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EXECUTIVE SUMMARY

1. BACKGROUND INFORMATION

The U.S. Department of Energy (DOE) is conducting a comprehensive review and analysis to
evaluate potential remedial actions for a set of properties in and near Maywood, New Jersey,
collectively referred to as the Maywood site. Contamination at these properties is attributed in part
to thorium processing operations conducted at Maywood Chemical Works (MCW) beginning in
1916. Remedial action is being taken under DOE’s Formerly Utilized Sites Remedial Action
Program (FUSRAP). Responsibility for the Maywood site was assigned to DOE as a
decontamination research and development project by the U.S. Congress through the Energy and
Water Development Appropriations Act of 1984.

To determine remedial action needs and establish appropriate cleanup goals for the Maywood
site, DOE is currently preparing a remedial investigation/feasibility study-environmental impact
statement (RI/FS-EIS). This type of document is required by the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) of 1980, as amended, and incorporates the
requirements of the National Environmental Policy Act (NEPA) of 1969. Details of the RI/FS-EIS
process are described in the project work plan (ANL and BNI 1992). As part of the ongoing
analysis at the Maywood site, this baseline risk assessment (BRA) has been prepared to evaluate
risk to human health and the environment from the radioactive and chemical contaminants in the
absence of remedial action. As such, this BRA serves as a baseline for evaluating available
remedies. This baseline is consistent with CERCLA and does not assume future control by DOE;
for purposes of the future scenarios evaluation, current institutional controls are not expected to
remain in place.

The Maywood site is located in northern New Jersey in a highly developed area approximately
20 km (12 mi) north-northwest of New York City and 21 km (13 mi) northeast of Newark, New
Jersey. More than 80 vicinity properties became contaminated with radiological materials. These
properties are distributed in an area approximately 2.5 km (1.5 mi) long by 1 km (0.5 mi) wide in a
neighborhood with intermixed residential, commercial, and industrial properties and an average
population density of about 5,000 to 10,000 persons per square mile. This area also lies across
several major transportation corridors, including NJ Route 17, U.S. Route 46, and Interstate 80.
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Ecological resources include terrestrial vegetation and wildlife commonly found in regional
residential/commercial properties similar to Maywood. Freshwater wetlands of intermediate or
ordinary value cover approximately 4.1 acres of the study area. No endangered or threatened plant
or animal species inhabit the area. Aquatic habitats include drainageways, small temporary ponds,
and limited portions of Westerly and Lodi Brooks. The Saddle River and its floodplain constitute
the most productive habitat in the site vicinity.

In the RI report (BNI 1992), the properties comprising the Maywood site were grouped into
four operable units based on land use. These are the Maywood Interim Storage Site (MISS), the
Stepan Company property, commercial/government properties, and residential properties including
municipal parks. With such widely distributed properties, average contaminant levels and the risks
estimated from them would be meaningless. Therefore, for risk assessment purposes several
smaller property units were defined. A complete listing of all the Maywood site properties
showing the operable units and property units in which they have been grouped and their current
status is given in Appendix A.

In September 1983, the Maywood site was placed on the National Priorities List (NPL) by the
U.S. Environmental Protection Agency (EPA). A Federal Facilities Agreement (FFA) between
DOE and EPA now governs the remedial program and specifies DOE cleanup responsibilities.
Under the FFA, DOE is responsible for cleanup of "FUSRAP waste," which is specifically limited
to the following: '

* all radioactive and chemical contamination occurring on or migrating from MISS;

*  all radioactive contamination exceeding DOE action levels and related to thorium processing
at MCW, occurring on vicinity properties; and

* any chemical or nonradiological contamination on vicinity properties that would fulfill
either of the following requirements:

— the contamination originated at MISS or was associated with specific thorium
manufacturing or processing activities at MCW that resulted in the radioactive
contamination; or

— the chemical or nonradiological contaminants that were mixed or commingled with
radiological contamination above DOE action levels.

The Maywood BRA focuses primarily on radionuclide contamination due to the more extensive
database on radiological contaminants and the expectation that these are the primary contaminants
from MCW operations. However, chemical contamination at the site also is evaluated using
available data. The BRA presents estimates of the mean and reasonable maximum exposure
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(RME) incrementai risk levels for human receptors in current and future land use scenarios. The
relative risks to ecological receptors is assessed using ecologiéai quotients (EQs). The approach
used for the Maywood BRA is based on the EPA Risk Assessment Guidance for Superfund
(RAGS) (EPA 1989b and 1991¢) and related guidance (EPA 1992a).

2. CONTAMINANTS OF CONCERN

Numerous radiation surveys and site characterization studies have been conducted at MISS and
the vicinity properties. Data from these studies and the RI report (BNI 1992) were reviewed and
used to select contaminants of concern (COC) for detailed evaluation in the subsequent exposure
assessment and risk characterization. The geographic distribution of properties and the history of
numerous characterization studies have produced two distinct data collections, one for radiological
and one for chemical contaminants; this is reflected in the organization and presentation of data and
results in this report.

Data sets were compiled for each of the property units and statistical analyses were performed
on the aggregated soil radionuclide data. The data sets were examined to identify and group
propertiés with similar contaminant levels. Radionuclides were selected as COCs if the range of
detected concentration exceeded twice the average of background concentrations. The radiological
COCs selected for this risk assessment are Thorium (Th)-232, Uranium (U)-235, U-238, Radium
(Ra)-226 and their associated decay products.

Chemical contaminant sampling data for the MISS and Stepan operable units and two adjoining
properties were used in the risk assessment. Chemical data were evaluated in accordance with
EPA guidance (EPA 1989b). Chemicals were selected. as COCs if the frequency of detection
warranted incluston under the COC screening criteria and for chemicals which are found naturally
if the detected average concentrations exceeded twice the average background concentrations.
Chemical data were aggregated by operable unit, medium, and location of sample within each
medium before screening. The final list of COCs for the risk assessment is comprised of those
chemicals that remained after application of the screening criteria and for which appropriate toxicity
factors were available. The chemical COCs retained for evaluation in the quantitative risk
assessment included the following:

92-155ML032993 _ ES-3



Medium Contaminant

Metals YOCs* BNAEs** Pesticides
Soil 7 6 23 0
Groundwater 13 13 5 1
Surface water 2 3 0 0
Sediment 2 0 0 0

* YOC - volatile organic compounds
** BNAE - base/neutral and acid extractable

3. EXPOSURE ASSESSMENT

In the exposure assessment, a detailed evaluation of each of the property units was completed
in order to identify and characterize contaminant sources and release mechanisms, transport media,
exposure points, exposure routes, and human receptors. Human receptors include residents,
transients, and employees. Two categories of exposure scenarios were considered: current land
use and hypothetical future use. In the future use scenario, land use could remain as it is now or
could change, such as a light commercial area converting to residential use in the future, with a
resident who is assumed to grow a portion of his own food onsite.

Conceptual site models were developed for these exposure scenarios. Exposure pathways and
receptors were identified for use in the risk assessment. Exposure point concentrations were
determined based on measured contaminant concentrations in environmental media of concern
(particularly surface and subsurface soils) and modeling procedures.

Radiological exposure rates and doses were calculated using the RESidual RADioactivity
(RESRAD) computer code. Where measured radon data were not available, inhalation of radon
progeny was estimated using United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR) methodology. Annual dose estimates are presented in tabular format and
also in maps prepared to correspond to DOE guidelines. The annual dose ranges shown in these
maps are <10 mrem/yr, 10-25 mrem/yr, 25-100 mrem/yr, 100-500 mrem/yr, and >500 mrem/yr.
The rationale for selection of these ranges is given in Section 3.

Chemical intake estimates are based on EPA methodology presented in RAGS (EPA 1989b)

and related guidance (EPA 1991b). All estimated intakes are summarized in Appendix E. For the
MISS and Stepan property units, estimated intakes for incidental soil ingestion were calculated for
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the current and future employee and transients. Inhalation exposure estimates included inhalation
of airborne contaminated particulates and radon, where appropriate. Surface soil statistical data
were utilized to calculate exposure point concentrations for all scenarios.

Average and RME groundwater intakes were estimated for the resident and the future employee
utilizing the combined alluvial groundwater data from MISS, Stepan, and Ballod. It was
conservatively assumed that 100 percent of the total water intake is derived from the contaminated

source.

Average and RME surface water intakes and sediment ingestion were estimated for the future
child resident wading and playing in Westerly Brook and Lodi Brook. A 50 mL/event contact rate
was conservatively assumed based on EPA's recommended contact rate for surface water ingestion
while swimming.

For residential properties, exposure to contaminated soils, sediments, and structures may occur
via complete pathways for inhalation, direct radiation, and incidental soil ingestion for all scenarios
and receptors.

There are no current residents at municipal parks, but transients, particularly children, may
spend extended periods in contact with soil. The present and future use exposure pathways for
municipal parks include inhalation, direct radiation, and incidental soil ingestion. No complete
pathways exist for surface water or groundwater at the municipal park property units under current
use conditions. Complete pathways may exist in the future if these properties are converted to
residential use,

4. TOXICITY ASSESSMENT

Cancer and chemical toxicity are the two general endpoints for health effects from exposure 1o
site contaminants. Cancer induction is the primary health effect associated with radionuclides at the
site, and 21 of the chemical contaminants at the Maywood site are classified by EPA as potential
carcinogens. Four of the 21 are classified as Group A carcinogens, for which strong evidence
exists for human carcinogenicity. A number of toxic effects are linked with exposure to
carcinogenic and noncarcinogenic contaminants.

Potential carcinogenic risks from exposure to radiation were estimated by using scientifically
accepted values to convert estimated doses (in mrem) to the likelihood of cancer induction. The

92-155MLA32993 ES-5



potential for carcinogenic and noncarcinogenic effects of human exposure to chemicals was
quantified using standard EPA slope factors and reference doses.

5. RISK CHARACTERIZATION

Risk estimates were developed for reasonable current use and hypothetical future use scenarios
for human receptors at the Maywood site. Human receptors include residents, employees, and
transients (visitors, customers, trespassers, commuters). Radiological risks and chemical risks are
estimated separately. |

For the radiological assessment, risk is defined as the lifetime probability of cancer morbidity
and does not include genetic or noncarcinogenic effects. For the chemical COCs, cancer risk
estimates and hazard index (HI) estimates are presented, as appropriate, where toxicity values are
available,

Cancer risks are estimated as the incremental probability of an individual developing cancer
over a lifetime as a result of pathway-specific exposure to carcinogenic contaminants. EPA has
identified a target range of acceptability of 10-4 to 106 for the incremental cancer risk to an
individual from exposures at NPL sites. The potential for noncarcinogenic effects from chemicals
is evaluated by summing the ratios of intake to chronic reference dose values. This ratio of
exposure is called a hazard quotient (HQ). HQs for each COC are then summed to obtain an HI
for the specific pathway. When the HI exceeds unity, there may be concern for adverse
noncarcinogenic health effects from exposures.

5.1 Radiological Risk

The radiological health risks are limited to induction of cancer. Risk from exposure to
radioactive contaminants was estimated following EPA (EPA 1989d), BEIR IV (NRC 1988), and
BEIR V (NRC 1990) recommendations. A population-weighted average excess cancer risk of 6 x
10-7 per mrem was assumed.

For the current use scenario, reasonable maximum risk estimates exceed the target range for
residents at the I-80 South right-of-way and Long Valley Road (Residential, Property Unit 1); for
transients at the field on MISS property, in front of Building 76 (MISS, Property Unit 6H); and
current employees at Stepan (Stepan, Property Units 3 and 3H), MISS (MISS, Property Unit 6),
and Sears/DeSaussure (Commercial/Government, Property Unit 7H).
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For the hypothetical future use scenario, estimated radiological risks for RME receptors at all
property units, except for future residents on Branca Court and Redstone Lane (Property Unit 2),
exceed the EPA target risk range. Dominant exposure pathway risks in the future use scenarios are
similar to those in the current use scenario with direct gamma irradiation and radon contributing
most of the radiological risk to the resident and employee receptors and direct gamma irradiation
contributing most of the radiological risk to transients.

The projected excess cancer rate for the total population within 80 km (50 mi) around the
Maywood site is approximately 600 cancers per 10 million people. This constitutes less than 1
percent of the total local cancer incidence rate attributable to background radiation (100,000 cancers
per 10 million people).

5.2 Chemical Risk

Chemical cancer risk and health hazard were estimated for chemicals of concern based on EPA
risk assessment guidance (EPA 1989b, 1992d). The cancer risk from exposure to contaminants is
expressed as the increased probability of developing cancer over a 70-year lifetime. The potential
for adverse noncarcinogenic health effects is expressed as an HI, the sum of chemical-specific
HQs.

Under the current use scenario, none of the estimated cancer risks exceeded the EPA target risk
range for employees or transients at MISS or Stepan. The principal contributors to risk from soil
ingestion were arsenic and polyaromatic hydrocarbons (PAHs) at both properties. For airborne
pérticulate inhalation, chromium was the sole contributor to risk at MISS as was arsenic at Stepan;
however, risks could not be calculated for PAHs because no inhalation slope factors were available

_ for PAHs.

The HIs for current employees and transients at MISS and Stepan were less than one,
indicating no concern for potential adverse noncancer health effects, Chromium, lithium, and
uranium were the principal contributors to the health hazard at MISS with arsenic and uranium the
principal contributors at Stepan.

For the hypothetical future use scenario, none of the estimated cancer risk exceeded the EPA

target range, except for groundwater ingestion. Groundwater contamination was considered as a
continuum; therefore, separate risks were not calculated for individual properties. The risk
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attributable to ingestion of bedrock groundwater was less than that projected for the shallow
(alluvium) groundwater.

The cancer risk from soil ingestion and particulate inhalation for future employees and
transients at MISS and Stepan are the same as the current use scenario and did not exceed the EPA
target risk range. The estimated cancer risk for a future resident child ingesting surface water while
playing in Westerly Brook was 2 x 10-7. There are no slope factors for estimating exposure
through sediment ingestion from Lodi Brook.

The principal noncancer health hazard under the hypothetical future scenario is groundwater
ingestion. No other complete pathways for which HIs could be calculated exceeded the concern
threshold of one. In shallow (alluvium) groundwater, arsenic, chromium, lithium, and manganese
contributed principally to the HI.

5.3 Overall Health Risk

To lend perspective for overall site risk, radiological and chemical carcinogenic risks for
current and hypothetical future receptor scenarios were summed. Since insufficient data are
available to calculate chemical risks for all property units, the summation encompasses only the
MISS and Stepan properties. Aggregate cancer risk is 6x10-3 for employee RME exposure at
MISS. The aggregate exposure is less for Stepan employees. For current and future scenarios,
potential radiological risks are generally higher than chemical risks except for groundwater
ingestion.

5.4 Uncertainties Related to Risk Estimates

Uncertainties attributable to the numerous assumptions incorporated in the risk estimations are
inherent in each step of the risk assessment process. These uncertainties are discussed in detail in
Section 5. A key factor affecting the exact identification of COCs for the Maywood site is
associated with the limitations imposed by the available database, especially the limited data
available for chemical contaminants. In addition, the COCs identified for the BRA might include
chemicals that contribute to overall site risk but are not necessarily attributable to past thorium
processing activities at the site.

Uncertainty is associated with each step of the risk assessment process. For example,
sampling locations are preferentially selected where higher contamination is expected, not all
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analytes are sampled for all locations and media, a wide variation in future exposure pathways
could be considered, and some toxicity data are not available. Although several procedures used
and the limitations in available information will, in some cases, result in under estimates, the
conservative assumptions used in this BRA tend to over estimate potential risks. Therefore, actual
risks may be lower than those presented in this assessment.

Because of the inherent uncertainties in the risk assessment process, the results of the human
health assessment presented in this BRA do not represent absolute risk. Rather, estimated risks
should be considered to represent the most important sources of potential risk at the site, which,
once identified, might be evaluated in more detail and remedied, as appropriate, during the remedial
action process.

6. ECOLOGICAL ASSESSMENT

The Maywood site, located in an urban and industrialized area, nonetheless contains ecological
resources including aquatic, terrestrial, and wetland ecosystems. No threatened or endangered
spectes identified by the U.S. Fish and Wildlife Service (FWS) are known to inhabit the site.
Habitats and biota occurring at the Maywood site are not viewed as unique or unusual, or
necessary for continued propagation of key species. The significance of the Maywood site with
regard to local ecological resources may be minimal, and intensive field studies for possible
impacts to biota from site contaminants may not be warranted when literature findings could be
sufficient.

Sixty-two chemicals were recognized as potential ecological COCs. Most of these chemicals
were found above background levels in the surface soils at MISS, Stepan, commercial/ govemment
and residential vicinity properties, alluvial groundwater at the MISS/Stepan/Ballod property, and
surface water and sediments in Westerly and Lodi Brooks. Calcium, potassium, and sodium were
eliminated from the risk characterization because they are essential biological minerals. There are
no readily available terrestrial wildlife toxicity data for radium, thorium, and uranium (or their
isotopes) at the Maywood site. The risk assessment for metals and other elements and volatile and
semivolatile organic chemicals relies on aquatic and oral toxicity data for laboratory animals that
were gathered from compendia of published studies, e.g., Long and Morgan (1990), AQUIRE
(1992). When the observed environmental concentrations and physical-chemical parameters of
COCs were compared to toxicity, mobility and persistence thresholds, 40 of these emerged as the
contaminants of ecological concern. The ecological quotients (EQs) for those contaminants
exceeding their toxicity thresholds ranged from 2.1 to 98 (mean) and 2.1 to 15,053 (RME). Ratios
which exceed 1 by a significant margin are of concern. The ecological COCs consist of radium,
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thorium, and uranium (and their isotopes), 14 elements (metals and rare earths), 22 volatile and
BNAE organic chemicals, and one organic pesticide.

Chromium, barium, lead, and copper had the highest EQs at Maywood operable units. Barium
and lead exceeded 1,000 in soils at commercial/government properties as did hexavalent chromium
in MISS soil, and lead in residential vicinity property soils. The EQs of copper and hexavalent
chrome exceeded 100 in commercial/government property soils, as did copper and lead in MISS
soils. Lead's EQ exceeded 100 in Stepan soils. Arsenic, chromium, copper, and lead in
groundwater at the MISS/Stepan/Ballod property had EQs between 10 and 100. Zinc and
phenanthrene had EQs between one and 10 in MISS/Stepan/Ballod groundwater and Stepan soils,
respectively. EQs for the other organic COCs and lithium in MISS, Stepan,
commercial/government vicinity property soils, MISS/Stepan/Ballod groundwater, and Westerly
Brook surface water were not calculated.

The relative risks of Maywood COCs to ecological receptors exposed via different modes and
pathways are assessed using exposure quotients (XQs) which are the ratio of exposure
concentrations (i.e., the environmental concentration corrected for exposure) to the toxicity
threshold concentration. When hypothetical exposure is considered, the heavy metals with many
XQs > 104 present the greatest ecological risk to both onsite and offsite terrestrial receptors.
Terrestrial organisms exposed onsite via direct contact with contaminated media or trophic
pathways are subject to the greatest risk from arsenic and chromium in MISS/Stepan/Ballod
groundwater, lead in soils at all sites, and chromium in MISS soil (all XQs > 102 except that for
arsenic). Terrestrial organisms are exposed to an unknown degree of risk from the organics. All
COCs pose a lower relative risk to offsite terrestrial predators because offsite receplors are
hypothesized to experience no less than a tenth of this exposure.

The numerous COCs with large EQs and XQs strongly indicate that, in the absence of

remediation, both onsite and offsite terrestrial organisms and populations at Maywood properties
will continue to be at risk of adverse ecological effects.
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1. INTRODUCTION

The U.S. Department of Energy (DOE) is preparing a remedial investigation/feasibility study-
environmental impact statement (RI/FS-EIS) for a group of properties in and near Maywood, New
Jersey, collectively referred to as the Maywood site. These properties were contaminated
beginning in 1916, primarily as a result of thorium processing. DOE is responsible for cleanup
activities at this site under its Formerly Utilized Site Remedial Action Program (FUSRAP).

The U.S. Atomic Energy Commission (AEC), a predecessor agency of DOE, established
FUSRAP in 1974 to identify and decontaminate sites where radioactive contamination remained
from activities carried out under contract to the Manhattan Engineer District (MED) and AEC.
Responsibility for the Maywood site was assigned to DOE as a decontamination research and
development project under FUSRAP by the U.S. Congress through the Energy and Water
Development Appropriations Act of 1984.

As part of the ongoing analysis at the Maywood site, this baseline risk assessment (BRA) has
been prepared to evaluate risk to human health and the environment from the radioactive and
chemical contaminants at the site. This BRA will be used to support future decisions on remedial
activities to be implemented at the site.

This section presents a brief description of the overall site and its background. Section 1 also
advances the objectives and scope of this study, followed by an overview of report organization.

1.1 RESPONSIBILITIES AND OBJECTIVES

DOE is a responsible party for cleanup activities at the site under FUSRAP. The primary goal
of FUSRAP is to mitigate potential hazards to human health and the environment. To determine
and establish cleanup goals for the Maywood site, DOE is preparing an RI/FS-EIS, as required by
the Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(CERCLA), as amended, and the National Environmental Policy Act of 1969 (NEPA). Details of
the RI/FS-EIS process are described in the project work plan (ANL and BNI 1992). The
Maywood BRA is a component of the process. It addresses potential risks to human health and the
environment associated with contamination present at the various properties comprising the
Maywood site in the absence of remedial action.
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1.1.1 Environmental Compliance Process

The assessment of potential baseline health risks and environmental impacts associated with a
contaminated site is an important component of the RI/FS process, which is the framework the
U.S. Environmental Protection Agency (EPA) developed to evaluate remedial alternatives for
hazardous waste sites under CERCLA. DOE is incorporating NEPA values into its CERCLA
process, so that all the environmental consequences of a proposed action will be considered as part
of the decision-making process for that action. Hence, the primary evaluation documents of an
RI/FS under CERCLA have been supplemented to incorporate elements of an EIS under NEPA.
The resultant document is, therefore, referred to as the RUFS-EIS. In integrating NEPA values
into CERCLA documentation, the RI generally incorporates the affected environment portion of an

EIS; the BRA provides information for evaluation of the no-action alternative, and the FS provides

the detailed evaluation of the alternatives. The environmental compliance documents for the
Maywood site are being developed in coordination with EPA Region II and the state of New
Jersey.

The results of the RI/FS-EIS documents will be summarized in a proposed plan, which
identifies the preferred alternative for site remediation. The documents will be issued for public
comment. Public involvement is considered an important component of the decision-making
process for site remediation. Responses to public comments on the RI/FS-EIS and proposed plan
will be incorporated into a responsiveness summary and a record of decision (ROD). Following
this decision, remedial design and remedial action activities will be planned and implemented at the
site.

1.1.2 Objectives of the BRA

There is the potential for uncontrolled releases of contaminants to the environment from
exposed surface and subsurface disposal areas and contaminated soils at the Maywood site.
Contaminants could be released from these sources via infiltration and percolation, surface runoff,
and particulate or gaseous emissions. Direct external radiation exposure or dermal exposure at the
site is also a possibility. If not properly controlled, exposures to the contaminants could be
increased by natural or anthropogenic disturbances.

The goal of the risk assessment process is to focus on providing the information necessary to