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1.00 INTRODUCTION

In accordance with our proposal dated February 10, 1992, GZA GeoEnvironmental,

Inc. (GZA) has completed a characterization of public health and environmental risks

associated with exposures to oil and hazardous materials (OHM) present in soils and

groundwater on Boston Redevelopment Authority (BRA) Parcels A and B, under

current and reasonably foreseeable future uses. The objective of the characterization

was to evaluate the level of risk to human health and the environment and risk of h
harm to safety and public welfare at the site. This assessment is subject to the ^
Limitations presented in Appendix A.

ên

1.10 BACKGROUND

This risk characterization is based primarily on observations of BRA Parcels A and

B and analytical data presented in GZA's Phase I report (GZA's April, 1992 File

No. 12854). For the purposes of this assessment, the study area has been defined as

BRA Parcels A and B, and potential receptors of groundwater originating from the

property. Parcel A is divided into two parcels designated as Parcel R3A1 and Parcel

R3A2. Parcel B is a single parcel designated as Parcel R3B.

The site is located on Washington Street in a mixed residential and commercial

section of Boston, Massachusetts. Refer to the Locus Plan provided as Figure 1. Oak
Street is north of the site, beyond which is a parking lot. Washington Street is west

of the site beyond which are the Josiah Quincy School and the South Cove Community

Health Center. Marginal Road is south of the site, beyond which is the Massachusetts

Turnpike. A residential area is immediately east of the site. The Fort Point Channel

is approximately 2,000 feet southeast of the BRA site. Results of our groundwater

elevation survey conducted in March 1992 indicate that groundwater is flowing to the

southeast.

Parcel R3A1 currently consists of a gravel parking lot, and Parcel R3A2 is a paved

parking lot. Parcel R3B is currently occupied by a vacant building, playground,

basketball court, community garden, grassy area, and a gravel parking lot. Chain link ^
fences surround the parcels and access is provided through several gates. C

1.20 METHODOLOGY

In performing this risk characterization, Massachusetts Department of Environmental

Protection (DEP) risk characterization guidance for MCP Phase II sites (DEP, May

1989) was used. This guidance outlines specific methodology for characterizing

potential risks to public health and provides general guidance for environmental, safety

and public welfare risk characterization. The following paragraphs in this section
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discuss background information regarding BRA Parcels A and B, outline the

methodology used in the risk assessment, and briefly summarize the results of the risk

characterization. The public health risk characterization consists of four components:

Hazard Identification

The objectives of the hazard identification were to summarize the nature and

extent of contaminants in soil and groundwater at and in the vicinity of the BRA site.

The most recent soil and groundwater analytical data for the site were summarized.

In addition, available surface water standards and guidelines are discussed in the H
hazard identification section. 2

m
Dose-Response Assessment

In the dose-response assessment component, the relationship between the

potential dose of each compound received and the probability that an adverse health

effect may occur was defined. Toxicity values, in the form of Reference Doses (RfDs)

for threshold non-carcinogenic health effects and carcinogenic potency factors for non-

threshold (carcinogenic) effects were compiled (U.S. EPA HEAST, January 1991). In

addition. Allowable Threshold Concentrations (ATCs), which are toxicity values for

evaluation of potential health effects associated with inhalation exposures, were

obtained from Massachusetts DEP guidance documents (Massachusetts DEP, May
1990).

Exposure Assessment

In the exposure assessment, potential human and environmental receptors,

exposure routes and exposure point concentrations were identified. The MCP and

associated guidance describe four methods for site health risk characterization. The

appropriate method was selected once potential receptors, exposure points, and

exposure routes were identified, and it was known which compounds are likely to be

present at these exposure points.

Risk Characterization

In the risk characterization component, exposure point concentrations of each

compound were compared to applicable or suitably analogous standards and

guidelines. Total site risks, calculated based on toxicity values and average daily doses,

were compared to DEP risk limits.

C
7^
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1.30 SUMMARY

The Public Health and Environmental Risk Characterization for the BRA site has

analyzed risks posed by the presence and migration of volatile organic compounds
(VOCs), specifically toluene, ethylbenzene, and xylenes, and semi-VOCs including

polyaromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs), associated

with current and reasonably foreseeable future use of the site. These OHM were

present in site soils; however, low levels of aromatic VOCs and PAHs were detected

in site groundwater. A quantitative evaluation of both on-site public health

(construction workers and trespassers) and off-site environmental (marine aquatic life) H
risks was the focus of the assessment. aa

rm
Potential human health risks were evaluated for future construction worker direct

contact with surficial and subsurface soils and groundwater, and inhalation of fugitive

dust-generated during development of BRA Parcel R3B, which includes excavation for

construction of building foundations. The total "screening level" subchronic

noncarcinogenic hazard index (HI) and the cumulative segregated HI for the

decreased body weight gain toxicity endpoint, as well as the incremental total cancer

risk estimate for the future adult construction worker slightly exceeded DEP risk

hmits. It is noted that these risks can be reduected by adherence to appropriate health

and safety protocols during construction.

We also evaluated potential risks under current conditions for child trespasser direct

contact with surficial soils on BRA Parcels R3A1 and R3B. The cumulative

segregated HI for the decreased body weight gain toxicity (e.g. lower than anticipated

growth during development) endpoint and the total cancer risk estimate for the child

trespasser exceeded DEP risk limits.

Evaluation of off-site risk due to migration of groundwater from the BRA site toward

the Fort Point Channel indicated that mean site groundwater contaminant

concentrations were below marine aquatic life criteria and would not pose a risk to

these potential off-site receptors.

All of these risk estimates are based on a number of conservative exposure

assumptions which tend to over estimate the exposures and resulting risks calculated ^
in this evaluation. In addition, no contact with residual OHM will be possible based p
on proposed parcel development which includes paving and building on parcel areas pa

and the addition of clean fill. Therefore, future exposures and development of the [J3

parcels will serve to reduce associated risks.
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2.00 HAZARD IDENTIFICATION

The primary objectives of the hazard identification were to summarize the nature and

distribution of OHM and to identify media and contaminants to be evaluated in the

risk characterization. In addition, toxicity profiles for detected compounds were

compiled, and applicable or suitably analogous public health and environmental

standards and guidelines were identified or derived.

2.10 NATURE AND DISTRIBUTION OF CONTAMINANTS h
CO

Studies completed by GZA mdicate that soil and limited groundwater contaimnation tn

is present at the BRA site in the form of VOCs (toluene, ethyl benzene, and xylenes),
^

semi-VOCs (PAHs and PCBs), and petroleum hydrocarbons (PHCs). These

constituents are all common contaminants in urban sil and groundwater. Our
experience indicates that these materials can be found in similar concentration ranges

within most urban sites in the Boston area.

2.11 Soils

Soil samples collected from borings performed at the site and surficial soil

samples collected from BRA Parcels A and B between February 24, 1992 and

March 23, 1992, were screened for semi-VOCs (primarily PAHs). The highest total

concentration of PAHs was detected in a composite soil sample (Composite 1)

collected from boring GZA- 13 (82 parts per million - ppm), located at the

southeastern corner of Parcel R3A2 (see Figure 2). Total concentrations of PAHs up

to 68 ppm were detected in soils samples collected from Parcel R3B, while total PAH
concentrations up to 40 ppm were detected in soils on Parcel R3A1.

Analysis of a composite surficial soil sample collected from borings GZA-9,
GZA- 10, and GZA- 12 on Parcel R3B indicated the presence of PCBs at 12 parts per

billion (ppb), a concentration slightly above the method detection limit of 10 ppb.

PCBs were not detected in soil samples collected from Parcels R3A1 and R3A2. Soil

samples collected from the BRA Parcels were also analyzed for PHC content. Total

PHC concentrations of 170 ppm were detected in soils collected from Parcel R3A1. «
Analysis of soil samples on Parcels R3A2 and R3B indicated total PHC concentrations O
up to 440 ppm and 830 ppm, respectively. ^

m
on

In summary, analysis of unsaturated zone soils from Parcels R3A1, R3A2, and

R3B indicated elevated levels of PAHs and PHCs in surficial and subsurface soils. In

addition, analysis of a composite surficial soil sample from Parcel R3B indicated the

presence of PCBs at a concentration slightly above the detection limit.
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2.12 Groundwater

Groundwater samples collected from monitoring wells on the BRA parcels

between February 24, 1992 and March 9, 1992 were screened for VOCs by GC
techniques. The most elevated total concentration of VOCs was detected in a

groundwater sample collected from monitoring well GZA-12 (310 ppb), located on the

northern portion of Parcel R3B. Trace levels of VOCs were detected in groundwater

on the southwestern portion of Parcel R3B in one monitoring well, GZB-1. Low
levels of VOCs were also detected in groundwater on Parcels R3A1 and R3A2 at total

concentrations of 36 ppb and less than 15 ppb, respectively. In addition, several H
groundwater samples were screened for semi-VOCs. Analytical results indicated the cja

presence of PAHs, specifically benzo(a) anthracene and chrysene, in groundwater on m
Parcel R2A1 at concentrations below the method quantitation limit of 5 ppb. Analysis

of groundwater samples from the BRA parcels for PHC content did not detect PHCs
at any location. In summary, low levels of VOCs were detected in groundwater in a

Hmited number of monitoring wells on the BRA parcels.

3.00 DOSE-RESPONSE ASSESSMENT

As outlined in the DEP risk characterization guidance manual, the dose-response

assessment describes the observed effects of exposure to a compound on humans,

laboratory animals and/or aquatic organisms. This information is obtained from

published literature describing epidemiologic or toxicologic studies involving a

particular constituent. These dose-response values were integrated with information

on the anticipated nature and magnitude of human and environmental exposure to

characterize risks. In addition, applicable and suitably analogous standards and

guidelines were identified.

3.10 REFERENCE DOSES AND CARCINOGENIC POTENCY FACTORS

The U.S. EPA has developed RfDs for the assessment of threshold (non-carcinogenic)

effects of exposure and Carcinogenic Potency Factors (CPFs) for assessment of

carcinogenic effects. These toxicity values were used to evaluate dose-response t]

relationships in humans. O

The chronic RfD represents a human intake level of a chemical, expressed in \^

mg/kg/day (mg of contaminant per kg of receptor body weight per day), that is not

likely to cause adverse effects when exposure is long-term. Subchronic RfDs are

developed to assess shorter "subchronic" exposures, generally defined as representing

exposures occurring over three months to less than 10 percent of a lifetime (seven

years).
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CPFs are used for the evaluation of potential effects of exposure to carcinogens. CPFs

are derived by the U.S. EPA's Carcinogen Assessment Group as the upper 95 percent

confidence limits of the slope of the dose-response curve. CPFs, expressed in

(mg/kg/day)"\ are used to estimate probable incremental carcinogenic risk per unit

of exposure over a lifetime. This incremental cancer risk estimate reflects the

probability of excess cancers above the 'Tjackground" cancer rate due to exposures to

site contaminants.

The U.S. EPA has published RfDs and CPFs for exposures through the ingestion and

inhalation routes. No values have been established for direct contact exposures; H
however, it is standard risk assessment practice to use values derived for ingestion to co

evaluate direct contact exposures. Toxicity values for the evaluation of direct contact m
soil were obtained from the U.S. Environmental Protection Agency (EPA) Integrated

^

Risk Information System (IRIS), or from the U.S. EPA Health Effects Assessment

Summary Tables when not listed in IRIS (U.S. EPA, February 1992; U.S. EPA,

January 1991). The target organ or health effect associated with exposure and U.S.

EPA's weight of evidence classification for potential carcinogenicity were also

compiled. Dose-response information, for direct contact exposures to compounds

detected in soils and groundwater at the BRA site, is presented in Table No. 1.

3.20 ALLOWABLE THRESHOLD CONCENTRATIONS AND ACCEPTABLE
DAILY INTAKES

DEP has also developed ATCs for use in evaluation of threshold health effects from

non-occupational inhalation exposures, when EPA Reference Doses are not available.

ATCs were derived from the DEP's Threshold Effects Exposure Limits (TELs) (DEP,

May 1990). Acceptable Daily Intakes (ADIs) were calculated using ATCs and

standard exposure assumptions for the potential receptors including inhalation rates

and body weights. A summary of dose-response information for inhalation of fugitive

dust exposure, including ADIs and CPFs for compounds detected in soil at the BRA
site, is presented in Table No. 2.

3.30 IDENTIFICATION OF APPLICABLE OR SUITABLY ANALOGOUS
PUBLIC HEALTH AND ENVIRONMENTAL STANDARDS AND
GUIDELINES ^

O
Since current and foreseeable future use of the groundwater at and in the vicinity of ^
the site is not for water supply, purposes, drinking water standards are not directly fp

applicable to the site. In addition, state groundwater standards (314 CMR 6.0.6) which

apply to permitted discharges to Class I and Class II groundwater are also not directly

applicable to the study site.

To evaluate potential impacts to environmental receptors in the Fort Point Channel,

U.S. EPA's Ambient Water Quality Criteria (AWQC) for the protection of marine





aquatic life were identified (U.S. EPA, 1986). Massachusetts Surface Water Quality

Standards recommend AWQC as applicable limits for evaluating water quality (DEP,

July 1990a). Therefore, these criteria have been used for comparison to

concentrations of contaminants detected at the site and potentially migrating to the

Fort Point Channel.

4.00 EXPOSURE ASSESSMENT

An exposure assessment was conducted based on data and analyses gathered dunng ca

studies at the site to identify potential human and ecological receptors, and potential tn

exposure points and pathways for each receptor. Based on this information, the

appropriate risk characterization method was selected. For the exposure pathways

outlined, current and relevant foreseeable exposure point concentrations were

identified or modeled.

To evaluate potential exposure pathways we considered both current uses of the BRA
site and the proposed development of the BRA parcels. As described in Section 1.10

of this report. Parcel R3A1 is currently a gravel parking lot, Parcel R3A2 is occupied

by a paved parking lot and Parcel R3B consists of a vacant building, playground,

basketball court, community garden, grassy area, and a gravel parking lot.

Based on our discussions with Chia Mingzse, architect for BRA Parcel A future

development of Parcel R3A1 will likely consist of a construction of a five-story, 19-unit

residential complex. The building's foundation will consist of 3-foot-diameter caissons

to the top of clay (about 10 to 15 feet below existing grade). The building footprint

will cover the majority of Parcel R3A1. A small courtyard area will be constructed on

the remaining portion of the parcel. The earliest planned activities on the parcel will

begin between Fall 1992 and Spring 1993. Proposed development of Parcel R3A2 will

consist of construction of a 115-unit residential complex with a landscaped courtyard

area at the central and northern portion of the parcel. Development of Parcel R3A2
will not begin for approximately two to five years.

According to Mr. Steve Baker, site architect, future development of Parcel R3B -n

includes demolition of the vacant six-story brick building and construction of several O
three and four-story buildings with residential units and one twelve-story residential -,

complex, with a centrally located landscaped courtyard area. The northern portion of ^^

the parcel will be landscaped and contain brick walkways. The foundation for the

twelve-story complex, to be situated on the western portion of the parcel, will consist

of a mat foundation. Construction of the foundation will require excavation to the top

of the clay strata, approximately 12 to 15 feet below ground surface. The proposed

foundation for the three and four-story complexes will consist of 3-foot-diameter

caissons to the top of clay. Building slabs will be at grade. Foundation work on





Parcel R3B is scheduled to begin in October 1992. The maximum duration of

foundation construction is expected to be three months.

The two on-site human receptors included in our quantitative risk evaluation are adult

construction workers, who may potentially be exposed to site contaminants in soil,

groundwater, and fugitive dust during proposed development of the BRA site, and

child trespassers who may be exposed to contaminants in surficial soils at the BRA
site. Exposure to contaminants in soil and groundwater by the future construction

worker could only be quantitatively evaluated for Parcel R3B since specific foundation

design and construction information was provided for this parcel. It is likely that these h
exposures will be evaluated for the other parcels in the future, when plans for cs

development are defined and specific design and construction information is available. m
Given that the site is located in a residential and commercial area, trespassers may "^

access the parcels under current site conditions. There are complete exposure

pathways for direct contact to surficial soils by a trespasser on Parcel R3A1 and Parcel

R3B under current site conditions since Parcel R3A1 is a gravel parking lot and Parcel

R3B contains grassy areas and a playground. However, there is not a complete

exposure pathway for direct contact to surficial soils on Parcel R3A2, as the parcel is

occupied by a paved parking lot. Following completion of proposed development of

the parcels, there will be a lower potential for trespasser contact and exposure. Refer

to Table 3, Exposure Assessment Summary, for a summary of the exposure profiles.

4.10 DIRECT CONTACT TO SOIL

4.11 Adult Construction Worker

There is no current exposure to construction workers at the site since the

properties are undeveloped. Assuming that Parcel R3B is developed and the proposed

residential complex is constructed, construction workers are likely receptors who may
be exposed to contaminants in surficial and subsurface soils during future parcel

development or foundation construction activities. Exposure to contaminants by

construction workers may occur via dermal contact and incidental ingestion of surficial

and subsurface (unsaturated zone) soils when areas of contamination within the

proposed building footprint are made accessible during excavation activities for

foundation construction. The proposed residential complex for Parcel R3B will -ti

require excavation to approximately 12 to 14 feet below ground surface for o
construction of the mat foundation for the twelve-story complex at the western portion ^
of the parcel. The remaining three and four-story buildings on the parcel will not ^
require excavation for construction of the foundation.

Analytical data included in the calculation of exposure point concentrations for

direct contact and incidental ingestion of surficial and subsurface soils were selected

based on proposed development of Parcel R3B. Exposure point concentrations for

direct contact and incidental ingestion of soil by construction workers include only

8





compounds detected in unsaturated zone soils on Parcel R3B. Refer to Table 4 for

a summary of analytical results for soil samples included and assumptions made
regarding exposure point concentrations.

4.12 Child Trespasser

As indicated in Section 1.10 of this report, the BRA site is in a mixed

commercial and residential area. Although the parcels are fenced, they are accessible

to the public through several gates. Currently, the most likely exposures to children

who trespass on BRA site would be from direct contact and incidental ingestion. H
Parcel R3A1 is currently occupied by a gravel parking lot, and Parcel R3B contains w
grassy areas and a playground. Exposures to contaminants in surficial soils by child m
trespassers would be limited to these two parcels since Parcel R3A2 is a paved parking

lot and therefore, does not provide a complete exposure pathway. Average measured

concentrations of contaminants in surficial soils (0 to 2 feet below grade) on

Parcels R3A1 and R3B served as exposure point concentrations for direct contact and

incidental ingestion exposure by child trespassers. Refer to Table 4 for a summary of

analytical results and soil samples included. We conservatively (i.e. protective of

public health) used the arithmetic mean concentration of OHM detected in soils to

represent exposure point concentrations.

4.20 DIRECT CONTACT TO GROUNDWATER

Currently, contact with groundwater is not occurring. Assuming that Parcel R3B is

developed and the proposed residential complex is constructed, construction workers

are likely receptors who may be exposed to contaminants in groundwater during future

parcel development and foundation construction activities. Exposure to contaminants

by construction workers may occur via dermal absorption of groundwater when areas

of groundwater contamination within the proposed building footprint are made

accessible during excavation activities for foundation construction. The proposed

building on Parcel R3B will require excavation to a depth of approximately 12 to

14 feet below ground surface for construction of the (mat) foundation for the twelve-

story complex at the western portion of the parcel. Groundwater is approximately 8

feet below ground surface in this area of the parcel; therefore, excavation activities will

likely encounter groundwater. The remainder of the proposed site development will ;ti

not require excavation below observed groundwater leads. However, drilling O
operations related to caisson installation may provide a potential exposure pathway for ^
contact with groundwater by the construction worker. Analytical data included in the

calculation of exposure point concentrations for dermal absorption of groundwater by

the future construction worker were selected based on proposed development of

Parcel R3B. Exposure point concentrations for dermal absorption of groundwater by

construction workers include only compounds detected in groundwater on Parcel R3B.

Refer to Table 5 for a summary of analytical results, information regarding which

groundwater samples were included. We conservatively used the arithmetic mean

tn





concentrations of OHM detected in groundwater to represent exposure point

concetrations.

4.30 INHALATION OF FUGITIVE DUST

Currently, exposure to fugitive dusts from the site are unlikely to be occurring.

Assuming that Parcel R3B is developed and the proposed residential complex is

constructed, construction workers are likely receptors who may be exposed to

contaminants in fugitive dust generated during future parcel development or

foundation construction activities. Exposure to contaminants detected in soil on d
Parcel R3B by construction workers may occur via inhalation of fugitive dust when w
areas of contamination within the proposed building footprint are made accessible and w
disturbed during excavation activities for foundation construction. The proposed

building on Parcel R3B will require excavation to a depth of approximately 12 to

14 feet below ground surface for construction of the mat foundation for the twelve-

story complex at the western portion of the property. The remaining buildings on the

parcel will not require excavation for construction of the foundation. Average

measured concentrations of contaminants detected in soils on Parcel R3B were used

to represent the concentrations in soil which may contribute to future inhalation

exposures (Table 4). The fugitive dust emission rate was estimated based on

parameters including silt content, moisture content, and the number of bulldozers

operating on the parcel. A "Near Field Box" model was used to estimate air

concentrations based on emission rates, dimensions of the area of excavation, and

average wind speed at the site. The estimated maximum (exposure point)

concentrations of compounds in fugitive dust generated on Parcel R3B which may be

inhaled by future construction workers are presented in Table 6. A more detailed

description of the models and assumptions used to estimate exposure point

concentrations are contained in Appendix C. It is anticipated that the worker will

have the most intense exposure to fugitive dust during construction activities on Parcel

R3B, relative to child trespassers and nearby residents; thus, potential inhalation

exposures to residents and trespassers were not quantitatively elevated.

4.40 ESTIMATION OF AVERAGE DAILY DOSES AND EXPOSURE FACTORS

Average daily doses for each exposure pathway and total site risks for each receptor ^
were calculated. Average daily doses (ADDs) for each compound were estimated for O
construction workers and child trespassers for each applicable exposure route. ADDs ?a

represent the amount of contaminant contacted and available for absorption into the on

body. ADDs were calculated as the amount of contaminant taken into the body per

unit body weight per unit time (mg/kg/day) and are based on conservative exposure

assumptions and factors developed in accordance with state and federal guidelines

(DEP, May 1989; U.S. EPA; June 1989; U.S. EPA July 1989). Subchronic and

chronic ADDs were calculated for the evaluation of non-carcinogenic and carcinogenic

10





effects, respectively by multiplying exposure point concentrations and risk-specific

exposure factors.

Exposure factors for subchronic non-carcinogenic and carcinogenic effects were

calculated for each exposure pathway. Assumptions, equations, and calculated

exposure factors for each exposure pathway are provided in Tables 7 through 10.

4.50 ENVIRONMENTAL RECEPTORS

Fort Point Charmel, being the closest downgradient waterbody is likely to receive the H
groundwater flowing off of the BRA site. For this reason. Fort Point Channel may be w
considered the primary potential exposure point for site groundwater upon discharge m
to surface water.

Fort Point Channel is considered part of Boston Inner harbor within the Boston

Harbor Drainage System. While this area has Class SB status under the Massachusetts

Surface Water Quality Standards (314 CMR 4.00) and can therefore technically be

used for primary contact recreation. However, the water has poor aesthetic quality

(Massachusetts DEP Non-Point Source Assessment Report, 1989) and is not likely to

be used for this purpose. The channel is designated as habitat for fish, and wildlife,

although past pollutant input and poor water quality are likely to have greatly reduced

diversity.

Since mean site groundwater concentrations of VOCs were low and do not exceed the

U.S. EPA AWQC Marine, it is likely that contaminant concentrations and associated

impacts to aquatic life resulting from the presence of OHM in groundwater will be

negligible when they reach the Fort Point Channel approximately 2,000 feet

downgradient.

5.00 RISK CHARACTERIZATION

The objective of this component of the public health and environmental risk

characterization is to compare hypothetical exposure point concentrations to applicable

standards and guidelines. The risk characterization focused on conservative (e.g. O
protective of human health) scenarios of current and future exposures under present -a

conditions of chemical distribution. In addition, total site risks were calculated using ^
toxicity values and ADDs described in previous sections. Non-carcinogenic and

carcinogenic effects were assessed separately based on the methodologies presented

below.

-n
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5.10 COMPARISON WITH STANDARDS AND GUIDELINES

As stated previously, it is not anticipated that BRA site groundwater will significantly

impact marine aquatic life in the Fort Point Channel given that low concentrations of

VOCs were detected in groundwater on the BRA parcels, and these concentrations do
not exceed the U.S. EPA AWQC for the protection of marine life.

5.20 CALCULATION OF SITE RISKS

The paragraph below discuss the methodology used to calculate site risks and the risk H
characterization results for each exposure pathway. cm

m
5.21 Methodology ^

To evaluate non-carcinogenic risks, a HI was calculated. The HI yields a

general indication of whether exposures are likely to result in adverse health effects.

To evaluate the non-carcinogenic effects for each OHM, the estimated ADD was

divided by the appropriate RfD to yield a HI:

Hazard Index = ADD/RfD

For multiple chemical exposures, single His were summed to yield the

cumulative HI for an individual exposure pathway. A total HI was derived by

summing the cumulative His for each exposure pathway. This calculated total HI was

compared to the total non-cancer limit of 0.2 specified in the MCP.

This approach assumes an additivity of toxic effects by the same mechanism and

similar effects on target organs. Consequently, the application of this approach to a

mixture of compounds that are not expected to induce the same type of effects could

over estimate the probable risk. Therefore, the total "screening" HI, if it exceeded 0.2,

was segregated by toxicity endpoint and these segregated indices compared to the DEP
limit of 0.2.

Carcinogenic risks from exposure were evaluated as probabilities. To assess

incremental lifetime cancer risks from exposures to individual chemicals, the lifetime -ti

ADDs were multiplied by their respective CPFs to yield a chemical-specific lifetime O
cancer risk estimate: ^

Risk = ADD x CPF

For multiple chemical exposures, chemical-specific risk estimates for specific

exposure pathways were summed to yield a cumulative risk estimate. A total risk

estimate for each receptor was derived by summing the pathway-specific risk estimates.

This summation assumes that individual intakes are small. It also assumes

12





independence of action by the compound involved (i.e., that there are no synergistic

or antagonistic interactions and that all chemicals have the same toxicological

mechanism and endpoint).

This calculated total risk estimate was compared to the total risk limit of 1 x

10'5 specified in the MCP. This level represents a probability of one incremental

cancer case per 100,000 people exposed.

5.22 Direct Contact to Soils

Adult Construction Worker d3

m
Potential future risks associated with direct contact exposure to surficial and

subsurface soils by adult construction workers (exclusively) during site development
activities involving excavation for construction of building foundations, are presented

in Table 11. The cumulative subchronic hazard index as was 2.9 x 10"\ with 2.9 x 10"2

for the liver toxicity endpoint and 2.1 x 10"' for the decreased body weight gain (i.e.

lower than anticipated growth during development) toxicity endpoint. The cumulative

screening level subchronic hazard index slightly exceeds the applicable criterion of 0.2,

as does the segregated hazard index for the decreased body weight gain toxicity

endpoint. The segregated HI for liver effects does not exceed the MCP non-

carcinogenic risk criteria. The incremental cancer risk estimate for potential

carcinogenic effects was 9.1 x 10^, slightly above the MCP risk criteria.

Child Trespasser

Potential current risks associated with direct contact to surficial soils by child

trespassers on BRA Parcels R3A1 and R3B are presented in Table 12. The

cumulative screening level subchronic hazard index for Parcel R3A1 is 8.1 x 10'\ with

8.0 X 10'^ for the liver toxicity endpoint, and 1.2 x 10"' for the decreased body weight

gain toxicity endpoint. The cumulative screening level subchronic HI slightly exceeds

the applicable criteria of 0.2 as does the segregated HI for the decreased body weight

gain toxicity endpoint. The segregated HI for liver effects does not exceed the MCP
risk criterion. The incremental cancer risk estimate for potential carcinogenic effects

for Parcel R3A1 was 2.8 x 10"^, above the MCP risk criteria. The cumulative |ti

subchronic hazard index for Parcel R3B is 2.9 x 10"', with 2.9 x 10"^ for the liver O
toxicity endpoint, and 2.1 x 10"' for the decreased body weight gain toxicity endpoint. ^
The cumulative screening level subchronic HI slightly exceeds the applicable criterion

of 0.2 as does the segregated HI for the decreased body weight gain toxicity endpoint.

The segregated HI for liver effects does not exceed the MCP risk criterion. The

incremental cancer risk estimate for potential carcinogenic effects for Parcel R3B was

1.1 X 10"^ above the MCP risk criteria.

C/1
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5.23 Direct Contact to Groundwater

Adult Construction Worker

Potential future risks associated with direct contact exposure to groundwater

by adult construction workers during site development activities involving excavation

for construction of building foundations are presented in Table 13. The cumulative

subchronic HI was 3.3 x 10'\ with 1.4 x 10'^ for the liver toxicity endpoint. Since no

carcinogenic potency factors were available for the detected compounds, a cancer risk

estimate for potential carcinogenic effects could not be calculated. The His for direct H
contact to groundwater do not exceed the MCP risk criteria. ca

5.24 Inhalation of Fugitive Dust

Adult Construction Worker

Potential future risks associated with inhalation of fugitive dust by construction

workers during future site development activities, which involve excavation for

construction of building foundations, are presented in Table 14. The cumulative

subchronic HI was 1.6 x 10^, with 1.7 x 10'^ for the liver toxicity endpoint and 1.2 x 10'

* for the decreased body weight gain toxicity endpoint. The cancer risk estimate for

potential carcinogenic effects was 3.0 x 10"^ Neither the His nor the incremental

cancer risk estimate exceed the MCP risk criteria.

5.25 Total Site Risks

Table 15 provides a summary of risk estimates for the adult construction worker

and the child trespasser. It was conservatively assumed that the same adult

construction worker receptor would be exposed to soil, groundwater, and fugitive dust

during proposed development of Parcel R3B involving excavation for building

foundations. It was also conservatively assumed that trespassers would be exposed to

surficial soils under current conditions and through completion of development on

Parcels R3A1 and R3B. Total His and site cancer risks were calculated by summing

each of the pathway-specific cumulative His and risk estimates for each of these

pathways.

m
CD

C
<~The total subchronic non-carcinogenic HI for future adult construction workers

was 2.9 X 10"\ of which the direct contact to soils pathway contributed most ^
significantly. The cumulative segregated His for the liver toxicity endpoint and the

decreased body weight gain toxicity endpoint were 2.9 x 10"' and 2.1 x 10'^ respectively,

of which the direct contact to soils pathway contributed most significantly. The total

cancer risk estimate for potential carcinogenic effects was 9.1 x 10"^. Therefore, the

total subchronic noncarcinogenic HI and the cumulative segregated HI for the
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decreased body weight gain toxicity endpoint, as well as the total cancer risk estimate,

for the adult construction worker slightly exceed DEP risk limits.

The cumulative segregated non-carcinogenic HI for direct contact to surficial

soils by child trespassers on Parcels R3A1 and R3B was 8.3 x 10"' for the decreased

body weight gain toxicity endpoint, and 1.1 x 10'^ for the liver toxicity endpoint. The
total cancer risk estimate for potential carcinogenic effects was 3.9 x 10'''. Therefore,

the cumulative segregated HI for decreased body weight gain and the total cancer risk

estimate for the child trespasser exceed DEP risk limits.

6.00 SAFETY AND PUBLIC WELFARE CHARACTERIZATION w

Although the MCP requires a characterization of risk of harm to safety and public

welfare, DEP has issued only limited policy and guidance for this component of the

risk characterization. Current and reasonably foreseeable future site conditions do not

pose fire or explosion hazards. No nuisance odors associated with the BRA site were

identified. The only safety and welfare issues that appear to be relevant to the BRA
site are health and safety concerns for workers during proposed development activities

on Parcel R3B and child trespassers who may access BRA parcels when surficial soil

contamination is present. However, construction activities are governed by OSHA
regulations and standards, which prohibit direct contact to contaminated soil and

groundwater. In addition, construction activities on Parcel R3B are planned to begin

in approximately six months and will likely result in additional fencing around the

parcel and increased security and subsequently, minimize trespassing activities in this

area of the BRA site.

7.00 UNCERTAINTIES ANALYSIS

The findings of the risk characterization are dependant on a number of factors

including the representativeness and quality of data describing site conditions and the

nature and extent of contamination, as well as data and assumptions incorporated into j
the exposure and risk evaluations. Uncertainties in the measurements and ^
assumptions will combine to provide uncertainty in the results of the risk pr

characterization. c>

The conclusions presented in this report were based primarily on sampling performed

during our Phase I investigation of the BRA site. Where sampling data did not give

a complete characterization of soil and groundwater conditions, reasonable

assumptions have been made.
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Uncertainty also enters the risk analysis in the exposure scenarios. Our use of models
for estimation of fugitive dust emissions incorporated conservative assumptions based

on the nature of activities related to development of Parcel R3B. Selection of the

bulldozer traffic model to estimate the emission rate of fugitive dust into the air

required an assumption regarding the number of bulldozers that would be operating

on Parcel R3B. Considering the size of Parcel R3B, our assumption for the number
of bulldozers was mostly likely higher than the actual number of bulldozers that would

be required for parcel development activities. Therefore, exposure point

concentrations on Parcel R3B are likely to be lower than those estimated due to the

conservative assumptions incorporated into our air modeling of fugitive dust emissions. d
It should also be noted that the duration and intensity of fugitive dust emission w
exposures represent conservative assumptions. Implementation of required and m
standard fugitive dust emission control techniques (e.g., spraying the affected area with

water containing a surfactant) prior to and during excavation/construction activities

will limit emissions on Parcel R3B, and thus the potential for exposure by future

construction workers.

In our calculation of chemical exposure factors for the direct contact to soil exposure

scenario, we also incorporated assumptions which are protective of human health. We
assumed that the adult construction worker would be exposed to contaminants in soils

on Parcel R3B for the entire duration of foundation construction and would be

exposed six days per week during that time. The duration of the construction worker's

exposure is most likely an overestimate. Similarly, we assumed that the child

trespasser would be exposed to contaminants in surficial soils on Parcel R3A1 and

Parcel R3B until completion of proposed development on these parcels. Surficial

areas of contamination are likely to be removed during the initial development of

these parcels, thus removing potential exposure points for trespassers. In addition,

although the parcels are currently fenced with a limited number of entrances, it is

likely that additional security measures will be implemented during site development

activities, including locked gates and barriers, which will further limit access to the site.

In addition, the RfDs and CPFs used in the calculation of His and risk estimates are

conservative values. Because the RfDs are derived using a number of safety factors

and are developed to protect sensitive populations, the actual dose associated with a

health effect is likely to be higher than the RfD established by the EPA for most 3
groups in the general population. In addition, the CPFs are derived based on the C.

upper 95 percent confidence limit. pc
;-r

Although the range of uncertainty was not quantified, the use of conservative

assumptions and parameters throughout the assessment would be expected to err on

the side of the protection of human health. Thus, the His and risk estimates

calculated are likely to result in upper-bound estimates of the actual hazard resulting

from exposure to compounds present at or near the site. Consequently, the results of

the analysis should be used to highlight potential sources of risk associated with
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parcels. Risks due to exposures to BRA site contaminants are likely to be diminished

based on proposed development of the parcels which will result in excavation and

removal of some of the PAH-contaminated soils, construction from attached buildings,

pavement of courtyard areas, and addition of clean fill to proposed landscaped and

grassy areas.

exposures to substances present in soils at or near the site and to assist in providing

a practical perspective of the options available for remediation at this site, rather than

interpreted as absolute estimates on health risks.

8.00 FINDINGS AND EVALUATION OF NEED FOR REMEDIAL RESPONSE

The MCP indicates that remedial response at a site may be warranted if any exposure

point concentrations exceed applicable public health or environmental standards, if any H
HI exceed 0.2, or if total cancer risk estimates exceed 10'^ (310 CMR 40.545 (3)(i)). w
The total HI and total cancer risk estimates for the child trespasser and future adult m
construction worker were compared to these MCP criteria.

The total subchronic non-carcinogenic HI (2.9 x 10'^), the segregated HI for decreased

body weight gain (2.1 x 10''), and the incremental cancer risk estimate (9.1 x 10^) for

the future adult construction worker slightly exceeded applicable MCP criteria. The

segregated HI for decreased body weight gain (1.1 x 10"') and the incremental cancer

risk estimate (3.9 x 10"^) for the child trespasser also exceeded applicable MCP
criteria.

All of these risk estimates are based on a number of conservative exposure

assumptions which tend to overestimate the exposures and resulting risks calculated

in this evaluation. Notably we evaluated exposures to future construction workers

assuming the absence of a health and safety plan which would most likely require

personal protective equipment for site work. Our evaluation also reflects conservative

estimates of the construction worker's exposure duration. In addition, modeling of

fugitive dust emissions and air concentrations on BRA Parcel R3B are based on

conservative parcel-specific assumptions which would subsequently result in an

overestimate of the future construction worker exposure. In our evaluation of the

child trespasser exposure, we assumed that the child would maintain access to the

BRA parcels, currently fenced with a limited number of entrances, during site

development activities when additional security (locked gates and barriers) will most

likely be implemented.

Based on the results of this risk characterization, the potential impacts to public health C
and the environment will be greatly reduced as a result of development of the BRA -^

_. - . . . ... I . t ! I 1 i-nm
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TABLE 1

SUMMARY OF DOSE -RESPONSE INFORMATION
FOR INGESTION EXPOSURE

FUeNo. 12854.1

April 1992

Volitile Orgaaic CoMpo»«d»

Toluene

Ethyl benzene

m.p-Xylene

o- Xylene

Se^i -volatile Orgiiic CoMpoaads

PAHs

Acenaphlhene

Anthracene

Benzo(a)anthraceDe

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Chrysene

Fluoranthene

Fluorene

Indeno(1.23 -cd)pyrene

Napthalene

Phenanthrene

Pyrene

Others

PCBs

NON-CARCINOGENIC EFFECTS
SUBCHRONIC
REFERENCE TOXICITY

DOSE EKDPOINT
(mg/tfc/day)

2E-00
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TABLE 2

SUMMARY OF DOSE-RESPOND INFCRMATICN
FOR INHALATION EXPOSURE
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1
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TABLE 4

SUMMARY OF ANALYTICAL RESULTS FOR SOIL SAMPLES
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Apnl 1992

TABLE 4 (CONTINUED)

NOTES:

1. Analytical results summarized for Parcel R3A1 include compounds detected in sofl sample Composite A.

2. Analytical results summarized for Parcel R3A2 include compounds detected in sofl samples GZA-B S-2
and Composite 1.

3. Analytical results summarized for Parcel R3B include compounds detected in soil samples GZA-9 S- 1,

GZA-10 S-1, Composite B, Composite 2, SS-1, and SS-2. ^
s

4. Trace' represents a concentration of one to five times the method detection limit. To be conservative, E
two and one-half times the detection limit was used to represent concentrations reported as g
trace for the purpose of calculating average concentrations. M

5. One— half of the method detection limit was used to represent concentrations reported as

none detected (ND) for the purpose of calculating average concentrations.

6. The method detection limit was used to represent concentrations reported as Below Method Detection Limit

(BMQL) for the purpose of calculating average concentrations.
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TABLE 5

SUMMARY OF ANALYTICAL RESULTS FOR GROUNDWATER SAMPLES





-J

Z
o

5

u
z
O
u

<
Q

C/3

<
Qi

Z
O tu
v5 u
^ a:

CQ

2
w
H
D
Q

>

O
D

O
O
Z

u
Q
O

< Vi

Z
O

<
.J

D
U

<

z
o

i
u
E-

D
Q
a
>

o
D

c

E

3

2 -a

II

I ^
"O 1)

2i ^ 5

,3 W i«

2 -^ •?
o 2 •=

</! 3

(/I ^ ^gag
3 2 e

o ^ «
U C C
^ « .2

.-2 i a

^3 ixj

c
._ o

f oo >~.- 3 £

= 22
.sa -2 2 2
— w '*'

iS <fc [2

c
a;





>

tn
2:
D

>

T3

s
.5

c
o

u
-J
oa

Z
O

<

z
u
u
z
O

<
Q
z
<
00

<

Z
o

UJ

H
00

D
Q

>

O
D
u.

O
O
z
J
UJ
Q
O

CQ
p^

Qi

-J
UJ
U

<
a.

<

N
O
Q
J

09

CO

<

u
z
u
o

Q

>

o
b

I

o
m

*-« ^

5i

a
o
2

SI

o
Q

D
oa

S o
.> 1/5

•n
=2 w

3
£1

E
.a

c
o
'-> c
1) « 13- - U

1/) .—

±: 2 ^ —
^ I ' "

« E

_ cO (fl o
.5 5 E

3 x: »

!'=
=

_2
3

•5) a
3

'^
t/5 ^

**- ^ oo 2

« w >
CO CO

3
w- 00 -^ 2
B .S ^

.a

E

S3
N
o
ZS «*- CO

'»- Cm CO
O o •'

h -3 a

3
.a u
4> £ u x:

"S § = =

5-i -

3 E

o

u

I
>
CO

b
uN
O

o

i

CO

E
(/)

o
S
CO

y)
C
O
h«

E
o

u

<

<

SO o
w PLl

'o

.a
o
(/I

u

V3

S

^

a.
o

m
Z
o
X
03

^





Ht Na 1354.

Af)nll99

TABLE 6 (CONTINUED)

MODELING OF FUGITIVE DUST EMISSION RATES AND AIR CONCENTRATIONS
PARCEL R3B

INDCATOR
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MODELING OF FUG ITIVE DUST EMISSON RATES AND AIR CONCENTRATIONS
PARCEL R3B
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TABLE?

CALCULATION OF CHEMICAL EXPOSURE FACTORS
DIRECT CONTACT TO SOILS - PARCEL R3B

(ADULT CONSTRUCTION WORKER)

VARIABLE

GENERAL:

Person

Age

Average Body Weight

Duration of Exposure

Years

Months

Days

Lifetime Averaging Factor

for Carcinogenic Risk

DERMAL ABSORPTION:

Absorption Factor

PAHs:

PCBs:

Total Skin Area

Fraction of Skin Covered

Amount of Soil on Skin

INCIDENTAL INGESTION

Absorption Faaor

PAHs:

PCBs:

Amount of Soils Ingested

CONCENTRATION OF OHM:

EXPOSURE ASSUMPTIONS AND REFERENCES

FUTURE USE

Adult Construction Worker

18-65 years

70 kg

1 year

3 months

6 days/week of exposure

1 year/

70 years

0.1

0.05

18000 cm2

0.20 (arms and hands)

0.5 mg/cm^-day

1

0.3

0.05 gm/day

Mean mg/kg

NOTES

5

7

6

6

5

7

7
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TABLE 7 (continued)

CALCULATION OF CHEMICAL EXPOSURE FACTORS
DIRECT CONTACT TO SOILS - PARCEL R3B

(ADULT CONSTRUCTION WORKER)

tn
Z
c
><

>

FUTURE USE: Adult Construction Worker

NONCARCINOGENIC SUBCHRONIC EXPOSURE FACTORS:

mg/kg/day = concentration (mg/lcg)x 1/bodyweight (kg) x days/days

X {(skin area (cm-) x fraction covered

X soil on skin (mg/cm--day) x 1 kg/1000000 mg

X skin absorption factor) + (soil ingested (gm/day)

X I kg/1000 gm X ingestion absorption factor)}

PAHs: mg/kg/day =

PCBs: mg/kg/day =
concentration (mg/kg) x

concentration (mg/kg) x

3.3E-06 kg/kg/day

1.5E-06 kg/kg/day

CARCINOGENIC EXPOSURE FACTORS:

mg/kg/day = concentration ( mg/kg )x 1/bodyweight (kg) x days/year

x 1 year/365 daysx averaging factor (years/years)

x {skin area (cm^) x fraction covered

X soil on skin (mg/cm--day) x 1 kg/1000000 mg

X skin absorption factor) + (soil ingested (gm/day)

X 1 kg/1000 gm X ingestion absorption factor)}

PAHs: mg/kg/day =

PCBs: mg/kg/day =

concentration (mg/kg )x

concentration (mg/kg)

x

9.2E-09 kg/kg/day

4.2E-09 kg^cg/day
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m
TABLE 7 (continued) 2

a
EQUATIONS FOR CHEMICAL EXPOSURE FACTORS ><

DIRECT CONTACT TO SOILS - PARCEL R3B >
(ADULT CONSTRUCTION WORKER)

JOTES:

1. Adults, 18-65 years of age, were used to represent the anticipated occupational receptor population. ^
m

2. Average body weight of the receptor population based on: ±3

U.S. EPA, Exposure Factors Handbook, Office of Health and Environmental Assessment, tt

Washington, D.C., EPA 600/8-89/043. July 1989. 03

3. The duration of exposure was conservatively based onthe nature of proposed site development aaivities

involving excavation and drilling for building foundations on Parcel R3B. The anticipated maximum duration cf

the foundation work is 3 months. We conservatively assumed that activities which may result in

direct contact exposures to soil will occur 6 days per week.

4. The lifetime averaging factor for carcinogenic risk was based on 1 year of exposure

over a 70 year lifetime.

5. Dermal absorption factor (for PAHs), soil contact factor and amount of soil ingested were obtamed from:

"Guidance for Disposal Site Risk Characterization and Related Phase II Activities - In Support of

the Massachusetts Contingency Plan." Mass. DEP, Office of Research & Standards, May 17, 1989.

6. Total skin area and fraction of skin area exposed (covered with soil) based on:

U.S. EPA, Exposure Factors Handbook, Office of Health and Environmental Assessment,

Washington, D.C., EPA 600/8-89/043. July 1989.

7. Incidental ingestion absorption factors (for PAHs and PCBs) and dermal absorption factor (for PCBs) were

obtained from "Draft Final Supplemental Guidance for the Superfund Program." Part I - Guidance for

Public Health Risk Assessment. U.S. EPA Region I, Boston, Massachusetts. EPA 600/8-89/043. July 1989.

8. Mean (arithmetic) concentrations rf OHM deteaed in unsaturated zone soil samples collected from

Parcel R3B were used to estimate exposure point concentrations.
'~
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CALCULATION OF CHEMICALEXPOSUREFACTORS
DIRECT CONTACT TO SOILS - PARCELS R3A1 AND R3B

(CHILD TRESPASSER)
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TABLE 8 (continued)

CALCULATION OF CHEMICALEXPOSUREFACTORS
DIRECT CONTACT TO SOILS - PARCELS R3A1 AND R3B

(CHILD TRESPASSER)

z

X
>

FUTURE USE: Child Trespasser

SUBCHRONIC NONCARCINOGENIC EXPOSURE FACTORS:

mg/kg/day = concentration (mg/kg) x 1/bodyweight (kg) x hours/day x 1 day/24 hours

X days/days x {(skin area (cm') x fraction covered

X soil on skin (mg/cm--day) x 1 kg/1000000 mg

X skin absorption factor) + (soil ingested (gm/day)

x 1 kg/lOOOgm X ingestion absorption factor)}

P.AHs:

Parcel R3A1: mg/kg/day

Parcel R3B: mgAg/day

PCBs:

Parcel R3B: mg/kg/day =

concentration (mg/kg) x

concentration (mg/kg) x

concentration (mg/kg) x

3.3E-06 kg/kg/day

3.3E-06 kg/kg/day

1.8E-07 kg/kg/day

CARCINOGENIC EXPOSURE FACTORS:
mg/kg/day • concentration (mg/kg) x 1/bodyweight (kg) x hours/day x 1 day^4 hours

X days/year x 1 year/365 days x averaging factor (ysars/years)

X {skin area (cirf) x fraction co\ered

X soil on skin (mg/cm--day) x 1 kg/1000000 mg

xskin absorption factor) + (soil ingested (gm/day)

X 1 kg/1000 gm X ingestion absorption factor)}

PAHs:

Parcel R3A1: mg/kg/day

Parcel R3B: mg/kg/day

PCBs:

Parcel R3B: mg/kg/day ^

concentration (mg/kg) x

concentration (mg/kg) x

concentration (mg/kg) x

1.8E-08 kg/kg/day

l.lE-08 kg/kg/day

6.1E- 10 kg/kg/day

>
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TABLES (continued) "TS

tn

EQUATIONS FOR CHEMICAL EXPOSURE FACTORS q
DIRECT CONTACT TO SOILS - PARCELS R3A1 AND R3B r;

(CHILD TRESPASSER)
'^

>

>IOTES:

Children, 3-18 years of age, were used to represent the potential child trespasser receptor population

who may access Parcels R3A1 and Riffl. ^
Average body weight of the receptor popu lation based on

:

W
U.S. EPA, Exposure Factors Handbook, Offce of Health and Eaivronmental Assessment, ^
Washington, DC, EPA 600/8-89/043, July 1989 and represents the average bodyweight for both boys and 2
girls between the age of 3 and 18 years.

^

The duration ofexposure was conservatively based on the nature of potential or current trespassing activities

during which the receptor may come in contact with surficial soils on Parcels R3A1 and R3B.

The lifetime averaging factor for carcinogenic risk was based on the number of years of potential

access to site conditions on Parcels R3A1 and R3B. prior to final development of each parcel,

overa 73 year lifetime. Since we are considenng both naale and female trespassers, an average 73 year lifetime

was assumed based on a 75 year lifetime for the female and a 70 year lifetime for the male.

Dermal absorption factor(for PAHs and PCBs), soil contact factor and amount of soil ingested were

obtained from "Guidance for Disposal Site Risk Characterization and Related Phase II

Activities - In Support of the Massachusetts Contingency Plan."

Massachusetts Department of Environmental Protection, Office of

Research and Standards, May 17, 1989.

Total skin area and fraction of skin area exposed (covered with soil) based on

the nature of recreational activities on the parcels including basketball and use of the playground

and the U.S. EPA, Exposure Factors Handbook, Office of Health

and Environmental Assessment, Washington, DC, EPA 600/8-89/043. July 1989.

Incidental ingestion absorption factors (for PAHs and PCBs) and dermal absorption fector (for PCBs)

were obtained from "Draft Final Supplemental Guidance for the Superfund Program." Part I
-

Guklance for Public Health Risk Assessment. U.S. EPA Region I,

Boston. Massachusetts. EPA 90 1/5-89-001. June 1969.

Mean (arithmetic) concentralkjns of the OHM detected in surficial soils on Parcels R3A1 and R3B

were selected to represent exposure point concentrations.

c
C
?^
tr-

(J-
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TABLE 9

CALCULATION OFCHEMICAL EXPOSURE FACTORS
DIRECT CONTACT TO GROUNDWATER - PARCEL R3B

(ADULT CONSTRUCTION WORKER)

VARL\M-E
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TABLE 9 (continued)

CALCULATION OF CHEMICAL EXPOSURE FACTORS
DIRECT CONTACT TO GROUNDWATER
(ADULT CONSTRUCTION WORKER)

FUTURE USE: Adult Constniction Worker

NONCARCINOGENIC SUBCHRONIC EXPOSURE FACTOR:

mg/kg/day = concentration (mg/l)x 1/bodyweight (kg)x hours/day

X skin area (cm-) x fraction exposed x days/days

X permeability rate (1/cm^-hour) x absorption factor

VOCs: mg/kg/day = concentration (mg/l)x l.OE-01 1/kg/day

CARCINOGENIC EXPOSURE FACTOR:

mg/kg/day = concentration (mg/l)x 1/bodyweight (kg)x hours/day

X days/year x 1 year/365 days x avg factor (years/years)

xskin area (cm-) x fraction exposed

X permeability rate (iycm--hour) x absorption factor

VOCs: mg/kg/day = concentration (mg/l)x 9.7E-05 1/kg/day

>
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TABLE9(cominued)

CALCULATION OF CHEMICAL EXPOSURE FACTORS
DIRECT CONTACT TO GROUNDWATER
(ADULT CONSTRUCTION WORKER)

NOTES:

>

Z
a
><

>

DO

Adults, 18-65 years of age, were used to represent the anticipated

occupational receptor population.

Average body weight of the receptor population, total skin area and fraction >-^

exposed based on: U.S EPA, Eixposure Factors Handbook, Office of Health H
and Environmental Assessment, Washmgton, DC, July 1969. EPA 600/8 -89/043. q
The duration of exposure was conservatively based on the nature of proposed site development activities

inwlving excavation and drilling for building foundations on Parcel R3B. The anticipated maximum duration

of the construction period is estimated to be 3 months. We conservatively assumed that activities which may

result in direct contact to groundwater, at depth of 6 to 13 feet below ground surface, will occur twice per week,

2 hours per occurrence.

The lifetime averaging factor for carcinogenic risk was based on 1 year of exposure over a 70 year lifetime.

Absorption assumed to be 100% for VOCs.

Skin permeability rate based on: Brown, H.,et al. The Role of

Skin Absorption as a Route of Exposure for Volatile Organic

Compounds (VOCs) in Drinking Water." Amercian Journal of Public

Health, 74:5, 479-484. 1984.

Arithmetic mean concentrations of OHM detected in groundwater, collected from monitoring wells

installed on Parcel R3B, were used to estimate exposure point concentrations.

-n
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VARIABLE

TABLE 10

CALCULATION OF CHEMICAL EXPOSURE FACTORS
INHALATION OF FUGITIVE DUST - PARCEL R3B

(ADULT CONSTRUCTION WORKER)

EXPOSURE ASSUMPTIONS AND REFERENCES

FUTURE USE NOTES

GENERAL:

Person

Age

Average Body Weight

Duration of Exposure

Years

Days

Hours

Lifetime Averaging Factor

for Carcinogenic Risk

Rate of Air Inhaled

Modification Factor for Lung Retention

PAHs:

PCBs:

CONCENTRATION OF OHM:

Adult Construction Worker
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TABLE lO(coniinued)

CALCULATION OF CHEMICAL EXPOSURE FACTORS
FOR INHALATION OF FUGITIVE DUST - PARCEL R3B

(ADULT CONSTRUCTION WORKER)

>

z
a
><

>

FUTURE USE: Adult Construction Worker

SUBCHRONIC NONCARCINOGENIC EXPOSURE FACTORS;
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TABLE 10 (continued) >

CALCULATION OF CHEMICAL EXPOSURE FACTORS S
FOR INHALATION OF FUGITIVE DUST - PARCEL R3B ^

(ADULT CONSTRUCTION WORKER) ^
>

y.

Adults, 18-70 years of age, were used to represent the anticipated occupational receptor population.

Average body weight of the receptor population obtained from: ,.^

US EPA, Exposure Factors Handbook, Office of Health and hg

Environmental Assessment, Washington, D.C. EPA 600/8-89/043. July 1989. '^

z
The duration of exposure was conservatively based on the nature of proposed site development activities O
involving excavation and drilling for building foundations on Parcel R3B. The anticipated maximum X
duration of the foundation work is 3 months. Only the western portion of Parcel R3B will be excavated for mat foundations; CO

the remaining building foundations will consists of dniled caissons. Therefore, given the limited area of excavation,

we conservatively assumed that activities which may result in fugitive dust emissions and subsequent exposures would occur

for one month of the total duration of foundation work, 6 days per week, and 3 hours per day.

The lifetime averaging factor for carcinogenic risk was based on 1 year of exposure over a 70 year lifetime.

Rale of air inhaled per hour was based on EPA's recommendations of a "reasonable" worst case

inhalation rate for adults under moderate activity levels. Inhalation rate was obtained from:

US EPA, Exposure Factors Handbook, OfDce of Health and Environmental Assessment

Washington, DC. EPA 600/8 -89/043, July 1989.

The retention factor for PA Hs was based on information obtained from:

Polynuclear Aromatic Hydrocarbons: Formation, Metabolism, and Measurement, edited by

Marcus Cooke, Anthony J. Dennis. Butterworth Publishers, Wobum, MA, 1983. The chapter entitled

"Effect of Particle Association on the Biological Fate of Inhaled Organic Pollutants," focused on the results of

an inhalation study in which rats were exposed to Benzo(a)Pyrene (particulates), and it was found that

approximately 28% was retained/absorbed. It was conservatively assumed that in humans, approximately

twice that amount, or 56%, would be retained.

The lung retention factor for PCBs was assumed to be 1.

Mean delected concentrations of PAHs and PCBs detected in soil samples collected from Parcel R3B served as the basis for

fugitive dust emission rate and air dispersion models to estimate air concentrations and represent exposure point concentrations.

o
a





TABLE 11

CALCULATICW OF AVERAGE DAILY DCSES AND RISK ESTIMATES
FOR DIRECT CONTACT WITH SOILS - PARCEL R3B

(ADULT CONSTRUCTION WORKER)

Ffle No. G854.1

April 1992

FUTURE USE: Adult Construction Worker

SUBCHRONIC NONCARCINOGENIC EFFECTS

~













TABLE 13

CALCULATION OF AVERAGE DAILY DOSES AND RISK ESTIMATES
FOR DIRECT CONTACT WITH GROUNDWATER - PARCEL R3B

(ADULT CONSTRUCTION WORKER)

File No. 12854.1

Apnl 1992

TJTURE USE: Adult Constniction Worker

iUBCHRONIC NONCARCINOGENIC EFFECTS
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TABLE 15

SUMMARY OF TOTAL HAZARD INDICES AND RISKS

RECEPTOR
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NOTES:

BASE MAP DEVELOPED FROM PLANS PROVIDED BY THE
BSC GROUP-BEDFORD INC. ENTmED 'SITE PLAN OF LAND
IN BOSTON. MASS.." DATED JUNE 30, 1989. ORIGINAL
SCALE r-16', DRAWING NO. 1601.03.

THE LOCATION OF THE BORINGS WERE APPROXIMATELY
DETERMINDED BY TAPE MEASUREMENTS, UNE OF SITE
AND PACING FROM EXISITING TOPOGRAPHIC FEATURES.
THESE DATA SHOULD BE CONSIDERED ACCURATE ONLY
TO THE DEGREE IMPLIED BY THE METHOD USED.

LEGEND:

GZB-5

GZA-5

#GZA-9

»SS-1

BORINGS PERFORMED BY GZA DRILUNG
BETWEEN JUNE 19 AND 29, 1991.

BORINGS PERFORMED BY GZA DRILUNG
BETWEEN JUNE 19 AND 29, 1991.

INDICATES MONfTORING WELL WAS INSTALLED

BORINGS PERFORMED BY GZA DRILUNG
ON FEBRURARY 24,1992.

SURFACE SOIL SAMPLES COLLECTH)
BY GZA ON MARCH 23, 1992.
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APPENDIX A

LIMITATIONS

The interpretations and conclusions presented in this report were based solely

upon the services described herein, and not on scientific tasks or procedures

GZA's risk evaluation was performed in accordance with generally accepted

practices of government agencies and other consultants undertaking similar

studies. The findings of the risk evaluation are dependent on numerous

assumptions and uncertainties inherent in the risk assessment process. Sources

of uncertainty may include the description of site and conditions on the nature

and extent of chemical distribution and the use of toxicity information.

Consequently, the findings of the risk assessment are not an absolute

characterization of actual risks, but rather serve to highlight potential sources

of risk at the site. Although the range of uncertainties have not been

quantified, the use of conservative assumptions and parameters throughout the

assessment would be expected to err on the side of protection of human health

and the environment.

The analysis and conclusions submitted in this report are based in part upon

chemical data collected by GZA during the Phase I investigation. It should be

noted that fluctuations in the types and levels of contaminants and variations

in their flow paths may occur due to seasonal water table fluctuations, past

practices used in disposal, as well as other factors.

This report has been prepared for the exclusive use of A.C.D.C and C.E.D.C

for specific application to the BRA Parcels A and B site located in Boston,

Massachusetts, in accordance with generally accepted risk assessment practices.

No other warranty, expressed or implied, is made.

13
beyond the scope of described services. The work described in this report was m
carried out in accordance with the agreed upon Statement of Terms and g
Conditions. $<
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APPENDIX B

ESTIMATION OF FUGITIVE DUST EXPOSURE POINT CONCENTRATIONS

1.00 INTRODUCTION

Two exposure models were used to estimate exposure point concentrations for

potential construction worker exposure to fugitive dust which may be generated during

future foundation construction activities. An exposure model for emission of organic

compounds into ambient air, obtained from the 1988 Gas Research Institute (GRI)
compilation manuals, was used to estimate concentrations of compounds detected in

soils on Parcel R3B at the BRA site. An emission model for fugitive dust generated

from bulldozer traffic operating on the parcel during construction activities was used

to estimate compound-specific emission rates. The bulldozer traffic model was

selected as a conservative means of estimating emission rates; based on observations

and proposed parcel development activities, we assumed that bulldozer traffic on the

site would be the activity which would generate the most dust. These estimated

emission rates were used in a transport and dispersion model, the "Near Field Box"

model, to estimate concentrations of individual compounds in ambient air at the

parcel. These estimated compound-specific concentrations in ambient air served as

exposure point concentrations for potential construction worker inhalation exposures

to fugitive dust generated during future construction activities. Detailed descriptions

of both of these models and associated assumptions are provided below. Worksheets

from the two estimation models are attached to this appendix.

2.00 EMISSION MODEL FOR FUGITIVE DUST FROM
BULLDOZER TRAFFIC

The emission model for fugitive dust from bulldozer traffic used in this

characterization estimated compound-specific emission rates for compounds detected

in soils on Parcel R3B. The arithmetic mean of concentrations of PAHs and PCBs
detected in soil samples collected from the parcel during GZA's Phase Investigation

were incorporated into the appropriate model equations. A fugitive dust emission rate

into ambient air was estimated from areas to be excavated based on an estimated

number of bulldozers operating at the site.

1





The emission factor was based on estimates of several parameters, including the

number of bulldozers operating, percent silt in surface soils, and moisture content in

on-site soils. These variables were incorporated into the equations for estimating

compound-specific emission rates.

The emission rates were estimated based on the following equations.

= a-E
10

(mg/kg)

E
10

emission rate of individual compounds (mg/hr)

mass fraction of individual compounds detected in soil at the site

total fugitive dust emission rate (kg/hr)

Ejo is calculated by the equations.

Eio = (78.4 • S' ^ / M^-^) • n

where,

traffic

S

M

n

= emission rate of particles 10 microns and smaller due to bulldozer

over the surface of the site (Ibs/hr)

= silt content in site soils (%)

= moisture content in site soils (%)

= number of bulldozers operating at the site

Assumed model parameters for the study site are as follows:

Parameter





The dust emission rate, Ejq, was estimated as 72.8 kg/hour, using the equation

provided above.

Estimated compound emission rates, Q^q, based on the dust emission rate and mean

concentrations of compounds detected in the soil on Parcel R3B, are presented in

Table 6.

3.00 MODEL FOR ESTIMATING AMBIENT AIR CONCENTRATIONS

The Near Field Box Model was used to estimate ambient air concentrations of

compounds detected in soils on Parcel R3B based on compound-specific emission

rates, estimated by the emission model for fugitive dust from vehicle traffic,

dimensions of the area of contamination to be excavated, and average wind speed at

the site. The dimensions of the contaminant area (box) and the average wind speed

at the site were used to set the downward height of the box and the average wind

speed through the box, respectively. The schematic of the assumed near field box

model is shown below.





The ambient air concentrations of compounds in fugitive dust generated during future

construction activities were estimated based on the following equation:

Ca =
^10

ff^-^t-U.

where

Ca

Qio

u 10

= Average concentration of the compound in ambient air (mg/m^)

= emission rate of the compound (mg/s)

= Downward height of the box (m)

= width of the box (m)

= Average wind speed through the box (m/s)

= 0.22 (Uio) In (2.5 H,)

= Annual mean wind speed (m/s)

Assumed model parameters are as follows:

Parameter





Estimated on-site average concentrations of compounds detected in the soil at the site,

served as the basis for estimating fugitive dust exposure point concentrations, for

potential construction worker inhalation exposures during future site development

activities the estimated risks associated with these potential future inhalation exposures

are included in Table 14.
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