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FOREWORD

Section 304 (a)(l) of the Clean Water Act of 1977 (P.L. 95-217),
requires the Administrator of the Environmental Protection Agency to
publish criteria for water quality accurately reflecting the latest
scientific knowledge on the kind and extent of all identifiable effects
on health and welfare which may be expected from the presence of
pollutants in any body of water, including ground water. Proposed water
quality criteria for the 65 toxic pollutants listed under section 307
(a)(1) of the Clean Water Act were developed and a notice of their
availability was published for public comment on March 15, 1979 (44 FR
15926), July 25, 1979 (44 FR 43660), and October 1, 1979 (44 FR 56628) .
This document is a revision of those proposed criteria based upon a
consideration of comments received from other Federal Agencies, State
agencies, special interest groups, and individual scientists. The
criteria contained in this document replace any previously published EPA
criteria for the 65 pollutants. This criterion document is also
published in satisifaction of paragraph 11 of the Settlement Agreement
in Natural Resources Defense Council, et. al. vs. Train, 8 ERC 2120
(D.D.C. 1976), modified, 12 ERC 1833 (D.D.C. 1979).

The term "water quality criteria" is used in two sections of the
Clean Water Act, section 304 (a)(l) and section 303 (c)(2). The term has
a different program impact in each section. In section 304, the term
represents a non-regulatory, scientific assessment of ecological ef-
fects. The criteria presented in this publication are such scientific
assessments.  Such water quality criteria associated with specific
stream uses when adopted as State water quality standards under section
303 become enforceable maximum acceptable levels of a pollutant in
ambient waters. The water quality criteria adopted in the State water
quality standards could have the same numerical limits as the criteria
developed under section 304. However, in many situations States may want
to adjust water quality criteria developed under section 304 to reflect
local environmental conditions and human exposure patterns before
incorporation into water quality standards. It is not until their
adoption as part of the State water quality standards that the criteria
become regulatory.

Guidelines to assist the States in the modification of criteria
presented in this document, in the development of water guality
standards, and in other water-related programs of this Agency, are being
developed by EPA.

STEVEN SCHATZOW
Deputy Assistant Administrator
Office of Water Regulations and Standards
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CRITERIA SUMMARY
HEPTACHLOR

CRITERIA

Aquatic Life

For heptachlor the criterion to protect freshwater aguatic life as de-
rived using the Guidelines is 0.0038 ug/1 as a 24-hour average, and the con-
centration should not exceed 0.52 ug/1 at any time.

For heptachlor the criterion to protect saltwater aquatic life as de-
rived using the Guidelines is 0.0036 ug/1 as a 24-hour average, and the con-

centration should not exceed 0.053 ug/1 at any time.

Human Health

For the maximum protection of human health from the potential carcino-
genic effects due to exposure of heptachlor through ingestion of contaminat-
ed water and contaminated aquatic organisms, the ambient water concentration
should be zero based on the non-threshold assumption for this chemical.
However, zero level may not be attainable at the present time. Therefore,
the levels which may result in incremental increase of cancer risk over the
lifetime are estimated at 10"5, 10‘6, and 10~7.  The corresponding
recommended criterion are 2.78 ng/1, 0.28 ng/1, and 0.028 ng/1, respective-
ly. If the above estimates are made for consumption of aquatic organisms

only, excluding consumption of water, the levels are 2.85 ng/1, 0.29 ng/1,

and 0.029 ng/1, respectively.
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INTRODUCTION

Heptachlor is a broad spectrum insecticide of the group of polycyclic
chlorinated hydrocarbons called cyclodiene insecticides. It was introduced
in 1948 as a contact insecticide under the trade names E 3314 and Velsicol
104. Ouring the period from 1971 to 1975 the most important use of hepta-
chlor was to control soil insects for corn cultivation and other crop pro-
duction. Since 1975 both the applications and production volume of hepta-
chlor have undergone dramatic changes resulting from the sole producer's
voluntary restriction of domestic use, and the subsequent issuance by the
U.S. Environmental Protection Agency of a registration suspension notice for
all food crops and home use of heptachlor, effective August 1, 1976. How-~
ever, significant commercial use of heptachlor for termite control or in
nonfood plants continues and numerous formulation plants and packaging
facilities have remained in operation.

Pure heptachlor is a white crystalline solid with a camphor-like odor
having the molecular formula C10H5C17, a molecular weight of 373.35, a
melting point of 95°C and a vapor pressure of 3 x 10~% mm Hg at 25°C (Met-
calf, 1955; Martin, 1972; Windholz, 1976). It has a solubility in water of
0.056 mg/1 at 25 to 29°C and is readily soluble in relatively nonpolar sol-
vents (Metcalf, 1955). The chemical name for heptachlor is 1,4,5,6,7,8,8~
heptachloro-3a,4,7,7a-tetrahydro-4,7 -methanoindene. It is produced by means
of a Diels-Alder addition reaction which joins cyclopentadiene to hexa-
chlorocyclopentadiene (Windholz, 1976).

Technical grade heptachlor has the typical composition of approximately
73 percent heptachlor, 21 percent trans(gamma) chlordane, 5 percent nona-
chlor, and 1 percent chlordene isomers {(Martin, 1972). Technical heptachlor

is a tan, soft, waxy solid with a melting point range from 46 to 74°C. It



has a vapor pressure of 4 x 10'4 mm Hg at 25°C and a density of 1.65 to
1.67 g/m1 at 25°C.

In general, heptachlor is quite stable to chemical reactions such as
dehydrochlorination, autooxidation, and thermal decomposition. However, in
the environment, heptachlor undergoes numerous microbial, biochemical, and
photochemical reactions.

Conversion of heptachlor to heptachlor epoxide has been reported in
microorganisms (Miles, et al. 1969), in plants (Gannon and Decker, 1958), in
soils (Lichtenstein, 1960, Lichtenstein, et al. 1970, 1971; Nash and Harris,
1972), and in mammals (Davidow and Radomski, 1953a,b). It represents the
principal metabolite of heptachlor.

The photodecomposition of heptachlor to photoheptachlor has been demon-
strated in various solvent solutions using ultraviolet lamps, and as thin
films using natural sunlight (Benson, et al. 1971). Although numerous
photoisomers are produced, photoheptachlor (III) appears to predominate.
Heptachlor epoxide has also been shown to undergo photodecomposition to
photoheptachlor epoxide (IIIB) when exposed to UV light or sunlight (Graham,
et al. 1973).

Heptachlor can also be biologically converted to chlordene, 3-chloro-
chlordene, 1-hydroxychlordene, chlordene epoxide, 1-hydroxy-2, 3-epoxychlor-
dene, and 2-chlorochlordene.

The persistence of heptachlor and heptachlor epoxide in the environment
is well-known. Heptachlor also has been shown to be converted to the meta-
bolite, heptachlor epoxide, in various soils (Gannon and Bigger, 1958;
Lichtenstein, 1960; Lichtenstein, et al. 1971; Nash and Harris, 1972) and

plants (Gannon and Decker, 1958).
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Aquatic life Toxicology*

INTRODUCTION

Heptachlor is a chlorinated hydrocarbon pesticide that has had wide us-
age in the United States as a crop insecticide. It has been widely used for
such purposes as fire ant and general insect control in much of the United
States. It has been shown to be toxic to aguatic life, to accumulate in
plant and animal tissues, and to persist in aquatic ecosystems.

Earlier studies reported toxicity of this material to freshwater organ-
isms. More recently, pertinent studies have been completed that demonstrate
acute and chronic toxicity and bioaccumulation potential to saltwater organ-
isms. Most of these studies, however, were carried out under static condi-
tions with results based on unmeasured rather than measured concentrations.
In most instances tests used technical grade heptachlor as the toxicant.
Technical grade heptachlor usually consists of 72 percent heptachlor and 28
percent dimpurities; these impurities are primarily trans-chlordane, cis-
chlordane, and nonachler. There are insufficient data to evaluate the rela-
tive toxicities of the various grades of heptachlor and the impact of the
impurities on the toxicity determinations. Because of the unknown contribu-
tion of the impurities, all data included in this document are reported in
concentrations of the actual material used for testing. Some authors used
technical material in testing and then calculated concentrations as 100 per-

cent heptachlor for data reporting. These data were converted back to con-

*The reader is referred to the Guidelines for Deriving Water Quality Crite-
ria for the Protection of Aquatic Life and Its Uses in order to better un-
derstand the following discussion and recommendation. The following tables
contain the appropriate data that were found in the literature, and at the
bottom of each table are calculations for deriving various measures of tox-
icity as described in the Guidelines.



centrations of technical grade heptachlor in this document.

Some reported studies have examined the impact of water hardness and
temperature on acute toxicity of heptachlor. Variable results were found
regarding the effect of temperature on heptachlor toxicity, whereas water
hardness had little effect on toxicity to fathead minnows in a single
comparison.

Heptachlor epoxide is the most commonly found degradation product of
heptachlor. Both heptachlor and heptachlor epoxide have been reported in
fish residues. There are few data on the relative toxicity to aquatic or-
ganisms of these two materials. What data are available suggest that the
epoxide is not more toxic than heptachlor itself.

EFFECTS

Acute Toxicity

In all but one case (Macek, et al. 1976)(Table 6), freshwater data on
acute toxicity were obtained in static tests, and in every case exposure
concentrations were unmeasured. Values for standard tests with fish and in-
vertebrate species are reported in Table 1, and some additional acute toxic-
ity data are given in Table 6. Ten freshwater invertebrate and eight fish
species have been tested.

Many of the authors cited in Table 1 reported values for numerous other
pesticides in addition to heptachlor. WNo clear relationship regarding the

toxicity of heptachlor compared to other pesticides was found. For example,

heptachlor is substantially less toxic to the scud, Gammarus fasciatus, than

DOT and endrin; for the freshwater glass shrimp, however, there is little

difference in toxicity among the three pesticides (Sanders, 1972). For the

stonefly, Pteronarcys californica, heptachlor is less toxic than endrin and

more toxic than DDT (Sanders and Cope, 1968). Katz (1961) found with

chinook salmon and coho salmon that DDT and endrin are more toxic than
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heptachlor, whereas with rainbow trout, heptachlor is more toxic than DDT.
1t is difficult to determine how many of the variations in results are due
to differences in species sensitivity and how much to test variability.
However, it seems probable that species sensitivity varies considerably with
different pesticides. It is also apparent from the data in Table 1 that
heptachlor is generally highly toxic in an acute exposure.

LCSO values for invertebrate species range from 0.9 ug/1 for a 96-hour

exposure with the stonefly, Pteronarcella badia, to 80 ug/1 for a 48-hour

exposure with the cladoceran, Simocephalus serrulatus (Table 1). Larvae of

the Fowler's toad were tested by Sanders (1970)(Table 6); the 96-hour LCsq
is 440 ug/1.

Freshwater fish species are generally less sensitive to heptachlor than
are invertebrate species (Table 1). Ninety-six-hour LC50 values for fish
species range from 10.0 ug/1 for rainbow trout to 320 ug/1 for goldfish
(Table 1).

The Freshwater Final Acute Value for heptachlor, derived from the spe-
cies mean acute values listed in Table 3 using the procedure described in
the Guidelines, is 0.52 ug/l.

There is 1ittle information regarding the possible effect of water hard-
ness on the toxicity of heptachlor. The 96-hour LC50 values for fathead
minnows exposed to technical grade heptachlor in soft and hard water are 130
and 78 ug/l, respectively (Henderson, et al. 1959). It is difficult to for-
mulate any conclusions regarding hardness~related effects on the basis of
these tests.

Bridges (1965) found that toxicity to redear sunfish increased at higher
temperatures (Table 6). Twenty-four-hour EC50 values decreased (toxicity
increased) from 92 ug/1 at 45°F to 22 ug/l1 at 85°F. Macek, et al. (1969)

found essentially no difference in toxicity to rainbow trout when tested at
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1.6, 7.2, and 12.7°C (Table 1). Naqvi (1973) found 100 percent mortality of

tubificid worms, Branchiura sowerbyi, at 2,500 ug/1 when tested at 4.4 and

32.2°C (Table 6); at 21.0°C no mortality occurred. Sanders and Cope (1966)

found that with the cladoceran, Simocephalus serrulatus, the 48-hour EC50

values for heptachlor were 47 ug/1 at 60°F and 80 ug/1 at 70°F (Table 1).
Only one acceptable freshwater study was found that compared the rela-

tive toxicity of heptachlor to its common degradation product, heptachlor

epoxide. Frear and Boyd (1967), using an unspecified grade of material, de-

termined the 26-hour LCSO for Daphnia magna to be 52 ug/1 for heptachlor

and 120 ug/1 for heptachlor epoxide (Table 6).

Many authors reported LC50 values for freshwater fish species after
24, 48, and 96 hours of exposure to heptachlor. In general, toxicity in-
creased slightly with time, although considerable variation existed among
species. The ratios of 96-hour/24-hour and 96-hour/48-hour LC50 values
ranged from 0.45 to 0.97 and 0.57 to 1.00, respectively. The relationship
of LC50 values to exposure time was more dramatic and variable for inver-
tebrate species. The range of values for the ratio of 96-hour/24-hour
LC50 values was 0.06 to 0.56. Exposure time, therefore, can significantly
affect LC50 values for invertebrate species exposed to heptachlor.

Heptachlor has been shown to be acutely toxic to saltwater fish and in-
vertebrate species. Many of the saltwater toxicity tests with heptachlor
have used technical grade material containing approximately 65 percent hep-
tachlor, with the remaining 35 percent being a mixture of trans-chlordane,
cis-chlordane, nonachlor, and related compounds. There are insufficient
saltwater data to evaluate relative toxicity of heptachlor and heptachlor
epoxide. However, the data available suggest that toxicity of the technical
material is mostly attributable to heptachlor and that toxicities of hepta-

chlor and heptachlor epoxide are similar (Schimmel, et al. 1976a). The tox-

B-4



icity of the several chlordane isomers is discussed in the criteria document
for that compound and is, in general, 2 to 7 times less than that of
heptachlor.

Saltwater invertebrate species seem to be more sensitive than fish spe-
cies to heptachlor and heptachlor epoxide and demonstrate a greater varia-
bility in sensitivity between species (Table 1). Of the seven species
tested, the commercially valuable pink shrimp is especially sensitive with
96-hour LC50 values as low as 0.03 wug/! (Schimmel, et al. 1976a). Other
species, such as the blue crab and American oyster, are 2,100 to 950 times
less sensitive, respectively, than the pink shrimp (Butler, 1963)(Tables 1
and 6). Ninety-six-hour LC50 values derived from static exposures or ex-
posures based on unmeasured concentrations probably underestimate toxicity
of heptachlor and heptachlor epoxide to invertebrate species. For example,
the 96~hour LC50 of heptachlor for the grass shrimp based on a static ex-
posure using unmeasured concentrations is 440 ug/l1 (Eisler, 1969), whereas
the result from a flow-through test with measured concentrations is 1.06
ug/1 (Schimmel, et al. 1976a). A similar relationship 1is true for the
American oyster. Test results from a flow-through exposure with unmeasured
concentrations (Butler, 1963) were 27 and 30 pg/1 and, using flow-through
procedures and measured concentrations, Schimmel, et al. (1976a) determined
a 96-hour EC50 of 1.5 ug/1. Generally toxicity data obtained from static
tests or those in which concentrations were not measured yielded higher
acute values for heptachlor than other tests. The range of LC50 values
for saltwater invertebrate species is from 0.03 to 440 ug/1.

The 96-hour LC50 values (Table 1) derived from flow-through tests with
four saltwater fish species range from 0.85 to 10.5 ug/1 (Korn and Earnest,
1974; Schimmel, et al. 1976a; Hansen and Parrish, 1977). Results of static

exposures of eight fish species are more variable and yield higher LC50
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values than those from flow-through tests; i.e., 0.8 to 194 ug/1 (Katz,
1961; Eisler, 1970a). LC50 values derived from tests using aeration,
static test procedures, or unmeasured concentrations probably underestimate
the toxicity of heptachlor (Schimmel, et al. 1976a; Goodman, et al. 1978).

The Saltwater Final Acute Value for heptachlor, derived from the species
mean acute values listed in Table 3 using the procedure described in the
Guidelines, is 0.053 ug/1.

Chronic Toxicity

The only available freshwater chronic study on heptachlor was that of
Macek, et al. (1976) using the fathead minnow (Table 2). This life-cycle
test lasted 40 weeks during which growth, survival, and reproduction were
monitored. Concentrations tested were 1.84, 0.86, 0.43, 0.20, and 0.11
ug/1. A1l fish exposed to 1.84 ng/1 were dead after 60 days. No adverse
effects on parental fish or their offspring were noted at concentrations of
0.86 wg/1 or Tlower. Analytical difficulties were encountered during the
last 10 weeks of the 40-week exposure period. However, all effects found in
the study occurred during the first 60 days, and so the analytical difficul-
ties did not affect the reported chronic endpoint values. The chronic lim-
its of heptachlor for fathead minnows are 0.86 and 1.84 ug/1. Data on the
acute toxicity of heptachlor to fathead minnows indicate that this species
is generally somewhat less sensitive than other fish species. There are no
direct comparisons between the chronic results for fathead minnows and
96-hour LC5O values from tests conducted by the same author. However, by
using the species mean acute value for fathead minnows, an acute-chronic ra-
tio of 80 can be calculated for fathead minnows (Table 2).

No valid chronic test data were available for any freshwater inverte-
brate species. However, in general, invertebrate acute values are consider-

ably lower than fish acute values (Table 1); indeed, some LC50 values for
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invertebrate species were lower than the chronic value for fathead minnows.
It is reasonable to expect, fherefore, that some freshwater invertebrate
chronic values would be lower than the available freshwater fish chronic

o
value,

Insufficient data are available to calculate a Freshwater Final Chronic
Value for heptachlor.
A 28-day life-cycle toxicity test (Table 6) was completed with a salt-

water mysid shrimp, Mysidopsis bahia (U.S. EPA, 1980). Mortality of mysid

shrimp exposed to measured concentrations of 0.17, 0.64, 1.3, and 3.1 ug/l
was significantly greater than that in the control. Mortality of animals at
an intermediate low concentration of 0.33 ug/1 was not significantly differ-
ent from controls. Because of this anomaly in the data, the more conserva-~
tive estimate of effect on mortality is used (0.64 pg/1). Statistical anal-
ysis of data on cumulative number of offspring per female per day did not
reveal significant differences between the control and any test concentra-
tion. Therefore, cumulative mortality of test animals exposed to 0.64 ug/l
heptachlor was the most sensitive effect. Because this effect is based on
anomalous data, test results are included in Table 6 rather than Table 2.

The chronic toxicity of technical heptachlor to the sheepshead minnow
was measured in an 18-week partial life-cycle exposure begun with juveniles
(Hansen and Parrish, 1977). Survival was affected at concentrations of 2.8
ug/1 and greater (Table 6). Embryo production was significantly decreased
at the lowest concentration tested, 0.71, and at test concentrations of 1.9
to 5.7 ug/1. An intermediate test concentration, 0.97 ug/1, did not cause
reduced embryo production significantly different from controls. Because of
this anomaly in the data, test results were included in Table 6 rather than

Table 2.



The chronic toxicity of technical heptachlor to sheepshead minnows was
also measured in a separate 28-day early life-stage test. Hatching was un-
affected, but survival of fry was significantly reduced from that of con-
trols at measured concentrations of 2.24 to 4.3 ug/1 (Goodman, et al.
1978). Comparison of these data with that from the early life-stage portion
of the partial life-cycle exposure (Hansen and Parrish, 1977) shows survival
of fry was reduced at a similar concentration in both exposures (2.24 and
2.8 ug/1, respectively). Growth of fry in the early life-stage test (Good-
man, et al. 1978) was significantly reduced at concentrations of 2.04 g/l
and above. No detrimental effects were observed at 1.22 ug/l. If observed
decreases in embryo production in the partial life-cycle test at 0.71 ug/1
are an anomaly, then the results from the embryo-fry exposure predict the
results of a life-cycle toxicity test rather accurately.

Chronic values for saltwater species can be obtained from only the
sheepshead minnow early life-stage test (Table 2) and not the 1life-cycle
tests on this fish species and mysid shrimp (Table 6). The chronic value
from the early life-stage test is 1.58 ug/1, and the acute-chronic ratio is
3.9, If effects observed in the sheepshead minnow partial life-cycle test
at 0.71 ug/1 and in the mysid shrimp life-cycle test at 0.17 ug/1 are con-
sidered anomalies, the acute-chronic ratios calculated using these two tests
are 4.6 and 7.6, respectively. The range in acute-chronic ratios for the
three tests is remarkably narrow, less than a factor of two.

Plant Effects

Two 96-hour tests with a freshwater algal species, Selenastrum capricor-

nutum, have been conducted (Table 4). The ECSO values obtained are 39.4
and 26.7 ug/1. It should be noted that the exposure concentrations of hep-

tachlor rapidly diminished during the course of the tests, and substantial
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amounts of hydroxychlordene were present and may have contributed signifi-
cantly to the toxic effect (Call and Brooke, 1980).

Information on the sensitivity of saltwater aquatic plants is limited to
effects on five species of unicellular algae, or dinoflagellates and one
study on a natural phytoplankton community (Tables 4 and 6).

Effects of heptachlor on three species of marine unicellular algae, Iso-

chrysis galbana, Porphyridium cruentum, and Skeletonema costatum, are fairly

similar. The 96-hour EC;, values range from 93 to 273 ug/1. The ECgg

for a fourth species, Dunaliella tertiolecta, is 8 to 24 times higher (Table

4).

Toxicity tests with the marine dinoflagellate, Exuviella baltica, show

effects of heptachlor at a concentration of 50 ug/1 (Table 6). Cell densi-
ty, chlorophyll a per unit volume of culture, 14C uptake per cell, and
carbon fixation per unit of chlorophyll a were reduced at this concentration
after seven days. The natural phytoplankton community study was a 4-hour
exposure at a single exposure concentration of 1,000 pg/1. This concentra-
tion of heptachlor caused a 94.4 percent decrease in productivity (Butler,
1963)(Table 6).
Residues

The only appropriate residue studies on freshwater species are those re-
ported by Veith, et al. (1979). These studies used 32-day exposures of fat-
head minnows to heptachlor and heptachlor epoxide (Table 5). Bioconcentra-
tion factors (BCF) are 9,500 for heptachlor and 14,400 for heptachlor
epoxide,

Andrews, et al. (1966) reported the results of tests in which bluegqills
held in plastic pools were fed food containing heptachlor at either 25.0,
10.0, 5.0, or 0.0 mg/kg/day (Table 6); tests were run in duplicate. Effects

on survival, histopathology, and growth were monitored. In general, adverse
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effects were found at a feeding rate of 10 mg/kg/day. In order to determine
a maximum daily dietary intake level for wildlife, a value of 7.1 mg/kg/day
(the geometric mean of 5 and 10 mg/kg/day) was calculated.

Data on the bioconcentration of heptachlor and heptachlor epoxide from
water into the tissues of saltwater organisms are given in Tables 5 and 6.
The only BCF values available at steady-state for heptachlor and heptachlor
epoxide are those for fish species (Table 5).

The three studies (Schimmel, et al. 1976b; Hansen and Parrish, 1977;
Goodman, et al. 1978) listed in Table 5 used technical heptachlor containing
65 percent heptachlor, 22 percent trans-chlordane, 2 percent cis-chlordane,
2 percent nonachlor, and 9 percent other unidentified compounds. Goodman,
et al. (1978) and Hansen and Parrish (1977) measured both heptachlor and
trans-chlordane in the exposure water. Schimmel, et al. (1976b) measured
only heptachlor in the exposure water. Fach study measured concentrations
of heptachlor, heptachlor epoxide, trans~chlordane, and cis-chlordane in ed-
ible tissues or whole fish. Therefore, several calculations of BCF values
are possible, and these are given in Table 5.

Spot exposed for 24 days to technical grade material reached a maximum
concentration of heptachlor in whole body after three days (Schimmel, et al.
1976b). In the same exposure, maximum levels of heptachlor epoxide were
reached in whole fish after 17 days. Whole body residues were generally 1.6
times higher than residues in edible portions of fish. After a 28-day peri-
od of depuration, less than 10 percent of the maximum amount of heptachlor
remained in tissues; it was either lost or metabolized to the epoxide
(Schimmel, et al. 1976b).

Juvenile sheepshead minnows exposed in two separate experiments for 28
days to technical grade material had similar BCF values, i.e., 4,667 and

5,700 (Hansen and Parrish, 1977; Goodman, et al. 1978). Adult sheepshead
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minnows exposed to technical grade material for 126 days accumulated hepta-
chlor and heptachlor epoxide to a much greater extent, an average 37,000
times that in the exposure water (Hansen and Parrish, 1977). The BCF values
derived in the above studies are from effect, as well as safe concentra-
tions, and they appear similar.

The only BCF values considered appropriate for heptachlor for the deri-
vation of a Final Residue Value were those based on the concentration of
heptachlor in water and the total concentration of heptachlor and heptachlor
epoxide in tissue. Dividing a BCF value by the percent 1lipid value for the
same species provides a BCF value adjusted to 1 percent lipid content; this
resultant BCF value is referred to as the normalized bioconcentration fac-
tor. The geometric mean of the appropriate normalized BCF values for hepta-
chlor for freshwater and saltwater aquatic life is 5,222 (Table 5).

Dividing the U.S. Food and Drug Administration (FDA) action level of 0.3
mg/kg for edible fish and shellfish by the geometric mean of normalized BCF
values (5,222) and by a percent lipid value of 15 for freshwater species
(see Guidelines) gives a freshwater residue value of 0.0038 ug/1 based on
marketability for human consumption (Table 5). Dividing the FDA action
Tevel (0.3 mg/kg) by the geometric mean of normalized BCF values (5,222) and
by a percent 1ipid value of 16 for saltwater species (see Guidelines) gives
a saltwater residue value of 0.0036 pg/1. Also based on marketability for
human consumption, using the FDA action level and the highest appropriate
BCF for edible portion of a consumed species (3,435 for spot for saltwater),
a saltwater residue value of 0.087 ug/l 1is obtained (Table 5). No
appropriate BCF value for edible portion of a consumed species is available
for freshwater. The Freshwater Final Residue Value is 0.0038 ug/1. The

Saltwater Final Residue Value is the Tower of the two calculated residue

B-11



values and is 0.0036 ug/l1. It should be pointed out that the Final Residue
Values may be too high because the average concentration in a high 1lipid
species will be at the FDA action level.

Miscellaneous

Macek, et al. (1976) reported an incipent LC50 of 7.0 ug/1 for a
10-day exposure of the fathead minnow (Table 6). This incipient LC50 was
derived using flow-through testing procedures by determining when no addi-
tional significant mortality (less than 10 percent) was observed at any con-
centration during a 48-hour period. A linear regression equation was calcu-
lated by converting test concentrations and corresponding mortalities into
logarithms and probits, respectively. This equatijon was then used to deter-
mine the incipient LCSO' Due to analytical difficulties, however, actual
concentration measurements were not made; rather, concentration values were
based on nominal values.

Andrews, et al. (1966) studied the impact of a single application of
technical grade heptachlor in several earthen ponds (Table 6). Initial con-
centrations as technical grade heptachlor in the test ponds ranged from 17.4
to 69.4 ug/1. Residue levels measured in stocked bluegills were not propor-
tional to dosage. Time to peak residue levels depended on concentration,
with the lower concentrations peaking within 24 hours. Residue concentra-
tions at all test levels decreased to below detectable limits by the end of
84 days. Although the data were not usable for calculating BCF values in
this document, maximum BCF values, based on peak residue levels for total
heptachlor, heptachlor epoxide, and related compounds, compared to initial
dose concentrations of technical grade heptachlor, ranged from 638 to 1,326
ug/1. The highest BCF value was for fish in one of the intermediate level

ponds.
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In vitro measurements of the effect of heptachlor on biochemical activi-
ty have also been reported by several authors (Table 6). The value of these
data for criteria derivation is 1imifed, however, since no environmental
dose relationships were tested or derived.

A study by O0'Kelley and Deason (1976) investigated the effect of hep-
tachlor on the growth of 20 algal species isolates from Black Warrior River,
Alabama (Table 6). Exposures were conducted in FW-1 algal media spiked with
10, 100 and 10,000 ug/1 heptachlor. Effects on growth were determined by
comparison with control values after two weeks of exposure. Variable spe-
cies responses were found. At all three concentrations the majority of the
species exhibited 51 to 110 percent growth compared to controls. At 10 and
100 ug/1 there were no species that grew at less than 50 percent of con-
trols. At 1,000 ng/l1 two species grew at less than 50 percent of controls,
but there was also one species that grew at 151 to 190 percent of controls.
The values for particular species were not specified.

Other saltwater BCF data (Table 6) available for heptachlor and hep-
tachlor epoxide are based on short-term exposures and are probably not
steady-state values (Wilson, 1965; Schimmel, et al. 1976a). These values
are also measured at effect exposure concentrations. Two shrimp species,
pink shrimp and grass shrimp, showed less bioconcentration in 96-hour expo-
sures to technical heptachlor than did another invertebrate spécies, the
American oyster (BCF values ranged from 200 to 700 for the shrimp and from
3,900 to 8,500 for oysters). A BCF of 17,600 was obtained in a separate
10-day exposure of oysters to technical heptachlor (Wilson, 1965). The BCF
values for three fish species exposed for 96 hours to technical heptachlor
ranged from 2,800 to 21,300.

Exposure to heptachlor as the technical material and to analytical grade

heptachlor (99 percent pure heptachlor) gave comparable BCF values for two
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species tested. The pink shrimp had BCF values of 200 to 300 when exposed
to technical material and from 300 to 600 when exposed to analytical grade
heptachlor. The spot had BCF values from 3,000 to 13,800 when exposed to
technical material, as compared to 3,600 to 10,000 in an exposure to analy-
tical material.

Table 6 contains no saltwater effect data at lower concentrations than
those summarized in previous tables, except for the work of Hansen and Par-
rish (1977) and U.S. EPA (1980), which were discussed earlier.

Summary

Acute toxicity data are available for 18 freshwater invertebrate and
fish species. Species mean acute values range from 0.9 to 78 ug/1 for in-
vertebrate species and from 13.1 to 320 wg/1 for fish species. A single
life-cycle test has been conducted with the fathead minnow, providing a
chronic value of 1.26 ug/1 and an acute-chronic ratio of 80 for this spe-
cies. No chronic data are available for any freshwater invertebrate species.

Steady-state bioconcentration factors for fathead minnows are 9,500 for
heptachlor and 14,400 for heptachlor epoxide. Adverse effects on bluegills
were observed at a feeding rate of 10 mg/kg/day. EC50 values of 39.4 and
26.7 ng/1 are available for a freshwater algal species, although hydroxy-
chlordene was present in the test solutions and may have contributed signif-
icantly to the observed toxicity. /

Acute toxicity data are available for 19 species of saltwater organ-
isms. The range of species mean acute values is from 0.04 to 194 ug/l1. The
96-hour LC50 values for pink shrimp from flow-through tests with measured
concentrations are 0.11 ug/1 using technical heptachlor and 0.03 ug/1 using
99 percent pure heptachlor. Three saltwater chronic toxicity tests have
been conducted, but the only acceptable one was an early life-stage test

with the sheepshead minnow which resulted in a chronic value of 1.58 ug/1
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and an acute-chronic ratio of 3.9. If the acute-chronic ratio for penaeid
shrimp is similar to that of the tested species, then chronic effects might
be expected to occur at concentrations less than 0.008 ug/1. ECSO values
for four saltwater algal species range from 93 to 2,260 ng/1.

The saltwater bioconcentration data show that uptake of heptachlor is
fairly rapid, reaching a maximum in one study in three days. However, hep-
tachlor is readily metabolized in fish to heptachlor epoxide. The relative
amount of heptachlor epoxide in tissues increased with length of exposure,
with the maximum amount occurring by day 17. After a 28-day depuration, ap-
proximately 90 percent of the heptachlor was either eliminated or degraded
to heptachlor epoxide.

Freshwater and Saltwater Final Residue Values of 0.0038 and 0.0036 ug/1,
respectively, were derived. However, these Final Residue Values may be too
high because the average concentration in a high 1lipid species will be at
FDA action levels.

CRITERIA

For heptachlor the criterion to protect freshwater aquatic life as de-
rived using the Guidelines is 0.0038 ug/1 as a 24-hour average, and the con-
centration should not exceed 0.52 ug/1 at any time.

For heptachlor the criterion to protect saltwater aquatic life as de-
rived using the Guidelines is 0.0036 wg/1 as a 24-hour average, and the

concentration should not exceed 0.053 ug/1 at any time.
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Species

Cladoceran,

Daphnia magna

Cladoceran,

Daphnia pulex

Cladoceran,

Simocephaius serrulatus

Cladoceran,

Simocephalus serrulatus

Scud,

Gammarus fasciatus

Scud,

Gammarus fascliatus

Scud,

Gammarus lacustris

Craytish,
Orconectes nails

Glass shrimp,

Palaemonetes kadlakensis

Stonefly,

Claassenla sabulosa

Stonef Iy,

Pteronarcella badia

Stonefly,

Pteronarcys callfornica

Coho salmon,

Oncorhynchus kisutch

Chinook salmon,

Oncorhynchus tshawytscha

Table 1.

Chemical

Acute values for heptachior

FRESHWATER SPECIES

Heptach lor (99%)
Unspecifled
grade

Unspecifled
grade

Unspecified
grade

Technical
heptach lor (72%)

Technlcal
heptachlor (72%)

Technical
heptachlor (72%)

Technical
heptachlor (72%)

Technical
heptachlor (72%)

Technical
heptachlor (72%)

Technical
heptach lor (72%)

Technical
heptachlor (72%)

Technical*#
heptach lor (72%)

Technical¥**
heptach lor (72%)

Specles Mean
LC50/EC50 Acute Value
_Lug/t) (ng/1) Reference
78 78 Macek, et al. 1976
42 42 Sanders & Cope, 1966
47 - Sanders & Cope, 1966
80 61.3 Sanders & Cope, 1966
56 - Sanders, 1972
40 47.3 Sanders, 1972
29 29 Sanders, 1969
7.8 7.8 Sanders, 1972
1.8 1.8 Sanders, 1972
2.8 2,8 Sanders & Cope, 1968
0.9 0.9 Sanders & Cope, 1968
el 1ol Sanders & Cope, 1968
81,9 Si.5 Katz, 1961
24,0 24,0 Katz, 196]
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Table 1. (Continued)

Specles

Rainbow trout,
Salmo gairdner|

Rainbow trout,
Salmo gairdneri

Rainbow trout,
Salmo galrdner|

Rainbow trout,
Salmo gairdneri

Goldfish,
Carassius auratus

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Guppy,
Poecllia reticulata

Biueglti,
Lepomls macrochlirus

Redear suntish,
Lepomis microiophus

Amerlcan oyster,
Crassostrea virginica

American oyster,
Crassostrea virginica

American oyster,
Crassostrea virginica

Method*
s, u

Species Mean

LC50/EC50 Acute Value

Chemical (ug/1) (ng/1) Reference

Technicai** 26,9 - Katz, 1961
heptachlor (72%)

Technlcal ¥¥¥ 10,7 - Macek, et al. 1969
heptachlor (72%)

Technical ##* 10.0 - Macek, et al. 1969
heptachlor (72%)

Technical ##¥* 10.1 13.1 Macek, et af. 1969
heptachior (72%)

Technlical 320 320 Henderson, et al.
heptachlor (72%) 1959

Technlical 130 - Henderson, et al.
heptach lor (72%) 1959

Technical 78 101 Henderson, et al.
heptach tor (72%) 1959

Technical 148 148 Henderson, et atl.
heptachtor (72%) 1959

Technlcal 26 26 Henderson, et al.
heptach lor {72%) 1959

Technical** 23.6 23.6 Bridges, 1965
heptachlor (72%)

SALTWATER SPECIES

Technical 278 - Butler, 1963
heptachior (72%)

Technical 302 - Butler, 1963
heptach lor (72%)

Technical 1.52 1.5 Schimmel, et ale

heptach lor (72%)

1976a
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Table 1. (Continued)

Species

Mysid shrimp,
Mysidopsis bahia

Sand shrimp,
Crangon septemspinosa

Hermit crab,
Pagurus longicarpus

Korean shrimp,
Palaemon macrodactylus

Grass shrimp,
Palaemonetes vulgaris

Grass shrimp,
Palaemonetes vulgaris

Pink shrimp,
Penaeus duorarum

Pink shrimp,
Penaeus duorarum

Pink shrimp,
Penaeus duorarum

American eel,
Anguilla rostrata

Sheepshead minnow,
Cyprinodon variegatus

Sheepshead minnow,
Cyprinodon varlegatus

Mummichog,
Fundulus heteroclitus

Striped kitiliflsh,
Fundulus majalis

Method*®
T, M

S, u

Chemical

Heptachlor
(>99%)

Hepfachlorb
Heptach lorP
Heptachlor
(>99%)
Hepfachlorb
Technical€

heptach lor

Technical®€
heptach lor

Heptachlor
(>99%)

Heptach lor
epoxide (99%)

Hepfachlorb
Technical®€
heptach jor

Technical€
heptach lor

Hep‘rachlorb

Hepfach!orb

LC50/EC50

{ug/1)

3.4

55

14.5

440

1.06

0.1

0,03

0.04

3- 68

10.5

50

32

Specles Mean
Acute Value

(ug/1)

Reference

3.4

55

14,5

1.06

0.057

0.04

10

6.22

50

32

U.S. EPA, 1980

Eisler, 1969

Eisler, 1969

Schoettger, 1970

Eisler, 1969

Schlmmel, et al.
1976a

Schimme!, et al.
1976a

Schimmel, et al.
1976a

Schimmel, et al.
1976a

Eisler, 1970a

Schimmel, et al.
1976a

Hansen & Parrish,
1977

Eisler, 1970a

Eisler, 1970a
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Table 1. (Contlnued)

Specles Mean

LC50/EC50 Acute Yalue
Species Method* Chemical (ug/1) (ug/1) Reference
Atlantic siiverside, s, U Heptach lorP 3 3 Elsler, 19Ma
Menidia menidlia
Threespine stickieback, S, U Technical 111.9 - Katz, 1961
Gasterosteus aculeatus heptach lor (72%)
Threespine stickleback, S, U Technical 111.9 112 Katz, 1961
Gadterosteus aculeatus heptachlor (72%)
Striped bass, FT, U Heptachlor 3 3 Korn & Earnest, 1974
Morone saxatilis (>99%)
Pintish, T, M Technical® 3,77 3,77 Schimmel, et al.
Lagodon rhombolides heptachicr 1976a
Spot, FT, M Technical® 0.85 - Schimmel, et al.
Lelostomus xanthurus heptach lor 1976a
Spot, FT, M Heptach lor 0.86 0.86 Schimmel, et al.
Lelostomus xanthurus (>99%) 1976a
Bluehead, s, U HeptachlorP 0.8 0.8 Eisler, 1970a
Thallassoma blfasclatum
Striped mullet, s, U Heptach lor® 194 194 Eisler, 1970a
Mugil cephalus
Northern puffer, S, u Hepfachlorb 188 188 Eisler, 1970a

Sphaeroides maculatus

* § = gtatic, FT = flow-through, U = unmeasured, M = measured

** Author converted from technical grade (72%) to 100% active ingredient. For the purpose of this criterion
document, LC50 was converted back to technlcal grade.

**¥Authors converted from technical grade of unspeclfled percent heptachlor to 1008 active Ingredient. For this
criterion document It was assumed that the technlcal grade was 72% and LC50 values were converted back to
technical grade.

a EC50: amount of chemcal estimated to reduce shell growth by 50%.

Entomol. Soc. Am. reference standard.

Technical material: 65% heptachlor, 22% trans-chlordane, 2% cls-chlordane, 2% nonachlor, and 9%
unidentified compounds.
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Table 2.

Chronic values for heptachlor

Limlts Chronic Value
Specles Test® Chemical { 1) tug/1) Retference

FRESHWATER SPECIES
Fathead minnow, LC Heptach lor 0.86~1, 84 1.26 Macek, et al., 1976
Pimephales promelas

SALTWATER SPECIES

Sheepshead minnow, ELS Technical** 1.22-2,04 1.58 Goodman, et al. 1978
Cyprinodon varlegatus heptachlor
* LC = tl1fe cycle or partial life cycle, ELS = early |ife stage

**Technical material:

Specles

Fathead minnow,
Pimephales promelas

Sheepshead minnow,
Cyprinodon varlegatus

Acute-Chronic Ratios

Acute Chronlc
Value Value
fwg/l) _(ug/l)  Ratlo
101 1.26 80
6.22 t.58 3.9

65§ heptachlor, 22% trans-chlordane, 2% cls-chlordane, and <2% nonachlor
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Table 3. Species mean acute values and acute-chronic ratios for heptachlor

Species Mean Specles Mean

Acute Value Acute-Chronlc
Rank* Specles Chemical®® {ug/1) Ratio
FRESHWATER SPECIES

18 Goldfish, Technical 320 -
Carassius auratus heptachlor

17 Guppy, Technlical 148 -
Poectlia reticulata heptachtor

16 Fathead minnow, Technical 101 80
Pimephales promelas heptachior

15 Coho saimon, Technlical 81.9 -
Oncorhynchus Kisutch heptachior

14 Cladoceran, Technlcal 78 ~
Daphnia magna heptach lor

13 Cladoceran, Technical 61.3 -
Simocephatus serrulatus heptachlor

12 Scud, Technical 47,3 -
Gammarus fasclatus heptachior

1 Cladoceran, Technical 42 -
Daphnia pulex heptachlor

10 Scud, Technlical 29 -
Gammarus lacusiris heptachior

9 Biuegiit, Technical 26 -
Lepomls macrochirus heptachior

8 Chinook salmon, Technical 24 -
Oncorhynchus tshawytscha heptachlor

7 Redear sunfish, Technical 23.6 -
Lepomis microlophus heptachlor

6 Rainbow trout, Technical 1341 -

Salmo galirdneri heptach lor
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Table 3. (Continued)
Specles Mean Species Mean

Acute Value Acute~Chronic
Rank* Specles Chealcal** {ug/i) Ratlo

5 Crayflish, Technicat 7.8 -
Orconectes nals heptach lor

4 Stonef ly, Technlical 2.8 -
Claassenlia sabulosa heptach lor

3 Glass shrimp, Technical 1.8 -
Palaemonetes kadiakensls heptachlior

2 Stonetly, Technlical a1 -
Pteronarcys callfornica heptach lor

1 Stonef ly, Technical 0.9 -
Pteronarcella badla heptach ior

SALTWATER SPECIES

19 Striped mullet, Heptach lor*## 194 -
Mugl! cephalus

18 Northern puffer, Heptach jor¥## 188 -
Sphaeroldes maculatus

17 Threesplne stickleback, Technical 112 -
Gasterosteus aculeatus heptach lor

16 Hermit crab, Haptachior##* 55 -
Pagurus longicarpus

15 Mummichog, Hoptach lor¥ *#* 50 -
fFundulus heterociitus

14 Striped killifish, Heptach lor¥*¥# 32 -
Fundulus majalis

13 Korean shrimp, Heptachlor 14,5 -
Palaemon macrodactylus (>991)

12 American eel, - Heptachlor### 10 -

Angullla rostrata
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Table 3. (Continued)
Rank* Species
11 Sand shrimp,
Crangon septemspinosa
10 Sheepshead minnow,
Cyprinodon varliegatus
9 Pinfish,
Lagodon rhomboides
8 Mysld shrimp,
Mysidopsis bahla
7 Atlantic silverslde,
Menldla menlidla
6 Striped bass,
Morone saxatills
5 American oyster,
Crassostrea virginica
4 Grass shrimp,
Palaemonetes vulgarls
3 Spot,
Lelostomus xanthurus
2 Bluehead,

Thallassoma bifasciatum

Pink shrimp,
Penaeus duorarum

(Both technical

and >99%)

Specles Mean Species Mean
Acute Value Acute-Chronic
Chemical ##* ({pg/1) Ratlo
g/

Heptach lor®*** 8. -
Technlca| ¥*%¥ 6022 3.9
heptach lor

Technlical ¥*¥* 3,77 -
heptach lor
Heptachlor 3.4 -

(>99%)
Heptachlor¥*# 3 -
Heptachlior 3 -
(>99%)

Technical 1.5 -
heptach lor

Heptach|or® ¥## 1.06 -
Heptachlor ¥ 0.86 -

(Both technical

and >99%)

Heptach lor*** 0.8 -
Heptach jor ¥ ¥¥% 0.057 -

*  Ranked from least sensitive to most sensitive based on species mean acute value,

%% Technical material: 72% heptachlor and 28% related compounds uniess noted otherwise.

*%% Entomol. Soc. Am. reference standard.
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Table 3. (Continued)

#xx#Tgchnical material: 658 heptachlor, 228 trans-chlordane, 2§ cis-chlordane, 2%
nonachlor, and 9% unidentified compounds.

Freshwater Final Acute Value for heptachlor = 0.52 ug/i

Saltwater Final Acute Value for heptachlor = 0,053 ug/li
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Specles

Alga,
Selenastrum capricornutum

Alga,
Selenastrum capricornutum

Alga,
Dunaliella tertiolecta

Alga,
Isochrysls galbana

Alga,
Porphyridium cruentum

Alga,
Skeletonema costatum

Table 4. Plant values for heptachlor

Chemical

Heptach lor

Heptach for

Heptach lor
(99%)

Heptach lor
(99%)

Heptach lor
(99%)

Heptachior
(99%)

Result
Effect (pg/1)
FRESHWATER SPECIES
96-hr EC50, 39, 4%
growth inhibition
96-hr EC50, 26, 7%

growth inhibition

SALTWATER SPECIES

EC50, reduction 2,260
in growth as

measured by

absorbance

EC50, reductlon 157
in growth as

measured by

absorbance

EC50, reduction 273
in growth as

measured by

aborbance

EC50, reduction 93
in growth as

measured by

absorbance

Reference

Call & Brooke, 1980

Cail & Brooke, 1980

UsS. EPA,

U.S. EPA,

U.S. EPA,

U.S. EPA,

1980

1980

1980

1980

* Test solutions of heptachior contained from 6 ug/l hydroxychiordene In the lowest test concentrat ion
of 8.6 ug/i to 25 ug/l hydroxychlordene In the highest tested concentration of 57 ug/l.
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Species Tissue

Table

Lipld

(%)

Fathead minnow, Whole
Pimephales promelas

Fathead minnow, Whole
Pimephales promelas

Sheepshead minnow Whole
(juvenile),
Cyprinodon varilegatus

Sheepshead minnow Whole
(juvenlile),
Cyprinodon variegatus

Sheepshead minnow Whole
(juvenile),
Cyprinodon variegatus

Sheepshead minnow, Whole
( juvenl le),
Cyprinodon varlegatus

Sheepshead minnow (adult), Whole
Cyprinodon variegatus

Sheepshead minnow Whotle
(juvenile),
Cyprinodon varlegatus

Spot, tEdible tissue

Lelostomus xanthurus

Spot, Whole
Lelostomus xanthurus

Spot, Edible tissue

Leiostomus xanthurus

body

body

body

body

body

body

body

body

7.6

7.6

3,6P

5« Reslidues for heptachlor

Velth, et al. 1979

Veith, et al. 1979

Goodman, et al. 1978

Goodman, et al. 1978

Goodman, et al. 1978

Goodman, et al. 1978

Hansen & Parrish,

Hansen & Parrish,

Bloconcentration Duration

Chemicat Factor (days) Reference
FRESHWATER SPECIES

Heptach lor 9,500 32

Heptachlor 14,400 32

epoxide

SALTWATER SPECIES

Technical 3,582 28

heptachlor®

Technlcal 6,456 28

heptach lor¥#

Technical 4,953 28

heptach lor¥##

Technical 4,667 28

hepfachlora

Technlical 37,000 126

heptachtor? 1977

Technlcal 5, 700 28

heptachlor? 1977

Technical 1,848 24 Schimme!, et al.
heptach lor* 1976b

Technical 3,181 24 Schimmel, et al.
heptach lor¥* 1976b

Technical 3,435 24 - Schimmel, et al.

heptach lor*#

1976b
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Table 5. (Continued)

Specles

Spot,
Lejostomus xanthurus

Spot,
Leiostomus xanthurus

Spot,
Lelostomus xanthurus

Lipid
Tissue (%)
Whole body 1.1b
Edible tissue -
Whole body 1.1P

Schimmet, et al.

Schimmel, et al.

Bioconcentration Duration

Chemical Factor {days) Reference
Technical 5,744 24

heptach lor** 1976b

Technical 4,686 24

heptachior® 1976b

Technical 8,282 24 Schimmel, ot al.
heptachtor® 1976b

* Concentration of heptachior in tissue divided by concentration of heptachlor In water.

** Concentration of heptachlor and heptachlor epoxide in tissue divided by concentration of heptachlor in water.

*¥*¥Concentration of heptachlor and trans~chlordane in tissue divided by concentration of heptachior and trans-chlordane In water.

a

heptachlor and trans~chlordane in water.

Percent |lplid data from Hansen, 1980.

MaxImum Permissibie Tissue Concentration

Action Level or Effect

Concentrat lon

(mg/kg)

Reference

Fish and sheilfish

Reduced survival,
Bluegllil,
Lepomls macrochlrus

0.3

Tet

U.S. FDA Guldeline
7420.08, 1979

Andrews, ot al. 1966

Concentratlon of heptachlor, heptachlor epoxide, trans-chiordane and cls-chlordane In tissue divided by concentration of

Concentration of heptachlor, heptachior epoxide, trans-chiordane and cis-chiordane in tissue divided by concentration of
heptachlor in water.
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Table 5. (Continued)

Geometric mean of appropriate normalized BCF values (see text) = 5,744/1.1 = 5,222

Marketabl ity for human consumption:

Freshwater:

Saltwater:

Saltwater:

FDA actlon level for fish and shelifish = 0.3 mg/kg
Percent |ipld value for freshwater specles (see Guldelines) = 15
Percent fipid value for saltwater species (see Guidelines) = 16

0.3 = 0.0000038 mg/kg = 0.0038 ug/|
X
i

0.3 = 0.0000036 mg/kg = 0.0036 ug/!
» X

Using hlghest appropriate BCF for edible portion of a consumed specles
Spot = 4,686 (Schimmel, et al. 1976b)
0.3 = 0,000087 mg/kg = 0,087 ug/|

’

Freshwater Final Resldue Value = 0,0038 ug/!

Saltwater Final Resldue Value = 0.0036 ug/|
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Specles

Twenty river algal
specles Isolates

Numerous
miscel laneous
invertebrates

Cladoceran,

Daphnia magna

Cladoceran,
Daphnia magna

Tublficid worm,
Branchlura sowerbyl

Tublficid worm,
Branchiura sowerby i

Tubificid worm,
Branchiura sowerbyl

Crayfish,
Procambarus clarkil

Craytfish,
Procambarus clarki

Table 6.

Chemical

Heptach lor

Heptach lor

Heptach lor
Heptachlor
epoxide
Heptachlor
Heptachlor

Heptachlor

Heptachlor

Heptach lor

Other data for heptachlor

Result
Duration Effect ( 1)
FRESHWATER SPECIES
2 wks Reductlion in growth 70% of
in heptachlor- specles
spiked FW-1 algal grew tfo
media 51-90% of
controls
10 ug/|
171 days 1008 mortality in 521
24 hrs; returned
to normal popula~
tion levels by
day 14
26 hrs LC50 52
26 hrs LC50 120
72 brs 1008 mortali ity 2,500
at 4.4 C
72 hrs 0f mortality at 2,500
21,0C
72 hrs 100X mortality 2,500
at 32,2 C
Variable Time to death 2
after consuming
contaminated
tubificid worms;
worms placed In
clean water after
exposure were not
lethal to crayfish
Unspecified 10% inhibition 933

of brain acetyl-
chol inesterase

Reference

O'Kel ley and Deason,
1976

Andrews, et al. 1966

Frear & Boyd, 1967

Frear & Boyd, 1967

Naqvi, 1973

Naqvi, 1973

Naqvi, 1973

Naqvl, 1973

Guilbault, et al.
1972
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Table 6. (Continued)

Species

Glass shrimp,
Palaemonetes kadiakensis

Fowler's toad (larva),
Bufo woodhousii fowleri

Bullfrog (larva),
Rana catesbelana

Ralnbow trout,
Salmo galrdnerl

Rainbow trout,
Salmo galrdnerl

Atlantic salmon (juvenile),
Salmo salar

Fathead minnow,
Pimephales promelas

Mosqul tofish,
Gambusia affinis

Mosquitofish,
Gambusia affinis

Bluegilit,
Lepomis macrochirus

Bluegltl,
Lepomis macrochirus

Chemical Duration
Heptach lor 24 hrs
Heptachlor 96 hrs
Heptachlor 48 hrs
Heptach lor 15 min
Heptach lor 15 min
Heptach lor 24 hrs
Heptach lor 10 days
Heptach lor 48 hrs
Heptachlor 36 hrs
Heptachlor 171 days*
Heptach lor 171 days*

Resuit
Effect (ug/1)
LC50 40.6
LC50 440
804 mortatity in 0.5
cages submerged Ibs/acre

ponds dosed wlth
emulsitiable
concentrate

67% inhibition 37,350
of NaK-ATPase

31% inhibition 3,735
of Mg-ATPase

Change in temper- No effect

ature selection up to 5
Inciplent LC50 7.0
64% mortality In 0.5

cages submerged In Ibs/acre
ponds dosed with

emulsiflable

concentrate

LC50 70
>90% mortality 69.4
Growth and No effect

reproduction
survived

wiere fish

Reference

Naqvl & Ferguson,
1970
Sanders, 1970

Mulla, 1963

bavis, et al. 1972
Davis, et al. 1972
Peterson, 1976

Macek, et al. 1976

Mulla, 1963

Boyd & Ferguson, 1964
Andrews, et al. 1966

Andrews, ef al. 1966
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Table 6. (Continued)

Specles

Bluegiit,
Lepomls macrochirus

Bluegi 11,
Lepomis macrochirus

Bluegiit,
Lepomis macrochirus

Bluegitl,
Lepomis macrochirus

Bluegi i,
Lepomis macrochirus

Bluegili,
Lepomis macrochirus

Btuegiili,
Lepomis macrochirus

Bluegl i1,
Lepomis macrochirus

Chemical

Heptach lor

Heptach lor
Heptach lor

Heptach lor

Heptach tor

Heptachlor

Heptach lor

Heptach lor

Duration

171 days*

171 days¥**

171 days*#

171 days**

25 min

25 min

96 hrs

96 hrs

Result
Effect ( 1)
Tissue accumu- Max i mum
lat lon accunu lat lon
of 1,326x

Inltlal dose
concentration;

return to
normal after
84 days

Increased 10

mortal ity mg/kg/day

Dose-related 5 to 25

growth decrease mg/kg/day

Tissue Accumu lat ion

accumu lation peaked and
subsequent |y
decllined to
undetectable
levels by
day 112

65-69% inhi- 15,600

bition of NaK~

and Mg-ATPase

45-47% inhi- 16,200

bition of Nak~

and Mg-ATPase

LC50 of hepta~ 22

chlor as emutsi-

flable concen~

trate In soft

water

LC50 of hepta~ 18

chlor as emulsl~-
fiable concen~
trate In hard
water

Reference

Andrews, et al, 1966

Andrews, et al, 1966

Andrews, et al. 1966

Andrews, et al. 1966

Cutkomp, et al. 1971

Cutkomp, et al. 1971

Henderson, et al.
1960

Henderson, et af.
1960
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Table 6. (Continued)

Specles

Biluegill,
Lepomis macrochlirus

Bluegiit,
Lepomis macrochirus

Bluegill,
Lepomis macroch irus

Bluegill,
Lepomis macrochlrus

Bluegill,
Lepomis macrochirus

Redear sunfish,
Lepomls microlophus

Redear sunfish,
Lepomis microlophus

Redear sunflsh,
Lepomis microlophus

Redear sunfish,
Lepomis microlophus

Redear sunfish,
Lepomis microlophus

Natural phytoplankton

communlties

Chemical

Heptach lor

Heptach lor

Heptach lor

Heptach lor

Heptach lor

Heptach lor
Heptachlor
Heptachior
Heptach lor

Heptachlor

Technical
heptachior***

Duratlion

Unspeci fied

Unspeclified

Unspecified

Unspeclifled

Unspecified

24 hrs
24 hrs
24 hrs
24 bhrs

24 hrs

Eftect

87¢ iahibition
of 0, utiliza-
tion by mito-
chondria

298 inhibition
of P04 utiliza-~
tlon by mito-
chondria

50% iahibitlon
of mitochondrial
Mg-ATPase

50% Inhibition
of brain
NaK-ATPase

50% inhibitlion
of brain
NaK-ATPase

ECS50 at 45 F
EC50 at 55 F
EC50 at 65 F
EC50 at 75 F

EC50 at 85 F

SALTWATER SPECIES

4 hrs

94,4% decrease In

productivity

Result
(ug/1)

370,000

370,000

6,79

16,434

8,179

92
64
41
34

22

1,000

Reference

Hiltibran, 1974

Hiltlibran, 1974

Yap, et al. 1975

Yap, et al. 1975

Yap, et al., 1975

Bridges, 1965
Bridges, 1965
Bridges, 1965
Bridges, 1965

Bridges, 1965

Butler, 1963
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Table 6. (Continued)

Specles

Dinoflagetlate,
Exuvlella baltica

American oyster,
Crassostrea virginica

American oyster,
Crassostrea virginica

Mysid shrinp,
Mysidopsis bahla

Grass shrimp,
Palaemonetes vulgaris

Grass shrimp,
Palaemonetes vulgaris

Grass shrimp,
Palaemonetes vulgarls

Grass shrimp,
Palaemonetes vulgaris

Grass shrimp,
Palaemonetes vulgaris

Grass shrimp,
Pataemonetes vulgaris

Grass shrimp,
Palaemonetes vuigaris

Grass shrimp,
Palaemonetes vulgaris

Chemical Duration
Technical 7 days
heptach lor¥¥#%

Technical 10 days
heptachior###

Technical 96 hrs
heptach |or ®#%#%
Heptach lor 28 days

(99%)

Heptachlor® 48 hrs
Heptachiord 48 brs
Heptachior? 48 hrs
Heptachlor? 48 hrs
Heptachlord 48 hrs
Heptachlord 48 hrs
Heptach lor@ 48 hrs
Heptachlor? 48 trs

Result
Effect {ug/1)
Reduced oceli den- 50

sity, chlorophyll a
per unlt Yglume of
culture, '7C

uptake per cell and
carbon fixation per
unit of chlorophyll a

Bloconcenfratlog -
factor = 17,600

Bloconcentration -
facToB = 3,900 to

8,500

Reduced survival 0.64
50-75% mortallity 400
12 g/kg satinity

25-50% mortality 400
18 g/kg salinity

25-50% mortallty 400
24 g/kg salinity

25-50% mortality 400
30 g/kg salinity

25-50% mortal ity 400
36 g/kg salinity

0-25% mortallty 400
10cC

0f mortality 400
15¢C

25-50% mortality 400
2¢C

Reference

Magnani, et at. 1978

Wilson, 1965

Schimmel, et al.
1976a

U.S. EPA, 1980

Elsler, 1969

Eister, 1969

Eisler, 1969

Eisler, 1969

Eisler, 1969

Eisler, 1969

Elsler, 1969

Eisler, 1969
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Table 6. (Contlinued)

Specles

Grass shrimp,
Palaemonetes vulgaris

Grass shrinp,
Palaemonetes vulgaris

Grass shrimp,
Palaemonetes wvulgaris

Pink shrimp,
Penaeus duorarum

Pink shrimp,
Penaeus duorarum

Pink shrimp,
Penaeus duorarum

Pink shrimp,
Penaeus duorarum

Blue crab (juvenile),
Callinectes sapidus

Sheepshead minnow,
Cyprinodon variegatus

Sheepshead minnow,
Cyprinodon varlegatus

Mummichog,
Fundu lus heteroclitus

Mummichog,
Fundulus heterociitus

hnn
heg,
us h

Mumm

H
Fundu

~
-

eterocl itus

Mummichog,
Fundulus heteroclitus

Chemical

Heptach lor?
Heptach lor®
Technlcal

heptachor¥*es

Technical
heptach lor#¥**

Technical
heptach|or ¥ *#

Heptach lor
(99%)

Heptach lor
epoxide (99%)

Technical
heptach lor¥*¥*

Technical
heptach lor ¥ ¥
Technical
heptach lor¥®**

Heptachlor?

Heptachlor®

Heptachlord

48

48

96

48

96

48

96

8

Duration

hrs

hrs

hrs

hrs

hrs

hrs

hrs

hrs

hrs

days

hrs

hrs

hre

hrs

Result

Effect (ng/t)
75~100% mortallty 400
25 C
75-100% mortallty 400
30C
Bloconcentration -
factor = 500 fo 700P
EC50: loss of 0.3

equl tibrium

B loconcentrat lon
factor = 200 fo 300P

Bioconcentratlon
factor = 300 to 600°

Bloconcentration
factor = 200 to 1,7009

EC50: loss of
equl librium

Bloconcentrat ion
factor = 7,400 to
21,3000

Decreased embryo
product ion

0-25% mortality
12 g/kg sallnity

0-25% mortality
18 g/kg sallnity

24 g/kg sallnlf;

25-50% mortallty
30 g/kg salinity

63

0.7

50

wm
(=3

Reference

Eisler, 1969

Eisler, 1969

Schimmel, et al.
1976a

Butler, 1963
Schimmel, et al.

1976a

Schimmel, et al.
1976a

Schimmel, et al.
1976a

Butler, 1963

Schimmel, et al.
1976a

Hansen & Parrish,
1977

Eisler, 1970b
Eisler, 1970b

Eisler, 1970b
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Table 6. (Continued)

Result

Species Chemical Duration Effect (ug/l) Reference
Mummichog, Heptachlor® 96 hrs 25-50% mortality 50 Elsler, 1970b
Funduius heteroclitus 36 g/kg salinity
Mummichog, Heptachiord 96 hrs 0% mortallty 50 Eisler, 1970b
Funduius heteroclitus i0C
Mummichog, Heptach lor3 96 hrs 0% mortality 50 tisler, 1970b
Fundulus heteroclitus 15C
Mummichog, Heptachlor? 96 hrs 0-25% mortality 50 Eisler, 1970b
Fundulus heteroclitus 20C
Mummichog, Heptachiord 9 hrs 50-75% mortality 50 Eisler, 1970b
Fundulus heteroclitus 25 C
Mummichog, Heptachlord 96 hrs 0-25% mortality 50 Eisler, 1970b
Fundutus heteroclitus 30C
Mummichog, Heptachior® 240 brs LCs50 11 Eisler, 1970b
Fundulus heteroclitus
Pinfish, Technlcal 96 hrs Bloconcentration - Schimmel, et al.
Lagodon rhomboides heptach lor#¥*#* factog = 2,800 to 1976a

7,700
Spot, Technical 96 hrs 8 loconcentrat lon - Schimmel, ot al.
Leiostomus xanthurus heptach lor¥**» factor = 3,000 to 1976a

13,800°
Spot, Heptach for 96 hrs Bloconcentration - Schimmel, et al.
Lelostomus xanthurus (99%) factor = 3,600 to 1976a

10,000¢
White mullet (juvenile), Technlcat 48 hrs LC50 3 Butler, 1963

Mugl! curema

heptach lor ¥##*

* Tested In ponds, dosed on day 1 only. Authors dosed with technical grade heptachlor and reported as ug/!
active ingredients For the purpose of this document, values are reported as ug/! technical grade heptachlor,

** Tested in small pools. Technical grade heptach lor was Incorporated into fish food only and fed for duratlon
of test,
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Table 6. (Continued)

#%% Technical material: contalns 74% heptachlor and 26§ other chemlicals, including trans-chlordane, cis-chlordane,
nonachlor, and others.

#*¥%¥Tgchnical material: contains 65% heptachlor, 22% trans-chlordane, 2§ cls-chlordane, 2% nonachlor, and 9%
otherse.

@ Heptachlor; Entomols Soce Ame reference standard.

b Concentration of heptachlor In whole body divided by concentration of heptachlor in water. Organism exposed
to technical heptachlor (65% heptachlor, 22§ trans-chlordane, 2% cls-chlordane, and 2% nonach lor).

€ Concentration of heptachior In whole body divided by concentration of heptachlor In water. Organism exposed
to analytical-grade heptachlor (99§ heptachlor).

d

Concentration of heptachlor epoxide In whole body divided by concentration of heptachlor epoxide in water.
Organism exposed fo heptachlor epoxide (99%)
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Mammalian Toxicology and Human Health Effects

EXPOSURE

Ingestion from Water

Heptachlor and/or heptachlor epoxide have been found in the
major river basins within the United States, Weaver, et al.
(1965) reported that from 96 river sampling points around the
U.S., 15 showed presumptive evidence of heptachlor residues. They
also reported that heptachlor epoxide was not detectable in any of
the samples taken. They explained the failure to find heptachlor
epoxide in their samples by indicating that the detection limit
for heptachlor was in the range of 0.002 to 0.010 ug/l, but was
only 0.075 ug/l for heptachlor epoxide. Breidenbach, et al.
(1967) did an extensive survey of the water in the major river
basins within the U.S. and, in instances where they were detect-
able, found levels of heptachlor ranging from 0.001 to 0.035 ug/1,
and heptachlor epoxide levels ranging from 0.001 to 0.020 ug/1,
with a mean concentration for both of 0.0063 ug/1 (U.S. EPA,
1976). They added that 24 percent of the water grab samples taken
in 1965 showed positive to presumptive evidence of heptachlor
residues and that heptachlor epoxide was present in 25 percent of
their samples. Their level of analytical sensitivity was 0.001
ug/1l for both heptachlor and heptachlor epoxide. Another survey
conducted by the U.S. Geological Survey of 11 western U.S. streams
showed heptachlor levels ranging from 0.005 ug/l to 0.015 ug/1
when found and heptachlor epoxide levels ranging from 0.005 to
0.010 wg/l1 when found, with one sample showing 0.090 ug/1

heptachlor epoxide (Brown and Nishioka, 1967).



Ingestion from Food

Food can add significantly to man's exposure to heptachlor
and heptachlor epoxide. This occurs through biomagnification of
heptachlor/heptachlor epoxide through the food chain. For ex-
ample, the U.S. EPA (1976) cited data from Hannon, et al. (1970),
who reported that average heptachlor/heptachlor epoxide residues
in the Lake Poinsett, S. Dakota ecosystem were: 0.006 wg/l for
water; 0.8 ug/kg for bottom sediment; 1.0 ng/kg for crayfish; 1.1
ug/kg for plankton-algae; 8.0 ug/kg for fish; and 312.0 ng/kg for
aquatic insects. Additionally, there is an approximate 10-fold to
15-fold increase in heptachlor residues found in body fat, milk
butterfat, and the fat of eggs and livestock as compared to resi-
due levels found in normal food rations (U.S. EPA, 1976).

Since 1964, the Food and Drug Administration (FDA) has re-
ported pesticide residues in their Total Diet Study, sometimes
called the "Market Basket Study" (Johnson and Manske, 1977).
Their "market basket"” of food, which is collected in each of
several geographic areas, represents the basic 2-week diet of 16=-
to 19-year-old males, statistically the nation's highest per
capita consumers. The foods analyzed in these studies were pre-
pared in the manner in which they would be normally served and
eaten. The latest published study covers food collected from
August 1974 to July 1975 in 20 different cities (Johnson and
Manske, 1977). Their results showed that only 3 of the 12 food
classes in this study contained detectable residues of heptachlor
epoxide (Table 1). In these three instances, the heptachlor

epoxide levels were found to range from 0.0006 to 0.003 ppm.



TABLE 1

Heptachlor Epoxide Residues in Food*

Positive Composites

Average Number
Concentration Total Reported
Food Class ppm Number as Trace Range ppm
I Dairy Products 0.0004 11 5 0.0006-0.003
II Meat, Fish, 0.001 13 4 0.001-0.0003
and Poultry
VIII Garden Fruits Trace 1 1 Trace

*Source: Johnson and Manske, 1977



Nisbet (1977) calculated the average daily intake of hepta-
chlor epoxide from the FDA's Market Basket Study standardized diet
and estimated that the daily intake of heptachlor epoxide ranged
from 1 to 3 ug/day between 1965 and 1970, and from 0.29 to 0.64
ug/day between 1971 and 1974. Nisbet questioned the calculated
decrease in residue levels observed between the two time periods,
because the decrease coincided with FDA's change in analytical
methodology. Nisbet (1977) stated that there was apparently a
dilution effect taking place when FDA switched methodologies and
he regarded the total Diet Survey for heptachlor epoxide as only
semi-quantitative. He stated that the results suggest an overall
mean daily intake, in the standardized diet, of the order of 1
ng/day of heptachlor epoxide.

The U.S. Department of Agriculture's (USDA) Food Surveillance
Program found heptachlor epoxide residues greater than 0.03 mg/kg
in 19 percent of red meat, 17 percent of poultry, and 14 percent
of dairy products in the years 1964 to 1974 (Nisbet, 1977).

The FDA and USDA studies address only food sold in interstate
commerce. There is evidence that game fish may contribute to the
daily dietary exposure of heptachlor and heptachlor epoxide in ad-
dition to that estimated for commercially bought fish. A national
study by the U.S. Department of the Interior during the spring and
fall of 1967 and the spring of 1968 reported that heptachlor
and/or hepfachlor epoxide was found in 32 percent of the 590 fish
samples examined (Henderson, et al. 1969). Results were reported
as mg/kg (wet weight whole fish) and ranged from 0.0l to 8.33

mg/kg when found. It must be noted that these results represent



the whole fish, not just the portions that man eats, so it is pos-
sible that much of the residues are accumulated in the uneaten
portion (Henderson, et al. 1969).

A bioconcentration factor (BCF) relates the concentration of
a chemical in aquatic animals to the concentration in the water in
which they live. The steady-state BCFs for a lipid-soluble com-
pound in the tissues of various aquatic animals seem to be propor-
tional to the percent 1lipid in the tissue. Thus, the per capita
ingestion of a lipid-soluble chemical can be estimated from the
per capita consumption of fish and shellfish, the weighted average
percent lipids of consumed fish and shellfish, and a steady-state
BCF for the chemical.

Data from a recent survey on fish and shellfish consumption
in the United States were analyzed by SRI International (U.S. EPA,
1980). These data were used to estimate that the per capita con-
sumption of freshwater and estuarine fish and shellfish in the
United States is 6.5 g/day (Stephan, 1980). In addition, these
data were used with data on the fat content of the edible portion
of the same species to estimate that the weighted average percent
lipids for consumed freshwater and estuarine fish and shellfish is
3.0 percent.

Several laboratory studies, in which percent 1lipids and a
steady-state BCF were measured, have been conducted on heptachlor.
The mean of the BCF values, after normalization to 1 percent
lipids, is 3,747 (see Table in Aquatic Life Toxicology, Section
B). An adjustment factor of 3 can be used to adjust the mean nor-

malized BCF to the 3.0 percent lipids that is the weighted average



for consumed fish and shellfish. Thus, the weighted average bio-
concentration factor for heptachlor and the edible portion of all
freshwater and estuarine aquatic organisms consumed by Americans
is calculated to be 11,200.

Infants are exposed to heptachlor and heptachlor epoxide
through mothers' milk (Savage, 1976), cows' milk (Ritcey, et al.
1972; Johnson and Manske, 1977), and commercially prépared baby
foods (Lipscomb, 1968). A recent nationwide study, conducted dur-
ing 1975-1976, indicates that 63.1 percent of the 1,936 mothers'
milk samples possessed heptachlor epoxide residues (Savage, 1976).
The adjusted mean fat concentration for heptachlor epoxide in the
mothers' milk, with levels above the 1 ug/l sensitivity level, was
91.36 ug/l with a range of 15.24 to 2,050 wug/l. Therefore, it
appears that many nursing infants have been exposed to heptachlor
epoxide, and it is probable that a certain percentage have been
exposed to levels that exceeded the levels in dairy products (Sav-
age, 1976). Whole cows' milk and evaporated milk did not show a
trace of heptachlor epoxide in the U.S. FDA's 1974-1975 Market
Basket Survey (Johnson and Manske, 1977), but a Canadian study
which expressed the residues on a fat basis, reported heptachlor
epoxide residue levels of 5.00 ug/l in evaporated milk (Ritcey, et
al. 1972). Commercially prepared baby food was tested by the FDA
during a period of July 1963 to June 1967, and heptachlor epoxide
residues were found in 0.9 percent of 684 samples with most of the
positive samples showing residues in the range of trace to 0.03

mg/kg (Lipscomb, 1968). Therefore, it appears that infants raised



on mothers' milk run a greater risk of ingesting heptachlor epox-
ide than if they were fed cows' milk and/or commercially prepared
baby food.

Ritcey, et al. (1972) investigated the effects of cooking and
heating poultry containing 28.1 mg of heptachlor epoxide per kg of
tissue on a dry weight basis (U.S. EPA, 1976). They found baking
reduced the residue level to 22.5 mg/kg, steaming to 22.1 mg/kg,
and frying resulted in no change. They also found that heating in
a closed container at 350°F for 60 to 90 minutes reduced the resi-
due to 16.0 to 19.5 mg/kg.

Inhalation

Volatilization is a major route of loss of heptachlor from
treated surfaces, plants, and soils (Nisbet, 1977). It has been
concluded from various surveys that heptachlor and to lesser ex-
tent heptachlor epoxide are widespread in our ambient air with
typical mean concentrations of approximately 0.5 ng/m3 (Nisbet,
1977). Levels of heptachlor and heptachlor epoxide in the air
vary both geographically and seasonally (Stanley, et al. 1971).
Higher levels have been found generally in rural agricultural
areas where crop spraying was practiced (Stanley, et al. 1971;
Nisbet, 1977). However, certain suburban areas have exhibited a
substantial concentration of heptachlor in their ambient air (Nis-
bet, 1977).

Nisbet (1977) has reported air surveys where agricultural
fields have been treated with technical heptachlor (2 1lb/acre).
The air above and downwind from the fields showed heptachlor con-

centrations as high as 244 ng/m3 immediately after application.



After three weeks the concentrations remained as high as 15.4
ng/m3. One survey reported heptachlor concentrations as high as
600 ng/m3 in air over a treated field, with the field showing
high concentrations in the air throughout the growing season, at
least from May to October (Nisbet, 1977). Nisbet (1977) states
that these "high concentrations found above and downwind from
treated fields are obviously significant sources of exposure for
persons living and working in or near the treated areas."

Arthur, et al. (1976) conducted a 3-year study from 1972 to
1974 of Stoneville, Miss., which is reported as one of the highest
pesticide usage areas of the U.S. due to intensive cctton produc-
tion. They found heptachlor in 62 percent of their monthly sam-
ples, with an average level of 0.25 ng/m3 and a maximum concen-
tration of 0.8 ng/m3. Heptachlor epoxide was found in 36 per-
cent of the monthly samples at an average level of 0.21 ng/m3
and a maximum concentration of 9.3 ng/m3 (Arthur, et al. 1976;
Nisbet, 1977).

Stanley, et al. (1971) found heptachlor in only two out of
nine U.S. localities studied, and did not detect heptachlor epox-
ide in any of the 1localities, The 1localities showing residues
were Iowa City, Iowa and Orlando, Florida with maximum heptachlor
levels of 19.2 ng/m3 and 2.3 ng/m3, respectively.

Nisbet (1977) calculated the typical human exposure to hepta-
chlor to be 0.01 ug/individual/day based on an ambient air mean
concentration of 0.5 ng/m3 and breathing 20 m3 of air per day.
He stated further that even in Jackson, Miss., which has a mean

air level as high as 6.3 ng/m3, the average individual would



inhale only 0.13 ug/day of heptachlor. The significance of these
figures is dependent upon the efficiency of lung absorption of
heptachlor and heptachlor epoxide which has not been reported for
humans (Nisbet, 1977). Based on the information presented here,
it appears that inhalation is not a major route for human exposure
to heptachlor and its metabolites. However, an experiment by
Arthur, et al. (1975) using rabbits, although controversial (Nis-
bet, 1977), suggests that inhalation may be a significant route of
exposure even at ambient levels as low as 1.86 ng/m3.
Dermal

Limited information is available regarding the dermal route
of exposure to heptachlor and/or heptachlor epoxide. However, it
may be assumed that persons handling this compound would be der-
mally exposed. Kazen, et al. (1974) found that chlordane, a com-
pound structurally similar to heptachlor, could be found on a
man's skin two years after occupational exposure. Gaines (1960)
found that rats dermally exposed to technical grade heptachlor had
LD5g values of 195 mg/kg for males and 250 mg/kg for females,
while the LDgy values for orally exposed rats were 100 mg/kg
for males and 162 mg/kg for females. Xylene was used as the ve-
hicle to dissolve and apply the heptachlor, with the solution ap-
plied at a rate of 0.0016 ml/kg body weight.

It is significant to note that the U.S. EPA suspended most
uses of heptachlor effective August 1, 1976, including most agri-

cultural, home, and garden uses of technical grade heptachlor.



PHARMACOKINETICS

Absorption and Distribution

Heptachlor and/or heptachlor epoxide are both readily ab-
sorbed from the gastrointestinal tract (Radomski and Davidow,
1953; Mizyukova and Kurchatov, 1970; Matsumura and Nelson, 1971).
Mizyukova and Kurchatov (1970) showed pure heptachlor reaches all
organs and tissues of female rats within one-half to one hour
after a single dose (120 mg/kg) of heptachlor was delivered
directly into the stomach. After four hours the metabolite of
heptachlor (heptachlor epoxide) was found in the blood, liver, and
fatty tissue. After a few days the concentration of heptachlor in
all organs and tissues decreased, while at the same time there was
a rapid increase in heptachlor epoxide levels. By the end of one
month, only traces of heptachlor could be found in the fatty tis-~
sue, chiefly in the form of its metabolic products. Heptachlor or
its metabolites could not be found in the blood or kidneys. How-
ever, a small amount of heptachlor epoxide was found in the liver.
After three to six months the level of heptachlor epoxide in fatty
tissues became stabilized.

Radomski and Davidow (1953) used both dogs and rats. In
rats, after two months on a diet of 30 to 35 mg/kg of heptachlor,
the highest concentration of heptachlor's metabolite (heptachlor
epoxide) was found in the fat, with markedly lower amounts in the
liver, kidney and muscle, with none being detected in the brain.
Female dogs, dosed at 1 mg/kg daily for a period from 12 to 18
months, showed the same heptachlor epoxide distribution as did the

rats, except the dog livers appeared to contain mores heptachlor



epoxide than the kidneys and muscles. The lowest detectable con-
centration of heptachlor epoxide in this study was 0.6 mg/kg.

The degree to which heptachlor or heptachlor epoxide is ab-
sorbed by inhalation has not generally been reported (Nisbet,
1977). Arthur, et al. (1975) conducted a now controversial study
where they exposed white rabbits to the ambient air of Stoneville,
Miss., an area of high pesticide use. Their controls were housed
indoors at Mississippi State University, an area of low pesticide
use. They found that between July 1972 and October 1972 the
heptachlor epoxide level in the rabbits' adipose tissue from
Stoneville was 0.039 mg/kg, while only 0.0l6 mg/kg was found in
the same tissue in rabbits from Mississippi State. The heptachlor
epoxide 1level in air at Stoneville was reported to be 1.86
ng/m3, while the Mississippi State University level was so low
that they did not take air samples. The level of heptachlor in
the air at both geographic locations was not given. They also
stated that no heptachlor epoxide residues were detected in the
feed of either group. They calculated the average daily respira-
tory intake of heptachlor for rabbits in Stoneville, Miss. as
0.002 ug/day. These data, even though controversial, indicate
that heptachlor epoxide can be absorbed to a significant degree
after inhalation, as determined by rabbit adipose tissue resi-
dues.

Several studies released in the late 1960's indicate that the
human placenta does not provide adequate protection against chlo-
rinated hydrocarbon pesticides such as heptachlor epoxide (Selby,

et al. 1969; Zavon, et al, 1969; Curley, et al. 1969). Selby, et



al. (1969) found that women who had high levels of heptachlor or
heptachlor epoxide in their blood also had high levels of both in
their placenta. They also reported heptachlor epoxide distribu-
tion between the placenta and maternal blood in a ratio of 5.8:1
(placenta ppb:maternal blood ppb) based on the geometric means of
54 placental and 53 maternal blood samples. Polishuk, et al.
(1977b) has shown that heptachlor epoxide was higher in the ex-
tracted lipids of fetal blood and placenta than in the maternal
blood and uterine muscle lipids. Zavqn, et al. (1969) reported
that fetal or neonatal tissue taken from stillborn or soon dead
children showed that heptachlor epoxide levels paralleled the -con-
centrations found in adults. Curley, et al. (1969) conducted an
extensive study using stillborn and soon dead infants, along with
the cord blood of live neonates, and found that the heptachlor
epoxide levels in the various tissues and cord blood sampled var-
ied greatly, but were within the range observed in adults. There-
fore, any exposure of heptachlor or heptachlor epoxide to the
mother will also expose the fetus to heptachlor epoxideﬂ

Metabolism and Excretion

Early studies (Radomski and Davidow, 1953; Davidcw and Radom-
ski, 1953) show that both the rat and the dog metabolize ingested
heptachlor rapidly by epoxidation (Figure 1) and that heptachlor
epoxide accumulates primaéily in fat tissue. They also reported a
positive relationship between the amount of heptachlor in the diet
and the amount of heptachlor epoxide in the fat tissue. In this
study, the female rats accumulated approximately six times as much

heptachlor epoxide in their fat tissue as did the males.
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Matsumura and Nelson (1971) fed four male albino rats 10
mg/kg of, 99 percent pure heptachlor epoxide for 30 days (approxi-
mately 5 mg heptachlor epoxide/rat/30 days) and found that they
excreted 950 ug of a fecal metabolite (Figure 2), and 66 ug of
heptachlor epoxide in the feces in the 30-day period. Mizyukova
and Kurchatov (1970) found that the excretion of the nonstored
heptachlor and its metabolites occurs within the first five days,
chiefly through the gastrointestinal tract and to a smaller extent
in the urine.

One very important route of excretion of heptachlor and hep-
tachlor epoxide in females is through lactation (Jonsson, et al.
1977). This study indicates that milk is a primary excretory
route for heptachlor and its metabolites., Generally, heptachlor
epoxide concentration in mothers' milk is a good indicator of the
body burden of heptachlor epoxide stored in the lactating mothers'
body (Jonsson, et al. 1977; Strassman and Kutz, 1977). Polishuk,
et al. (1977a) found that overweight women excreted lower quanti-
ties of pesticides, such as heptachlor epoxide, in their milk than
did women of normal weight. They also found that women from ages
20 to 29 years old excreted higher pesticides levels in their milk
than did women from the ages 30 to 39, even though the younger
women had lower pesticides levels in their plasma.

In a human milk study of 53 samples collected from two Penn-
sylvania regions during 1970, Kroger (1972) found all of the
samples contained heptachlor epoxide at an average cconcentration
of 0.16 mg/l. Savage, et al. (1973) performed a similar survey in

Colorado in 1970-1971 with 40 human milk samples, and found 25
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percent of the samples contained heptachlor epoxide at levels
ranging from trace amounts to 5 ng/l. Strassman and Kutz (1977)
conducted a study in Arkansas and Mississippi in 1973-1974 of 57
milk samples and found heptachlor epoxide residues in 35.1 percent
of the samples with at least a trace amount of heptachlor epoxide
in 64.9 percent of the samples. The levels in this study ranged
from trace to 0.03 mg/l and the mean concentration was 0.004 mg/1l.
They also found trace to quantifiable émounts of trans-nonachlor,
which indicates exposure to heptachlor or chlordane. |

Savage (1976) reported the results of an extensive study con-
ducted during 1975 involving 1,436 human milk samples from
selected sites within the continental U.S. He found that only 2
percent showed heptachlor residues, but 63.1 percent of the
mothers' milk samples showed heptachlor epoxide residues ranging
from 15.24 to 2,050 ug/1 on a fat adjusted basis, with a mean con-
centration of 91.36 ug/l. Savage also found that 11 percent of
the high residue group of women were either occupationally exposed
or lived in households where a member was occupationally exposed.
Jonsson, et al. (1977) reported that 24 percent of 51 human milk
samples collected from St. Louis in 1977 contained an average
heptachlor epoxide level of 0.0027 mg/l. Other studies concerning
heptachlor epoxide in human milk from other countries include:
Ritcey, et al. (1972); Polishuk, et al. (l1977a); and Bakkan and
Seip (1976).

One major problem with the excretion of heptachlor epoxide in
mothers' milk is that it becomes a major vehicle for exposing the

neonate (Strassman and Kutz, 1977). This exposure is an addition



to the body burden which already exists due to exposure in utero
(Polishuk, et al. 1977b; Zavon, et al. 1969; Selby, et al. 1969;
Curley, et al. 1969).

Residues of heptachlor epoxide in adipose tissue and other
tissues and fluids are indicative of the body burden and of the
exposure to heptachlor and heptachlor epoxide (Kutz, et al. 1977).
Biopsied human adipose tissue was used by Burns (1974) to study
the heptachlor epoxide levels in 302 hospital patients from 1969
to 1972 in the lower Rio Grande Valley in Texas. During the study
period, he found 98 percent of the adipose samples possessed
heptachlor epoxide residues with a mean value of 0.11 mg/ kg. An
extensive survey of human adipose tissue levels for heptachlor
epoxide has been published by Kutz, et al. (1977). Tissues were
collected during postmortem examinations, and from surgical exci=-
sions and rejected samples collected from patients known or sus-
pected of pesticide poisoning, cachectic patients, and patients
institutionalized for extended periods. The samples were obtained
within the coterminous 48 states, and the sampling sites were ran-
domly selected to be representative of the U.S. populations. The
S-year study showed that heptachlor epoxide can be found in over
90 percent of the U.S. population at approximate mean levels of
0.08 to 0.09 mg/kg (Table 2).

In addition to the storage of heptachlor epoxide in human
adipose tissue, a minor component (trans-nonachlor) of both tech-
nical heptachlor and technical chlordane has also been found
(Sovocool and Lewis, 1975). They studied nine composite human fat

samples from nine census divisions of the U.S. and found eight of



TABLE 2

Heptachlor Epoxide Residues in Human Adipose Tissue*

Survey Year Sample Percent Geometric Maximum
(fiscal) Size Positive Mean (mg/kg) Value mg/kg
1970 1412 94.76 0.09 10.62
1971 1615 96 .22 0.09 1.53
1972 1913 90.28 0.08 1.21
1973 1095 97.72 0.09 0.84
1974 898 96.21 0.08 0.77

*Source: Kutz, et al. 1977



the nine samples possessed trans-nonachlor. Also found in lesser
amounts were cis-nonachlor and "early-eluting" nonachlor. Five of
the nine composite samples were also positive for heptachlor epox-
ide and oxychlordane. These data indicate that nonachlors may be
more resistant to metabolism than heptachlork and occurrence of
the nonachlors in human tissues appears to be strong evidence of
exposure to heptachlor or chlordane pesticides (Sovocool and
Lewis, 1975).

Several other researchers (Curley, et al. 1973; Wasserman, et
al. 1974; Abbott, et al. 1972; Wasserman, et al. 1972) have re-
ported heptachlor epoxide residues in human adipose tissue in
other countries.

EFFECTS

Acute, Subacute, and Chronic Toxicity

Heptachlor and its metabolites have LDgg values ranging
from 6 mg/kg to 531 mg/kg (Table 3) depending upon the animal
species, toxicant used, and the mode of administration. Radomski
and Davidow (1953) were the first to report that heptachlor epox-
ide is two to four times more toxic than ﬁeptachlor itself when
given intravenously in mice. Buck, et al. (1959) later observed
heptachlor epoxide to be approximately 10 times more toxic than
heptachlor in dairy calves when given orally. The most toxic
metabolite is photoheptachlor epoxide [III B] (Ivie, et al.
1972), which is formed by exposure of heptachlor epoxide to ultra-
violet light or sunlight in the presence of a photosensitizer on
plants. Ivie, et al. (1972) reported the LDgg values for male

Swiss-Webster mice to be 18 mg/kg for heptachlor epoxide; 36 mg/kg
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Heptachlor and Heptachlor Metabolites LDgg

TABLE 3

Route

Organism of LDg

Sex & Strain Compound Administration (mg/kqg) Reference

Mouse Heptachlor i.p. 18 Ivie, et al. 1972
(Swiss—-Webster) epoxide

Mouse Photo-heptachlor i.p. 36 Ivie, et al, 1972
(Swiss~Webster) epoxide II

Mouse Photo-heptachlor i.p. 6 Ivie, et al. 1972
(Swiss-Webster) epoxide (III B)

Rat (M-Sherman) Heptachlor oral 100 Gaines, 1960

Rat (F-Sherman) Heptachlor oral 162 Gaines, 1960

Rat (M-Sherman) Heptachlor dermal 195 Gaines, 1960

Rat (F-Sherman) Heptachlor dermal 250 Gaines, 1960

Rat (M-Sprague- Heptachlor i.p. 71% Harbison, 1975
Dawley)

Rat (N-Sprague- Heptachlor i.p. 531* Harbison, 1975
Dawley)

Mouse Heptachlor oral 70 Gak, et al, 1976

Rat Heptachlor oral 105 Gak, et al. 1976

Hamster Heptachlor oral 100 Gak, et al. 1976

* = assumed to be mg/kg body weight

M = male

F = female

N = neonate

i.p. = intraperitoneally



for the intermediate photo metabolite photoheptachlor epoxide
[II]; and 6 mg/kg for photoheptachlor epoxide [III B]. Gaines
(1960) conducted acute LDgg studies using oral doses of hepta-
chlor in the Sherman strain of rat and found LDgg values of
100 mg/kg in males and 162 mg/kg in females, while the acute der-
mal LDgg of heptachlor in males was 195 mg/kg and 250 mg/kg
for females. Harbison (1975) used neonatal and adult (120 to
150 g) Sprague-Dawley rats to show that the newborn rat is more
resistant to heptachlor than the adult. The intraperitoneal
LDgy for the adult male rats was 71 mg/kg*, but was 531 mg/kg*
for newborn rats. Gak, et al. (1976) reported heptachlor LDgg
values for the mouse, rat, and hamster to be 70 mg/kg, 105 mg/kg,
and 100 mg/kg of body weight, respectively.

Heptachlor is generally classified as a neurotoxin because it
produces abnormal stimulation of the central nervous system when
animals are exposed to high doses. 1In an attempt to elucidate the
toxic action of heptachlor, numerous studies have taken place to
demonstrate the biochemical changes induced by heptachlor. St.
Omer (1971) studied the convulsions produced by heptachlor in rats
and found that the intensity of the convulsions was directly cor-
related with the rise in brain ammonia, and the periods between
seizures were associated with decreased levels of brain ammonia.
St. Omer and Ecobichon (1971) reported that acute administration
of heptachlor to rats significantly elevated their brain acetyl-

choline content, with some decrease in acetylcholine concentration

*assumed to be mg/kg body weight.



durir‘ the period of severest seizure activity. They suggested
that these changes in the brain level of ammonia and acetylcholine
during heptachlor exposure may be part of the mechanism of convul-
sion induction. Hrdina, et al. (1974) administered heptachlor
chronically for 45 days to rats and found the acetylcholine level
in the cerebral cortex to be decreased and the serotonin (5-HT)
level significantly increased in the brain-stem. They also found
that an acute dose of heptachlor (200 mg/kg) produced body hypo-
thermia.

Changes in the energy linked functions of the mitochondria
have been studied by Pardini, et al. (1971) and Settlemire, et al.
(1974). Pardini, et al. (1971) reported that heptachlor (1 umole/
flask) depressed the mitochondrial succinoxidase system to 5.8
percent of the level of uninhibited controls and that heptachlor
epoxide did not depress the system at all. Heptachlor also de-
pressed the mitochondrial activity of NADH-oxidase to 8.6 percent
of uninhibited controls, while again heptachlor epoxide had no
effect. They speculated that since heptachlor did not interact at
any step in the electron transport chain after cytochrome C, the
site of heptachlor interaction may be either at complex III or at
complex I and II of the mitochondrial electron transport chain.
Settlemire, et al. (1974) found that lower concentrations of hep-
tachlor caused dramatic changes in the membrane of mouse mitochon-
dria. They stated that the increase in respiration (oxidation of
succinate), observed when ADP and heptachlor were added, was prob-

ably caused by increased permeability of membranes to succinate,



or by conformational changes of such a nature that the intrinsic
activity of the respiratory chain was increased.

Induction of liver microsomal enzymes by heptachlor and hep-
tachlor epoxide has been reported by Kinoshita and Kempf (1970)
and Den Tonkelaar and Van Esch (1974). Kinoshita and Kempf (1970)
found heptachlor and heptaéhlor epoxide to be very persistent in-
ducers in rats of phosphorothioate detoxification, o-demethylase,
and N-demethylase in a dose related manner. They also found that
male rats were more sensitive to heptachlor while female rats were
more sensitive to heptachlor epoxide. Den Tonkelaar and Van Esch
(1974) found that dietary heptachlor significantly induced aniline
hydroxylase, aminopyrine demethylase, and hexobarbital oxidase in
rats at levels of 2 to 50 mg/kg, 2 to 50 mg/kg, and 5 to 50 mg/kg,
respectively. Both groups reported that approximately 1 mg/kg of
heptachlor showed no effect on the induction of microsomal
enzymes,

Krampl (1971) reported that heptachlor caused an increase in
the enzymes glutamic-pyruvic transaminase (GPT) and aldolase (ALD)
in the serum of rats. Histologic examinations of the livers re-
vealed that maximum alteration in hepatic morphology coincided
with the days on which hepatic and serum GPT and ALD activities
were different from normal. They stated that the increased enzyme
activity was probably related to altered membrane permeability,
which allowed intracellular énzymes to pass out of cells that were
damaged but not necrotic. Welch, et al. (1971) found that hepta-
chlor stimulated the metabolism of estrone by liver microsomal
enzymes and inhibited the increase in uterine wet weight in

treated female rats.
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Several studies have been conducted concerning the effects of
heptachlor on glucose homeostasis in the rat (Kacew and Singhal,
1973; Kacew and Singhal, 1974; Singhal and Kacew, 1976). It was
reported that heptachlor, administered either in small daily
amounts over a prolonged period of time or in a single cral dose,
caused significant increases 1in the activities of renal and
hepatic pyruvate carboxylase, phosphoenolpyruvate carboxykinase,
fructose 1,6-diphosphatase, and glucose 6-phosphatase, an eleva-
tion of blood and urinary glucose and serum urea levels, and a
depression of 1liver glycogen. They also found that heptachlor
caused a rise in the level of endogenous cyclic AMP and augmented
the activity of hepatic and renal adenylate cyclase. They stated
that their data support the hypothesis that the heptachlor-induced
alterations in glucose homeostasis are related to an initial
stimulation of the cyclic AMP-adenylate cyclase system in liver
and kidney cortex.

Dvorak and Halacka (1975) studied the ultrastructure of the
liver cells of pigs after the administration of small doses (2 to
5 mg/kg of body weight) of heptachlor and found a marked depletion
of glycogen, morphological changes in the granular endoplasmic
reticulum, and increases in the amount of agranular endoplasmic
reticulum. With higher doses and a longer duration of administra-
tion of heptachlor, a greater occurrence of liver lysosomes was
also observed.

Reuber (1977a) found that C3H male and female mice fed 10
mg/kg of heptachlor or heptachlor epoxide developed hepatic vein

thrombosis. Heptachlor caused 15 percent of the females and 10



percent of the males to develop thrombi, while heptachlor epoxide
caused 11 percent of the females and 7 percent of the males to
develop thrombi. He also stated that 7 mice of the 39 that exhi-
bited hepatic vein thrombosis also possessed recent thrombi in the
atria of the heart, while no thrombi were found in any organs of
the control mice. Liver cirrhosis was also occasionally present
in addition to liver carcinomas.

Mutagenicity

Marshall, et al. (1976) reported that both heptachlor and

heptachlor epoxide were not mutagenic when tested with Salmonella

typhimurium in the Ames assay. Cerey, et al. (1973) found that

heptachlor in oral doses of 1 to 5 mg/kg given to male rats caused
dominant lethal changes as demonstrated by a statistically sig-
nificant increase in the number of resorbed fetuses in intact
pregnant rats. They confirmed this by finding a significant in-
crease 1in the incidence of abnormal mitosis, abnormalities of
chromatids, pulverization, and translocation of chromosomes in the
bone marrow cells of their experimental animals. They concluded
from the results mentioned above that rat fetuses in early and
late stages of embryonic development c¢ould be adversely affected
by heptachlor. Ahmed, et al. (1977) used SV-40 transformed human
cells (VA4) in culture to show that both heptachlor and heptachlor
epoxide induced unscheduled DNA synthesis in this system when
metabolically activated with homogenized rat liver supernatant.

Teratogenicity

Mestitzova (1967) found that heptachlor administered to rats

in food at 6 mg/kg body weight caused a marked decrease in litter



size, both in several litters of one generation as well as in suc-
cessive generations. The author also stated that the life span of
suckling rats was significantly shortened, with the death rate be-
ing highest during the first 24 to 48 hours. 1In long-term feeding
studies with heptachlor the same author observed the development
of cataracts of the lens, both in the offspring and the parent
rats. Prolonged feeding of heptachlor increased the chances of
cataracts occurring in the parents, while the cataracts in the
offspring were observed shortly after their eyes opened. Mestit-
zova stated that the sequence of occurrence of the cataracts ex-
cluded the possibility of recessive genetic traits or a vitamin B
deficiency as the causative factor.

Synergism and/or Antagonism

It has been reported that the protein content in the diet can
affect the acute toxicity of heptachlor in male weanling rats
(Webb and Miranda, 1973; Miranda, et al. 1973; Miranda and Webb,
1974). These workers found that with a 10 percent dietary level
of protein, heptachlor was less acutely toxic in rats fed an un-
supplemented gluten diet than in animals pair-fed diets containing
gluten plus supplemental amino acids or casein plus 0.2 percent
DL-methionine. When the dietary protein level was raised to 18
percent, heptachlor was twice as toxic to rats pair-fed casein
diets, as compared to rats fed unsupplemented gluten. They also
found that weight gain, microsomal proteins, and heptachlor metab-
olism were significantly reduced in the animals fed unsupplemented
gluten and that animals pair-fed the casein diet had higher hepta-

chlor epoxidase activities than those fed the gluten diet. There-
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fore, they suggested that low protein diets impaired or slowed
metabolism of heptachlor to the more toxic heptachlor epoxide.
Weatherholtz, et al. (1969) reported that rats fed protein defi-
cient diets were less susceptable to heptachlor toxicity and also
suggested that this observation may have been due to reduced in
vivo conversion of the pesticide to the epoxide form.

Miranda and Webb also studied the effects of phenobarbital
and SKF525-A on these protein deficient diets (Miranda, et al.
1973; Miranda and Webb, 1974). Their studies suggested an inter-
action of protein inadequacy with drug metabolism and with inhibi-
tion of heptachlor metabolism, but they believed further studies
should be carried out to clarify their findings.

Harbison (1975) studied the effects of phenobarbital (PB) on
neonatal rats. He found that PB potentiates the toxicity of hep-
tachlor in newborn rats. For heptachlor, LDgy values for a
newborn rat, for a newborn pretreated with PB, and for an adult
male untreated rat, were 531 mg/kg, 133 mg/kg, and 7 mg/kg, re-
spectively.

Carcinogenicity

Various studies regarding the carcinogenicity of heptachlor
and heptachlor epoxide when administered to rats and mice have
been conducted by the Kettering Laboratory, the FDA, Cabral, et
al. 1972, 1International Research and Development Corporation
(IRDC) sponsored by Velsicol, and the National Cancer Institute

(NCI). Two extensive reviews of these studies have been conducted



by Epstein (1976) and by the U.S. EPA (1977) and should be con-
sulted for more specific information on each study. Tables 4 and
5 present summary data reported by Epstein (1976), and include the
original authors's conclusions, any independent histological re-
evaluation of the studies which have been conducted, and Dr.
Epstein's comments on each study.

The 1955 Kettering study on heptachlor in rats was an unpub-
lished study by the Kettering Laboratory under contract to the
Velsicol Corporation. The U.S. EPA (1977) review of this study
stated that the oral dosages of heptachlor administered in the
diet were 0, 1.5, 3.0, 5.0, 7.0, and 10.0 mg/kg. These dosages
were administered to a total of 120 male and 120 female Carworth
Farm strain rats. The length of dietary administration was 110
weeks with a 57 percent mortality rate in the male groups and a 43
percent mortality rate in the fémale groups. The reviews of the
report state that the majority of the deaths were due to inci-
dental diseases, particularly respiratory diseases (U.S. EPA,
1977; Epstein, 1976). Tumors were found both in controls and in
exposed animals and the original authors interpreted their data as
indicating no significant difference between the incidence of
tumors in test and control groups (Epstein, 1976). Based on an
independent statistical analysis of the data from this study,
Epstein (1976) concluded that "the data in fact demonstrated a
statistically significant incidence of multiple site and other
tumors in the higher level female test groups."

Another Kettering study was conducted for the Velsicol Corp.

in 1959 by Witherup, et al. (1959). This investigation evaluated
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TABLE 4

Summary of Carcinogenicity Data in Rats*

Authors Strain  Formulation Concentrations (ppm} Carcinogenicity Comments
Heptachlor (H); H HE C Authors Independent
Epoxide (HE); Conclusions Histological
Chlordane (C) Re-evaluation
Kettering, CF H of unspecified 1.5; 3.0; - - Tumor incidence Not undertaken 1. Test diets prepared
1955 purity 5.0; 7.0; “proportionately” crudely and study
10.0 distributed in poorly documented.
all tests and 2. Author's data demon-
control groups strate statistically
significant increase
in malignant and any
tumors in multiple
sites in some female
test groups.
Kettering, CFN HE of unspecified - 0; 0.5; - Tumor incidence Hepatocarcino- l. Test diets prepared
1959 purity 2.5; 5.0; "unrelated" to genic and mul- crudely and study
7.5; 10,0 HE content in tiple site ma- poorly documented.
diets. Excess lignant tumors 2, Kettering data statis
hepatomas in test tically significant, -
animals is ac- for incidence of tota
knowledged, but tumor-bearing animalsl
discounted. Also and for liver and pi-
unusual malignant tuitary tumors.
tumors in males 3. Histological re-eval-
and females uation showed hepato-
carcinaomas,

4. Bepatocarcinogenicity
statistically signi-
cant.

Kettering, CD Mixture of 25% 5.0; 7.5; 10; 12.5 - Incidence of tu- Not undertaken 1, Study poorly docu-
1966 HE (99.9% pure), mors "qualita-

and 75% H (96.0%
pure)

tively and quan-
titatively simi-
lar” in test and
controls,

mented and methodolog
cally unsound; femalei-
rats only tested.
Unacceptable as car-

- cinogenicity test.
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TABLE 4 (Continued)

Authors Strain Formulation Concentrations (ppm) Carcinogenicity Comments
Heptachlor (H); H HE Authors Independent
Epoxide (HE); Conclusions Histological

Chlordane (C)

Re-evaluation

Cabral, et Wistar H Analytic Grade Total - - Not carcinogenic Not undertaken 1. pPerinatal dosage only.
al. 1972 96 .8% pure dosage 2. Author's data demon-
50 mg/kg strate statistically
significant increase
in endocrine tumors
in males and rare
"lipomatous® renal
tumors in 2 test fe-
males.
NCI, 1977 Osborne- Technical H; Males- 38,9; - - Carcinogenic Not undertaken 1. Relatively small num-
Mendel consisting of 77.9. under condi- ber negative controls;
74% H and ca Females tions of uncertainties in dos-
26% alpha C 25.7; 51.3 assay** age; high mortality

in high dosage test
groups.

NCI data shows excess
hepatic nodules in
males and females.

* Source: Epstein, 1976

**¢he conclusions of NCI state that there is no clear evidence of carcinogenic effect of heptachlor.
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TABLE 5

Summary of Carcinogenicity Data in Mice*

Authors Strain Formulation Concentrations (ppm) Carclnogenicity Comments
Heptachlor (H); H HE C Authors Independent
Epoxide (HE); Conclusions Histological
Chlordane (C) Re-evaluation

Davis, C3H H and HE of un- 10 10 - "Benign®™ hepa- H and HE both 1. FDA data poorly docu-

(Fpa), specified purity tomas induced hepatocarcino- mented.

1965 by H and HE genic 2, FDA data statisti-
cally significant for
tumor incidences.

3. Histological re-eval-
uation demonstrated
hepatocarcinogenicity.

4. Hepatocarcinogenic
effects statistically
significant.

IRDC, Cbh-1 Mixture of 25% 1.0; 5.0; 10.0 - Dose related Hepatocarcino- 1. IRDC data statisti-

1973 H and 75% nodular hyper- genic cally significant

plasia at 5.0 excess of nodular
and 10.0 ppm hyperplasias.

2, Histological re-eval-
uation found hepato-
carcinomas.

3. Hepatocarcinogenicity
statistically signi-
ficant.

NCI, 1977 B6C3F1 Technical H; Males 6.1; - - Carcinogenic Not undertaken 1. Relatively small num-
consisting 13.8 under condi- ber negative controls
of 74% H, Females tions of non-concurrent experi-
and ca, 26%C 9.0; 18 assay ments; uncertainties

in dosage,

Revised data statis-
tically significant
for hepatocarcino-
genicity.

*Source: Epstein, 1976



heptachlor epoxide at dietary levels of 0, 0.5, 2.5, 5.0, 7.5, and
10 mg/kg administered to CFN (Carworth Farms, Nelson) rats for 108
weeks. Each dosage group consisted of 25 males and 25 females.
Mortality in males ranged from 32 percent for the controls to 52
percent at 2.5 mg/kg of diet, and in the females ranged from 24
percent in controls to 52 percent at 7.5 mg/kg of diet. They
stated, however, that the increased mortality in the groups fed
heptachlor epoxide was not significant. They also stated the
earliest tumor was discovered during the 13th month and animals
dying before that were examined, but were not included among the
numbers capable of bearing tumors. The authors concluded that the
tumor incidence was unrelated to the heptachlor epoxide content in
the diet, although they acknowledged an excess of hepatomas in the
test animals (Epstein, 1976). An independent statistical analysis
of this data indicated that all the heptachlor epoxide dose levels
except the 0.5 mg/kg level in the males, were significant at the
p = 0.55 probability level.

Re-evaluation of tissue slides by Dr. Melvin D. Reuber of a
1959 unpublished Kettering study indicated that there was an in-
crease in hyperplastic nodules and carcinomas of the liver in the
treated animals when compared to control animals (U.S. EPA, 1977).
He also found a greater incidence of carcinomas in females than in
males, as the Kettering data had also indicated. 1In addition, he
found highly malignant tumors in brain, thyroid, adrenal, kidney,
lung, bone, and genital organs. Reuber concluded that because
carcinomas of the liver in the untreated rats were infrequent, the

presence of 28 liver carcinomas among 213 treated rats indicated



that heptachlor epoxide 1is carcinogenic in rats at P<10~8
(U.S. EPA, 1977).

Dr. Williams (U.S. EPA, 1977) also re-evaluated the Kettering
tissue slides and concluded that the study demonstrated an in-
creased incidence of cancer in the livers of treated rats and an
increase in hyperplastic nodules in the males only at the 10 mg/kg
level. He considered the seven liver malignancies in the treated
animals versus no malignancies in controls to be strongly sugges-
tive of a carcinogenic effect (U.S. EPA, 1977). Williams, like
Kettering and Reuber, also diagnosed a range of unusual malignant
tumors in treated animals (Epstein, 1976).

The slides were re-evaluated by three other independent pa-
thologists (Drs. Stewart, Squire, and Popper) and all three diag-
nosed a higher incidence of carcinomas than that reported by the
Kettering workers who found only two (U.S. EPA, 1977; Epstein,
1976).

In 1966, the Kettering Laboratory produced another unpub-
lished report dealing with the administration of a mixture of 75
percent heptachlor and 25 percent heptachlor epoxide to female CD
rats at doses of 0, 5.0, 7.5, 10.0, and 12.5 mg/kg in the diet
(Jolley, et al. 1966). After 104 weeks of exposure, various
lesions in the pituitary gland, adrenal gland, mammary gland, and
the liver were found, but considered by the original investigators
to be "spontaneous" because the lesions were found in both control
and treated groups. The lesions of the pituitary and adrenal
glands were considered hypertrophies rather than neoplasms. The

lesions of the mammary gland were diagnosed as adenomas or fibro-



adenomas of mammary glands. The liver lesions were referred to as
"clusters of enlarged hepatic cells" (Epstein (1976) calls it cen-
trilobular hepatocytomegaly) with cytoplasmic degranulation and
clusters of enlarged irregular vacuolated cells which were filled
with lipid and distributed randomly in the 1lobules. They con-
cluded that the experimental diet caused the changes in the liver
which were qualitatively similar to, but quantitatively different
from lesions in control rats. Epstein (1976) suggested that a
re-evaluation of the liver histology in all test and control
groups is necessary before the significance of these and other
possible lesions can be assessed.

In 1965, FDA completed a 2-year study of heptachlor and
heptachlor epoxide fed to C3Heb/Fe/J mice (Davis, 1.965). Three
groups of 100 males and 100 females per group were fed 10 mg of
heptachlor per kg of diet, 10 mg heptachlor epoxide per kg of
diet, or a control diet. During the 2-year period, survival rates
of 34 percent, 30 percent, and 9.5 percent were reported for the
control group and the heptachlor and heptachlor epoxide fed ani-
mals, respectively. Over the test period, 30 control mice had
benign tumors and 21 controls had malignant tumors; heptachlor-
treated mice had 51 benign tumors and 10 malignant tumors; hepta-
chlor epoxide treated mice had 85 benign tumors and 13 malignant
tumors. Statistics were not performed on this data by FDA because
of incompleteness in the number of samples and the "arbitrariness
of microscopic diagnoses" (Davis, 1965). Davis stated that the
incidence of hepatic hyperplasia and benign hepatomas was approxi-

mately doubled in the test groups, but concluded that heptachlor



and heptachlor epoxide do not have a significant effect on the
incidence of malignant tumors.

The tissue slides from the 1965 FDA study were re-evaluated
by Dr. Reuber. He found liver carcinomas in 64 of 87 male mice
(74 percent) and 57 of 78 female mice (73 percent) ingesting hep-
tachlor; in 73 of 79 male mice (92 percent) and 77 of 81 female
mice (95 percent) ingesting heptachlor epoxide; and in 22 of 73
control male mice (30 percent) and in 2 of 53 control female mice
(4 percent) (Reuber, 1977b). He also stated that the affected
treated animals often had three to four carcinomas per liver with
a size of 3 to 5 cm, while affected control animals had only soli-
tary carcinomas of a size 5 mm or less. Reuber concluded that
heptachlor and heptachlor epoxide diets caused the development of
a highly significant incidence of carcinomas of the liver which
were capable of invasion and metastasis.

Four other independent pathologists (Drs. Stewart, Squire,
Williams, and Sternberg) were asked to review slides from 19 ani-
mals that Reuber had diagnosed as having hepatic carcinomas. Drs.
Stewart, Squire, and Sternberg agreed with Dr. Reuber that the 19
animals had hepatic carcinomas (U.S. EPA, 1977). Dr. Williams
diagnosed eight carcinomas, 10 nodules or hyperplastic nodules,
and one dysplastic area. However, Dr. Williams considers that
hyperplastic nodules are induced only by carcinogens, therefore he
considers them evidence of a carcinogenic effect on the liver
(Epstein, 1976).

Cabral, et al. (1972) conducted a study using 95 Wistar rats

force fed heptachlor in corn oil by gastric intubation. Hepta-



chlor was administered at a level of 10 mg/kg of body weight five
times on alternating days beginning at 10 days of age. It was ob-
served that the incidence of tumors in males occurred at different
sites and was not reproducible, while the tumors in females were
in the adrenal, thyroid, and pituitary glands and were comparable
in both control and treated groups. In the treated females, 9 of
28 rats developed 12 tumors in various organs, including five mam-
mary tumors and two renal lipomatous tumors. In the control
group, 4 of 27 females developed four tumors, two of which were
located in the breast. They concluded that "in view of the dif-
ferent locations of the tumors and the lack of reproducibility of
the findings among males, the results are not considered as evi-
dence of carcinogenicity of heptachlor under the present experi-
mental conditions." Epstein (1976) on the other hand, concluded
that the Cabral, et al. (1972) study does show a statistically
significant incidence of endocrine tumors in males.

In 1973, the IRDC completed an unpublished 18-month study
using CD-1 mice on a treatment diet containing a mixture of 75
percent heptachlor epoxide and 25 percent heptachlor. The study
was designed using one negative control, one positive dietary con-
trol of 2-acetamidofluorene at 250 mg/kg, and three dietary treat-
ment groups of 1.0, 5.0, and 10.0 mg/kg, respectively. Each group
contained 100 males and 100 females. After six months on these
treatments 10 males and 10 females were sacrificed from each
group. It was found that the liver weights were significantly in-
creased in the 5.0 and 10.0 mg/kg treatment groups in males and in

the 10.0 mg/kg treatment group in females (IRDC, 1973). Also, the



‘livers from males fed the 1.0, 5.0, and 10.0 mg/kg diets and from
females fed the 5.0 and 10.0 mg/kg diets showed a dose related in-
cidence and severity of hepatocytomegaly. A large number of com-
pound related liver masses (nodular hyperplasias) were seen in
mice that died during the study period or that were sacrificed at
the end of the test period. These masses were thought to be ex-
tensions of the hepatocytomegaly lesions (IRDC, 1973). The mice
fed the 1.0 mg/kg diet were considered to be free of compound-
related nodular hyperplasia, since the incidence of the lesion was
similar to the untreated controls. No lesions were found sugges-
tive of a compound effect in any tissue other than the liver, and
no mention was made of any carcinomas in any heptachlor epoxide/
heptachlor test group.

Reuber also re-evaluated the histological material from the
IRDC study (U.S EPA, 1977; Epstein, 1976). His findings indicated
a significant increase in the incidence of liver cancers induced
by the heptachlor epoxide/heptachlor mixture in males in the 5.0
mg/kg group and in both males and females in the 10.0 mg/kg group.
The incidence in these groups was comparable to or higher than the
incidence in the positive (2-acetamidifluorene, 250 mg/kg) con-
trols. It has been indicated that the majority of lesions diag-
nosed as nodular hyperplasias by IRDC, were diagnosed by Reuber as
carcinomas (Epstein, 1976). It is interesting to note that though
both IRDC and Reuber diagnosed a similar number of carcinomas 1in
the positive controls, the discrepancies in the diagnoses seem
largely restricted to the test groups at the 5.0 and 10.0 mg/kg

levels (Epstein, 1976).



Five additional pathologists reviewed slides from the IRDC
study (two of the pathologists were consultants to the Velsicol
Corporation), and found that the IRDC study had substantially un-
derdiagnosed the number of carcinomas present (Epstein, 1976).
Epstein (1976) concluded that the IRDC study demonstrated the hep-
tachlor epoxide/heptachlor mixture induced a dose-related inci-
dence of nodular hepatic hyperplasias, and also demonstrated the
hepatocarcinogenicity of heptachlor epoxide/heptachlor as evi-
denced by the histological re-evaluations.

The NCI released a preliminary report on the Gulf South Re-
search Institute study on heptachlor in 1975. These preliminary
findings were reviewed by both Epstein (1976) and the U.S. EPA
(1977). In 1977, the NCI released a final report which reported
on contract work conducted first by the Gulf South Research Insti-
tute and more currently by Tracor Jitco Inc. (NCI, 1977). Both
Osborne-Mendel rats and B6C3F) mice were used to test the pos-
sible  carcinogenicity of technical-grade heptachlor.

Groups of 50 rats of each sex were administered low and high
doses of heptachlor for 80 weeks and then observed for 30 weeks.
The doses of heptachlor to both males and females were lowered
several times during the study due to toxic effects, and the time-
weighted average doses used were 38.9 and 77.9 mg/kg of heptachlor
in the diet for male rats and 25.7 and 51.3 mg/kg for female rats.
Matched controls consisted of 10 untreated rats of each sex and
pooled controls consisted of 50 untreated male and 50 untreated
female rats from similar bioassays of five other compounds. All

surviving rats were killed at 110 to 111 weeks and no hepatic



tumors were observed. Neoplasms were found in test animals at in-
creased frequency when compared to control groups, but the nature,
incidence, and severity of the lesions observed provide no clear
evidence of a carcinogenic effect of heptachlor in Osborne-Mendel
rats as reported by the pathologists.

In the second part of the NCI study, groups of 50 mice of
each sex were administered heptachlor at low and high doses for 80
weeks and then observed for 10 weeks. The dose for males was re-
duced once, while the dose for females was reduced twice due to
toxic effects. The time-weighted average dosages in the diet were
6.1 and 13.8 mg/kg of heptachlor for male mice, and 9 and 18 mg/kg
of heptachlor for female mice., Matched controls consisted of 10
of each sex of untreated mice and pooled controls consisted of 90
untreated male and 70 untreated female mice from similar bioassays
of five other compounds. Results of hepatocellular carcinomas in
both male and female mice were found to show a highly significant
dose-related trend. Twenty-six percent of matched male controls
and 20 percent of matched female controls developed hepatic car-
cinomas; 18 percent of the pooled male controls and 4 percent of
pooled female controls developed hepatic carcinomas; 24 percent of
the low dose males and 6 percent of the low dose females developed
hepatic carcinomas; and 72 percent of the high dose males and 71
percent of the high dose females developed hepatic carcinomas. It
was concluded that heptachlor is carcinogenic in mice livers under
the conditions of this assay at the high dosages given.

Epidemiological studies conducted to date have uncovered no

evidence of increased cancer mortality among workers occupation-



ally exposed in the manufacture of chlordane and heptachlor (Shin-
dell, 1977; Wang and MacMahon, 1979a,b). Wang and MacMahon
(1979a) investigated mortalities in a cohort of professional
pesticide applicators. There were 311 deaths between 1967 and
1976 in the population of 16,126 males, giving a standard mortal-
ity rate (SMR) of 84. SMRs for cancers of the lung, liver and
bladder did not differ significantly from 100 at the 95 percent
confidence level, In fact, SMRs for termite control operators,
exposed routinely to heptachlor and chlordane, were somehwat lower
than SMRs for general pesticide operators, who received much less
exposure to heptachlor and chlordane,

Wang and MacMahon (1979b) reported on 1,403 white male
workers who were employed for at least three months in the manu-
facture of chlordane and heptachlor in two U.S. plants between
1946 and 1976. Their study observed 113 deaths from the study
group, compared to 157 expected, giving a standardized mortality
ratio of 72. They also observed no overall excess of deaths from
cancer, even in workers followed for 20 or more years from ehtry
into the occupation. A small nonsignificant increase in lung can-
cer deaths was seen (12 observed, 9.0 expected), which was not
distributed by duration of exposure or latency in any pattern sug-
gesting an etiologic role. Unfortunately, cigarette smoking data
were not available for this exposed population. The Wang and Mac-
Mahon (1979b) data would indicate that chlordane and heptachlor do

not increase the cancer mortality among these workers, but the



authors express that "the study population is too small and the

period of followup too short to translate this into a statement

that there is no excess risk of cancer associated with exposure in

man."
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CRITERION FORMULATION

Existing Guidelines and Standards

Source

Published Standard

Reference

Occup. Safety
Health Admin.

Am., Conf. Gov.
Ind. Hyg.

Fed. Republic
Germany

USSR

World Health
Organ.**

U.S. Pub. Health
Serv. Adv. Comm,

500 ng/m3*

500 ug/m3 inhaled
(TLV)

500 upg/m3 inhaled

10 nug/m3 ceiling
value inhaled

0.5 ug/kg/day accept-
able daily intake in
diet

Recommended drinking
water standard (1968)
18 ug/l1 of heptachlor
and 18 ug/l1 heptachlor
epoxide

Natl. Inst. Occup.
Safety Health, 1977

Am., Conf. Gov. Ind.
Hyg., 1971

Winell, 1975

Winell, 1975

Natl. Acad. Sci.,
1977

Natl. Acad. Sci.,
1977

* Time weighted average
** Maximum residue limits in certain foods can be found in Food

Agric. Organ./World Health Organ. 1977, 1978

Current Levels of Exposure

Various investigators have detected heptachlor and/or hepta-

chlor epoxide in the major river basins of the United States at a

mean concentration of 0,.,0063 ug/l1 (U.S. EPA,

stances of detection.

1976) for those in-

Food can be a significant factor in man's

exposure to heptachlor and metabolites through biomagnification in



the food chain. The FDA showed that in their ™"market basket
study" covering August 1974 to July 1975 for 20 different cities
(Johnson and Manshe, 1977), 3 of 12 food classes contained resi-
dues of heptachlor epoxide ranging from trace amounts in the gar-
den fruits class to 0.0006 to 0.003 ppm in the dairy products and
the meats, fish, and poultry classes, respectively. A national
study by the U.S. Department of Interior in 1967 to 1968 repor ted
that heptachlor and/or heptachlor epoxide were found in 32 percent
of the 590 fish samples examined (Henderson, et al. 1969), with
whole fish residues from 0.0l to 8.33 mg/kg.

Nisbet (1977) calculated the typical human exposure to hepta-
chlor to be 0.0l ug/individual/day, based on a mean ambient air
concentration of 0.5 ng/m3 and a respiratory volume of 20 m3
of air per day. He states further that even in Jackson, Miss.,
which has a mean air level as high as 6.3 ng/m3, the average in-
dividual would inhale only 0.13 ug/day of heptachlor. The sig-
nificance of these figures is dependent upon the efficiency of
lung absorption, which does not appear to have been reported for
humans (Nisbet, 1977). Based on this research, it appears that
inhalation is not a major route for human exposure to heptachlor,

Special Groups at Risk

Infants have been exposed to heptachlor and heptachlor epox-
ide through mothers' milk (Savage, 1976), cows' milk (Ritcey, et
al. 1972), and commercially prepared baby foods (Lipscomb, 1968).
It appears that infants raised on mothers' milk run a greater risk
of ingesting haptachlor epoxide than if they were fed cows' milk

and/or commercially prepared baby food. Nisbet (1977) found that



persons living and working in or near heptachlor treated areas had
a particularly high inhalation exposure potential.

Basis and Derivation of Criteria

Heptachlor has been shown to exhibit numerous toxicological
effects in animal systems. Heptachlor and its metabolites have
LDgo values ranging from 6 to 531 mg/kg depending upon the
animal test system. Heptachlor 1is generally classified as a
neurotoxin because it produces abnormal stimulation of the central
nervous system when animals are exposed to high doses. Other ef-
fects on animal enzyme systems are referenced throughout the

literature. Mutagenicity was not demonstrated with Salmonella

typhimurium in the Ames assay; however, oral doses of heptachlor

caused dominant lethal changes in male rats as demonstrated by an
increase in the number of resorbed fetuses in intact pregnant
rats. Heptachlor administered to rats caused a marked decrease in
litter size, both in several litters of one generation as well as
in successive generations.

Studies concerning the carcinogenicity of heptachlor and hep-
tachlor epoxide when administered to rats and mice have been con-
ducted by the Kettering Laboratory, the FDA, Cabral, et al. 1972,
the IRDC, and the NCI. Heptachlor or its metabolites have induced
hepatocellular carcinomas in three chronic feeding studies in mice
and heptachlor epoxide has produced the same response in one rat
study, although no response was observed in four additional rat
studies.

The weight of evidence for carcinogencity is sufficient to

conclude that heptachlor is likely to be a human carcinogen. As



carcinogens are denerally assumed to have a nonthreshold dose/
response characteristic, the carcinogenic effect is the most sig-
nificant exposure effect from which to estimate an ambient water
quality criterion value. A linearized multistage model, as dis-
cussed in the Human Health Methodology Appendices to the October
1980 Federal Register notice which announced the availability of
this document, is used in estimating human health risks associated
with the ingestion of heptachlor. Using the described model, the
concentration of heptachlor in water may be calculated from the
incidence data for hepatocellular carcinomas in the NCI B6C3F)
mouse study, by assuming an additional individual lifetime risk of
1/100,000, the daily ingestion of 2 liters of water and 6.5 grams
of contaminated fish products, and a weighted average bioconcen-
tration factor of 11,200,

Under the Consent Decree in NRDC v. Train, criteria are to
state "recommended maximum permissible concentrations (including
where appropriate, zero) consistent with the protection of aquatic
organisms, human health, and recreational activities." Heptachlor
is suspected of being a human carcinogen. Because there is no
recognized safe concentration for a human carcinogen, the recom-
mended concentration of heptachlor in water for maximum protection
of human health is zero.

Because attaining a zero concentration level may be infeas-
ible in some cases and in order to assist the Agency and States in
the possible future development of water quality regulations, the
concentrations of heptachlor corresponding to several incremental

lifetime cancer risk levels have been estimated. A cancer risk



level provides an estimate of the additional incidence of cancer
that may be expected in an exposed population. A risk of 1072
for example, indicates a probability of one additional case of
cancer for every 100,000 people exposed, a risk of 10~® indi-
cates one additional case of cancer for every million people ex-
posed, and so forth.

In the Federal Register notice of availability of draft am-
bient water quality criteria, EPA stated that it is considering
setting criteria at an interim target risk level of 10793,
10‘6, or 10~7 as shown in the table below.

Risk Levels

Exposure Assumptions and Corresponding Criteria (1)
(per day)
0 10-7 10-6 1075
2 liters of drinking 0 0.028 ng/1 0.28 ng/l 2.78 ng/1

water and consumption
of 6.5 grams fish
and shellfish. (2)

Consumption of fish 0 0.029 ng/1 0.29 ng/1 2.85 ng/1
and shellfish only

(1) Calculated by applying a linearized multistage model as
described above to the animal biocassay data presented in
the Appendix. Since the extrapolation model is linear
at low doses, the additional lifetime risk is directly
proportional to the water concentration. Therefore,
water concentrations corresponding to other risk levels
can be derived by multiplying or dividing one of the
risk levels and corresponding water concentrations shown

in the table by factors such as 10, 100, 1,000, and so



(2) Ninety-seven percent of the heptachlor exposure results

from the consumption of aquatic organisms which exhibit

an average bioconcentration potential of 11,200-fold.

The remaining 3 percent of heptachlor exposure results

from drinking water.

Concentration levels were derived assuming a lifetime expo-
sure to various amounts of heptachlor, (1) occurring from the con-
sumption of both drinking water and aquatic life grown in waters
containing the corresponding heptachlor concentrations and (2)
occurring solely from consumption of aquatic life grown in the
waters containing the corresponding heptachlor concentrations.

Although total exposure information for heptachlor is dis-
cussed and an estimate of the contributions from other sources of
exposure can be made, these data will not be factored into ambient
water quality criteria formulations until additional analysis can
be made. The criteria presented, therefore, assume an incremental

risk from ambient water exposure only.
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APPENDIX
Derivation of Criterion for Heptachlor
Heptachlor fed to B6C3F; mice for nearly a lifetime induced
hepatocellular carcinomas wtih high frequency in both sexes at two
doses (NCI, 1977). The data for males and additional parameters,

as shown below, were used to calculate the criterion:

Dose (mg/kg/day) Incidence (# responding/# tested)
0.0 5/19
0.79 11/46
1.79 34/47

le = 546 days w = 0.036

Le = 630 days R = 11,200

L = 630 days

With these parameters the carcinogenic potency for humans,
qi*, is 3.37 (mg/kg/day)‘l. The result 1is that the water
concentration corresponding to a lifetime risk of 1073 is

2.8 ng/1.
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