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FOREWORD 

Section 304 (a)(1) 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)(l) 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 satisfaction 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 quality 
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 

CRITERIA SUMMARY 

HEPTACHLOR 

Aquatic Life 

For heptachlor the criterion to protect freshwater aquatic life as de- 

rived using the Guidelines is 0.0038 µg/l as a 24-hour average, and the con- 

centration should not exceed 0.52 µg/l at any time. 

For heptachlor the criterion to protect saltwater aquatic life as de- 

rived using the Guidelines is 0.0036 µg/l as a 24-hour average, and the con- 

centration should not exceed 0.053 µg/l 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 2.00 ng/l,, 0.29 ng/l,, and 0.020 ng/l, respective- 

ly* If the above estimates are made for consumption of aquatic organisms 

only, excluding consumption of water, the levels are 2.04 ng/l, 0.20 ng/l, 

and 0.02 ng/l, 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. During 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 C10H5Cl7, a molecular weight of 373.35, a 

melting point of 95°C and a vapor pressure of 3 x 10-4 mm Hg at 25°C (Met- 

calf, 1955; Martin, 1972; Windholz, 1976). It has a solubility in water of 

0.056 mg/l 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-methanofindene. 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 
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has a vapor pressure of 4 X 10-4 mm Hg at 25°C and a density of 1.65 to 

1.67 g/ml 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-poxychlor- 

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, l958). 
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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 aquatic 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 impurities; these impurities are primarily trans-chlordane, cis- 

chlordane, and nonachlor. 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. 
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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. No 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 

DDT 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, hcptachlor is more toxic than DOT. 

It is difficult to determine how many of the variations in results are due 

to differences fn specfes 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 rg/l for a 96-hour 

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

exposure wfth the cladoceran, Sfmocephalus serrulatus (Table 1). Larvae of 

the Fouler's toad were tested by Sanders (1970)(Table 6); the 96-hour LCSO 

fs 440 ug11. 

Freshwater fish SpeCfeS are generally less sensftive to heptachlor than 

are invertebrate species (Table 1). Ninety-six-hour LCsO values for fish 

species range from 10.0 ug/l for rainbow trout to 320 rg/l for goldfish 

(Table 1). 

The Freshwater Ffnal Acute Value for hcptachlor, derived from the spe- 

cies mean acute values lfsted in Table 3 using the procedure described in 

the Guidelines, is 0.52 ug/l. 

There is little information regarding the possible effect of water hard- 

ness on the toxicity of heptachlor. The 96-hour LCsO values for fathead 

minnows exposed to technical grade heptachlor in soft and hard water are 130 

and 78 ,,g/l, respectively (Henderson, et al. 1959). It is difficult to for- 

mulate any cor~lusions regardlng 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 ECSO values decreased {toxicity 

increased) from 92 rg/l at 45’F to 22 pg/? at 85.F. Macek, et al. (I969) 

found essentially RO difference in toxicity to rafnbow trout when tested at 
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1.6, 7.2, and 12.7.C (Table 1). Nactvi (1973) found 100 percent mortality of 

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

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

found that with the cladoceran, Sftwcephalus serrulatus, the 48-hour SC 
50 

values for heptachlor were 47 ug/l at 60'F and 80 "g/l at 7O.F (Table 1). 

Only one acceptable freshwater study was found that compared the rela- 

tive toxicity of heptachlor to its cormnon degradation product, heptachlor 

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

termined the 26-hour LCSO for DaDhnia magna to be 52 ug/l for heptachlor 

and 120 vg/l for heptachlor epoxide (Table 6). 

Many authors reported LCso 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 variatfon existed among 

species. The ratios of 96-hour124-hour and 96-hour/4&hour LCso values 

ranged from 0.45 to 0.97 and 0.57 to 1.00, respectively. The relationship 

of q. values to exposure time was more dramatic and variable for inver- 

tebrate species. The range of values for the ratio of 96-hour/2&hour 

Lc50 values was 0.06 to 0.56. Exposure time, therefore, can significantly 

affect LCSO values for invertebrate species exposed to heptachlor. 

Heptachlor has been shown to be acutely toxic to saltwater fish and fn- 

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-chlordant, nonachlor, and related compounds. There are insufficient 

saltwater data to evaluate relative toxicity of heptach)or and heptachlor 

epoxide. However, the data available suggest that toxicity of the technical 

material is mostly attributable to heptachlor and that toxiCWeS Of hePta- 

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



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 

heotachlor. 

Saltwater invertebrate species seem to be more sensitive than fish spe- 

cies to heptachlor and heptachlor epoxfde 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 KS0 values as low as 0.03 ug/l (Schimnel, et al. 1976a). Other 

species, such as the blue crab and American oyster, are 2,100 to 950 times 

less sensftive, respectively, than the pink shrimp (Butler, '1963)(Tables I 

and 6). Ninety-six-hour LCsO 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 LCsO of heptachlor for the grass shrimp based on a static ex- 

posure using unmeasured concentrations is 440 ug/l (Eisler, 1969). whereas 

the result from a flow-through test with measured concentrations is 1.06 

Ug/1 (Schimntl, et al. 1976a). A similar relationship is true for the 

American oyster. Test results from a flow-through exposure with unmeasured 

concentrations (Butler, 1963) were 27 and 30 ug/l and, using flow-through 

procedures and measured concentrations, Schinmcl, et al. (1976a) determined 

a 96-hour KS0 of 1.5 ug/l. Generally toxicity data obtained from static 

tests or those In which concentrations were not measured yielded higher 

acute values for heptachlot than other tests. The range of Es0 values 

for saltwater invertebrate species is from 0.03 to 440 ug/l. 

The 96-hour LCSO values (Table I) derived from flow-through .tests with 

four saltwater fish species range from 0.85 to 10.5 ug/l (Kern and Earnest, 

1974; Schfnwnel, et al. 1976a; Hansen and Parrish, 1977). Results of static 

exposures of eight fish species are mare variable and yield higher LCso 



values than those from flow-through tests; i.e., 0.8 to 194 “g/l (Katz, ._ 
1962; Eisler, 1970a). LC60 values derived from tests using aeration, 

static test procedures, Or unmeasured concentrations probably underestimate 

the toxicity of heptachlor (Schirnnel, 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/l. 

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 

ugl1. Al I fish exposed to 1.84 ug11 wert dead after 60 days, No adverse 

effects on parental fish or their offspring were noted at concentrations of 

0.86 Vg/l or lower. Analytical difficulties were encountered during the 

last 10 weeks of the 4O-week exposure perfod. 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/l. Data on the 

acute toxicity of heptachlor to fathead minnows indfcatc 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 LCSO values from tests conducted by the SW 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 lCSo values for 



invert&rate specjes were lower than the chronic value for fathead minnows, 

It is reasonable to expect, therefore, that sane freshwater invertebrate 

chronic values would be lower than the available freshwater fish chronic 

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, Myoidopsis bahia (U.S. EPA, 1980). Mqrtality of mysid 

shrimp exposed to measured concentrations of 0.17, 0.64, 1.3, and 3.1 vg/l 

was significantly greater than that in the control. Mortality of animals at 

an intermediate low concentration of 0.33 "g/l was not significantly differ- 

ent from controls. Because of thfs anomaly in the data, the more conserva- 

tive estimate of effect on mortality Is used (0.64 rg/l). Statistjcal 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 "g/l 

heptachlor was the most sensitive effect. 8ecause 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 l&week partial life-cycle exposure begun with juveniles 

(Hansen and Parrish, 1977). Survival was affected at concentrations of 2.8 

ug/l and greater (Table 6). Embryo production was signfficantly decreased 

at the lowest concentration tested, 0.71, and at test concentrations of 1.9 

to 5.7 ug/t. An lnttrmedlate test concentration, 0.97 #g/l, did not cause 

reduced embryo productfon significantly different from controls. Because of 

this anomaly In the data, test results were included In Table 6 rather than 

Table 2. 
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The chronic toxicity Of technical heptachlor to sheepshead minnows was 

also measured in a separate 28-day early l'ife-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/l (Goodman, et a?. 

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 "g/l, respectively). Growth of fry in the early life-stage test (Good- 

man, et al, 1978) was significantly reduced at concentrations of 2.04 Ug/l 

and above. NO detrimental effects were observed at 1.22 ug/l. If observed 

decreases in embryo production in the partial lffe-cycle test at 0.71 Ug/? 

are an anomaly, then the results from the &ryo-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 life-cycle 

tests on this fish species and mysid shrimp (Table 6). The chronic value 

from the early life-stage test is 1.58 "g/l, and the acute-chronic ratio is 

3.9. If effects observed in the sheepshead minnow partial life-cycle test 

at 0.71 ugll and in the mysid shrimp ljfe-cycle test at 0.17 ug/l 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 g&hour tests wfth a freshwater algal species, Selenastrum capricor- 

nutum, have been conducted (Table 4). The ECSO values obtained are 39.4 

and 26.7 ug/l. Tt should be noted that the exposure concentrations of hep- 

tachlor rapidly dlminished during the course of the tests, and substantial 
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muntS of hydroxychlordene were Present and may have contributed signifi- 

cantly to the toxic effect (Call and Brooket 1980). 

Informatfon 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 qalbana, Porbhyridium cruentum, and Skeletonema costatum, are fairly 

similar. The 96-hour EC50 values range from 93 to 273 ,,gjl. The ECSO 

for a fourth species, Dunaliella tertiO?ecta, is 8 to 24 tinies higher (Table 

4). 

Toxicity tests with the marine dinoflagellate, Exuviella baltica, show 

effects of heptachlor at a concentration of SO ug/l (Table 6). Cell densi- 

ty* chlorophyll 5 per unit volume of culture, 14C uptake per cell, and 

carbon fixation per unit of chlorophyll 5 were reduced at this concentration 

after seven days. The natural phytoplankton community study was a bhour 

exposure at a single exposure concentration of 1,000 ug/l. This concentra- 

tion of heptachlor caused a 94.4 percent decrease in productivity (Butler, 

1963)(Table 6). 

Residues 

The only approprfate residue studies on freshwater species are those re- 

DOrted 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 bluegills 

held in plastic pools were fed food contafning heptachlor at either 25.0, 

10.0, 5.0, or 0.0 mg/kg/day (Table 6); tests were run in dupldcate. Effects 

on survIva1, histopathology, and growth were monitored. In general, adverse 
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effects were found at a feeding rate of 10 mglkglday. In order to determine 

a maximum daily dietary Wake level for wildlife, a value of 7.1 mg/kg/day 

{the geometric mean of 5 and 10 mgtkglday) was calculated. 

Qata on the bIoconcentration of heptach'lor and heptachlor epoxide from 

water dnto the tissues of saltwater organisms are given in Tables 5 and 6. 

The only BCF values available at steady-state for heptachlor and heptachlot 

epoxide are those for fish species (Table 5). 

The three studies (Schlmncl, et al. 1976b; Hansen and Parrish, 1977; 

Goodman, et al. 1978) listed in Table 5 used technlcal 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 fn the exposure water. Schlmn~l, et al. (1976b) measured 

only heptachlor in the exposure water. Each study measured concentrations 

of heptachlor, heptachlor epoxfdt, 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 

concentratfon of heptachlor fn whole body after three days (Schimnel, 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 

timts higher than residues In edible portions of fish. After a 2B-day peri- 

od of depuratfon, less than 10 percent of the maximum amount of heptachlor 

remained in tissues; It was either lost or metabolized to the epoxide 

(Schimnel, et al. 1976b). 

Juvenile shecpshead minnows exposed In two separate expert 3 for 28 

days to technical grade material had similar BCF values, Le., 4,667 and 

5,700 (Hansen and Parrlsh, 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 lipid value for the 

same species provides a BCF value adjusted to 1 percent lipid content; this 

resultant 

The 

for 

tor. 

chlor 

0 

mglkg 

BCF value is referred to as the normalized bioconcentration fac- 

geometric mean of the appropriate normalized BCF values for hepta- 

freshwater and saltwater aquatic life is 5,222 (Table 5). 

ng the U.S. Food and Drug Administratfon (FDA) action level of 0.3 

edible fish and shellfish by the geometric mean of normalized BCF 

ividi 

for 

values 15,222) and by a percent lipid value of 15 for freshwater species 

(see Guidelines) gives a freshwater residue value of 0.0038 Ug/l based on 

marketability for human consumption (Table 5). Dividing the FDA action 

level (0.3 mg/kg) by the geometric mean of normalized BCF values (5,222) and 

by a percent lipid value of 16 for saltwater species (see Guidelines) gives 

a saltwater residue value of 0.0036 ug/l. Also based on marketability for 

human consungtion, 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 rg/l is obtained (Table 5). No 

appropriate BCF value for edible portion of a consumed species is available 

for freshwater. The Freshwater FSnal Residue Value is 0.0038 ug11. The 

Saltwater Final Residue Value is the lower of the two calculated residue 
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values and is 0.0036 ug11. It should be pointed out that the Final Residue 

values may be too high because the average concentration in a high lipid 

species will be at the FDA action level. 

Miscellaneous 

Macek, et al. (1976) reported an incipent LCsO of 7.0 "g/l for a 

lo-day exposure of the fathead minnow (Table 6). This incipient LCSo 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 equation 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/l. 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 

ugll. 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- e- 

ty have also been reported by several authors (Table 6). The value of these 

data for criteria derivation is limited, however, since no envjronmental 

dose relationships were tested or derived. 

A study by O'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 #g/l 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/l there were no species that grew at less than 50 percent of con- 

trols. At 1,OQO ug/l two species grew at less than 50 percent of controls, 

but there was also one specjes 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 epoxjde are based on short-term exposures and are probably not 

steady-state values (Wilson, 1965; SchimMl, et al. 1976a). These values 

are also measured at effect exposure concentrations. Two shrimp species, 

pjnk shrimp and grass shrimp, showed less bioconcentration in 96-hour expo- 

sures to teChnica heptachlor than did another invertebrate species, the 

American oyster (BCF values ranged from 200 to 700 for the shrimp and from 

3,900 to 8,500 for oysters). A 8CF of 17,600 was obtafned in a separate 

IO-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 6CF values for two 
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species tested. The pink shrimp had BCF values of 200 to 300 when exposed 

to technical materfal 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. 

Sumnary 

Acute toxicity data are available for 18 freshwater invertebrate and 

fish species. Species mean acute values range from 0.9 to 78 "g/l for in- 

vertebrate species and from 13.1 to 320 ug11 for fish species. A single 

life-cycle test has been conducted with the fathead minnow, providing a 

chronic value of 1.26 ug/l and an acute-chronic ratio of 80 for this spe- 

cies. No chronic data are available for any freshwater invertebrate species. 

Steady-state bioconcentratfon factors for fathead minnows are 9,500 for 

heptachlor and 14,400 for heptachlor epoxfde. Adverse effects on bluegills 

were observed at a feeding rate of 10 mg/kg/day. ECSO values of 39.4 and 

26.7 ugll are avajlable for a freshwater algal species, although hydroxy- 

chlordene was present In the test solutions and may have contributed signff- 

icantly to the observed toxlcfty. 

Acute toxicfty data are available for 19 species of saltwater organ- 

isms. The range of species mean acute values is from 0.04 to 194 ug/l. The 

96-hour LCgO values for plnk shrimp from flow-through tests with measured 

concentrations are 0.11 ug/l usfng technlcal heptachlor and 0.03 UgIl 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 whfch resulted fn a chronic value of 1.58 ug/l 
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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/l. ECSO values 

for four saltwater algal species range from 93 to 2,260 ug/l. 

The saltwater bioconcentration data show that uptake of heptachlor is 

fairly rapid, reaching a maximum in one study in three days. However, hep- 

tach'or 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 deputation, ap- 

proximately 90 percent of the heptachlor was either elfminated or degraded 

to heptachlor epoxjde. 

freshwater and Saltwater Final Residue Values of 0.0038 and 0.0036 ,,g/l, 

respectively, were derived. However, these Ffnal Residue Values may be too 

high because the average concentration In a high lipid 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/? as a 24-hour average, and the con- 

centration should not exceed 0.52 pg/l at any time. 

For heptachlor the criterion to protect saltwater aquatic life as de- 

rived using the Gufdclincs is 0.0036 ug/l as a 24-hour average, and the 

concentration should not exceed 0.053 ug11 at any time. 
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Tablo 1. (Cortlmod) 
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B-18 



Tmblo I. cat Irumd) 

spa!.8 

Thruglnm stlchlobwk, 
Gutmrutws eaI!Ytus 

ThrmBsplna stlckloback, 
6dtwutaIs bculmbtus 

Stflpod bps, 
Worono uutllls 

Pint Ish, 
-ldos @lodon 

SW, 
Lolo8tamIs xmthwur 

sm, 
Lolutamm unmurus 

Bll&Wd, 
7)ul lum bltwclatu 

StrIpad ml lot, 
CMBIUS ktgll 

lbrthmrn puffer, 
Splnuoldr nculatur 

lwhod~ 
s, u 

s, u 

n, M 

n, M 

s, u 

s, u 

s, u 

chmlul 

tbptach Iorb 

TechnIcal 
lteptuch lor (72s) 

Technlul 
hoptach lor (72s) 

tbptach lor 
(*p%) 

TochnIcaIC 
hoptach lor 

TochnIca!= 
tmptach lor 

lbptach lor 
p--%1 

tlmptwhlorb 

kptach Iorb 

tiptrhlorb 

u-3wEc50 
Qm/l) 

3 

III.9 

Ill.9 

3 

3w77 

Q85 

486 

0.8 

I94 

I68 

Spulw moma 
Aartm Vblw 

ml/l) 

3 

112 

3 

3.77 

0.86 

0.8 

I94 

188 

Il.1 YMcm 

Elsler, IO’FOa 

Katz, I%! 

Katz, I%! 

Korn 6 Esrnrt, 1974 

Schlmtol, l t al. 
1976s 

Schlael, l t al. 
l976a 

Schlmd, l t al. 
I976a 

Elsler, 19704 

Elsler, 19704 

Elsler, \97Oa 

l S l rtdlc, FT - t la-through, U - unaubwrd, W - wuurd 

l m Author awortod from tochnlcal gsda (721) to IOOS rtlvo lngrdlmt. For tlm purpose of this cd terlon 
doccwnt , LC50 was cmvutmd tmck to tochnlcel g&o. 

l .Vuthors cuwutai fra tochnlcal gads of urspultlod pucont bptachlw to lOO$ act!* Ingredient. For thls 
crltorlan Qcuwt8t It c)(r US& that the twhnlcal gra& ues 72s and LCM vslur uuo converted back to 
twhnlcol gak. 

a LO: amount ot chmcal atllrsted to reduce rho!! gath h 50s. 

b Entm1. SOC. k. rofersnco standard. 

C Technical rrsterlslz 65s bptwhlw, 221 trans-chlordsnm, 2s cls-chlordsno, 2% nonachlor, and PI 
unldontlfld CarpOUnds* 

B-19 



Lldtm cbmlc Value 

ME!35 Tnt' ChbmlcaI &yg& C&a/ID 

FfIEsHIATER SPECIES 

FatW &WIU, 
Plroklw pramlas 

LC tloptachlor o-66-1.m I.26 

SALTWATER Sf'ECIES 

ELS Tuhalcal~' 1.22-2.04 I.58 
hptwlblor 

Mmuk, l t al. 1976 

Gwxhll, l t al. 1970 

@ LC - Ilh cycle ar putlrl Ilfm cycle, ELS - mrly Ilfm staga 

NmT~lal rtrlalz 65s hmptrhlor, 221 trms-drlordane, 21 clm-chlordan~, and 421 nonschlor 

halte-ceuonlc Fmlos 

SpecIos 

Fmtttoad l lnmw, 
Pleophalms prcmolas 

kutm c4wcmlc 
Valw VllW 
ma/l) A!a&L - fwlo 

101 1.26 M 

Slmapshud l lnnom, 
Cyprllwdom vul~tus 

6.22 I.50 x9 

B20 



llaak’ 

I7 

I6 

IS 

I4 

13 

12 

11 

IO 

9 

a 

7 

6 

Tablm 3. Spaclr man wutm nluas rd wute-chramlc 

Goldf Irh, 
Carass lur aurbtus 

GVQPVI 
PoecIlIa ratlarlata 

Ftithoad mlanow, 
Plmphala prclaoI~8 

cob salmon, 
Onawhynchur klrutch 

Clabtxran, 
magna Oaphnla 

Cl ado-ran, 
Slmowptbalus surulatus 

Scud, 
-us fmsclatur 

C Isdocmran, 
pulor Osphnla 

Scud, 
Gammrus Iacustr Is 

Bluagl I I, 
Lqomls wcrochlrus 

ChInaA rsloon, 

FRESHWATER !%‘EClES 

Tuhnlcal 
hapt ach I or 

rat!06 tar bptuhlw 

Smlr ban Spocla boa 
Acute V4lw hate-ikonlc 

Cvn/l B Rat10 

3a-l 

Tuhnlcal 
heptuhlor 

I48 

Tuhfllcal 
hptuh lor 

Tachnlcal 
hptwhlor 

Tochnlcal 
Imptech lor 

78 

Trhnlcsl 
hoptahlor 

61.3 

TWAlllCrl 
hqduchlor 

47.3 

Tochnlcml 
bmptachlor 

42 

Tochnlcal 
hqtuhlor 

Tochnlcal 
bptech lor 

29 

26 

Tuhnlcal 24 
Oncorhynchus tshawytscha 

fbleu runt Ish, 
mlcrolophus Lqonls 

Rslnllou trout, 
Selr, gslrdner I 

hoptuh lor 

Twhnlcal 
haptachlor 

Tochnlcal 
hoptech lw 

23.6 

13.1 

B-21 



Bnkm Spulw 

5 Cnyt I sh, 
Orunmctms nalr 

4 stoner ly, 
CIMssrrI~ ubulosa 

3 Glass shrlql, 
Pal-tos rudlakmrls 

2 Stonmf ly, 
Ptuonucys Cal Itorrlc4 

I stonmr ly, 
Ptuonarcml la bedla 

19 

I8 

17 

lb 

I5 

14 

I3 

I2 

Strlpd ul lot, 
e,us rruprr 

lbrthora puttw, 
SphmmrolG mculatlar 

Tkrasplnm stlcklmbwk, 
Gutuutmus eculwtus 

Hwrlt crab, 
longlcarpum P~QWUS 

-1c))og. 
Fwdulur hotwocl ltur 

Strlpod kllllflrh, 
Funbrlur rJaI Is 

Kuem ahrl*, 
PaIs rcrodactylus 

Mlcsn WI, 
Angul I la rostrata 

Clrrlul*’ 

lu~lcal 
heptah lar 

Tuhnlul 
hmptuh la 

Tochnlcal 
hoptacib la 

Tochnlul 
hoptub lor 

SMTMTER SPECIES 

tbptuab Ior”” 

lbptah !a+~ 

Toctu~lul 
hmptuhlor 

Hqew;klar” 

t&ptrh Ior... 

)Irgtachlor~“ 

spaclu ema slmclw DhN 
kutm Vmlw Acvte-choalc 

r&l, R&t,0 

7.0 

2.0 

I.0 

I.1 

194 

181 

112 

55 

so 

32 

14.5 

IO 

B-22 



Tab!.;). emtImed) 
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Myrldops~s b&la 

Atlantic sllwsldo, 
Honldle mldla -- 

StrIped lmss, 
Morcmm uxatllls 

kwlcen oystu, 
Cmssostrw vlrglnlcs 

Grabs shrllg, 
Pal-tos vulgerls 

*at, 
Lmlortoaus xanthurus 

Bluohosd, 
Tlu I Imsscm bl fesc Iatur 

Pink shrlw, 
Poneous duorum 

Chrlul- 

tlmptachlor”” 

m&Q 

Tuhnlcal 
hoptech lor 

Meptachla’*‘m 

l+mptsch Ior-” 
(Both trhnlul 

Urd-Wl 

HDptuh Ior’*’ 

spwlw Mmm 
Acutm Valcn 

(&WI) 

8. 

spu!rrMoM 
hcute-chonlc 

Rat10 

6.22 3.9 

3, 72 

3.4 

3 

3 

I.5 

I.06 

0.86 

0.0 

a 057 

a Ranked frm feast unsltlve to crt wnsltl~ bsed an rpulos aam aut* valw. 

l * 7ochlcal rtmrlal: 721 hoptachla and 26s reistd compounds unlrrr noted crtherxlse, 

14. Entoml, Sot. h. rm~wence stander& 
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l @@q&lal utmrlalr 65% hopttilor, 221 trms-drlordum, 21 clr-chlordum, 2s 
wychl~, l d 9# ual&dlt!d ~~~otwds. 

Frahrbtu FInal Acutm Vmlw tar hoptrcklar - 0.52 w/l 

Saltuatu Flu1 Acutm Valw for hmptechlar - 0.053 w/l 
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lebla 0. PImat nlums for kptmchlw 

c4bulul Lifut 

FRESWATER SPECIES 

Heptach lor 96-hr ECSO, 
gath lnhlbltlm 

tbptactl loc Q6hr Ecm, 
pavth InhIbItIon 

a30, rduct Ion 
In growth m 
uuurd by 
absorbancm 

ECSO, roduct Ion 
In gouth as 
wmrurd by 
abuxb8ncm 

ECSO, rduct ion 
In gatb 8s 

momurd by 
mbwbmnco 

tkptach lor 
(9%) 

EC%, rduct ion 
In gouth u 

wuurmd by 
l bsorbnce 

RuuIt 
.cm/l, Rmtumnu 

39.4. Cal I & Brooks, I960 

26.7’ Cal I & Brodco, 1960 

2,260 U.S. EPA, 1960 

157 

213 

93 

U.S. EPA, l9M) 

U.S. EPA, 1960 

U.S. EPA, I960 

l Tort rolutlonr of tmptachlor ccmtmlned trcm 6 w/l hyboxychlordomo In tha low-t tnt mncontrdt ion 
of 6.6 p~/l to 25 rg/l hyboxychlordono In th hlgbot trtd commntrst Ion of 57 &I. 
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TabI. 5. ~Iduaatar~twblclr 

LIpI BIocmantratlam 
A!!- 

ourmtta 
WICBI futar tdmyr) aotwmnco 

S~rhamd rlnmu YholObodV - 
(Jumlld, 

Cyprlnodam vufeaatur 

Shmmprlmmt l lrnar molm body - 
(Juvw1lIa1, 

Cyprlnodaa WJ~tus 

Stmmprhmul l lnna 
lJwwrlIo), 
Cyprlnodar varlo&u* 

sheap8hmuJ olwlou, Ubolo body - TmchnlUl~ 
(Juvwlle), llmp+uhloP 
Cyprlnodom vrlaQa+ur 

ShupdmDd l lnnar multi, Wholo body 3db T#CMLUl 
Cyprlmdom vatoQa+ur hmptrhlu~ 

SJmpsM mlnaa Yhol*body - Tchnlul 
~Juvoall.), hptrbl# 
Cyprlnodon mr1m!mtu* 

spd, Edlbla tlrsuo - Tochalul 
Lolostour xwthurufi hopttiloe 

spot, inKal* talty Lib TOChlul 
LoJwt4ur xaatbutur h.ptuAIor~ 

Spot, Pdlbk tlswo - bchnJul 
Lolortarrr xmnthurur hoptuillor" 

FRESWATEJI SPECIES 

Fsthoad &mm, 
Plmoplmlw prmlu 

Yholo haly 7.6 )Irgtaa1or 9.m 32 Vmlih, et al. l9)9 

Fathead l lnna, 
PIamQtbblrr prcmdmr 

WKmbody 7.6 khptuhlw 
OpGUJb 

SALTUATER 5PECIES 

14,400 12 Vmlth, at ml. 1979 

20 Goohm, at rJ. 1916 

Tochnlul 
haptac)r Ior.. 

6,456 26 GM&an, l t al. 1978 

4,953 a Goodman, l t al. 1976 

4,661 26 Goal8am, l t sl. 1978 

37,ooo 

5,'100 

116 

26 

kmen & Purlsh, 
1977 

24 schlmd, at al. 
1976b 

24 SCC~U’, l t al. 

24 5chlmI, l t al. 
l976b 
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SPo+, 
Lmlatomls xM+hurur 

Lipid 

(2, Chrrlui 

Hhol* body Lib ToclulIcal 
hrptch Ior’* 

Bl-tratlar 
Futor 

5,744 24 SchlmI, l t ml. 
1976b 

Edlblm tlrwm - Tochnlut 
hmptclch Ior= 

4,666 24 SchlmI, rt et. 
lQ#b 

Wholo body I.lb Tochnlul 
hmptrhtior= 

II, 262 24 Schl--I, l t ml. 
l97& 

l Coac~+r~+l~ of kptahlor In tlrsw dlvlti b concmntrmtlon of hptwhlor la ratu. 

l @ Conont~tla of ~techlar wkd hopttilor mp0rlb In +lSM dlvlti b conontntlon ot hopttilor In rotor. 

l vW+retl~ of hpttilar ud tr~~-chIoMrm In +ISWIO Plvlbd by concentrmtlon of hptwhlor and trsns-chlwdana In rater. 

l Concowtr~tlon of hptwhlor, hoptrhl~ q-16, trnr-clrlordana nd cl~-chl~~dmno In tlsw dlvldmd by concentration of 
hopt~lar and +rws%hlordvrr In rater. 

b Puoutt lIpId data tram Hn8an. I99lL 

c Wtrotlon al lrptrhlar, bmpiachlor -1ti, trw-c@Iw&rr md cls-chtodanm In tlsun dlvldad by mniratlon ot 
~tacblor In Mu. 

hxlw Pnlsrlbl* flssuo lkecmtratlon 

Actlon 1ov.l ay Eftoct RmtwMca 

Fish ad sholltlrh 0.3 U.S. FM (Lldmllno 
142o.M, 1979 

Roducd survlv4l, 
81umglll. 
L-Is rocrochlrus 

7.1 h&us, mt al. I%6 
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orurtrlc yn ot appraprlat* norwllzai BCT valuaa (w t*xt) - 5,144/I.i - 5J22 

fM actlo* Iwet tar tlsh md 3wlltlrh - 0.3 wg 

Puaat I lpld vrluo far frrlratu waclr tw Guldallror~ - I5 

Puaat lip16 vmlw lor ultuatu apaclr (see Gul&ilnu) - I6 

0.3 
np * 15 

- o.ooow3a * - 0.00% ro/l 
, 

0.s - aooQy1% q-@&g - 400% rp/I 

frdr8tu flnBl Rrldw yo1uo - O.ooY pg/r 

sal+wtu PI-1 ao@lW VblW - QOOY pgo/l 
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)Crrws 
rlsal luwou 
Iruutobro+m 

Tubltlcld worm. 
armchlw* lawrbvl 

Tubltlcld uaa, 
fhncblwa -byi 

TubIf lcld worm, 
%tilwa MmubYl 

CrartIsb, 
Procdww clwkl I 

ChrfUl 

bptrh lor 

ttmpt8cil #or I71 deyi 

INptuh lw 

kptach tar 
qatldr 

Hlgt8chlor 

bptrh IQ 

Wptrhlor 

tlmptachlw 

Ilwutt 
fhBf~+lan Ettoct tlla/t) RdUW 

FRIESWATER SPECIES 

2 rks 

26 hrs 

26 hrs 

72 two 

72 tul 

72 Jvs 

vwl4bl* 

Rmduct Jon In grath 7OS of 0'K.lI.y and ooauln, 
SWIU 1976 In hptachlor~ 

4plhmt Fu-I mlgsl 
udla 

imu to 3 I-901 ot 
CcMtrOlS 
IO &I 

loos mortality In 
24 kr; roturnd 
to norul popula- 
tlon lOHI @ 
dsy I4 

Lao 

tmo 

wag mor+a4lty 
8, 4.4 c 

z . rYtv l t 

loos morhl l+y 
8i 32.2c 

Tir to dwth 
l ftu canwring 
UwriMtmd 
+ublflr,* 
W' 

52. I hdrmus, et al. 1966 

52 

IZO 

2,= 

2,= 

2,= 

2 

h-mar A BDyd, I%7 

frea I Boyd, 1961 

Naqvt, 1973 

tbqvl, t971) 

bqvl, 1973 

Cr~yt lrh, 
Procdauus c luk f I - 
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lmbfo 6. Kontl*u-i) 

5E5kE 
Glass r)wlrp, 
PaIammotw kmdImlwIrlr 
Fwlor’r t-d (luva), 
But0 uoodhoUrll falwl 

8ullfrq) (lwvr), 
Rana utrklana 

Ralnbcu trout, 
Sal*0 prlr&wl 

Ralnba* trout, 
salro ~lrdnul 

Atlantic utmon (Juv4nl I&, 
kla ralu -- 

fathoall l lnnuw, 
PlapheIos pramolu 

Moqul tot Irh, 
Gamturl~ l tflnls 

Mosqultof Ish, 
Gmburla l ftlnls 

fllwglll, 
mecrochIrus Lmpwlr 

8lueglll, 
L-Is rscrochlrus 

chrlul 

Heptach lor 

Mptach lor 

tlaptehlur 

Hoptach lor 

ttoptwh Ior 

Haptah lor 

Hoptuh lor 

HIQtachlor 

Mptwh lo* 

kptach lor 

kbptsch lor 

Durat Ion 

24 hr 

96 hrs 

40 hrr 

I5 aln 

I5 l ln 

24 hrr 

IO dq8 

46 tlrs 

36 hrr 

171 days8 

I71 &yr* 

Effet 

lC50 

lC30 

aO# acrtallty In 
cagr nltmmrgd 
ponds Qrul rlth 
owlrlflabl~ 
concontrato 

67s lnhlbl t Ion 
of MaK-ATPaso 

,I$ lnhlblt loa 
of NJ-ATPW 

Chan~0 In tow 
l tur* wlet Ion 

Inclplent LCH) 

642 aorta1 Ity In 

440 

0.5 
I bS/am@ 

37,550 

3,735 

No l ffct 
up to 23 

7.0 

0.5 
cagr Unugd In Ibr/uo 
ponds Qsod a I th 
~lslflabl* 
concontrat* 

Lc50 70 

ml aol-tsllty 69.4 

Gr0rm ad Ho effect 
rgrolfuct Ion rhro fish 

ksult 
!)o 

40.6 

wrvl ved 

Naqvl 6 forguson, 
1970 

sanders, 1970 

Mulls, l%J 

Oavls, ot al. 1972 

Dsvls, et al. 1972 

Peterson, 1976 

Macdc, l t 61. 1976 

MIllIS, I%3 

Boyd 4 forgum, I%4 

Andreus, et 81. I%6 

Andreus, et at. 1966 
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Blumgl Ii, 
rccachlrur LoaIr 

9lqll I, 
ruochlrw Lmp0ml8 

-1-1 

tiqhch lor 

Mmptachltw 

tbptsch lor 

&pt8eAIw 

wtrh lor 

lbptach lar 

~tachlot 

Hoptutl Iw 

a l la 

25 l lrl 

%lKS 

96 hrr 

Eftut 

II&sum WCIU- 
Iat lam 

SS-a!J$ Inhl- 
bltloa ad w- 
and )IpJlfPum 

rs-47# InhI- 
bit la of MaK- 
aad Wq-AfPu* 

LQO ot Iwptm- 
chla m ufrl- 
fl&blrn coflan- 
trmt* la sott 
*otu 

lc50 of haptw 
hlor a ulrl- 
flab I. conon- 

tratb In hrd 
rmtu 

andt 

AJd!L Amfwmaa 

*Xl- Amtrmus, d d. I%6 
rcuulmt Ion 
of 1,526x 
lrlt Iml &Jr. 
concmatrd Ion; 
rmturs to 
nwrl mftor 
# &P 

=taG~Y 
Aodrmur, mi al. \%6 

5 to 25 Anb-ws, et l l. 1966 
ww*Y 

15,400 CutkaqJ, mt ml. I971 

l6,2!70 cufi.ap. l t al. I971 

22 kndwron, l t ml. 
I960 

II Hsndlbrsori, l t al. 
I960 



Tablo 4. lthmtlnumd) 

SPmcla 

Blumgl II, 
LmQaDlS rcradlrur 

Blumgl I I, 
L-Is r#rochlrus 

Blugl I I, 
Lopals mcrochlrur 

Blumglll, 
Lmwalr wcrochLru8 

Bluegl I I, 
mcrochlrur Lmpolrls 

Rdmu wntlrh, 
l lcrolaphur 1-1s 

RW wnflrh, 
l Icr0loPhu8 LmpmlS 

Rmdmmf unflrh, 
q lcrolophus L-18 

Rodmu sunflrh, 
L-Is l luolophus 

Rmdmmr wnflsh, 
L-IS rlcrolaQhu8 

Natural phytoplenkton Technlcdt 

CrrlltlmS hmptachlaN4B 

Chnl~l 

kptach lor 

Hmptach lar Unrpmclf Iwl 

Mmptactl lot 

Hmptach lor 

Mptuh lor 

Hoptach lor 

Hmptachlor 

kptach lor 

timptach for 

Haptach lor 

ouratlon 

unrpmclflmd 

Unrpw Iflul 

Unspu Iflad 

Unspmcltlmd 

24 hrr 

24 hrs 

24 hrr 

24 h-8 

24 hrr 

Ef 1ut 

07# lnhlbltlon 
of 02 utlllzm- 
tlon by mlto- 
chardrIm 

2w lnhlblt Idn 
of fo4 utlllzo- 
tlcm b 

I 
rlto- 

chondr a 

!Kt# lnhlblt Ion 
of rltochondrlal 
M+PSSO 

50$ InhIbItIon 
of traln 
HJ(-ATPUO 

50# InhIbItIon 
of brrln 
t&c-ATPa* 

EC30 l t 45 f 

Hi50 at 55 f 

EC50 at 65 F 

Elm 4t 75 f 

EC50 l t 65 f 

SALTwAlER SPPCCILS 

4 hrr W.41 der*sso In 
productlvlty 

E-32 

Rrrvlt 
(w/l) 

370,ooO 

310,ooo 

6,790 

16,434 

8,179 

92 

64 

41 

34 

22 

I.000 

Rmtrmmcm 

HI It Ibran, 1974 

HI It Ibran, 1974 

Yap. et al. 1979 

rdp, et sl. 1975 

Ya9. et al. I975 

Brldycs, I%5 

Brldyes, I%5 

BrIdgei, I%5 

Brldyes, I%5 

Brldger, I%5 

Mui ler, I961 



Spmclw 

Olnof la 
EMIlvIol r 

IWO, 
l m 

Amrlcan oyrtu, 
cruaatrw vlcnInlcn 
bulan oyrtu, 
crassutrw vlalrlu 

ermr arlq, 
P~lworutW vulprrlr 

Qrrr SW*, 
Pal-tw nllaulr 

6rrr shflg, 
Pal-tr vufpvls 

Gr888 swip, 
Palmmonmtw vulgrrlr 

Grass rhrlp, 
Poluorntw vulgrrls 

ChdUl 

Tochnlcal 
hmptech lor”M 

T*hnlC@l 
haptm Ior.” 

Trhnlul 
hmptadl Ior.*” 

YEY-- 

lbptachlor* 

tiqeuhlor~ 

HmQtrhl& 

Msptuh lo? 

ti@achld 

tbptach lo* 

kbptach lo@ 

kduod all &n- 50 
rlty, chlorophyll 5 
par rnlt ~IuDD of 
culturm, C 
uptab pmr cmll and 
carbon flnmtlon * 
unit of drlorophyll 2 

6 loconantrat I 
factor - 17, 603 

B locaclcmntrrt Ian 
tact 

“6 
- 3,9lm to 

a,= 

Raducmd 8urvl WI 

%bnj aclrtal Ity 
12 QlLO ul lrlty 

25-SOS mrtmllty 
I6 @ig UlIRIty 

2%50s mrtel lty 
24 pAta ul lnlty 

25-50s lorial lty 
WI &kg ullnlty 

z -ta’lty 

a64 

400 

400 

400 

400 

400 

a0 

400 

400 

R*f UN 

bb9nanI. l t at. 1978 

Wilson, I%5 

Schlml, l t al. 
1976s 

U.S. EPA, 1980 

Elslmr, I%9 

Elslmr, I%9 

Elslu, I%9 

Elstmr, I%9 

Elslmr, I%9 

Elsla, I%9 

Elrlw, I%9 

Elrfu, I%9 
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TabI* tcantlmmd) 

Grur shrl~, 
Pml-tcr wlwI* 

Gross ship, 
Palaaonatm vulmrlr 

Grus shrlp, 
Palmtos ulipvls 

Pink abrlq, 
Ponuus duor8nlm 

@Ink rhrlqb. 
Pmaaus duoruum 

Pink 8hrlqb. 
Poflmus duormur 

PI& rhrlrp, 
P-s duoruur 

Blu crab (Juvmnllm), 
~lllnoctms upldur 

Shmpshmd l lnwu, 
cypr hboda vu lotus 

Slmoprtmd l Innou, 
Cyprlnodca wloQ4tur 

)(ulchog, 
Fundulus hotuocIltu* 

)lulchog. 
Funduius hmtuocIltu8 

-1chcrg, 
fundulur hmtwocIltur 

wwlchog. 
fundulus hmtuoclltur 

chdul 

Illptachlor’ 

bptmch lor’ 

Tmchnlcml 
hmptmch Ior*‘- 

Tmchnlul 
~tachlorgaa 

Tmchlcml 
hmptrhlor-” 

““:s :” 

ikptach ior 
q3xIdo cog, 

TmchnlC~l 
hptachIorga* 

lmchnlul 
hoptach lor’a” 

Tmchnlcal 
hmptmch lo+“” 

tieptwhlw’ 

kptach Iare 

Hoptech lor’ 

limptsch Iera 

Dwmtla, 

40 fus 

40 ius 

% hrr 

4fJ hrr 

96 hrr 

96 hrs 

% hn 

48 hr 

96 bra 

la5 dmys 

96 Iv* 

96 hr 

96 hrr 

% hrr 

lIuu1t 
Effect !w/( 

75lOoI roctallty 
25 c 

7%-1001 NW-tat I ty 
3OC 

Blaoncmntrmt Ion 
futor - 500 to mob 

EC5Or loss of 
aqul llblu 

B laonontrbt Ian 
fwtor - 200 to 3OOb 

8 laoncantrmt Ion 
futor - 300 to 6Ooc 

B laonmntret Ion 
fmctor - 200 to l,mOd 

EC308 loss of 
mqul llbrlw 

8 laonantrat Ion 
futar - 7,400 to 
2l,nx+ 

Dcr0u.d malryo 
productlon 

&2s$ Dutai Ity 
I2 gllrg ullnlty 

0-25s ax-t81 Ity 
I8 g/kg ullnlty 

50-75s lortsl ity 
24 g/kg ul lni ty 

2+50# mor-tallty 
XJ gbg rsllnlty 

400 

400 

0.3 

63 

0.71 

50 

so 

50 

50 

uafuen8q 

Elsler, I969 

ElSlOf, 1969 

Schl-I, ot ml. 
1976s 

But lmr, I%3 

Schi-ml, l t ml. 
i976a 

Schl-I, mt ~1. 
I9766 

Schlwl, mt 41. 
1976s 

i&It ler, I%3 

Schlrml, l t aI. 
I9768 

)Lsnsmn 4 Parrish, 
1977 

Elrler, l9lOb 

Elsler, 19H)b 

Elslmr, 197Ob 

Els ler, i9lOb 
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T&lo 6. GoatIwodJ 

S@ulw 

-1chog, 
Fundulur ~tuoclltus 

Mumlchag, 
Fundulus lmtuocl ltus 

)*ul-JQ, 
Fwldulus lmtuocl Itus 

rrulcwl, 
Fundulus hotuaclltur 

-1chog, 
Fundulus hmtuoclltur 

@-Ifhag. 
fundulur hduocl I tur 

Ylchog. 
Fundlur ktuoclltus 

Plnf Ish, 
Laaodon rhcdoldos 

spot, 
Lolortawa MmUrus 

spot, 
Loloataua IGaathwur 

Yhltm ul Imt (Juvonl Id, 
WuflII cur-- 

chadcal 

kptach for’ 

wtach Ior’ 

timptwh ICC. 

t+mptuh Id 

t+tuh I+ 

Hopt&chlora 

t4optachlcd 

Tmchnlcal 
hmptuhlor*“* 

Wptach lor 
w9sl 

Tmchn lcsl 
hqbtwh lorB4’ 

DtJratloa 

% hrr 

96 hrr 

96 hrr 

96 hrr 

96 hrr 

96 hrr 

240 hs 

% hrs 

% hrr 

% lus 

48 lrr 

Et fmct 

25-50s modal I ty 
X g/kg rallnlty 

3 C”tsllty 

!m-751 B0d.l I l-y 
bC 

CM!51 aodd I ty 
3OC 

lC50 

Bloconcmntrat Ion 
tsctol; - 2,mo to 
7.m 

B loconontrmt Ion 
factor - 3,ooo to 
IJ,OOOb 

Bloconoontrmt Ion 
factor - 3,600 to 
10,ooOc 

lcm 

RamIt 

A!aL 

50 

50 

50 

50 

50 

30 

II 

3 

ft.1 U-0 

Elolmr, l97Ob 

Elsler, l97Ob 

Elstsr, l97Ob 

Elr Ior, l97Ob 

Elsler, lOlOb 

Elsler, l97Ob 

Els Ior, 1910b 

Schlrml, l t al. 
l976a 

khlmml, l i al. 
I9 76s 

schlolbml, mt al. 
1976dl 

But Ior, I%3 

. Tmstd In ponds, dosd on day I only. Authors dormd with tmchnlcsl grdo hmptachlor an4 raportmd as rs/l 
met Ivm lngrdl~t. For thm purpcw of thls &x-t, vslwr arm repodmd as us/l tuhnlcsl gad* hoptachla. 

l a Tmstmd In s-11 ~-IS. Tmchnlcal grab hmptachlor wma lncorporatd Into tlrh food only and Ied for durot WI 
of tmst. 
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l .e TocbmIcal wiorlal: WntaJnS 141 hOpttilW Snd 26s 0thf Chwlcals, lncludltw~ trsnr-chlor&ne, clr-ct,lorm, 
Mnub~or, l rd dhus. 

fi***To&nJuI -torIaIr cartalnr 65s hptrhlor, 22s trum-chlordano, 21 clr-chlordno, 21 nonachlor, ed 9$ 
Oihu8. 

l Iiqtuhlar; LntmI. Sot. k. retwomco rtonderd. 

b Caacontratlocr d h tachlor In rhola body dlvldod by concontratlon of haptechlor In rater. Qganlrr wposod 
to ichnlcal hopt aJ Ior 465s Jmptwh lw, 22s trmr-chlordmo, 21 cls-ch lordem, ml 21 nomad, Ior). 

C Cmcwtrotlon of beptachlor In who10 body dlvldd b cmcntratloa of hoptwhlor In rater. (L-ganlrr wpowd 
k u8aJytJuJpradr hmptachlor (99% heptuhlorJ. 

d knantrmtlon OJ lmptachlar q~~ldo In whole body 6JvJdmd by corrontratlon ot hoptazhlor paxIda In rtor. 
or~nlm uqoaed to h.piachIor qKmClda (991) 
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Mammalian Toxicology and Human Health Effects 

EXPOSURE 

Ingestion from Water 

Heptachlor and/or heptachlor epoxide have ken 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 

f Or heptachlor was in the range of 0.002 to 0.010 µg/l, but was 

only 0.075 µg/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 µg/l, 

and heptachlor epoxide levels ranging from 0.001 to 0.020 µg/l, 

with a mean concentration for both of 0.0063 µg/l (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 

µg/l 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 µg/l to 0.015 µg/l 

when found and heptachlor epoxide levels ranging from 0.005 to 

0.010 µg/l when found, with one sample showing 0.090 µg/l 

heptachlor epoxide (Brawn and Nishioka, 1967). 
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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 µg/l for 

water: 0.8 µg/kg for bottom sediment: 1.0 µg/kg for crayfish; 1.1 

µg/kq for plankton-algae: 8.0 µg/kg for fish: and 312.0 µg/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 

Hanske, 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. 
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TABLE I 

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 

*Source: Johnson and Manake, 1977 

1 1 Trace 
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Nisbet (1977) calculated the average daily insake of hepta- 

chlor epoxidc frm the FDA's Market Basket Study standardized diet 

and estimated that the daily intake of heptachlor epoxide ranged 

fra 1 to 3 &day between 1965 and 1970, and from 0.29 to 0.64 

uLg/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 haptachlor 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 

ug/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 (Niskt, 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 & the U.S. Department of the Xnterior during the spring and 

fall ob 1967 and the spring of 1968 reported that heptachlor 

and/or heptachlot epoxide was found in 32 percent of the 590 fish 

samples examined (Renderson, et al, 1969). Results were reported 

as mq/kq (wet weight whole fish) and ranged fran 0.01 to 6.33 

mg/kg when found. It must be noted that these results represent 
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the whole fish, not just the portions that man eats, SO it is pas- 

siblt that much of the residues are accumulated in the uneaten 

portion (Henderson, et al. 1969). 

A bioconccntration 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 lipid in the tissue. Thus, the per capita 

ingestion of a lipid-soluble chemical can & 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, 19801. 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 laboratury studies, in which percent lipids and a 

steady-state BCP were measured, have &en conducted on heptachlor. 

The mean of the BCF valuer, after normalization to 1 percent 

1 ipids, is 3,747 (see Table in Aquatic Life TOXiCOlWy., Section 

B). An adjustment factor of 3 can br used to adjust the mean nor- 

malized BCP to the 3.0 percent lipids that is the weighted average 
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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, 19761, cows’ milk (Ritcey, et al. 

1972; Johnson and Manske, 19771, and comercially prepared baby 

foods (Lipscanb, 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, uas 

91.36 ug/l with a range of 15.24 to 2,050 w/l. Therefore, it 

appears that many nursing infants have been expoeed 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, 19771, but a Canadian study 

which expressed the residues on a fat basis, reported heptachlor 

epoxide residue levels of 5.00 w/l in evaporated milk (Ritcey, et 

al. 1972). Cmrcially 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 shawing residues in the range of trace to 0.03 

mq/kg (Lipscomb, 1968). Therefore, it appears that infants raised 
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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 i8 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). 

Niskt (1977) has reported air surveys where agricultural 

fields have been treated with technical heptachlor (2 lb/acre). 

The air above and downwind from the fields showed heptachlor con- 

centrations as high as 244 ng/m3 immediately after application- 
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After three weeks the concentrations remained as high as 15.4 

nq/m3. One survey reported heptachlor concentrations as high m 

600 nq/m3 in air over a treated field, with the field shoving 

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 f ram 

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 cotton produc- 

tion. They found hcptachlor in 62 percent of their monthly sam- 

pies, with an average level of 0.25 ng/m3 and a maximum concen- 

tration of 0.8 nq/m3. Heptachlor l poxide 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 localities. The localities showing residues 

were Iwa City, Icua and Orlando, Florida with maximum heptachlor 

levels of 19.2 ng/m3 and 2.3 ng/m3, respectively. 

Niakt (1977) calculated the typical human exposure to hepta- 

chlor to be 0.01 w/individual/day based on an ambient air mean 

concentration of 0.5 nq/m3 and breathinq 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 nq/m3, the average individual would 
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inhale only 0.13 rcg/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, 19771, suggests that inhalation may be a significant route of 

exposure even at ambient levels as low as 1.86 ng/mJ. 

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 k der- 

mally exposed. Kazen, et al. (1974) found that chlordane, a COIIP 

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 

LO50 values of 195 mq/kq for males and 250 mg/kg for females, 

while the LDSo Values for orally exposed rats were 100 mg/kg 

for males and 162 mg/kg for females. Xylene wag 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 fr significant to note that the U.S. &PA suspended most 

uses of heptachlor effective August 1, 1976, including most agri- 

cultural, hcme, and garden uses of technical grade heptachlor. 
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PHAPMACORINETICS 

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 Kurchatcrv (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 cne 

month, only traces of heptachlor could be found in the fatty tis- 

sue, chiefly in the form of its metabolic products. Hcptachlor 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 montha on a diet of 30 to 35 mg/kg of heptachlor, 

the highest concentration of heptachlor's metabolite (heptachlor 

epoxida) wan 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 13 

months, showed the same heptachlor epoxide distribution as did the 

rats, except the dog livers appeared to contain more heptachlor 
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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 0.016 mg/kg was found in 

the same tissue in rabbits fran Hississippi State. The heptachlor 

epoxide level in air at Stoneville was reported to be 1.86 

w/m3 I while the Mississippi State University level was so lar 

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 w/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 doer not provide adequate protection against chlo- 

rinated hydrocarbon pesticides such as heptachlor epoxide (Selby, 

et al. 1969; zavon, et al. 1969; Curley, et 81. 1969). Selby, et 
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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:l 

(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. Zavon, 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 heptachlot 

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 epoxidt. 

Metabolism and Excretion 

Early studies (Radomski and David-, 1953; Davidow and Radom- 

ski, 1953) shou,that both the rat and the dog metabolize ingested 

heptachlor rapidly by epoxidation (Figure 1) and that heptachlor 

epoxide accumulates primarily 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 #is 

study , the female rats accumulated approximately six times aa 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 21, and 66 uq of 

heptachlor cpoxide in the feces in the 300day 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 (Jonason, 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 indicata 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 wcmen 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 larer pesticides levels in their plasma. 

In a human milk study of 53 samples collected from two Penn- 

sylvania region8 during 1970, Kroger (1972) found all of the 

samples contained heptachlor epoxide at an average concentration 

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 w/l. Strassman and Rutz (1977) 

conducted a study in Arkansas and Mississippi in 1973-1974 of 57 

milk s-plea 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/l. 

They also f Wnd trace to quantifiable amounts 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 shcrwed heptachlor residuea, but 63.1 percent of the 

mothers' milk samples showed heptachlor epoxide residues ranging 

from 15.24 to 2,050 ug/l on a fat adjusted basis, with a mean con- 

centration of 91.36 rrq/l. Savage also found that 11 percent of 

the high residue group of wanen 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, 8t al. (1972); Polfshuk, et al. (1977a); 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 
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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). 

Biopsred 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 Autz, 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 

5-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 
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TABLE 2 

Heptachlor Epoxidc Residues in Human Adipose Tissue* 

survey Year Sample Percent CcaPetric Maximum 
(fiscal) Size Positive Hean (q/kg 1 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 
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the nine samples possessed trans.nonachlor, Also found in lesser 

amounts were cis-nonachlor and 'early-eluting" nonachlor. Five of 

the nine caaposite sample3 were ah0 positive for heptachlor epox- 

ide and oxychl ordane. These data indicate that nonachlors may be 

more resistant to metabolism than heptachlor, and occurrence of 

the nonachlors in human tissue3 appears to be strong evidence of 

exposure to heptachlor or chlordane pesticides (Sovocool and 

Lewis, 1975). 

Several other 

al. 1974: Abbott, 

ported heptachlor 

other countries. 

researchers (Curlty, et al. 1973; Wasserman, et 

et al. 1972; Wasserman, et al. 1972) have re- 

epoxide residues in human adipose tissue in 

EFFECTS 

Acute, Subacute, and Chronic Toxicity 

Heptachlor and its metabolites have LD56 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 heptachlor itself when 

given intravenously in mice. Buck p et al. (1959) later &served 

heptachlor epoxidc to be approximately 10 times more toxic than 

heptachlor in dairy calves when given orally. The most toxic 

metabolite i8 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 LD50 values for male 

Swiss-Webster mice to be 18 mg/kg for heptachlor epoxide; 36 mg/kg 
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TABLE 3 

Heptachlor and Heptachlor Hetabol ites LD~o 

Organism 
Sex L Strain Cmpound 

Route 
of 

Administration 
LD50 

(q/kg 1 Reference 

nouse 
(Swiss-Webster) 

Heptachlor 
epoxide 

House 
(Swiss-Webster) 

Photpheptachlor 
epoxide 11 

House 
(Swiss-Webster) 

Rat ( M-Sherman) 

Rat (P-Sherman) 

Rat (H-Sherman) 

Rat (F-Sherman) 

Rat (H-Sprague- 
Dawley) 

Rat (N-Sprague- 
Dawley) 

House 

Photo-heptachlor 
epoxide (III B) 

Heptachlor 

Heptachlor 

Heptachlor 

Heptachlor 

Heptachlor 

Heptachlor 

Heptachlor 

Rat Heptachlor 

Hamster Heptachlor 

i.p. 

i.p. 

i.p. 

oral 

oral 

dermal 

dermal 

Lp. 

i.p. 

oral 

oral 

oral 

18 

36 

6 

100 Gaines, 1960 

162 Gaines, 1960 

195 Gaines, 1960 

250 Gaines, 1960 

71. Harbison, 1975 

531* Harbison, 1975 

70 

105 

100 

Ivie, et al. 1972 

Ivie, et al. 1972 

Ivie, et al. 1972 

Cak, et al. 1976 

Gak, et al. 1976 
I/ 

Cak, et al. 1976 

l - assumed to be mg/kg body weight 
n = male 
P- female 
N - neonate 
i.p. - intraperitoneally 
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for the intermediate photo metabolite photoheptachlor epoxide 

III]; and 6 mg/kg for photoheptachlor epoxide [III B]. Gaines 

(1960) conducted acute LD50 studies using oral doses of hepta- 

chlor in the Sherman strain of rat and found LD~o values of 

100 mg/kg in males and 162 mg/kg in females, while the acute der- 

mal LD50 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 shaJ that the newborn rat is more 

resistant to heptachlor than the adult. The intraperitoneal 

X,D50 for the adult male rats was 71 mg/kg*, but was 531 mg/kg* 

for newborn rats. Gak , et al. (1976) reported heptachlor tDsO 

values for the mouse, rat, and hamster to be 70 mg/kg, 105 m&kg, 

and 100 mg/kg of body weight, respectively. 

Heptachlor is generally classified as a ncurotoxin because it 

produces abnormal stimulation of the central nervous system when 

animals are exposed to high doses. In 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 snd Ecobichon (1971) reported that acute administration 

of heptachlor to rats significantly elevated their brain acetyl- 

choline content, wfth sane decrease in acetylcholine concentration 

+ASSUSIL& to be mg/kg body weight. 
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durid 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 acatylcholine level 

in the cerebral cortex to be decreased and the serotonin (S-HT) 

level significantly increased in the brain-stem. They also found 

that an acute dose of heptachlor (200 mg/kg) produced body hype- 

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 mole/ 

flask) depressed the mitochondrial succfnoxidase system to 5.8 

percent of the level of uninhibited controls and that heptachlor 

epoxidc did not depress the system at all. Beptachlor 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 

caaplex I and If of the nitochondrial electron transport chain. 

Settlarire, et al. (1974) found that lower concentrations of hep- 

tachlox 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 succinater 
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oc by conformational changes of such a nature that the intrinsic 

activity of the respiratory chain was increased. 

Induction of liver miCrOsUXIa1 enzymes by heptachlor and hep- 

tachlor epoxide has been reported by Kinoshita and Kempf (1970) 

and Den Tonkelaar and Van Esch (1974). Kinoshita and Kcmpf (1970) 

found heptachlor and heptachlor 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 Tonkclaar and Van Esch 

(1974) found that dietary heptachlor significantly induced aniline 

hydroxylase, aminopyrine demethylase, and hexobarbital oxidase in 

tats at levels of 2 to SO mq/kg, 2 to 50 mg/kg, and 5 to 50 rag/kg, 

respectively. Both groups reported that approximately 1 mg/kg of 

heptachlor shOwed no effect on the induction of microsanal 

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 rc- 

vealed that maximum alteration in hepatic morphology coincided 

with the days on which hepatic and serum GOT and ALD activities 

were different from normal. They stated that the increased enzyme 

activity ~8s probably related to altered membrane permeability, 

which allared intracellular enzyme8 to pass out Of -11s that were 

damaged but not necrotic. Welch, l t ai. (1971) found that hepta- 

chlor stimulated the metabolism of e8trOne by liver micro~~l 

enzymes and inhibited the increas8 in uterine wet weight in 

treated female rats . 

c-23 



Several studies have been conducted concerning t>e effects of 

heptachlor on glucose haucostasis in the rat (Kacew and Singhal, 

1973; Kacew and Sinqhal, 1974: Singhal and Kacew, 1976). It was 

repor ted that hcptachlor, administered either in small daily 

amounts over a prolonged period of time or in a single oral dose, 

caused significant increases in 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 liver glycogen. They also found that heptachlor 

caused a rise in the level Of endogenous cyclic AMP and augmented 

the activity of hepatic and renal adtnylatc cyclase. They stated 

that their data support the hypothesfs that the heptachlor-induced 

alteration9 in glucose haueostasis 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 

reticuluLI. With higher doses and a longer duration of administra- 

tion of heptachlor, a greater occurrence of liver lysosorncs was 

also observed. 

Reuber (1977a) found that C3Ei male and female mice fed 10 

mg/kg of hcptachlor or heptachlor epoxide developed hepatic vein 

thrombosis. Heptachlor caused 15 percent of the females and 10 
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percent of the males to develop thrombi, while heptachlor epoxide 

caused 11 percent of the females and 7 percent of the males to 

develop thrmbi. He also stated that 7 mice of the 39 that exhi- 

bited hepatic vein thrambosis also possessed recent thranbi in the 

atria of the heart, while no thranbi were found in any organs of 

the control mice. Liver cirrhosis was also occasionally Fresent 

in addition to liver carcinunas. 

Mutagenicity 

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

heptachlor epoxidt were not mutagenic when tested with Salmonella 

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

heptachlor in oral doses of I 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 in 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 could be adversely affected 

by heptachlor. Ahmed, et al. (1977) used SV-40 transformed human 

cells (VAI) in culture to show that both heptachlor and heptachlor 

epoxide induced unscheduled DNA synthesis in this system when 

metabolically activated with hanogenized rat liver supernatant. 

Teratogenicity 

Mestitzova (1967) found that heptachlot administered to rats 

in food at 6 CEg/kg body weight caused a marked decrease in litter 
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size, both in several litter8 Of me generation as well as in sue- 

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. In 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- 

zma stated that the sequence of occurrence of the cataracts ex- 

cluded the possibility of recessive genetic traits or a vitamin 8 

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-mothioninm. When the dietary protein level was raised to 18 

percent, heptachlor was twice a8 toxic to rats pair-fed casein 

diets, am compared to rats fed unsupplemented gluten. They also 

found that weight gain, microsasal proteins, and heptachlor metab- 

olism were significantly reduced in the animals fed unsupple~ented 

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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fare, they suggested that lw protein diets impaired or slwed 

mctabol ism of heptachlor to the more toxic heptachlor epoxide. 

Weatherholtz, et al. (1969) reported that rats fed protein defi- 

cient diets were less susceptablc 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 SKFSZS-A on these protein deficient diets (Miranda, et al. 

1973; Miranda and Webb, 19741. 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, LDSO 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 conductrd by the Kettering Laboratory, the FDA, Cabral, et 

al. 1972, International Research and Development Corporation 

(IRDC) sponsored by Velsicol, and the National Cancer Institute 

(XI) l njo extensive reviews of theme studies have beten conducted 
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by Epstein (1976) and by the U.S. EPA (1977) and should k 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 conclu6iOnSr 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-j 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 mq/kq. These dosages 

were administered to a total of 120 male and 120 female Carworth 

Farm strain rats. The length of dietary administration war 110 

weeks with a 57 percent mortality rate in the male groups and a 43 

percent mortality rate in the female 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 signif icant difference between the incidence of 

tumors in test and control groups (Epstein, 1976). Based on an 

independent statistical analysis of the data fran 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 t66t grOup6.m 

Another Kettering study war conducted for the Velsicol Corp. 

in 1959 by Witherup, et al. (19591. This investigation evaluated 
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TABLE 4 

fiuawry of CarcJnqsnJcJty Data in Ratm* 

Authar BtraLn hcrulatIon ConcenttatJonm (ppm) _._L_ 

Ik~Iot IHlr II HE c 
CarcInogmicIty 

&uthorm 
Cm*ntm 

Conclu8ioM 
lnd~pondcnt 

HJatologJcaJ 
Am-ovduat Lam -_ 

U*tt*rlWJ, cr I d uwpoclci*d 1.5# 3.01 - - Twm lncldonc8 Wet undmrtrlrsn 1. 
1955 puritll 5.0) 7.0) l propatJomatmly~ 

10 .o dhtrlbutod in 
all teBts and 2. 
control group 

Tomt dlrta propwod 
crudaky and l tudy 
powly dacuentsrt. 
Adhot ‘m deta &Bon- 
rtrato mt&JstJcally 
l JgnJfJcant Incream 
In mrllgnant l td any 
tumaro An muAtJpJe 
l ita in l m few19 
tcet group8. 

urtt*ring , 
I959 

GIN UL of unmpociflad - 01 a.58 - Tumor Incldsnw 
pucw 2.5) 5.01 ‘Unrolatd= to 

7.51 10.0 n8 cmt*nt ln 
dlota. C8C8W 

hepatww In tat 
animal0 i* ac- 
@mtJadgsd, but 
dlmcountrd. Ala0 
unuouai ul JOrunt 
tusxs in male* 
and f*maler 

Hrpatocarclno- 1. bet dJat# prepared 
gsnJc l wl wl- 
t1p1. alto w- 

crudely and rtudy 
poorly docuwrted. 

1 lgnant tumocm 2. lettorlmq data rtatls 
tically l i9nIL Lcrnt, - 
for lncldence Oc tota 
tumor-k4rJng l nlralml 
l d ta liver mid &IA- 
tultrry tuDorr. 

3. llImtologlcal ca-rval- 
urtlon ahwad tmpatcr 
cwcinaam. 

4. t)spatocercAnoqonlcJty 
l tatiotically l ignl- 

rott*tkrbg, 
1 WC 

CD nisture d 15% 5.01 7.51 10) 11.5 - Incldoncm of tu- not u&et taken J. Study poorly dacu- 
ua 09.96 pur.J, l ocrn ‘qua1 1 ta- ranted am3 l othodolcq 
l nd 75t Y Ob.OI tiv.1 and gum- ally uneound~ fowleL- 
wr*J titrt voky I doi- rata on1 tcmtcd. 

l,CD In temt 4nd 2. Unaccopta Ii 10 a. car- 
contcolr . clncqcnlclty te8t. 
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MBLe 4 (ContlnwdJ 

hutharm Btraln lawhtlon Comcontr~tlonm (ppn) 
iiwtwblor IH)r C 

Cmclnoqenlc J ty Cmantm 
H WC Authora Independent 

Eppbkla (WEi J ConclUrnJrn~ HlmtoitxJlc4l 
Chladun (C) It*-•vmlu~tJon 

. 
C8br81, l t wmtmr n Arulytlc Grad. Total - blot cmrclnogenlc Not under taken 1. P.CiMt41 dommgo only. 

ml. 1972 9e.m pwa dommge 2. Authoc’o dmU demon- 
50 w/k9 l tratm l tmtlmtJc~lly 

l lgnlt lcmnt lncr*ww 
in endocr Jne turam 
in l alom l nd rmro 
.l Jpollimtoum’ ronal 
tuaam Jn 2 tomt fe- 
ulom. 

ncf, 1977 O&ocfu- TmchnJcal YI IQlom- 3D.91 - - Cmrciaoganic Not under tmkan 1. MlmtJv*l mDAl1 nuI- 
lwBd.1 conmlmtIIq ol 77.9. under codi- hOC I M$jat Va COKbtK0l.J 

7#D Y l Kd ca P0mal.m tLonm d umrtmlntlom In dam- 
249 al&&m c 25.71 51.3 l ny” l 90, hlgh rortallty 

in hJgh dommgo tomt 
9rowm. 

2. WC1 dmtm mhoum ascmmm 
hopmtlc noduloo ln 
uleo l nd L~l.0. 

l ‘TM co~Aumiam oL ICI l trto that thmco lm no clomr mvldonco d cmrolnogonlc l floct of hvtachlor. 
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TABLE 5 

Suauary of Carc1naJenJcAty Data In Nlcs* 

hutharm Bttain TumJ 8t M ~~------- - 

Yoptachior (N)I 
Carclnmy Cmsntm 

N UC C Authora 
Bpadde (INS)1 Cmlclumlo#u 

Independtnt 

Cbladmm (C) 
HimtoloqJcaJ 
Rm-*v~luatlon 

MVh, 

(FM), 
1965 
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l pw1rl.d purity 
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1. WDA data poorly docu- 
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by II and WI gmnlc 2. FDA data mtatlotl- 
ally l Jgn1f Icant fog 
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XDIXJ, 
1973 

mlrturo ot 251 1.01 5.01 10.0 - Doom colated llqmtcrcarclno- 1. 
ii and 758 naiulrc hypar- gonlc 
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2. 

3. 

IMUC data l tatIrtJ- 
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carclnoram. 
Ikpatoc~rcInogenicJty 
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f Icant. 

MCI, A977 UC311 Technical 111 
conal~tlng 
or 74b II, 
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hm4lea t1aw 04 
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In dmagm. 

2. -vIaad d&to mtatls- 
tlcally l 1gnJt Icant 
fa hr~towrcino- 
gen~clty. _- 
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heptachlor epoxidc at dietary levels of 0, 0.5, 2.5, 5.0, 7.5, and 

10 mg/kg administered t0 CR4 (Carworth Farms, Nelson; rats for 106 

weeks. Each dosage group consisted of 25 males and 25 females. 

Mortality in males ranged ftan 32 percent for the controls to 52 

percent at 2.5 mg/kq 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 hepatmas in the 

test animals (Epstein, 1976). Ah independent statistical analysis 

of this data indicated that all the heptachlor epoxide dose levels 

except the 0.5 mg/kq level in the males, wete 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 carcinauas of the liver in the 

treated animals when caupared to control animals (U.S. EPA, 1977). 

Be also found a greater incidence of carcinomas in females than in 

males, as the Uttering data had also indicated. In addition, he 

found highly malignant tumors in brain, thyroid, adrenal, kidney, 

lung, bone, and genital organa. ltmber concluded that because 

carcinanas of the liver in the untreated rats were infrequentr the 

presence of 28 liver carcinanas among 213 treated rats indicated 
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that heptachlor epoxide is carcinogenic in rats at PClO’0 

(U.S. EPA, 1977). 

Dr. WillhUM (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 maligndncies 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 carcinaaas 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 hcptachlor epoxide to female CD 

rats at doses of 0, 5.0, 7.5, 10.0, and 12.‘f 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 wspontaneou8’ because the lesions were found in both control 

and treated groups. The lesions of the pituitary and adrenal 

glands were considered hypertrophies rather than neoplasm8. The 

lesions of the mammary gland were diagnosed as adencmas cx fibro- 
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adenaaas of manmary glands. The liver lesions were referred to as 

gclusters of enlarged hepatic Cellbm (Epstein (1976) calls it cen- 

trilobular hepatocytamegaly) with cytoplasmic degranulation and 

clusters of enlarged irregular vacuolated cells which were filled 

with lipid and distributed randwly in the lobules. 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 cunphted a 2-year study of heptachlor and 

haptachlor apoxide fed to C35eb/Fe/J mica (Davis, 1965). 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 I-year period, survival rates 

of 34 percent, 30 percent, and 9 .S percent were reported for the 

control group and the heptachlor and heptachlor epoxide fed ani- 

mals, respectiv*ly. Over the test perid, 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 apoxide treated mice had 85 benign tumors and 13 malignant 

tunas. Statistics were not performed cn this data by PDA because 

of incaplatrnoss in the number of samples and the "arbitrariness 

of microscopic dlagnosesB (Davis, 1965). Davis stated that the 

incidence of hepatic hypsrplasia and bnign hepatemras was approxi- 

mately doubled in the test groups, but concluded that heptachlor 
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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 carcinaaas per liver with 

a size of 3 to 5 cm, while affected control animals had cmly goli- 

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 carcinanas 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 carcinanas (U.S. EPA, 1977). Dr. Williams 

diagnosed eight carcinanas, 10 nodules or hyperplastic nodules, 

and one dysplastic area. Eiowever, Dr. Williams considers that 

hyperplastlc nodulea are induced orrly b carcinogens, therefore he 

consider8 then 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 cotn oil by gastric intu&tion* Hepta- 
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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 lipauatous tumors. In the control 

group I 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 

using CD-1 mice on a treatment diet containing a 

180month study 

mixture of 75 

percent heptachlor epoxide and 25 percent heptachlor. The study 

was designed using one negative control, one positive dietary cdn- 

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/kq treatment qroups in males and in 

the 10.0 mg/kg treatment group in females (IRDC, 1973). Also, the 
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'livers frozn 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 hepatocytunegaly. 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 carcinanas in any heptachlor epoxide/ 

heptachlor test group. 

Reuber also re-evaluated the histological material frcxx 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 canparable 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 

carcinormrs (Epstein, 1976). It ie interesting to note that though 

both IRDC and Reuber diagnosed a similar number of carcinomas in 

the positive controls, the discrepancies in the diagnoses seem 

largely restricted to the test groups at the 5.0 and lo.0 mg/kg 

levels (Epstein, 1976). 
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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- 

derdiaqnosed the number of carcinanas 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 NC1 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 NC1 released a final report which reported 

on contract work conducted first by the Gulf South Research Insti- 

tute and more currently by Tracer Jitco Inc. (NCI, 1977). Both 

Osborne-Mendel rats and B6C3Fl 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 frau similar bioassays of five other compounds. All 

surviving rats were killed at 110 to 111 weeks and no hepatic 
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tumors were observed. Neoplasm were found in test animal8 at in- 

creased frequancy when c-pared 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-Handel 

rats as reported by the pathologista. 

In the second part of the NC1 study, groups of 90 mice of 

each sex were administered heptachlor at 10~ and high doses for 80 

weeks and then observed for 10 weeks. The dose for males was te- 

duced once, while the dose fox 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 mq/kq 

of heptachlor for female mice. Hatched controls consisted of 10 

of each sex of untreated mice and pooled controls consisted of 90 

untreated male and 70 untreated ferns18 mice from similar bioassays 

of five other compounds. Results of hepatocellular carcinomas in 

both male and female mice were found to shar a highly significant 

dose-related trend. ?hmf!ty-Six percent of matched male controls 

and 20 percent of matched female controls developed hcpatic car- 

cinanas; 18 percent of the pooled male controls and 4 percent of 

pooled female controls developed hepatic carcinomas; 24 percent of 

the 1~ dose males rnd 6 percent of the low dose females developed 

hepatic carcfnasast and 72 percent of the high dose males and 71 

percent of the high dose fenalee developed hepatic carcinams. It 

was concluded that hrptachlor is carcinogenic in nice livers under 

the conditiona of this assay at the high dosages given. 

Epidemiologic&l studies conducted to date have uncwered no 

evidence of increased cancer mortality among workers occuPatios- 
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ally exposed in the manufacture of chlordane and heptachlor (Shin- 

dell, 1977; Wang and MacMahon, 1979a,b). Wang and MacMah on 

(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 sauehwat 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 

grouPI caupared 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 entry 

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 expaure 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 
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authors express that Yhe 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 

Existinq Guidelines and Standards 

Source Published Standard Reference 

occup. Safety 
Health Admin. 

Am. Conf. Gov. 
Ind. Hyg. 

Fed. Republic 
Germany 

USSR 

SO0 uq/m3+ 

500 ug/m3 inhaled 
(TLV) 

500 ug/m3 inhaled 

10 ug/m3 ceiling 
value inhaled 

World Health 
Organ.** 

0.S w/kg/day accept- 
able daily intake in 
diet 

U.S. Pub. Health Recamnended drinking 

Natl. Inst. Occup. 
Safety Health, 1977 

An. Conf. Gw. Ind. 
Hyg., 1971 

Winell, 1975 

Winell, 1975 

Natl. Acad. Sci., 
1977 

Natl. Acad. Sci., 
Serv. Adv. Canm. water standard (1968) 1977 

18 ug/l of heptachlor 
and 18 ug/l heptachlor 
epoxide 

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

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

Current Levels of Exposure 

Various inv,estiqators have detected heptachlor and/or hepta- 

chlor l poxide in the major river basins of the United States at a 

mean concentration of 0.0063 ug/l (U.S. EPA, 1976) for those in- 

stances of detection. Food can ba a significant factor in man's 

exposure to heptachlor and wtabolites through bianagnification in 
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the food chain. The FDA shcrved that in their Ynatket basket 

study" covering August 1974 t0 July 1975 for 20 different cities 

(Johnson and Manshe, 19771, 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 reported 

that heptachlor and/or heptachlor epoxide were found in 32 percent 

of the 590 fish samples examined (Henderson, et al. 19691, with 

whole fish residues from 0.01 to 8.33 mg/Icg. 

Nisbet (1977) calculated the typical human exposure to hepta- 

chlor to be 0.01 ug/individual/day, based .on a mean ambient air 

concentration of 0.5 ng/m3 and a respiratory volume of 20 Ill3 

of air per day. He states further that even in Jackson, Miss., 

which has a mean air level as high as 6.3 ng/d, the average in- 

dividual would inhale only 0.13 ug/day of heptachlor. The sig- 

nif icance 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, 19761, covs’ 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 cpoxide than if they were fed cow&’ milk 

and/or commercially prepared baby food. Nisbet (1977) found that 
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persons living and working in or near heptachlor treated areas had 

a particularly high inhalation exposure potential. 1 

Basis and Derivation of Criteria 

Heptachlor has been shown to exhibit numerous toxicological 

effects in animal systems. Beptachlor and its metabolites have 

LDSO values ranging from 6 to 531 mg/kg depending upon the 

animal test system. Heptachlor is 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 NC:. Heptachlor or its metabolites have induced 

hepatocellular carcinomas in three chronic feeding studies in mice 

and hsptachlor 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 
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carcinogens are generally assumed to have a nonthreshold dose/ 

response characteristic, the carcinogenic effect is the most sig- 

nificant sxpmure 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 carcinunas in the NC1 B6C3F1 

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.m Heptachlor 

is suspected of being a human carcinogen. Because there is no 

reccqnized 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 bs infeas- 

fbla in sac cases and in arder to assist the Agency and States in 

the possible futur* davelopaent of water quality regulations, the 

concentrations of heptachlor corresponding to saveral incremental 

lifetime cancer risk levels have been estimated- A cancer risk 
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level provides an estimate of the additional incidence of cancer 

that may be expected in an exposed population. A risk of 10’5 

for example, indicates a probability of one additional case of 

cancer for every 100,000 people exposed, a risk of 10m6 indi- 

catcs one additional case Of cancer for every million people ex- 

posed, and so forth. 

fn 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 10’5, 

10’6, or loo7 as shown in the table blow. 

Risk Levels 
Exposure Assumptions and Corresponding Criteria (1) 

(per day) 
2 10'7 10'6 10'5 

2 liters of drinking 0 0.02pO nq/l 0.2pe q/l 244 w/l 
water and consumption 
of 6.5 grams fish oa 
and shellfish. (2) 

(9 
Consumption of fish 0 O.O2111ng/l 0.2png/l 29 w/l 
and shellfish only 

(1) Calculated by applying a linearized multistage model as 

described above to the animal bioassay data presented in 

the Appendix. Since the extrapolation model is linear 

at law doses, the additional lifetime risk is directly 

proportional to the water concentration. Therefore, 

water concentrations corresponding to other risk levels 

can k 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 
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(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 

f ran 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 B6C3Fl 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 (4 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, 

q1*1 is 3.37 (mq/kg/day)'l. The result is that the water 

concentration corresponding to a lifetime risk of 10V5 is 

2.8 rig/l.. 
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