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FPRQ Subtask 7.2 - RISK ASSESSMENT Revision O
Westinghouse Froject No. 4112-88-907B ' 9 March 1990

EXECUTIVE SUMMARY

This technical memorandum presents the results of Subtask 7.2: Public Health
and Environmental Effects Assessment, for the Remedial Investigation/Feasibility
Study (RI/FS) of the First Pledmont Rock Quarry/Route 719 (FPRQ) site. It is
provided to the U.S. Envirommental Protection Agency as a project deliverable
in accordance with a Consent Order between Goodyear Tire and Rubber Company,
Corning Glass Works, First Piledmont Corporation, the U.S5. Environmental

Protection Agency, and the Commonwealth of Virginia.

BAGKGROUND

The risk assessment provides an analysis of the potential risk to human
health and the environment posed by the site in the absence of remediazl action.
In addition, the risk assessment provides an analysis of the chemicals and
exposure pathways of concern to focus the Feasibility Study.

Disposal activities occurred in approximately two acres of the site during
a period from April 1970 to July 1972. The U.S. Environmental Pfotection Apency
listed the site on the National Priorities. List on July 21, 1987. Under the
terms of a Consent Crder, the PRP's agreed to carry out a RI/FS at the site.
Westinghouse Environmental and Geotechnical Services, Inc. of Cary, ﬁorth
Carolina, was contracrted by the PRP’'s to perform the RI/FS at the site,

The majority of material disposed of at the site consisted of industrial
solid waste, Approximately £5,000 cubic yards of solid waste,l630,000 gallons
of diatomaceous earth slurry, and 15,000 gallons of a waste water and residual
degreaser mixture were disposed of at the site.

SITE ENVIROMMENT

The FFRQ site is located within the Piedmont Physiographic Province of
southern Virginia. This area consists of rounded uplands dissected by numerous
streams. Land surfaces in the vicinity of the site slope gently eastward with
local relief between the uplands and valleys on the order of approximately 100

feet. Surface drainage from the site is to Lawless Creek, about 1,400 feet to

[ ]
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FPRQ Subtask 7.2 - RISK ASSESSMENT .~ """ Revision 0
Westinghouse Project No. 4I12-88-907B o ‘ 9 March 1950
the northwest of the site. Lawless Creek is a tributary to Fall Creek, which
in turn 1s a tributary te the Dan River,

The regional geology in the vicinity of the FPRQ site consists of zero to

three feet of weatheéred residuum and saprolite overlying Precambrian metamorphic
rocks. Triassic-age dikes occur sporadically within the Precambrian rocks.
Recent unconsolidated sediments pcéuf-alongrméjbf étreamrvélleys. Bedrock in
this area consists of massive, lineated gneiss. No faults have been mapped in
the immediate vicinity of the site.. Geophysical survey data indicate that the

‘do not oceur at depths

shallow bedrock is fradtured, but that fractures probably
much greater than 50 to 100 feet. ) . 7.7 . L.

Most soils in the area are moderately to well drained sandy loams. The
soils range from well developed on flat slopes to thin and poorly developed on

steep slopes. . T T T T e

water basins. Little, if any, imterbasinal flow occurs. Ground water recharge
occurs throughout the area from_infiltration of precipitation. Ground water
than 150 feet. MoSt water occurs within 30 feet of the surface. Flow is
primarily horizontal. Ground water. at the FPRQ site occurs at depths ranging
from the land surface to about 30 feet below land surface. | The private wells
in the Beaver Park community are,hydraulically'upgradientifrom the landfill.
Surface. Watgrfoﬁ-off”ffaﬁHtﬁéf%ité:Eﬁpéig;iﬁgmﬁ&ﬁgherﬁ and southern
drainages. Run-off from the site is Eenefatéd'iﬁ;respoﬁée to precipitation
falling within the landfill avea and as a resuit of ground water discharge.
The FPRQ site is™ ini the mixed deciduous forest biome of North America,
characterized by a species-rich mixed mezophytic forest. The quarry proper has
undergone recent disturbance and _the vegefation reflects early stages of

secondary succession. Streams in the vicinity of the site are classified as

upper perennial, first or second order streams. None of the streams are trout
waters. T T L e i Sl lhino i R

A preliminary wetland delineation was performed at the FPRQ site to
determine if any aréas in the vicinity of the-site would be classified as

wetlands. . Only a cat-tailﬂmarsh'locéfed aﬁ“thé éoﬁfiﬁenée of the northern

ii
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FPRQ Subtask 7.2 - RISK ASSESSMENT - ' Revision 1
Westinghouse Project No. 4112-88-907B " 2 August 1990
drainage and the Lawless Creek flood plain is considered to be a wetland. This
area and the other areas of hydrophytic vegetation that were identified are
probably due to changes in the hydrolegy of the area caused by man's activities.

There are no threatened or endangered species known to occur in the
immediate area of the FPRQ site.

Crop production and pasture land account for approximately 20 percent of the
land use in the vicinity of the sire. There are several clusters of
unincorporated residential areas within one mile of the site, which account for
approximately 10 percent of the land wuse. Beaver Park, a community of
approximately 260 persons, is the largest of these residential areas and is
located immediately southeast of the site. No historical or archaeological
resources have been identified in the vicinity of the FPRQ site.

SITE CONTAMINANTS

Sampling activities conducted during the FPRQ RI consisted of multimedia
sampling for chemical analysis of seoils in and near the Quarry, surface water and
sediments, and ground water. In addition, surface water and sediment samples
were obtained for biological toxieity testing of both water and sediment
elutriate. Fourteen compounds of particular concern were identified as indicator
chenicals representing constituents of "highest risk", thus permitting a publiec
health evaluation that focuses on the chemicals of greatest potential concern at

the site.

TOXICOLOGICAL CHARACTERISTICS
A brief review of the toxicological characteristics was prepared for each

of the fourteen Indicator chemicals. Toxicological profiles of each of the

fourteen indicator chemicals are presented in Appendix B.

TRANSPORT PATHWAYS AND POTENTIAL EXPOSURE POINTS

Simple exposure pathways are of primary significance at the FPRQ site. Of
these, the ingestion pathways are the most important, based on site constituents
and contaminant distribution.

The potential extent of ground water exposure is limited. Private wells in
the vicinity of the FPRQ site are upgradient of the quarry. In general,

o
[ pat)
e
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FFRQ Subtask 7.2 - RISK ASSESSMENT . Revision 1
Westinghouse Project No. 4112-88-%07B o e 2 August 1890
contaminants found in the quarry and source areas are primarily metals, which
have a very low solubility and are readily adsorbed onto the soil matrix.

Surface water migration pathways include the northerm and southern
drainages. Discharge from the North Pond and from leachate seeps enters the
northern drainage. Most of the landfill is internally drained and therefore does
not contribute to runoff from the site. ‘The concentration of soluble
contaminants that may leave the site diminish as they become diluted by surface
water run-off from the remaining portions of the drainage basin. The potential
for surface water dilution, particularly as the northerm and southern drainages
flow into Lawless Creek, Is significant.

The potential for soll being carried from the site is minimal. Soil could
migrate from the site if carried off by individuals or on the tires of vehicles
entering and leaving the site. However, access to the site is limited by a chain
1ink fence and no trespassing signs. _

Potential exposure Vvia the air transport pathway is negligible. The
prevailing wind direction in the vicinity of the site is from the southwest.
Negligible amounts of contaminants carried by a scuthwest wind would move away
from the community of Beaver Park to forested and agricultural land northeast of
the site, where particulates would be deposited or otherwise filtered out by
vegetation, - S [P L

Potential human exposure to contaminants could be by five exposure routes:
source area contact, ground water, surface water, soil, and air. Presently,
there is minimal exposure to source contamination. There are ne ground water
wells within the confines of the site., Much of the landfill material is covered
with a cap. No activities -occur at the site that x;rould res_uit in direct contact,
with the exception of the ongoing RI/FS. There is mo exposure te contamlnants
in ground water from the FPRQ site at present, nor Is such exposure likely to
occur in the future since the most likely areas for future development in the
vicinity of the site are not located in areas hydraulically downgradient from the
quarry. Potential exposure via the surface water pathway Is limited. Migration
of contaminants from the quarry via the surface water pathway extends primarily
to the northern and southern drainage with negligible, if any, contamination of
the wetland or of Lawless Creek. Surface water déwn gradient of the site is not

used for potable water. Fish species observed in Lawless and Fall Creeks are not
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FPRQ Subtask 7.2 - RISK ASSESSMENT Revision 1
Westinghouse Project No. 4112-88-507B : 2 August 1990
likely to be used as a food source by the local human population. Inhalation of
volatilized compounds is unlikely since concentrations of volatiles in samples
obtained from the site are very low to below detectahle levels and volatiles were
not found in near-surface samples.

A total of seventeen scenarios were @eveloped for the FPEQ site for the no-
action remedial alternative. The secenariocs considered include potential exposure
to gource material and leachate in the quarry, ground water, surface water and

gediments, soils in and near the quarry, and particulate air emissions.

EXPOSTRE ASSESSMENT

Development of eXposure scenarios was based on a series of general
assumptions, as well as on specific assumptions for the different scenarios.
These assumptions lend a degree of conservatism to the exposure estimates., It
is unlikely that the FPRQ site would be developéd for residential use, unlikely
that individuals would live there for 70 fears,'and unlikely that individuals
would be exposed to the maximum concentrations of contaminants in any particular
environmental media.

Actual exposure estimates for each of the exposure scenarios are detailed
in Tables 6.1 through 6.17. Specific assumptions and calculation methéds for

each of these exposure scenarios are provided with the appropriate table.

HUMAN HEALTH BASED STANDARDS AND CRITERTA 7

Human health based standards and criteria as established by the U.S.
Environmental Protection Agency are presented for the Zfourteen indicator
chemicals, including such standards as réference doses, health advisories, and

cancer potencies where relevant.

RISK SUMMARY

Risk requires that there is exposure to toxic or otherwise harmful
conditions. Without such exposure, there is mo risk. Currently, there is no
exposure to the FPRQ sice, thérefbre, thé risks estimated are potential risks,
based on the assumption that the site is developed or otherwise used in the

future such that there will be some degree of exposure. The risk assessment is
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based on a chain of conservative assumptions that,'taken together, provide a
significant margin of safety in estimating potential risk from the site.

Under the assumptions inherent in the "average case” calculations for the
various scenarios, the following areas of potential cbmcgrn are identified,

¢ = Quarry Leachate — exposure to antimony, barium, lead, arsenic, and
benzene as a consequence of future use of the quarry leachate as a
source of potable water.

o - Source Material - exposure to lead as a consequence of soil ingestion
by children piaying in source material.

- Northern Drainage Sediments  exposure to arsenic as a consequence of
incidental ingestion of soil by children playing in sediments.

o
1

o — Quarry Soil - exposure to lead and arsenic as a consequence of soil
ingestion by children playing in quarry soil.

-Northern Drainage Soil - exposure to arsenic as a result of ingestion
of soil by children playing and adults gardening in Northern Drainage
soil.

[o]
|

Given the extremely conservative assumptions inherent in the "reasonable
worst case’ calculations for the various scenarios, the following additional
areas of ctoncern were identified.. R -

o =~ Source Material - exposure ta arsenic as a result of ingestion by

children playing and adults gardening in source material and exposure
to lead as a consequence of adults 1ngest1ng 5011 while gardening in

source material. o W

o - North and South Ponds — exposure to arsenic as a consequence of
incidental ingestion of water by children during play.

o - Northern Drainage Sediments - exposure to barium and lead as a
consequence of incidental ingestion of soil by children playing in

sediments.

o — Quarry Soils — exposure to lead and arsenic by adults as a consequence
of ingestion of soil while gardening in quarry soils and exposure to
arsenic by children during play.

o = Northern Drainage Scils - exposure tc lead by children as a
consequence of incidental ingestion of soil while playing in Northern
Drainage soils.

v
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PPR(Q Subtask 7.2 — RISK ASSESSMENT - - Revision 2
Westinghouse Project No. 4112-88-%07B 9 January 1991
o - Southern Draipage Soils (Disturbed Area) - exposure to arsenic as a

result of ingestion by children playing and adults gardening in
Southern Drainage soils.

The following are summaries of the risks associated with each suite of

exposiure scenarios, given the congervatism inherent in the analyses.

ENVIRONMENTAL EFFECTS ASSESSMENT

Potential effects are gualitatrively discussed for physical, biological, and
human environments. However, few ;uch effects, if any, are an-ticipated.

The FPRQ site, given the no—action alternative, would result in little to
no adverse environmental effeets on the physical environment. The ground and
surface water components have the highest potential for adverse effects. Given
the no~action alternative, few adverse environmental effects on the biclogical
environment are expected. Habitat areas influenced by surface or ground water
or animals thact might come into contact with contaminated surface water or soils
within the site itself would have the highgst potential to be adversely affected.
The potential affects on the human environment were discussed in the risk

assessment.

Samples of surface water and sediments were collected for agquatic toxieity
testing. Surface water in the northerm d;ainage and in Lawless Creek were not
acutely or subchronically toxic to the test organisms. However, surface water
from the upper reaches of the northern drainage did result in statistically
significant decreases in growth among fathead minnows and reproduction among
Ceriodaphnia at concentrations above 30 percent dilution. Undiluted water from
the lower northern drainage resulted in decreased reproduction of Ceriodaphnia.
It is likely that effluent from the upper northern drainage would always be

diluted to concentrations significantly less than 30 percent and thus there would

v AR3019]8
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be no éxpected adverse effacts on reproduction or growth of biota as a result of
drainage water from the PPRQ site. In addition, some surface water samples from
the Southern drainage exceeded Clean Water Act criteria for protection of aquatic

life for cadmium and zinc.

viii
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FPRGQ Subtask 7.2 - RISK ASSESSMENT ) _ Revision 0

Westinghouse Project No. 4112-88-907B 9 March 1990
SECTION 1

INTRODUGCTION

This technical memorandum presents the results af Subtask 7.2! Public Health
and Environmental Effects Assessment, for the Remedial Investigation/Feasibility
Study (RI/FS) of the First Piedmont Rock Quarry/Route 719 (FPRQ) site. Selection
of a cost effective remedy for remedial action at Superfund sites requires
comparison of altermatives based on an e&valuation of public health and
environmental Iimpacts, as well as other factors such as technological and
engineering feasibility, cost, and institutional constraints (U.S. Environmental

Protection Agency, 1986). Evaluation of public health and environmental impacts

is accomplished by a risk assessment, which sexrves both to evaluate potential

adverse effects assocliated with the site and to determine the likelihood that
these potential adverse effects could actually pose a significant risk to human

health or the environment.

This technical memorandum is provided to the U.S. Environmental Protection

Agency (EPA) Region II1 as a project deliverable in accordance with the Consent
Order (Docket No. ITI-88-13-DC) between Goodyear Tire and Rﬁbber Coﬁpan&, Corning
GClass Works, First Pledmont Corporation, the U.S. Eunvironmental Protection
Agency, and the Commonwealth of Virgimia, dated December 31, 1988.

The risk assessment process fer the FPRQ site, as described in the RI/FS

Work Plan (BCH Converse, 1987), is divided into four subtasks.

1. Preliminary Health and Envivonmental Effetts Assessment

2. Public Health Assessment of No-Action Alternative
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3. Public Health and Environmental Initial Screening of Alternatives

(Subtask 2.1 of Phase II Feasibility Study)

4. Detailed Analysis of Alternatives (Phase Ili-Feésihility Study)

This technical memorandum covers item number 2 above, Public Health
Assessment of No-Action Alternative. Item number 1, the Preliminary Health and
Environmental Health Effects Assessment, was presented in a prior memorandum as
a deliverable for Subtask 7.1 (Weséinghouse, 19894). Additional materisal has
been presented in the technical memorandum for the Phase II FS regarding health
based criteria and levels of environmental contamination that are protective of
the envirorment. Subsequent analyses will be provided at the completion of the

Phase.III Feasibility Study (Detailed Analysis).

1.1 OBJECTIVES T T e e

According to the RI/FS Work Plan, the objectives of Subtask 7.2 are two-
fold. The risk assessment serves to ptovide an analysis 6f’the potential risk
to human health and the environment posed by the site absent remedial action.
In addition, the risk assessment also serves to provide an analysis of the

chemicals and exposure pathways of concern to focus the Feésibility Study.

1.2 CRGANIZATION OF TECHNICAL MEMORANDUM

| This risk assessment is prepared as a separate Technical Memorandum in
addition to material provided in the FPRQ Remedial Investigation Report. HMuch
of the material herein is répeated from other memofénda, ihciuding the Subtask
7.1 Technical Memorandum: Preliminary Health and Environmental Effects Assessment
(Westinghouse, 1989d). The results of the risk aséeésﬁgng_will be summarized

.,2
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in the FPRQ Remedial Investigation Report, which is being submi;ted to the U.S.
Environmental Protection Agency as a deliverable under Task 8.

Section 1 provides information on the risk assessment process and the
specific scope of the Public Health and Environmental Effects Assessment. Also
presanted in this section is a specific discussion of the organization of this
risk assessment and a summary of background informetion on the FPRQ site.

Section 2 provides a description of the enviromnment of tﬁe FPRG site and
its environs in terms of physical, biological, and human elements of the
environment.

Saction 3 discusses site contaminants in terms of both studies prior to the
RI/FS and results of sampling during the RI/FS. This section also discusses
the selection of a sulte of indicator chemicals for risk assessment at the FPRQ
site, - _

Section 4 provides information on the toxicelogy and envirommental fate and
behavior of these selected indicator chemicals. Section 4 also provides summary
information on dose-response relationships for the selected indicator chemicals.

Section 5 provides a discussion of contaminant transport routes from the
FPRQ site, & brief description of potential éxposure routes, and identification
of exposure scenarlos.

Section 6 provides estimates of potential human exposures to site
contaminants for selected exposure routes and scenarios.

Section 7 discusses the human health related standards and criteria and
regulations.

Section 8 provides a summary of risks associated with the mno-action

alrernative at the FPRQ site.
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Section 9 summarizes the potential environmental effects associated with

the FPRQ site. ~ .~ . oo

Section 10 lists the references used in preparing this risk assessment,

1.3 FIRST PIEDMONT ROCK QUARRY/ROUTE 719 SITE

The FPRQ site igrlocatéd at 3663§;28" horﬁh iééitﬁ&; gnd 70°919122* west
longitude, in Pittsylvania County, Virginia.  The site, located along Route 719
approximately six miles north of Danville, Virgiﬁia, is bordefed.by wooded areas
toe the north and east, by Lawless Creek to the west, and by Route 719 and the
community of Beaver Park to the south. Figure 1 is a regional site location

map. Figure 2 .is a map of the immediate environs of the site showing the Phase

1T monitoring locations.

The four-acre FPRQ site is part of a 182-acre péf&éi.bfjland owned by Mr.
and Mrs. Richard Lacey Compton of Blairs, Virginia. The site was leased from
located ip Chatham, Virginia. FPC leased the four-acre site as First Piedmont
ﬁock Quarry from April 1, 1970 unfil April 1, 1975. Disposal activities occurred
on approximately two acres ofiﬁﬁé_S{Eéiéﬁiiﬂéxz;;éfiaaﬁiféﬁ;hﬁril 1970 to July
1972 under the supervision of the Pittsylvania County Health Department.

In a letter dated Jume 1, 1981, Mr. Davenport of FPC was mnotified by

Goodyear Tire and Rubber Company that some of the wastes generated at Goodyear's

Danville plant and deposited at the. FPRQ site were hazardous. Mr. Davenport

filed a "Notification 6f Hazardous Waste Site" form with the U.S. Environmental

Protection Agency on June 5, 1981, listing solvents as one of the wastes disposed

of at the site. T LTI UL le T e
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Subsequently, the U.S. Envirommental Protection Agency investigated the
site pursuant to the National Contingency Plan (NCP). The site was scored in
accord with the Hazard Ranking System (HRS) and received an initial hazardous
ranking score of 37.51 in 1985. Goodyear Tire and Rubber Company, FEC, and
Corning Glass Works were identified as the Pripqipal Responsible Parties (PRP's).
The site was subsequently rescored to 30.16, just gb;;e the minimum score of 28.5
required for listing on the National Priorities List (NPL), on the basis of
comments received by the U.S. Environmental Protectién Agency. The site was
subsequently listed on the NPL on July 21, 1987 pursuant to Section 103 of the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)

of 1980 as amended by the Superfund Amendments and Reauthorization Act (SARA)

of 1986.

A consent order (Docket No. II1-88-13-DC) was signed in December -1987,
Under the terms of this order, the PRP"s agreed to carry out a RI/FS at the site
in accord with U.S. Environmental Protection Agency guidelines and a workplan
prepared by a U.S. Environmental Protection Agency contractor @BCM Converse,
1987). 1In February 1988, Westinghouse Environmental and Geotechnical Services,
Inc., of Cary, North Carolina, was contracted by the PRP's to perform the RI/FS

at the site.

1.4 SITE HISTORY
This section presents a summary of the site history, which was described
in greater detail in the Task 3 Technical Memorandum: Evaluation of Existing

Data (Westinghouse 1988h).

AR3013924




FPRQ Sibtask 7.2 - RISK AS§EssMENT = =~ - R Revision 0

Westinghouse Project No. 4112-88-907B : 9 March 1990

1.4.1 Ownership History

R .- - e s

The property on which the FPRQ site is located was owned by Mr. J.F.

Strictland until his death in 1962 (Richard Compton, personal communication,
1988). Mr. Richard Lacey Compton and his wife, Mae Milan Compton of Blairs,

Virginia purchased the 182-acre farm, which included the quarry, from a bank in

. 1963,fﬁllowing:Mr.VStriéti;ﬁdfé_death.w_Mae Milan Compton’s interest in the

property passed to her husband, Richard, upon her death in 1965. Mr. Compton

is the current owner of the property and was the sole owner at the time disposal

operations were taking place.

Quarrying operations took place at the site when it was owned by Mr.

Strictland (Richard Comptén, personal communication, 1988). Although detailed

information on the operation of the quarry is mot available, it is known that

the site was a source of crushed stone (Henika and Thayer, 1977).°

By lease dated March 13, 1970, Richard L:JCaﬁﬁtdh”aﬁa_ﬁois H. Compton, his

wife (re-marfiéd);“TgégganéﬁiroxihateiyWfﬁﬁf"écrés;iEﬁgiﬁdiﬁg the FPRQ site, to

Ben Davenport of the First Piedmont Corporation. The lease ran from April 1,

1970 to April 1,_1§75:mz£&‘Etipdléted'théthfhe sitgfﬁbuld be used as an

industrial waste landfill. Of the four acres of the quarrj site, about two
acres were landfilled frowm April 1970 to July 1972. During the lease period,
Goodyear Tire and Rubber Combéﬁy, Gofﬁingrclass WérksL £ﬁd-Southern Processor

contributed industrial wdste to the site.

1.4.2 Bisposal History . .. . . o eIl

At the time disposal operations began, the quarry contained approximately
six inches of standing water. The actual floor of the quéfﬁyhié relatively flat

6
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at an elevation of about 630 feet gbove mean sea level (ft. msl). The east edge
of the guarry floor is approximately 65 feet below current grade, whgreas the
western edge, which was the route of entry for trucis hauling industrial waste
to the site (Ben Davenport, perscnal communication, 1988), is asbout two feet
below grade.

The majoricty of material disposed of at the site consisted of industrial
solid waste. Approximately 65,000 cubic yards of solid.waste, 630,000 gallons
of distomaceous earth slurry, and 15,000 gallons of a waste watér and residual
degreasexr mixture were disposed of at the si;e.

The quarry was not filled In a2 systematic fashion, ;hat_is, there were no
cells or segregated disposal areas for specific wastes. Material brought to
the site was generally landfilled in the most accessible location, Drums were

repeatedly landfilled iIn random fashion with other solid waste. Slurried

diatomaceous earth was transported by fPC in tanker trucks and discharged onto
the solid waste. $olid waste, some which had been compactgd, was typlecally
hauled in 40 cuble yard containers. Since site security was minimal,
unauthorized disposal 1s likely to have occurred. Due to the scarcity of cover
material in the vicinity of the site, waste was not covered at the end of each
day. As a result, the quarry contains almost exclusively industrial waste.

Waste sent by Goodyear consisted mainl& of general plant refuse, such as
cardboard and wooden pallets, but also included rubber buildup and residual
MS-20 (a floor degreaser) that prior to use contained tetrachlororethylene.
Corning shipped mainly industrial waste, such as paper and cardboard, along with
off-specificacion glass to the FPRQ site. Southern Processors’ waste included
dirt removed from tobacco leaves, tobacco scrap, paper, and wood.

7
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A fire occurted at the site in 1972, The_Virginié"Stéte Health Department
inspected the site and issued an order FoT its closure. FPC covered the site
with a one- to two-foot thick cap. The cover material comsisted of overburden
taken from above the east edge of the quarry. No material tests were perfofmed
on the cover material. No drawings or documentation describing the cover or
capping procedures are available.

In the early 1980's, FPC and Goodyear repaired parts of the cover where it

had eroded. This was done with soil from the west side of the quarry using a

front-end loader.
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SECTIOR 2

DESCRIPTION OF SITE ENVIRONMENT

This section presents a description of the FPRQ site and its surrounding
enviromment as a background for evaluation of potential human health and

environmental effects associated with the site. The environment is described

in terms of physical, biological, and human components. Figure 2 illustrates.

the immedizate environs of the site, along with the Phase II monitoring locations.

2.1 ZPHYSICAL ENVIRONMENT

The following discussion of the physical environment summarizes information
important to an.ﬁnderstanding of the environmental dynamics of site contaminants,
This information has been submitted previocusly in various technical memoranda

and is discussed in more detail in the RI Report.

2.1.1 Phvysiographv/Topography

The FPRQ site iIs located within the FPiedmont Physiographic Province of
southern Viréinia. This area consists of réunded uplands dissected by numerous
streams. Land surfaces In the vicinity ofcfhe site slope gently eastward at a
grade of 0 to 8 percent (County of Pittsylvania, 1986). Locgllreli?f between
the uplands and valleys is on the order of approximately 100 feet.

The FPRQ site itself is located along the northwest slope of a
southwest-northeast trending ridge. Site topography varies from about 600 to

660 fr. msl. Local relief Is high due to prior quarrying operations.
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Surface drainage from the site is to.Lawless Creek, about 1,400 feet to the
northwest of the site. .Lawless Creek is a tributary to Fall Creek, which in

turn is a tributary teo the Dan River.

..2.1.2 Climate

Pittsylvania County has a temperate climate. The major f£factors which
influence the climate include the County’s mid-latitude location, prevailing
southwesterly winds, and warm air off the Atlantic Ocean. Detailed climate data
for Chatham, Virginia, located about 10 miles north of the site, as well as
summaries of .mean monthly climate information, were provided in the Task 3
Technical Memorandum: Evaluation of Existing Data (Westinghouse 1988b). Tables
1 and 2 provide summary information on climatological data for Chatham, Virginia.

. The mean daily temperature wvaries from ab?)ut 36°F in January to 76°F in July.
Annual precipitation averages 43.48 inches and is relatively evenly distributed
throughout the year. About 15 inches of snow falls per year. Wind direction
is primarily from the south west throughout the year, except for the autumn

. months (August through October) when it is from the north.

Potential evapotranspiration, as calculated by the Thornthwaite method, is
about 32 inches per . year. Pan evaporation totals about 52 inches per year.
Based on the precipitation and potential evapotranspiration data, there is a
potential moisture excess of about 11 inches per year. This excess constitutes
surface . water runcif, ‘changes in soil moisture storage, and ground water
recharge. The precipitation excess occurs primarily during the winter months,

when potential for evapotranspiration is low.
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2.1.3 Geology . . o o L

The regional geology in the vicinity of the FPRQ site consists of zerc to
three feet of weathered residuum and saprolite overlying Precambrian metamorphic
rocks. ‘Triassic-age dikes occur sporadically within the Precambrian rocks.
Recent Quaternary-age unconsolidated sediments occur along major stream valleys.
Bedrock in this area is the Precambrian Shelton Formation which consists of

massive, lineated gneiss ranging in composition from quartz monzonite to granite

{Henika and Thayer, 1977).
Two Triassic-age diabase dikes occur in the immediate vicinity of the site.
One, along the southern edge of the site, appears to trend northwest-southeast.
The other occurs downgradient of the site and trends more north-south,
Although major faults occur in the region, no faults have been mapped in
{ the fmmediate vicinity of the site (Henika and Thayer, 1977). Geophysical survey
data obtained during the Phase II RI indicate that the shallow bedrock is
fractured, but that fractures preobably do not occur at depths much greater than
50 te 100 feec.

Based on the response of the drilling rig during installation of site .
plezometers, the beérock encountered was moderately fractured. The frequency
of fractures éncounteféd during drilling varied from 1 to 12 per foot. The
water yield from the fractures was wvariable. No major fractures or fracture

groups have been identified imtersecting the landfill. ..

2.1.4 Soils

Host soils in the area are moderately to well drained sandy loams. The
soils range from well developed on flat slopes te thin and poorly developed on

{ o
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steep slopes. The U.S. Soil Conservation Service (1988) is currently completing
a soll survey for Pittsylvania County. Preliminary U.S$. Soil Conservation
Service (SCS) soil data for the wvicinity of the site has been provided in the
Task 3 Technical Memorandum: Evaluation of Existing Data (Westinghouse 1988b).

The soils in the vicinity of the FPRQ site have little sorptive capacity,
as indicated by the results of .the cation exchange capacity (CEC) and total
organic carbon (TOC) analyses presented in the RI Report. The CEC values, which
are a measure of inorganic sorptive capacity, Trange from 2.84 to 12.30
milliequivalents per 100 grams.  These CEC values are typical of low clay soils
and kaolinite clay minerals. The TOC-values;'which'are d measure of organic
sorptive capacity, range from 33 to 324 mg per kg. These TOC values are typical
for soils developed from granitic parent material. The highest CEC values were
reported in the northern drainage. “The highest TOC values were reported from
background soils north of the lan&fil}.nu_
2.1.5

. BGround Water

Local ground water systems in the Piedmont Province typically occur within
small areas coineciding with surface water basins. Little, if any, interbasinal
flow occurs (LeGrand 1960 and 1985),

Ground water recharge occurs throughout the area as a yesult of infiltration
of precipitation. Recharge rates are generally about 10 to 15 percent of mean
annual precipitation (Heath, 1980). Based on a mean annual precipitation of 45

inches for the Danville area, this is equivalent to sbout 0.38 to 0.55 feet per

12
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Ground water occurrxence in the Piedmont Province is limited principally to ) I
a depth of less than 150 feet, with most water occurring within 30 feet of the .
surface (LeGrand, 1960). Flow is primarily horizontal. Within each ground -
water basin, most ground water is discharged toc the surface at low points in the
topography (springs) and/or glong surface drainages,

Ground water at the FPRQ site occurs at depths ranging from 0 (at the land
surface) to about 30 feet below land surface. Several areas within the lanéfill,
such as the north and south ponds and the leachate seep, as well as springs along
the adjacent site drainages, are indicative of the.intersection of the water
table and land surfaces.

Water level data for piezometers installed during Phase 1 of the RI show
ground water to occur generally at depths of .3 to 25 feet below the land surface

{ in areas szdjecent to the landfill. These data indicate that in most locations

ground watexr occurs only in the bedrock. In upland areas east of the site,
where the overburden is thicker, or near ground water discharge areas, the lower._ -
portion of the residuum-saprolite may also be saturated.

Shallow ground water flew in the vicinity of the site generally follows
topography. QRecharge occurs principally in the upland areas with eventual — . ' -

discharge to local stream channels, as evidenced by the springs previously

mentioned. Flow trends generally to the morthwest, towards Lawless Creek. : -
Since most of the ground water flow is contained in the bedrock, it is
controlled by bedrock fractures. Geophysical data indicate that the fractures
are generally limited to the upper 50 to 100. feet of the bedrock. On a large
scale, it is hypothesized that the shallow bedrock is sufficiently fractured so
that the hydraulic regime of the shallow bedreck approaches that of a porous

I 5C J—
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medium. The local effect of the fractures may, however, allow ground water -
movement in preferential directions dictated by the fracture trends.

The private wells In the Beaver Park community are hydraulicélly upgradient
from the landfill. Therefore, gtduﬁd water cannot-flow'to the private wells
from the landfill itself. IRn order for ground water at the landfill (elevation
about 642 ft. msl) to flow toward the nearest private wells, fﬁe-pqtentiometric
elevations In the area between the landfill and the private wells would have to

be lowered by 10 to 30 feet. ~This event is not possible given estimated private

well use. el . I

per feet in the upland area east and up gradient of the site to 0.15 to 0.18
feet per feet to the west and down gradient of tB; §iﬁe;W'In.thé'vicinity of the
landfill itself, horizontal gradients are as low as 0.007 feet per feet, and
gradients are downward in the upland areas and upward along the discharge arvea
(i.e., north and south drainages, and Lawless Creek). Site data indicate that
the hydraulic conductivity of the shallow flow regime averages 0.16 feet per day
and of the fractured'EEE}EEkvéﬁéfaééS d:igufgg%'ﬁéf-ﬁﬁf.

In the vicinity of the site, pround wafér discharges to the surface water
éystem Boﬁhmuﬁ éhd“Aown gr;diéﬁg-of the landfili. Ehe seeps and springs up
gradient of the landfill and south of the Beaver Park community serve as ground
water discharge points. The landfill is alsc a ground water discharge area for
local ground water. _The south and north poﬁds; and leachate seep, represent

discharge areas where water is lost from the ground water system via evaporation

and transpiration. However, most ground water at the site that is discharged
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to the surface is likely discharged from the north pond to the surface water in
the northern site draiﬁage.

The hydraulic function of the landfill may be conceptualized as a small
reservoir with a relatively impermeable bottom and slightly impermeable sides.
The main outlet for this conceptual reservoir is at the north pond. Much of the
ground water flow from upgradient areas, and ground water from recharge at the
site, is likely discharged (i.e., spilled) to the surface water in the northern
drainage at the north pond. Observations at the site indicate that most ground
water discharged to the northern drainage re-infiltrates or is lost to the
atmosphere via evapotranspiration. Figure 3 illustrates this councept.

There is little awvailable specific information on regional ground water
quality. Data presented in LeGrand (1960) for Pittsylvania County indicate that
shallow ground water in the FPrecambrian rocks is usually a calcium-magnesium-
bicarbonate type with low total dissolved solids. The ground water is generally
hard, with a neutral to slightly acidic pH. Iron aiid manganese concentrations

may be elevated. No data exist on trace element concentrations.

Ground water quality in the region of the FPRQ site was evaluated as part

of the Phase IIL RI activities. Detailed data are provided in the Subtask 4.13
Technical Memorandum: Ground Water Sampling and Analysis (Westinghouse 1983%9e)
and in the RI Report.

Up gradient, or background ground water gsamples, obtained from three wells,
indicated a mixed cation-bicarbonate type water, with total dissolved solids
{IDS) wvalues of 143 to 175 mg per Liter. In. general, trace inorganic

constituents were low or non-detectable in the background samples, with the

exception of rotal iron concentrations in one Samﬁlﬁg G ' 9 3 L‘
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Down gradient water quality was evaluated based on samples from eleven
monitor wells. Dﬁwﬁ'gradient ground water is also a mixed cation-bicarbonate
type with ‘IDS values generally equivalent to, or less than, those of the
upgradient wells. There are some elevated inorganic comstituents compared to
background in some of the downgradient wells.

Within Pittsylvania County, 15 percent of the residents are served by
central water systems that use a surface water source. The remaining residents,
most of whom are in rural settings, rely on either individual ground water wells
or privately owned surface or pround water systeis (County of Pittsylvania,
1986). The City of Danville and adjacent areas use the Dan River as a primary

water source for résidential consumption and industrial applications.

2.1.6 Surface Water

The FPRQ site is located in a smill drainage basin tributary to Lawless
Creek. Surface water runcff from the site flows about 1400 feet to Lawless
Creek, which is located to the north west of the site. Lawless Creek is a
tributary to Fall Creek, which in turn discharges to the Dan River. Detailed
information regarding surface water flow regimes and surface water quality in

the vicinity of the FPRQ site is provided in the RI Report. A summary is

provided below.

Surface water rufi-6ff from the site enters one ¢f two drainages, the
northern and southern drainages. Run-off from the site is generated in response
to precipitation falling within the landfill area and as a result of ground
water discharge. Some run-on to the site ocecurs from a small area immediately

adjacent to the eastern highwall.

 BR30I93S
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Mean annual flow from the northern and southern dralnage basins, and at
three locations along Lawless Creek, indicate that surface water discharge from
the northern and southern dralinages is very small and comprises less than one
percent of the mean annual flow of Lawless Creek at the Route 719 bridge. Most
of the discharge from the southern drainage originates upgradient of the site.

Mean annual flow estimates for the northern quarry and southern quarry
drainages show that the northern quarry drainage contributes about §.5 and 0.06
percent of the mean annual flow for the northern drainage and Lawless Creek at
the Route 719 bridge, respectively. Similarly, the southern quarry drainage
contributes about 1.6 and 0.03 percent of the mean annual flow for the southern
drainage and lawless Creek at the Route 719 bridge, respectively. These
percentages represent significant dilution factors which may be the dominant
factor controlling the fate of potential surface water contaminants and resulting
adverse effects.

Sediment yield from the quarry is dependent on, peak flow rates, soil
erodability, length and steepness of slopes, and vegétative cover. Visual
observations indicate that little sediment is transported beyond 500 feet west
of the guarry In the northern drainage. Some of this Initial sedimentation is
the result of filtration by vegetation within the drainage area. Approximately
15.6 tons of so0il per acre annusally are estimated to be ercded from the site
and transported to Lawless Creelk. This sediment load undergoes corisiderable
dilution from additional sediment bed load f¥ol upstream Lawless Creek. Detailed
calculations of sediment loading are provided im the RI Report.

Lawless Creek, Fall Creek, and the Dan River are part of the Roanoke River
Bagin. Lawless Creek, Fall Creek, and the Dan River near Danville, Virginia are

7 T T
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Class II1I, Non-tidal Waters (Coastal and Piedmont) according to the Virginia
Water Control Board (1987). The Dan River is classified as a public water supply
approximately 15 miles upstream of Danville. The only significance of the
Virginia Water Control Board classification is the variable dissoclved oxygen,
PH, and temperature standards assipgned to different"cié;gesiOf water, None of
these streams are recognized by the Virginia Water Control Board as "high quality
surface water, public water supplies, or sceniec rivers.® The Virginia Department
of Game and Inland Fisheries also has _established a classification system for
trout waters. Lawless TUreek, Fall Creek, and the Dan River near Danville,
Virginia are not recognized trout streams (Virginia Department of Game and Inland
Fisheries,'1988);' The Virginia Department of Game and Inland Fisheries reports
that Lawless Creek is a warm water stream inhabited by sunfish, blue gills,
catfish, and sucker. Lawless Creek does not appear to be used. as a potable water
supply. It is used for watering livestock, however.
2.2 BIOLOGICAL ENVIRONMENT L S

The following discussion of the bioloéical environment provides a summary
of information contained in the Task 2.2 Technical Memorandum: Sensitive Receptor
Survey (Westinghouse 1988a) and in the Task 3 Technical Memorandum: Evaluation
of Existing Data (Westinghouse 1988b). This information is important teo an
understanding of the environmental.dynamics of §ip§ contaminants.

The FPRQ site lies in the mixed deciducus forest biome of North America.
This biome is characterized by a species-rich mixed mezophytic forest. More
specifically, the site is located within an oak-pine forest association. Oaks
and pines are the dominant tree species. Subdominant species include hickories,
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beech, tulip poplar, and maples. The envircnmental factors which tend to control
the species present are soil and topographic factors which affect so0il moisture
levels. The other controlling factor is succession, as species composition
changes over time.

The physiography of the quarry itself has been discussed earlier in this
memorandum. The quarry proper has undergone recent disturbance. Consequently,

the vegetation reflects early stages of secondary succession. Small Virginia

pine saplings (Pinus virginiana), goldenrods (Solidago spp.), asters, and grasses

are prevalent. The vegetation is concentrated in moist areas and is sparse in.

areas with only a thin veneer of scil or in areas exposed to erosion.

2.2.1 Aguatic/Wetland Habitat T ) -

The Virginia Department of Game and Inland Fisherles classified streams in
the wicinity of the site (Edwards Branch, Fall Creek, and Lawless Creek) as

upper perennial, first or second order streams. None of the streams are trout

waters.

A preliminary wetland delineation was Eerformed. at the FPRQ site to
determine if any areas in the vicinity of the site would be classified as
wetlands. The purpose of the preliminary delineation was not to define the
exact wetland-upland boundaries, but to determine the location and type of
wetlands, if any, in the vicinity of the site which may be influenced by actions
occurring at the quarry. The methods and findings of this preliminary wetland
delineation are presented in the Subtask 2.2 Technical Memorandum: Sensitive

Receptor Survey (Westinghouse 1988a).
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The simple jurisdictional approach outlined in the U.S. Environmental

Protection"AgéhdY'(198§j'§gEI;;a:ﬁéhﬁal-éésVﬁsed"iﬁ-bé;%arming thé-wetlagd
delineation. Three criteria were considered in determining if an area was to
be classified as a wetland; hydrophytic vegetation, hydric soils, and wetland
hydrolegy. All. three of these_ criteria need to be met for classification as
wetland. Only the cat-tail marsh 1oéétgd'ﬁt éhe cbnfiueﬁée of the northern
drainage and fhe Lawless Creek flood plain meet all three criteria. This area
and the other areas of hydrophytic vegetation that were identified are probably
due to changes in the hydrology of the area caused by man’'s activities. TFigure
4 presents the results of the wetland mapping. .

Within the guarry, hydrophytic vegetation occurs around the north and south
pond. This vegetation is due ta the high ground water levels at these locations.
The high ground watér levels are in turn a result of”théqpast quarrying and
landfill operations. These areas do mot exhibit hydric soils and the presence

of hydrophytic vegetation is a comsequence of arthropogenic (human) activities

at the quarry site. ~~— - -- - T ooT U T ULl

Similarly, the area of hydrophyticivégetatign:éithih,the northern drainage
is due to changes in the hydrologic regime caused by the quarrying and
landfilling operations. This area was once upland ﬁoods; Landfillihg at the
quarry and discharge from the north pond ¢hanged the hydrologic regime and
caused the vegetation in these area to adapt. Ch;ngés in the hydrology of this
area killed the upland trees, creating a more open habitat in which the emergent
hydrophytic vegetation developed on the wetter sites.

Those portions of the Lawless Creek flood plain not in pasture contain two

types of areas. The flood plain is priﬁéfiiy'é_bottomland hardwood forest. &
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small cat-taill marsh occurs at the confluence of the northern drainage and the
Lawless Creek floodplain where it is locally wetter than the surrounding flood
plain. Examination of aerial photographs of the vicinity of the FPRQ site
indicate that the cat-tail marsh area was not present prior to landfilling. For
this reason, it may also have been influencé&d by the chaunge in the hydrologic
regime.

The Virginia Department of Inland Fisheries and Game (1988) listed 56 fish
species, 17 amphibians, 10 reptiles, 44 birds, 20 mammals, one aquatic mollusk,
and four aquatic crustaceans occurring within the U.S5.Geological Survey, Blairs
quadrangle. The entire list oé species was presented in the Task 2.2 Technical
Memorandum: Sensitive Receptor Survey (Westinghouse 1988a). Fish collection
records are also provided for Lawless, Fall, and Little Fall Creeks. Fish
collected in these creeks are primarily shiners and chubs, which are considered
to be non-game species. Though these species are not likely to be consumed by
humans, they probably are an important source of food for non-human carnivores
such as hawks, egrets, herons, osprey, turtles, minks, and otters which may

inhabit the ares.

2.2.2 ¥Woodland Habitat

The surrounding plant community is primarily upland mesic mixed deciduous
forest. These areas are dominated by white oak (Quercus alba), black cak (Q.
nigra), red ocak (Q. rubra), beech (Fagus grandifelia), tulip poplar (Liriodendron

tulipifera), sweet gum (Liquidambhar stryacifiua), and Virginia pines (Pinus

virginiana). In the understory, sourwood (Oxydendrum arboreum), dogwood (Cornus
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florida), ironwood (Carpirius carocliniana), and holly (Ilex opaca) are prevalent
with a shrub layer of ¥ibernums and Vaccinium.

In atreas Which have been logged or in old abandoned agricultural fields or
pasture land, there are often dense stands of Virginia pine. There are several
denée stands of'théée'pinegﬁﬁithiﬁ the vicinityrof the"qﬁ;rry. As the pilnes
mature and die, they are replaced by a variety of deciduous tree species to form
mixed pine-hardwood sﬁands. o

Among the animals, there are a number of game, non;game, and pest species
found In the woodland habitats of the Blairs quadrangle. A field tally by the
Virginia Department of Inlafd Fisheries and Game (1988) listed 17 amphibians,
16 fteptiles, 60 “birds, 38 mammals, and four terrestrial invertebrates. A
complete list of species that have been observed in the area was provided in the

Task 2.2 Technical Memorandum: Sensitive Receptor Survey (Westinghouse 1988a).’

2.2.3 Edge Habitat

The edge habitats are dominated by thick stands of aggressive and weedy
trees, shrubs, and herbacious perennials. These include winged elm, (Ulmusg

alata), sweetgum (Liquidambar stryaciflua), raspberries (Rubus spp.),

honeysuckles (Lonicera}, and poison ivy (Rhus radicans).

. The Virginia Department of Inland Fisheries and Game (1988) provided a
breakdown for animal species assoclated with the pasture-woodland interface of
the Blairs quadrangle. The dominant species in this habitat were birds, with
63 tallied. Other species included ten amphibians, 12 reptiles, 36 mammals, one

terrestrial insect, and five other terrestrial invertebrates. A list of species
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found in edge habitats was provided in the Task 2.2 Technical Memorandum:

Sensitive Receptor Survey (Westinghouse 1988a).

2.2.4 ywitural /¥ Species R . e . . e—
. Pasture land in the vicinity of the site is commonly comprised of various
fescu grasses (Festuca spp.), legumes, and clovers. Many weeds, such as poke
(Phytolaccae americana), thistles, asters, and ragweed (Auwbrosia spp.) are also
significant components of the pasture habitat, Agricultural crops consist
primarily of tobacco, with corn and soybeans as secondary crops.
Personnel of the Soil Conservation Service state that there are no dairy, ) Co-
sheep, or hog farms along Lawless Creek in the vicinity of the site. There are

an estimated 100 head of beef cattle which may consume water from Lawless CTeek.

Most of these cattle are located on a farm owned by John Lumsford. . )

2.2.5 Threatened and/or Endangered Species o

There are ne state (Virginia) or federally listed threatemned or endangered
species knoun to occur in the immediate area of the FPRQ site according to the

Virginia Department of Game and Inland Fisheries (1988).

2.3 HUMAN ENVIRORMENT
The following discussion of the human enviromment provides a summary of
information contained In the Task 2.2 Technical Memorandum: Sensitive Receﬁtor
Survey (Westinghouse 1988a) and in the Task 3 Technical Memorandum: Evaluation -
of Existing Data (Westinghouse 1988b) that is important to an understanding of

the enviromnmental dynamics of the site vicinity.
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2.3.1 Land Use . ... L .

FPRQ Subtask 7.2 - RISK ASSESSMENT

The FPRQ site is located in a rural séftiné just‘nofth of Danville,
Virginia. The vicinity of the site is relatively sparsely populated and much
of the land is wooded, or is in pasture or cropland.

Aerial photographs and records mainf.ained by the SCS (I-I-.S. Soil Conservation
Service, 1988) indicate that farmland, forésts, and-residéﬁtial areas occur in
the vicinity of the site. The largest land use areas are forested, which cover
approximately 70 percent of the iéﬁa;wiﬁhin one mile of théifﬁRQ site. Some of

Crop production and pasture land account for approximately 20 percent of

the land use in the vicinity of the site. Tobacco and corn are the primary
erops ahd cattle the primary livestock. : L

| There are several clusters of unincorpératé&_fegideﬁtiél areas within one
mile of the site._ These account for.approximéﬁély 10ﬂper&eﬁt of the land use.
Beaver Park, a community of approximately 260 péisbhs;"ié;the'iérgest of these

residential areas and is located immediately southeast of the site,

2.3,2 Human Populations . .. .o e e e

The Task 2.2 Technical Memorandum: éensitiverﬁeééptor-Survey (Westinghouse
1988a) provides a detailed discussion of dempgraphic.data and estimates of the
human population in the Beaver Park Community, for-areas-within one and two
miles of the site, and for Pittsylvania County. In addition, the memorandum
includes a drawing illustrating property lines and structures within two miles

of 'the site and provides & listing of property owners within two-miles of the

site, with references to tax map and parcel numbers.-
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The population density of Pittsylvamia County is EStinggg to be 2.99

Westinghouse Project No. 4112-88-907B 9 March 1990

persons per household {County of Pittsylvania, 1986). The County hgs experienced
an average growth rate of 1.2 percent over the ten year period 1970 to 1980
(County of Pittsylvania, 1%86). Table 3 provides a breakdown of the County
population by age bracket and gender. The percentage of the County population

within an age bracket may be used to estimate the number of people in the same

bracket living within the area of concern. Sensitive populations, for purposes’

of risk assessment, would be those under five and over 65 years of age.

Within one mile of the site, the human population is estimated to range
from 455 to 600 people. Within two-miles of the site, the human population is
estimated to range from 1,893 to 2,225 pedﬁIé. -

The community of Beaver Park is the residential area in the immedlate
vicinity of the site. Numerous methods were empleyed to estimate the population
of Beaver Park, including serial photographs, U.S. Geological Survey maps, County
tax records, and a site reconnaissance., Table 4 presents the various estimates
which are based on counting of residential structures, and the demographic data

presented sbove. The estimates based on the site reconmaissance and the 1988

photograph are considered to be the most accurate.

2.3.3 Higtorical and Archseological Resocurces _  _ o

No historical or archaeological rescdurces have been identified in the

vicinity of the FPRQ site.
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SECTION 3

SITE CONTAMINANTS

This section briefly reviews the history of sampling activities at the FPRQ
site and the process by which a suite of indicator compounds was selected for

assessment of poténtial human health risk associated with the site.

3.1 PRE-RI/FS STUDIES - - - - —-. = eemon

Based on sourcé sampling results (Subtask 4.5 Technlcal Memorandum: Source
Area Sampling (Westinghouse 1988e)) and historical site data (Task 3 Technical
Memorandum: Evaluation of Existing ‘Data (Westiﬁghouse' 1988&)), térget;
constituents were identi{ied for detai}ed charac_tex:iéat.i.on 'in the Subtask 4.6
Technical Memorandum: Waste Characterization (Westinghouse 1989_b). These
constituents, listed in Table 5, include:

1. all organic constituents detected, including those below the contract

required quantitation limits (CRQL) but__above'the:instrgment detection
limits (IDL}; -~ — 7 '

2. all inorééﬁié"éomﬁaﬁﬂ&é"&éféét-ed above the contract required detection
limits (CRDL); and )

3. those constituents suspected of being present at the site.

It should be rioted that many of the organic constituents were detected only

once or twice and/or were . below the CRQL. )
The only exception to these criteria for selecting rhe initial suite of
target constituents are for the major ions aluminum, calcium, magnesium, sodium,

and potassium. These cations are not Included among the target constituents
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because they are the major constituents in most waters, natural soils, and
sediments; generslly not found in elevated concentrations above background
lavels; and have a low toxicity. Although aluminum is toxlc to aquatic life it

was not found in high concentrations at the FPRQ site. In addition, no

tentatively identified compounds outside the Target Analyte List (TAL) and Target .

Compound List (TCL) parameters are included.

3.2 RI/FS SAMPLING RESULIS

Sampling efforts conducted during the FPRQ RI/FS are summarized below. RI _

sampling events consisted of source area sampling conducted by Westinghouse
during the Phase T portion of the RI, private well sampling in the community of
Beaver Park conducted by CDM Federal Systems under contract to U.S. Environmental
Protection Agency Region III, and two rounds of mul;imedia sampling conducted

by Westinghouse during Phase II of the RI.” In addition, surface water and

sediment samples collected by Westinghouse during Phase II Round Z sampling of

the RI were tested for toxicity to aquatic organisms by means of bioassay

testing. The results of this latter effort are discussed in Section 8.0 of this .

technical memorandum as well as in the Subtask 4.14 Technical Memorandum:

Biocassessment Sampling and Analysis (Westinghouse 1989f).

3.2.1 urce Sampling Results o

During September 1988, eight environmental samples (five solid and three

aqueous) were collected from selected locations at the site, including the north

and south ponds, a leachate seep at the head of the north drainage, a waste pile”

(solid), and two drums on site as part of the RI Phase I sampling. In addition,
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duplicate samples znd various sample blanks were collected to evaluate data
quality.

The source area sampling results are generally consistént with historical
data. However, féwer. inoFganic .comstituents were detected, and those detected
were found in generally iEﬁéfﬁédﬁ&éﬁffﬁfiéﬁgw{httﬁégé?iaééfnanéiyses compared
to previous analyses.

The inorganic analytical data indicate that the compounds arsenic, barium,
cadmium,  lead, and zinc were Tound in the gréatéstrnumbér,6fisémples and in the
most elevated concentrations'cdmﬁaréd td-Background. Arsenic,-barium, and ziac
concentrations in the leachate sediment, as well aE'Cadﬁium, lead, and zinc
values in the north pond sediment, waste pile, and-the two-drums were above the
concentration range of ‘fatufdl soils. The same metals fSund in the solids
samples also were found at comcentrations elevated above backérounﬁ in the north
pond and leachate agueous samples. Howewver, -only arsenic and barium
concentrations exteeded Federal Primary Drinking Water Standards. These
inorganic data indicate that, except for arsenic and barlum, trace metals present
in the solid matrix are not being appreciably mobilized into the aqueous matrix,

The organic data for the solid samples indicate only one compound detected
above the CRQL; xyleme at 1,300 ug per”liter in one sample, taken from one ofi
the drums. The results of the aquedus sample analyses indicate only 9 ug per
liter of benzene, -13. ug per liter of =xylene, and 80 ug per liter of
n-nitrosodiphenylamine were detected in the leachate. These concentrations are
just above the CRQL, thereby, implying some éueétidni as’ to their actual

occurrence. . .- T eETTTO ool nl L Ll TE

28




FPRQ Subtask 7.2 - RISK ASSESSMENT Revision O

Westinghouse Project No. 4112-88-907B " 9 March 1990
3.2.2 Private Well Sampling Results e

On November 30 and December 1, 1988, U.S. Envirommental Protection Agency
Region III personnel and U.S. Environmental Protectioﬁ Agency contractor
personnel from CDM Federal Programs, Inc. samwpled private water wells in the
vicinity of the FPRQ site mear Danville, Virginia. Westinghouse personnel were
present during the sampling effort.

Ten aqueous samples were taken from the private water sources for analysis
by U.S. Envirommental Protection Aéency and contractor 1aboratories.. In
addition, one (1) field blank and one (1) figld duplicate pair wére prepared for
analysis. Samples were analyzed for TAL and TCL constituents. The
identification of samples and sample sites is presented in the RI Report.

No compounds, target or non-target, were detected in the volatile, semi-
volatile, pesticide, or PCB analyses for an¥ of the samples. Only for two wells
were any inorganics reported above drinking water standards. The Stone well had
466 ug per liter irom, above the Secondary Drinking Water criterion for iron of
300 ug per liter. The Juanita Wadell well had 333 ug per liter iron and 65.1
ug per liter manganese, above the Secondary Drinking Water criteria for iron and
manganese of 300 ug per liter and 50 ug per liter, respectively.

Previous data from private wells in the area, which were summarized in the
Task 3 Technical Memorandun (Westinghouse 1988h), suggest glevated concentrations
of a few inorganics at some wells. These results confirm that the landfill has

not affected any private wells in the areas,
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. 3.2.3 BRI Phase IT Sampling Results o

Sampling activities conducted during Phase II of the FPRQ RI consisted of
nultimedia sampling for chemical analysis of soils in the quarry and vicinity,
surface water and sediments, and ground water. In ﬁddition, surface water and
sediment samples were obtained from surface water drainages fer biological
toxicity testing of both water and sediment elutriate. The results of the
analyses of these samples are provided in the RI Re;port as well as in the

appropriate individual technical memoranda.

3.3 TINDICATOR CHEMICAL SELECTION
It is not realistic or cost effective to evaluate the potential risk of each
of the chemicals that have been associated with the site, as many of these
chemicals are found at relatively low concentration and/or are not ubiquitous at
. the site. In accord with U.S, Enviromnenf.al Protection Agency guidance (1986),
Westinghouse selected compounds of particular concern to serve as indicator
chemicals representing constituents of "highest risk", thus permitting a public

health evaluation that focuses on the chemicals of greatest potential concern at

provided as Appendix A. _In addition to the twelve chemicals selected by this
process, manganese and bis (2-ethylhexyl) phthalate were evaluated, based on
concentration and potential toxicity.

Anéljr'tical results from samples taken during the RI sampling events were
evaluated and the chemicals present at FPRQ above the detection limit were
identified. Due to the number of chemicals identified as being present above the
detection limit, indicator chemicals were selected on the basis of both maximum

and representative concentrations and route-specific toxicity data.
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The first step involved listing all chemicals detected at the site, along
with their concentration ranges and representative concentrations, in source
areas, leachate, ground water, surface water, sediments, and soil. The ranges
listed as "<x" in the tables in Appendix A indicate that the lower range was
below the detection limit. The representative concentrations were calculated
baged on the mean of only those samples where the chemical was detected (i.e.,
above the detection 1limit). Also included are the chemicals’ environmental
mobility as reflected by their organic carbon partition coefficient values (¥,.)

taken from tables provided in U.S. Envirommental Protectlon Agency, 1986. "This

coefficient is a measure of the tendency for organics to be absorbed by soil and

sediment and is calculated as:

Xoc = g chemical adsorbed/kg organic carbon
mg chemical dissolved/liter of solution

As the definition indicates, inorganics do not have a K,, value.  The

comments columns in tables A-1 through A-6 indicate the frequency of detection

in the three media: ground water, surface water, and soil. Only the inocrganic .

concentrations in soll are in units of mg per kg. All other concentrations are
in micrograms (ug), either ug/l for ground and surface water concentrations or
ug/kg for soil concentrations.

Second, each compound was classified as a potential carcinogen or
noncarcinogen, or both. Each compound was also tabulated according te whether
or not it is an inorganic or organiec compound.

For noncarcinogens, the severity of effect rating value was identified from
appropriate tables in U.S. Environmental Protection Agency (1986) for the oral

route of exposure and/or for the iphalation route., This unitless value, ranging
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from 1 (low) to lOﬂ(highj is an 1ndicatlon of the chemlcaL’s severlty of effect.
A rating of 1 indicates a biochemical change with no pathologic changes or change
in organ weights., A rating of 5 indicates reversible cellular changes, and =

value of 10 indicates death or pronounced 1ife- shorteninp © A full description

of these values is given in Exhibit,B:l-of U.S. Environmental Protection Agency

(1986 . o e

For carcinogens, & qualitative weight of evidence rating was identified
based  on U.S. Environmental Protection Agency categories for potential
carcinogens. ~ These ratings qualify the level of evidence that supports a
carcinogen classification as:follows.

© - Group A - human carcinogen based on sufficient evidence from
epidemiologic studies.

o -~ Group Bl -. probable human carcinegen ‘based on limited
evidence in human epldemiclogic studies.

@ - Group” B2 - probable human carcinogen, but is based on
sufficlent evidence of carcinogenicity in animals.

o - Group € - possiblé human carcinogen.
o - Group D - not classified &ith'regardmto carcinogenicity.
o - Group E - no evidence of carcinogenicity in humans.

Following identification of severlty mand/or welgho of- evldence the
appropriate toxicity constants, again obtained from tables in U.S. Environmental
Protection Agency (1986), are listed (wp, ST; and ap for Qaier, eoil, aed air
media, respectivelyj‘ These constants, which represent the ingestion route of

exposure for water and soil, “and the 1nha1ation route of exposure for air, are

in units of (mg/l)“l for water;“(ﬁg/kg)'l for soil, and (hg/ms)'l for air.
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Chemicals are still listed even if no toxicity constants were available, as™ -

indicated with & ™--" in the tables in Appendix A,

Carcinogens (both inorganic and organic chemicals} are tabulated and their
indicator scores (IS) calculated, 1S wvalues are based on concentration values
multiplied by toxicity constants for each media: ground water, surface water,
soil, and air. The concentration values utilized are both the ﬁaﬁimﬁm values
obtained and the representative concentrations calculated in each media (as
indicated in the values given in the first step), and the two concentrations,
maximum &nd representative, are kept separate. At the FPRQ site, since there
has been no zir sampling, no values were determined for the air media. The
resulting Concentration times the Toxicity (CT) value is unitless. Since the
chemical concentrations in ground water, surface water, and soil foé organics
were calculated in terms of microgram units, these values wmust be converted to.
milligram units for the CT product to be unitless. Then, the higher of the
ground water or surface water CT value is summed with the so0il CT value to give
the IS (Indicator Score) wvalue for both the maximum and representative
concentrations. This summation assumes that all drinking water is obtained from
the source with the higher CT wvalue. Theq_each chemical with an IS value is
ranked from high to low. Those chemicals that are not present in a media are
indicated with & CT value of zero. For those without the appropriate toxieity
constant but with chemical present in the media, the CT product is indicated
with 2 "--" in the tables in Appendix A, and are not included in the rarnking
process, This same procedure is repeated for the noncarcinogens.

Finally the carcinogens and mnoncarcinogens are combined and ranked

according to their IS scores. Several chemicals were present in one or more of
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the various media and had high toxicity wvalues, but were mot included in the

final indicator chemical list for the follow1ng reasouns.

1) Beryllium's toxicity (both as a carcinogen and as a noncarcinogen) is via

2)

3)

4)

5}

6)

7) Xylene was only detectable in 2 samples in the seil, only 1 barely
detectable sample in the ground water, and was not detectable in the.
surface water. It would therefore not be a_good candidate for an indicator-

®

the inhalation route of exposure and not due to the ingestion route.
Beryllium’s air concentrations would be minimal if detectable at all at
FPRG and therefore beryllium was not included as an indlcator chemical.

While cadmium is not ranked as a carcinogen it is included as a
noncarcinogen indicator chemical. :

Chromium had no samples above the detectlon 11m1t in the surface water and
was Found at low concentratlons in the soil. The ground watexr only had one
sample above 32 ug per liter (141 ug/l).

Aluminum, calcium, cobalt, magnesium, potassium, sodium and sulfate are
naturally occurring chemicals with normally high background concentrations
and were not included for this reason.

Acetone and methylene chloride were detectable in all medla but at fairly
low concentrations. The ranhges and representatlve concentratlcns were:

Methylene
Acetone - Chloride
Ground water: Range: . . . :w'_.rﬂ-<3-16 ug/l : 3 ug/l
Representatlve Gone: 6.6 ug/L 3 ug/l
Surfacé Water:. Range: -~ R T gns ug/l o 3 ug/l
Representative Conc: 12 ug/l 3 ug/l
Soil: - .— - Ramge:  <t-42 ug/kg 3-24 ug/kg
Representative Conc: 13 ug/kg ) 8.2 ug/kg

Therefore these solvents were niot included as indicator chemicals.

Benzo(a)anthracene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, chrysene,
pyrene, 1,2-Dichloroethene, 2,6-Dinitrotoluene, 2-Butanone, chloroform,
ethylbenzene, 2-Hexanone, 4-Methyl-2-pentanone, Naphthalene, phenanthrene,

phenol and toluene were not included as indicator chemicals as there were
no detectable samples in either the ground water or the surface water and
only 1 or 2 barely detectable samples each in the soil.

chemical.
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Chlorobenzene was not detectable in the ground water or the soil and only
1 sample at 3 ug per liter was found in the surface water. It also would
not be a good candidate as an indicator chemical.

N-Nitrosodiphenylamine was tentatively identified omnly in the soil at
concentrations ranging from 1200 to 9100 ug per kg, with a representative
concentration of 7975 ug per kg. Based on the low carcinogenic potency
(q;) of 4.92 E-3 mg per kg ger day, the risk corresponding to estimated
lifetime cancer risk of 10°° would require cleanup only when the soil
concentration reached 800 to 1000 ppm. The concentrations at FPRQ are
orders of magnitude below this threshold risk level at 1 to 9 ppm, even if
indeed N-Nitrosodiphenylamine were actually present. Therefore, based on
this preliminary assessment for N-Nitrosodiphenylamine, it would not be a
good candidate as an indicator chemical, with other organics with higher
carcinogenic potencies also identified at FFRQ. '

The Chemical Indicator Selection Process marrowed the field to the following

twelve chemicals:

1) Antimony , 7) Lead

2) Arsenic - . ___8) Mercury
3) Barium : © 9) Nickel
4) Benzene CoC : 10) Selenium
5) Cadmium - 11) Vanadium
€) Copper o o 7T12) Zine

In addition, manganese and bis (2 ethylhexyl) phthalate were added to the

final indicator chemical list.

The chemical characteristiés, toxicology, and environmental fate and

behavior of these fourteen indicator chemicals are discussed briefly in Section

& of this technical memorandum and described in more détail in Appendix B,

Section 4 also provides a summary of dose-response information for these

indicator chemicals,
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SECTION & o=

TOXICOLOGICAL CHARACTERISTICS

A briaf review of the toxicological characteristics, which form the basis
for the U.S. Environmental Protection Agency risk assessment actions, are
included below for éich of the twelve indicator chemicals selected for the FPRQ
site. For further toxicological information, see the toxicological profiles of
each of the twelve indicator chemicals in Appendix B. A table listing the
regulatory risk assessment data and a table delineating environmental fate and

behavior for each of the twelve indicator _chemicals are included as Appendix C.

4.1 ANTIHONY

Antimony is classified as a noncarcinogen and is listed with a severity
rating of 10 by the oral route of exposure (U.S. Environmental Protection Agency
1986). This rating is given for compounds which produce death or pronounced
life shortening effects as well as teratogenic effects without_signs of matermnal
toxicity. Antimony also has a severity rating of 8 by the inhalation route of
exposure. This 1is Iindicative of compounds producing necrosis, atrophy,
hypertrophy, or metaplasia with definitive organ dysfunction. According to the
U.S. Environmental Protection Agency (1980), multimedia envifénmental antimony
exposures are essentially negligible by comparison to those eccupational
exposures at which eclinical health effects have been observed. The best
characterized human health effect associated with antimony exposure Iis
myocardial damage (IRIS, 1989). The only data supporting this health effect are
inhalation exposure studies. These studieg suggest a NOEL of 0.5 mg per cubic
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neter (Brieger et al, 1954), which can be extrapolated to an oral reference dose
of 0.003 mg per kg body weight per day. However, there are no adequate data on
oral exposure to antimony to permit estimation of no effect 1évels associated
with heart damage (IRIS, 1982). The U.S. Enviromenta].. Protection Agency (1986
and IRIS, 1989) has published an oral reference dose of 4E-4 mg per kg per day
for chronic ingestion of antimony, based on a rat chronic oral bioassay that

measured longevity, blood glucose, and cholesterol as the critical effects.

4.2 ARSENIGC o o S S

'rsenic is clas‘sifiedl as both a moncarcinogen and carcinogen by the U.S.
Environmental Protection Agency. It is listed as a Group A Human Carcinogen with
sufficient’ evidence from epidemiologic studies to support a causal comnection
between exposure and cancer {IRIS, 1989). This listing is based on observations
of increased lung cancer mortality in populations exposed primarily through
inhalation and on increased skin cancer incidence im several populations
consuming drinking water with high arsenic concentrations. Based on the
increased prevalence of skin cancer (Tseng, 1977), a unit carcinogenic risk from
oral exposure of 5E-5 per ug per liter (IRIS, 1989) was proposed. However, due
to its essential nutrient value, the MCLG was only set at 0.05 mg per liter, the
same as the MCL (National Academy of Science, 1983). However, the status of
arsenic as an essential nutrient iIs currently the subject of scientific
controversy. Arsenic is also listed with a noncarcinogen severity rating of 9
(U.8. Envirommental Protection Agency, 1986). This 1istiﬁg is indicative of
pronounced pathologic changes with severe organ or reproductive dysfunction or

teratogenic effects with maternal toxicity.
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4.3 BARIUM

Barium ig classified as a noncarcinogen with a severity rating of 10 (U.S.
Envirormental Protection Agency, 1986). It has not been evaluated by the U.S,
Environmental Protection Agency for evidence of human carcinogenic potential.
The oral reference dose of 5E-2 mg per kg body weight per day is based on a NOEL
of 10 ppm (0.51 mg/kg/day) and a LOAEL of 100 ppm (5.1 mg/kg/day)(IRIS, 1989).
Systelic blood pressure measurements were monitored as the critical effect in

the studies supporting this value. An MCLG of 1.5 mg per liter is proposed for

barium, based on a LOAEL of 5.1 mg per kg per day and consumption of 2 li_r‘s .

of water per day, as well 25 an indication that 83 percent is the source

contribution from drinking water (i.e., 0.7 mg/day)} (IRIS, 1989).

4.4 BENWNZENE

Benzene 1s classified as a Group A human carcinogen, based on several
studies of increased incidence of nonlymphocytic leukemia from occupational
exposure, as well as increased incidence of neoplasia in rats and mice exposed
by inhalation and gavage., The U.S. Enviromnmental Protection Agency lists a
drinking water unit risk of 8.3E-7 pexr ug per liter with an oral slope factor
of 2.9E-2 per mg per kg per day (IRIS, 1989). These data were derived from
human exposure data (Rinsky et al., 198] and Wong et al., 1983). The drinking
water unit risk was calculated on the assumption that an adult consumes two
liters of water per day. The risk level of 1 in 10,000 is associated with a
dripking water concentration of 1E+2 ug per liter and the 1 in 1,000,000 risk
level is assoclated with a concentration of 1E+0 ug per liter (IRIS, 1989). The
One-day Health Advisory (HA) for a child is not available but the Ten-day Health

38

ER301957




>

S

FPRQ Subtask 7.2 - RISK ASSESSMENT . Revision 1
Westinghouse Project No. 4112-88-907B ' - 2 Aupgust 1990

Advisory of 0.234 mg per liter (with a NOAEL of 2.35 mg/kg/day) is recommended
as the One-day BA (IRIS, 1989). This recommendation assumes a 1 liter per day
consumption for a 10-kg child. .There are no 1qngerf§ferm health advisories for
either a child or an adult because of benzene’s potent carcinogenicity. An MCLG
of 0 mg per liter was set as & final value in 1985, based on the carcinogenic
effects of myelocytic anemia, thrombocytopenia, an_d ~acute myelogenous and
monocytic leukemia. An MCL of 5 ug per liter was set as a final value in 198%.
Also, the irhalation slope factor was set at 2.9E-2 per mg per kg body weight per
day with an inhalation unit risk of {37.3E7-6 per ug per cu“b?c meter., The alr
concentrations assoclated with & risk level of 1 in 10,000 is 1E+l ug per cuiaic
meter and the risk level of 1 in 1,000,000 is associated with an air

concentration of 1E-1 ug per cublc meter (IRIS, 1989).

4.5 BIS (2-ETHYLHEXYL) FHTHALATE 7

The U.S. Envirommental Protection Agency has listed bis (2-etﬂhylhexyl)
phthalate (DEHP) as a probable human carcinogen, classified as weight-of-evidence
Group B2. . A number of studies have been conducted to investigate the acute toxic

effects of DEHP. When administered by the oral, intraperitoneal, intravenous,

. and inhalation routes, DEHP has a low order of acute toxicity. The target organs

for DEHP appear to be the liver and testes. At relatively_ high dose levels, DEHP
has been found to induce morphological and biochemical changes in the liver of
exposed rodents. Similar effects have been report:ed for a number of chemicals
which induce hepatic xencbiotic metabolizing capabilities. The testicular
effects of DEHP are characterized by a decrease in relative organ weight and
damage to the seminiferous tubules, Simiﬁlﬁar effects have been reported in

animals treated with a major metabolite of DEHP. Studies in rats and mice
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{ suggest that DEHP is developmentally toxic. MCLs have not been established for
bis (2-ethylhexyl) phthalate under the SDWA. The only standard set by the SWCB

is for protection of aquatic life (3.0 ug/l) Water quality criteria have been

established under the CWA both for drinking water and consuming aquatic organisms

(15 mg/l) and from fish consumption alonme (50 mg/1l).

4.6 CADMIUM

Cadmium is listed as a Group Bl probable human carcinogen by inhalation.

This c¢classification is based on limited epidemiologic studies (i.e., a two-fold

excess risk of lung cancer in cadmium smgiter workers) as well as sufficient

evidence of carcinogenicity in rats and mice. A statistically significant

positive associlation with prostate cancer was also observed. The quantitative

estimate of carcinogenic risk is 6E-2 ug per cubic meter for 1 in 10,000

( incremental cancer 3incidence and 6E-4 ug per cubic meter for 1 in 1,000,000
incremental cancer incidence (IRIS, 1989). Studies of human ingestion are .

inadequate at present to as:sess carcinogenicity of cadmium by ingestion. The

U.S. Environmental Protection Agency intends to 2dd cadmium to the list of

e hazardous air pollutants and establish emission standards under Section

112(b){1)(A) of the Clean Air Act (50 FR 42000 (16 October 1985)). Cadmium is

also listed with a noncarcinegenic severity rating of 10 (U.S. Environmental

Protection Agency, 1986). Cadmium has an oral reference dose of 5E-4 mg per kg

body weight per day (water) based on the critical effect of significant

proteinuria. It also has an oral reference dose of 1E-3 mg per kg per day {food)

based on several human studies involvingwchronic exposures (IRIS, 1989). The

NOAELs in water and food are 0.005 and 0.01L mg per kg per day, respectively.

! These levels are based on the maxkimum human renal cortex concentration of 200 ug
40 .
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aspects of children's neurobehavioral development) at very low blood levels such
that there may be no threshold concentration for non-garcinogenic effects of lead
toxicity. Lead is classified as a B2 probable human carcinogen on the basis of
sufficient animal evidence. However human evidence is inadequate. The U.S.
Environmental Protection Agency Carcinogen Assessment Group has not recommend;d
a numerical estimate of lead’s carcinogenic risk potential by either the oral or
inhalation route of exposure. This lack of recommendation is due to the many
uncertainties (e.g.; age, health, nutritional state, body burden, and exposure
duration) which may influence dbsorption, release, and excretion of lead (IRIS,
1989). An MCLG of 0.02 mg per liter has been proposed in 1985 (50 FR 46936 Part
IV (13 Rovember 1985)) based on the neurological effects of lead in infants and
the adverse effects associated with blood lead levels of 15 ug per deciliter
{(i.e., the U.S. Environmental Protection Agency utilized a conversion factor of
6.25 to convert from blood lead levels to dxinkihg water, along with an
uncertainty factor of 5 (IRIS,-1989)). An MCL has been issued as an interim

level in 1980 at 0.05 mg per liter (45 FR 57332 (27 August 1980))

4.9 MANGANESE

In humans, chronic exposure to manganese causes dégenerative changes in the
central nervous system in the form of Parkinson-like disease. Modifications to
liver functions can also occur. Acute exposure causes manganese pneumonitis.
In humans, manganese dusts and compounds have relatively low oral and dermal
toxicity, but they can cause a variety of toxic effects after dinhalation
exposure. Acute exposure to very high concentrations can cause manganese
pneumonitis, increased susceptibility to respiratory disease, and pathologic

changes including epithelial necrosils and mononuclear proliferation. Chronic

AR301960
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exposure is more common, but generally only occurs among persons occupationally
exposed, Degenerative changes in the central mervous system are the major toxic
effects. Individuals with an iron deficiency may be more suscepfible to chronic

poisoning.

4.10 MERCURY

Inorganic mercury is classified as a noncarcinogen with a severity rating
of 7 by the oral route (i.e., indicative of necrosi;, atrophy, hypertrophy, or
metaplasia with a detectable decrement of organ functions, as well as any
neuropathy with a measurasble change in behavioral, semsory, or physiologic
activity) and a rating of 8 by the inhalation route of exposure (i.e., indicative
of necrosis, atrophy, hypertrophy, or . metaplasia with definitive organ
dysfunction as well as any neurcopathy with gross changes In behavior, sensory or
motor performance and decrease in reproductive capacity and evidence of
fetotoxicity) (U.S5. Environmental Protection Agency 1986). Mercury is also listed
by the U.S. Envirommental Protection Agency with a carcinogen classification of
D, not classifiagble as to human carcinogenicity due to no human data available
and animgl and supporting data Inadequate (IRIS, 1989). There are mno
gquantitative estimates of carcinogenic risk from either the oral or inhalation
routes of exposure (IRIS, 1989). The MCL has been established at 0.002 mg per
liter and the proposed MCLG is (.002 mg per liter (see also U.S. Environmental

Protection Agency, 1987).

4.11 RICKEL
Rickel (soluble salts) is listed as a noncarcinogen with a severity rating

of 10 for both the oral and inhalation routes of exposure (U.S5. Envirormental
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Protection Agency 1986). Numerous cases of dermatitis have been reported

{Clayton and Clayton, 1981-82). VSigrnsr of ;xiaés:;xre im?l\.lxde nasusea, vomiting,
diarrhea, and central nervous sjstem depression (Weiss, 1980) as well as
coughing, shortness of breath, chest pain, fever andr wzakness upon inhalation
(Rumack, 1975 to Present)-. The I-’:éf,ef-encerbosre (REID), 1ast;ablished by the U.S.
Environmental Protection Agency, is based on the assumption that thresholds exist
for certain toxic effects for nickel. These effects iﬁciude cellular necrosis,
but may not be appropriate for other effects such as carcinogenicity (IRIS,
1989). The oral RfD has been e_stablished at 2E-2 mg per kg body weight per day,
based on a NOAEL of 5 mg per kg body weight per day (assuming 1 ppm = 0.05 mg kg
body weight per day for ¥dt food consumptiori) and a LOAEL Iof 50 mg per kg body
weight per day. The critical effect monitored was decréased body and organ
weights (Ambrose et al., 1976). 'Female rats exhibited .‘;',igni.ficantly higher
heart-to-body weight ratios and lower liver-to-body weight ratios than controls
(Ambrose et al., 1976, see also U.S. Environmental Protection Agency, 1983).
Nickel (soluble salts) has not been evaluated as a class by the US
Environmental Protection Agency for potential. human c#rcinoéenicity, however it
is listed in the Superfund Public Health Evaluation Manual (U.5 Environmental
Protection Agency, 1986) with en EPA Weight-of—E{ridence li-é.éégory of A for both

the oral and inhalation routes of exposure. - '

4.12 SELENIUHM

Selenium is listed as a noncarcinogen with a severity rating of 10 for both
the oral and inhalation routes of expdsure (U.S Envirommental Protection Agency,
1986). " The U.S. Environmental Protection Agency has recommended an RfD for

selenium in drinking water of 0.21 mg per day (or 0.003 mg/kg/day), based on an

AR30196¢
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LOAEL of 3.2 mg per day (Yang et al., 1983) and an uncertainty factor of 15
(IRIS, 1989). An uncertainty factor of 15 rather than 10 was utilized since
seleniuz appears to be more efficiently absorbed in water than in food and the
study was conducted in the diet. The National Academy of Science has determined
an adequate and safe range for selenium intake of 50 to 200 ug per day for an
adult man (National Academy of Science, 1980). The effects of selenium
deficiency are potentially as serious as those of selenium toxicity (IRIS 1989).
Selenosis has heen reported duve to high selenium intake ranging from 3.2 to 6.7
ng per day {average 5 mg/day). No selenosis occurred when the average intake was
0.75 mg per day (range was 0.24 to 1.51 mg/day) (Yang et al., 1983). Inorganic
selenium compounds may cause dermatitis (Sax, 1984). Signs of exposure include
garlic odor of breath, as well as pallor, nervousness, depression, and digestive

disturbances (Sax, 1984; see also U.S. Environmental Protection Agency, 1985b).

4.13 VARADIUM

Vanadium is listed as a noncarcinogen with a severity rating of 1 for both
the oral and inhalation routes of exposure (U.S. Environmental Protection Agency,
1986). This is indlcative of enzyme induction or other biochemical change with
no pathologi'c changes and no change in organ weights. An oral REfD has been
recommended by the U.S. Environmentsal Protectlon Agency, based on the assumptions
that thresholds exist for certain toxic effects, but may not exist for other
toxic effects, such as carcinogenicity. 'i'he oral RfD is 9E-3 mg per kg per day
(or 0.62 mg/day for a 70 kg adult) and the criteria uzed to evaluate vanadium
toxicity were growth rate, survival, and hair cysteine content (Stockinger et
al., 1953). The NOAEL for vanadium was 0.89 mg per kg per day and there was no

LOAEL reported. The only significant change reported was a decrease in the
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amount of cysteine In the hair, while other studies have réported a significant
decrease in erythrocyte and hemoglobin Ilevels (Mountain et al., 1953).
Ifhalation studies are inadequate at present to determine a minimum effective
dose (IRIS, 1989). Respiratory symptoms of exposure to high concentrations
usually subside within 7 to 14 dazg_(iRIS,_19§9)1_T1hgiprpbable oral lethal dosze
of vanadium pentoxide is approximately 5 to 50 mg per kg (Gosselin et al., 1984).
Vanadiun generally aggravates chronic respiratory diseases and can cause death
by pulmonary edema. It is also known to cause irritation and redness in eyes and

skin. Ingestion causes irritation of mouth and stomach, vomiting, abdominal

spasms, and a green discoloration of the tongue (IRIS, 1989).

4,14 ZINC. = . . L. .

Zinc is listed as a noncarcinogen with a severity rating of 8 for both the;
oral and inhalation routes of exposure (U.S. Envirommental Protection Agenéy,
1986). Symptoms of zinc poisoning include lassitude, slower tendon reflexes,

bloody enteritis, diarrhea, lowered leukocyte count, and central nervous system

depression (Venugopal, 1978). There is no evidence that zinc is carcinogenic.

A secondary Safe Drinking Water Act standard for zinc of 5 mg per liter has been

set and adopted by the Surface Water Control Board. _
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SECTION 5

TRANSPORT PATHWAYS AND POTENTIAL EXPOSURE POINTS

For any particular site, there may be a wvariety of potential exposure
routes, both simple and multipathway. The simple pathways are of primary
significance at the FPRQ site. Such simple exposure routes for humans include
consumption of ground water, bathing in gro@d water, consumption of surface
water, bathing or play in surface w-af:er, ingestion of so0ill, dermal exposure to -~ - -
soil, and inhalation of fugitive dust emissiot_l_s. Of these, ingestion pathways
are the most important, based on site constituents and contaminant distribution.
Multipathway exposure routes are pathways such as human ingestion of fish from
the Dan River or Lawless Creek, human ingestion of milk from c._cws that have

grazed along Lawless Creek, and human ingestion of game from the site. These .

multipathway exposure routes are significantly less important at the FFRQ site
than direct pathways because the site contaminants, which are primarily metals, -
do mnot biocaccumulate to the extent that zﬁany organics do, mnor are they

’ relatively mobile in the enviromment. Furthermore, site sampling data indicate
minimal off-szite migration of contaminants in any environmental 'media.r o -

This section describes the pathways by which materials could potentially

be transported from the FPRQ site. In addition, potential exposure points for
human and bilotic exposure to sitre conﬁaminants are identified. Finally,
exposure point scenarios for which quantification of exposures is appropriate _
are ldentifled. As appropriate, quantitative estimates of exposure for these

exposure points are provided in Section 6.0 for humans and in Section 8.0 for -
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5.1 TRANSPORT PATHWAYS

A preliminary set of four eXposure routes, or trsthsport pathways, was
identified in the technical Memoranda for Subtask 2.2: S_léﬁsritAive Receptor Survey
(Westinghouse 1988a) and Subtask 4.7: Trranspcr-rft? -E;ai:h!;ray Identification
(Westinghouse 1989¢c). These pathways include gr?und #at;;:::\ir%éce water, soil;
and alr. Transpo'rtajiion and migration of compounds through these pathwé.ys are
complexly inter¥related. 'Complex'palﬁhways include

o soil to-air or surface water, or direct contact and

o . ground water to surface water or vice versa.

A brief discussion of these f;ﬁf ‘transport pathways, or lﬁigfa;-ﬁion pathways ,A

follows. =~ =~ S R AR i S

JE P Te s

5.1.1 Ground Water
Ground water is a potential cbntminant'migration pathway at the site.

However, data collected during the Phase II RI indicate that the potential

extent of .off-site ground water impacts is limited. Since the site is located

near a ground water divide, and recharging atid through-flowing ground water

likely discharges to Lawless Creek and the northerﬁ and éouthern drainages, the
ground water that could p‘otentially be affected by the site is limited to a
narrow area downgradient from the site to Lawless Creek. Private wells known
te be located in the vicinity of the FPRQ site are upgradient of the quarry.
There are no known private wells dowhgradient of the site.

Contaminant migration via ground water occcurs principally in the dissolved

state. In geéfieral] coritaminants found in the quarry and source areas are

primarily metals, which have a very low so_i-ﬁ-bilitf and are _readily adsorbed onto
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( the soil matrix. Dilution and adsorption and transport via sediment are
important factors affecting migration and fate of ground water contaminants. The

concentrations of contaminants at off-site” locations are also likely to be

affected by sorption and biodegradation.

5.1.2 Surface Water

The surface water migration pathways at the site include the nofthern and
southern drainages. Discharge from the north pond and from leachate seeps enters
the northern drainage. Most of the quarry is internally drained and therefore
does not contribute to runoff from the site., In response to precipitation
events, runoff from about one-half of the site is discharged to both the northern
and southern drainages. These draiﬁages also receive some ground water discharge
dovngradient of the site. Both drainages enter Lawless Creek about 1,400 feet -
to the west of the site. Lawless Creek is a tributary of Fall Creek. )

Surface water may carry dissolved and entrained material from the site. Thé .
concentration of soluble contaminants that may leave the site would be expected
to diminish as they become diluted by surface water run-off from the remaining
portions of the drainage basin. In addition, contaminant concentraticns would

L _

be furthar limited by sorption, oxidation, volatilization, and biodegradation'

along the transport pathway.

The potential for surface water di}gtion, particularly as the north and
south drainages flow into Lawless Creek, is significant. Est;:_imates of surface -
water dilution at various portions of the surface drainage from the site have

been discussed briefly in Section 9.0 of this risk assessment, as well as in

further detall in Section 4.0 of the RI Report,

48 .)

AR30i967




FPRQ Subtask 7.2 - RISK ASsEssweRT 7 7 7 " Revision 0
Westinghouse Project No. 4112-88-907B ) . 9 March 1990
5.1.3 Soils e e e e

There is minimal potential for soil transport from the site. Soil could
migrate from the site if carried off by individuals or on the tires of vehicles
entering and leaving the site. - However, access to the site is now limited,
following installation of the é.hain'link-fénéé”aiéng 7the Vf-ro‘nt Vorf the site. The
remainder of the site has been posted with no trespassing signs.

The potential does exist for erosion of sediment, containing adsorbed

contaminants, from the site into surface water drainage in both the north and

south drainages. Samples taken from both of these drainages Aduring Rounds 1 and
2 sampling events of the RI Phase 11 ifidicated limit.ed movement of site
contaminants close to the .quarry in these dtainagés, ‘but no movement of
contamination in sediments beyond the immediate .outflow of the quarry drainage

into the north and south drainages.’

5.1.4 . Alr - T oo e e T e

Potential éXposure via the air transport p;thway is minimal. Contaminants
can migrate from the ‘site via the air route as chemicals volatilize or as
contaminated soil particles aré entrained in wind. The prevailing wind
direction in the vicinity of the site is from the southwest (Ruffner and Blair,

1987 .snd Cotinty of Pittsylvania, 1986). I&égiigible;;mounfs of contanminants

carried by a southwest wind would move away from the community of Beaver Parkf -

to forested and agricultural land northeast of the site, where particulates
would be deposited or otherwise filtered out by wvegetationm.

The contaminants identified at the FPRQ site have ektremely low wvapor
pressures. The indicator chemicals consist of 11 inorganic chemicals and 1
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organic compound, benzene. The Permissible Exposure Limit (PEL) for inhalation
exposure to benzene is 10 ppm. Its vapor pressure at 20° C is 74.6 mm Hg.
Banzene was found in the quarry leachate at a maximum concentration of 13 ppb,

Regardless of temperature considerations, it is unrealistic to imagine a

scenaric where benzene concentrations would exceed the PEL "with these.

representative concentrations. The other 11 indicator chemicals have vapor
pressures that are nil at 20° CG. The potential for vaporization is not
dependent on realistic ambient temperatures at the site.‘ Furthermoxre, the risk
assessment has under reasonable worst case assumptions that potential fugitive
dust emissions would not contain sufficient levels of adsorbed metals to pose
a risk, even to individuals living a lifetime in the quarry, based on a

residential Furure use scenario, - _

5.2 POTERTIAL EXPOSURE POINTS

Potential exposure points have been discussed in the Technical Memorandum

for Subtask 2.2: Sensitive Receptor Survey (Westinghouse 1988a). Target.

populations may be exposed to contaminants by the migration pathways discussed
in the Subtask 4.7 Technical Memorandum: Trﬁnsport Pathway Identification
{Wegstinghouse 198%c), and summarized briefly in Section 5.1 of this risk
assessment. The potential level of exposure experienced by the receptor
population will be & function of the concentration of potential contaminants at
the exposure point and the duration of exposure. Specific potential exposure
points hypothesized for the FPRQ site are discussed below.

Potentizl human exposure to contaminants could be by five exposure routes:
direct exposure to source material or exposure to ground water, surface water,

AR301969
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goil, and air. Qualitative discussions of the potential for human exposure via
each of these routes from the FPRQ site are presented below; quantitative
exposure estimates are provided, as appropriate, in Section 6.0.

5.2.1 Source Aveas . .. . . . ... _.

Presently, there is minimal exposure to source contamination. There are no
ground water wells within the confines of the site. Much of the landfill
material is covered with a cap. Human contact to exposed source areas is
presently limited by the presence of a fence surtouniding portions of the site.
There are presently no known activities that occur at the site that would result
in direct contact, with the exception of the ongoing RI/FS. -

However, under the no-action alternative for the site, it is not possible
to rule out future uses of  the quarry. Although highly unlikely, it is
appropriate under the no-action alternative to consider as a scenario the
possibility of residential development of the site, with drinking water wells in
the leachate and with direct contact of children and adults to contaminan;t

sources iIn the quarry and vicinity, such as drums, seeps, quarry pond water,

carbon black, the old disposal area, and the waste pile.

5.2.2 Ground Water

There is no exposure to contaminants in ground water from the FPRQ site at
pres.entt, nor is there_r;:son to believe th_at ;ugh exposure is nlikeiy to occur in
the future since the most likely areas for future development in the vicinity of
;he site are not located in areas down gradient from the quarry. Known wells in

the community of Beaver Park are upgradient from the site. Withdrawal of water

from these wells is not likely to reverse gradients. Historical data presented
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in the Task 3 Technical Memorandum: Evaluation of Existing Data (Westinghouse ‘

1988b) indicate no landfill induced
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impacts to the private wells in thé-Béavégnééfk-;bmmunity. Additional water

samples analyzed by the U.S. Environmental Protection Agenéy from 10 local
domestic water wells in Beaver Park prbvide further confirmation of the absence
of human exposure via this route. In addition, hydrogeological investigations
at the site also confirm the absence of contaminant migration from the quarry
via the ground water pathway.

However, under the no action alternative for the site, it is necessary to
assume that itmisrpossible for fesideﬁﬁialﬁdevelﬁpment of down gra&ient areas,
with consequent installation of ground vater wéiis, to occur. Therefore, human

exposure via ingestion of down gfadient ground water is evaluated in this risk

assessmént... LT oLl

5.2.3 Surfagﬂ_Haterwandeedimentsﬂ,i

Potential exposure via the surface water pathway is limited at present.
Migration of contaminants from the quarry via the surface water pathway extends

primarily to the north and'southrdrainage with little, if any, contamination of
the wetland or of Lawless Creek. Sutfééé'ﬁater;ddwnwgréaiéﬁi'of'ﬁhe site is not

used for potable water. Fish species"bbge;ved in Lawless and Fall Creeks are

not likely te be used as a food source by the local human population.

Therefore, this exposure route is a limited one due to lack 6£ exposure as well
as a result of dilution, sorptioh, ﬁolatilizétion; aﬁa biodegradation of
contaminants along this potential transport pathway.

However, under the no-action alternative, it is assumed that humans could

be exposed to surface water through éonsumptibn of water from Lawless Creek and
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5.2.4 Soll

Exposure to contaminated soil at the site by direct contact is likely to
be minimal. Installation of a security fencé has limited human access to the
site and most of the waste material is covered.

Given a no-action alternative for the site, potential, or reasonable, worst
case scenarios Include the pessibility that the property is used for residential
development at some time in the future. 1In addition, it is impossible to
completely rule out the potential exposure for children or adults who gain
unauthorized access to the site. To that end, exposure scenarios are developed
that consider the possibility that children ingest incidental amounts of soil
during play in soil as well as scenarios that consider incidental ingestion of

50il by adult gardeners.

5.2.5 Alz .

Human exposure to quarry contaminants via fugitive dust emissions will

depend on the soil contaminant level, amount of coéntaminant adsorbed to the

s0il, the size of the dust particles, and how far into the respiratory tract

these particles penetrate (which is a func¢tion of particle size). Inhalation

of wvolatilized compounds is unlikely since levels of volatiles in samples.

obtained from the site are very low and are not found in surface soils. This
exposure route is therefore considered to be minimal, particularly since there
are only small areas with low concentrations of a few volatile materials at the
site and surrounding vegetation and minimal activity make it unlikely that
significant fugitive dust emissions would be generated,.
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However, under the no-action alternative, it is imposéible to rule out the

potential for humans to be exposed to particulate emissions if the site is

developed in the future for uses such as residential development.

5.3 EXPOSURE SCENARIOS

This subsection of the risk assessment identifies exposure scenarios that
have been developed for the FPRQ site for the no-action alternative. The
scenarios considered include potential exposure to on-site source material and
leachate in the quarry, grouha;ﬁatér; éﬁtfééé wétéffén& éédiﬁents, soils in the‘
quarry and in the vieinity of thé quarry, and particulate air emissions.
Specific assumptions and specific_exposure estimates derived for these scenarios

are provided in Section 6.0

5.3.1 Source Areas and Leachate = . .

The no-action alternative assumes that the FPRQ quarry could be developed
for residential uses at some time in the future. Civen';ucﬁ deﬁélbpment, there
is the potential for—wells to intersect the ieachate in the quarry and for
subsequetit human ingestion of leachate, as well as for individual residents to
come into direct contact with source area contaminants during play or gardening.

Four scenarios have been developed that serve to represent the maximum
exposure potential for Individuals, given the unlikely eveﬁt of residential

development within the gquarry.

1. Direct human ingestion of leachate.

2. Direct contact with, éﬁérsﬁbsequgn;ﬁingidental,ingestion of, source
material by children during play.

34

AR3015974




e

FPRQ Subtask 7.2 - RISK ASSESSMENT Revision 0

Westinghouse Project No. 4112-88-907B . 9 March 1990

3. Direct contact with, and subsequent incidentszl ingestion of, source
material by residential gardeners.

4, Incidentsl ingestion of surface water from the north and south ponds
by children while playing.

Other possible exposures, such as incidental ingestion of test pit soils
within the gquarry area have not been considered, since it iIs assumed that the
evaluation of potential ingestion of leachate poses a reasonable worst case

exposure scenario.

5.3.2 Wate

Although there is no current use of _down gradient ground water, there is
the potential for the future development of areas immediately down gradient of
the FPRQ site for residential, wuse along’with installation of ground water
welle, under the no action alternative. This potential is evaluated.

1. Human ingestion of down gradient ground water

Other potential exposure scenmarios related to ground water, such as dermal
contact or inhalation of volatiles while showering, have not beer considered

zince the direct ingestion scemario represents maximum exposure.

5.3.3 Surface Water and Sediment

Despite the existence of a site fence at the present time, there still is
a potential for children to play inm the north and scuth drainages, as well as
in Lawless Creek. In addition, while it is unlikely for children to swim in

these drainages due to their lack of depth and surface area, it is possible for

ssi ' - e - .)
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children to ingest incidentil amounts of water and/or sediments while playing

or wading. T ) AU
There is little use, if any, of surface water faz_ﬁétéble supplies in the

vieinity of the site, Nééef:the-lesé, there does exist the possibility that

people could use Lawless Creek downstream of the ?PRQ site for potable water in

the future,

The feollowing five scenarios have been developed for exposure to surface
water and sediments from the FPRQ site.

1. Incidental 1ngestion of Water from the north drainage by children
during play.

2. Incidental 1ngestlon “of water froﬁ tﬁe south dralnage by children
during play. .-

3.. TIncidental 1ngestion of sedlments from the north dralnage by children
during play. S

4. Incidental 1ngestlon of sedlments from the. south dralnage by children
during play. -

5. Use of Lawless Creek as a source of potable water by nearby residents.

Other potential exposure scenarios, such as"incidental ingestion of water’

from Lawless Creek, ingeétion sf:fish from lawless Creek, 1ngest1on of cattle

grazed along Lawless Creek, Tor- consumptiggfdf vegetables gxown using 1rr1gatlon-

water from either the dralnages or from Lawless Creek have not been considered.
The three scenarios outlined above are assumed to represent reasonable worst

case exposure scenarios for surface water and sediments. -
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5.3.4 Soil

Under the no-action alternative, there is the potential for exposure ﬁé
soils among children or adults who play or work at the site, either in the
quarxy itself, or in the soils along the dralnages near the site. Work in the
quarry or in nearby areas could result iﬁ exposure during construction of

houges, or during gardening activities by adults. Six scenarios have been

developed to assess the potential risk associated with soil exposures.

1. Incidental ingestion of quarry soil by children during play.

2, Incidental ingestion of quarry soil by adults as a result of
residentlial gardening. :

3. Incidental iIngestion of so0il in northern drainage by children during
play. T - . B}

L Incidental ingestion of soil in northern dralnage by adults as a
result of residential gardening. .

3. Incidental ingestion of soil in southern drainage by children durlng
play.

6. Incidental ingestion of scill in southern drainage by adults as =

result of residential gardening.

Other potential exposure scenarios for soil, such as dermal exposures, have
not been considered, since the contaminants of coficern are metals and are not
likely to be dermally absorbed and since the soils in the vicinity of the upper
northern and southern drainages are expected to have the highest concentrations
of contaminants of any soils outside of the quarry. Similar exposures to scurce

areas have already been considered (Section 5.3.1).
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5.3.5 Air T -

Under the no-action dlternative, a scenario has been developed to estimate
the potential lifetime exposure for humans exposéa:tb Particulate emissions if
the site is developed in the fué&?e for uses such as residential development.

1. Lifetime exposure to iphalation of particulate matter

Additional air pathway scenarios, such as exposure-ofiindividuals in the
community of Beaver Park to. particulate hmtéfigl?from the éite, were mnot
considered since the scenario that is developed representsz the reasonable worst

case events for thé site, ' o T - -

58

AR3013878

®




-

FPRQ Subtask 7.2 - RISK ASSESSMENT Revision 1 _

Westinghouse Project No. 4112-88-907B 2 August 1990
SECTIOR 6 o
EXPOSURE ASSESSMENT .

This subsection of the risk assessment provides assumptions and exposure
estimastes derived for the specific exposure scenarios identified in Subsection

5.3 above.

Development: of these exposure scenarios are based on 2 seéies of general
assumptions as well as on specific assumptions for the different scenarios. A4s _
appropriate, these assumptions are derived from guldance provided in U.s.
Environmental Protection Agency documentation (1986, 1989a, 1989b and 1989c) and

include such assumptions as:

o - adults weigh 70 kg, adolescents weigh 36 kg, and children weigh 20 kg;

o - lifetime drinking water exposures are based on individuals living an
entire lifetime of 70 years, with 10 years childhood exposure, 5 years ;
adolescent exposure, and 55 years adult exposure; .

o - lifetime exposures are based on individuals living an entire lifetime
of 70 years at the site;

¢ - Ffor average concentrations of any given indicator chemical, below
detectable results were assumed to be one half of the reported
detection limits if at least one sample in the scenario had detectable
concentrations of that indicator chemical;

o - I1f all samples in the scenario had below detectable concentrations of
any given indicator chemical, that chemical was assumed not to be
present in the sample;

o - base-level, or Taverage™ case exposure calculations are based on
arithmetic mean concentrations of indicator chemlcals, while
Preasonable worst™ case exposure calculations are based on the lesser
of the upper 95 percent confidence interval of the mean or the maximum ~
observed value;

¢ - bioavailability of metals in Ingested soil and sediments is assumed to
be 50 percent for the “average® case calculations;
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¢ - bioavailability of metals in ingested soil and sediments is assumed to
be 100 percent for the "reasonable worst' case caleculations; and

o - the health criteria for comparison of exposufes, which were obtained
either from U.S. Environmental Protection Agency (1986 and 1990a and
1990b) or from IRIS (1989), are as follows:

ORAL EXPOSURES INHALATION EXPOSURES

Indicator (mg/kg/day) (mg/kg/day)™
Chemical e A
Refarence Cancer Reference Cancer
Dose Potency Dose Potency
Factor Pactor
Antimony be~4 NA beo=b NA
Barium S5e-2 NA l.5e~4 NA
Cadmium S5e~4 NA Se~4 6.le0
Copper "3.7e-2 Ra le-2 KA
§ Lead 1.4e-3 . NA . 4,3e-4 NA
. Manganese - 5e~1 . . WA Se-1 A
Mercury . 2e-3 . _NA  5.le~=5. ' NA
Nickel - 2e-2 . NA - 2e=2 . 1.1%e0
Selenium © 3e-3 NA , le~-3 NA
Vanadium 9a-3 NA 9e-3 NA
Zinc 2e-1 - -NA le-2 NA
Arsenic , NA 1.75¢ . . NA S5e+l1
Benzene NA 2.9e-2  NA 2.9e-2
. Bis (2eh)
2 phthalate  2e-2 l.4e-2 2e-2 . NA

Reference Doses are provided for non-carcinogenic effects, cancer

potency factors are provided for carcinogens.

These assumptions lend a degree of coﬁservatism to the exposure estimates. .
For instance, it is unlikely that residents the FPRQ site would be developed for
residestial use, unlikely that individuals would live there for 70 years, and
unlikely that such individuals would be exposed to the maximum concentrations of
contaminants in any particular environmental media.

". Actual exposure esl;i.mates for each of the exposure scenarios are detailed

in Tables 6.1 through 6.17. ,_Sbécificﬁassumption"rs and calculation methods for.:
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each of these exposure scenarios are provided with the appropriate table.
Sections &, 7, and Appendices B,C, and D provide additional information on
toxicology and health-based criteria and standards for the fourteen iIndicator
chemicals for the FPRQ site.

For each of Tables 6.1 through 6.17, the first page provides the appropriate
health criterion {from Section 4 and the list of assumptions for Section &),
average (arithmetic mean) and‘maximum {lesser of the upper 95 percent confidence
interval of the mean or the maximum observed value) concentrations, average and
reascnable worst case exposure dose estimates, specific assumptions, and
appropriate hazard indices and lifetime cancer risks. The second page of each
table specifies the formulae used for cdlculation of exposure dose, provides a
diagrammatic map indicating the locations from which the samples for the specific
scenario were taken, and lists the specific samples used as they are identified

in the RI Report.

6.1 SOURCE AREAS AND LEACHATE IN QUARRY

Exposx&e scenarios related to source areas and leachate within the quarry
are based on the assumption that the FPRQ site, at some time in the future, is
developed for residential purposes with no removal of waste material. These
scenarios assume that waste material is not covered or otherwise sequestered from
exposure to the public and that domestic pgtable water is obtained from the site,
with & suite of constituents equivalent to aqueous samples taken from a test pit
(FP-7028) and quarry seep (FP-404). The assumption of future residential use of
the site iz made In this suite of scenarios, in accord with the U.S.

Envircnmental Protection Agency (1986) guidelines as a "most conservative choice"

d
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. since current land use in the vicinity of the site is reasildential, with use of

ground water for drinking.

6.1.1 Human Ingestion of Leachate .

This scenario is based on a lifetime consumption of leachate from the quarry
site."An average case assumes ingestion by an adult of two liters of water
{(leachate) daily. As a reasonable worst case, it is assumed that a child
(sensitive receptor) drinks one liter of water (leachatg) daily. TFor non-
carcinogens, exposure is compared to appropriate chronic exposure health-based
criteria, such as acce_,-ptable intakes based on U.S. Envirommental Protection
Agency reference dose values (RfD) or Health Effects Assessment values (HEA).
For carcinogens, exposure estimates assume a lifetime exposure, with 10 years of
childhood exposure, 5 years of adolescent exposure, and 55 years of adult

. exposure averaged over 70 years. Carcinogenic risk is a function of exposure
times cancer potency.

Specific assumptions and exposure estimates for human consumption of
leachate from on-site sources are provided in Table 6-1. The ambient
concentrations of indicator chemicals were derived from analyses of the following

T saﬁples: | e - R

Test Pit 702B - Leachate (Aqueous sample) -

Sample 404 - Quarry Seep

6.1.2 Incidental I ';g__geggion of Source Material by Children

This scenario is based on a lifetime consumption of source material from the

quarry site. An-avera_ge case assumes ingestion by a child of 200 mg of soil .
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( during play per day (U.S. Environmental Protection Agency, 198%a), with the child
playing two days per week. As a reasonable worst case, it is assumed that a .

child with pica (tendency to eat soil) ingésts 400 mg of source material during
play per day (U.S. Enviromnmental Protection Agency, 15893), fouf days per week,
For non-carcinogens, exposure is compared to appropriate chronic exposure health-
based criteria. TFor carcinogens, exposure estimates assume a 70-year lifetime
exposure, with 15 years of childhood (ingestion of 200 or 400 mg of soil daily,
20 kg body weight) and 10 to 30 years of adult exposure (60 to 100 mg per day,
70 kg weight), averaged over 70 yedrs, with play or other contact (gardening) in
the source material occurring two te four déys per week, 26 to 40 weeks per year
when weather conditions are most favorable for such outdoor activity. These
assumptions, therefore, incorporate adult rexposures as part of the total lifetime
exposure.
{ Specific assumptions and exposure estimates for incidental human ingestion o

of source mzterial from on-site sources aJ;e provided in Table 6-2. The ambient - '**.

concentrations of indicator chemicals were derived from analyses of the following

ganples:
Samples 410 through 412 - Phase I Source Area Samples (Waste Pile,
£ Black Drum, Grey Drum)
Samples 110 through 113 - Phase II - Waste Pile
Samples 117 through 120 - Phase II - Carbon Black
6.1.3 s Le] R terial b ulty

This scenarioc is based on consumption of source material from the quarry
site during gardening activities by adults. An average case assumes Ingestion

of 60 mg of soil by an adult during gardening activity (U.S. Environmental
{
° @
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Protection Agency, 1989a), with the individual gardening two days per week during
the six months of spring, summer, and fall. As a reasonable worst case, it is
assumed that an individual gardens four days per week during a 40-week season.

For non-carcinogens, exposure is compared to appropriate chronic exposure health-

based criteria. For carcinogens, exposure estimates assume a 10 to 30 years of

exposure. Lifetime exposure calculations Incorporate 15.years of childhood

exposure, , o ) .

Specific assumptions and exposure estimates for human consumption of source
material from ofi-§ite sources as a result of gardening are provided in Table 6-3.
The ambient concentrations of indlicator chemicals were derived from analyses of
the following samples: - o L

Samples 410 through 412 - Phase I Source Area Samples (Waste Pile,
Black Drum, Grey Drum) ' '

Samples 110 through 113 - Phase II - Waste Pile

Samples 117 through 120 - Phase II - Carbon Black

6.1.4 Ineidental Inpestion of Water from North snd South Ponds by Children

This scenario is based on incidental consumption of surface water from the
quarry site {(north and south Pm‘?,d,s) by chi}dren dx_xring‘ wading. The U.S.
Envirosmenf:al Protsctisn Agen::yil9893)i suggests arixi-inc_id-eiﬁtal isgéstion rate of
50 ml water per hour during swimming, It is assumed here that children playing
and wading ingest less incidental water thsn individuals would during swimming
activity. Therefore, an average case assumes incidental ingestion, by a child,
of 25 ml water per play day, with two days of play per week for 26 weeks per
year. As a reasonable worst case, it is assumed that a child plays two hours per
play day and ingests 50 ml of water per day, with four days of play per week for

40 weeks per year. For mnon-carcinogens, exposure is compared to appropriate

AR30 1980
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( chronic exposure health-based criteria. For carcinogens, exposure estimates _
assume only 15 years of childhood exposure averaged over 70 years. This scenario . .

assumes that adults will not be exposed to the surface water in the quarry.
Carcinogenic risk is a function of exposure times cancer potency.

Specific assumptions and exposure estimates for incidental human consumption
of water from on-zite sources are provided in Table 6-4, The ambient
concentrations of indicator chemicals were derived from the following sample
anzlyses:

Sample 401 - South Pond

Sample 402 and 403 - North Pond

5.2 GROUND WATER

The exposure scenario related to ground water. as with the previous
sceanarios discussed above, assumes that the area of the FPRQ site, at some time
in the future, is developed for residential purposes. This geenario assumes that .

residents will use local ground water for domestic use. One scenario has been

derived.

6.2.1

Thiz scenaric is based on a lifetime consumption of ground water in the
vieinity of the FPRQ site by residents. An average case assumes ingestion by a
70 kg adult of two liters of watexr daily. As a reasonable worst case, it is

assumed that a 20 kg child (sensitive receptor) drinks one liter of water daily.,

For non-carcinogens, exposure is compared to appropriate chronic exposure health-
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based criteria. For carcinogens, exposure estimates assume a lifetime exposure,
with 10 years of childhood exposure, 5 years of adolescent exposure; and 55 years
of adult exposure, averaged over 70 years. Carcinogenic risk is a function of
exposure times cancer potency.

Specific assumptions and exposure estimates for human consumption of ground
water are provided in Table 6-5. The ambient concentrations of indicator
chemicals were derived from all of the non-background, non-QA samples of ground
water from the Phase II Round 1 ground water sampling activity, dissolved
analyses only, including the following samples.

FP-003A o T T T

FP-0038 ' ' C

FP-004 - B ' T

Fp-0054 . . 7T 0 o T T T T

FP-005B _ PR : S .

FP-0064 T T T -

FP-0Q06B ' ' T '

FP-007A o : o _ T

FP-007B :

FP-008A Co el

FP-008B e e

FP-009 D T
6.3 SURFACE VATER AND SEDIMENT

Given a no-action alternative for the FPRQ site, there is the potential of
exposure of residents in the vicinity of the site to contaminants that may exist
in either the northern and southern drainages or in Lawless Creek. Scenarios
related to this type of exposure, while. less representative of worst case
conditions than are those scenarios developed for direct exposure to source
material in the quarry, are important to an understanding of the residual risk

associated with remedial actions that would essentially isolate the present waste

material at the FPRQ site. The following five scenarios were developed.
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6.3.1 tal estion of Water from the Northern Drainage by Children

This scenaric is based on incidental cofisumption of surface water from the
northern drainage by children during wading or other play activity. The U.S.
Environmental Protection Agency (198%a) suggests an incidéntal ingestion rate of
50 ml water per hour during swimming. It is assumed here that children playing
and wading ingest less incidental water éhan individuals would during swimming
activity. Therefore, an average case assumes incidental ingestion, by a child,
of 25 ml water per play day, with two days of play per week for Z6 weeks per
year. As a reasonable worst case, it is assumed that a child ingests 50 ml of
water per play day, with four days of play per week for 40 weeks per year. For
non-carcinogens, exposure is compared to appropriate chronic exposure health-
based criteria. For carcinogens, exposure estimates assume 15 yvears of childhood
exposure averaged over 70 years. It is assumed that adults will have no chronic
exposure to surface water in the northern drainage. Carcinogenic risk is a
function of exposure times cancer potency. |

Specific assumptions and exposure estimates for incidental human consumption
of water from the northern drainage are provided in Table 6-6. The ambient

concentrations of indicator chemicals were derived from analyses of the following

samples,
FP-309 (Rounds 1 and 2)
FP-315 {(Round 2)
FP-310 (Round 2)
FP 211 (Rounds 1 and 2)
6.3.2 ents estion of Water from the Southern Drainage by Children

This scenaric is based on incidental consumption of surface water from the
southern drainage by children during wading or other play activity. The U.S.

Environmental Protection Agency (1989a) suggests an incidental ingestion rate of

AR301987
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50 ml wateyx per houx during sw1mm1ng It is éssumed here that children playing
and wading ingest less incidental water than individualg-would during swimming
activity, Therefore, an average case asédﬁeérincideﬁfél iggestion, by a child,
of 25 ml water per play day, with twordays of play per week for 26 weeks per
year. As a reasonable worst case, it 1is assumed that a child ingests 50 ml of
water per play day, with four days of play per week for &Oiﬁéeks per year. For
non-carcinogens, exposure is compared to appfOpriate chronic exposure health-
based criteria. For carcinogens, exposure estimates assume 15 years of childhood
exposure averaged over 70 years. It-is'éséﬁﬁéﬁfkhat a&uiéé‘will have no chronic
exposure to surface water in the southern drainage. Ga?;inogenic risk is a
function of exposure times cancer iéteﬁcyiﬁ o

Specific assumptions and éxXposure estimates for incidantal.human.consumption
of water from the southern dralnage are pro;ided in Table 6-7. The apblent
concentrations of indicator chemicals were derived.from analyses of the following

samples.

FP- 307 {Round 2)
FB-308 (Rounds 1 and 2)
FP 319 (Round 1) -

6.3.3 Incidental Ingestion of Eégtge;g-gfgigage Sediments by Children

This scenario is based on incideﬁﬁal-pohsumptidn'of sediments from the
northern drainage by children during play. An average case assumes ingestion by
a child of 200 mg of sediment during play (U s. Environmental Protection Agency,

1989a), with the child two days per week for 26 weeks per ysar. As a reasonable

worst case, it is assumed that a child with pica ingests 400 mg of sediment

during each play day (U.S. Environmental Protection Agency, 1990), with the child
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playing four days per week for 40 weeks per year. For non-carcinogens, exposure
is compared to appropriate chronic exposure health-based criteria. For
carcinogens, exposure estimates assume a total of 15 years of e;fosure, averaged
over 70 years. It is assumed that adults would not be exposed to sediments in

this drainage to any appreciable degree.

Specific assumptions and exposure estimates for incidental human ingestion

of sediments from the northern drainage 1Is are provided in Table 6-8. The

anblent concentrations of indicator chemicals were derived from analyses of the

following samples.

FP.209 (Rounds 1 and 2)

FP-215 (Round 2)

FP~210 (Round 2)

FP-211 (Rounds 1 and 2)
£.3.4 d negestion of Southern Drainage Sediments b ldren

This scenario is based on inecidental consumption of sediments from the

southern drainage by children during play. An average case assumes ingestion by
a child of 200 mg of sediment during play (U.S. Environmental Protection Agency,
198%a), with the child playing two days per week for 26 weeks per year. As a
reasonable worst case, It is assumed that a child with pica ingests 400 mg of
gediment during each play day (U.S. Emvirommental Protection Agency, 1990) with
the c¢hild playing four days per week for 40 weeks per year. For non-carcinogens,
exposure is compared to appropriate chronic exposure health-based criteria. For
carcinogens, exposure estimates assume a ;ptal of 15 years of exposure, averaged
over 70 years. It is assumed that adults would not be exposed to sediments in
this drainage to any appreciable degree.

Specific assumptions and exposure estimates for incidental human ingestion

of sediments from the southerm draimage is are provided im Table 6-9. The
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ambient concentrations of indicator chemicals were derived from analyses of the

following samples.
FP-206 (Rounds 1 and 2).
FP-207 (Round 2) '

FP-208 (Rounds 1 and 2)
FP-219 (Round 1)

6.3.5 Use of lawless Creek as a Potable Water Supply

This scenario is based on a lifetime consumption of water from Lawless Creek
and assumes that at some time in the future, there is residential development of
the area immediately downstream of the site along Lawless Creek and that
residents use the creek water for potable water.

It is recognized that an associated scenario would be the ingestion of fish
from Lawless Creek or the consumptien of cattle grazed along the creek. However,
since the contaminants identified at the site do not ﬁioaccumulate to any
appreciable extent, direct ingestion of contaminants in drinking water is
considered the most conservative exposure scenario for exposure to contaminants
in Lawless Creek. = .. ... — IS

An averapge case assumes Ingestion by an adult of two liters of water daily.
As a reasonable worst case, it is assumed that a child (sensitive receptor)
drinks one liter of water daily. TFor non-carcinogens, exposure is compared to
appropriate chronic exposure health-based c¢riteria. For carcinogens, exposure
estimates assume a lifetime exposure, with 15 years of childhood exposure (1
liter pér day, 20 kg), 5 years of adolescehé‘exPOSure (2 liters per day, 36 kg),
and 55 years of adult exposure (2 liters per day, 70 kg) averaged over 70 years.

Carcinogenic risk is a function of exposure times cancer potency.
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Specific assumptions and exposure estimates_for human consumption of water
from Lawless Creek are provided in Table 6-10. The ambient concentrations of
indicator chemicals were derived from analyses of the following samples.

FP-313 (Rounds 1 and 2)
FP-314 (Rounds 1 and 2)
6.4 SOIL

Given a no-action alternative for the FPRQ site, there is the potential for
exposure of residents in the vicinity of the site to contaminants that may exist
in soil in the quarry or in the vicinity of the quarry. The worst case
conservative assumption of exposure to souf;e m#terial iﬁ the duafry-itself‘has
been discussed in Subsection 6.1. In this section, potential exposures to quarry
soils and to soils near the quarry (in the northern and southern drainage areas
adjacent to the quarry) are considered. Scenarios related to this type of
exposure, while less representative of worst case conditions than are those
scenarios developed for direct .exposure, to site source contamination, are
important to an understanding of the residual risk associated with remedial
actions that would essentially isolate the present contaminated seils at the FPRQ

site.

6.4.1 nt tion of Qua 8 by Children

This scenarioc is based on incidental ingestion of soil in the quarry by
children during play. An average case assumes ingestion by a child of 20Q mg of
s0il during play (U.S. Envirommental Protection Agency, 1989a), with the child
playing in the quarry two days per week for 26 weeks per year. As a reasonable
worst case, it is assumed that a child with pica ingests 400 mp of soil during

each play day (U.S. Enviromnmental Protection Agency, 1990), with the child
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playing four days per week for 40 weeks per year. For non-ciarcinogens, exposure
is conpared to appropriate chronic exposure health-based criteria. For
over 70 years. 1In addition, lifetime exposure to carcinogens assumes that the
exposed child grows up and gardens in solls on the site, ingesting an additional
60 to 100 mg of soil per gardening day as an adult.

Specific assumptions and exposure estimates for human consumption of soil
from on-site sources are provided in Table 6-11. The ambient concentrations of

indicator chemicals were derived from analyses of the following surface soil

samples. o oL T
FP-103 - o - : C o . L
FP-104 :
FP-105 L : - , .
FP-106 . . ST o
Fp-107 . oo T o '
FP-108 _ T .
FP-109 . .. e o el )
6.4.2 Incidental Ingestion of Qua Soil by Adults
This scenario is based on a lifetime consumption of soll from the quarry
site during gardening activities by adults. An average case assumes ingestion

by an adult of 60 mg of soil during gardening activity (U.S. Environmental
Protection Agency, 1989%a), with the individual gardening two days per week for
ingests 100 mg of soil per gardening day ;ﬁa gardens four days per week for 40
weeks per yvear. For non-carcinogens, exposure is compared to appropriate chronic
exposure health-based criteria. = For carcinogens, exposure estimates assume a
lifetime exposure. Lifetime exposure calculations incorporate 15 years of

childhood exposure. o
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Specific assumptions and exposure estimates for human consumption of source
material from on-site sources as a result of gardening are provided in Table 6-

12. The ambient concentrations of indicator chemicals were derived from analyses

of the following surface soil samples,
FP-103
FP-104
Fp-105
FP-106
Fp-107
FPp-108
Fp-109

6.4.3 Incidental Ingestion of Northerm Drainage Soil by Children During Play

This scenario is based on incidental ingestion of soil from the northern
drainage adjacent to the quarxy by children during play. An average case assumes
ingestion by 2 child of 200 mg of soil during play (U.S. Environmgntal Protection
Agency, 1989a), with the child playing two days per week for 26 weeks per year.
As a reasonable worst case, it is assumed tﬁét a child with piéﬁ ingests 400 mg
of so0il during each play day (U.S. Environmental Protection Agency, 1990) four
days per week for 40 weeks per year. For non-carcinogens, expééure is cdmpaied
to appropriate c:hroni_;: exposure health-based criteria. For carcinogens, exposure
astimates assume a total of 15 years of exposure, averaged ovér 70 years. In

addition, lifetime exposure to carcinogens assumes that the exposed child grows

up and gardens in solls on the site, ingesting an additional 100 mg of soil per

gardening day as an adult.
Specific assumptions and exposure estiﬁates for human cdﬁéﬁmption of soil
from the northern drainage are provided in Table 6-13, The ambient

concentrations of indicator chemicals were derived from the following surface

soil samples taken from the area of the northern drainage.

AR301993 -
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FP-121 Grid S
FP-122 Grid o
FP-123 Grid e
FP-124 Grid e s

6.4.4 Incidental Ingestion of Northern Drainage Soifl by Adults

This scenaric is based on a lifetime ingestion of soil from the northerm
drainage adjacent to the quarry during gardening activities by adults. An
average case assumes ingestion by an adult of 60 mg of 'soil per day during
gardening activity (U.S. Envirommental Protection Agency, 198%a), with the
individual gardening two days per week for 26 weeks per year. As a reasomnable
worst case, it is assumed that an individual ingests 100 mg of soil and gardens
four days per week for 40 weeks per vear. For non—cafcinogens, exposure 1is
compared to appropriate chronic exposure health-based criteria. For carcinogens,
exposure estimates assqme_a_lifet%gergxposure,u Lifetime exposure calculations
incorporate 15 years of'childhobd;eipdéure. | )

Specific assumptions and exposure estimates for human consumption of soil
from the northern drainage as a result of gardening are provided in Table 6-14%.
The ambient concentrations of indicator chemicals were derived from the following
surface soil samples taken from the area of the northern drainage.

FP-121 Grid - S o
Fp-122 Grid T T o

FP-123 Grid
FP-124 Grid

6.4.5 Incidental Ingestion of Southernm Drainage Soil (Disturbed Area} by
Children During Flay

This scenario is based on incidental ingestion of soil from the southern

drainage adjacent to the quarry by children during play. An average case assumes

ingestion by a child of 200 mg of soil during each play day (U.S. Environmental
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Protection Agency, 1989z}, with the child playing two days per week for 26 weeks
per yesr. As a reasonable worst case, it is assumed that a child with pica
ingests 400 mg of soll during each play day (U.S. Environmental P;otectiou
Agency, 1930), with the child playing four days per week for 40 weeks per year.
For non-carcinogens, exposure is compared to appropriate chronic exposure health-
based criteria. For carcinogens, exposure estimates assume a total of 15 years
of exposure, averaged over 70 years. In addition, lifetime exposure to
carcinogens assumes that the exposed child grows up and gardens in soils on the
site, ingesting an additional 60 to 100 mg of soil per gardening day as an adult.

Specific assumptions and exposure estimates for human consumption of soil
from the southern dralnage are provided in Table 6-15. The ambient
concentrations of indicator chemicals were derived from the following surface

soil samples taken from the area of the southern drainage.

FP-114
FP-115
FP-116
FP-125

6.4.6

This scenario is based on a lifetimé iIngestion of soll from the southern
drainage adjacent to the quarry during gardening activities by adults. An
average case assumes ingestion by an adult of 60 mg of soil during gardening
activity (U.S. Envirommental Protection Agency, 1989a), with the individual

gardening two days per week for 26 weeks per year. As a reasonable worst case,

it is assumed that an individual ingests 100 mg of soil and gardens four days per

week for 40 weeks per year. For non-carcinogens, exposure is compared to

appropriate chronic expesure health-based eriteria. For carcinogens, exposure
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estimates assume a lifetime exposure. Lifetime exposure ¢alculations incorporate
15 years of childhood exposure. |

Specific assumptions and exposure estimates for human consumption of soil
from the southern drainage as g resuit_o_fgardeningare provided iﬁ Table 6-16.
The ambient concentrations of iﬁdiéatci chemicals wefé--de:rived from the following
surfaée soil samples taken from the area of fhe southen"x dréinége.

FP-114 - .. o oomsnes wewmm i ST
FP-115 . L
FP-116

FP-125 . e

6.5 AIR e

Given a no-action alternative.for the I;‘PRQ site, t’nrere:is the potential fér
exposure of residents in the vicinity of the sitLe -to Inhalation of airborne
particulate material that might contéin entrained or édsorbed material from the

soil at or in the vicinity of the FPRQ site., The wcrst case conservative

assumption of exposure Lo source material in the quarry by ingestion has been
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discussed in Subsection 6.1, In this section, potential exposure to
contaminants adsorbed onto . fugitive dust emissions from quarry soil 1is
considered. This scenario assesses.the lifetime inhalation exposure of humans
to quarry soil, assuming future residential development of the FPRQ site along
with development of a roadway in the quarry. As a conservative assumption, it
is assumed that this roadway 1is dirt and no dust suppression measures are

employed. L e el T T e T

§.5.1 . . Inhalation of Particulate Matter

This scenario assumes inhalation of particulate fugitive emissions from
surface soil in the quarry-by_humang._;Ehewggen;;iofésgp@gsjgeneration of dust
on an unpaved roadway through the quarry by traffic. The average case assumes
adult exposure, while the reasonable worst case includes exposure assumptions
related to children for chronic .exposure estimates.

For ﬁon;éarcinogens,'exposure is compared to appropriate chronic exposure
health-based criteria. For carcinogens, exposure estimaftes assume a total of

70 years of exposure. T_ Il i [ TIUTT oo oomm o nic

Specific assuiptions and exposure estimates for human inhalation of soil
from on-site sources are provided in Table 6-17., The ambient concentrations of
indicator chemicals were derived from analyses of the following surface soil

samples. s ' . T

Fp-103 70 T L T L T
FpP-104 . T

FP-105 = .. . . oL el
FpP-1Ce .. T L [P
FP-107 T L ST ' oL T
Fp-108 - T 0 TTTTTITIILTTY o - T
FP-109 - Lol T
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Derivation of exposure estimates for potential inhalation exposure to site
contaminants £rom the FPRQ site involves several steps, including estimation of
generation rates for particulate ngitivg emissions, estimation of subsequent =
ambient air concentrations of individual contaminants given soil concentrations
and ambient climatic data, and estimates of exposure to each indicator chemical.
Potential emissions of fugitive dust from the site are estimated based on
guidance from U.S.EPA (1988c). For dust generation from unpaved rocads, the
following equation is used: : ) -
E=k(1.7)x(s/12)x(S/68)x(W/2.7)0-T®(us4)0+ 5% ((365-P) /365) kg VKT : : -
vwhere
E = emission factor in kg dust per VKT (vehicle kilometers traveled);

k = non-dimensional particle size multiplier;

g = percent soll silt content; —
S = mean wvehicle speed in km per hour;
W = mean vehlcle weight in metric tons;
w = mean number of wheels per wvehicle) and L =

a P = number of days with at least 0.254 mm (0.0l inch) of precipitation’
per year.

Estimates of fugitive dust emissions were calculated foF¥ the FPRQ site

under both average and reasomnable worst case assumptions based on the following

input assumptions:
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Inpus " T T ~- " Average = - “TReasonable _
RParameter . _ Casé " " " “Yorst Case . Comment
k 0.36 .. 1036 . particles > 10um (U.S.

Environmental Protection-
Agency 1988c)

s 15 _ . ... . 208% T residential dust
suppression

s - - 30 km/hr . - 50 km/hr . slow traffie, residential
area

W 3 mtons - 15 mtons primarily light trucks and
cars -

w 4 wheels .6 wheels primarily light trucks and
cars

P - 120 days 120 days .~ (U.S. Environmental

Protection Agency 1%88c)

Dust generation éstimates .of 0.345.kg per VKT (average case) and 2.9 kg

"'. per VKT (reasonable worst case) were calculated g:l.ven the above assumptions,

Further, asstuning: ST T T

© - - = -an average of 25 daily round trips along a 100 meter unpaved
roadway in the quarry for an average case and 100 daily round
trips along a 100 meter unpaved roadway for a reasonable worst
case and e e e ——— e s e R L - e ' : -

o - - -a lé-hour day for activity,

average fugitive dust generation rates of 3.004 x 1079 grams per second under
an average case_scenario and 1.007 x 1076 grams per second under the worst case
scenario are calculated based on the following equation:

Dust Generation(g/sec) = Emission Rate(g/VKT) x daily travel distance(km)
16(hours/day) x 3600(seconds/hour)
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The above val&es for dust generationiﬁere then used to.éenerate annual
ambient contaminant concentrations in the vicinity of the FPRQ site on the basis
of site air quality dispersion modeling using the U.S, Envirommental Protection
Agency Industrlal Scurce Complex Short Term (ISCST) model. A screening level
ambient a&ir quality dispersion model was run using one year (1986) of
meteorological data from the Raleigh-Durham International Airport in North
Carolina. This analysis was based on a hypothetical unpaved road rumning for
approximately 100 meters in an east-west di¥ection in the approximate mid-point
of the quarry on-site soill sampling grids. The roadway was represented by
twenty volume sources, each with a 1 gram per second emission rate. The
procedures outlined in the ISCST manual were followed to represent a line source
as multiple volume sources. Meteorological defaults in the ISCST model were
used to determine worst case downwind concentrationé at receptor locations
placed 10 meters from the line source at 20-meter intervals along the line.

The output from the ISCST model, based on a 1 gram per second unit emission
(generation rate) was corrected by the appropriate dust generation rate, as
calculaced above, to derive a site-specific ambient fugitive dust concentration.

The annual average ISCST-modeled fugitive dust concentration at the receptor of

‘maximum concentration (9.124 mg per cubic meter) was used to derive am average

case ambient concentration, while the maximum 24-hour concentration (44.187 mg
per cubic meter) was used for the reasonable worst case scenario. Since the 100
meter modeled line source was represented by twenty volume sources, each
generating 1 gram per second, and the site specific fugitive emission rates
calculated sbove are a unit emissions based on travel along a 100 meter roadway,
site specific amblent concentrations were derived as follows:
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Ambient Conc(ug/Ms) f_Dust_nggfgﬁigggg/seé)-k ISCST(mg/M3) x 1000(ug/mg)
20(g/sec) ‘

to obtain the following values.

Dust Generation ISCST - . Ambient Concentration
{g/sec) o (mgﬁﬂ3z (ug/MB) _ o
Average Case 3.006'x 1009 - 9.124 . 137=xw0°¢ .
Worst Case ©1.007 x 1076 44,187 2.22 x 1073

The ambient dust concentrations calculated and presented in the above table
were then multiplied by contaminant-specifilc soll concentrations in Table 6-17
to dexrive specific exposure estimates for each indlcator chemical at the FPRQ
site.  Additional specific assumptions and exposure .estimates for human
inhalation of soil from on-site solrces as .a result of residential use of the

¥ . ' FPRQ &ite aré provided in Table 6-17.

S Uy
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SECTION 7

HUMAN HEALTH BASED STANDARDS AND CRITERIA

This section describes the procedures for identifying chemical-specific
and location-specific Applicable or Relevant and Appropriate Requirements
(ARARs) for the FPRQ and presents the human health-based standards and criteria
against which exposure estimates are compared. This section also discusses
issuves of interpretation and analysis Involving the various potential
requirements and provides guidance as to when certain requirements will be
ARARs. In general, removal actions will require attaining ARARs to the greatest
extent practicable. However, ARARs are not necessarily to be used to assess the
health risks. Compatison of FPRQ data to ARARs can be used to assess the
attainment or non-attainment of institutional .requirements. The procedures
utilized in the Iidentification ef these ARARs were obtained from the draft
guidance manual on CERCLA compliance with other laws (U.S. Environmental

Protection Agency, 1988b).

7.1 IDENTIFICATION AND AWALYSIS OF CGHEMICAL-SPECIFIC ARARS

Tables presenting the chemicals identified on site and specific media-
based ARARs are provided in Appendix D. Chemical-specific ARARs are usually
health- or risk-based numerical values. They serve to establish the acceptable
concentration of a c¢hemical that may be found in, or be discharged to, the
ambient environment. Where a chemical has more than one ARAR, then compliance

should be with the most stringent (U.S. Environmental Protection Agency, 1988b).
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7.1.1  Determination of Applicability )

Applicable requirements "are™ those standards, envirommental protection
requirements, ¢T ¢ther federal and staté limitations that specifically address

a chemical, location, remedial action, or other circumstance at a CERCLA site.

RCRA requirementé for the Efeaéﬁéﬁt,rstorage,'ér disposal of hazardous waste
would apply to,F?ﬁaﬂif'FPRQ)coﬁtaihs RCRA listed or characteristic hazardous

wastes that were treated or disposed of after the effective date of the RCRA

regulations under consideration as ARARs. For example, RCRA Maximum Contaminant
Limits (MCLs) aré applicable requirements for ground water protection at RCRA

regulated units., These units must have received RCRA hazardous waste after July

6, 1982. |This iEJﬁggftﬂéiéaééwaﬁrFPRQ: If it cannot be determined that a

substarce falls under the RCRA régﬁiaﬁions, then the RCRA regulations are not
applicable; however, they may be relevant and appropriate.’ TFor a standard or

other federal or staté limitation to be applicablé, it must satisfy all of the

jurisdictional prerequisites of a requirement.

Safe : Drinking Water . Act Maximum Contéﬁinant levels (SDWA MCLs) are

enforceable standards for public d;iﬁiing water éyétéﬁé.i lhe SDWA MCLs apply

to community wateT systems, which are public water systems having at least 15

P T T - P T T B P
service comnections or serving an average of at least 25 year-round residents.

In the case of FPRQ, the individual ﬁelié_inffhéniaééi éomﬁuﬁity are upgradient
from the site and are not pubiié soﬁ&céé-of dfinkiné wéter; i‘i‘herefore the SDWA
standards are not applicable here.

Based on an analysis of all of the pertinent regulations, standards and
other federal and state limitations, none are applicéble as cheﬁical-specific

ARARs at the FPRQ site. - — . ... . . .= o0 TI
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7.1.2 et ination of Relevance and Appropriateness

The U.S. Envirommental Protection Agency has determined that MCLs will be
relevant and sppropriate for ground water or surface water that currently is or
may in the future be used directly for dri?king. Therefore, the MCLs must be
met in the surface watefr &r ground wéter itself. While the wells néar this site
are presently upgradlient of the site, there is the potential that ground water
supply wells could be installed downgradient in the future. Therefore, the MCls
would be relevant and appropriate for the ground water.

Surface water runoff from the site could potentially be used as a drinking
supply; therefore, the MCLs could be considered relevant and appropriate
requirements for the surface water. While the Primary SDWA standards are
considered enforcesble, the secondary standafds are not. However, the secondary
standards are still considered relevant and appropriate, as thelr goals are
sufficiently similar to the goals of cleanup of. the FPRQ site.

The MCL Goals (MCLGs) are non-enforéeable health goals that should be
considered in special cases, such as at FPRQ where there are multiple
contaminants. Therefore, the MCLGs are relevant and appropriate regquirements
for the surface water.

The Federal Water Quality Critexia are non-enforceable guldelines used by
the states to set surface water quality standards. These federal standards are

considered relevant and appropriate requirements by the U.5. Envirenmental

Protection Agency foXr the FPRQ surface water. ) i
The Virginia Water Quality Standards for Surface Water and for Aquatic Life
would also be considered relevant and appropriate requirements for the surface

g5 - ) T o - -
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water at the site. The specific goals and objectives for the site are to protect

existing and artainable use or uses of the receiving waters.

7.2 COMPARISON OF MOST STRINGENT ARARS WIIH QQEFQHIE@N$_GONGENTRATIONS
The fourteen indicator chemicals identified at FPRQ are listed in Section
3.0 of this risk assessment. These foﬁrteeniéhemicals' most stringent ARARs are

compared in this subsection with existing concentratioms, both average and

maximum, in ground water and surface water.

The most stringent ARARs for the fourteen indicator chemicals for ground
water and surface water are indicated below. In additién,-for cadmium, copper,
lead, and nickel, ARARS are also calculated based on hardness in accord with the
formulae noted on Table 3 of Appendix D; The caléulations assume an average

hardness of 39.92 mg per liter.

P
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ARAR (ug/1)
Indicator .
Chemical Surface Water .
Ground Water Surface Water Hardness—Rased
Antimony S 150 —_
Arsenic 50 0.0022 -
Rarium 1000 1000 —
Banzene 3 Q.66 i -
Bis (2-EH)
phthalate -— 3 -
Cadmium 0.4 1.1 . 550
Copper 1000 12 . 5390
Lead 50 3.2 7 1010
Manganese 30 50 —
Mercury 0.05 0.012 -
Mickel - . 134 47560
Selenium 10 10 -
Vanadium - - -
Zinc 50 47 _ -

These ARARs. consist of the most stringent values from the PFPederal Safe
Drinking Water Act/RCRA values, Clean Water Act's Water Quality Criteria, and

Virginia Water Quality Standards. - S . B .

7.2.2 1 and Ave Indicator Chemical Ground Water and Surface Water

The maximum and average concentrations of the fourteen indicator chemicals

in the surface water and ground water -are provided below. The average

concentrations are the arithmetic means of sample concentrations. The maximum

concentrations are the lesser of the upper 95 percent confidence interval or the

. HR302007 |
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Ground Water Surface Water
{Concentrations in ug/1)
Indicator ‘
Chemical e e
Average Maximum Average Maximtim

Antimony 1.117 1.3317 1.717 2.59
Arsenic BDL B BDL - 17.16 30.56
Barium 12¢0.9 139.4.. . ... 1646 . 2786
Betnizene BDL BDL BDL RDL
Bis (2-EH) o .

phthalate 7.5 0 7 779,306 BDL BDL
Cadmium BDL , BDL .. 23.22 41.11
Copper T 4.867 6.73 . 14,21 . 19.85
Lead BDL BDL 3.932 6.36
Manganese © 595.6 1245 901.7 1312
Mercury BDL BDL BDL BDL
Nickel . .- -- .. -BDL BDL 20.07 25.11
Selenium BDL _ BDL BDL BDL
Vanadium - BDL BDL . BDL BDL

Zine ' 140.6 223.3 15546 29619

7.3  HUMAN HEALTH BASED CRITERIA
Human health based standards and criteria, as established by the U.S.
EnvironmentaiﬂPfotehtibﬁ‘Ageﬁ;y;—ﬁhefe available, are presented for the fourteen

indicator chemicals in Appendiz D. This appendix includes such standards as

reference doses, health advisories, and cancer potencies where relevant.

7.4 CONCLUSION

The identification of "appli-ca-ble or reléw;ant and appropriate reguirements”
allows a comparison to exposure point concentrationsrfor the:chemicals identified
at the First Piedmont site. This comparison serves as the basis for the baseline

88 ER302008
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Generally, the policy of the U.S. Envirommental Protection Agency is to

attain contaminant level ARARs to ensure protection at all points of potential .

exposure. At each potential point of exposure, a reasonable maximum exposure
scenario nust be examined and the cleanup goals set accordingly. Where cleanup
goals are not practicable or cost effective, exposure controls may be utilized

in combination with treatment/engineered controls.
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SECTION 8

ETSK SUMMARY

This section provides a brief discussion of the nature of risk, a
discussion of conservatism in the risk assessment process as it applies to the
FPRQ site risk assegsment, and a summary of risk for the FPRQ site based on the

exposure scenarios and calculations provided in Section 6 and Tables 6.1 through

6.17. °~ R e S T o o T i N

8.1 WNATURE OF RISK ASSESSMERT

The risk assessméfit process involves evaluation of a series of hypothetical
assumptions to derive some estimate of the potential adverse effects on human
health, given the assumptions made. These assumptiohs are conservative in
nature in order to provide a ma¥gin of gafety. The conservative nature of the
specific assumptions made in this risk asséééﬁéﬁé‘—fof.'fhe FPRQ site are
discussed in the next subsection.

For risk to exist, there must alsc be exposure to toxic or otherwise
harmful conditions. Without suéh”eiﬁosufe, there is nd fiékw‘ Currently, there

this risk assessment are potential risks, based on the assumption that the site

is developed or otherwise used in the future such that there will be some degree

of exposure.
In terms of carcinogenic risk, the risks estimated in Tables 6-1 through

6-17 provide. an estimaté of the poténtial-inéféﬁéntal risﬁtwpbsed by the site

conditions under the various scenario assumptions, of an individual contracting

89 I
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cancer. A risk of 1 x 10 represents an incremental increase in risk of cancer
occurrence of one in one million. Given that the general population has a
background risk of approximately 300,000 cancers in one million, an incremental

risklof 1 x 10" means that instead of 300,000 cancers, there will be 300,001

CENCEers.

8.2 CONSERVATIVE FACTORS IN THEE FPBQ RISK ASSESSMENT
The risk assessment: for the FPRQ site is based on chain of conservative
assumptions that, taken together, provide a significant margin of safety in

astimating potential risk from the site. Examples of such conservatism include

the following.

o - Exposure scenarios assume that the site will be developed for
residential purposes at some time in the future.

o - Exposure scenarios assume that children play, or adults garden, in
source areas or in known contaminated areas of the site.

¢ - Exposure scenarios assume that children play, or adults garden, daily
or every cther day for nine months of the year, regardless of severe
weather or other potential zctivities.

o - Exposure scenarios assume that adults weigh 70 kg, adolescents weigh
36 kg, and children weigh 20 kg.

o - Exposure scenarios assume that all individuals live for 70 years.

o - Average concentrations are derived based on the arithmetic mean of
sanple concentrations (for each constituent) in which detectable
levels were reported, samples in which below detectable levels were
reported were Incluéed in the average as one-half of the reported
detection level.

o - Concentrations used to assess risk due to exposure to soil do not
account for the presence of uncontaminated soil over the contaminated
material. That is, the risk assessment assumes exposure to covered
soil.

o - Throughout the scemarios is the implied assumption that individuals

will be maximally exposed to contaminants; that children and adults
are exposed to source material or to guarry soll; that children play

S0
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in the northern and/or southern drainages every day that they play

outside; and that exposure is always to contaminated environmental
media.

8.3 RISK SUMMARY FOR THE FPRQ RISK ASSESSHENT
Section 6 and Tables 6-1 through 6-17 provide a detailed discussion and
estimation of the risk of ddverse effects to human health given one or more of

a variety of scenarios under a no-action remedial alterative for the site. These

' scenarios are to be interpreted with the caveat that very conservative

assumptions went into the risk estimates, as described in subsection 8.2 above.
Basaed on the exposure assumptions and calculations presented in the exposure
estimation tables (Tables 6.1 through 6.17), po;ential risks to human health are
restricted to a limited set of_constituents‘at,the_FPRQ sité. Furthermore, thﬁse
limited exposures for which potential risks are identified are limited to areas
within the confines of the quarry itself or to surface soils adjacent to the
quarry. In addition, scenarios for which_potential riﬁks to human health are
jidentified are all potential. future use scenarios that make the conservative
assumptions that the site undergoes no remediation and is developed for
residential use, that exposure is to areas of maximum likeiy contamination (i.e.
leachate, quarry soils; §;ﬁ¥ce aféas;wétc.), and thét exposures-are high (i.e.
exposure every play or gardening day, 70 year lifgtime éxposure for drinking
water, etc.). It should be emphasized that not only is it highly unlikely that
the FPRQ site would be developed for residential use inrthe foreseeable future,
the remaining assumptions in these scenarios_ are also unlikely in their
conservatism.

Under the assumptions inherent in the "average case"” calculations for the

various scenarios, the following areas of potential concern are identified.

2
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o - Quarry Leachate - exposure to antimony, barium, lead, arsenic, and
benzene as a consequence of future use of the qQuarry leachate asg a

source of potable water.

o - Source Material - exposure to lead as a consequence of soil
ingestion by children playing in source material.

o - Northern Drainage Sediments —.exposure to arsenic as a conseguence

of incidental ingestion of soil by children playing in sediments.

o - arry Soil — exposure to lead as a consequence of soil ingestion by
children playing in quarry soil.

o - Northern Drainage Sojl — exposure to arsenic as a result of

ingestion of soeil by children playing and adults gardening in
Northern Drainage soil.

Given the extremely conservative assumptions inherent in the "reasonable
worst case" calculations for the various scenarios, the following additional .
areas of concern ware identified.

o - Source Material — exposure to arsenic as a result of ingestion by
children playing and adults gardening in source material and

exposure to lead as a consequence of adults ingesting soil while
gardening in source material.

o = North and South Ponds =~ exposure to arsenic as a consequence of

incidental ingestion of water by children playing in water.

-

o - jorthe rzinage Sediment ~_exposure to barium and lead as a
consequence of incidental ingestion of soil by children playing in
sediments.

o — Quarry Soils - exposure to lead and arsenic by adults as a
consequence of ingestion of soil while gardening in quarry soils and
exposure to arsenic by children as a result of playing in quarry
soils.

o — Hortherp Drainage Soils - exposure to lead by children as a

consequence of incidental ingestion of soil while playing in
Horthern Drainage socils.

o = Drainage Soils (Disturbed Area) ~ exposure to arsenic as a .
result of ingestion by children playing and adults gardening in
Southern Drainage soils, @
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The Following are summaries of the risks associated with each suite of

exposure scenarios, given the conservatism inherent in the analyses,

AREAS OF POTENTIAL CONCERN

Hazard Index or Lifetime Cancer Risk'

Area or Medium Constituent Average ) Reasonable
Exposure Worst Case
Quarry Leachate . Antimony 3,39 - - B.25
‘ Barium 11.66 34.70
Lead © 193.88 ~ 675.00
Arsenic ) 6.46e-8-3 ' 1.16e-2
Benzene 1.07e~5 . 1.2%7e-3
. Source Material ... ——-Lead 1.58 51.83
Arsenie . -t - 2.87e-5
North and South Ponds Arsenic . .. - e 0 2,38e~5
Northérn Drainage  Barium = S 1.05
Sediments . Lead o - - 3.10
Arsenic 1.12e-5 _ . .. . 3.07e—4
‘o Quarry Soil -Lead 1.39. — 39.14
Arsenic . - S -+ 3.17e-5
Northern Drainage Lead = “— T - - 10.90
Soil . Arsenic 5.76e—6 9.62e-5
Southern Drainage Arsenic - 7.51e-6
Soil e : N o

' Values are for children where they are greater than for adults.

Values of Hazard Index less than 1, or Cancer Risk less than or equal to le-é6.

8.3.1 Source Areas and Leachate in Ql_érry

i. in the future, is developed for residential purposes with no removal of source

material, Tables 6-1 through 6-4 provide estimates of risk from exposure t
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source material an§ leachate as a result of direct ingestion of leachate,
ingestion of source material in the quarry by playing children and gardening
adults, and incidental ingestion of water in the North and South Ponds.

Exposure estimates provided in Table 6-1 indicate that human ingestion of
leachate from the FPRQ site could pose a significant risk to human health in
terms of both chronic exposure to the non-carcinogens {(particularly antimeny,
barium, and lead) and to the carcinogens, arsenic and, to a lesser extent,
benzene. However, to be at the levels of risk estimated here, one would have to
drink leachate from the site as ome's sole source of potable water.

Exposure estimates provided in Tables 6~2 and 6-3 indicate that incidental
ingestion of source material from the FPRQ site could pose significant risk to
human health in terms of chronic exposure to the non-carcinogen lead among
children. Under reasonable worst case assumptions, a maximally exposed adult
could be at risk as s result of exposure to lead. Also under reasonable worst
case sssumptions, lifetime exposure of both adults and children to the carcinogen
arsenic could result in risk on the order of 3 in 100,000 incremental lifetime
cancers, given a lifetime of gardening and playing in source material.

BExposure estimates provided in Table 6-4 indicate that incidental ingestion
by c¢hildren of surface water from the North and South Ponds in the guarry itself
would pose no significant risk te human health. Under reasonable worst case
assumptions, incremental lifetime cancer risk could be on the order of 2 in
100,000.

In summary, there is a potential risk to human health due to exposure to
leachate and to source material i1f the quarry itself is, at some time in the

future, developed for residential use; that no provisions are made to remove,

AR30201Ss
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segregate, or treat source material; and the assumptions detailed above apply.
The pica child and the maximally exposed adult could be exposed to an increased
incremental risk of cancer due to exposure to source material and to North and

South Pond Water.

8.3.2 Down Gradient Ground Water = . .

This scenario is based on a lifetime consumption of ground water in the
vicinity of the FPRQ site by residents. Exposure estimates provided in Table 6~5
indicate that incidental ingestion by residents of ground water down gradient of
the quarry would pose no significant risk to ﬁum;ﬂrhealth in terms of chronic

exposure to the non—carcinogens or in terms of lifetime exposure to carcinogens.

8.3.3 - Surface Water and Sediment

This suite of exposure scenarios assumes thdat the vicinity of the FPRQ

site, at some time in the future, is developed for regidential purposes, with
subsequent exposure of. children. to surface water and sediments in the northern
and southern drainages and/or use of lLawless Creek as a source of potable water
by residents,

Tables 6-6 and 6-7 provide estimates of risk from exposure to northern and
southern drainage water as a result of incidental ingestion by children during
play. The exposure estimates provided in these two tables indicate that such
ingestion would pose no risk to human health in terms of either chronic exposure
to the non-carcinogens or lifetime exposure to carcinogens.

Tables 6-8 and 6-9 provide estimates of risk from exposure to northern and
southern sediments as a result of incidental ingestion by children during play.

95
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The exposure estimates provided in these two tables indicate that such ingestion
would pose no risk to human health in terms of chronic exposure to the non-
carcinogens. In terms of exposure to the carcinogen arsenic, children playing
in the northern drainage sediments c<ould have an increased lifetime cncer risk
of 1 in 100,000. Under the reasonable worst case assumptions, a child with pica
could be at risk, primarily as a result of barium and lead concentraticns in the
northern drainage sediment‘s.
Table 6~10 provides estimates of risk from exposure to Lawless Creek water.
This scenario is based on a lifetime consumption of water from Lawless Creek by .
residents. Exposure estimates provided in Tabl_e 6-10 indicate that incidental.
f ingestion by residents of water from Lawless Creek would pose no significant risk .)
to human health in terms of chroniec exposure o the non=~carcinogens or in terms
of lifetime exposure to carcinogens. As indicated in Table 6-10, under
reasonable worst case assumptions, use of Lawless Creek water as a potable water
supply could pese a slight risk to human health as a result of the combination

of cadmium and lead. However, Lawless Creek is not classified as a public water

supply.

In summary, there is no risk to human health that would be expected to
result from exposure to surface water. A child playing in the northern drainage
sediments could be at risk due to ingestion of arsenic. There is a potential
risk for the pica child that could result from exposure to sediments in the upper
northern drainage, particularly with respect to the presence of barium and lead,
if the assumptions detailed above obtain, if no means are taken to remove or

segregate drainage sediments, and if children play in and eat those sediments. ‘
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8.3.4 Soil I T

This suite of exposure EEehériQs'alSd’QSSUEGS"thét the vicinity of the fPRQ
site, at some time in the future, is developed for residential purposes with
subsequent incidental exposure of adults and children to soils both in and
adjacent to the quarry. Tables 6~11 through 6-16 provide estimates of risk from
exposure to soils as a result of incidental ingestion by children during play and
by adults during gardening.

Table 6-11 provides estimates of risk from exposure by incidental ingestion

of quarry soils by children. The exposure estimates provided in Table 6-11

indicate that such ingestion could pose risk to_childpeﬁ in terms of chronic
exposure toﬁ tﬁe, ﬁoé-cércinbgeﬁ- iéad; Uﬁééfrugﬁédréeasﬁnable wofst case
assumptions, the pica child coifld be at risk due to levels of lead in the quarry
s0il and could have an increased lifetime cancer risk of 3 in 10,000 due to
arsenic.

Table 6-12 provides estimates of risk from exposure by incidental ingestion
of quarry soils by adults. The eprsure”éstimaﬁes provided in Table 6~12
indicate that such ingestion would'posé no risk to-adﬁlts. Under the reascnable
worst case assumptions, a maximally expoged adult could have an incremental
cancer risk of 3 in 100,000 and could be at risk due to ekposure to lead.

Tables 6~13 and 6-14 provide estimates of risk from exposure by incidental
ingestion of seoils in the north drainage area by children and adults. The
exposure estimates provided in these two tables indicate that such ingestion
would pose no risk to children or adults in terms of chronic exposure to the non-

carcinogens. Lifetime exposure to arsenic by both children and adults could

result in 2 margindl increase in cancer by a factor of approximately & ig
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1,000,000 in both children and adults. Given the reasonable worst case
assumptions, the pica child would be at risk due to exposure to lead, and both
the pica child and the maximally exposed adult would be at risk due to exposure
to arsenic, with an incremental cancer risk of approximately 1l in 10,000.
Potantial exposures of children and adults are estimated in Tables 6~-15 and
6-18 for the disturbed area of soil in the southern drainage. These exposure
estimates indicate that the soils in this area pose no risk to either children
or adults as a result of exposures to non—carcinogens or to carcinogens.
However, under reasonable maximum exposure assumptions, the pica child and the
maximally exposed adult could have a lifetime incremental cancer risk of ) ._

i approximately 8 in 1,000,000 as a result of incidental ingestion of arsenic.

In summary, exposure to scils in the quarry could result in potential risks
to human health in terms of exposure of children to lead. Equsure to soils_in
the upper northern drainage could result _;'.1_1l risks due to the presence of arsenic.
Under the reascnable worst case assumptions, the pica child and the maximally
exposed adult could be at risk due to exposure to lead and arsenic in quarry
soils and to arsenic in the adjacent drainage soils. The maximally exposed child

could be at risk due to exposure to lead in adjacent northern drainage soils. _

8.3.5 Air . = - — . - T

This scenario is based om a lifetime exposure to contaminated dust by a

hypothetical person located approximately 10 meters from an unpaved road running
through the guarry. Exposure estimates provided in Table 6~17 indicate that
inhalation by residents of dust contaminated by materisl from the site would pose

no risk to human health in terms of chronic exposure to the non—carcinogens or
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in terms of. lifetime exposure to carcinogens.
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SECTION 9

ENVIRONHENTAL EFFECTS ASSESSMENT

Section 9.0 is an evaluation of the potential adverse effécts to the
environment posed by the FPRQ site, assuming the no-action remedial alternative,
Potential envirommental effects are qualitatively discussed for three sectors:
physical, biological, and human. The prévious section of this technical

memorandum addressed potential impacts (health effects) to humans. The

discussion in thiz section is presented in terms of potential environmental

impacts. However, few such impacts, 1if any, are anticipated,

9.1 PRYSICAL ENVIRONMENT

The FPRQ site, given the no-action alternative, would result in little to
no adverse environmental effects on most components of the physical enviromment.

The ground and surface water components have the highest potential for localized

adverse effects. Co -

9.1.1 i aph opograph -

The immediate area of the site is approximately four acres. The FPRQ has
been a capped landfill since the early 1970's. The site topography was altered
by earlier quarrying operations and further modified by subsequent land fill
operations. However, there are no operations currently under way at the site,

except those related to RL/FS investigations, that would alter or have any othex

effect on site physiography or topography.
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Given the no-action alternative for the site, mno alteration or change to
site physiography or topography would occcur. However, if construction-based
remedial actions were proposed for the site, alterations to the physiography and
topography would be likely to occur in as much as the areal extent of the site

is disturbed by such construction activities.

9.1.2 Climate , S U
The site is too small to have any significant effect, if at all, on local

climatological factors.  The two ponds on site are mot sufficiently large to

affect eithe¥ local temperature or precipitation.

9.1.3 . Geology e LT e
The area and volume of the site is relatively small. Considering the past
use of the property for quarrying 6perations and the relatively small size of

the FPRQ site. landfill itself, it is unlikely that the site would have any

9.1.4 - 80ils et i

The area and volume of the site is relatively small. Considering the past
use of the property for quarrying operations and the relatively small size of
the FPRQ site landfill itself, it is unlikely that the site would have any
adverse environmentalbeffécfs on local or regional soils., Within the quarry,
some solls have increased levels of metals of other contaminants, however, the

no-action alternative would not result in significant future degradation of off-
100
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site soils since off-site migration of _contaminants is negligible to non-

existent.

9.1.5 Ground Water

The extent of ground water impacts at the site are lil:gited. Grot;md water
gampling data indicate minimal level of metals in ground water in the immediate
vieinity of the site. Ground water use in the vicinity of the FPRQ has not been
impaired by contaminants at the site, since available data indicate that domestic
water wells in the area are all located hydraulically upgradient of the quarry.
This observation has been verified by analytical results from water well saiipling
by the U.S. Enviromnmental Protection Agency as well as ground water amalyses
conducted as part of the RI activities,.

Ground water occurrence, flow, and hydraulic properties are not expected to
be adversely affected by current conditions at the FPRQ site not by continuation

of these conditions under the no-action alternative.

9.1.6 Surface Water

Surface water impacts at the site are minimal, based on available data
obtained during the RI activities. The source area sampling data indicate that
surface water within the site has some elevated concentrations of a few

constituents.
Surface water occurrence and flow would not be adversely affected by current

conditions at the FPRQ site given a continuation of the no-action alternmative.
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9.1.7 Mix ... o

Air quality is not likely to be adversely affected by volatiles, as only
very low concentrations have been detected at the site. There is a possibility
that some contaminants may be entrained with fugitive dust in as much as dust
is generated from quarry soils. However, as indicated in subsection 6.5, it is
highly unlikely that site contaminants would be carried from the site. Due to
the low topographic setting and the dense surrounding vegetation, actual
transport of fugitive dust emissions from the site.wou'.’r.d‘be even less than

estimated in the risk assessment.

9.2 BIOTIC ENVIRONMENT B T e S

The FERQ'site;:givéﬁ'the'no:acéfaﬁialterﬁAtive[”ﬁéﬁid result in little to
no adverse environmerifil effects on the biological environment. Habitat areas
influenced by surface water or arimsls that might come into contact with
contaminated surface water ¥ s6ils within the site itself would have the

highest potential to be adversely affected.

9.2.1 . Aquatic and Wetland Habitat . . o

No adverse effécts on aquatic or wetland hsbitat were observed in the

;ic:inity of the FPRQ site. There is a potential for contamination of surface
water in the immediate vicinity of the site, particularly in the regilons of the
northern and southern drainages near the site. However, due to adsorption and
dilution of contaminants, there is no evidence of adverseieffects by the time

water from rhese drainages readches Lawless Creek.
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It is possible that contaminated water, such as the two ponds in the quarry

along the pond banks. Lack of obserxvations of adverse effects are not

sufficient to rule out the possibility of subtle effects on aquatic and emergent

biota as a result of surface water contamination from the quarry site., It
should be noted, however, that the gquarry ponds are an integral part of the
site, and exist only as a result of the landfill, Similarly, the areas of
hydrophytic vegetation along the northern drainage are attributed to the change
in the hydrologic system caused by the site.

As part of the RI activities, samples of surface water and sediments were
collected along the north drainage and Lawless Creek for aquatic toxicity
testing. The samples collected underwent the following tests:

o Four, 7-day chronic toxicity tests using Ceriodaphnia and fathead
minnows were conducted on the surface water samples. Three of

the tests (FP-802, FP-803, and FP-804) were undiluted samples and
one (FP-801) contained a full set of serial dilutions.

o Four, 7-day chronic toxicity tests using Ceriodaphnia were
conducted on the sediment elutriate. All of these tests were
full serial dilutions.

Biological toxicity tests were performed by Biological ﬁoﬁitoring, Inc.
(BMI), Blacksburg, Virginia. U.S. Envirommental Protection Agency Test Method

iOO0.0 and 1002.0 were utilized to conduct the tests. Appendix A of the RI

Report contains a more detailed description of the biological toxicity tests

conducted on these samples. In addition, the Subtask 4.14 Technical Memorandum:
Bioassessment Sampling and Analysis (Westinghouse 1989f) presents laboratory

analysis data and report prepared by Bioclogical Monitoring, Inc. of Blacksburg,
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Virginia as Appendix A. Appendix B of that memorandum presents Field Sampling
and Analysis forms showing the field parameters measured.

Survival of test Ceriodaphnia and fathead minnows in surface water test
results indicate no effect. Survival test tesﬁlts did not differ from controls
for any test saiiples analyzed. In the serial dilution test performé.d on the
water sample from Station FP-801, closest to the landfill, reduced growth in
minnows and reduced reproduc;.tion in gCeriodaphnia were reported at test

concentrations of 60 and 100 percent. In addition, reduced reproduction was

reported among Ceriodaphnia tested in the water sample from Station FP-802., Ko

other effects on growth or re_l}i‘odu'ctioﬁ were observed in ;aﬁy of the other tests.

Survival of test Ceriodaphnia and fathead minnows in sediment elutriate
tests from all stations did not differ from controls. BMI répﬁrt;éd that the”re
was no statistically significant difference in 'reproductiof; for Ceriodaphnia or
growth for minnows between any of the sediment elutriate tests and the controls.
However, the Ceriodaphnia control in this test exhibited reproduction rates lower
than pormally seen at the laboratory. Reﬁfoduction in th-e elutriate tests were
higher than the control, but within typical ranges of reproductive rates normally
seen at the laboratory.

These test results indicate that the surface water in the northern drainage
and in Lawless Creek were mnot acutely or subchronically toxic to the test
organisms. However, surface water from the upper reaches of the northern
drainage (FP-801) did result in significaﬁt decreases in érowth among fathead
mimmows and reproduction among Ceriodaphnia at concqntra‘tions above 30 percent
dilution, Undiluted water from the lower northern drainag;é (FP-802) resulted in

decreased reproduction of Ceriodaphnia.
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To evaluate the potential for adverse effects of the effluent leachate in
the upper northern drainage at the site (FP-801) on Lawless Creek biota, the
potential dilution of flow from the northern quarry into the northern drainage
water and into Lawless Creek is considered. Calculations presented in subsecticon
4.7.2 of the RI Report indicate that the mean annual f£low from the northern
portion of the quarry contributes approximately 7.7 and 0.07 percent of the mean
annual flow of the northern drainage basin and of Lawless Creek, respectively.
Comparisons of effluent dilution into receiving waters are geherally based on
7Q10 values. which represent the 7-day low flow during the lowest 10-year flow
of the receiving stream. Such values are not available for the northern drainage
basin or for Lawless Creek in the vicinity of the site. However, since flow from
the quarry into the northern drainage is a direct function of ground water levels
and surface runoff, it would be expected that dilution ratios of upper northern
drainage flow in the northern drainage basin and into Lawless Creek would be
relatively constant under 2 wide variety of flow regimes. The biocassay results
also show that lower northern drainage and Lawless Créek wafét; samples were not
acutely or subchronically toxic to test organisms and did not show adverse
effects én growth or reproduction, imi_.i.cating lack of adverse environmental
effect on the receiving stream (Lawless Creek}.

Within the southern drainage, several constituents were reported in water
samples at concentrationsin excess of ARARs. With respect to the Clean Water Act
criteria for protection of aquatic life, the following table compares acute and

chronic agquatic life criteria with surface water analytical data from the

southern drainage.
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Southern Drainage Concentration CWA - Protection of Aquatic Life
(mg/1) : (mg/1)

Constituent Mean Maximum' Acute Chronic
Cadwmium 0.0449  0.0813 . 0.0039. 0.0011
Copper -20.0183 0.0252 - 0.018 0.012

Lead 0.00283 0.00474 7 0.080 0.0032
Nickel .. - .- 0.023 7 70.0328 , 1.4 0.16

Zinc 49,1 88.7 0.13 0.11

' Maximum is the lesser of tﬁé“ﬁgﬁéiW952_ééﬁfidéﬁﬁgmlevel or maximum observed
value. = . . _ o .. - -

Cadmium and zinc concentrations in the southern drainage surface water

samples are appreciably higher than appropriate ARARs for the protection of

g aquatic 1ife. 77 7o TR o TLC

9.2.2 ¥oodland Habitat . . . . _ . _. ... . ..

The woodland habitat is not expected to be adversely affected by the FPRQ
site under the no-action alternative. The woodland areas are separated from the
* site and from streams and other aquatic areas where there may be contaminated

ground or surface water. It is possible, however, that some species of woodland

105 - A L e

(@,

[R302028

,_ -



FPRQ Subtask 7.2 - RISK ASSESSMENT ' : Revision O
Westinghouse Project No. 4112-88-907B ‘ ‘ % March 1990

fauna may drink from ponds, seepé, streams, or springs that are potentially
contaminated with constituents from the FPR( site. However, since the surface
water ponds In the quarry represent small. areas, it is unlikely that any game
species would utilize these waters to such an extent that significant toxic

effects would result. -

9.2.3 Edge Habitat ' I —_——

The edge habitat is not expected to be adversely affected by the FPRQ site
under the no-action alternative. The edge areas are separated from the site and
from streams and other aquatic areas where there may be contaminated ground or

surface water.

9.2.4 2l and Farm Habitat = T .. I

Agricultural habitat and farm species are not expected to be adversely
affected by the FPRQ site under the no-action alternative. Agricultural areas
are separated from the site and from streams and other aquatic areas where there
may be contaminated ground or surface water,

As noted in Section 2.0 of this risk assessment, approximately 100 head of
cattle are grazed along Lawless Creek. These cattle would no be expected to be
adversely affected by contaminants in Lawless Creek. As estimated in Section
6.3.3 of this risk assessment, lifetime human consumption of water from Lawless
Creek presented no likelihood of adverse effects to human health. Because of
the safety margins inherent in the analysis and the safety margins inherent in
the health-based criteria, it is equally unlikely that water from Lawless Creek
would pose a potential for adverse effect for livestock.
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9.2.5 Threatened and/or Endangered Species

There are no identified threatened and/or endangered species in the
vicinity of the FPRQ &site. Therefore, there are no anticipated adverse

environmental effects on such species as a tresult of the site.

9.3 HUMAN ENVIRONMERT

Potential adverse effects to the human envircnment from the FFRQ site undér
the no-action remedial alternative would be primarily those associated with
potential adverse health effects. Such effects were addressed in the preceding

sections of this risk assessment.

9.3.1 Land Use e L - R .

At present, the FPRQ site is partially fenced with restricted access.

9.3.2 Human Populations = ... _ . . ... .

As described in previous sections of thils risk assessment, it is unlikely
that the FPRQ would pose sigrificant adverse effects to human populations under

the no action alternative. The ﬁrimary risks to human health associated with the

site are those involving direct contact with site soils and source material.

9.3.3 Historical and Archaeoclogical Resources _ ... .

There are no known historical and archaeological resources that would be

adversely affected in the vicinity of the FPRQ site.
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TABLE 3

Pittsylvania County Population Data by Age Bracket and Genderl
Westinghouse Job No. 4112-88-907B

Pre-School Population - Under 5§ Years of Age

1970 4,946 2,508 male 72,435 female
198D 4,423 2,252 male 2,171 female

School Age Population - 5 to 14 Years of Age

1970 12,811 6,464 male 6,347 female
1980 10,600 5,493 male 5,107 female
% changed -~17.3% -15.0% -19.5%

High School ~ Working Age 15 to 59 Yearg of Age

1970 33,643 16,576 male 17,076 female
19802 40,892 20,130 male 20,130 female
% changed  +21.5% +21.4% 21.56%

Pre-Retirement Age — 60 to.64 Years of Age

1970 2,330 1,128 male 1,207 female
1980 3,094 1,399 male = 1,695 female
% changed. +32.8 +24.6 +10.4

Retiréd — Elderly - 65 Years of Age and Older

1970 " 5,059 2,284 male -2,775 female
1980 — 74138 3,145 male 3,993 femzale
% changed +41.1% +37.7 % +43.9%

Total County Population
1970 58,789
1880 66,147

1. From County of Pittsylvania Comprehensive Plan,1986.
2. Data azs reported in source document.
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Target Constituents — First Piedmont Rock Quarry RI/FS

16 inorganics

arsenic
barium
beryllium
cadmium
chromium
copper
iron
lead
manganese
mercury
nickel
seleniun
silver
thellium
vanadive
zine

~

18 inorganics

aldrin

benzene
bis(2-chloroethyl) ether
2-chloroethylvinyl. ether
ethylbenzene

- hepachloxr epoxide

4-methyl-2-pentanone
n-nitrosodiphenylamine
phenol

phenanthrene

chrysene - .
di-n-butyl phthalate

pyrene

tetrachloroethene.
1,1,1-trichloroethane
bis(2-ethylhexyl)phthalate
trichlorofluoromethane
xylene (total)

@
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TABLE -1
INGESTION OF LEACHALE

11.cal
g

EXPOSURE TO NON-TARCIMOGENS

Nor- CONCENTRATION EXPOSURE  DOSE MZARD  THDEX B POINT

Carcisogenic RfD or OLMT  Average Meximes Average Restomsble Average  Reasomble
Contamiazst  Stasdarg Cage  Uorst Case Came Worst Cass
of Concarn  (mgrig/dayi  [agsl)  (mg/l) {a/ko/day )
ANTINONTY et §.75%-2  b.60-2 ) 1.366-3 3.3043 Ly 8.25
BARTUM Se-2 20001 3.47el 5.83-1 1.735e0 11.66 un
BIS {2 EH) 202 8oL sl L ] 00 00

PHTHALATE . ‘
CADMIL™ Se-d 7.5~ 8.9e-3 20464 4 45e~4 i x| 89
COPPER 3.7¢-2 17202 2.952 49104 1.4B9-3 01 04
LEAD e $5e-1  1.89e0 2.718-2  9.45-2 193.88 675.00
MANGANESE Se-1  B.08e-1 9.4Se-L 22 L2 K31 Ky )
KERCIRY 23 B B e 0 00 00
HICKEL w2 Lle2  5.21e-2 33604  2.510-3 Q4 13
SELENTUN 33 BiL i 5 0 00 0
VANAO LM o3 8L BoL 0 ¢ 00 00
ZIN 251 2.0880  3,82¢ 5.948-2  1.91e1 .30 9%

TOTAL 29.76 720.06

ASSUNPTIONS and NOTES

Ingested aetsls are 100% bioavailable; comcentrations of leachate are dissolved concestrations.

E re avar over & 1-ysar peviod.
Am z Mg.?un,ting by 70 g; aduits of 2 liters of the arithsetic mean concentration of leachate i the

querry and_seseping iato the Morth m_'amr. . . .
Uorst Case = Duily ingestion by 20 kg child of 1 liter of the lower of the 95% confidence limits of the mean or
the highest observed coscentration of leachate in the quarry or sesping into the North ODraimage.

TTILTEELET LI LIS LISILTSITIILILIILEIELIS TR ILIILIISISLILELISSILITILILILIGSDL
EXPOSURE TO CARCINOGENS

. . - Cameat  COMCEWTRATION EXPOSURE DOSE LIFETINE CANCER R}st
Carcinogenic Cancer Potency dAveraga Nariaua Average  Reanossbie Average Reasomable
Contamimant  Weight of  Facter Case Worut Case  Caze  forst Came
of Coacara Evidesce  (ng/kgsd) (mpri)  (ag/l) {ngskgsday)
ARSEMIL A 1.75e0  1.1e-1 1.97e-1 3.690-3 6.61e-3 b.dbe-3  1.168-2
BENZENE A 292 L2 132 . 3494 t.i&-dr 1.07-5 12785
BIS (2 ER) o8 1.4e-2 B BL 0 0 9 0
PHTRALATE
CADNIUM A NA 1.5¢~3  8.9e3 2.520-4 2.9%4 b 0
NICKEL N N 3.10-2 5.21e-2 1.04e-3 1.75¢-3 0 ]

TOTA, 5.47¢-3 1,162

ASSUMPTIONS and MOTES

Atsusptions for eIPosure to mar-cercivogenic compounds apely.
M = Nox-carcizogenic by the eral roate, . .
Life-Line expostre sssemes 10 ;tvms of childhood {20 kg, 1 liter/d), 5 years adolescencs {36 kg, 2 liter/d), and 55 yurs

of adulthoos (70 kg, 2 liter/d) with expesure averaged over 7¢ vears,

AR30204 I




TABLE 6-1 (Continued)
HMAN INGESTION OF LEACHATE

FORMULAE
EXPOSURE TO NON=-CARCINOGENS
Exposure Dose = Ca x 1

W
wheres
Ca = contaminant concentration in mg/1
1 = ingestion rate in liters/day
W = weight in kg
EXPOSURE TO_CARCINOGENS
Ela) x Ca x I{e) - -
W(a)
Exposure Dose =
LT
where:
EMa) = exposure duration
Ca = contaminant concentration in mg/1
I{c) = ingestion rate in liters/day for each ED
W(a) = weight in kg for each ED
LT = lifetime in years
SAMPLE LOCATIONS
FP-404 Leachate
FP-TO2B Test Pit
ey ==
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- ASSUMPTIONS and NOTES

(aoxpé12.cal} ., TABLE 6-2
Od-Dec-% INCIOENTAL IMGESTION OF SOURCE MATERIAL - CHILOREM
EXPOSURE TO MOM-CARCINOGENS
tor CONCENTRATION EXPOSIRE DOSE HAZARD  INDEX END POINT

Carcizogesic RfD or othcr Average Maximus amm Reasosable Average  Reasomshie
Costamimast  Stamiard Cass llorss Cass  [ame Horst Case
of Coscory  {mg/hrday) {m/kg) (ag/ky) (sg/kg/da
AT INONY 4t 1.2e¢0 30500 12306  2.67%-5 00 07
BARTUN 5e-2 24982  5.8%e2 1.77¢-4  4.9%2-3 00 10
8IS (264) 202 LA7sf  2.9%1 8.3%6  2.57e-4 00 K.

PHTHALATE - .
CADNILm Se-4  2.25¢0  3.86e0 1.508~6 3.21e-5 00 06
COPPER 3.70-2 1725 2.7%l 1.25¢5 2.45¢-4 ) 1
LEAD Lae-d 3162 6.6882 2204 5863 188 413
MANGANE SE Se-1  1.84e2 2 mz 1.31e-4  2.140-3 K 00
MERCURY 2e=3  9.8e-2 1.7e-1 6.98e-8 1.49¢-6 .00 00
KICKEL -2 it 5.96e0 3.55e-6 6.10e-5 R .00
SELENIM Je=3  3.de-l  6.01e-1 2.42e-1  5.27e-6 00 K
VAMAG TN 90-3  6.2260  9.19e0 44306 B.86e-5 00 A1
11K 2=t 1.1e3 2.683 7.84e-4  2.280-2 K A1

TOTAL 1.460 34 |

Izgested utais in soil matrix sre 59 *mrm me) to mz (mat ﬂsl) bmmhble. AXPOSUTES averaged over I ymar.
Avarage = ingostion by ¢ 20 kq child of 200 sy of 20il per play day, chiid plays 2 days per woek for 26 weeks per year ix
" tsoall'ct l:tsnal it ZSbe“nhew ma cogcntiat:nallra ."t&h.ﬂc aeon :‘f d:ite mrcciz%m :S s

Pt z ion by 2 chi o of so0il per pla cht ays T wesk For 40 wes T yMar in
mr::.:atem at the site, ted"comltra olg Jc t‘o lower gf Ilu ‘Iﬂy:o:gmm iimits of thlp:en o the
ighest observed cclcntntlol of site source samples.

LTSI LT LELLELILIITLELILILESTLILILILISISSISILIINSIISILIILILILISILSEERSLSLLS
EXPOSURE TO CARCINOGENS

» Cincer  CONCENTRATION EXPOSURE  DOSE LIFETINE CANCER RISK

Carcinegenic Cancer Pateacy Average Naxisus Average  Reatomable Average Rcmuhls

Costanimant  Yeight of Factor Worat Case  Cass  forst Came

of Concarn Evigence  (mg/kgsd) (mg/ke) (agrke) a9/ hg/day)

ARSENIC [ 1.7560 44560 7.64e 7.16s-7 1645 1.26e~6 28705

BENZEME A 292 BOL BOL. . 0 ¢ 0 0

BIS (2£H) B2 f48-2 1178l 2.93el 1.89% 6.2%¢-5 26408 8017

PHTHALATE i :

CADRILM KA [ -] 2.250 3.66e0 3.63e-7 7.8be-6 9 !

NICKEL L MM §.9800  6.9560 8.040-7 L%S 0 L]
TOTAL L6 2.%eS

ASSUNPTIONS and MOTES

¥A = Non-carcinogenic by the oral route. Assumpiions for exposurs to sox-carcincienic compoudde app
Life-tine oxposure astudes 15 years of childhood (20 kg) and 10 years (average) tn 3¢ years (werst em) of aduitheot

{70 kg) with exposure averaged over 70 vears.
Amx&:t: agam e“i’f“mnu 200 a9 per ny dar for ts ¥em. sdults ingest &) o por activity day for 10 years,

door sctivity occurs 2 daye per weak for 26 weeks of the year.
Worst = Assumes child ingests 400 my per :hy day for 15 years, aduits ingest 100 ng per activity day for 30 years.

Cutdoor activity occcurs & days & week for 40 weeks per yeur.

= BR302043




TABLE 6-2 (Continued)

INCIDENTAL INGESTION OF SOURCE MATERIAL - CHILIREN

FORMULAE
EXPOSURE TO NON-CARCINOGENS
Exposure Dose = Ca x I x F x A
‘ W
where:
Ca = contaminant concentration in mg/kg
I = soil ingestion rate in kg/day
F = daily frequency
w = weight in kg
A = biocavailability (fraction)
EXPOSURE TO CARCINCCGENS o —
Ee) x P xCa x I{a) FxA
W(a)
Exposure Dose = =
LT
where:
ED{a) = exposure duration
% P = proportion of year exposed
Ca = coritaminant concentration in mg/ke
I{e) = soil ingestion rate in kg/day for each ED
F = daily frequency
W(a) = weight in kg for each ED
LT = lifetime in years
A = bioavailability (fraction)

SAMPLE LOCATIONS

Y

FP-410 Waste Pile
FP-411 Black Drum
FP-412 Grey Drum

FP-110 Waste Pile
FP-111 Waste Pile
FP-112 Waste Pile
FP-113 Waste Pile
FP~117 Carbon Black
FP~118 Carbon Black
FP~119 Carbon Black
FP-120 Carbon Black

AR302041,
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" Ingested setals in soil matrix ave 50 Pvefm cass) to 1002 (igrst ctse-} bicaviilable; exposures averaged ever 1 yaar.

{asap613.cal) . TABLE ¢-3
{d-Doc-90 INCIDENTAL INGESTION OF SOURCE NATERIAL - ADULYS

EXPOSURE TO MOM-CARCIMOGENS

Non- CONCENTRATION EXPOSURE  DOSE HAZARS  INDEX £ POINT
Carcinogenic RfD or Other Average Hazieum Average Reasomable iiverage  Reasonabis
Contaminant  Standard Case  Uorst Case  Cass Worst Case
of Concers  (my/kg/day) (mg/kg) {ag/hg) ?mww}
ANTINORY doe~¢ 1.72¢0  3.05e0 1.050-7 1.91e-6 N BN )
BARIUN Se-2  2.4982  5.69e2 1.528~5 3.56e-4 .0f .0t
8IS {26M) -2 1.17e1 2.931 1.14e-7 1.330-5 00 00
PHTHALATE o ) o . ) .
CADNIU Se-4 2,250  3,6680 1.37e-7 2.29e-6 00 .00
COPPER 3702 LTl 279wl 1.07¢-¢ 1.75¢% . N
LEAD T.de-4  3.1182  £.68e2 1.908~5 £.188-4 14 2.9
MANGANE SE LT ] 1.3402 2,442 1.12¢~5 1.53e-4 00 00
BERCURY 20-3 §.86-2 1,701 5.90e-% 1.06e-7 ] 00
NICKEL 282  4.9880 4,960 J.04e-7 43506 i 00
SELENIUM 3-3 3.1 60181 2.08e-8 3.75e-7 00 00
VAMDI!!& 93 6.2200 9.1900 3.80e-7 S5.75%6 00 .00
1IN 2¢-1 1.1e3 2.683 6.720-5 1.538-3 00 01
TOTAL A4 3.02

ASSUMPTIONS sad NOTES

Avarage = [ngestion by a 70 kg adult of 60 ng of soil per activity day, aduit girdens 2 days per week for 26 wesks per
year in source material at the site. Ingested comcentratioss ars arithestic meam of site source samples,

Worst = Ingestion by a m,tf adult of 100 eg of s0il per activity day, aduit gardeas & days per week for i weeiz per
year i source material at the site. Ingested coacentrations are the lower of the 95% confidence limits of the mean
or the highest observed conceatration of site source sampiss.

1213313332222 i T332 233322232233 88233 2283238233338 2332
EXPOSURE TO CARCINOGENS

. . Cancer  CONCENTRATION EXPOSURE  OOSE LIFETIME CAMCER RISK
Carcinogenic Cancer Potency Average Maximm Average  Reasomable Average Ressonsble
Contamimast  Weight of Factor Cass dorst Case  Case Horst Case
of Comcers  Evidemce  (mg/kgsd) (mgskg} {mwg/kg) {agrkgrday)
ARSENIC A 17560 &.45¢0  7.64e0 7.180-7  1.84e5 1.260-6 2.87¢5
BENZENE A 2.9¢-2 BOL 8L . a 0 ¢ 0
BIS {26H) 82 1.4e-2  1.1781  2.931 " L8%-6  6.2985  2.64e-8  B.81e-7
PHTHALATE i
CADNILM ] ) 2.2560  3.6600 363077 7.3%e% 0 0
NICKEL KA N 4.9900  6.5000 8.04e-7 1.19¢-5 0 b
TOTAL, 1286  2.%45

ASSUMPTIONS and MOTES

MA = Nor-carcinogenic by the oral route. Assmmptions for exposure to acw-carcimgenic compownds apply.

Life-tine ozpesure assumes 1S years of childhood (20 kg) and 10 years (average) (o 30 years {worst case) of adelthood
(70 tg} with exposure averaged over 70 !m:. . )

Average = Assuses chiid ingests 200 g per glay day for 15 ;ars. sdults ingest 40 ag per activity day for 10 years.
Outdoor activity occurs 2 days per wesk for 26 woeks of the year. ' .

Worst = Astumes child ingests 400 ag per play daz for 15 years, acdelts ingest 100 ag per activity day for 30 years.
Outdoor activity occurs 4 days a waek for 40 weeks per year.

AR30204L5




TABLE 6-3 {Continued)

INCIDENTAL INGESTION OF SOURCE MATERIAL - AIXILTS

FORMULAE
EXPOSIRE_TO_NON~CARCINOGENS )

Exposure Dose = Ca x I X F x A
w a

where:
contaminant concentration in mg/kg
soil ingestion rate in kg/day
= daily frequency
weight in kg
bicavailability (fracticn)

b‘a’lh-e&)
It uah

EXPOSURE TO_CARCINOGENS | L }
ED{a) x P x Ca x I(a) F x A

W(a)
Exposure Dage = e
LT
where:
ED(a) = exposure duration
13 P = proportion of year exposed
Ca = contaminant concentration in og/kg
I{e} = soil ingestion rate in kg/day for each ED
F = daily frequency
W{e¢)} = weight of bhuman in kg for each ED
LT = lifetime in years
A = bicavailability (fraction)

SAMPLE LOCATIONS
e — _ - FP-410
FP-411
FP-412
FP-110
FP-111
FP-112
——FP-113

Waste Pile
Black Drum
Grey Drum

Waste Pile
Waste Pile
Waste Pile
Waste Pile

FP-117 Carbon Black
FP-118 Carbon Black
FP-119 Carbon Black
FP-120 Carbon Black

AR302046
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{aexpéid cal} 5 TABLE &-4 ’
04-Dec-90 INCIDENTAL INGESTION OF WATER FROK NORTH AMOD SOUTH PONOS - CHILDREN
EXPOSURE TO MON-CARCINOGENS
Nox CONCENTRATION EXPOSURE  DOSE HATARD  INDEX END POINT
Carcisogenic RFD or Other  Average Maxisua dverags Reasomable Ayerage  Qeasomable
Coatsmimant  Standerd Cess  Worst Case Lame Borst Case
of Coscern  (mg/kg/day) (ag/l) (29/1) {ng/kg/day}
ANTTINONY 4e=§ BOL 8l 0 9 L0 00
’ BARTUN Se-2  5.6200 84200 L.00e3 9233 .02 a8
8IS (26H) 2e-2 80l B0 ¢ 0 00 00
PHTHMATE
CADNIUN Se=4 6.120-3 Be-3 1.098-6  38.77e-% 00 02
COPPER 302 Bix. BDL 0 ¢ 00 00
LEAD ‘ 1.4e~§ 14682 2.11e-2 2.6e-6 2.318-5 A2 A7
HANGANE SE Se-t  1.09e0  1.2180 1.94e-4 1.330-3 00 .00
HERCURY 283 8L 8L 9 0 00 0
. NICKEL -2 8L BN 0 0 00 o]
SELENIUN 38-3 BbL 8oL, ¢ o L0 00
YANADION %-3 BL B 0 LI X
it o 2e-1  1.51e-t 2.1%e-t 2,695 2404 0 N )
TOTAL 04 7

ASSUNPTIONS amd NOTES

. Ingested setals in water are 1008 bicavailable: exposures averaged over 1 year. )
Average = [ngestion by & 20 kg child of 25 sl of warer per play day while wadiag in water, child plays 2 days per wesk
or 26 Neoks ger year in ponds at the site. Ingested comcentrations ara ariihsetic sean of site sampies.
y 4 20 kg chiid of 50 al of water per flav "¥’tﬁ1’i$§: plays 4 days per week for 40 weels g:r your in

Worst = Ingastion
st confidence Limits of the sean o7 t

gonds at the site. Iagested concestrations are the
ighest observea coscentration of site sampies,

TTT$3I232122233LLTLTIETLILEEISILILILTIILILILITELILITIILIEILETILIILIITISTIELETILILINGLGL
EXPOSURE TO CARCINOGENS

QMeT 0

. ] . Cancer CONCENTRATION EXPOSURE  DOSE LIFETINE CANCER RISK
Carcinogeaic Cancer Potency Average Maximum Average  Reasomable Average  Reasomable
¢ Contanimant  Geight of Factor Case Horat Case  Case Horst Case
of Concern  Evideace  (mg/kg/d) (wg/l) (ng/l) (xo/kg/day)
ARSENIC A 1.750  J.be-2  5.8e-2 1.45-6 1.360-5 2.50e-6  2.382-%
BENZENE A 2902 WL B R 9 ¢
8IS (2EH) B2 14e~2 BOL BDL 0 0 0 0
PHTHALATE :
CADNIUM WA MA 6.120-3 83 2,387 1.88e-§ 0 0
NICKEL ] MA i BOL , 0 0 0 ¢

oL 25406 2305

ASSUMPTIONS and HOTES

KA = Nos-carcinopesic by the oral route. Assusptions for sxposure to morcarcisesenic compownds apply.

Life-tine exposure assuses 15 years of childhood (22 £9), exposures averaged over 70 years. Aduits isgest no poad uater.

Averags = Assuses child 1ngests 25 nl per play dey for 15 years. Play occurs 2 days per week for 26 wesks por year.
. Horst = Assumes chiid ingests 50 al per play cay for 15 years, play sccurs 4 days puT week, 40 weeiis por year.




TABLE 6-4 (Continued) ‘ .
INCIDENTAL INGESTION OF WATER FROM NORTH AND SOUTH PONDS - CHILDREN

FORMULAE

EXPCSURE TO NON-CARCINOGENS _ e
Exposure Dose = Ca x I x F
W-

where:
Ca = contaminant concentration in mg/l
I = ingestion rate in liters/day
F = daily frequency
W = weight of child in kg

EXPOSURE TO CARCINOGENS
Exposure Dose = ED x P xCax I x F
Wx LT -

wvhere:
ED = exposure duration
P = proportion of year expozed
Ca = contaminant concentration in mg/1
I = ingestion rate in liters/day

t F = daily frequency .

W = weight of child in kg
1T = lifetime in years

SAMPLE LOCATIONS

FP-401 South Pond
FP-402 WNorth Pond
FR-403 North Pond(D)

“w .

AR302048




2.0l TABLE 4-5
(.eﬂé-mgf?g INGESTION OF GROUNDUMATER

EXPOSURE TD MON-CARCINOGENS

Nea- CONCENTRATION EXPOSURE  DOSE HAZARD  INOEX END POINT

Carcimogeric RED or Other Average Wazimus fvarage  Reasomable  dverags  Reasomsblse

Costaminant.  Stasdard Case  Worst Case  Cage Horst Case

of Concors  (sg/kg/day)  (ag/l) (wyl) (#g/kg/day)
ANTIMONY de-d 11283 1.32e-3 3.26-5  6.6e5 g 47
BARIUN Se-2 1.21e-1 1.3%-1 3.460-3  6.95673 07 B
BIS (2 £H) 2e-2  1.5-3  8.97e-3 2.140-4 &894 N .02

PHTHALATE _
CADKIUN Se-4 8pL EDL 0 0 00 .00
LOPPER 37072 4.87e-3  5.03e-3 1.39-4  3.37e-4 0 .0
LEAD 1.de-d apL BOL ] 0 00 .
NANGANESE Se-1 5.96e-1  1.25e0 1.700-2 §.258-2 03 A3
HERCURY 2e-3 BL & 0 0 00 00
NICKEL 28-2 i 80t 0 9 A0 00
SELENIUN 3e-3 BiL B 0 0 0o 00
VANAD LM %3 B BOL ¢ Q 00 M0
1IN 261 1.de-i  2.23e-) 46-3  1.12e-2 02 06

TOTAL 22 .52

ASSUMPTIONS and WOTES

Ingested satals are 100% bimniiablo:' concentrations of material are dissolvad coaceatrations.

Exposurs averaged over a l-year ﬂmod. , . . ) .
Average = Daily imgestion by 70 kg aduits of 2 liters of the aritheetic meas concentration of materizl in the

wgradieat oroundwater, . ] . .
Worst Case = Duily ingestion by 20 kg child of 1 liter of the lower of the 95% confidence limits of the mean or
the highest observen concentratlon of saterial in the doungradient groumdvaler.

1322212222222 22332222 XRTTILLILILTTITILILISILISIITRILISLILIEISLILILILSRIRER LY
EXPOSURE TO CARCIMOGENS

. Cancer  CONCENTRATION EXPOSURE  DOSE LIFETIME CANCER RISK
Catcinogenic  Cancer Patency avetage Hariaua dverage  Reasomsbie Awerage  Reasomble
Coatamlnant Ile;ght of  Factor Case Yorst Case  Caze  Norst Case
of Coscera Evidesce  (ng/kg/d) {mgr1} (mg/l) (»gsterday)
ARSENIC A 1.7%0 80 BOL 0 0 ¢ 0
BENZENE & 2,962 BOL BOL - 0 ¢ 0 ¢
BIS {2 EX) B2 Lde-2  7.5-3 8.97¢-3 2,520 3.0%e-4 3.52e~6 4. 2ed
PHTRMATE -
CADNIL NA ] 80l B0L 8 ¢ 0 0
NICKEL N L) BOL 8L 0 0 ] ]
TOTAL 3.5206  L.2Me-%

ASSUMPTIONS and MOTES

Assusptions for expesyre to mos-carcimogenic compounds appiy.

NA = Nom-carcimogenic by the oral routs, . .

Life-tine srposure assumes lo,zma of childbood {20 kg, 1 1itersd), 5 years adolescence (36 kg, 2 Litersd), and 55 years
1 .

of adwithood (70 &g, 2 Litersd) with exposure averaged over 70 yssrs,

AR30204L9




TABLE 6-5 {Continued) .)
INGESTION OF DOWN GRADIENT GROUND WATER

FORMULAE
EXPOSURE TO NON-CARCINOGENS
Exposure Dose = Ca x . , .
W -
where:
Ca = contaminant concentration in mg/1
1 = ingestion rate in liters/day
w = weight in kg
INCGENS L
TS e - U B
Exposure Dose =
iT
where:
ED{a) = exposure duration
Ca = contaminant concentration in mg/1
I{a) = ingestion rate in liters/day for each ED N
W(a) = weight in kg for each ED .)
LT = lifetime in years
SAMPLE LOCATIONS
FP-003A
FP-003B
. FP-004
FP-005B
FP-006A
FP-006B
FP-00TA
FP-00TB
FP-008A
, ‘ FE-008B
: . FP-009A
L~ - e
Dhn Obo Sg
s Sl
/ J_.)  panrne= r“"‘--\\ -
]

ER3020350
441------;-----------u---J
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{aexps31.cal) - TABLE -6
04-Dac-9%0 INCIDENTAL INGESTION OF NORTH DRAINAGE WATER - CHILOREM
EXPOSURE TO MOM-CARCINOGENS
Nor  COMENTRATIN  EXPOSIRE DOSE  HAZARD IWEX  END PODNT

Carcivoganic RfD or Other  Average Hazimam Average  Reasomabls  Average  Reasomable

Contapisaat  Standard Caas  Horst Case  Case Sorst Case

of Concorn  {mg/hgrday)  {m/i} (mgsi) (ng/kosday)
ARTINONY -t 1703 25992 3.060-7  7.840-6 B0 K}
. BARTUM Se-2  2.38e0 4.380 42004  4.71e-3 N 09
BIS (284) 2e-2 BOL BOL Y kY 00 00

PHTHALATE
CADNIUN LT3 8bL BOL ¢ 0 00 .00
COPPER 3.7e2 BOL 8Ol 0 ¢ 00 00
LEAD .44 17863 2.803 3.17e-7  3.07e-b ) 02
NANGAMESE Se-1  7.850-1 1.3580 1.36e-4 1.48¢-3 00 L0
MERCIRY 28-3 B0L Bl 0 0 00 00
WICKEL 202 1.728-2 2.16e-2 30606 2.37e-5 00 0
SELEXIUR 3e-3 BOL BOL [ 0 0 ot
VANADIUN 99-3 BOL 3oL ¢ I} R 00
I 2o-1  2.58-2 3.52e-2 &§.456 3.86e-5 ] N

TOTAL o1 A3

ASSUMPTIONS and NOTES

Ingested metals in water are 100% bioavailable; exposures averaged over 1 year.

Average = Ingestion by a 20 kg child of 25 ai of water per play day while wading in water, child plays 2 days per weel
or 26 waeks per yaar i water at the site. Ingested comcentratiows are aritheetic mean of site sasples,

Worst = Ingestion oy 2 20 kg child of 50 al of water per Luar day, child plays 4 days per wesk for 40 weeks per year
in water st the site. Iagested comcemtratioss are ower of the 953 confideace limits of the mean or the
highest obsarvaq concentration of site samples.

Pr313282383333 8533353 EILSTLIIILTTITIILILEETIL2233 T2
EXPOSURE T CARCINOGENS

. . Cancer  CONCENTRATION EXPOSIRE  DOSE LIFETIME CANCER RISK
Carcimogenic  Cancer Poteacy Average Maximus Avetage  Reasomble Averags  Reasomble
Costasimant  Height of actor Cage Worst Case  Case orst Case
of Concern  Evidemce  {mg/kofd} {agsl) {agsl) {mgsig/day)
ARSENIC A 1750 6.07e3 10882 26207 27706 4597 4.85eb
BENTEME A 292 BL B . 0 0 0 0
BIS (2EH) B2 1.4e-2  BH BML 0 0 0 1

PHTHALATE
CADRIUN MA NA BOL BOL ] 0 ¢ (]
NICKEL ] L 1.72¢-2 2.168-2 6.568-7 5.07e-5 0 0
TOTAL £.5%7  4.85e-%
ASSUNPTIONS and MOTES
NA = Mow-carcizogemic by the oral route. Assumptioas for exposure to men-carcimepenic coapousds apply.
its isgest »e water,

Life-tine exposute assumes 1S years of childhood (20 kg), axposures averaged over 70 yoars. MW
Average = Assunes child ingests 25 al per play dtg for 15 years. Play occurs 2 diys per week for 26 weels per year.
Worst = Assumes child ingests 50 sl cer play day for 15 years, play eccurs € days per week, 40 wesis por yaar.

AR3CZU5
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TABLE 6~§ {(Continued)
INCIDENTAL INGESTION OF WATER FROM NORTH DRAINAGE - CHILIREN

FORMULAE

Exposure Dose = Ca x I xF = _ L _
: w
where:
contaminant concentration in mg/1
ingestion rate in liters/day
daily frequency
weight of child in kg

i n«

E"‘iHQ

EXPQSURE TO CARCINOGENS

Exposure Dose =~ ED x P x Cax J x F
W x LT

where:

exposure duration

proportion of year exposed
contaminant concentration in mg/1
ingestion rate in liters/day
daily frequency

weight of child in kg

lifetime in years

SEMHQ’UE
fHnwun

SAMPLE LOCATIONS ‘
FP-309(1) Upper N.

S _ FP-309(2) Upper N.

’ ) ) 7 T FP-315(2) Upper N.
: . Dup.FP-309

FP-310(2) Mid. N.

FP-311(1) Lower N.

FP-311(2) Lower N.




S

{aexps32.cal} TABLE 6-7
O4-Dec-20 TNCIDENTAL INGESTION OF SUTH URAINAGE NATER - CHILDREN
EXPOSURE T0 MON-CARCINDGENS
2 Nor COMENTRATION EXPOSIRE DOSE RAZMRD IWEX  END POINT
Carcivogenric RED or Other  Average Matisus Average Reasosable Jverage  Reasomable
Coatamizanl  Stamdard Cage  Worst Case  Case Sorst Caze
of Comcarn  (mgrkosday)}  (ng/l)  (ew/l) {ngskgsday)
ANTINONY de-4  BOL 800 0 ¢ 00 .00
BARIM 5e-2 2.16e-2  3.5e-2 3.85e-6  3.Bde-5 0 00
BIS (28H) 20-2 B 80 0 0 00 .00
PHTHALATE

CADRTUN Se-d  d.49¢-2 8.13e-2 8.00e~6 B.%1e-5 02 g
COPPER 372 1.83e-2 2.82e-2 32606 2.970-5 o0 00
LEAD  lde-4 2.83e-3 4.3 5.040-7  5.1%-é 00 .04
NANGAMESE Se-1  1.5180 2.67¢0 2.69¢-¢ 2.938-3 00 .01
HERCURY 2e-3 BOL gL 0 0 0 00
NICKEL 28-2  2.3e-2 3.28e-2 4.108-6 1,595 04 00
SELENIUM de-3 80L BiL ¢ 0 .00 00
VANAD IR 9e-3 8 B0L Y ¢ .00 R
I 21 49121 8.B7el 8.740-3  9.72e-2 4 49

TOTAL ) )

* ASSUMPTIONS #»d MOTES

Ingested motals in water are 100% bioavailabls; exposuras averaged over 1 year. )

avmge = {ngastion by a 20 kg child of 25 mi of water per play day while wading in water, child plays 2 days per week
0T 26 Nbeks Ear year in water at the site. Ingestad concaatrations are avithaetic mean of site samples.

Yorst = [agestion by a 20 kg child of 50 mi of water per ggar day, child plays ¢ days per_week for 40 weeks par vear
in water at the sits. Ingested coscentrations are the lower of the 953 contidencs lisits of the mean or the
highest cbserved comceatration of site sampias.

 E E E R R R R R R R R R R R S R R R R R R EE R R R R R R R R
EXPOSIRE TO CARCINOGENS

o

" . Cancer  CONCENTRATION EXPOSURE  DOSE LIFETINE CAMCER RISK
4 Carcinmogenic Cancer Poteacy Average Kaxiaus Averags  Reasomable Average Reasomable
Coataminant  Neight of  Facter Tase Norst Case  Case  Worst (ame
of Concern  Evidence  {ng/kosd) (mg/1) (mg/1) {ng/kgsday)
ARSENIC A 1.75¢0 B BOL 0 0 ¢ 0
BENZENE A 2.9¢-27 HIL BOL g 0 0 9 )
BIS (26H) 82 1.4e-2 BN oL 0 0 ) 0
PHTHALATE :
CADRIUNM NA NA 44902 B.13e-2 1.75e- 1.91e-5 0 g
NICKEL NA KA 2302 3.2802 8.788-7 7.700-% 0 [
TOTML. 0 ¢

ASSUNPTIONS sad NOTES

WA = Mor-carcinvogenic by the eral route. Assmmptions for exposate to mow-carcisoienic compcunds apply.

Life-tine axposure assumes 1S years of childhood {20 kg), exposures averazged over 70 years. Adults imgest m water,
Average = Assunes child iagests 25 al per play dl; for 15 years. Play occurs 2 days per week for 26 wesks per year.
Uorst = Assuses chiid imgestz 50 al per olay day for 5 years, play occurs 4 days per week, 40 weeis per year.

fR302033




TABLE 6~7 (Continued)

INCIDENTAL INGESTION OF WATER FROM SOUTH DRAINAGE - CHILDREN

.-:s

Exposure Dogse = Ca x I 2 F o

>
P
")

RR30205kL

w
where:
Ca = contaminant concentration in mg/1
I = ingestion rate in litera/day
F = daily frequency
W = weight of child in kg
EXPOSURE TQ CARCTNOGENS
Exposure Dose = xPxCaxIxF
' W x LT
where:
ED = exposure duration
P = proportion of year exposed
Ca = contaminant concentration in mg/i
I = ingestion rate in liters/day
\ F = daily frequency
w = weight of child in kg
LT = lifetime in years
SAMPLE LOCATIONS
FP-306(1) Upper S.
. ~ FP-308(2) Upper S.
~ FP-307(2) Mid. S.
. — - FP-308(1) Lower S.
FP-308(2) Lower S.
FP-319(1) Upper S.
« FP=30%




. : Cascor  CONCEMTRATION EXPOSURE  DOSE LIFETINE CANCER RISK
Carcimogenic  Camger Potency Average Maximum sverage  Reasomable Average  Reasonable
Comtaninant  Weight of  Factor Caza Worst Case  Case  Worst Case
- of Concern  Evidence  (ag/kg/d) (ng/kg) (mgrig) {mg/kg/day)
ARSENIC A £.75¢0  4.201 9.3%1 6.416-6 1760~ 1.120-5  3.070-4
BENZENE A 2.95-2 BN 8oL " ¢ 0 0 0
8IS (2£H) 82 lde-2 Bl BIL 0 ¢ 0 0
PHYRALATE
CADAION HA NA 1.01e1 20 1.540-6 3.708-5 0 ¢
NICKEL ] L 1.8401  3.5401 2006 6005 ¢ 0
1018, 1.12¢-8  3.07e~4

{ae1p633.cal) - YABLE £-8
04-Dec-9 INCIDENTAL INGESTION OF MORTH ORAINASGE SEDIMENTS - CHILOREX
EXPOSURE TO MOMN-CARCINOGENS
Ror- - COMCENTRATION EXPOSURE DOSE HATARD  IWOEX ENG

farcinogenic RFD or Other  Average Maximum Average FReasomable fverage  Reasomable POINE
Coataninant  Standard Case  dorst Case  Cams Merst Cass
of Concorn  (mg/kgsday) (ma/kg) (wmg/kg) {ng/ko/day }
ANT ENONY da-¢  1.01s0  1.85e0 7.198-7 1.620-% 00 04
BARTUN Se-2  3.0603  5.99e3 2.18e-3 5,257 - 04 1.05
8IS (2£H) 82 BOL BOL 0 0 K] 00

PHTHALATE
CADNINM Ee-d  1.01sl 2e1 7196 1.750-4 L0t .35
COPPER 32 7900 1.01ad E.bde-6 §.8%e-5 00 00
LEAD T.4e-4  3.2201  4.95e1 2.298~5  4.3Me-¢ 16 3.10
NANGANE SE Se-1  3.7482  5.92e2 2.660-4  5.150-3 00 .01
HERCIRY 283 BOL 0L % 1) 00 O
NICKEL 20-2  1.8481  3.64el 1.31e-5  3.198-¢ 00 02
SELENTEM 3e~3  6.892-1  9.99%e-1 4.916-7 8.76e-6 00 L0
VANADIUN 9-3 1.0381  1.35s1 7.30e-6  1.18e-d 00 K|
IINC 2e-1  3.05¢2  5.08e2 2.178-4  4.45e-3 .00 .02

TOTAL .23 i

ASSUNPTIONS and NOTES ' -

Ingested setals in sediseat are 50 {average use} to 100t {worst case) bicavailahle; exposures averaged over 1 year.
Average = Ingostion by a 20 tf child of 200 ng of secil per play day, child piays 2 days per week for 26 wesits per year in
sedineats at the sits. lagested coaceatrations are arithaetic meam of site samples. - .
Morst = [egestion by 2 20 ¥q child of 400 ag of %ail per play day, child plays 4 days per wesk for 40 wesks por yaar in
sediaants at the site. Ingested comcentrations ave the lowar of the 953 coufidence limits of the seam or t
highast cbssrved concestration of site saspies,

133323 TTTL2TILLLESTITIITIILITLILITIILLILIT T LTI LISESEETIIIILILIEILITILEILES LY
EXPOSURE TO CARCINDGENS

ASSUMPTIONS and MOTES

MA = Non-carcizogenic by tha oral route. Assumptioms for exposure to acs-carcisegeric compounds apply.
Life-tise axposure assuses U5 years of childhood (20 t’&i W sdult o re L0 sedisents,

Average x dssuses child iagests 200 ag per play day, 2 days per week for 26 wesks per yeav.

Worst = Assuses child ingests 400 #g per piay day, 4 dars per waek for 40 weeks per yeur.

599

('_“_"_\

ER302




| TABLE 6-8 (Continued)
INCIDENTAL INGESTION OF NORTH DRAINAGE SEDIMENTS - CHILDREN

w
where: :
Ca = contaminant concentration in mg/kg
I = s50il ingestion rate in kg/day
F = daily frequency
w = weight in kg
A = bioavailability (fraction)
WLCITNOCGENS _
EMe) x PxCax I(a}) Fx A o
W(a) _
Exposure Dose =
LT

where:
ED(e)} = exposure duration
P proportion of year exposed

Ca = contaminant concentration in kg/kg

I{e) = soil ingeation rate in wg/day for each ED
F = daily frequency

W(a) = weight in kg for each ED

T = lifetime in years

A = bioavailability (fraction)

SAMPLE LOCATIONS
FP-209(1) Upper N.
- . FP-209(2) Upper N.
FP-215(2) Upper N.

Dup.FP-209

FP-210(2) Mid. N.
FP-211{(1) Lower N.
FP-211(2) Lower N.




—drie

{aoxps34.cal) TABLE 6-9
0é-Dec~-%0 INCIDENTAL INGESTION OF SOUTH ORAINAGE SEDINENTS - CHILOREN
EXPOSURE TO MON-CARCINOGENS
' Nor- CONCENTRATION EXPOSURE  DOSE HAZARD  IWOEX END POINT

Carcisogonic RFD or Other  Average Maximum Amm Reasonsble  Average  Reasomsble

Contamimant  Stamdard Tazs  ovst Case  Case Borat Case

of Comcers  (agrigrday) (mg/ig) (mg/kg) {wg/ke/day)
ANTINONY de-4 118 BOL ¢ b 00 00
BARTUN Se-2  1.06ei 1.41et 7.55e-6 12404 00 .00
818 {2e4) -2 oL BOL 8 ] 00 K

PHTHALATE
CADRION Se-4 BDL Bt 0 1] 00 00
COPPER 3702 L2181 2.3%l 8.62e-6 2,064 00 o1
LEAD 1.hed 1.17e1 1,361 8.33e-6 [.1%0-4 06 .85
SANGANE SE Se-1 202 3.2102 1.42e-4 2.8le-3 00 0t
MERCURY 263 BOL 80t ) ) ] B0
MICKEL 20-2 80t 13 0 ] R 00
SELENTIN Je-3 B BoL 0 0 L0 ]
VANAD TUN 9e-3 34880  5.69e0 2.480+6  4.9%-5 00 01
TING ' 2e-1 3a2 4.602 2.14e-4 4,033 i L2

TOTAL 06 .89

ASSUMPTIONS and MOTES

i Ingested uuls in scdlmt are 50 { aVETGE cm} to lOOt {worst casa) bioavailable; exposures averaged over 1 year.
Average = Ingestion Dy a 20 kg child of 200 mg of soil per plag { cluld pla:rs 2 days per week for 26 weaks per year in
sedinests. Ingestad coaceatrations sre arithmstic mean of site sawp
Norst = Iagestioa by & 20 kg child of 400 ag of seil per play day, c!uld phrs 4 deys per waek for 40 weeks per year in
sediseats. Ingested concentrations are the lower of the 95% confidesce limits of the aeas or the
hwhost obssTved coacemtration of sedissst sampies.

TP EETIITIEIELIISITIILILILIIILELIEISELISETILITILITLIIIILILILISRILIILESITESLILISISILIDLES
EXPOSURE TO CARCIMOGENS

. Cancer  CONCENTRATION EXPOSURE  DOSE LIFETINE CANCER RISK
. Carcinogenic Capcer Potency dAverage Mavimum Averm Reasomable Average Reasomabie
Contanimant  Usight of Factor forst Cazse  Case Horst Cass
of Concers  Evidesce  {ag/kg/d) (mgskg) (mgrkg) {ly!kgldav)
ARSENIC A 17560 6.30-1 7.54e-1 9.620-8  1.420-6  1.686-7  2.48e-6
BENZENE A 2.90-2 B . 8 3 0 ¢ 0 0
BIS {26H) 82 1.40-2  BOL 8L ] 0 ¢ 0
PHTHALATE
CADHIUN A NA EDL BOL L] ] 6 0
NICXEL XA NA BOL 8oL 0 d 9 2]
TOThL 1.687  2.4806

ASSUNPTIONS and MOTES

NA = Wow-catcinoganic by the oral route. Assumptions for exposurs to mon-catcimogenic tospouads apply.
tife-tine exposwre assums L5 years of childhood (20 ty 8o aduit syposure to sedisents.

( Average = Assumes child ingests 200 ag per piay day, 2 ys per weak for 26 weeks per vesr.
Harst = Assuses child ingests 400 ug par pliy day, 4 days per week, 40 waeis per year,

RRS502057




TABLE 6-2 {(Continued)

INCIDENTAL INGESTION OF SOUTH DRAINAGE SEDIMENTS - CHILDREN

FORMULAE
EXPOSURE TO NON—-CARCINOGENS -
Exposure Dose = Ca x I x F x A
w
where:
Ca = contaminant concentration in mg/kg
I = s0il ingestion rate in kg/day
F = daily frequency
W = weight in kg
A = bioavailability {fraction)
EXPQSURE TO CARCINOGENS -
ED(e) x PxCax I{a} FxA
W(a)
Exposure Dose =
LT
where:
ED{a) = exposure duration
24 = proportion of year exposed
Ca = contaminant concentration in kg/ke
I{a) = soil ingestion rate in mg/day for each ED
F = daily frequency
W(e) = weight in kg for each ED
LT = lifetime in years
A = bioavailability (fraction)

SAMPLE LOCATIONS

FP-206{1) Upper S.
o FP-206{2) Upper S.
- -~ FP-207{2) Mid. S.
FP-208(1) Lower S.
FP-20B(2) Lower S.
FP-219(1) Upper S.

. Dup. ¥P-206




{aexnsds cal) ?ABLEB- 10
O4-Dac-30 INGESTION OF RESTDENTIAL POTABLE MATER FROM LMMLESS CREEK

EXPOSURE T0O NON-CARCINOGENS

g Nor CONCENTRATON EXPOSURE OSE KAZARD INOEX WD POINT
_ Carcinogenic RfD or Other  Average Nazimus fverage Reasomtble Avarage  Ressonable
Costaminant  Standerd Case  dorat Case  [ate borat Case
of Concern  (moskg/day}  (sg/1)  (m/l) (ag/kg/day)
ANTINONY fe-d 8oL BOL 0 0 00 00
BARIUN Se-2 7.23e-3 1.638-2 2.07e-4  B8.15e-4 00 02
BIS (2 EH) 2e-2 8oL BOL. ¢ 0 00 00
PHTHALATE : :
CADNIUY L] 3.593-:! §.11e-3 1.030-4  3.06e-4 .21 A1
COPPER 3702 B3 15382 23104 7.650~4 01 02
. LEAD 1.de=4  7.88e-4 1.208-3 2.250-% 6.4e-5 A6 A6
NANGANESE Sa-1  5.520-2 T7.9-2 1.598-3 3.95¢-3 .00 01
NERCURY 283 BDL B0 9 0 .00 00
NICKEL 2e-2  EM 0 ] ¢ 00 00
SELENTUN 3e-3 :fi § BOL 0 0 B0 00
VANADIUN %e-3 8L BOL 0 ] 00 00
1IN 20-1 2,452  2.Be-2 7e-4 1.4e-3 00 01
T .38 1,12

ASSUNPTIONS and NOTES

{. Ingested metalz are 100Y bioavailsble; comceatrations are dissolved comceatrations.

Exposure averajed oveT i 1-yedr period, , ) ) L.
dverage = Daily ingeatioa by 70 n aduits of 2 liters of the arithastic meaa coscentration of material in Lawless {resk.

Uorst Casa = Daily ingastian by 20 kg child of { liter of the Lower of the 95% coafidesce liuits of the mean or
the highest observed conceatratios of comtamimants in Lawless Creek.

21Tt EELEERTETELLITILIITISIELIILISISILISILILLILILEESTITILILIISIEILISSLIIICLIGLS
EXPOSURE TO CARCINOGEWS

. Cancer  CONCENTRATION EXPOSURE  DOSE LIFETINE CAMCER RISX
' . Carcinogemic Cancer Potency Average Haximda AveTage  Reazomable Average Reasomable
. Contanimaat  Weight of  Factor l:afa Vors( Case  Case  Worst Case
of Comcorn  Evidence  (agrkgrd) (m/l) (ag/l) 29/kg/day)

ARSERIC A 1750 B0 BOL 0 4 ] ¢

BENZENE A 2.%-2 8D 8Dl 0 ] 0 ]

BI5 {2 £H} 82 lde-2  8DL B0L : ] 0 ) 0

PHTRALATE T —o e e

CADAIUM NA NA . 3.5%9-3 6.11e-3 1.20e~4 2.052-4 0 ¢

HICKEL NA N& [ § 8oL 0 ] 0 0

TOTAL 0 0

ASSUMPTIONS and WOTES

Assusptions for azposure to sow-carcisegenic coapousds appiy.

D o-tae stponmre ssstucs 10 yoara-of hildhood (20 kg, § 1iter/d), § years adolesconce (3 g, 2 Fiter/d), and 55

: ife-tine sxposure assumes 10 ysars of chi , § fitersd), 8 adolesceace v 2 literd), yors
f . of aduithood {70 kg, 2 li{erid) ui't:.h XPOBUTY mgmd over 78 ret‘r':fr




TABLE 6-10 {(Continued)
INGESTION OF POTABLE WATER FROM LAWLESS CREEX

FORMULAE
Exposure Dose = Ca x [
W
where:
Ca = contaminant concentiration in mg/1
I = ingestion rate in liters/day
L = weight in kg :
ED(e) x Ca x I{a) e - _
Wi{a) )
Exposure Dose = o
LT
where:
ED{a) = exposure duration
Ca = contaminant concentration in mg/l
i{a)} = ingestion rate in liters/day for each ED
wW(a)} = weight in kg for each ED
LT = lifetime in years

SAMPLE LOCATIONS
FP~313(1) S. Road
FP-313(2) 5. Road
FP-314(1) Downstream
- FP~314(2) Downstream

et

RR302060
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{aexpbdl.cal)
04-Pac-

EXPOSURE TO NON-CARCINOGENS

TABLE 6-11
DMCIDENTAL INGESTION OF QUARRY SOTL - CHILOREN

How- CONCENTRATION EXPOSURE  DXOSE HAZARD  INDEX END POINT
Carcisogenic RfD or Other Average Maxisus Average Reasomable Average  Reasomable
Costamimast  Standard Wrst Case  Case Worst Case
of Coscare (ulks/du) (ng/ks} (mg/kg) {moskg/day)

ANT EMGICE 44 51601 10IW 3.486-7 8.85%e-6 ) 02
BARTUA 5e<2  1.%202  3.8be2 1.37e-4  3.38e-3 00 A7
BIS (2EH) 2e-2 BL 8oL 0 0 00 00
PHTHALATE

CADNIUN Semd 12800 1.71e0 9.12e-7 1.50e-5 .0t 03
COPPER 3702 B.14e0  9.75e0 5.80e-6 8.55¢-5 00 00
LEAD 1.4e-4  2.7382  5.2582 1.9%e-4 5.43¢-3 1.39 39.14
HANGANE SE Se-1 1.2802 1.6842 9.120-5 14703 00 00
MERCURY 2e~3 Bl ;.8 8 ¢ 00 B
NICKEL 2e=2  1.21e1  1.67el 8.628-6 1.46e-4 00 01
SELENTUM 303 L% 2231  L20e-7  1.968-6 00 .00
YARADIUN 9a-3  2.02e1 2.49¢1 {.440-5  2.1B8e-4 L0 02
IING 2e-1  1.0402 1.782 74065 1.498-3 00 0

it 1.40 319.30

ASSUMPTIONS and NOTES

Ingested setals in so:I latru ars 50
Average = Ingestion by a 20 &g chil
quarry soil, Iegested

e

average cm} to 100% (sorst casez

200 ng of soil per play day, chi

Yorst = hsastm by a 20 kg chiid of 400 ng of soil per pi l{
conceatrations are the lower of
highest sbsarved concentration of site sampies.

quarry soil. Ingested

TEIXEIEEE35E3 3533333322332 3323TTT2LTLTETT2T 5335333233332 3223%2

ild pla
éz calfASem iini

EXPOSURE TO CARCINOGENS

bmwihhla. sxposures averaged over ! year,

d plays 2 days pev week for 26 wesks per year is
concantratioss are mthnnc ml of tmrrr 301l sampies.
ys 4 GIE per woek for 40 weeks per yeay ia

of the neam or the

Cancer  COMCEMTRAFION EXPOSURE  DOSE LIFETINE CAMCER RISK
Carcinogenic  Canger Poteacy Average Haximua Amaga Reavonable Average Reasomable
Contaminaat  Meight of  Factor Worst Cass  Cass  Worst Case
of Comcorn  Evidesce  (m9/kp/d) (mp/ko) (mg/ig) (lg!kgidty)
ARSENIC A 1.7500  5.19¢0 8.4de0 8.37¢7 1.01e-5 1.47e-6  3.17¢°§
BENZENE A 2.%¢-2 BL 8OL 0 0 0 4
BIS {2EH) B2 f.4e-2 8L B 0 0 ¢ 0
PHTRALATE
CADNILN A N& 1.2500 1.71e0 2.07e-7 36706 ] 8
NICXKEL KA NA P.21e1  1.67e1 1.95¢-6 3.5%-5 ¢ 0
TOTAL, Lile6  3.17¢5

ASSUMPTIONS and MOTES

NA = Mom=carcinogenic by the oral route.
Lifo-tm npmre assupes 15 years of childhood (20 ko) and 10 years (average) to 30 years (vorst can) of adulthood

with exeosun avera

Avengz z s child

gdoor activity occurs 2 days per wee
Worst = Assumes child ingests 400 mg par play day for 15 years, adults impest 100 ng per activity day for 30 years.
Qutdoor aetivity eccurs 4 days a weer for 4G wesks per year.

Assusptions for axposure to mes-carcinogenic compounde app

over 70 years.
By per g ay day for 15 years, adults ingest &0 o por activity day for 10 years.
for 26 weets o

the year.



TABLE 6-11 (Continued)

INCIDENTAL INGESTION OF QUARRY SOILi - (HILDREN

. FORMULAE
EXPOSURE TQ NON-CARCINOGENS
Exposure Dose = Ca x L x F x A
w
where:
Ca = contaminant concentration in mg/kg
1 = soil ingestion rate in kg/day
F = daily frequency
W = weight in kg
A = bicavailability (fraction)
ED{a) x P x Ca x 1{aY F x A
Wia)
Exposure Doge =
1T
where:
D{e) = exposure duration
P = proportion of year exposed
Ca = contaminant concentration in mg/kg
i{e} = soil ingestion rate in kg/day for each ED
F = daily frequency
W{a)} = weight in kg for each ED
A = bioavailability {fraction)
LT = lifetime in years

SAMPLE LOCATIONS
FP-103
= S - FP-104
FP-105
FP-106
FP-107
Fp-108
FpP-108

Grid
Grid
Grid
Grid
Grid
Grid
Grid




/

{aexpéa2.cal) - TABLE 6-12
f4-Dac-%0 INCIDENTAL IMGESTION OF QUARRY SOIL - ADULTS
EXPOSURE T0 HON-CARCINOGENS
Ko CONCENYRATION EXPOSURE  DOSE HAZARD  TNOEX END POINT

Carcinogenic RFD or Other  dverage Narimus Average Restomable Aversge  Reasomable
Contasipant  Stamdard Case  lorst Cass  (ase Worst Case
of Comcarn  {ng/ka/day) {ng/kq) (meikg) (#g/kgrdey)
ANTINONY de~4  5.16e-1 10100 3.150-8  6.320-7 00 .00
BARIUR 5e-2  1.92e2  3.86e2 1.17e-5  2.42e-4 0 K]
BIS (2EH) 202 BL 8 ¢ 0 K. 00

PHTHALATE
CADNIUR Se-4 1.28e0 1.71s0 7.82e-8 1.07e-4 08 00
COPPER 37e2  Blied  5.07500 41.97e-7  b.11e-% 00 00
LEAD T.4e-4 2,732  6.2502 1.676-5 3.91e-4 A2 2.80
BANGANESE Se-1  1.2882  1.60e2 78206 1.054-4 00 K]
HERCURY 2e-3  BDL Bt Y 0 .00 00
RICKEL 26-2 L2181 1676l 7.3%7  1.05e-5 o R
SELENIUN Je-3  1.69e-1 2.23e-1 1.03e-8  1.40e~7 20 00
VAMAD [ 98-3  2.0Zel  2.4%1 {.23e-6 1.568-5 A6 00
IINC 2e-1  1.04e2 1.702 6.350-6 1.060-4 Ke 00

TOTAL J2 2.81

ASSUMPTIONS and NOTES

Iagestad netals in soil matrix are 50 %mnga case) to 100% (worst case) biosvailable; exposures averaged over 1 year.

Avarage = [ngastion Dy a 70_kg adult of 60 ag of soll par_activity day, adult gardems 2 days per week for 26 meaks per
year iz quarry soii. Ingested comceatrations are arithwetic mean of quarry soil sawpies,

¥orst = [agestion by 2 70 lg adult of 100 ag of seil per ac{mtr da{ adylt gardens 4 days per wesk for 40 weeks per
Zgn 1 watyy soil. Ingested conceatrations ave the ower of fie 95% confidence 1inits of the weam ov the
ighast chaerved coscestration of site zamples.

R R R R E R S R R R R R E R RS S R R R E R R R R S R RS R R R R R R R R R
EXPOSURE TO CARCINOGEWS

] . Cancer  CONCENTRATION EXPOSURE  (OGSE LIFETINE CANCER RISK
Carcinogenic Cancer Potency Average Maxisua dverage  Reasomsble AveTage  Reasomable
Costaminant  Beight of  Factor Case Worst Case  Case  Worst Case
of Concera  Evideme  {ng/hg/d) (mp/kg) (woskg) {mww)
ARSENIC A 1.7560  5.1980 B.4ded 8977  1.3e5 1476  3.17e5
BENIENE A 2.9¢-2 BOL 8Dt . 0 ) [ ]
BIS (2EH) B2 1.4e-2 BB 8oL o o 9 0
PHTHALATE -
CADXTIM NA NA 1.28e0 1.71a0 2.07e7 36704 0 0
NICKEL ®A HA 1.21e1  L.67et 1.95-¢ 3.59-5 9 2
TOTAL 1.47v6  3.17e%

ASSIMPTIONS and WOTES

NA = Won-carcisogenic by the oral route, Assumptions for expesure to moa-carcisogenic compownds appiy.
Life-tine exposure assuses 15 years of childhood (20 kg} and 10 years (average) to 30 years (worst case} of adwithood

{70 %9} with exposurs averaged over 70 years. .
Avoug: = Assyses chitd ingeste 200 ag per play day for 15 years, aduits ingest 60 ng per activity day far 10 years.
tdoor activity occurs 2 davs per weet for 26 weeks of the year, ' .
Worst = Assuses child ingests 400 mg per illY dey for 15 years, aduits ingest 100 #y per sctivity day for 30 vears.
Sutdoor activity occurs 4 days a wesi for 40 weeks pev year.
AN ~
AR3G2063




TABLE £-12 {Continued)

INCIDENTAL INGESTION OF QUARRY SOIL - ADULTS

FORMULAE
EXPOSURE TO NON-CARCINOGENS
Exposure Dose = Ca x I x Fx A o
L
where:
Ca, = contaminant concentration in mg/kg
I = soil ingestion rate in kg/day
F = daily frequency
W = weight in kg
A = bicavailability (fraction)
TO CARC S
ED{e) x PxCa x I{ae) Fx A
Wia)
Exposure Dose =
LT
where:
Ia) = exposure duration
P = proportion of year exposed
Ca = contaminant concentration in mg/kg
I{a) = soil ingestion rate in kg/day for each ED
F = daily frequency
Wi{xz) = weight in kg for each ED
A = bioavailability (fraction)
LT = lifetime in years

SAMPLE LOCATIONS

FP-103
- FpP-104
FP-105
FP-106
FP-107
FP-108
FP-109

Grid
Grid
Grid
Grid
Grid
Grid
Grid




S

o —
(uspua <l © TABLE &-13

t-Dec-% INCIDENTAL INGESTION OF MORTH ORAINAGE SOIL - CHILDREN

EXPOSURE TO NOM-CARCINOGENS

¥ou- CONCENTRATION EXPOSURE  DOSE MAZARD  INDEX M POINT
Carcimogenic RfD or Other Average Maxisva Average Retsomsble (wverage  Reasonable
Contasinant  Stamdard Cise  Worst Cass  Came Norst Case
of Coscora  (ng/kosdey) {(me/kg) (ag/k9) (ag/kg/day)
ANTINMONY do-4  7.11e-1 9.54e-1 5.050-7 7.49-% 08 02
BARTUM ' Se-2  1.48e3  1.82e3 1.056-3  1.80e~2 02 .32
BIS {2EW) 202 ot B ) (] ] -0 b0
PHTHALATE
CADNIUN Se-4  §.71e0  6.8880 3.368-6 6,035 01 A2
COPPER 372 L.loel  9.25e0 8.260-6 B.11e-5 00 00
LEAD 1.de-4  1.41e2 1.74e2 1.00e-4 1.53e-3 J2 16.90
NANGANESE Se-1  1.54263  1.66e3 1.10¢-3 14602 00 03
MERCURY 20-3 8L 8DL ] 0 00 00
NICKEL 262 5.69%0  6.960  d.9le-6  6.050-5 00 )
SELENIIM Je-3  2.6Be-}  2.5%e-} 1.918-7 2.24e-b 00 R
VANADIUM 9-3 1.i5%1 1.12e1 8.19e-6 9.82e-5 00 Qi
TINC 2e-1  5.78e2  4,1Be2 4.120-4  5.420-3 D0 .03
T0TAL J75 11.43

ASSUNPTIONS amd NOTES . _ -

Ingested metals ia moil matrir are 50 #mrage case) to 1002 (worst casnl bioavailable; exposures averaged over 1 year.

Avarage = [ngestion by a 20 kg child of 200 mg of s0ii {ar play day, d plays 2 days per week for 26 weeks per year in
goil at the sjte. ted concentrations are arithastic mean of site sampies,

Worst = Ingestion by a 20 g child of 400 ag of soil g:r play day, child ph;s 4 dara per week for 40 weeks per yer ia
soil at the site. Ilgasted concontrations are the lower of the 95t coafidence limits of the mean or the
highast observed comceatration of site samples,

I rTLIELILILILILILILILIILIILELTITILIIISIILILILILITILILIISITILILILISILILILILELITITIITISILITIESLI2 RS
EXPOSURE TO CARCIMOGENS

Cascer  CONCENTRATION EXPOSURE  DOSE LIFETIME CANCER RISK
Carcizogenic Cancer Poteaty Average HRarism Avetage  Reancaable  Average Reass
Contamisent  Meight of  Facter {ape Worat Case  Case  Worst Case
of Coacern  Evidemce  {mg/kg/d) (mg/kg) (mg/%g) {ng/ko/day)
ARSENIC A 1.75e0  2.04e1 2.56e1 3.9 5.50e-5 5.7606  9.620-5
BENZENE 4 292 80 Bt g 0 0 ] 0
BIS (281) B2 1.40<2 B BoL 0 0 0 0

PHTHALATE ,
CADNIUX L0 HA 4.6t 6,880 7.608-7 1.48e-5 ¢ ]
NICKEL RA KA 6.8920  5.900 1.11e-6 1.48e-5 0 9
TOTAL 5.760-6  9.628-5

ASSUMPTIONS and MOTES

NA * Non-carcinogenic by the oral Toute. Aasumptions for exposure to mon-caTcinciiemic compownds app
Life-tine a1poture aseeses 15 years of childhoos (zo k) and 10 vears (average) to 30 vears (uorst cml of adulthood

(70 kg) with exposure averaged over 70 yaars.
Avarage = Assumes ch gﬁuamﬂs 200 ag per g ay day for 15 oars, aduits ingest 60 ag per activity day for 10 years.

Outdoor activity occurs 2 days per wesk for 26 weeks of the year,
Worst = Assuses child ingests 400 a9 per giay day for 15 yaurs, adults ingest 100 #g per activity day for 3¢ yesrs.
Outdoor activity occurs 4 days a week for 40 weels per year,
RR302085




TABLE 6~13 (Continued)

INCIDENTAL INGESTION OF NORTH DRAINAGE SOIL -~ CHILDREN

FORMULAE
EXPOSURE TO NON-CARCTNOGENS
Exposure Dose = Ca x I x F x A . _
where: "

Ca = contaminant concentration in mg/kg
I = soil ingestion rate in kg/day
F = daily frequency
W = weight in kg
A = bioavailability (fraction)
EXPOSURE TO CARCINOGENS . . — .
E{e) x P xCax I{a) Fx A N
W(e)
Exposure Dose =
LT
where: i
EN{a) = exposure duration
P = proportion of year exposed
Ca = contaminant concentration in me/kg
I{a) = soil ingestion rate in kg/day for each ED
F = daily frequency
¥(a) = weight in kg for each ED
LT = lifetime in years
A = bioavailability {(fraction)

FP-121 Grid
FP-122 Grid
FP-123 Grid
FP-124 Grid

RR30Z2066




{aexpbéd cal) TABLE $-14

04-Dec-90 INCIDENTAL INGESTICN OF NORTH DRAINAGE SOIL - ADWLIS

EXPOSURE TO MON-CARCINOGENS

Nor- COMCENTRATION EXPOSIRE  DOSE HAZARD INEX  END POINT
Carcinogenic RED or Other  Average Mazimus Average Reasoaable Average  Rexsomabls
Coatamizant tandard Case  dorst Case  Case Morst Case
of Coacars  (wg/hg/day) (wg/kg) (ag/ke) (ng/kg/day }
ANTINONY -0 7.0le-1  8.5de-t {3408 5.35¢-7 00 00
BARTUM Se-2  1.4803  1.8203 9.040-5 1.140-3 00 .02
BIS {2€H) -2 8L B, 0 ) 00 .00
PHTHALATE : :
CADRIUN Se-d 47160 6.890 2.988-7  4.318-6 .00 .01
COPPER 3762 L1681 9.25e0 7.084-7 5.7906 00 00
LEAD T.4e-¢  1.4162 1.7482 8.61e-6  1.09e-4 .06 .78
MANGANESE Se-t  1.54203  1.5603 9.416-5  1.04s~3 .00 .00
MERCURY 23 BOL BOL o ) .00 .00
NICKEL 2002 65.8%0 5.9 4.210-7 3206 .00 00
SELENTIN 30-3  2.68e~1 2.55e-1 1.64e-8  1.608-7 .00 80
VANAD LN %-3  1.500  1.1281 9.160-8 7.010-6 .00 0
e 20-1  5.78e2  6.1882  3.535  3.87e~ 00 .00

et 06 82

ASSURPTIONS and NOTES

Ingested metals i soil matrix are 50 Pwram case)} to 100% {worst case) bioavailable; exposures averaged over 1 year.

Average = [agestion by & 70 kg adult of 60 ng of soil per activity day, sdult gardews Z days per week for 26 weeks par
vear in soil at the site. Isgesied coacentrations are srithastic seax of site samples.

Worst = Ingestion by a 70 kg adult of 100 g of soil per activity day, aduit gerdems 4 days per week for 40 weeks por
gger In 801l at the sits. Ingested concertrations ave the iower of the 95 confideace Limits of the seam or the
ighest observed conceatration of site suaples.

TETEFTITXTTISLEITLTTILILESIIILELLLILIISISLILIOIS LSS IRLISISEESIELEEISLIGRS
EXPOSURE TO CARCINGGEWS

. . Cascor  CONCENTRATION EXPOSURE  DOSE LIFETINE CANCER RISK
Carcinogenic Cancer Potescy Average HNaxiaua Average  Reatomzble Average Reasomable

Contasimant  Wsight of  Facter Case goret Case  Case  Horst Came

of Concera Evidence  (29/kg/d) (morkg) (mprig) {ng/kgsday)

ARSENIC 4 1.7580  2.04s1  2.56e1 3.29-6  5.50e-5  5.75e6  9.62e°5

BENTENE A 2.9¢-2 BOL &L . 0 ¢ 0 o

BIS {2£%) 82 142 BIL Bl 0 ] b ]

PHTHALATE )

CADRIUM NA N& 4.71e0  £.8%0 7.60a~7 1.48¢-5 ¢ 0

NICKEL NA KA 6.89%0  5.900 1.11e-6 1.430-5 ¢ 0
TOTAL. 52606 9.620°5

ASSUMPTIONS and NOTES

NA = Nos-carcizogenic by the oral routs. Assumptioss for sxposure t¢ moa-carcinofemic cospounds apgly.

Life-tine exposure assuses 15 ysars of childhood (20 kg} and 10 years (average) to 30 ysars (worst case) of aduithosd
{70 kg) with exposure averaged over 70 years, , . .

Avatage = Assumes child ingests 208 ng per play day for 15 Pm. adults ingest 60 ag per activity day for 10 years.
futdoor activity occurs 2 days per week for 26 weeis of the year. '

Worst = Assuses child ingests 400 ag per play day for 15 years, aduits ingest 100 mg per activity day for 30 years,
(utdoor activity occurs 4 days a2 week for 40 weeks per yeur,

£y P '
RR302067




TABLE 6~1i4 (Continued)

INCIDENTAL INGESTICON OF NORTH DRAINAGE SOIL - AIULTS

FORMULAE _
Exposure Dose = Ca x 1 x F x A . L -
' W
where:
Ca = contaminant concentration in mg/kg
I = so0il ingestion rate in kg/day
— F = daily frecuency
w = weight in kg
A = biocavailability {fraction)
EXPOSURE TO CARCINOGENS , L
ED{a) x t Ca x I{e) Fx A
Wia)
Exposure Dose = -
LT
where:
ED{a) = exposure duration
i P = proportion of year exposed
Ca = contaminant concentration in mg/kg
I{c) = so0il ingestion rate in kg/day for each ED
F = daily frequency
W(a) = weight in kg for each ED
LT = lifetime in years
A =

bioavailability (fraction)

F] SAMPLE LOCATIONS




°

{asxpsdS.cal)
04-pac=90

ABLE §
IHCIDEHT&L INGESTION oF SGUTH DRMIIQGE SOIL {DISTURBED AREA) - CHILDREN

EXPGSURE TD NON-CARCINOGENS

Ko~ | “CONCENTRATION EXPOSURE DOSE HATARD  IMDEX ENO POINT
Carcisogenic RfD or Other Average Xaximua Average Ressosabie Avarage  Reasomable :
Coatamisant  Standard Case  Norst Case  Came Horst Case
of Comery {mmsm {sorks} (norks) {agrko/day)
ANTTHONY da-4 8oL BOL ] 0 .00 00
BARIUN 5a-2  5.34el  8.72e1 3.80e-5 7.64e-4 00 02
BIS (264) -2 B 800 o 0 00 00
PHTHALATE
CADHIUN Se-4  1.18e0 1.7e0 8.41e-7  1.4%8-5 00 .0
COPPER 3.70-2 8750 1.26e1 62386 1.10¢4 R ] G
LEAD 1.40-4  %.4e0 1.071 6.70e-6 9.38e-5 .05 £7
RANGANESE Se~1  3.7802 8.7e2 1.6%9-¢  7.63-3 R M2
MERCURY 203 BOL BOL 0 0 00 00
KICKEL 262 1051 1.79e 74006 1.57e-4 b0 K|
SELENTUM 3e-3  1.63e-1 2.3be-i 1.16e-7 2.07e-6 00 00
VARADIIN 98-3  1.49¢1  2.26e1 1.060-5 1.98e-4 00 02
ZING 2e-t 2.8l .47 1.998-5  3.04e-4 00 Q0
TOTAL .05 J7

ASSUNPTIONS and NOTES

Iagested metals in soil matrix are 50

tverage czse) to 1008 {worst ussz
r pisy day, chi

Avarage = lmatm by a 20 tg child of 200 &g of soil

soi} at the site. li
Yorst = [ngestion by ¢ 20

¢ child

s0il at the site. Ingested conceltntmn et
highest observed cosceatration of site szsples.

$T1IT311113 2238 L33 TLILELEEETLILIESITILINITILILEIEISILITITILIILIETILIISSCE

|4

lay day, child plays
10wty of the 95¢ coRTs

EXPOSURE TO CARCINOGENS

4 days per week for 40 weeks per year ia

bioavailable; sxposures averaged aver 3 vear.

d plays 2 days per weak for 26 weeks per year in
ostad cmaltntwas are an haetic mexn of site samples.
of 400 ng of soil r”

idonce limits of the mean o7 the

Camcer  CONCENTRATION EXPOSURE  DOUE LIFETIME CANCER RISXK
Carcinogenic Cancer Potmr Average Ksrimum Average  Ressorable Average  Reasoneble
Coataninant iiught of Fac Case Horat Case  Case  tWorst Case
of Concern Evidence [lmq/d} {mgrkg} {mg/ko} {ngrkgsday)
ARSENIC A 1.75¢0  1.65e0 200 2.864-7  4.296 46607 7.51e%
BENZENE A .92 B0 8 0 0 0 0
8IS (2E8) B2 1.2 BN BOL 0 0 0 0
PHTUALATE i _ . _
CADHIUN NA N& 1.18¢0 1,780 1.%08-7 3.6506 0 ]
NICKEL (o) NA 1.05¢1 1.79el 1.6906 3.3¢e-5 0 ¢
TOTR §.660-7  7.518-%

ASSUNPTIONS and MOTES

NA = Nos-carcisogenic by thl eral routs. apply
Lifa-time ospmro assumes 15 yws of childhood (20 kg) and 10 years {average) o 30 years (worst cass) of adulthood

15 ;ws. sdults ingest 60 wg per activity day for 10 years.

(70 kg

with t:@mn avetaged

over 70

Assunptioas for expesurs to BoR-carcisigenic compounds

oars.
for 26 week

Avmg: x mu;m ¢hild ingests 200 ag par :Iay day for

v activity occurs 2 days per wee
Worst = Assumas child ingests 400 mg per gl
outdeor activity occurs 4 days a week for 40 weeks par vear,

LB

day for 15 vears, adults ingast 100 ag per activity day for 3¢ years.

RR302069




TABLE 6-15 {Continued)

INCIDENTAL INGESTION OF SOUTH DRAINAGE (DISTURBED AREA) SOIL - CHILIREN

FORMALAE
EXPOSURE TO NON-CARCINOGENS L L L.

Exposure Dose = Ca x I x F x A . o o B
W

where:

contaminant concentration in mg/kg
soil ingestion rate in kg/day
daily frequency

weight in kg

= hioavailability (fraction)

£
man

ED(e) x P 2 Cax I(a) F x A

W{a)
Exposure Dose = =
LT
where:

ED{a) = exposure duration '
P = proportion of year exposed .)
Ca = contaminant concentration in mg/kg '
I{a) = soil ingestion rate in kg/day for each ED
¥ = daily frequency
W{a) = weight in kg for each ED
T = lifetime in years
A = biocavailability (fraction)

- . __FR-114 Disturbed Area

: FR-115 Disturbed Area

FP-116 Di sturbed Area

FR-125 Disturbed Area
Dup FP-115




e ]

[aexpids.cal) TABLE 6-16
(d=Dac=90 INCIOENTAL INGESTION OF SOUTH DRAIMAGE SOIL (Msnm ARER) ~ ADINLTS

EXPOSURE T0 MON-CARCINOSENS

Nox- CONCENTRATION EXPOSURE  DOSE HAZARD  INDEX ENO POINT

Carcisogenic RfD or Other Average Naxisus Average Rsasomsble Average  Reasomable

Comtamizazat  Stamdard Case  Horst Cass Cam Worst Case

of Concers  (ag/korday} (my/kg} (mo/kg) {ag/kg/day)
ANTINONY do-d BOL 8L 9 ¢ 0 0o
BARIUR S5e-2  5.3el  8.72e1 3.260-6 S.468-5 .0b 00
815 {2EH) 2e-2 8L 8ol Q ] i) 00

PHTHALATE }
CADRIUN Se-4  1.18e0 1.7¢0 7.200-8 1.06e-6 M Ko
COPPER 3.7e-2  8.750  1.26e1 §5.3e-7  7.8%6 00 00
LEAD lde-¢  9.4ed 1.07et 5.74e-7  §.70e-¢ 00 05
MANGANESE Se-f  3.78e2 §.7e2 2.21e-5 54584 00 .00
WERCURY -3 L M 0 0 00 M
NICKEL "2e-2  1.05e1  1.79el G.d4le-7  1.12e-5 .00 00
SELENTIR 3e-3  1.63e-1 2.368-1 9.95¢-9 1. 4B8e-7 00 00
VANADTUM 9a-3 14981  2.2621 $.10e-7 1.42¢-5 N 0
1IN 2e-1  2.8e1 3470t 1.71e-6  2.17e-5 N .00

TOTAL 0 05

ASSUMPTIONS and NOTES

Ingested aetals in soil watrix are 50 ‘muqe case) to 100t {worst case) bicavailable; axposures averaged over I yest.
Average = Ingestion by 4 70 kg adult of 60 mg of soil per activity day, adult gardens 2 days per week for 26 wesis per
year in 201} st the site. [Iagested comceptrations are arithaetic sean of site sampies,
Worst = Ingestion by a 70 k¢ aduit of 100 mg of Soil per activity day, aduit gerdems 4 days per wesk for 40 weeis por
;?" iz 20il at the site. Ingested comceatrations are the lower of the 95% confidence iimits of the mean or the
ighest observed conceatration of site sampies.

©333TTTITTLITTTILITLTLILLILILIILIELITLILIIISIEISIIILSLESSISISIISXESIRSIRISSE22I2IRCYE

EXPOSURE TO CARCINOGENS

. . Cancer  CONCENTRATION EXPOSURE  DOSE LIFETINE CAMCER RISK
Carcinogenic Caccer Potency Averige Maximus Average  Reasomabla Average Reasomable
Costamimant  WUeight of  Factor Case Horst Cass  Cese  Worst Case
of Comcern  Evidemce  (mgrko/d) (wg/kg} (mg/ig) {ngskgsday)
ARSENIC A 1.75¢0  1.65e0 200 2.6607 42906 d.66e-7  7.510%
BENZENE A 2902 BL WL 0 i 9 b
BIS (2EH) B2 1.4e-2  BU 8oL 0 0 0 0
PHTUALATE , .
CADNIUK NA M 1,180 1790 1.908-7  3.65e-6 0 A
NICKEL K6 HA 1.05e1 1.79e1 1696  3.B1e5 ] 0
WM, de6e-7  7.51e

ASSUMPTIONS and MOTES

NA = Now-carcinogenic by the oral route, Assumptions for exposure to moR-carcimogenic compouads spply.

Life-tise exposure assuses 15 years of childhood (20 kg) asd 10 years (average} to 3¢ years (worst case) of adelthood
{70 kg) with expesure averaged over 70 years. ) )

Amng = Assunds child ingests 200 ag per pity day for 15 ysars, adults ingest 60 w9 per activity day for 10 years,

tdoor activity occurs 2 days per week for 26 weeks of the yesr, )

Uorst = Assumes child ingests 400 ag per play day for 15 vears, adelts ingest 100 9 per activity day for 30 years.

Gutdooy sctivity occurs 4 days a wesk for 40 weeks per yesr. ‘
AR302071




( TABLE §-16 (Continued) .}

INCIDENTAL INGESTION OF SOUTH DRAINAGE (DISTURBED AREA) SOIL ~ ADULTS

Exposure Dose = Ca x I x F x A
where:

contsminant concentration in mg/kg
soil ingestion rate in kg/day
daily frequency

weight in kg

bicavailability (fraction)

ED{a) x P xCa x I(a) F x A ] -

W{a)
Exposure Doge = =
LT
where:
ERI ED(a) = exposure duration
{ P = proportion of year exposed .)
Ca = contaminant concentration in mg/kg
I{c) = soil ingestion rate in kg/day for each ED
¥ = daily frequency
W{a) = weight in kg for each ED
LT = lifetime in years '
A = bioavailability (fraction)
ot . SAMPLE LOCATIONS
FP-114 Disturbed Area
FB-115 Di sturbed Area
FB-11€ Di sturbed Area
FP-125 Disturbed Area
Dup FP-115

: ' KR302072
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{aexps51.cal) , TABLE 6-17
Od-Dac-90 INHALATION OF AIR-BORNE CONTANINANTS IN QUARRY

EXPOSURE TO MON-CARCINOGENS

Noa- - CONCENTRATION EXPOSURE  DOSE HAZARD  INDEX END POINT
Carcimogenic RfD or Other Averags Narimum Average Reasemsble Avsrage  Reasonable
Coataminant  Standard lea Iiorss Case  (age Norst Cage
of Coacers  (mgrko/day) {mgrk9)} (mg/ke) 89/kg/day
ARTINGHY: do-4  S5.16e-1 1.01¢0 2.38-15  1.58-11 H0 00
BARIUX 1.4e-4  1.9202  3.86e2 8.4e-13  5.888-9 00 00
BIS (2EH) 2 BL 8 0 0 0 00

PHTHALATE .

CADNIUMs Se-d  1.28e0 1.71ad S.6e-15  2.6e-11 00 .00
COPPER 162  8.1400  9.75¢0 3.60-14  [.54-10 00 0
LEAD 4.3e-4 2732 6.25e2 1.2¢-12  9.5ie-% 00 0
MANGANE SE Se-1 1.2802  1.6Be2 5.60-13  2.56¢9 .00 )
RERCURY £.1e-5 8L BOL ] 0 L0 .00
NICKEL: 282 1.21ef  1.67et 5.3e-14  2.5e-10 .00 00
SELENILN 18-3  1.69e-1 2.238-1 7.de-16 3.49-)2 .00 00
VANADIUN: 9e-3 2.02et  2.4%sl 8.9¢-14 3.80-10 A0 A0
ZINC . le-2  1.04e2  1.702 £.68-13  2.59¢9 00 00

TOTAL 00 0

ASSUMPTIONS and NOTES

For constituents marked with 3", aral chromic health stawdards ara used to account for swallexing
particulates, since there are 2o lahalation standards for chromic imhalation.

Inhaled aetals in soil matrix ave 1008 bioavailable. ) .

hverage = Inhalation by & 70 kg aduit of 1.4 cubic meters of air par hour, containing
1.37510E-5 ug ger cubic meter of dust for 16 hours per daz&l .

Worst = [phalation by & 70 kg aduit of 3.0 cubic meters of air per hour, coataiaing
2.22x10~3 ug per cubic meter of dust for 16 hours per day.

fI1ITIIIITITITLRIRTTIISLIIEETIISLITIIIILILIILEEITLIISLILIIEETISELTTIRCLS
EXPOSURE T0 CARCINOGENS

. Camcer  CONCENTRATION EXPOSURE  DOSE LIFETINE CAMCER RISK

Carcinogenic Cancer Potency Average Naxiaus hverage  Reasomabis Average Reasomable

Contaninant  Weight of Factor Cage Worst Case  Case dorst Case

of Concern  Evidemce  (mg/kg/d) (ngske) (mg/kg) {ag/kgsday)
ARSENIC A Sel 5.19¢0  8.4de0 1.18-14 1.30~10 57613 6.42¢%9
BENZEME [ 2.9e-2 BDL 8L o o 0 0 o
BIS (284) 82 M BN 8L 0 0 ¢ ¢
PHTHALATE . . - oo -

A b.1e0 1.2820 1.71e0 2.8e-15 2.6e-11 1.7e-14  1.6e-10
NICKEL & 1.19¢0  1.218f  1.6761 2Je-14 25610 2e-14 30e-10
TOTAL §.213  5.8%9

ASSUPTIONS and NOTES

Assumptions for exposure to mem-carciscgeaic compousds apply.

Life-tine exposure assuses a 70 kz parson with exposurs averaged over 70 yesrs.
dvarage = Astumos Lifating inhalation for 204,400 hours 28 hours per day, 70 years}.
Norst = assuses iifetine inhalation for 408,800 hours (16 hours per day, 70 years). .

AR302073




TABLE 6-17 (Continued) .

INHALATION OF AIR-BORNE CONTAMINANTS ON SITE

FORMULAE
T NON: NOGENS

Exposure Dose = Ca xCb x I xD x CF
W

where:
contaminant concentration in mg/kg
dust concentration in mg/cubic meter
inhalation rate in cubic meters/day
daily duration in hours
correction factor to convert to mg

= weight in kg

Q=g

Exposure ose = Ca x Chb x I x D x CF
WxLTxD

where:

dust concentration in mg/cubic meter
inhalation rate in cubic meters/day
exposure duration in total lifetime hours
correction factor to convert to og

= weight in kg

= lifetime in years

365 days per year

contaminant concentration in mg/kg .

Wouwy i

[[O}

FP-103 Grid
FP-104 Grid
FP-105 Grid
FP-106 Grid
FP-107 Grid
FP-108 Grid
FP-1092 Grid

AR30207L
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TABLE A-1

Scoring for Indicator Chemical Selection
Westinghouse Project No. 4112-88-970B

Ground Water

Parameter Roc(ml/g) Range Rep. CGonc. Comments

- - == pgfL - - = - = e e o e
Aluvminum -- <51.9-16,%00 5,181 -~
Antimony .- <2-66 34.2 Only 2 above det. (66 & 22)
Arsenic -- <2-197 197 A1l <2 except for 197 sample
Barium -- <2.1-34,700 1292 only 1 sample > 350
Beryllium - <1.8-22 22 Only 1 sample above detection
Cadmium -- <4_.7-1C 7.3 Only 3 samples above detection
Calcium - - 594-55,000 . 22,074 - Z -
Chromium --- <5.4-141 41.6 Only 1 sample >32 (i.e.,141)
Cobalt 00— -~ «<26.2-35.9 N & . Only 2 samples wete detectable
Coppex -- <6.8-57.9 20.3 --
Iron - : <7.9-50,900 5288 == o
Lead -— <% _3-18%0 - 178 Only 1 sample >28.8
Magneslum - 353-21,600 7253 -- -
Manganese -- - 7.6-6350 681 -~ -
Marcury --  <0.2-0.57 0.57 Only 1 sample detectable
Nickel -~ <34.7-193 123 _Only 2 detectable
Potassium -— - <790-13,100 3556 -- -
Selenium - 3.4 0 --
Silver - <9.3 0 --
Sodium -- €,010-44,000 18,665 -- -
Thallium -~ < 0. -= -
Vanadium -- <1§.3-50.1 50.1 Only 1 sample detectable
Zine - S <36.7-3,820 341 -- :
Cyanide el <I@ 0 -- - _
Sulfate - 3,400-30,600”f 13,700 .- S

AR302081
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TABLE A-2

Scoring for Indicator Chemical Selection- -
Westinghouse Project No. 4112-88-907B

Surface Water

Parameter " Koc{ml/g) Range ~ Rep. Comne. Comments
‘ Y,
Aluminum mes e <51.9-5310 1,464 Only 2 samples >357
Antimony L <2:2.6 ... .2.6 77" 70nly 1 sample-detectable
Arsenic. - B i it B W 13.7 Only 1 sample-detectable
Barium -- e <2.1-5600 732 On]y .’i sample >109
Beryllius T T e L —%1.8-6.4 6.35 _ . Only 2 samples-detectgble
Cadmium - o= 4.7-105 52.9 . Only & samples-detectable
Caleium -- - - 2,160-23,600 10,190 -
Chromium s e 5.4 " 0 None detectable
Cobalt v e e TD6,2 -0 ... Nome detectable
Copper - et e wmer s §-27 03 25.9 . .Only 2 detectable
Iroh T me o 7= 28.7-59,800 6,948 Only 1 sample >647
Lead e <1.,3L.-5;8- - 3.0 -
Magnesium - -=—— - -0935-8740 ° 3533 © 7 - T
Manganese. . _ .= o.-:20050-3030 L0000 97707 --
Mercury -+ <02 . 0 Z7Nome detectable
Nickel .- S 24.7-42.2 36.5 - --
Potassium ews 2l .21 200-24,200 4,932 --
éelenim NETIEN :<14 S 6 T None ;det;actable
Silver B P T ‘Notrie detectable
Sodium -« - . . -=4,920-11,600 10,586 --
Thallium - <2 LT 4] - None detectable
Vanadium - -<18.3 . . 0 None detectable
Zine ~ . <10,7-111,000. 27,808 Only 2 samples >4320
Cyanide e e =25 Q0 D 0 T L None detectable
Sulfaté T Tee s T Tw 03-248 000 780,97 T ' o

AR302082




TABLE

A-3

Scoring for Indicator Chemical Selection

Westinghouse Project No. 4112-88-907B.

Soil
Parameter Koc{ml/g} Range Rep. Conc. Comifierits
- o 1772 A R . RGN
Aluminum -- 1,200-23,400 9,936 --
Antimony .- <0.31-3.1 R .
Arsenic -- 0.36-135 — 8.5 e=
Bariun - 7.7-9,900 ... _. 652 --
Berxyllium - <0.31-0.71 0.57 --
Cadmium .- <0.73-34.5 3.3 -
Calcium -- 55.9-7,060 739 - .
Chromium -- <2,2-110 19.9. . o ___ e
Cobalt -- - <4.1-26.8 ) 12.7 Only & samples detectable
Copper -— <1.3-42.8 9.8 -,_
Iron - 1,300-530,000 23,619 --
Lead -- 3.15-6,920 300 -
Magnesium -- 199-1,400 537 --
Manganese -— 16.3-1,920 295 -
Mercury -- <0.1 -0 None detectable .
Nickel - <3.9-20.5  _ 9.82 -
Potassium -- 10.&6-1770 T 634 -- -
Seleniun - <0.23-0.32 0.29 N -
Silver -- <l.5 Li 0 None detectable.
Sodium -— - 25-625 — . 98 “a
Thallium -~ <0.31-0.46 0.37 y Onlyrs samples detectable
Vanadium -= <2.8-27.7 12.7 --
Zinc -~ 14.6-1,510 201 — -
Cyanide -- <1.1 0 None detectable
Sulfate --

AR302083
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TABLE A-4

Scoring for Indicator Chemical Selection
Westinghouse Project No. 4112-88-907B

. Ground Water

Parameter =% 7 Koe(ml/g)  Range . Rep. Conc. " Comments
- - - ----Mg/L O T

Acetone 2.2 <3-16 6.6 -
Benzene 83 -- -- 0 None detectable
Benzo(a) © 1.38E+6 - - 0 None detectable

anthracene

Benzo(b) - B

fluoranthene Ssﬁ,OOO S - B Nohe detectable
8enzo(k) 550,000 2 =T 07 T 00 7 7 . Tjohe detectable
fluoranthene . o oo B - Tl e
Bis(2-ethyl - -- R i None detectable
hexyl)phthalate T - : = - : :
2-Butanone .- R e ¢ ‘None detectable
Chlorobenzene 330 -- T : =0 None detectable
Chioroform 31 . L AR eZllim ez @ ' ‘Hone detectable
Chrysene _ ZEAS . L=t .. o —— - =B - 7 MNone detectable
i.l,Z-Dichloroethene 59trans - i 0 ~ Mone detectable
49 cis o o
2,6-Dinitrotoluene @2 = . - -0 .- None detectable
Ethylbenzene © ot 1100 -- : . 0 " None detectable
Fluoranthene - . .38000... . . -=. . : B .. Hone detectable
2-Hexanone ST we EIDeL L Eeemot R R ST TTOEESD L) ‘Hone detectable
. Methylene Chloride ©. 8.8 ) - i ... 3 7 . A sawple analyte detected
' 4-Methyl-2- . Lo S L AR oo ;zr)\e detectable
pentanone : L —— e : . .
Napthalene -- -~ - E = - -0 Neone detectable
H-llﬁtrosodiphenyl e m T TR - TEm oo 0 Hone detectable
amine . . i o
Phenanthrene 140600 - o 1] None detectable
Phenol 14.2 -- I, | o None detectable
Pyrene - 38000 - SR ! None detectable
Toluens -300 -- S =0 None detectable

Xylene -- -- o2 ~ Only 1 detectable

RR302084




TABLE A-5

Séoring for Indicator Chemical Selection
Westinghouse Project No. 4112-88-907B

Surface Water

Parameter Koc{ml/g) Range Rep. Conc. Comments
R L R
Acetone 2.2 <7-18 12 -
Benzene & 4 4 Only 1 detectable
Benzola) 1.38646 -- 0 Hone detectable
anthracene
Benzolh) £50,000 -- 0 Hone detectable
fluoranthens
Benzolk) $50,000 -- 0 fone detectable
fluoranthene
Bis(2-ethyl - —= 5 5 only 1 detectable
hexyllphthalate
2-Butanone -- -- 0 None detectable
Chlorobenzens 330 3 3 anly 1 detectable
Chloroform 3 -- ¢ Hone detectable
Chrysens 2E+5 .= ;0 None detectable
1,2-Dichloroethens SPtrans -- 0 None detectable
49 cis
2,6-0initrotoluens 92 .- o None detectable
£thyibenzene 1100 -- s None detectable
fluoranthens 33000 - - ] Hone detectable )
2-Hexanone =~ = - - = 0 None detectable.
Methylene Chioride 2.8 3 3 only 1 detectable
4-Hethyl-2- .. - = B _ None detectsble
pentanone T
Haphthalene - - 4] Rone detectable
H-Hitrosodi- - -- =0 None detectable
phenylaming
pPhenanthrens 14000 -- 0 None detectable
Phenol 16.2 - 0 Hone detectable
Pyrene 38000 - 1] Hone detectable
Taluene 300 - 0 None detectable
Aylene — - —- 0 . Hone detectable

AR302085
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TABLE A-6

Scoring for Indicator ,Chemical'_Seleicﬁion
Westinghouse Project No. 4112-88-9078

Soil
Parameter 7T Keelml/g) Range Rep. Conc. Conmments
- -mg/L- - - - -

Acetone 2.2 T «<h-42 13 --
Benzene 83 : <4-13 : T 8.5 Only 2 samples detectable
Benzo{a) 1.38E+6 <i50-290 ' 225 " Only 2 samples detectable
anthracene . - R . . . . .
Benzo(b) -2en . .- 220 " only 1 ssmple detectable
flucranthene " o o
Benzo(k) 5.5E+5 160 160 Only 1 sample detectable
fluoranthene . I I
Bis(2-ethyl - : <210-5200° 1,013 .-
hexyl)phthalate
2-Butanone -- 10 10 only 1 detectable
chlorobenzene 330 ToeRT s et g 'Kone detectable
Chloroform 31 -6 4.5 ° 7 “only 2 detectable
Chrysene 2E+5 T30 - 310 'Onlly 1 detectable

; 1,2-Dichloroethene . _ 5%trans [ T 4 ’ iOrily 1 detectable

f ‘ doeis T - -l

.6-Dinitrotoluene gz 1400 1400 only 1 detectable
Ethylbenzene -1100 19 19 ‘only 1 detectable
Fluoranthene 38000 <520- 406~ 1610 ‘Only 2 detectable
2-Hexanone a- - =8 8 Only 1 detectable
Methylene Chloride 8.8 3-24 - 8.2 --
4-Methyl-2- - =t <9-86 47.5 Only 2 detectable
pentanone , : , oo .
Naphthalene - 220 - 220 .. Only 1 detectable
N-Nitrosodi- -— sms g 200-9100 7975 only 4 detectable
phenylamine
Phenanthrene 14000 <580-1400 10§0 ‘Only 2 detectable
Phenol 4.2 <330-610 500 Oniy 2 detectable
Pyrene 38000 560 S&0 Only 2 detectable
Toluene 300 <4-11 8 Only 2 detectable
Xylene -- <15-100 53 Only 2 detectable

N

®
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TABLE A-7

Scoring for Indicator Chemicals-ToXicity Information
Vestinghouse Project No. 4112-88-907B -

Tox Rating Val - ] .
Chemical . Class  JEFPA Cat. wp o S ag | o
Alumirem - L - . - Eiasied o T -
Ant{mony He 10¢aral) bod 2.26-4 229
B(inhal)
Arsenic PC A &1 2.0E~4 41
HC 9 ) 18 9.0E-4 180
‘Barium HC 10 &.1 2.0E-4 41
Beryliium HC 8(inhal) - -~ . 1.5E+4
PC 81 -- - - 22.8
Cadmium NC 10Coral3/ 4.5 2.2E~4 359
8(inhaf.)}
PC B1 -— N , 16.5
Calefum - -- : T - - -
Chromiut VI HC®  &(iphal) - -- 25
PC A - - -~ m
C&.lt - el T T L L FaE U
Copper NC 5 0.71 3.6E-5 7.1
tron XL - : i S =
Lead{inarg-anic} NC 10 0.89 4.5c-5 8.9
Hagnesium
Hanganese
HC -— . -~ —— -
Kercury(atkyl)
Mercurytinorg) nC - . - : =
NC 7C¢oral}/ 18.4 Q.2E-4 135
&(inhat.)
Hickel PC A -- - -— 2.9
NC 10 4.3 2.1E-4 157
Potassium - - : =l T me — - .- . .
Selenium KC 10 105 5.3c-3 1050
Silver KC 1 20 1.0E-3 200
Sodium - - - . -- - == -
That lium NC -- - -- == : -- =
Vanadium HC 1 0.1 7.1E-6 1.4
2inc NC 8 c.N 5.3E-6 14
Cyanide NC -- - - o . N -

Sul fate - - . - - L == L ‘

AR302087
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TABLE A-8

Scoring for Indicator Chemicals-Toxicity Information

Westinghouse Project No. 4112-88-907B

P Sioe =

Tox Rating Val = = . — - -
Chemical "Class  /EPA Cat. W s ag
Acetone NC -- - - P
Benzene KC S{orald/ 0.12 5.98-6 118
10¢{inhal.)
PC A 7.7E-3 3,9E-7 7.7E-2
Benzo(a) NC - : - — -
anthracene PC B2 0.58 2.9E-5 5.8
‘Benzol(b) - N - - i ez - -
fluoranthene PC B2 -- .- --
Benzo{k) NC -- - -— -
fluoranthene PC [ —— e - -
Bis(2-ethyl NC -- ) - — .
hexyl)phthalate PC T B2 5.7E-4 2.9E-8 5.7E-3
2-8utanone B a2 - - N
Chiorobenzene NC 4oral)/f 1.4E-1 T.1e-6 0.28
1¢inhal.}
chloroform " NC a e e e - P - -
PC 82 . 5.6E-2 2.8E-6 0.56
Chrysene NC - e - S e e e . .
PC B2 ) ’ T - : -
i,2- NC 5 - - .- - 5.3E-2 2.7E-6 G6.53
Dichloroethene . .
2,6~ - -NC ¢ 0.60 3.0E-5 6.0
pinitrotoluene PC C -- . - s
Ethylbenzene NC 4 T1ME-2 5.5E-7 0.11
Ftuoranthene NC - o -~ - N
N “PC -- -- - i --
Z-Hexanone -- -— _ . I , .
Methylene NC “10 Q.2E-4 4 .6E- 9Q.2E-3
Chloride PC 82 -— - -
4~Methyl -2~ e - - - - - -
pentancne moT T T .
Napthalene - . e - = .
N-¥itrosodi- PC B2 .- S e -
phenylamine
Phenanthrene NC -- - -— -
PC -- - - S e .-
Phenol NC 3(oraly/ 0.10 5.0E-6 2.5
$0{inhal.)
Pyrene NC/PC .- - -- — | -
Toluene NC 7 5.28-3 2.6E-7 5.26-2
Xylene RC - . e s - - _




TABLE A-9 - S

Caleulation of GT and IS Values fof Carcinogenic Effects ~
Westinghouse Project No. 4112-88-907B

{
GW{CT) SW{CT} Soil(CT) ALr(CT) IS Value  Rank
Chemcial Max Rep Max Rep HMax Rep Max -Rep Max Rep Max Rep
Arsenic 0.81 0.81 .056 .05¢ .027 1.7E -~ -- . 0,84 0.8 1 .- 1.
-3 1 -
Benzena 0 0 3.1E 3.1 5.1E 3.3E -- -- ..3.1E .2 2
-5 -5 -9 -9 -5 3.1 :
Benzo(a) 1] 0 0 0 8.4E 6.5E -- -- - 8.4E E- 3 3
anthracene -6 -6 7 -6 5
6.5
.Beﬂzo(b} 0 D O O - S ome o ——— S T em kf—?':w_'-,E,- _ )
fluoranthene 7 6 h
Benzo (k) ¢ 4] 4} (] - _— - .- ———— ) _
fluoranthene -
Beryllium - - -- R - -
Bis{(2~athyl 0 0 2.9 2.9E 1.5E 2.9E ~-- -- . 3.1E 4 _ 4
hexyl) -6 -6 -7 -8 -6 --
phthalate B
2.9 . - N
Cadmium - - - - == = == . ==z, =-.=E- .
. T . _6 - ==
Chloroform 0 0 0 0 1.7E 1.3E -- -~ 1.7E 5 5
-8 -8 -8 B
Chromium VI “- e 0 0 -- == - e - S RTat
Chrysena 0 o g 0 -- — T,

. E- . -
2,6-Dinitro 0 0 0 0 T e T UC R : S . __’
toluene - - = =
Fluoranthene 0 0 0 0 -- - R it e e

¢ - -
Methylene - - - e e T - =
chloride ) - e —= - s - =
Nickel T Lt e
Phenanthrene 0 0 o Q -~ = ~- —— = == , -
Pyrene 0 0 0 0 A -- - —

RR302089




TABLE A-10

Calculaticn of CT and IS Values for NonCarcinogenic Effects

Westinghouse Project No, 4112-88-9078

*
[

fR302090

GW{CT) SW{CTY = = Soil(CT) . AIr{CT) IS Value Rank

Chemcial . -Max Rep Max Rep Max Rep Max Rep Max Rep Max Rep

Acetone - - e Eimim e . mae. s - - - - —- —

Antimony 0.29 .0.15.7011 .01l 6.8 2.7E -- -- 770.29 0.15 7 7

-4 -4 o
Arsenic 3.55. 3.55 ..25 . .25 0,12 7.7 -- - 3.67 3.56 3 2
-3
Barium 142 5.3 . 23 _ .3 1.98 ¢.13 -- - S 144 5.4 1 1
Benzene 0 - O... . 4.8 4.8 7.7E 5.0 -- -- "4.8E 4.8E 12 12
-4 -4 -8 -8 =4 -4

Benzo(a) 0 0 4} 0. -- e I -- e -

anthracene - T emTLITTIL U - - -

Benzo(b) 0] 0 .0 0 -- -- - - -- -- .- -

fluoranthene S JoE - =

Benzo(k} 0 0 o . .0 - T - -- | —— -- S --

fluoranthene : E CTe R - -

Beryllium - T Y. T — e e —— _—— mscee (A -- -- --
. Bis(2-ethyl 0 - R R - - -
i '.hexyl) ' - ST T _ 7

phthalate L i i i s T T -

Cadmium 045 033 473 .238  7.6E 7.3E -- -- .481  .239 6 5

-3 -4
Chlorobenzene 0 ) 4,28 4.2E Q0 O @Q —— - ilm- "4.2E 4.28 13 13
-4 -4 g -4

Chloroform 0 o B (1 - .- - - -- - .- -

Chromium VI . — . =r: = == . o +ri o mrmeen = s 2 Tl e Lnlm -- “-

Chrysene 0 . 0 0 - e - T - -- -- -- --

Copper 041 .014 .09 .018 1.5E 3.5E -- -- .043 014 8 8

-3 -4

1,2- : 0 B R R 1.1E 1.1E -- - 1.1E 1.1E 17 i7

Dichloroethene ) : -8B -8 -8 -8

2,6- — -0 o 0 0 4£.2E 4.2E -- -~ -~ . '4.2E 4.2E 14 14

Dinitroteluene T -5 -5 =5 -5

Ethylbenzene ¢} 0 O _ .0 1.06E 1.0E _-- -= . 1.0E 1.CE 18 18

-8 -8 -8 -8

Fluoranthene 0 0 .0 0 -- ——— - - - - -

Iron = mesmo Al TLC STl IR R - - i
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TABLE A-10 (Continued)

Westinghouse Project HNo. 4112-88-907B

Calculation of CT and IS Values for NonCarcinogenic Effects

GW(CT) SW(CT) S50il{CT) ALY (CT) IS Value Rank
Chemcial Max Rep Max Rep Max Rep Max Rep Max Rep Max Rep
Lead 1.68 .159 5.16 2.67 .311 1.35 -- - 1.99 .173 4 ] -
E-3 E-3 E-2
Manganese - - - - - - -= -— - o _——— = e e
Mercury(alkyl) — ~- == --=- Tt ot tme o TT LT IT T ———— N
Mereury(inorg) 1.0 1.0s ¢ o o 0 - - 1.0 1.05 9 9 :
: E-2 E-2 - E-2 _E-2
Methylene 2 8E 2.8E 2.8E 2.8E 1.1E 3.8E ~-- -- 2.8E 2.8E 16 15
chloride 6 -6 -6 -6 -9 -10 -6 -6
Nickel 0.83 0.53 0.18 0.16 4. 3E 2.1E -- .= 0.83 0.53 5 4
-3 -3 -
Phenanthrene 0 0 o 0 -- - == .= e - -- ——— = =
Phenol 0 0 0 0 3 1E 2.SE --  ---- 3.1E_2.5E 15  16.
-6 -6 -6 -6 ' -
Pyrene 0 0 0 0 -~ - == -~ -- == -- -- e
Selenium 0 0 0 0 1.7 1.58 --  -- - 1.7E 1.5 11~ 11 = = -
-3 =3 -3 . 73 i
Silver 0 ¢ 0 0 0 0 -- -—— 0 0 -- ——
Thlllium 0 o) 0 ] —— e = P TN < =l L. BTt == .
Toluene 0 o} 0 0 2.9 2.1E -- -- 2.9 2.9E 19 19.. -
-9 -9 g -9 ]
Vanadium 7.0 7.0 O 0 1.97 9.0E -- -- 7.2E 7.1E 10 10 o
‘3 ‘3 E'll- —5 -‘3 o :-3 . -
ylene - =" 0 0 =" == = - e S & S -
Zinc 0.42 3.75 12.2 3.08 8.0 1.07 ~-- -- 12.2 3.06 2 3 _
E-2 -3 BE-3
Cyanide 0 o 0 0 O 0 -- --— O 0 -- -
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TABLE A-11 .

Final Chemical Selection .
Westinghouse Project No. 4112-88-9078 °

i — —e

. IS Values Ranking

Chemical . ___PC . NC PC NC

Barijium e e s = § G : - 1
Arsenic . . ... 70.81 .. 3.5 ____ e 1 2
Zinc Ce i—me— =l L=t 3,06 oL _,'-,:,;T_,,,--,' 3
Nickel . S =i 0 0053 - - 4

| Cadmium [ -0,239 7 . R 5
Lead ot Tedw owowE 0,173 SR 6
Antimony ) - == - - 0.15 . Ceai- 7
Copper ~~ A TRt ¢ B 4 ¥ /A L - g
Mercury(imorg) =~ 7 =& " 1.05E-2 = - - 9
Vanadium Coemm e - - = o7 1E-3 ey 10
Selenium -- 1.5E-3 LA & |

3b Benzene 7 ‘- 31E-S 7 47.8E-1+ 2 12 .

Chlorobenzene _. - = ===— : - ~4:2E-4 - 13

2,6-77 LTI T L L T R T L
Dinitrotoluene -~ 1. -- S &4 .2E-5 e 14

Benzo(a) 6.58-6 -~ . . 3. -
anthracene ° TTL. UL oL LT —— L mmmmeemmeis s s s s

-

‘Methylene . - - . - --2.8E-6_ _  _-- 15
chloride - — ——— . .. = oo

Bis{2-ethyl o 2.9E-6 | ee e L4 -
hexyl) . , S
phthalate o - S L
Phenol .- . 2,5E-6 -~ 16
Chloroform = S 1.3E-8° --- 5 --

1,2- - e e e e .- - 1.1E-8 -— - 17
Dichlorcethen :

Ethylbenzene _ -- 1.0E-8 __— 18

Toluerie -~~~ Dl TTETTT - _2.9E-9. . ==0 0 - 18
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ANTIMONY

The main ore of antimony is stibnite. Stibnite is found in low-temperature
hydrothermal veins, associated with silver, lead, and mercury minerals. It is
also found as a chemical deposit from solutions of hot mineral spfings (Mottana
et al., 1978). Antimony is mined mainly in China, Mexico, and Bolivia. It ig
alsc obtained as 2 by-product from the smelting of lead and silver ores (Stanford
Research Institute). More than one hundred minerals contain antimony, but
commercial ores are limited to sulfides and complexes of copper, lead, and silver

(Clayton and Clayton, 1981).

and sical Properties A - -

Antimony is a silver-white, lustrous, brittle metal with a scale-like
cxystalline structure (Merck Index, 1976). Antimony is insoluble in hot and cold
water. It is soluble in hot concentrated sulfuric acid and aqua regla (Weast,
1979). There are two naturally occcurring isotopes of antimony. The metal has
two valence states, +3 and +5 (Merck Index, 1976). Some general physical

properties of antimony are shown in table B-1. - -

Uge B - — - Ll S

Antimony is produced by three methods (Stanford Research Institute):

o reduction, using coke, of oxides from roasted low-grade antimony
sulfide cres;

o direct smelting of high-grade antimony sulfide ores; or

o production as a by-product from smelting of lead and silver ores.
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Alloys are “the predominant use of antimony metal since its brittleness
renders it impractical for direct use (Clayton and Clayton,'198l). It is used
in the mamifacture of white metal, metal type, bullefé,-anﬁ 5earing metal (Merck
Index, 1976). Other uses of ahtimbny'arellisted below:

fireworks
thermoelectric piles
coating metal
blackening iron o
infrared detectors in semi- conductors
storage battery grids - T s
fire retardant compounds
ceramic and glass additives
paint pigments
rubber vulcanization agents

OO0 Q0 000D 0CO0O 0O

Included below is information ~describing the consumption pattern for

t

antimony in 1974 (Stanford Research Institute).

o Transportation (mostly storage battery grlds) o 44g
o Fire retardant compounds ' 15%
o Rubber wvulcanization agents ' o 9%
o— QOther componients R 17%
o  Alloys for pachinery =~ . . . . 5%
o . Miscellaneous uses =~ 7 .. . o0 5%
Environmental Fate and Behavior . ... . _ o e e

Extensive data were nét available describing the artificial sources or fate
of antimony in the environment. 7Aﬁtimony is a éommon pdliuﬁant in urban air
(Doull et al., 1980). It has ﬁééﬁﬂéuégesgéd“théértﬁéreAiéy be compositional
changes in the trace element content of shells of mussels and clams with regard
to antimony that might be related to man's influence on inéhore marine waters
(Bertine and Goldberg, 1972). It has been shown that onl& trace amounts of
antimony pass through a filter scrubber following the installation of the devices

on antimony smel€ing plants.
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Human Exposure

Acute antimony poisoning can occur from exposure in industrial operations
and from contamination of food containers (Venugopal and Luckey, 1978).
Hazardous exposures alse occur in mining from dust and fumes by those who crush
ores, tend or clean extraction chambers, and collect oxide dusts from roasting
chambars (Patty, 1963). Dust encountered in antimony mining may contain free
silica, and cases of prieumoconiosis, termed "silico-antimonicsis", have been
reported among antimony miners. Antimony ore, converted into fine dust during
processing, leads tc a high atmospheric concentration of fine dust (International .
Labor Office, 1971). Dust and fumes produced in the manufacture of storage
battery grids, pewter, printer’s type, lead shot, lead electrodes, and bearing

metals are a2 source of greatest exposure (Browning, 1969).

Toxicity

Antimony has been reported to cause dermatitis, keratitis, gastritis,

conjuncrivitis, and nasal septal ulceration by contact, fumes, or dust (Merck
Index, 1983). Antimony dust in the foundry has been reported as an important
cause of gastrointestinal symptoms of expose?_workers with symptoms of dyspnea, -
headache, vomiting, conjunctivitis, and bloody nose discharges (Hamilton and
Hardy, 1974). Contractibility and electrical activity of the myocardium has been
demonstrated to be lower, and excitability higher, in workers expesed to antimony

than in controls (Beskrovnmaya, 1972). Under certain conditions, antimony will

react with nascent hydrogen to form stibine (SBH3) which is extremely toxic . S

{Merck Index, 1976).
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Carcinogenicity e e e

Antimony iIs mutagenic in bacterlia or phage. It has been shown to induce
chromosomal aberrations or abnormal cell division Iin animal or plant cells. No

data were available to suggest carcinogenic effects in humans, however.

Health Criterja e
The Immediately Dangerous to Life and Health (IDLH) level for inhalation

of antimony is 80 mg per cubic meter (National Institite forjOccupational Safery
and Health, 1985). The Time-Weighted Average (TWA) for inhalation is 0.5 mg per
cubic meter (Américan Conference of Governmental Industrial Hygienists, 1988).
The Clean Water Act (CWA) Water Quality Criteria for protection of human health
in water and fish is 0.15 mg per liter, while in fish only, is 45 mg per liter.
The CWA values for the protection of aquatic life in freshwater (acute) is 9.0
mg per liter, and in freshwater,(chronic){is 1.6 mg per 1fter.
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DCCUTTRNCE | e e e e w4l e
Arsenic is found widely in nature. It occurs most abundantly as
arsenophyrite (FeAsS), a sulfide ore (International Labour O0ffice, 1983). The
ore is found in high-temperature hydrothermal wveins with gold, silver, and
nickel, and frequently in metaiiorphic deposits. Generally, arsénic is found in
combination with elements such as oxygen, chlorine, and sulfur to form inorganic
specles (Life Systems, Inc., 1987). Common inorganic arsenic species include
arsenic trioxide, arsenic trichldride, lead af;enate,-ahd‘calcium arsenate.
Common organic arsenic speéies incltde arsenilic’acid and methylated compounds
formed through biomethylation (Goyer, 1986). 1In general, inorganic arsenic

compounds are more toxic than organic forms (Life Systems, Inc., 1987).

Chemical and Physical Propérties . . . G-

Arsenic is a silver-grey, brittle, crystalline substance (International
Labour Office, 1983). It is soluble in nitric acid, but insoluble in water
(Weast, 1987). The substance is insoluble in caustic and non-oxidizing acids.

Some general physical properties. of ‘arsenic are shown in table B-1,

Use LT e T T

Arsenic metal is produced by three methods. One involves roasting the
sulfide to form the oxide and then reducing this oxide with carbon. The second
method drives off arsenic oxides by heating arsenopyrite in the absence of air.
When arsenic-containing ores are smelted, the arsenic becomes gaseous and burns
in air to from arsemic. trioxide.. .The arsenic trioxide is trapped as a dust by
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( electrostatic precipitators. Rogsting drives off the arsenic trioxide, which
is collected in a purified form in cooling chambers (International Labour Office,
1983). Arsenic is also found in the flue dust of copper and lead smelters from
which it is obtained as arsenic trioxide in various states of purity (Sax and

Lewis, 19387).
Arsenic is menufactured in three grades; crude (90-95 percent), refined
(99 percent), and semiconductor grade (99.99 percent) (Sax and Lewis, 1987).

Major uses of arsenic include:

o alloying constituent in metals
o manufacture of certain types of glass
o to make gallium arsenide for electronic devices
o special solders :
o medications (arsemndcal organic compounds)
o as 3 radicactive tracer in toxicoclogy
o a catalyst in manufacture of ethylene oxide
o used in semiconductor devices
o wood preservatives
o herbicides and desiccants
(
vironme “ate and Behavior .

Arsenic is found widely in nature and most abundantly in sulfide ore (FeaAsS)
{International Labour Office, 1983). It is generally found in combination with

» other elements, such as oxygen, chlerine, and sulfur to form inorganic species.
Arsenic can undergo a number of t:ransforms;tions in surface water, including
oxlidation-reductionreactions, ligand exchange, biotransformation, precipitation,

and adsorption (Life Systems, Imc.. 1887). Soluble inorganic arsenate (43
oxidation state} predominates under normal conditions since it is
thermodynamically more stable in water than arsenite (+3 oxidation state)} (U.S.

Environmental Protection Agency, 1980). Arsenic as a free element is rarely

encountered in natural waters (U.S. Environmental Protection Agency, 1980).
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Data have suggested that atmospheric loadings of zinc, lead, cadmium, and
arsenic to lakes are similar and are mostly anthropogenic. Atmospheric loadings
in industrialized regions were 1.8 to 2.6 ti_mgs background 1levels of
nonindustrialized areas (Johmson, 1987). Fish genetrdlly contain lower arsenic
levels than other aquatic organisms. Livers of fish from the great lakes contain
5.6 to 80 ppm arsenic, mainly in the fat fraction (Lundi, 1970). Arsenic levels
in fish livers were not consistently higher than in fish muscle (E1 Nabawi et
al., 1987). The arsenic content of the edible muscle of two tuna species caught
in Arabian Sesz wate’rs was 2.88 and 2.51 ug per gram dry weipht, respectively,
for the two species. A marked increase in arsenic content was found with
Increasing weight of the two fish species (Ashraf and Jaffar, 1988).

Animal hair samples from areas polluted by thermal power plants burning coal
were taken and compaved with hair samples from animals living in relatively
nonpolluted control areas. Animal hair samples from areas with higher levels
of pollution have shown higher concentration of toxic and essential elements such
as As, Co, Cr, Fe, and Se (Obrunsnik and Paukert, 1984).

Colostrum, transitional milk, and mature milk from 15 human mothers were
shown to contain comparable levels of arsenic with no demonstrable differenceé

in concentration, which was around 3 pg per liter (range 0.6-6.3 pg/L) (World

Health Organization, 1981).

Human Exposure o LT e Ll

Arsenic may be absorbed by ingestion, inhalation, and permeation of skin
or mucous membranes (National Research Council of Canada, 1978). Heavy metals

such as arsenic, used as color pigments in paints, can be ingested from
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contaminated hands, fingermails, food, cups, cigarettes and by holding paint
brushes in the mouth (Hart, 1987). Overall, the total dietary intake in the
United States was approximately 5 pg of elemental arsenic, representiﬁg'aﬁ
increase from the preceding years. Whether this increase represents a trend or
reflects analytical variation in sampling from year to year is still to be
determined (U.S$. Environmental Protection Agency, 1984).

The U.S. Environmental Protection Agency estimates that greater than six
million people living within 12 miles of major sources of copper, zime, and lead
smelters may be exposed to 10 times the average levels of arsenic in the United
States. An estimated 40,000 people living near some copper smelters may be
exposed to levels 100 times the national average (Sittig, 1981).

The list of occupational exposures to arsenic is long, including many metal
alloy workers, acid-dippers, and semi-conductor makers (National Institute for
Occupational Safety ard Health, 1975). High exposure to arseniq ?ﬁmes andrdust
may occur in the smelting industries, with the highest concentration most likely
occurring among roaster workers. Non-worker populations living near point
emission sources of arsenic air may have increases in lung cancer (Doull et al.,
1988). 1Individuals at greatest risk are smelter workers, although there is some
suggestion that women residing near such operations incur a greater incidence
of respiratory cancer (Doull et al., 1980). Urinary arsenic levels of residents
in a downwind transect from a smelter have been shown to decrease with distance
from the smelter. Levels were 0.3 ppm at a distance of 0,0 miles and 0.02 ppm
at a distance of 2.0 to 2.4 miles. It has been suggested that arsenic exposure
is not confined to cne segtion of a smelter but extended also te the surrounding
community. Thus "non-exposed" smelter workers mipght also have a degree of
arsenic exposure (National Institute for Occupational Safety and Health, 1984).
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Normal values of arsenic in urine ﬁai§'ffom”0.013'to-U.Ohérmg per liter to

0.13, and as high as 0.25_mg per ‘liter (American Conference of Governmental

Industrial Hygienists, 1986). Physiological factors, personal habits, use of

drugs, genetic disorders, acquired diseases, and pathological factors alter

bioclogical indicators used to assess industrial worker eiposdre (Alessio et al.,
1987). o

Populatiens at special risk include persons in arsenic work with existing
diabetes, cardiovascular diseases, allergic or other skin diseases, or with
neurclogic, hepatic, or renil lesions (International Labour Office, 1983).
Evidence suggests that children may;also'bg at-specialﬂriﬁk-for the effects of
inorganic arsenic under the conditions of acute or subacute exposure (U.S.

Environmental Protection Agency, 1984).

Toxicity = _ . e o T T e e

Exposure to high levels ¢f arsenic results in a number of systemic effects.
Typical systemic effects include decreased production of red and white blood
cells, abnormal heart and nerve function, and damage to blood vessels, kiduneys,
and liver (Life Systems, Inc., 1987).

Absorption of arsenic from the gastrointestinal tract deﬁends upon the water
solubility of the compound. Studies using laboratory animals indicate that over
§0 percent of soluble trivalent and ﬁeﬁt#ﬁéie#t arsenic is absorbed (Life
Systems, Inc:, 1987). In humans, over 95 percent of ingested inorganic arsenic
is absorbed. Studies of absorption of arsenic following inhalation indicate that
humans absorbed 75 to 85 percent of that deposited in the 1ungs within four days
(Life Systems, Inc., 1987). Not enough information exists concerning dermal
absorption of arsenic compounds to evaluate exposure via that route. Acute oral
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doses of 50 to 300 mg of inorganic arsenic may result in death to adult humans,
while subchronic ingestion of 3 mg per day has been reported to be fatal in
infants exposed via contaminated milk (Life Systems, Inc., 1987). Oral LDgq
values for inorganic arsenic compoundé have been reported to range from 10 to
300 mg per kilogram body weight in animals. An oral LDgy of 15 mg per kilogram
body weight was reported for rats. The results of many studies on the lethality
of arsenlc compounds suggest that non-human mammals are less sensitive than

humans to arsenic (Life Systems, Inc., 1987},

Caxcinogenicity

The burden of evidence shows arsenic te be a respiratory and dermal
carcinogen. Arsenic induced cancer usually occurs at more than one site and has
a long latent period (i.e., from 13 to 50 years after the initial exposure).
Studies indicate that a respiratory exposure of 3 [ig per cubic meter for less
than one year can result in respiratory cancer (National Research Council of
Canada, 1978). A great deal of evidence indicates chronic oral exposure to toxic
levels of arsenic increases the risk of skin cancer. 1In one study, residents
of 8 Mexican town exposed teo 0.4 mg per liter of arsenic in drinking water had
a 3.6-fold increase in basal cell carcinomas compared to residents of a similar

town where water contained 0.005 mg per liter (Life Systems, Inc., 1987).

att -

Maximum Contaminant Levels (MCLs) have been established under the Resource
Conservation and Recovery Act (RCRA) and Safe Drinking Water Act (SDWA), for

public drinking water systems. MCLs under RCRA and SDWA are 0.05 mg pexr liter.

Appendix B - 11

AR30210Y




{..

The proposed MCL Goal (MCLG) is 0.05 mg per liter. The SDWA MCL for arsenic was

established for health concerns and is thus a primary standard.
The Virginia State Water Control Board (SWCB) adopted the SDWA MCL for both
surface drinking water supplies and ground water protection. The standard for

protection of aquatic life from ¢hronic exposure to arsenic is 190 ug per liter

as As (III). — 77

Water Quality Criteria were established under the Clean Water Act (CWA) for
arsenic to protect human health. The values are 2.2 x 10-8 mg per liter for
water and fish, and 10 x 1076 mg per liter for fish only.‘ The standards for
protection of aguatic life in freshwater (acute) and freshwater {chronic) are

0.8 mg per liter As(V) and 0.3,ﬁg'per liter Aé'(IIIS,'aﬁd 0.048 mg per liter

As(V) and 0.1 mg per liter-As (III), respectively.if
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Occurrence

Barium occurs in nature primarily in two mineral forms, barite (BaSO;) and
witherite (BaC03). Barite is a common mineral in mediumr and low temperature
hydrothermal veins associated with lead, silver, and antimony sulfides and in
replacement veins, cavernous limestone formations, gnd dolpmites. Witherite
occurs in low temperature hydrothermal veins. It is associated with barite and

galena (Mottana et al., 1978).

Chemical and Physical Properties

The mineral forms of barium are relatively insoluble in water, have high

melting and boilifig points, and very low vapor pressures (U.S. Environmental

;-{ Protection Agency, 1985).  Barium combines readily with oxygen, nitrogen,
. hydrogen, ammonia, water, halogens, and sulfides. Barium acetate, nitrate,
chloride, ard hydroxide are very soluble in water. The _so}ubility of barium
compounds increases as pH decreases. There is no detectable _§c__ior or taste. The
compound is soluble in alcchol and insoluble in benzene (Weast, 1988)., The
major physical characteristics of the compound are listed in table B-1. |
Naturally occurring barium is a mixture of seven stable isotopes. Thirteen
other radiocactive 'isotopes are known to exist. The substance is somewhat

malleable and has a distinctive property of absorbing gases (Clayton and Clayton,

1981). o
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Barite is the major barium ore. It is used as an additive when drilling

for oil, in the paper and rubber industries, in radiography, as a screen for
intense radiation when mixed with cement mortar, and to make exﬁeﬁsive white
pigment. Witherite is mined as & barium ore when available in large enough
amounts. It is used in the production of special types'of glass.

Barium is extracted by heating barium oxides with aluminum in wvacuoles
and condensing the barium vapor in the cool end of the tubes. Alloys of lead,

barium, and calcium can be prepared (Browning, 1969). Metal containing barium

is produced commercially by reduction with a less reactive, non-volatile element

such as aluminum (Kirk-Othmer, 19?8). Barium can be purified by wvacuum
distillation. Manufactured forms of the material include solid, powdered, and
liquid forms of barium, cadmium, zine, and phosphorus (Kuney and Mullican, 1988).
Additional uses of barium compounds are listed below.

deoxidizer for copper

lubricant in x-ray tubes

spark plug alloys

Ingredients of paints, soap, paper, and rubber
mamfacture of ceramics and glass
heat stabilizer for plasties

to improve performance of lead alloy grids of acid batteries
in the manufacture of steel, copper, and other metals

a carrier for radium

emissions used as standards in gamma-spectrometry

00600000 C0CO0OCO0

The largest end use of barium is as a removal agent in cleaning tracés of

gases from vacuum and television picture tubes (U.S. Envirommental Protection

Agency, 1985).
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Environmental Fate and Behavior

Barium metal does not occur free in nature (Kirk-Othmer, 1978). It is found
as a constituent in zinc or iron ores. Seawater contains about 0.03 ppm barium
(Venugopal and Luckey, 1978). No data exist describing the environmental fate,
environmental transformations, or transport of the compound. Background levels
for soil range from 100 to 3,000 ppm barium (Brown et al., 1983). Barium is
emitted into the atmosphere mainly by the industrial processes involved in the
mining, refining, and pr’odudtibﬁ__of barium and barium based chemicals, and as
a result of the combustion of coal and oil (Miner, 1969). The average
concentration of barium was 5 ng per cubic meter (with a range of 0-1500) in 18
cities in the United States (Fribel;g et al., 1986).

There are —mno widespread 'data available describing environmental

conicentrations of barium in food, plants, fish, mammals, or milk.

Human Exposuwre . . _ . L

The probable routes for human exposure include ingestion or inhalation of
dust or fume and skin or eye contact, Small numbers of people in Illinois,

Kentucky, Pennsylvania, and New Mexico are known to be consuming well waters in

which barium concentration ranges are from 1 to 10 times greater than the
standard for total barium (1 mg/L is the Interim Primary Drinking Water Standard) |
:(National Research Council, 19%977). The average daily intake for the human adult
is about 1.3 mg (0.65-1.7 mg) of total barium (Venugopal and Luckey, 1978).
Typical barium dietary intake is believed to originate 25 percent from milk, 25
percent from flour, 25 percent from potatoes, and 25 percent from miscellaneous
high barium foods consumed in minor quantities, especially nuts (Friberg et al. ,.

1986).
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Normal levels of barium in various orgins of unexposed persons have been
published. About %0 percent of the total body barium occurs in the skeleton.
Measurable levels were observed in the eye, lungs, connective tissues, skin,
and adipose tissue. In internal organs, barium concentrations were slight
(Friberg et al., 1986). Individuals with pulmonary diseases are considered at

special risk for barium exposure (ITII, 1982),.

a arcino ici . _ - . _
Whereas inscluble forms of barlum are not toxic by inhalation or ingestion
because only minimal amounts are absorbed, soluble barium compounds are highly
toxic in humens by either route of exposure. The most important effect of acute
barium exposure Is a strong, prolonged stimulant action on muscle. Smooth,
cardiac, and skeletal muscles are all affectéd, and a transient increase in bleood
pressure due to vasoconstriction can occur. Effects on the hematopoietic system
and cerebral cortex have also been reported in humans. Accidental ingestion of
soluble barium salts has resulted in gastroenteritis, muscle paralysis, and
wentricular fibrillation and extra systoles. A benign pneumoconiosis, baritosis,
can result from inhaling barium dusts. Doses of barium carbonate and barium
chloride of 57 mg per kilogram and 11,4 mg per kilogram, respectively, have been
reported to be fatal in humans.
There are no reports of carcinogenicity associated with exposure to barium
or its compounds. Effects on gametogenesis and on the reproductive organs have

been reported from animal studies after inhalation of barium carbonate.
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Health Criteria . . e . S

The Maximum Contaminant Level  (MCL) for barium has been established under
the Resource Gonservation and Recovery Act (RCRA)} to be 1.0 mg per liter. The
proposed Safe Drinking Water Act (SDWA) MCL and the proposed‘MCL Goal (ﬁCLG) are
both 5.0 mg per liter.- The higher proposed level presumably reflects a lower
toxicity for barium than previously anticipated. The SIWA MCL for barium is
established for health concerﬁs_and is thus a primary standard.

The Virginia State Water Contrel Board (SWCB) adopted the original SDWA MCL
of 1.0 mg per liter for surfdce drinking water suppliesland ground water
protection. There is no sténdard for protection of aguatic life. A water
gquality criteria of 1.0 mg per liter was set for streams from which humans might

ingest water and fish. o O
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BENZENE

Occurrence ) . Do

Behzene occurs natu¥zally in volcanos and forest fires. It is a natural
constituent of crude oil and plant volatiles (Internationsl Agency for Research

on Cancer, 1982; Graedel, 1978).

Chemical? and Physical Property L oo

Benzene is a clear colorless liquid with an aromatic odor. Its basic
physical propertie; are shown in table B-1 appended to this report. Liquid
benzeﬁé is miscible with alcohol, chloroform, ether, carbon disulfide, acetone,
carbon tetrachloride and glacial acetic acid (Merck Index, 1983). Benzene vapors

burn with a smoky flame (Internatiofial Labour Office, 1983).

Mapufacture - - ot T Eoeee
The process whereby dehydrocyclization catalysts convert paraffins to

aromatics, and dehydrogenation catalysts convert cycloparaffins to naphthenes,

using platinum and palladium, is known as catalytic reforming, and is the primary

source—of aromatics’(Kifﬁ-Othﬁér,ri§78).' The production of benzene by these
processes is assoclated with the production of toluene and xylene (BIX plants)
(Kirk-Othmer, 1978). Benzene is ome of the_principai compeonents of the light
oil recovered from coal carbonization gases éSittig, 1976).

A miscellaneous source of benzene is recovery from coal tar. The lowest
boiling distillate from coal tar is extracted with caustic soda to remove the
tar acids. The benzene containing fraction of the oil is purified by
hydrodealkylation (Kirk-Othmer, 1978).
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The major impurities of benzene are toluene and Xylene. Others are phencl,
thiophene, carbon disulfide, acetonitrile, @nd pyridine (Natiomal Institute for
Occupational Safety and Health, 1974). The following grades of benzene are
available (Sax and Lewis, 1987):

crude

straw color
motor
industrial pure
thiophene-free
99 mole %

99.94 mole %
nanograde

000000 O

Benzene is a component of gascline. Ifi Europe the concentration of benzene

in gasoline is in the range of 5 to 16 percent. In the United States the

concentration ranges Irom 0.3 to 2.0 pertent, averaging around 0.8 percent

(National Institute for Occupaticnal Safety and Health, 1974). The production
of benzene on a commercial scaie was not undertaken until about 1941, although
petroleum was known to contain benzene (Kirk-Othmer, 1978). Benzene has been
banned as an ingredient iIn products intended for use in the home (Gosselin et
al., 1984). 1In 1985, it was the 16th highest volume chemical produced in the

United States (Sax and Lewis, 1987).

Benzene is used in the manufacture of the following materials:

o medicinal chemicals o insecticides

o dyes o varnishes

o organic compounds o lacquers

o artificial leather o solvents for waxes

o linoleum o resins

o oll cloth o oils

o rubber o paints

o inks for graphics arts o adhesives & coatings

o polyester resins o detergents

o nylon o polystyrene plastics
o synthetic rubber
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It is also used as a thinner for péints,“a"aégréééingwégent, a dry cleaning
agent, and in lithography (Fishbein, 1977). The tire industry and shoe factories
use benzene egtgnsively (quﬁman_aﬂdﬂgilman}NLQSS):

In the future, coal will increasingly replace petroleuﬁ and natural gas as
a source of hydrocarbons for fuel and petrochemicals. Processes such as USA
Steel Corporation’'s Clean (oke process, which yields 38 percent coke and 20
percent chemical by-products, compared to 73 percent ccke and 2 percent chemical
by-products in conventional coking technology, should soon be used commercially.
New coking, liquefaction, and gasification prbceségs for coal are all potential

sources of benzene (Kirk-Othmer, 1973).

Environmental Fate_and Behavior -

[ e [ Lo wode

Benzene enters the enviromment from sources such as gasoline, and from

emissions associated with the productiog; storage, and the'tfansport of benzene
itself. Environmental sources result from benzene's use as an intermediate in
the production of other chemicals, and as a solvent. Other sources result from
losses such as spills, including dilhéﬁiiis. 7Aiéﬁﬁﬁéf§ of environmental sources
include the following:

production, storage, transport, venting, and coumbustion of gasoline
production, "storage, and transport of benzene itself

from use as an intermediate in the productlon of other chemicals
from use as a solvent .. ... o : :

spills (including oil spllls)
non-ferrous imetal manufacturlng
ore mining

wood processing

coal mining _ o
textile manufacture T e T
cigarette smcke , L s

OO0 0000000 OO0
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In 1976, an estimated 1.3 billion pounds of benzene were released into the
atmosphere from 132 million stationaxy and mobile sources. (Department of Health
and Human Sexvices/National Toxicology Program, 1985).

If benzene is released intc the atmosphere, it will exist primarily in the
vapor phase (Eisenreich, 1981). Gas-phase benzene will be subject to direct
photolysis but it will react with photochemically produced hydroxyl radicals.
The reaction time in polluted atmospheres which contain nitrogen oxides or sulfur
dioxide is accelerated, with the half-life being reported as four to six hours
(Kort; and Klein, 1982). Products of photooxidation include phencl, nitro-
phenols, nitrobenzene, formic acid, and peroxyacetyl nitrate. Benzene is removed
from the atmosphere in rain due to its fair solubility in water (Kato et al.,
1982). Data indicate that the concentration of benzene in the atmosphere is
highest near chemical factories where benzeng is used, near service stations,
and near cigarette smoke (Brodzimsky and Singh, 1982).

If benzene is released to soil, it will be subject to rapid volatilization
near the surface. The benzene which does not evaporate will.be highly to very
highly mobile in soil, énd may leach to groundwater (Jury et al., 1984). It may
be subject to biodegradation based on the reported biodegradation rate of 24
percent and 47 percent of the iInitial Z0 ppm benzene in a based-rich para-
brownish soil in one and ten weeks, respectively (Haider, 1974).

If benzene is released to water, it will be subject to rapid volatilization.
Benzene will not be expected to significantly adsorb to sediment, bioconcentrate
in aquatic organisms, or hydrolyze. It may be subject to biodegradation under
certain conditions (Vaishnau and Babeu, 1987; Wakeham, 1983). Photodegradation

could contribute to benzene’'s removal. In situations of cold water, poor
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Protection Agency, 1987).

nutrients, or ©®ther conditions less conducive to microbial degradation,
photolysis may play an important role in degradation (Wakehum et al., 1983).

Measured Concentrations of Benzene in Surfice Water

Number - :
Area = _ . ..Sampled  Percent Positive . Range b
Heavily industrialized . e
areas with basins (1975-76) 14 - 20% (>1 ppb) 1-7
Lake Erie (19753-76) 2 .. .50% .- ‘ 0-1
Lake Michigan (1975-76) . 7. . _ 718 0-7
700 random sites in U S.V'Th_ 'iN;kWWiW ) ';__ﬁ,:h,:'i mi_fi;fr S.Qi;maverage
(1975) ’ S ,
U.S. EPA STORET database 1,271 ~~  15¢ . 5.0 = median

(Ewing, Chain, Cook, Evans, Hopke and Perkins, 1977; ¥onasewich, 1978; Kraybill,
1977: and Staples, 1985} ‘ A

Benzene occurs in both ground water and surface public water systems, with
higher levels in the ground water supplies, Based upon Federal drinking water
surveys, approximately 13 percernt of all ground water systems are estimated to
contain benzene at levels greater that 0.5 lUg per liter-(e,g., the highest level
was 80 ug/L). Apprqximate}j_ﬁ perceﬁt of all'éurfac?;watei;systems are estimated
to be contaminated at levels higher #han 0.5 yé per liter. None of the systems

are estimated to contain levels higher than S g per liter (U.S. Environmental

The followihg bioconcentration factors (BCF's) have been reported:

Qrganism , . . .BCF D L
eels T 3:37(0g3ta"and Mijéﬁé,-197éj
pacific herrlng 4.4 (Korn et al., 1977) '
gold fish . ___._ 4.3 (Ogata et al . 1984)
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Based on a reported log Kow (Octanol-Water Partition Coefficient) of 2.13
(Hansch and lLeo, 1985), a BCF of 24 was estimated (Lyman, 1982). Based on the
reported and estimated BCF, benzene will not be expected to bioconcentrate in

agquatic organisms (Syracuéé Research Corporation).

Human Exposure

Human populations are priﬁarily exposed to benzene though inhalation of
contaminated ambient air, particularly in areas with heavy traffic and around
filling stations. In addition, air close to manufacturing plants which produce
or use benzene may contain high concentrations of benzene (International Agency
for Research on Cancer, 1982; Graedel, 1978). Another source of exposure from
inhalation is from tobacco smoke (International Agency for Research on Cancer,
1982). Although most public drimking water supplies are free of benzene or
contain less than 0.3 ppb, exposure can be very high from consumption of water
drawn from wells contaminated by leaky gasoline storage tanks, land fills, etc.
Benzene has been detected In food, but data is ﬁoo scant to estimate exzposures
{Stanford Research Institute, 1977). Benzehe has been detected in 8 samples of

mothers milk from four U.S. urban areas (Pellizzari et al., 1982).

-y
- =y

A large amount of literature iIs available describing the harmful effects

of benzene exposure in humans. Acute exposure to a large amount of benzene by
ingestion or inhalation causes a major toxic effect on the central nervous
system. Symptoms from mild exposure include dizziness, weakness, euphoria,
headache, nausea, vomiting, tightness in chest, and staggering. If the exposure
is more severe, symptoms progress to blurred vision, tremors, éhallow and rapid
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and Gilman, 1985). ‘Many acute deaths, from benzene exposure at high

concentrations, have been due to ventricular fibrillation caused by exertion and
release of epinephrine. FreQﬁEﬁEiy, an individual who enters a contaminated area
to remove an.uncdnscious worker dies during the effort of lifring and carrying
the unconscious worker {(Thienes and Haley, 1972),

Data from animals and human studies indicate that benzene must undergo
biotransformation to exert its toxic effects. Benzene is'pfimarily metabolized
in the liver, however the enzymes necessary for"mefabolism‘are also present in
bone marrow, the reported organ of toxicity. The lymphoid system is another
target organ of benzene toxicity {Cak Ridge Bational Laboratories, 1987).

The hematotoxicity of benzene is expréssed.primarily as a bone marrow effect
leading eventually to complete destruction of myeloid and erjthroid marrow
components. This effect is manifestéd as a marked decrease in circulating formed
elements (i.e., red blood cells ana'piateléts)ﬁ The resuitant aplastic anemia
is a potentially fatal disorder which, in its severe form, has a better thanm 50
percent mortality rate. In beth human and laboratory animals, the extent of bone
marrow damage appears proportional to the dose of benzene. Lesser degrees of
bone marrow'téxiciﬁy than aplastié anemia are more common In occupational
exposure situations.  Classically, the discovery of one individual with
significant bone marrow toxicity has led to é@élﬁétibﬁ_GEﬁfhé‘exposed work force
and the finding of a wide variation in the e#tent of hemafotoxicity. This has
ranged from decreases in white blood cells, red blood cells, and platelets to
a situation in which only one of these is slightly below the normal range

{4ehlman, 1983).
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In addition to hematotoxicity and Immunotoxicity, benzene can cause S
neurotoxic effects such as drowsiness, dizziness, headache and loss of ‘
consciousness. Benzene has not been teratogenic in animal studies, but has
caused increased incidences of resorptions, reduced fetal weight, and skeletal

variations.

Chronic benzene toxicity is expressed as bone marrow depression resulting
exposure, the disease progresses to pancytopenia resulting from bone marrow
aplasia. Evidence has accumulated implicating benzene in the etiology of ) -

leukemias in workers in industries where benzene was heavily used (Snyder et 21.,

1977). -
A major concerm is the relationship between chronic exposure to benzene and U
leukemia. Epidemiological studies have been conducted on workers in the tire .

industry (McMichael et al., 1975) and in shoe factories (Aksoy, 1974), where -
benzene is used extensively. Among workers who died from exposure to benzene,

death was caused by either leukemia or aplastic anemia in approximately equal =
proportions (Goodman énd Gilman, 1985). -

The type of leukemiz most commonly associated ﬁith be-nzene is a;cute
myelogeneous leukemia and its variants, including erythroleukemia and acute
myelemonocytic leukemia. Acute myelogenous leukemia is the adult form of acute =
leukemia, and until recent advances in chemotherapy, it was a rapidly fatal -
disease. The other major form of leukemia, acute lymphocytic leukeﬁ:ia. has been —

reported to be associated with benzene exposure, but evidence of causal

association is weak. There is a somewhat stronger, although still inconclusive,
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association in the literature between benzene exposure and the two forms of
chronic leukemia, chronic myelogenous leukemia and chronic lymphocytic leukemia.
Other hematological diserders possibly associated with benzene exposure includé
Hodgkin's disease, lymphocytic lymphoma, myelofibrosis and myeloid metaplasia,
paroxysmal mocturnal hemoglobinuria, and multiple myeloma (Mehlan, 1983).

A significantly increased frequency of chromatid and isochromatid breaks
in the cultured lymphocytes of workers in chemical laboratories and in the
printing industry has been reported (Funes-Cravioto et al., 1977). In 52 workers
with an eight hour time-weighted average (TWA) exposure of 2 to 3 ppm, in
association with short term exposure concentrations cof ‘25 ppm and peak
concentration of 50’ppm,'éﬁfomosomél aberration rates were observed that were
two to three times the rates found in controls. These included chromosome
breaks, dicentric chromosomes, translocétions, and exchange figures (U,S.
Environmental Protection Agency, 1980).

Thirty two patients who had recovered from a blood disease (bone marrow
impairment) caused by benzene poisoning showed chromosome aberrations present
for several years after cessation of the ekpgﬁure, and after fecovery from
poisoning (Waldbott, 1973; Pollini and Colombi, 1964). Structural and numeric
chromosonie aberrations and sister chromatid exchanges haﬁe been caused by-
benzene, although gene mutations have rarely beenl shown to be caused by benzene

éxposure (0ak Ridge National Laboratories, 1987).

Health Criteria == . . .. . e e

A primary drinking water standard of 0.005 mg per liter has been set under

the Safe Drinking Water Act (SDWA). The pfopoée&fﬁakimum Contaminant Level Goal .
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(MCLG) is zero mg per liter. The Virginia State Water Control Board (SWCB) has
not set standards for benzene in water.

Water quality criteria have been established under the Clean Water Act (CWA)
for protection of human health and freshwater aquatic life. With respect to
protection of human health, levels for exposure both from drinking water and
from consuming aguatic organisms, and from fish consumption alone, are 6.6 x
10-% mg per liter and & x 1072 mg per liter, respectively. A wvalue of 5.3 mg
per liter, the lowest observed effect level, has been established fﬁr protection

of aquatic life in freshwater (Acute).
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BIS (2-ETHYLHEXYi) PHTHALATE

Oceurrence
Bis(2-ethylhexyl)phthalate (DEHP) is produced commercially by the

esterification of phthalic anhydride with 2-ethylhexanol. It may be a natural

product in animals and plants (Howard, 1989).

Chemical and Physical Properties

The molecular weight of DEHP is 390 grams per mole. The compound is
sparingly soluble in water (0.3 mg/l at 25°C) and has a low vapor pressure (6.45
x 107 mm Hg at 25°C). The log octanol/water partition coefficient is 5.11.

DEHP bolls at 230°C (5 mm Hg) and melts at -50°C (Howard, 1989).

The major use of DEHP is as a plasticizer for polyvinyl chloride (PVC)
regins. DEH? is also used as an inert ingredient in pesticides, a component of
dielectric fluids (replacing PCBs) in electrical capacitors, an@ im vacuum pump

o0il (Life Systems, Inc. 1987). - o

A4 2t V10T -

The environmental fate of DEHP is strongly influencéd by its physical and
chemical properties. Biodegradation of DEHP occurs under aerobic conditions with
a half-life of several weeks to a wmonth. Under anaerobic conditions, DEHP
degrades much more slowly. Reaction with the hydroxyl radical is followed by

further atmospheric chemical reactions. Deposition and rainout removes DEHP from

the atmosphere. DEHP is 1ipophilic. In the aquatic environment, DEHP
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accumulates in sediments, on suspended solid materials, and in the lipid tissues
of aquatic biota. 1In soil, DEHP is strongly held by soil solids and organic

material such as fulvic. acid, from which it is not readily leached.

!ilﬂ'ﬂ&;! Eggog;gre . oo - T T oL T

Human exposure to DEHP can occur by a variety of routes. In addition to
occupational exposures, humans can be exposed to DEHP leached from plastic

products such as water piping and plastic food containers' (Verschueren, 1983).

Toxieity .. e e e

A number of studies have been conducted to investigate the acute toxic
effects of DEHP. When administered by the oiéi, {ﬁfraperiioneal, intravenous,
and inhalation routes, DEHP has a low order of acute toxicity.

The target organs'for DEHP a@pe&f”fogbe thérliQér and testes. At
relatively high dose levels DEHP has been found to induce wmorphological and
biochemical changes in the liver of exposed rodents. Similar effects have been
reported for a number of chemicals which induce ﬁepatié xéﬁobiotic metabolizing
capabilities. The testicular effects of DEHP are characterized by a decrease in
relative organ weight and damage to the seminiferous tubules. Similar effects
have been reported in animals treated with a major metabolite of DEHP.

Studies in rats and mice suggest that DEHP is developmentally toxic. Imn
the rat, a variety of congenital abnormélities have beén cbserved in the
offspring of DEHP-treated females. In mice, the developing nervous system
appears to be the major target site, producing exencephaly and spina bifida.

DEHP is & reproductive toxicant in male and female mice, resulting in reduced

fertility including fewer litters and decreased litter size.
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A large database exists on the genotoxicity of DEHP. DEHP has been
subjected to extensive testing in bacteria and both in witro and jin wive
mammalian asssy systems. Evidence suggests that DEHP is not mutagenic in

bacterial or mammalian test systems.

Carcinogenjcity

In a study by the National Toxicology Program, DEHP caused an increase in

the incidence of hepatocellular tumors in both sexes of Fischer 344 rats and
B6C3Fl mice. There was a trend toward increasing numbers of tumors with
| increasing doses. In a draft report, the U.S. Environmental Protection Agency
concluded that DEHP is a probable human carcinogen, classified as

weight-of-evidence Group BZ.

Health Criteria ‘ : —
MCLs have not been established for bis (2-ethylhexyl) phthalate under the

SDWA. The only standard set by the SWCE is for protection of aquatic life (3.0
ug/l). Water quality criteria have been established under the CWA both for
drinking water and consuming aquatic organisms (15 mg/l) and frem fish

consumption alone (350 mg/l). _
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Occurrénce

Cadmium is a naturally occurring metallic element that occurs widely,
uswally in association with lead or zinc. Cadmium occurs in greenockite (cadmium
sulfide) ore containing zinc sulfide. It also occurs with lead and COPper ores
which contain zihgtW,Agbngrsédimen;a:y-fock f&péé; the carbonaceous shales,
formed under reducing conditions, contain the most cadmium (National Research
Council of Canada, 1979). Sphalerite, the main ore for zinc, usually provides

cadmium as = by-product (Mottana et al,, 1978).

Chemical and Physical Properties R

R R T T R

Cadmium is a silver-white, blue-tinged, lustrous metal (Merck Index, 1983).
It is odofless (Natiomal Institute for Oécupational'Séfetyrand Health, 1981).
Cadmium tarfiishes in moist air. The metal is highly corrosion resistant (Sittig,
1981) and malleable (Weast, 1987)." Tts electrical conductivity is less than
silver and copper, but greater than that of iron (Chizhikov, 1966).  Cadmium
is reported o be insoluble in water (ﬁerck Index, 1983), but soluble in acid,
ammonium nitrate, and ho; sulfuric acid (Weast, 1987). The hydroxide, oxide,
carbonate, and sulfide forms are inscluble in water. The bromide, chloride,
fluoride, iodide, nitrate, and sulfate salts of cadmium are relatively soluble
compounds (U.S. Environmental Protection Ageﬁcy, 1985). There are eight stable
isotopes of cadmium (National Research Council of Canada, 1979). Other physical

properties of cadmium are listed in table B-1.
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Use - o - - e

Cadmium is a by-product of the processing of zinc bearing ores. Zinc
concentrates and fine dust are dissolved in sulfurie acid, and the cadmium sponge
is precipitated and purified by electrolytic or pyrometallurgical proceésses.
Cadmuim is aveilable in bars, sheets, wire, or granular powder (Merck Index,
1983). It is available in 99.5 to 99.99 percent purity grades (Kuney and
Mullican, 1587). Consumption patterns reported indicate that the dominant uses
of cadmium are in metal plating and coating, batteries, plastics, stabilizers,

pigments, and metal alloys (Bureau of Mines, 1987). Some specific uses of

cadmium include:

[s)

alloy with copper, nickel, gold, 5ilver, bismuth and aluminum
electroplating of automotive, aircraft, electronic parts, marine and
industrial machinery

cadmium selenide mixtures used as pigments

process engraving

photometry of UV sun-rays

electrodes for cadmium vapor lamps

photoelectric cells (solar-powered batteries)

in fire protection systems

baking enamel -
photography and lithography - :
plastics stabilizers

analytical reagent for determination of nitrate

television phosphors

neutron absorber in muclear reactors

(e}

000000 O0GCQCOCOOO0OOC

enta te and Behavior - . e e -
Volcanic action is considered to be the major natural source of cadmium.
This is due to the very large quantities of éarticulate matter emitted, together
with the high enrichment of cadmium in volcanic aerosols (Bart-Menard and Arnold,
1978). Coal and other fossil fuels contain cadmium, and their combustion

releases the element into the environment (Gilman et al., 1985).
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Artificial sources of cadmium include liberation aﬁfing the following

manufadturing processes (National Institute for 6ccﬁpati£néi Safety and Health,

981y: T T T - -

smelting and refining of ores -

. scrap metal recovery

melting and pouring of cadmium metal
casting of alloys N
coating of telephone cables, trolley wires
welding

melting of cadmium ingots for paint and plgment manufacture
manufacture of cadmium-nickel batteries

incineration of plastics

kiln use by ceramic artists

‘and other products

000D OOCOOOB O

Cadmium can enter surface waters from the natural sources and from a variety
of manufacturing operations that involve either cadﬁium'iﬁself or zine that
contains a cadmium impurity. Cadmium can enter the water environment from the
plating operations when spent plating solutions are discafdéd. The production
of refined cadmium mWétal is a. potential sourcéiof:cadmium?in nearby surface
waters (Intermational Agency for Research on Cancer; 1973T_1

Cadmium is relatively mobile in the aquatic'environménﬁ compared to other
heavy metals, and may be transported in solution as hydrated .cations or organic
or ilnorganic éompleXes. In polluted waters that are high in organic carbon
content, complexing with organic matter is the most important factor in
determining the aquatic fate and transport of cadmium, Sorﬁtion accounts for
femoval of dissolved cadmium to bed sediments, and is increasingly effective as

pH increases. Cadmium is strongly accumulated by organisms at all trophic

levels. B -
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Human Exposure L i}

Cadmium is a potent toxicant by both oral and inhalation exposure routes
(Merck Index, 1983). Dermal exposure to cadmium compounds is not considered a
significant health concern, although absorption routes include cutaneous and
transplacentsl absorption. Cadmium can be inhalgd in the form of aervsocls or
fumes. Humaus are exposed through food, water, air, and especially heavy smoking
{Gosselin et al., 15984).

Some occupations at risk include alloy makers, battery makers, engravers,
textile workers, welders, solder workers, and zinc and lead refiners. Exposure
occurs primarily in smelting and refining (INternational Labour Office, 1971).
These occupational exposures represent populations at special risk to cadmium.
Other populations at special risk include individuals with the following

(Department of Hezlth and Human Services/Agency for Toxic Substances and Disease

Registry, 1987): o -

o renal diseases of other etiology 7 _ --
o genetic differences in the induction of metallothioneic response to _
cadmium exposure N
o dietary deficiencles in metal ions or protein
o necnates or children pessibly having higher gastrointestinal absorption
rates
Toxlcity

Cadmium is a potent toxicant by both oral and inhalation exposure routes.
Dermal exposure to cadmium compounds 1is not considered a significant health
concern. Exposure to cadmium is associated.ﬁith injury to a number of tissues
and organs in both animals and humans, including the kidney, 1iver,
cardlovascular system, skeleton, znd immune system (Gosselin et al., 1984; and

smerican Conferance of Govermmental Industrial Hygienists, 1986), Similar
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effects are observed for both inhalation and oral éxposure) but are not observed
following dermal exposure. A

Acute exposures to high levels of cadmium compounds are highly irritating
to the epithélial cells of the gasfrointestinal and respir;tory tracts, Other
tissues injured by high doses include the liver and testes (Life Systems, Inc.,
1987). High levels of exposure associated with injury to these tissues are
unlikely. The principal health concern is for chronic low-level exposure to

cadmium by either the oral or inhalation route.

Carcinogenicity

Cadmium has been shown to be carcinogenic in humans following exposure by
the inhalation route. A retrospective mortality study of 602 white males

employed in a cadmium-processing plant showed that Ehe-hiéﬂ;exposure group had

statistically sighifiééﬂt}éﬁcégéfm&ftéiity'raﬁgs. ,Tﬂg"égééss ih lung cancer
could not be explained by smoking or previous exposure to arsenic (Life Systems,
Inc., 1987). '

No data were available on the carcinogenlic effects of cadmium in orally

exposed humans. Studies conducted to date in animals have not shown cadmium to

be carcinogenic by the oral route.

Health Criteria . _ . . .. _. L

Primary drinking water standards have ﬁeen established for cadmium under
the Safe Drinking Water Act (SDWA). The Resource Conservation and Recovery Act
(RCRA) Maximum Contaminant Level (MCL) is 0.01 mg per liter.: The proposed SDWA
MCL and MCL Goal (MCLG) are 0.005 mg per liter. The Virginia State Water Control
Board (SﬁCB) adopted the original SDWA MCL of 0.0l mg per liﬁer‘for surface
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water., The Virginia SWCB standard for protection of aquatic life is & funétion
of hardness. The Virginia SWCB ground water standard is 4 x 10-4 mg per liter,
The Clean Water Act {CWA) Water Quality Criteria for protection of aquatic life

from acute and chronic exposure to cadmium are 0.0039 mg per liter and 0.0011'

mg per liter, respectively.
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COFPER

Qccurrences _— . : - — N e e

Copper is widely distributed in nature. It is found in its native elemental

state and in sulfide, arsenite, chloride, and carboﬁate ores (Seiler et al.,
1988). Several minerals which include copper are chalcopyrite, chalcocite,
bornite, tetrahedrite and enargi#e (Merck Ifidex, 1983). About 80 percent of the
world's copper is derived from treatment of chalcopyrite ore. The ore yields
the by-products of gold and silver. Native copper rarely occurs in large enough

quantities to be worth exploiting commercially (Mottana et al., 1978).

Chemical and Phvsical Properties e ) . L ,

Copper is a reddish metal. It naturally crystallizes in a face centered
cubic structure (Merck Index, 1983). Copper is a lustrous and malleable metal.
The metal is insoluble in hot and cold water, soluble in nitric acid and hot
sulfurie acid, and wvery slightly soluble in hydrochleoric acid and ammonium
hydroxide. (Weast, 1987). Copper conducts heat and electricity exceedingly well
(International Labour Office, 1983). Coppel forms two series of salts with its
cutl and Cu?? valence types. Both wvalence types form complex ions that are

stgble. Other physical properties of copper are listed in table B-1.

Use - :

Copper is extracted Ifrom ores by one of two processes, depending on whether
it is in sulfide or oxide ore. Sulfides are crushed, grinded, and concentrated
by floatation, while oxide ores are concentrated by leaching with acid. The
concentrates are smelted to yield a bhlister copper wpigh is refinea
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electrolytically or by fire (Stanford Réseaféh_lnstiﬁﬁfe): Commercial copper

is available in the following six general types (Considine; 1974).

Iype . 'f'"',’_' T UL, . _Percent Co
Electrolytic tough- pitch - 99,90
Deoxidized e ——-289 90
Oxygen-free 'ﬁ"" o - 99.92
Silver-bearing _ o 99.90 B
Arsenical : - c e 99 68
Free-cutting B - S 99.4 - 99.5

Forms of copper available include ingbts, sheet, fod, wire, tubing, shot, and
single crystals or whiskers (Sax and Lewis, 1987). Listed below are dominant

uses of copper (Stanford Research Institute):

Electrical & electrical products" - o 54
Building construction - o T 0 T20
Industrial Machinery and equipment - I
Trarsportation i a8
Other ' . T s o e 5

Uses of copper are listed below:

o heating, chemical and pharmaceutical machlnery

metal alloys )

electroplated protective coatlngs and.undercoats for nickel, chromium,
and zinc etc. : SRR
cocking utensils

corrosion resistant piping

catalysts

insulation for 11qu1d fuels -
agricultural products {(insecticides, fungicides, and herbicides)
food and drugs

metallurgy c T

nylon ) i
paper products

pigment & dyes

pollution control catalyst

printing and photo copying
pyrotechnics

wood preservatives

o0

00000 0OQOO0C0CO0OCCO0OO0
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Environmental Fate and Behavior . o

Copper is found in its mative stéte and iq association with other elements,
such as sulfides, arsenites, chlorides, and carbonates., The concentration of
copper in the continental crust is generally estimated around 50 te 70 ppm
{Seiler et al., 1988). Copper‘is preseﬁé in concentrations averaging about 4
ppm in limestones, 55 ppm in igneous rocks, 50 ppm in sandstones, and 45 ppm in

shales.

On a global basis, the atmospheric copper flux from anthropogenic socurces
is approximately three times higher than its flux from natural sources. Non-
ferrous metal production is the largest contribution of atmospheric copper in
the United States (U.S5. Envirommental Protection Agency, 1987). The principal
source of elevated copper levels in air is copper dust generated by copper
processing operations. Other sources incl@de tobacco smoke and stack emissions
of coal burning power plants (U.S. Environmental Protection Agency, 1980). 1In
the vicinity of copper mines or smelting ;Orks, water and pastures have been
1981).

showni to be contaminated with copper (Clarke et al., The principal

sources of copper in the atmosphere are (U.S. Envirenmental Protection Agency,

1987):
ources __ . o 7 Percent Copper
o wind blown copper dust 6.5
0 iron and steel production 7.4
o coal and oil combustion 4.6
o zinc smelting 3.3
o copper sulfate production 2.7
o municipal incineration 1.9
o others 2.3

levels of copper in the atmosphere in the United States have been reported

to vary from 10 to 570 ng per cubic meter, with the highest values being found
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in urban areas. At the South Pole the average copper concentration in air was
0.036 ng per cubic. meter (Friberg et al., 1986).

Literature describing the terrestrial fate of copper 1:Eef1ects widespread
concern of a capp'é“f“"toxic{ty effect on soil 'microorgainisms and fungi in
association with acid deposition (Hutchinson, 1989; Tyler, 1978; and Se;.i‘]l.er et
al., 1988). Factors affecting the balance between copper in tl:he parent rock and
in tﬁe derivative soil include the degree of weathering, the nature and intensity
of the so0il formation, drainage, pH, oxidation reduction potential, and the
amount of organic matter in the soil. Since copper in rocks is likely to be more

mobile under acidic than alkaline conditioms, the relation of pH to copper in

‘the environment has been of gfeat concern to agriculturalists and biologists.

Acid soil conditions promote the solubility t:;f copper, increase the concentration
of - ionic copper, and thereby change .the microof_g'aﬁismm;ﬁd other animal
populations, depending on their tolerance for various levels of copper in
solution. Pue to the wvariety of conditions which influence the metal’s

availability, the total copper content of the soils is not an accurate indication

of deficiencies or excesses of copper (Seiler et al., 1988). = In urbanized areas

the effects of land clearing, profile distribution, and increased acid rainfall

The average background cohcentration of copper iIn surface waters in the
United States is less than 20 fig per liter. Some copper.complexes may be
metabolized, however, there is no information that biotransformation processes

have a significant bearing on the aquatic fate of copper (Callahan et al., 1979).

Measurements of the copper concentration imn drinking water are highly variable.

In oné study, the mean value of copper in water samples at measurable levels was '
60 jig pér liter. The mean value for another study was 150 ug per liter (National
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Research Council, 1980). Water that is acidic, low in hardness and alkalinity,
and consequently corrosive to piping, may leach copper from drinking water pipes
(U.S. Environmental Protection Agency, 1985). |
There zre a mumber of processes that af”fect the envirommental fate of
copper, including complex formation, sorption, and bicaccumulation. Copper can
form complexes with humic substances, thus st}"eams high in organic particulates
may have a great deal of copper in a bound state. In addition, complexed copper
is more easily absorbed by clay and other surfaces than free (hydrated) cationms.
The concentration of copper in water is also influenced by its affinity for
hydrous iron, manganese oxides, clays, and carbonates. The presence of these
substances In water will reduce levels of dissolved copper. In polluted natural
waters high in organic content, effective control of dissclved copper
concentrations will be dependent upon the competition between organiv-c camplexing
in solution and sorption onto clay ahd particulate organic matter. Copper is
an essential nutrient and is accumulated by all plants and animals; thus
biological activity will in part determine the distribution of,iéd'pper in the
ecosystem., Bioconcentration factors range from 12 to 2,400 fof_' dlgae, 1,000

for plants, and 200 for freshwater fish (Callahan et al., 1979).

Sources of exposure to copper are from fumes, copper ore smelting and

related metallurglic operations, as well as frcir-n welding and from dusts of copper
metal and copper salts (Clayton and Clayton, 1981). One of the chief industrial
exposures to copper from which there are potential health effects is to the fume.
Fume exposures occur in copper and brass plants and in welding copper containing
metals (American Conference of Governmental Industrial Hyglenists, 1986).
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Several reports describing copper intoxification indicate that poisoning can

result from the use of copper corntainers for food or dfiﬁk (Friberg et al.,

1986).  Gastrointestinal irritation can result folibﬁiﬁg the drinking of

carbonated water or citrus fruit juices which have been in contact with copper

vessels, pipes, tdbing; or valves. Such beverages are acidic enough to dissolve
irritant quantities of copper (International Labour Office, 1983). Extra
corporeal hemodialysis has been documented as a source of copper poisoning
(Gosselin et al., 1984). A pértial-iisti6fh6b¢u§a£ioﬁs ffom which copper
eXposure may occur inéludes (Sittig, 1981):

asphalt makers - -
battery makers

electro platers ”
fungicide workers = - ‘- .- . o ooT
gem colorers =~ L7771 T - o
lithographers . S
pigment makers _ ‘ ‘ ,
rayon makers - E o . ) _—
solderers . o _
wallpaper makers C o C
water treaters : : : -
wood preservative workers.,

OO0 0C0O 000000

Toxicity e T L. e

Copper is an essentlal elément at low levels, but has toxic effects at high
doses. Toxic effects in laboratory animals and humans, rééﬁlting from acute
exposure, include gastrointestinal disturbances, hemolytic anemia, kidney and
liver damage, and inhibition of the enzyme'glucose-ﬁ-phosphate dehydrogenase.
In general, mammsls are protected from the adverse effects of excessive dietary
intake of copper due to homeostatic mechanisms.

The data concerning the health effects associated with copper are limited.

A Lowest-Observed-Aaverse—EffeéfeLeGel'?iéAEt)wéf Sli'ﬁg ﬁéf day was developed
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for humans, based on the lowest oral dose at which gastrointestinal effects were
seen.

The literature describing the toxic effects of copper in humans indicates
that debate exists surrounding its chronic toxicity effects (Browning, 1969).
It has been suggested that copper itself has little or no toxicity (Merck Index,
1983). Many cases of illness formerly attributed to copper are now believed to
have been more probably due to & mixture ?}Fh other meﬁals, especially lead.

Inhalation of dusts and fumes of metallic copper causes congestion of the
nasal mucous membranes, ulceration, perforation of the mnasal septum, and
pharyngeal congestion (Venugopal and Luckey, 1978). Welders exposed to copper

fumes complain of sneezing, coughing, digestive disorders, and mucosal irritation

in the mouth and eyes. Nasal ulcerations and bleeding occurred in workers

inhaling finely divided copper metal dust. Allergic contact dermatitis is less.

commonly encountered {(Clayton and €layton, 1981). Hemolytic anemia has been
reported in men occupationally exposed to low levels of copper and in patients
undergoing hemodialysis with excess copper in the dialysis fluid from leaching
copper tubing (Finelli, et. al., 198%; and U.S. Environmental Protection Agency,
1985). Exposure to copper dust causes discoloration of the skin (Seiler et al.,

1988). It iz generally agreed that copper itself is less toxic than its salts.

Larcinogenicity

In general, copper compounds have not resulted in mutations in microbial .

assays. Subcutaneous Injection of copper in mice has resulted in the formation

of tumorsg, though orzl administration has not.
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Bealth Criteria e L

There is no Maximum Contaminant level (MCL) for coppe# under the Resource
Conservation and Recovery Act (RCRA), however the Safe Drinking Water Act (SDWA)
secondary standard for copper is 1 mg per liter, which is based on taste and odor
considerations (Callahan et al., 1979). The Virginia State Water Control Board
(SWCB) established a standard of 1 mg per liter for surface drinking water

supplies and ground water protectioﬁ;' The-ﬁiiginia SWCB standard for protection

of freshwater aquatic 1i e'ig'é.g'ng”ﬁéimiiégi. The Clean W#ter fct (CWA) Water
Quality Criteria for protection of fréshwater aquétic.life frbm acute and chronic

exposure are 0.018 mg per lifer and 0.012 mg per liter, f;sﬁectively.
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Qcecurrence .o aiae. T e

Lead occurs chiefly as lead sulfide in galena., Other minerals which contain
lead compounds include anglesite, cerussite, mimetite, and ﬁyromdrphite {(Merck
Index, 1983). Galena is a typical hydrothermal mineral of medium temperature
deposits. The largest lead deposits in the United States are in the Tri-State
mining district near Joplin, Missouri. There are sizable deposits of lead-
bearing galena near Leadville, Colorado. Silver is a frequehtfby~product of lead

mining (Mottana et al., 1978).

Chemical and Physical Properties

Lead is a silvery gray metal which is lustrous when fréshly cut, and has
a cubic crystal structure in natural occurrenmce. It is very soft and malleable,
and easily melted, cast, rolled, and extruded, Other basic physical properties
are shown in table B-1 (Merck Index, 1983). 1Llead is insoluble in hot or cold
water (Weast, 1987). It'is soluble in nitric acid and hot congcentrated sulfuric

acid (Merck Index, 1983). o S o

Use.. .. _ _._ . - e e

The lead mineral in most crude ores is éepafétéd_ffoﬁ ﬁhé gangue and other
valuable minerals in a staged process. Occasionally the ores are sufficiently
rich in lead and low in impurities to be smelted directly., The primary
operations of ore processing are crushing, grinding, and concerntration, Crushers
are first employed to reduce the particle size of the mined ore and liberate the
desired mineral from the gangue. Further size reduction is accomplished by wet
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grinding in horizontal cylindrical mills containing steel balls, rods, or flint
pebbles. Finally, the lead containing material is concentrated by a settling

process that depends on differences in the settling rates of materials (Kirk-

. Othmer, 198L). 4 floatation techmique may also be used to separate lead

containing ores.

The series of processes used to produce commercial grade lead from the lead
concentrate include blast furnace smelting, drossing, and refining by
pyrometallurgical methods. Impurities that may still remain in lead are silver,
gold, copper, tellurium, platinum metals, and bismuth, Although the
concentrations of Impurities may be tolerable for some lead applications, their
market value encourages separation and recovery (Kirk-Othmer, 1981).

Lead is available in ingots, sheet, pipe, shot, straps, grids, rod, wire,
paste and powder (Sax and Lewis, 1987). Important commercial uses of lead

include the following:

construction material! for tank linings and piping
equipment handling of corrosive gases and liquids
petroleum refining )

manufacture of tetraethyl Iead

radiation protection (e.g., x-ray)

bearing metal and alloys

building construction

manufacture of paint pigments

ceramics

plastiecs

lead oxide and antimonial lead storage batteries

production of ammunition

000000000000

The most dominant uses of lead in 1979 were for ammunition, bearing metal,
brass and bronze, cable covering, caulking lead, storage battery oxides, and

anti-knock additives {(Kirk-Octhmer, 1981).
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Environmental Fate and Behavior = |

The extent of occurrence of ledd 'in the earth’s crust is about 15 grams per
ton. Lead enters the environment from lead-bearing minerals (Merck Index, 1983).
Ratural .sources contributing to airﬁorne lead are silica?e dusts, wvolcanic
emissions, forest fires, sea salt aerosols, meteoric and meteoritic smoke, and
lead derived froi the decay of radom {(World Health Organizaﬁion, 1977).

Lead is an important commercial metal in the United States. It may enter
the environment during its mining, ore processing, smelting, use, recycling, or
disposal. The natural sourdes of lead are minor compared with anthropogenic
ones. Metallic lead may be released from smelting and refining plants. If
released or deposited on soil, lead will be retained in the upper 2 to 5 cm of
soil, especially soils with 75 percent organic matter and a pH of greater than
five. While somé Corrosion may be expected in soil, generally an inert coat of
an insoluble salt will form and limit further corresion, It is expected t§
convert to more insoluble forms such as PbSQ4, Fbg(PO4)9, PbS, and PbO. Lead
also forms complexes Wwith organic matter and clay minerals that limit its
mobility. The amount adsorbed depends on parameters such as the availability
of ligands, pH, redox conditions, salinity, iron concentration, composition of

dissolved particulate matter, and sediment lead concentration (Syracuse Research

Corporation, 198%).

Lead enters water from atmospheric fallgut, runcff, or %astewater. Little
is transferred from natural ores. Lead is a stable metal, and adherent films
of protective insoluble salts form that protect the metal from further corrosion.
Lead which dissolves tends to form ligands. Lead is effectively removed from
the water column to the sediment by adsorption to organic matter and clay
minerals, precipitation as an insoluble salt (the carbonate, o# sulfate/sulfide),
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and reaction with hydrous iron and manganese oxide. Under most circumstances
adsorption predominates (Syracuse Research Corporation, 1989).

Precipitation can be important at relatively high pH. The amount of lead
that can remain in solution in water is a function of the pH and the dissolved
galt content. Much of the lead carried by river water is in the form of
gsuspended solids. One study, of the distribution of lead between filtrate and
solids in stream water from urbaﬁ and rural areas, reported the ratio of lead
in suspended solids to that in filtrate varied from 4 percent in rural areas to
27 percent in urban areas (U.S. Environmental Protection Agency, 1979).

The form of lead that enters the atmosphere is not knownt, When released
to the atmosphere, lead will generally be in the form of dust, or adsorbed to
particulate matter, and subject to gravitational settling. It can also be

transformed to the oxide and carbonate {(Chan, et. al,, 1986).

Biodegradation, Ablotic Degradation and Bioconcentration _ S

Lake sediment microorganisms are able to directly methflate certain
inorganic lead compounds. Biomethylation of lead by benthic microorganisms can
lead to its ;;mobiiizétion into theraquéous é;vironmental compaftﬁent &frances,
1985; Stephenson and Lester, 1987). Tetraethyl and tetramethyl lead have been
shown to photodegrade at significant rates (Harrison, 1978; Pierrard, 1969).

Lead does mot appear to bioconcentrate significantly in fish, but does in
some shellfish such as mussels. One study indicated that lead was absorbed by
the fresh water fleld crab, Bartelphusa guerini, through the gills and

distributed to the organs. Lead, biocaccumulated over the course of the study,

showed a high degree of organ specificity (Tulasi, 1987). The studies showed
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the following intensities of bioconcentration factors (Schulz-Baldes et al.,

1983; and Biddinger and Glass, 1984): -

Organisms e et ... .. 1log Bioconcentration Factors (Ranges)
freshwater fish B 1.38-1.65
freshwater invertebrates species 2.70-3.23

seawater bivalves, mollusks, T
diatoms, phytoplantation 1.24-3,40

Evidence suggests that lead uptake in fish is localized in the mucous on the
|

epidermis, dermis, and scales, so that its lack of availability in edible

portions poses no human health danger (Schulz-Baldes etial.,i1983; and Biddinger

and Glass, 1984).

Human EXPOSULE . o o e e e

General lead exposufé oécurs from ambient air, especially in areas with high
automotive traffic and sites néar industrial sources (International Agency for
Research on Cancer, 1977). However, the highest intake is fiom food and water,
Concentrations in food may be elevated due to surface cdnéamination of fresh
fruits and vegetables. Food in soldered tin cans may contain particularly high
levels of lead. Elevated levels of lead in drinking water usually result from
distribution systems containing lead pipe (World Health Org§nization, 1977).
| Several population subgroups are considered at special;risk from exposure
to lead. The pregnant female and fetus are at special risk for several reasons.
Exposure of the fetus to elevated lead concentrations is déngerous because of
its great sensitivity during development. The fetus and young children absorb
more of the lead that they ingest than adults. Children ingest more lead
because, during normal mouthing activity, they are apt to cﬁew palnted objects
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and ingest soil (Department of Health and Human Services/Agency for Toxic
Substances and Disease Registry, 1988). Exposure of a mother to lead results
in the transfer of lead to the fetus, and may cause a pre-term birth, reduced

birth weight, and decreased intelligence quotient (IQ) in the infant (Department

- -

of Health and Human Services/Agency for Toxic Substances and biéease Regi;try,
1988). Other population szubgroups at special risk include:
o individuals having genetically caused glucose-6-phosphate dehydrogenase
deficiency (iron storage diseases may increase lead in the human liver)
(Goyer and Mahaffey, 1972);
o children with sickle cell anemia (Eremberg, Rinsler and Fish, 1974);

o individuals having hemoglobin S or 0 thalassemia (Goyer and Mahaffey,
1972);

o law enforcement officers subjected to toxification while firing weapons
in an indoor firing range.

In humans, absorption of lead from the gastrointestinal tract is influenced

by age and nutritional factors (Goyer, 1986). In adults, 5 to 15 percent of
digested lead is absorbed, and less than 5 percent is rétained, In one study,
children were found to have an average net absorption of lead of 41.5 percent,
and infants were reported to have an average net lead retention of 31.8 percent
(Goyer, 1986).

Absorption of lead through the lungs depends on the concentration of lead
in the air, volume of air respired per day, size distribution of lead-containing
particles, and whether the lead is in vapor or particle form. Of the lead
particles in ambient air that are deposited in the lungs, approximately 90
percent are small enough to be retained. Retained lead is efficiently absorbed

into the blood through the alveoli (Goyer, 1986).
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Most of the retained lead is deposited in the skeletonlwhere it has a half-
life in excess of 20 Vears. The lifetime accumulation of lead is estimated to
be 200 mg for non-occupationdlly exposed workers and 500'4g for those expoééd
to lead in the work place. |

The toxic effects of lead on the central nervous systém are considered to
be the most serious systemic effect in terms of human health. In children,
cognitive or motor neuroleogic effects are of main concarp, while peripheral

neuropathy and nephropathy (effects on the kidney) are of concern in adults.

Blood levels typically range from 30 to 50 ug pér_declliter:(éoyer, 1986). Blood

PR

levels of 60 to 70 ug per’ deciliter, and greater than 80 pg per deciliter, are

associated with encephalopathy in children and adults, resp;ctively.

In addition to central nervous system dysfunction, high ﬁlood.levels of lead
are associated with hematologic. and renal effects. . High blgod lead levels may
result in a shortened liferspén of erythrocytes andyimpéiéed heme synthesis.
Renal éffects include reversible renal fhﬂﬁléf_ﬁykfhhdtzén (associated with
children following acute  exposure ~to _lead) and 'inéu%able interstitial

nephropathy.

Garcinogenicit L e e o
Studies on the carcinogenicity of lead indicate that le#d can induce cancer
in kidneys of rodents fed high doses, but there is little e?idence to indicate

that lead is a human carcinogen.
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The following regulations and standards are in effect for lead:

Drinking water
{(Primary Drinking Water Standard): 0.05 mg/1

Ambient Water Quality Criteria ’ ) CWA Water Quality Criteris
{for protection of aquatic life): ' Acute: 0.080 mg/L
Chronic: 0.0032 mg/L
OSHA Standard (8-hr TWA): 0.050.mg/m> (inorganic lead)
ACGIH Thrashold Limit Values: 0.15 mg/m3 {(inorganic lead

dusts and fumes)
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{ MANGANESE _ | .

Qegurrence -

Manganese is one of the most commofi of the elements and is widely
distributed in rocks and soils. The most common forms of manganese in rocks and
soils are oxides and hydroxides in which the oxidation state of the element is

+2,43, or +4&. : : : ) )

al) Properties
The solubility of manganese will primarily be controlled by the Eh, pH, and
amount of dissolved carbon dioxide in the system. For a system in which the
activity of dissolved carbon dioxide species is 100 mg per liter of HCO,", the

predoninant dissolved form of manganese would be the divalent ion Mn'?, at a pH

{ near neutral (Hem 1970). ‘

v e _a ehavier - - -
Manganese is an essential element in plant metabolism, and it is to be
expected that organic circulation of manganese can influence iﬁs occurrence in
natural water. Terrestrial and aquatic species of plants are noted to be
accunulators of manganese. Manganese in plant parts that die back or shed leaves
becomes available for solution in rumoff and soil moisture. Preliminary studies
on the effects of fallen leaves on water quality of a small stream in Virginia
showed that plant matter die-back could be an important contribution of manganese
at times (Hem 1%70). |

The rate of oxidation of Mn™ and precipitation of the oxidized form as

MnO, is greatly increased by increases in pH and goes more rapidly as surface
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area increases {Hem 1970), Oxidation 6f-mangane£e can’' also be catalyzed by

feldspar and other mineral surfaces.

Toxjcity . VO

In humans, chronic exposure to manganese causes degenerative changes in the
central nervous systemrin the form of Parkinson-like diseése. Modifications to
liver functions can also occur. Acute expégufe éﬁéges h%nganese fneumonitis.

~In humans, manganese dusts and compounds have relatively low oral and
dermal toxicity, but they can cause a variety of toxic éffects after inhalation
exposure. Acute ~exposure to very high éonceﬁtféﬁioﬁsican cause manganese
pneumonitis, increased susceptibility tﬁrfegpifétoty'diéease, and fatholngid

changes including epithelial necrosis and mononuclear proliferation. Chronic

exposure is more common, but generally only occurs among persons occupationally

exposed., Degenerative changes in the central nervous system are the major toxic

effects. Individuals with an iron deflclency may'be more susceptible to chronic

poisoning. LT s R

-t e
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i; : MERCURY

. Qccurrence .. oL

Mercury is found in rocks of all classes. Common host rocks include:
" Limestone

Calcareous Shales

Sandstone

Serpentine
Chart Andesite (Soda Lime Fieldspor)

Basalt” T ; e T e

Rhyolite | T A . LT
Elemental mefCUry occurs in some ores, however mercury is recovered almost
entirely frém'ciﬁﬁébaf‘(mexédfié_éuffide)"(Cfiﬁfbn'and“Clajﬁén;'1981). Cinnabar
occurs in very low temperatﬁre “hydrothermal wveins, or :impregnations, and
replacement deposits in sedimentary rocks associated with nearby igneous rocks.
It is also presént as & chemical deposit of.hYdrothermalj probably alkaline
2{- springs (Mottana et al., 1978). The mercury content of sgme common ores and
. gangue minerals, as a result of their coexistence in a deposit with cinnabar,
meta cinnabar, or other mercury containing materials, is as follows {Jonasson

and Boyle, 1972, as cited in National Research CGouncil of Canada, 1979):

s Ore or Ganpue Material - Percent e

Tetrahedrite . .
Grey Copper Ores Lol
Spallerite ' R
Wurzite

Stibnite s -
Realgar T o=
Pyrite

Argonite -

i
~J

g
]
'_.I

N |
oMW DO
1

.

’

Mercury is also found in fossil fuels {see section on Environmental Fate

and Behavior for more details).
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Mercury is a heavy, mobile, liquid metal. It is sgilver white in color
(Merck Index, 1983). The high mobility and tendency to dispersion exhibited by
mercury, and the ease to which it forms alloys (amalga) with many laboratory and
electrical contact metals, can cause severe corrosion problems in laboratories
{Bretherick, 1983). Hercury can attack copper and copper alloy materials
(National Institute for Occupational Safety and Health, 1981).

The solubility of mercury in water is 0.28 pumoles per liter at 25°C (Merck
Index, 1983). Mercury is soluble in nitric acid. It is insoluble in dilute
hydrochloric acid, hydrogen bromide, hydrogen iodide, and cold sulfuric acid
(Weast, 1987). Mercury dissolves to some extent in lipids (American Conference
of Governmental Industrial Hygienists, 1986). The physical properties of mercury

are listed in table B-1l.

Use

Mercury is obtained by roasting cinnabar and condensing mercury vépo:?

Secondary sources of mercury are from batteries, sludges, or water (Stanford
Research Institute). Mercury 3is available in commercial, instrument,
redistilled, technical, and triple distilled grades (Environment Canada, 1982).
Below are listed some of the uses of mercury (Merck Index, 1983; National
Research Council, 1977; Stanford Reseazrch Institute; and Farm Chemicals Handbook,
1983):

barometers, thermometers, hydrometers, and pyrometers
mercury arc lamps producing UV rays

switches

fluorescent lamps

mirrors

boilers

catalyst in the oxidation of organic compounds
extracting gold and silver from ores

electric rectifiers

mercury fulminate

000 0000000
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Environmental Fate and Behavior

shales,

and Clayton, 1981).

o cathodic electrolySLS
o anti-fouling paints
o dry cell batteries

The consumption pattern of mércury indicates the following (Kayser, 1982):

Use . | e

Electrical products such as dry well
batteries, fluorescent light bulbs
switches and other contrel equipment

Electrolytic preparation of chronic
and caustic soda . . - -

Paint manufacture
Dental preparations
Industrial catalyst manufacture

General Laboratory Use

Pharmaceutical  ..— L

_Percent Of Mercurv U§ d

[V

50

25 -

12

Mercury is found in rocks of all classés, including limestone, calcareous

as shown below (Jonasson and Boyle, 1972):

Material L

Coal e T
Coal in mercuriferious basins
Crude oils

Petroleum crudes mercuriferous belts

Bitumens, solid hydrocarbons and asphalts

Appendix. B - &0

sandstone, serpentine, basalt and alkaline fél&spar'aod quartz, {Clayton
|

“Mereury is also found in notable quantitiés in fossil fuels,

Mercury Content

{ppb)
10 - - 5,530
20 - 300,000
T20 - 2,000
1,900 - ‘2#,000
2,000 - goo,ooo
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One of the maj;r sources of’meréﬁfy is tﬁe natural degassing of the earth’s
crust (World Health Organization, 1976).  Mercury is released into the
environment f£rom volcanes and hot springs.

Twenty thousand tons of mercury are releaéed into the environ@ent each year
by human activities, such as from the combustion of fossil fuels, as well as from
other industrial releases (Friberg et al., 1986). Concentrated local discharges
are associated with industrial activities, and diffused discharges of mercury
are associated with the combustion of fuels containing mercury impurities (Miller
and Buchanan, 1979). Mercury is liberated froid the working and smelting of ores
of copper, gold, lead, silver, and zinc, which normally contain traces of mercury
(Jonasson and Boyle, 1972). In Canada, in 1974, approximately 12 tons of mercury
were discharged to the environment as a result of coal combustion. Approximately
90 percent was discharged to the air as vapor, while 9 percent was discharged
as fine particulates (National Research Council of Canada, 197’9)7j In general,
industrial and domestic products, such as thermometers, batteries, and electrical

switches, which account for a significant loss of mercury to the enviromment,

ultimately become solid waste in major urban areas (National Research Council .

of Canada, 1979). Waterxborne mercury pollurion originates from sewage, metal
refining operations, or most notably from chloralkali plants (National Research
Council of Canada, 1979).

Mercury's two characteristics, wvolatility, and wvulnerability to
biotransformation, maké consideration of it; environmental fate unique.

Mercury volatility accounts for high atmospheric concentrations, Twenty
to 200 gg per cubic meter are typically foﬁﬁﬁ near ;reas containing high soil
levels (10 ppm)}, compared to a normal atmospheric concentration of 5 ug per cubic
meter (Doull et al., 1980). Fifty percent of the volatile form is mercury (Hg)

vapor, with a sizeable portion of the remainder being Hg (1I) and methylmercury.
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Mercury in the envivonment is deposited and revolatilized many times, with a
residence time in the atmosphere of at least a few days. In:the volatile phase,
it can be transported hundreds of kilometers (Miller and Bﬁchanan, 1979). V
The average atmospheric concentration of mercury is estimated to be 2 to
10 pg mercury per cubic meter (U.S. Environmental Protection Agency, 1984b).
The concentrations of mercury in the general atmosphere in se&eral locations were

estimated as follows (Wotrld Health Organization, 1976):

Location T T 7T mg Mg ver cuble metar

4

USSR (general atmosphere) 0
Non industrial regions in Japan
Denver, USA (lowest ions)

San Francisco, USA

New York City, USA (airborme dust)

Chicago (particle bound Hg)

50

wr4<:n>OoJ-

-1
-5
.5
-4
-3

Do

Mercury concentrations in the stack gas of large coal-fiyed power generating
stations in Ontario ranged from 40 to 80 g per cubic metérﬂ(ﬁooth, 1971).

The approximate condentration of all forms of mercury in the earth’s crust
is 80 ppb (JonaSSbﬂ;'IQTO)f ‘Méréary“ié pfé&dﬁiha£€i§ ﬂéﬁn& in'contaminatea
waterways (World Health Organization, 1976). Levels of mercury in various soils

have been estimated to be the following (Jonasson and Boyle, 1972):

Seil . I T . . . - -« -—Mercury (ppb)
Normal soils e - - - 20-150
So0il over mercury dep051ts - 0-2000
Normal tills glacial clay and sand 20-100 .
Soils, tills, the near mercury deposits o 0-250 ,
Soil horlzons (normal ranges) — .. .. 60-200 (humic)
30-140 '
25-150 ‘
Soil horizons ’ -
(near mercury deposits - ranges) 200-1860
140-605
150-554
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Twenty five to fifty percent ef mercury in water is organic (Miller and
Ruchanan, 1979). In sguatic systems, mercury appears to bind to dissolved matter
or fine particulates (National Research Gouncil of Canada, 1979). Mercury can

be desorbed into the water columm, transported by water (bound or chelated to

fine particulates or dissolved substances), and redeposited on bed sediments

(National Resezrch Council of Canada, 19279). The conversion of Inorganic
mercury to methyl mercury impliés that recycling of mercury from sediment to
water, to air, and back, could be & rapid process (Callahan et al.,-19%9). In
the Yatsushion Sea and Minamate Bay in Japan, the croaker (Argyrosomus
Argentatusi was a éood indication of mercury pollution. Mercury migrated from
sadiment to the croaker by way of suspended particulate matter and zooplankton.
Conversion from inorganic to methyl mercury occurs at the stage of zooplankton
(Nishimura and Kumagai, 1983). The following distribution and respective
concentrations of mercury In natural waters have been measured as follows
(Jonasson and Boyle, 1972):

Mercury Concentration

Water o ) o (ppb) -
Rainwater, snow 0.01 - 0.48
Normal stream, river, and lake 0.01 - 0.1
Coal mine waters (USSR) 1-10 . -
Stream and river waters near Bercury

deposits . 0.5-100 LT
Qceans Seas D.005-5,0 B
Hotsprings and certain minmeral waters 0.01-.10
Groundwaters and mine watexs

near polymetrallic sulfide deposits 1-1000

0il field and other ssaline waters 0.1-230

The range of mercury levels in drinking water, as estimated by-the U.s.
Environmental Protection Agency, is 5 to 100 mg mercury per liter (U.S.

Environmental Protection Agency, 1985b).
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Mercury levels, measured in & number of foods éndrfish,'are shown below:

Mercury lLevels Measured in Foods (Organization for Economic Cooperation
and Development, 1974)

Mercury Mercury -
Levels in Levels in
Natural Foods Abnormal Foods
Food P ¢  1-74 44 _{mg/ke)
Tuna 0.2 10.6
Eggs 0.009 - 0,029 .
Cabbage 0.09 -0.57 ¢

Mercury levels Measured in Fish & Shellfish (U.ST Environmental
Protection Agency 1984b)

Fish/Shellfish = _ . _ ..  Mercury Levels (ppm)

Tuna (canned) ’ . 0.24
Fish sticks : e o 0.21
Shrimp T . 0.46
Flounder =~ = = =~ 7 =t 0000
Clams =~ = =~ 777 ) ) -+ 0.05
Crabs/lobsters = = - 10,25
Salmon - ;0,05
Oyster/scallops =~ ST 004
Trout .~ S ST s 0L42
Bass - T 10.21
Catfish . . 0.13
Sardines I S - 10.06
Pike : U 0.61
Snapper T T T T 0.4
Whiting e —..0.05

411 othetrs ¢lassified 0.21

Concentrations of mercury in fish shoﬁid”not.eQCéeé-b.S ppm (Britt and

Hushon, 1976). - - I v C
Mercury and its compounds occur naturally in trace amounts in plants growing
in soils with low mercury conceﬁtraﬁibns (<500 ppb) (Organization for Economic

Cooperation and Development, 1974). The maximum level fof mercury in plant

tissue is recommended at 0.5 ppm, with a maximum of 0.15 ppm in the soil. These
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