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FOREWORD 
 
 Concise International Chemical Assessment 
Documents (CICADs) are published by the International 
Programme on Chemical Safety (IPCS) — a cooperative 
programme of the World Health Organization (WHO), 
the International Labour Organization (ILO), and the 
United Nations Environment Programme (UNEP). 
CICADs have been developed from the Environmental 
Health Criteria documents (EHCs), more than 200 of 
which have been published since 1976 as authoritative 
documents on the risk assessment of chemicals. 
 
 International Chemical Safety Cards on the relevant 
chemical(s) are attached at the end of the CICAD, to 
provide the reader with concise information on the 
protection of human health and on emergency action. 
They are produced in a separate peer-reviewed 
procedure at IPCS. They may be complemented by 
information from IPCS Poison Information Monographs 
(PIM), similarly produced separately from the CICAD 
process. 
 
 CICADs are concise documents that provide sum-
maries of the relevant scientific information concerning 
the potential effects of chemicals upon human health 
and/or the environment. They are usually based on 
selected national or regional evaluation documents or on 
existing EHCs. Before acceptance for publication as 
CICADs by IPCS, these documents undergo extensive 
peer review by internationally selected experts to ensure 
their completeness, accuracy in the way in which the 
original data are represented, and the validity of the 
conclusions drawn. 
 
 The primary objective of CICADs is characteri-
zation of hazard and dose–response from exposure to a 
chemical. CICADs are not a summary of all available 
data on a particular chemical; rather, they include only 
that information considered critical for characterization 
of the risk posed by the chemical. The critical studies 
are, however, presented in sufficient detail to support the 
conclusions drawn. For additional information, the 
reader should consult the identified source documents 
upon which the CICAD has been based. 
 
 Risks to human health and the environment will 
vary considerably depending upon the type and extent of 
exposure. Responsible authorities are strongly encour-
aged to characterize risk on the basis of locally measured 
or predicted exposure scenarios. To assist the reader, 
examples of exposure estimation and risk characteriza-
tion are provided in CICADs, whenever possible. These 
examples cannot be considered as representing all 

possible exposure situations, but are provided as 
guidance only. The reader is referred to EHC 170.1 
 
 While every effort is made to ensure that CICADs 
represent the current status of knowledge, new informa-
tion is being developed constantly. Unless otherwise 
stated, CICADs are based on a search of the scientific 
literature to the date shown in the executive summary. In 
the event that a reader becomes aware of new informa-
tion that would change the conclusions drawn in a 
CICAD, the reader is requested to contact IPCS to 
inform it of the new information. 
 
Procedures 
 

The flow chart on page 2 shows the procedures 
followed to produce a CICAD. These procedures are 
designed to take advantage of the expertise that exists 
around the world — expertise that is required to produce 
the high-quality evaluations of toxicological, exposure, 
and other data that are necessary for assessing risks to 
human health and/or the environment. The IPCS Risk 
Assessment Steering Group advises the Coordinator, 
IPCS, on the selection of chemicals for an IPCS risk 
assessment based on the following criteria: 

 
• there is the probability of exposure; and/or 
• there is significant toxicity/ecotoxicity. 
 
Thus, it is typical of a priority chemical that: 
 
• it is of transboundary concern; 
• it is of concern to a range of countries (developed, 

developing, and those with economies in transition) 
for possible risk management; 

• there is significant international trade; 
• it has high production volume; 
• it has dispersive use. 
 
The Steering Group will also advise IPCS on the appro-
priate form of the document (i.e. a standard CICAD or a 
de novo CICAD) and which institution bears the respon-
sibility of the document production, as well as on the 
type and extent of the international peer review.  
 

The first draft is usually based on an existing 
national, regional, or international review. When no 
appropriate source document is available, a CICAD may 
be produced de novo. Authors of the first draft are 
usually, but not necessarily, from the institution that 
developed the original review. A standard outline has 
been developed to encourage consistency in form. The 
                                                 
1 International Programme on Chemical Safety (1994) 
Assessing human health risks of chemicals: derivation of 
guidance values for health-based exposure limits. Geneva, 
World Health Organization (Environmental Health Criteria 
170) (also available at http://www.who.int/pcs/). 
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 CICAD PREPARATION FLOW CHART 
 

Selection of priority 
chemical, author 
institution, and 

agreement on CICAD 
format 

↓ 
Preparation of first draft 

↓ 
Primary acceptance 
review by IPCS and 

revisions as necessary 

↓ 
Selection of review 

process 

↓ 

Peer review 

↓ 
Review of the 

comments and revision 
of the document 

↓ 
Final Review Board: 

Verification of revisions 
due to peer review 

comments, revision, 
and approval of the 

document 

↓ 
Editing  

Approval by 
Coordinator, IPCS 

↓ 

Publication of CICAD 
on web and as printed 

text 

 
 
 
 
 
 
 
 
 

Advice from Risk Assessment  
Steering Group 

 
Criteria of priority: 
 
• there is the probability of exposure; 

and/or 
• there is significant toxicity/ecotoxicity.  
 
Thus, it is typical of a priority chemical that: 
 
• it is of transboundary concern;  
• it is of concern to a range of countries 

(developed, developing, and those with 
economies in transition) for possible risk 
management;  

• there is significant international trade;  
• the production volume is high;  
• the use is dispersive.  
 
Special emphasis is placed on avoiding 
duplication of effort by WHO and other 
international organizations. 
 
A usual prerequisite of the production of a 
CICAD is the availability of a recent high-
quality national/regional risk assessment 
document = source document. The source 
document and the CICAD may be produced 
in parallel. If the source document does not 
contain an environmental section, this may 
be produced de novo, provided it is not 
controversial. If no source document is 
available, IPCS may produce a de novo risk 
assessment document if the cost is 
justified. 
 
Depending on the complexity and extent of 
controversy of the issues involved, the 
steering group may advise on different 
levels of peer review: 
 
• standard IPCS Contact Points; 
• above + specialized experts; 
• above + consultative group. 
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first draft undergoes primary review by IPCS to ensure 
that it meets the specified criteria for CICADs. 
 
 The second stage involves international peer review 
by scientists known for their particular expertise and by 
scientists selected from an international roster compiled 
by IPCS through recommendations from IPCS national 
Contact Points and from IPCS Participating Institutions. 
Adequate time is allowed for the selected experts to 
undertake a thorough review. Authors are required to 
take reviewers’ comments into account and revise their 
draft, if necessary. The resulting second draft is 
submitted to a Final Review Board together with the 
reviewers’ comments. At any stage in the international 
review process, a consultative group may be necessary 
to address specific areas of the science. When a CICAD 
is prepared de novo, a consultative group is normally 
convened. 
 
 The CICAD Final Review Board has several 
important functions: 
 
• to ensure that each CICAD has been subjected to an 

appropriate and thorough peer review; 
• to verify that the peer reviewers’ comments have 

been addressed appropriately; 
• to provide guidance to those responsible for the 

preparation of CICADs on how to resolve any 
remaining issues if, in the opinion of the Board, the 
author has not adequately addressed all comments 
of the reviewers; and 

• to approve CICADs as international assessments. 
 
Board members serve in their personal capacity, not as 
representatives of any organization, government, or 
industry. They are selected because of their expertise in 
human and environmental toxicology or because of their 
experience in the regulation of chemicals. Boards are 
chosen according to the range of expertise required for a 
meeting and the need for balanced geographic repre-
sentation. 
 
 Board members, authors, reviewers, consultants, 
and advisers who participate in the preparation of a 
CICAD are required to declare any real or potential 
conflict of interest in relation to the subjects under 
discussion at any stage of the process. Representatives 
of nongovernmental organizations may be invited to 
observe the proceedings of the Final Review Board. 
Observers may participate in Board discussions only at 
the invitation of the Chairperson, and they may not 
participate in the final decision-making process.
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1. EXECUTIVE SUMMARY 
 
 
 This CICAD1 on heptachlor was prepared by the 
Fraunhofer Institute of Toxicology and Experimental 
Medicine, Hanover, Germany. It is an update of the 
Environmental Health Criteria document on heptachlor 
(IPCS, 1984) and includes data from the IARC (2001) 
and JMPR (1992) reports. A comprehensive literature 
search of relevant databases was conducted from 2000 
up to February 2004 to identify any relevant references 
published subsequent to those incorporated in these 
reports. Information on the source documents is pre-
sented in Appendix 2. Information on the peer review of 
this CICAD is presented in Appendix 3. This CICAD 
was considered and approved as an international assess-
ment at a meeting of the Final Review Board, held in 
Hanoi, Viet Nam, on 28 September – 1 October 2004. 
Participants at the Final Review Board meeting are 
presented in Appendix 4. The International Chemical 
Safety Card on heptachlor (ICSC 0743), produced by the 
International Programme on Chemical Safety (IPCS, 
2003), has also been reproduced in this document. 
 
 Heptachlor (CAS No. 76-44-8) is a chlorinated 
dicyclopentadiene insecticide that is persistent in the 
environment and accumulates in the food-chain. 
Although its use has been banned or severely restricted 
in many countries since the 1980s, it is still detected as a 
contaminant in some food commodities. This is due to its 
persistence, but it also suggests the illegal use of this 
pesticide in the recent past or present (or maybe its 
permitted use in some countries). Heptachlor is one of 
several organochlorine pesticides that are persistent in 
the environment. Concentrations in body tissues and in 
the environment of all these compounds together are 
several times greater than those of heptachlor and/or 
heptachlor epoxide (a persistent heptachlor metabolite) 
alone.  
 
 Heptachlor released into the environment can be 
transformed by abiotic processes, such as the transforma-
tion by photochemically produced hydroxyl radicals, and 
it is transformed in the presence of water to compounds 
such as 1-hydroxychlordene or heptachlor epoxide (such 
as, for example, in moist soils). In addition, it can be 
removed to some extent from aquatic systems by evap-
oration and has a limited potential to leach from soil into 
groundwater due to its elevated soil sorption coefficient. 
It is not readily biodegraded, but it is transformed bio-
logically (i.e. by bacteria, fungi, plants, animals), mainly 
to the stable heptachlor epoxide. The data available on 
the bioconcentration potential of this lipophilic chlor-
inated hydrocarbon indicate that it and its stable epoxide 
will bioaccumulate, which can be shown from the extent 
                                                 
1 For a list of acronyms and abbreviations used in this report, 
please refer to Appendix 1. 

of heptachlor/heptachlor epoxide still detected in 
environmental samples. 
 
 The main exposure routes for heptachlor are prob-
ably via application-related inhalation or skin penetra-
tion, from extended exposure to dusts containing hepta-
chlor in, for example, homes treated with this compound 
to control termites, and indirectly by uptake from food 
contaminated with heptachlor from crops or from other 
foods via the food-chain. However, heptachlor is a com-
ponent of technical chlordane as well as a metabolite of 
chlordane, and thus identification of heptachlor or hepta-
chlor epoxide does not always signify unequivocally that 
the primary exposure was to heptachlor (or heptachlor 
epoxide) per se. 
 
 A survey of recent studies shows that heptachlor 
and/or heptachlor epoxide are found in all environmental 
compartments — air, water, soil, and sediment — as 
well as in plants (vegetables), fish and other aquatic 
organisms, amphibians and reptiles, birds and bird eggs, 
and aquatic and terrestrial mammals. They are found 
particularly in adipose tissues, where they accumulate. 
They pass up the food-chain. They are detected in human 
serum, adipose tissue, including breast tissue, and human 
breast milk.  
 
 Heptachlor is readily absorbed via all routes of 
exposure and is readily metabolized. The major faecal 
metabolites include heptachlor epoxide, 1-hydroxy-
chlordene, and 1-hydroxy-2,3-epoxychlordene. In liver 
microsomes incubated with heptachlor, 85.8% was 
metabolized to heptachlor epoxide in rats, but only 
20.4% in humans. Other metabolites identified in the 
human liver microsome system were 1-hydroxy-2,3-
epoxychlordene (5%), 1-hydroxychlordene (4.8%), and 
1,2-dihydroxydihydrochlordene (0.1%). Heptachlor 
epoxide is metabolized slowly and is the most persistent 
metabolite; it is stored mainly in adipose tissue, but also 
in liver, kidney, and muscle. Females appear to store 
more heptachlor epoxide than males. A period of 12 
weeks was required for complete disappearance from the 
fat after discontinuing heptachlor feeding in rats. 
 
 In humans and laboratory animals, placental transfer 
of heptachlor and/or heptachlor epoxide has been shown.  
 
 Acute oral LD50s for heptachlor for the rat and 
mouse are 40–162 and 68–90 mg/kg body weight, 
respectively. The acute toxicity of heptachlor in animals 
is associated with central nervous system disturbances, 
such as hyperexcitability, tremors, convulsions, and 
paralysis. The acute toxicity of heptachlor epoxide is 
greater than that of heptachlor, whereas that of the other 
metabolites is much less. 
 
 In animals fed heptachlor/heptachlor epoxide by 
diet, gavage, or subcutaneous injection, there is a sharp 
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dose–response curve for mortality. Usually, no marked 
differences were seen between the treated animals and 
the controls with respect to body weights and food 
consumption. However, liver enlargement has been 
described, associated with accentuated lobulation, and 
histopathological findings showed enlargement of 
centrilobular and midzonal hepatocytes. 
 
 Fertility studies in rats injected with heptachlor 
subcutaneously resulted in LOAELs of 5 mg/kg body 
weight per day for suppression of reproductive hormone 
levels, disruptions in female cyclicity, and delays in 
mating behaviour. 
 
 In developmental toxicity studies, there were usually 
no clinical signs of maternal toxicity (dose-related 
alterations in weight gain) until mortality occurred 
[NOAEL for maternal toxicity = 3 mg/kg body weight 
per day]. In one study, reduced litter sizes were noted, 
but postnatal mortality of the pups was the most obvious 
finding [NOAEL for pre- or postnatal survival of pups = 
6 mg/kg body weight per day]. No teratological effects 
were observed.  
 
 There is accumulating evidence that the nervous 
system and its development are influenced by cyclodiene 
pesticides. The profile of effects produced by repeated 
heptachlor administration to female rats consisted of 
altered activity, hyperexcitability, and autonomic effects 
[NOAEL = 2 mg/kg body weight per day]. Neurotoxico-
logical studies on perinatal heptachlor exposure in the rat 
(0.03, 0.3, or 3 mg/kg body weight per day) suggested 
developmental delays, alterations in GABAergic neuro-
transmission, and neurobehavioural changes, including 
cognitive deficits at all doses. 
 
 Immunological studies in rats indicate the suppres-
sion of the primary IgM and secondary IgG anti-sheep 
red blood cell responses following perinatal exposure to 
all tested doses (0.03, 0.3, or 3 mg/kg body weight per 
day) of heptachlor.  
 
 Heptachlor, technical-grade heptachlor, heptachlor 
epoxide, and a mixture of heptachlor and heptachlor 
epoxide have been tested for carcinogenicity by oral 
administration in several strains of mice and rats. 
Heptachlor/heptachlor epoxide and technical-grade 
heptachlor were shown to be carcinogenic in male and 
female mice but not in rats. In an initiation–promotion 
assay, heptachlor was active as a promoter after initiation 
by N-nitrosodiethylamine. 
 
 Heptachlor shows mostly negative responses in in 
vitro and in vivo genotoxicity testing. Heptachlor causes 
in vitro inhibition of gap junctional intercellular commu-
nication, also suggesting a non-genotoxic carcinogenic 
mechanism.  
 

 Available epidemiological data do not show a clear 
relationship between adverse health effects and exposure 
to heptachlor. A tolerable intake was therefore developed 
from experimental studies. As hepatic tumours induced 
by heptachlor in mice are likely to be induced by a non-
genotoxic mechanism and as non-neoplastic effects were 
observed at doses 1/20th of those inducing tumours, non-
neoplastic effects (i.e. histopathological effects in the 
liver, neurotoxicological effects, and immunotoxicolog-
ical effects) were used to derive the tolerable intake. 
The NOAEL for hepatic effects observed in dogs was 
25 µg/kg body weight per day, and that for neurotoxicity 
and immunotoxicity observed in studies in rats was 
30 µg/kg body weight per day. Applying an uncertainty 
factor of 10 for each of inter- and intraspecies variation 
and an additional factor of 2 for inadequacy of the data-
base to the NOAEL in dogs gives a tolerable intake of 
0.1 µg/kg body weight per day for the non-neoplastic 
effects.  
 
 Daily dietary intakes of heptachlor and heptachlor 
epoxide in Poland were estimated at 0.51–0.58 µg per 
person (about 0.01 µg/kg body weight, assuming a mean 
weight of 64 kg). This value is 10-fold less than the 
tolerable intake of 0.1 µg/kg body weight. However, if 
food is contaminated with heptachlor, such as fish from 
contaminated rivers (e.g. concentrations in fish in the 
0.1–1 mg/kg range reported recently in some areas), 
vegetables from fields contaminated with heptachlor (up 
to 16 mg/kg), or contaminated milk (e.g. in the micro-
gram per kilogram to milligram per kilogram range in 
some regions), then the dietary intake of this chemical 
would be much higher, and there would be a likely 
health risk if the contaminated food is ingested for a long 
period of time. For breast-fed children, taking the highest 
reported values for heptachlor epoxide in human breast 
milk and assuming a daily milk consumption of 150 g/kg 
body weight and an average milk fat content of 3.1%, a 
mean intake of 1.5 µg/kg body weight can be calculated. 
This value is more than 10-fold higher than the tolerable 
intake of 0.1 µg/kg body weight per day and, if the con-
centrations reported are correct, should be a cause of 
concern. 
 
 The acute toxicity of heptachlor was tested using a 
variety of aquatic species from different trophic levels. 
Heptachlor was shown to be toxic to fish and other 
aquatic species. However, there is a great deal of varia-
bility in the levels of toxicity reported, possibly due to 
evaporation of heptachlor, thereby reducing the actual 
concentration of the test compound from the nominal test 
concentration over time.  
 
 For the freshwater environment, 23 toxicity values 
were chosen to derive a guidance value. A guidance 
value for heptachlor, based on the species sensitivity 
distribution, for the protection of 99% of species with 
50% confidence was derived at 10 ng/l. In many 
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locations, freshwater heptachlor concentrations exceed 
the guidance value; the highest reported heptachlor 
concentration measured in fresh surface water, 
62 000 ng/l, exceeds it more than 1000-fold.  
 
 For the marine environment, 18 toxicity values were 
chosen to derive a guidance value. A guidance value for 
heptachlor, based on the species sensitivity distribution, 
for the protection of 99% of species with 50% confi-
dence was derived at 5 ng/l. For seawater, the highest 
reliable value for heptachlor present is about 0.15 ng/l, 
so the guidance value is not exceeded, suggesting a low 
risk for the marine environment.  
 
 From the few data available, heptachlor appears to 
exhibit moderate toxic effects upon terrestrial verte-
brates. None of the studies appears reliable enough to 
serve as a basis for a quantitative risk characterization. It 
should be remembered that heptachlor is used as a 
termiticide. 
 
 In studies on rats, heptachlor has been shown to be 
neurotoxic and immunotoxic at 0.03 mg/kg body weight 
per day. The Göksu Delta, Turkey, which is one of the 
most important breeding and wintering areas for birds in 
the world, is contaminated by organochlorine pesticides 
from soils from agricultural areas that have been trans-
ported to the delta by the Göksu River. From this region, 
levels of heptachlor/heptachlor epoxide have been 
detected in birds and bird eggs in the lower milligram 
per kilogram range. The effect of such concentrations of 
heptachlor on the bird populations can only be specu-
lated at present due to lack of data; however, there is a 
potential risk for the terrestrial environment in this 
location. 
 
 
 

2. IDENTITY AND PHYSICAL/CHEMICAL 
PROPERTIES 

 
 
 Heptachlor (1,4,5,6,7,8,8-heptachloro-3a,4,7,7a-
tetrahydro-1H-4,7-methanoindene; CAS No. 76-44-8; 
C10H5Cl7) is a chlorinated dicyclopentadiene belonging 
to the so-called persistent organic pollutants, which were 
restricted by the Stockholm treaty in 2001 (http:// 
www.chem.unep.ch/pops/). In its pure form at room 
temperature, it appears as a white or light tan, crystalline 
solid with a mild camphor- or cedar-like odour, exhibit-
ing a melting point of about 95–96 °C. However, the 
technical product is a soft wax and has a melting point of 
about 46–74 °C, depending on its composition.  
 
 The technical product usually contains about 72% 
heptachlor and about 28% related compounds, such as 

trans-chlordane (20–22%) and trans-nonachlor (4–8%) 
(NCI, 1977).  
 
 The environmentally relevant physicochemical 
properties of heptachlor and its stable and recalcitrant 
transformation product heptachlor epoxide (2,3-epoxy-
1,4,5,6,7,8,8-heptachloro-2,3,3a,4,7,7a-hexahydro-4,7-
endomethanoindane; CAS No. 1024-57-3; C10H5Cl7O) 
are summarized in Table 1. Additional physical and 
chemical properties are presented in the International 
Chemical Safety Card (ICSC 0743) reproduced in this 
document. Their structures are shown in Figure 1. 
 
 

Table 1: Physicochemical properties of heptachlor and its 
epoxide. 

 
Property Value Reference 
Heptachlor   
Relative 
molecular mass 

373.32  

Vapour pressure 
(kPa) 

3.99 × 10−5 at 25 °C  Verschueren 
(1996) 

Log n-
octanol/water 
partition coeffi-
cient (log Kow) 

6.13 (measured) 
6.1 (measured) 

MITI (1992)  
Simpson et al. 
(1995) 

Water solubility 
(g/l) 

0.000 10 at 15 °C 
0.000 18 at 25 °C 

Biggar & Riggs 
(1974) 

Henry’s law 
constant 
(Pa·m3/mol) 

29.75  Thomas (1990) 

Henry’s law 
constant 
(dimensionless) 

1.2 × 10−2 at 25 °C Altschuh et al. 
(1999) 

Conversion 
factors at 20 °C 

1 mg/m3 = 0.0644 ppm 
1 ppm = 15.5 mg/m3 

 

Heptachlor epoxide 
Relative 
molecular mass 

389.32   

Vapour pressure 
(kPa) 

3.46 × 10−7 at 20 °C Verschueren 
(1996) 

Log n-
octanol/water 
partition coeffi-
cient (log Kow) 

5.1 (calculated) Meador et al. 
(1997) 

Water solubility 
(g/l) 

0.000 11 at 15 °C 
0.000 20 at 25 °C 

Biggar & Riggs 
(1974) 

Henry’s law 
constant 
(dimensionless) 

8.6 × 10−4 at 25 °C Altschuh et al. 
(1999) 
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Heptachlor 

 
Heptachlor epoxide 

 
Fig. 1: Structure of heptachlor and heptachlor epoxide. 

 
 
 

3. ANALYTICAL METHODS 
 
 
 A few selected examples of the analytical methods 
for the detection and quantification of heptachlor and its 
epoxide in different matrices are presented below. Fur-
ther detailed information is available in IARC (2001).  
 
 Residues of heptachlor and its epoxide in solid 
materials such as animal tissues or sediments can be 
determined by GC using various detection methods, 
usually following appropriate cleanup and/or extraction 
procedures. For example, Lu & Wang (2002) employed 
Soxhlet extraction of ground rainbow trout tissue 
followed by column purification and GC/ECD. Diop et 
al. (1999) used solvent extraction followed by column 
purification and HRGC/ECD for plant material, whereas 
lyophilized sediment has been analysed by GC/ECD 
following Soxhlet extraction and column purification 
(González-Farias et al., 2002). Analysis of heptachlor in 
air usually involves sorption of the organochlorine 
insecticide onto a solid matrix followed by thermal or 
solvent desorption prior to HRGC/MS (e.g. Buser & 
Müller, 1993). 
  
 
 

4. SOURCES OF HUMAN AND 
ENVIRONMENTAL EXPOSURE 

 
 
4.1  Natural sources 
 
 There are no known natural sources of heptachlor. 
However, its epoxide is not produced commercially but 

rather is formed by abiotic or biotic transformation of 
heptachlor in the environment. 
 
4.2  Anthropogenic sources and uses 
 
 The Stockholm treaty of 2001 restricted or banned 
the use of heptachlor, as this compound was recognized 
as a so-called persistent organic pollutant (http:// 
www.chem.unep.ch/pops/).  
 
 Heptachlor is a pesticide, and the technical grade 
contains structurally related compounds (see section 2). 
Heptachlor also occurs as a component of technical 
chlordane, which is also used as a pesticide (IARC, 
2001). Chlordane consists of four major components — 
heptachlor (22%), 1,2-dichlorochlordane (13.2%), trans-
chlordane (27.5%), and cis-chlordane (11.9%) — and 
seven minor components (Tsushimoto et al., 1983). 
Schmitt et al. (1999) give ≤10% heptachlor in chlordane.  
 
 The main use of heptachlor by farmers is to kill 
termites, ants, and soil insects in seed grains and on 
crops and by exterminators and home owners to kill 
termites in wooden structures. Agricultural consumption 
of heptachlor in the USA was about 550 tonnes per year 
in the early 1970s (Fendick et al., 1990). However, most 
applications of this insecticide were banned or at least 
severely restricted in the early 1980s in many countries. 
The only permitted commercial use of heptachlor 
products in the USA since 1987 is for fire ant control in 
power transformers and in underground cable television 
and telephone cable boxes (ATSDR, 1993). However, 
the pesticides heptachlor and chlordane were still pro-
duced for export. In 1997, Velsicol ceased production in 
the USA. United States customs data show that at least 
2028 tonnes of technical chlordane (containing about 
446 tonnes heptachlor) and 2584 tonnes of heptachlor 
were exported from the USA between 1991 and 1994 
(therefore about 760 tonnes per year), and these figures 
are thought to greatly underestimate the actual figures 
(PANNA, 1997). In the Republic of Korea, about 560 
tonnes of heptachlor were imported and employed in 
agriculture from 1961 until its use came to an end in 
1980 (Kim & Smith, 2001). According to Bouwman 
(2003), South Africa currently still imports about 180–
270 tonnes of heptachlor per year but will probably 
phase out its registration. However, use of chlordane 
(containing heptachlor) is still permitted for protecting 
buildings from termites. As in many other countries, 
stocks of obsolete pesticides have been accumulating for 
various reasons, and their disposal is a worldwide 
problem (FAO, 1999).  
 
 According to a survey on sources of persistent 
organic pollutants, performed by the United Nations 
Environment Programme, the global import figures of 
heptachlor in 1993 and 1994, based on the response of 
61 countries, were 389 and 435 tonnes, respectively, 
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with South America and Oceania being the largest 
consumers (UNEP, 1996). In those countries where use 
is restricted, but may continue, the applications are 
restricted to seed treatment, structural termite control, or 
wood treatment. In tropical and subtropical countries that 
have resumed use of heptachlor for seed treatment or 
preplanting agricultural use, heptachlor is restricted to 
crops that form edible portions above ground and, in 
particular, to crops with long growing seasons that 
undergo processing before consumption (FAO/UNEP, 
1996; IARC, 2001).  
 
 Buildings constructed in temperate regions may 
contain added pesticides in materials. Therefore, their 
destruction or demolition may induce local environ-
mental contamination (Offenberg et al., 2004). 
 
 Heptachlor has also been used as a component in 
plywood glues — e.g. two Finnish products contained 
17–25% heptachlor and 6–9% chlordane (Mussalo-
Rauhamaa et al., 1991). 
 
 Several recent monitoring studies have shown evi-
dence of recent heptachlor usage (see section 6 and 
Appendix 5).  
 
 
 

5. ENVIRONMENTAL TRANSPORT, 
DISTRIBUTION, TRANSFORMATION, AND 

ACCUMULATION 
 
 
5.1  Environmental transport and 

distribution 
 
 Heptachlor and heptachlor epoxide are subject to 
long-range transport and removal from the atmosphere 
by wet and dry deposition. Heptachlor epoxide was 
present in 20 of 21 snowpack samples collected in the 
Northwest Territories, Canada (1985–1986), at a mean 
concentration of 0.18 ng/l. No known local sources for 
heptachlor in Canadian Arctic snow were identified 
(Gregor & Gummer, 1989).  
 
 The environmental transport and distribution of 
heptachlor are reflected in the data shown in the tables in 
Appendix 5; heptachlor has been found in samples in 
various matrices all over the world where no local 
sources are to be found (e.g. in mammal tissue in the 
Arctic, etc.; Table A5-9).  
 
 The predominant target compartments for hepta-
chlor in the environment are soil and sediment (about 
43% and 55%) and, to a lesser extent, water (about 2%; 
Level III fugacity calculation, using EPI suite 3.10). Due 
to its experimentally determined water solubility of 

about 180 µg/l at 25 °C, only a limited proportion of this 
compound is expected to be removed from the atmos-
phere by wet deposition (dissolution in clouds, rainfall, 
etc.). According to Thomas (1990), the measured 
Henry’s law constant of 29.75 Pa·m3/mol indicates a 
moderate volatility of heptachlor from the aqueous 
phase. 
 
 In general, agricultural drains are a means of trans-
porting the pesticides far from their original place of use 
(González-Farias et al., 2002).  
 
 Under environmental conditions, heptachlor will not 
be prone to wash out from soil, as its Koc value of about 
16 000 (Johnson, 1991) indicates a low mobility in soil; 
together with its limited water solubility, this would 
restrict its potential for leaching to groundwater. There-
fore, heptachlor was characterized as a non-leacher pesti-
cide (Johnson, 1991). In principle, however, a long resi-
dence time may nevertheless result in an appreciable 
movement of heptachlor and its stable metabolite hepta-
chlor epoxide, posing a potential risk for groundwater.  
 
5.2  Abiotic transformation 
 
 Heptachlor is moderately persistent in soil, where it 
is mainly transformed into its epoxide. It may undergo 
significant photolysis, oxidation, and volatilization 
(ATSDR, 1993).  
 
 Application-related release of heptachlor to soil 
surfaces can result in volatilization from the surface, but 
volatilization of heptachlor incorporated into soil will be 
slower (Fendick et al., 1990). In water and in moist soils, 
the reaction of heptachlor with water can give rise to the 
formation of 1-hydroxychlordene (Bowman et al., 1965) 
and, to a lesser extent, heptachlor epoxide (Miles et al., 
1969). Chapman & Cole (1982) reported half-lives of 
heptachlor dissolved in phosphate-buffered sterile water–
ethanol (99:1) of 0.77 (pH 4.5), 0.62 (pH 5), 0.62 (pH 6), 
0.64 (pH 7), and 0.43 (pH 8) weeks, whereas Johnson 
(1991) reported a half-life of 180 days.  
 
 Assuming a hydroxyl radical concentration of 1.5 × 
106 molecules per cubic centimetre and a 12-h day, half-
lives of about 2.1 h for heptachlor and of about 24 h for 
the stable epoxide in the atmosphere (applying the 
USEPA program AOPWIN v. 1.9) can be calculated for 
indirect photochemical transformation by hydroxyl 
radicals in the atmosphere. Further, although heptachlor 
is apparently stable in the light (Fendick et al., 1990), 
Mansour & Parlar (1978) reported a phototransformation 
of heptachlor and its epoxide to photoisomerization 
products. The caged photoisomer derived from hepta-
chlor by intramolecular cycloaddition upon UV irradia-
tion (Buser & Müller, 1993) is known to be even more 
toxic and persistent than heptachlor and heptachlor 
epoxide (Zhu et al., 1995). Podowski et al. (1979) 
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reported that heptachlor is converted into its photoisomer 
on exposure to low-intensity (longwave) UV light. This 
photolysis can also occur on plant leaves in the presence 
of sunlight or UV light. Photoheptachlor is about 20 
times more toxic to rats than heptachlor.  
 
5.3  Biotransformation and biodegradation 
 
 In aerobic biodegradation tests performed according 
to OECD guideline 301C, heptachlor was not readily 
biodegradable (BOD 0% of theoretical oxygen demand, 
incubation for 28 days) (MITI, 1992). In an earlier 
report, Leigh (1969) demonstrated that there was no 
significant difference between abiotic and biological 
removal (as BOD5) of heptachlor. However, in contrast 
to the desired aerobic biodegradation (i.e. mineraliza-
tion), which does not take place to any considerable 
extent, the simple and rapid biotransformation of hepta-
chlor to transformation products such as the heptachlor 
epoxide was reported for typical soil bacteria (Miles et 
al., 1969; Bourquin et al., 1972; Beeman & Matsumura, 
1981), soil fungi (Miles et al., 1969; Iyengar & Rao, 
1973), higher fungi, such as the white rot fungus 
(Phanerochaete chrysosporium) (Kennedy et al., 1990; 
Arisoy, 1998), mixed microbial cultures from soil (Miles 
et al., 1971; Bourquin et al., 1972), plants (i.e. cabbage 
and wheat; Weisgerber et al., 1972), and animals such as 
water flea (Daphnia magna) (Feroz et al., 1990) and 
goldfish (Carassius auratus) (Feroz & Khan, 1979). 
Under anaerobic conditions, both heptachlor and its 
epoxide showed only limited conversion (Hill & 
McCarty, 1967). Johnson (1991) cited an aerobic bio-
transformation half-life for heptachlor of 2000 days and 
an anaerobic biotransformation half-life of 39 days. It is 
interesting to note that the presence of heptachlor epox-
ide in ambient air samples is due to the emission of this 
stable metabolite from soil where it is formed from 
heptachlor by microbial activity rather than to the photo-
oxidation of heptachlor in the atmosphere (Bidleman et 
al., 1998a,b). 
 
5.4  Bioaccumulation 
 
 The experimentally determined bioconcentration 
factors (measured corresponding to OECD guideline 
305C) in the range of 2000–17 000 (MITI, 1992) 
strongly indicate a high bioaccumulation potential. 
Bioconcentration may nevertheless be limited in the 
aquatic environment by the rapid transformation of 
heptachlor in water to hydroxychlordene and the sorption 
of heptachlor to sediment or particulate matter. However, 
as heptachlor epoxide is more stable in water, it is bio-
concentrated extensively (Lu & Wang, 2002), with a 
measured concentration of about 5000 µg/kg (on a wet 
weight basis) after 20 days’ exposure of rainbow trout to 
heptachlor epoxide present in water at a concentration of 
about 1.5 µg/l.  
 

 Log Kow values for heptachlor and heptachlor 
epoxide of 6.1 and 5.1, respectively, suggest a high 
potential for bioaccumulation and biomagnification. An 
example illustrating the way in which heptachlor might 
enter the food-chain to end up as heptachlor epoxide in 
dairy milk for human consumption is provided by the 
report describing an application to control ants on 
pineapple plantations in Hawaii, USA (Baker et al., 
1991). In this instance, chopped leaves (from the pine-
apple plants) were fed to dairy cattle, with subsequent 
excretion of metabolically formed epoxide into the milk. 
 
 
 
6. ENVIRONMENTAL LEVELS AND HUMAN 

EXPOSURE  
 
 
6.1  Environmental levels 
 
 Organochlorinated pesticides such as heptachlor, 
owing to their chemical stability, low aqueous solubility, 
and high lipophilicity, become concentrated along the 
food-chain, reaching higher concentrations at higher 
trophic levels. They reach the human body in the daily 
diet and are deposited and accumulated in adipose 
tissues.  
 
 Several recent monitoring studies have shown 
evidence of recent heptachlor usage, including, for 
example, elevated levels of heptachlor in air in Africa 
and the USA (Jantunen et al., 2000; Karlsson et al., 
2000a), its presence in polluted rivers (e.g. Ayas et al., 
1997), and some high residue levels found in vegetables 
(Bakore et al., 2002). Further, heptachlor and/or its 
epoxide are still present in sediment and microflora and 
are bioavailable to plants/crops (CU, 1999; Miglioranza 
et al., 2003) and thereafter biomagnify further up the 
food-chain. In an extensive data collection, Osibanjo 
(2003) showed the presence of heptachlor in the 
Nigerian environment (water, soil, sediment, etc.) and 
the food-chain (vegetables, meat, drinking-water).  
 
 Data from recent studies on levels of heptachlor and 
heptachlor epoxide in the environment are given in 
Appendix 5, Tables A5-1–A5-14.  
 
6.1.1 Atmosphere 
 
 Table A5-1 gives an overview of some recent 
studies on concentrations of heptachlor and heptachlor 
epoxide in ambient and indoor air. Ambient air con-
centrations are generally in the low picogram per cubic 
metre range. Higher values are to be found in agricul-
tural areas where heptachlor was previously used as a 
pesticide and where the pesticide is still being released 
from the soil; for example, Meijer et al. (2003) detected 
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heptachlor epoxide at 550 pg/m3 3 cm above the soil at a 
soya bean site and at 25 pg/m3 at 150 cm above the soil.  
 
 In houses where heptachlor was used against 
termites, indoor concentrations in the nanogram per 
cubic metre range have been measured; for example, 
Anderson & Hites (1989) reported heptachlor concen-
trations ranging from about 4 to 110 ng/m3 for basement 
levels and from about 3 to 66 ng/m3 for first-floor levels. 
More recently, Leone et al. (2000) found heptachlor 
concentrations in homes in the corn belt region in the 
USA ranging from not detectable to 79 ng/m3.  
 
6.1.2  Hydrosphere 
 
 Heptachlor might enter the hydrosphere due to its 
use and application, mainly by drift or surface runoff. 
However, it can evaporate from the aqueous phase to 
some extent, and it can be converted in the presence of 
water (e.g. to yield hydroxychlordene); thus, the concen-
tration of heptachlor in the hydrosphere may decrease.  
 
 Table A5-2 gives an overview of some recent stud-
ies on heptachlor and heptachlor epoxide concentrations 
in water samples. 
 
6.1.2.1 Rainwater 
 
 Although the use of heptachlor has been banned in 
Europe for several years, there are reports that this pesti-
cide is still present in rainwater. Heptachlor epoxide was 
detected in rainwater (wet and dry precipitation) in 
Poland (10 different sampling stations in the Gdansk 
region) at average concentrations ranging from 0.09 ng/l 
up to 0.58 ng/l (Grynkiewicz et al., 2001). A follow-up 
study (Polkowska et al., 2002) demonstrated the pres-
ence of heptachlor epoxide in the runoff water collected 
from roofs in an urban region (Gdansk, Poland) at 
concentrations up to 1.49 ng/l. In the Netherlands, while 
both heptachlor and its epoxide were detected in 
rainwater collected in typical agricultural locations 
(intense greenhouse horticulture and flower bulb pro-
duction) at maximum concentrations of 3 ng/l (hepta-
chlor) and 7 ng/l (heptachlor epoxide), only heptachlor 
was detected (maximum concentration 3 ng/l) in corres-
ponding background locations (Hamers et al., 2003). 
Similar results were found by van Maanen et al. (2001). 
 
6.1.2.2 Drinking-water 
 
 In an intense monitoring programme in 21 counties 
in California, USA, 332 wells were sampled for hepta-
chlor and 335 wells were sampled for heptachlor epox-
ide. Neither compound was detected (CEPA, 2000). 
However, in a state-wide survey (December 1985 to 
February 1986), heptachlor was detected in 1% of about 
100 wells tested in Kansas, USA, at an average concen-
tration of about 0.025 µg/l (Steichen et al., 1988). In 

New York City, USA, from 1989 to 1993, heptachlor 
was detected in influent and effluent of municipal 
treatment facilities at concentrations ranging from 0.021 
to 0.35 µg/l and from 0.02 to 0.45 µg/l, respectively 
(Stubin et al., 1996).  
 
6.1.2.3 Surface and river water 
 
 The concentrations of heptachlor/heptachlor epoxide 
vary greatly from, for example, the lower picogram per 
litre range in surface water from Lake Malawi, southern 
Africa, to a mean value of 19 000 ng/l for heptachlor 
epoxide in water from around Göksu Delta, Turkey 
(Ayas et al., 1997) and a maximum value of 27 800 ng/l 
for heptachlor epoxide in water samples from canals and 
drains, El-Haram Giza, Arab Republic of Egypt (El-
Kabbany et al., 2000). Göksu Delta is one of the most 
important breeding and wintering areas for birds in the 
world, so it is of concern that the environment is con-
taminated by organochlorine pesticides from soils from 
agricultural areas that have been transported by the 
Göksu River to the delta (González-Farias et al., 2002). 
 
6.1.2.4 Ocean water 
 
 Jantunen & Bidleman (1998) reported the presence 
of the stable heptachlor epoxide in water samples from 
the western Arctic Ocean at an average concentration of 
14.8 pg/l. However, the origin of the stable epoxide in 
polar water is not known. Water samples from the 
Bering and Chukchi seas contained heptachlor epoxide 
at concentrations up to 223 pg/l (Yao et al., 2002). Sea-
water surface samples from the Straits of Jahore 
(Singapore/Malaysia) apparently contained heptachlor at 
concentrations up to 233 ng/l (Basheer et al., 2002). 
 
6.1.2.5 Wastewater 
 
 Heptachlor epoxide was detected in all samples of 
raw wastewater (82–1100 ng/l; median 200 ng/l) and 
secondary sedimentation effluent (6–120 ng/l; median 
13 ng/l) at the municipal wastewater treatment plant in 
Thessaloniki, northern Greece (Katsoyiannis & Samara, 
2004).  
 
6.1.3 Soil and sediment 
 
 Several studies on sediment show concentrations of 
heptachlor/heptachlor epoxide in the lower microgram 
per kilogram (nanogram per gram) range (see Table A5-
3). González-Farias et al. (2002) found heptachlor in 
single agricultural drains at high concentrations (49 and 
65 ng/g dry weight for heptachlor and its epoxide, 
respectively), although officially the pesticide was not 
being used. In other studies, much higher concentrations 
were found; for example, means of 1377 and 244 ng/g 
for heptachlor and heptachlor epoxide, respectively, 
were measured in the Göksu Delta (Ayas et al., 1997). It 
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should be noted that in all these studies, other organo-
chlorine pesticides are also present at a 10-fold or higher 
concentration than heptachlor and heptachlor epoxide, 
and other pollutants are present as well. The study of 
Zhang et al. (2003) (Tables A5-3 and A5-4) shows how 
heptachlor accumulates in sediment, leaches out of sedi-
ment into the sediment porewater, and then transfers to 
surface water by processes such as diffusion. 
 
 Recent measurements of heptachlor and heptachlor 
epoxide in soil samples are given in Table A5-4. Kim & 
Smith (2001) reported soil levels of heptachlor up to 2.8 
ng/g and of heptachlor epoxide up to 48 ng/g for top soil 
samples (mainly rice and vegetable farming) analysed in 
the Republic of Korea. Heptachlor was found not only in 
agricultural soil in Argentina but also in the surface of 
natural soil on highland hills where heptachlor was never 
directly applied but was probably blown by winds. The 
heptachlor was then metabolized in the soil to heptachlor 
epoxide. The majority of the heptachlor/heptachlor epox-
ide is found in the top layers of soil and does not pene-
trate to any great extent to lower layers (Miglioranza et 
al., 2003). In the study on soil from the Göksu Delta, 
heptachlor concentrations ranged from a maximum of 
9616 ng/g (mean 4777 ng/g) in the agricultural area to a 
mean of 32 ng/g in the dune area (Ayas et al., 1997). 
 
6.1.4 Fish and aquatic organisms 
 
 Tables A5-5 and A5-6 give an overview of concen-
trations of heptachlor and heptachlor epoxide in fish and 
other aquatic organisms, respectively. 
 
 Fish from several areas had heptachlor concentra-
tions below 1 ng/g wet weight or in the low ng/g lipid 
weight range. Much higher values (in the 100–1000 ng/g 
range) were reported from Ganges Estuary, Bangladesh, 
from Bay of Bengal, and from Göksu Delta, Turkey (see 
Table A5-5 for details).  
 
 Concentrations of heptachlor/heptachlor epoxide in 
crabs, mussels, and whelks were below 1 ng/g lipid 
(from White Sea; Muir et al., 2003) or just above 1 ng/g 
lipid (Gulf of Gdansk: Falandysz et al., 2001) or 1 ng/g 
dry weight (marine [coastal] Pacific and Caribbean 
coasts: Castillo et al., 1997). Higher values were reported 
in estuarine Nicoya Gulf (Castillo et al., 1997), New 
Bedford Harbor, Massachusetts, USA (Hofelt & Shea, 
1997), in the Karachi Coast area (Munshi et al., 2001), 
and in Australia (Connell et al., 2002). Concentrations in 
zooplankton were 0.02–0.55 ng/g lipid weight in the 
White Sea (Muir et al., 2003).  
 
6.1.5 Birds and bird eggs 
 
 A study was conducted (see Table A5-7) during the 
period of October 1991 to October 1993 to determine 
organochlorine pesticide residues (including heptachlor) 

in waterbirds — Eurasian coot (Fulica atra), mallard 
(Anas platyrhynchos), and little egret (Egretta garzetta) 
— at Göksu Delta–Tasucu, which is an internationally 
important wetland for the waterbirds (Ayas et al., 1997). 
The results showed that environs and organisms were 
contaminated by 13 different organochlorine pesticides. 
Heptachlor and heptachlor epoxide generally accumu-
lated in adipose tissue (e.g. mean heptachlor epoxide 
concentration of 2744 ng/g in mallards) and in the eggs 
of waterbirds (e.g. mean heptachlor concentration of 980 
ng/g in eggs of the little egret). In comparison, hepta-
chlor epoxide was detected in eggs of great black-backed 
gulls (Larus marinus) in Lake Ontario in North America 
at 90–140 ng/g wet weight (Weseloh et al., 2002), in an 
egg pool of black-footed albatross (Phoebastria 
nigripes) from Midway Atoll, Pacific, at 3.4 ng/g wet 
weight (Muir et al., 2002), in great blue heron (Ardea 
herodias) eggs, Upper Mississippi River, USA, at 20–
100 ng/g wet weight, mean of 10 colonies (Custer et al., 
1997a), and in eggs of Eurasian buzzard (Buteo buteo), 
La Segarra, north-eastern Spain, at 1–233 ng/g wet 
weight (Manosa et al., 2003). 
 
6.1.6 Amphibians and reptiles 
 
 Table A5-8 summarizes concentrations of hepta-
chlor and heptachlor epoxide in amphibians and reptiles. 
 
 A survey performed in a Costa Rican tropical con-
servation area showed the presence of heptachlor in 
amphibians. The highest detected mean level of about 
32 ng/g wet weight was observed in Mexican giant 
leopard frog (Rana forreri). Heptachlor was detected in 
turtles (Rhinoclemmys pulcherrima) at the highest 
detected mean level of about 17 ng/g wet weight 
(Klemens et al., 2003). 
 
6.1.7 Mammals  
 
 Levels of heptachlor in mammals are given in Table 
A5-9. Northwest Atlantic pilot whales (Globicephala 
melas) stranded in Massachusetts, USA, between 1990 
and 1996 showed mean concentrations of heptachlor and 
heptachlor epoxide of 39 and 56 ng/g lipid weight, 
respectively (Weisbrod et al., 2000a). Higher concentra-
tions (up to a mean of 1287 ng/g lipid weight in winter) 
were found in right whales (Eubalaena glacialis) that 
migrate in early spring from southern waters to the Bay 
of Fundy in Canada following warming water tempera-
tures and plankton blooms and migrate back south in 
winter. Biopsies collected during winter had lower con-
centrations of lipid than biopsies collected during sum-
mer (Weisbrod et al., 2000b).  
 
 Several recent studies have measured the concen-
trations of heptachlor/heptachlor epoxide in seal blubber 
and polar bear fat in the Arctic (see Table A5-9). With a 
few exceptions, mean concentrations were up to 50 ng/g 
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lipid weight in seal blubber and up to 475 ng/g lipid 
weight in polar bears.  
 
6.1.8 Food 
 
 Table A5-10 gives an overview of concentrations of 
heptachlor and heptachlor epoxide in food. 
 
 Fruits and vegetables sampled from different mar-
kets in Dakar, Senegal, showed the presence of hepta-
chlor at concentrations ranging from 9 µg/kg (man-
darins) up to 42 µg/kg (tomatoes) (Diop et al., 1999). 
Similarly, medicinal plants examined by these authors 
contained heptachlor, with concentrations ranging from 
2.25 up to 17 µg/kg. However, heptachlor and its epox-
ide were not detected in different herbal formulations 
used as dietary supplements from South-East Asia 
(detection limit 0.03 ng/g; Hwang & Lee, 2000). 
Nakamura et al. (1994) failed to detect heptachlor or its 
epoxide in a range of agricultural products, such as rice, 
cabbage, and cucumber, in Japan (detection limit 1 ng/g). 
 
 Vegetables from Jaipur City, Rajasthan, India, 
analysed at the end of the season, contained much higher 
levels of heptachlor plus heptachlor epoxide: up to about 
15.9 (tomatoes), 16 (cabbage), 9.3 (okra), 9.4 (spinach), 
and 1.5 (cauliflower) mg of heptachlor plus heptachlor 
epoxide per kilogram (Bakore et al., 2002). Dairy milk 
as well as buffalo milk sampled from 1993 to 1996 in 
Jaipur City were shown to contain heptachlor and its 
epoxide in milligram per litre amounts (John et al., 
2001). Furthermore, concentrations of heptachlor in 
blood of breast cancer patients and controls from Jaipur 
City were also very high (Mathur et al., 2002). It is not 
known whether these extremely high values in vege-
tables, cow milk, and human samples are correct (which 
would indicate extreme pollution with organic pesti-
cides) or whether this is a measurement or calculation 
error.  
 
 Heptachlor epoxide was reported in dairy milk for 
human consumption as a result of the feeding of chopped 
leaves from the pineapple plants to dairy cattle, with 
subsequent excretion of metabolically formed epoxide 
into the milk (Baker et al., 1991). The concentrations of 
heptachlor epoxide were 0.12 µg/g fat basis (October 
1980 – April 1981); 1.20–5.00 µg/g (April 1981 – April 
1982), and <0.30 µg/g (April 1982 – December 1982) 
(Le Marchand et al., 1986). 
 
 Heptachlor and/or heptachlor epoxide were not 
detected in samples of dairy milk retailed in China 
(detection limit 0.002 µg/g; Zhong et al., 2003). 
 
  Heptachlor has been reported in infant food from 
Nigeria and Italy at concentrations of 0.09 (ND–0.87) 
ng/g and 9.80 (ND–72) ng/g, respectively (Osibanjo, 
2003). 

6.2  Human exposure 
 
6.2.1 Levels of heptachlor and heptachlor epoxide 

in human fluids and tissues 
 
6.2.1.1  Occupational exposure 
 
 Approximately 200 plywood workers in Finland 
were reported to be exposed to heptachlor, either through 
working with sizings that contain heptachlor or through 
stacking plywood for heat pressure treatment. Residue 
levels of heptachlor, heptachlor epoxide, and other 
chlordane compounds were determined in sera from 74 
Finnish plywood workers and 52 controls. Concentra-
tions of heptachlor epoxide in plywood workers varied 
from below the detection limit of 0.1 ng/g to 19.2 ng/g 
serum (1 ng/g = 0.98 µg/l); the mean and standard 
deviation were 3.2 and 3.9 ng/g, respectively. Heptachlor 
epoxide values in controls varied from below the detec-
tion limit to 1.2 ng/g serum. The exposure time (e.g. the 
number of years spent working with plywood sizings 
that contained heptachlor) correlated with the residue 
levels of heptachlor epoxide that were measured in 
serum samples obtained from employees at two com-
panies (P = 0.03) (Mussalo-Rauhamaa et al., 1991). 
 
6.2.1.2  General population exposure 
 
 Consumption of foods containing pesticides such as 
heptachlor leads to an accumulation of these compounds 
in human tissues. Concentrations of heptachlor and 
heptachlor epoxide in various human tissues and fluids 
from recent studies are given in Appendix 5: Table A5-
11, serum and blood samples; Table A5-12, human 
breast milk; Table A5-13, adipose tissue; and Table A5-
14, breast adipose tissue.  
 
  The most significant source of exposure of infants to 
heptachlor and its metabolites appears to be breast milk, 
in which the concentrations can be much higher than 
those found in dairy milk. A large international survey 
performed in the 1970s found that the mean concentra-
tions of heptachlor and heptachlor epoxide in human 
breast milk ranged from 2 to 720 ng/g of fat (IPCS, 
1984). Concentrations of heptachlor epoxide in breast 
milk from women in a number of countries are given in 
Table A5-12. Although heptachlor has not been found in 
all samples, it has been found in at least some samples in 
most surveys, showing that this organochlorine com-
pound is a ubiquitous contaminant. Mean concentrations 
from recent reports are much below 100 ng/g on a milk 
fat basis; however, studies in some countries give notice-
ably higher values — e.g. Jordan (mean of 600 ng of 
heptachlor epoxide per gram of milk fat; Alawi & Khalil 
2002) and Thailand (360 ng of heptachlor epoxide per 
gram of milk fat; Stuetz et al., 2001). 
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 In a breast milk study in Victoria, Australia, a 
correlation was found between the levels of heptachlor 
epoxide in breast milk and the use of heptachlor as a 
termiticide (Sim et al., 1998).  
 
 Heptachlor that had been formerly sprayed on 
pineapple plants to control ants responsible for the 
spread of mealy bugs remained on the leaves that were 
chopped and fed to dairy cows on Oahu, Hawaii, USA. 
Heptachlor-contaminated “green chop” led to contam-
ination of the commercial milk supply on Oahu for as 
long as 15 months during 1981–1982, at levels as high as 
1.2 µg/g fat basis (Baker et al., 1991; Allen et al., 1997). 
Lactating women who consumed dairy products and beef 
from local sources had average levels of 123 ng of hepta-
chlor epoxide per gram of fat, with a maximum concen-
tration of >250 ng/g of fat (Baker et al., 1991). Hepta-
chlor is usually only one of the organochlorine pesticides 
present in breast milk.  
 
 A compilation of data from the 1960s and 1970s 
indicated that the mean concentration of heptachlor 
epoxide in adipose tissue from the general population 
ranged from 10 to 460 ng/g of fat (IARC, 1991; Kutz et 
al., 1991). Data from more recent years still fall in this 
range. However, one report from Jordan gave values 
above 1000 ng/g of fat (Alawi et al., 1999; see Table A5-
13).  
 
6.2.2 Estimates of human exposure 
 
 The main exposure routes for heptachlor are prob-
ably via application-related inhalation or skin penetra-
tion, from extended exposure to dusts containing hepta-
chlor in, for example, homes treated with this compound 
to control termites, and indirectly by uptake from food 
contaminated with heptachlor from crops or from other 
foods via the food-chain. 
 
 A study of the exposure of applicators and residents 
to heptachlor when used for subterranean termite control 
in homes indicated that applicator exposure by the der-
mal route to hands, forearms, and lower legs was 71.3, 
29.3, and 17.1 µg/region per hour, respectively, and by 
the respiratory route in the breathing zone, 33.4 (range 
2–176) µg/m3. Exposure of residents to heptachlor in 
ambient air during termiticide treatments was a maxi-
mum of 5 µg/m3, which decreased to 2.86 µg/m3 after 
24 h (Kamble et al., 1992).  
 
 The most likely route of exposure of the general 
population to heptachlor is via food-related uptake. This 
is due to the fact that heptachlor will bioaccumulate in 
lipid phases. In particular, foods such as milk, fish, and 
meats, which have a higher fat content, and vegetables 
directly contaminated with the pesticide are likely to 
contain higher concentrations of heptachlor. 
 

 The estimated dietary intake of heptachlor epoxide 
in the 1960s and 1970s in the USA was about 0.3–2 
µg/day (Duggan & Corneliussen, 1972; Peirano, 1980; 
IPCS, 1984). The average daily intake of heptachlor 
found in the United States Food and Drug Adminis-
tration Total Diet Study (1986–1998) analysis was 
<0.0001 µg/kg body weight per day for all age/sex 
groups (i.e. 6–11 months; 2 years; 14–16 years, females, 
and 14–16 years, males; 25–30 years, females, and 25–
30 years, males; 60–65 years, females, and 60–65 years, 
males) (Gunderson, 1995). Based on a total diet study 
conducted in the period April 1982 – April 1984, the 
estimated daily intakes of heptachlor and heptachlor 
epoxide for men aged 25–30 were 0.007 µg and 0.184 
µg, respectively (Gunderson, 1988). 
 
 The intake of heptachlor epoxide in a Basque popu-
lation in Spain in 1990–1991 was estimated to be <0.1 
µg/day on average (Urieta et al., 1996).  
 
 For several countries, Kannan et al. (1997) sum-
marized the average daily uptake values (in micrograms 
per person) for heptachlor and its epoxide from the 
available data as follows: 0.07 (India, 1989, heptachlor 
only), 0.08 (Thailand, 1980), 0.06 (Japan, 1992–1993), 
1.1 (Australia, 1990–1992), 8.4 (Italy, 1971–1972), 0.18 
(Italy, 1978–1984), 0.49 (Finland, 1983), 0.1 (USA, 
1987), and 0.04 (USA, 1990). 
 
 Estimated heptachlor and heptachlor epoxide expo-
sure from food items in Poland in 1970–1996 was cal-
culated by multiplying annualized mean consumption 
rates by residue concentrations in the food. The daily 
dietary intakes of heptachlor and heptachlor epoxide 
were from 0.51 to 0.58 µg per person (Falandysz, 2003) 
(about 0.01 µg/kg body weight, assuming a mean weight 
of 64 kg). In this study, the main sources of heptachlor 
and heptachlor epoxide were thought to be meat, meat 
products, and animal fats.  
 
 However, if fish from contaminated rivers (e.g. 
concentrations in fish in the 0.1–1 mg/kg range reported 
from Ganges Estuary, Bangladesh, Bay of Bengal, and 
Göksu Delta, Turkey) were ingested, a much higher 
daily intake would be likely. This would also be the case 
for vegetables ingested from fields contaminated with 
heptachlor or contaminated milk (e.g. in the microgram 
per kilogram range in Dakar, Senegal; in the milligram 
per kilogram range in Jaipur City, Rajasthan, India). 
 
 The daily intake of heptachlor by breast-fed babies 
in Jordan calculated from the data of Alawi & Khalil 
(2002), assuming a daily milk consumption of 150 g/kg 
body weight and an average milk fat content of 3.1%, 
was a mean of 0.67 µg/kg body weight. The correspond-
ing daily intake of heptachlor epoxide by babies in 2000 
was a mean of 1.5 µg/kg body weight (Alawi & Khalil, 
2002). In contrast, Rogan & Ragan (1994) calculated, on
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Fig. 2: Metabolic scheme for heptachlor in rats [1-hydroxychlordene is also designated as 1-exohydroxychlordene; 1-hydroxy-

2,3-exo-epoxychlordene is also designated as 1-exohydroxy-2,3-exo-epoxychlordene] (from Tashiro & Matsumura, 1978). 
 
 
the basis of the 90th percentile of 100 ng/g fat (Table 
A5-12; Rogan et al., 1991), an average daily heptachlor 
epoxide dose of 0.003 µg/kg body weight. 
 
 
 

7. COMPARATIVE KINETICS AND 
METABOLISM IN LABORATORY ANIMALS 

AND HUMANS 
 
 
 Heptachlor is readily absorbed via all routes of 
exposure and is readily metabolized. The results in 
excretion studies on orally administered [14C]heptachlor 
in rats show that about 72% of the radioactivity was 
eliminated by the faeces in the form of metabolites and 

26.2% as the parent compound by day 10. The major 
faecal metabolites include heptachlor epoxide, 1-
hydroxychlordene, and 1-hydroxy-2,3-epoxychlordene 
(Tashiro & Matsumura, 1978). The metabolite 1-exo-
hydroxychlordene epoxide was detected only in the urine 
of treated rats (Klein et al., 1968). In liver microsomes 
incubated with heptachlor, 85.8% was metabolized to 
heptachlor epoxide in rats, but only 20.4% in humans. 
Other metabolites identified in the human liver micro-
some system were 1-hydroxy-2,3-epoxychlordene (5%), 
1-hydroxychlordene (4.8%), and 1,2-dihydroxydihydro-
chlordene (0.1%) (Tashiro & Matsumura, 1978). A 
scheme for the metabolism in rats is given in Figure 2.  
 
 Heptachlor epoxide is metabolized slowly and is the 
most persistent metabolite; it is stored mainly in adipose 
tissue, but also in liver, kidney, and muscle (Radomski & 
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Davidow, 1953). The concentrations of heptachlor 
epoxide in serum, adipose tissue, bile, and gallstone of a 
pesticide worker were 3, 400, 1, and 1 ng/g, respectively 
(Paschal et al., 1974). The mean ratio between concen-
trations of heptachlor epoxide in fat and blood was 880 
for 10 workers at a technical heptachlor plant (Nisbet, 
1986). The bioaccumulation factors (mg/g in fat / mg/g 
in diet) in the tissues of rats were 1.0 for males and 5.0 
for females (Adams et al., 1974). Studies in male dogs 
indicated an average bioaccumulation factor for hepta-
chlor epoxide of 22 (Radomski & Davidow, 1953). After 
prolonged exposure to heptachlor epoxide, cattle had 
bioaccumulation factors of 5 or more in males and 10–25 
in females (Nisbet, 1986).  
 
 Heptachlor epoxide accumulated rapidly in the fat of 
rats fed heptachlor at a level of 30 mg/kg in the diet for 
12 weeks. The maximum concentration in the fat was 
reached in 2–4 weeks. A period of 12 weeks was 
required for complete disappearance from the fat after 
discontinuing heptachlor feeding. The concentration of 
heptachlor epoxide in the fat bears a relationship to the 
concentration of heptachlor in the diet (Radomski & 
Davidow, 1953). In female rats, the amount of hepta-
chlor and heptachlor epoxide found in milk, blood, fat, 
and tissues was proportional to the dose of heptachlor 
administered (Smialowicz et al., 2001). Heptachlor was 
not detected in rat pup tissues, but heptachlor epoxide 
was detected in fat, brain, liver, and plasma at concen-
trations proportional to the dose administered (Moser et 
al., 2001).  
 
 The presence of heptachlor epoxide in the adipose 
tissue of stillborn infants (Wassermann et al., 1974) and 
in the cord blood of newborns (D’Ercole et al., 1976) 
demonstrates placental transfer of heptachlor and/or 
heptachlor epoxide.  
 
 
 
8. EFFECTS ON LABORATORY MAMMALS 

AND IN VITRO TEST SYSTEMS 
 
 
8.1  Single exposure 
 
 Acute toxicity studies of heptachlor and heptachlor 
epoxide in several animal species are reviewed in IPCS 
(1984) and FAO/WHO (1967) and summarized in JMPR 
(1992). Acute oral LD50s for heptachlor for the rat and 
mouse are 40–162 and 68–90 mg/kg body weight, 
respectively. Dermal LD50s for heptachlor for the rat are 
119–250 mg/kg body weight (IPCS, 1984). The symp-
toms associated with acute heptachlor toxicity include 
hyperexcitability, tremors, convulsions, and paralysis.  
 
 The acute toxicity of heptachlor epoxide is greater 
than that of heptachlor; for example, the intravenous 

lethal doses for heptachlor and heptachlor epoxide are 40 
and 10 mg/kg body weight, respectively (IPCS, 1984). 
However, four other heptachlor metabolites (chlordane, 
3-chlordene, 1-hydroxychlordene, and chlordane epox-
ide) were found to have a much lower toxicity, with 
acute oral LD50 values of greater than 4600 mg/kg body 
weight (Mastri et al., 1969). 
 
8.2  Repeated exposure 
 
 Groups of 10 Charles River CD-1 mice per sex per 
dose were fed a mixture of heptachlor/heptachlor 
epoxide (1:3) at dietary concentrations of 1, 5, 10, 25, 
and 50 mg/kg for 30 days (Wazeter et al., 1971a). Nine 
males and eight females of the highest dose group and 
one female in the 25 mg/kg group died. No marked 
differences were seen between the treated animals and 
the controls with respect to body weights and food 
consumption. Liver enlargement in the 10, 25, and 50 
mg/kg groups in both sexes was associated with accentu-
ated lobulation. Histopathological findings showed 
enlargement of centrilobular and midzonal hepatocytes 
in these groups and in the 5 mg/kg female dose group. 
The NOAEL was given as 1 mg of heptachlor per kilo-
gram diet [NOAEL = 0.13 mg/kg body weight per day].  
 
 In a study to investigate the effect of heptachlor on 
the development of the reproductive system (see section 
8.5), pregnant Sprague-Dawley rats were administered 
heptachlor by oral gavage at doses of 0, 0.5, and 5.0 
mg/kg body weight per day from GD 8 through PND 21, 
which was the day of weaning (n = 7–8 per group). Two 
of the dams in the 5.0 mg/kg body weight per day group 
died. Pups in the highest dose group weighed signifi-
cantly less than those in the other two groups on PND 0. 
All but one litter of the 5.0 mg/kg body weight per day 
group died within the first 4 postnatal days (Lawson & 
Luderer, 2004). 
 
 Groups of eight female Fischer 344 rats were dosed 
daily (0, 2, or 7 mg/kg body weight per day) by oral 
gavage for 14 consecutive days. Hepatocytomegaly was 
seen at 2 mg/kg body weight per day in two out of eight 
rats and all seven surviving rats in the 7 mg/kg body 
weight per day group. These doses also increased liver 
weight and decreased thymus weight (Berman et al., 
1995; see also studies on reproductive effects [Narotsky 
& Kavlock, 1995] in section 8.5 and on neurobehav-
ioural effects [Moser et al., 1995] in section 8.6) 
[LOAEL = 2 mg/kg body weight per day]. 
 
 Two dogs given heptachlor dissolved in corn oil 
orally at 5 mg/kg body weight per day died within 21 
days, whereas three of four dogs given heptachlor dis-
solved in corn oil orally at 1 mg/kg body weight per day 
died within 424 days (Lehman, 1952). 
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 Three dogs given heptachlor epoxide orally in 
dosages of 2, 4, and 8 mg/kg body weight per day for 
5 days per week died after 22, 10, and 3 weeks, respec-
tively. Daily oral doses of 0.25 and 0.5 mg/kg body 
weight did not cause illness during 52 weeks, but 
0.25 mg/kg body weight, estimated to be equivalent to 
6 mg/kg in the diet, was reported as the minimal dose 
producing a pathological effect (Velsicol Corporation, 
1959). 
 
8.3  Long-term exposure and carcinogenicity 
 
8.3.1 Neoplastic effects 
 
 Technical-grade heptachlor (72 ± 3% heptachlor, 
18% trans-chlordane, 2% cis-chlordane, 2% nonachlor, 
1% chlordene, 0.2% hexachlorobutadiene, and 10–15 
other compounds) was tested for carcinogenicity using 
both sexes of Osborne-Mendel rats and B6C3F1 mice 
(NCI, 1977). Heptachlor was administered in the diet for 
80 weeks using two separate dose levels for each sex and 
species. Owing to the observable toxic effects, the dose 
levels were changed during the course of the study. The 
time-weighted average doses1 were 39 and 78 mg/kg for 
male rats and 26 and 51 mg/kg for female rats. The 
average body weights of rats treated with high doses 
were consistently lower than those of untreated controls, 
while body weights of low-dose rats were unaffected. 
Mortality was dose related for female rats but not for 
male rats. No hepatic tumours were observed in the rats. 
 
 For mice, the time-weighted average doses were 6 
and 14 mg/kg for the males and 9 and 18 mg/kg for the 
females. Mortality was dose related for female mice but 
not for male mice. A review of the liver samples from 
this study by the panel of the United States National 
Academy of Sciences (NAS, 1977) indicated a signifi-
cant increase in the combined incidence of hepatocellular 
carcinoma and “nodular changes” in males and females 
receiving the higher concentration (see Table 2). 
 
 An oral carcinogenicity study on heptachlor and its 
epoxide was carried out by the United States Food and 
Drug Administration in 1965 and was later published in 
a summarized form (Epstein, 1976). Three groups of 100 
male and 100 female C3H mice were fed diets contain-
ing heptachlor at 0 or 10 mg/kg or heptachlor epoxide at 
10 mg/kg for 24 months. A review of the histopathology 
of liver samples by the United States National Academy 
of Sciences (NAS, 1977) indicated a significant increase 
in the incidence of hepatocellular carcinomas in females 

                                                 
1 The dose levels of heptachlor in the original diets had to be 
reduced twice due to observable toxic effects. Therefore, NCI 
(1977) published the results of their study giving time-
weighted average doses. Time-weighted average dose = 
Σ (dose in mg/kg × number of days at that dose) / Σ (number of 
days receiving each dose). 

but not in males given heptachlor and in both males and 
females given heptachlor epoxide. There was also a sig-
nificant increase in the combined incidence of carcino-
mas and nodules in both males and females given 
heptachlor or heptachlor epoxide (IARC, 2001; see 
Table 3). 
 
 In a further study on heptachlor and its epoxide con-
ducted by the International Research and Development 
Corporation in 1973 and later published in a summarized 
form (Epstein, 1976), groups of 100 male and 100 
female CD-1 mice were fed diets containing a mixture of 
75% heptachlor epoxide and 25% heptachlor at a con-
centration of 0, 1, 5, or 10 mg/kg for 18 months. After 
exclusion of 10 animals from each group that were killed 
for interim study at 6 months, the mortality rate at 18 
months was 34–49%, with the exception of the group 
receiving the highest dose, for which the rate was about 
70%. A review of the histopathology of liver samples 
from this study by the United States National Academy 
of Sciences (NAS, 1977) indicated a significant increase 
in the combined incidence of hepatocellular carcinomas 
and nodules in the groups at the highest concentration 
(Table 4).  
 
8.3.2 Administration with known carcinogens  
 
 Groups of male B6C3F1 mice, 8 weeks of age, were 
given drinking-water containing the tumour initiator N-
nitrosodiethylamine at 0 or 20 mg/l for 14 weeks. After 
4 weeks with no treatment, mice received diets contain-
ing technical heptachlor at 0, 5, or 10 mg/kg for 25 
weeks. All surviving animals were killed at 43 weeks; 
five mice from each group were sacrificed after 8 and 
16 weeks’ administration of heptachlor. The effect of N-
nitrosodiethylamine was assessed by the presence of 
altered foci displaying abnormalities in glucose-6-phos-
phatase. The incidence of hepatocellular adenomas and 
carcinomas was significantly increased with heptachlor 
compared with N-nitrosodiethylamine alone (Williams & 
Numoto, 1984; see Table 5). Heptachlor showed tumour 
promoter activity. 
 
8.3.3 Non-neoplastic effects  
 
 Groups of beagle dogs (four per sex per dose) were 
fed heptachlor epoxide at concentrations of 0, 1, 3, 5, 7, 
and 10 mg/kg in the diet for 2 years (Wazeter et al., 
1971b). After this time, two dogs per sex per dose were 
sacrificed and necropsied, while the other two dogs per 
sex per dose were maintained on the control diet for an 
additional 6 months. In addition, the test animals were 
also mated during the study and employed as the P1 
parental animals for a two-generation reproduction and 
teratology study. Neither deaths nor compound-related 
behavioural changes were seen during the study. No 
marked differences were seen between the treated 
animals and the controls with respect to body weights



Heptachlor 
 

 

17 

Table 2: Tumour incidence in B6C3F1 mice treated with technical-grade heptachlor.a 

 
Males Females 

Treatment 
Hepatocellular 

carcinomas 
Hepatocellular carcinomas 

and nodules 
Hepatocellular 

carcinomas 
Hepatocellular 

carcinomas and nodules 
Controls 2/19 5/19  0/10 1/10 
Heptachlor (low 
dose) 

3/45 14/45  0/44 3/44 

Heptachlor (high 
dose) 

2/45 24/45 (P = 0.042)b  2/42 21/42 (P = 0.022)a 

a  From NAS (1977); IARC (2001). 
b  Armitage’s test for linear trend. 
 
 

Table 3: Tumour incidence in C3H mice treated with heptachlor or heptachlor epoxide.a 

 
Males Females 

Treatment 
Hepatocellular 

carcinomas 
Hepatocellular 

carcinomas and nodules
Hepatocellular 

carcinomas 
Hepatocellular 

carcinomas and nodules 
Control 29/77 48/77  5/53 11/53 
Heptachlor (10 mg/kg of 
diet) 

35/85 72/85 (P = 0.001)  18/80 (P = 0.04) 61/80 (P < 0.001) 

Heptachlor epoxide (10 
mg/kg of diet) 

42/78 (P = 0.031) 71/78 (P < 0.001)  34/83 (P < 0.001) 75/83 (P < 0.001) 

a From Epstein (1976); NAS (1977); IARC (2001). 
 
 

Table 4: Tumour incidence in CD-1 mice treated with a mixture of heptachlor and heptachlor epoxide (25%:75%).a 

 
Males Females 

Concentration (mg/kg 
of diet) 

Hepatocellular 
carcinomas 

Hepatocellular 
carcinomas and nodules 

Hepatocellular 
carcinomas 

Hepatocellular 
carcinomas and nodules 

0 (controls) 1/59 2/59  1/74 1/74 
1 1/58 1/58  0/71 0/71 
5 2/66 4/66  1/65 3/65 
10 1/73 27/73 (P < 0.001)  4/52 16/52 (P < 0.001) 

a From NAS (1977); IARC (2001). 
 
 

Table 5: Preneoplastic and neoplastic liver lesions in B6C3F1 mice treated with heptachlor in the diet  
after initiation with N-nitrosodiethylamine (NDEA). 

 
Foci, glucose-6-phosphatase-deficient Liver cell neoplasms 

Exposure Number/cm2 Area (mm2/cm2) Incidence 
Number of 
adenomas 

Number of 
carcinomas 

Control 0.04 ± 0.11 21 ± 0 3/28 2 1 

NDEA 1.27 ± 1.07 10.2 ± 12.5 8/20 11 2 

NDEA + 5 mg heptachlor/kg 1.81 ± 1.14 27.3 ± 40.7 16/21b 24 9 

NDEA + 10 mg heptachlor/kg 2.29 ± 1.70 31.0 ± 38.7 20/26b 34 9 
a  From Williams & Numoto (1984).  
b  Significantly different from group given NDEA alone at P < 0.05. 
 
 
and food consumption. There were increases in alkaline 
phosphatase activities in males and females at the 3 
mg/kg dose and above; these increases, in some dogs, 
were more marked towards the end of the treatment 
period and tended to persist through the recovery period. 
The serum albumin and total protein levels were slightly 

decreased in 10 mg/kg dose male and female dogs during 
the treatment, extending into the recovery period. After 1 
year of treatment, the animals in the 7 mg/kg group also 
showed an increase in the alanine aminotransferase level, 
which lasted into the recovery period.  
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 There was an increase in liver weights in the 10 
mg/kg male and female dogs relative to those of the 
controls, and this increase persisted with a slight 
attenuation during the recovery period.  
 
 Histopathological examination of the dogs (two 
dogs per sex per dose) sacrificed at the end of the treat-
ment period showed an increase in the incidence of liver 
changes (e.g. enlargement and vacuolation of groups of 
centrilobular hepatocytes) in animals at 3 mg/kg or 
above. These changes were also noted in the dogs at 
3 mg/kg and above after 6 months of recovery. No 
compound-related histopathological changes were seen 
in the 1 mg/kg dogs. Based upon changes in biochemical 
parameters and the histological changes in the liver, the 
NOAEL was given as 1 mg/kg diet [NOAEL = 0.025 
mg/kg body weight per day] (Wazeter et al., 1971b).  
 
8.4  Genotoxicity and related end-points 
 
 The genotoxicity of heptachlor and heptachlor 
epoxide has been reviewed by IARC (1991, 2001), 
where further details of the studies are to be found (see 
also Appendix 6). 
 
 Heptachlor did not induce DNA damage or point 
mutations in bacteria (Simmon et al., 1977; Griffin & 
Hill, 1978; Probst et al., 1981; Gentile et al., 1982; 
Moriya et al., 1983; Rashid & Mumma, 1986; Zeiger et 
al., 1987; Mersch-Sundermann et al., 1988; Matsui et al., 
1989), gene conversion in Saccharomyces cerevisiae 
(Gentile et al., 1982), or sex-linked recessive lethal 
mutations in Drosophila melanogaster (Benes & Šram, 
1969). It did not induce unscheduled DNA synthesis in 
cultured rat, mouse, or hamster hepatocytes in the 
absence of metabolic activation (Maslansky & Williams, 
1981; Probst et al., 1981; Williams et al., 1989); how-
ever, there was a statistically significant increase in 
unscheduled DNA synthesis in human fibroblasts in the 
presence of metabolic activation (Ahmed et al., 1977). 
Heptachlor induced gene mutations at the Tk (McGregor 
et al., 1988) but not at the Hprt locus in rodent cells 
(Telang et al., 1982). It inhibited gap junctional inter-
cellular communication in cultured rodent and human 
cells (Telang et al., 1982; Ruch et al., 1990; Nomata et 
al., 1996).  
 
 IARC (2001) noted that it is aware of unpublished 
studies by the United States National Toxicology Pro-
gram on the effect of heptachlor on sister chromatid 
exchange (weak positive with rat liver S9) and chromo-
somal aberrations (negative).  
 
 Heptachlor did not induce dominant lethal mutations 
in mice in vivo (Epstein et al., 1972; Arnold et al., 1977). 
It showed negative results for lacI mutations in liver 
DNA in C57BL/6 (Big Blue®) transgenic mice (Gunz et 
al., 1993).  

 Heptachlor epoxide did not induce forward muta-
tion, mitotic crossing-over, or aneuploidy in Aspergillus 
(Crebelli et al., 1986) or reverse mutation in Salmonella 
typhimurium (Marshall et al., 1976). However, there was 
a statistically significant increase in unscheduled DNA 
synthesis in human fibroblasts in vitro in the presence of 
metabolic activation (Ahmed et al., 1977), and hepta-
chlor epoxide inhibited gap junctional intercellular 
communication in rat liver (Matesic et al., 1994) and 
human breast epithelial cells in vitro (Nomata et al., 
1996), without metabolic activation. 
 
8.5  Reproductive toxicity 
 
8.5.1 Effects on fertility 
 
 Male Sprague-Dawley rats (five per group) were 
injected subcutaneously every other day with heptachlor 
in corn oil at 5, 10, 15, 20, or 25 mg/kg body weight per 
day for 2 weeks. The rats did not show any adverse 
clinical signs throughout the treatment period. There was 
no clear dose-related effect of heptachlor on body 
weight. Plasma testosterone levels were suppressed (P < 
0.05) and the plasma luteinizing hormone level was 
elevated (P < 0.01) at all doses, but the changes were not 
dose related. Cortisol levels were significantly elevated 
(P < 0.02) compared with control rats. The testes in the 
group treated with 25 mg/kg body weight per day 
showed some pathological changes (Wango et al., 1997).  
 
 Adult female Sprague-Dawley rats (10 in each dose 
group, 20 controls) were injected subcutaneously with 
corn oil or heptachlor solution at 5 or 20 mg/kg body 
weight every other day for up to 18 days (Oduma et al., 
1995a). Animals in the lower dose group showed some 
disruptions in cyclicity, but the effects were more pro-
nounced with 20 mg/kg body weight. Disruptions 
became more marked with continued treatment. Hepta-
chlor affected body weight gain in a dose-related man-
ner. In the second part of the study, female rats (10 per 
dose group) were injected with saline, corn oil, or hepta-
chlor at 5 or 20 mg/kg body weight as above. Heptachlor 
caused a delay in mating behaviour in a dose-related 
manner. In summary, effects including disruptions in 
cyclicity and delayed mating behaviour were seen at all 
tested doses ≥5 mg/kg body weight. 
 
 Adult female Sprague-Dawley rats (10 per group) 
were injected subcutaneously with corn oil or heptachlor 
solution at 5, 20, 25, or 30 mg/kg body weight every 
other day for up to 18 days (total of nine injections). The 
stage of the estrous cycle was determined by vaginal 
smears a day following the last injection, and the rats 
were sacrificed. Blood samples were taken by cardiac 
puncture and assayed for progesterone and estrogen. A 
suppression of blood progesterone and estradiol levels 
was observed, depending on the dose and stage of the 
estrous cycle. Ovarian cells from rats treated with low 
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doses of heptachlor (5 mg/kg body weight) showed an 
increased production of progesterone, whereas high 
doses (>20 mg/kg body weight) suppressed production 
(Oduma et al., 1995b). In summary, effects were seen at 
all tested doses ≥5 mg/kg body weight. 
 
 Prenatal toxicity studies were also carried out in 
albino CFT Wistar rats dosed by gavage at 0, 45.3, or 
90.5 mg/kg body weight for 70 days prior to mating for 
males and at 25 or 50 mg/kg body weight for 14 days 
prior to mating for females (Amita Rani et al., 1992, 
1993; Amita-Rani & Krishnakumari, 1995). However, 
the doses chosen resulted in high morbidity, and the 
studies are not described further here.  
 
 Groups of 6- to 9-month-old beagle dogs (four per 
sex per dose) were fed heptachlor epoxide at dietary 
concentrations of 0, 1, 3, 5, 7, and 10 mg/kg for 2 years 
(Wazeter et al., 1971c; JMPR, 1992; see also Wazeter et 
al., 1971b, in section 8.3.3). When the female dogs 
reached the age of 14 months, they were mated twice 
with male dogs from the same dose group. The females 
were allowed to deliver and to nurse their pups. For the 
F2 generation, four female and two male pups of the F1 
generation were selected from each dose level to be the 
parental animals (P2) of the F2 generation. At an approx-
imate age of 14 months, the animals were mated, and the 
pregnant females were allowed to deliver and to nurse 
their pups to 6 weeks of age, when the females and their 
pups were sacrificed. Neither deaths nor compound-
related behavioural changes were seen in treated P1 or 
P2 animals or their offspring during the study. No 
marked differences were seen between the treated 
animals and the controls with respect to body weights 
and food consumption. Owing to the small number of 
animals and the limited data, it could not be determined 
whether heptachlor epoxide produced any reproductive 
effects.  
 
8.5.2 Developmental toxicity 
 
 In the beagle dog study described in the previous 
section (Wazeter et al., 1971c), there was a significant 
increase in the mortality rate of F1 pups in the 10 mg/kg 
group. Only one male pup survived to scheduled sacri-
fice, and no female was available to serve as a P2 paren-
tal animal. There were slight increases in death rates of 
F2 pups at 3 and 7 mg/kg relative to the controls. The 
5 mg/kg group had no pups. The limited necropsy data 
showed that in F2 pups, 1/4 females at 7 mg/kg and 3/10 
males and 3/7 females at 10 mg/kg had pale or greasy 
liver. This observation was compound related. Based on 
mortality rate, the NOAEL was given as 1 mg/kg diet 
(Wazeter et al., 1971c; JMPR, 1992). 
 
 Three reproduction studies in rats were evaluated by 
JMPR in 1966 and 1970 (FAO/WHO, 1967, 1971). In a 
three-generation reproduction study, a group of 80 rats 

was given heptachlor at 6 mg/kg in the diet daily for 
3 months prior to mating. The only effect on reproduc-
tion was a decrease in the litter size (Mestitzova, 1966, 
1967). In two other reproduction studies in rats, dietary 
levels of heptachlor ranging from 0.3 to 10 mg/kg were 
tested. No adverse effects on fertility or reproduction 
were seen at 10 mg/kg diet. A slight increase in postnatal 
mortality of pups was seen at 10 mg/kg (FAO/WHO, 
1967). 
 
 Pregnant female Sprague-Dawley rats were dosed 
by gavage with heptachlor (0, 0.03, 0.3, or 3 mg/kg body 
weight per day) from GD 12 to PND 7, followed by 
direct dosing of the pups with heptachlor through PND 
42. The doses were set so that the low dose, 0.03 mg/kg 
body weight per day, produced heptachlor and hepta-
chlor epoxide levels in rat dam milk that matched the 
95th percentile of human milk values on Oahu, Hawaii, 
USA, in 1981 (Siegel, 1988). Evaluation of the effects 
on the reproductive system included the following: 
monitoring the development of the reproductive system 
in males and females (i.e. anogenital distance at birth, 
age at vaginal opening, age at preputial separation); 
vaginal cytology monitoring over a 2-week period to 
assess cyclicity; two mating trials with untreated mates; 
and a necropsy, including organ weights and histology, 
measures of epididymal sperm motility and count, and 
testicular spermatid counts. Necropsies were also per-
formed at the end of dosing (PND 46), and again in the 
adults, to assess organ weight and histology (liver, kid-
neys, adrenals, thymus, spleen, ovaries, uterus/vagina, 
testes, epididymides, seminal vesicles/coagulating 
glands, and ventral and dorsolateral prostate (Smialowicz 
et al., 2001). 
 
 There were no effects on the number or survival of 
pups born to heptachlor-exposed dams or to pups 
exposed postnatally. There were no effects on the num-
ber of treated dams delivering litters or on litter size, nor 
were there any effects on any of the reproductive end-
points examined in the F0 or F1 rats. There was no 
detectable histopathology in any tissue examined. There 
were no changes in the fertility of adult males or females 
when mated to untreated partners. Body weights and 
somatic and reproductive organ weights of males and 
females exposed to heptachlor were unchanged at 
terminal necropsy (Smialowicz et al., 2001) [NOAEL = 
3 mg/kg body weight per day, the highest dose tested]. 
 
 Pregnant Fischer-344 rats were treated by gavage 
with vehicle or heptachlor (0, 4.5, or 6 mg/kg body 
weight per day) on GD 6–19 (Narotsky & Kavlock, 
1995). The dams were allowed to deliver, and their litters 
were examined on PND 1, 3, 6, and 21. Litter weights 
were determined on PND 1, 6, and 21. Implants were 
also counted to determine prenatal loss. Heptachlor 
caused reduced maternal weight gains (reduced extra-
uterine weight gains) at both dose levels. Heptachlor at 
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these doses had no effect on either pre- or postnatal 
survival. Pup weights were significantly reduced at both 
dose levels on PND 6 only but were comparable among 
treatment groups at PND 21 [maternal LOAEL for 
weight gain = 4.5 mg/kg body weight per day; NOAEL 
for pre- or postnatal survival of pups = 6 mg/kg body 
weight per day]. 
 
 In another study in Fischer-344 rats (Narotsky et al., 
1995), heptachlor was tested at doses of 0, 5.1, 6.8, 9.0, 
and 12.0 mg/kg body weight per day by gavage on GD 
6–15. There were no clinical signs of maternal toxicity 
(dose-related alterations in weight gain) up to 9.0 mg/kg 
body weight per day (at 12.0 mg/kg body weight per 
day, 5 of 13 treated died), only a slight potential for 
developmental toxicity (reduced postnatal growth at 6.8 
mg/kg body weight per day and above), and dramatically 
increased postnatal mortality (at 9.0 and 12.0 mg/kg 
body weight per day) [maternal NOAEL for weight gain 
= 6.8 mg/kg body weight per day for 9 days; NOAEL for 
postnatal growth = 5.1 mg/kg body weight per day (note 
postnatal mortality at 9.0 and 12.0 mg/kg body weight 
per day)]. 
 
 Sprague-Dawley rats received oral doses of hepta-
chlor during different developmental periods: 0, 4.2, and 
8.4 mg/kg body weight per day for perinatal and gesta-
tional studies, and 0, 0.3, 1.0, and 3.0 mg/kg body 
weight per day for perinatal/adolescent studies 
(Purkerson-Parker et al., 2001). There were dose-related 
decreases in maternal weight gain and pup survival as 
well as delayed righting reflex at heptachlor doses 
≥3.0 mg/kg body weight per day (see also section 8.6). 
 
 In a study to investigate the effect of heptachlor on 
the development of the reproductive system, pregnant 
Sprague-Dawley rats were administered heptachlor by 
oral gavage at doses of 0, 0.5, and 5.0 mg/kg body 
weight per day from GD 8 through PND 21, which was 
the day of weaning (n = 7–8 per group). Litters were 
standardized to four males and four females on the day 
of birth. Two of the dams in the 5.0 mg/kg body weight 
per day group died. Pups in the highest dose group 
weighed significantly less than those in the other two 
groups on PND 0. All but one litter of the 5.0 mg/kg 
body weight per day group died within the first 4 post-
natal days. Age at eye opening was delayed with 
increasing heptachlor dose. There was no effect of 
treatment on pup weight gain in the surviving litters. 
There was no effect of treatment on anogenital distance, 
age at puberty, nipple retention past the infantile period 
in males, estrous cycling, serum sex steroid concentra-
tions, reproductive organ weights, or testicular or ovarian 
histology, suggesting that heptachlor exposure during 
gestation and lactation does not disrupt development of 
the reproductive system in rats (Lawson & Luderer, 
2004). 
 

 In the study by Oduma et al. (1995a) described 
above (section 8.5.1) in which female rats were injected 
subcutaneously every other day with heptachlor at 5 or 
20 mg/kg body weight before mating, the weights of all 
pregnant animals increased with age of gestation but 
were not significantly different from the controls. 
Animals treated with 20 mg/kg body weight had longer 
mean gestational lengths of 25 ± 2.9 days, which were 
significantly different from those of the corn oil–treated 
controls (P < 0.05) of 22.7 ± 0.5 days, but not signifi-
cantly different from rats treated with heptachlor at 
5 mg/kg body weight. All pups were born alive, but the 
proportion of pups still alive by weaning time was lower 
for rats treated with 20 mg/kg body weight than for the 
other groups [NOAEL for litter size and gestational 
length = 5 mg/kg body weight (note postnatal mortal-
ity)].  
 
 Similar results were found in a dietary study on the 
reproductive function in mink (Mustela vison) (Crum et 
al., 1993). Maternal mortality was 0, 8, 67, and 100% for 
doses of 0, 6.25, 12.5, and 25 mg/kg in diet. Survival of 
kits was adversely affected in the two upper dose groups. 
Even at the lowest dose (6.25 mg/kg in diet), kit body 
weights were significantly less than for the control kits. 
 
8.6  Neurotoxicity 
 
 There is accumulating evidence that nervous system 
development is influenced by cyclodiene pesticides. 
Cyclodiene pesticides have been shown to act on the 
GABAA receptor, by binding at the chloride channel 
portion of the receptor and thereby blocking the inhib-
itory actions of the transmitter GABA. Heptachlor epox-
ide was more potent than heptachlor in the inhibition of 
the GABA-induced 36Cl− influx in rat brain (Gant et al., 
1987). Acute actions of cyclodiene pesticides (e.g. hepta-
chlor) include excitation, hyperstimulation, and convul-
sions (see section 8.1). 
 
 In a study on the neurobehavioural effects of hepta-
chlor, female Fischer 344 rats (eight per dose level) were 
orally administered doses of 7, 23, 69, and 129 mg/kg 
body weight (Moser et al., 1995). No lethality occurred 
with single acute dosing. With repeated dosing, however 
(doses of 2, 7, 23, and 69 mg/kg body weight per day for 
14 days), all rats receiving the two highest doses died 
during dosing, and one rat in the next lowest dose 
(7 mg/kg body weight per day) died shortly after the last 
dose. A neurobehavioural screening battery consisting of 
a functional observational battery and automated motor 
activity measurements was used to evaluate the neuro-
toxic potential of these chemicals. The magnitude of 
acute heptachlor effects on activity and excitability was 
greatest 4 h after dosing, and excitability changes were 
also observed at 24 h. The profile of effects produced by 
repeated heptachlor administration consisted of altered 
activity, hyperexcitability, and autonomic effects 
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[NOAEL = 2 mg/kg body weight per day for a 14-day 
exposure]. 
 
 In a study to investigate the neurological effects of 
perinatal heptachlor exposure, doses were set so that the 
low dose (0.03 mg/kg body weight per day) produced 
heptachlor and heptachlor epoxide levels in rat dam milk 
that matched the 95th percentile of human milk values 
on Oahu, Hawaii, USA, in 1981 (Siegel, 1988). Pregnant 
Sprague-Dawley dams were dosed by gavage from GD 
12 to PND 7, whereupon the rat pups were dosed directly 
by gavage until PND 21 (group A) or PND 42 (group B). 
Dose levels were 0, 0.03, 0.3, or 3 mg/kg body weight 
per day (Smialowicz et al., 2001; see section 8.5). For 
the neurotoxicological evaluations, one male and one 
female from each of 10 litters were used for each dose 
group. The studies included screening evaluations (func-
tional observational battery, motor activity, development 
of righting reflex), cognitive tests (associative and non-
associative learning, spatial learning and memory, and 
working memory), and measures of GABAA receptor 
function and expression (Moser et al., 2001). The neuro-
toxicological outcomes of perinatal heptachlor exposure 
in the rat suggested developmental delays, alterations in 
GABAergic neurotransmission, and neurobehavioural 
changes, including cognitive deficits. Females were 
somewhat more affected, as were rats dosed until PND 
42. Heptachlor had the most profound effects on cogni-
tive function (slowed acquisition of the spatial task and 
impaired recall during probe trials), and these effects on 
probe trials were significant even at the lowest dose level 
[LOAEL = 0.03 mg/kg body weight per day]. 
 
 There is increasing concern that environmental 
factors such as exposure to pesticides, and in particular 
to cyclodienes, may play a role in the onset of Parkin-
son’s disease (Priyadarshi et al., 2000). Changes in 
biochemical status of nerve terminals in the corpus 
striatum, one of the primary brain regions affected in 
Parkinson’s disease, were studied in groups of retired 
breeder male C57BL/6 mice treated by intraperitoneal 
injection of heptachlor 3 times over a 2-week period at 
doses of 3, 6, 12, 25, 50, or 100 mg/kg body weight 
(Kirby et al., 2001). No outward signs of intoxication or 
death were observed in mice given heptachlor at ≤25 
mg/kg body weight. However, some mice treated at 
heptachlor doses of 50 or 100 mg/kg body weight 
showed hyperexcitability and became convulsive, which 
resulted in the death of some animals. The dopamine 
transporter normally functions to allow rapid uptake of 
dopamine and is therefore important in regulating 
dopamine actions. Dopamine transporter binding 
decreases with age and is additionally decreased due to 
neuronal loss in Parkinson’s disease (e.g. Fischman et 
al., 1998). On average, the maximal rate of striatal 
dopamine uptake increased >2-fold in mice treated at 
heptachlor doses of 6 mg/kg body weight and 1.7-fold at 
12 mg/kg body weight, which was attributed to the 

induction of dopamine transporter. At higher dose levels, 
no increase in maximal dopamine intake was seen, which 
was suggested to be due to the toxic effects of heptachlor 
epoxide (Kirby et al., 2001). The dopaminergic system 
seems to be specifically sensitive to heptachlor, because 
no effects on serotonergic pathways were seen. 
 
 In an earlier study, retired breeder male C57BL/6 
mice (8–10 months old) were treated intraperitoneally 
with heptachlor (0, 3, 6, 9, or 12 mg/kg body weight) 
administered 3 times over a 2-week period (Miller et al., 
1999). An increase in both plasma membrane dopamine 
transporter as well as the vesicular monoamine trans-
porter was reported in the striatum of the mice. 
 
 The dopamine transporter may also play an impor-
tant role in neuronal development, appearing first at GD 
14 (Fauchey et al., 2000). Therefore, changes in dopa-
mine transporter number and dopamine levels may affect 
neuronal development early on and may play a role in 
the etiology of Parkinson’s disease later in life. To inves-
tigate this, Sprague-Dawley rats received oral doses of 
heptachlor during different developmental periods: 0, 
4.2, or 8.4 mg/kg body weight per day for perinatal and 
gestational studies, and 0, 0.3, 1.0, or 3.0 mg/kg body 
weight per day for perinatal/adolescent studies (Purker-
son-Parker et al., 2001). There were dose-related 
decreases in maternal weight gain and pup survival as 
well as delayed righting reflex at heptachlor doses 
≥3.0 mg/kg body weight per day. Gestational, perinatal, 
and/or adolescent exposure to heptachlor produced an 
increase in dopamine transporter binding in the striatum 
as early as PND 10, and this change persisted into adult-
hood.  
 
8.7  Immunological effects 
 
 In a study on the effects of perinatal/juvenile 
heptachlor exposure (0, 0.03, 0.3, or 3 mg/kg body 
weight per day) in rats (see section 8.5; Smialowicz et 
al., 2001), heptachlor-exposed offspring were evaluated 
for a variety of innate and specific immune function end-
points at 8 weeks of age (i.e. 2 weeks after cessation of 
dosing) and older. Perinatal/juvenile exposure of male 
and female rats to heptachlor did not alter spleen weight 
or cellularity or thymus weight, nor did it affect ex vivo 
immune function tests (i.e. splenic lymphoproliferative 
responses to mitogens of allogeneic cells and splenic 
natural killer cell activity) in a mixed lymphocyte 
response assay at 8 weeks of age. Further, in vivo 
delayed-type hypersensitivity and contact hypersensi-
tivity were not affected by heptachlor exposure at 10 or 
17 weeks of age, respectively. However, the primary 
IgM response to anti-sheep red blood cells was sup-
pressed in male, but not in female, rats in a dose-related 
manner at 8 weeks of age. The percentage of B lympho-
cytes (OX12+OX19−) in spleen was also reduced in high-
dose males. This suppression of antibody responses 
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persisted for up to 20 weeks after the last exposure to 
heptachlor at a total heptachlor exposure of approxi-
mately 1.5 mg/kg body weight per rat. At 26 weeks of 
age, the secondary IgG antibody response to sheep red 
blood cells was suppressed in all of the heptachlor-
exposed males but not females. The T cell–dependent 
antibody response to sheep red blood cells has been 
demonstrated to be one of the most commonly affected 
and most sensitive functional parameters in animals 
exposed to chemical immunosuppressants, requiring the 
interaction of three major immune cell types (i.e. 
macrophage, T-helper cell, and B cell; Luster et al., 
1992).  
 
 Immunomodulatory effects have been shown by 
heptachlor in peripheral blood mononuclear cells from 
blood samples from male rhesus monkeys. Heptachlor at 
80 µmol/l completely suppressed the proliferation and 
IL-2 release of the monkey lymphocytes (Chuang et al., 
1992). Heptachlor inhibited the chemokine-induced 
chemotaxis of monkey neutrophils and monocytes at 
concentrations as low as 10−14–10−5 mol/l (Miyagi et al. 
1998). This migration of neutrophils and monocytes 
towards chemokines normally plays a profound role in 
the body’s innate immune response towards infections 
(Chuang et al., 1999). 
 
8.8  Mode of action 
 
 In rodent studies, heptachlor has a sharp dose–
response curve for mortality (see section 8.2) without 
showing outward clinical signs of toxicity (with the 
exception of neurotoxic effects). At much lower doses, 
immunological and neurological effects have been 
shown. Heptachlor is a non-genotoxic carcinogen. 
Heptachlor shows tumour-promoting characteristics and 
down-regulates the tumour suppresser gene p53. There is 
increasing evidence that heptachlor in vitro causes 
inhibition of gap junctional intercellular communication. 
The following are recent studies into the mode of action 
of heptachlor. 
 
 Heptachlor triggered significant proliferation in 
quiescent rat hepatocytes (Okoumassoun et al., 2003). 
The key kinases that are a part of the signalling pathways 
known to be involved in cell proliferation were investi-
gated. Exposure to heptachlor led to activation of protein 
kinase C MAPKs (Okoumassoun et al., 2003). This sup-
ports earlier studies that showed that chlordane stimu-
lated protein kinase C activity in the rat brain (Bagchi et 
al., 1997). 
 
 Heptachlor (80 µmol/l) has been shown to decrease 
ras expression in human myeloblastic leukaemia (ML-1) 
cells (Chuang & Chuang, 1991). Studies on the signal 
transduction pathway using cultured human lymphocytes 
have shown that heptachlor down-regulated the tumour 
suppressor retinoblastoma (Bb) protein (Rought et al., 

1999) and down-regulated p53 gene expression (Rought 
et al., 1998). Heptachlor exposure reduced the cellular 
levels of MAPK cascade proteins, which are important 
intermediates in the signal transduction pathway of 
immune cells (Chuang & Chuang, 1998). The activation 
of MAPKs may be one of the pathways used by hepta-
chlor to exert its mitogenic action (resulting, for exam-
ple, in cancer promotion). 
 
 Studies were undertaken to link cell cycle events 
and signal transduction pathways within heptachlor-
treated cells. Heptachlor was found to block the cell 
cycle by preventing progression into S phase with a 
concomitant accumulation of cells in G1 phase; this is 
associated with a decrease (deactivation) in cyclin-
dependent kinase cdk2 and dephosphorylation (activa-
tion) of cyclin-dependent kinase cdc2. The altered cell 
cycle progression may trigger the cell’s apoptotic poten-
tial, as indicated by the reduced amount of the anti-
apoptotic protein Bcl-2 synthesized inside heptachlor-
treated cells (Chuang et al., 1999). 
 
 Heptachlor strongly inhibited transforming growth 
factor β–induced apoptosis and cytochrome c release 
into the cytosol in quiescent rat hepatocytes. The levels 
of Bcl-2 were also increased in the presence of hepta-
chlor (Okoumassoun et al., 2003). 
 
 Two biochemical entities thought to be associated 
with promotion of liver cancer are the phosphoinositide 
signal transduction pathway and AP-1 nuclear transcrip-
tion factors, of which protein kinase C is a critical 
enzyme. In vivo exposure of B6C3F1 male mice to 
heptachlor epoxide at 1, 10, or 20 mg/kg in the diet has 
been shown to selectively down-regulate particulate 
novel protein kinase C epsilon in B6C3F1 male mouse 
liver tissue, while persistently up-regulating AP-1. DNA 
binding activity (a critical factor in tumour promotion) 
was substantially increased at 3 and 6 h with 3.7 mg/kg 
intraperitoneal heptachlor epoxide and at 3 and 10 days 
with 20 mg/kg dietary heptachlor epoxide (Hansen & 
Matsumura, 2001a). Studies into the effects of hepta-
chlor epoxide in mouse 1c1c7 hepatoma cells showed 
that many hepatocellular effects or changes occurred, 
suggesting a cellular programme shift. The tyrosine 
kinase growth factor receptor pathway seemed to be the 
probable critical pathway for heptachlor-induced tumour 
promotion, with the critical target most likely being 
upstream of PLCγ1  and AP-1 (Hansen & Matsumura, 
2001b). 
 
 Rought et al. (2000) reported that heptachlor by 
itself was able to stimulate apoptosis protease CPP32 at 
relatively high concentrations. When combined with the 
chemotherapeutic agent doxorubicin, a known CPP32 
activator, a dual effect was noted. Low concentrations of 
heptachlor (5–10 µmol/l) suppressed doxorubicin-
induced CPP32 activity, and high concentrations of 
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heptachlor (80–120 µmol/l) augmented it. Rought et al. 
(2000) demonstrated that heptachlor has tumour 
promoting–like effects at lower concentrations and at 
higher concentrations induces apoptosis as a mechanism 
of toxicity. 
 
 
 

9. EFFECTS ON HUMANS 
 
 
 Only a few of the studies that were analysed by 
IARC (2001) on the effects of chlordane and heptachlor 
mentioned or included exposure to heptachlor or 
heptachlor epoxide. These studies are summarized 
below. Further details are given in IARC (2001). 
 
9.1  Occupational exposure  
 
9.1.1 Cross-sectional studies 
 
 In a study on 74 Finnish plywood workers (and 
52 controls), symptoms of headache, dizziness, and eye 
irritation were found to be not related to serum levels of 
heptachlor or chlordane compounds. Concentrations of 
heptachlor epoxide in sera ranged from below the 
detection limit of 0.1 ng/g to 19.2 ng/g serum (Mussalo-
Rauhamaa et al., 1991).  
 
9.1.2  Cancer mortality studies 
 
 Deaths among workers at a heptachlor-producing 
plant in the USA were analysed in a series of studies 
(Wang & MacMahon, 1979; Ditraglia et al., 1981; 
Brown, 1992). Production began in 1951, and there was 
co-exposure to other chemicals, such as endrin, chlorine, 
chlorendic anhydride, hexachlorocyclopentadiene, and 
vinyl chloride. The most recent investigation (Brown, 
1992) included 305 white men employed for at least 6 
months before 1965, with follow-up to the end of 1987 
(one was lost to follow-up). The expected number of 
deaths was calculated from the mortality rates of white 
males in the USA. There were no historical exposure 
measurements available for this study. The results from 
all tumour sites are shown in Table 6. 
 
 Pesticide applicators, in particular termite control 
operators, were the group of workers primarily exposed 
occupationally to chlordane and, to a lesser extent, 
heptachlor. A cohort of 16 124 male pesticide applicators 
in the USA (exposed to a variety of pesticides) was 
matched with Social Security Administration and 
National Death Index files, with a follow-up from 1967 
to December 31, 1984. In all, 1082 deaths were ascer-
tained, of which 446 observed deaths occurred among 
termite control operators. There were no estimates of 
exposure available. For termite control operators, no 
excess of lung cancer deaths (30) was observed, with 31  

Table 6: Cancer mortality study of workers exposed to 
heptachlor in a heptachlor/endrin manufacturing plant, 

USA.a  
 

 Cancer No. of deaths SMR 95% CI 
All tumour sites 18 1.0 0.60–1.6 
Stomach 2 2.8 0.34–10 
Respiratory 
system 

6 0.88 0.32–1.9 

Bladder 3 7.1 1.5–21 
Lymphatic/ 
haematopoietic 

1 0.58 0.01–3.2 

a  Brown (1992), adapted from IARC (2001). 
 
 
expected deaths (SMR = 0.97; CI = 0.7–1.3); for other 
pesticide operators, the lung cancer SMR was 1.58, 
whereas SMRs for skin cancer (1.2) and bladder cancer 
(1.3) were comparable with those of the rest of the 
cohort (MacMahon et al., 1988; see Table 7). 
 
 

Table 7: Cancer mortality study of workers (pesticide and 
termite control operators) exposed to heptachlor in the 

USA.a 
 

 Cancer 
No. of 
deaths SMR 95% CI 

Entire cohort of applicators (mixed exposure, including 
heptachlor) 
Lung 108 1.4 1.1–1.6 
Skin 9 1.3 0.65–2.2 
Bladder 5 1.2 0.50–2.5 
Lymphatic/haematopoietic 25 0.97 0.67–1.4 

Termite control operators only (exposure mainly to 
chlordane and heptachlor) 
Lung 30 0.97 0.7–1.3 
Skin 3 1.2 0.4–2.9 
Bladder 2 1.3 0.3–3.9 
Buccal cavity and pharynx 5 1.4 0.5–3.3 
Stomach 5 1.1 0.4–2.5 
Colon 11 1.1 0.6–2.0 
Liver 2 1.1 0.1–4.0 
Pancreas 6 1.0 0.4–2.2 
Larynx 4 2.4 0.7–6.2 

a MacMahon et al. (1988), adapted from IARC (2001). 
  
 
 In a case–control study of non-Hodgkin’s lymphoma 
in the USA, an association with self-reported agricultural 
exposure to heptachlor and other organochlorine pesti-
cides was reported (Cantor et al., 1992). Cases were 
identified through the Iowa State Health Registry and a 
special surveillance of Minnesota hospital and pathology 
laboratory records. A further study showed no evidence 
of an association between non-Hodgkin’s lymphoma risk 
and serum levels of any individual organochlorine or of 



Concise International Chemical Assessment Document 70 

 24

the summed chlordane-related compounds (trans-nona-
chlor, heptachlor, heptachlor epoxide, oxychlordane) 
(Cantor et al., 2003).1  
 
 In a further study of men in Iowa and Minnesota, 
USA, 578 cases of leukaemia (340 living and 238 
deceased) and 1245 controls were analysed (Brown et 
al., 1990). There was an association between occupation 
as a farmer and use of heptachlor (OR = 0.7, 95% CI 
0.3–1.6), although the estimates were not adjusted for 
other possible confounding agricultural exposures. It was 
concluded that there was no evidence of increasing risk 
of leukaemia with increasing frequency of use of 
heptachlor (or chlordane) on crops (IARC, 2001).  
 
 Recent studies suggest an association between 
occupational exposure to organochlorine pesticides and 
PCBs and prostate cancer, but not to heptachlor in 
particular (Mills & Yang, 2003; Ritchie et al., 2003). 
Hispanic farm workers in California, USA, with 
relatively high levels of exposure to organochlorine 
pesticides (lindane and heptachlor), organophosphate 
pesticides (dichlorvos), fumigants (methyl bromide), or 
triazine herbicides (simazine), experienced an elevated 
risk of prostate cancer compared with workers with 
lower levels of exposure (use during 1987–1999) (Mills 
& Yang, 2003). The highest ORs were reported for 
heptachlor (1.35), dichlorvos (1.35), simazine (1.53), and 
lindane (1.32). However, due to the multiexposure, the 
role of heptachlor is unclear. In the study by Ritchie et 
al. (2003), 99 controls were frequency matched by age in 
5-year increments to 58 prostate cancer patients. There 
was no difference in self-reported exposure between 
patients and controls. Heptachlor epoxide could be 
detected in 14 patients (24%) and 34 controls (34%). 
Adjusted ORs of 0.58 and 0.33 were reported for patients 
with lipid-adjusted serum levels of heptachlor epoxide of 
0.006–0.02 µg/g and >0.021 µg/g, respectively. 
 

                                                 
1 The authors of this CICAD are aware of a study in which 
heptachlor epoxide was analysed in human adipose tissue 
samples from a data set collected in the USEPA National 
Human Adipose Tissue Survey between 1969 and 1983. One 
hundred and seventy-five non-Hodgkin’s lymphoma cases 
were identified and matched to 481 controls. Cases and 
controls were mainly from cadavers (>96%) and were matched 
on sex, age, region of residence within the USA, and race/ 
ethnicity. Conditional logistic regression showed heptachlor 
epoxide to be significantly associated with non-Hodgkin’s 
lymphoma (compared with the lowest quartile: third quartile 
OR = 1.82, 95% CI 1.01–3.28; fourth quartile OR = 3.41, 95% 
CI 1.89–6.16 [Quintana et al., 2004]). This study has not been 
taken into account in the CICAD evaluation, as it was 
published after the cut-off date. 

9.2  General population 
 
9.2.1 Breast cancer  
 
 There has recently been concern that the observed 
increase in breast cancer could correlate with the accu-
mulation of organochlorine pesticides in human breast 
adipose tissues or serum, although there is little evidence 
at present to support this (Høyer et al., 1998, 2000; Ward 
et al., 2000; Zheng et al., 2000).  
 
 In several studies, heptachlor epoxide concentrations 
in breast adipose tissue samples from women with mam-
mary carcinoma were compared with samples from 
women with benign disease. The results of two of those 
studies (Mussalo-Rauhamaa et al., 1990; Falck et al., 
1992) suggest a possible correlation between heptachlor 
epoxide and breast cancer; in both studies, however, 
there were other pesticides present at much higher con-
centrations that correlated better than heptachlor with the 
occurrence of breast cancer.  
 
 Other studies have compared the serum or blood 
levels of heptachlor and/or heptachlor epoxide with 
breast cancer (see Table A5-11). Two recent studies 
show higher serum/blood concentrations of heptachlor in 
breast cancer patients than in the controls (Dello Iacovo 
et al., 1999; Mathur et al., 2002).  
 
9.2.2 Reproductive toxicity 
 
 A temporal and geographical analysis of incidence 
rates for 23 major congenital malformations, derived 
from hospital-generated data collected by the Birth 
Defects Monitoring Program of the United States 
Centers for Disease Control and Prevention, failed to 
show any remarkable rate increase on Oahu, Hawaii, in 
1981–1983 (the period when the milk supply was con-
taminated by the insecticide heptachlor; see section 
6.2.1). This was based on comparisons with the rates for 
previous periods on this island and with the rates for the 
other Hawaiian islands, where no contamination 
occurred, and the total USA. A rise in the rates of cardio-
vascular malformations and hip dislocation was apparent 
but antedated the exposure. Over the 2-year period 
1981–1982, 19 159 births (68% of those occurring on 
Oahu and all [8663] of those occurring on the other 
Hawiian islands) were reported to the Birth Defects 
Monitoring Program. Limitations to the study include a 
possible misclassification of exposure status, as many 
individuals on Oahu may not have actually been exposed 
to heptachlor (e.g. non-milk drinkers), therefore mini-
mizing the effect of exposure (Le Marchand et al., 1986).  
 
 Two further studies examined this cohort exposed to 
heptachlor in Oahu. Burch (1983) examined trends in 
birth outcomes using birth, death, and fetal death certifi-
cates for 1968–1982. There was no significant change in 
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outcome in 1982 compared with previous years. Grafton-
Wasserman (1988) used medical charts to compare peri-
natal outcomes of births at two medical centres during 
1982 with those during 1978 and 1979. There was no 
apparent change in birth weight, gestational age, or sex 
ratio. All these studies are limited by lack of assessment 
of individual exposure.  
 
9.2.3 Neurological effects 
 
 Hoffman (1985) reported a longitudinal evaluation 
of 120 infants born in Oahu, Hawaii, USA, during 1982 
who were potentially exposed to heptachlor epoxide in 
utero and via breast milk (Baker et al., 1991). The mean 
heptachlor epoxide level in milk from 69 mothers was 
123 ng/g milk fat. A significant association was found 
between breast milk heptachlor epoxide level and infant 
low birth weight, gestational age, and jaundice. Physical 
growth was not associated with any exposure measure. 
However, a slower acquisition of behaviours at 4 and 
8 months, but not at 18 and 36 months, was noted 
(Hoffman, 1985; no further details were available).  
 
  A neurobehavioural study was performed on 332 
randomly selected high school students who were in 
utero on Oahu at the time of the milk contamination and 
113 students (comparison population) who were not born 
on Oahu but lived on the island since the first grade. The 
groups were frequency matched by age, school, primary 
language spoken at home, and ethnicity. The mothers’ 
reported milk consumption was used as an indicator of 
the past heptachlor epoxide exposure. To assess neuro-
behavioural function and academic achievement, a 
variety of tests were administered, school records were 
reviewed, and teacher interviews were conducted. 
Multivariate analyses controlling for potential con-
founding factors indicated that gestational heptachlor 
epoxide exposure was associated with lower neurolog-
ical performance, especially abstract concept formation, 
visual perception, and motor planning, and with more 
reported behavioural problems. There were no strong 
associations for school-based performance measures, 
such as cumulative grade point average (Baker et al., 
2001, 2004; further details were not available).  
 
 Hertz-Picciotto et al. (2003, 2004) described a study 
of 399 children born in 1964–1967 in the San Francisco 
Bay, California, USA, area who were tested 5 years later 
using the Raven’s Progressive Matrices, a test for non-
verbal perceptual reasoning, and the Peabody Picture 
Vocabulary Test, a test of language development. 
Adjustment was made for a variety of confounders. The 
results of the testing were compared with the heptachlor 
epoxide concentrations in the stored maternal sera 
samples of the second or third trimester from the chil-
dren’s mothers. The concentration of heptachlor epoxide 
was significantly associated with lower scores of the 
Raven’s Progressive Matrices test but not with scores on 

the Peabody Picture Vocabulary Test. In the Raven’s 
test, inclusion of PCBs in the model reduced precision 
considerably, suggesting that any association between 
heptachlor epoxide and cognitive deficits is probably due 
to other co-exposures, to either PCBs or unidentified 
confounders (Hertz-Picciotto et al., 2004). 
 
9.2.4  Vulnerable/sensitive populations  
 
 Babies fed on breast milk contaminated by hepta-
chlor/heptachlor epoxide and pregnant mothers and 
children drinking cow milk contaminated by hepta-
chlor/heptachlor epoxide are suspected as being particu-
larly sensitive populations. Recent research on the Oahu 
population (see above) and recent data from animal stud-
ies on neurotoxicological, immunotoxicological, and 
reproduction end-points (see section 8) point to hepta-
chlor as being a chemical acting primarily at these sensi-
tive stages in life.  
 
 In some regions, comparatively high levels of hepta-
chlor in breast milk are still being reported (see section 
6.2.1 and Table A5-12). Further, there are reports of high 
levels of heptachlor in vegetables and fish in some areas 
(see section 6.2.1). There is concern that developing 
fetuses, babies, and small children could be at risk of 
neurological or immunological effects through this 
exposure.  
 
 
 

10. EFFECTS ON OTHER ORGANISMS IN 
THE LABORATORY AND FIELD 

 
 
10.1 Aquatic environment 
 
 Several tests have been performed to establish the 
acute toxicity of heptachlor for aquatic biota (freshwater 
and marine species) representing different trophic levels, 
and a limited selection of some of these is shown in 
Tables 8 and 9. All of the studies in Tables 8 and 9 were 
chosen as key studies by the CICAD authors. Additional 
data are summarized and partly commented on in the 
extensive reviews by USEPA (1980), IPCS (1984), 
Fendick et al. (1990), and ECETOC (2003). However, 
many of these studies are only of limited value, because 
initial concentrations of heptachlor, or the technical 
formulations containing other compounds as well as 
heptachlor, were not measured; chemical purity of the 
heptachlor used was not clearly specified (i.e. technical 
formulations with varying content of heptachlor and 
accompanying compounds); abiotic and biotic losses of 
heptachlor were not taken into account over the tests’ 
duration; or concentrations employed in the test 
exceeded heptachlor’s water solubility many-fold. 
Therefore, it is difficult to decide whether the consid-
erable variation existing among species might in
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Table 8: Toxicity of heptachlor in freshwater aquatic organisms. 
 

Species tested  
End-point (effect other than 
survival) Concentrationa (mg/l) Reference 

Green algae    
Pseudokirchneriella subcapitata (old name 
Selenastrum capricornutum)  

96-h EC50 (growth inhibition) 0.027–0.04b USEPA (1980) 

Invertebrates    
Midge (Tanytarsus dissimilis) 48-h LC50 >2.5, as no mortality was 

observed (nominal)c 
Holcombe et al. (1983) 

Mosquito larvae (Culex pipiens 
quinquefasciatus) 

LC50
d 0.005 (nominal) Lu et al. (1975) 

Water flea (Daphnia magna) 48-h LC50 0.08 (nominal) Macek et al. (1976) 
Water flea (Simocephalus serrulatus) 48-h LC50 0.047 Mayer & Ellersieck (1986)
 48-h LC50 0.08 Mayer & Ellersieck (1986)
Amphipod (Gammarus fasciatus) 24-h LC50 

96-h LC50 
0.18 
0.056 

Mayer & Ellersieck (1986)

 24-h LC50 

96-h LC50 
0.14 
0.04 

Mayer & Ellersieck (1986)

Amphipod (Gammarus lacustris) 24-h LC50 

96-h LC50 
0.15 
0.029 

Mayer & Ellersieck (1986)

Crayfish (Orconectes nais) 24-h LC50 

96-h LC50 
0.0026 
0.0005 

Mayer & Ellersieck (1986)

Grass shrimp (Palaemonetes kadiakensis) 24-h LC50 

96-h LC50 
0.03 
0.0018 

Mayer & Ellersieck (1986)

Stonefly (Claassenia sabulosa) 24-h LC50 

96-h LC50 
0.009 
0.0028 

Mayer & Ellersieck (1986)

Stonefly (Pteronarcella badia) 24-h LC50 

96-h LC50 
0.006 
0.0009 

Mayer & Ellersieck (1986)

Stonefly (Pteronarcys californica) 24-h LC50 

96-h LC50 
0.008 
0.0011 

Mayer & Ellersieck (1986)

Snail (Aplexa hypnorum)  96-h LC50 1.45 (nominal)c Holcombe et al. (1983) 

Fish    
Japanese medaka (Oryzias latipes) 48-h LC50 0.014 (nominal) MITI (1992)  
Bluegill sunfish (Lepomis macrochirus) 
 

24-h LC50 

48-h LC50 

96-h LC50 

0.030 (nominal)c 
0.023 (nominal)c 
0.019 (nominal)c 

Henderson et al. (1959) 

Bluegill sunfish (Lepomis macrochirus) 
 

24-h LC50 
96-h LC50 

0.083 (nominal) 
0.013 (nominal) 

Schoettger (1970)  

Guppy (Poecilia reticulata) 
 

24-h LC50 

48-h LC50 

96-h LC50 

0.16 (nominal)c 
0.11 (nominal)c 
0.11 (nominal)c 

Henderson et al. (1959) 

Fathead minnow (Pimephales promelas) 24-h LC50
e 

48-h LC50
e 

96-h LC50
e
 

24-h LC50 

48-h LC50 

96-h LC50 

0.060 (nominal)c 
0.058 (nominal)c 
0.056 (nominal)c 
0.097 (nominal)c 
0.094 (nominal)c 
0.094 (nominal)c 

Henderson et al. (1959) 

Fathead minnow (Pimephales promelas) 
 

240-h LC50 

60-day NOEC (growth) 
0.007 (nominal) 
0.000 86 (nominal) 

Macek et al. (1976) 
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Table 8 (Contd)    

Species tested  
End-point (effect other than 
survival) Concentrationa (mg/l) Reference 

Goldfish (Carassius auratus) 
 

24-h LC50 

48-h LC50 

96-h LC50 

0.52 (nominal)c 
0.28 (nominal)c 
0.23 (nominal)c 

Henderson et al. (1959) 

Rainbow trout (Oncorhynchus mykiss) 24-h LC50 

96-h LC50 
0.032 
0.032 

Mayer & Ellersieck (1986)

 24-h LC50 

96-h LC50 
0.044 
0.043 

Mayer & Ellersieck (1986)

 24-h LC50 

96-h LC50 
0.019 
0.007 

Mayer & Ellersieck (1986)

 24-h LC50 

96-h LC50 
0.011 
0.0071 

Mayer & Ellersieck (1986)

 24-h LC50 

96-h LC50 
0.011 
0.0074 

Mayer & Ellersieck (1986)

 24-h LC50 

96-h LC50 
0.0098 
0.008 

Mayer & Ellersieck (1986)

Northern pike (Esox lucius) 24-h LC50 

96-h LC50 
0.008 
0.0062 

Mayer & Ellersieck (1986)

Redear sunfish (Lepomis microlophus) 24-h LC50 

96-h LC50 
0.034 
0.017 

Mayer & Ellersieck (1986)

Fathead minnow (Pimephales promelas) 24-h LC50 

96-h LC50 
0.063 
0.023 

Mayer & Ellersieck (1986)

Channel catfish (Ictalurus punctatus) 24-h LC50 

96-h LC50 
0.028 
0.025 

Mayer & Ellersieck (1986)

Black bullhead (Ictalurus melas) 24-h LC50 

96-h LC50 
0.086 
0.063 

Mayer & Ellersieck (1986)

Largemouth bass (Micropterus salmoides) 24-h LC50 

96-h LC50 
0.019 
0.010 

Mayer & Ellersieck (1986)

Amphibians    
Fowler’s toad (Bufo woodhousei fowleri) 24-h LC50 

96-h LC50 
0.844 
0.435 

Mayer & Ellersieck (1986)

a  As heptachlor can evaporate to some extent from and react in the aqueous phase and therefore reduce the actual concentration of 
the test compound over time, we specified (in parentheses) whether the values given were based upon nominal (initial experimental 
concentrations) or effective (loss of compound checked and accounted for) concentrations if such information was provided. 

b  Range of values due to different proportions of test substance abiotically transformed to hydroxychlordene in water. 
c  Technical heptachlor (containing 65%, 72%, or 74% active ingredient) was employed, and given values were adjusted correspond-

ingly to account for the amount of active ingredient present. 
d Time not specified. 
e  Data obtained using hard water (calcium carbonate concentration of 400 mg/l instead of 20 mg/l). 
 

 
many cases be due to test variability rather than to 
different species sensitivities. 
 
 According to Leigh (1969), heptachlor does not 
negatively affect microbial communities. However, 
guideline tests to ascertain that heptachlor is not 
interfering with microbial activity are not available. 
 
  Heptachlor is clearly toxic to a range of both 
freshwater and marine species, including algae, 
invertebrates, and fish (see Tables 8 and 9 and data 

reviewed in USEPA, 1980; IPCS, 1984; Fendick et al., 
1990; and ECETOC, 2003). 
 
 Growth of both freshwater and marine/estuarine 
algal species was inhibited by heptachlor. However, the 
limited data available seem to indicate that saltwater 
algal species might be less sensitive than the one 
freshwater species (Pseudokirchneriella subcapitata) 
tested (see Tables 8 and 9).



Concise International Chemical Assessment Document 70 

 28

Table 9: Toxicity of heptachlor in marine aquatic organisms. 
 

Species tested 
Salinity 

(‰) 
End-point (effect other 
than survival) Concentrationa (mg/l) Reference 

Green algae     

Dunaliella tertiolecta  96-h EC50 (growth 
inhibition via biomass) 

2.26 (nominal) USEPA (1980) 

Skeletonema costatum   96-h EC50 (growth 
inhibition via biomass) 

0.093 (nominal) USEPA (1980) 

Porphyridium cruentum  96-h EC50 (growth 
inhibition via biomass) 

0.27 (nominal) USEPA (1980) 

Invertebrates     
Korean shrimp (Palaemon 
macrodactylus) 

26 96-h LC50 0.015 (nominal) Schoettger (1970) 

Pink shrimp (Penaeus duorarum) 20–22 96-h LC50 0.000 11 (measured)b Schimmel et al. (1976) 
Pink shrimp (Penaeus duorarum) 26–30 96-h LC50 0.000 03 (measured) Schimmel et al. (1976) 
Sand shrimp (Crangon septemspinosa) 24 24-h LC50 

48-h LC50 
96-h LC50 

0.11 (nominal) 
0.028 (nominal) 
0.008 (nominal) 

Eisler (1969) 

Grass shrimp (Palaemonetes vulgaris) 24 24-h LC50 
48-h LC50 
96-h LC50 

>6.5 (nominal) 
3.3 (nominal) 
0.44 (nominal) 

Eisler (1969) 

Hermit crab (Pagurus longicarpus) 24 24-h LC50 
48-h LC50 
96-h LC50 

0.47 (nominal) 
0.10 (nominal) 
0.06 (nominal) 

Eisler (1969) 

Eastern oyster (Crassostrea virginica) 21 96-h EC50 (shell growth) 0.021 (nominal) Mayer (1987) 
 23 96-h EC50 (shell growth) 0.017 (nominal) Mayer (1987) 
 26 96-h EC50 (shell growth) 0.0015 (nominal) Mayer (1987) 
Blue crab (Callinectes sapidus)  27 48-h EC50 

(immobilization) 
0.068 (nominal) Mayer (1987) 

Mysid shrimp (Mysidopsis bahia)  23 96-h LC50 0.0034 (measured) Mayer (1987) 
Grass shrimp (Palaemonetes vulgaris)  26 96-h LC50 0.0011 (measured) Mayer (1987) 

Fish      
Striped bass (Morone saxatilis) 28 24-h LC50 

96-h LC50 
0.023 (nominal) 
0.003 (nominal) 

Schoettger (1970) 

Spot croaker (Leiostomus xanthurus) 21 96-h LC50 0.000 85 (measured)b Schimmel et al. (1976)  
Spot croaker (Leiostomus xanthurus) 20–22 96-h LC50 0.000 86 (measured) Schimmel et al. (1976)  
American eel (Anguilla rostrata) 24 24-h LC50 

48-h LC50 

96-h LC50 

0.071 (nominal) 
0.049 (nominal) 
0.010 (nominal) 

Eisler (1970)  

Northern puffer (Sphoeroides 
maculatus) 

24 24-h LC50 

48-h LC50 

96-h LC50 

0.24 (nominal) 
0.19 (nominal) 
0.19 (nominal) 

Eisler (1970)  

Pinfish (Lagodon rhomboides) 25–31 96-h LC50 0.004 (measured)b Schimmel et al. (1976)  
Sheepshead minnow (Cyprinodon 
variegatus variegatus) 

21–25 96-h LC50 0.004 (measured)b Schimmel et al. (1976)  

Sheepshead minnow (Cyprinodon 
variegatus variegatus) 

 96-h LC50 
18-week LOEC 

0.011 (measured)b 
0.003 (measured)b 

Hansen & Parrish 
(1977) 

Striped mullet (Mugil cephalus) 24 48-h LC50 0.0033 (nominal) Mayer (1987) 
a  As heptachlor can evaporate to some extent from and react in the aqueous phase and therefore reduce the actual concentration of 

the test compound over time, we specified (in parentheses) whether the values given were based upon nominal (initial experimental 
concentrations) or effective (loss of compound checked and accounted for) concentrations if such information was provided. 

b  Technical heptachlor (containing 65%, 72%, or 74% active ingredient) was employed, and given values were adjusted correspond-
ingly to account for the amount of active ingredient present.
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Table 10: Toxicity of heptachlor for birds. 
 

Species tested End-point  
Concentration (mg/kg body 
weight)  Reference  

Mallard (Anas platyrhynchos) Dietarya LC50 480 (nominal)  USFWS (1975)  
Ring-necked pheasant (Phasianus 
colchicus) 

Dietarya LC50 224 (nominal)  USFWS (1975)  

Japanese quail (Coturnix japonica)  Dietarya LC50 93 (nominal)  USFWS (1975)  
a  Dietary LC50 values based on active ingredient present in technical-grade heptachlor in ad libitum diet calculated to produce 50% 

mortality in 8 days (5 days of diet containing heptachlor followed by 3 days of normal diet). 
 
 
 Invertebrate species from both fresh water and 
seawater are clearly adversely influenced by heptachlor. 
Again, the reported values span a broad range, with the 
lowest LC50 (96 h) value of 0.03 µg/l reported by 
Schimmel et al. (1976) for the shrimp Penaeus duorarum 
at 26–30‰ salinity.  
 
 In toxicity studies conducted with several fish 
species (see Tables 8 and 9), the most recently reported 
LC50 value (48-h incubation) was established for 
Japanese medaka (Oryzias latipes) as 14 µg of 
heptachlor per litre (MITI, 1992). Earlier data by 
Schoettger (1970) show a similar LC50 value (96-h 
incubation) of about 13 µg/l for bluegill (Lepomis 
macrochirus), whereas Henderson et al. (1959) reported 
an LC50 (48 h) of 23 µg/l and an LC50 (96 h) of 19 µg/l 
for the same organism. Macek et al. (1976) reported an 
LC50 value (10 days) of 7 µg/l using fathead minnow 
(Pimephales promelas). In Macek et al. (1976), a 60-day 
NOEC value of 0.86 µg/l was estimated. Both Suter & 
Tsao (1996) and ECETOC (2003) used the data reported 
by Macek et al. (1976) for their analyses.  
 
 Under saline conditions, the lowest values reported 
are those for spot croaker (Leiostomus xanthurus), with a 
measured LC50 (96 h) value of 0.86 µg/l (Schimmel et 
al., 1976). However, Hansen & Parrish (1977) reported 
an acute LC50 (96 h) value of 11 µg/l in sheepshead 
minnow (Cyprinodon variegatus variegatus); by 
employing an 18-week partial life cycle test starting with 
juvenile fish, a corresponding LOEC value of 3 µg/l was 
reported. 
 
 In a more recent report, Okoumassoun et al. (2002) 
established an EC50 of about 45.5 mg/l (i.e. 122 µmol/l) 
for heptachlor by using rainbow trout (Oncorhynchus 
mykiss) hepatocytes. The value given refers to the rela-
tive effective concentration that caused 50% inhibition of 
binding of 17β-estradiol to cytosolic estrogen receptors. 
As heptachlor was not able to induce vitellogenin pro-
duction, it showed a lack of estrogenicity. However, co-
exposure experiments (17β-estradiol together with 
heptachlor) indicated that heptachlor inhibited the 
hepatocytes’ response to 17β-estradiol, albeit not being a 
potent competitor, as it failed to displace 17β-estradiol 
from the corresponding receptor to a significant degree. 

The authors therefore proposed that heptachlor hampers 
with the proper interaction of 17β-estradiol with the 
receptor. By doing so, heptachlor could impair the 
estrogenic process in fish. 
 
10.2 Terrestrial environment 
 
 Heptachlor is moderately toxic to bird species, with 
dietary LC50 values ranging from 90 to about 500 mg/kg 
body weight (see examples in Table 10). Podowski et al. 
(1979) reported a nominal 24-h LD50 of 71 mg/kg body 
weight for a typical rodent such as the rat. However, 
LD50 values reported for other rodents such as mice or 
rabbits as representative vertebrates present in the terres-
trial environment range from 40 to about 162 mg/kg 
body weight, with purity of the test substance in many 
cases not specified and only limited numbers of animals 
tested (see section 8). However, Okoumassoun et al. 
(2003) only recently demonstrated the cytotoxicity of 
heptachlor using hepatocytes from the rat. By using the 
lactate dehydrogenase assay, they showed a clear cyto-
toxic effect in the concentration range from 50 to 100 
µmol/l (i.e. about 19–37 mg/l, 24- and 48-h incubation). 
 
 
 

11. EFFECTS EVALUATION 
 
 
11.1 Evaluation of health effects 
 
11.1.1 Hazard identification and dose–response 

assessment 
 
 Heptachlor is well absorbed through the mammalian 
gastrointestinal tract and metabolized mainly to hepta-
chlor epoxide and minor metabolites. Heptachlor epox-
ide has been shown to accumulate in adipose tissue and 
to cross the placenta. Furthermore, heptachlor and hepta-
chlor epoxide are detected in breast milk. 
 
 Heptachlor shows mostly negative responses in in 
vitro and in vivo genotoxicity testing. There is increasing 
evidence that heptachlor in vitro causes inhibition of gap 
junctional intercellular communication.  
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 Acute exposure in animal studies causes neurotox-
icological disturbances and death. In both short- and 
long-term studies in dogs, rats, and mice, the liver was 
found to be the target organ.  
 
 In a 30-day feeding study in mice fed a mixture of 
heptachlor and heptachlor epoxide (1:3) at doses of 1, 5, 
10, 25, and 50 mg/kg, the NOAEL was given as 1 mg/kg 
for dose-related histopathological liver changes (enlarge-
ment of centrilobular and midzonal hepatocytes) 
(Wazeter et al., 1971a) [NOAEL = 0.13 mg/kg body 
weight per day].  
 
 In a 2-year feeding study in dogs, heptachlor epox-
ide was administered in the diet at concentrations of 0, 1, 
3, 5, 7, or 10 mg/kg; the NOAEL was given as 1 mg/kg 
for dose-related histopathological liver changes (Wazeter 
et al., 1971b, 1971c) [NOAEL = 0.025 mg/kg body 
weight per day]. 
 
 In reproduction studies in rats, there were usually no 
clinical signs of maternal toxicity (dose-related altera-
tions in weight gain) (Smialowicz et al., 2001) [NOAEL 
for maternal toxicity = 3 mg/kg body weight per day]. In 
one study, reduced litter sizes were noted. In all studies, 
postnatal mortality of the pups was the most obvious 
finding [NOAEL for pre- or postnatal survival of pups = 
6 mg/kg body weight per day]. There were no histologi-
cal examinations of the liver, so the NOAELs would 
probably have been much lower. 
 
 No teratological effects were observed.  
 
 There is accumulating evidence that nervous system 
development is influenced by cyclodiene pesticides. The 
profile of effects produced by repeated heptachlor 
administration to female rats consisted of altered activ-
ity, hyperexcitability, and autonomic effects (Moser et 
al., 1995) [NOAEL = 2 mg/kg body weight per day]. In 
another study, neurotoxicological studies on perinatal 
heptachlor exposure in the rat (0.03, 0.3, or 3 mg/kg 
body weight per day) suggested developmental delays, 
alterations in GABAergic neurotransmission, and 
neurobehavioural changes, including cognitive deficits, 
at all doses (Moser et al., 2001). Statistics were not 
given, but the LOAEL was probably 0.03 mg/kg body 
weight per day.  
 
 Immunological studies indicate the suppression of 
the primary and secondary response to sheep red blood 
cells following perinatal exposure (0, 0.03, 0.3, or 3 
mg/kg body weight per day) to heptachlor.  
 
 There was a highly significant dose-related inci-
dence of hepatocellular carcinoma in both male and 
female B6C3F1 mice fed technical-grade heptachlor in 
the diet. The time-weighted average doses for the male 
mice were 6 and 14 mg/kg and for the female mice were 

9 and 18 mg/kg (NCI, 1977). No hepatic tumours were 
observed in Osborne-Mendel rats at time-weighted 
average doses for male rats of 39 and 78 mg/kg and for 
female rats of 26 and 51 mg/kg (NCI, 1977) [NOAEL = 
39 mg/kg (= 2 mg/kg body weight) for males and 26 
mg/kg (= 1.3 mg/kg body weight) for females]. Defi-
ciencies in this study precluded proper evaluation of the 
carcinogenic potential of heptachlor in rats (JMPR, 
1992). 
 
 There was a significant increase in the incidence of 
hepatocellular carcinomas in female but not in male C3H 
mice given heptachlor and in both males and females 
given heptachlor epoxide (10 mg/kg [= 0.5 mg/kg body 
weight]) in the diet for 2 years (United States Food and 
Drug Administration study performed in 1965, summar-
ized in Epstein, 1976).  
 
 In a study with CD-1 mice fed a mixture of hepta-
chlor and heptachlor epoxide for 18 months, a significant 
increase in the combined incidence of hepatocellular 
carcinomas and nodules was found in the male and 
female 10 mg/kg (in the diet) dose groups [= 0.5 mg/kg 
body weight] (IRDC, 1973).  
 
 In initiation–promotion studies in mice, administra-
tion of heptachlor after N-nitrosodiethylamine resulted in 
increased incidences of hepatocellular tumours. 
 
 Available epidemiological studies were not able to 
show a clear relationship between any effects in humans 
and exposure to heptachlor.  
 
11.1.2 Criteria for setting tolerable intakes and 

concentrations for heptachlor/heptachlor 
epoxide 

 
 There are inadequate data on the effects of hepta-
chlor on humans. A tolerable intake is therefore based on 
animal data.  
 
 Heptachlor was found to be carcinogenic to mice at 
doses of 0.5 mg/kg body weight and above. It was not 
carcinogenic in rats. It acts as a tumour promoter in 
mouse liver. It is unlikely that tumours in mouse liver 
are induced through a genotoxic mechanism. Therefore, 
non-neoplastic effects (histopathological liver changes, 
neurotoxicological effects, and immunotoxicological 
effects) were chosen as the basis for the derivation of a 
tolerable intake; they have been reported at about 1/20th 
of the concentration at which carcinogenic effects were 
seen. 
 
 In animals fed heptachlor/heptachlor epoxide by 
diet, gavage, or subcutaneous injection, there is a sharp 
dose–response curve for mortality.  
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 The lowest NOAEL for histopathological liver 
changes is from dog studies (Wazeter et al., 1971b, 
1971c) (1 mg of heptachlor per kilogram of diet = 
0.025 mg/kg body weight per day, calculated from 
standard table). Recent developmental neurotoxicity and 
immunotoxicological studies in rats give 0.03 mg/kg 
body weight per day as the NOAEL or LOAEL.  
 
 Application of a safety factor of 200 — 10 for inter-
species variability, 10 for intraspecies extrapolation, and 
2 for inadequacy of the database — to the lowest 
NOAEL of 0.025 mg/kg body weight per day gives a 
tolerable intake of 0.0001 mg/kg body weight (0.1 µg/kg 
body weight) for humans for non-carcinogenic effects.  
 
11.1.3 Sample risk characterization 
 
 There have been several studies giving estimates of 
human dietary intake of heptachlor/heptachlor epoxide in 
the past decades (see section 6). Recently, estimates 
include those, for example, for Poland, giving daily 
dietary intakes of heptachlor and heptachlor epoxide 
ranging from 0.51 to 0.58 µg per person (Falandysz, 
2003) (about 0.01 µg/kg body weight, assuming a mean 
weight of 64 kg). This value is 10-fold less than the 
tolerable intake of 0.1 µg/kg body weight. In this study, 
the main sources of heptachlor and heptachlor epoxide 
were thought to be meat, meat products, and animal fats. 
However, if food is contaminated with heptachlor, such 
as fish from contaminated rivers (e.g. concentrations in 
fish in the 0.1–1 mg/kg range were reported from 
Ganges Estuary, Bangladesh, Bay of Bengal, and Göksu 
Delta, Turkey), vegetables from fields contaminated with 
heptachlor (up to 16 mg/kg), or contaminated milk (e.g. 
in the microgram per kilogram range in Dakar, Senegal; 
in the milligram per kilogram range in Jaipur City, 
Rajasthan, India), then the dietary intake of this chemical 
would be much higher; if the contaminated food is 
ingested for a long period of time, there is likely to be a 
health risk. 
 
 The daily intake of heptachlor by breast-fed babies 
in Jordan (highest values taken), calculated from the data 
of Alawi & Khalil (2002), assuming a daily milk con-
sumption of 150 g/kg body weight and an average milk 
fat content of 3.1%, was a mean of 0.67 µg/kg body 
weight. The corresponding daily intake of heptachlor 
epoxide by babies in 2000 was a mean of 1.5 µg/kg body 
weight (Alawi & Khalil, 2002). These values are more 
than 10-fold higher than the tolerable intake and, if the 
concentrations reported are correct, should be a cause of 
concern.  
 
11.1.4 Uncertainties in the evaluation of health 

risks 
 
 There are inadequate data on the effects of hepta-
chlor on humans. 

 The key animal studies were not recent studies 
conducted under Good Laboratory Practice. They were 
older, mostly inadequate unpublished reports not 
available to the authors. 
 
 Recent neurotoxicological and immunotoxicological 
studies in rats have shown that there are effects at the 
lowest doses tested.  
 
 In some of the environmental samples reported, it is 
not certain whether the values given are truly due to a 
contamination with heptachlor or due to an experimental 
or calculational error. 
 
 The tolerable intake is calculated for one substance. 
From the results of many studies, it has been shown that 
usually there are several persistent compounds (e.g. other 
organochlorine pesticides) present at much higher values 
than heptachlor and heptachlor epoxide. Therefore, an 
estimation of health risks cannot be carried out in isola-
tion, but must include the range of compounds found in 
that particular food or tissue.  
 
11.2 Evaluation of environmental effects 
 
 Heptachlor and heptachlor epoxide are persistent 
and are found in all environmental compartments — air, 
water, soil, and sediment — as well as in plants (vege-
tables), fish and other aquatic organisms, amphibians and 
reptiles, birds and bird eggs, and aquatic and terrestrial 
mammals. They are found particularly in adipose tissues, 
where they accumulate. They pass up the food-chain.  
 
11.2.1 Aquatic environment 
 
 The main environmental target compartments of 
heptachlor are soil and sediment, where this compound is 
slowly transformed by abiotic reactions and poorly trans-
formed aerobically by microorganisms. Therefore, con-
ditions not accelerating biotic or abiotic removal might 
lead to the presence of detectable concentrations of this 
persistent organic pollutant in these two compartments. 
However, a reliable quantification of heptachlor (the 
application of which is restricted in most countries) 
currently released from all sources is impossible with the 
data available.  
 
 The experimentally determined bioconcentration 
data as well as the measured log Kow values indicate a 
high bioaccumulation potential for both heptachlor and 
its epoxide. The determined soil sorption coefficients 
indicate a high potential for soil sorption. Therefore, 
heptachlor may not easily leach into groundwater, and its 
bioavailability might in aquatic environments be rather 
limited in the presence of particulate or dissolved 
organic matter.  
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 Suggestive guidance values for heptachlor toxicity 
in the marine and freshwater environments can be 
derived using a probabilistic approach, since the data set 
is sufficiently large to warrant it. Appendix 7 details the 
methodology used. 
 
 For the freshwater environment, 23 data points were 
chosen to derive a guidance value. The criteria for 
choosing the toxicity values and the actual values are 
presented in Appendix 7. These acute values have been 
converted to chronic values using an acute:chronic ratio 
of 10. The guidance value for the protection of 99% of 
species with 50% confidence was derived at 10 ng of 
heptachlor per litre (see Figure A7-2, Appendix 7).  
 
 For the marine environment, 18 toxicity values were 
used in the derivation in the same way. For further 
details, refer to Appendix 7 and Table A7-2.  An overall 
guidance value for the protection of 99% of species with 
50% confidence was derived at 5 ng of heptachlor per 
litre (see Figure A7-3, Appendix 7).  
 
 A sample risk characterization with respect to the 
aquatic environment might be performed by calculating 
the ratio between a local heptachlor concentration (mea-
sured concentration) and the guidance value. Due to the 
highly varying data concerning the appearance of hepta-
chlor in the environment, Table 11 compares some pos-
sible sample risk characterizations based upon upper and 
lower values of reported concentrations in the aquatic 
environment (rather than a specific value) and the rele-
vant guidance value. 
 
 
Table 11: Sample risk characterizations for different aquatic 

environments. 
 
Measured concen-
tration (MC) rangea 
(ng/l) 

Guidance value 
(GV)b (ng/l) 

MC/GV ratio 
range 

Surface water 
0.0001–62 000 

 
10 

 
0.000 01–6200 

Seawater 
0.025–0.15 

 
5 

 
0.005–0.03 

a  Included are data from 1996 onwards, with lowest and highest 
reported values determining the range (see Table A5-2 in 
Appendix 5 for data). The extreme outlier for seawater (Straits 
of Jahore between Singapore and Malaysia with 233 ng/l; 
Basheer et al., 2002) is not included. 

b  Guidance value obtained from species sensitivity distributions 
for the protection of 99% of species with 50% confidence (see 
Appendix 7). 

 
 
 Taking surface water from freshwater environments 
as an example, the highest reported value for such water 
samples is 62 000 ng/l (see Appendix 5, Table A5-2; 
Ayas et al., 1997), which can be employed as the local 
worst-case measured concentration. The species 

sensitivity distribution guidance value was 10 ng/l, 
giving a measured concentration to guidance value ratio 
of 6200, well above 1. Therefore, for some surface 
waters in several countries (see Table A5-2), there might 
be a severe risk for the aquatic environment in such 
highly polluted locations. Measured concentrations for 
rainwater are an indicator of the global distribution of 
heptachlor in the atmosphere. The range of values 
(0.073–4 ng/l) falls within that of surface water values.  
 
 Although marine species appear to be more sensitive 
to heptachlor than freshwater species, the lower concen-
trations of heptachlor in seawater reduce the overall risk. 
For seawater, the highest reliable measured concentra-
tion for heptachlor is about 0.15 ng/l (Bering Sea; Yao et 
al., 2002). Using the species sensitivity distribution 
derived guidance value of 5 ng/l, the measured concen-
tration to guidance value ratio is 0.03 (i.e. <1), suggest-
ing low risk. 
 
11.2.2 Terrestrial environment 
 
 Heptachlor will preferably partition into soil (about 
43%) and sediment (about 55%) and only to a lesser 
extent into water (about 2%). For the terrestrial compart-
ment, a few toxicity tests on rodents and birds are avail-
able. None of the studies appears reliable enough to 
serve as a basis for a quantitative risk characterization. It 
should be remembered that heptachlor is used as a ter-
miticide. 
 
 In studies on rats, heptachlor has been shown to be 
neurotoxic and immunotoxic at 0.03 mg/kg body weight 
per day (see sections 8.6 and 8.7). The Göksu Delta, 
Turkey, which is one of the most important breeding and 
wintering areas for birds in the world, is contaminated by 
organochlorine pesticides from soils from agricultural 
areas that have been transported to the delta by the 
Göksu River. From this region, levels of heptachlor/hep-
tachlor epoxide have been detected in birds and bird eggs 
in the lower milligram per kilogram range. The effect of 
such concentrations of heptachlor on the bird populations 
can only be speculated at present.  
 
11.2.3 Uncertainties in the evaluation of 

environmental effects 
 
 Heptachlor can evaporate from and react with water, 
and (especially) long-term studies not stating the effec-
tive concentration of the test compound might therefore 
be unreliable.  
 
 There are no data available to predict the effect 
(additive, antagonistic, synergistic) of other organo-
chlorine pesticides usually accompanying heptachlor in 
polluted environments. 
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 There is a lack of recent data on the toxicity of 
heptachlor in the environment. In addition, in many of 
the available studies, test procedures are clearly varying 
(biological variation, methodological variation), and thus 
a reliable comparison of data obtained even for related 
species is a difficult task given the data available.  
 
 There is a lack of valid data concerning the toxicity 
of heptachlor to microorganisms.  
 
 There is a lack of reliable data on its epoxide. 
 
 For the terrestrial compartment, the available 
toxicity studies are not sufficient to enable a quantitative 
risk characterization of heptachlor. Further, there is an 
apparent lack of data concerning the difference between 
the degradation of heptachlor in soils of moderate and 
tropical regions. Heptachlor (and the epoxide) will be 
prone to ageing and sequestration in soil, and therefore 
the bioavailability will be impacted by different soil 
types. 
 
 In some of the environmental samples reported, it is 
not certain whether the measured values given are truly 
due to a contamination with heptachlor or due to an 
experimental or calculational error. 
 
 
 

12. PREVIOUS EVALUATIONS BY IOMC 
BODIES 

 
 
 IARC (2001) evaluated the carcinogenicity of 
chlordane and heptachlor in 2000 and concluded that 
there is inadequate evidence in humans and sufficient 
evidence in experimental animals for the carcinogenicity 
of heptachlor; the overall evaluation was that heptachlor 
is possibly carcinogenic to humans (Group 2B). Hepta-
chlor was considered by previous IARC working groups 
in 1978 (IARC, 1979), 1987 (IARC, 1987), and 1990 
(IARC, 1991). 
 
 Heptachlor was evaluated by JMPR in 1966, 1970, 
and 1991 (FAO/WHO, 1967, 1971; JMPR, 1992). The 
Committee recommended that heptachlor should not be 
used directly on food crops and that its use in the 
production of food commodities should be phased out. 
An ADI of 0–0.0005 mg/kg body weight was allocated 
in 1966 (FAO/WHO, 1967), which was changed to 0–
0.0001 mg/kg body weight in 1992 (JMPR, 1992), when 
the Committee increased the safety factor to 200, recog-
nizing the inadequacy of the database.  
 
 Extraneous residue limits were established by the 
Codex Alimentarius Commission (1997) for the sum of 
heptachlor and heptachlor epoxide (fat-soluble residue) 
in or on the following commodities (in milligrams per 

kilogram): 0.5 for soya bean oil (crude); 0.2 for carrots, 
meat (fat), and poultry meat (fat); 0.05 for eggs and 
vegetables (except carrots, soya beans, sugar beets, and 
tomatoes); 0.02 for cereal grains, cottonseed, tomatoes, 
soya beans (immature seeds), and soya bean oil 
(refined); 0.01 for citrus fruit and pineapples; and 0.006 
for milk (fat soluble) (Codex Alimentarius Commission, 
1997). 
 
 Heptachlor is subject to the Prior Informed Consent 
procedure code under the Rotterdam Convention (see 
http://www.pic.int/), which entered into force on 24 
February 2004 (see also FAO/UNEP, 1996). 
 
 Heptachlor is prohibited or severely restricted by the 
Stockholm Convention on Persistent Organic Pollutants, 
which entered into force on 17 May 2004 (see http:// 
www.pops.int/).  
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APPENDIX 1 — ACRONYMS AND 
ABBREVIATIONS  

 
 
ADI acceptable daily intake 
AOPWIN Atmospheric Oxidation Program for Microsoft 

Windows 
AP-1 activator protein-1 
BOD biological oxygen demand 
BOD5 5-day biological oxygen demand 
CAS Chemical Abstracts Service 
CI confidence interval 
CICAD Concise International Chemical Assessment 

Document 
DNA deoxyribonucleic acid 
EC50 median effective concentration 
ECD electron capture detection  
EPI Estimation Programs Interface (suite of models) 
FAO Food and Agriculture Organization of the United 
 Nations 
GABA γ-aminobutyric acid 
GABAA γ-aminobutyric acid type A 
GABAergic activated by GABA 
GC gas chromatography 
GD gestational day 
HCp hazardous concentration for p% of the species 
HC1(50) the hazardous concentration to protect 99% of 
 species with 50% confidence 
HC5(50) the hazardous concentration to protect 95% of 

species with 50% confidence 
HRGC high-resolution gas chromatography 
IARC International Agency for Research on Cancer 
ICSC International Chemical Safety Card 
Ig immunoglobulin 
IOMC Inter-Organization Programme for the Sound 

Management of Chemicals 
IPCS International Programme on Chemical Safety  
JMPR Joint FAO/WHO Meeting on Pesticide Residues 
Koc soil sorption coefficient 
Kow octanol/water partition coefficient 
LC50 median lethal concentration 
LD50 median lethal dose 
LOAEL lowest-observed-adverse-effect level 
LOEC lowest-observed-effect concentration 
MAPK mitogen-activated protein kinase 
mRNA messenger ribonucleic acid 
MS mass spectrometry 
ND not detected 
NOAEL no-observed-adverse-effect level 
NOEC no-observed-effect concentration 
OECD Organisation for Economic Co-operation and 
 Development 
OR odds ratio 
PCBs polychlorinated biphenyls 
PIC Prior Informed Consent 
PLCγ1 phospholipase C gamma-1  
PND postnatal day 
SMR standardized mortality ratio 
USA United States of America 
USEPA United States Environmental Protection Agency 
UV ultraviolet 
WHO World Health Organization 

APPENDIX 2 — SOURCE DOCUMENTS 
 
 
IPCS (1984)  
 

A WHO Task Group on Environmental Health Criteria for 
organochlorine pesticides other than DDT met in Geneva from 
28 November to 2 December 1983. The Task Group reviewed 
and revised the draft criteria document on heptachlor and made 
an evaluation of the health risks of exposure to heptachlor. The 
drafts of this document were prepared by Dr D.C. Villeneuve of 
Canada and Dr S. Dobson of the United Kingdom.  
 

The Environmental Health Criteria monograph on hepta-
chlor is available on the Internet at: http://www.inchem.org/ 
documents/ehc/ehc/ehc38.htm. 
 
 
IARC (2001)  
 
  Heptachlor (and chlordane) were evaluated by IARC in 
Volume 79 of the IARC Monographs on the Evaluation of 
Carcinogenic Risks to Humans.  
 
 A summary of the data reported and the evaluation are 
available on the Internet at: http://www-cie.iarc.fr/htdocs/ 
monographs/vol79/79-12.html and http://www.inchem.org/ 
documents/iarc/vol79/79-12.html. 
 

Only the summary and evaluation (section 5) are available. 
The whole monograph, which includes other chemicals as well, 
is available for purchasing from the WHO bookshop. 
 
 
JMPR (1992)  
 
   The JMPR monograph on heptachlor, published as part of 
the 1991 evaluations of pesticide residues in food, is available 
on the Internet at: http://www.inchem.org/documents/jmpr/ 
jmpmono/v91pr13.htm.  
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APPENDIX 3 — CICAD PEER REVIEW 
 
 
 The draft CICAD on heptachlor was sent for review to IPCS 
national Contact Points and Participating Institutions, as well as 
to identified experts. Comments were received from: 
 

M. Baril, Institut de recherche Robert Sauvé en santé et en 
sécurité du travail, Montreal, Canada 
 
R. Benson, United States Environmental Protection 
Agency, Denver, CO, USA 
 
J. Chapman, Department of Environment & Conservation, 
Lidcombe, New South Wales, Australia 
 
R. Chhabra, National Institute of Environmental Health 
Sciences, Research Triangle Park, NC, USA 

 
P. Copestake, Toxicology Advice & Consulting Ltd, Surrey, 
United Kingdom 
 
I. Desi, University of Szeged, Szeged, Hungary 
 
L. Fishbein, Fairfax, VA, USA 
 
E. Frantik, Institute of Public Health, Prague, Czech 
Republic 
 
H. Gibb, Sciences International, Alexandria, VA, USA 
 
P. Howe, Centre for Ecology & Hydrology, Monks Wood, 
United Kingdom 
 
L. Maltby, University of Sheffield, Western Bank, United 
Kingdom 
 
H.V.T. Santonen, Institute of Occupational Health, Helsinki, 
Finland 
 
H. Savolainen, Ministry of Social Affairs & Health, Tampere, 
Finland 
 
P. Schulte, National Institute for Occupational Safety and 
Health, Cincinnati, OH, USA 
 
R. Smith, Hydrobiology Pty Ltd, Brisbane, Australia 
 
J.L. Stauber, CSIRO Energy Technology, Menai, New 
South Wales, Australia 

 
U. Stenius, Karolinska Institute, Stockholm, Sweden 

 
M.H. Sweeney, United States Embassy, Hanoi, Viet Nam 

 
K. Ziegler-Skylakakis, European Commission, Luxembourg 
 
 
 

APPENDIX 4 — CICAD FINAL REVIEW 
BOARD 

 
Hanoi, Viet Nam 

28 September – 1 October 2004 
 
 

Members 
 
Mr D.T. Bai, Centre of Environmental Protection & Chemical 
Safety, Institute of Industrial Chemistry, Hanoi, Viet Nam  
 
Dr R. Chhabra, National Institute of Environmental Health 
Sciences, Research Triangle Park, NC, USA  
 
Mr P. Copestake, Toxicology Advice & Consulting Ltd, Surrey, 
United Kingdom  
 
Dr C. De Rosa, Agency for Toxic Substances and Disease 
Registry, Centres for Disease Control and Prevention, Atlanta, 
GA, USA  
 
Dr S. Dobson, Centre for Ecology & Hydrology, Monks Wood, 
Abbots Ripton, Huntingdon, Cambridgeshire, United Kingdom  
 
Dr G. Dura, National Institute of Environmental Health of József 
Fodor National Centre of Public Health, Budapest, Hungary 
 
Ms C.W. Fang, National Institute of Occupational Safety and 
Health Malaysia, Selangor, Malaysia 
 
Dr L. Fishbein, Fairfax, VA, USA  
 
Dr L. Fruchtengarten, Poison Control Center of São Paulo, São 
Paulo, Brazil  
 
Dr C.L. Geraci, Document Development Branch, Centers for 
Disease Control and Prevention / National Institute for 
Occupational Safety and Health, Cincinnati, OH, USA  
 
Dr H. Gibb, Sciences International, Alexandria, VA, USA 
 
Dr R.F. Hertel, Federal Institute for Risk Assessment, Berlin, 
Germany  
 
Mr P. Howe, Centre for Ecology & Hydrology, Monks Wood, 
Abbots Ripton, Huntingdon, Cambridgeshire, United Kingdom 
 
Dr S. Ishimitsu, Division of Safety Information on Drug, Food and 
Chemicals, National Institute of Health Sciences, Tokyo, Japan  
 
Dr J. Kielhorn, Fraunhofer Institute of Toxicology and 
Experimental Medicine, Hanover, Germany  
 
Dr S. Kunarattanapruke, Food & Drug Administration, Ministry of 
Public Health, Nonthaburi, Thailand  
 
Dr Y. Liang, Department of Occupational Health, Fudan 
University School of Public Health, Shanghai, China  
 
Ms M.E. Meek, Existing Substances Division, Environmental 
Health Directorate, Health Canada, Ottawa, Ontario, Canada  
 
Mr F.K. Muchiri, Directorate of Occupational Health and Safety 
Services, Nairobi, Kenya  
 
Dr O. Sabzevari, Food and Drug Quality Control Laboratories, 
Ministry of Health and Medical Education, Tehran, Islamic 
Republic of Iran 
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Dr J. Stauber, CSIRO Energy Technology, Menai, New South 
Wales, Australia  
 
Dr M.H. Sweeney, United States Embassy, Hanoi, Viet Nam  
 
Mr P. Watts, Toxicology Advice & Consulting Ltd, Surrey, United 
Kingdom  
 
Ms D. Willcocks, National Industrial Chemicals Notification and 
Assessment Scheme, Sydney, New South Wales, Australia 
 
Dr K. Ziegler-Skylakakis, European Commission, Luxembourg  
 
 
Secretariat 
 
Dr A. Aitio, International Programme on Chemical Safety, World 
Health Organization, Geneva, Switzerland  

APPENDIX 5 — SOME RECENT STUDIES 
ON ENVIRONMENTAL LEVELS OF 
HEPTACHLOR AND HEPTACHLOR 

EPOXIDE  
 
 
  The authors are aware that the tables included in this 
appendix are not a comprehensive listing of environmental levels 
of heptachlor and heptachlor epoxide, nor are all details (e.g. 
number of samples) recorded. The various isomers of heptachlor 
epoxide are sometimes measured separately in environmental 
sampling. For simplicity, the details are not given here. The 
intention was to gain an overview of the actual extent of 
environmental contamination with heptachlor and heptachlor 
epoxide one or two decades after their restriction of use in many 
countries. Only in a few tables was there any attempt to collect 
older data. 
 

Overview of tables 
Table   

A5-1 Air 
A5-2 Water 
A5-3 Sediment 
A5-4 Soil 
A5-5 Fish 
A5-6 Other aquatic organisms 
A5-7 Birds and bird eggs 
A5-8 Amphibians and reptiles 
A5-9 Mammals  
A5-10 Food 
A5-11 Human blood, serum, and plasma 
A5-12 Breast milk 
A5-13 Human adipose tissue 
A5-14 Breast adipose tissue 
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Table A5-1: Concentrations of heptachlor and heptachlor epoxide in ambient and indoor air. 
 

Compound Where found Year 
Concentration 
(pg/m3) Reference 

Ambient air   

Heptachlor Ambient air, south Norwegian coast  1991 1–7.4 Buser & Müller (1993) 

Heptachlor epoxide Ambient air, various locations, USA 
(Muscle Shoals, Alabama; Point 
Petre, Lake Ontario; Lake Superior) 

1992–1996 7.3–20 Bidleman et al. (1998b) 

Heptachlor Air samples, northern Alabama, USA January–October 
1996 

4–54 (mean 26) Jantunen et al. (2000) 

Heptachlor epoxide Air samples, northern Alabama, USA January–October 
1996 

4–43 (mean 16) Jantunen et al. (2000) 

Heptachlor Lake Superior, USA 1996–1997 1  Jantunen et al. (2000) 

Heptachlor epoxide Lake Superior, USA 1996–1997 7 Jantunen et al. (2000) 

Heptachlor Air, Senga Bay (Lake Malawi, 
southern Africa) 

1997–1998 44  Karlsson et al. (2000a) 

Heptachlor Ambient air, Hong Kong 2000–2001 ND–85  Louie & Sin (2003) 

Heptachlor epoxide Ambient air, Hong Kong 2000–2001 ND Louie & Sin (2003) 

Heptachlor  Air above muck crop  2000 38 (3 cm) Meijer et al. (2003) 

Heptachlor epoxide Air above soya bean crops  2000 25 (150 cm) – 550 (3 
cm) 

Meijer et al. (2003) 

Heptachlor epoxide Annual mean air concentration, Alert, 
Canada 

2000–2001 0.2  Wania et al. (2003) 

Heptachlor Ambient air, Belmopan, inland station December 1995 – 
August 1996 

0.8–3.3  Alegria et al. (2000) 

Heptachlor epoxide Ambient air, Belmopan, inland station December 1995 – 
August 1996 

2.1–4.8  Alegria et al. (2000) 

Heptachlor Ambient air, Belize City, coastal 
station 

December 1995 – 
August 1996 

0.2–1.2  Alegria et al. (2000) 

Heptachlor epoxide Ambient air, Belize City, coastal 
station 

December 1995 – 
August 1996 

2.0–5.9  Alegria et al. (2000) 

Indoor air   

Heptachlor Indoor air, Bloomington, Indiana, USA 1979–1986 4–110 ng/m³ 
(basement) 
3–66 (first floor) 

Anderson & Hites (1989) 

Heptachlor Outdoor air, house, Bloomington, 
Indiana, USA 

1994–1995 <0.05 ng/m³ Wallace et al. (1996) 

Heptachlor  Indoor air, Bloomington, Indiana, USA 1994–1995 0.5–3.3 ng/m³ Wallace et al. (1996) 

Heptachlor Indoor air, USA (Pennsylvania, Ohio, 
Indiana, Illinois) 

1996–1997 ND–79 ng/m³ Leone et al. (2000) 

Heptachlor epoxide 
+ oxychlordane 

indoor air, USA (Pennsylvania, Ohio, 
Indiana, Illinois) 

1996–1997 ND–4.4 ng/m³ Leone et al. (2000) 

ND: not detected, below detection limits 
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Table A5-2: Concentrations of heptachlor and heptachlor epoxide in water samples. 
 
Compound Where found Year Concentration  Reference 
Rainwater     
Heptachlor Rainwater, Netherlands 1998–1999 2–4 ng/l van Maanen et al. (2001); 

Hamers et al. (2003) 
Heptachlor epoxide Rainwater, Netherlands 1998–1999 3–9 ng/l van Maanen et al. (2001); 

Hamers et al. (2003) 
Heptachlor epoxide Precipitation from various sites in the 

Gdansk region, Poland 
1998 0.05–3.28 ng/l 

0.09–0.58 ng/l (range 
of means) 

Grynkiewicz et al. (2001) 

Heptachlor epoxide Runoff water from roofs in Gdansk, 
Poland 

November 
1999 – April 
2000 

Up to 1.49 ng/l Polkowska et al. (2002) 

Heptachlor Precipitation in Senga Bay, Lake Malawi, 
southern Africa 

1997–1998 73 pg/l Karlsson et al. (2000a) 

Heptachlor epoxide Precipitation in Senga Bay, Lake Malawi, 
southern Africa 

1997–1998 11 pg/l Karlsson et al. (2000a) 

Drinking-water     
Heptachlor 332 wells, California, USA  1997–1998 ND CEPA (2000) 
Heptachlor epoxide 335 wells, California, USA  1997–1998 ND CEPA (2000) 
Heptachlor 1% of tested wells in Kansas, USA 1985–1986 0.025 µg/l Steichen et al. (1988) 
Heptachlor New York City, NY, USA; municipal 

treatment facilities, influent and effluent 
1989–1993 0.02–0.5 µg/l Stubin et al. (1996) 

Surface water    
Heptachlor Filtered water samples, Nile River and 

Manzala Lake, Arab Republic of Egypt 
1993–1994 ND–8 pg/l  Yamashita et al. (2000) 

Heptachlor River Nile, Cairo, Arab Republic of Egypt  1991 
Winter 
Summer 

 
2.4–3.5 ng/l 
5.9–10.3 ng/l 

Abou-Arab et al. (1995) 

Heptachlor Manzala Lake, Arab Republic of Egypt  1991 
Winter 
Summer 

 
6.0–15.6 ng/l 
6.5–30.0 ng/l 

Abou-Arab et al. (1995) 

Heptachlor epoxide Surface water from Lake Malawi, 
southern Africa 

1996 0.1–11 pg/l Karlsson et al. (2000a) 

Heptachlor Surface waters in city, Ibadan 1980s 4–202 ng/l; mean 72 
ng/l 

Osibanjo (2003)  

 Other rivers in Nigeria  ND–11 ng/l  
Heptachlor Groundwater, Ibadan, Oyo State, Nigeria  290–17 500 ng/l; 

mean 2256 ng/l  
Osibanjo (2003)  

Heptachlor Rivers and lakes, Hanoi, Viet Nam 1998–1999 <0.025–50.8 ng/l  Hung & Thiemann (2002) 
Heptachlor epoxide Rivers and lakes, Hanoi, Viet Nam  1998–1999 <0.025–31.3 ng/l  Hung & Thiemann (2002)  
Heptachlor Groundwater sample from Mar del Plata, 

Argentina 
n.g. 15 ng/l Massone et al. (1998) 

Heptachlor epoxide Water samples from streams and public 
standpipe at Akumadan, Ghana 

n.g. 15 ng/l Ntow (2001) 

Heptachlor epoxide Surface water, Bay of Ohuira, Mexico 1995–1996 20–230 ng/l Osuna-Flores & Riva (2002) 
Heptachlor Surface water, Bay of Ohuira, Mexico 1995–1996 10–1480 ng/l Osuna-Flores & Riva (2002) 
Heptachlor Surface water samples, Küçük Menderes 

River, West Turkey 
May 2000 – 
January 2002 

ND–181 ng/l  Turgut (2003) 

Heptachlor epoxide Surface water samples, Küçük Menderes 
River, West Turkey 

May 2000 ND–297 ng/l Turgut (2003) 

Heptachlor Minjiang River Estuary, south-east China; 
water and porewater 

1999 90 ng/l and 963 ng/l Zhang et al. (2003) 

Heptachlor epoxide Minjiang River Estuary, south-east China, 
water and porewater  

1999 33 ng/l and 67 ng/l Zhang et al. (2003) 
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Table A5-2 (Contd)    
Compound Where found Year Concentration  Reference 
Heptachlor Surface water and groundwater, San 

Juan, Argentina  
1996–1997 968 ng/l (mean) Baudino et al. (2003) 

Heptachlor epoxide Surface water and groundwater, San 
Juan, Argentina  

1996–1997 378 ng/l Baudino et al. (2003) 

Heptachlor Samples of water from five different 
points around Göksu Delta, Turkey 

1991–1993 ND–62 000 ng/l; 
mean 15 000 ng/l 

Ayas et al. (1997) 

Heptachlor epoxide Samples of water from five different 
points around Göksu Delta, Turkey 

1991–1993 ND–52 000 ng/l; 
mean 19 000 ng/l 

Ayas et al. (1997) 

Heptachlor Water samples from canals and drains, 
El-Haram Giza, Arab Republic of Egypt 

1996 3600–12 110 ng/l El-Kabbany et al. (2000) 

Heptachlor epoxide Water samples from canals and drains, 
El-Haram Giza, Arab Republic of Egypt  

1996 10 700–27 800 ng/l El-Kabbany et al. (2000) 

Seawater     
Heptachlor epoxide Chukchi Sea 1993–1994 6.3 pg/l Jantunen & Bidleman 

(1998) 
Heptachlor epoxide Western Arctic Ocean 1994 14.8 pg/l Jantunen & Bidleman 

(1998) 
Heptachlor epoxide Near Spitsbergen and Greenland Sea 1994 6.6 pg/l Jantunen & Bidleman 

(1998) 
Heptachlor Bering and Chukchi seas 1999 25–146 pg/l Yao et al. (2002) 
Heptachlor epoxide Bering and Chukchi seas 1999 17–223 pg/l Yao et al. (2002) 
Heptachlor Straits of Jahore between Singapore and 

Malaysia 
n.g. 233 ng/l Basheer et al. (2002) 

Wastewater     
Heptachlor epoxide Raw wastewater, municipal wastewater 

treatment plant, Thessaloniki, Greece 
n.g. 82–1100 ng/l; 

median 200 ng/l 
Katsoyiannis & Samara, 
2004 

Heptachlor epoxide Secondary sedimentation effluent, 
municipal wastewater treatment plant, 
Thessaloniki, Greece 

n.g. 6–120 ng/l; median 
13 ng/l 

Katsoyiannis & Samara, 
2004 

ND: not detected, below detection limits; n.g.: not given   
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Table A5-3: Concentrations of heptachlor and heptachlor epoxide in sediment. 
 

Compound Where found Year 
Concentration (ng/g dry 
weight)a Reference 

Heptachlor Arizona, USA 2000 Up to 6.3  Schlenk et al. (2002) 
Heptachlor North-western Mexico (coastal lagoons, 

agricultural drains) 
1998 1.16–4.25 (maximum 49) González-Farias et al. 

(2002) 
Heptachlor 
epoxide 

North-western Mexico (coastal lagoons, 
agricultural drains) 

1998 ND–20.1 (maximum 
64.5) 

González-Farias et al. 
(2002) 

Heptachlor 
epoxide 

Lake sediments sampled in Mexico 1996 3 (mean) Armenta-Arteaga & 
Elizalde-González 
(2003) 

Heptachlor Sediments, coastal station, northern Baltic 
Sea  

1991 <0.020–<0.030  Stansley & Roscoe 
(1999) 

Heptachlor 
epoxide 

Sediments from streams, and public 
standpipe, Akumadan, Ghana 

n.g. 0.50  Ntow (2001) 

Heptachlor 
epoxide 

Sediment, Bay of Ohuira, Mexico 1995–1996 20–132 Osuna-Flores & Riva 
(2002) 

Heptachlor Sediment, Bay of Ohuira, Mexico 1995–1996 <20–57  Osuna-Flores & Riva 
(2002) 

Heptachlor  Mean concentrations in sediments from Mar 
Chiquita lagoon tributaries, Argentina  

1995–1996 1 ng/g organic carbon Menone et al. (2001) 

Heptachlor 
epoxide 

Mean concentrations in sediments from Mar 
Chiquita lagoon tributaries, Argentina  

1995–1996 944 ng/g organic matter Menone et al. (2001) 

Heptachlor Minjiang River Estuary, south-east China, 
sediment 

1999 1.8  Zhang et al. (2003) 

Heptachlor 
epoxide 

Minjiang River Estuary, south-east China, 
sediment 

1999 1.3  Zhang et al. (2003) 

Heptachlor Sediments of Amsterdam freshwater sites 1991  1–2 ng/g organic matter van der Oost et al. 
(1996) 

Heptachlor 
epoxide 

Sediments of Amsterdam freshwater sites 1991  1–9 ng/g organic matter van der Oost et al. 
(1996) 

Heptachlor Sediments of coastal lagoons of the Pacific 
coast of Nicaragua 

1995 ND–65.4 Carvalho et al. (1999) 

Heptachlor Sediments, Port Jackson, Sydney, Australia 1995 ND–24.4  Birch & Taylor (2000) 
Heptachlor 
epoxide 

Sediments, Port Jackson, Sydney, Australia 1995 ND–14.8  Birch & Taylor (2000) 

Heptachlor Lekki Lagoon, Nigeria n.g. ND–1845; mean 64  Osibanjo (2003)  
Heptachlor Sediments from five different points around 

Göksu Delta, Turkey 
1991–1993 1377 (541–2612) Ayas et al. (1997) 

Heptachlor 
epoxide 

Sediments from five different points around 
Göksu Delta, Turkey 

1991–1993 244 (ND–718) Ayas et al. (1997) 

ND: not detected, below detection limits; n.g.: not given 
a Unless otherwise given. 
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Table A5-4: Concentrations of heptachlor and heptachlor epoxide in soil. 
 

Compound Where found Year 
Concentration (µg/kg 
= ng/g = ppb) Reference 

Heptachlor  Corn belt, USA 1995–1996 ND–56 Aigner et al. (1998) 
Heptachlor 
epoxide 

Corn belt, USA 1995–1996 ND–40 Aigner et al. (1998) 

Heptachlor Agricultural area of the Göksu Delta, Turkey 1991–1993 4777 (792–9616) Ayas et al. (1997) 
Heptachlor 
epoxide 

Agricultural area of the Göksu Delta, Turkey 1991–1993 174 (ND–453) Ayas et al. (1997) 

Heptachlor Non-agricultural area of the Göksu Delta, 
Turkey 

1991–1993 735 (93–1823) Ayas et al. (1997) 

Heptachlor 
epoxide 

Non-agricultural area of the Göksu Delta, 
Turkey 

1991–1993 180 (70–444) Ayas et al. (1997) 

Heptachlor Dune area of the Göksu Delta, Turkey 1991–1993 474 (216–912) Ayas et al. (1997) 
Heptachlor 
epoxide 

Dune area of the Göksu Delta, Turkey 1991–1993 32 (ND–183) Ayas et al. (1997) 

Heptachlor Natural soil from south-eastern region of 
Argentina 

1999 4.42 (0–15 cm) 
1.29 (15–30 cm) 
1.51 (45–55 cm) 

Miglioranza et al. (2003) 

Heptachlor 
epoxide 

Natural soil from south-eastern region of 
Argentina 

1999 13.5 (0–15 cm) 
0.08 (15–30 cm) 
ND (45–55 cm) 

Miglioranza et al. (2003) 

Heptachlor Agricultural soil from south-eastern region of 
Argentina 

1999 2.71 (0–15 cm) 
0.74 (15–30 cm) 
0.92 (45–55 cm) 

Miglioranza et al. (2003) 

Heptachlor 
epoxide 

Agricultural soil from south-eastern region of 
Argentina 

1999 0.06 (0–15 cm) 
ND (15–30 cm) 
ND (45–55 cm) 

Miglioranza et al. (2003) 

Heptachlor Abd-el-aal and El-Zomor Giza, El-Moheet 
drain, Kafer Hakim, Arab Republic of Egypt 

1996 ND  El-Kabbany et al. (2000) 

Heptachlor 
epoxide 

El-Zomor Giza, Arab Republic of Egypt 1996 2.5  El-Kabbany et al. (2000) 

Heptachlor 
epoxide 

Abd-el-aal (land side) and Kafer Hakim, Arab 
Republic of Egypt 

1996 ND El-Kabbany et al. (2000) 

Heptachlor 
epoxide 

Abd-el-aal (seaside), Arab Republic of Egypt 1996 4.3 El-Kabbany et al. (2000) 

Heptachlor 
epoxide 

El-Moheet drain (El-Maryotia), Arab Republic 
of Egypt 

1996 13.0 El-Kabbany et al. (2000) 

Heptachlor Chulla North Province, Republic of Korea 1996 <0.1–2.8  Kim & Smith (2001) 
Heptachlor 
epoxide 

Chulla North Province, Republic of Korea 1996 1.38–48.0 Kim & Smith (2001) 

ND: not detected, below detection limits  
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Table A5-5: Concentrations of heptachlor and heptachlor epoxide in fish. 
 

Compound Where found Year 
Concentration (ng/g wet 
weight = ppb)a Reference 

Heptachlor Various fish in USA 1976–1977 
1986 

780 maximum 
100 maximum 

Schmitt et al. (1999) 

Heptachlor 
epoxide 

Common carp, Mississippi River Basin, 
USA 

1995 80 maximum Schmitt (2002) 

Heptachlor/ 
heptachlor 
epoxide 

Fish in Australia 1970 
1980s 
1990s 

ND 
4900 maximum 
59 maximum 

Connell et al. (2002) 

Heptachlor Adipose tissue of carp (Cyprinus carpio) 
from Göksu Delta, Turkey 

1991–1993 1867 mean (range: 
1314–2446), lipid weight  

Ayas et al. (1997) 

Heptachlor 
epoxide 

Adipose tissue of carp (Cyprinus carpio) 
from Göksu Delta, Turkey  

1991–1993 615 mean (range: 431–
1824), lipid weight 

Ayas et al. (1997) 

Heptachlor 
epoxide 

Sculpin tissue from the Puget Sound and 
Willamette basins 

1995 6.9 Black et al. (2000) 

Heptachlor Ganges perch (Lates calcifer) from the 
Ganges Estuary, Bangladesh 

1996–1997 ND–221  Jabber et al. (2001) 

Heptachlor Muscles of catfish, from the Bay of 
Bengal  

1997–1998 126–284  Das et al. (2002) 

Heptachlor 
epoxide 

Various fish, Gulf of Gdansk, Poland 1992 0.09–0.17  Falandysz et al. (2001) 

Heptachlor 
epoxide 

Various fish, Gulf of Gdansk, Poland 1992 1.1–4.3 ng/g lipid weight Falandysz et al. (2001)  

Heptachlor 
epoxide 

Various species of sturgeon, Caspian 
Sea, samples from Islamic Republic of 
Iran, Azerbaijan, Turkmenistan, 
Kazakhstan 

2001–2002 1.6–3.8 ng/g lipid weight Kajiwara et al. (2003) 

Heptachlor 
epoxide 

Cod (Gadus morhua), Barents Sea, 
Kvaløya, Norway 

1995 4.8–5.8  Karlsson et al. (2000b) 

Heptachlor Various fish, Lake Superior 1994 <0.2–1.3  Kucklick & Baker (1998) 
Heptachlor 
epoxide 

Various fish, Lake Superior 1994 <2–13.6  Kucklick & Baker (1998)  

Heptachlor Various fish, Karachi Coast area, 
Pakistan  

ca. 1998 ND–36.4 Munshi et al. (2001) 

Heptachlor Eel from six Amsterdam freshwater sites 1991 6–36 ng/g lipid weight van der Oost et al. (1996) 
Heptachlor 
epoxide 

Eel from six Amsterdam freshwater sites 1991 5–6 ng/g lipid weight van der Oost et al. (1996) 

Heptachlor 
epoxide 

Muscle of Baltic salmon, River Dalälven, 
Sweden 

1995 12 ng/g lipid weight Wiberg et al. (2002) 

Heptachlor 
epoxide 

Fish, urban area, Wichita, Kansas n.g. ND–0.8  Eaton & Lydy (2000) 

Heptachlor Fish, north-western Florida/south-western 
Alabama 

1996 0.65 Lewis et al. (2002) 

Heptachlor 
epoxide 

Fish, north-western Florida/south-western 
Alabama 

1996 <0.03  Lewis et al. (2002)  

Heptachlor Various fish, White Sea, Russian 
Federation 

1998–2001 0.03–0.79 Muir et al. (2003)  

Heptachlor 
epoxide 

Various fish, White Sea, Russian 
Federation 

1998–2001 <0.01–1.03 Muir et al. (2003)  

Heptachlor 
epoxide 

Arctic cod, Resolute Bay area of the 
Canadian Arctic  

1992–1993 13–16 ng/g lipid Wiberg et al. (2000) 

Heptachlor Fish samples from Nile River, Arab 
Republic of Egypt 

1993–1994 0.07–0.12 ng/g Yamashita et al. (2000) 

Heptachlor Fish sample from Manzala Lake, Arab 
Republic of Egypt 

1993–1994 ND–0.18 ng/g Yamashita et al. (2000) 

LOD: limit of detection; ND: not detected, below detection limits; n.g.: not given 
a  Unless otherwise given. 
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Table A5-6: Concentrations of heptachlor and heptachlor epoxide in aquatic organisms other than fish. 
 
Compound Where found Year Concentration  Reference 
Heptachlor Anadara tuberculosa (mollusc), 

marine (estuarine), Nicoya Gulf, 
Pacific Ocean  

1988–1991 <0.01–29.9 ng/g dry weight Castillo et al. (1997) 

Heptachlor Several species of bivalve, marine 
(coastal), Pacific and Caribbean 
coasts 

1991 <0.01–1.75 ng/g dry weight Castillo et al. (1997) 

Heptachlor/ 
heptachlor 
epoxide 

Aquatic invertebrates in Australia 1990s 330 ng/g wet weight Connell et al. (2002) 

Heptachlor 
epoxide 

Blue mussel and crab from the Gulf 
of Gdansk, Baltic Sea 

1992 0.03 ng/g fresh weight Falandysz et al. (2001) 

Heptachlor 
epoxide 

Blue mussel and crab from the Gulf 
of Gdansk, Baltic Sea 

1992 0.9–2.6 ng/g lipids Falandysz et al. (2001) 

Heptachlor 
epoxide 

Brachiodontes mussel, Egyptian 
Red Sea coast 

2000 3-84 ng/g wet weight Khaled et al. (2004) 

Heptachlor 
epoxide 

Mytilus edulis in New Bedford 
Harbor, Massachusetts, USA 

n.g. ND–130 ng/g lipid Hofelt & Shea (1997) 

Heptachlor 
epoxide 

Shrimp from Bay of Ohuira, Mexico 1995–1996 ND–58 ng/l  Osuna-Flores & Riva (2002) 

Heptachlor Shrimp from Bay of Ohiura, Mexico 1995–1996 18–127 ng/l Osuna-Flores & Riva (2002) 
Heptachlor Mussel, Karachi Coast area, 

Pakistan  
ca. 1998 3.1–18.2 ng/g Munshi et al. (2001)  

Heptachlor 
epoxide 

Spider crab (Hyas araneus), White 
Sea, Russian Federation 

1999–2000 0.59–0.73 ng/g lipid weight Muir et al. (2003) 

Heptachlor Spider crab (Hyas araneus), White 
Sea, Russian Federation 

1999–2000 0.05–0.30 ng/g lipid weight Muir et al. (2003) 

Heptachlor 
epoxide 

Whelk (Buccinum undatum), White 
Sea, Russian Federation 

1999–2000 <0.01 ng/g lipid weight Muir et al. (2003) 

Heptachlor Whelk (Buccinum undatum), White 
Sea, Russian Federation 

1999–2000 <0.01 ng/g lipid weight Muir et al. (2003) 

Heptachlor 
epoxide 

Isopod (Mesidothea entomon), 
White Sea, Russian Federation 

1999–2000 0.27 ng/g lipid weight Muir et al. (2003) 

Heptachlor Isopod (Mesidothea entomon), 
White Sea, Russian Federation 

1999–2000 0.13 ng/g lipid weight Muir et al. (2003) 

Heptachlor 
epoxide 

Zooplankton (Copepoda), White 
Sea, Russian Federation 

1999–2000 0.02–0.55 ng/g lipid weight Muir et al. (2003) 

Heptachlor Zooplankton (Copepoda), White 
Sea, Russian Federation 

1999–2000 <0.01–0.09 ng/g lipid weight Muir et al. (2003) 

ND: not detected, below detection limits; n.g.: not given 
a  Unless otherwise given. 
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Table A5-7: Concentrations of heptachlor and heptachlor epoxide in birds and bird eggs. 
 

Compound Where found Year 
Concentration (µg/kg = ng/g  
= ppb) Reference 

Heptachlor Liver of coots (Fulica atra), Göksu 
Delta, Turkey 

1991–1993 107 (ND–217) Ayas et al. (1997) 

Heptachlor 
epoxide 

Liver of coots (Fulica atra), Göksu 
Delta, Turkey 

1991–1993 272 (ND–415) Ayas et al. (1997) 

Heptachlor Adipose tissue of coots (Fulica atra), 
Göksu Delta, Turkey 

1991–1993 1765 (ND–3176) Ayas et al. (1997) 

Heptachlor 
epoxide 

Adipose tissue of coots (Fulica atra), 
Göksu Delta, Turkey 

1991–1993 679 (217–1320) Ayas et al. (1997) 

Heptachlor Egg of coots (Fulica atra), Göksu 
Delta, Turkey 

1991–1993 218 (ND–596) Ayas et al. (1997) 

Heptachlor 
epoxide 

Egg of coots (Fulica atra), Göksu 
Delta, Turkey 

1991–1993 186 (ND–278) Ayas et al. (1997) 

Heptachlor Liver of mallards (Anas 
platyrhynchos), Göksu Delta, Turkey 

1991–1993 343 (ND–715) Ayas et al. (1997) 

Heptachlor 
epoxide 

Liver of mallards (Anas 
platyrhynchos), Göksu Delta, Turkey 

1991–1993 412 (ND–611) Ayas et al. (1997) 

Heptachlor Adipose tissue of mallards (Anas 
platyrhynchos), Göksu Delta, Turkey 

1991–1993 2545 (ND–5729) Ayas et al. (1997) 

Heptachlor 
epoxide 

Adipose tissue of mallards (Anas 
platyrhynchos), Göksu Delta, Turkey 

1991–1993 2744 (336–4622) Ayas et al. (1997) 

Heptachlor Egg of mallards (Anas platyrhynchos), 
Göksu Delta, Turkey 

1991–1993 95 (ND–122) Ayas et al. (1997) 

Heptachlor 
epoxide 

Egg of mallards (Anas platyrhynchos), 
Göksu Delta, Turkey 

1991–1993 119 (ND–322) Ayas et al. (1997) 

Heptachlor Liver of little egret (Egretta garzetta), 
Göksu Delta, Turkey 

1991–1993 222 (ND–445) Ayas et al. (1997) 

Heptachlor 
epoxide 

Liver of little egret (Egretta garzetta), 
Göksu Delta, Turkey 

1991–1993 428 (215–642) Ayas et al. (1997) 

Heptachlor Adipose tissue of little egret (Egretta 
garzetta), Göksu Delta, Turkey 

1991–1993 409 (ND–818) Ayas et al. (1997) 

Heptachlor 
epoxide 

Adipose tissue of little egret (Egretta 
garzetta), Göksu Delta, Turkey 

1991–1993 1247 (ND–2495) Ayas et al. (1997) 

Heptachlor Egg of little egret (Egretta garzetta), 
Göksu Delta, Turkey 

1991–1993 980 (ND–2621) Ayas et al. (1997) 

Heptachlor 
epoxide 

Egg of little egret (Egretta garzetta), 
Göksu Delta, Turkey 

1991–1993 406 (ND–1494) Ayas et al. (1997) 

Heptachlor 
epoxide 

Eggs of great black-backed gulls 
(Larus marinus), Lake Ontario, 
Canada 

1993–1994 90–140 (wet weight) Weseloh et al. (2002) 

cis-Heptachlor 
epoxide 

Fat of Laysan albatross (Phoebastria 
immutabilis), Sand and Eastern 
islands, Midway Atoll in central North 
Pacific  

1994–1995 24 (wet weight) Muir et al. (2002) 

Heptachlor Fat of Laysan albatross, Sand and 
Eastern islands, Midway Atoll in 
central North Pacific  

1994–1995 2.1 (wet weight) Muir et al. (2002) 

Heptachlor 
epoxide 

Fat of black-footed albatross 
(Phoebastria nigripes), Sand and 
Eastern islands, Midway Atoll in 
central north Pacific 

1994–1995 33.3 (wet weight) Muir et al. (2002) 

Heptachlor Fat of black-footed albatross 
(Phoebastria nigripes)  

1994–1995 2.2 (wet weight) Muir et al. (2002) 

Heptachlor 
epoxide 

Black-footed albatross (Phoebastria 
nigripes), egg pool 

1994–1995 3.4 (wet weight) Muir et al. (2002) 

Heptachlor 
epoxide 

Northern royal albatross (Diomedea 
sanfordi), eggs 

1994–1995 1.17 (wet weight) Muir et al. (2002) 
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Table A5-7 (Contd)    

Compound Where found Year 
Concentration (µg/kg = ng/g  
= ppb) Reference 

Heptachlor 
epoxide 

Brains of common grackles (Quiscalus 
quiscula), Scotch Plains, New Jersey, 
USA 

1998–1999 9–630 (wet weight) Stansley et al. (2001) 

Heptachlor 
epoxide 

Brains of various birds, New Jersey, 
USA 

1997 2500–8700 (wet weight) Stansley & Roscoe 
(1999)  

Heptachlor 
epoxide 

Great blue heron (Ardea herodias) 
eggs, 10 colonies, Upper Mississippi 
River, USA 

1993 20–100 (wet weight) Custer et al. (1997a)  

Heptachlor 
epoxide 

Double-crested cormorant 
(Phalacrocorax auritus) eggs and 
sibling embryos, Green Bay, 
Wisconsin, USA 

June 1995 50 (wet weight) Custer et al. (1997b)  

Heptachlor 
epoxide 

Eggs of bald eagles (Haliaeetus 
leucocephalus) from the Aleutian 
Islands, Alaska, USA 

1993–1994 <10–30 Anthony et al. (1999) 

Heptachlor 
epoxide 

Eggs of northern goshawk (Accipiter 
gentilis), La Segarra, north-eastern 
Spain 

1988–1999 ND–49 (wet weight) Manosa et al. (2003) 

Heptachlor 
epoxide 

Eggs of Eurasian buzzard (Buteo 
buteo), La Segarra, north-eastern 
Spain 

1988–1999 1–233 (wet weight) Manosa et al. (2003) 

ND: not detected, below detection limits; n.g.: not given 
 
 

Table A5-8: Concentrations of heptachlor and heptachlor epoxide in amphibians, reptiles, and annelids.  
 

Compound Where found Year 
Concentration (ng/g 
wet weight) Reference 

Heptachlor Frogs (Rana forreri), Costa Rican 
wildland 

1998 32 Klemens et al. (2003) 

Heptachlor Toads (Bufo marinus), Costa Rican 
wildland 

1998 6 Klemens et al. (2003) 

Heptachlor 10 eggs of bullsnake (Pituophis 
melanoleucus) after 6 weeks in 
organochlorine-contaminated nest 

n.g. 8.4 Cañas & Anderson (2002) 

Heptachlor Turtles (Kinosternon scorpioides), Costa 
Rican wildland 

1998 7 Klemens et al. (2003) 

Heptachlor Turtles (Rhinoclemmys pulcherrima), 
Costa Rican wildland 

1998 17 Klemens et al. (2003) 

Heptachlor 
epoxide 

Snapping turtle eggs (Chelydra 
serpentina), three sites, Canada 

1998 ND–3.5 de Solla et al. (2002) 

Heptachlor Earthworm (Eisenia foetida), Sweden n.g. <0.2–<0.6 Wagman et al. (1999) 
Heptachlor 
epoxide 

Earthworm (Eisenia foetida), Sweden n.g. <0.4–0.2 Wagman et al. (1999) 

ND: not detected, below detection limits; n.g.: not given 
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Table A5-9: Concentrations of heptachlor and heptachlor epoxide in mammals. 
 

Compound Where found Year 
Concentration (ng/g 
lipid weight)a Reference 

Heptachlor Northwest Atlantic pilot whales 
(Globicephala melas); whales stranded in 
Massachusetts, USA 

1990–1996 39 (mean) Weisbrod et al. (2000a) 

Heptachlor 
epoxide 

Northwest Atlantic pilot whales 
(Globicephala melas); whales stranded in 
Massachusetts, USA 

1990–1996 56 (mean) Weisbrod et al. (2000a) 

Summer 1994 
and 1996 

236 (mean) 
 

Heptachlor Right whale (Eubalaena glacialis); Bay of 
Fundy, Canada; southern coast of 
Georgia; Cape Cod Bay, Massachusetts, 
USA Winter 1997 1287 (mean) 

Weisbrod et al. (2000b) 

Summer 1994 
and1996 

177 (mean) Heptachlor 
epoxide 

Right whale (Eubalaena glacialis); Bay of 
Fundy, Canada; southern coast of 
Georgia; Cape Cod Bay, Massachusetts, 
USA Winter 1997 901 (mean) 

Weisbrod et al. (2000b) 

Heptachlor 
epoxide 

Blubber of ring seals (Phoca hispida), in 
the Canadian Arctic  

1998 Mean 49 ng/g wet weight 
(90% lipid) 

Fisk et al. (2002) 

Heptachlor 
epoxide 

Harp seal (Phoca groenlandica) pups, 
White Sea, Russian Federation 

1993 53–126  Muir et al. (2003) 

Heptachlor 
epoxide 

Harp seal pups, White Sea, Russian 
Federation 

1998 20–48  Muir et al. (2003) 

Heptachlor 
epoxide 

Bearded seal (Eringnathus barbatus), 
males, White Sea, Russian Federation 

1998–2001 14–39  Muir et al. (2003) 

Heptachlor 
epoxide 

Harp seal (Phoca groenlandica), adult 
females, White Sea, Russian Federation 

1998–2001 9–40  Muir et al. (2003) 

Heptachlor 
epoxide 

Juvenile ringed seal (Phoca hispida), 
males and females, White Sea, Russian 
Federation 

1998 9–62  Muir et al. (2003) 

Heptachlor 
epoxide 

Juvenile/adult ringed seal, females, NW 
Onega Bay, White Sea, Russian 
Federation 

2001 <0.1 Muir et al. (2003) 

Heptachlor 
epoxide 

Juvenile/adult ringed seal, males, NW 
Onega Bay, White Sea, Russian 
Federation 

2001 <0.1 Muir et al. (2003) 

Heptachlor Ringed seal blubber adipose samples, 
northern Alaska, USA 

1996 <2.1 Kucklick et al. (2002) 

Heptachlor 
epoxide 

Tinged seal blubber adipose samples, 
northern Alaska, USA 

1996 29–187  Kucklick et al. (2002) 

Heptachlor 
epoxide 

Tinged seal blubber, Resolute Bay area, 
Canadian Arctic 

1992–1993 41–60 Wiberg et al. (2000)  

Heptachlor 
epoxide 

Polar bear fat, Resolute Bay area, 
Canadian Arctic 

1992–1993 140–300  Wiberg et al. (2000)  

Heptachlor 
epoxide 

Polar bear liver, Resolute Bay area, 
Canadian Arctic 

1992–1993 660–2200 Wiberg et al. (2000) 

Heptachlor 
epoxide 

Seal blubber, northern Quebec, Canada 1990–1991 91 Zhu et al. (1995) 

Heptachlor 
epoxide 

Bear fat, northern Quebec, Canada 1989–1990 475 (mean) Zhu et al. (1995) 

Heptachlor Polar bear adipose sample, northern 
Alaska, USA 

1996 <2  Kucklick et al. (2002) 

Heptachlor 
epoxide 

Polar bear adipose sample, northern 
Alaska, USA 

1996 61–164 Kucklick et al. (2002) 

Heptachlor 
epoxide 

Follicular fluid; cattle, sheep, goat, pig; 
Makedonia and Thessalia, Greece 

n.g. 0.2–59 ng/ml Kamarianos et al. 
(2003a) 

Heptachlor 
epoxide 

Seminal plasma; boar, bull, ram, goat, 
Makedonia and Thessalia, Greece 

n.g. ND–0.4 ng/ml Kamarianos et al. 
(2003b)  

ND: not detected, below detection limits; n.g.: not given 
a  Unless otherwise given. 
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Table A5-10: Concentrations of heptachlor and heptachlor epoxide in food. 
 

Compound Where found Year 
Concentration (µg/kg 
= ng/g = ppb)a Reference 

Heptachlor/ 
heptachlor 
epoxide 

Various herbs, collected in Arab 
Republic of Egypt 

n.g. 13–124  Abou-Arab & Abou Donia (2001)

Heptachlor 
epoxide 

Tea, collected in Arab Republic of 
Egypt 

n.g. 68  Abou-Arab & Abou Donia (2001)

Heptachlor Ginseng samples, bought in USA, 
Europe, and Asia 

n.g. ND–16.3 Huggett et al. (2000) 

Heptachlor 
epoxide 

Ginseng samples, bought in USA, 
Europe, and Asia 

n.g. ND–22.8 Huggett et al. (2000) 

Heptachlor Medicinal plants; markets in Dakar, 
Senegal  

September–
November 
1994  

2.25–17 Diop et al. (1999) 

Heptachlor Oranges; mandarins; markets in 
Dakar, Senegal  

September–
November 
1994 

10; 9 Diop et al. (1999) 

Heptachlor Tomatoes; markets in Dakar, Senegal  September–
November 
1994 

42 Diop et al. (1999) 

Σ Heptachlor + 
heptachlor 
epoxide 

Cabbage, end of season, different 
markets of Jaipur City, Rajasthan, 
India 

1993–1996 16 076 Bakore et al. (2002) 

Σ Heptachlor + 
heptachlor 
epoxide 

Spinach, end of season; markets of 
Jaipur City, Rajasthan, India 

1993–1996 9414  Bakore et al. (2002) 

Σ Heptachlor + 
heptachlor 
epoxide 

Cauliflower at the end of the season; 
markets of Jaipur City, Rajasthan, 
India 

1993–1996 1524  Bakore et al. (2002) 

Σ Heptachlor + 
heptachlor 
epoxide 

Okra at the end of the season; markets 
of Jaipur City, Rajasthan, India 

1993–1996 9298 Bakore et al. (2002) 

Σ Heptachlor + 
heptachlor 
epoxide 

Tomatoes at the end of the season; 
markets of Jaipur City, Rajasthan, 
India 

1993–1996 15 856  Bakore et al. (2002) 

Σ Heptachlor + 
heptachlor 
epoxide 

Potatoes at the end of the season; 
markets of Jaipur City, Rajasthan, 
India 

1993–1996 3812  Bakore et al. (2002) 

Heptachlor 
epoxide 

Winter squash, frozen, USA 1997 9  
 

CU (1999) 

Heptachlor 
epoxide 

Winter squash, fresh, USA 1998 4  
 

CU (1999) 

Heptachlor 
epoxide 

Strawberries, fresh, USA 1998 2  
 

CU (1999) 

Heptachlor 
epoxide 

Tomatoes from farms in Akumadan, 
Ghana 

1998–2000 1.7  Ntow (2001) 

∑ Heptachlor + 
heptachlor 
epoxide  

Tomato, Buenos Aires province, 
Argentina 

2000–2001 2.6 Gonzalez et al. (2003) 

Heptachlor Lucin (vegetable), Karachi Coast area, 
Pakistan 

ca. 1998 2.4  Munshi et al. (2001) 

Heptachlor Tomato, Karachi Coast area, Pakistan ca. 1998 1.3  Munshi et al. (2001) 
Heptachlor Brinjal, Karachi Coast area, Pakistan  ca. 1998 1.0  Munshi et al. (2001) 
Heptachlor Cow milk, Karachi Coast area, 

Pakistan  
ca. 1998 0.5 ng/g lipid Munshi et al. (2001) 

Up to 1200 ng/g fat  Baker et al. (1991) Heptachlor 
epoxide 

Cow milk, Oahu, Hawaii, USA 1981–1982 
Up to 5000 Le Marchand et al. (1986) 
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Table A5-10 (Contd)    

Compound Where found Year 
Concentration (µg/kg 
= ng/g = ppb)a Reference 

Heptachlor Cow milk, Jaipur City, Rajasthan, India 1993–1996 Seasonal range: 10–
30 µg/g milk fat 

John et al. (2001) 

Heptachlor 
epoxide 

Cow milk, Jaipur City, Rajasthan, India 1993–1996 1.4–12.4 µg/g milk fat John et al. (2001) 

Heptachlor Animal meat and fat, different locations 
in Australia 

1992 0.06–3.3 ng/g lipid 
(mean 1.1 ng/g lipid) 

Kannan et al. (1994) 

Heptachlor 
epoxide 

Animal meat and fat, different locations 
in Australia  

1992 1.4–160 ng/g lipid  
(mean 26 ng/g lipid) 

Kannan et al. (1994) 

Heptachlor 
epoxide 

Beef fat, Australia 1993 194  Armishaw et al. (1998) 

Heptachlor Beef fat, north-western Mexico 1996–1997 100–200 ng/g lipid  Vazquez-Moreno et al. (1999) 
Heptachlor Poultry fat, north-western Mexico 1996–1997 100 ng/g lipid  Vazquez-Moreno et al. (1999) 
Heptachlor Infant food, Nigeria  n.g. 0.09 (ND–0.87) Osibanjo (2003) 
Heptachlor Infant food, Italy n.g. 9.80 (ND–72) Osibanjo (2003) 

ND: not detected, below detection limits; n.g.: not given 
a Unless otherwise given. 
 
 

Table A5-11: Concentrations of heptachlor and heptachlor epoxide in human blood and plasma. 
 
Compound Source Year Concentration  Reference 
Heptachlor Detected in the blood of 19% of 112 

residents from El Paso, Texas, USA 
1982–1983 Mean 3.1 ng/ml (range, ND–

9.9 ng/ml)  
Mossing et al. (1985) 

Heptachlor Columbia, Missouri Breast Cancer Serum 
Bank, USA 
 

 20% of 105 cases and 19.2% 
of 208 controls had ≥LOD of 
0.33 ng/g 

Dorgan et al. (1999) 

Heptachlor 
epoxide 

Columbia, Missouri Breast Cancer Serum 
Bank, USA 

 All 105 cases and all 2089 
controls were <LOD of 0.29 
ng/ml 

Dorgan et al. (1999) 

Heptachlor Serum, breast cancer study, Washington 
County, Maryland, USA; 74 cases, 147 
controls 

1975–1994 Cases: 0 ng/g lipid (mean)  
Controls: 0 ng/g lipid (mean) 

Cantor et al. (2003) 

Heptachlor 
epoxide 

Serum, breast cancer study, Washington 
County, Maryland, USA; 74 cases, 147 
controls  

1975–1994 Cases: 111.2 ng/g lipid (mean) 
Controls: 103.6 ng/g lipid 
(mean) 

Cantor et al. (2003) 

Heptachlor Serum, breast cancer study; Naples, Italy; 
170 cases, 190 controls 

1997–1998 Cases: 2.86 ng/ml 
Controls: 1.16 ng/ml 

Dello Iacovo et al. 
(1999) 

Heptachlor Blood, breast cancer study; Jaipur City, 
India; 135 cases, 50 controls 

n.g. Cases: 274–677 ng/ml 
Controls: ND–164 ng/ml 

Mathur et al. (2002) 

Heptachlor 
epoxide 

Plasma, Canada (northern Quebec)  51 ng/g (lipid weight) Zhu et al. (1995) 

Heptachlor 
epoxide 

Umbilical cord blood plasma, 400 children, 
Arctic Canada 

1994–1999 ND–0.20 ng/ml Walker et al. (2003) 

Heptachlor 
epoxide 

Maternal blood plasma, 385 women, Arctic 
Canada 

1994–1999 ND–0.70 ng/ml; mean 0.06 
ng/ml 

Walker et al. (2003)  

LOD: limit of detection; ND: not detected, below detection limits; n.g.: not given 
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Table A5-12: Concentrations of heptachlor and heptachlor epoxide in human breast milk. 
 

Compound Source Year 
Concentration (ng/g = 
ppb on milk fat basis)a Reference 

Heptachlor/ 
heptachlor epoxide 

International 1970s 2–720  IPCS (1984) 

Heptachlor 
epoxide 

USA total 1979 91 ± 125 (63% of 1436 
women) 

Savage et al. (1981) 

Heptachlor 
epoxide 

USA 1991 10; 90th percentile = 
100 

Rogan et al. (1991) 

Heptachlor 
epoxide 

Oahu, Hawaii, USA  1982 Maximum >250; mean 
123 

Baker et al. (1991) 

Heptachlor 
epoxide 

Women of Hawaii, USA, and 
neighbouring islands 

1979–1980 31–36 (mean)  Takahashi et al. (1981)  

Heptachlor 
epoxide 

Canada 1986 11 (mean) Mes et al. (1993) 

Heptachlor 
epoxide 

Former West Germany Since 1984 <20 (mean) Waizenegger et al. (1998) 

Heptachlor 
epoxide 

Al-Kharj, Saudi Arabia 1995–1996 20 (mean) Al-Saleh et al. (1998) 

Heptachlor 
epoxide 

Victoria, Australia n.g. 61 (mean) Quinsey et al. (1995) 

Heptachlor 
epoxide 

Victoria, Australia 1991–1992 7 (median) 
170 (maximum) 

Sim et al. (1998) 

Heptachlor 
epoxide 

Germany 1998–1999 <2–12  Skopp et al. (2002) 

Heptachlor 
epoxide 

Turkey 1995–1996 72 (mean) Cok et al. (1997) 

Heptachlor Nicaragua 1994–1995 6  Romero et al. (2000) 
Heptachlor 
epoxide 

Nicaragua 1994–1995 1  Romero et al. (2000) 

Heptachlor 
epoxide 

Kuwait Late 1990s 0.6–9.7; 1.3 (mean) Saeed et al. (2000) 

Heptachlor Northern Thailand 1998 4.3 ng/ml milk = 210 
ng/g (mean) 

Stuetz et al. (2001) 

Heptachlor 
epoxide 

Northern Thailand 1998 4.4 ng/ml milk = 360 
ng/g (mean) 

Stuetz et al. (2001)  

Heptachlor  Amman, Jordan 1989–1990 700 (median) Alawi et al. (1992) 
Heptachlor Whole study, Jordan 1993–1994 130 (mean) Alawi & Khalil (2002) 
Heptachlor Whole study, Jordan 2000 230 (mean) Alawi & Khalil (2002) 
Heptachlor 
epoxide 

Amman, Jordan 1989–1990 580 (median) Alawi et al. (1992) 

Heptachlor 
epoxide 

Several cities, Jordan 1993–1994 600 (mean) Alawi & Khalil (2002) 

Heptachlor 
epoxide 

Several cities, Jordan 2000 320 (mean) Alawi & Khalil (2002) 

Heptachlor Nigeria n.g. <10–380; mean 60 ng/g Osibanjo (2003)  
Heptachlor 
epoxide 

Rio de Janeiro County, Brazil 1992 8 ng/g milk fat Paumgartten et al. (2000) 

Heptachlor 
epoxide 

Dniprodzerzhinsk and Kyiv, 
Ukraine 

1993–1994 <14–244 (median = 16) Gladen et al. (2003) 

n.g.: not given 
a  Unless otherwise given. 
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Table A5-13: Concentrations of heptachlor and heptachlor epoxide in human adipose tissue. 
 
Compound Source Year Concentration (ng/g fat) Reference 
Heptachlor 
epoxide 

General population adipose 
tissue 

1960s to 1970s 10–460 IARC (1991) 

Heptachlor 
epoxide 

Adipose tissue, six Ontario 
communities, Canada 

1984 2–150 (males) 
3–107 (females) 

Williams et al. (1988)  

Heptachlor 
epoxide 

Adipose tissue, Osaka, Japan 1986–1987 24–72 Kashimoto et al. 
(1989) 

Heptachlor 183 children, Germany 1985–1988 6 (mean)  
87 (maximum) 

Teufel et al. (1990) 

Heptachlor 
epoxide 

183 healthy children, German 1985–1988 4 (mean) 
86 (maximum) 

Teufel et al. (1990) 

Heptachlor 
epoxide 

North Texas, USA 1987–1988 37 (mean; age 21–40 years) 
73 (mean; age 41–60 years) 
142 (mean; 61+ years) 

Adeshina & Todd 
(1990) 

From cadavers, USEPA survey  

175 Non-Hodgkin’s lymphoma 
cases 

Mean 120 for cases 

Heptachlor 
epoxide 

481 controls 

1969–1983 

Mean 103 for controls 

Quintana et al. (2004)

Heptachlor 
epoxide 

From surgical operations, Manisa, 
Turkey 

1995–1996 Mean 121; range 30–316 Cok et al. (1998) 

Heptachlor 50 patients (5–96 years old); 
males and females, Jordan  

1996 <0.5–1610 Alawi et al. (1999) 

Heptachlor 
epoxide 

50 patients (5–96 years old); 
males and females, Jordan 

1996 <0.5–1840 Alawi et al. (1999) 

 
 
 

Table A5-14: Concentrations of heptachlor and heptachlor epoxide in human breast adipose tissue. 
 

Compound Source Year 
Mean concentration (ng/g 
adipose tissue) Reference 

Heptachlor epoxide Breast cancer study, Connecticut, 
USA (cases) 

1987 136 ± 53 (cases) 
121 ± 53 (controls) 

Falck et al. (1992) 

Heptachlor epoxide Breast cancer study, Finland 1985–1986 30 ± 20 (cases) 
20 ± 20 (controls) 

Mussalo-Rauhamaa et 
al. (1990) 

Heptachlor epoxide Breast cancer study, São Paulo, 
Brazil 

n.g. 274 (cases) 
44 (controls) 

Wassermann et al. 
(1976) 

Heptachlor Poland; non-cancer patients aged 
15–74 years (43% positive) 

1997–2001 Median 2.5; maximum 80 Strucinski et al. (2002) 

n.g. = not given  
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APPENDIX 6: GENETIC AND RELATED EFFECTS OF HEPTACHLOR AND HEPTACHLOR 
EPOXIDE 

 
 

Table A6-1: Genetic and related effects of heptachlor.a 
 

Resultb 

Test system 

Without 
exogenous 
metabolic 

system 

With 
exogenous 
metabolic 

system Dosec (LED/HID) Reference 

In vitro     
Salmonella typhimurium TA1538, TA1978, 
differential toxicity 

– NT 2000 µg/disk Rashid & Mumma (1986) 

S. typhimurium TA100, TA1535, TA1537, 
TA1538, TA98, reverse mutation 

NT – 5000 µg/plate Simmon et al. (1977) 

S. typhimurium TA100, TA1535, TA1537, 
TA1538, TA98, G46, C3076, D3052, reverse 
mutation 

– – NR Probst et al. (1981) 

S. typhimurium TA100, TA1535, TA98, reverse 
mutation 

– 
 

(+)d 

 
10 µg/plate 
 

Gentile et al. (1982) 

S. typhimurium TA100, TA1535, TA1537, 
TA1538, TA98, reverse mutation 

– – 5000 µg/plate Moriya et al. (1983) 

S. typhimurium TA100, TA1535, TA1537, 
TA98, reverse mutation 

– – 333 µg/plate 
 

Zeiger et al. (1987) 

S. typhimurium TA100, TA102, TA98, TA97, 
reverse mutation 

– – 1000 µg/plate Mersch-Sundermann et 
al. (1988) 

S. typhimurium TA1535, TA1536, TA1537, 
TA1538, reverse mutation 

– – 1000 µg/plate Marshall et al. (1976) 

Escherichia coli WP2, K12, differential toxicity – NT 2000 µg/disc Rashid & Mumma (1986) 
E. coli WP2, WP2 uvrA−, reverse mutation – – NR Probst et al. (1981) 
E. coli WP2, hcr reverse mutation – – 5000 µg/plate Moriya et al. (1983) 
ColE1 plasmid DNA strand breaks (from E. coli 
K12 ColE1) 

– NT 100 Griffin & Hill (1978) 

Bacillus subtilis rec strains, differential toxicity – – 356 µg/ml Matsui et al. (1989) 
Saccharomyces cerevisiae D4, gene 
conversion 

– – NR Gentile et al. (1982) 

Unscheduled DNA synthesis, rat, mouse, and 
Syrian hamster primary hepatocytes in vitro 

– NT 
 

3.7 
 

Maslansky & Williams 
(1981) 

Unscheduled DNA synthesis, Fischer 344 rat 
primary hepatocytes in vitro 

– NT 3.7 Probst et al. (1981) 

Unscheduled DNA synthesis, rat primary 
hepatocytes in vitro 

– NT 3.7 Williams et al. (1989) 

Gene mutation, mouse lymphoma L5178Y 
cells, Tk locus in vitro 

+ NT 25 McGregor et al. (1988) 

Gene mutation, rat liver epithelial ARL cells in 
vitro, Hprt locus 

– NT 37 Telang et al. (1982) 

Unscheduled DNA synthesis, human VA-4 
fibroblasts in vitro 

– + 37 Ahmed et al. (1977) 

Inhibition of intercellular communication, rat 
liver epithelial ARL cells in vitro 

+ NT 0.37 Telang et al. (1982) 

Inhibition of intercellular communication, 
Chinese hamster V79 cells in vitro 

+ NT 10 µg/ml Kurata et al. (1982) 

Inhibition of intercellular communication, male 
Fischer 344 rat primary hepatocytes in vitro 

+ NT 18.7 Ruch et al. (1990)  

Inhibition of intercellular communication, male 
B6C3F1 mouse primary hepatocytes in vitro 

+ NT 18.7 Ruch et al. (1990) 
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Table A6-1 (Contd)    
Resultb 

Test system 

Without 
exogenous 
metabolic 

system 

With 
exogenous 
metabolic 

system Dosec (LED/HID) Reference 

Inhibition of intercellular communication, 
human breast epithelial cells in vitro 

+  NT 10 Nomata et al. (1996) 

In vivo     
Drosophila melanogaster, sex-linked recessive 
lethal mutations 

–  1 ng, injection 
 

Benes & Šram (1969) 

Gene mutation, lacI transgenic mouse liver 
assay in vivo 

–  20 mg/kg of diet, 
120 days 

Gunz et al. (1993) 

Dominant lethal mutation, male ICR/Ha Swiss 
mice  

–  24 ip × 1; 10 po × 5 Epstein et al. (1972) 

Dominant lethal mutation, CD-1 mice  –  7.5 and 15  Arnold et al. (1977)* 

HID: highest ineffective dose; ip: intraperitoneal; LED: lowest effective dose; NR: not reported; NT: not tested; po: oral 
a  From IARC (2001) ; * from JMPR (1992). 
b  +, positive; (+), weak positive; −, negative. 
c  In vitro tests, µg/ml; in vivo tests, mg/kg body weight per day, unless otherwise noted. 
d  Technical grade. 
 
 
 

Table A6-2: Genetic and related effects of heptachlor epoxide.a 

 

Resultb 

Test system 
Without exogenous 
metabolic system 

With exogenous 
metabolic system Dosec (LED/HID) Reference 

Aspergillus nidulans, forward 
mutation 

– NT 10 450 Crebelli et al. (1986) 

A. nidulans, mitotic crossing-over – NT 10 000 Crebelli et al. (1986) 
A. nidulans, aneuploidy – NT 10 000 Crebelli et al. (1986) 
S. typhimurium TA1535, TA1536, 
TA1537, TA1538, reverse mutation 

– – 1000 µg/plate Marshall et al. (1976) 

Unscheduled DNA synthesis, human 
VA-4 fibroblasts in vitro 

– + 3.9 Ahmed et al. (1977) 

Inhibition of intercellular 
communication (dye transfer), rat 
liver WB F344 cells in vitro 

+d NT 10 Matesic et al. (1994) 

Inhibition of intercellular 
communication, human breast 
epithelial cells in vitro 

+d NT 1 Nomata et al. (1996) 

HID: highest ineffective dose; LED: lowest effective dose; NT: not tested 
a  From IARC (2001). 
b  +, positive; −, negative. 
c  In vitro tests, µg/ml; in vivo tests, mg/kg body weight per day. 
d  Loss of intercellular communication was characterized by a substantial, sustained loss of connexin 43 immunostaining within 15–60 

min of treatment; at least in human cells, there was no reduction of connexin 43 mRNA.  
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APPENDIX 7 — OUTLINE OF THE SPECIES 
SENSITIVITY DISTRIBUTION METHOD 

(DUTCH STATISTICAL EXTRAPOLATION 
METHOD) USED TO DERIVE GUIDANCE 
VALUES FOR HEPTACHLOR FOR THE 
PROTECTION OF AQUATIC SPECIES 

 
 
Introduction 
 
 The traditional approach to using single-species toxicity 
data to protect field ecosystems has been to apply standardized 
assessment factors, safety factors, or application factors to the 
lowest toxicity figure for a particular chemical. The magnitude of 
these safety factors depends on whether acute or chronic 
toxicity figures are available and the degree of confidence that 
one has in whether the figures reflect the field situation. Most of 
the factors are multiples of 10, and larger factors are applied 
where there is less certainty in the data. For example, a factor of 
1000 is generally used for acute data. This factor of 1000 
includes a factor of 10 for extrapolating from laboratory to field, a 
further factor of 10 for a limited data set, and a factor of 10 for 
conversion of an acute end-point to a chronic end-point. 
 

Concerns have often been raised as to the arbitrary nature 
of assessment factors (Chapman et al., 1998) and the fact that 
they do not conform to risk assessment principles. OECD (1992) 
recommended that assessment factors be used only when there 
are inadequate data to allow statistical extrapolation methods to 
be used. 
 

The following sections briefly outline the statistical extrapo-
lation method used to derive the heptachlor guidance values for 
the protection of freshwater and marine aquatic organisms for 
this CICAD. Much of the text is taken directly from the Australian 
and New Zealand Guidelines for Fresh and Marine Water 
Quality (ANZECC/ARMCANZ, 2000). 
 
Use of statistical extrapolation methods 
 

New methods using statistical risk-based approaches have 
been developed over the last decade for deriving guideline 
(trigger) values. These are based on calculations of a statistical 
distribution of laboratory ecotoxicity data and attempt to offer a 
predetermined level of protection, usually 95%. The approach of 
Aldenberg & Slob (1993) has been adopted in the Netherlands, 
Australia, and New Zealand for guideline derivation and is 
recommended for use by the OECD. It was chosen because of 
its theoretical basis, its ease of use, and the fact that it has been 
extensively evaluated. Warne (1998) compared in detail the risk-
based and assessment factor approaches used in various 
countries.  
 
 The Aldenberg & Slob (1993) method uses a statistical 
approach to protect 95% of species with a predetermined level 
of confidence, provided there is an adequate data set. This 
approach uses available data from all tested species (not just 
the most sensitive species) and considers these data to be a 
subsample of the range of concentrations at which effects would 
occur in all species in the environment. The method may be 
applied if toxicity data, usually chronic NOEC values, are 
available for at least five different species from at least four 
taxonomic groups. Data are entered into a computer program 
and generally fitted to a log-logistic distribution. A hazardous 
concentration for p per cent of the species (HCp) is derived. HCp 
is a value such that the probability of selecting a species from 
the community with a NOEC lower than HCp is equal to p (e.g. 
5%, HC5). HC5 is the estimated concentration that should protect 
95% of species. A level of uncertainty is associated with this 

derived value, and so values with a given confidence level (e.g. 
50% or 95%) are computed in the program by attaching a dis-
tribution to the error in the tail (Figure A7-1). The ANZECC/ 
ARMCANZ (2000) guidelines use the median of 50% confi-
dence.  
 

Fig. A7-1: The Dutch statistical approach for the derivation 
of guidance (trigger) values (from Aldenberg & Slob, 1993). 

 
HC5 is estimated by dividing the geometric mean of the 

NOEC values for m species by an extrapolation factor K (OECD, 
1995), where: 
 

K = exp(sm × k) 
 
and where: 
 
 sm is the sample standard deviation of natural logarithm of 

the NOEC values for m species, 
 k is the one-sided tolerance limit factor for a logistic or 

normal distribution (from computer simulations). 
 

The Aldenberg & Slob (1993) extrapolation method is 
based on several critical assumptions, outlined below. Many of 
these are common to other statistical distribution methods: 
 
 The ecosystem is sufficiently protected if theoretically 95% 

of the species in the system are fully protected. 
 The distribution of the NOECs is symmetrical (not required 

in the ANZECC/ARMCANZ [2000] modification). 
 The available data are derived from independent random 

trials of the total distribution of sensitivities in the eco-
system. 

 Toxicity data are distributed log-logistically, i.e. a logistic 
distribution is the most appropriate to use.  

 There are no interactions between species in the eco-
system.  

 NOEC data are the most appropriate data to use to set 
ambient environmental guidelines.  

 NOEC data for five species are a sufficient data set. 
 
Modification of the Aldenberg & Slob (1993) 
approach 
 

The Aldenberg & Slob (1993) approach assumes the data 
are best fitted to a log-logistic distribution. For some data sets, 
however, a better fit is obtained with other models. By using a 
program developed by CSIRO Biometrics, the data are com-
pared with a range of statistical distributions called the Burr 
family of distributions, of which the log-logistic distribution is one 
case. The program determines the distribution that best fits the 
available toxicity data and calculates the HC5 with 50% confi-
dence (ANZECC/ARMCANZ, 2000); this method has been used 
to calculate the HC5 for heptachlor. 
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Application to the data set for heptachlor 
 

For both the freshwater and marine risk assessments, 
acute LC50 values were each converted to chronic NOEC values 
using an acute to chronic ratio of 10 (ANZECC/ARMCANZ, 
2000); it would be better to use experimentally derived acute to 
chronic conversion factors, but these were not available for 
heptachlor. It should be noted that the algal EC50 values were 
regarded as chronic. These chronic values were then each 
converted to chronic NOECs by applying a factor of 5, according 
to ANZECC/ARMCANZ (2000) guidelines, prior to the species 
sensitivity distribution being undertaken.  
 
Freshwater guidance value 
 

Twenty-three freshwater data were used from Table 8 
(section 10.1), and from these data were developed calculated 
chronic NOECs (see Table A7-1). Non-standard test end-points 
such as total cell volume reduction and deformations were not 
included. Geometric means of multiple test results from the 
same species over the same time period were calculated.  
 
 

Table A7-1: Toxicity end-points and calculated chronic 
NOECs used in the derivation of a freshwater guidance 

value for heptachlor. 
 

Organism End-point 

Heptachlor 
concentra-
tion (µg/l) 

Calculated 
chronic 
NOEC 
(µg/l) 

Algae    
Green alga 
(Pseudokirchner-
iella subcapitata) 

96-h EC50 
(growth 
inhibition) 

27 5.4 

Invertebrates    
Water flea 
(Daphnia 
magna) 

48-h LC50 80 8 

Water flea 
(Simocephalus 
serrulatus) 

48-h LC50 61.3a 6.1 

Amphipod 
(Gammarus 
fasciatus) 

96-h LC50 47.3a 4.7 

Amphipod 
(Gammarus 
lacustris) 

96-h LC50 29 2.9 

Crayfish (Orco-
nectes nais) 

96-h LC50 0.5 0.05 

Grass shrimp 
(Palaemonetes 
kadiakensis) 

96-h LC50 1.8 0.2 

Snail (Aplexa 
hypnorum) 

96-h LC50 1450 145 

Stonefly 
(Claassenia 
sabulosa) 

96-h LC50 2.8 0.3 

Stonefly (Ptero-
narcella badia) 

96-h LC50 0.9 0.09 

Stonefly (Ptero-
narcys califor-
nica) 

96-h LC50 1.1 0.1 

 

Table A7-1 (Contd)   

Organism End-point 

Heptachlor 
concentra-
tion (µg/l) 

Calculated 
chronic 
NOEC 
(µg/l) 

Fish    
Rainbow trout 
(Oncorhynchus 
mykiss) 

96-h LC50 12.6a 1.3 

Northern pike 
(Esox lucius) 

96-h LC50 6.2 0.6 

Japanese 
medaka (Oryzias 
latipes) 

48-h LC50 14 1.4 

Bluegill sunfish 
(Lepomis 
macrochirus) 

96-h LC50 15.7a 1.6 

Redear sunfish 
(Lepomis micro-
lophus) 

96-h LC50 17 1.7 

Guppy (Poecilia 
reticulata) 

96-h LC50 110 11 

Fathead minnow 
(Pimephales 
promelas) 

60-day 
NOEC 

0.86 0.86b 

Goldfish 
(Carassius 
auratus) 

96-h LC50 230 23 

Channel catfish 
(Ictalurus 
punctatus) 

96-h LC50 25 2.5 

Black bullhead 
(Ictalurus melas) 

96-h LC50 63 6.3 

Largemouth 
bass (Microp-
terus salmoides) 

96-h LC50 10 1 

Amphibians    
Fowler’s toad 
(Bufo wood-
housei fowleri) 

96-h LC50 435 43.5 

a  Geometric mean.  
b  Taken directly and not calculated. 

 
Using the calculated chronic NOECs, the HC5(50) — i.e. 

the hazardous concentration to protect 95% of species with 50% 
confidence — was 0.08 µg of heptachlor per litre. However, 
heptachlor has a log Kow of greater than 4; therefore, it has the 
potential to bioaccumulate. To account for this, the HC1(50) 
value has been used to recalculate a moderate-reliability 
guidance value. Using the calculated chronic NOECs, the 
HC1(50) — i.e. the hazardous concentration to protect 99% of 
species with 50% confidence — was 0.01 µg of heptachlor per 
litre. This is a “safe” value to ensure protection against chronic 
toxicity for most species (see Figure A7-2). 
 
Marine water guidance value  
 
 Eighteen marine data were used from Table 8 (section 
10.1), and from these data chronic NOECs were estimated 
(Table A7-2). Geometric means of multiple test results from the 
same species over the same time period were calculated. A 
short-term 18-week fish test LOEC (mortality) was not included. 
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Fig. A7-2: Probability curve for heptachlor in the freshwater 

environment using derived data from Table A7-1. 
 
 
 Using the calculated chronic NOECs, the HC5(50) — i.e. 
the hazardous concentration to protect 95% of species with 50% 
confidence — was 0.03 µg of heptachlor per litre. However, 
heptachlor has a log Kow of greater than 4; therefore, it has the 
potential to bioaccumulate. To account for this, the HC1(50) 
value has been used to recalculate a moderate-reliability 
guidance value. Using the calculated chronic NOECs, the 
HC1(50) — i.e. the hazardous concentration to protect 99% of 
species with 50% confidence — was 0.005 µg of heptachlor per 
litre. This is a “safe” value to ensure protection against chronic 
toxicity for most species (see Figure A7-3). 
 
 

Table A7-2: Toxicity end-points and calculated chronic 
NOECs used in the derivation of a marine guidance value 

for heptachlor. 
 

Organism End-point 

Heptachlor 
concentra-
tion (µg/l) 

Calculated 
chronic 

NOEC (µg/l) 
Algae    
Green alga 
(Dunaliella 
tertiolecta) 

96-h EC50 
(growth 
inhibition) 

2260 452 

Green alga 
(Skeletonema 
costatum) 

96-h EC50 
(growth 
inhibition) 

93 18.6 

Green alga 
(Porphyridium 
cruentum) 

96-h EC50 
(growth 
inhibition) 

270 54 

Invertebrates    
Eastern oyster 
(Crassostrea 
virginica) 

96-h EC50 
(shell 
growth) 

8.1a 0.8 

Blue crab 
(Callinectes 
sapidus) 

48-h EC50 68 6.8 

Mysid shrimp 
(Mysidopsis 
bahia) 

96-h LC50 3.4 0.3 

Korean shrimp 
(Palaemon 
macro-
dactylus) 

96-h LC50 15 1.5 

 
 

Table A7-2 (Contd)   

Organism End-point 

Heptachlor 
concentra-
tion (µg/l) 

Calculated 
chronic 

NOEC (µg/l) 
Pink shrimp 
(Penaeus 
duorarum)  

96-h LC50 0.06a 0.006a 

Sand shrimp 
(Crangon sep-
temspinosa) 

96-h LC50 8 0.8 

Grass shrimp 
(Palaemon-
etes vulgaris) 

96-h LC50 22a 2.2 

Hermit crab 
(Pagurus 
longicarpus) 

96-h LC50 60 6.0 

Fish    
Striped bass 
(Morone 
saxatilis) 

96-h LC50 3 0.3 

Spot croaker 
(Leiostomus 
xanthurus) 

96-h LC50 0.85a 0.085 

American eel 
(Anguilla 
rostrata) 

96-h LC50 10 1.0 

Northern 
puffer 
(Sphoeroides 
maculatus) 

96-h LC50 190 19 

Pinfish 
(Lagodon 
rhomboides) 

96-h LC50 4 0.4 

Sheepshead 
minnow 
(Cyprinodon 
variegatus) 

96-h LC50 6.6a 0.7 

Striped mullet 
(Mugil 
cephalus) 

48-h LC50 3.3 0.3 

a  Geometric mean. 
 

 

 
Fig. A7-3: Probability curve for heptachlor in the marine 

environment using derived data from Table A7-2. 
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RÉSUMÉ D’ORIENTATION 
 
 

 Le présent CICAD1 relatif à l’heptachlore a été 
préparé par l’institut Fraunhofer de toxicologie et de 
médecine expérimentale de Hanovre (Allemagne). C’est 
une mise à jour du document de la série Critères 
d’hygiène de l’environnement consacré à ce composé 
(IPCS, 1984) qui comporte des données tirées de 
rapports du IARC (2001) et du Comité mixte FAO/OMS 
sur les résidus de pesticides (JMPR, 1992). Une 
recherche bibliographique exhaustive a été effectuée de 
2000 jusqu’à février 2004 dans les bases de données 
appropriées, à la recherche de toute référence intéres-
sante postérieure à celles qui sont prises en compte dans 
les rapports précités. Des renseignements sur les sources 
bibliographiques sont donnés à l’appendice 2. L’appen-
dice 3 donne des indications sur l’examen par des pairs 
du présent CICAD. Ce CICAD a été examiné et 
approuvé en tant qu’évaluation internationale lors d’une 
réunion du Comité d’évaluation finale qui s’est tenue à 
Hanoi (Viet Nam) du 28 septembre au 1er octobre 2004. 
La liste des participants à cette réunion figure à l’appen-
dice 4. La Fiche internationale sur la sécurité chimique 
de l’heptachlore (ICSC 0743) établie par le Programme 
international sur la sécurité chimique (IPCS, 2003) est 
également reproduite dans le présent document. 
 
 L’heptachlore (No CAS 76-44-8) est un insecticide 
dicyclopentadiénique chloré qui se révèle persistant dans 
l’environnement et s’accumule dans la chaîne alimen-
taire. Bien que depuis les années 1980 son usage soit 
interdit ou strictement réglementé dans de nombreux 
pays, on continue à le mettre en évidence comme 
contaminant de certaines denrées alimentaires. S’il est 
vrai que c’est là une conséquence de sa persistance dans 
l’environnement, on peut également penser que ce 
composé est encore utilisé illégalement – ou l’était 
encore il y a peu – ou même qu’il est encore autorisé 
dans quelques pays. Un certain nombre de pesticides 
organochlorés sont persistants dans l’environnement et 
l’heptachlore est l’un d’entre eux. La concentration 
totale de tous ces produits dans les tissus de l’organisme 
et dans l’environnement est plusieurs fois supérieure à 
celle de l’heptachlore ou de son époxyde (un métabolite 
persistant de l’heptachlore). 
 
 Une fois libéré dans l’environnement, l’heptachlore 
peut subir une transformation sous l’effet de processus 
abiotiques, par exemple de radicaux hydroxyles produits 
par voie photochimique et, en présence d’eau (notam-
ment dans un sol humide), il peut être transformé en 
dérivés tels que le 1-hydroxychlordène ou l’époxyhepta-
chlore. Par ailleurs, il est susceptible de s’évaporer dans 
une certaine mesure des milieux aquatiques et ne peut 
                                                 
1 La liste des acronymes et abréviations utilisés dans le présent 
rapport se trouve à l’appendice 1. 

guère passer dans les eaux souterraines par lessivage du 
sol en raison de son coefficient élevé de sorption par les 
particules du sol. Il ne subit pas véritablement de 
biodégradation, mais une transformation biologique 
(c’est-à-dire par des bactéries, des champignons, des 
plantes ou des animaux), principalement sous forme d’un 
époxyde qui en constitue un métabolite stable. D’après 
les données dont on dispose au sujet de la capacité de 
bioconcentration de cet hydrocarbure chloré lipophile, il 
est – tout comme son époxyde stable – capable de 
bioaccumulation, comme le montre d’ailleurs la 
proportion d’heptachlore et d’époxyheptachlore que l’on 
décèle encore dans des échantillons environnementaux. 
 
 Les principales voies d’exposition à l’heptachlore 
sont, pour la voie directe, probablement l’inhalation lors 
d’opérations d’épandage ou la pénétration transcutanée 
par suite d’une exposition prolongée à des poussières 
contenant cet insecticide, par exemple à l’occasion de 
traitements domiciliaires contre les termites et, pour la 
voie indirecte, la consommation d’aliments contaminés 
provenant de cultures traitées par cet insecticide ou 
d’autres produits contaminés par l’intermédiaire de la 
chaîne alimentaire. Toutefois, comme l’heptachlore est 
présent dans le chlordane technique et qu’il est aussi un 
métabolite de ce composé, la mise en évidence de cet 
insecticide ou de son époxyde n’est pas toujours la 
preuve absolue qu’il y a eu au départ exposition à 
l’heptachlore ou à son époxyde. 
 
 Il ressort d’un bilan portant sur des études récentes 
que l’heptachlore ou son époxyde se retrouvent dans tous 
les compartiments de l’environnement – air, eau, sol et 
sédiments – ainsi que dans les végétaux (légumes), chez 
les poissons et autres organismes aquatiques, les 
amphibiens, les reptiles, les oiseaux et leurs œufs ainsi 
que chez les mammifères aquatiques et terrestres. Ils sont 
notamment présents dans les tissus adipeux où ils 
s’accumulent. Ils sont capables de progresser le long de 
la chaîne alimentaire. On en décèle la présence chez 
l’Homme dans le sérum, les tissus adipeux – y compris 
les tissus mammaires – ainsi que dans le lait maternel.  
 
 L’heptachlore est facilement résorbé et métabolisé 
quelle que soit la voie d’exposition. Ses principaux 
métabolites fécaux sont l’époxyheptachlore, le 1-
hydroxychlordène et le 1-hydroxy-2,3-époxychlordène. 
On a constaté que des microsomes hépatiques incubés en 
présence d’heptachlore métabolisaient à 85,8 % ce 
composé en époxyheptachlore lorsqu’il s’agissait de 
microsomes de rat et à 20,4 % seulement dans le cas de 
microsomes humains. Les autres métabolites mis en 
évidence dans le système microsomique du foie humain 
étaient le 1-hydroxy-2,3-époxychlordène (5%), le 1-
hydroxychlordène (4,8 %) et le 1,2-dihydroxydihydro-
chlordène (0,1 %). L’époxyheptachlore est lentement 
métabolisé et représente le métabolite le plus stable; il 
est principalement retenu dans les tissus adipeux, mais 
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aussi dans le foie, les reins et les muscles. Les individus 
femelles accumulent apparemment davantage d’époxy-
heptachlore que les individus mâles. Il a fallu 12 
semaines pour que l’heptachlore administré à des rats 
disparaisse complètement de leurs tissus graisseux, une 
fois l’administration interrompue. 
 
 On a montré que chez l’Homme comme chez les 
animaux de laboratoire, il y a transport transplacentaire 
de l’heptachlore et de son époxyde. 
 
 La DL50 aiguë par voie orale est de 40-162 mg/kg de 
poids corporel (p.c.) pour le rat et de 68-90 mg/kg p.c. 
pour la souris. Chez l’animal, une intoxication aiguë par 
l’heptachlore se traduit par des troubles du système 
nerveux central, tels qu’hyperexcitabilité, tremblements, 
convulsions et paralysie. La toxicité aiguë de l’époxy-
heptachlore est supérieure à celle du composé parent, 
alors que celle des autres métabolites est très inférieure. 
 
 Chez les animaux à qui l’on administre de l’hepta-
chlore ou de l’époxyheptachlore dans leur nourriture, par 
gavage ou par injection sous-cutanée, la pente de la 
courbe donnant la mortalité en fonction de la dose est 
accentuée. En général, on ne constate aucune différence 
de poids corporel ou de consommation de nourriture 
entre les animaux traités et les témoins. On a toutefois 
fait état d’une hypertrophie du foie accompagnée d’une 
accentuation de la lobulation hépatique et l’examen 
histopathologique a révélé une hypertrophie des 
hépatocytes centrolobulaires et médiolobulaires. 
 
 Chez le rat, l’étude de la fécondité après injection 
d’heptachlore par voie sous-cutanée a montré que la 
LOAEL (dose la plus faible à laquelle un effet nocif a été 
observé) était égale à 5 mg/kg p.c. par jour, les effets 
observés étant l’effondrement du taux des hormones 
sexuelles, la perturbation du cycle oestral chez les 
femelles et des retards dans les accouplements. 
 
 Les études concernant les effets toxiques de ce 
pesticide sur le développement ne font généralement pas 
ressortir de signes cliniques d’intoxication maternelle 
(modification du gain de poids corporel liée à la dose) 
jusqu’à la mort de l’animal. La NOAEL (dose maximale 
pour laquelle aucun effet n’a été observé) en ce qui 
concerne les effets toxiques sur la mère a été trouvée 
égale à 3 mg/kg p.c. par jour. Selon une étude, il y a eu 
réduction de la taille des portées, la mortalité postnatale 
des ratons étant l’effet observé le plus évident (la 
NOAEL relative à la survie pré- ou postnatale des ratons 
était égale à 6 mg/kg p.c. par jour). Aucun effet térato-
gène n’a été observé. 
 
 On recueille de plus en plus de données selon 
lesquelles les pesticides cyclodiéniques agissent sur le 
système nerveux et son développement. La typologie des 
effets produits par une administration répétée d’hepta-

chlore à des rats femelles se ramène à des troubles de 
l’activité, une hyperexcitabilité et des effets sur le 
système nerveux autonome (NOAEL égale à 2 mg/kg 
p.c. par jour). Selon des études neurotoxicologiques sur 
des rats exposés quotidiennement à de l’heptachlore 
pendant la période périnatale à raison de 0,03, 0,3 ou 
3 mg de composé par kg de poids corporel, ce composé 
provoquerait des retards de développement, une 
modification de la neurotransmission GABAergique 
ainsi que des altérations de nature neurocomporte-
mentale consistant notamment en un déficit cognitif à 
toutes les doses.  
 
 Des études immunologiques sur le rat indiquent 
qu’après exposition périnatale à l’heptachlore, il y a 
suppression des réponses primaire en IgM et secondaire 
en IgG anti-hématies de mouton à toutes les doses 
utilisées (0,03, 0,3 et 3 mg/kg de poids corporel). 
 
 On a étudié la cancérogénicité de l’heptachlore, de 
l’heptachlore de qualité technique, de l’époxyhepta-
chlore et d’un mélange d’heptachlore et d’époxyhepta-
chlore en administrant ces produits par voie orale à 
plusieurs souches de rats et de souris. Il ressort de ces 
travaux que l’heptachlore, l’époxyheptachlore et 
l’heptachlore de qualité technique sont cancérogènes 
pour la souris mâle et femelle mais pas pour le rat. Lors 
d’une épreuve d’initiation-promotion, on a constaté que 
l’heptachlore se comportait comme un promoteur actif 
après initiation par la N-nitrosodiéthylamine. 
 
 En ce qui concerne les tests de génotoxicité in vivo 
et in vitro, l’heptachlore donne dans la plupart des cas un 
résultat négatif. In vitro, ce composé provoque l’inhibi-
tion des jonctions intercellulaires communicantes, ce qui 
incite également à penser que son pouvoir cancérogène 
ne repose pas sur un mécanisme génotoxique. 
 
 Au vu des données épidémiologiques disponibles, il 
n’y a pas de relation claire entre les effets indésirables 
sur la santé qui ont pu être observés et l’exposition à 
l’heptachlore. Dans ces conditions, c’est sur la base 
d’études expérimentales que l’on a établi la valeur de la 
dose tolérable. Comme c’est vraisemblablement un 
mécanisme non génotoxique qui est à l’origine des 
tumeurs hépatiques provoquées chez la souris par cet 
insecticide et qu’à des doses de l’ordre du vingtième de 
ces doses cancérogènes les effets observés ne sont pas de 
nature néoplasique, c’est en fonction de ces effets non 
néoplasiques (par ex. des anomalies histologiques au 
niveau du foie, des effets neurotoxiques ou encore 
immunotoxiques) que l’on a déterminé la dose tolérable. 
La NOAEL relative aux effets hépatiques observés chez 
le chien a été fixée à 25 µg/kg p.c. par jour et celle qui 
concerne les effets neurotoxiques et immunotoxiques 
observés chez le rat, à 30 µg/kg p.c. par jour. En 
appliquant un facteur d’incertitude de 10 pour tenir 
compte des variations inter- et intraspécifiques, plus un 
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facteur supplémentaire de 2 dû au fait que la base de 
données utilisée dans la détermination de la NOAEL 
pour le chien n’était pas appropriée, on obtient une dose 
tolérable de 0,1 µg/kg p.c. par jour dans le cas des effets 
non néoplasiques. 
 
 En Pologne, on estime à 0,51-0,58 µg par personne 
l’apport quotidien d’heptachlore et d’époxyheptachlore 
par la voie alimentaire (soit environ 0,01 µg/kg p.c. pour 
un poids individuel moyen de 64 kg). Cette valeur est 10 
fois plus petite que celle de la dose tolérable (0,1 µg/kg 
p.c.). Toutefois, si les denrées alimentaires consommées 
contiennent de l’heptachlore, comme par exemple du 
poisson pêché dans un cours d’eau pollué (la teneur du 
poisson en heptachlore serait, selon des rapports récents, 
comprise entre 0,1 et 1 mg/kg dans certaines zones), des 
légumes cultivés dans des champs contaminés par cet 
insecticide (jusqu’à 16 mg/kg) ou encore du lait 
contaminé (dans certaines régions, la contamination du 
lait va du microgramme par kilogramme au milligramme 
par kilogramme), l’apport d’heptachlore d’origine 
alimentaire sera beaucoup plus élevé, avec un risque 
probable pour la santé pour peu que les produits 
contaminés soient consommés pendant une longue 
période. Dans le cas des enfants nourris au sein, on 
arrive à un apport moyen de 1,5 µg/kg p.c. en prenant la 
valeur la plus élevée de la teneur en époxyheptachlore 
relevée dans le lait maternel et en supposant en outre que 
la consommation journalière de lait est de 150 g/kg de 
poids corporel et que la teneur moyenne du lait en lipides 
est de 3,1 %. Cette valeur est plus de 10 fois supérieure à 
celle de la dose tolérable (0,1 µg/kg p.c. par jour) et si 
les concentrations rapportées sont exactes, elle devrait 
donc être un sujet de préoccupation. 
 
 On a évalué la toxicité aiguë de l’heptachlore pour 
diverses espèces aquatiques à différents niveaux 
trophiques. Le composé s’est révélé toxique pour les 
poissons et d’autres espèces aquatiques. Toutefois, les 
niveaux de toxicité relevés sont très variables, peut-être 
en raison de l’évaporation de l’heptachlore qui a pour 
conséquence de réduire au cours du temps la concentra-
tion effective du produit étudié par rapport à la 
concentration nominale fixée pour l’essai. 
 
 En ce qui concerne les eaux douces, on a choisi 23 
valeurs de la toxicité pour déterminer une valeur-guide. 
Ainsi, en se basant sur la distribution de la sensibilité par 
espèce et en optant pour la protection de 99 % des 
espèces avec un indice de confiance de 50 %, on a 
obtenu pour l’heptachlore une valeur-guide de 10 ng/l. 
Dans de nombreux endroits, la teneur des eaux douces en 
heptachlore dépasse la valeur-guide; la concentration la 
plus élevée mesurée dans des eaux douces superficielles 
est de 62 000 ng/l, c’est-à-dire plus de 1000 fois 
supérieure à la valeur-guide. 
 

 S’agissant du milieu marin, on a retenu 18 valeurs 
de la toxicité pour déterminer la valeur-guide. Ainsi, en 
se basant sur la distribution de la sensibilité par espèce et 
en optant pour la protection de 99 % des espèces avec un 
indice de confiance de 50 %, on a obtenu pour l’hepta-
chlore une valeur-guide de 5 ng/l. Dans le cas du milieu 
marin, la valeur la plus élevée qui ait été mesurée de 
manière fiable est égale à environ 0,15 ng/l, soit une 
concentration inférieure à la valeur-guide, ce qui indique 
que, dans ce milieu, le risque est faible. 
 
 A la lumière des données existantes, qui sont peu 
nombreuses, l’heptachlore se révèle modérément toxique 
pour les vertébrés terrestres. Toutefois, aucune des 
études examinées ne se montre suffisamment fiable pour 
servir de base à une quantification du risque. On rappelle 
que cet insecticide est utilisé pour lutter contre les 
termites. 
 
 L’expérimentation sur le rat a montré que 
l’heptachlore est neurotoxique et immunotoxique à la 
dose de 0,03 mg/kg de poids corporel par jour. En 
Turquie, le delta du Göksu, qui est l’un des lieux de 
ponte et d’hivernage les plus importants du monde pour 
les oiseaux, est contaminé par des composés 
organochlorés contenus dans les alluvions amenés par le 
fleuve depuis les zones agricoles jusqu’au delta. Dans 
cette région, on a décelé chez des oiseaux et dans leurs 
œufs la présence d’heptachlore et d’époxyheptachlore à 
une concentration de quelques milligrammes par kg. Si 
l’effet d’une telle concentration d’heptachlore sur les 
populations aviaires reste à l’état d’hypothèse en raison 
du manque de données, le risque pour l’environnement 
terrestre ne peut néanmoins être écarté. 
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RESUMEN DE ORIENTACIÓN 
 
  
 El presente CICAD1 sobre el heptacloro fue 
preparado por el Instituto Fraunhofer de Toxicología y 
Medicina Experimental de Hannover, Alemania. Es una 
actualización del documento sobre el heptacloro de los 
Criterios de Salud Ambiental (IPCS, 1984) e incluye 
datos de los informes del Centro Internacional de 
Investigaciones sobre el Cáncer (IARC, 2001) y de la 
Reunión Conjunta sobre Residuos de Plaguicidas 
(JMPR, 1992). Se realizó una búsqueda bibliográfica 
amplia de las bases de datos pertinentes desde 2000 hasta 
febrero de 2004 para identificar cualquier referencia 
publicada después de las incorporadas a estos informes. 
La información sobre los documentos originales se 
presenta en el apéndice 2. La información sobre el 
carácter colegiado de este CICAD figura en el apéndice 
3. Este CICAD se examinó y aprobó como evaluación 
internacional en una reunión de la de la Junta de 
Evaluación Final, celebrada en Hanoi (Viet Nam) del 
28 de septiembre al 1º de octubre de 2004. La lista de 
participantes en esta reunión aparece en el apéndice 4. 
También se reproduce en este documento la Ficha 
internacional de seguridad química para el heptacloro 
(ICSC 0743), preparada por el Programa Internacional 
de Seguridad de las Sustancias Químicas (IPCS, 2003). 
 
 El heptacloro (CAS Nº 76-44-8) es un insecticida 
diciclopentadieno clorado que persiste en el medio 
ambiente y se acumula en la cadena alimentaria. Aunque 
su utilización se ha prohibido o limitado rigurosamente 
en muchos países desde el decenio de 1980, se sigue 
detectando como contaminante en algunos productos 
alimenticios. Esto se debe a su persistencia, pero también 
indica el uso ilícito de este plaguicida recientemente o en 
la actualidad (o tal vez su uso permitido en algunos 
países). El heptacloro es uno de varios plaguicidas 
organoclorados persistentes en el medio ambiente. Las 
concentraciones de todos estos compuestos considerados 
en conjunto en los tejidos corporales y en el medio 
ambiente son varias veces superiores a los del heptacloro 
y/o el heptacloro epóxido (metabolito persistente del 
heptacloro) solos.  
 
 El heptacloro liberado en el medio ambiente se 
puede transformar mediante procesos abióticos, como la 
transformación por radicales hidroxilo de origen foto-
químico, y en presencia de agua forma compuestos como 
el 1-hidroxiclordeno o el heptacloro epóxido (por ejem-
plo en suelos húmedos). Además, puede desaparecer en 
cierto grado de los sistemas acuáticos por evaporación y 
tiene un potencial limitado para filtrarse del suelo al agua 
freática, debido a su elevado coeficiente de sorción en el 
suelo. No es fácilmente biodegradable, pero sufre 
                                                 
1 Véase en el apéndice 1 una lista de las siglas y abreviaturas 
utilizadas en este informe. 

trasformaciones biológicas (es decir, por bacterias, 
hongos, plantas, animales), principalmente para formar 
el heptacloro epóxido estable. Los datos disponibles 
sobre el potencial de bioconcentración de este hidro-
carburo clorado lipofílico indican que éste y su epóxido 
estable se bioacumulan, lo cual se puede demostrar por 
la medida en que el heptacloro/heptacloro epóxido se 
siguen detectando en muestras del medio ambiente. 
 
 Las principales vías de exposición al heptacloro son 
probablemente la inhalación o la penetración cutánea 
relacionadas con la aplicación, a partir de exposiciones 
prolongadas a polvo que contiene heptacloro, por 
ejemplo en viviendas tratadas con este compuesto para 
combatir las termitas, y de manera indirecta mediante la 
ingesta de alimentos contaminados por heptacloro 
procedente de los cultivos o de otros alimentos a través 
de la cadena alimentaria. Sin embargo, el heptacloro es 
un componente del clordano técnico, así como un 
metabolito del clordano, por lo que la detección de 
heptacloro o de heptacloro epóxido no siempre significa 
de manera inequívoca que la exposición primaria fuera al 
propio heptacloro (o al heptacloro epóxido). 
 
 Un examen de estudios recientes pone de manifiesto 
que el heptacloro y/o el heptacloro epóxido se encuen-
tran en todos los compartimentos del medio ambiente - 
aire, agua, suelo y sedimentos, - así como en las plantas 
(hortalizas), los peces y otros organismos acuáticos, los 
anfibios y reptiles, las aves y sus huevos y los mamíferos 
acuáticos y terrestres. Se encuentran sobre todo en el 
tejido adiposo, donde se acumulan, se incorporan a la 
cadena alimentaria y se detectan en el suero humano, el 
tejido adiposo, con inclusión del tejido mamario, y la 
leche humana.  
 
 El heptacloro se absorbe con facilidad por todas las 
vías de exposición y se metaboliza con rapidez. Los 
metabolitos fecales más importantes son el heptacloro 
epóxido, el 1-hidroxiclordeno y el 1-hidroxi-2,3-epoxi-
clordeno. En microsomas del hígado incubados con 
heptacloro se metabolizaba a heptacloro epóxido el 
85,8% en ratas, pero sólo el 20,4% en las personas. Otros 
metabolitos identificados en el sistema de microsomas 
hepáticos humanos fueron el 1-hidroxi-2,3-epoxiclor-
deno (5%), el 1-hidroxiclordeno (4,8%) y el 1,2-
dihidroxidihidroclordeno (0,1%). El heptacloro epóxido 
se metaboliza con lentitud y es el metabolito más 
persistente; se acumula principalmente en el tejido 
adiposo, pero también en el hígado, el riñón y el 
músculo. Las hembras parecen almacenar más hepta-
cloro epóxido que los machos. Tras la interrupción del 
suministro de heptacloro a ratas con la alimentación, se 
necesitó un periodo de 12 semanas para lograr su des-
aparición completa de la grasa. 
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 Se ha demostrado que en las personas y en los 
animales de laboratorio el heptacloro y/o el heptacloro 
epóxido atraviesan la placenta.  
 
 Las DL50 agudas por vía oral del heptacloro para la 
rata y el ratón son de 40–162 y 68–90 mg/kg de peso 
corporal, respectivamente. La toxicidad aguda del 
heptacloro en animales está asociada con perturbaciones 
del sistema nervioso central, tales como hiperexcitabil-
idad, temblores, convulsiones y parálisis. La toxicidad 
aguda del heptacloro epóxido es superior a la del hepta-
cloro, mientras que la de los demás metabolitos es muy 
inferior. 
 
 En los animales que reciben heptacloro/heptacloro 
epóxido con los alimentos, por sonda o mediante 
inyección subcutánea, se registra una curva de dosis-
respuesta pronunciada para la mortalidad. Normalmente 
no se han observado diferencias importantes entre los 
animales y los testigos con respecto al peso corporal y el 
consumo de alimentos. Sin embargo, se ha descrito un 
aumento del tamaño del hígado asociado con una 
lobulación acentuada y los resultados histopatológicos 
pusieron de manifiesto un aumento de los hepatocitos 
centrolobulares y de la zona intermedia. 
 
 En estudios de fecundidad en ratas a las que se 
inyectó heptacloro por vía subcutánea se obtuvieron 
LOAEL de 5 mg/kg de peso corporal al día para la 
supresión de los niveles de hormonas reproductivas, 
perturbaciones en el ciclo de las hembras y retrasos en el 
comportamiento de apareamiento. 
 
 En los estudios de toxicidad en el desarrollo 
normalmente no se observaron signos de toxicidad 
materna (alteraciones del aumento de peso relacionadas 
con la dosis) hasta que sobrevenía la muerte [NOAEL 
para la toxicidad materna = 3 mg/kg de peso corporal al 
día]. En un estudio se observó un tamaño reducido de las 
camadas, pero el resultado más evidente fue la mortali-
dad postnatal de las crías [NOAEL para la supervivencia 
prenatal o postnatal de las crías = 6 mg/kg de peso 
corporal al día]. No se detectaron efectos teratológicos.  
 
 Hay cada vez más pruebas de que los plaguicidas de 
ciclodieno afectan al sistema nervioso y su desarrollo. El 
perfil de los efectos producidos por la administración 
repetida de heptacloro a ratas hembras consistió en la 
alteración de la actividad, hiperexcitabilidad y efectos 
autonómicos [NOAEL = 2 mg/kg de peso corporal al 
día]. Los estudios neurotoxicológicos sobre la exposición 
perinatal al heptacloro en la rata (0,03, 0,3 ó 3 mg/kg de 
peso corporal al día) indicaron que había retrasos en el 
desarrollo, alteraciones en el sistema de neurotrans-
misión del ácido γ-aminobutiríco y cambios en el 
neurocomportamiento, con inclusión de deficiencias 
cognitivas con todas las dosis. 
 

 En estudios inmunológicos en las ratas se observó la 
supresión de las respuestas celulares antiglóbulos rojos 
de cordero de la Ig M primaria y la Ig G secundaria tras 
la exposición perinatal a todas las dosis de heptacloro 
(0,03, 0,3 ó 3 mg/kg de peso corporal al día) sometidas a 
prueba.  
 
 Se ha estudiado la carcinogenicidad del heptacloro, 
el heptacloro de calidad técnica, el heptacloro epóxido y 
una mezcla de heptacloro y heptacloro epóxido mediante 
administración oral en varias razas de ratones y ratas. Se 
demostró que el heptacloro/heptacloro epóxido y el 
heptacloro de calidad técnica eran carcinogénicos en 
ratones machos y hembras, pero no en ratas. En una 
valoración de iniciación-promoción, el heptacloro fue 
activo como promotor tras la iniciación mediante N-
nitrosodietilamina. 
 
 El heptacloro da una respuesta fundamentalmente 
negativa en las pruebas de genotoxicidad in vitro e in 
vivo. Provoca inhibición in vitro de la comunicación por 
uniones intercelulares, lo que parece indicar asimismo un 
mecanismo carcinogénico no genotóxico. 
 
 Los datos epidemiológicos disponibles no muestran 
una relación clara entre los efectos adversos para la salud 
y la exposición al heptacloro. Por consiguiente, a partir 
de los estudios experimentales se preparó una ingesta 
tolerable. Dado que los tumores hepáticos inducidos por 
el heptacloro en ratones probablemente se deben a un 
mecanismo no genotóxico y que se observaron efectos 
no neoplásicos con dosis 20 veces inferiores a las que 
indujeron tumores, para obtener la ingesta tolerable se 
utilizaron los efectos no neoplásicos (es decir, efectos 
histopatológicos en el hígado, efectos neurotoxicológicos 
y efectos inmunotoxicológicos). La NOAEL para los 
efectos hepáticos observados en perros fue de 25 µg/kg 
de peso corporal al día y para la neurotoxicidad e 
inmunotoxicidad observada en estudios con ratas fue de 
30 µg/kg de peso corporal al día. Aplicando a la NOAEL 
en perros un factor de incertidumbre de 10 para la 
variación interespecífica y el mismo para la intra-
específica y un factor adicional de 2 por la deficiencia de 
la base de datos, se obtiene una ingesta tolerable de 
0,1 µg/kg de peso corporal al día para los efectos no 
neoplásicos.  
 
 La ingesta diaria de heptacloro y heptacloro epóxido 
con la alimentación en Polonia se estimó en 0,51–0,58 
µg por persona (alrededor de 0,01 µg/kg de peso cor-
poral, suponiendo un peso medio de 64 kg). Este valor es 
10 veces inferior a la ingesta tolerable de 0,1 µg/kg de 
peso corporal. Sin embargo, si los alimentos están 
contaminados con heptacloro, como el pescado proce-
dente de ríos contaminados (por ejemplo, recientemente 
se notificaron concentraciones del orden de 0,1–1 mg/kg 
en algunas zonas), las hortalizas de campos contamina-
dos con heptacloro (hasta 16 mg/kg) o la leche 



Concise International Chemical Assessment Document 70 

 74

contaminada (por ejemplo, del orden de µg/kg a mg/kg 
en algunas regiones), la ingesta de esta sustancia química 
con la alimentación sería mucho mayor, y si los alimen-
tos contaminados se consumieran durante un largo 
periodo de tiempo habría un riesgo probable para la 
salud. En el caso de los lactantes, tomando los valores 
notificados más altos para el heptacloro epóxido en la 
leche humana y suponiendo un consumo diario de leche 
de 150 g/kg de peso corporal y un contenido medio de 
grasa en la leche del 3,1%, se puede calcular una ingesta 
media de 1,5 µg/kg de peso corporal al día. Este valor es 
más de 10 veces superior a la ingesta tolerable de 
0,1 µg/kg de peso corporal al día, y si las cantidades 
notificadas son correctas debe ser motivo de pre-
ocupación. 
 
 Se examinó la toxicidad aguda del heptacloro 
utilizando diversas especies acuáticas de diferentes 
niveles tróficos. Se demostró que el heptacloro era tóxico 
para los peces y otras especies acuáticas. Sin embargo, 
hay una gran variabilidad en los niveles de toxicidad 
notificados, posiblemente debido a la evaporación del 
heptacloro, reduciéndose de esta manera la concentra-
ción real del compuesto con respecto a la concentración 
nominal de prueba con el paso del tiempo. 
 
 Para el entorno de agua dulce, se eligieron 23 
valores de la toxicidad a fin de obtener un valor guía. Se 
derivó un valor guía para el heptacloro de 10 ng/l, 
basado en la distribución de la sensibilidad de las 
especies, para la protección del 99% de ellas con una 
confianza del 50%. En muchos lugares, las concentra-
ciones de heptacloro en el agua dulce eran superiores al 
valor guía; la mayor concentración de heptacloro notifi-
cada medida en el agua dulce superficial, de 62 000 ng/l, 
era más de 1000 veces superior.  
 
 Para el medio marino, se eligieron 18 valores de la 
toxicidad a fin de obtener un valor guía. Se derivó un 
valor guía para el heptacloro de 5 ng/l, basado en la 
distribución de la sensibilidad de las especies, para la 
protección del 99% de ellas con una confianza del 50%. 
En el agua de mar, el valor fidedigno más alto para el 
heptacloro presente es de unos 0,15 ng/l, de manera que 
no supera el valor guía, indicando un nivel bajo para el 
medio marino.  
 
 De acuerdo con los escasos datos disponibles, el 
heptacloro parece presentar efectos tóxicos moderados 
para los vertebrados terrestres. Ninguno de los estudios 
parece suficientemente fidedigno como para utilizarlo en 
una caracterización cuantitativa del riesgo. Hay que 
recordar que el heptacloro se utiliza como termiticida. 
 
 En estudios con ratas, el heptacloro ha mostrado 
efectos neurotóxicos e inmunotóxicos con 0,03 mg/kg de 
peso corporal al día. El delta del Göksu, en Turquía, una 
de las más zonas importantes de cría e invernación de 

aves del mundo, está contaminado por plaguicidas 
organoclorados procedentes del suelo de las zonas 
agrícolas que ha arrastrado el río Göksu hasta el delta. 
En esta región se han detectado niveles de heptacloro/ 
heptacloro epóxido en las aves y sus huevos en la gama 
más baja de los mg/kg. En este momento sólo se puede 
especular sobre el efecto de estas concentraciones de 
heptacloro en las poblaciones de aves, debido a la falta 
de datos; sin embargo, en este lugar hay un riesgo 
potencial para el medio terrestre. 
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