 0.6 0.16 NA NA 0.76
Older child 0.16 0.04 NA HA 0.20
Adult 0.084 0.023 NA NA 0.1

AREA 111 (Maximum Concentration)

Child 0.14 HD ND ND 0.1
Older Child 0.03 ND ND KD 0.03
Adult 0.021 ND ND ND 0.02

{a) = The modified 10-day HA was used to assess acule 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.
N0 = 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 aguatic
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 aguatic 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 aguatic 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 &
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 scenaric assumes that 100
percent of the seafood diet is comprised of the speciles
evaluated,

chroni¢e. 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
PCBPs 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., l0-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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TABLE 4-5. NOMCARCINOGENIC RISK FROM INGESTIOM OF BIOTA; CHILDREN; OLDER CHILDREN AND ADULTS:
WEW BEDFORD, MASSACHUSETTS.
Younger Child Older Child Adult
N Multi Multi Multh
Risk Ratios Toxic Risk Ratios Toxic Risk Ratios Toxic

Species Area Cadmium Copper Lead PCBs #1 (a) Cedmiuw Copper Lead PCBs HI (@) Cadmiun Copper Lead pPCBs HI (a)
baily Ingestion
Lobster 1 HA NA NA NA HA HA NA NA NA NA NA NA NA NA HA
Clam 1 4.0 NA 80 78 162 1.9 NA 40.0 39.0 80.9 1.1 WA 23.0 22 113
Flounder 1 0.2 0.9 70 118 189 0.088 0.5 35.0 59.0 9.6 0.050 0.3 20.0 34 54
Lobster 2 8.4 NA 79 64 151 4.2 NA 39.0 32.0 7.2 2.4 NA 22.0 18 42
Clam 2 5.3 NA 60 26 b 2.6 HA 30.0 13,0 45.6 1.6 NA 17.0 7.5 26.1
Flounder 2 0.2 1.1 65 42 108 0.09¢ 0.6 32.0 21.0 53.7 0.056 0.3 19.0 12.0 31.4
Lobster 3 7.3 NA 30 24 &1 3.6 WA 15.0 12.0 30.6 2.1 NA 2.0 6.9 18.0
Clam 3 6.5 HA 101 13 125 3.3 NA 51.0 B.8 63.1 1.9 HA 29.0 5.1 36,0
Flounder 3 0.1 3.0 S0 32 85 0,055 1.5 25.0 16.0 42.5 0.030 0.9 14.0 2.0 23.9
Lobster 4 5.7 NA 18.0 7.2 3 2.9 HA 2.0 3.6 15.5 1.6 NA 5.0 2.0 8.6
Clam 4 7.1 NA 7 &, 4 a8 3.5 NA 38.0 2.2 3.7 2.0 NA 22.0 3.2 27.2
Flounder 4 2.2 2.9 9 11 112 1.1 1.5 48.0 5.7 56.3 0.6 0.8 27.0 3.2 3.7
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TABLE 4-5. NONCARCINOGENIC RISK FROM INGESTION OF BLOTA; CHILDREN; OLDER CHILOREN AND ADULTS;
NEW BEDFORD, MASSACHUSETTS.
Younger Child Older Child Adult
Multi Muiti Multi
Risk Ratios Toxic Risk Ratios Toxic Risk Ratios Toxic

Species Area Cadmium Copper Lead PCBs Wl (a) Cadmium Copper Lead PCBs Hl (&) Cedmium Copper Lead PlBs HI {a}
PROBABLE SCENARIO
Weekly Ingestion
Lobster 1 HA NA NA NA HA NA NA NA NA KA NA NA NA NA NA
Clam 1 0.5 NA 1.0 1.1 23 0.3\ NA S.7 5.6 11.5 .2 NA 3.3 3.2 6.7
Flounder 1 0.03 0.1 1.0 16.8 28 0.01 0.1 5.0 B.4 13,5 0.008 0.0 2.9 4.8 7.7
Lobster 2 1.2 NA 11.0 9.2 21 0.6 NA 5.6 4.6 10.8 0.3 HA 3.2 2.6 6.1
Clam 2 0.8 NA 8.7 3.7 13.2 0.4 NA 4.3 1.9 5.6 0.2 NA 2.5 1.1 3.8
Flounder 2 0.03 0.2 9.4 6.0 15.6 0.014 0.1 4.7 3.0 7.8 0.001 0.0 2.7 1.7 4.4
Lobster 3 1.0 NA 4,3 3.4 8.7 0.5 WA 2.1 1.7 4.3 0.3 HA 1.2 1.0 2.5
Clam 3 0.9 NA 14.0 2.6 7.5 0.5 NA 7.2 1.3 2.0 0.3 HA 4.1 0.7 5.1
Flounder 3 0.02 0.4 7.1 4.4 11.9 0.008 8.2 3.6 2.2 6.0 0.0005 0.1 2.0 1.3 3.4
Lobster 4 0.8 NA 2.6 1.0 4.4 0.4 NA 1.3 0.5 2.2 0.2 HA 0.7 0.3 1.3
Clam 4 1.0 NA 1.0 0.6 12.6 0.5 HA 5.5 0.3 6.3 0.3 NA 31 0.2 3.6
Flounder 4 0.3 0.4 13.0 1.6 15.4 0.16 0.2 6.8 0.8 8.0 0.0%90 0.1 3.9 0.5 4.6
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TABLE 4-5. NOMCARCINOGEWIC RISK FROM INGESTION OF BIOTA; CHILDREN; OLDER CHILDREM AND ADULTS;
NEW BEDFORD, MASSACHUSETTS.
Younger Child Older Child Adult
Multi Multi Hulti

Risk Ratios Toxic Risk Ratios Toxie Risk Ratios Toxic
Species Area Cacdmium Copper Lead PCés Hl (a) Cadmium Copper Lead PCBs HI (8) Cadmium Copper Lead PCBs Bl (&)
CONSERVATIVE SCENARIO
Weekly Ingestion
Lobster 1 HA HA HA HA NA NA HA NA HA NA HA HA HA HA NA
Clam 1 1.1 NA 21.0 34 546 0.6 NA 1.0 17.0 2b.6 0.3 NA 6.0 9.8 16.1
Flounder 1 0.04 0.5 38.0 42 81 0.020 0.2 19.0 21.0 40.3 0.010 0.1 11.0 12.0 23.2
Lobster 2 2.2 HA 37.0 20 5¢ 1.1 NA 19.0 2.9 30.0 0.6 HA 11.0 5.7 i7.3
Clam 2 1.0 NA 11.0 19 N 0.5 NA 5.0 9.6 15.1 0.3 HA 3.0 5.3 8.8
Flounder 2 0.06 0.9 5t.0 17 &9 0,030 0.4 26.0 8.5 35.0 0.020 0.3 15.0 4.8 20.1
Lobster 3 1.7 HA 13.0 5.6 0 0.9 KA 6.0 2.8 9.7 0.5 NA 4.0 1.6 6.1
Clam 3 1.2 NA 39.0 7.8 48 0.6 HA 20.0 3.9 24.5 0.3 NA 11.0 2.2 13.5
Flounder 3 0.04 2.2 31.0 13 47 0.020 1.1 15.0 6.7 22.8 0.1 0.6 ¢.0 3.8 13.5
Lobster 4 1.9 HA 2.0 2.8 13.7 0.9 NA 5.0 1.4 7.3 0.5 NA 3.0 0.8 4.3
Clam [ 1.6 NA 19.0 2.2 22.8 0.8 NA 10.0 11 1.9 0.4 NA 6.0 0.6 7.1
Flounder & 0.3 1.9 77 5.4 85 0.1 1.0 39.0 2.7 42.8 0.080 0.6 22.0 1.6

24.2
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TABLE 4-5. NONCARCINOGENIC RISK FROM INGESTION OF BIQTA; CHILDREN; OLDER CHILDREN AMD ADULTS;
NEW BEDFORD, MASSACHUSETYS.
Younger Child Oider Child Adult
Multi Multi Mol ti
Risk Ratios Toxic Risk Ratios Toxic Risk Ratjos Toxic
Species Cacmium Copper Lead PCBs HI (a) Cadmium Copper Lead PLBs Hi (a) Cadmium Copper Lead PCBs HI (a)
Daily Ingestion
Lobster 1 A HA NA NA HA NA NA NA KA NA HA NA NA NA NA
Clam 1 7.9 HA 150 240 398 4.0 HA 75 120 199 2.3 HA 43 &9 114
f Lounder 1 0.3 3.4 270 298 s72 0.2 1.7 130 149 281 (.088 1.0 76 85 162
Lobster 2 15.5 NA 260 140 415 7.7 oA, 131 70 209 4.4 NA Fi-] 40 119
Clam 2 7.3 WA 78 134 219 3.6 NA 39 67 110 F NA 22.0 38 62
f lounder 2 0.4 6.1 350 s 485 0.2 3.0 180 59 242 0.1 1.7 102 34 138
Lobster 3 11.9 NA B9 40 141 6.0 NA 45 20 n 3.4 NA 5.0 11 39
clam 3 B.4 NA 275 54 337 4.2 NA 137 27 168 2.4 KA Fi:) 15 95
Flounder 3 0.3 15.8 216 92 324 0.1 7.9 108 46 162 ¢.080 4.5 62 27 9%
Lobster 4 13.0 NA 67 20 100 6.5 NA 3.0 10 50 3.7 WA 19.0 5.7 28
Clam 4 10.9 NA 137 15 143 5.5 HA &8 7.7 3| 3.1 NA 9 4.4 47
Flourder 4 2.0 13.4 540 38 593 1.0 6.7 270 19 297 0.6 3.8 155 11 170

{a) The Multi H! is the sum of the risk ratios for cadmium, copper, lead and PCBs.
A Longer-term Health Advisory was used to estimate the risk ratio for cadmium and PCB exposure.
The MCLE and proposed MCL were used to estimate the risk ratic for copper and lead respectively.

HA = Not Applicable



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 freguency 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 frecuency and magnitude by which the
risk ratio wvalues 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 l1.28 ppm, and the maximum
concentrations ranged from 0.84 to 6.84 ppm. The relatively low
variance in concentrations indicates that chronic ingestion of
l§1nyl t%pacies from any area presents a potential risk teo public
ea .

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 ratics 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.

toxic. 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 toc 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 multitoxiec 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 fish containing the maximum
contaminant level detected in each species. The 10-day HAs for
PCEBs and cadmium were used to derive risk ratios (Table 4-6)}.
Currently, no appropriate standarxd 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
1l 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 associataed with more probable exposure conditions
(i.e., lower contaminant c¢oncentrations).

The risk ratios based on acute exposure to PCBs slightly
exceeded 1. However, the probability of ingesting fish
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 agquatic biota are not considered to present a
public health risk.
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TABLE 4-6. MNONCARCINOGENIC RISK FROM INGESTION OF BIOTA; ACUTE EXPOSURE
HEW BEDFORD, MASSACMUSETTS.
Risk Ratios

Max imum Acute OQlder
Species/ Concentration Criteria child Child Aduit
Contaminant - (PP} tmg/kg)

Lobster
PCBs 1.23 o.M 4,92 1.23 0.70
cd 0.7 0.004 7 1.75 1
Cu NSA
Pb 16

Flounder
PCis 2.63 0.0t 10,52 2.53 1.50
cd g.1 0.004 1 0.25 0.14
Cu 51.64
] 6.89

Clam
pCas 2.12 0.01 3.48 2.12 1.21
cd 0.5 0.004 ‘ 5 1.35 0.1
Cu N/A
Pb 6.34

N/A = Data Not Available due to the naturally high level of copper in blood
of these arganisms.

No appropriate criteria or standards are available to assess acute
exposure to copper ar lead.

The converted 10-day HA velues were used to assess acute
exposure to PCBs and cadmiumm.



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 careinogenjc 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. Thig asgumption may
overestimate the actual exposure dose and subseguent 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, 1II,
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 cggnditions. The risk estimates for
adults also exceeded the 10 " risk level. Under conservative
exposure assumptions, these risks were as high asg 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.

. The risk associated with direct contact exposure to
sediment from Area II focused on locations where recreatiocnal
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. 1In 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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tons.

CHILOREN; OLDER CHILOREN AND ADULTS; NEW BEDFORD, MASSACHUSETTS,

TABLE 4-7. CARCINOGEMIC RISK ESTIMATES FOR DSRECT COMTACT WITH SEDIMENTS;
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Conservative exposure conditions.

The cancer potency factor for PCBs is 7.7 (mg/kg-day)-1

Prob. = Probable exposure condit

fons.

Incremental carcinogenic risks for a 70 year exposure,

Lifetime



recreational land uses. These are: Popes Island, Marsh Island,
and Palmer Island.

The PCB 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 ppn
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
realiggic exposurg_gonditiona for these age classes ranged from
2x10 to 2x10 . Under more conservative exposure
condigéons, the risk estimates increased and ranged from
4x30 to 4x10 . 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 assumpticons 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 fron 5x10_, to 5x10 under probable exposure
conditions and 8x10 to 8xlo0 under conservative exposure
conditions. Risk estimates for adults were lower than those for
children. All risk_sestimates, 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 tg78 ppm PCBgsand probabkle exposure
parameters range from 2x10 to 6x10 (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 slightly above the target range with two
scenarios exceeding a 10 risk (l.2xl0 and 1.3x10 ").
As with exposure around Palmer and Marsh Island, the incremental
carcinogenic risks were greatest for cg;ldren anq;older

children. These risks ranged from 8x10 to 8x10 ° under
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probable exposure conditions and 1x10°° to 1x10 ¢ under
conservative exposure conditions. Because the 50th percentile
of PCB 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 estimapes span the target
range with twoe 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 ppn
maximum) and Fort Phoenix (0.6 ppm mean; 0.8 ppm maximum) state
park areas. The incremental risks estimgted for Q&} age classes
for these locations range from 2x10 to 3x10 . Undex, the
probggle exposure conditions, risks ranged from 2x10 to

2x10 ~.

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 sedggent, combined with carcinogenic risks that are
less than 2x10 suggests minimal public health risks fron
exposure to this sediment.

Ingestion 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

4~35
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TABLE 4-8. CARCIMOGENIL RISK ESTIMATES FROM THE INGESTION OF SEDIMENTS; CHILDREN; MWEW BEDFORD, MASSACHUSETYS.

CHiLD OLDER CHILD ADULT
PCE Incremental Risks
Location concen- Sub- Sub- Sub- Sub- Life
of tration Chronic Chronic Chronic Chronic Chronic Chronic time
Exposure {pRin) (1 year) (5 years) (1 year) €10 year) (1 year} (10 year) (10 yrs)
AREA 1 H H H
Upper Estuary : H :
Prob. 378 5.60e-06 2.B0E-05 : HA HA : NA HA : 2.80€E-05
Cons., 6393 1.90e-03 9.606-03 : HA NA : HA NA : 9.60E-03
Lower Estuary : : H
Prob. 149 2.20E-06 1.10E-05 1 NA HA 3 HA NA s 1.106-05
Cons. 399 1.20€-04 ~ 6,006-04 ; NA HA F NA WA : 6.00E-04
Cove Aren H : H
Prob. 286 4.30e-06 2.10E-05 : HA NA H WA HA H 2.10€-05
Cons. 399 1.20E-04  6.006-04 3 NA NA : NA WA H 6.00E-04
AREA 1] H H H
Popes [sland : : :
Prob. 1" 3.206-06  1,50E-05 H HA RA : HA NA H 1.60E-05
Cons. 34 S.10E-05  2.50€-04 t HA NA H NA NA : 2.50E-04
feimer 1sland H H :
Prob, 3 9.00E-07  &4.50E-06 ] HA NA H HA NA t 4.50E-06
Cons. H 1.70e-05  8.30c-05 H HA HA H HA HA 3 8.30E-05
Marsh Istand 3 H H
Prob. 8 2.40E-06 1.20E-05 H NA A H HA HA H 1.20€-05
Cons. 22 3.30e-05  1.60€E-04 3 HA HA 3 HA NA : 1.60E-04
AREA 113 H : :
Ft.Rodman H H :
Prob. 2.1 &.30E-07 3.10E-06 H NA HA H NA NA H 3.10E-04
Cons., 7.1 1.00e-05 5.30£-05 H NA NA : NA NA : 5.30¢-05
Ft. Phoenix H : 1
Prob. 0.6 1.80-07 9.00E-07 H NA HA : HA HA H 9.00e-07
Cons. 0.7 1.00E-06 5.206-06 - : WA NA : WA HA H 5.20E-06

= = - FISTEE ==Fz

The cancer potency factor for PCBs is 7.7 {mg/kg-day}-1

Prob. = Probable exposure conditions.

Cons. = Conservative exposure conditions.

Lifetime = Incremental car¢inogenic risks for a 70 year exposure,



the Upper Estuary Area of Area I. The risks estimated based on
exposurg in this .area were, within or gxceeded the target range
of 10 to 10 (6x10 to 1x1i0 “). 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 bhecause 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 6x10 )

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_jngestion of sediment from
Area II ranged from 9x10 to 2x10 °, wjith the majority of
risk values falling between 10 and 10 ~. Risks associated
with exposure to gggiment were lower at the Palmer Island area
(9x10 to 8x1l0 7) thayGMarsh Is;snd (2x10 to 2.x%x10 )
or Popes Island (3x1l0 X 2x10 7)., 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 bhe evaluated in the FS.

Area JIIT. 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.
Spacific 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
lowegsend 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

4-39
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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 2x10 and 3x1i0 .

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 iq4risks 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
Popea 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 floundexr, and clams. These
species were ceonsidered representative of biota most commonly
consured 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.
Bach scenario assumes that the particular species evaluateq
comprises total seafood consumption. Incremental carcinogenic
risk estimates for this route of exposure are in Table 4-9.

Risk estimates were derived for subchronic, chroniec, 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 estimatsf based on exposure to biota obtained from

Area ] exceed the 10 risk level for the majority of exposure
conditions evaluated. The best indicator of potential risks
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am TABLE 4-9. CARCINOGENIC RISK ESTIMATES FOR THE INGESTION OF BIOTA; CHILOREN;
. OLDER CHILDREM AMD ADULTS; NEW BEDFORD, MASSACHUSETTS.

ADULT
Incremental Risks

-l PCB Incremental Risks Incremental Risks
Ares Concen- Sub- Life
of tration Chronic Chrenic  Chronic time
Exposure <{ppm) <10 year) {t year) (10 year) (70 yrs}
.-
- : 3 :
: Lobster : : :
Prab. daily 0.52 NA NA : NA HA H HA KA H HA
weakly NA HA : NA NA : KA NA : KA
monthly HA NA H NA NA H NA NA H NA
Cons. daily 0.52 NA NA H NA NA : NA NA : NA
- weekly A A : NA NA : NA NA : NA
B monthly NA NA : MA NA : NA NA H NA
Clam : : :
Prob. daily 0.68% 4.3e-03 : 4.3E-04 .3E : 2.4E-04 2.4E-03 : 2.2E-02
waakly 6.18-04 : &.1E-05 1E : 3.5E-05 3.5E-04 : 3.1e-03
monthly 1.4E-04 : 1.4E-05 4E- : 8.1E-06 8.1E-05 : 7.3E-04
. aw Cons. daily 2.121 1.3e-02 s 1.3E-03 3e-0 : 7.5E-03 7.6E-02 : &.4E-01
. weekly 1.96-03 : 1.9€-04 9 : 1.1E-04 1.1e-03 : 9.9E-03
monthly 4.3E-04 : 4,36-05 3E : 2.5E-05 2.5E-04 : 2.2E-03
- e Flounder : H H
Prob. daily 1.03%9 1.38-03 6.5E-03 : 6.5E-04 6.5€- : 3.TE-04 3.7E-03 : 3.3e-02
: weekly 1.8E-04 9.26-04 : ¢.2E-05 9.2~ H 5.3E-05 5.3E-04 : 4.8E-03
- monthly 4.26-05 2.1E-04 : 2.1E-05 2.1E- : 1.26-05 1.26-04 : 1.1€-03
Cons. daily 2,629 3.2e-03 1.6E-02 H 1.6E-02 1.5E- : 9.3E-04 9.3e-03 : 8.3e-02
weekly 4.6E-04 2.3e-03 : 2.3e-04 2.3E : 1.3E-04 1.36-03 : 1.2e-02
" monthly 1.0E-04 5.2E-04 : $.2E-05 5.4E H 3.1E-05 3.1E-04 H 2.8€-03
: ——— : : :
( AREA 2 ) : : :
- Lobster (w/o tomalley) H
Prob, daily 0,57 04 3.5e-03 : 3.5e-03 : 2.0E-04 2.0e-03 : 1.86-
weekly 04 S.0E-D4 : 0E : 2.9€-05 2.9E-04 5 2.6E-
) monthly 05 1.2E-04 : 1.2E-04 E 6.7E-06 6.TE-05 : é6.1E
: Cons. daily 1.234 03 7.7E-03 : 7.7E-03 : & .4E-04 4,4E-03 : 4.0€-
waekly 04 1.1-03 : 1.1E-03 : 6.3E-05 6.3E-04 : S.7E-
_ monthly 05 2.5E-04 : SE- : 1.5E-05 1.58-04 : 1.3€-
- H : H
, Lobster (tomalley) H : H
daily 2.3 s 1.4E-02 H 8.1E-04 3.1E-03 : 7.3E-02
- weekly - : 2.0e-03 : 1.2E-04 1.2E-03 : 1.0E-02
monthly : 4.8E-04 : 2.TE-05 2.7e-06 : 2.5E-03



CARCINOGENIC RISK ESTIMATES FOR THE INGESTION GF BIOTA; CHILDREN
OLDER CHILDREM AND ADULTS; NEW BEDFORD, MASSACHUSETTS.

TABLE 4-9.

ADULT

Incremental Ricks

OLDER CHILD
[ncremental Risks

Sub-
Chronic

(1 year)

CHILD

Incremental Risks

Sub~
Chronic
(1 year}

Life
time

(70 yrs)

PCB
Concen-

Area

Chronic
{10 year)

Chronic

{1 year)

Chronic
{10 year)

Chronic

(5 year)

tration

(ppm)

of

Exposure

.

! .
| w ..w, .
883388 382883 s33883 283 833383 :
CEEELL T LT L gy BY Y EEL L N
o= o) o e -y - O A < ¢ o [P SR P {
. o =
$3883% 338833 $38838 832  ILEBIL o
SREREY HEREAY sERyge g8y BHgRYY
W v~ N D - o Mo e be = N~ v Wy P - 57”.].1.7...__."
883388 383388 8823383 388 233383
qMeyey M T T & yHEpwy
R QP T Y [ NP R S e - [P R PR AP VY
g28884 238833 838838 388 338838
yerygs HAYRAN MEINDN hibe ELELL
Lo AV P Y] LA T - ] - NP w -y 91-1.3..&9
383838 3833838 3833383 3338 883383
SERTYY MARYR YR mEYNEY Ry 8 KYINENY
e P A NS o - g amN @ - ni o~ Mmoo
838883 838833 8388338 883 238838
S LALEE L LY HEYNEY BRE AyAand
A R A M LT UNEY. GF g - 0 = oMM
383838 588838 3833838 223 3832388
#8348y daaa8y sd8LMy B aYY83
R N N N N o -0 -0 e @
N2 £ 3 z & B o~ - ] B
s < s & g & S 3 s 3
LR EY EEEE Y § 222222 § x> EEFE T
BIE53: y 5tE3Es Y 331%33 - 3iE 33EE3E
SERRRE g tEpiEp g o VEPSEY g SRR SHRINY
§ 2 8 % 8 . ] |
s ¢ : i & 8¢ & g 22 :
SO SN D ER EER IO DTN EEN TREE = L S




TABLE 4-9, CARCINOGEMIC RISK ESTIMATES FOR THE INGESTION OF S8IOTA; CHILDREN;
OLDER CHILDREN AND ADULTS; NEW BEDFORD, MASSACHUSETTS.

CHILD OLDER CHILD ADULT
PCB Incremental Risks Incremental Risks Incremental Risks
Area Concen- Sub-~ Sub- Sub-
of tration Chronic Chronic chronic Chronic Chronic Chronic
Exposure {ppm) {1 year) (5 year) ¢1 year) (10 year) (1 year) (10 year) (70 yrs)

f lounder H : :

Prob. daily 0.278 3.4E-04 1.7E-03 1 1.7E-04 1.76-03 : 9.9E-05 %.9E-04 : 8.8€-03
weekly 5.0E-05 2.5E-04 H 2.5e-05 2.5E-04 H 1.4€-05 1.4E-04 H 1.3e-03
monthly 1.1E-05 5.7E-05 t S.TE-06 5.7E-05 H 3.3e-06 3.3e-05 : 3.0E-04

Cons. daily 0.825 1.0E-03 5.1E-03 H S.1E-04 5.1E-03 3 2.5E-04 2.9E-03 : 2.8E-02
weekly 1.56-04 7.38-04 : 7.3e-05 7.3E-04 : 4,.2E-05 4,2E-04 : 3.8E-03
monthly 3.4E-05 1.7E-04 3 1.7E-05 1.76-04 : 9.7E-05 9.7e-04 : 5.7E-03

Lobster (w/o tomalley) z : :

Prob. daily 0.059 8.06-05 4.0E-04 t 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 S.TE-05 : 3.2E-06 3.2e-05 H 2.9E-04
monthly 2.6E-06 1.3E-05 : 1.3e-06 1.3E-05 H 7.5E-07 7.5E-06 H 6.7E-05

Cons. daily 0176 2.2E-04 1.1E-03 H 1.1E-C4 1.1E-03 H 6.3€-05 6.3E-04 : S.7E-03
weskly 3.26-05 1.6E-G4 : 1.4E-05 1.4E-04 : 8.9E-06 8.9e-05 H 8.1E-04
monthly 7.2E-06 3.6E-05 : 3.6E-06 3.4E-05 : 2.1E-06 2.1E-05 s 1.9€-04

Lobster (tomalley) : : :

daily 0.4 4 SE-04 2.3e-03 t 2.3E-04 2.3e-03 : 1.3e-04 1.3e-03 3 1.2E-02
weekly 6.8E-05 3.36-04 H 3.3e-05 3.3-04 : 1.96-05 1.9E-04 : 1.7E-03
monthly 1.56-0% 7.5E-05 s 7.5E-06 7.5E-05 H 4.3E-06 4.3E-05 : 3.9E-04

Clam H H H

Prob. daily ¢.039 5.06-05 2.5E-04 : 2.5E-05 2.5E-04 : 1.4E-05 1.4E-04 : 1.3€-03
weekly 7.0E-046 3.5e-05 H 3.56-06 3.5E-05 H 2.0E-06 2.0E-05 F 1.8E-04
monthly 1.6E-06 8.1E-06 H 8.1E-07 B.1E-06 H 4&.7E-07 4.7E-06 H 4.26-05

Cons. daily 0.137 1.7E-04 8.5-04 : 8.5e-05 8.56-04 : 4.96-05 4. 9E-04 : 4.4E-03
weekly 2.4E-05 1.2E-04 : 1.2E-05 1.2E-D4 H &.9E-06 6, 96-05 : 6.2E-04
monthly S.6E-05 2.83e-05 t 2.BE-06 2.8€-05 3 1.6E-06 1.6E-05 : 1.4E-04

Flounder : H H

Prob. daily 0.101 1.36-04 6.3E-04 : 6.36-05 6.3E-04 : 3.6E-05 3.66-04 : 3.2e-03
weskly 1.86-05 9.0E-05 H 9.0E-05 9.0E-05 : 5.1E-06 S.1E-05 : &4 5E-04
monthly 4.26-06 2.1E-05 H 2.1E-06 2.1E-05 : 1.2E-056 1.26-05 : 1.1E-04

Cong. daily 0.339 & .2E-0h 2.1E-03 H 2.1E-04 2.1E-03 : 1.26-04 1.26-03 : 1.1€-02
weekly 6.0E-05 3.0E-04 H 3.0E-05 3.0E-04 : 1.7E-05 1.7E-04 : 1.5€-03
monthly 1.4E-05 7.0E-05 H 7.0E-046 7.08-05 : 4.0E-04 4 .0E-05 s 3.6E-04

The cancer potency factor for PCBs is 7.7 (mg/kg-day)-1

frob. = Probable exposure conditions.

Cons. = Conhservative exposure conditions.

Lifetime = Incremental carcinogenic risk for 70 year exposure,
A = 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
nigratory 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 of, 10 to 10 '. - These
estimates range from 8x10 to 2x10 “. Risk_pgstimates for
ingestion of winter flounder range from 1x10 to 2x1i0 “.
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 carcincgenic risk estimates based on
consunption of biota obtained for Area 2 were within or exceeded
the target range of 10 te 10 °. Chronic exposure through
the daily or weekly ingestion of any species (i.e., clanm,
lobster, or winter flounder) containing the mean ggB
concentration resulted in risk estimates that exceed 2x10 ~.
Ingestion of lobster {including the tomalley)_ presented the
highest risks. These risks ranged from 3x1l0 to 2x10 “.
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_gxcess of 10 for most
scenarios. Risks in excess of 6x10 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 this
area_gtill fall within or above the target range (2x10 to
2x10 Y). Methods to reduce these risks will be addressed in
the PS. The highest risks were associated with ingestion of
lobster {(including the tomalley).

. 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 prcbable
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 1x10 risk level.
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Methods to reduce the risks from contaminant exposure via
ingestion of bkiota 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 subghronic and chronic
exposures ranged from 1lx10 to 3Ixl0 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 interpr%tation 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 resulgg
in rig&,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 sugggsts that
actual risks from a background exposure of 10 ng/m” may be
even lower. The lifetime risk associated with a 70-year
gxposurgeduration to the estimated 10 ng/m~ background level
s 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 cadmiunm,
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
noncarcinegenic risk ratios ranging from less than 1 to 3. The
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TABLE 4-10, CARCINOGEWIC RISK ESTIMATES FOR INHALATION OF AIR; CHILDREN,
OLDER CHILDREN, ANMD ADULTS; NEW BEDFORD, MASSACHUSETTS,

pea CHILD OLDER CHILD ADULY
Location Concen- Sub- Sub- Sub- Sub- Life
of tration Chronie Chronic Chronic Chronic Chronic cthronic time
Exposure {rp/m3) {1 year) (5 years) (1 year) (10 year) (Y year} (10 year) {70 yrs)
ALL AREAS
Background t0 1.80E-07  9.20€-07 1.80E-0?I 1.80E-06 1.00E-07  1.00E-06 B.00E-06
Prob. 85 1.60E-06  7.80E-06 1.60E-06 1. 60E-06 8.30E-07 B.B0E-06 6.00E-05
Cons., 47t 2.606-05  1.306-04 2.60€-05 2.60E-04 1.50€-05 1,50&-04 1.00£-03
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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
IIT 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
1x10 to 2x10 “, with the majority of scenarios assoq&Pted
with risks in excess of EPA's target risk range of 10 to
190 7. Based on this evaluation, methods to reduce these risks
will be addressed in the FS.

The carcinogenic risks estimated for A;ga IT assqg}ng probable
exposure conditions ranged from 2x10 to 5x10 ~. 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 1x:L0'8 t
2x10 upder probable exposure conditions, and from 2x10
to 1x1l0 under conservative exposure conditions. ©No risk

estimates exceeded EPA's target risk range.
4,2,3.2 Ingestion of Sediment

Exposure through ingestion of sediment was considered to be an
age-related activity and most significant for children less than
eix years. Both noncarcinogenic and carcinogenic risks
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 sgediment from Area I presents a potential health risk to
c¢hildren.

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
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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 ingestion of sedimengt were greatest for Area I and
ranged from 6x10 to -1xl0 “. 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 . aAs such, methods to
reduce these risks will be addressed in the FS.

The risk estimatgs based on exposure in Area II ranged from
9x10 to g§10 , w;gh the majority of risk values falling
between 10 and 10 ", Risk estimates based .on probable
exposure conditions ranged from 9x10 to 2x10 . The risks
based on exposure in Area III fall7within tq§ lower end of the

target range and are between 2x10 ' to 3x10 .

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 PCB 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 Dbelow levels considered to represent a public health
concern, Carcinogenic risks associated with probable exposure
conditions via direct contact with and ingestion of sediment
from jAreas II and IIl 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 Acuatic Bicta

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 f£lounder,
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
cadmijum 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
scggarios evaluated had associated lifetime risks in excess of
10 “._g The risk egtimates based on chronic exposure range, from
1x10 to 9x10 "_for Area _]l; from 4x10 to 1xl0 for
Area 2; from 6x10 to 9x10 for Area 3; and from 1x10
to 2x1l0 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 assesszed in the FS.

4.2.3.4 1Inhalation 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 PCB concentrations in the air above the mudflats
in Area I. Using these concentrations to assess potential risk
was considered to be overly conservative,

Lifetimeaexposure 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 tll%t 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
rigk 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 noncarcinogenig, risk
estimates for each age class and area assessed excesd 10 and
0.2, respectively. Based on this evaluation, methods to reduce

the overall site risk will be addressed in the FS.



Table 4-11., SUMMARY TABLE OF TOTAL SITE CARCINOGENIC AND NONCARCINOGEMIC RISKS - PROBABLE EXPOSURE SCENARIO;

NEW BEDFORD, MASSACHUSETTS.

AREA 1 ¢(1)
Cancer Risk Hazard Index
YOUNG CHILD .
Ingestion of biota 7.65E-04 (2) 17.00 (3)
Ingestion of sediments {(4/5) 1.50e-05 3.40
Direct Contact/Sediments (5) 7.50E-06 0.17
Total 7.88E-04 20,57
OLDER CHILD
Ingestion of biota 7.65E-04 8.50
Ingestion of sediments NE NE
Direct Contact/Sediments 2.50€E-05 0.06
Total 8.60E-04 8,56
ADULT
Ingestion of biota 4 ,40E-04 4,90
Ingestion of sediments WE NE
birect Contact/Sediments 3.75e-05 0.02
Total 4.78E-04 §.92
LIFET IME
Ingestion of biota 3.186-03
Ingestion of sediments 4 02E-05
birect Contact/Sediments 4, 29E-04
Total 3.65E-03

AREA 2

YOUNG CHILD
Ingestion of biota
Ingestion of sediments (4/6)
Direct Contact/Sediments ()

OLDER CHILD
Ingestion of biota
Ingestion of sediments
Pirect Contact/Sediments

ADULT
Ingestion of biota
ingestion of sediments
Direct Contact/Sediments

LIFETIME
Ingestion of biota
Ingestion of sediments
Direct Contact/Sediments

Total

Cancer Risk Hazard In
3.A3E-04 (2} 2.43
2.00e-06 1.20
2.65E-06 0.02
J.48E-04 10.65
3.43E-04 &.77
NE NE
2.60E-06 0.04
3.46E-04 4.77
2.00g-04 2.67
NE NE
1.00E-06 Q.0%
2.01E-04 2.68
1,45E-03
2.00E-06
1.08E-05

P



Table 4-11,

NEW BEDFORD, MASSACHUSETTS.

AREA 3
cancer Risk Hazard Index
YOUNG CHILD
Ingestion of biota (2} 1.936-04 6.40
Ingestion of sediments WA HA
bDirect Contact/Sediments HA HA
Total 1.936-04 6.40
OLDER CHILD
Ingestion of biota 1.93€-04 3.23
Ingestion of sediments HE NE
Direct Contact/Sediments NA NA
Total 1.93€-04 3.23
ADULTY
ingestion of biota 1.10e-04 1.83
Ingestion of sediments NE HE
Direct Contact/Sediments NA HA
Totat t.10E-04 1.83
L1FETIME
ingestion of bkiota 4.91E-04
Ingestion of sediments HA
Direct Contact/Sediments HA
Total 4. 91E-04

SUMMARY TABLE OF TOTAL SITE CARCINOGENIC AND NONMCARCINOGENIC RISKS - PROBABLE ENPOSURE SCENARIO;

AREA 4
Cancer Risk Hazard Index
YOUNG CHILD
Ingestion of bista (2) 6.07E-05 4.23
Ingestion of sediments HA NA
Direct Contact/Sediments NA NA
Total 4. 07E-05 4,23
OLDER CHILD
ingestion of biota 6.07e-05 2.13
Ingestion of sediments NE HE
Direct Contact/Sediments HA NA
Total &.07e-05 2.13
ADULT
ingestion of biota 3.43E-05 1.23
Ingestion of sediments HE HE
Direct Contact/Sediments NA HA
Totatl 3.43E-05 1.23
LIFETIME
Ingestion of biota 2.50E-04
Ingestion of sediments NA
Direct Contact/Sediments HA
Total 2.506-04

1. These Areas correspond geographically to the subdivision of the New Bedford Harbor depicted in Figure 2-5.
2. Cancer risks for ingestion of biota reflect the mean values for the three species evaluated under the weckly ingestion, chronic exposure, probable scenario.
3. Hazard indices for jingestion of biota reflect the mean values for the three species evatuated.

4. Imgestion of sediments was only evaluated for yourg children. . . )
5. Hazard indices and carcinogenic risk for direct contact with and ingestion of sediments in Area 1 represent the mean values estimated for chronic exposure to sediments from

Areas 1 and Il in Tables 4-2, 4-3, 4-7 and 4-8.

6. Hazard indices and carcinogenic risk for direct contact with and ingestion of sediments in Area 1 represent the mean values estimated for chronic exposure to sediments from

Areas [I! in Tables 4-2, 4-3, 4-7 and 4-8.
NE - not evaluated,
WA - data not available,

Area 1 corresponds geographically to Areas [ and {] as depicted in Figure 2-4.

Area 2 corresponds geographically to Area !l as depicted in Figure 2-4.

Exposure to sediments in Areas 3 and & were not evaluated in this risk assessment.
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APPENDIX A

EXPOSURE ASSUMPTICNS AND BODY DOSE CALCULATIONS
FOR THE SCREENING SCENANRIQS



TABLE A-1

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

Contamipant Copcentration Average Daily Exposure Dose
8.2 ug/g {reported by Battelle) 9.5x10 ¢ {mg/kg~day)
3.88.80
0017.0.0



TABLE A-2

EXPOSURE ASSUMPTIONS FOR DIRECT CONTACT WITH SEDIMENTS: SCREENING SCENARIO

Exposure Parameter Value
Average Weight Over Period of Exposure 40 kg
Buration of Exposure 10 vears

Frequency of Exposure
Amount of Sediment Contacted®

Permal Toxicokinetic Factor

Contaminant Concentration

17,404 ang/kg (reported by Battelle)

100 exp/year
6.6 grams/exp

0.5

Average Daily Exposure Dose

5.7x10 2 (mg/kg-day)

* Surface Area (4,415 cm?) x Deposition Factor (1.5 mg/em?) = 6.6 grams/exposure.

3.88.80
0018.0.0



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
Hours Exposed
Exposed Surface Area

Flux Rate of Contaminant Across Skin

Contaminant Concentration

Weight Fraction of Pepetrant in H20

0.035 mg = PCBs

1000 gm K, O

0.00029 mg = Cadmium
1000 mg H20

0.004 mg = Lead

1000 mg HZO

0.0094 mg = Copper -
1000 mg Hzo

3.88.8¢0
0019.0.0

100 exp/vear
2.6 hrs/exp
11,900 cm?

0.5 mg/cm?/he

Average Daily Exposure Dose

5.3x10 7 (mg/kg-day)

4.3x10° % (mg/kg-day)
6.0x10 8 (mg/kg-day)

1.4%10° 7 (mg/kg-day)



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
Amount Ingested

Gastrointestinal Toxicokinetic Factor

Contaminant Concentration

35 pg/2 (reported by Battelle)~PCB
0.29 pg/f Cadminom
4 Hg/R Lead

9.9 pg/2 Copper

3.88.80
0020.0.0 A-b

100 exp/vear
100 mls/exp

1.0

Average Daily Exposure Dose

3.4x10° 6 (mg/kg-day)
2.8x10 11 (mg/kg-day)
3.9x10 7 (mg/kg-day)

9.1x10° 7 (mg/kg-day)



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 m3/day
Respiratory Toxicokinetic Factor 1.0

Contaminant Concentration Average Daily Exposure Dose

471 ng/m? (reported by NUS) 1.7x10° % (mg/kg-day)
3.88.80
0021.0.0



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
Gastreointestinal Toxicokinetic Factor 1.0

Contaminant Concentration Average Daily Exposure Dose

17,604 mg/kg {reported by Battelle) 1.0x10 2 (mg/kg-day)
3.88.80
0022.0.0
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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 c¢ontaminated 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 PCB3, 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 biocavailability of PCBs only when the ratio of
sediment to PCBs is large, such as when PCBs are present at ppnm
levels.

To estimate the two TKFs for dermal exposurae 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 go0%.

(2) The dermal absorption factor 'ffor 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 $.4%.

The supporting documentation for these estimates appears in the
accompanying appendices.



The TKFs for use in risk assessment are derived below:

(A) TKF for highly contaminated sediments ([PCBs]>1%):

- Absorption, dexmal, pure compound _ 41% _
TKF Absorption, oral, diet soy ~ 50% (0.50)

(B) TKF for moderately contaminated sediments ([PCBs)<1l%):

= sorptio ermal se - 5.4% _
TRE Absorption, oral, diet so% — ’% (0.07)
For risk assessment, the admjinistered 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-contapinated sediment is estimated by multiplying
surface area (em™) by the deposition factor (mg/cm”).
Because of the nature of the experiments from which the above
absorption factors were derived,ztha estimated deposition factor
should not exceed 15 1mg/cm”. Optimal accuracy will be
achieved for fioderately contamihatedzsedimeﬁts (<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 accyracy
will be achieved with deposition factors of 1.5 mg/cm or
less, This is -~ because a smaller fraction “of the sedinent-
adsorbed PCBs in contact with the skin is available for
absorption compared to pure PCBs.



supporting Documentation for PCB Toxicokinetic Factor

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 wmg/kg bw) to four
adult rhesus monkeys by gastric intubation. PCBs were
given in 2.5 mnL 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 toc 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
effiiiencies can be determined from this and similar
astudies. :

(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 fecaes 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
0il was the vehicle. No information was available
concerning the animals' stomach contents at the time of
dosing. Total radiocactivity was measured in the feces
and the  Dbile (bile duct cannulated). Minimum
absorption was 13% in one animal and 41% in the other
(average = 27%).



(4)

(5)

(6)

Because these investigators were measuring both parent
and metabolized  species in the feces (total
radicactivity), 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 ducdenum. If 8o, not all of the
radioactivity in the feces may be due to unabsorbed
material. Thus, the reported absorption figures are
minjimum values,

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 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 thae test
compounds. Minimum absorption was reported to be 90%
for all congeners.

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. Ne 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 TPCBs. C15 to C17 congeners had 75-90%
abgorption. ’

Berlin, et, al., (1974) gave a single oral dese of
2,4,5,2,4',5'«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%,

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,
Jordan has determined that the above studies do yield reasonable

PCBs were added to the diet as a corn oil solution.
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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 PCBsg

Several

studies have investigated the efficiency of dermal

absorption of pure PCBs or PCBs given in agueous solution,

(A)

(B)

Shah' eto &1. (1981) plaCB 2;4,5,2',4',5',-1133(3‘
chlorobiphenyl on the shaved backs of Dulpin ICR nice
for various times. The PCB was administered in 100
mL of acetone, which was quickly evaporated. Total
radicactivity 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=2).
After evaporation, the quantity of PCB on the skin
surface was a fi%m 0.0005 mm thick (assuming that the
density is 1 g/em”).

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/benzena (1:1) "that evaporated quickly. The -
efficiency of dermal absorption was determined by
comparing the total urinary excretion of radiocactivity
following topical administration to the following
parenteral administration. 15-34% of the administered
dose was systemically ahsorbed. The average absorption
for the four animals was 21.5 <+ 8.5%. After
evaporation, the ggse of PCB corresponded to a thin
film of 4-19 x 10 ~ mm thickness (assuming that the
density is 1 g/en”)

Guinea pigs were dgsed 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 1linear over
time. Instead, it plateaued after only a short
periodof time (approximately 1l hour). Thus, the
absorption observed by Wester, et. al. (1983) over 24
hours was probakly virtually complete after 1-2 hours.



(C) Wester, et al. (1987) found that 96% of the 54% PCB in
dilute agqueous 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 radiocactivity 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 purpcoses of estimating the dermal absorption of pure PCBs
from the available data bhased on several experiments, the results
of Wester, et. al.'s jin 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 thrae
studies were averaged to yield a value of 41.3 + 16.8% absorption
for pure PCBs.

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 ulL of methanol per 3 cmzof skin; and

{(2) 350 or

1,300 mg TCDD in a soil/water Pgste of 75 mg per
3-4 cm

27of skin (50 mg dry seil/3-4 cm®)

The percent dose in the liver after administration of the so0il
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:

s - 1.95 _
dermal absorption, solvent 14.8 13% (0.13)

It is assumed that PCBs are absored 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 FPCBs
by the expected ratio for the dermal absorption from sediments to
the dermal absorption of pure PCBEs.

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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