
In addition to regulating pesticide use and application, the 
FIFRA that the pesticide manufacturer be registered 
with the The EPA, under agreement with the U.S. Food and 
Drug Administration, establishes pesticide tolerances for raw 
foods and produce. Pesticides that might be considered food 
additives are controlled by the EPA under the Food, Drug, and 
Cosmetic Act. Once a pesticide is discarded, it becomes a haz­
ardous waste and then falls under regulation by the Resource 
Conservation and Recovery Act rather than by the FIFRA. 

The 1978 amendment to the FIFRA allows manufacturers of 
pesticides to obtain a waiver on submission of data demonstrat­
ing efficacy of their product, except when the product has a 
direct relation to or effect on public health. In addition, the 1978 
amendment allows for public disclosure of the safety and health 
data regarding pesticide regulation. The 1978 amendment also 
transfers to states the responsibility to enforce pesticide use reg­
ulations if they can demonstrate that they possess the means to 
do so. The EPA reserves the right to revoke any state's responsi­
bility for pesticide regulation if that state is unable or unwilling 
to enforce the regulations. 
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CHAPTER99 

Organochlorine Pesticides 
Mark D. Van Ert and John B. Sullivan, Jr. 

Chlorinated hydrocarbon pesticides include DDT, DDE, and 
DDD; hexachlorocyclohexane (HCH) and isomers, including 
lindane (y-HCH); cyclodiene compounds; chlordecone, kelevan1 
and mirex; toxaphene; and dicofol and methoxychlor (Table 
99-1). The general toxicity of chlorinated hydrocarbon insecti-
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TABLE 99-1. Organochlorine pesticides 

DDT 
DOE 
DOD (Rothane) 
Aldrin 
Dieldrin 
Endrin 
Endosulfan 
lsobenzan (telodrin) 
Chlordane 
Heptachlor 
Hexachlorocyclohexane (technical-grade) 
Lindane (y-hexachlorocyclohexane) 
Chlordecone (Kepone) 
Kelevan 
Mirex (Dechlorane) 
Dicofol (Kelthane) 
Methoxychlor (Marlate) 
Toxaphene 

cides is central nervous system (CNS) stimulation or depression, 
depending on the compound and dose. C;7_clodie~es, HCHs, 
and toxaphene pesticides inhibit chloride mflux m the _CNS 
induced by gamma-aminobutyric acid (GABA) and_ thus i:1-te:­
fere with GABA receptor function (1,2). This mechanism of inhi­
bition is consistent with the clinical symptoms of CNS excitation 
and seizures seen in acute toxicity from organochlorine pesti­
cides. In general, aldrin, dieldrin, lindane, toxaph~ne, en~rin, 
and chlordane exposures via the oral, dermal, or mhalat10nal 
route can cause seizures, muscle tremors, confusion, agitation, 
and coma as common manifestations. 

DDT, DOE, AND ODD 

DDT [dichlorodiphenyl trichloroethane or 1,1,1-trichloro-~,2-
bis(p-chlorophenyl) ethane] was widely used for co11:trollmg 
insects, particularly those that carried typhus and malaria. Tech­
nical DDT is a mixture of three forms: p,p'-DDT, o,p'-DDT, and 
o,o'-DDT. These analogs of DDT are odorless, white crystalline 
solids. DDE [dichlorodiphenyl-dichloroethylene, l,l-dichloro-
2,3-bis(p-chlorophenyl) ethylene] and DDD [1,l-dichloro-2,~­
bis(p-chlorophenyl) ethane] are minor contaminan~s. fou_nd m 
technical DDT (3). DDT is no longer used as a pesticide m the 
United States. However, it is still used widely in other areas of 
the world for the control of insect disease vectors. 

QfcS\-rfo\- Cl ~c~ 
Chemical formula 

Chemical name 

Synonyms 

Trade names 

p,p'-DDT 

1, 1, Hrichloro-2,2-bis(p-chlorphenyl) ethane; 
dichlorodiphenyl trichloroethane,4,4' DDT 

Genitox, Anofex, Detoxen, Pentachlorin, Dicophane, 
Chlorophenothane 

Figure 99-1. DDT. (From ref. 3, with permission.) 

Cl f6\-~-lry- Cl 

~c~ 
Chemical formula 

Chemical name 

Synonyms 

p,p'-DDE 

DDT dihydrochloride; 
dichlorodiphenyldichloroethylene; 
1, 1-dichloro-2,2-bis(p-chlorophenyl) ethylene 

Figure 99-2. ODE. (From ref. 3, with permission.) 

Chemical and Physical Properties 

Chemical structures of DDT, DDE, and DDD are shown in Fig­
ures 99-1 through 99-3. Technical DDT is formed by condensi1:g 
chloral hydrate with chlorobenzene in the presei:ce ?f sult~nc 
acid (3). DDT was first synthesized in 187 4, and its msect:c1de 
properties were discovered in 1939 (3). In 1972, the U.S. Environ­
mental Protection Agency (EPA) banned the use of DDT except 
in cases of public health emergencies. Peak usage of DDT in the 
United States occurred in 1963, when 80 million kg of DDT was 
applied to agricultural areas (3). 

Human Exposure to DDT, DOE, and DOD 

Despite being banned in the United States in 1972, DDT. still is 
used heavily in other areas of the world for control of d1seas:­
transmi tting insects. Questions regarding DDT use remain 
unanswered: (i) Does DDT or its metabolites cause human can­
cer? (ii) Does the bioaccumulation of DDT, DDE, and DDD pose 
some unknown health effect tb future generations? (iii) Does the 
persistence of DDT and its metabolites in the environment pose 
environmental health risks to animals and humans? DDT per­
sists for long periods after soil application and is converted to 
DDE, which persists even longer. DDT, DDE, and DDD may 
leach into water supplies from soil and crops. DDT and DDE 
bioaccumulate up the food chain (3,4). 

DDT and its primary metabolites, DDE and DD?, ~ave ~e~n 
found at hazardous-waste sites on the National Pnonty List m 
the United States. DDT and its metabolites are ubiquitous in the 
environment and are constantly being transformed and redis­
tributed. Volatilization of DDT and DDE account for losses from 
soil and water (3,4). DDD is less volatile than either DDT or 
DDE. DDT, DDE, and DDD are highly lipid soluble and thus 
concentrate in human and animal adipose tissue. The long envi-

CL-lry-~-lry- Cl 
~HC~ 

Chemical formula 

Chemical name 

Synonyms 

Trade names 

p,p'-DDD 

1, 1-bis( 4-chlorophenyl )-2,2-dichloroethane; 
1,1-dichloro-2,2-bis(p-chlorophenyl) ethane 

ODD; Rothane; Dilene 

·Figure 99-3. ODD. (From ref. 3, with permission.) 



Agency 

Federal and international agencies, 
regulations 

WHO 
WHO 
OSHA 
EPA 
EPA 
EPA 
EPA 

EPA 
EPA 

EPA 

FIFRA 
Federal agencies, guidelines 

NIOSH 

ACGIH 
NAS 

EPA 

EPA 

State environmental agencies, regula­
tions and guidelines 

Alabama 
Alaska 
Arizona 
California 
Colorado 
Delaware 
Connecticut 
Florida 
Georgia 
Hawaii 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 

Kentucky 
Maine 
Maryland 
Massachusetts 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
Nevada 
New Hampshire 
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TABLE 99-2. Regulations applicable to DDT, ODE, or DDD 

Description 

Conditional acceptable daily intake in food 
Evidence of human carcinogenicity 
TWA 
Maximum contaminant level in drinking water 
Reportable quantity 
Listing as a hazardous-waste substance 
Listing as toxic pollutant 
Listed in RCRA Appendix IX for groundwater monitoring 
TSCA chemical substance inventory 
Recommended action levels for sum of residues 

Range 
Most fruits and vegetables 
Eggs 
Grains 
Milk 
Meat 

Reference dose (oral) 
Potency factor (oral, inhalation) 

Most uses canceled in 1972 

IDLH 
TWA (air and skin) 
TWA 
Suggested no-adverse-response level (SNARL) 

7-day 
24-hour 

Ambient water quality criteria to protect human 
health 

Carcinogenic classification 
Water and fish and shellfish ingestion 

Fish and shellfish consumption only 

Drinking water quality standards for DDT in several 
states 

0.005 mg/kg 
ND 
1 mg/m3 

NA 
1 lb (proposed) 
ND 
ND 
ND 
ND 

Value 

0.05 (grapes, tomatoes) to 3 .0 (carrots) ppm 
0.1-0.5 ppm 
0.5 ppm 
0.5 ppm 
0.05 ppm 
5 ppm 
5.0 x 10-4 mg/kg/day 
3.4 x 10-1 mg/kg/day (DDT, ODE) 
2.4 x 10-1 mg/kg/day (DOD) 

ND 
1 mg/m3 

1 mg/m3 

ND 
ND 
ND 
2.85 µg/L (DDT) 

ND (DOD and ODE) 
B2a 
0.0024 ng/L (DDT) (risk level corresponding to 1 o-7) 

2.6 x 10-6 µg/L for concentrations <1 x 103 µg/L 
(DOD) 

0.0024 ng/L (DDT) (risk level corresponding to 10-7) 

No special or state rule 
No special or state rule 
No special or state rule 
No special or state rule 
No special or state rule 
No special or state rule 
No special or state rule 
No special or state rule 
No special or state rule 
No special or state rule 
No special or state rule 
50 µg/L 
No special or state rule 
No special or state rule 
0.42 µg/L (DDT) 
2.4 x 10-5 µg/L (ODE) 
2 .4 x 1 o-5 µg/L (DOD) 
No special or state rule 
0.83 µg/L 
No special or state rule 
No special or state rule 
1.0 µg/L 
No special or state rule 
No special or state rule 
No special or state rule 
No special or state rule 
No special or state rule 
No special or state rule 

(continued) 
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TABLE 99-2. (continued) 

Agency 

New Mexico 
New York 
North Carolina 
Ohio 
Oklahoma 
Oregon 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
Virginia 
West Virginia 
Wisconsin 

Description 

No special or state rule 
No special or state rule 
No special or state rule 
No special or state rule 
No special or state rule 
No special or state rule 
No special or state rule 
No special or state rule 
No specia I or state rule 
No special or state rule 
No special or state rule 
No special or state rule 
No special or state rule 
No special or state rule 
No special or state rule 
No special or state rule 

Value 

Acceptable ambient air concentrations of DDT in 
several states 

Connecticut 
Kansas 

Nevada 
Pennsylvania (Philadelphia) 

Virginia 

5 µg/m3 (8 h) 
2.381 µg/m3 (DDT) (annual) 
2.4 x 10-5 µg/kg (DDE) (guideline) 
2.4 x 1 o-s µg/L (DDD) (guideline) 
0.04 µg/m3 (8 h) 
1 .8 µg/m3 (DDT) Cl yr) 
1.8 µg/m3 (DDE) 
16 µg/m3 (24 h) 

ACGIH, American Conference of Governmental Industrial Hygienists; EPA, U.S. Environmental Protection Agency; FIFRA, Federal Insecticide, Fungicide, and Rodenticide Act; 
IDLH, immediately dangerous to life and health; NAS, National Academy of Sciences; NA, not applicable; ND, no data; NIOSH, National Institute for Occupational Safety and 
Health; OSHA, U.S. Occupational Safety and Health Administration; TSCA, U.S. Toxic Substances Control Act; TWA, time-weighted average; WHO, World Health Organization. 
aEPA weight-of-evidence classification scheme for carcinogens: A, human carcinogen-sufficient evidence from human epidemiologic studies; Bl, human carcino-
gen-limited evidence from epidemiological studies and adequate evidence from animal studies; B2, probable human carcinogen-inadequate from epidemiologic 
studies and adequate evidence from animal studies; C, possible human carcinogen-limited evidence in animals in the absence of human data; D, not classified as to human 
carcinogenicity; and E, evidence of noncarcinogenicity. 
Adapted from ref. 3, with permission. 

ronmental half-life of these compounds, coupled with their lipo­
philic properties, results in bioaccumulation. 

Photooxidation and biodegradation of DDT can occur in air, soil, 
and water. DDT and DDE are slowly degraded to CO2 and hydro­
chloric acid by solar radiation (3,4). Environmental concentrations 
of DDT, DDE, and DDD worldwide have tended to remain rela­
tively constant despite continued widespread application, owing to 
their continuous biological oxidation by ultraviolet light (4). 

The loss of DDT from soils is primarily through volatilization, 
water runoff, and chemical transformation. Some biodegradation 
occurs by aerobic and anaerobic microorganisms. Aerobic metab­
olism results in a conversion of DDT to DDE. Anaerobic conditions 
result in conversion of DDT to DDD. DDT conversion to DDE is 
slower than its conversion to DDD. The DDE and DDD metabo­
lites of DDT are resistant to further transformation, and the half­
life estimates for biodegradation of DDT in soil range from 2 to 15 
years (3,4). Human exposures occur mainly through diet via bio­
accumulation up the food chain and from breastfeeding. 

Low levels of DDT and its metabolites will continue to be 
present in the environment because other countries are still 
applying it. Because of the partitioning of DDT and DDE into 
human breast milk, breast-fed infants will receive DDT and 
DDE from the mother. Exposure to DDT and its metabolites by 
inhalation is negligible. 

Distribution of DDT in the Environment 
DDT and its analogs are detected by gas chromatography-mass 
spectrometry in both environmental samples and human tis-

sues. DDE, the primary metabolite of DDT, commonly is found 
in samples of human adipose tissue. 

Regulations relating to DDT and its analogs are presented in 
Table 99-2. DDT, DDE, and DDD are also listed in the Toxic 
Chemicals Substance Section 313 of the Emergency Planning 
and Community Right to Know Act of 1986 Superfund Amend­
ment Reauthorization Act (SARA Title III). 

Airborne concentrations of DDT have been found to range 
from 1.4 to 1,560 ng per cubic meter and DDE from 1.9 to 131 ng 
per cubic meter (3). Since the ban on DDT use was enacted, air 
concentrations have been declining. Over the period 1974 to 
1975, the arithmetic mean DDT air concentration decreased 
from 11.9 to 7.5 ng per cubic meter (3). Air samples collected in 
the Gulf of Mexico in 1977 showed a DDT range of 0.010 to 0.078 
ng per cubic meter (3). 

The U.S. National Soils Monitoring Program has fol­
lowed the soil pattern concentration of DDT since its ban­
ning. DDT and DDE residues in soils have been steadily 
declining since 1972. In 1970, soil DDT concentrations aver­
aged 0.18 parts per million (ppm), decreasing to 0.02 ppm by 
1972 (3). 

The concentrations of DDT and DDE also declined in foods 
between 1965 to 1975. 

The median concentration of DDT and DDE in water sam­
ples in the United States is approximately 1 part per trillion 
(ppt) (3). Industrial effluents have shown concentrations of 10 
ppt of DDT, DDE, and DDD. Overall, the concentrations of 
DDT and its residues appear to be decreasing in the environ­
ment since 1972. 
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Figure 99-4. Relationship of the distribution of DDT and related chemicals 
among blood and certain tissues in humans. (From ref. 21, with permission.) 

Absorption, Metabolism, and Excretion 

DDT and its metabolites, DDE and DDD, are found in samples 
of human blood, adipose tissue, human breast milk, umbilical 
cord blood, and placental tissue (5-13). However, there is no cor­
relation between the concentrations in human tissues and envi­
ronmental concentrations. Higher ratios of DDD or DDT to DDE 
may indicate recent exposure, as DDT and DDD have shorter 
half-lives (3). Concentrations of DDT in fatty tissue are 300 times 
higher than those in blood (3). The partitioning of DDT among 
tissues as compared to blood demonstrates the high lipid solu­
bility of the compound (Fig. 99-4). Due to the fact that DDT and 
DDE are stored in fatty tissues and are released slowly from 
these sites, making a correlation between concentrations in tis­
sues and the time of exposure is difficult. 

Environmental exposure concentrations are lower than any 
dose that will have identifiable health effects. A decline in 
human tissue concentrations of DDT has occurred since 1972 (4). 
The estimated daily dietary intake of DDT declined from 0.24 
mg per person per day in 1970 to 0.008 mg per person per day in 
1973 (4). The World Health Organization (WHO) established an 
acceptable dietary intake of DDT as 0.005 mg per kg per day 
and, from 1965 to 1970, the dietary intake of DDT declined to 
0.0007 mg per kg per day (4). 

The metabolism of DDT, DDE, and DDD has been studied in 
humans and other animal species (Fig. 99-5). Chronic oral inges­
tion of DDT induces the hepatic microsomal mixed-function 
oxidase system (3,4). Humans excrete DDT more slowly than do 
animals. Also, it is estimated that if all human DDT exposure 
were terminated, 10 to 20 years would pass before all DDT was 
removed from human tissue (4). However, DDE, with its longer 
half-life, will persist for many years beyond this (4). 

Clinical Toxicology of DDT 

Volunteers given DDT orally have developed symptoms of gait 
disturbance, malaise, fatigue, headache, nausea, tremors, and 
vomiting, depending on the dose. Test doses were 750 mg, 1,000 
mg, or 1,500 mg of DDT (3). All subjects recovered from their 
symptoms within 24 hours. Ingestion of DDT, either acciden­
tally or intentionally, can result in similar symptoms. Exposure 
to large oral doses of DDT can result in excitability, tremors, and 
convulsions. This neurologic effect probably is a result of inter­
ference with sodium and potassium conductance across cell 
membranes. Other health effects at high exposure concentra­
tions of DDT are irritation of the mucous membranes, nose, 
throat, and mouth, nausea, and headache. 

Carcinogenesis and lmmunotoxidty 

No information exists on the immunotoxic effects of DDT or its 
metabolites in humans. Although immunologic effects in ani-
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Figure 99-5. Metabolism of DDT. (From ref. 3, with permission.) 

mals have been documented, extrapolating these findings to the 
human condition has been difficult. Even though DDT has pro­
duced liver nodules in mice, several other studies in animals 
have not demonstrated carcinogenesis. No evidence reveals that 
DDT or its metabolites are human carcinogens. Further, no 
information establishes a causal relationship between DDT, 
DDE, and DDD concentrations in blood and fat or other tissues 
in relation to specific health effects. 

The International Agency for Research on Cancer has 
reviewed the literature on the carcinogenicity of these com­
pounds and has found no convincing evidence of the carcino­
genic risk of DDT and DDE in humans, although evidence of 
DDT carcinogenicity in the mouse model was found. In a large, 
multicenter prospective study, plasma levels of DDE and poly-
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chlorinated biphenyls were measured in 240 women who subse­
quently were given a diagnosis of breast cancer (14). This study 
was triggered by the observation that breast cancer rates vary by 
up to fivefold across the globe. In addition, it has been observed 
that the daughters of women who migrate from a country with 
a low incidence of breast cancer to a country with a high inci­
dence acquire the breast cancer rate of their new country. Many 
researchers have interpreted these epidemiologic data as being 
supportive of the hypothesis that breast cancer rates are strongly 
linked to environmental and lifestyle factors. 

Because hormonal activity is associated with the organochlo­
rine chemicals, a working hypothesis was proposed that linked 
these "environmental estrogens" with breast cancer rates. 
Hunter et al. (14) did not demonstrate a link between the median 
level of DDE and breast cancer risk. The median level of DDE 
was lower in case subjects than among control subjects. Similar 
data were found with polychlorinated biphenyl levels. These 
results were consistent with the data published by Krieger et al. 
in 1994 (15). An editorial in the New England Journal of Medicine 
stated, "The results of Hunter et al., along with those of other 
studies, should reassure the public that the weakly estrogenic 
organochlorine compounds such as [polychlorinated biphe­
nyls ], DDT, and DDE are not a cause of breast cancer" (16). 

HEXACHLOROCYCLOHEXANE AND UNDANE 

HCH, sometimes misnamed benzene hexachloride, was applied 
widely through the 1960s and 1970s. Discovered in 1825, HCH 
was used as a smoke munition in World War I. The insecticide 
properties of HCH were discovered in 1942. Owing to its chemi­
cal structure, various isomeric forms of HCH exist (Fig. 99-6), the 
best known of these being y-HCH or lindane. Technical-grade 
lindane consists of several isomers: a, ~, y, and 8. The toxicity of 
these isomers, in terms of their effectiveness in controlling 
insects, is inequitable, y-HCH being more potent than a-HCH, 
and a-HCH being more effective than ~-HCH (17). 

Chemical and Physical Properties 

Eight isomers of HCH are known, and all have the empirical for­
mula of C6H6Cl6 and a molecular weight of 290.8. The isomeric 
mixture of HCH is a brown-off-white powder with a musty 
odor and is soluble in acetone, benzene, and chlorinated hydro­
carbon solvents. HCH is almost insoluble in water (18). The y 
isomer or lindane is heat-stable and can vaporize without 
decomposition. 

HCH is manufactured by ultraviolet photochlorination of 
benzene (17). Technical-grade HCH consists of an isomeric mix­
ture of a (70%), ~ (7%), y(5%t 8 (5%t and others (5%). Fractional 
crystallization of the y-HCH isomer yields a 99.8% product of y­
HCH called lindane (17). Production of lindane was terminated 
in 1976 in the United States. Lindane has been available as an 
emulsifiable concentrate, liquids, powders, gas, pressurized liq­
uids, aerosol sprays, and granules. Besides its past use as an 

Cl CIOCI 
Cl Cl 

Cl 

Figure 99-6. Hexachlorocyclohexane (a, ~' y, o isomers). 

insecticide, lindane still is used as a scabicide for humans and 
animals. It has also been used on fruit and vegetable crops, for 
seed treatment, and for animal treatment. 

Environmental Regulations 

Lindane is on the list of chemicals that appears in the Toxic 
Chemicals Substances Section 313 of the Emergency Planning 
and Community Right to Know Act of 1986 (SARA Title III). The 
environmental regulations pertaining to lindane are summa­
rized in Table 99-3. 

Human Exposure 

Exposure to lindane and other HCH isomers occurs from occu­
pational and environmental sources via dermal contact, inhala­
tion, or ingestion. Lindane and the other HCH isomers can reach 
the environment through their use as pesticides and during pro­
duction of the product. HCH can be detected in air, soit aquatic 
organisms, and water. Most human exposures occur through the 
ingestion of plants, animals, and dairy products. a-, ~-, y-, and 8-
HCH isomers have been detected at a number of hazardous­
waste sites. Lindane has been detected at waste sites in surface 
water at a mean concentration of 0.5 parts per billion (ppb) and 
in the soil around these sites at a concentration of 11 ppb (2). The 
~ isomer of HCH has been found in surface water around haz­
ardous-waste sites at a mean concentration of 2.89 ppb and in 
soil at these sites at a mean concentration of 150 ppb. The 8 iso­
mer has been detected at hazardous-waste sites at a mean con­
centration of 31 ppb and in the soil around these sites at a 
concentration of 6.6 ppb (18). 

Release of lindane into the air has occurred through its appli­
cation as a pesticide. Release of lindane into surface water 
occurs from surface runoff or from deposition of the chemical 
through rain and other forms of precipitation. Low concentra­
tions of lindane have been detected in samples of water runoff 
in a variety of cities around the United States. Lindane move­
ment in the environment occurs via leaching from soil into 
groundwater, adsorption to particles in the soit and volatiliza­
tion into the atmosphere. An important consideration pertain­
ing to the release of lindane from soil into surface water is the 
relative content of the organic matter versus clay in the soil. Soil 
with a higher organic content will adsorb lindane and reduce 
leaching. Lindane in the soil is degraded primarily by microor­
ganisms. Depending on the isomer, either anaerobic or aerobic 
conditions will be most conducive to biodegradation (18). 

Lindane released into surface water can bioconcentrate in 
aquatic organisms. The other isomers of HCH, as well as lin­
dane, bioconcentrate up through the food chain. Owing to its 
lipophilic nature, lindane concentrates in adipose tissue. Very 
little biodegradation of the HCH isomers occurs. 

Monitoring of lindane and other HCH isomers in ambient air 
in the United States during the period 1970 to 1972 has shown a 
mean concentration of 0.9 ng per cubic meter in a ten-state area 
(18). A maximum lindane concentration of 11.7 ng per cubic 
meter was reported in the same study. Other monitoring that 
has been performed at a variety of locations in the United States 
has shown y-HCH to be present at concentrations of 0.1 to 7.0 ng 
per cubic meter (18). However, there were no detectable concen­
trations in rural areas. During a heavy period of pesticide usage 
in 1972 to 1974, atmospheric concentrations of lindane were as 
high as 9.3 ng per cubic meter (18). 

In global monitoring of HCH isomers, air samples in the 
world's remote areas range from 1.1 to 2.0 ng per cubic meter in air 
and 3.1 to 7.3 ng per Lin water (18). Water concentrations oflindane 
evaluated at numerous areas across the United States have mea-



Agency 

International agencies 
Oral 

WHO 

WHO 
Other 

IARC 

National agencies 
Regulations 

Oral 
EPA 

EPA 
FDA 

Inhalation 
OSHA 

Other 
EPA 

Guidelines 
Oral 

EPA 

EPA 

NAS 

Inhalation 
ACGIH 

NIOSH 
Other 

EPA 
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TABLE 99-3. Regulations and guidelines applicable to hexachlorocydohexane 

Description 

Acceptable daily intake 
Allowable tolerances (y-HCH) range 
Most fruits and vegetables 
Guideline for drinking water 

Carcinogenic classification 
a-HCH 
~-HCH 
y-HCH 

Tolerances (y-HCH) range 
Most fruits and vegetables 
Maximum contaminant level in drinking water (lindane) 
Permissible level in bottled water (lindane) 
Action levels (lindane) 

Most fruit and vegetables 
Cereals 
Milk 

Permissible exposure limit, TWA for lindane (skin) 

Reportable quantity lindane 
Extremely hazardous substance 
Threshold planning quantity for lindane 
Listing as toxic waste: discarded commercial products, off-specification species, 

container residues, and spill residues of lindane. Listing as a hazardous 
waste constituent. General pretreatment regulations for existing and new 
sources of pollution. 

Maximum concentration of contaminants; toxicity (lindane) 
TSCA chemical substance inventory (all isomers) 
General permits under the National Pollutant Discharge Elimination System 

Maximum contaminant level goal, proposed, for lindane 
Health advisories for lindane 

1-day 
10-day 
Longer-term 

Adult 
Child 
Lifetime 

Ingestion of water and aquatic organisms 
a-HCH 
~-HCH 
y-HCH 
Technical-grade HCH 

Ingestion of aquatic organisms only 
a-HCH 
~-HCH 
y-HCH 
Technical-grade HCH 

Suggested no-adverse-effect level for lindane 
7-day 
24-hour 

Threshold limit value 
TWA for lindane (skin) 

IDLH level (all isomers) 

Carcinogenic classification 
a-HCH 
~-HCH 
y-HCH 
8-HCH 

Value 

0.0-0.01 mg/kg 
0.05 mg/kg (potatoes) to 2 mg/kg (lettuce) 
0.5 mg/kg 
0.003 mg/L 

Group 3a 

0.01 ppm (pecans) to 7 ppm (meat fat) 
1 or 3 ppm 
0.004 mg/L 
0.004 mg/L 

0.5 ppm 
0.1 ppm 
0.3 ppm 

0.5 mg/m3 

1 lb 

1,000/10,000 lb 

0.4 mg/L 

0.0002 mg/L 

1.2 mg/L 
1.2 mg/L 

0.12 mg/L 
0.033 mg/L 
0.2 µg/L 

0.92-92.0 ng/L 
1 .63-163 .0 ng/L (risk, 10-7-10- 5) 

1 .86-186.0 ng/L (risk, 1 0-7 -1 o-5) 

1.23-23.0 ng/L (risk, 10-1-10-5) 

1-310.0 ng/L (risk, 10-7-10-5) 

5.47-547.0 ng/L (risk, 10-1-10-5) 

6.25-625.0 ng/L (risk, 10-7-1 o-5) 

4.14-414.0 ng/L (risk, 10-7-1 o-5) 

0.5 mg/L 
3.5 mg/L 

0.5 mg/m3 

1,000 mg/m3 

Group B2h 
Group Cb 
Group B2/Cb,c 
Group Db 

(continued) 
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TABLE 99-3. Regulations and guidelines applicable to hexachlorocydohexane 

Agency Description 

Technical-grade HCH 
Reference dose, oral (y-HCH) 
q

1
*d (oral) 
a-HCH 
~-HCH 
y-HCH 
Technical-grade HCH 

q
1 

*cl (inhalation) 
a-HCH 
~-HCH 
Technical-grade HCH 

Value 

Group 82b 
3 x 1 0-4 mg/kg/day 

6.3 (mg/kg/dayJ-1 

1.8 (mg/kg/dayJ-1 

1 .3 (mg/kg/dayJ-1 

1 .8 (mg/kg/dayJ-1 

6.3 (mg/kg/dayJ-1 

1 .8 (mg/kg/dayJ-1 

1 .8 (mg/kg/dayJ-1 

ACGIH, American Conference of Governmental Industrial EPA, U.S. Environmental Protection Agency; FDA, U.S. Food and Drug Administration; HCH, hexachlo-
rocyclohexane; IARC, International Agency for Research on IDLH, immediately dangerous to life and health; NAS, National Academy of Sciences; NIOSH, National 
Institute for Occupational Safety and Health; OSHA, U.S. Occupational Safety and Health Administration; TSCA, U.S. Toxic Substances Control Act; TWA, time-weighted aver­
age; WHO, World Health Organization. 
"!ARC weight-of-evidence classification scheme for carcinogens: Group 1, carcinogenic to humans-sufficient evidence from human epidemiologic studies; Group 2A, proba­
bly carcinogenic to humans-limited evidence from human epidemiologic studies; Group 28, probably carcinogenic to humans, inadequate data from human epidemiologic 
studies and sufficient evidence from animal studies; Group 3, cannot be classified as to its carcinogenicity in humans. 
hEPA weight-of-evidence classification scheme for carcinogens: A, human carcinogen-sufficient evidence from human epidemiologic studies; 81, probable human carcino­
gen-limited evidence from epidemiological studies and adequate evidence from animal studies; 82, probable human carcinogen-inadequate evidence from epidemiologic 
studies and adequate evidence from animal studies; C, possible human carcinogen-limited evidence in animals in the absence of human data; D, not classified as to human 
carcinogenicity; and E, evidence of noncarcinogenicity. 
cThe EPA Office of Drinking Water and the Office of Pesticide Programs are considering y-HCH (lindane) as Group C for regulatory purposes pending review. 
dq 1 * represents the upper-bound estimate of the low dose of the dose-response curve, as determined by the multistage procedure. The q1' can be used to calculate an estimate 
of carcinogenic potency, the incremental excess cancer risk per unit of exposure (usually milligrams per liter of water, milligrams per kilogram of food per day, and grams per 
cubic meter of air). 
Adapted from ref. 3, with permission. 

sured between 10 and 319 ppt (18). Lindane is detected in approxi­
mately 10% of urban water runoff samples in cities across the 
United States in concentrations ranging from 0.052 to 0.1 ppt (18). 

Given the widespread, but low, environmental concentrations 
of HCH isomers and their bioconcentration up the food chain, the 
most important human exposure at the present time is through 
ingestion of food products, mainly meats and dairy products. HCH 
isomers have been detected in dairy products, meats, fish, poultry, 
fruits, oils, fats, leafy vegetables, sugar, and other foods. To a lesser 
degree, other human exposures occur from the ingestion of drink­
ing water that contains small concentrations of lindane. Previous 
estimates by the U.S. Department of Health, Education, and Wel­
fare on the average daily intake of lindane have varied from 3 µg 
per day to a low of 0.22 µg per day (18). 

In workers involved in the production of technical HCH and 
lindane, serum and adipose tissue concentrations of HCH iso­
mers during production increase with exposure time (14,16-18). 
Human serum concentrations of HCH have been reported in the 
following ranges: a-HCH, 10 to 273 µg per L; ~-HCH, 17 to 760 
µg per L; and y-HCH, 5 to 188 µg per L (17). A significant 
increase in ~-HCH concentrations in the serum of chronically 
exposed workers was apparent (17). ~-HCH adipose concentra­
tions were 300 times greater than serum concentrations (17). 

No documented adverse health effects among employees 
involved in lindane production have been noted as compared to 
control populations (18,19). Nonetheless, workers who directly 
handled HCH, as well as exposed nonhandlers, complained of 
headache, paresthesias, giddiness, malaise, tremors, apprehen­
sion, loss of sleep, confusion, vomiting, decreased libido, and 
impaired memory (20). The total HCH in the serum of those work­
ers ranged from 0.143 to 1.152 µg per L (20). Serum concentrations 
of HCH are related to the degree and duration of exposure, with~­
HCH accumulating more than the other isomers and accounting 
for nearly 30% of the total HCH serum concentrations (20). 

Lindane and other HCH isomers have been detected in the 
blood and adipose tissue of the general public in a variety of 

countries (5-13,21-27). Lindane blood concentrations were found 
to be highest in people in the age group 41 to 60 years (18). The 
National Human Adipose Tissue Survey conducted in 1982 dem­
onstrated that ~-HCH was detected in 87% of samples collected, 
ranging in concentrations from 19 to 570 ng per gram of tissue 
(18). In autopsy surveys conducted between 1970 and 1975, ~­
HCH was present in more than 90% of human adipose tissue 
samples at a level of 300 ppb (18,21). Reports indicate that the 
median level of ~-HCH in the United States has fallen from a level 
of 140 ppb to 80 ppb (18). Although the median concentration in 
human adipose tissue has diminished, the chemical still is 
detected in virtually 100% of the general population (5-13,21-27). 

Factors influencing the body concentration of lindane 
include age, dietary habits, and location of the country in which 
the person lives. Higher levels of lindane and other HCH iso­
mers are found in nonvegetarians. Studies of human breast milk 
have demonstrated HCH isomers in 82% of samples at a mean 
concentration of 81 ppb and a range of Oto 480 ppb (18,23,28,29). 

Gas chromatography-mass spectrometry methods can detect 
lindane and HCH isomers at the parts-per-billion level. 
Although methods are available that can detect and quantify 
concentrations of HCH isomers, correlating these concentra­
tions with environmental concentrations or toxic effects remains 
impossible. 

Despite the fact that HCH isomers can be detected in blood, 
serum, urine, and adipose tissue in the general population, the 
concentration in these tissues does not correlate with adverse 
health effects. Mean serum concentrations of total HCH in sub­
jects have been reported to be 0.27 ppm for those who did not 
handle the product and 0.6 ppm for those who directly handled 
the product (20). Of the total HCH evaluated by assay in the 
serum of these individuals, 60% to 100% was in the form of the 
~-HCH isomer. The serum concentrations were reported as fol­
lows: 0.07 to 0.72 ppm of ~-HCH, 0.004 to 0.18 ppm a-HCH, 0.0 
to 0.17 ppm for lindane, and 0.0 to 0.16 ppm for o-HCH (20). The 
investigators reported that handlers of HCH, as well as those 
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TABLE 99-4. Summary of hexachlorocyclohexane (HCH) occupational exposure 

Occupational exposure, serum concentrations (ppm) 

Study group 

Controls (mean) 
Handlers (mean) 
Nonhandlers (mean) 

Total HCH 

0.05 (0-0.37) 
0.60 (0.20-1.15) 
0.266 (0.08-0.66) 

~-HCH 

0.029 (0-0.1) 
0.41 (0.16-0.72) 
0.207 (0.065-0.5) 

a-HCH 

0.022 (0-0.26) 
0.10 (0.024-0.18) 
0.0412 (0.004-0.16) 

y-HCH 

0.007 (0-0.01) 
0.06 (0.01-0.17) 
0.016 (0-0.04) 

8-HCH 

0 
0.04 (0-0.16) 
0.0017 (0-0.022) 

Occupational exposure, adipose tissue concentrations (mg/kg) 

Controls 
Workers 

Nonproduction workers 
Production workers with no skin contact, Group I 
Production workers with no skin contact, Group II 
Production workers with no skin contact, Group Ill 

Adapted from refs. 17, 20, and 31. 

0.3-2.4 

18-103 (45.6 ± 24.4) 

who were not directly exposed, had complained of facial pares­
thesias, headaches, dizziness, malaise, vomiting, tremors, con­
fusion, and impaired memory (20). Serum levels were measured 
also in maintenance workers who periodically visited the work­
site. Serum concentrations in these workers were much lower 
than in those workers who were occupationally exposed. Liver 
functions among the exposed workers were not statistically sig­
nificantly different from those in controls (30). Table 99-4 sum­
marizes HCH serum and adipose tissue concentrations in 
various occupational situations (17,23,31). 

In one study, exposure levels of a-HCH were 0.002 to 1.99 mg 
per cubic meter, of B-HCH were 0.001 to 0.38 mg per cubic meter, 
and of lindane or y-HCH were 0.004 to 0.15 mg per cubic meter. 
The mean blood levels of 57 workers measured 0.5 µg of a-HCH, 
0.9 µg of B-HCH, and 0.7 µg of y-HCH per L (17). The accumula­
tion of B-HCH isomer has been demonstrated to increase in a 
linear fashion with the duration of exposure. Adipose concen­
trations in samples from autopsies have ranged from 0.03 to 0.47 
ppm for total HCH and 0.04 to 0.57 ppm for B-HCH (24). 

Animal studies have shown various distribution patterns of 
HCH isomers, they- and B-HCH isomers being stored primarily 
in the fatty tissues (32). The distribution of lindane also was 
highest in the fatty tissue, followed by brain, kidney, muscle, 
lungs, heart, spleen, liver, and blood. Lindane has a propensity 
to accumulate in the brain more than does B-HCH (18). Lindane 
also induces hepatic mixed-function oxidase systems, increas­
ing its own metabolism. This process may minimize or reduce 
the accumulation of lindane in tissues (18). 

Lindane has been detected in blood and CNS tissue of autop­
sied infants who have died after total body application of a 1 % 
lotion (33). Initial blood concentrations of lindane were 206 ppb 
and declined to 1.0 ppb in 25 days. Brain concentrations were 
threefold that of blood in this report (33). 

The accumulations of lindane in adipose tissue occur across 
the placenta and to newborns through breast milk (34-37). Con­
centrations of lindane in human breast milk were found to be five 
to seven times higher than concentrations in the maternal blood 

0.01-0.2 
1-15 (5.8 ± 5) 

0-0.1 
0-11 (3.2 ± 3.1) 

Occupational exposure to 
lindane (y-HCH) 

Blood cone. 
(ppb) 

0.93 (0.3-2.5) 
4.6 (1.9-8.3) 
4.1 (1.0-8.9) 
30.6 (6.0-93) 

Air cone. 
(mg/m3) 

9-49 
31-1,800 
11-1,170 
11-1,170 

or in umbilical cord blood. Older women tend to harbor higher 
lindane concentrations of HCH and lindane in placental and 
umbilical cord blood than do younger women (34-36). Also note­
worthy is that lindane concentrations increased in maternal blood 

. during delivery and that, during pregnancy, higher concentra­
tions were found in fetal blood and fetal tissue as well as placenta 
and amniotic fluid as compared to maternal fat tissue (34-36). 

Metabolism of Lindane 

The primary metabolites of lindane are chlorophenols and chlo­
robenzenes (Fig. 99-7) (30). Chlorinated metabolites in the urine 
have been found in lindane production workers. The major 
metabolite is trichlorophenol, which accounted for approxi­
mately 58% of lindane metabolites identified in the urine (18). 
Other metabolites are dichlorophenols, tetrachlorophenols, 
hexachlorobenzene, tetrachlorocyclohexanol, and pentachloro­
cyclohexene. Pentachlorophenol has also been identified as a 
urinary metabolite in humans after occupational exposure (18). 

Clinical Toxicology of Lindane and Isomers 

Human exposure that results in toxic health effects can occur by 
inhalation, dermal absorption, and via the gastrointestinal tract. 
Most studies of acute lindane inhalational poisoning have 
focused on anecdotal cases of home exposure from the use of 
vaporized lindane (37). Irritation of the eyes, throat, and upper 
airway may occur after short-term exposure to lindane vapors. 
Further reports of effects secondary to inhalation of lindane 
have included various blood dyscrasias: anemia, leukopenia, 
leukocytosis, granulocytopenia, granulocytosis, eosinophilia, 
thrombocytopenia, increased bone marrow megakaryocytes, 
and decreased bone marrow megaloblastoid erythroid series 
(37,38). Aplastic anemia and pancytopenia have also been 
reported to occur after lindane exposure (18,37,38). 

Kashyap (27) reported statistically significant elevations in 
hepatic enzymes in 19 occupationally lindane-exposed individ-
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Figure 99-7. Proposed metabolism of y-hexachlorocyclohexane. (From ref. 18, with permission.) 

uals. These individuals were exposed to technical-grade HCH 
for 10 years in a production plant (27). The same study also 
reported a significant increase in the concentrations of serum 
immunoglobulin M. Other symptoms of exposed workers 
included facial paresthesias, headaches, and dizziness. 

INGESTION OF LINDANE 
From the 1950s through 1960s, some children experienced acute 
toxic effects from oral ingestion of lindane tablets used in vapor­
izers. Acute oral toxicity in animals manifests as ataxia, coma, 
and death. Acute ingestion in humans consists of abdominal 
pain, nausea, vomiting, excitability, seizures, muscle tremors, 
hyperreflexia, and coma. Rhabdomyolysis, myoglobinuria, and 
leukocytosis have been observed (39). Animal studies of oral 
dosing of lindane and technical-grade HCH have been reported 
to cause fatty degeneration and necrosis of the liver (18). No 
immunotoxic effects of HCH isomers have been detected in 
humans. Likewise, no studies have proved reproductive effects 
or carcinogenicity of the isomers of HCH in humans. In animal 
studies, the isomers of HCH as well as technical-grade HCH 
have been shown to produce liver cancer in rats and mice (18). 

DERMAL ABSORPTION OF LINDANE 
Most cases of lindane toxicity via dermal absorption have 
resulted from its use as a topical scabicide. Seizures and deaths in 
infants have been reported after topical application of 1 % lindane 

lotion in large amounts (33,38). Lindane blood concentrations 46 
hours after application of a 1 % topical lotion to treat scabies in an 
infant who developed postapplication seizures were 0.10 µg per 
L (40). This high concentration compares to a mean blood con­
centration of 0.005 µg per L in most children treated with the 1 % 
lotion. In this case, peak concentrations of lindane occur 6 hours 
after dermal application. Inappropriate application of excessive 
amounts of lindane ointment (1 % scabicide) to the skin can result 
in clinical symptoms, including seizures (40). 

Dermal absorption of organochlorine pesticide depends on 
the amount applied, surface area of application, breaks in the 
normal dermal barrier, and conditions that cause the compound 
to be removed from the skin, such as volatilization and dilution 
(41). Delayed absorption of such organochlorine pesticides as 
lindane, dieldrin, and aldrin has been demonstrated by the pro­
longed urinary excretion of these compounds up to 120 hours 
after dermal application (41). 

NEUROTOXIC EFFECTS OF LINDANE 
The neurotoxic effects of lindane exposure include seizures, head­
aches, dizziness, tremors, ataxia, facial paresthesias, giddiness, 
and coma. The mechanism of lindane neurotoxicity is believed to 
be inhibition of GABA-mediated neurotransmission (1,2). In the 
limbic system, lindane acts directly to increase excitability of neu­
rons (42). Lindane accelerates kindling seizures, which is the 
sequence of changes that results from repetitive stimulation (42). 



CHLORDANE AND HEPTACHlOR 

Chlordane and heptachlor have been extensively used in the 
United States as termiticides and have been heavily applied to 
soils in both urban and rural settings. Its persistence in the envi­
ronment is one reason that chlordane is so effective. Owing to 
its extensive application, chlordane can be detected in the 
indoor air of homes 10 to 15 years after termite treatment. It is 
estimated that approximately 50 million people have been 
exposed to chlordane in the United States, principally in the 
home environment (43). 

Many foods contain chlordane, because it bioaccumulates up 
the food chain. Chlordane's persistence in soil can lead to oral 
and dermal exposure from ingestion of crops or from ingestion 
of treated soil. 

In the United States, chlordane has been used almost exclu­
sively as a termiticide by foundation injection or liquid applica­
tion techniques in home environments (43). More than 200 
million pounds of chlordane have been applied to the soil in the 
United States (43). 

Chlordane is commonly detected in the groundwater runoff 
of hazardous-waste sites. As a component of indoor air in home 
environments, the chemical usually is present on dust particles 
and in a vapor phase. After application to the soil, chlordane can 
continue to be released into the indoor air of a home for years. 
Generally, if this is occurring, air concentrations of chlordane 
may exceed the National Academy of Sciences' (NAS) standard 
of 5 µg per cubic meter (44,45). 

Production and Use of Chlordane 

Chlordane, heptachlor, endrin, aldrin, dieldrin, endosulfan, and 
isobenzan are members of the cyclodiene class of organochlorine 
compounds (Fig. 99-8). Chlordane is produced by the chlorina­
tion of chlordene, which in turn is the product of the Diels-Alder 
reaction of hexochlorocyclopentadiene with cyclopentadiene 
(43). On April 14, 1988, the EPA canceled the registration and use 
of chlordane for commercial production, delivery, and sale in the 
United States. 

Chemical Structure and Physical Properties 

Technical-grade chlordane is a mixture of at least 50 different com­
pounds, the major constituents being cis- and trans-chlordane, 
heptachlor, cis- and trans-nonachlor, and a-, B-, and y-chlordane. 
Hexachlorocyclopentadiene is also a constituent (46). Seventy 
percent of commercial preparations comprise a- and B-chlordane 
(43). Of chlordane's two main isomers, trans- and cis-chlordane, 
the latter is more abundant (Fig. 99-9). 
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Figure 99-8. Cyclodienes. 
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trans- cis-

Cl 

Cl 

Chemical formula C10H6Cla 

Chemical name 1,2,4,5,6,7 ,8,8-0ctachloro-2,3,3a,4, 7, 7 a-hexahydro-
4, 7-methano-1H-indene 

Synonym 1,2,4,5,6,7,8,8-0ctachloro-3a,4,7,7a-tetrahydro-
4, 7-methanoindan 

Trade names Chlordan; Velsicol 1068; Octachlor; Termicide 
C-100 

Figure 99-9. Chlordane. (From ref. 43 1 with permission.) 

The individual components of the chlordane solution usually 
are solids. Pure chlordane, a viscous brown liquid (as a technical 
product), has a molecular weight of 409.76 (43). The individual 
isomers have different melting points and boiling points. Chlor­
dane is miscible with hydrocarbon solvents. 

Exposure Sources 

Chlordane was used previously to treat crops and to control ter­
mites. It is identified at 46 of 1,117 hazardous-waste sites on the 
National Priority List in the United States (43). 

The majority of exposures to chlordane occur in the home 
environment owing to prior application of chlordane as a ter­
miticide. Chlordane has been detected in the indoor air of a 
home up to 15 years after treatment of the home for termites 
(44,45). It is estimated by the EPA that more than 80 million peo­
ple in the United States live in homes that have been treated 
with cyclodiene termiticide agents such as chlordane (43). This 
probably is an underestimation, because foods and food sources 
also contain chlordane, which bioaccumulates and produces 
further exposure in humans as they consume the affected food. 

Chlordane and other organochlorines have been detected in 
surface groundwater, in drinking water, and in urban runoff 
water (Tables 99-5, 99-6) (43). Chlordane concentrations in sur­
face water generally are in the low nanogram-per-liter range 
(ppb). 

Chlordane also is detected in soil, particularly around the 
outside walls of treated homes in concentrations ranging from 
less than 1 ppb to approximately 141 ppm (45-47). Persons 
involved in the manufacturing of chlordane also are likely to 
experience high-exposure incidents. 

Chlordane bioconcentrates in marine animals via contamina­
tion of water. In soil, chlordane adsorbs to organic materials (43). 
Owing to the fact that it does adsorb to organic materials and 
volatilizes slowly, chlordane does not appreciably leach from 
soil. Depending on the type of soil, chlordane will be present to 
a lesser or greater extent. Sandy soils and soils that contain a 
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TABLE 99-5. Drinking water and serum concentrations of organochlorine pesticides and metabolites in samples from individuals 
who use well water 

Water (ppt) 

HCH Dieldrin HCB b-HCH 

ND <20 ND ND 
ND <20 0.4 0.9 
ND <20 0.3 <0.7 
ND <20 0.3 <0.7 
ND <20 0.5 1.8 
ND <20 <0.2 0.8 
ND <20 <0.2 <0.7 
ND ND 0.3 <0.7 
ND ND 0.8 1 .1 
ND <20 <0.2 0.9 

0.3 <0.7 
0.4 0.9 
0.3 0.6 
0.3 ND 
0.4 <0.7 
0.3 <0.7 

<0.2 0.9 
0.3 0.7 
0.5 0.8 

<0.2 <0.7 
0.7 1.2 
0.3 1.5 
0.4 0.7 
0.4 ND 
0.3 ND 
0.6 <0.7 

HCB, hexachlorobenzene; HCH, hexachlorocyclohexane; ND, not detected. 
Reprinted from ref. 24, with permission. 

small amount of organic materials retain chlordane less than do 
soils having a high organic content (43). 

Chlordane is degraded in air by photooxidation. a-Chlor­
dane is a photo-by-product of chlordane. Chlordane does not 
degrade rapidly in water. 

Chlordane concentrations in the air of houses in urban areas 
range from less than the detectable limit (i.e., less than 0.1 ng per 
cubic meter) to 200 ng per cubic meter (45-47). Rural air concen­
trations of chlordane range from 0.1 to 0.8 ng per cubic meter 
(43). As compared to the outdoor air, chlordane concentrations 
in indoor air are much higher. Indoor air concentrations in 
houses treated with chlordane range from 0.8 to 600,000 ng per 
cubic meter (43-45). Indoor air sampling in previously treated 
homes demonstrated concentrations of y-chlordane, a-chlor­
dane, and trans-nonachlor. However, these concentrations were 
all lower than the 5-µg-per-cubic-meter guideline proposed by 
the NAS for indoor levels of chlordane. 

Biological Monitoring 

Biological monitoring of chlordane is via detection of chlordane 
or its metabolites in such human tissues and fluids as blood, adi­
pose tissue, brain, liver, kidney, milk, and urine. Total chlordane 
residue levels appear to be higher in fat and liver than in the 
blood (47). However, attempting to correlate tissue levels with 
environmental levels is difficult owing to the bioaccumulative 
effects of chlordane. 

Oxychlordane has been detected in concentrations ranging 
from 0.002 to 0.005 mg per Lin human breast milk in a random 
sampling (48). In a Finnish study of human milk samples, chlor-

Serum (ppb) 

p,p'-DDE Dieldrin p,p'-DDT 

14.5 ND <2.0 
24.0 ND 2.0 

8.6 ND ND 
17.0 <1.0 3.4 
31.5 1.2 3.3 
22.0 ND <2.0 

6.8 <1.0 ND 
21.5 ND 2.0 
11.0 ND ND 
17.2 <1.0 <2.0 
32.0 <1.0 <2.0 
12.3 <1.0 <2.0 
11.5 ND <2.0 

7.0 ND <2.0 
18.0 ND 2.3 
14.7 ND <2.0 
17.2 <1.0 <2.0 

9.7 ND <2.0 
26.7 ND 2.3 

7.1 ND ND 
31.6 1.4 4.6 
17.0 <1.0 <2.0 
20.8 ND <2.0 
10.8 <1.0 <2.0 

3.4 ND <2.0 
12.9 ND <2.0 

dane residues averaged 0.41 mg per kg of milk fat (49). Other 
studies have indicated that trans-chlordane concentrations in 
skin lipids may be a biomarker of recent exposure and that oxy­
chlordane concentration in skin lipids might be a better biomar­
ker of previous exposure (50). 

Other studies have shown that total chlordane residues in 
blood were between 3 and 16 times higher in persons employed 
as pesticide applicators and were 1.5 to 10 times higher in resi­
dents of contaminated areas in which houses had been treated 
with chlordane for termites (51). Other studies have shown a 
positive correlation between the length of exposure to airborne 
chlordane in treated homes and the concentration of chlordane 
in human milk fat (52). 

Environmental Contamination and 
Regulation of Chlordane 

Chlordane is regulated by the Clean Water Act for industrial 
point sources such as electroplating, steam electric produc­
tion, asbestos production, timber products processing, metal 
finishing, paving and roofing, paint formulating, ink formu­
lating, gum and wood processing, pesticide production, and 
carbon black production (43). On March 6, 1978, registration 
for all uses of chlordane on fruit products was discontinued 
(43). However, chlordane use was continued for treatment of 
homes for termite control until April 14, 1988, when the EPA 
canceled registrations for chlordane-containing termiticide 
products. Between July 1, 1983, and April 14, 1988, the only 
approved use for chlordane in the United States was for sub­
terranean termites; for this usage, chlordane was applied as a 
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TABLE 99-6. Drinking water and serum concentrations of organochlorine pesticides and metabolites in samples from individuals 
who use city water 

Water (ppt) 

HCH Dieldrin HCB b-HCH 

30 <20 0.7 5.8 
68 <20 ND ND 
42 <20 0.7 0.9 
<4 ND <0.2 <0.7 

ND ND ND <0.7 
ND <20 0.4 0.8 
ND <20 0.4 1.0 
ND <20 0.5 1.7 
ND <20 0.3 <0.7 
ND <20 0.9 1.1 

0.5 1.6 
0.7 1.7 
0.3 3.1 
0.5 1.7 
0.3 0.8 
0.3 <0.7 
0.3 0.7 

<0.2 <0.7 
0.3 ND 
0.3 1.0 
0.4 <0.7 
0.3 ND 
0.2 ND 
0.7 0.8 
0.4 <0.7 
0.4 0.8 

<0.2 <0.7 
<0.2 1.3 

0.3 <0.7 
0.7 <0.7 
1.1 1.0 
0.4 1.3 
0.5 0.8 

HCB, hexachlorobenzene; HCH, hexachlorocyclohexane; ND, not detected. 
Reprinted from ref. 24, with permission. 

liquid that was poured or injected around the foundation of 
buildings. Regulatory guidelines for chlordane are shown in 
Table 99-7. 

Although chlordane still is produced for export, its use in the 
United States now is prohibited by law, and it no longer is 
imported into the United States. 

Chlordane is stable in the atmosphere and can be transported 
long distances. In water, it adsorbs to sediments and also volatil­
izes into the atmosphere. Partitioning of chlordane into sediment 
is correlated with the organic content of the sediment. Thus, 
where the organic content of suspended sediments in water is 
high, chlordane concentrations from release sites will increase. 

Chlordane bioconcentrates in marine and fresh-water fish. It 
also bioconcentrates in aquatic plants. In soil, chlordane gener­
ally remains in the top 20 cm of most soils for years. Sandy soils 
and soils with smaller amounts of organic content retain chlor­
dane less well than do soils that are of high clay content and high 
organic content. 

In the atmosphere, chlordane is degraded by photolysis and 
oxidation. The trans-chlordane isomer degrades photochemi­
cally more readily than does the cis-chlordane isomer, and the 
trans-cis ratio of chlordane transported over long distances in 
the atmosphere changes from approximately 1 in the winter to 
0.5 in the summer (53). 

Serum (ppb) 

p,p'-DDE Dieldrin p,p1-DD1 

68.4 ND <2.0 
15.0 <1.0 ND 

7.4 ND ND 
ND 10.1 ND 

10.9 ND ND 
16.8 ND <2.0 
20.0 0.9 <2.0 
21.3 ND ND 
17.6 ND <2.0 
36.1 <1.0 ND 
27.2 4.6 2.0 
22.0 1.9 4.7 
25.0 <1.0 3.0 
16.4 1.7 2.2 
14.2 <1.0 <2.0 
23.9 <1.0 <2.0 

7.1 <1.0 <2.0 
3.9 ND ND 

24.3 <1.0 <2.0 
16.6 ND <2.0 
66.7 1.2 4.2 

5.0 ND ND 
5.4 ND ND 

21.0 ND 2.0 
9.9 ND <2.0 

19.0 <1.0 <2.0 
10.4 ND <2.0 
43.1 <1.0 3.4 
12.6 ND ND 
20.7 ND 5.5 
20.6 1.3 3.5 
17.0 1.0 2.6 
10.6 ND <2.0 

Chlordane persists for more than 20 years in some soils, and 
chlordane residues in excess of 10% of the initially applied 
amount have been found 10 years after that initial application 
(54). Only a few microorganisms capable of biodegrading chlor­
dane have been isolated, and most studies indicate that chlor­
dane does not biodegrade rapidly in soils. 

Urban air concentrations range from below detection limits 
to 58 ng per cubic meter. Rural background concentrations 
range from 0.01 to 1.0 ng per cubic meter (43). Indoor air concen­
trations of treated homes may exceed 1 µg per cubic meter. 
Chlordane injected into the soil or poured around the founda­
tion of a house can vaporize into the indoor air of that residence, 
indicating that it passes through cracks or ventilation ducts and 
possibly through the concrete (45,55). Studies also indicate that 
concentrations of chlordane in treated homes can be higher in 
the lower level and basement areas of homes (56). Basement 
concentrations of chlordane have been found to be three to ten 
times higher than in the living areas. After misapplication of 
chlordane, living area samples show concentrations of 3.28 µg 
per cubic meter, with 40% of samples in one study exceeding 5 
µg per cubic meter (57). 

On April 14, 1988, the EPA terminated the use of termiticide 
products containing chlordane and forbade the sale or commer­
cial use of those products within the United States. 
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Agency 

Federal and international agencies 
WHO 
WHO 
WHO 
Regulations 

OSHA 
EPA 
NAS 

Guidelines 
Air 

ACGIH 
STEL 
NRC 
EPA 

Water 
EPA 

Other 
EPA 

State regulations and guidelines 

Connecticut 
Kansas 
Kentucky 
Massachusetts 
Nevada 
New York 
Pennsylvania (Philadelphia) 
Virginia 

Arizona 
California 
Illinois 
Kansas 
Maine 
Minnesota 
New Jersey 

TABLE 99-7. Regulations applicable to chlordane 

Description 

Guidelines for drinking water 
Residue tolerances for sum of a and y isomers and oxychlordane 
Acceptable daily intake 

Permissible exposure limit (8-h workday) 
Reportable quantity (released to the environment) 
Recommended maximum indoor concentration in homes 
Threshold planning quantity 

Threshold limit value (TLV) (8-h workday) 

Interim guideline for military housing 
Inhalation 

Health advisories 
1-day (10-kg child) 
10-day (10-kg child) 
Longer-term (10-kg child) 
Longer-term (70-kg adult) 

Maximum contaminant level goal (proposed) 
Ambient water quality criteria for the following lifetime increased cancer risk levels 

With ingestion of water, fish, and shellfish 
10-s 
10-6 
10-7 

With ingestion of fish and shellfish only 
10-s 
10-6 
10-7 

q
1 
*a (oral) 

RfD6 (oral) 
PADI (oral) 
Group B2 cancer ranking (probable human carcinogen) 
Designated as a hazardous waste (no. U036) 

Acceptable ambient air concentration 

Acceptable drinking water concentrations 

Value 

0.3 µg/L 
0.02-0.5 mg/kg 
0-0.001 mg/kg/body wt 

0.5 mg/m3 

1 lb 
5 µg/m3 

1,000 lb 

0.5 mg/m3 

2 mg/m3 

5 µg/m3 

1 .3 mg/kg/day 

0.06 mg/L 
0.06 mg/L 
0.5 µg/L 
2 µg/L 
0 mg/L 

4.6 ng/L 
0.46 ng/L 
0.046 ng/L 

4.8 ng/L 
0.48 ng/L 
0.048 ng/L 

1 .3 mg/kg/day 
5 X 1 0-5 mg/kg/day 
5.0 x 10-5 mg/kg/day 

2 .5 µg/m3 (8-h avg) 
1 .19 µg/m3 (annual avg) 
0.05 µg/m3 (8-h avg) 
0.068 µg/m3 (24-h avg) 
0.012 µg/m3 (8-h avg) 
1 .7 µglm3 (1-yr avg) 
0.35 µg/m3 (1-yr avg) 
8.0 µg/m3 (24-h avg) 

0.5 µg/L 
0.55 µg/L 
3 µg/L 
0.22 µg/L 
0.55 µg/L 
0.22 µg/L 
0.5 µg/L 

ACGIH, American Conference of Governmental Industrial Hygienists; EPA, U.S. Environmental Protection Agency; NAS, National Academy of Sciences; NRC, National Research 
Council; OSHA, U.S. Occupational Safety and Health Administration; STEL, short-term exposure limit; TLV, threshold limit value; WHO, World Health Organization. 
aq1 * represents the upper-bound estimate of the low dose of the dose-response curve, as determined by the multistage procedure. The q

1 
* can be used to calculate an estimate 

of carcinogenic potency, the incremental excess cancer risk per unit of exposure (usually milligrams per liter of water, milligrams per kilogram of food per day, and grams per 
cubic meter of air). 
6Rf0 represents an estimate (with uncertainty spanning perhaps an order of magnitude) of the daily exposure of the human population to a potential hazard that is likely to be 
without risk of deleterious effects during a lifetime. The RfD is operationally derived from the no-observable-adverse-effect level (from animal and human studies) by a consis­
tent application of uncertainty factors that reflect various types of data used to estimate RfDs and an additional modifying factor, which is based on a professional judgment of 
the entire database on the chemical. The RfDs are not applicable to nonthreshold effects such as cancer. 
Adapted from Agency for Toxic Substances and Disease Registry. Toxicological profile for chlordane. Atlanta: US Department of Health and Human Services, Public Health 
Service, ATSDR, 1989, with permission. 



Clinical Toxicology of Chlordane 
Chlordane can be absorbed systemically via oral, inhalational, 
and dermal routes. Acute chlordane poisoning has been 
reported (58-62). Animals that have been given fatal doses of 
chlordane exhibit symptoms of dyspnea, depressed respira­
tions, tremors, convulsions, coma, and death. In human cases of 
acute chlordane ingestion, convulsions, muscle tremors, 
increased excitability, confusion, and coma are common (58-62). 
Symptoms usually begin within an hour of acute ingestion of 
this liquid, with manifestations of confusion followed by con­
vulsions. Once absorbed, chlordane has a high distribution into 
adipose tissue. Human poisonings involving chlordane have 
also shown elevation of white blood cell count, pneumonias 
(probably secondary to aspiration), and hepatic and renal dam­
age (58-62). Treatment is symptomatic. 

SUBACUTE AND CHRONIC EXPOSURE TO CHLORDANE 
Retrospective cohort mortality studies of workers in chlordane­
manufacturing industries and pesticide applicators have shown 
no increase in mortality rates and no increase in a specific cause 
of death that could be attributed to chlordane exposure (63-65). 

One study examined cause-specific mortality among work­
ers occupationally exposed to chlordane or heptachlor and dem­
onstrated no overall excess of death from cancer even in workers 
who were studied for 20 or more years after entry into the indus­
try (64). Another study that examined the mortality of a cohort 
of 3,827 men licensed to apply pesticides in Florida showed an 
excess mortality from lung cancer among pesticide applicators 
(66). However, this study did not account for such other risk 
modifiers as smoking. 

A retrospective mortality study of workers employed at 
organochlorine pesticide-manufacturing plants examined the 
mortality of workers employed in the manufacture of several 
different organochlorine hydrocarbons for use as pesticides (65). 
This study concluded that the standardized mortality ratio for 
all causes of death in each cohort was below the expected level. 

Blood dyscrasias such as megaloblastic anemia and bone mar­
row depression have been associated with chlordane exposure in 
case reports (67,68). However, these case reports also identified 
exposures to pesticides other than chlordane, and no definitive 
study has indicated that chlordane is causative of blood dyscrasias. 

Investigations into the health status of people living in private 
residences previously treated with chlordane have been under­
taken (69). However, the study population was self-selected, thus 
indicating a bias toward involving those concerned about chlor­
dane or who believed that they had experienced health problems 
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related to chlordane (69). Occupational exposure to chlordane 
has not been associated with abnormal liver function tests or 
renal effects ( 43). 

In individuals who have ingested chlordane, nausea, vomiting, 
abdominal pain, and diarrhea occur very early. Autopsies of indi­
viduals who have died after chlordane ingestion show inflamma­
tion of the mucosa of the upper gastrointestinal tract (43). 

In animal studies of acute oral exposure to chlordane, evidence 
exists of hepatic microsomal enzyme induction and alteration in 
the activities of mitochondrial enzymes (43). Histochemical and 
morphological alterations in the liver also were seen. 

HEMATOLOGIC EFFECTS 
Anecdotal reports claim an association between blood dyscrasias 
and a number of the organochlorine pesticides including chlor­
dane, lindane, and DDT (67,68). Case reports have described 
thrombocytopenic purpura, acute disseminated hemorrhages, 
aplastic anemia, hemolytic anemia, anemia, and megaloblastic 
anemia in individuals exposed to chlordane and heptachlor in 
residential environments or in professional settings in which 
these materials were used (69). However, confounding factors 
include exposure of the reported individuals to numerous other 
chemicals; hence, the case reports are insufficient to implicate 
chlordane as the sole etiologic agent for blood dyscrasias. 

Studies from chlordane manufacturing showed no hemato­
toxic changes in workers exposed to chlordane (70). Likewise, 
no hematologic effects have been observed in animal models 
exposed to technical chlordane (71). 

IMMUNOTOXICITY 
Immune alterations in humans exposed to chlordane aerosols in 
the home or workplace for 3 days to 15 months have been 
reported (72). This same study also showed impaired lympho­
cyte proliferative responses to mitogens. However, confounding 
exposure factors were not eliminated. 

In animal immune studies, reduced thymus weights have 
been observed in female rats but not male rats exposed to 28.2 
mg of inhaled chlordane per cubic meter for 8 hours daily, 5 days 
per week, for 28 days (71). However, changes in thymus weight 
were not observed in female rats exposed to lower doses. Other 
animal studies in which chlordane was administered orally 
have demonstrated depressed cell-mediated immunity mani­
fested by depressed hypersensitivity reactions and depressed 
mixed lymphocyte culture reactivity (73,74). Some animal stud­
ies show that chlordane interferes with cell-mediated immune 
proliferative responses of lymphocytes in monkeys (75). 

TABLE 99-8. Residues of organochlorine compounds in human fat (mg/kg) in the United Kingdom, 1976-1977 

Heptachlor Dieldrin 
~-HCH Total HCH epoxide (HEOD) p,p'-DDE p,p'-DDT 

Arithmetic mean 0-31 0.33 0.03 0.11 2.1 0.21 
Rangeb T-1.2 T-1.2 T-0.12 T-0.49 0.03-15 T-2.4 
Standard error of mean 0.01 O.o1 0.01 0.12 0.01 
Median value 0.29 0.31 0.09 1.7 0.17 
Geometric mean 0.24 0.27 0.09 1.5 0.15 
95% Confidence interval 0.22-0.27 0.24-0.29 0.08-0.10 1.3-1.7 0.14-0.1 7 

HCB, hexachlorobenzene; HCH, hexachlorocyclohexane; PCB, polychlorinated biphenyl. 
3 Total DDT was calculated by adding to the P1P'-DDT found as such the p1p'-DDT-equivalent of the p1p'-DDE and p1p'-TDE. 
bT is less than 0.01 (less than 0.1 for PCB). 
Note: Results obtained in 236 subjects older than 5 years. 
Reprinted from ref. 26, with permission. 

Total 
oora HCB PCB 

2.6 0.19 0.7 
0.04-17 0.02-3.2 T-10 
0.15 0.01 0.05 
2.1 0.15 0.7 
1.9 0.15 0.6 
1.6-2.1 0.14-0.17 0.5-0.6 
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TABLE 99-9. Concentration of organochlorine insecticides in samples of adipose tissue and liver 

Lindane 

0.12 
0.21 
0.05 
0.11 
0.06 
0.07 
0.12 
0.10 
0.13 
0.16 
0.09 

Heptachlor 
epoxide 

0.008 
0.014 
0.005 
0.008 
0.006 
0.009 
0.009 
0.004 
0.030 
O.Q13 
0.005 

Dieldrin 

0.16 
0.25 
0.14 
0.18 
0.13 
0.25 
0.21 
0.05 
0.50 
0.23 
0.10 

Reprinted from ref. 21, with permission. 

CARCINOGENESIS 

Adipose 

p,p'-DDT p,p'-DDE 

0.36 2.18 
0.28 1.88 
0.14 0.36 
0.42 2.50 
0.19 1.15 
0.35 1.95 
0.44 2.10 
0.10 0.08 
0.35 2.66 
0.58 2.32 
0.35 1.51 

Retrospective studies reveal no evidence that links carcinogene­
sis with exposure to chlordane (76,77). Nonetheless, an associa­
tion between chronic exposure to chlordane in treated homes 
and an increased risk of skin neoplasms and leukemia has been 
suggested (69,78). The EPA considers data from laboratory ani­
mal studies sufficient to classify chlordane in the group B-2 cat­
egory-that is, as a probable human carcinogen. 

REPRODUCTIVE, GENOTOXIC, 
AND DEVELOPMENTAL EFFECTS 
No data are available regarding the developmental effects in 
humans after exposure to chlordane. Chlordane has been tested 
for mutagenicity in several systems, with mostly negative 
results. In terms of reproductive effects, studies on humans after 
exposure to chlordane are limited. One study compared to con­
trol populations indicated that the incidence rates of unspecified 
ovarian and uterine disease were significantly elevated in 
women exposed to chlordane vapors in their homes as com­
pared to the rates among control populations (78). However, this 
study has serious limitations. 

Absorption, Metabolism, and Excretion 
Human samples of adipose tissue and plasma have been 
assayed for the presence of organochlorine pesticides (Tables 
99-8, 99-9). Because these chemicals are found commonly in 
human adipose tissue and plasma (in approximately 80% of the 
U.S. population), associating these chemicals' presence with dis­
ease is difficult. Chlordane and its metabolites can be detected in 
a variety of human biological tissues such as blood, brain (Table 
99-10), adipose tissue, liver, breast milk (Table 99-11), kidneys, 
and urine. However, no information currently available corre­
lates concentrations found in these tissues with environmental 
chlordane concentrations or with human health effects. 

In cases of intoxication, chlordane concentrations of the blood 
and other tissues have been found to be highly elevated. Blood 
chlordane concentrations of 3.4 mg per L were associated with 
seizures in one child (59). The half-life of chlordane in this case 
was 8 days as compared to other reports of 21 days. The urinary 
excretion of chlordane continued up to 130 days after ingestion 
(59). On the basis of this and other cases, the seizure threshold for 
chlordane is believed to be between 2 and 4 mg per L in serum. 

Chlordane is well absorbed by the oral, dermal, and inhala­
tional routes. Blood and tissue concentrations of chlordane and 

Liver 

Total equiv. Total equiv. 
DDT Dieldrin p,p'-DDE DDT 

2.79 0.030 0.16 0.18 
2.38 0.050 0.16 0.18 
0.54 0.040 0.05 0.06 
3.21 0.026 0.15 0.17 
1.47 0.024 0.12 0.13 
2.52 0.025 0.08 0.10 
2.78 0.035 0.19 0.21 
0.19 0.007 O.Ql O.o1 
3.31 0.081 0.12 0.13 
3.17 0.041 0.13 0.14 
2.03 O.o14 0.20 0.22 

chlordane metabolites will increase with the duration of expo­
sure. Information on the absorption and distribution of chlor­
dane comes from acute oral exposures in humans from 
accidental or suicidal ingestions. 

Chlordane concentrates in the fatty tissues and is excreted 
very slowly. After a massive chlordane ingestion by a 59-year­
old man, which resulted in his death, concentrations of chlor­
dane were measured in several tissues (62). In this case, fat tissue 
contained 22 µg of chlordane per gram of tissue; brain contained 
23.3 µg per gram; kidneys, 14.1 µg per gram; liver, 59.9 µg per 
gram; and spleen, 19.2 µg per gram. In a child who drank 
technical-grade chlordane, the concentration in adipose tissue 
was measured. One-half hour after the exposure, the chlordane 
concentration was approximately 3.1 mg per kg of fat tissue, 
which peaked at 35 mg per kg of fat 8 days after ingestion (79). 

Values for the concentration of the metabolite of chlordane, oxy­
chlordane, in human adipose tissue have ranged from 0.03 to 0.5 
mg per kg of fat tissue, with an average concentration of 0.11 to 0.19 
mg per kg (80). The usual chlordane metabolites found in humans 
are heptachlor, oxychlordane, and heptachlor epoxide (Fig. 99-10). 

One excretion route of metabolites of chlordane is through 
breast milk. Oxychlordane, trans-nonachlor, and heptachlor 
epoxide have been identified in human breast milk. Trans­
nonachlor has been reported to be present in human breast milk 
in concentrations of 0.027 to 0.210 µg per mL, heptachlor 
epoxide in concentrations of 0.001 to 0.067 µg per mL, and oxy­
chlordane in concentrations of 0.011 to 0.160 µg per mL. 

TABLE 99-10. Mean concentrations of organochlorine 
insecticides in human brain tissues 

Dieldrin (ppm) 

Arithmetic mean 
Standard 

deviation 
Geometric mean 
Confidence lim-

its (p = .05) 

White 
matter 

0.009 
0.002 

0.0061 
0.0047-

0.0080 

Reprinted from ref. 21, with permission. 

Gray 
matter 

0.006 
0.001 

0.0047 
0.0037-

0.0059 

Total equivalent 
DDT (ppm) 

White 
matter 

0.033 
0.005 

0.0023 
0.018-

0.031 

Gray 
matter 

0.025 
0.004 

0.020 
0.015-

0.026 
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TABLE 99-11. Mean values of samples taken at different times during breast feeding (pesticide levels in parts per million of whole milk) 

Samples 

Urban 
No. samples 
% Lipid 
HCH 
y-HCH 
Dieldrin 
DOE 
DDT 
Total DDT 

Rural 
No. samples 
% Lipid 
HCH 
y-HCH 
Dieldrin 

Prefeeding mean ± SD (range) 

43 
2.7 ± 1.6 (0.3-9.7) 
0.006 ± 0.004 (0.001-0.016) 
0.001 ± 0.002 (0.000-0.007) 
0.010 ± 0.008 (0.002-0.038) 
0.023 ± 0.013 (0.005-0.067) 
0.011 ± 0.009 (0.002-0.033) 
0.036 ± 0.020 (0.008-0.096) 

42 
2.8 ± 1.3 (0.3-5.9) 
0.006 ± 0.003 (0.001-0.015) 
0.000 ± 0.001 (0.000-0.003) 
0.006 ± 0.004 

HCH, hexachlorocyclohexane. 
Reprinted from ref. 29, with permission. 

The elimination half-life has been reported to be 21 days in 
one study, 34 days in another, and 88 days in yet another study 
(62,79,81). Only small amounts of chlordane are excreted in the 
urine after ingestion. The fat-serum partition ratio for chlordane 
in exposed workers was found to be 660:1 (82). 

ALDRIN AND DIELDRIN 

Aldrin and dieldrin are cyclodiene pesticides that are chemically 
related. Aldrin is rapidly converted to dieldrin in the environ­
ment, and their toxicities are similar. Aldrin and dieldrin were 
used from the 1950s through the 1970s but were still manufac­
tured through 1990. Both have been used in agricultural settings 
for control of disease vectors such as insects and as a soil insec­
ticide. Dieldrin has also found use in the past as a veterinary dip 
for sheep. The use of both of these chemicals was banned in 
1975; the manufacture of dieldrin was terminated in 1987 and 
that of aldrin in 1990. 

Aldrin is prepared by the Diels-Alder reaction using 
hexachlorocyclopentadiene. Dieldrin is prepared by the oxida­
tion of aldrin with an organic acid or hydrogen peroxide and a 
tungsten oxide catalyst. The insecticide dieldrin contains 85% 
1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro­
l,4-endo,exo-5,8-dimethanonaphthalene, or HEOD (83). 

Exposure Sources 
Aldrin is readily converted to dieldrin in the environment. 
Dieldrin is persistent and resists biodegradation, and thus bio­
accumulates throughout the food chain. Aldrin readily volatil­
izes from soil. Dieldrin, however, volatilizes more slowly 
because it adsorbs to soil. In soil, aldrin is converted to dieldrin 
by epoxidation. Aldrin and dieldrin do not leach to appreciable 
degrees into groundwater. 

Human exposure to aldrin and dieldrin has occurred through 
dermal and inhalational routes during pesticide application. 
However, owing to the persistence and bioaccumulation of these 
chemicals, human exposure also occurs through the food chain. 

Air and drinking water are minor exposure sources. A study 
of U.S. drinking water samples revealed that fewer than 17% 
contained dieldrin, with very low concentrations of 4 to 10 ng 
per L of water (84). 

Postfeeding mean ± SD (range) Random mean ± SD (range) 

42 45 
4.8 ± 1.8 (0.7-8.6) 3.3 ± 1.6 (0.8-7.9) 
0.010 ± 0.006 (0.002-0.025) 
0.001 ± 0.002 (0.000-0.009) 
0.012 ± 0.008 (0.002-0.041) 
0.039 ± 0.019 (0.011-0.077) 
0.017 ± 0.011 (0.003-0.051) 
0.060 ± 0.028 (0.015-0.136) 

0.007 ± 0.005 (0.001-0.027) 
0.001 ± 0.002 (0.000-0.006) 
0.007 ± 0.005 (0.002-0.024) 
0.029 ± 0.022 (0.006-0.127) 
0.010 ± 0.008 (0.002-0.037) 
0.042 ± 0.030 (0.009-0.1 79) 

42 53 
4.8 ± 1.5 (0.7-9.2) 2.6 ± 1.3 (0.3-6.2) 
0.009 ± 0.004 (0.002-0.024) 
0.001 ± 0.002 (0.000-0.003) 
0.009 ± 0.006 

0.006 ± 0.003 (0.002-0.019) 
0.000 ± 0.001 (0.000-0.002) 
0.008 ± 0.005 

Because aldrin is converted to dieldrin, soil concentrations of 
dieldrin are higher than those of aldrin. Dietary exposure to 
aldrin and dieldrin is the most significant source of exposure for 
the general population, and food is the main source of the 
human adipose tissue concentration of dieldrin in humans 
(Tables 99-12 through 99-16) (84). 

Infants are the population at greatest risk from aldrin and 
dieldrin exposure in the diet. The concentration of dieldrin in 
breast milk is another factor that places infants at risk of expo­
sure. Breast milk is one of the major excretion routes for orga­
nochlorine compounds, and exposure to infants from human 
milk sources can be significant (28,29). Dieldrin has been found 
in the breast milk of 80% of nursing mothers sampled (84). 
Transplacental transfer is possible, and concentrations in fetal 
tissue probably occur. Placental-fetal transfer of aldrin and diel­
drin has also been documented (34-36). 

Homes treated for termite control with aldrin and dieldrin are 
another source of exposure. Indoor air in these homes contains 
aldrin in varying concentrations, depending on the sampling. In 
one study, the aldrin concentration ranged between 77 and 102 ng 
per cubic meter within the first 7 days of treatment and fell to a 
low of 36 ng per cubic meter by 1 year after treatment (84). The 
concentration in crawl spaces of treated homes was much higher. 

Chemical and Physical Forms 
The chemical structures of cyclodienes aldrin and dieldrin are 
depicted in Figure 99-11. 

Absorption, Metabolism, and Excretion 
Aldrin and dieldrin can be absorbed by inhalational, dermal, and 
gastrointestinal routes. Rapid conversion of aldrin to the dieldrin 
epoxide takes place once absorption has occurred. Aldrin rarely is 
found in blood or tissue owing to this rapid conversion. 

Dieldrin is stored in the fat and, during such periods of stress as 
weight loss and high fever, can be mobilized to the plasma, where 
it can be metabolized. The half-life of dieldrin in humans is 266 
days (84). A correlation has been found between dieldrin concen­
trations in human breast milk and the pesticide treatment of 
homes. The distribution of dieldrin between blood and tissue of 
humans is shown in Figure 99-12. In human volunteers ingesting 
dieldrin, dieldrin concentrations in blood and fat tissue increased 
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Figure 99-10. Metabolic pathways of chlordane. (From A Nomeir, N Hajjar. Metabolism of chlordane in 
mammals. Rev Environ Contam Toxico/ 1987;100:1-22, with permission.) 

in a dose-related fashion, the fat tissue-blood ratio being 136: 1 (84). 
In this same study, after dieldrin administration was terminated, 
the biological half-life decreased exponentially and was approxi­
mately 369 days, with a range of 141 to 592 days. The biotransfor­
mation of aldrin to the dieldrin epoxide occurs primarily in the 
liver (Fig. 99-13). Ackerman (85), in 1980, noted that the concentra­
tion of dieldrin in humans reaches a constant concentration and 
that the amount ingested and absorbed equals the amount metab­
olized and excreted after a period. With the increasing concentra­
tion of dieldrin in the liver, the rate of metabolism increases. 

The biological half-life of dieldrin in the blood of workers who 
were occupationally exposed was estimated to be approximately 
266 days in reports in which the subjects were studied for 3 years 
after an occupational exposure (86,87). Hunter and Robinson (86) 
reported an estimated half-life of 369 days for dieldrin. 

Clinical Toxicology 
The clinical toxicology of aldrin and dieldrin can essentially be 
ascribed to dieldrin, as aldrin is rapidly metabolized to dieldrin 
after its absorption in the human body. Once aldrin has been 
converted, dieldrin is distributed extensively into tissue spaces 
and accumulates in adipose tissue. Dieldrin is metabolized 
hepatically, and metabolites are excreted in bile and feces. Major 
toxicity involves the CNS. Toxic exposure produces tremors, 

giddiness, hyperexcitability, seizures, and coma (88). Dieldrin 
inhibits GABA neurotransmission in a manner similar to that of 
other cyclodiene pesticides. 

In animal studies, the median lethal dose for species of all 
laboratory animals ranged from 40 to 70 mg of aldrin per kg of 
body weight and 40 to 90 mg of dieldrin per kg of body weight 
(84). Also in animal studies, it was determined that weight loss 
resulted in immobilization of dieldrin from the fat stores, 
increased the blood levels peripherally, and produced toxic 
manifestations. No deaths have been reported from human 
intoxication during the manufacture of aldrin or dieldrin. Most 
deaths occur as a result of intentional or accidental exposure to 
concentrated amounts of the pesticides. 

In occupational settings, aldrin and dieldrin have produced 
symptoms of headache, dizziness, ataxia, and muscle twitching 
(84). Occupational exposure to aldrin and dieldrin in pesticide 
workers showed that the average dieldrin blood level of those 
studied over a 4-year period was 0.035 µg per mL (87). Sprayers 
and pesticide applicators in India showed symptoms of intoxi­
cation that included headache, tremors, and seizures (84). 

The mechanism of action of dieldrin in the CNS is at the level 
of the synapse, causing increased neuronal excitability. Evidence 
indicates that dieldrin produces impairment of memory and emo­
tional disturbances in humans, which may be due to the effect of 
the chemical on the limbic system. In general, the cyclodiene insec-
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TABLE 99-12. Individual donor information (urban) 

Average residue levels (ppm) 

HCH y-HCH Dieldrin 

0.003 0.002 0.013 
0.002 0.003 0.011 
0.002 Tr 0.008 
0.002 0.001 0.009 
0.009 Tr 0.013 
0.005 0.005 0.017 
0.010 0.002 0.024 
0.009 0.007 0.011 
0.009 0.001 0.008 
0.002 Tr 0.005 
0.015 0.001 0.015 
0.008 Tr 0.009 
0.012 0.001 0.009 
0.016 0.001 0.024 
0.007 Tr 0.005 
0.012 0.003 0.015 
0.011 0.003 0.011 
0.004 Tr 0.007 
0.006 Tr 0.010 
0.006 Tr 0.012 
0.007 0.002 0.012 
0.010 Tr 0.005 
0.005 0.002 0.008 
0.006 Tr 0.003 
0.003 0.001 0.024 
0.010 0.001 0.007 
0.004 0.001 0.003 
0.005 0.001 0.007 
0.004 Tr 0.007 
0.003 0.001 0.002 
0.017 Tr 0.012 
0.006 Tr 0.004 
0.012 Tr 0.007 
0.011 Tr 0.009 
0.007 Tr 0.003 
0.007 Tr 0.003 
0.010 Tr 0.008 
0.011 Tr 0.005 
0.013 Tr 0.007 
0.007 0.004 0.005 
0.006 Tr 0.003 
0.010 Tr 0.005 
0.008 0.001 0.008 
0.008 Tr 0.021 
0.004 Tr 0.006 

HCH, hexachlorocyclohexane; Tr, trace amount. 
Reprinted from ref. 29, with permission. 

ticides mimic the action of picrotoxin: Dieldrin has been shown to 
bind to the picrotoxin receptor in rodent brain synaptosomes (89). 

No evidence of hepatic injury was noted in exposed individu­
als manifesting serum concentrations of dieldrin (range, 4 to 350 
ppb) (87). Hepatic enzyme activity levels were found to be normal 
in 233 pesticide applicators exposed occupationally to aldrin, 
dieldrin, endrin, and kelodrin for 4 to 12 years (87). Studies have 
concluded that long-term exposure to aldrin and dieldrin do not 
produce liver disease detectable by enzyme elevation or hepatic 
enzyme induction. Blood concentrations of dieldrin are normally 
lower than 10 ng per mL. Concentrations between 10 and 100 ng 
per mL probably are indicative of overexposure (90). Dieldrin 
blood concentrations from 100 to 200 ng per mL indicate signifi­
cant and potentially serious exposure. Concentrations exceeding 
200 ng per mL may be associated with toxic effects. 

DOE DDT Total DDT 

0.012 0.021 0.034 
0.010 0.013 0.024 
0.009 0.017 0.027 
0.017 0.011 0.030 
0.033 0.020 0.057 
0.026 0.019 0.048 
0.026 0.007 0.036 
0.019 0.021 0.042 
0.024 0.007 0.034 
0.023 0.005 0.031 
0.055 0.029 0.090 
0.020 0.004 0.026 
0.046 0.022 0.073 
0.057 0.028 0.092 
0.014 0.005 0.021 
0.041 0.013 0.059 
0.044 0.037 0.086 
0.026 0.008 0.037 
0.047 0.015 0.067 
0.029 0.007 0.039 
0.050 0.012 0.068 
0.039 0.014 0.057 
0.034 0.027 0.065 
0.023 0.006 0.032 
0.024 0.014 0.041 
0.029 0.009 0.041 
0.012 0.003 0.016 
0.036 0.013 0.053 
0.034 0.010 0.048 
0.011 0.004 0.016 
0.073 0.027 0.108 
0.025 0.006 0.034 
0.039 0.011 0.054 
0.041 0.009 0.055 
0.016 0.005 0.023 
0.037 0.006 0.047 
0.034 0.012 0.050 
0.025 0.007 0.035 
0.043 0.009 0.057 
0.024 0.006 0.033 
0.022 0.004 0.029 
0.034 0.009 0.047 
0.022 0.007 0.032 
0.028 0.008 0.039 
0.013 0.004 0.018 

Carcinogenesis 

The available data on aldrin and dieldrin are inadequate to 
establish a clear relationship between these compounds and 
cancer in humans. However, malignant tumors of the liver have 
been observed in animal studies involving these chemicals (91). 
Mortality studies of workers engaged in the manufacturing of 
aldrin, dieldrin, and endrin revealed excess cancer incidence. 

Environmental Regulations of Aldrin and Dieldrin 

The WHO recommends the following guidelines for aldrin and 
dieldrin concentrations: 

• Food (extraneous residue limit): 0.02 to 0.2 mg per kg of 
product 
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TABLE 99-13. Mean levels of org:inochlo.ri!1e pesticides in milk of individual donors exposed to indoor air concentrations of 
organochlorme pesticides (values expressed in nanograms per gram of whole milk) 

Donor No. of 
no. sample HCH y-HCH Chlordane Heptachlor 

1 4 12 2 Tr 
2 6 15 2 2 Tr 
3 7 3 2 32 Tr 
4 6 4 1 2 Tr 
5 2 13 4 3 Tr 
6 6 7 1 2 Tr 
7 6 10 2 2 1 
8 1 5 1 2 Tr 
9 3 5 1 1 Tr 

10 14 15 1 4 2 
11 4 9 1 1 1 
12 7 5 3 1 
13 4 8 Tr 2 1 
14 4 4 1 8 Tr 

HCH, hexachlorocyclohexane; Tr, trace amount. 
Reprinted from ref. 23, with permission. 

• Food (maximum residue limit): 0.02 to 0.1 mg per kg 
• Drinking water: 0.03 µg per L 
• Acceptable daily intake: 0.1 µg per kg of body weight (sum of 

aldrin and dieldrin) 

The Occupational Safety and Health Administration estab­
lished an 8-hour time-weighted average (TWA) atmospheric 
permissible exposure limit for aldrin of 0.25 mg per cubic meter 
and for dieldrin of 0.25 mg per cubic meter, with a skin notation 
for each compound (OSHA 1985). 

In 197 4, the EPA suspended all use of aldrin and dieldrin, and 
all foo? uses were canceled in 1975 (84). Specific precautions 
regarding the termiticide use of aldrin and dieldrin were insti­
tuted in 1981, and a label improvement program was initiated to 
redu~~ ~otential risk due to the possibility of misapplication in 
term~tici?e use. Label changes indicated precautions concerning 
apphcat101: of these chemicals near water supplies, heating 
ducts, and mtake ducts in dwellings and around structures hav­
ing crawl spaces underneath (84). New labels also warned 
against annual applications (84). 

E~fluent limitations of zero discharge were established by the 
EPA m 1986, under the National Pollutant Discharge Elimination 
System, for both existing and new sources. Tolerances for residues 
?~ aldrin and dieldrin in or on various raw agricultural commod­
ities are set at 0, 0.02, 0.05, or 0.1 ppm under section 408 of the Pes­
ticide Residue Amendment to the Federal Food, Drug and 

TABLE 99-14. Dieldrin levels in donors for whom aldrin was the 
most recent pesticide used in the home 

Dieldrin levels (ng/g whole milk) in months after 
treatmenta 

Donor 2 3 4 5 
no. mo mo mo mo 

2 26 9 12 14 
6 19 21 
9 

3 Note decline in concentration over time. 
Reprinted from ref. 23, with permission. 

6 
mo 

11 
26 

7 8 
mo mo 

14 
31 21 
16 24 

9 
mo 

8 
16 

Heptachlor Total 
epoxide Dieldrin DDE DDT DDT 

3 14 27 8 38 
3 14 50 5 61 
2 10 15 3 20 
2 9 18 3 23 
7 26 104 23 139 
3 21 28 6 37 
5 10 33 5 42 
1 19 40 5 50 
2 19 17 3 22 

11 13 48 10 63 
2 7 17 4 23 
2 9 18 5 25 
2 8 16 3 21 
3 16 44 8 57 

Cosmetic Act as administered by the EPA. Aldrin (Waste Number 
P004) and dieldrin (Waste Number P037) are listed as hazardous 
wastes under the Resource Conservation and Recovery Act. 
. Aldrin and dieldrin are listed as toxic pollutants under sec­

tion 307 of the Federal Water Pollution Control Act. They are 
regulated as hazardous substances with a reportable quantity of 
1 po1:1nd (0.~54 kg) for each, under section 102 of the Compre­
hensive Environmental Response, Compensation, and Liability 
Act for releases from vessels and facilities. 

The American Conference of Governmental Industrial 
Hygienists ~as adopt~d TY'7A threshold limit values for expo­
sure to aldrm and d1eldnn of 0.25 mg per cubic meter. The 
American Conference of Governmental Industrial Hygienists' 
recommendation includes a "skin" notation to indicate the 
potential for absorption of the compound by the dermal or air­
borne route or by direct contact. The TWA limit for aldrin was 
chosen to prevent hepatic injury and to maintain the dieldrin 
load at a su~ficiently I.ow level to prevent systemic poisoning. 

The National Institute for Occupational Safety and Health 
has recommended a permissible exposure limit for both aldrin 
and dieldrin of 0.25 mg per cubic meter and has recommended 
the ~esi~ation of l~O mg of aldrin per cubic meter and 450 mg 
of d1eldnn per cubic meter as those concentrations that are 
immediately dangerous to life or health. 

TABLE 99-15. Chlordane levels in one breast-milk donor 
exposed to home pesticide spraying 

Sample no. 

1 
2 
3 
4 
5 
6 
7 

Sampling time relative to 
treatment 

3 days prior 
1 week after 
3 weeks after 
7 weeks after 
11 weeks after 
1 5 weeks after 
19 weeks after 

Tr, trace amount (<1 ng/g). 
Reprinted from ref. 23, with permission. 

Chlordane (ng/g 
whole milk) 

Tr 
63 
66 
64 
26 

2 
2 



TABLE 99-16. Hexachlorobenzene, heptachlor, and heptachlor 
epoxide levels in breast milk of an individual after home 

application of pesticides (values expressed in nanograms per 
gram of whole milk) 

Sample Sampling time Heptachlor 
no. relative to treatment HCH Heptachlor epoxide 

1 3 months prior 3 
2 2 months prior 8 Tr 4 
3 1 month prior 7 Tr 3 
4 1 day after 6 13 2 
5 3 days after 22 2 4 
6 1 week after 18 Tr 8 
7 2 weeks after 17 Tr 8 
8 3 weeks after 13 2 13 
9 4 weeks after 22 3 29 

10 5 weeks after 23 4 29 
11 7 weeks after 21 2 21 
12 9 weeks after 18 1 16 
13 12 weeks after 17 Tr 7 
14 1 5 weeks after 9 Tr 3 

HCH, hexachlorocyclohexane; Tr, trace amount. 
Reprinted from ref. 23, with permission. 

The NAS has issued a health advisory for a level of 0.0031 
ppb for chronic exposure in drinking water. The drinking water 
equivalent level for dieldrin is 2 µg per L and the draft drinking 
water equivalent level for aldrin is 0.9 µg per L. On the basis of 
estimates of carcinogenic potential, a level of 0.02 µg per L of 
drinking water corresponds to a cancer risk level of 1 x 10-5• 

In 1980, the EPA established a National Ambient Water Qual­
ity Criterion of 0.074 µg of aldrin per Land of 0.071 µg of diel­
drin per L for human health (84). This was founded on a 
1: 1,000,000 risk for cancer and was based on estimates for the 
ingestion of contaminated water and contaminated organisms 
in the water. The International Agency for Research on Cancer 
in 1987 classified aldrin and dieldrin in group 3, as a possible 
human carcinogen, on the basis of limited evidence in animals 
as human data are lacking (84). Aldrin is also listed as a probable 
human carcinogen on the weight of experimental evidence 
under the EPA Proposed Guidelines for Carcinogen Risk 

Aldrin 

1,2,3,4, 10, 10-Hexachloro-
1,4,4a,5,8,8a-hexahydro-exo-
1,4-endo-5,8-dimethanonaph­
thalene (HHDN) 

Compound 118, Octalene, 
Aldrec, Aldrex, Drinox 

Cl 

Cl 

Cl 

Cl 

Dieldren 

3,4,5,6,9,9-Hexachloro-
1a,2,2a,3,6,6a, 7 ,7 a-octa­
hydro 2,3,3,6-dimethano­
naphth[2,3-b J-oxirene (HEOD) 

Compound 497, Octalox, 
Panoram 0-31, Alvit, 
Dieldrex, Ouintox 

H Cl 

H Cl 

Figure 99-11. Chemical structures of aldrin and dieldrin. (From ref. 84, 
with permission.) 
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Figure 99-12. Relationship of the distribution of dieldrin among blood 
and certain tissues in humans. (From ref. 21, with permission.) 

Assessment released in 1984 (84). Evidence of the carcinogenic­
ity of this substance from animal studies appears sufficient, 
although human studies have been inadequate. Dieldrin also is 
classified by the EPA as a probable human carcinogen, with suf­
ficient evidence in animals and inadequate evidence in humans. 

ENDRIN 

Endrin, a stereoisomer of dieldrin, is a cyclodiene organochlo­
rine pesticide with a formula of C12H 8Cl60 and a molecular 
weight of 380.93. The technical product is approximately 85% 
endrin. Endrin, a white, crystalline solid introduced in 1951, is 
one of the most toxic of the cyclodiene compounds and pro­
duces dizziness, seizures, tremors, and confusion in acute toxic-

OH 

Aldrin 

H OH 

Cl 
----), 

/ 
Cl 

Cl 

6,7 Trans­
Dihydroxydihydroaldrin 

Dieldrin 

9-Hydroxydieldrin 

Cl 

Dicarboxylic Acid 

Cl 

Pentachloroketone 

Cl 

Figure 99-13. Metabolism of aldrin and dieldrin. (From ref. 84, with per­
mission.) 
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ity (92). Toxicity has also been associated with hyperthermia and 
decerebrate rigidity (46). 

Endrin is rapidly metabolized in animals and humans and 
does not accumulate in human tissues after exposure. In animals, 
endrin is metabolized to water-soluble compounds and is 
excreted mainly in the feces. The threshold limit value of endrin 
is 0.1 mg per cubic meter, which was set to prevent systemic tox­
icity. The short-term exposure limit for endrin is 0.3 mg per cubic 
meter. Endrin is toxic to animals in oral overdose studies (90). 
The half-life of endrin is 2 to 6 days. Endrin and a metabolite, 
anti-12-hydroxyendrin, can be found in the stool of humans. 
Anti-12-hydroxyendrin can also be found in the urine of occupa­
tionally exposed individuals and can be used as a biological 
monitoring marker. Endrin has not been found to be carcinogenic 
or teratogenic or to cause reproductive effects in animals studied. 

An outbreak of endrin poisoning from contaminated food in 
Pakistan in 1984 resulted in a 10% mortality rate from seizures 
(92). Seizures occurred within 2 hours after the contaminated 
food was ingested and, in some instances, status epilepticus 
occurred. Endrin serum concentrations in these individuals 
ranged from 1.5 to 49.4 ppb. Nonfatally affected patients recov­
ered within a few days. 

ISOBENZAN 

Isobenzan (telodrin) is a cyclodiene compound with a formula 
of C9H4Cl80 and a molecular weight of 411.79 (46). The technical 
product is greater than 95% isobenzan. The compound, a light 
brown crystalline powder, is soluble in other organic solvents 
although insoluble in water. It was produced between the years 
1958 to 1965 and had limited agricultural use (90). Little is 
known about the human toxicology of isobenzan. Available 
human data indicate that this substance's clinical toxicologic 
effects are related to CNS stimulation and seizures, as is true of 
other organochlorine compounds. Other symptoms associated 
with isobenzan include headaches, dizziness, irritability, pares­
thesias, and drowsiness (46). 

Exposure of the general population to isobenzan has been 
limited. Clinical cases of seizures have been reported after seri­
ous exposures (90). A mean blood concentration of 0.023 ng of 
isobenzan per mL (range, 1.017 to 0.030 ng per mL) was found 
in nine workers who experienced intoxication. 

Isobenzan is well absorbed by the gastrointestinal tract. It 
accumulates in adipose tissue and has one identified metabolite, 
telodrin lactane. Isobenzan also crosses the placenta. Its biologi­
cal half-life is reported to be 2.8 years (90). 

ENDOSULFAN 

Endosulfan (see Fig. 99-8) is a mixture of two isomers, a- and P­
endosulfan. Introduced in 1956, it has a formula of C9H6Cl60 3S 
and a molecular weight of 406.95 (46). Its common names 
include benzoepin, cyclodane, malix, thimul, thiosulfan, and thionex. 
The a isomer constitutes 70% of the mixture and the P isomer 
approximately 30% (46). Endosulfan is a brownish, crystalline 
powder that smells like sulfur dioxide. It is soluble in organic 
solvents and insoluble in water. 

The primary source of human exposure is through residues 
on food and on tobacco (93). Endosulfan contamination is not 
widespread in the environment. The p isomer of endosulfan has 
a higher affinity for soil and thus a longer half-life in the envi­
ronment. The soil half-life of the a isomer is 60 days, whereas 
the half-life of the p isomer is 900 days (93). Both isomers resist 
photodegradation. 

Clinical toxicologic effects have been described in cases of 
ingestion and occupational exposures. After ingestion of 
endosulfan, symptomatology begins within a few hours, and 
death has been reported within 2 hours (93,94). The clinical syn­
drome consists of vomiting, agitation, pulmonary edema, sei­
zures, dyspnea, and cyanosis (94). Occupational exposure has 
been associated with anxiety, headaches, dizziness, stupor, con­
fusion, and seizures. 

CHLORDECONE, KHEVAN, AND MIREX 

The chemical formula for mirex is C10Cl12, which has a molecu­
lar weight of 545.51 (Fig. 99-14) (95). Mirex is a white, crystalline 
solid that melts at 485°C. It is insoluble in water but soluble in 
benzene, carbon tetrachloride, and xylene. It is a very stable 
compound in the environment and bioaccumulates up the food 
chain. 

Introduced in 1955, mirex once was used extensively for the 
control of fire ants in the southern United States (95). The EPA 
began phasing out the use of mirex for this purpose in the mid-
1970s. The substance has been detected in fat samples collected 
in geographic areas known to have been treated with the chem­
ical (46). Mirex has also been used as a fire retardant, under the 
name dechlorane, in plastics, rubber, paint, paper, and electrical 
products (95). Most of the mirex produced between 1959 and 
1975 was used in the United States. 

Human environmental exposures to mirex occurred from 
food ingestion and from contaminated soil. Mirex is excreted in 
human breast milk. Adipose tissue concentrations ranging from 
0.16 to 6.0 mg per kg of fat have been found in autopsy samples 
from persons residing in the southeastern United States (95). 
The mean blood concentration of mirex in pregnant women in 
Mississippi was 0.5 µg per L. Mirex resists metabolism in 
humans and animals. Cases of human poisoning have not been 
reported. Mirex was not fetotoxic in animal studies and was not 
a teratogen. It crosses the placenta in animal studies and is car­
cinogenic in mice and rats. 

Chlordecone (Kepone) is a tan to white solid having a chem­
ical formula of C10Cl100 and a molecular weight of 490.61 (Fig. 
99-15) (46). It is soluble in acetone and less soluble in benzene 
and similar petroleum solvents. Technical-grade chlordecone is 
88% to 99% pure, with minor contamination by hexachlorocy­
clopentadiene (96). 

Chlordecone production began in 1965 but was terminated in 
July 1975 after its manufacturing plant had been in operation for 
16 months (46). No effective occupational control of chlordecone 
exposure had been determined, and workers were being exces­
sively contaminated. The clinical syndrome of chlordecone tox­
icity was insidious, and its onset involved some weight loss, 
tremor of the muscles of the upper extremities, muscle weak­
ness, abnormal eye movements, slurring of speech, mental sta­
tus changes, chest pain, arthralgias, dermatitis, and abnormal 
liver function tests (46,97). After manufacturing of chlordecone 
was initiated, blood levels of this substance in residents of the 
community in close proximity to the plant were found to be as 
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Figure 99-14. Chlordecone and mirex. 
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Figure 99-15. Kelevan and chlordecone (Kepone). 

high as 0.033 ppm (46,97,98). Chlordecone is a known neuro­
toxin and can produce peripheral neuropathy. 

Chlordecone is environmentally very stable. Human expo­
sure to chlordecone has occurred via food residues owing to 
its bioaccumulation. It is excreted in human breast milk. 
Occupational exposure occurred in its production plant in 
1975, with large amounts of chlordane contaminating the sur­
rounding environment. Chlordecone blood concentrations in 
workers exhibiting health effects averaged 2.53 mg per L (98). 
Those exposed workers who were not ill had average blood 
concentrations of 0.60 mg per L. Chlordecone's half-life 
ranges from 63 to 148 days. Cholestyramine was found to 
enhance gastrointestinal elimination of this toxin in exposed 
individuals. 

Chlordecone and kelevan are chemically related pesticides. 
Kelevan (Despirol, Elevat), a condensation product of chlorde­
cone and ethyl levulinate (96), is a solid white powder with a 
molecular weight of 634.79 (see Fig. 99-15). Technical-grade 
kelevan is 94 % to 98% pure, with minor contamination by chlor­
decone. Once absorbed by animals or humans, it is metabolized 
to chlordecone. 

TOXAPHENE 

Toxaphene, introduced in 1948, is a mixture of chlorinated bicyc­
lic terpenes (chlorinated camphenes) containing 67% to 69% 
chlorine. Toxaphene is a yellow, waxy solid with a chemical for­
mula of C10H10Cl18 (Fig. 99-16). It is well absorbed dermally and 
via the gastrointestinal tract. Environmentally, toxaphene 
vaporizes from soil but can be adsorbed to soil with a half-life of 
up to 12 years. Toxaphene bioaccumulates in aquatic organisms 
(99). It is soluble in organic solvents but insoluble in water. In the 
environment, toxaphene is photodegraded by ultraviolet light 
and, in soil, is degraded by the action of bacteria (99). 

Clinical toxicity from toxaphene occurs from occupational 
exposures and ingestion of the product. Cases of poisoning have 
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Figure 99-16. Toxaphene. 
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manifested as seizures and respiratory depression (96). In occu­
pational settings, inhalation of the product has been associated 
with decreased pulmonary function and dyspnea. Toxaphene 
exposure has resulted in death in some instances. Symptoms 
occur within 30 minutes to a few hours after ingestion. The main 
cl~nical manifestations of toxicity are convulsions, hyperther­
mia, tremors, and confusion (46). 

Toxaphene is considered to be a potential human carcinogen, 
':h~reas in ~ice and rats it is a proved carcinogen. The threshold 
hm1t value 1s 0.5 mg per cubic meter, with a notation warning 
against dermal contact. 

DICOFOl AND METHOXYCHLOR 

Dicofol_ i~ a chlorin~ted hydrocarbon pesticide used mainly as 
an aca~1c1de ~n gram crops (Fig. 99-17). The chemical's generic 
name 1s l,l-b1s(p-chlorophenyl)-2,2,2-trichloroethanol, and it is 
marketed as Kelthane, Acarin, and Mitigan. Dicofol has a molec­
ular weight of 370.5 and is a white solid with a melting point of 
79°C. The technical product is a light brown, viscous oil with a 
density of 1.45. Dicofol is insoluble in water but soluble in most 
aliphatic and aromatic solvents. It is highly lipophilic. This 
chemical is hydrolyzed by alkali to dichlorobenzophenone and 
chloroform (46). 

Dicofol is manufactured by the chlorination of bis( 4-
chlorophenyl)carbinol. It is registered for use on vegetables, 
fruits, and a variety of field crops and is used widely in nurseries 
and greenhouses. It is relatively stable, although when heated or 
in contact with strong acids, it decomposes to hydrogen chlo­
ride, the vapors of which may cause acute health problems. The 
chemical is also structurally similar to DDT (46). 

Dicofol is stable in the environment after application. Resi­
dues decrease rapidly, but trace amounts of the chemical can be 
found in soil up to a year after application. Human toxicity 
information is limited, as human exposures have demonstrated 
very little clinical toxicity. Animals given toxic doses have symp­
toms referable to CNS stimulation. 

Methoxychlor [ 1,1,1-trichloro-2,2-bis(p-methoxyphenyl) ethane], 
having the chemical formula C16H 15C130 2, has a molecular 
weight of 345.65 (see Fig. 99-17) (46). It is marketed as Marlate. 
The compound is a clear crystal in its pure state and a gray pow­
der in its technical state (46). It was first introduced in 1945 as a 
wettable powder, dust, and concentrate. Like dicofol, methoxy­
chlor has a low order of animal toxicity but, in sufficient doses, 
can produce seizures. Human volunteers ingesting up to 2 mg 
per kg per day for 8 weeks showed no health effects. In humans, 
dermatitis may occur from contact with either dicofol or meth­
oxychlor. No cases of systemic intoxication from methoxychlor 
have been reported in humans. 
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Figure 99-17. Methoxychlor (Marlate) and dicofol (Kelthane). 
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ORGANOCHlORINE PESTICIDE 
CONCENTRATIONS IN HUMAN TISSUES 

The period from the 1950s to 1970s witnessed heavy use of many 
organochlorine pesticides. The concentration of DDT in human 
adipose tissue during this time averaged approximately 5 ppm 
(24). At the same time, the adipose concentrations of DDT and 
DDE in combination averaged 15 ppm (24). After the ban on DDT 
was issued, a gradual reduction of adipose tissue concentrations 
of both DDT and DDE occurred. By the late 1960s, the average 
concentration ranged from 1 to 2 ppm of DDT and approximately 
9 ppm for all DDT- and DDE-related pesticides (24). 

Because pesticides had been used extensively throughout 
southern Florida, the presence of organochlorine pesticides in 
the serum of 59 female residents of Dade County, Florida, was 
surveyed and compared with pesticide content in the drinking 
water (24). Ten organochlorine pesticides and their metabolites 
were analyzed in this monitoring program: HCH, B-HCH, hep­
tachlor, oxychlordane, heptachlor epoxide, trans-nonachlor, 
DDE, dieldrin, o,p'-DDT, and p,p'-DDT. In the subjects, HCH, B­
HCH, p,p'-DDE, dieldrin, and p,p'-DDT were detected. Serum 
concentrations of most of these organochlorine compounds 
were in the parts-per-billion range (see Table 99-6). For all five 
compounds detected in the subject pool, each was undetectable 
in at least some subjects and ranged to various maximum con­
centrations as follows: HCH to 1.1 ppb, B-HCH to 5.8 ppb, DDE 
to 68.4 ppb, dieldrin to 10 ppb, and DDT to 5.5 ppb. When sub­
jects were compared with individuals who consumed well 
water as opposed to city water, no significant difference in 
serum levels of organochlorine pesticide metabolites was noted 
(see Table 99-7) (24). 

Organochlorine pesticide residues were studied in human 
adipose tissue in the United Kingdom between the years 1976 
and 1977. These samples were taken from adipose tissue during 
autopsies on 236 individuals older than 5 years (26). The ranges 
of these compounds in adipose tissue were as follows: B-HCH 
ranged from undetectable to 1.2 mg per kg; heptachlor epoxide, 
from lower limits of detection to 0.12 mg per kg; dieldrin, from 
undetectable to 0.49 mg per kg; DDE, from 0.03 to 15 mg per kg; 
DDT, from 0.04 to 17 mg per kg; and total chlorinated biphenyls, 
from undetectable to 10 mg per kg (26). The concentrations of 
these organochlorine compounds were similar to those observed 
in other studies carried out in the 1960s. Results of the 1976 and 
1977 study in the 236 subjects and the organochlorine pesticide 
residues found in human fat are summarized in Table 99-8. 

Other studies performed in the 1960s in autopsy samples 
showed mean concentrations of dieldrin of 0.0061 ppm in the 
white matter of the brain, gray matter concentrations of 0.0047 
ppm, liver concentrations of 0.03 ppm, and fatty tissue concentra­
tions of 0.17 ppm (21). Figures 99-4 and 99-12 depict the distribu­
tion of DDT and dieldrin, respectively, in blood and other tissues 
in humans, as prepared from this study (21 ). Dieldrin has a greater 
tendency to be stored in liver and brain tissue relative to adipose 
tissue, as compared with DDT-related compounds. Concentra­
tions of organochlorine pesticides typically found in adipose tis­
sue, liver, and brain tissue are shown in Tables 99-9 and 99-10 (21). 

Assays for oxychlordane metabolites were conducted in adi­
pose tissue samples collected from postmortem examination 
and surgical procedures in the 1960s and 1970s (80). In 27 speci­
mens, oxychlordane concentrations ranged from 0.03 to 0.40 
ppm (80). 

Isomers and metabolites of a variety of organochlorines­
including p,p'-DDT, o,p'-DDT, p,p'-DDE, B-HCH, dieldrin, and hep­
tachlor epoxide-have been found in persons who have had no 
occupational exposure. Serum pesticide concentrations in the 
parts-per-billion range were detected by Morgan and Lin (13) in a 

population studied between 1967 and 1973. These concentrations 
were compared with various clinical chemistries in more than 2,600 
subjects (13). DDT and DDE serum concentrations were found to 
be higher in those subjects living in the southern United States. No 
evidence was found of abnormal hematologic studies (13). 

The presence of organochlorine pesticide residue concentra­
tions in human breast milk was studied in western Australia 
from 1979 to 1980 (see Table 99-11) (29). In this study, 267 sam­
ples of human breast milk were supplied by 140 donors from 
urban and rural areas and were analyzed for organochlorine 
pesticides. The organochlorine pesticides detected were aldrin, 
lindane, HCH, dieldrin, and DDT. Aldrin and lindane were 
found in trace amounts, whereas DDT-related compounds mea­
suring 0.078 to 0.046 ppm were found. The levels of HCH 
ranged from 0.025 to 0.008 ppm and of dieldrin ranged from 
0.005 to 0.009 ppm. A comparison of this study' s results with 
those of a previous study conducted from 1970 to 1971 showed 
that, except for dieldrin concentrations (which were increasing), 
organochlorine pesticide concentrations in human breast milk 
were decreasing. The Australian government imposed controls 
on the use of organochlorine pesticides in western Australia in 
1971. During the years 1978 to 1979, a decrease in pesticide con;. 
centrations was documented in most countries in which limita­
tions had been placed on the use and application of chlorinated 
pesticides in the environment. Endeavors to correlate the pesti­
cide concentrations in human tissues and the use of pesticides or 
the exposure to pesticides have been unsuccessful. The results of 
the 1979 to 1980 Australian study demonstrate that restricting 
the use of organochlorine pesticides reduces the human tissue 
content of these pesticides. Individual information on samples 
from the urban donors of human breast milk in this 1979 to 1980 
study are shown in Table 99-12 (29). 

Indoor air concentrations of organochloride pesticides, partic­
ularly chlordane, contribute to the total body burden of the resi­
dues found in humans (47). Sampling and analysis of indoor air 
for chlorinated pesticides has revealed low concentrations of 
chlordane and nonachlor (44,45). Concentrations of y-chlordane, 
a-chlordane, and trans-nonachlor were found in the various 
homes sampled. In one study, 12 homes were sampled from 
November 1985 to October 1986 (45). The outdoor air concentra­
tions of chlordane and trans-nonachlor were very low, the aver­
age outdoor air concentration of y-chlordane being 0.5 ng per 
cubic meter ( 45). In contrast, the indoor air concentration of y­
chlordane ranged from 29 ng per cubic meter and averaged 
seven times higher than the outdoor air concentration. Interest­
ingly, in this study, homes in which the windows were closed 
versus those in which windows were open did not show sub­
stantially different concentrations of indoor air ( 45). These homes 
had been treated with subsurface slab injection of chlordane for 
termites. Large cracks in the foundation probably were responsi­
ble for the high concentration of chlordane in indoor air (45). 

Another 1985 study correlated home treatment with orga­
nochlorine pesticides to the presence of such pesticides in human 
breast milk (23). Fourteen subjects supplied breast milk in this 
study and answered questions regarding treatment of their 
houses with organochlorine pesticides. Most houses had been 
treated with applications of heptachlor and aldrin. This study 
concluded that a connection existed between the concentrations 
of pesticides and other metabolites in human breast milk and the 
use of such pesticides for spraying inside or outside the home 
(23). The mean concentrations of the organochlorine pesticides 
found in human breast milk from these donors are shown in 
Table 99-13. The subjects were chosen from among those whose 
houses had been recently treated with organochlorine pesticides. 
Table 99-14 indicates the concentrations of dieldrin in breast milk 
donors and the decline in dieldrin concentrations months after 



the application of dieldrin in the home environment (23). Table 
99-15 shows chlordane concentrations in one of the subjects 
( expressed as nanograms per gram of whole breast milk) relative 
to the time of chlordane treatment in the subject's house. Table 
99-16 shows concentrations of HCH, heptachlor, and heptachlor 
epoxide relative to treatment times in the home environment 
(23). These data demonstrate that spraying of homes with orga­
nochlorine pesticides is related to increased concentrations of 
pesticides in human breast milk (23). 

The occupational permissible exposure limit of chlordane is 
500 µg per cubic meter for a 40-hour work week. The NAS in 
1979 considered this concentration to be unacceptable in the 
home environment because of continuous exposure 24 hours 
per day and recommended a concentration of chlordane of 5 µg 
per cubic meter as acceptable in the home environment (44). The 
NAS also recommended a concentration of 2 µg per cubic meter 
for heptachlor in homes (44). 

Chlordane was measured in 47 4 family housing units at 
seven U.S. Air Force installations from the 1980 to 1981 (44). 
Chlordane had been used in these homes for treatment of ter­
mites by subsurface slab injection or exterior application, and 
86% of these homes had chlordane air concentrations of less 
than 3.5 µg per cubic meter, whereas 12% had concentrations 
between 3.5 and 6.5 µg per cubic meter, and 2% had indoor air 
concentrations exceeding 6.5 µg per cubic meter (44). 
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CHAPTER 100 

Fumigants 
John A. Lowe and John B. Sullivan, Jr. 

Fumigants are pesticides that exist as gases or vapors at specified 
temperatures and pressures (generally room temperature and 
ambient pressures). Fumigation is used to control a variety of 
pests, including insects in stored grain products, wood-destroying 
insects, and nematodes or fungi in soil (1). The advantages of 
fumigation are the speed with which it works, its ability to reach 
places that sprays cannot reach (i.e., within building materials or 
deep within soil), and the possible lower cost as compared to 
that of repeated spraying. Disadvantages are the need for spe­
cialized equipment and the requirement of training to use fumi­
gants safely (2). Fumigants span several different classes of 
chemicals; however, nearly all the chemicals used as fumigants 
are highly toxic, both to pest species and to nontarget organisms 
(Table 100-1). Chemicals formerly used as fumigants are carbon 
tetrachloride, carbon disulfide, and hydrogen cyanide. Other 
chemicals with important commercial uses as fumigants [ e.g., 
l,2-dibromo-3-chloropropane (DBCP); ethylene dibromide 
(EDB); 1,3-dichloropropene (1,3-D); methyl bromide; and alumi­
num phosphide] have been associated with significant chronic 
and acute health effects in humans and laboratory animals. Car­
bon tetrachloride and methyl bromide potentially affect strato­
spheric ozone and the ability of the atmospheric ozone layer to 
protect the earth's surface from ultraviolet radiation. 

Many fumigants epitomize the balance of economic benefits 
and estimated health risks associated with chemical use. Classic 
examples of this balance include such chemicals as EDB and 
DBCP, which have served vital roles in increasing crop yields by 
controlling soil-borne nematodes. Use of these compounds has 
resulted in potential widespread exposures of humans through 
groundwater contamination in agricultural areas and, in the 
case of DBCP, adverse effects in workers. EDB and DBCP have 
been demonstrated to be carcinogens in laboratory animals; 
hence, they represent a potential human cancer risk. The esti­
mated cancer risk associated with these chemicals in groundwa­
ter has significantly influenced decisions to prohibit their use in 
agriculture in the United States. Over time, greater reliance has 
been placed on methyl bromide as a soil and object fumigant. 
However, production and use of methyl bromide eventually 
will cease by the early twenty-first century, principally owing to 
its ozone-depleting effects. Ultimately, the loss of methyl bro­
mide presents an opportunity to move away from heavy reli­
ance on a single chemical that has discouraged an in-depth 
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