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EXECUTIVE SUMMARY

In early 1997, & baseline risk assessment was performed using all available data to
evaluate human health and ecological risks associated with exposure to pesticide residues in the
surface water impoundments on the golf course at the Defense Distribution Depot, Memphis,
Tennessee (hercinafter referred to as the Depot). The Depot was scheduled for closure, but 1t was

anticipated that the golf course would continuc to be used as a golf course after the Depot closed.

The pesticide dichlorodiphneyltrichloroethane (DDT) and its degradation products,
dichlorodipheny!ldichloroethenc (DDE) and dichlerodiphenyldichloroethane {DDD), werc detected
in sediment samples collected frem the golf course impoundments during the 1990 Remedial
Investigation (R1) (Law Environmental, Inc. 1990). Fishing and swimming in the impcundments is
currently prohibited and will likely continue to be prohibited. However, it was assumed that 2 male
yauth wuulld gain unauthorized access to the impoundments and would be exposed to contaminated
sediments while swimming in the impoundments and as a result of eating (ish caught from the

impoundmenis.

No adverse health effects are anticipated from dermal contact and incidental
ingestion of scdiment while swimming. Ingestion of fish caught from the impoundments was

conservatively estimated to increase the probability of developing cancer by almost 3 in 100,000.

The highest detected concentrations of DDT, DDE, and DDD in surface water and
sediment samples collected from the golf course impoundments were below the U.S.
Environmental Protection Agency (EPA) Region 4 ecological screening values, so further

investigation or remediation based on ecological risk does not appear to be warranted.
In response to recommendations made in the 1997 risk assessment report {Radian

1997), additional sedimcnt and fish samples were collected from the impoundments in late

September §997 to provide more recent data for re-evaluating risk.

DIT05201 MWo? : ¥i Dezenther 1967
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Apain, the highest detected pesticide concentrations in sediment and fish muscle
tissuc were used to quantify human health risks via ingestion and dermal exposurc, using the same
exposure scenario. Except for the exposure concentrations of pesticides, the same values used to
calculale contaminant intakc‘and quantify toxic effects in the early 1997 risk assessment were used

for this risk assessment,

Based on the new pesticide data, the cancer rsk associated with the modelad
exposure is expected to be no greater than 7.3E-06 (i.¢., a probability of 7.3 in a million of

developing cancer}. Most of the cancer risk (approximately 86%) is attributable to fish ingestion,

Thc only fish caught during the September 1997 sampling event were Arkansas
shiners (Motropis girardi), which are commonly used as bait {ish. Analylical data on muscle tissue
from a composite sample of several shiners were used as the representative exposure concentrations
for pesticides in fish. The absence of fish species that are likely to be consumed by humans
sugpests that it is unlikely than anyone would actually incur a cancer risk of 7.3E-06 from cating
fish from these impoundments. Remediation of contaminated sediments does not appear to be

warranted.

DOT08 201 MW7 vil Drocember 1997
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1.0 " INTRODUCTION

The Dcpot s located in the city of Memphis in Shelby County, in the extreme
southwestern portion of the state. The Depot is situated on 642 acres approximately § miles east
of the Mississippi River and just northeast of the Interstate 240/55 junction. The Depot lies in
the south-central section of Memphis, approximately 4 miles southeast of the central business
district and 1 mile northwest of Memphis Tnternational Airport. Figure 1-1 is a map depicting
the location nlfthe Depot relative to the region, the city of Memphis, the Mississippi River, and

the interstate highways.

Construction of the Depot began in June 1941, and operation of the Depot began
in January 1942. The Depot’s mission is to receive, slore, maintain, ard ship items such as food,
clothing, electronic equipment, petroleum products, construction materials, and medical supplies
to units of the U.S. military. The installation consists of 110 buildings, 26 miles of railroad
track, and 28 miles of paved streets. Figure 1-2 is a site layoult map. The land and buildings are
owned by the U.S. Army and are leased by the Defense Logistics Agency. The Depot was closed
in September 1997

A nine-hole golf course is located on the southeast corner of the Depot. The golf
course includes two surface watcer impoundments: Lake Danielson and 1he golf course pond. It is

anticipated that the golf course will continue to be used after the Depot is closed.

The U.S. Department of Defense developed the Installation Restoration Program
(IRP} in 1981 to evaluaie and remediatc the effects of past waste management and disposal
practices at its facilities and to comply with the provisions of the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), as amended. An RI was conducted for
the Depot in 1990 as part of the IRP (Law Environmental, Inc. 1990). The purpose of the RI was
to assess the nature and extent of contamination at the Depot, to examine the migration potential
of detected contaminanis, and to evaluate the risks associated with exposure to the contaminants.

The RI Reporl suggested that pesticide restdues in the surface watcr and bottom sediments in

C5703201 MW7 1-1 Drecmiber 1997
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Lake Danizlson and the golf course pond might pose a hazard to human health via ingestion of
fish living in contact with 1he contaminated surface water/sediment. A baseline risk assessment
(BRA) was conducted in early 1997 based on all historical data to evaluale the residual pesticide
contamination in Lake Danielson and the golf course pond to determine whether remediation of

sediments in those impoundments 1s warranicd.

The following sections describe the BRA methodology thal was used in early
1997 and the subsequent re-evaluation of nsks based oh new contaminant data collected in

September 1997,

Following this introduction, Scelion 2.0 provides an averview of the BRA
process, Section 3.0 outlines the history of the gelf course impoundments’® construction and use.
Section 4.0 describes the previous investigations of the impoundments. Section 5.0 characterizes
the exposure setting and provides the equations and input values used to quantify human health
risks associated with exposure to contaminated media in the golf course impoundments. Section
6.0 summarnizes the available toxicological information on the contaminants of concern. Section
7.0 presents the results of the initial human health risk characterization. Section 8.0 describes the
follow-up investigation performed in Scptember 1997 and presents the analytical data and risk
characterization based on those new data. Scction 9.0 discusses the various sources of
uncertainty associated with the human health risk assessment. Section 10.¢ evaluates potential
risks to ecological receptors that might be exposed to the surface water and scdimend in the goll
course impoundments. Conclusions and recommendations are provided in Section 11.0. All

information sources used in this BRA arc referenced in Section 12.0.

TATOR20L MWET December 1997
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2.0 THE BASELINE RISK ASSESSMENT PROCESS

CERCLA requires that decisions regarding hazardous materials release sites be
protective of human health and the environment. Toward that end, a BRA is usually conducted
to evaluate the nature and magnitude of human health and ecological risk posed by the hazardous
matcrials relcased site in the abscnce of remediation. Somewhat different approachcs are used to
cvaluate human health risks versus ecological risks. This section discusses the human health

evalualion process and the ecological nsk asscssment (ERA)Y methodology,

For a hazardous malerials releasc silc to posc a risk to human health, there must
be a means by which humans can come into contact with the cantaminated media such that the
contaminant(s) can enter the human body., Furthermore, there must be onc or more modes of
action by which the contaminant exerts a toxic effecl on onc or more organ systems of the
exposed human. A conceptual site model is often used to depict the means by which a hazardous
substance is released to the environment, iransported o one or morc cnvironmental media (e.g.,
so1l or groundwater), and contacted by humans via one or more exposure scenarios. The
exposure scenartos arc human activities that nught lead to exposure and are based on current and
reasonably anticipated future land use. Each cxposure scenario is associated with one or more
exposure pathway (i.€., the means by which an exposed individual might receive a contaminant
“dose™). On-site recreation {e.g., swimming) is an example of an exposure scenario, and
incidental surface waler ingestion while swimming is an example of an exposure pathway. In
this example, a surface waler conlaminant must be toxic by the oral exposure route in order for
theretobea human health risk. The toxic effect might be cancer or some other adverse health

effact.

The human health assessment methodology currently employed and
recommended by EPA (1989) begins with a selection of thosc contaminants that are known to
occur in the study arca above background and/or health-based criteria. An exposure assessment
is then performed Lo determine the receptors, activities, and exposure pathways that currently
exist or that can reasonably be anticipated in the fulure at the sitc. Standard equations defined in

applicable regulations and/or regulatory guidance are used to estimate the dose ol cach

09708201 MWIT 2-1 Drcember 1997
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contaminant that a receptor might receive. Site-specific data are used when available to quantify
the dose. In the absence of site-specific data for the inpul variables, default values recommended

in applicable regulations or regulatary guidance are used.

The estimated dose of each contaminant is then evaluated on the basis of available
toxicily information for (hat contaminant. The reference dosc (RfD) of a chemical is the chronic
daily intakc that is conservatively estimated to not cause adverse, noncancer health effects in
even very sensitive individuals. An estimated intake that exceeds the RfID suggests that adverse,
noncancer health effects may oceur as a result of exposure as modcled and indicates the need for

risk management,

Carcinogenic effects are cvaluated by multiplying the calculated intakc by a
cancer stopc factor that estimalces the probability of developing cancer as a result of that
contaminant intake. Carcino genic effccts are evalualed differently from noncancer cffects,
because it is believed that there is no threshold below which a carcinogenic substance does not
pose some potential for causing cancer. An estimaled cancer risk above one in a million {10E-6)
is often used as the decision point for determining whether risk management is nceded. The
BRA usuaily concludes with a discussion of data gaps and the other sources of uncertainty
inherent to the quantification of risk. The actual risk posed by contaminants at the sitc might be
higher than the risk estimate but are usually belicved to be much lower than the risk estimatc

' when consarvalive assumptions are made regarding exposure conditions and toxicity.

Ecological risk can be evaluated in much the same way as human health risk,
although the uncertainlics associated with ERA are much gréaler. An ERA can focus on one or a
few specics that are known to occur in the area of the release site, that are highly susceptible to
the contaminants of concern, and thal arc considered 1o have hi gh ecological, economic, or
societal importance, The toxic effects of concem in an ERA range from outrighl mortality of
individual organisms 1o reduced reproductive success. ERA ofien begins with a screening
process that compares on-site contaminant concentrations to toxicological benchmarks for

wiltdhfe. Toxicological benchmarks are environmental concentrations of toxicants that are

DYEI0N MWET 2-2 December 1997
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believed to be protective of specific ecological receptors. If the detected contaminant
concentrations cxceed the applicable toxicological benchmarks for the species of concemn, a mare

detailed ERA analogous to the human health risk assessment might be warranted.

Risk management decisiens can be made after the nature and magnitude of human
health and ecological risk are estimated. Risk management for a site might invelve remediation
(e.g., cxcavation and removal of contaminated sediment), institutional controls (e.g., fencing,
wamning si gns; deed restrictions), or other actions that serve to interrupt the transport, intake, or
toxic effect of the contaminants of concem. In cases where the risks are conservatively estimated
to be low and the risk management costs arc expected to be high {in terms of dollars or other

socictal or ecological costs), 1he indicated course of action might be no further action.

DOTCA201 MW7 2.3 December 1997
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3.0 SITE DPESCRIPTION

Lake Daniclson and the goll course pond are the main surface water features at
the Depot. Both are unlined, constructed impoundments that lie in the southeastern quadrant ol
the facility. Lake Dantelson has an area of approximately 4 acres and is up to 1O ft deep in
places. Lake Danielson receives surface run-off from most of the eastern half of the installation,
primarily from the area around Buildings 470, 489, 490, 689, and 6S0. Surface run-off and direct
precipitation are the only sources of water 1o Lake Danielson. Lake overflow is discharged
through a drop inlet at the dam, via a concrete-lined channel, to a culvert extending bencath N
Street and Ball Road. The culvert discharges at Outfall 004, as designated in the Depot’s
National Pellutant Discharge Elimination System (NPDES) permit, via unnamed tributarics to
Noncennah Creek approximately threc-guarters of a mile south of the Depot. Nonconnah Creek
drains into the Mississippi River at Lake McKellar,

The golf course pond is less than one-third acre in sizc and up 10 4 fi deep. The
pond receives drainage from the surrounding golf course; Buildings 249, 250, 251, 265, 270, and
271, and 1he south parking lot. Surfzce run-off and direct precipitation are the only sources of
water to the pond. Pond overflow is directed to a culvert extending beneath N Street and Ball
Road, The culvert discharges at Qutfall 012, as designated in the Depot’s NPDES permit, via

vnnamed tributaries to Nonconnah Creek.

Lake Danielson and the golf course pond have been uscd for a variety of purposes
throughout the history of the Depot. Their primary function is stormwater retention and
sedimentation. Stormwater is dirccted to the impoundments via swales, ditches, concrete-lined
channels, and storm sewers, Most of the Depot is level with or above surrounding tetrain, so the
stormwater drainage system receives little or no run-off from areas outside the installation. Most
of the main installation’s land area has been graded, paved, and covered with buildings. The

only significani vegetated arca is the golf coursc.

DOT0820 1. MW7 3-1 Drecember 1997
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o
Lake Daniclson also serves as a fire protection reservoir, providing the required
I-hour additional fire fighting capacity beyond the 1-hour capacity provided by a 100,000-gal
aboveground water storage tank. Lake Danielson was madified in the mid-1960s. A
concrete/corrugated metal (“sheet piling”) edge was added to stabilize and improve the .
appearance of the sides of the lake, and three ladders were added, probably to provide safe egress

from the lake. Lake Danielson was periodically stocked with bluegill and bass. Catfish have

also been observed in the lake in the past.

3-2 December 1297
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4.0 PREVIOUS INVESTIGATIONS

4.1 LS. Army Environmental Hygiene Agency

Fish tissue samples (i.e., edible portions) were collected from Lake Danielson and
the golf course pond and analyzed for pesticides in 1986 by the U.S. Army Environmental
Hygicne Agency (AEHA). Chlordane, DDT, DDD, and DDE were detected in both sediment

and fish tissue samplcs.

The use of DDT at the Depot was discontinued in 1980, Fishing was discontinued
al Lake Danielson in 1986, and a continued ban on fishing and swimming at both impoundments

was recommended in the 1990 RI Report (Law Environmental, Inc. 1990).

4.2 1990 Remcdia_[ Investipation

The golfcoursé impoundments' surface waler and sediment were sampled and
analyzed in April 1989 and January 1990 as par{ of the 1990 RI. Sediment samples were
collected [rom three locations in Lake Danielson (3D-1, SD-2, and SD-3) and two locations in
the polf course pond (SD-4 and SD-5). Two sediment samples were collecied from each
location: onc from the surface and one from a depth of 9 in. Surface water samples were also
collected from Lake Danielson and from the golf course pond as part of the R1. The sample

locations are shown in Figure 4-1,

, The only surfacc water sample from either impoundment that contained a
detectablc amount of pesticide was sample SW-7, which contained 0.21 e/l of 4,4'-DDE. DDD.
and DDE were detected in two of the sediment sample locations in Lake Danielson, and the
maximum detected concentration of either pesticide was 110 pg/kg of DDE in the surlace

sediment sample from SD-3. DDD, DDE, and DDT were dctected in both sediment sample

D9703201 LEW7 4-1 DPecrmber 1997
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locations in the golf course pond, and the maximum detected concentration was 3000 pg/kg of
DDD in the surface sediment sample from SD-5. The sediments collected were described as firm

clay (Law Environmental, Inc. 1990). Table 4-1 presents thc sediment data from the RI Report. ) .

Background levels of DDT, DDD, and DDE in U.S. and Canadian lake and river
sediments range from 0.1 to 13 pg/kg (CH2M Hill 1996). Since these pesticides are not
naturally occurring substances, and they are present in the golf course impoundments’ sediment

above background levels, all three compounds were evaluated quantitatively in the early 1997
BRA.

4.3 Contaminant Fate and Transport

DDD and DDE are degradation products of DDT, and ali three compounds have
similar properties. All are relatively insolublc in water and adsorb rcadily onto soil particles, so
’ they tend 1o persist in soils and sediments. The presence of DDT, DDD, and DDE in the goif
course impoundments’ sediment is probably duc to the past practice of direct application of these
pesticides during routinc golf course maintenance. Pesticides applied to the golf course and
other parts of the Depot were likely transported 1o the golf course impoundments via soil
particles in surface run-off. The low solubility of these compounds is the likely reason for the
observed low concentrations in surface water samples. Leaching to groundwater is not likely to '

accur due to the low solubility of the pesticides (Law Environmental, In¢, 1990).

DIT0EZOLMWOT 4-3 Decomber 1997
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5.0 EXPOSURE SETTING

This scction describes the exposure assessment (hat was used boih for the earty
1997 BRA and for this updated BRA based on data collected in September 1997.

Land use in the area suirounding the Depot is a mixture of residential,
commercial, and manufacturing establishments. The population for the Depot’s zip code area is
40,352 according to the 1990 census. Several large, multifamily developments are in the area,
ranging from an older apartment complex {Castalia Heighis Apartments) located north of the
Depot along Carver Avenue and Keltner Circle, to a newer development {Orchid Manor) located
to the south of the Depot on Ball Road. There are several schools within 1.5 miles of the Depot.
Dunn Elementary, Corry Junior Fligh, and Alcy Road Elementary are within one-half mile of the
Depot. Charjean Elementary, Airways Junior High, and Hamilton Elementary are within 1 to 1.5
miles of the Depot. Two neighborhoad parks, Alcy Samuels Park and Lincoln Park, are in the
vicinity of the Depot. No other sensitive land uscs or receptors occur in the vicinity of the Depot

(Law Environmental, Inc. 1990).

:l'he Depot property is zoned light industrial, as are several contiguous parcels.
With the exception of the golf course, most of the main installation is paved or covered with
huildings, primarily warehouses and covered storage arcas. Future land use on the installation is
likely to remain industrial and/or commercial. The golf course is anticipated lo remain in its

current use after the Depot closes.

The pesticide contamination in the golf course impoundmenis’ sediment is
unlikely to leach inte surfacc water or groundwater, due to the low solubility of the pesticides
and their strong affinity for soil and sediment particles. The sediments are covered with several
fect of water, so direct human exposure lo the sediments is unlikely to occur under current and
reasonably anticipated luture conditions. Swimming and fishing in the impoundments are likely
to continue to be prohibited in the future. However, it is conccivable that an adolescent/ieenage

individual might gain unauthorized access to the ponds for swimming, wading, or fishing.

DI70R0 1. MW9? 5-1 ' December 1997
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_ The exposure scenario used in this BRA to quantify human health risk involves a
male youth who gains unautherized access to swim and fish in the impoundments. He is
assumed to swim in the impoundments for-1 hour each day, 5 days/week during the summer
months from the age of 13 to 18, attempling to retrieve golf balls from the bottoms of the
impoundments. It is assumed that his hands and feet become covered with sediment in the
process of attempting to retrieve golf balls. It is further assumed that a considerable amount of
sediment becomes suspended in the water column while he swims and dives for golf balls. He is
assumcd to swallow a small amount of water containing suspended sediment while swimming
and diving. He is assumed to be able to catch and eat catfish from the impoundments.

Figure 4-1 is a conceptual site model diagram that summarizes the contaminant rclease

mechanism, environmental transport mechanisms, cxposure media, and exposure pathways that

apply to the golf course impoundments.

The exposure duration and the age and gender of the receplor were chosen on the
basis of the risk asscssor’s personal observation of behavior patterms, 1t seems that male youths
are more likely than female youths to gain unauthorized access for recreational purposes. Before
the age of 13, parental supervision tends to be greater, averting the opportunity for such
activities. After the age of 18, othcr pastimes are likely to replace swimming and [ishing to a

large degree,

The mean skin surfacc area of the hands and feet of malcs age 13 to 18 was used
as the contact area for sediment exposure (EPA 1990). The adherence factor recommended by
EPA (1989) for kaolin clay was used to account for the amount of sediment that would adhere (o
the skin. The adsorption factor recommended by Ryan et al. (1987) for organic compounds was
used to account for the amount of pesticide that would be transferred from the sediment to the
receptor’s blood through the skin. The mean body weight of males age 13 to 18 was used in the
calculations of pesticide intake (EPA 1990).

THI70830) MWRT 5-2 December 1597




DRAFT

- h " 1 o
. “ iy aesseuus} ‘siydwepy ‘Loda uaynquisiq esueyeq &
00 4 w8 03H33HY [ es-Zi-11 3 'PUOJ BEIOD JIOB PUE UOEBILEQ 8Y8-] TYNOQILYNYILNI P
T ¥X A NAYNO 0 NORIAIY ‘tepol 8US |enjdesuon '1-9 e.nbjy :‘E ] .m
[dw]
2 .
ONIQYM
oo JONIWAIMS TTIHM
ot ININITIS HUM | ]
ol LOVINQD TwWY3d IN3WIOSS
ANOd
ONINHIMS 3NSSIL HSI4 . 354N02 47109
I FHHM NOILSION| |t— W_%m_m.u " mm__m&ﬂwﬂmww OL 53QIDNSIJ o
INIWIOAS ONY 23Lvm 40 NCILYOIddy
/SANOd 01 430—NNY OlLvorad *
3NSSIL
NOILSION| HSlY [e—r MS1
ONOd
SAYMHLIYd JHNS0Odxd YId3dW F4NS0dx3 WSINYHI3IW 1HOdSNYYL 3Sv3IT13d AYVYWIHC
— _ g

OMT L —SOLADONOL | 2 S5ENN




268 27

DRAFT

The maximum concentration of each pesticide detected in any sediment sample
collected in 1986 from the impoundments was used as the concentration to which the receptor
would be cxposcd in the early 1997 BRA. Likewise, the maximum concentration of each
pesticide detected in any scdiment sample from the September 1997 sampling event was used as
the represeniative exposure concentration for this updated BRA. EPA (1989) recommends the
use of the 95% upper confidence limit on the mean of the data set {95 UCL) as the rcpresentative
cxposure concentration. However, the data sets for the impoundments’ sediment are small and
exhibit a high degree of variability, so the 95 UCL may be higher than the maximum detected

corncentration.

The amount of sediment suspended in the water column was assumed to be
approximately 10 ppm, which is very turbid water; so the maximum concentration of gach
pesticide was divided by 10G,0b0 to estimate the pesticide conceniration in water. The water
ingestion rate recommended by EPA (1989) for conlaminant exposure while swimming was used

in the calculations of pesticide intake.

To quanuify nsks associated with ingestion of fish from the golf course
impoundments, the samc hypothetical youth is assumed 1o be ablc to catch and eat catfish from
the impoundments as an activity independent of swimming, The catfish tissue pesticide data
from the 1986 investigation by the AEHA were used as the representative cxposure
concenirations in fish. The fish ingeslion rate (6.5 p/day) recommended by EPA (1989) as the
mean annual per capita fish consumption rate for the United States was used along with an
assumed exposure frequency ‘of 365 days/year and an cxposure duration of 6 years to quantify
pesticide intake via ingestion of fish from the golf course impoundments. It was assumed that all
fish tissue ingested was caught [rom Lhe golf course impoundments, so a value of one was used

for the fraction ingested variable,

The following equations and paramcters were used to quantify contaminant
intake:
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Dermal Exposure to Sediment

Absorbed Dose (mg/kg/d) = (CS x CFx SA x AF x ABS x EF x ED)/(BW x AT)

where:  CS chemical concentration in sediment (mgfkg)

CF = conversion factor (10E-6 kg/mg)

SA = surface area available for contact (cm?/event)
AF = scdiment to skin adherence factor (mg/cm?)
ABS = absorption factor (unitless)

EF = exposure {requency (events/year)

ED = exposure duration (years)

BW = body weight (kg)

AT = avcraging time (period over which exposure is

averaged, days)

Ingestion of Water and Sediment While Swimming

Intake {mg/kg/d) =(CW x CR x ET x EF x ED) / (BW x AT)

. where: CW = chemical concentration in water (mg/L)
CR = contact rate (L/houn)
ET = cxposurs time {(hours/event)
EF = exposure frequency (events/year)
ED = exposure duration (vears)
BW = body weight (kp)
AT = averaging {ime (days)

Fish Ingestion

Intake (mg/kg/d) = (CF x IR x FI x EF x ED) / (BW x AT)

. where: CF = contaminant concentration in fish (mg/kg)
IR = ingestion rate (kg/day)
FI = fraction ingested from contaminated source (unitless)
EF = exposure frequency (days/year)
ED = cxposure duration (years)
BW = body weight (kg)
AT = averaging time (days)
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For many noncarcinogenic cffects, protective mechanisms are belicved to exist
that must be overcome before the adversc effect is manifested. For example, where a large
number of cells perform the same or similar function, the cell population may have to be
signiﬁcantly depleted before the effect is secn. As a result, a range of cxposures exists from zero
1o some finite value that can be tolerated by the organism with essentially no chance of
expression of adverse effects. Becausc variability exists in the human population with regard to
what (hat threshold is, attempts are made to identify a sub-threshold level protective of scnsitive
individuals inlthe population. This sub-threshold level is the RfD, expressed as a chronic daily
intake in mg of chemical per kg of body weight averaged over the number of days in the period
of exposure. Thus, the averaging time variable used in the calculation of noncarcinogenic

chemical intake 1s cqual to the exposure duration in years multiplied by 365 days/year.

Carcinogenesis is generally thought to be phenomenon for which risk cvaluation
bascd on presumption of a threshold is inappropriate. For carcinogens, EPA assumes that a small
number of molecular events can cvoke changes in a single cell that can lead to uncontrolied
cellular proliferation and eventually to a state of disease. This mechanism is referred to as
“nonthreshold” beeause therz is believed to be essentially no level of exposure to such a chemical
that does not pose a finite probability, however small, of generaling a carcinogenic response.
Therefore, the toxicity of carcinogens is expressed as a cancer slope factor, which js the
probability of cancer induction per unit intake. The unitr intake is expressed as mg of chemical
per kg of body weight averaged over a 70-year lifetime. Since carcinogens are believed to excit
a toxic response anytime during an exposed individuals lifetime after the period ol exposure, the
averaging time variable for calculating carcinogenic chemical intake is equal to 365 days/year

multiplied by an assumed 70-year lifctime.
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6.0 TOXICITY ASSESSMENT

This toxicity assessment summarizes the currently available information on the
modes and magnitude of toxic action of DDD, DDE, DDT, chlordane, dieldrin, and heptachler
epoxide. The complete toxicity report from EPA’s Integrated Risk Information System (IRIS)
for each pesticide is provided in Appendix D.

6.1 4.4'-DDD. 4.4'-DDE. and 4.4-DDT

DDT is a man-made compound that was widely used as an agricultural insccticide
and to control diseasc carrying insects. DDD and DDE are common contaminants and metabelic
products of DDT. DDD was also used to kill pests and as a chemotherapeutic agent in the
treatment of adrenal cancer. DDT may no longer be used in the United States except in the case
of public health emergencies (o control disease vectors. It is still used regularly in other parts of
the world. Because people are not typically exposed o DDT, DDD, ot DDE individually, but
rather to a mixture of all three, the toxicitics -of'these compounds should be considered jointly
[Agency for Toxic Substances and Diseasc Registry (ATSDR) 1994].

6.2 4,4'-DDD CAS No. 72-54-8

A No Observed Adverse Effects Level (NOAEL) of 26 mg/kg/day was identificd
during short-term exposure (1 week) of mice to 4,4'-DDD in the diet. Exposure of rats 1o 1221
mg/kg/day of 4,4-DDD for 16 days resulted in atraphy of the thymus, NOAELs of 165 and 107
mg/kg/day were identified in chronic studies (78 weeks) using rots and mice, respectively.
However, at 85 mp/kg/day, exposure to 4,4-DDD resulted in thyreid tumors in rats. Ina
scparate study, exposure to 32.5 mg/ke/day of 4,4'-DDD caused lung tumors in mice (ATSDR
1994},

Neither EPA’s TRIS nor the Health Effects Assessment Summary Table (HEAST)

lists an oral RfD, inhalation RfD, or inhalation reference concentration {RIC).
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4,4-DDD is a Group B2 Probable Human Carcinogen. This classification is
based on the induction of lung tumors in male and female mice, liver tumors in male mice, and
thyroid tumors in male rats. There are no human carcinogenicity data. The oral slope factor, as
given by RIS, is 2.4E-01 (mg/kg/day)y’. The supporting study used an adequate number of
animals, but the slope factor was derived using tumor incidence data from one dose. There i5 no

inhalatien unit risk at this time,

6.3 4.4'-DDE CAS No. 72-55-9

The health effects resulting from exposure of animals to 4,4'-DDE in water are not
known. Exposure of mice (by gavage) to 26 mg/kg/day of 4,4-DDE for 24 hours/day for one
week caused alterattons in the liver. When rats were exposed ltu 28 mg/kg/day of 4,4-DDLE by
gavage on geslation days 15-19, a decrease in the weight of the ovaries was noted. A NOAEL of
42 mp/kg/day was identified in a long-term (78 weeks) study in which rats were fed 4,4'-DDE in
the diet. Hamsters fed 41.5 mg/kg/day of 4,4'-DDE for 128 weeks exhibited necrosis of the liver
and when 4,4'-DDE was administered by gavagce, tumors of the liver were observed. When mice
were exposcd to 19 mg/kg/day of 4,4-DDE in the diet for 78 weeks, liver tumors were also-
observed. There is no R{D or RfC for DDE in [RIS or HEAST (ASTDR 1994).

4,4'-DDE is classified as a Group B2 Probable Human Carcinogen. This
classification is based on increased incidence of liver tumors including carcinomas in two strains
of mice and in hamsters and thyraid tumors in female rats when 4,4'-DDE is given in the diet.
Human data are not available. The oral slope factor is 3.4E-01 (mg/kg/day)"'. This value is the
geometric mcan of six slope factors computed from incidence data by sex. There is no inhalation

slope factor for DDE.

6.4 44'-DDT CAS No, 50-29-3

The primary effect of short-term exposure to high levels of 4,4'-DDT is on the
nervous systerm. Oral ingestion of large quantitics of 4,4"-DDT has resulted in excitability,

tremors, and seizurcs in humans. lritation of the eyes, nose, and throat has been reported by
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peoplé who have come in contact with 4,4-DDT. Exposure to low doses of DDT on a long-term

basis has resulted in changes in the levels of liver enzymes involved in metabolism of drugs and

chemicals, but there was no indication that 4,4'-DDT caused irreversible damage (ATSDR 1994).

Studies conducted in lzboratory animals suggest that exposure (o 4,4'-DDT may
have harmful effects on reproduction and may résult in an increased occurrence of liver tumors.
However, five studies of 4,4"-DDT exposure in humans did not show increases in the number of
deaths or cancers (ATSDR 1994}. Increasing cvidence indicates that pesticides, including 4,4'-
DDT, can alter immune function in rodents, although studies in humans are limited and
ambiguous. In a study of pesticide formulators in India, 73% of workers exposed to 4,4'-DDT

had altered levels of scrum immunoglobulins, alihough ne increase in infections was noted.

The oral RID for 4,4'-DDT is listed in [RIS as SE-04 mg/kg/day. This value is
based on a chronic rat feeding study in which 4,4'-DDT was provided in the diet. Weanling rats
were fed commercial DDT in doses of 0, 1, 3, 10, 01-' 30 ppm for 13 to 27 weeks. Increasing
hepatocellular hyperirophy was secn at doses of 5 ppm and greater. Therefore, 5 ppm was
cstablished as a Lowest Obscrved Adverse Effects Level. A NOAEL of 1 ppm (converted to
(.05 mg/kg/day) was also established in the study. An uncertainty factor of 100 was used to
account for interspecies conversion ang to protect sensitive human subpopulations (10x each).
An uncertainty factor for subchronic to chronic conversion was not included because of
corroboraling chronic data in the data base. A confidence rating of medium was associated with
the RiD and reflects that the principal study was adequate but of shorter duration than desired.
There are no values for the inhalation RfD or RC at this time. HEAST lists the subchronic oral
RiD as 5.0E-04 mg/kg/day.

4,4'-DDT is classified as a Group B2 Probable Human Carcinogen. This
classification is based on tumors (usnally liver) in various mouse strains and three rat studies,
Human carcinogenicity data are inadequate. The oral slope facior listed in IRIS is 3.4E-01

{mg/kg/day)’. The inhalation unit risk is listed in TRIS as 9.7E-05 (mg/m®)™.
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6.5 Chlordane

Chlordane is a member of a class of chlorinated hydrocarbon pesticides called
cyclodienes and has two main isomers (cis and srans). Cis-chlordane (alpha-chlordanc) is more
abundant than trans-chlordane (gamma-chlordane). In addition to the two chlordane isomers,
technical grade chlordane may alsa contain heptachlor, nenachlor, hexachloracyclopentadiene,
and other compounds (ATSDR 1994),

The health cffects of chlordane arc similar to other chlorinated hydrocarbon
insecticides, especially other cyclodienes. The central nervous system is affected by inhalation
of chlordane. Headaches, dizziness, vision problems, inceordination, imitability, cxcitability,
weakness, muscle twitching, and convulsions have been reported in humans cxposed acutely to
chlordane via inhalation. Acutc inhalation of chlordane may also cause respiratery irmitation and
congestion and gastrointestinal effects such as cramps, diarrhea, and nausea. Chronic exposure
to chlordane has resulted in migraincs, neuritis, and neuralgia. Chranic inhalation of chlordane
may cause blood dyscrasias, adverse hepatic effects, and adverse reproductive effects. Available
human dala with regard to these effects is of limitcd use due to the fact that patients were not
exposed solely 1o chlordanc in most instances. Immunological effects have been observed in
humans exposed 1o chlordane via inhalation. Adverse cffccts were seen in kidneys of animals

cxposed to chlordane by inhalation (ATSDR 1994),

Oral ingestion of chlordane affects the contral nervous system in humans. Ataxia,
headache, dizziness, irritability, excitability, confusion, incoordination, muscle tremors, seizures,
convulsion, and coma have been noted with acute human oral exposure to chlordane. Oral
ingestion of chlordane may also cause gastrointestinal effects such as nausea, cramps, and
diarrhea. Hcpatic, reproductive, and developmental cffects have been observed in animals

adminisiered chlordane orally.
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Dermal exposure to chlordane may result in systemic effects, including central
nervous system effects. Burning of the skin, rashes, and pruritus have been reported in humans
who were exposed to chlordane dermally. Conjunctivitis has been reported with accidental

application of chlordane to the eyes.

The chronic RfD f‘o‘r chlordane is listed in TRIS as 6E-05 mg/kg-day. This is
based on a chronic rat study using doses of 0, 1, 5, and 25 ppin technical grade chiordane in the
dict. Clinical laboratory studies were performed and organ weights measured on eight
animals/sex/group at 26 and 52 weeks, and on all survivars at 130 weeks. Gross and microscopic
pathology were performed on all tissues. Daily dose levels of (1.045, 0.229, and 1.175 mg/kg-day
for males and 0.055, 0.273, and 1.409 mg/kg-day for females for the 1, 5, and 25 ppm treatment
groups, respectively, were derived from food consumption and body weight data. 1t was
concluded that liver hypertrophy occurred in female rats at 5 ppm, which was considered the
lowest effect level. A NOAEL of | ppm was cstablished. HEAST lists a subchronic RID for
chlordane as 6E-05 mg/kg-day.

An unccrtainty factor of 1000 was uscd to derive the chronic oral RfD for
chlordane. A factor of 100 was used to account for the inter- and intra-species differences {10
each). A factorof 10 was uscd to account for a lack of a second mammalian species, lack of
chronic exposure data, and an insufficicntly sensitive endpoint. These uncertainties resulted in a

“low confidence level. There are no values for the inhalation RD or RfC at this time (TRIS 1996).

Chlordanc is 2 Group Be—Probable Human Carcinogen. This classification is
based on the development of benign and malignant liver tumors in four strains of mice (both
sexes) and in male F344 rats. This compound is also structurally related to other liver
carcinogens, Human carcinogenicity data are inadequate. An oral slope (actor is listed in IRIS
as 1.3E+00 (mg/kg-day)’. Liver tumors were induced in mice of both sexes in two studies, an
adequate number of animats was observed and dosc response effects were reported. The _ _
inhalation unit risk is listed in [RIS as 3.7E-04 (Fg/m®)". HEAST kists an inhalation slope factor
based on route to route cxtrapolation for chlordane as 1.3E+00 (mg/kg-day)'.
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0.6 Dieldrin

Dieldrin is an agficultural insecticide that is no longer used in the U.S. 1t was
used extensively from the 1950's until its use was banned by the U.S. Department of Agriculiure
in 1970, The EPA did allow the use of dieldrin to kill termites from 1972 until 1987, 1n 1987,
the manufacturer of dieldrin volur;tarily canceled the registration for usc of dieldrin in controlling
termites. In its pure form dieldrin is a white powder that will evaporate slowly with a mild
chemical odorl. Technical grade dieldrin is a tan powder. Dieldrin is a product of aldrin
degradation in the environment and is in the body (ATSDR 1991},

Dieldnin is lipid-soluble and stored in adipose tissuc of humans and other animals.
Aldnn and dieldnn cause similar adverse health effects. No increase in mertality from any cause
has been reported in workers who have been employed in the manufacture of dicldrin for more
than four years. However, long-term expasure to moderate levels of dieldrin causes headaches,
dizziness, irritability, vomiling, or uncontrollable muscle movements. Central ncrvous system
excilation culminating in convulsions was the principal toxic effect noted in occupational studies
of workers employed in the manufaciure or application of dieldrin. Shoit-term exposure to high
levels of dieldrin causes convulsion and kidney damage. Long-term exposures to lower levels
may alsa cause convulsions as a result of the potential for dicldrin to accumulate within the body
(ATSDR 1991).

The carcinogenic and reproductive/developmental effects of dieldrin in humans
are currently unknown. Experimental studies indicate that animals bomn to mothers that were fed
dieldrin do not live long. One study revealed detectable levels of dieldrin in {he human placenta,
amniotic fluid, and fetal blood. These results suggest that dieldrin can pass through the human
placenta and accumulate in the developing fetus (ATSDR 1991).

The oral RfD for dieldrin is histed in TRIS as SE-05 mg/kg-day. This value was
based on a chronic (2-year) rat feeding study. The critical effect noted in the study was liver

lesions. HEAST lists a value of 5.00E-05 mg/kg-day for the subchronic oral RiD.
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The uncertainty factor used to derive the oral RfD for dieldrin is 100. This factolr
allows for the cxtrapolation of dose levels from animals to humans and the unceriainty in the
threshold for sensitive humans. The confidence level for the RfD value is medium. The
principal study is an older study for which dctailed data are not available. The chronic toxicity
evaluation is rclatively complete and supports the critical effect. The RfD is given a medium
confidence rating based on support for the critical effect from oiher dieldrin studies. Cenfidence

in the study is low. However, confidence in the database is medium (IRIS 1996).

Dieldrin is a Group Be-Probable Human Carcinogen. This is based on the fact
that dieldnin 1s carcinegenic in seven strains of mice when given orally, 1t is also structurally
similar to aldrin, chlordane, heptachlor, heptachior epaxide, and chlorendic acid, which are
tumorgens. The oral slope factor listed by IRIS is 1.6E+1 (mg/kg-day)” and is the geometric
mean of 13 slope factors calculated from liver carcinoma data in both sexes of several strains of
mice. The inhalation unit sk listed by IRTS is 4.6E-03 mg/m’, based on oral data. HEAST lists
a value of 1.6E+01(mg/kg-day)' for the inhalation slope factor.

6.7 Heptachlor Epoxide

Upon entering the body, heptachlor is metabolized to heptachlor epoxide and
other related chemicals. Heptachlor cpoxide is more harmful than heptachlor, primarily because
of its ability to be stored in fat for long periods of time. The breakdown products of heptachlor
epoxide are generally are fess toxic. Long-term exposure to heptachlor epoxide may adversely
affect the liver. Animals fed heptachlor epoxide in an experimental setting have been reported to

have enlarged livers, liver damage, kidney damage, and increased red blood cell count.

Placenlal transfer of heptachlor epoxide has been reporied following inhalation
exposure. Heptachlor epoxide has also been identified in breast milk. This compound has been
detected in stillborn infant brain, adrenal, lung, heart, liver, kidney, spleen, and adipose tissues.
However, the studies reporting these findings were limited by lack of data concerning route,

duration, extent of exposurc, and number of cases examined. No gross malformations were
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reported in any of the stillbom infants. Although a developing fetus corld be exposed to
heptachler epoxide transplacentally, the existing data are inadequate lo cstablish a relationship

belween exposure and human developmental toxicily (ATSDR 1992).

The oral RfD for heptachlor epoxide is listed as 1.3E-05 mp/kg-day in IRIS. This
value is based on a chronic feeding study conducted in dogs fed diets containing 0, 0.5; 255 o
7.5 ppm of heptachlor epoxide for 60 weeks. The critical effect noted in the study was treatment-
related increases in liver-to-body weight ratios. Effects were noted in both males and fernales
and a lowest effect level of 0.5 ppm was esiablished. A no observed effect level {(NOEL) was not
established in this study.,

An uncertainty factor of 1000 was used to account for inter- and intra-species
differences and because a NOEL was not cstablishcq in the study. The confidence associated
with the oral RfDD was low, reflecting that the principal study was of low quality and that the
database on chronic toxicity is complete but consists of low guality studies. The subchronic RD
listed in HEAST is the same as the chronic RiD {1.3E-05 mg/kg-day) listed in IRIS.

Heptachlor epoxide is classified by the EPA as Group B2CProbable Human
Carcinogen. Sufficient evidence exists from rodent studies in which liver carcinomas were
induced in two strains of mice of both sexes and in CFN female rats. Tt is also structurally
similar o several olher liver carcinogens. There are no published epidemiologic evaluations of
heptachler epoxide. The oral slope factor listed in IRIS is 9.1E+00 (mg/kg-day)'. An inhalation
unit risk of 2.63E-03 mg/m~ was calculated from oral data. HEAST lists a value of 9.1E+00
(mg/kg-day)' for the inhalation stope factor.
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7.0 INITTAL RISK CHARACTERIZATION

Table 7-1 presents the results of the initial human health risk quantification.

Appendix A contains the spreadsheet used to calculate pesticide intake and subsequent risk.

Table 7-1

Cancer Risk Estimates for Lake Danielson
and Golf Course Pond Based on 1990 RI Data

Coniaminant Dermal Exposure Sediment Ingestion Fish Ingestion
DDD 9 98E-08 8.79E-11 1.O7E-QS
DDE 3 21E-09 2.82E-11 1.58E-05
DoT 1LATE-O7 1.2E-10 3.13E-06

Total Pathway Risk Total Pathway Risk Total Pathway Risk
2.44E-07 24E-10 2.95813-05

Dermal exposure and ingestion of sediment while swimming were found to pose
negligible degrees of cancer risk, according to the modeled exposure. The daily absorbed dose of
DDT by the dermal exposure pathway was estimated (o be 4.02E-07 mg/kg/day, and the chronmic
daily intake of DDT via sediment ingestion while swimming was ¢stimated to be 1.2E-10
mg/kg/day. Both values are well below the RfD of 5E-04 mg/kg/day for DDT, so adverse
noncancer health cffects are nel expected to occur as a result of the modeled exposurc to DDT.

No RID values are availatle for DDD or DDE'.

The total pathway cancer risk (i.e., the combined risk for all three pesticides) for
fish ingestion was estimated to be 2.96E-05, This degtree of cancer risk i1s within the range of
Superfund site remediation geals in the National Contingency Plan [CFR 300.430(e)(2)(D){A)(2)]
(1.c., 1E-04 to 1E-(06). The chrm:lic daily intake of DDT via fish ingestion was cstimated to be
9.2E-06 mg/kg/day, which is well below the RFD of 5E-04 mg/kg/day for DDT, so adverse
noncancer health effects are not expected to occur as a result of the medeled exposure to DDT.

As previously stated, no RFD) values are available for DDE or DDD.
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The May 1997 BRA (Radian 1997) concluded that the majority of the human
health risk associated with the golf course impoundments was attributable to ingestion of
pesticide residues that might be present in fish in the ponds. However, the current existence of
edible fish species in the ponds was uncertain. Furthermore, pesticide concentrations in fish
and/or sediment appeared to be highly variable (based on 1986 and 1991 data) and may have
changed since the time of those previous investigations. The BRA recommended that additional
sediment and fish samples be collected and analyzed while assessing the current condition of fish
populations in the golf course impoundments. The new data could then be used to re-evaluate
the human health risks associated with exposure to pesticides in the impoundments. The

recommended sampling was conducted in Scptember and October 1997.
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3.0 FOLLOW-UP INVESTIGATION

Fish and sediment sampling was conducted at the golf coursc impoundments
beginning on 29 September and ending on 2 October 1997. The weather was sunny during the

entire sampling event, with temperatures around 70°F.

Fish sampling was attempted before coltecting sediment samples to avoid
disturbing the fish (making them harder to catch) and to avoid suspending sediment that might
further contaminate any fish that might be present. Several fishing methods and bait types were
used. On the first day of the sampling event, four individuals spent a total of approximatety 24
lours {an average of 6 hours of fishing per person) angling in Lake Danielson. Spin casters and
cane poles were used together with live earthworms, crickets, and beetles; plastic worms, grubs,
and lizards of various colors; chicken blood catfish dough; Uncle Ben's catfish ba-it; Worden’s

rooster Lails; and Panther Martin and Mepps lures.

Several large Arkansas shiners (Norrapuis girardi) were caught throughout the
day, but no other fish species were caught or observed. No surface activity indicative of the

presence of ather fish spceies was observed.

The shiners ranged in length from 5'% to 7 in., and the total weight of the 13
shiners caught on the first day was approximately 1 Ib. The 13 fish were cach rinsed in distilled
water, and they were wrapped together in aluminum foil as a single, composite sample labeled
“Fish Sample No. 1.” The sampte was placed into a freezer at the end of the hArst day of

sampling.

On the second day of sampling approximately 225 meters of commercial trot line
was strung across Lake Danielson about 1/3 of the way from the scuth end of the lake, anchored
on the dam and at a point jutting into Lake Danielson from the opposite stde. The 48 trot line

hooks were baited with shrimp, cut shad, and night crawlers. Empty plastic water bottles were
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attached to the trot line near each end and in the middle to serve as floats. Lead sinkers were
-altached to the trot line about every 15 yards. The trot line was left in place for approxitmately 48

hours.

Also on the second day a wire catfish trap, 19 in. in diameter and 60 in. long with
1-in. square mesh, was baited with cotlonsced meal cake and placed into Lake Daniclson near the
dam (west wall} approximately 1/3 of thc way from the south end of the lake. The trap was left
tn place ovcmli ght, with the open end facing such that fish swimming clockwise would encounter

the open end.

The trot linc and catfish trap were checked on the moming of the third day of
sampling. The trap contained several Arkansas shiners bul no other fish species or other aquatic
. organisms. All live fish (24 individuals weighing a total of approximately 2 Ib) were rinsed with
distilled water and wrapped in aluminum foil as a single sample. The sample was labeled as Fish

Sample No. 2 and placed inlo a [reezer.

Nothing had been captured by the trot line. The trot line was rebaitad and left n

place. The trap still contained bait and was also left in place.

All sediment samp;les were collected on the third day of sampling. A Petit Ponar
stainless steel clamshell dredpe was used to collect samples of sediment from the bottoms of both
ponds. The approximate sample locations are shown in Figure 8-1. When possible, sediment
samplcs were collected while slanding on the sides of Lake Danielson. A few samples had to be
collected by lowering the dredge from within a canoe. Nine of the 10 planned samples were
collected from Lake Danielson. Sample No. 4 could not be collected due to an apparently thick
layer of crushed rock lying on the bottom of Lake Danielson at that location. Three sediment

samples were collected from the golfl course pond by lowenng the dredge from within a canoe.

CA708201.MWaT
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When collecting sediment samplcs, the dredge was carefully lowered by hand
from the end of a rope. The release of pressure when the dredge encouniered the boitom would
cause the discharge of a spring-loaded pin, allowing the dredge to close, encasing a portion of the
matcrial on the bettom of the ponds. Tn many casces, leaves from the trees surrounding the ponds
would represent the majority of the material caplured by the dredge. Repeated attempts were
sometimes necessary to obtain an appropriate and adequate sample of sediment. Even after
repeated attempts, Scdiment Sample Location No. 2 yielded mostly leaf litter. The analytical
laboratory was directed (o sieve the leaves from the sediment samples before analyzing the
sediment portion. The small amount of sediment obtained at Sample Location No. 2 resulted in

higher detection limits for that sample.

Each sediment sample was transferred from the dredge lo a clean, stainless stegl
bowl and mixed thoroughly with a clean, stainless steel spoon. The sample was then packed into
a clean, wide-mouth glass jar provided by the analytical laboratory. The jar was immediately
labeled, sealed with custody tape, and placed into a cooler with ice. All samples were kept in the
custody of the sampling tcam or locked in the vehicle, until transferring the samples to the

custody of Federal Express for shipment to the analytical laboratory.

Before and after collecling each sediment sample, the dredge, bowl, and spoon
were decontaminatcd by washing with a tap water/low phosphate detergent solution, rinsing with
tap water, rinsing with isopropanol, rinsing with distilled water, end air drying. A rinseate blank
was collected o evaluate the effectiveness of decontamination. The rinseate blank was obtained
by pouring distilled water over the decontaminated dredge into the decontaminated stainless steel
bowl and transferring the water directly to a glass jar provided by the analytical laboratory. The

rinseate blank was analyzed for pesticides. All results were below the detection limit of 10 pg/l..

On the fourth day of the sampling event, the trot line and trap were checked in the
moming. No fish had been captured by the trot ling, so it was removed. Only Arkansas shiners
were in the trap. All fish were removed from the trap, and the trap was removed from Lake

Danielson. No fish werc observed in or captured from the gnlfcﬁurse pond.
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The fish samples were packed with dry ice, and the sediment samples were
packed with fresh ice, and all samples were shipped that day via Federal Express for overnight
delivery to the analytical lzboratory. The laboratory was directed to grind the whole fish in Fish
Sample No. 1 for wholc body analysis and to fillct the fish in Fish Sample No. 2 for muscle
lissue analysis. All fish and sediment samples, as well as the rinseate blank, were analyzed by
EPA SW-846 Method 8081 for pesticides. Pesticide concentrations in sediment were reported on
a dry weight basis, whereas pesticidc concentrations in fish were reporied on an “as received”

basis. The analytical data are shown in Table 8-1.

As expected, pesticide concentrations were much higher in the whele fish than in
the fish muscle tissue, since these pesticides are highly lipophilic and partition preferentially to

skin and internal organs. Pesticide concentrations in sediment were quite variable.

The dala from this sampling event wcre used to re-evaluate the human heaith risks
associated with exposure to the golf course pond. The data were used in the same way that
historical data had been used in the initial BRA. The maximum concentration of cach pesticide
detected in any sediment sample was used as the basis for the exposure concentration. The
pesticide concentrations reported for Fish Sample No. 2 were used as the representative exposure
concentrations for fish ingestion, .since the primary interest is the risk association with human
ingestion of the edible portion (i.e., muscle tissuc). Humans are unlikely to eat Arkansas shiners,
but the samplc dala were used as surrogates for ediblc fish species, since the shiners were the
only fish obtaincd from the ponds. All other parameter inputs used to calculate intake and risk

werc the same 2s those used in the initial BRA.

The results of the risk calculations using the new analytical data are shown in
Appendix A. As before, sediment ingestion and dermal exposure to sediment while swimming
were found o pose minimal risk. The risk associated with fish ingestion was conservalively
estimated to be 6.3E-06. Combining the risks across pathways yiclds a total receptor risk of
7.3E-06, 80% of which is attributable to fish ingestion. This risk level is ncar the low end of
EPA’s range of concem (i.c., 107 to 10).
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. Table 8-1
Pesticide Concentrations Reported for the
1997 Sediment and Fish Samples
Collected from the Golf Course Impoundments
at the Defense Distribution Drepot, Memphis, Tennessee

) Concentrations

- Sample Heptachlor . : ' ' T

. Nuomber Epoxide DDE - DDD DDT. Chlordanc . Dieldrin

Sediment (pp/kg dry weight)
1 54 850 211 99 540 WDy
2 ND WD ND NI ND WD
3 87 1650 537 157 [ I3 ND
5 ND 386 123 MND 1030 ND
6 L 1470 712 166 2150 ND
7 ND 75 46 71 ND ND
2 67 1i7Q 448 164 2390 ND
) WD 102 33 NI 210 NI}
10 NS 1780 [ W] 227 2440 ND
11 ND s 48 ND WD ND
L2 ND 03 38 ND ND WD
i3 ND 134 65 35 NI WD
15 114 | 2P ] 883 [ &g | 2870 ND
Fish {pp/ke as received)
. 1 ND 1150 . 400 ! 12 732 45

2 ND [ | B ND [ & ] w ]

Motes:

Highlighted values wers used in risk calculatians.

Sediment Sample Mo. 2 hod higher detection limits, due to small sample size.

Sediment Sample Mo. 4 could not be colleeted, dus to gruve! covering the pand bottom at that location.
Sediment Szmple Mo. 15 was o duplicate of Na. 4.

Fish Sample No. L was a whole-body nalysis. Fish Sample Mo, 2 was filleted.
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9.0 UNCERTAINTY ANALYSIS

The results of this risk assessment should be considered in light of the numerous
uncertainties regarding the assumptions that had (o be made to quantify risk in the absence of
site-specific information. The greatest source of uncertainty is the assumption that a person
would come into conlact with the contaminated sediment in the golf course impoundments.
Fishing and swimming in the impoundmeants is currently prohibited and would likely be
prohibited under future ownership by the city of Memphis or other entity. Even if someone were
lo gain unauthorized access lo wadce, swim, or fish in the impoundments, it is unlikely that
anyone would do so as often as described in Lhe exposure assessment. Exposure frequency and
duration values were chosen that are on the high end of the range of realistic possibilities in order
to be conservative in the quantification of risk. Likewise, upper bound values were used for
other exposure variables, as rccommended by EPA. For example, the amount of sediment
assumed t0 be suspended in the water column would result in very muddy looking water, which

would not appeal to most swimmers, including children.

The maximum deiected concentration of each pesticide was chosen as the
representative exposure concentration in cach risk assessment in order (o avoid underestimating
risk. The representative exposure concentrations used for fish tissue in the initial assessment
were assumed to be equal to the maximum concentrations detected in fish tissue samples from a
1986 AEHA investigation.

The representalive exposure concentrations used for fish tissue in the follow-up
agsessment were the pesticide concentrations measured in the muscle tissue of Arkansas shiners,
a bait fish not typically caten by humans. The absence of other, edible fish in the impoundments
further decreases the likelinood that the modeled exposure would occur and that the estimated

cancer risk would actually be incurred by anyone.

The systemic toxicity and carcinogenicity of DDD, DDE, and DDT are largely
based on laboratory studics using rats and mice. Extrapolating from rodents to humans and from

high cxperimental doses to relatively low environmental doses may intreduce uncertainty in the
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toxicity assessment by orders of magnitude. For example, in deriving the R{D for DDT, an
uncertainty factor of 13 was applied to the NOAEL from a laboratory study to account for
interspecies conversion. This assumes that DDT is 10 times more toxic to humans than it is to
rats. An additional uncertainty factor of 10 was applied lo cnsure that the most sensitive
individual in the human population is proiecled. The aversge human might be able to tolerate a
chronic daily intake several times higher than the RID without experiencing adverse health
effects. . -
The combination of several conservative (i.¢., high end) assumptions regarding
exposure and loxicity is more likely to have oversstimated than underestimated risk for the golf

course impoundments,

D970E201 MW7 9.2 Diecember 1997
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10.0 ECOLOGICAL RISK ASSESSMENT

The Depot is located m a highly developed, urban area. Maost of the [acility is
paved or covered with buildings, and there is little observable vegetation, The unsurfaced areas
support Bermuda grass and a few deciduous black oak (Quercus velutina). Some decorative
plant species have been used in landscaping the housing area, golf course, administrative areas,
and the lakc. No threatened or endangered species have been sighted on the installation. The
area is generatly poor ecological habitat {(Law Environmental, Inc. 1990}, because in this highly
developed area there are few undisturbed wetlands, forest, or other natural wildlife habitat to

provide food and shelter for wildlife species to live and raise their young.

Lake Danielson has been stocked in the past with bass (Micraprerus sp.) and
bluegill sunfish (Lepomis sp.) and has also contained catfish (Letalurus sp.). The current

condition of the aquatic community in the golf course impoundments is unknown.

To evaluate the ecological nsk that might be associated with the pesticide residues
in the impoundments’ surface water and sediments, the maximum defected concentrations were
compared to EPA Region 4 screening values (EPA 1997) for protection of ecological receptors.
This ecological screening valuc comparison is the first step in the Preliminary Risk Evaluation
(PRE) recommended by EPA Region 4 as the initial ecological risk screening assessment at a
hazardous wastc site. The last four steps of the PRE (i.e., problem formulation, ecological effects
evaluation, exposure estichate, and risk calculation) are conducted only 1f compansons of site
analytical data with EPA Region 4 ccological screening valucs indicatc a need for further

ecolopgical nisk evaluation.

Table 10-1 compares the maximum detected concentrations of DDT, DDE, and
DDD in surface water and sediment to EPA Region 4 ecological screening values for chronic
exposurc. None of the screening values are exceeded; therefore, no further ccological risk

evaluation is needed,
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Table 10-1
Comparison of Maximum Detected Pesticide Concentrations in
Golf Course Impoundments Surface Watcer and Sediment
to EPA Region 4 Ecological Screening Valies
DDT DDE DD}
Maximum Screening Mazximum Screening Maximum Screening
Concentration Valuoe Concentralion Value Concentration Value
Water — 0.001 (.21 10.5 — 0.0064
Sediment 2900 2300 110 33400 3000 3300
— = 1 delected
All values are in parts pet billion.
[9HEZ01 MWST 10-2 Decomber 1597
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11.0 CONCLUSIONS AND RECOMMENDATIONS

The sediments in Lake Danielson and the golf course pond are a sink for pesticide
contamination in the surrounding sotils that resulted from pre-1980 usc of DDT for pest control.
The pesticide residues appear to be bound to sediment particles and are not likely to be mobilized
to other environmental media by natural processes. Since {ishing and swimming in the golf
course impoundmenis are prohibited, there are ne current exposure pathways. If recreational use
of Lake Danielson and/or the golf coursc pond were to occur in the future as described in the
exposurc assessment, the probability of contracting cancer as a result of ingesting contaminated
fish is approximately 7 in one millton, assuming that there are edible fish in the impoundments,
that they would be caught and caten on a regular basis, and that the 1997 analytical data on
pesticides in Arkansas shiners from'(he ponds are representative of (he muscle tissue of edible
fish that might occupy the ponds in the future. This level of cancer nisk is within the range of
Superfund site remediation goals in the National Contingency Plan (i.e., 1E-04 to 1E-0G).
Human health risks associated with ingestion of scdiment and dermal contact with sediment are

below the range of concern,

The maximum detecied concentrations of DDT, DDE, and DDD in surface water
and sediment were below EPA Region 4 ecological screening values, so further investigation and

remediation based on ecological risk does not appear to be warrantcd.

" The combination of several conservative (i.e., high end) assumptions regarding
cxposure and toxicity is more likely 1o have overestimated than underestimated risk. Based on
the mmimal human health and ecological risks that have been conservatively estimated for
exposure 1o pesticide residues in the golf course impoundments, no further investigation or

rcmediation of the impoundments is recommended.
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CHAIN-OF-CUSTODY RECORD
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. Appendix C

ANALYTICAL DATA




® 4'» Lancaster Laboratories o s

A division of Thermo Analytical Inc.

LLI Sample No. Sw 2792920

Collected; 10/ 1/97 at 11:35 by P Account No: 06149 F.0. OT-01220-5-06
Radian International LLC Rel. |

Submitted: 10/ 3/97 Reported: 10/23/97 FO Box 201088

Discard: 11/ §/97 Austin TX 78720-1088

SP i1 Grab Sediment Sampie

Defense Oepot - TH
15ED- SD'GE? BEDO1-01

AS RECEIVED DAY WEIGHT
CAT LIMIT OF LIMIT OF
0. AMALYSIS NAME RESULTS QUANT ITATIOM UNITS RESULTS QUANTITATION
Pesticides/PCBs in Solids
1981 Alpgha 8HC < 10, 10. ugfkg < 27, 27,
1982 Beta BHC < 10, 10. uglkg < 27. 27.
1218  Gamma BHC - Lindane < 10, 10. ugikg < 27. 27.
1983  Delta BHC < 10. 10. uglkg < 27, 27,
1219 Heptachlor < 10. 10. ugtkg < 27, 27.
1220 Aldrin ’ < 10, 10. ug/kg < 27, 27.
1984  Heptachlor Epexide 20. 10. ug/kg t4, 27.
1535 [DE 310, 100. ug/kyg 850, 270.
1986 DDO 8. i0. ug/kg 211. 7.
1221 0DT 37, 10. ugfkg 59, 27.
1222 Oieldrin < if. 10. ugfKg < 27. 27.
1223 Erdrin . < i0. 10. ug/kg < 27, 27.
1859  Methoxychlor < 50, 50, ug/ky < 140, 140.
19487  Chlordare 234, 0. ug/ko G40, 140.
1988  Toxaphane < Z.000. Z2.000. - ug/Kg < 5,400, 5.400.
1989  Endosul fan 1 < 10, 10. ug/kg < 27. 27.
19%0  Endosulfan II < 10. 10. ug/kg < 27. 27.
1991  Endosul fan Sul fate < 30. J0. ugskg . < 81, BL.
1992  Endrin Aldehyde < 100, 10d, " ugfkg < 270, z7l.
Questions? Contact your Client Services Representative
. Lisz M. Hetrick at (717} 556-2300
Respertfully Submitted 2 1
Jenifer E. Hess, B.5.

Lancas it Laliarated o Group Leadsr Pesticidas/PCBs

22 Mo Hobared P o .

a0 Mg 1725
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A division of Thermo Analytical inc.

LLEI Sample No. sw 2792921

Collected: 104 1/97 at 09:35 by RC Account No: 06149 P.0. OT-01220-5-06
Radian international LLC Rel.

Submitted: 10/ 3/97 Reported: 10/22/97 £ Bax 201088

izcard: 117 6/97 Austin TX 78723-108B

5P #2 Grab Sediment Sample

Defense Oepot - TN
2SED- smg? DEOD1 -02

. AS RECEIVED DRY WEIGHT
CAT LIMIT OF LIMIT OF
WD.  AHALYSIS NAME RESULTS QUANTITATION UNITS RESLLTS [HUANTITATION
Pesticides/PCEs in Solids
1981  Alpha BHC < 10. 10. ug kg < 480, 480
1932 Beta BHC < 10, 1. ug/kg < 480, 480.
1218 Gamma BHC - Lindane < 10. 10, ug/kg « 480, 480.
1981 Delta BHC < 10, 10, ugrkg < 480, 480
1219  Heptachior < 10, 10. ug/ky < 480, 480,
1220 Aldrin < 10, 10, ugfkg < 480, 480,
1884  Heptachlar Epoxida < 10. 10, ug/kg < 430, 480.
1585 DDE < 10, .10, ug/kg < 480, 480.
1586 [OOD < 10. id, ug/kg < 480, 480.
22l o7 < 10, 0. ug/kg = 430, 480,
1222 Meldrin < 10, 1. ug/kg < 480, 480.
1223 Endrin ’ < 10, 14. ug/kg < 430, 480.
1859  Methoxychlor < B0, £0. uglkg < 2,400, 2,400.
1987 Chlordane < 50, 540, ug ke < 2,400, 2,400,
1988  Toxaphene = 2,000, 2.0ua. - uglkg < 95 000, 55,000,
1989 Endosulfan [ < 10, 10, ugikg < 480, 480,
1990 Endosul fan II < 10, 10. uglkg < 480. 480.
1991  Endosul fan Sulfate < 0. 30. ugfkg . < 1,400, 1,400,
1992 Endrin Aldehyde : < 0. 104, ugfkg < 4 800, 4,000,
Questions? Contact your Client Services Representative
. Lisa M. Hetrick at (7173 656-2300
Respectfully Submitted
Jenifer E. Hess, B.S. 23
LAMLUINI0F Lybeard o es Group Leader Pastigides/PCBs
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® qlpLancaster Laboratories 268 50 . L

A division of Thermo Analytical Inc.

LLI Sample No. sw 2792922 _
Collected: 10/ 1797 atb 10:10 by PC Account Mo: 06149 p.0. OT-01220-5-06
Radian International LLC RE1. .

Submitted: 10/ 3/97 Reported: 10/22/97 PO Box 201088

Discard: 11/ &/97 Austin TX 78720-1088

5P #3 Grab Sediment Sample

Defense Da

5 DEDU] 03
AS RECEIVED DAY WEIGHT
CAT LiMIT OF LIMIT OF
NO.  ANALYSIS MAME RESULTS QUANTITATICN LHITS RESULTS  OUANTITATION
Pesticides/PCBs in Solids
1981  Alpha BHC = 10. 10. ugikg < 52. 52,
1982  Beta BHC < 10, 10. ug/kg < 52, h2.
1218 Gamma BHC - Lindane < 10, 19, ugfkn < 92, 52.
1983 Delta BHC = 10, 10, ug/kq < 52, 52,
1219 Heptachlor < 10, 19. ugfkg < 52, 52,
1220 Aldrin < 10, 10, ug/ka < 52, 52,
1984 Heptachler Epoxide 17. 10. ug/kg a7, 52.
198% DOE 316. 10. ug/kg 1,650, 52.
1986 DOD 103, 10. ug/ky 537, 52
1221 ©OT 20, 10. ugsky 157. 52.
1222  Dieldrin . < 10, 10, wy/kg < 52, 52.
) 1221 Endrin < 10, 10, ug/ikg < 52, 52.

1B59  Methoxychlar < 109, 100, ua/kg < 520, 520.
1927 Chlardane 747. g0, uva/kg 3,890, 250,
1988 Toxaphena < 2,000, 2,008, - ug/kg < 10 000, 140,000,
1989 Endasulfan I < 10. 16. ug/kg < 52, 52.
1590 Endosulfan 11 < 10, 10, ug/kg < 52, 52,
1591 Endosul fan Sulfate < &, &0, ug/kg . < 310. 314.
1992  Endrin Aldehyde < 100. 100, ug/kg < 520, 520.

ue to interfering peaks on the chromatogram, the values reported represent
the Towest quantitation limits obtaimable.

Despite numerous cleanup methods, we were unable to reach our usuval
quantitation 1imits.

Guestions? Contact your Client Services Representative

. Lisa M. Hetrick at (717) 6562300
Respectfully Submitted 2
Jenifer E. Hess, 8.5. 5
Lantadster Labovalur Group Leader Pesticides/PCBs
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| ancaster Laboratories <68 61
. - Page: 2 af 3
A division of Thermo Analytical Inc.
LLT Sample No. SW 2792923
Collected: 10/ 1/97 at 14:45 by PC Account Na: 06149 P.Q. 0T-01220-5-04
fladian Interratiarmal LLC Rel. ’
Submitted: 10/ 3/97 Reported: 1022797 PO Box 201088
Discard: 11/ 6/97 Austin TX 78720- 1085
SP #5 Grab Sediment Sample
(efense Depot - TH
5SE0-  SOG#: DEDDL-04
AS RECEIVED ORY WEIGHT
CAT LIMIT OF LIMIT OF
HO.  ANALYSIS NAME RESULTS QUANTITATION UNITS RESULTS  QUANTITATION
Pesticides/PCBs in Solids
1581 Alpha BHC < 10, 10. ug/kyg < 53, 53.
1982 Beta BHC < 1. 10. ug/kyg < 53. g3.
1218 Gamma BHC - Lindane < 10. 0. uglky < 53. 2.
1983  Delta 8HC < 10. 10. ug/ky < 53. 53,
1219 Heptachlor < 10 10 uy/kg < 53, B3,
1220 Aldrin < 10 10: ug/kg < 5). 53,
1984 Heptachlior Epoxide = 10 10 u9/Kq < 51, 53,
1985 DDE 73. 10, ug/ky 388, 53,
1986  DOD 23. 10. ug/kg 121. £3,
1221 0OT < 10. 10, ua/kg < 53, 53,
1222  Dieldrin < 10, 10, ug/kg < 53. B3,
1223  Endrin < 10, 10, ug/kg < 53, B
859 Methoxychlor < 50. 50, ugskg < 270. 2re.
1987 Chlordane 193. 50. ug/kg 1,030. 2r,
1988  Toxaphens « 2,400, 2.00%. ug/kg < 11,000, 11,490
1989  Endssuifan I < 10. 14, ug/kg < &3, 53,
1980  Endasuifan II < 10. 10, ug/kg < 5}, 53.
1991  Endesulfan Sulrate < 0. 0. ug/kg < 160, 160,
1992  Endrin Aldshyde < 100, 100, ug/kg < 536, 530,
Questions? Contact your Client Services Representative
. Lisa M. Hetrick at (717} A56-2300
Respectfully Submitted 27
Jenifer £, Hess. B.5.
Larcasier Labui210r.04 Group Leader Pasticides/PCBs
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A division of Thermo Analytical Inc.

ratori OB s
P (IPLancaster | aboratories o 2

LLI Sample No. Sw 2792924

Collected. 187 3/97 at 14:00 by PC Account No: 06149 F.0. O7-01220-5-04
' Radian [nternpational LLC Rel.

Submitted- 10/ 3/97 Reported: 10722797 FO Box 2010BB

Biscard: 11/ B/57 Austin TX 7B720-1088

S¢ #6 Grab Sediment Sample

Defense Oepat - TN
BSED-  SDG#: DEDDL-05

AS RECEIVED DAY WEIGHT
CAT LIMIT OF LIMIT OF
N3, ANALYSIS NAME RESULTS QUANTITATION LNITS RESULTS  QUANTITATION
Pesticides/PCBS in 5olids
1281  Alpha BHC < 10, 10. ugfkg < 30, 30.
1982 Beta BHC <10, 10, uglkg < 0. 30.
1218 Gamma BHC - Lindane < 10, 10. ug'kg < 10. 30.
1883 Delta BHC < 10. 10. ug/ky < 30, 30,
12139  Heptachlar = 10, 10. ug/ky < 10, 30,
1220 Aldrin = 10, 10. uglky < 10, Jo.
1984 Heptachlor Epoxide 29, 10. ugy/kg £3. 30,
1985 OO 490, 100. ug/kg 1.479, qa.
1935 00D 235. 10. ug/kg 712. 30.
1221 OO7 B5. 10. ugikg 166. an.
1222  Dieldrin < 10, 10. ugikg < 1. 30.
1223  Endrin : < 10, 10. uglkyg < 10, 0.
1859  Methoxychlor < 100 140 uglkg < 300, 300.
1387 Chlordane 713. 50. ua/kg 2,180, 150.
1988  Toxaphena < 2,000. 2.000. - uglkg < §.000. 6.000.
1989  Endosulfan [ < 10. 10. ug/kyg < 30, an.
1990  Endosulfan [l < 10, 10. ugikg - = 30, an.
1991  Engosulfan Sul fate < B0 a0. ug/kg < 1BD. 180,
1992 Endrin Aldehyde < 200. 200. ug/kg ) < 60D, 600.

Due to interfering peaks an the chromatogram, the vajues reported represant
the lowest gquantitation limits aobtainable,

Despite numerous cleanup methods, we were unable to reach our usual
quantitation limits.

Ouestions? Contact your Client Services Representative

. _ Lisa M. Hetrick at (717} 656-2300
Respectfully Submitted
Jenifer €. Hess, B.5. 29
Lo, 15hen Lanorator s Group Leader Pesticides/FCBs
2425 Mew Finlhamgl Pie
EMB'EH PO B .’-IL: 0‘,

Langadl

TIT 353200 Faa F1T-154- 008 R T R R T E TR EI L o BT TR (L O TR B2z Tow Dndlvey "‘B




Lancaster Laboratori ct8 63
. ancas er Ora Orles Page: 2 of 13
A division of Thermo Analytical inc.
LLI Sample No. 8w 2792925
Collected: 10/ 1/97 ab 15:45 by PC Aceount Mo 06149 £.0. OT-DL220-5-06
Radian I[nternational LLC Rel.
Submitted: 10/ 3797 Reparted: 10/22/57 M) Box 201088
Discard: 11/ &/97 Austin TX 78720-1088
5P #7 Grab Sediment Sample
Defense Depot - T
7SE0-  SDGF: DEDO1-05
AS RECETVED DRY WEIGHT
CAT . LIMIT OF LIMIT OF
NO.  AMALYSIS NAME RESULTS GUANTITATION  UNITS RESULTS  QUANTITATION
Pesticides/PCBs in Solids
1981 Alpha BHC =< 14, 16. ugikg < 15, 15.
1982 Beta BHC < 14. 10. walkg < 15, 15,
1218  Gamma BHZ - Lindane < 14, 10, wkg < 15, 15.
1983 Delta BHC < 10. 10. ug/kg < 15, 15,
1213 Heptachior < . 10. uglkg < 15. 15.
1220 Aldrin < 10. 10. ug/kg < 15, 15.
1984 Heptachier Epoxide < 10, 10. ug/kg < 15, 15,
1985 DOE 51. 10, ug/kg 6. 15.
1988 DOD 1. 10. ug/kg 4b. 15,
1221 DOT 43, 10. ugikg 7i. 5.
1222  Dieldrin < 11, 10. ug/kg < 15, 15,
1223 Endrin < 10, 10. ugskg < 15. 15,
.1859 Methoxychlor < 100. 140, ug/kg < 150, 150.
1947 {hlordane < 5, 50. ugikg < 74, 74.
19884 Toxaphene < 2.000. 2.000. . ug/kg < 3.000. 3.040.
1589 Endosuifan [ < 10. 10. ug/kg < 15, 15.
199¢  Endosuifan [I < 18. 10. ug/kg < 15, 15.
1991 Endosulfan Suifate < B0. &0. ug/kg < @9. 9.
1952 Endrin Aldshyde < 200. 200 ug/fkg < 300, 3a0.

Due to interfering peaks on the chromatogram, the values reparted represent
the Towest quantitation 1imits obtainable.

Despite numerous ¢leanup methods. we were unable to reach our usual
quantitation Timits.

GQuestions?
Lisa M. Hetrick

Contact your Client Services Representative
at (717) B56-2300

Respectfully Submitted
Jenifer E. Hess, B.5.
Group Leader Pesticides/PCBs
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ratorie e 20t 3
® ﬂpLancaster L aboratories

A division of Thermo Analytical inc.

LLTI Sample No. sw 2792926

Callected: 10/ 1/9F at 16:00 by PC Account No: (bilag P.0O. OT-01220-5-06
Radian Internationa} LLC Rel.

Submitted: 10/ 3/97 Reported: 10/22/97 P} Box 201088

Discard: 117 bS97 fustin TX 78720-1088

SP K8 Grab Sediment Sample

Dafense Eégot « TH

B5ED-  SDGE: DEDOL-O7 '
AS RECETVEDR DRY WEIGHT
CAT LIMIT QF LIMIT QF
HO.  ANALYSIS MAME RESULTS UANTITATEON UNITS RESULTS QUANTITATION
Pesticides/PCBs in Solids
1381 Alpha BHC < 10, 10, ug/kg < 44, 40,
1382 Beta BHC < 10. 10, ug/kg < 40, a0,
1218 Gamma BHC - Lindane < 10, 10, ugfkg < 40, A0,
1983  Qelta BHC < 10. 10. ug/kg < 40, 4a.
1219 Heptachlor < 10, 10. ug/kg < 40, 40.
1224 Aldrin < 10. 0. ug/kg < 40, a1,
1984 Heptachior Epaxite 17. 10, ug/kg BY. 40
1585 QOE 296. 10. ug/kag 1,170, 40
1586 Q0D 113. 10. ug/kg 448 40.
1221  QOT 41, 10. ug/kg 164. 40.
1222 Dieldrin < 10. 10. ug/ko < 40, 4q.
1227 Endrin - < 10. 10. ug/kg < 40, LI
.1859 Methoaychlor < 100. 100. ug/kg < 400, 400,
1987  Chlgrdane 602. 50. ug/kg 2.390. 200,
1988  Toxaphene < 2,000. 2,000, . ug/kg < 7.900. 7.900,
1989  Endosulfan i < 10. 10. ug/kg < 40, 4.
1930 Endosulfan 1T < 14. 4. ugfkg < 40, 44,
1991 Endosu) fan Sulfate < 60, 60. ug/ka < 240, 24D,
1992  Endrin Aldehyde < 200 200 ug/kg . < 190, 790,

Dus to interfering peaks on the chromategram, the values reported represent
the Towest quantitation limits obtainable.

Despite numarous cleanup methods, we were unable to reach our usual
guantitation Timits.

CQuestions? Contact your Cliient Services Representative

. Lisa M. Hetrick at (717) 6562300

Respectfully Submitted 33
Jenifer E. Hess, B.S.

Lanea itel Labor Jies Group Leader Pesticides/PLBs

2425 Riww Povleni Prhat

0 Boy 12425

Lammaiter, FA | 75052025 ) 4

STUARA-EDS Fh RE3AUTAEN F TR PR FCUL SRR LR RN P L TH RN L FALG AT I'a vAc O E ay




PN <|>Lancaster |_aboratories 268 6o o 200 3

A division of Thermo Analytical Inc.

LLI Sample No. SW 2792927

Collected: 10/ 1797 at 15:15 by PC Account Mo: 06143 pP.0. OT-01220-5-06
Radian Intermational LLC Rel.

Submitted: 10/ 3/97 Reported: 10722797 PO Box 201083

Discard: 117 A/97 Austin TY TR720-1088

SP #9 Grab Sediment Sample

Defense Eelegot - TN

O5ED- - DEDQL-04
AS RECEIVED BRY WEIGHT
CAT LIKIT OF LIMIT GF
MO,  ANALYSIS NAME RESULTS QUANTITATION UNITS RESULYS QUANTETATION
Pasticides/PCBs in Solids
1981 Alpha BHC < 10, 10. ug/kg < 21 2l.
1982 Beta BHC < 10, 10. ugSkg < 21, 21,
1218 Gamma BHC - Lindane < 1. 10. ug/ky < 21, el.
1983  Delta BHC < 10, 10, uglig <21, el.
1219 Heptachlor < 17. 10, ug/kg < 21, el
1220 Aldrin < 14. 10. ug/kg < 2l. a1,
1984 Heptachlar Epoxide < 1 10, ug/kg < 21, 21,
1985 COOE 49, 1. ug/xg 102. 21,
1586 OO 15. 10, ug/kg i3, 2L
1221 OOT < 14. 10, uglkg < 21. 21
1222 Dieldrin < 14, 0. ug/kg < 21, 21,
1223 Endrin - < 14 10 ugsig < ?1. 21,
'.1359 Methoxychior < 100. 100. ugskg < 216. 210.
1987 Chlordane . 102, : Bl ug/xg 210. 190.
1988  Toxaphene < 2.000. 2.000, - ug/kg < 4 100, 4,100,
1999  Endosulfan 1 < 10. 15, ugfkg < 21, 21,
1990 Endosulfan II < 10. 10, ua/kg < 21. 21.
1991 Endosulfan Sulfate < 64, al. ug/kg . < 120, 120.
1997 Endrin Aldehyde < 200. 200, ug/kg < 410, 410,

Oue to interfering peaks on the chromatogram. the values repurted rapresent
the Tgwest quantitation limits obtainable.

Despite numerous cleanup mathods, we were unable to reach our usual
quantitation Timits.

Questians? Contact your Client Services Representative

. Lisa M. Hetrick at {717) &56-2300
Respectfully Submittad
Jenifer E. Hess, B.5. 35
Langaster Labonnories Group Leader Pesticides/P(3s
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A division of Thermo Analytical Inc.

® leLancaster Laboratories 268 65 L. L.

LLI Sample No. SW 2792928

Collected: 10/ 1797 at 10:20 by PC Account No: DB149 P.0. OT-01220-5-06
Radian [nterpational LLE Rel. .

Submitted: 10f 3797 Reparted: /22797 PO Box 201088

Discard: 11/ 6/97 Austin TH 78720-1083

5P #10 Grab Sediment Sample

Defense Depot - TN
105ED SDGE? QEDG1-09

AS PECEIVEDR CRY WEIGHT
LAT LIMIT QF LiMIT OF
HO.  ANALYSIS NAME RESULTS QUANTITATION LNETS RESULTS JUANTITATION
Pesticides/PLBs in Salids
1981  Alpha BHC < 10 . uvgfkg = 35, 35,
1982 Beta BHC = 10. 14. ugfkg = J5. 35.
1218 Gamma BHC - Lindane < 10. 10. uglkyg < 15, 5.
1983 Delta BHC = 10, 10. ugskg < 35, 35,
1219 Heptachlor < 1§, 10. ug/kg < 35. 5.
1220 Aldrin < 18, 10. ua/ka = 35 35,
1984  Heptachlqr Epoxide 13. 4. ug/kg 115, 35.
1985 DOE 510. 100, Lg/kg 1.780. 356
1885 OOD 2B89. 19. ug/kg 1.004. 35.
1221  DOT &h. 10. ug/kg 247, 35,
1222 Dieldrin < 10, 10. ug/kg < 35. 5.
1223 Endrin ) < 10 10. ugiRg < 15, 35,
Qass Methoxychlor < 110, 1d0. ug/kg < 350. 58,
987  Chlordane a. E0. ug/ig 2,440, 178.
1988  Toxaphene < 2,000, 2.000. - uglkg < 5,900, 6.500.
1989  Endosulfan [ < 10. 10. ug/kg < 35. 35,
1990  Endosulfan 11 < 10, 10, ugky < 35. i5.
1991  Endosulfan Suifate < A0, &0. ug/ky ) « 210. 210.
1992  Endrin Aldehyde = 200. 200 ug/kg o <630, £30.

Due to interfering peaks on the chromatogram, the vaiues reported represent
the Jowest guantitation 1imits obtainable.

Despite numerpus cleanup methods, we were unable to reach our usual
quantitation Timts.

Questions? Contact your Client Services Representative

. Lisa M. Hetrick at (717} 656-2300

Respectfully Submitted
Jenifer E. Hess, B.5. 3 7
Langusier Labaratories Group Leader Pesticides/PCBs
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® q‘pLancaster Laboratories 268 57 e 20t

A division of Thermo Analytical Inc.

LLI Sample No. SW 2792929

Cellected: 10/ 1/97 at 17:00 by PC Account No: 06149 P.0. OT-01220-5-06
Radian Internmational LLE Rel,

Submitted: 104 3/97 Reporied: 10/22/97 PO Box 201088

Discard: 11/ 6797 ) Austin TX 78720- 1088

S #11 Grab Sedimenc Sample

Oefense Depot - TH
11SER SDG#: DEDOL-14

AS RECEIVED DRY WEIGHT
CAT LIMIT OF LIMIT OF
NO.  ANALYSIS NAME RESULTS QUANTITATION UNITS RESULTS QUANTITATION
Pasticides/PCBs in Soalids
19B1  Alpha BHC < 10, 10. ug/kg < 16, 36.
1882  Beta BHC - < 10, 10. ug/xg < 36, 36.
121§ Gamme BHC - Lindane ' < 10, 10. ug/xg < 16, 36.
1983 Delta BHC < 10, 10. ug/kg < 16 36.
1219  Heptachior < 10. 10. ug/kg < 16, 38,
1220 Aldrin < 10, 10, ug/kg < 16, 36,
1984 Hegtachlor Epoxide < 14. 1. ug/kg < 16, 36,
1985 00 26. 10, ug/kg 95, 3,
1986 DO 13. 18, ug/kg 48. 36,
1221 oOT < 10. 10. ug/kg < 35, 36.
1222 Dieldrin < 10. 1. ug/kg < 36, 36.
.1223 Endrin - < 10. 18. ug/kg < 36. 36.

1859 Methoxychlor < 1d0. 104, ugfkg = 360, 3a0.
1957 Chlordane < BD. 5a. uglky < 1ED. 180
1988  Toxaphene < 2.000. 2,000, ug/ky < 7.200. 7,200,
18989 Endosul fan [ < 10. 10. ug/kg < 15, 36.
1950 Emdosul fan LI < 10, 10. uglkg < 15, 36,
1981  Endosulfan Sulfate < ED, 50, ug/kg ) <« 220, 220.
1992 Endrin Aldehyds < 200. 200, ug/kg < 720, 720.

Due to interfering pesks on the chromatogram. the values reported represent

the Yowest guantitation limits obtairable.

Daspite numerous cleanup methads, we were unable to reach our usual

quantitation limits.

Questions? Contact your Client Services Representative
. Lisa M. Hetrick at {717) 656-2300
Respectful 1y Submitted 3
Jenifear £, Hess, 8.5, 9
LenGuster Lasoram & Group Leader Pesticides/PCBs
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ioc 268 8
® (» Lancaster Laboratories rse: 20t 3

A division of Thermao Analytical Inc.

LLT Sample No. SWw 2792930

Collected; 10/ 1797 at 17:15 by PC Account No: 06149 P.0. QT-01220-5-06
Radian Internatignat LLC Rel,

Submitted: 10/ 3/97 Reported: 10/22/97 PO Box 201088 )

Discard: 11/ &/97 Austin TX 78720-1088

5F #12 Grab Sediment Sampla

Gefense Cepot - TH
12560 50G#: CEDOL-11

AS RECEIVED CRY WE IGHT
CAT LIMIT OF LIHIT OF
NO.  ANALYSES NAME RESULTS QUANTTTATICN NITS RESULTS  QUANTETATION
Pesticides/P{Bs in Splids
1581 Alpha BHC < 10, 1D. Lg/ky < 3, 0.
1982 Beta BHC < 10, 10, ug/kg < 30, 30,
1218  Gamma BHC - Lindane < 10. 10, ug/kg < 3. .
1983 OCelta BHC < 10. 10, ugrkg < 34. .
1219 Heptachlor < 10. 10, ug/kg < 30, g,
1220 Aldrin < 10. 10, ug/kq < 3. i,
1084 Heptachlor Epoxide < 10. 10. ug/kq = 10, 0.
1985  DOE 32, 10, ug/kg a4, 0.
1986 [OD 13, 10, ugfkg ig. i,
1221  DOT < 10. 10, ug/kg < 34, .
1222 Dieldrin < 0. 10, ug/kg < A an.
1273 Emdrin . < 0. 10. wFKg < 3. in.
.1859 Methoxychler < 100. 0. ualky < 304. 300D,
1987 Chlordane < 5D 50. ugskg < 154 18D,
1988  TJoxaphene < 2.000. 2.000. . ug/kg < B, 00, 6,000,
1989  Endosulfan 1 < 1i0. 10. ug/fkg < 30. 8.
1390  Endosulfan 11 < 10, 14. ug/kg < 30, 10,
1991 Endosulfan Sulfate < &l &b, ug/kg < 180. 180,
1992 Endrin Aldehyde < 200. 200, ua/ka . < &0, 600,

Duz to interfering peaks on the chramatogram. the values reported represent
the Towest quantitation Timits obtainable.

Despite numerous cleanup methods, we were unable to reach cur usual
quantitation 1imits.

Questions? Contact your {lient Services Representative

. Lisa M. Metrick at (717} 656-2300
Respectful 1y Submitted
Jenifer E. Hess, B.5. - 4 l
Laneaiier Laburaonas Group Leader Pesticides/PCHs ’
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268

Page: 2 of 3

A division of Thermo Analytical inc,

(I} Lancaster Laboratories

LLI Sample No. Sw 2792931
CoNlected: 104 1797 at 17:30 by PC Account Na: DA149 P.0. OT-01220-5-08
Ratian International LLC Rel.
Submitkted: 105 3797 Repeorted: 10/22/97 PO Box 201088
Discard: 11/ 6/97 ' Austin TX 78720- 1088
SP #13 Grab Sediment Sample
Dafense Depat - TN
138E0 S»DGEcl DEDQY-12
AS RECEIVED DRY WEIGHT
CAT LIHIT OF LIMIT OF
ND.  ANALYSIS NAME RESULTS QUANTITATION UNITS RESULTS QUANTITATION
Pesticides/PCBS in Solids
1681  Alpha BHC < 10. 10 ugskg < 31 3]
1952 Beta BHC < 1§, 14. ugfkg < 31, k)|
1218 Gamma BHC - Lindane < 10, 10. ug/kg < 11. k]|
1983 Delta BHC < 14, 10. ug/kg < 3l. a1
1219  Heptachlaor < 10. 10. uaskg < 31. k)|
1220  Aldrin < 14. 10. ugfkg < 31. i1
1984  Heptachlor Epoxide < 14, 10 ug/kg < 31, a1
1985 DCE 43, 10 ugikg 134, 31
1986 00D 21. 10. ug/kg 65. 3l
1221 00T 11. 10. ug/kg 3. 31,
1222 Dieldrin < 10. 10. uglkg < J1. 3.
1223 Endrin = 10. 10. ugig < 31. k)
853  Methoxychlor < 50, 50, ugfkg < 150, 150.
987 Chlordane = 50, 50, ug/kg < 180, 150.
1988 Toxaphene < 2,000, 2,000. ug/kg < 5,200, 6.200.
198%¢ Endasulfan I < 10. 0. ua/kg < 31, i.
1990  Emdosulfan B < 10, 10, ug/kg < 21, i,
1991  Endosulfan Sui fate < 30. 30. ug/kg < 43, a3,
1932 Enddrin Aldehwde < 100, 0. ug/kg = 310. 310.
Questigns? Contact your Client Services Representative
. Lisa M. Hetrick ak [717) &56-2300
Respect fully Submitted
Jemifer E, Hess. B.5. 43
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A division of Therma Analytical Inc.

® (I)Lancaster Laboratories 268 g S

LLI Sample No. Sw 2792032

Coliected: 104 1797 at 14:25 by PC Account Mo: 06149 P.0. OT-01220-5-06
Radlan [ntermatiaonal LLC Rel.

Submitted: 10/ 3797 Reported: 10422797 PO Box 201088

Discard: 11/ &S97 Austin TX 78720-1088

SP #15 Grah Sediment Sampie

Defense ngat - TN

IGSED  SDGE: DEDO1-13
AS RECEIVED ORY WEIGHT
CAT LIMIT QF LIMIT OF
NO.  ANALYSIS NAME RESULTS QUANTITATION UNITS RESULTS QUANTITATION
Pesticides/MBs in Solids
1981  Alpha BHC < 10. 10. ugskg < 30, 0.
1982 Beta BHC < 20. 20. uaskg < 50, &0,
1218 Gamma BHC - Lindane < 18. i0. ug/ka < 34, 0.
1983  Delta BHC < 20. 20. ug/kg < Al. 5.
1219 Heptachlor < 20. 20, ug/kg < 50, &,
1220  Aldrin < 20. 20. ug kg < B0, £0.
1984  Heptachlar Epoxide J8. 20. ug kg 114. Bd.
1985 ODE 71d. 1cD. ug/fkg 2.120. 300.
1ogs DOC 295, 2D, v fkg BB3. 80,
1221 DOT 78, el ug/kg 234, 59,
1222  Dieldrin < 20, 20. ug/ka < 60. 5,
1223  Endrin - < 20. 20, ugfkg < 50, 50,
1859  Methoxychlor < 100. 100, ugfkg ’ = 300. Ing.
1287 Chlordane 9a80. : 100, ug/kg 2.870. 300.
1988  Toxaphene < 4 000, 4,000, - ugfkg < 12,400, 12.000.
1949 Endosulfan I < 20. 20, ugikg < &0 a0,
1990 Endosulfan II < 20. 20, uy /Ry < &0. il
1991  Endosulfan Suifate < RO. 60. ugikg < 180. 180.
1992  Endrin Aldehyde < 200. 200. gy . < 6{0. BOa .
Questions? Contact your Client Services Representative
. Lisa M. Hetrick at (717) 656-32300
Respectrully Submitted 4 5
Jemifer E. Hess, B.S.
Lancgsiar Laboratones Group Leader Pesticides/PCBs
2425 Py pollar ke
el 70 821 175 2%
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A division of Thermo Analytical Inc.

® qlpLancaster Laboratories 268 7L L, L.,

LLI Sample No. G5 2792933

Collacted: 107 1797 Account No: 06149 p.a, OT-01220-5-06
Radian Internaticnal LLC Rel.
submitted: 10f 3/97 Reparted: 10/22/97 PO Box 201088

Qiscard:  11f B/97 Austin TX 78720-1088

Fish #1 Grab Sample

Jefense Depat - TN
FISH1 SOG#: DEDOL-14

AS RECEIVED ERY WEIGHT
CAT LIMIT OF LIMIT OF
NO.  ANALYSTS MAME RESULTS QUANTITATION UNITS ) RESULTS QUANTITATION
Pesticides/PCBs in Salids
19B1  Alpha BHC < 10, 10. ug/ka < 37, 7.
1982 Beta BHC < 10, 10. ug/kg < 37. 37.
1218 Gamma BMC - Lindane < 14. 10, ugfkg = 37, 7.
1983 Delta BRC < 10. 10, ug/kg < 37. 37
1219  Heptachlor < 10. . 10. uva/kg < 37, 37.
1220 Aldrin < 10. I0. ug/kg < A7, 37,
1984  Heptachlor Epoxide = 10. 0. vg/kg < a7, 37,
1985 ODE 3,1490. 100. ug/kg 11,900. 370.
1986 OO0 490._ 100, ugfkyg 1,820 70,
1221 00T 12. 10. ug/ky 45, 37.
1232 Bieldrin 45 10. ug/ky 169 az.
1223 Endrin . < 10. 10. ug/Kg <327, 37.
.1359 Methoxychlor < 50 50. ugfkg < 190, 190.
1987 Chlordane 732, . 50 ugfkq 2,740, 190.
1988  Toxaphene < 2,000, 2.000. . ugfkg < 7.500. 7.500.
1989 Endosulfan I < 10, 10. ugfky < 37, © a7,
1990  Endeosulfan II < 10, 1. ua/ky < 37, 3T,
1991 Endosulfan Sulfate < 30, 3o. ug/kg < 11, 110,
1992  Endrin Aldehwde < 100. 100, ug/kg - < 370, aro,

Questions? {ontact your {lient Services Representative

. Lisa M. Hetrick at (717) 6562300
Rospactfully Submitted
Jenifer £, Hess. 8.5. 47
Lancoster Latoralor et Group (eader Pasticides/PiBs
24325 Mew Hohand P
EME PO o [322% 95
Lankazier PA EIECY- 1106 8 :g
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® (I}Lancaster Laboratories e 2ot 3

A division of Thermo Analytical inc.

LLYI Sample No. G5 2792934

Collected: L0F 1/97 Account No: {6149 P.0. OT-01220-5-06
Hadian International LLC Rel.

Submitted: 10¢ 3/97 Reported: 10422/97 PQ Box 201038

Discard: 11/ &/97 Austin TX 78720-1088

Fish #2 Grab Samle

Defense Depat - TH
FISHZ SOG#: DEDUL-15

AS RECEIVED

W) LIMIT OF
NO.  ANBLYSIS NAME RESULTS QUANTITATEON UNITS
Pesticides/PCBs in Solids
1981  Alpha BHC < 10. 14a. ug/kg
1982 Beta BHC < 10. 1. ug/kg
1218 GBamma BHC - Lindare < 10. 10. ug/kg
1983  DQelta BHC < 10. 10. ug/xg
1219 Heptachlor < 10. 10. ug/kg
1224 Aidrin < 10. 140. ug/fkg
1984 Heptachlor Epaxide < 10. 19. ug/kg
1986 ODE 600. 1440, ug/kg
1986  DODD 124, 19. ug/kg
1221 DOT < 10. 1. ug/fkg
1222 Dieldrin 13, 10. ug/kg
1223  Endrin . < 10, 10. ug/kg

.1359 Meghoxyehl or < 50. 50. Lg/kg
1987 Chlardane 166. ) 50. uglky
1988 Teoxapheng < 2,000. 2.000. ug/kg
1989 Enpdasulfan I < 10, 10, va/Rg
1920  Endosulfan II < 10, 19, ua/kg
1991  Endosul fan Sul fate < 20, 0. ug/kg
1992  Endrin Aldehyde < 100. 140. uglkg

b
Questions? Conmtact your Client Serviges Representative
. Lisa M. Hetrick at (717) 855-2100
Respectfully Submitted 4 9
Jenifer E. Hess, B.5.
LAt iar £.50r ulih 184 Group Leader Pesticides/PCBs
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0147
p,p'-Dichlorediphenyltrichloroethane (DODT}; CASRN 50-29-3 (03/01/97)

Health asaessment information on a chemical =ubstance is included in IRIS only
after a comprehensive review of chroniec toxjecity data by U.S. EPA health’
scientists from several Program Offices and the Dffice of Research and
Development. The summaries presented in Sections I and II represgent a
consensus reached in the review process. Background informaticn and
explanations of the methods used to derive the walues given in IRIS are
provided in the Background Documents.

5TATUS QF DATA FOR DDT

File On-Line 03/31/87

Category (section) Status Last Revised
Oral RfD Assessment [I1.R.) on-line 02/01/98
Inhalation REC Asseszsment (I.B.) no data

Carcinogenicity hAssessment (II.) or-line 05/01/91

_EI. CHRONIC HEALTH HAZARD ASSESSMENTS FOR NONCARCINOGENIC EFFECTS

I.A. REFERENCE DOSE FOR CHHRONIC ORAL EXPOSURE (RfD)

S5ubstance Neme -—- p,p'-Dichloraodiphenyltrichlercethane [(DDT)
CASRMN -- 50-28-3
Last Revised -- 02/01/96

The oral Reference Dogse {RID) is based on the assumpiion that thresholds exist
for certain toxic effectes such as cellular necrasis. It is expressed in units
of mg/kg-day. In general, the RfD is an estimate {with uncertainty spanning
perhaps an eorder of magnitude) of a daily exposure to the human population
{including sensitive subgreoupsa) that is likely te he without an appreciable
risk of deleterious effects during a lifetime. Please refer to the Background
Doacument for an elaboration of these concepts. REIDs can also be derived for
the noncarcinogenic health effects of substances that are also carcinogens.
Therefore, it is essential to refer te other sources of information concerning
the carcinegenicity of this substance. If the U.S. EPA has evaluated this
substance for potential human carcinogenicity, a summary of that evaluation
will e contained in Sectiocn LI of this file.

I.A.1. OQRAL RfD SUMMARY

Cricical Effect Experimental Doses* urg MF RED
Liver lesions NOEL: 1 ppm diet 140 1 JE-4
{0.05 mg/kg bw/day} mg/kgfday

27-Week Rat Feeding
Study LOAEL: 3 ppm

Laug et al., 1250

htip:/Awww . epa.gov/ngispgm3/irisfirisdat/0 147 DAT 11/17/97
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*Converslon Factors: Food consumpticon = 5% bw/day

I.A.Z. PRINCIPRL RND SUPPORTING STUDIES (ORAL RED)

Laug, E.P., AR.A. Nelaon, O0.G. Fitzhugh and F.M. Kunze. 1850. Liver ceall
+alteraticn and DDT storage in the fat of the rat induced by dietary levels of
1-30 ppm DDT. J. Pharmaceocl. EXp. Therap. 98: 268-273.

Weanling rats {(25/sex/group) were fed commerclal DDT (81% P, P i=somer and 19%
0,P isomer) at levels of G, 1, 5, 10 or 50 ppm for 15-27 weeks. The diet was
prepared by mixing appropriate amounts of DDT in corn oil solution with
powdered chow. No interference with growth was noted at any level. Females
stored more DOT in peripheral fat than did males, but-patholegic changes were
sean to a greater degree 1n males. Increasing hepatocellular hypertrophy,
especially centrileobularly, increased cytoplaamic oxyphilia, and peripheral
basophilic cytoplasmic granules {based on H and E paraffin sections}) were
observed at dose levels of 5 ppm and above. The effect was minimal at 5 ppm
(LOREL] and more pronounced at higher dosesa. No effects were reported at 1
ppm, the NOEL level used as the basis for the RED calgulation. The authors
believe the effect seen at 5 ppm "represents the smallest detectablsa
morphologic effect, based on extensive cbservations of the rat liver as
affected by a variety of chemicals.”

DDT fed Lo rats for 2 years (Fitzhugh, 1948) caused liver lesions at all dose
levels (10-800 ppm of diet). A LOAEL of 0.5 mg/kg bw/day was estahlished.
Application of a factor of 10 each for uncertainty of estimating a NOEL from a
LOAFL, as 'well as fer interspecies conversion and protecticon of sensitive
human subpopulations (1000 total) results in the same RED level as that
calculated from the eritiecal study. DDT-induced liver effects were ohserved
. in mice, bamsters and dogs as well.
The Laug et al. (1230) study was chosen for the RED calculaticn because: 1}
male rats appear to be the most sensltive animals to DDT expesure; 2) the
study was of sufficient length to obaerve touic effects; “and 3] szeveral doses
were administered in the diet over the range of the dose-response curve. This
study also established a LOAEL and a NOEL, with the LOAEL (.25 mg/kg/day)
being the lowest of any chsearved for this compound.

I.A.3. UNCERTAINTY AND MORIFYING FACTORS (ORARL RID)

UF -- A facter of 10 each was applied for the uncertainty of interspecies
conversian and te protect sensitive human subpopulations. An uncertainty
factotr for subchronic bto chronic conversion was not included because of the
corroborating chronie study in the data base.

MF --None

I.A.4. ADDITIONAL COMMENTS (ORAL RED)

In one 3-generation rabk reproduction study (Treon and cleveland, 13855},
offspring mortality increased at all dese levels, the lowest of which
corkesponds to about 0.2 mg/kg bw/day. Three ather reproduction studies (rat
and mouse; show no reproductive effects at much higher dese levels.

I.A.5. CCNFIDENCE IN THE ORAL RID

http:fwww epa.govingispgm3/ins/insdat/0147 DAT 11/17/97
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Study —-- Madium
Data Base -- Medium
REfD -~ Medium

The principal study appears te be adegquate, but of shorter duration than that
desired; therefore, confidence in the study can be considered mediuvm to low.
The data base is only moderately supportive of both the critical effect and
the magnitude, and lackas a clear NOEL for repreductive effects; therefore,
confidence in the data base can alsc be considered medium to low. Medium ta
low confidence in the RID follows.

I.A.6. EPA DOCUMENTATION AND REVIEW OF THE ORAL RED

Source Document -~ This assessment is not presented in any existing U.S. EPA
document.

Other EPA Documentation -- None
Agency Work Group Review -- 12/18/BS

VYarification Date -- 12/18/85

I.A.7. EPAR CONTACTS (ORAL RID)
Please contact the Risk Infeormaticon Hotline for all guestions concerning this
assessment or IRIS, in general, at (513)563-7254 {phone}., (513)369-7155 (FAX)
or RIH.IRIS@EPAMAIL.EPA.GOV (internet address).

__I.B. REFERENCE CONCENTRATION FOR CHRONIC INHALATIQN EXPQSURE (RfEC)

Substance NMame -- p,p'-Dichlercdiphenyltrichloroethane [DDT)
CASRN -- L0-29-2

Not available at this time.

_ITI. CRRCIMNDGENICITY ASSESSMENT FOR LIFETIME EXPOSURE

Substance Name -- p,p'-Dichlorodiphenyltrichlorcethane [DDT]
CASRHM -- 50-25-3
Last Revised -- 05/01/51

Secetian IT provides information on three aspects of the carcinogenic
assessment for the substance in guestion; the weight-of-evidence judgment of
the likelihood that the suhatance is a human carcinogen, and guantitative
estimates of risk from oral exposure and from inhalation exposure. The
quantitative risk estimates are presented in three ways. The slope factor is
the result of application of a low-dose extrapelation procedure and is
presented as the risk per (mg/kg)/day. The unit risk is the guantitative
estimate in terms of either risk per ug/L drinking water or risk per ug/cu.m
air breathed. The third form in which risk is presented is a drinking water

http://www.epa.govingispaim3/finisfirisdat/0147 DAT : 11417797
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or air concentration providing cancer risks of 1 in 10,000, 1 in 100,000 or 1
in 1,000,000. The rationale and methods used to develpp the carcinogenicity
. informatian in IRIS are described in The Risk Assessment Guidelines of 1386

(EPA/600/8-87/045}) and in the IRIS Background Document. TRIS summaries
developed since the publication of EPA's more recent Proposed Guidelines for
Carcinogen Risk Assessment also vtilize those Guidelines where indicated
{Federal Register 61{7%):17960-18011, April 23, 1896). Users are refarred to
Section I of this IRIS file for informatign on long-term toxic effects other
than carcinogenicilty.

__Ir.A. EVIDENCE FQR CLASSIFICATION AS TO HUMAN CARCINOGEMICITY

IT.A.1. WEIGHT-OF-EVIDEMNCE CLASSIFICATION
Classificatian -~ B2; probable human carcinogen.

Basis -- Chservatian of tumors {generally of the liver} in seven studles in
various mouse strains and three studies in rats., DDT is structurally similar
to other probkable carcinegens, such as DDD and DDE. -

IT.A.2. HUMAN CARCINOGENICITY DRTA

Thadegquate. The existing epidemielogical data are inadequate. Autopsy
studies relating tissue levels of DDT ko cancer incidence have yielded
conflicting results. Three studies reported that tissue levels of DDT and
DDE were higher in cancer victims than in these dying of other diseases
(Ccasarett et al., 1968; Dacre and Jennings, 1970; Wasserman et al., 1976}).

. In other studies no such relationship was seen (Maier-Bode, 19&60; Robinson et
al., 1365; Hoffman et al., 1967). Studies of occupationally exposed workers
angd wolunteers have been af insufficient duration to be useful in assessment
of the carcinogenicity of DDT to humans.

IT.A.3. ANIMAL CARCINCGENICITY DATA

Sufficient. Twenty-five animal carcinogenicity assays have been reviewed
for DDT. MNine feeding studies, including two multigeneraticnal studies, have
been conducted in the following mouse strains: BALEBSC, CF-1, A strain,
Swiss/Bombay and (C57B1}x{C3ExRKR). Only ane af these studies, conducted for
78 weeks, showed no indicatien of DDT tumorigeniecity {(MCI, 19%78}. Both
hepatocellular adenomas and carcinomas were cbserved in six mouse liver tumer
studies (Walker et al., 1973 Thorpe and Walker, 1573 HKashyap et al., 1977:
Innes et al., 18&9; Terracini et al., 1973: Turusev et al., 1573). Both
benign and malignant lung tumors were phserved in two studies wherein mice
ware expased both in utere and throughout their lifetime (Shakad =2t al.,

1573; Tarjan and Kemeny, 1963). Doses producing increased tumor incidence
ranged from 0.15-37.5 mg/kg/day.

Three studies using Wistar, MRC Portaon and Osborne-Mendel rats and doses
from 25-40 mg/kg/day produced increased incidence of benign liver tumors
(Ressi et al., 1577, cCabral et al., 1582; ritzhugh and Nelson, 15%4&).
Another study wherein Osborne-Mendel rats were exposed in this dietary dose
rangye for T8 weeks was negative (NCI, 1978) as were three additienal assays
in which lewar doses wers glven.

Unlike mice and humana, hamsters accumulate DDT in tissue bhut do not
metabolize it to DOD or DDE. Studies of DDT in dogs [Lehman, 1951, 196%) and
monkeys {(Adamson and Sieber, 197%, 1983) have not shown 2 carcinegenic
effact. However, the length of these studies (approximately 30% of the

. Tests of DDT in hamscters have pot resulted in increased tumor incidence.

http:./fwww . epa.govingispem3/insfirisdat/0147 DAT 11/17/97
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animals' lifetimes) was insufficlent to assess the carcinogenicity of DDT.
' DOPbT has been shown to produce hepatomas in trout {Halver, 1567},

ITI.A.4. SUPPORTING DATA FOR CARCINOGENICITY

DDPT has been shown to act as a liver tumor promoter in rats initiated
with Z-acerylaminofluearense, Z-acetamidophenanthrens or
trans-4-acetylaminostillbens (Peraine et al., 1975; Scribner and Mattet, 1581;
Hilpert et al., 1%983).

DDT has produced both negative and positive responses in tests for
genotoxicity. Positive respanses have been noted in ¥79 mutation assays, for
chromosome aberrations in cultured human lymphocytes, and for aister
chromatid exchanges in ¥795 and CHO cells (Bradley et al., 1981; Rabelle =t
al., 1975: Preston et al., 1381; Rayv-Chaudhurl et al., 1982). In ohe study,
DDT was reported to interact directly with DNA; this result was not confirmed
in the absence of a mecabolizing system {(Kubinski et al., 1%81; Griffin and
Hill, 1%78).

DDT is structurally related to the following chemicals which produce
liver tumors in mice: DDE, DDD, dicofel and chleorobenzilate.

__IT.B. QUANTITATIVE ESTIMATE OF CRACTINOQGENTIC RISK FROM ORAL EXPOSURE

. IT.B.1. SUMMARY OF RISK ESTIMATES
Oral Slope Factar -- 3.4E-1 per [mg/kg)/day
Drinking Water Unit Risk -- 9.7E-8 per {ug/L]

Extrapolation Mathed -- Linhearized multistage procedure, extra risk

Drinking Water Concentrations at Specified Risk Levels:

Risk Level Concentration
E-4 {1 in 10,0040} “1E+1 ugfL
E-5 {1 in 100,000} 1E+0 ug/L

E-6 {1 in 1,000,000} 1E-1 ug/L

IT.B.2. DOSE-RESPONSE DATA {CARCINOGENTCITY, ORAL EXPOSURE}

Tumar Type —- Liver, benign and malignant (see table)
Test Animals -- mouse and rat [see tabhle)

Route -- diet

Reference -- sees takle

Slope Factor

Species/Strain @00 ——me———
Tumor Type Male Female Reference
. Mouse/CF-1, Benign G.80 G.4g2 Turusay et al., 19493
Mouse/BALB/C, Benign 0.0B2 Terracini et al., 1973
Mouse/CF-1, Benign, 0.52 0.81 Thorpe and Walker, 1573
Malignant

http:Awanw.epa. govingispgm3/iris/irisdat/0147. DAT 11/17/57
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Mouse/CF-1, Benign 1.04 0.48 Tomatis and Turusowv, 1975
Rat/MRC Porton 0.084 Cabral et al., 1982
Rat/Wistar, Benign 0.16 0.27 Rossi et al., 1977

I1.8.2. ADDITIONAL COMMENTS (CARCINOGENICITY, ORAL EXPOSURE)

The estimate ¢f the slope factor did not increase in the multigeneration
feeding studiea (Terracini et al., 1872; Turusov et al., 1%73}) but remained
the same from generatiecn to generation. A geometric mean of the above sleope
factors was used for the eoverall slope factor of 3.48-1. This was done in
order to aveid excluding relevant data {note that the appropriateness of this
procedura is currently under study by U.S. EPA). All tumors were of the
liver: there were no metastases. A few malignancies were observed in the
Turusov astudy; poasible necplasms were indicated in the Terracini and Tomatis
studies. The Turusov study was carried outbt over six generations, the
Terracinl assay for two. The slape factor derived from data of Tarjan and
Kemeny {1969) was not included in the calculation of the geometric mean
because the tumors developed at different sites than in any other studies.

In addition, therc was a problem in this scudy with possible DDT
contamination of the feed.

ODT 1s Known to ke absorbed by humans in direct proportion to dietary
exposure; t{l/2) for clearance is 10-20 vears.

The unit risk sheould not be used if the water coocentraion exceeds 1E+3
ug/L, since above this concentration the unit risk may not be apprupriate.

I1.8.4. DISCUSSION OF CONFIDENCE {CARCINOGENICITY, ORAL EXPOSURE}

Ten slope factors derived from six studies were within a 13-feld range.
The slope factor derived from the mouse daca alone was 4_8E-1 while that
derived from the rat data alone was 1.5E-1. There was no apparent difference
in slope factor as a function of sex of bthe animals. The geometric mean of

the slope facters from the mouse and rat data combined was identical for the
same tumor dite aa that for DDE [3.4E-1 per (mgfkg)/day], a atructural analog.

I1.C. QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM INHALATION EXPOSURE

IT-C.1. SIMMARY QF RISK ESTIMATES
Inhalatien Unit Risk -- 9.7E-5 (ug/cu.m}
Extrapolation Methad -- Linzar multistage procedure, extra risk

Air Concentrationsg at Specified Risk Levels:

Risk Level Concentration
E-4 {1 in 10,000) 1E+0 ug/cu.m
E-5 {1 in 100, 000) 1E-1 ug/ecu.m

E-& (1 in 1,000,000) 1lE-2 ug/cu.m

I1.¢.2. DOSE-RESPUONSE DATA FOR CARCINOGENICITY, INHALATICN EXPCSURE

http://www.epa. gov/ngispgm3/iris/icisdat/0147. DAT L1197
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The inhalation risk estimates were calculated from the oral data presented
in Sectien II.B.2.

IT.C.3. ADDITIDMAL COMMENTS (CARCINGGENICITY. INHALATION EXPOSURE]

fhe upit risk ghould not be used if the air concentration exceeds 1E+2
ug/cu.m, since above this concentration the unit risk may not he appropriate.

II.C.4. DISCUSSION OF CONFIDENCE (CARCINOGENICITY, INHALATION EXPOSURE)

This inhalation risk estimate was calculated from the oral data presented
ip Section II.B.2.

__I1.D. BEPA DOCUMENTATION, REVIEW, AND CONTACTS {CRRCINCGENICITY ASSESSMENT)

IT.b.1. EPA DOCUMENTATION
Source Document --.U.S. EPFR, 19853

The U.S8. EPA risk assessment document on DDT is an internal report and has not
received external review.

IT.D.2. REVIEW (CARCINOGENICITY ASSESSMENTI
Agency Work Group Review —— 10/29/8&, 11/12/86, 0&6/24/787

Verification Date -- 0&/24/87

IT.D.3. U.5. EPA CONTACTS {(CARCINQGENICITY ASSESSMENT)

Flease gontact the Risk Information Hotline for all gquestions cencerning this
asseasment or IRIS5, in general, at [513)%6%-7254 (phane), (513)565-T7159 {FAX)
or RIH.IRISEEPAMAIL.EPA.GOV (internet address}.

_¥I. BIBLIOGRAPHY

Substance Name -- p,p'-Dichlorodiphenvltrichloroethane (DDT)
CASAN -- 30-28-3
Last Revised -- 0%/01/91

__VI.A. ORAL REfD REFERENCES

. Fitzhugh, ©0.G6. 1%48. Use of DDT insecticides on foed products. Ind. Eng.
Chem. 40{4}): 704-705.

+Laug, E.P., A.A. Nelson, 0.G. Fitzhugh and F.M. Kunze. 1530. Liver cell
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\ alteration and DDT storage in the fat of the rat induced by dietary levels
of 1-50 ppm DDT. J. Pharmacol. Exp. Therap. 90: 268-273.

. Treon, J.F. and F.P. Cleveland. 19535. Texicity of certain chlerinated
hydrocarbon insgeticides for laboratoery animals, with special reference to
aldrin and dieldrin. J. Rgric. Food Chem. 3{53): 402-408.
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VI.B. INHALATION REC REFERENCES

None

YI.C. CRRCIMOGENICITY ASSESSMENT REFERENCES

Adamson, R.H. and 5.M. Sieber. 1979. The use of nonhuman primates for
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Substance Name -- p,p'-Dichlerodiphenyltrichloroethane (DDT)
CASRN -— 50-289-3
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p8/22/88 II. Carcinogen summary on-line
01/01/91 IT. Text edited
01/01/%1 I1.c.1. Inhalation slope factor removed {gluobal change)
05/01/81 II.h.3. Change Lehman, 1952 to '"1951°¢
05/01/%81 VI. Biblicgraphy on-line
01/01/82 I.A.7. Secondary contact changed
g1/01/¢ez Iv. Fegulatory actions updated
02/01/%6 I.A.7. Cantact changed
SYNONYMS
Substance Name —— p,p'-Dichlorodiphenyltrichloroethane ([DDT}
CASRN -- 50-29-3
last Revised -- 03/31/87
50-25-2
AGRITAN
ANCGFEX
ARKOTINE
AZOTOX

BENZENE, 1,1'-{2,2,2-TRICHLOROETHYLIDENE)BIS (4-CHLORO-)
alpha,alpha-BIS (p-CHLOROPHENYL}-bata, beta, beta-TRICHLORETHANE
1,1-BIS- {p-CHLOROPHENYL) -2, 2, 2-TRICHLORCETHANE

2,2-BIS (p-CHLOROPHENYL}~1, 1, 1-TRICHLOROLTHANE

BOSAN SUPRA
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BOVIDERMOL

CHLORCPHENOTHAN

CHLOROCPHENOTHANE

CHLOROPHENCTOX1M

CITOX

CLOFENOTANE

DDT

p.p"-0DT

DEDELD

DEOVAL

DETOX

DETOKAN

DIBOVAN

DICHLORODI PHENY LTRICHLOROE THRNE
4,4"-DICHLORODIPHENYLTRICHLOROETHANE
Dichlorodiphenyltrichlorcethane, p,p'-
DICOPHANE

DIDTIGAM

DIDIMAC

DIFHENYLTRICHLOROETHANE

DODAT

DYKOL

ENT 1,506

ESTOMATE

ETHANE, 1,1,1-TRICHLOAO-2,2-BIS{p-CHLOROPHENYL) -
GENITON

GESAFID

GESRAPON

GESAREX

GESARGCL

GUESAPON

GUESARCL

GYRON

HRAVERO-EXTRA

HILDIT

IVORAN

IXOBEX -
KQP50L

MICRO DODT 75

MUTQXIN

NA 2761

NCI-CO04649

NEOCID

PARACHLORQCIDLUM

PEB1

PENTACHLGRIN

FENTECH

PPZEIDAN

RS0 )

RCRA WASTE NUMBER U0GS1

RUKSEAM

SANTORANE

TECH DOT

1,1,1-TRICHLOCR-Z, Z2-BIS (4-CHLOOR FENYL}-ETHARM
1,1,1-TRICHLOR-2, 2-B1S5{4-CHLOR-PHENYL}-AETHAN
1,1, 1-TRICHLCRQO-2, 2-BLS (p~CHLOROPHENYL ) ETHANE
TREICHLOROBIS (4-CHLOROPHENYL) ETHANE

1,1, 1-TRICHLCRO-2, 2-DI {4-CHLOROPHENY L) - ETHANE
1,1, 1-TRICLORO-2, 2-BIS (4~ CLORO-FEMIL) -ETAND
cETDANE

ZERDANE
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032B
. p:p'-Dichlorodiphenyldichloroethylene (DDE); CASRN 72-535-% (G4/01/97)

Health assessment information on a chemical substance is included in IRIS only
after a comprehensive review of chronic texicity data by U.S. EPA health
geientists frem several Program Offices and the office of Research and
Develepment. The summaries presented in Sectieons I and II represent a
consensus reached in the review process. Background informatiocn and
explanatiens of the methods used tn derive the wvalues given in IRIS are
provided in the Background Documents.

STATUS OF DATA FOR DDE

File On-Line 08/22/B8

Category [(section) Status Last Revised

Oral RED Assessment (I.A.) no data

Inhalation RfC Assessment (I.B.) ne data

Carcinegenicity Assessment (II.) on-line 0B/zz/88
. _I. CHRONTIC HEALTH HAZARD ASSESSMENTS FPOR HONCARCTHOGENIC EFFECTS

__T.A. REFEREKCE DOSE FCR CHRONIC ORAL EXPOSURE {RfD)

Substance Name -- p,p"-Dichloreodiphenyldichlorsethylene {(DDE}
CASRN -- 72-55-9

Net available at this time.

I.8. REFERENCE CONCENTRATION FOR CHRONIC INHALATION EXPOSURE (REC)

Substance Name -- p,p'-Dichleorodiphenyldichloreethylense (DDE}
CRSRN -— 72-535-9

Not available at this time,

. _II. CARCINOGENICITY ASSESSMENT FOR LIFETIME EXPOSURE
Subatance Name -- p,p'-Dichlorediphenyldichloraethylene [(DRE)

CASRN -~ 72-35-% .
Last Reviszed -- Q8/22/8%

http:/fvrww. epa.govingispgm3/irisfirisdat/0328. DAT 11/17/97




0328.DAT al www.epa.gov . 268  &§ Page 2 of 7

S5ecticn II provides information on three aspects of the carcinogenic

. assessment [or the substance in guestion; the weight-of-evidence judgment of
the likelihood that the substance 1s a human ecarcinegen, and gquantitative
estimates of risk from oral exposure and from inhalation exposure. The
quantitative risk estimates are presented in three ways. The slape factor is
the result of application of a low-dase extrapolation procedure and is
presented as the risk per (mg/kg}fday. The unit risk is the guantitative
estimate in terms of either risk per ug/L drinking water or risk per ug/cu.m
air breathed. The third form in which risk is presented i3 z drinking water
@r air concentration providing cancer risks of 1 in-1Q,000, 1 in 100,000 or 1
in 1,000,000. The rationale and methods used to develop the carcinamgenicity
informatien in IRIS are descrihed in The Risk Assessment Guidelines of 1986
{EPA/E00/8-87/045) and in the IRIS Background Document. IRIS summaries
developed since the publication of EPA's more recent Proposed Guidelines for
Carcinogen Risk Assessment alsao utilize those Guidelines where indicated
{Federal Register B1(79):179680-1R8011, Rpril 23, 1996). Users are referred to
Section I of this IRIS file for information on long-term toxic effects other
than carcinogenicity.

__II.A. EVIDENCE FOR CLASSIFICATICON AS TO HIMAN CARCINOGENICITY

IT.A.1. WEIGHT-OF-EVIDENCE CLASSIFICATICON
Classification —- B2, probable human carcinegen

Basis -- increased incidence of liver tumors including carcinomas in twWo
strains of mice and in hamsters and of thyreid tumors in female rats by diet.

IT.A.2. HUMAN CARCINGGENICITY DATH

Human epidemioleogical data are not available for DDE. Evidence for the
carcinegenicity in humans of DDT, a structural analog, is based on autopsy
studies relating tissue levels of DDT te cancer incidence. These studies
have yielded conflicting results. Three studies reported that tissue levels
of DDT and DDE were higher in cancer victims than in those dying of other
diseases {(Casarett et al., 1968; Dacre and Jennings, 1970; Wasserman et al.,
1978). In other studies no such relationship was seen (Maier-Bode, 1960;
Robinson et al_, 1965; Hoffman et al., 1967). Studies of volunteers and
workers occupationally expnsed te DDT have been of insufficient duration to
determine the carcinogenicity of DDT te humans.

Ir.A.3. ANIMAL CARCINOGENICITY DRTA

Sufficient. NCI (1578} administered DOE in feed at TWA deoses of 148 and
281 ppm to 30 BBC3FLl mice/sex/dose for 78 weeks. After an additional 15
waeks, a dose-dependent and statistically significant increase in incidence
of hepatocellular carcinomas was observed in males and females in comparison
with controls. Increased weight loss and mortality was abserved in females.

Tomatis et al. {1974) administered 250 ppm DDE in feed for lifetime {130
weeks) to 60 CF-1 mice/sex. A statistically significant increase in
incidence of hepatomas was observed in both males and females in cemparison
with contrals. In females, 98% of the 55 surviving exposed animals developed

. hepatomas, compared to 1% of the surviving contrels.

Rossi et al. (1983} administered DDE in feed for 128 weeks to 40-46
Byrian Gelden hamsters/sex/dose at doses of 500 and 1000 ppm. After 76
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weeks, a statistically significant increase in incidence of neoplastic
nodules of the liver were observed in both sexes in comparison with

. vehicle-treated contrels.

NCI {1578) alsc fed DDE at TWA dases af 417 and €39 ppm for males and 242
and 462 ppm for females for 70 weeks to 50 Osborne-Mendel rats/sex/ dase,
with an additiconal 35 week observation period. A dose-dependent trend in
incidence of thyroid tumora was achserved in females which was statistically
slgnificant by the Cochran Armitayge trend test after adjustment for
survival. The Fiacher Exact test, however, was not statistically
significant. Owverall, the results of the bicassay were not considered by NCI
to provide convincing evidence for carcinogenicity.

IT_A.4. SUPPORTING DATA FOR CARCINOGENICITY
DDE was mutagenic in mouse lymphoma {(L5178Y) cells and chinese hamster
{¥758} cells, but not in Salmenella (ICPEMS, 1984). DDE is structurally

similar to and a metabolite of DDT (Petersen and Rebinson, 1984: Gingell and
Wallcave, 1978; Morgarn and Rean, 1877) which is a prebable human carcinogen.

__Ii.B. QUANTITATIVE ESTIMATE OF CRRCINOGENIC RISX FROM ORAL EXPQSURE

. II.B.1. SUMMARY OF RISK ESTIMATES
. Oral Slope Factor —-- 3.42-l1/mqfkq!day
Drinking Water Upit Risk -- %_7E-&/ug/L
Extrrapolation Methed -- Linearized multistaqge procedure, extra risk

Drinking Water Concentrations at Specified Risk Levels:

Risk Leavel Concentratian
E-4 (1 in 14, 000) 1E+L ug/fL
E=-5 [1 in 100,000} 1 ug/L

E-& {1 in 1,000,000} 1E-1 ug/L

I1.8.2. DCSE-RESPONSE DATAR |(CARCINGGENICITY, ORAL EXPOSURE)

Tumor Type —-- hepatocellular carcinomas, hepatomas

Test Animals -- mouse/B6C3Fl; mouse/CF-1; hamsters/Syrian Golden
Route -- diat

Reference —- WCI, 197B; Tomatis et al., 1974; Rossi et al., 1983

Administered Human Eguivalent Tumer Incidence
Dose [ppm) Dose {mg/kg)/day female male Reference

—_———————— e - e o —————————— —— - [ -

Mouse/B&C3F1l; hepatocellular carcinomas

0 0.qQ /19 B/139 NZI, 1978
148 0.90 15/47 1/41
2¢1 1.584 34748 17/47
Mouse/CF-1; hepatamas
0 0 1/90 33/98 Tomatis et
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. 250 2.45 54755 39453 al., 1974
Hamsters/Syrian Golden; neoplastic nodules [hepatomas)

0 )] 0D/31 0/42 Rosai et

300 4.78 T30 4/39 al., 1983

1000 g.57 B/3% 6/39

IT.B.2. ADDITICNAL CCMMENTS |CARCINCGENICITY, ORAL EXPOSURE}

NCI (137B) used DbE of about 95% purity, while that used by Tematis et
al. {1374) and Rossi et al. (1%83) wasa 99% pure. In the hamster study, Rossi
et al. deacribed the ebserved lesions as neoplastic liver nodules or
hepatogellular tumers, using these terms interchangeably. The oral
guantitative estimate is a geometric mean of six slope factors computed frem
incidence datg by sex from the studies cited in Section IT.A.3.

The unit risk sheould not be used If the water concentration exceeds 1E+3

ug/L, since above this concentratien the slepe factor may differ from that
stated.

__ I1.B.4. DISCUSSION OF CONFIDENCE {CARCINOGENICITY, ORAL EXPOSURE]

An adequate numbher of animals was observed. The geometric mean cbtained
using the slope factors from the mouse studies alone is 7.8E-1/mg/kg/day.
This is within a facter of 2 of that derived from the mouse and hamster
studies combined. TIn addition, the slope factor for DDE was within a factor
of 2 of the slope factors for liver tumors for three structurally similar

compounds: DDT, 3.4E-1/mg/kg/day: DDD, 2.4E-1/mg/kg/day; and Dicofol,
4.4B-1/mg/kg/day. _ '

_I1.c, QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM INHALATION EXPOSURE
Mot available.

————— L e T A Ty T ——

IT.D. EPA DOCUMENTATION, REVIEW, AND CONTACTS [CARCINOGEMICITY ASSESSMENT)

Ir.p.1. EPA DOCUMENTATICN
Source Document -- U.S. EPA, 1980, 1985

The 1983 Carcinocgen Assessment Group's report has received Rgency review. The
1980 Hazard Assessment Report has received peer review.

IT.D.2. REVIEW {CARCINOGENICITY ASSESSMENT]
. Agency Work Group Review -- Q&6/24/87

VYerification Date -- Q&/Z4/87
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. II.D.3. U.5. EPA CONTACTS (CRRCINOQGEMICITY ASSESS5MENT)

Flease contact the Risk Information Hotline for all gquestions concerning this
assessment or IRIS, in general, at (513}569-7254 (phone}, [513)569-7139 (FAX)
or RIH.IRISEEPAMAIL.EPA.GOV (internet address).
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. ODE
g, p'-DOE
CDT DEEYDRDCHLORIDE

. 1, 1-DICHLORO-2, 2-B1S (p-CHLORQFHENYL) ETHYLENE
DICHLORODT PHEMYLDICHLOROETHY LENE -
Dichlorodiphenyldichloroethylene, p,p'-
1,1"'-DICHLORCETHENYLIDENE)BIS {4-CHLOROBENZENE)
ETHYLENE, 1,1-DICHLORO-2,2-BIS{p-CHLORCPHENYL)-
NCI-CO0553
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0347
p,p'-Dichlorodiphenyl dichloroechane (DDD): CASBRN 12-5%4-8 (03/01/97)

Health assessment information on & chemical substance is included in IRTIS only
after a comprahensive review of chronie toxicity data by U.S5. EPA health
scientists from several Program Offices and the Office of Research and
Development. The summaries presented in Sections I and II represent a
consensus rceached in the review process. Background infermatien and
ekplanations of the methods used to derive the walues given in IRIS are
provided in the Background Decuments.

STATUS OF DATA FCR' DDOD

File on-Line 08/22/88

Categoury (sectien) S5tatus Last Revisad
Oral RfD Assesamenkt {I.A.} ‘ no data

Inhalation RfC Assessment (I.B.) no data

Carcinogenicity Assessment (IL.) on-line - 0Bf22/88

_1. CHRONIC HEALTH HAZAHD ASSESSMENTS FOR NOMNCARCINOGENIC EFFECTS

I.A. REFEREMCE DOSE FOR CHRONIC ORAL EXPOSURE (RfD)

Substance Mame -- p,p*'-Dichlorodiphenyl dichlaroechane {DDD)
CASAN -- 72-54-1

Not available at this time.

__1.B. REFERENCE COWCENTRATICOM FOR CHRONIC INHALATION EXPOSURE (REC)

Substance Name —- p,p'-Dichlorodiphenyl dichlorcethane (DPR)
CASRN -- T2-54-8

Not available at this time.

_II. CARCINOGENICITY ASSESSMENT FOR LIFETIME ENXPOSURE

Substance Name -- p,p’'-Dichlorodiphenyl dichloroethane ([DDD)
CASBN -- T72-54-8
Last Revised —— 08/22/88

http://www epa.govingispgm3/insfirisdat/0347 DAT 11/17/197
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Sectien II provides information on three aspects of the carcinogenic

. assessment for the substance in question; the welght-of-evidence judgment of
the likelihood that the substance is a human carcinogen, and guantitative
estimates of risk from oral exposure and from inhalation expesure. The
guantitative risk estimates are presented in three ways. The slaope factor is
the result of application of a low-dose extrapolation procedure and is
presented as the risk per (mg/kg)/day. The unit risk is the guantitative
estimate in terms of either risk per ug/L drinking water or risk per ug/cu.m
alr breathed. The third form in which risk is presented is a drinking water
or air concentration providing cancer risks of 1 im 10,000, 1 in 100,000 or 1
in 1,000,000. The rationale and methods used to develep the carcinogenicity
information in IRIS are described in The Risk Assessment Guidelines of 1986
{EPA/600/E-87/045) and in the IRIS Background Document. IRIS summaries
developed Eince the publication of EPA's more recent Praposed Guidellines for
Carclnogen Risk Assessment also utilize those Guidelines where indicated
{Federal Register 611(79):17960-18011, April 23, 1996). Users are referred to
Jection I ©of this TRIS file for information on long-term toxie effects other
than carcinegenicity.

IT.A. EVIDENCE FTOR CLASSIFICATION AS TO HUMAN CARCINOGENICITY

IT.A.]1. WEIGHT-OF-EVIDENCE CLASSIFICATION
Classification —~ B2; probable human carcinogen

Basis -- based.on an increased incidence of lung tumers in male and female

mice, liver tumers in male mice and thyroid tumers in male rats. DDD is

structurally similar to, and is a known metabolite of DT, a probkable human
. carcinogen.

IT.A.2. HUMAN CARCIMOGENICITY DATA

None. Human epidemiological data are not available for DDD. Evidence
for the carcinogenicity in humans of DBT, a strucktural analoq, is based on
autopsy studies relating tissue levels of DDT to cancer incidence. These
studijes have yielded cenflicting results. Three studies reported that
tissue levels of DDT and DDE were higher in cancer victims than in thaose
dying of other diseases (Casarett et al., 1968; Dacre and Jennings, 1970;
Wasserman et al., 1976). 1In other studies no such relationship was seen
{Maier-Bode, 1960; Robinseon et al., 1965; Hoffman et al., 1967). Studies of
occupationally exposed workers and wolunteers have been of insufficient
duration te determine the carcineogenicity of DDT to humans.

IT.A.3. ANIMRL CARCINOGENICITY DATA

Sufficient. Tomatis et al. {1974) fed DDD for 130 weeks at 250 ppm (TWA)
to 80 CF-1 mice/sex. A statistically significant increase in incidence of
lung tumors was seen in both sexes compared with controls. In males, a
statistically significant increase in incidence of liver tumors was also
Seean.

- NCI {1578) fed DDD at 411 and 822 ppm {TWA) to 50 B6C3Fl mice/sex/dose
for 78 weeks. Actual doses were 350 or 630 ppm for 5 weeks, 375 or 750 ppm

. for 11 weeks, and 425 or 850 ppm for the pext &2 weeks. H&After an additicnal
15 weeks, an increased incidence of hepatscellular carcinemas was seen in

buth sexes by comparison to controls, but the incrzass was not statistically
significant.

http://www.epa.gov/ngispgm3/ins/irisdat/0347. DAT 11/17/97
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NCI {1978} alsec fed DDD at 1647 and 3294 ppm TWA for males and 850 and
1700 ppm TWA for females for 78 weeks to 50 Osborne-Mendel rats/sex/dose.
Males ware fed 1400 or 2BOC ppm for 23 weeks followed by 1750 or 3500 ppm
for 55 wesks. Females were fed 850 or 1700 ppm for the entire 7H weeks.
After an additicnal 35 weeks, an increased incidence of thyroid tumors
(follicular cell adenomas and carcinomas) was cbhserved in males. Due to a
wlde wvariation in lncidence of these tumors in the contrel groups for DOD,
DDE and DDT, the increased incidence was not statistically significant by
comparison ta concurrent eontrols.  Although tumor incidence did not appear
ta be dose-related, the increase was significant at the low dose by
comparison te histerical cantrels, Thus, the pathelogists' judgment and
statistical results suggest a possible carcinegenic effect of DDD in male
rats. NCI concluded that a definitive interprstation of the data was not
possible.

IT.A.4. SUPPORTING DATA FOR CRRCINOGENICITY

DDD is structurally similar te, and is a metabolite of, DOT, a'probable
human carcinogen, in rats (Peterscn and Rebinson, 1964}, mice {Gingell and
Wallcave, 1976), and humans {Mecrgan and Roan, 1977).

Positive effects were found with DDD in mammalian cytogenetiec assays and
a host-mediated assay (ICPEMC, 1984).

__II.B. QRUANTITATIVE ESTIMATE COF CARCINOGENIC RISK FROM OQRAL EXPOSURE

I1.B.1. SUMMARY OF RISK ESTIMATES

Oral Sleope Factor -- 2.4E-1/mg/ko/day
Drinking Water Unit Risk -- &.9E-6/ug/L
Extrapolation Method -- Linearized multistage procedura, extra risk

Drinking Water Concentrations at Specified Risk Levels:

Bisk Level Concentratcion
E-4 (1 im 10, 000) 1B+1 ug/L
E-5 {1 in 100,000} 1 ug/L

E-6 {1 in 1,000,000} 1E-1 ug/L

IT.B.2. DOSE-RESPONSE DATA (CARCINCGEWICITY, OCRAL EXPOSURE)

Tumcr Type -- liver

Test Animals -- mouse/CF-1, males
Route -- diet

Reference -—- Tomatis =t al., 19374

Administered  Human Equivalent  Tumor

Doge (ppm) Dose {(mg/kg)/day Incidence
4 4] 33/98
254 245 31/59
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I1.B.3. ADDITIONAL COMMENTS (CARCINQGENICITY, ORAL EXPOSURE}
DDD used in the Tomatis study was 99%% pure p,p"-isomer. In the NCI
biocassay, technical grade DDD was used, in which 60% of the material . |
consisted of the p,p'-lsomer. The cemposition of the remzsining 40% was
unspecified, but it was atated that analysis by gas chromatography revealed
at least 1% impurities.
The unit risk should not be used 1f the water concentration exceeds 1E+3

ug/L, since above this ceoncentration the slepe factor may differ from that
stated.

II.B.4. DISCUSSION OF CONFIDENCE [(CARRCINOGENICITY, CRAL EXPOSURE)

An adequate number of animals was tested. The slope factor was
calculated using tumor incidence data from cenly one dose. The slope factaor
was similar to, and within a facter of 2, of the slope factors for this same

site af three other astructurally similar compounds: DDT, 3.4E-1/mg/kg/day:
DDE, 3.4E-1/mg/kg/day: and dicofol. 4.4E-1/mg/kg/day.

II.C. QUANTITATIVE ESTIMATE OF CARCINQGENIC RISK FROM TNHALATION EXPOSURE

Net avallable

= = = e =TT e W e T e M e Y M e M e T M T = T T T T T e e o e S R e AL A

__I1.n. EPA DOCUMENTATION, REVIEW, AND CONTACTS [(CARCINOGENICITY ASSESSMENT)

II.o.1. EPA DOCUMENTATION
Spurce Document -- U.5. EPA, 1980, 1985
The 1985 Carcinogen Assessment Group's report has recelved Agency review.

The 1980 Hazard Assessment Report has received peer review.

II.D.2. REVIEW ({(CARCINOGENICITY ASSESSMENT!}
Agency Wark Group Review -- 06703787, 06/24/87

verification Date -- D6/24/87

II.0.3. V.S. EPR CONTACTS (CARCINOGENICITY ASSESSMENT)

Please contack the Risk Informatien Hotline for all questions concerning thia
assesament or IRIS, in general, at [213)3969-7254 [(phone}, [513)569-7159 (FAX)
or RIH.IRISGEPAMRIL.EPR.GOV {internet address).
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08/22/08 II. carcinogen summary on-line
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01/01/92 IV. Regulatory Action section on-line
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Sukstance Mame -- p,p'-Dichleorediphenyl dichlersethane [(DDD)
CASRM -- 72-54-8

Last Revised - 08/22/88

72-54-8

l,1-bi=s(d-chlerophenyl}-2, 2-dichloroethane
l,1-bis(p-chlocrophenyl) -2, 2-dichloroethane
2,2-bis(p-chlorophenyl) -1, 1-dichlorosathane

ooD
4,4 -pDD
p,p'-DOD

l,l-dichloro-2,2-bis{p-chlorephenyl)ethansa
dichlorodiphenyl dichlaroethane
Dichlarcdiphenyl dichloroethane, p,p'-
dilane

rothane

TDE
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0225
Dieldrin; CASRN 60-57-1 (03/01/%7)

Health assessment information on a chemical substance is inecluded in IRIS only
after a comprehensive review of chronic texicity data by U.S. EPA health
scientists from several Program Offices and the Office of Research and
Development. The summaries presented in Sections I and IT represent a
consensus reached in the review preocess. BHackground information and
explanatiens of the methods used to derive the wvalues given in IRIS are
provided in the Background Documents.

STATUS OF DATA FOR Dieldrin

File On-Line 0S/07/88

Category {sectian} Status Last Hewvised
Oral RfD Assessment {I.A.} on-line 05/01/80
Inhalaticn REC Assessment {I.R.] no data

Carcinogenicity Assassment (II.) .on-line R7/01/93

_I. CHROMIC HEALTH HAZARD ASSESSMENTS FOR NONCARCINOGENIC EFFECTS

__TI.A. REFERENCE DOSE FOR CHROMIC ORAL EXPOSURE (REfD)

Substance Name -— Dieldrin
CASEN -- B0-57-1
Last Revised -- 08/01/90

The oral Reference Dose {RfD) is based on the assumpbicon that thresholds exist
for certain toxiec effects such as cellular necrasis. Tt is expressed in units
of mg/kg-day. In general, the RED is an estimate (with uncertainty spanning
perhapa an order of magnitude) of a daily expesure to the human population
(including sensitive subgroups) that is likely to be without an appreciable
risk of deleterious effects during a lifetime. FPlease refer to the Background
Document for an elaboration of these concepts. RIDs can also be derived for
the noncarcinogenic health effects of substances that are also carcinogens.
Therefore, it is essential to refer te obher sources of information concerning
the carcinogenicity of this substance. Tf the U.S. EPA has evaluated this
substance for potential human carcinogenicity, a summary of that evaluation
will be contained in Section II of this file.

I.A.1. ORRL RfD SUMMARY

Critical Effesct Experimental Doges* Ur ME RED
Liver lesions NCOAEL: 0.1 ppm 100 1 5E-5
{0.005 mg/kg/day) mg/ka/sday

2-Year Rat Feeding

Study LOREL: 1.0 ppm
{0.05 mgfkg/day)

Walker et al., 1969
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I.A.2. DPRINCIPAL AND SUDPORTING STUDIES (ORAL RID)
Walker, A.I.T., D.E. Stevenson, J. Roebinson, R. Thorpe and M. Raberts. 1989,
The toxicology and pharmacodynamics of dieldrin {HEOD}: Two-year oral
exposures of rats and dogs. Toxicol. Appl. Pharmacol. 15: 345-373.

Walker et al. (1969} administered dieldrin {(recrystallized, 99% active
ingredient) to Carworth Farm "B" rats (25/sex/dose; controls 45/sex) for 2
years at dietary concentratiens of 0, 0.1, 1.0, or 10.0 ppm. Based on intake
assumptions presented by the authors, these dietary levels are approximately
equal to O, 0.003, 0.05 and 0.5 mg/kg/day. Body welght, £food intake, and
general health remained unaffected throughout the Z-year period, although at
10.0 ppm {0.5 mg/kg/day) all animals became irritable and exhibited tremors
and eccasional convulsions. Neo effects were seen 1n variouns hematological and
clinical chemistry parameters. AL the end of 2 years, females fed 1.0 and
10.0 ppm (0.03 and 0.5 mg/kg/fday} had increased liver weights and liver-to-
body welght raties (p<0.05). Histopathological examinations revealed liver
parenchymal cell changes including forcal proliferation and focal hyperplasia.
These hepatic lesicons were considered to be characteristic of exposure to an
organcchlorine insecticide. The LOAEL was identified as 1.0 ppm {0.005
mg/kg/day) and the NOAEL as 0.1 ppm {0.005 mg/fkg/day}.

I.A.3. UNCERTAINTY AND MODIFYING FACTCRS (ORAL RED}

-UF == The UF af 100 allows for uncertainty in the extrapolation of dose levels
from laboratory animals to humana (10A) and uncertainty in the threshcld for
sensitive humans {10H). :

ME —— None

I.A. 4. ADDITIONAL COMMENTS (ORAL RED]
Data considered for establishing the RED:
1} Z2-Year Feeding - rat: Principal study - see previous description
2} 2-Year Feeding (oncegenic} - ﬁcg: Systemic NOBEL=0.005 mg/kg/day: LEL= 0.05
mgfkg/day (increased liver weight and liver/bedy weight ratioas, increased
plasma alkaline phosphatase, and decreased serum protein concentration)

{(Walker et al., 19g%)

3} 2-Year Feeding - rat: Systemic LEL=0.S ppm (approximately 0.025 mg/kg/day),

{liver enlargement with histopathelegy): [(Fitzhugh et al., 1964}
4} 2-Year Feeding {oncogenic) - mouse: Systemic LEL=0.1 ppm (0.015
mgfkg/day), {liver enlargement with histopathology): {(Walker et al., 1972)

5} 253-Month Feeding - dog: Systemic NOEL=0.2 mg/kg/day; LEL=0.5 mg/kg/day,
{weight loss and cenvulsicns): (Fitzhugh et al., 1964)

6] Teratolagy - mouse: Teratogenic NOEL=6.0 mg/kg/day (HDT, gestaticnal days
7-16); Maternal LEL=6.Q mg/kgfday [HDT, decrease in maternal weight gain}:
Fetotoxic LEL=6.0 mg/kg/day (HDT, decreased numbers of caudal ocssification
centers and increases in supernumerary rihs); (Chernoff et al., 1975). This
study was not considered since 41% of the test dams died at the highest dase
teated.
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. I.A.5., CONFIDENCE IN THE ORAL RfD

S5tudy -- Low
Data Base --— Medium
RfD -- Medium

The principal study is an clder study for which detailed data are nat
available and in which a2 wide range of deses was tested. The chronic toxicity
evaluation is relatively complete and supports the critical effect, if not the
magnitude of effects. Repraductive studles are lacking. The RED is given a
medium confidence rating because of the support far the critical effect from

other dieldrin studies, and from studies on organechlorine insecticides in
genaral .

I.A.6. EPA DOCUMENTATION AND REVIEW QF THE QRAL RID
Source Document -- TU.5. EFA, 1987
Other EPA Documentation —-- Hene

Agency Werk Group Review -- 04/16/87

Verification Date —- 04/16/87

. I.A.7. EPA CONTACTS (ORAL RfD)
Please contact the Risk Information Hotline for all questions concerning this

assessment or IRIS, in general, at (513} 56%-7254 (phone}, (512)569-7159 (FAX)
ar RIH.IRISEEPRMAIL.FEPA.GCY {(internet address].

v —————————— R - e

__I.E. REFERENCE CONCENTRATION FOR CHROMIC INHALATION EXPOSURE (RfC)

Substance Name -- Dieldrin
CASEN -- &Q-37-1

Net available at this time.

_IT. CARCINOGENICITY ASSESSMENT FOR LIFETIME EXPOSURE

Substance Name -- Dieldrin
CASRN —— B0-57-1
Last Revised —- 07/01/23

. Section II provides informaticn en three aspects of the carcinogenic
assessment [or the substance in question; the weight-of-evidence judgment of
the likelihecod that the substance is a human carcinogen, and guantitative
estimates of risk from cral exposure and from inhalation exposure. The
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quantitative risk estimates are presented in three ways. The slope factor is
the result of application of a low-dese extrapolation procedure and is
presented as the risk per (mg/kg}/day. The unit risk is the quantitative
estimate in terms of either risk per ug/L drinking water or risk per ug/cu.m
air breathed. The third form in which risk is presented iz a drinking water
or air concentration providing cancer risks of 1 ip 10,000, 1 in 100,000 or 1
in 1,000,000. The rationale and methods used to develop the carcinogenicity
infarmation in IRIS are described in The Risk Assessment Guidelines of 1%88&
{EPA/E00/8-87/045) and in the IRIS Background Document. IRIS summaries
developed since the publication of EPA's more recent Proposed Guidelines for
Carcincgen Risk Assessment alsc utilize those Guidelinea where indicated
{Federal Register 61(793:17560-18011, April 23, 139G). Users are referred to
Sectlaen T of this IRIE file for information on long-term toxic effects other
than carcinogenicity.

__IT.-A. EVIDENCE FOR CLASSIFICATION AS TO HUMAN CARCINOGENICITY

II.A. 1. WEIGHPT-QF-EVIDENCE CLASSIFICATION
Classification -- B2; prebable human carcinocgen

Basis -- Dieldrin is carcinogenic in seven straina of mice when administered
orally. Dieldrin is structurally related to compounds {aldrin, chlordane,
heptachlor, heptachlor epoxide, and chlorendiec acid}y whilch produce tumors in
rodents.

IT.A.2. HUMAN CARCINCGENICITY DRTA

Inadeguate. Twe studies of workers exposed to aldrin and to dieldrin
reported no increased incidence of cancer. Both studies were limited in
their ability tea detect an excess af cahcer deaths. WVan Raalte {1977}
chserved btwo cases of cancer ([gastric and lymphosarcoma) among 166 pesticide
manufacturing werkers exposed 4-19 years and followed from 15-20 years.
ExXposure was not quantified, and workers were also exposed to other
crganochlorine pesticides (endrin and telodrinl. The number of workers
studied was small, the mean age of the cechort {47.7 years) was young, the
number of expected deaths was nof calculated, and the duration of exposure
and of latency was relatively short.

In a retrospective mortality study, Ditraglia et al. (1981) reparted no
statistically significant excess in deaths from cancer among 1155
organochlorine pesticide manufacturing workers [31 ohserved vs. 37.8 expected,
Standardized Mortality Ratio [SMR) = 82]. Workers were employsd for 6 months
or mere and followed 13 years or more (24,9239 person-years). Workers with no
exposure {for sxample, office workers] were included in the ¢ohorf. Vitkal
status was noet known for 112 or 10% of the workers, and these workers were
assumed to be alive; therefore additional deaths may have occurred but were
not obaerved. Exposurs was not guantified and workers were also exposed to
ckther chemicals and pesticides [including endrin). Increased incidences of
deaths f{rom cancer were seen at several apecifiec sites: esophagus {2 deaths
cbserved, SMR = 235); rectum {3, SMR = 242}; liver (2, SMR = 2Z25); and
lymphatic and hematopoietic system (6, SMR = 147}, but these site-specifirc
incidences were net statistically significantly increased.

II.A- 3. ANIMAL CARCINOGENICITY DATA

Sufficient. Dieldrin has been shown te be carcinogenic in various
strains of mice of both sexes. At different dose levels the effects range
from benign liver tumors, to hepatecarcinomas with transplantation
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confirmation, to pulmonary metastases,

The Food and Drug Administration {FDA} conducted a long-term
carcinogenesis biocassay for dieldrin {Davis and Fitzhugh, 1962). Ten ppm
dieldrin was administered arally to 218 male and female -C3HeB/Fe mice for 2
years. The study was compromised by the penr survival rate, lack of detailed
pathology, loss of a large percentage of the animals to the study, and fallure
to treat the data for males and females separately. A statistically
significant increase in incidence of hepatomas was observed in the treated
groups versus the control groups in both males and females. In FDA follow-up
study, Davis [1965) examined 100 male and 100 female C3H mice which had been
orally administered 10 ppm dieldrin. The same limitations as the previous
study were reporbted. The incidence of benign hepatomas and hepatic carcinomas
was significantly increased in the dieldrin group. A reevaluation af the
bistelogical material of both studies was done by Reuber in 1974 (Epstein,
1975a,b; 1976). He cencluded that the hepatomas were malignant and that
dieldrin was hepatocarcinogeniec for male and female C3HeB/Fe and C3H mice.

Walker et al. {1572) conducted several studies of dieldrin in CFl mice of
boeth sexes., Dieldrin was administered orally at concentrations of 4, 0.1,
1.0, and 10 ppm. Treatment groups varied from 87 to 288 animals of each sex.
Surviving animals were sacrificed during weeks 132-140. Incidence of tumors
was related to the pumber of dose levels and the dose administered. Effects
were detected at the lowest dieldrin level tested {0.1 ppm) in both male and
female mice. Dieldrin also produced significant increases (<0.05) in the
incvidence of pulmonary adenomas, pulmonary carcinomas, lympheid tumors, and
"other" tumers in female mice.

Diets containing 10 ppm dieldrin were fed to groups of 30 CFl mice of
both sexes for 11( weeks {Thorpe and Walker, 1973). The control group
consisted of 45 mice of both sexes. A statistically significant increase

. {p<0.01} in incidence of liver tumors was found in both sexes of treated
animals relative to controls., The liver fumcrs appeared much earlier in
treated animals than controls.

Technical-grade dieldrin ([>96%) was fed to BBCIF1l mice (S0G/sex/dase) at
TWA doses of 0, 2.5, or 5 ppm for B0 weeks followed by an observatien periad
of 10 to 13 weeks (NCI, 1978a). Matched control groups consisted of 20
untreated males and 10 untreated females. No significant difference in
survival was noted. A significant dose-related increase in hepatocellular
carcinoma was found in male mice when compared with pocled controls.

Tennekes et al. (1981) fed groups of 1% to 82 male CFl mice control or
dieldrin-supplemented (10 ppm) diets or control diets for 113 weeks. Dieldrin
produced a statistically significant increased incidence of hepatocellular
carcintemas in the treated group. *

Dieldrin (>8%%) was continucously fed in the diet for 83 weeks to A0
C3H/He, 62 BOC3Fl, and 71 C57Bl/6J male mice (Meierhenry et al., 18983).
Controls were 30 to 76 males of each strain. Dieldrin produced a significant
increase in the incidence of hepatocellular carcinomas compared with centrels
in all three strains.

Seven studles with four strains of rats fed 0.1 to 285 ppm dieldrin
varying in duration of exposure fram B0 weeks to 31 months did not produce
positive results for carcinegenieity (Treon and Cleveland, 1955; Fitzhugh et
al., 1864: Song and Harville, 1964; Walker et al., 1969; Deichmann et al.,
1870; NCI, 1978a,b}. Three of these studies used Oshorne-Mendel rats, Lwo
studies used Carworth rats, and one each used Fischer 3244 and Holtzman
strains. Only three of the seven studies are considered adeguate in design

. and conduct. The others used too few animals, had vnacceptably high levels af
mortality, were too short in duration, ane/or had inadeguate pathology
examination or reporting.
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II.A.4., SUPPORTING DATA FOR CARCINODGENICITY

Dieldrin causes chromesomal aberratlions in mouse cells {Markaryan, 1566;:
Majumdar et al., 1976) and in human lymphoblastoid cells (Trepanier et zl.,
1877}, forward muktation in Chinese hamster ¥79 cells (Ahmed et al., 1%77), and
unscheduled DNA synthesls in rat [Probst et al., 1981) and human cells (Rocchi
et al., 1980). Dieldrin did not produce responses in 13 other mutagenicity
tests. Wegative responses were given in assays for gene conversion in 5.
cerevisiae, back-mutation in 5. marcesans, forward mutatien (Gal RzZ in E.
coli}, and forward mutation te streptomycin resistance in E. coli (Fahrig,
1974} . MNegative responses were produced in reverse mutation assays with =ix
strains of S, typhimurium with or without metabelic activatien [(Bidwell et
al., 1975; Marshall et al., 1976; Shirasu et al., 1976; Wade et al., 18979;
Haworth et al., 1563). Majumdar et al. (1977), however, reported that
dieldrin was mutagenic for 5. typhimurium with and without metabeolic
activation.

Five compounds structurally related ta dieldrin - aldrin, chlerdane,
heptachlor, heptachlcor epoxide, and chlorondic acld - have induced malignant
liver tumers in mice. Chlorendic acid has also induced liver vumors in rats.

_ II.B. QUANTITATIVE ESTIMATE OF CARCINOGEWNIC RISK FROM QRAL EXPOSURE

IT.8.1. SUMMARY OF RISK ESTIMATES

Oral S5lope Factor -- 1.GE+l per {mg/kg)/day
Drinking Water Unit Risk -- 4.6E-4 per {ug/L}
Excrapolation Method -- LingariZed multistage procedure, extra risk

Drinking Water Concentrations at Specified Risk Levels:

Risk Level Concentration
E-4 {1 in 10,000) 2E-1 ug/L
E-5 {1 in 100,000} 2E-2 ugfL

E-6 {1 in 1,000,000) 2E-3 ug/L

II.B.2. DOSE-RESPONSE DATA (CARCINOGENICITY, ORAL EXPOSURE)

Tumor Type —-- liver carclinoma
Test Animals -- mouse

Route -- diet

Reference -- see table

Sex/Strain Slope Factor Reference

Male, C3H 22 Davis (1965,
reevaluated by
Reuber, 1974 {(cited
in Epstein, 1973aj

Female, C3H 253 Davis {1983},
reevaluated by
Reuber, 1974 (cited
in Epstein, 1975a)
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' Male, CF1 25 Wwalker et al. (1972)

. Female, CF1 28 Walker et al. (1872)
Male, CF1 15 Walker et al. (1372}
Female, CF1l 7.1 Walker et al. (1972)
Male, CF1 55 Thorpe and Walker {1%73)
rFemale, CFl 286 Thorpe and Walker (1973)
Male, B&EC3F1 8.8 NCI (1978a,b)
Male, CF1 18 Tennekes et al. {1941}
Male, C37Bl/G6J 7.4 Meierhenry et al. (1983}
Male, C3H/He B.9 Meierhenry et al. (1563)
Male, B&C3Fl 11 Maierhenry et al. (19683}

IT.E.3. ADDITIOMAL COMMENTS |[CARCIMOGENICITY, ©ORAL EXPOSURE)

The slope factor is the geometric mean of 13 sleope factors caleulated
from liver carcinama data in both sexes of several strains of mice.
Inspection of the data indicated no skrain or sex specificity of carcinegenic
response. ’

. The unit risk should not be used if the water concentration exceeds 20
ug/L, since above this concentration the unit risk may not be appropriate.

II.B.4. DISCUSSION OF CONFIDENCE (CARCINOGENICITY, CRAL EXPOSURE!

The individual slope factors caleulated from 132 independent data sets
range within a factor of 8.

L IT.<. QUANTITATIVE ESTIMATE OF CARCINDGENIC RISK FROM INHRALATION EXPOSURE

IT.C.1. SUMMARY OF RISK ESTIMATES
Inhalation Unit Risk -— 4.6E-3 per {ug/cu.m)
Extrapolation Methed -- Linearized multistage procedurs, sxtra risk

Air Concentratiens at Specified Risk Levels:

Risk Level Caoncentratien
E-4 (1 in 10,000) 2E-2 ug/cu.m
E-5 {1 {n 140,000} 2E-3 ug/cu.m
: E-& (1l inm 1,000,000) 2E-4 ug/cu.m
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IT.C.2. DOSE-RESPONSE DATA FDH CARCINOGENICITY, INHALATION EXPOSURE

. Calculaced from orel data in Section II.B.Z.

II1.C.3. ADDITIONAL COMMENTS (CARCINOGENICITY, INHALATION EXPOSURE!}

The unit risk should not bes used if air concentraticons exceed 2 ugfocu.m,
since above this concentration the unit risk may not be appropriate.

I1.C.4. DISCUSSIDN OF CONFIDENCE {CARCIMOQGENICITY, INHALATION EXPOSURE)

This inhalaticon risk estimate was based on oral data.

IT.D. EPR DOCUMENTATION, REVIEW, AMD CONTACTS (CARCINOCGENICITY ASSESSMENT}

IT.D.1. EPAR DOCUMENWTATION

Source Document -- U.5. EPA, 1986

IT.D.2. REVIEW (CARCIMOGENICITY ASSESSMENT]
. Agency Work Group Review —- 03/05/87

Verification Date -- 03705787

IT-p.3. U.5. EPA COMTACTS {CARCINOGENICITY ASSESSMENT)
Please contact the Risk Information Hotline for all questions concerning this

assessment or IRIS, in general, at (513)569-7254 {phone), (513)569-7159 [FAX)
or RIH.IRISGEPAMAIL.EPA.GOV {internet address}.
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_VII. REVISION HISTORY

Substance Name —— Dieldrin

CASEN -- &0-~-57-1

Date Bection Description

ca/07/88 I.A. Oral RED summary on-line

D3/07/6€ II. Carcinogen summary en-line

03/01/80 II.A.2 Ditraglia citation clarified

03/01/590 IT.A.3 Reuber citatign year and Deichman spelling corrected

03/01/50 IT.A.4 Shirasu citation year corrected

03/01/30 i1.8.2 Reuber citation year corrected 3

gas01/90 vI. Bibliocgraphy on-line

04/01/30 VI.C. Treon ahd Cleveland, 1955 citation cerracted

0e/01/90 I.A. Text edited

08/01/90 II. Text edited

g9/01/8%0 II1I.A Health Adviasory on-line

0g/01/790 Vi Health Advisory references added

01/01/91 II. Text edited

01/01/91 1r.c.1. Inhalatiaon slepe factor removed (global change)
T 01/01/92 Iv. Regulatory Action section on-line

Dv/01/93 II.D.3. Secandary contact's phone number changed

SYNONYMS

Substance WName -- Dieldrin

CASRN -- &0-57-1

Last Revised -- 0%/07/88

GG-37-1

ALVIT

COMPOUND 457

DIELDREX

Dieldrin
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\ DIELDRINE
DIELDRITE
. 1,4:5, 8-DIMETHANONAPHTHALENE, 1,2,3,4,10, 10-HEXACHLORO-&, 7-EPOXY-1,4, 4a, 5,6, 7,
g, Ba-OCTAHYDRO, endo, exo- .
ENT 16,225
HECD

HEXACHLORDEPOXYOUTAHY DRO-£ndo, eXa-DIMETHRMONAPHTHALENE

3,4,5,6, %, 9-HEXACHLORO-1a, 2, 2a, 3, 6, 6a, 7, 7Ta-OCTAHYDRO-2, 7+ 3, 6—DIMETHANONAPHTH
{2, 3-b)OXIRENE

ILLOXOL

NA 2761

NCI-C00124

OETALOX

PANORAM D—31

QUINTOX

RCRA WASTE MUMBER POD37
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0142
. Chlordane; CGASRN 57-74-% (04/01/57)

Health assessment information on a chemical substance is included in IRIS only
after a comprehensive review of chronic toxicity data by U.S. EPA health
scientists from several Program Offices and the Offige of Research and
Develeopment. The summaries presented in Sections I and IT represent a
consensus reached in the review process. Background informatian and
explanations of the methods used to derive the values given in IRIS are
provided in the Background Documents.

STATUE OF DATA FOR Chleordane

File On-Line 03/31/87

Category l[saction) Stacus Last Revised

Oral RfD Assessment (I.A.) on-line 07/01/689

Inhalation REC Assessment (1.B.) no data

Carcinogenicity Assezsment [II.) an-line 97/01/93
. _I. CHRONIC. . BEALTH HAZARD ASSESSMENTS FOR NONCARCINOGEMIC EFFECTS

I.A. REFERENCE DOSE FCOR CERONIC QRAL EXPCSURE [RED)

Substance Name -- Chlordane
CASRN -- 57-14-9
Last Rewvised -- 07/01/838

The oral Reference Dose (RfD) is based on the assumption that thresholds exist
for certain taxic effects such as ecellular necrosis. It is exXpressed in units
of mg/kg-day. In general, the RID is an estimate {with uncertainty spanning
perhaps an order of magnitude} of a daily exposure to the human population
(including sensitive subgroups] that is likely to be witheut an appreciable
risk of deleterious effects during a lifetime. Blease refer to the Background
Document for an elaboration of these concepts. RfDs can also be derived fot
the noncarcinogenic health effects of substances that are alsa carcinogens.
Theretfore, 1t is essential to refer to other sources of information cancerning
the carcinogenicity ¢f this substance. If the U.S. EPA has evaluated this
substance for potential human carcinegenicity, a summary of that evaluation
will be contained in Section II of this file.

I.A.1. DORAL RfD SUMMARY

—

Critical Effect Experimental Doses* ur ME RfD

Regional liver NOEL: 1 ppm’ 1000 1 6E—5
. hypertrophy in females ({0.055 mg/kg/day) mg/kg/day

30-Month Rat reeding LEL: 5 ppm

Study (0.273 mg/kgfday)
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Velsicol Chemical Co.,
1983a

. *Conversien Factors: Actual dese tested

[

I.A.2. PRINCIPAL AND SUPPORTING STUDIES (ORAL RID}

Velsicel Chemical Company. 1983a. MRID Ne. DJ138591, 00144213, Available
from EPA. Write to FQI, EPA, Washington, DC 204&0.

Charles River Fischer 344 rats (B80/sex/dose) were fed technlcal chlordane at
dietary levels of 0, 1, 5, and 25 ppm for 130 weeks. Body weight, focd
cansumption, and water uptake were monitored at regular intervals. Clinical
laboratery studies were performed and organ weights measured on eight
animals/sex/group at weeks 26 and 52, and on all survivors at week 130, Gross
and microscopic pathology were performed on all tissues. Daily dase level of
0.045, 0.229, and 1.175 mg/kg/day for males and 0.055, 0.273, and 1.40%
mg/kg/day for females for the 1, 5, and 25 ppm treatment groups, respactively,
were calculated from food consumpticn and body weight data.

Following the svbmission of a 30-month chronic feeding/encegenicity study in
Fischer 344 rats, the Agency reviews by the Office of Pesticides Programs and
the Cancer Assessment Group of these data indicated that male rats at the
highest desage exhibited an increase in liver tumcrs {(ICF Clement, 1987). The
registrant, Velsicol Chemical Company, subsequently convenad the Pathology
wWworking Group te reevaluate the slides of livers of the chlordane-treated rats
reported in MRID Mo. (00138581, It was concluded that liver lesiona had not
ocgurred in male rats and that 25 ppm (0.1175 mg/kg/day) was the NOEL for
males. Liver lesions (hypertrophy), hawever, had occurred in Female rats at S
ppm {0.273 myg/kg/day), which was considered an LEL. Therefore an NOEL of 1
ppm {0.035 mg/kg/day)] (LDT) was established for female rats.

I.A.32. UNCERTAINTY AND MODIFYING FACTORS [ORAL RID)

—

UF -— An upncertainty factor of 100 was used to account for the inter- and
intraspecies differences., BAn additicnal UF of 10 was used to account for the
lack of an adequate reproduction study and adequate chronlc study in a second
mammalian species, and the generally lnadeguate sensitive endpoints studied in
existing studies, particularly since chlordane is known to bicaccumulate over
a chronic duration.

MEF -- None

I.A.4. ADDITIONATL COMMENTS {(ORAL RED!
bata Conzidered for Establishing the RfD

1y 30-Month Feeding (oncogenic) - rat: Principal study - sese previous
deacriptien; core grade minimum

2} 24-Menth Chreniec Toxicity - mouse: NOEL=1 ppm {0.15 mglkg/day);, LEL=5 ppm
(0.75 mg/kg/day) (hepatocellular swelling and necrosis in males; hepatocyte
swelling in males, and increased live weight in males and females); At 12.5
ppm {1.875 mg/kg/day) (HPT): core grade minimum (Velsiceol Chemical Co., 1983b)

. Data Gapls}: Chronic Dog rFeading Study, Rat Repreaduction Study, Rat
Teratology Study, Rabbit Teratolegy Study i
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I.A.5. CCNFIDENCE IN THE ORAL RID

. Study -- Medium

Data Base -- Low
RfD == Low

The critical study is of adequakte guality and is given a medium rating. The
data base is given a low confidence rating because of 1} the lack of an
adequate reproduction study and adequate chronic study in a second mammalian
species and 2) inadequate sensitive endpoints studied in existing studies,
particularly since chlerdane is known to biocaccumulate over a chronic
duration. Low confidence in the RfD follows.

I.A.&6, EPA DOCUMENTATION AND REVIEW OF THE ORAL RED

e

Source Document -- This assessment is not presented in any existing U.5. EPA
decument .

Other EPA Documentation -- Pesticide Registration Standard, November 1586
Pesticide Registration riles

Agency Work Group Review —— 12/18/B5, Q3/22/8%

Verification Date -- 03/22/8%

I.A.7. EPR CONTACTS EOBRL RiD)

. Please contact the Risk Information Hotline for all gquestions concerning this
assessment or IRIS, in general, at (513)569-7254 (phone!, {513}569-715% (FAX)
or RIH.IRIS@EPAMAIL.EPA.GOV {internet address).

_I.B. REFERENCE CONCENTRATION FOR CHRONIC INHALATION EXPODSURE (RfC)

Substance Nams —- Chlordane
CASRN -- 57-7T4-9

ot available at this time.

=ESOoT=== e s S S E RS ———————————m==o oo oo === =————=

_II. CARCINOGENICITY ASSESSMENT FOR LIFETIME EXPDSURE

Substance Hame -— Chlordane
CASRM -- 57-774-89
Last Revised —- 07/01/93

assessment for the substance in question; the weight-of-evidence judgment of
the likelihood that the substance is a human carcinogen, and guantitative
estimates of risk from oral exposure and from inhalation expasure. The
quantitative risk estimates are presented in three ways. The slope factor is

I Section II provides information on three aspects of the carcinogenic
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the result of application of z low-dose extrapolatioﬁ rrocedure and is
presented as the risk per (mg/kg}/day. The unit risk is the guantitative
estimate in terms of elther risk per ug/lL drinking water or risk per ug/cu.m
air breathed. The third form in which risk is presented is a drinking water
or air cancentration providing cancer risks of 1 in 10,000, 1 in 100,000 or 2
in 1,000,000. The ratienale and methods used to develop the carcinogenicity
infermation in IRIS are described in The Risk Assessment Guidelines of 1986
(EPA/600/8-87/045}) and in the IRIS Background Document. IRIS summaries
developed since the publication of EPA's more recent Proposed Guidelinea for
Carcinegen Risk Assessment alsp utilize those Guidelines where indicated
(Federal Register 61{7%):17960-18011, ARpril 23, 19%6). Users are referred to
Section I of this IRIS file feor informaticn on leong-term toxic effects ather
than carcinocgenicity.

_IL.A. EVIDENCE FCQR CLASSIFICATION AS TC HUMAN CARCINOGENICITY

II.A.1. WEIGHT-OF-EVIDENCE CLASSTIFICATION
Classification -- B2; probable human carcincgen

Basis -- Sufficient evidence in studies in which benign and malignant liver
tumors were induced in four strains of mice of both sexes and in F3i44 male
rats: structurally related te other liver carcinogens

IT.A.2. HUMAN CARCIMNQGENICITY DATR

Inadequate. There were 11 case repotrts invelving central nervous system
effects, blood dyscrasias and neurcblastomas in children with pre-/postnatal
. expasure to chlordane and heptachler (Infante st al., 1%78). As no other
information was avallable, no concluzions can be drawn.

There were three epidemiologic studies of workers exposed to chlordane
and/or heptachlor. One study of pesticide applicators was considered
inadequate in sample size and duration of follow-up. This study showed
marginal statistically significant increased mortality from bladder cancer (3
chserved) {(Wang and McMahon, 197%a)}. The other t™wo studies were of pesticide
manufacturing workers. Neither of them showed any statistically significantly
increased cancer mortality (Wang and McMahon, 1979b; Ditraglia et al., 198l1}.
Both these populaticns also had confounding exposures from other chemircals.

IT.A.3, ANIMAL CRRCINOGENTICITY DATA

Sufficient. Chlordane has been studied in four mouse and four rat long-
term carcinogenesis bicassays. Dose-related incidences of liver carcinoma
constitute the major finding in mice. Becker and Sell (1979) tested chleordane
{30:10 mixture of chlordane to heptachlor] in £57B1/6M mice, a strain
historically known not to develop spontanecus liver tumers. An unspecified
humber of mice were fed chlordane at ¢, 25 and 50 ppm (0, 3.57, 7.14 mg/kg bw)
for 18 months. MNone of the controls developed tumors or nedular lesions aof
the liver. Twanty-seven percent (16 mice) of the surviving treated mice
developed primary hepatocellular carcinemas. velsicol {1373} fed groups of
100 male and 100 female CD-1 mice diets with 0, 5, 25 or 54 ppm analytical
grade chlordane for 18 months. A signifieant {p<0.01} dose-related increase
in nedular hyperplaslas in the liver of male and female mice was reported at
the the two highest dnse levels. A histological review by Reuber {11.S, EEBA,

. 1283) repeorted a high incidence (p<0.0l] of hepatic carcinomas instead of
hyperplastic nedules at 25 and 50 ppm.

A dose-related increase {p<0.001 after lifetable adjustment) of
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hepatocellular carcinomas wad also aobserved in both sexes of BG&CU3F1 mice (NCI,
1877} . Male and female mice were fed technical-grade chlordane (purity\='

. 34.8%) at TWA concentrations (TWAC) of 29.9 and 56.2 ppm and 30.1 and 63.8
ppm, respectively, for B0 weeks. In this study there were individual matched
contrels for the low and high dase groups. ICR male mice developed
hepatoccaellular adenomas and hemangiocmas when fed 12.5 ppm chlordane for 24
months. Mo tumers were chserved in the female mice when tested at the same
cencentrations: 0, 1, 5, and 12.5 ppm (¥elsicol, 19B3a}.

Velsicol {1%83b) reported a long-term (130 weeks] carcinogenesls bioassay
on 80 male ancd B0 female F344 rats fed cencentrations of 0, 1, 5, and 25 ppm
chlordane. A significant increase in adencmas of the liver was observed in
male rats receiwving 25 ppm. Although ne tumors were observed in female rats,
hepatocellular swelling was significantly increased at 25 ppm. The NCI (1977)
reported a significant increase {(p<0.053}) of neoplastic neodules of the liver in
low-dcse COsborne-Mendel female rats (TWAC of 120.8 ppm) but not in the high-
dose group (TWAC of 241.5 ppm). No tumor incidence was reported for the males
‘fed TWAC of 203.5 and 407 ppm. Loss of body weight and a dose-related
increase in mortality was observed in all treated groups. High mortality and
reduced growth rates in {Osbeorne-Mendel rats was alsa ohserved by Ingle {1552}
when the rats were exposed to 150 and 300 ppm <hlordane but net at 3, 10, and
30 ppm. WNo treatment-related incidence of tumors was reported. Significantly
enlarged livars and liver lesicns were found in male and female albino rats
fed’ chlordane at greater than or egual te 80 ppm (Ambrose st al., 1953a,b].

No treatment-related increase in tumeors was found, but the study duration (440
days) was short.

IT.A.4. SUPPORTINGC DATA FOR CARCINQGENICITY

. Gene mutation assays indicate that chlordane is not mutagenic in bacteria
{Wildeman and Wazar, 19682; Probst et al., 1981; Gentile =t al., 1%H2}.
Positive results have been reported in Chinese hamster lung V79 cells and
mouse lymphoma L5178Y cells with and without exogenous metabolism, as well as
in plant assays. Chlordane did not induce DNA repair ir bacteria, rodent
hepatocytes (Maslansky and Willjams, 1981}, or human lymphoid cells (Sobti =t

al., 1983). It is a genotoxicant in yeast (Gentlle et al., 1582; Chambers and
Dutta, 1376}, buman fibrobhlasts (Ahmed et al., 1977, and fish (Vigfusseon et
al., 13883).

Five compounds structurally related to chlordane (aldrin, dieldrin,
heptachlor, heptachler epoxide, and chlorendic acid) have preduced liver -
tumers in mice. Chlerendic acid has also preduced liver tumcrs in rats.

TI.B. QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM ORAL EXPOSURE

IT.B.1. SUMMARY CF RISK ESTIMATES

Oral Slope Factor —-- 1.3E+0 per (mg/keg)/day
Drinking Water Unit Risk -- 3.7E-5 per (ug/L)
Extrapelation Method -- Linearized multistage procedure, exbtra risk

. Drinking Waver Concentrations at Specified Risk Levels:

Risk Level Concentration

E-4 (1 in 10,000} 3E+0 ug/L
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E-5 {1 in 104d,000) 3E-1 ug/L
E-6 {1 in 1,000,000} 3E-2 ug/L

IT.B.2. DOSE-RESPONSE DATA (CARCINOGENICITY, ORAL EXPOSURE)

Tumar Type -- hepatocellular carcinoma
Test Animals -- mouse/CD-1 (Velsicol}; mouse/B&C3F1 ([(HCI)
Route —— diet

Reference —- Velsicol, 1973; NCI, 1537

Administered Human Equivalent Tumok

Dose {ppm} Dose (mg/kg-day) Incidence Refersnce
female
0o 0.000 0/45 velaieonl,
3 G.052 0/61 1973
25 0.260 22/50
30 0.524 ?6/37
male
] 3.000 3733 velsicol,
5 40.052 5/55 1573
25 4.280 41/52
50 a.520 az/13g
male
0 0.00 2/18 NCI, 1977
29.9 0_31 16/48
36.2 .58 43/48
female .
0 0.00 0/19 NCI, 1977
3i0.1 0.31 3/47
63.8 0.66 34/49 :

IT.B.3. ADDITICNAL COMMENTS (CARCINCGEMICITY, ORAL EXPOSURE)

Four data sets for mice and cna data set for rats showed a significant
increase in liver tumors; namely hepatocellular carcinomas in mice {(NCI, 1377:
Velsicol, 1873} and hepatocellular -adenomas in rats {Velsicol, 1%83a}. The
quantitative estimate is based on the geametric¢ mean from the four mouse data
sets as mice were the more sensitive species tested and as risk estimates for
a similar compound [heptachlor} were similarly derived from mouse tumocr data.
The slope facrors for the data sets are these: Z2.%B per (mg/kg)/day for cD-1
female mice, 4.74 per (mg/Kg)/day for CD-1 male mice, .76 per (mg/kg)/day for
BEC3F1 male mice, and 0.25 per (mgfkyg)/day for BBCIFL female mice. Tow and
high dose groups in the NCI {1977} study had individual matched cantrols.

The unit risk should not be used if the water concentration excsads 300
ug/L, slnce above this concentration the unit risk may not be appropriate,

II.B.4. DISCUSSION OF COMFIDENCE (CARCINOGENICITY, ORAL EXPOSURE}

Liver carcinomas were induced in mice of both sexes in two studies. An
adequakte pumber of animals was observed, and dose-response effects were
reported in all studies. The geometric mean of sleope factorz (0.25 to
9.74 per (mg/kg!/day for the most sensitive species is consistent with that
derived from rat data {(1.11/mg/kg/day).
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. _II.C. QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM INHALATION EXPOSURE

II.c.1. SUMMARY OF RISK ESTIMATES
Inhalation Unit Risk -- 3.7E-4 per (ug/cu.m}
Extrapelatioen Method -- Linearized multistage procedure, extra risk

Air Concentrations at Specified Risk Levels:

Risk Leval Concentration
E-4 {1 in 14,000} 3E-1 ug/cu.m
E-3 (1 in 100, 000) 3E-7 ugfcu.m
E-8 {1 in 1,000,000} 3E-3 ug/cu.m

II.C.2. DOSE-RESPONSE DATA FOR CARCINOGENICITY, INHALATION EXPOSURE

The inhalation risk estimates were caleculated from the oral data presented
in IT.B.2.

IT.¢.3. ADDITIONAL COMMENTS {CARCINOGENICITY, INHALATION EXPOSURE}

The unit risk should not be used if the air concentraticn axceeds 30
. ug/cu.m, above this cancentration the unit risk may not be appropriate.

II.C.4. DISCUSSION OF CONFIDENCE {CARCINOGENICITY, INHALATION EXPOSURE)

See J1.B.1%.

_IT.0. EPAR DOCUMENTATIONM, REVIEW, AND CONTACTS [CARCINOGENICITY ASSESSMEMNT)

II.D.1. EPA DOCUMENTATION
Source Documenk -- U.S. EPR, 1%88&, 1%85
The values in the 1986 Carcinogenicity Assessment for Chlardane and

Heptachler/Heptachlor Epoxide have been reviewed by the Carcinogan Assessment
Group. :

I1.D.2. REVIEW {CARCINOGENICITY ASSESSMENT)
Rgency Work Group Review -- 04/01/87
Verification Date -~ D4/Q1/87

TI.D.3. U.5. EPA CONTALTS (CRARCINOGENICITY ASSESSMENT)}
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Please contact the Risk Information Hotline far all questions concerning this
assessment or IRIS, in general, at (313)5369-7254 (phone}, {(513)569-7153 (FAX)
. or RIH.IRIS@EPAMAIL.EPA.GOV {internet address).
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_VI. BIBLIOGRAFHY
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CASRN -- 37-74-9
Last Revised -- Q37/01/B%
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. _VII. REVISION HISTGRY

Substance Name -- Chleordane
CRSRN -- 57-74-9
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. Date Section Description

09/30/87 IT. Carcinoganicity section added

03/01/E8 IA.1. Dose conversion clarified

g3/01/88 I.A.2. Text clarified in paragraph 3

03/01/88 I1.A.1. Basis for clasgaification clarified

03/01/88 III.A Health Advisory added

04/01/85 I.A. Withdrawn: new RfD verified {in preparation}

06/01/89 I.A. Revised oral RfD summary added

De/01/89 VI. Bibliggraphy on-line

03/01/89 I.A.2. Reference clarifled in paragraph 2

07/01/89 1T Velsicol [(1883) references clarified

e7/01/8% VI.C Carcinogen references added

03a/nr/an I1.B. Inhalation RED now under review

Da/OL/80 ITI.A.S. DWEL changed reflecting change in RfD

08/01/90 ITII.A-10 Primary centact changed

0s/01/90 IV.F.1. EPA contact changed

d41/01/91 IT. Text edited

01/01/91 II.C.1. Inhalation slope factor removed {global change)

01/01/92 Iv. Regulatory actions updated

ar/01/813 IT.p.3. Secondary contacc's phone number changed

SYNOMYMS

CASEM -~ 57-T4-9

. Substance Name -- Chlordane
Last Revised -- 03/31/87

57-74-5

Belt

CD BB

Chlerdane

Chlerindan

Chler Kil

Corodan

Dowchlor

ENT §,932

HCS 3260

Kypchlar

M 140

M 410

4,7-Methanoindan, 1,2,4,5.,6,7,8,8-0ctachloro-3a,4, 7, 7Ta-Tetrahydro-
4, 7-Methano-1H-Indene, 1,2,4,9,6,7,8,8-0ctachloro-2,3,32a,4,7, Ta-Herahydro-
NCI-C00089

Miran

Gctachleoredihydrodicyclopentadiens
1,2.4.5,6,7,8,8-0ctachloro-2,3,3a,4,7, 7a-Hexahydro-4, 7-Methano-indene
1,2,4,5,6,7,E,B-Octachlarn-aa,4,?,7a—Hexahydrc—é,T—Hethylene Indane
Octachloro-4, 7-Methanohydroindane

Octachloro-4, 7T-Methancotetrahydreindane

Octa-Klor

Dktaterr

Ortho-Klar

Synklor

TAT Chlor 4

Topiclor

Toxichlor
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Velsicel 1068
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0160
Heptachler epoxide; CASRN 1024-57-3 [03/01/9T)

Health assessment information oh a chemical substance is included in IRIS only
after a comprehensive review of chronie toxjcity data by U.8. EPA health
scientists from several Program Qffices and the Office of Research and
Development. The summaries presented ln Sections I and II represent a
consensus reached in the review process. Background information and
explanations af the methods used to derive the values glven in IRIS are
provided in the Background Dogcuments.

STATUS OF DATA FOR Heptachlor epoxide

File On-Line Q3/31/87

Category {section) Status Last Rewvised

Qral RID Assessment {I_A_} on-line 0z/01/91

Inhalation RIC Assessment (I.B.) no data

Carcinogenicity Assessment {II.] on-line g7/01/93 -

_I. CHRONIL HEALTH HRZARD ASSESSMENTS FOR NONCARCINCGENIC EFFECTS

_ I.A. REFERENCE DJSE FOH CHRONIC ORAL EXPOSURE (RED)

Subsatance Name —- Heptachlor epoxide )
CASRN -- 1024-57-3
Last Revised -- 03/01/89]

The oral Reference Dose (RfD) is based on the assumption that thresholds exist
for certain toxic efiects such as cellular necrosis. It is expressed in units
of mg/kg-day. In general, the RfD is an estimate {with uncertainty spanning
perhaps an order of magnitude) of a daily exposure to the human population
{including sensitive subgroups} that is likely to be without an appreciable
risk of deletericus effects during a lifetime. Please refer to the Backqround
Cocument faor an elaboration of these concepts. RfDs can alse be derived for
the nencarcinogenic health effects of substances that are also carcinogens.
Therefoye, it is essential to refer to cthar seurces of information concerning
the carcinogenicity of this substance. If the U.S. EPA has evaluated this
substance for potentlal human carcinogenicity, a summary of that evaluation
will be contained in Sectieon II of this file.

I.A.1l. ORAL RID SUMMARY

Critical Effect Experimental Doses* ur MF RED
Increased liver-to- NDEL: none 1000 1 1.3E~5
body weight ratio in mgf kgfday
both males and LEL: 0.5 ppm (dietf)

females {0.0125 mg/kg/day])

60-Week Dog Feeding
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Study

Dow Chemical Ce.,
195B

T e A e e e e e ey o T A e —————

*Conversion Factoers: 1 ppm = 0.025 mg/kg/day {assumed dog food consumption)

I.A.2. PRINCIPAL AND SUPPORTING STUDIES (OQORAL REfD)

Dow Chemical Company. 1936, MRID No. (0061512. Available from EPA. Write ta
FCoI, EPR, Washingtaon, OC 20480.

Beagle dogs from 23 to 27 weeks of age were divided into five groups (3
females and 2 males! and given diets ecentaining o, 9.5, 2.5, 5 or 7.5 ppm af
heptachlor epoxide for 60 weeks. Liver-tc-body welght ratios were
significantly increased in a treatment-ralated fashion. Effacts were nated
for beth males and females at the LEL of 0.5 ppm. A NOEL was not established.

I.R.13, URCERTAINTY AND MODIFYIMNG TACTORS (ORAL RED)
UF -- Based on a chronic exposure study, an uncertainty facter of 1000 was
used to account for inter- and intraspecies differences and to account for the
fact that a NOEL was not attained.

ME -— None

I.A.4. ADDITICWAL COMMENTS ([DRAL RED)

None.
Daca Considered for Establishing the RED:

1} £0-Week Feeding - dog: Principal study - see previous description; no core
grade

2} 2-Generatien Reproduction - dog: NOEL=1 ppm {0.025 mg/kg/day); LEL=3 ppm
{0.075 mg/kg/day) [liver lesions in pups); Repreductive NOEL=5 ppm {0.125
mygsfkg/day); Reproductive LEL=7 ppm {0.175 mg/kgfday}! (pup survival); no cora
grade ({Velsicol Chemical, 1573a)

3} 3-Generation Reproduction - rat: NOEL=5 ppm (0.25 mg/kg/day}; LEL=10 ppm
{0.5 mg/kg/day) ({pup mortality); nc cere grade (Velsicol Chemical, 1559a)

4} 2-Year Feeding - rat: LEL=0.5 ppm {0.025 mg/kg/day] (LDT} (females -
vacuelar <hanges in central hepatic lobule); NDEL not estahlished; no core
grade ({Velsgicnl Chemical, 195%b}

Other Data Reviewed:

1] Chronic Feeding Study - mouse: Heptachlar/Heptachlor Epoxide (1:3):
NOEL=nane; LEL=1 ppm (LDT) (vaculpation, enlarged nucleus, hepatocytomegaly);
ne core grade {¥elsicol Chemical, 1%73b) :

2) Chronic Feeding Study - rat: Heptachler/Heptachler Epoxide {3:1}:
MOEL=none; LEL=3 ppm (LDT) [liver-to-beody weight increase in females); no core
grade (Velsicol Chemical, 1966} ’

3) 3-Generation Repreoduction - rat: Heptachlor/Heptachlor Epoxide {3:1):
NQEL=? ppm (HDT); LEL=ncne; no core grade (Velsicel Chemical, 1967}
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Data Gap(s]: Rat Teratoleogy Study: Rabbit Teratolagy

I.A.3. CONFIDENCE IN THE ORAL RID

Skudy -- Low
Data Base --— Medium
RfD -- Low

The principal study is of low guality and is given a low confidenca rating.
S5ince the -data base on chronic toxicity is complete but consists of low-
quality studies, the data base is given a medium to low confidence rating.
Low confidencea in the RfD follows.

I.4.6. EPA DOCUMENTATION AND REVIEW OF THE ORAL RED

Pesticide Registratinon Standard, August 1586
Agency Work Group Review —- 12/18/85, 09/16/86

verificatian Date —— 09/16/E6

I.A.T. EPA CONTACTS (QRAL RED)

Please contact the Risk Information Hotline for all questiona concerning this
agsessmenk or IRIS, in general, at (513)569-7254 {phone), (512)56%-71548 (FaX)
or RIH.IRIS@EPAMAIL.EPA.GAOV (internet addrass).

_ I.8. REFERENCE CONCENTRATION FOR CHRONIC INHALATION EXPOSURE [(REC)
SBubstance Name -- Heptachlor epoxide
CASEM -- 1024-537-3

Not available at this time.

_IT. CARCINOGENICITY ASSESSMENT FOR LIFETIME EXDPOSURE

Substance WName -- Heptachlor epoxide
CASRN —-- 1024-57-3
Last Revised -- 07/01/93

Section II provides information on three aspects of the carcinogenic
assessment ror bthe substance in question; the weight-nf-evidence judgment of
the likelihood that the substance is a human carcinogen, and quantitative
estimates of risk from oral exposure and from inhalation exposure. The
quantitative risk estimates are presented in three ways. The slope factor is
the result of application of a loWw-dose extrapalation procedure and is
presented as the risk per (mg/kg)/day. The unit risk is the guantitative

http:/fwww.epa.gov/ngispgm3/insfirisdat/01 60 DAT 11417197
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astimate in terms of either risk per ug/L drinking water or risk per ug/cu.m
air breathed. The third form in which risk is presented is a drinking water

. or air concentration providing cancer risks of 1 in 10,800, 1 in 100,400 cor 1
ip 1,000,000. The rationale and methods used to develop the carcinegenicity
information in IRTS are described in The Risk Assessment Guidelines of 1946
{EPA/BOO/B-B87/045) and in the ¥RIS Background Document. IRIS summaries
developed since the publication of EPA's more recent Proposed Guidelines for
Carcinogen Risk Assassmant alsoe utilize those Guidelines where indicated
{Federal Register 61(79}:17960-18011, April 23, 1996). Users are referred to
Section I of this IRIS file for information on leong-term toxic effects other
than carcinogenicity.

__II.A. EVIDENCE FOR CLASSIFICATION AS TO HUMAM CARCINOGENICITY

II.A.1. WEIGHT-OF-EVIDENCE CLASSIFICRTICH
Classification -- B2; probable human carcinogen

Basis -- Sufficient evidence axists from redent studies in which liver
carcinomas were induced in two strains of mice of boath sexes and in CFN female
rats. Several structurally related compounds are liver carcincgens.

IT.A.2Z. HUMAN CARCINOGENICITY DATA

Inadegquate. There are no published epidemislogic evaluations of
teptachlor epoxide. It is not commercially available in the United States,
but is a product of heptachlor oxidation.

. There were 11 case reports invelving central nervous system effects, blood
dyscraslas and neurcblastomas in children with pre-/peostnatal exposure to
chlerdane and heptachler {(Infante et al., 1978}. Since no other information
was available, no concluszions c¢an be drawn.

There were three epideminlegic studies of workers exposed to chlordane
and/or heptachler. One retrospective eohort study of pesticide applicators
was considered inadeguate in sample size and duration of fellew-up. This
study showed marginal statistically significant increased mortality fram
bladder cancer (3 e¢bserved) (Wang and McMahon, 1979a). Two other
retrospective cehort studies were of pesticide manufacturing workers. Neither
of them showed any statistically significant increased cancer mortality (Wang
and McMahon, 1979%b; Ditraglia et al., 1981). Both these populations alsc had
confounding expesures from other chemicals.

IT.A.3. ANIMAL CARCINOGENICITY DATA

gufficient., Four long-term carcinogenesis bioassays of heptachler epoxide

have been reported. The major finding in mice has been an increased incidence
of liver carcinomas. Davls (1985]) fed groups of 100 male and 100 female ¢34
mice 0 or 10 ppm heptachlor epoxide far Z years. Survival was generally low,
with 50% of controls and 9.5% of treated mice living 2 years. A 2-fold
increase in benign liver lesions (hepatiec hyperplasia and benign tumors) ever
the ¢controls was reported. Reevaluation by Reuber (1977h) revealed a
significant increase in liver carcineomas in the dosed greup (77/81 in females
and 73/78 in males} over the centrols {(2/53 in females and 22/73 in males].

. The Velsical Chemical Co. (1973} tested a 795:25 mixture of heptachlor
epoxide;heptachlor in groups of 100 male and 100 female CD-1 mice. The mice
were fed 0, 1, 5, and 10 ppm for 18 months. A statistically siqnificant
increase of hyperplasia was observed in the 5, and 10 ppm dose groups in hoth
sexes: Reuber's reevaluation (U.S. EPA, 1985) rasulted in a change in
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diagnosis for benign to liver carcinemas, thereby increasing the incidence of
hepatic carcinomas (p<0.01). Feour independent patholagists concurred with
Reuber's reevaluatbion.

The earliest biocassay with rats (Witherup et al., 1953} tested 25 male and
25 female CFN rats each at 0.5, 2.5, 5.0, 7.5, and 10 ppm for 10B weeks. The
authers observed malignant and benign tumors randomly among test groups and
controls. PReuber's reevaluation [(19B5) reported a significant increase of
hepatic carcinemas above the contrals at 5 and 10 ppm in the female rats. 7
reevaluation by Williams (1983} reported a significant increase of hepatic
nodules at the 140 ppm level in the males over the contreols. The Kettering
Labaratory {Jelley et al., 1986) tested a mixture of 75:25
heptachlor:heptachler epoxide in tha diet af 25 female CD rats at 5, 7.5, 13¢,
and 12.5 ppm for 2 years. Although no malignant lesions of the liver wers
observed, hepatocytomegaly was increased at 7.5, 10, and 12.5 ppm.

II.A.4. SUPPORTING DATA FCR CARCINOGENICITY

Gene mutation assays indicate that heptachlor epoxide is not mutagenic in

bacteria [(Moriya etk al., 1382). In two mouse dominant lethal assays,
heptachlor epoxide did not induce major chromosomal aberratiens in male
germinal cells ({Arnold et al., 1977%; Epstein ekt al., 1972). Ahmed et al.

(1877) reported qualitative evidence of uuncheduled DNA synthesls response in
5V40 transformed human fibroblasts in the presence of hepatic homogenates and
heptachlor epoxide.

Tive compounds structurally related te heptachler epoxide (chlordane,

aldrin, dieldrin, heptachlor and chlerendic aecid] have produced liver tumors
in mice. Chlorendic acid has alsc produced liver tumors in ratas.

IT.B. QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM DRAL EXPOSURE

__TIi.B.1. SUMMARY OF RISK ESTIMATES

Oral Slope Factor -- 5.1E+0 per (mg/kyg)/day

Drinking Water Unit Risk -- 2.BE-4 per f{ug/L}

Extrapolation Methed -- Linearized multistage procedure, extra risk

Drinking Water Concentrations at Specified Risk Levels:

Risk Level Concentration
BE-4 {1 in 10,000) 4E-1 ug/L
E-5 {1 in 100,000} 4E-2 ug/L
E-6 {1 in 1,000,000} 4E-3 ug/L

IT.B.2. DOSE-RES5PCNSE DATA (CARCINOGENICITY, ORAL EXPDSURE)

Tumar Type -- hepatocellular carcinomas

Test Animals -- mouse/C3H (Davis); mouse/CDl [Velsicol)
Route — diet

Reference -- Davis, 1%65; velsicol, 1973 (see table)

Administered Human Egquivalent Tumor

btip:/fwww.epa gov/ngispgm3/irisArisdat/0160 DAT 1111797
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Dose {(ppmi bose {mg/kg/day) Incidence Reference
male
a 0.Q 22/73 Davis, 1965
14 0.108 V13778 as diagnosed
female by Reuber, 1977
a ¢.000 2753 [cited in
10 g.1l08 TT/a1 Epstein, 1976}
female
4] 0.00 /76 Velsicol, 1%73
1 o.01 1/70 as evaluated
5 0.052 6/65 by Reuber, 1877
10 8.10 30457
male
[H 0.0 0/6z2
1 8.01 2/6R
5 a.a52 18/68
10 0.10 S92/80

IT.B.3. ADDITICNAL COMMENTS [CARCINOGENICITY, ORAL EXPOSURE)

The Davis (1965) study was designed to be for lifetime axposure. Thus,
although survival was low, no correction for duration of experiment was mads.
Five data sets (four in mice and one in rats) show an increased incidence of
hepatocellular carcinomas in treated groups compared with ceontrols. There are
four slope factors, 27.7 per {mg/kg)/day for C3H male mice, 36.2 per
{mg/kg) /day for C3H female mice, 1.04 per (mg/kg)/day for cD-1 female mice,
and §.48 per (mg/kgl/day for CD-1 male mice, Since mice were the more
Sensitive species tested and to aveld discarding relevant data, the
quantitative estimate is based on the gecmetric mean of 9.1 per (mg/fkg)/day.
This geometric mean is consistent with the potency estimate from rata of
3.8 per {mg/kg)/day (CFN females).

The above unit risk should not ke used if the water ¢oncentration exceeds
40 ug/L, since above this roncentration the unit risk may not be appropriate,

Ir.B.4. DISCUSSION OF CONFIDENCE (CRRCIMOGENICITY, ORAL EXPOSURE)
Adequate numbkers of animals were treated in both studies, but surwival in
the Davis (1985) study was low. & dose-related increase in tumor incidence

was observed in CD-1 mice. Slope factors were consistent in twe species of
rodents.

I1.C. QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM INHALATION EXPOSURE

___IT.C.1. SMMARY OF RISK ESTIMATES

Inhalation Unlt Risk -- Z.6E-3 per (ug/cu.m)

Extrapolaticen Method -- Linearized multistage procedure, extra risk
Air Concentrations at Specified RisX Levels:

Risk Level Concentration

http:/fwww epa.govingispgm3/irisfirisdat/0 160 DAT 11/17/97
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E-4 {1 in 10,000} 4E-2 ug/cu.m
E-3 {1 in 100,000} 4FE-3 ug/cu.m
. E-6 {1 in 1,000,000) 4E-4 ug/cu.m

IT.C.2. DOSE-RESPONSE DATA FOR CARCINOGENICITY, INHALATION EXPOSURE

The inhalation risk estimates were calculated from the eoral data presented
in IT.B.2.

I1.C.3. ADDITIONAL COMMENTS (CRRCIMOGENICITY, INHALATION EXPOSURE}

The above unit risk should not be used if the air concentration exceeds
4 ugfecu.m, since above this concentration the unit risk may nok be appropriate.

II.c.4. DISCUSSION OF CONFIDENCE (CARCINDGENICITY, INHALATION EXPOSURE)

See ITI.B.4.

__II.D. EPA DOCUMENTATION, REVIEW, AND CONTACTS [CARCINOGENICITY ASSESEMENT)

|‘I' II.D.1. EPA DOCUMENTATION
Source Document -— U.5. EPA, 1985, 1398s
The values in the 1886 Carcinogenicity Assessment for Chlordane and

Heptachlor/Eeptachlor Epoxide have been reviewed by the Garcinogen Assessment
Group. .

II.D.2, REVIEW (CARCINOGENICITY ASSESSMENT]
Agency Work Group Review -- 04/01/R7

verification Date -- 04/01/87

II.D.3. U.5. EPAR CONTACTS (CARCIMOGENICITY ASSESSMENT}

Please contact the Risk Information Hotline for all questions concerning this
assessment or IRIS, in general, at {512}569-7254 {phane), (513158%-7159 {(FAX}
or RIH.IRISEEPAMAIL.EPA.GOV {internet address). -

_VvI. BIBLIDCGRRPHY

. Substance Name -- Heptachleor epoxide
CASEN -- 1024-537-3
Last Revised -- 03/01/91

hitp:/faww epa. govingispgm3finsfirisdat/0160.DAT 11/17/57
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__VI.A. ORAL RfD REFERENCES
. Dow Chemical Company. 1958. MRID No. 00061312. Available from EPFR. Write
tc FOl, EPA, Washington, DC 20460,

Dow Chemical Company. 195%a. MRID Nao. Q0062676. ARvailable from EPA. Write
to FQI, EPA, Washington, DU 204&0D.

Dow Chemical Comgany. 195%b. MRID No. 0Q40&1911., Awvailable from EPA. Write
te FOI, EPA, Washington, DC 20460,

Dow Chemical Company. 19%66. MRID No. 00086208. Available from EPFA. Write
to FOI, EPA, Washington, DC 20460.

Dow Chemical Company. 1967. MRID No. 00147057. Available from EPA. Write
te FOI, EPA, Washington, DC 2Q4B80.

Dow Chemical Company. 1973a. MRID No. 00050058. Availakle from EPA. Write
te FOI, EPR, Washington, DC 204&0.

Dow Chemical Company. 1873b. MRID No. 0D0D523262, 00062678, 00064943,
Available from EPA, Write te FDI, EPR, Washington, DC 20460,

T e i T ———— = e e T R o o oy - ——— e

. None

e e e e T e o ———————————— T e T — ——

Vi.B. IMHALATION REfC BEFERENCES

VI.C. CARCINOGENICITY ARSSESSMENT REFERENCES

Davis, K.J. 19865. Pathology Report on Mice Fed Aldrin, Dialdrin, Heptachlor
and Heptachler Epoxide for Two Years. Internal FDA memorandum to Br. A.J.
Lehman, July 15,

Epstein, §.5. 1%76. Carcinegenicity of heptachlor and chlordane. Sci.
Total Enviren. 6: 103-154.

Revher, M.D. 1%77. Hisztopathology of carcinemas of the liver in mice
ingesting heptachlor or heptachlor epoxide. Exp. Cell Binl. 45: 147-157.

U.5. EPA. 1985. Hearing Files on Chlordane, Heptachlor Suspension (unpub-
lished draft}. Available for imspection at: WV.S5. EPA, Washington, DC.

U.5. EPA. 1986, Carcinogenicity Assessment of Chlordane and Heptachlor/
Heptachlor Epoxide. Prepared by the Office of Health and Environmental
Asseasment, Carcinogen Assessment ‘Group, Washington, DC. CHEA-C-2Q4.

Velsicel Chemical Corporation. 1873. MRID MHo. 00062678. Availabie from EPA.
Write to FQI, EPA, Washingten, D.C. 20460.
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_VYII. REVISION HISTORY

Substance Name -- Heptachlepr epoxide

CASRN -- 1024-57-3

Date Section Descriptian

a9/30/87 II. Carcinocgen summary aon-line

a3/01/8A I.A.2 Text clarified

03/01/84 I.A.S Confidence levels revised

03/01/88 I1.B.4 Confidence statement revised

03/01/848 III.A. Health Advisory on-line

Qa/01/90 III.A.LC Primary contact changed

QB/01/20 IV.F.1. - EPA contact changed

01/01/91 IT1. Text edited

01/01/91 IT.C.1. Inhalation slope factor removed (global change}
031/01/91 I.h.4. Citationz added

03/01/51 VI, Bibliography an-line

01/01/92 Iv. Regulatory actions updated

04/01/92 II.A.3. Text revised

04/01/93 iv.C.2. Freshwater and marine values corrected
07/01/93 IE.D. 3. Sccondary contact's phone number changed
SYNONYMS

Substance Mame -- Heptachlar epoxide

CASEN -- 1024-57-3
Last Revised —— 03/31/687

1024-57-3
ENT Z5,584

EPCKYHEPTACHLOR

HCE

Heptachlor Epoxide
1,4,5,6,7,8,8-HEPTACHKLORO-2, 3-EPOXY-2, 3, 3a,4, 7, Ta-HEXAHYDRO-4, 7-METHANOINDENE
1,4.5.,6,7,08,6-HEPTACHLORO-2, 3-EPOXY—-3a, 4, 7, Ta-TETRAHYDRO-4, 7T-HMETHANGINDAN
2,3,4,5,6,7, 7-HEPTACHLORO-1a, 1b, 5, 5a, 6, Ga-HEXAHYDRD-2, 5S-METHANC-2H-INDENG (1, 2~
h} OXIRENE
HIPTACHLOR EPFOXIDE

4, 7-METHANDINDAN,

1,4,5,6,7,8,;, 8-HEFTRCHLORO-2, 3-EPOXY-3a,. 4, 7, 7Ta-TETRAHYDRO-

Z,5-METHANO~-2H-OXIRENQ({(a) INDENE, 2,3,4,5,6,7,7-HEPTACHLORO-1a,1h,5, 5a, 6, 6a—
HEXPHYDRO-
VELSICOL 53-CS5-17
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SAMPLING AND ANALYSIS PLAN
FOR FISH AND SEDIMENT SAMPLING
AT THE DEFENSE DISTRIBUTION
DEPOT, MEMPHIS, TENNESSEE

Prepared for:

U.S. Army Corps of Engineers
Mobile, Alabama

Prepared by:

Radian International LLC
1093 Commerce Park Drive, Suite 100
(Gak Ridge, Tennessee 37830
Doc. #F9708201 . MW97
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Radian International LLC (Radian) has been contracted by the U.S. Army Corps
of Engineers (USACE) Mobile District to provide engineering services at the Defense
Distribution Depot, Memphis, Tennessee (hereinafter referred to as the Depot). These services
are being performed under USACE Delivery Contract No. DACAO01-95-D-0015, Delivery Ozder
0041, funded by the U.S. Departmant of Defense.

'The Depot is located in the south ceniral section of Memphis, Tennessee. Ttis
was closcd in September 1997. A nine-hole golf course is located on the southeast comer of the
Depot. It is anlicipated that the golf course will continue to be used after the Depol is closed.
The golf course includes two surface water impoundments: Lakc Danielson and the golf course

pond.

Lake Danielson is approximately 4 acres in size and approximately 8 {t deep. The
golf course pond is approximately one-third acre in size and approximaiely 4 ft deep. Both
ponds receive runoff from large arcas of the Depot. Historical pesticide use at the Depot

apparently led to contamination of sediments in the ponds.

Lake Danielson was periodically stocked with bluegilt and bass. Catfish have

also been observed in the lake.

FOI082G1. MWYT 1-1 Decenber 1997
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2.0 PREVIOUS INVESTIGATION

Sediment, water, and fish tissue samples were collected from Lake Danielson and
the golf course pond and analyzed for pesticides in 1986. Chlordane, dichlorodiphenyl-
trichloroethane (DDT), dichlorodiphenyldichloroethane, and dichlorodiphenyidichloroethene
were detected in sediment and fish samples {U.S. Ay Environmental Hygicne Agency 1986].
Water in the ponds was found to be essentially uncontaminaled. The use of DDT for pesi control
was disconiinued in 1980, Fishing and swimming in the golf course impoundments have been

banned since 1986.

In early 1997, Radian performed a baseline nisk assessment (BRA) for the golf
course impoundments to support remediation decisions for the ponds. The BRA was based on
the 1986 contaminant data and ihe assumption that a male youth would routinely catch and eat
fish from the ponds for several years. Very conservative assumptions were used in the
quantification of human health risk resulting from this activity. The BRA concluded that direct
exposure to water and sediment in the ponds would not result in unacceptable human health

. risks. However, the BRA further concluded that pesticide residues in fish tissue might pose an

unacceptable risk to the health of humans ingesting the fish.

Data gaps regarding the method of fish tissue sample preparation during the 1986
. sampling cpisodc were a significant source of uncertainty for the risk assessment results. The
small number of samples collected and the period of time elapsed since the samples were
collected also contnbuted significantly to uncertainty in the BRA results. 11 was recommended
that additional samples of sediment and fish tissue be collected and analyzed for pesticides and
that thc resulting data be uscd to re-evaluate human health risk. This Sampling and Analysis

Plan descnibes the ficld aclivilies that will be conducted to generate those data.

FOMBZIL MWIT 2-1 December 1997
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PROJECT ORGANIZATION AND RESPONSIBILITIES

Mr. Lloyd Hinklc will scrve as the Project Manager. In this role, Mr. Hinkle will
have overall responsibility, authority, and accountability for the project. He will function as the
primary interface between the USACE, Radian management, and the project team. In executing

these duties, he will:

« Have responsibility for meeting all contraciual requirements for the task;
» Administer and supervise all contractual requirements for the task;

» Direct the formulation of work plans in accordance with client directions;

« Havc responsibility {or ensuring that required staffing levels and technical
cxpertise are provided;

« Keep the USACE Technical Manager informed on all aspects of the project,
including expenditures, progress, problems, and recommended solutions; and

« Review every technical project output prier to issue.

Ms, Patrice Cole will serve as the task leader for this praject. In this capacity, she
will be responsible for organizing and directing the technical activitiés of the project and for

reporting the results of these activities. In execution of these duties, Ms. Cole will:

+ Ensure that planned activities are executed in accordance with this and other
applicable plans;

Advise the Project Manager of technical progress, cxpenditure, program
needs, potential problems, and recommended solutions;

« Ensure technical quality of reports, memoranda, and other communications;
and

»  Maintain contact with the USACE Technical Manager in areas that require
decisions on technical matters.

Ms. Cole will also serve as the site health and safety officer duning all field

. activilics.

FS70B201 MW7
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4.0 FIELD ACTIVYITIES

The objective of the field work is to collect samples of fish tissue and sediment
from the golf course impoundments for pesticide analysis. The analytical data will be used to re-
gvaluate the human health risk associated with ingesting fish from the ponds and to better
characterize pesticide concentrations and distributions in the ponds® sediment. The fish sampling
will also provide information on the current condition of fish populations in the ponds. This will
help evaluate the degree to which the exposure assessment, which assumes that it is possible to

routinely catch edible fish from the ponds, is realistic.

4.1 Fish Sampling

The number and species of fish currently in the golf course impoundments is
unknown. Radian will attempt lo collect ai least five specimens of each edible species of fish
from each pend. 1t is anticipated that at many as four pan fish species may reside in the ponds.
These include sunfish (Lepomis sp.), smaltmouth bass (Micropteris dolomizur}, largemouth bass

{Micropteris safmaoides), and catfish (family Ameiruridag). ‘

The smaller pond is approximatcly 4 ft deep with riprap sides. Lake Danielson is
approximately 8 ft deep with vertical sides and no boat ramp. Due to the depth and
configurations of Lake Dranielson in particular, neither seining nor electrofishing arc feasible fish
collection methods for these impoundments. A portable (back pack) electroshocker cannot
effectively shock to 8 Il of depth. A boat-mounted electroshocker requires a boat ramp for entry
to the lake. Therefore, trotlines, hoop ncts, and angling are the fish collection meshods that will

be used to collect any fish that might be present.

A commercial trotline will be baited, suspended across each pond at the water
surface, and left undisturbed ovemight. A commercial hoop net with a 3 to 4 fi opening will be
baited with catfish bait, placed in Leke Daniclson , and left undisturbed for at least 24 hours. A
combination of canc poles, spin casters, live bail, and artificial lures will be used for angling in

each pond.

FO708201 MWYT 4-1 Drecember 1997
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Each captured fish will be identified to species, weighed, and measured by length.
A field notebook will be used to record the date, time, location, and methad of capture for each
fish, along with any other perlinent informalion regarding {ield conditions and handling of
samples. Each whole fish belonging to one of the taxa listed above will be wrapped in aluminum
foil, sealed in a plastic bag with tamper-resistant custody tape, labeled, and placed into an
airtight, insulated container with dry ice. Fish samples will be numbered sequentially as they are
collected, beginning with F-1. The samples will be shipped ovemight to the analytical
labaratory, which will be directed to {ilet the fish and analyze the filets, with skin, by U. 5.
Environmental Protection Agency (EPA) SW-846 Method 8081. Field parsonnel wili maintain
custody of all samples until shipment. Chain-of~custody records will be maintained to document
that samples were not tampered with from the time they were collected until they were received

by the analytical laboratory. A sample chain-of-custody form is included in Appendix A.

If more than five individuals of each taxon are collected, the five largest fish of
each taxon will be sent to the laboratory for analysis. The remaining fish will be returned to the
ponds. If no fish are collected from either pond within 2 to 3 days, alternative means of

determining thc presence or absence of fish in the ponds will be considered.

4.2 Sediment Sampling

Sediment sampling will be conducted from a small boat. A clamshell dredge,
specifically a Wildco Petite Ponar, will be attached to a sturdy rope and lewerced by hand from
the boat to obtain a sample of the upper 6 in. of sediment in the bottom of each pond. Ten
samples will be collected from Lake Danielson, and three samples will be collected from the

smaller pond. The approximate sample locations arc shown in Figure 4-1.

Each sediment sample collecied by the dredge will be transferred to a clean
stainless steel bowl, thoroughly mixed with- a clean stainless steel spoon, and packed into a glass
jar supplied by the analytical laboratory. The samples will be labeled, sealed with tamper-
resistant custody tape, and placed into a cooler with ice immediately upon being collected. The

samples will be numbered sequentially as they are collected, beginning with §-1. The samples

FOI08301 MW7 4-2 Decernber 1997
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will be shipped overnight to the analytical laboratory for pesticide analysis by EPA SW-846
Method 8081. The pesticides analyzed by EPA SW-846 Method 8081 are listed in Table 4-1.
At one sample location, enough material will be collected for a blind duplicate sample to assess
the analytical laboratory's reproducibility of results. A field notebook will be used to document
the date, time, location, description, and handling of samples. Field personnel will maintain
custody of all samples until shipment. Chain-of-custody records will be maintained to document
that samples were not tampered with from the time they were collected uniil the time they were

received by the analytical laboratory.

Table 4-1

Pesticides Analyzed by EPA SW-846 Meihod 8081
Aldrin 44" -DDD Methoxychlor
alpha-BHC Dieldnn Aroclor 1016
beta-BHC Endosulfan 1 Aroclor 1221
gamma-BHC {Lindane) Endosulfan II Aroglor 1232
delta-BHC Endosulfan sulfate | Aroclor 1242
Chlordane Endrin Aroclor 1248
alpha-Chlardane Endrine aldchyde Aroclor 1254
gamma-Chiordane Endrin ketone Aroclor 1260
4.4" -DDT Heptachlor Toxaphene
44" -DDE Heptachlor epoxide
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DECONTAMINATION PROCEDLRES

A decontamination station will be required on-site to decontaminate all sampling
cquipment that comes into contact with sediment. The dredge, stainless steel bow], and stainless
stee! spoon will be decontaminated prior to collecting each sample and after collecting the last
sample. The hoop net, which will lie in contact with bottom sediments during fish sampling, will
also be decontaminated afler use. The decontamination station will be constructed so that all
decontamination fluids and removed sediment will be retained inside the decontamination area.

The procedure for all field decontamination of sampling equipment is as follows:

1. Wash equipment with a brush and a phosphate-free detergent solution.
2. Rinse with tap water.

3. Rinse with pesticide-grade isoprepanol.

4. Rinse thoroughly with organic-free water.

. 5. Unless the equipment is going to be used immediately, it wilt be wrapped in
alurminum foil, ' _

Field personnel will wear latex gloves while handling sediment sampliﬁg
equipment and fish and sediment samples. Additionally, field personnel will wear water-
resistant paper suits and safety glasses while collecting and handling sediment samples. ,
Personnel decontamination will consist of doffling gloves and paper suits, tuming them insidc out
in the process, and disposing of them in a plastic irash bag. A clean pair of gloves will be
donned before collecting sach sediment sample and before handling each captured fish to avoid

cross-contamination of samples.

A rinsatc {(cquipment) blank will be collected and submitted to the analytical
laberatory for pesticide analysis by EPA SW-846 Method 8081 to assess cross-contamination
from the sampling equipment. The rinsatc blank will consist of organic-free water poured over

an item of decontaminated sediment sampling equipment and transferred to a glass sampie
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container. The sample will be labeled, sealed with custody tape, and immediately placed into the

sample cooler with ice to ship to the analytical laboratory along with the sediment sampies.
Decontamination fluids will be transferred to 55-gal drums already in place at

Dunn Field for storage. Used personal protective equipment and sanitary trash will be

transferred in suitable containers to Depol personnel for disposal.

FO708201 MW7 5-2 Drceriber 1997
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Appendix A |
CHAIN-OF-CUSTODY RECORD
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1.0 HEALTH AND SAFETY
® '
1.1 Project Objectives ‘

The objective of this project is to conduct fish tissue and sediment sampling at the
Defense Distribution Depot, Memphis, Tennessee (hereinafier referred to as the Depot) golf
course pond. The samples will be analyzed for pesticide contamination, and the results will be
used to determine whether remediation of contaminated sediment and/or fish is required to

protect public health.

To cnsurc the health and safety of project personnel during this effort, this Site-
Specific Salety and Health Plan (SSHP) was prepared in zecordance with Occupational Safetly
and Health Administration (OSHA) requirements, U.S. Environmentai Protection Agency
hazardous waste requirements, and the U.S. Army Corps of Engineers (USACE) Safety and
Health Requirements Manual {(EM 385-1-1).

. 1.2 Site-Specific Safety and Health Plan Objeetives

This SSHP contains safety and health guidelines to be followed by Radian
International LLC (Radian} during field activities performed a1 the Depot golf course pond.
Field activities will not be performed until the SSHP is reviewed and accepted by the Contracting
OfTicer for USACE Mobile District. This plan identifies persons responsible for administering
the plan and their specific duties, training and medical monitoring, health and safety equipment,

and standard operating procedures.

1.3 Radian Safety and Health Policy

Figure 1-1 is the Radian Cceupational Safety and Health Policy.

FOTOBIN . MWYT 1-1 Deczmber 1097
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April 1, 1995

Radian belicves that safely and property loss prevention arc equal in
importance to product quality, client responsiveness, and cost control.

The fundamental responsibilities of management in this area are to prevent
injury and property toss through the identification and elimination of poiential hazards. The
ultimate responsibility for safety rests with management. Therefore, it is necessary that:

« all empleyees be encouraged through training, leadership, and example to
appreciate the need for safety awarcness on and off the job;

« equipment and processas in our facilities be properly designed and
maintained;

» all supervisors accept responsibility for the enforcement of safety
procedures; and

» all employees accept their responsibility to work safely and extend this
concern to their fellow employees.

Furthermore, Radian will comply with the Williams-Steiger Occupational
Safety and Health Act, Resource Conservation and Recovery Act, and all federal, state, and
local regulations involved in promoting safety and health in the workplace and the

environment.

Donald M. Carlton

President
Radian Corporation

Figure 1-1. Radian QOccupational Safety and Health Policy
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2.0 REVIEW OF POTENTIAL HAZARDS

The golf course pond are located in the southeast corner of the Depot, as shown in
Figure 2-1. Angling equipment, hoop nets, and trot lines will be used 1o collect fish from the
ponds, and a hand-held clam shell dredge will be lowered from a small boat to collect sediment

samples from the bottom of the ponds.

2.1 Site Hazard Assessment/Preyention

The evaluation of hazards is based on knowledge of the site background and
anticipated nsks posed by specific field activities. This seclion outlines the chemical and

physical hazards that may be encountered while conducting field activities.
2.1.1 Chemical Hazards

Dichlorodiphenyltrichlorocthane (DDT), dichlorodiphenyldichloroethane (DDD),
and dichlorodiphenyldichloroethene (DDE) are the contaminants of intcrest in the golf course
pond. It is net anticipated that elevated levels of these or other chemicals will be detected while
collecting samples. However, Radian personne! will wear latex gloves and chemical-resistant

paper coveralls while handling sediment samples and fish.

A small amount of 1sopropanol for use in equipment decontamination will be
brought to the site by the sampling team. A Material Safety Data Sheet for isopropanol is
provided in Appendix A,

1.2 Physical Hazards

Physical hazards encountered while sampling at the sile are pimanly associated
with the sampling equipment and working near a water body. The smaller pond is 4 ft deep, and
Lake Danielson is 8 fi deep. Fish and sediment sampling will be conducted from a small, two-
person boat with a trolling motor.
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Fish hooks may cause puncture wounds, and drowning could result from falling
into the ponds from the sides of the ponds or from a boat. Radian personnel will exercise caution
while handling fish hooks and will wear U.8. Coast Guard-approved personal floatation devices
provided by Radian while working in a boal. Additionally, sampling personnel will be instructed

to not stand in the boat, and they will be capable of swimming.
2,13 Biclogical Hazards

On-site workers must be aware of several potential natural hazards. Poisonous
plants such as poison ivy, poison oak, and sumac are unlikely (o be encountcred en the golf
course due to standard maintenance practiccs. However, stinging insects might be present.
Insect stings [rom bees, wasps, and hornets can cause mild irmtation to severe allergic rezctions,
depending on the kind of insect, number of stings, and reaclion of the viclim. Stings should
immediately be treated with the first 2id kit maintained on-site. If the victim indicates that he or
she is allergic, or shows signs of allergic reaction, transport 1he victim to the nearest hospital
emergency room for treatment. Workers who have known allergies 1o insect stings shall be

identified before waork starts.

Poisonous snakes in West Tennessee include the water Micatin, copperhead, and
castcrn diamondback rattlesnake. These snakes are classed as pit vipers and inject neurotoxins
by biting. Adults in good health can die from the bites of these snakes but usually sulfer illness,
. scverc pain, and tissue necrosis. Tf someone is bitten, keep the victim calm and immobilize the
affected limb, Administer first aid and transport the victim immediately to & hospital emergency
room for treatment. It is important 1o identify the kind of snake, if this can be done without

danger, so that proper treatment can be administered.
214 Weather Conditions and Heat Stress
Weather conditions will be monilored by the task leader. Any thunderstorms

and/or high winds in proximity of the site will warrant shut down of zll sample collection

activities.
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Heat stress is the aggregale of environmental and physical work factors that
constitute the total heat load imposed on the body. The environmental factors of heat stress are
air temperature, radiant heat exchange, air movement, and humidity. Physigal work and personal
proteclive cquipment {PPE) worn by employees will add to the total heat load imposed on the
body. To minimize heal stress, rest periods will be given to employcces when temperatures
exceed 85°F. This is particularly important for unacclimated workers. A 10-minute rest period
each hour is recommended for unacclimated werkers (i.e., workers who have not been working
in high temperature conditions). Light-colored clothing, sunglasses, sunscreen, and hats will be

used tf weather conditions call for them.

Field activities will be temporarily discontinued in the event of high winds, heavy
rain, or lightening in the sampling area. Field activities will resumc after the threat of inclement

weather has passed.
2.2 Ficld Tasks to be Performed and Hazard Prevention

Upon final approval of the required work plans, the field crew will be mobilized
lo the site to begin collecting necessary samples. Samples will be cellected as outlined in the
Sampling and Analysis Plan. Table 2-1 describes specific potential hazards and preventative

measures that will be followed while conducting the sampling.

When angling and setting trot lines, field tearn members will use caution o avoid
puncture wounds from fish hooks. When fishing or collecting sediment samples from the bank,
caution will be exercised in ensuring sure footing to avoid falling into the water. Personal
floatation devices will be worn at all times when in a boat. Caulion will be exercised when in a
boat (c.g., no standing or sudden movements) to avoid capsizing the boat. Outdoor work will be

discontinued in the event of inclement weather.
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Table 2-1
Hazard Analysis List

Potential Hazards

Recommended Controls

Trips, slips, and falls from uneven surfaces
and heavy vegetation

Be alert and observe terrain while walking to
minimize slips and falls. Remove irip hazards
from walkways and be aware of wel surfaces

Allergic reaction ta poisonous plants

Wear long-sleeved clothing and pants 1o
mimmize contact with irritant plants and
prolect against insect bites

Native wildlife such as snakes, tlicks, insects,
and rodents

Avoid wildlife when possible, Tn the casc of an
animal bitc, administer firs aid. Check for
ticks when leaving wooded or vegetated areas.
Determine whether staff members are allergic
ta bee stings and, if so, have medication
available

Back strain from carrying instruments

Use proper lifting techniques; distribute heavy
loads between iwo people

Accidents rom dnving vehicles on uneven or
unsafe surfaces {(overturned vehicles or flat
tires)

Ensure maintenance has been performed on
vehicles. A site surveillance on fool might be
Tequired to choose a clear driving path

Wear seat belts

Heat stress from exireme weather condilions

Implement heat stress management techniques .
such as frequent breeks, monitoring fluid
intake, and monitoring employees

Puncture wounds from fish hooks

Exercise caution when handling fish hooks

Drowning

Wear approved floatation device while working
in the boat. Do not stand in boat. Discontinue
hield activitics during inclement weather

Lightening strike

Discontinue field activilies during inclement
weather

Contact with pesticide-contaminated
sediment

Wear waler-resistant, chemical-resistant gloves
and paper coveralls during sample collection
and handling

FOM0E201. MW7
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30 KEY PERSONNEL AND RESPONSIBILITIES
31 Program Manager

The Program Manager for this task will be Mr. Lioyd Hinkle, P.E. He is
responsible for the health and safety of all members of the project team. To carry out that
responsibility, the program manager will ensure that all team members follow the health and
safety guidelines provided in the Radian Jnternational LLC Health and Safety Manual (March
1996). He will ensure that project members are familiar with appropriate plans required to
exccute the field efforts and that these plans are in place and understood by all participants. He
will ensure that required levels of training are provided to members of the team and (hat this

training is up-to-date.

Mr. Henkle will also ensura that health and safety is a high priority in planning
field work, that appropriztely trained project staff are selected, and that adequate resources are
available to develop and implement this SSHP. He will ensure that the plan is reviewed/approved
by an Environmental Affairs Coordinator (EAC). It is the responsibility of the task leader to
respond 1o an unsafe condition reporied by the project staff and to work with the staff to mitigate

unsale condilions.
32 Task Leader

Ms, Patrice Cole is the task leader for the project and, as such, will have
responsibility for day-to-day management of the project, to include health and safety oversight.
She will be responsible for performing a detailed hazard analysis of the work to be performed |
and ensuring that sile-specific health and safety training is provided to team members prior to
mobilization to the site. Ms. Cole has 8 hours of Hazardous Waste Operations Iand Emergency
Response (HAZWOPER) supcrvisery training, and she will conduct site-specific health and
safety training before field activilies begin to ensure that each member is thoroughly familiar
with and has signed this SSHP and other pertinent work plans (sec Section 10.0). Ms. Cole will

be responsible for monitoring compliznce of this SSHP during project execution and rcporting up

FR708201. MWST 3-1 December 1997
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. through the project manager, who has overall accountability. Ms. Cole will also coordinate

activities with Radian personnel and subcontractors at the site to ensure safe completion of the

project.

The task leader is responsible for managing the execution of each specific task.

The responsibilities of the task leader are to: '

-  Ensure that activities planned are executed in accordance with this plan;

« Ensure thal lcchnical personnel are qualified by experience or training to
perform assigned work and comply with the technical and qualily assurance
{QA) requirements applicable to the worl being performed; and

»  Ensure that proper PPE 1s availablc and used.

The task leader will also act as the QA officer. The QA officer is responsible for:

. + Providing QA guidelines and directions to field personncl,

+ Serving as the focal point for QA activities and ensuring thal aclivitics are
conducted in accordance with the work plan objectives; and

« Reviewing, as appropriate, projcct documentation,

33 Site Health and Safetv Officer

Ms. Cole will act as the Health and Safety Officer (H50). Ms. Cole will be
responsible for implementing field surveillance activities necessary o ensure that worker health
and safcty concemns are fully addressed, including adhéring to the SSHP requirecments. She will
provide site-specific training to employees assigned 1o work at the site and enforce the

requirements stated in the Radian International LLC Health and Safety Manual and this SSHP.

FO708201. MWO7 3.2 Decernber 1997
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. As the H50, Ms. Cole has the authority to order the immediate evacuation of
personnel from any area of the site that may be determined unsafe, require personnel to obtain
immediate medical attention if warranted, and provide health and safety briefings to visitors;
however, any member of the project team that identifies an unsafe act or situation has the

authonty to stop work.

F9705201 MW97 3-3 December 1997
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. 4.4 TRAINING REQUIREMENTS

Personnel working at any hazardous waste site must recognize and understand the
potential safety and health risks associated with work at that site. Workets involved in site
activities must be thoroughly familiar with programs contained or referenced in this SSHP.
Training requirements for personnel involved in hazardous waste operations will comply with 29
Code of Federal Regulations {CFR) 1910.120 (OSHA) regulations for HAZWQOPER. Refer to

Appendix B for individual cmployee training and medical certification dates.

4.1 General Site Workers Training

Stte workers who are engaged n hazardous substance removal or other activities
that expose or potentially expose them to hazardous substances will receive 40 hours of
hazardous wasle site training and 3 days of on-the-job iraining as described in the OSHA 29 CFR
1910120 (HAZWOPER) standard,

4.2 Supervisors Training

On-site supervisors, such as field sampling team leaders, will receive the same 40-
hour HAZWOPER fraining as the general site workers thoy supervise. Additionally, they wil
receive 8 hours of specialized training as deseribed in the HAZWOPER. standard.

4.3 Refresher Training

General site workers and supervisors will rcceive 8 hours of refresher training
annually. The refresher tramming wiil include topics similar to those presented during the 40-hour

Coursa.
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During the investigation and ncar its conclusion, the Radian team will review
current conditions at the site to determine whether additional safety procedures and/or equipment

are warranted.

4.4 Documentation of Training

Training activity must be documented. Accepted documentation includes a
course certificate or a letter/memorandum signed by the trainer and subject to approval by a
Radian EAC. Copies of the documentation will be forwarded to Radian’s Corporate Director of
Health and Safety (CDHS) in Austin, Texas. Sitc-specific training will be documented with a
sign-up sheet and topics discussed. Formal training records will be maintained by the local EAC,
the training recordkeeper in Radian's Austin office, and the CDHS for all company employees.
Site-specific training records will be maintained in the project files. Appendix C contains

documentation of training received by field team members.
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. 5.0 MEDICAL SURVEILLANCE AND EXPOSURE MONITORING

Prior to mobilization to the site, personnel performing surveys and/or
investigations are required to participate 1in the medical surveillance program as required by 29 |
CFR 1910.120.

Medical cxams will be conducted by a licensed physician who is certified in
occupationall medicine or who, by nccessary training and expenence, is considered board-eligible
by the American Board of Preventive Medicine Incorporated. The pﬁysical should categorize the
individuals as fit for the specific tasks to be assigned and able to wear respiratory equipment if
deemed necessary. Medical monitoring documentation for the site team members is provided in

Appendix B.

Radian has established a medical monitoring program for emplovees engaged in
potentially hazardous activities as described in the Radian International LLC Health and Safety
. Manual. The medical monitoring program provides for regular physical exams for employees in
certain job profiles, assessment of his or her medical status over the course of his or her
employment at Radian, as well as exams or consultations in the event of an exposure or

suspected exposure.

Radian will ensure that this program is based an current occupational medicine

practices and that it complies with applicabie government regulations by:

« Contracting physicians competent in occupational medicine;

» Momitoring of program compliance on an engoing basis by the CDHS, the
Administrator of Health Services, and the local EAC;

» Performing periodic evaluation of the program by a Radian management team;
and

»  Modifying/updating the program as necessary,

FO708201.MWI7T 3-1 December 1997
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5.1 Applicability and Scope

Medical monitoring is conducted on those employees whose work has the
potential lo expose them 1o chemicals or agents at work sites. Employees involved in work at
hazardous waste sitcs will comply with the medical monitonng requirements of the OSHA
1910.120 standard. Candidates for medical monitoring will be selecied based on the potential for
chemical exposure, environmental conditions, physical requirements, regulatory requirements,

and the potential use of PPE.

The basic concepts used to develop this program are based on the following
OSHA regulations:

» Access to Employee and Medical Records (29 CFR 1910.20);
. HAZWOPER (29 CFR 1510.120);

« Asbestos (29 CFR 1910.1001);

« Respiratory Protéction (29 CFR 1916,134);

+  Qccupational Noisc Exposurc (22 CFR 1910.95); and

«  Occupational Exposure to Hazardous Chemicals in Laboratories (29 CFR
-1910.1450).

5.2 Criteria for Medical Monitoring

In general, there are two criteria that determine whether an employee should be

enrolled in the medical moniloring program: potential for exposure to hazards and job profile.

5.2.1 Potential for Exposure to Chemical and Physieal Hazards

OSHA-Regnlated Material—Employees who work with or around the OSHA-
regulated materials listed in 29 CFR 1910.1000 at or above the indicated action levels, will be

entered into the medical monitoring program and will receive annual exams.
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Unplanoed Exposure to Hazardous Substances—Employees who are
suspected of having been exposed to concentrations of hazardous substances above permuissible
exposure limits or threshold limit values (TLVs) will be included in the medical monitoring
program. Title 29 CFR 1910.1000 and the American Conference of Governmental Industrial
Hygienists TLVs pamphlet can be-consulted for specific exposure limits.

5.2.2 Physical Agents

Exposure o the following physical agenis or hazards requires enrollmeni 1n the

mcdical monitoring program.

Noise Levels—Employees whose exposure 10 noise equals or exceeds an 8-hour
time-weighted average of 85 dBA for greater than 30 days/year will be included in the medical
‘monitoring program and will receive annual audiometric testing and training as required by

. OSHA 29 CFR 1910.95.

Job Profiles—Employees engaged in work at hazardous waste sites, who have
the polential to be exposed to chernicals above regulalory or guidance levels, or whe use

respirators in their work will be enrolled in the Radian medical monioring program.
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6.0 HEALTH AND SAFETY EQUIPMENT

This sectioﬁ describes the PPE to be used during sample collection. OSHA
defines protection levels ranging from A to D; for this project, only modified Level D is

discusscd as this is the site-specific level that may be used during this effort.

6.1 Site-Specific Levels of Protection

Employees will be supplied with and wear modified Level D protective

equipment; however, the level of proitection provided by PPE may be upgraded or downgraded

based upon a change in site conditions. The task leader will determine whether a change in PPE
level is warranted or additional salety procedure changes are needed. No conditions are

anticipated that would require an upgrade of PPE beyond Level D.
The following constitute modified Level D proteclive equipment:

« Work clothes/coveralls;
+  Safety glasses with side shields; and

« Latex gloves.

6.2 Site-Specific Personal Proicetive Equipment

Site-specific PPE for this project will be selected, used, and maintained im
accordance with the requirements contained in 29 CFR 1910.132, 133, 134, 135, 136, and 138.
PPE is designed to provide protection lo 1cam memhers when engineering and administrative
controls are not feasible for controlling hazards. PPE will be uscd in conjunction with

appropriate mitigation measures to ensure full proteciion against identified hazards.
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Decontamination Procednres

Personnel decontamination will consist of removing disposable PPE (i.e., paper
suits, paper shoe covers, and latex gloves), turning each piece of PPE inside out, and ending with
removal of latex gioves. All used PPE will be placed into a plastic bag and transferred to Depot

personne! for disposal.
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7.0 STANDARD OPERATING PROCEDURES
7.1 Site-Specific Work Practices

While on-site, Radian team members will follow the site-specific practices
established in this SSHP. These practices are described below and should be adhered to at all

times for the safely of the project team members.

7.2 General Site Operating Procedures/Safety Guidelines

The following are general guidelines for safe operations in areas that are

potentially contaminated.

+  Wear required PPE at all times.
+ Never work alone in an isolated area of the site.

. Practice contamination avoidance. Never sit, kneel, or lay equipment on
potentially contaminated surfaces. Avoid obvious sources of conlamination.

« No eating, dninking, or smoking is permitted in areas of sites that are
suspected of being contaminated.

» Inthe event PPE is ripped or tom, replace it as soon as safety will allow.

« Bealert to any unusual changes in your own condition; never ignore warming
signs. Notify the task leader of suspected exposures or accidents.

« A vehicle will be readily available for cmergency use at all times during field
eflorts. Personnel working on-site shall be familiar with the most direct route
to the nearest hospital.

« Inthe event of direct skin contact with contaminants, immediately wash the
affected area with soap and water.

« Copies of the SSHP will be readily accessible at the work site.

» lands and face should be thoroughly washed before eating or drinking.
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= Any substantial modifications to this plan that could affect health and safety
must be approved by the EAC or designee.

7.3 Drug Free Workplaee Policy

Radian's Drug Free Workplace Policy obligates employees to perform their work
‘free of the influence of alcohol o drugs. As part of this policy each new employee is required to
submit to and pass a urine dmg screen prior to beginning work. Job offers are made contingent
on passing the drug test. The policy has provisions 1o conduct random drug testing on
employees. Upon client request, Radian will provide the client a copy of the Radian Drug Free

Workplace Policy.

Any employee who is impaired on the job wili not be allowed to continue
working. The task leader will be responsible for determining whether an employce should not be

allowed on the job site.
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8.0 EMERGENCY MEDICAL TREATMENT ‘

Any person who becomes ill or injured should have first aid and or
cardiopulmonary resuscitation (CPR} administered while awaiting an ambulance or paramedics.
The task leader is trained in CPR and first aid. A first aid kit will be on-site. Injuries must be
reported and follow the accident reporting plan in Section 9.0, Any person being transported to a
hospital should 1ake a copy of the SSHP. Additionally, if the injured's condition is serious, at

least partial decontamination should be considered.

The nearest medical facility is Baptist Hospital in downtown Memphis.
When leaving the Depot, take 1-55 north to the Downtown Union exit, which leads
directly to Baptist Hospital.
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. 9.0  ACCIDENT REPORTING PLAN
9.1 Applicability and Scope |

The accident reperting requircments apply o all incidences involving Radian
personnel arising out of employment (AOE) or in the course of employment (COE) that result in
personzl injury, illness, or property damage or incidences that, strictly by chance, did not resull

in personal injury, illness, or property damage ("near misses").
2.1.1 Injuries and Tllnesses

Injunies and illnesses that require reporting include those injuries and illnesses
AQE/COE that result in any of the following: lost work time, restrictions in performing job
duties, the need for first aid or outside medical attention, permanent physical bodily damage, or
death.

Examples of "non-reporiable” injuries and illnesses include smal! minor cots such
as paper cuts, common celds, and small bruises not resulting in work restriction or requiring first
aid or medical attention. Examples of "reportable” injurics and ilinesses include heat exhaustion
from working outside, strained back muscles from moving objects, acid burns on fingers, chronic

bronchitis from chemical cxposure, and fingers crushed while conducting ficld activities.

0.1.2 Accidents

Accidents that require reporting include thosc accidents AQE/COE that result in
any of the {ollowing: injury or illness damage to a Radian-operated vehicle (rented, leased, or
owned), damage to a personal vehicle AQE/COE, fire/explosion, property damage of more than
$100, or rclease of substances requiring evacuation of at least the immediate release/spill area.
All tost time accidents and property damage accidents over $2000 shali be reported to the

. Coniracting Officer Representative within 24 hours using Engineer Form 3394.
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. 9.1.3 Near Misses

Other incidences that, strictly by chance, do net result in actual or observable
injury, illness, death, or property damage are also required 1o-be reported. The information
abtained from such reporting can be extremely useful in identifying and mitigaling preblems
before they result in actual personal or property damage. Thus, these incidences will be treated
as if they did result in personal or property damage so that they can be revicwed and corrective

actions implemented.

Q.2 Responsibilities

All Radian employees and subcontractors have a responsibility to report
accidents, injuries, illnesses, and ncar misses under the Radian Accident Reporting Program.
Supervising personnel also have a responsibility to ensure that unsafe weorking practices or

conditions that affected persannel under their supervision are promptly comected.
9.2.1 Corporate Director of Health and Safety

The CDHS is responsible for ensuring that Radian's health and safety programs
effectively minimize accidents and injuries, mect health and safety regulatory requirements, and
provide consistency of practices and procedures among Radian offices. The CDHS has overall
responsibility for implementing the accident reporting program, including review of accident
teporls, invesligation of accidents, and recommendations of changes in practices, procedures, or

the program. The CDHS is responsible for completing all regulatory compliance reports.

9.2.2 EAC

The EAC will review all accident reports and will summarize these reports to the
CDHS as needed. Furthermaore, the EAC will investigate the accidents if he or she deems it

nccessary and make recommendalions for program improvement, if warranted.
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. 9.2.3 Technical Resource Manaper

The Technical Resource Manager has responsibility for ensuring that accident
reports for Radian employees are complete and senl to the appropriate human resource
administrator (HRA).

9.2.4 Project Manager

The Project Manager shares the responsibility with the affected employee's
administrative supervisor for accident reporting. In some instances, when timeliness of reporting
is not practicable for an administrative supervisor, such as an injury occurring at a field site or
when an adminisirative supervisor is not available, the Project Manager should complete the

necessary accident report forms and submit them to the appropriate HRA.

9.2.5 All Radian Emplgyecs

. 5 All Radian employees have responsibility to initiate the accident reporting
sequence by communtcating with their supervisors as soon as possible after an incident they
observe or lo which they fell victim. To effectively accomnplish this, all employees must be
familiar with the Radian Accident Reporting Program, including the criteria defining reportable

incidents.

9.3 Reporting Procedures and Practices

This scction describes the specilic procedures and practices (hat will be followed
by Radian personnel to effectively conduct accident reporting. A telephone will be available on-

site for usc in case of emergency.

211 Injuries and Ilinesses

Serious injury or illness posing a life-threatening situation will be reported i
. immcdiately to the local cmergency response medical scrvices (typically, a local fire department

or paramedic service).
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Injuries and illnesses will be reported by the victin 1o his or her administrative
supervisor in person or by phone as soan as possible after any life-threatcning situation has been
addressed. If the victim is unable to report, the supervisor of the aclivily in which the victim was

involved will notify the victim's administrative supervisor.

[

The superviser will immediately notify the local EAC verbally of the incident and
will completz an Tncident Report Form (Appendix B} within 48 hours of the reportad incident.

This form asks for the following information:

« Daic and time of incident,

« Location of incident,

« Description of incident,

» Direct cause of incident,

«  Nature of injury/illness (i::r: specific),

« Type of medical lrcatmcni provided,

» Name of treating physical or hospital and address, and

» Number of lost work days after date of injury (if already returned to work).

The local HRA will notify the local EAC within 24 hours of the incident. Within
5 days of the incident, thc lacal HRA will complete and submit an Employer’s First Report of

Injury to the tocal Workmens' Compensation insurance carrier and send copies, zlong with copies

of the Incident Report Form, to the local EAC and the Health Services Administrator.

Any fatality or incident where three or more cmployees are hospitalized must be

reported to OSHA within 8 hours of any Radian cmployee becoming aware of the incident.

The first Radian employee becoming aware of such an incident becomes
responsible {or reporting the incident to the Dircctor of Enviranmental AfTairs or a Technical

Respurce Manager or company officer. The following informaiion will be required:
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» Location of incident,

= Time of incident,

« Number of fataliities or hospitalized employees,
- Contact person,

+« Phone number, and

+ Brief description of the incident,

When contact 15 made, the contacted person assumes responsibility for notifying

OSHA and for convening an investigation team.

If contact cannot be made within 7 hours, then the responsible employee should
contact OSHA directly either by calling the nearest OSHA office or by calling 1-800-321-6742.
The repart should be confined to the items listed above with no speculation (cause, blame, ete.).
The responsible party should continue to try and contact the Director of Environmental Affairs or
management until someone has been reached. Al this point, the contacted person assumes

respansibihiy for convening an investigalion leam.

The Health Services Administrator will maintain the OSHA log and summary of
recordable injuries on OSHA Form 200 (a separate form will be kept for each office) and will
forward copies of the updated Form 200 to the applicable office. A supplemeniary record will
alsc be mainiaincd by filing the Employer's First Report of Injury {equivalent 1o OSHA Form
101). The Health Services Admimistrator will notify the CDHS for each new entry into the
reporting sysiem.

The EAC will review each reported accident and delermine whether further

investigation 1s required and make reccmmendations to minimize [uture similar occurrences.
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. The CDHS is responsible for reviewing each new accident reported. At the

beginning of each calendar year, thc CDHS Health Services Administrator will review and sign
the summanes by February | following the reporting calendar year.

(certify) the annual summary of OSHA Form 200 for the prior year so that local offices can post
|
9.3.2 Accidents |

Accidents not involving injury of illness, but resulting in property damage, must |
be reported to the local EAC on a Radian Accident/Injury Reporl Form within 48 hours of the |

accident.

In cases of fire of explosion that cannot be controlled by onc person, vehicular
accident resulting in injury or more than $500 wonh of damage, or chemical release requiring a
building evacuation, the involved party must immediately report the incident to the outside

4gency emergency response services in the area.

Accidents involving a Radian-operated vehicle must be reported as soon as
practicable (i.e., after emergency agency reporting is completed) to the local EAC or

office/facilities manager with the following information:

« Employce's name,

+  Vehicle identity,

» Date and time of accident,

» Location of aceident (street address),

» Name and driver's license number of other driver (if applicable),
= Other driver's insurance carrier and policy number,

+ Employee's account of accident, and |

»  Whether police report was filed, |

' The local EAC or office/facilities manager will immediately notify the Corporate

Insurance Clerk and relay the above information.
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0.3.3 Near Misses

All near miss incidences are also required to be reported on (he Radian
Accident/Injury Report Form within 48 hours and submitted to the local EAC. In place of
indicating the result of the incident (i.e., actual personal or property damage), the reporting

person will indicate the avoided injury or damage.
9.3.4 Training

To ensure that Radian employees are cognizant of the Radian Accident Reporting
Program, and are aware of their own and other's responsibilities, a series of informational and
instructional training opportunities exist. The employees who will work al this site will be

bricfed on the Radian Accident Reporting Program during the site-specific training.

Attendance at a New Employee Orientation session, for Radian organization,
resources, and procedures information, is required of all new Radian employees. This orientation
ensures that new employees are aware of the existence of the Radian International LLC Health
and Safety Manual and of its contents and who the responsible persons in their organization

(office or department) are.
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10.0 RECORDKEEPING REQUIREMENTS
The following records are to be maintained in the project files:
» Copy of the SSHP, original sign-off sheet (Figure 10-1), and a copy of the
Certilication of Hazard Assessment;
» Documentation of the PPE vused during sampling (can be in field logbook);

» Copy of any accident or injury reports; and

- Copy of air monitoning results (field logbook or final reports).
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By signing below, I acknowledge that [ have read and understand the requirements of this ‘
Site-Specific Safety and Health Plan, that I have been briefed on the poteatial hazards

involved with this work, and that I will abide by the provisions of this plan,

Signature Date Company

Signature Date . Company

Signature Date Company

Signature Date - Company

Signature Date Company

Signature Date Company

Figure 10-1. Sign-Off Sheet
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11.0 APPROVAL BY CERTTFIED INDUSTRIAL HYGIENIST

This SSHP has been reviewed and approved by Robert Hayes, CIH.
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. - Appendix A

MATERIAL SAFETY DATA SHEETS
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000 Hazardous Materisls [nformation System
! DoD S050.5-LR
AS OF July 199%
. Froprietary Verslen + Far U.S, Gaverrwent Use Dnly

FSC: 6310 ‘
K1IN: 00NOQE588
Manufacturer's CAGE: 52519
Part Ho. Indicater: A
Part Number/Trode Mame: [SOPROPYL ALDOHOL

General Information

«[tem Hame:
Company*s Neme: KEPRO CERCUIT SYSTEMS,INC (CHEMTECH iND. 1NC)
Company's Street: 630 AXMINISTER DR
Company’s P. 0. Box:
Company's City: FENTON
Company's State: KO
Company's Country: US .
Lompanyts Zip Code: &§3026-2906
Compeny's Emerg Ph #:
Company's Info Ph #:
Distributor/Vendor # 1:
pistributar/Vendor # 1 Cage: .
Distributar/Yendar # 2= )
Distributor/Vendar # 2 Cage:
Digtributer/Vendor # 3:
QistributerfVendor # 3 Cage:
! Distributarfvendar # 4;
Distributor/Vendar # & Cage:

Safaty Data Attion Code:
!. safety Focal Point: N
—="  Record He. For Safety Entry: 001 )

Tot Safety Entrios This Stk#; OD1
Status:
| Bate MSDS Prepared: O1JANET ’
Safety Cata Review Date: 020ECHS
Supply [tem Manager:
HSDS Preparer's Home:
Preparer's Compary: l
Preparer's 5t Or P. @. Box: )
Preparer's City:
Preparer*s State;
Preparer’s Zip Codes
Other MEDS Number:
H5DE Serfal Number: BCNDR
Specificatlan NHumber:
Spec Type, frade, Class:
Hazard Characteristic Code:
Unit Of Issue:
Unit OF tssue Container Qty:
Type Of Contelner:
Het unit Weighr:




« Report for H1IH: OOKODASEA

h‘.te License Rumbar: N/A

Ket Explesive Weight:
Nzt Prapellant Weight-Ammn: H/A
Coast Guard Ammunition Code:
z= -1t -

[ngredients/identity Informatien

rr Il

Fraprietary: NQ

Ingredient: ISOPROPYL ALCOHOL CSARA ILI)
Ingredient Sequence Kumber: 1
Fercent: 100 '

Ingredient Action Code:
Ingredient Focal Peint: R
HIOSH (RTECS) Kurber: NTS05000D
CAS Namber: 47-43-0

DSHA PEL: 400 PAPM/SD0D STEL
ACGIH TLV: 40D PPHM/SQOSTEL ;9192
Other Recommended Limit;

T P ——

Phyaicel /Chemieal Charecreristics

==== - == == -] —————mEmm LSS oorroEmmg

Appearance And Ddor: CLEAR,COLORLESS LIOUID; ODOR CHARACTERISTIC
Boiling Point: 177-182F

Helting Palnt:

VYopar Pressure (MM Hg/70 F): 33

vapor Denslcy CAir=1): 2.1

Spegddic Gravity: 0.7843 .
De ition Tempersture;
Eva tion Rate And Ref: 1.7 (BU AC)

Soluhflicy In Vater: COMPLETE
Percent Volatiles By volums: 100
Viscosity:

[=1:H

Radiocmetivity:

Ferm (Radicactive Matl):
Magnetic {Mifligawss): W/P
Corrosion Rate {IPY):
Autoignition Temperature:

ampom== == == ==

Fire and Explosion Hazard Cata

Flash Paipt: 53F (TCC)

Flash Point Hethad: W/P

Lower Explosive Liait: 2.1

Upper Explosive Limits {2

Extinguizhing Media: CO*Z2 ORY CHEMICAL ALCOHOL FOAM

Special Fire Fighting Proc: H*2D SPRAT POSS INEFFECTIVE,MAY BE YSED TO
COOL CLOSED CHTHR

Ursual Firs And Expl Hazrds: XEEP AMAY FROM HEAT ,SPARXS & OPEN FLAME
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' Report far HIIN: OONODA5BB

————— hoEaon===
Reactivity Data

e s B [ 13-+

Srabillty: YES

Cond To Avoid (Stability):

Haterials To Avoid: STRONG OXLDI2ERS ([. E. PERMAHGARATE )

Rezerdous Decomp Froducts: CARBON MUHDXIDE FROM BURKWING

Hazardaus Poly Oecurs N3

Cendirfans Ta Avoid {Poly): KONE

Health Hazard Date

= =E mr
LD50-LC50 Mixture:

Route Of Entry - Inhaletion: HsP ) ,
Route OF Entry - Skin: N/P

Route Of Entry - Ingestion; N/P

Healch Haz Acute And Chronic:

Carcinogenicity - HTF: W/P

Carcinog=npicity - 1ARC: H/P

Carcinagenicity - OSHA: Nfp

Explanation Careinogenicyty:

Signs;'iylmtm Of Cverexp: SKIN & EYE TRRIT. BREATHIHG OF VAPS MAY IRRIT
NOSE E THROAT. M HIGH COHC,MAY CAUSE {S5EF SUPP DATA)

Med Cond Aggravated By Exp:

Emergency/First Aid Proc: SKIN: WASKH W/SDAP & H¥2D. EYES: FLUSH W/H2D FOR
15 KIN. GET MEDICAL ATTENTIOH, [KGESTION: [KDUCE VCHITING. CET HED[CAL
ATTENTION IMMEDIATELY. INMALATION: REMOVE TO FRESH AIR,GIVE ARTIFICIAL
RESPIRATION IF WECESSARY. CALL A PHYSITIAN.

F1+1 sem==a —— E===== ==atm = =

Precautions far Safe HandlIng and Use

Steps I Matl ReleasedsSpill; ELIMINATE ALL SOURCES OF IGHITION. AVOID
BREATHING YAFORS. VENTILATE AREA. REMOVE W/INERT ABSORBENT & NON-SPARKING
TOALS.

Heutralizing Agent:

Wagte Dlizpozal Methed: WASTE DISPCIS'RL MUST BE 1AW FEDERAL, STATE & LOCAL
REGULAT]ONS.

Precautions-Hapdling/Staring: DONT STORE ABOVE 120F. STORE LRG AMTS IN
STRUCTURES MADE FOR NFPA CLASS 18 LIQUIDS. CNTHRS SHOULD EE SROUNDED WHEN
POURING. AVOED FREE FALL OF LIQUiD.

Other Precoutions: FLAMMABLE. DONT FLAME CUT,BRAZE,UZLD. USE ONLY W/
ADEDUATE VENT. AVOID PALNG BREATHING OF VAP/SPRAY MIST. AVOID CONT W/EYES,
SKIN. DONF TAKE IMTERNALLY. KEEP CLDSURES TIGHTEUPRIGHT TO PREV LERK.

Contro l Heasures

ERNISSSInbmEsSoo—oz == SESSEERSEE==SIT——~—oroo===pg
Respiratory Protection: FOR EMERGENCY: NIOSH/MSKA APPRVD ORGANIC CAHISTER
OR 5CEA

ventilaticn: LOCAL EXHAUST PRAEFERABLE

Protective Gloves: RUBBER CLOVES

Eye Fratestlion: CHEMICAL SAFETY GOGGLES

Ccher Protective Equipment: PROTECTIVE GLOVES SHOULD BE SOLVENT RESISTANT
Wark Hygienic Practices:
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. Appendix B

ACCIDENT REPORT FORMS
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CORFORAT(OMN

. INCIDENT REPORT

DATE: : LOCATION:

TIME:

Description of incident:

Personne! invalved:

Describe injuries (if applicable):

DESCRIBE TREATMENT: |

Company first aid:

Physician’s treatment;

Further treatment:
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coOmM™ o8 AYION

CORRECTIVE ACTIONS:

ADDITIONAL COMMENTS:

REPORTED BY: DATE:

DISTRIBUTION:
COHS: _JTC EAC _SKI GRPLDR:

EMPLOYEE{S):

Thess forms arc intended 1o hetp identify und mrmest coaditioat or pracuees which result in er could result ia dajury o persoanel and/for
property damuge. Please complete forms for "nedr mix” as well as employee injury incideno. Employoes invobesd o the incdcar, wad
their sepervitars, thauld complele these Torme within two days, Supervisart are rerponsible for enruring tmely dimribeton

c\skr\incideal
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. Appendix C

MEDICAL SURVEILLANEC, HAZWOPER TRAINING,
AND FIRST AID/CPR TRAINING DOCUMENTATION
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T E R AT R e

C HEALTH STATUS MEDICAL REPORT

Employer Copy
Type of Examination: Baseline Examination
Employee: Kilroy, Marshal Position; 5r. Environmental Scientist
S5N: 435-58-6687 Location: Oakridge (OKR)
Date of Exam.  0%/24/1997 Site. Qzk Ridge

Expiration Dale: 092471998

The following recommendations are based on a review af one or oli of the fellewing: A binse history questionnaire, supporting
diagnastic tests, physieal examination, ond the essential functions of the position applied for or occupicd by the (ndividual
named above. The recommendntions camply with Federal OSHA 29 CFR 1910.120 Hazardous Waste Operations and
Emergency Response Standard and 25 CFR 1210,134 Respiratory Protection Standard.

Yes Ng Undecided
Has the employee ony detecied medical conditions thet would [:] E] D
inercase histher risk of material heatth impaicment Fom
occupational exposure in accerdance with 29 CFR §1910.1207
. Does the employee have any limitations in the use of respirators in (] E |:]
2ccordance with 29 CFR §1910.1349
STATUS
1. [¥] QUALIFIED The examination indicates no significant medical impairment. Employee can be assigned zny
. work consistent with skills and training.
2 D QUALIFIED The examination indicates non-occupational medical impaimmeni(s) and employes has been

referred to histher personal physician for follow-up. Employ=e can be assigned 1o any work
consistent with ski!ls and training. '

3. [[] QUALIFIED - WITH LIMITATIONS  The sxamination indicetes that a medical impaimment currently
exists that [imits work assignments on the fallowing basis:

4. [T} NOT QUALIFIED

5 [[] DEFERRED The examination indicated that additicnal information is necessary. The cmployee has been giver the
fallowing instructions.

COMMENTS:

I have reviewed the medical data of the above named employee, and informed the emgployce of the results of the medieal
examination and any medieal conditions that require follow-up examinatian ¢r trectment.

~
Name af Physician; A W{,E,'S‘E".-' P Chan, M.D. Date: 09730797
Signatures: (‘M&L‘v .
o
. GMG WorkCara
333 5, Ania Drive, Suits 630
Oronge, GA 92350

ronge.
(714) ST8-T4B& - {A00} 4556155 « FAX {714) 456-2154
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‘ ‘ ; : TYPE OF EXAMINATION
' QMMMQ ORKCAREm [0 Bascline [} Termination /Exit

[0 Aonuat O Special Occupational

[} Other:
WORK STATUS REPORT Specily
Employee Name: Position: Date of Exam:
Patrice G. Cale Environmenial Scientist 0520/97
Emplayer Name: Location: ' Social Security Number:
Radipn Inlemational Oak Ridee 227-78-6554

The following recommendation is based on a review of a base history questionnzire, diagnostic tests, physical examination,
ani the essential functions of the pesition applied for or occupied by the individual named above

STATUS:

1. [j The examinration indicates no significam medical impairment. Can be assigned any work consistent wiih skills and
training,

2. [0 Theexamination indicates that 2 medical impaimient currently exists that limits wark assignments:

Cannot perform an essentiat job finction {8}
Nat to lift over pounds
Not to woerk at a specific jeh or area:
No work with chemicals er irritants
No work requiring filler type respiratary protective device

Mo work in confined spaces

No 5CBA use; Mo work requiring impermeable protective ¢lathing

Mot to work with volntile organic compounds, erganic solvents, or hepatotoxins
Must wear hearing protection in areas with naise levels greater than 83 decibels
Silting work only )
Day work only (no shift werk)
Mo overtime

Na repeated waist bending
Suggested accommodalions:
Nat 10 operate commercial vehicle:

U 0OD00CODaaoOonnn

3. [0 Deferred, the examination indicated that additional information is necessary. Emplovee given the fpliowing tnstruclions:

The following recommendations comply with Federal OSHA standards:

YES NG UNDECIDED
Has the employee any detecied medical conditions that would increase hisfher O ™ O
risk of material health impairment from gccupational exposure?
/

Does the employer have any limitations in the use of persenal protective . | |
equipment. {e.p. clothing or respirators)? ' |

|
Name of Physician: . WESIEE’ P Chan, M.D. Date: 05/23/97 |

Qignutu re: ’T’j\'(‘Q/‘L'\A—’L_

* The cinploves has been informed of the resvlts of this examination.

333 5. Anita Drive. Soite 6200, Orange. CA 9286% = (714) 97R-7488 (RO 155.6]155 » FAX 7].1) 156-2154
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This certlfies thar
Marshall Kilray

1Carl

Amer
Red Cross

has completed the requircments for

ADULT CPR

sponsored by

AFPALATAIAN CHAPTER

[Date complered

1/25/96

+

T o

Thds certifies that

Marshall Kilroy

1Can

has completed the requirements (or

STANDARD FIRST AID
spansored by

Red Cross

Amer

APPALACHIAN CHAPTER
Date complerad
1/25/96 }

L,
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+ Amer
Red Cross
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Red Cross
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This certifies that

Patrice Cole
has completed the requirements for

ANDARD FIRST AID
sponsored by

Appalachian Chapter

Drate complered
8/5/93

This certilies that

Patrice Cole

has completed the

ADULT CPR

course of instruction sponsored by

Appalachian Chapter

[Jare course complered

8/5/93

e -
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