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FOREWORD

This toxicological profile is prepared in accordance with guidelines* developed by the Agency for
Toxic Substances and Discase Registry (ATSDR) and the Environmental Protection Agency (EPA). The
original guidelines were published in the Federal Register on April 17, 1987. Each profile will be revised
and republished as necessary.

The ATSDR toxicological profile succinctly characterizes the toxicologic and adverse health effects
information for the hazardous substance described therein. Each peer-reviewed profile identifies and
reviews the key literature that describes a hazardous substance's toxicologic properties. Other pertinent
literature is also presented, but is described in less detail than the key studies. The profile is not intended to
be an exhaustive document; however, more comprehensive sources of specialty information are referenced.

The focus of the profiles is on health and toxicologic information; therefore, each toxicological profile
begins with a public health statement that describes, in nontechnical language, a substance's relevant
toxicological properties. Following the public health statement is information concerning levels of
significant human exposure and, where known, significant health effects. The adequacy of information to
determine a substance's health effects is described in a health effects summary. Data needs that are of
significance to protection of public health are identified by ATSDR and EPA.

Each profile includes the following:

(A) The examination, summary, and interpretation of available toxicologic information and
epidemiologic evaluations on a hazardous substance to ascertain the levels of significant human
exposure for the substance and the associated acute, subacute, and chronic health effects;

(B) A determination of whether adequate information on the health:effects of each substance is
available or in the process of development to determine levels of exposure that present a
significant risk to human health of acute, subacute, and chronic health effects; and

(C) Where appropriate, identification of toxicologic testing needed to identify the types or levels of
exposure that may present significant risk of adverse health effects in humans.

The principal audience for the toxicological profiles is health professionals at the Federal, State, and
local levels; interested private sector organizations and groups; and members of the public.

This profile reflects ATSDR’s assessment of all relevant toxicologic testing and information that has
been peer-reviewed. Staff of the Centers for Disease Control and Prevention and other Federal scientists
have also reviewed the profile. In addition, this profile has been peer-reviewed by a nongovernmental panel
and was made available for public review. Final responsibility for the contents and views expressed in this
toxicological profile resides with ATSDR.

David Satcher, M.D., Ph.D.
Administrator

Agency for Toxic Substances and
Disease Registry
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*egislative Background

The toxicological profiles are developed in response to the Superfund Amendments and
Reauthorization Act (SARA) of 1986 (Public Law 99499) which amended the Comprehensive
nvironmental Response, Compensation, and Liability Act of 1980 (CERCLA or Super-fund). This public
law directed ATSDR to prepare toxicological profiles for hazardous substances most commonly found at
facilities on the CERCLA National Priorities List and that pose the most significant potential threat to human
health, as determined by ATSDR and the EPA. The availability of the revised priority list of 275 hazardous
substances was announced in the Federal Register on April 29,1996 (61 FR 18744). For prior versions of
the list of substances, see Federal Register notices dated April 17,1987 (52 FR 12866); October 20,1988
(53 FR 41280); October 26,1989 (54 FR 43619); October 17,1990 (55 FR 42067); October 17,1991
(56 FR 52166); October 28,1992 (57 FR 48801); and February 28,1994 (59 FR 9486). Section 104(1)(3) of
CERCLA, as amended, directs the Administrator of ATSDR to prepare a toxicological profile for each
substance on the list.
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THE PROFILE HAS UNDERGONE THE FOLLOWING ATSDR INTERNAL REVIEWS:
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2. Health Effects Review. The Health Effects Review Committee examines the health effects chapter
of each profile for consistency and accuracy in interpreting health effects and classifying
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3. Minimal Risk Level Review. The Minimal Risk Level Workgroup considers issues relevant to

substance-specific minimal risk levels (MRLs), reviews the health effects database of each profile,
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PEER REVIEW
A peer review panel was assembled for toxaphene. The panel consisted of the following members:

1. Dr. William Buck, Private Consultant, Consul-Tox, Inc., 1206B County Road, 800N., Tolono,
Illinois;

2. Mr. Anthony Donigian Jr., Private Consultant, AQUATERRA Consultants, 2672 Bayshore Parkway,
Suite 1001, Mountain View, California; and

3. Dr. Donald Morgan, Private Consultant, 326 Highland Drive, lowa City, lowa.

These experts collectively have knowledge of toxaphene’s physical and chemical properties, toxicokinetics,
key health end points, mechanisms of action, human and animal exposure, and quantification of risk to
humans. All reviewers were selected in conformity with the conditions for peer review specified in Section
104(1)( 13) of the Comprehensive Environmental Response, Compensation, and Liability Act, as amended.

Scientists from the Agency for Toxic Substances and Disease Registry (ATSDR) have reviewed the peer
reviewers’ comments and determined which comments will be included in the profile. A listing of the peer
reviewers’ comments not incorporated in the profile, with a brief explanation of the rationale for their
exclusion, exists as part of the administrative record for this compound. A list of databases reviewed and a
list of unpublished documents cited are also included in the administrative record.

The citation of the peer review panel should not be understood to imply its approval of the profile’s final
content. The responsibility for the content of this profile lies with the ATSDR.
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TOXAPHENE

1. PUBLIC HEALTH STATEMENT

This public health statement tells you about toxaphene and the effects of exposure.

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in
the nation. These sites make up the National Priorities List (NPL) and are the sites targeted for
long-term federal cleanup activities. Toxaphene has been found in at least 58 of the

1,430 current or former NPL sites. However, it’s unknown how many NPL sites have been
evaluated for this substance. As more sites are evaluated, the sites with toxaphene may increase.
This information is important because exposure to this substance may harm you and because

these sites may be sources of exposure.

When a substance is released from a large area, such as an industrial plant, or from a container,
such as a drum or bottle, it enters the environment. This release does not always lead to
exposure. You are exposed to a substance only when you come in contact with it. You may be

exposed by breathing, eating, or drinking the substance or by skin contact.

If you are exposed to toxaphene, many factors determine whether you’ll be harmed. These
factors include the dose (how much), the duration (how long), and how you come in contact with
it. You must also consider the other chemicals you’re exposed to and your age, sex, diet, family

traits, lifestyle, and state of health.

1.1 WHAT IS TOXAPHENE?

Toxaphene, also known as camphechlor, chlorocamphene, polychlorocamphene, and chlorinated
camphene, is a manufactured insecticide containing over 670 chemicals. Toxaphene is usually
found as a solid or gas. In its original form, toxaphene is a yellow to amber waxy solid that
smells like turpentine. It does not burn and evaporates when in solid form or when mixed with

liquids.
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Toxaphene was one of the most heavily used insecticides in the United States until 1982. It was
used primarily in the southern United States to control insect pests on cotton and other crops.

Toxaphene was also used to control insect pests on livestock and to kill unwanted fish in lakes.

1.2 WHAT HAPPENS TO TOXAPHENE WHEN IT ENTERS THE ENVIRONMENT?

Toxaphene enters the environment after it is applied to a crop or poured into a lake. Toxaphene
can enter the air (by evaporation), the soil (by sticking to soil particles), and the water (from
runoff after rains). Toxaphene may also enter the environment from hazardous waste sites or
when it accidentally spills or leaks during storage or transport. It does not dissolve well in
water, so it is more likely to be found in air, soil, or the sediment at the bottom of lakes and
streams. If toxaphene is found in surface water or groundwater, it is usually at very low levels.
Once toxaphene is in the environment, it can last for years because it breaks down very slowly.
This means there is still the chance of being exposed to toxaphene in the United States even
though it has not been widely used for over 10 years. Because toxaphene breaks down slowly,
exposure will probably be to the original material. For more information on the chemical and

physical properties of toxaphene, refer to Chapter 3.

Levels may be high in some predatory fish and mammals because toxaphene accumulates in
fatty tissues. For example, when a raccoon eats a contaminated fish, some of the toxaphene in
the fish is transferred to the raccoon. The more contaminated fish the raccoon eats, the more
toxaphene it acquires. This means that even when toxaphene levels are low or confined to a
certain area, they could be high in individual animals. For more information on toxaphene in the

environment, see Chapter 5.
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1.3 HOW MIGHT I BE EXPOSED TO TOXAPHENE?

Since the use of toxaphene is banned in the United States, you can probably only be exposed to
it in areas where it is concentrated (such as a waste site). In those areas, there is a greater chance
of breathing or directly contacting the chemical. People may also be exposed to toxaphene by
eating contaminated soil. Infants and toddlers have the greatest risk because they are likely to
put things in their mouths. People who eat large quantities of fish and shellfish, or game animals
such as raccoons taken in areas contaminated by toxaphene may experience somewhat higher
intakes of toxaphene because those animals tend to concentrate toxaphene in their fatty tissues.
You can also be exposed to toxaphene by breathing contaminated air, but concentrations in
outdoor air are very low so you are not likely to be exposed to unhealthy levels in air. For more

information on human exposure to toxaphene, see Chapter 5.

1.4 HOW CAN TOXAPHENE ENTER AND LEAVE MY BODY?

Toxaphene can enter the body through eating contaminated food or soil, through the skin after
direct contact with contaminated substances, and through the lungs after breathing its vapors.
Once toxaphene enters the body, it rapidly spreads to all organs. Toxaphene is quickly broken
down in the body and excreted in urine and feces. Nearly all (approximately 90%) of the
toxaphene is eliminated from the body within 24 to 36 hours after entering the body. However,
studies in animals show that low levels of toxaphene may remain in fat for months. Chapter 2

contains more detailed information on how toxaphene enters and leaves the body.

1.5 HOW CAN TOXAPHENE AFFECT MY HEALTH?

Breathing, eating, or drinking high levels of toxaphene has been reported to damage the lungs,
nervous system, liver, and kidneys, and can cause death. Of course, how severe the effects are
depends on how much toxaphene is absorbed. Because toxaphene is no longer used, the chances
of high-level exposure are small. However, exposure to low levels can occur in some places
because it may last a long time in the environment. For this reason, if exposure occurs, it is

likely to be to environmental or low levels and probably over a long time (that is, more than
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1 year). Scientists have no information about how low-level exposure for a long time affects

humans; however, animal studies have been conducted to try to answer that question.

Studies in animals show that long-term exposure (I-2 years) to toxaphene can damage the liver,
kidneys, adrenal glands, and immune system, and may cause minor changes in fetal
development. Toxaphene may also cause cancer in laboratory animals. The results of studies
where animals were exposed to relatively high levels of toxaphene for most of their lives show
that the thyroid gland in some of the animals developed cancerous cell types. The EPA has
determined that toxaphene is a probable human carcinogen. The National Toxicology Program
also concludes that there is a reasonable chance that toxaphene is a human carcinogen.
However, most people will never be exposed to toxaphene for a long time (more than 1 year),
and not everyone exposed to it will develop cancer. In fact, there is no evidence that toxaphene
has caused cancer in people, but animal evidence suggests that it may cause cancer in humans.

See Chapter 2 for more information on toxaphene and cancer.

1.6 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN
EXPOSED TO TOXAPHENE?

Toxaphene and its breakdown products can be detected in blood, urine, breast milk, and body
tissues. Because samples are easy to take, urine and blood tests are the most common way to tell
if a person has been exposed to toxaphene. Neither of these tests is routinely available at a
doctor’s office because special equipment is needed to detect toxaphene, but your doctor can
send samples to a special laboratory that performs those tests. The tests cannot determine how
much toxaphene you have been exposed to. Toxaphene leaves the body quickly, so the tests can
only detect it within several days after exposure. Also, if you are exposed to other chemicals at

the same time, the test results could be misinterpreted.

Blood and urine tests can confirm that a person has been exposed to toxaphene, but these tests
cannot yet predict the kind or severity of any health effects that might occur. See Chapters 2

and 6 for specific information about the tests used to detect toxaphene in the body.
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1.7 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUMAN HEALTH?

In 1990, the EPA banned all uses of toxaphene in the United States or any of its territories
because of scientific evidence that it harms humans and animals. In 1993, the EPA banned the
importation of food containing toxaphene residues into the United States or any of its territories.
The federal government has developed regulatory standards and guidelines to protect individuals
from the potential harmful health effects of toxaphene in drinking water and food. The EPA
concludes that the amount of toxaphene in drinking water should not exceed 0.005 parts of
toxaphene per million parts (ppm) of water and that any release to the environment greater than
one pound should be reported. The EPA has also established limits on how much toxaphene can
be released from a factory into waste water. The limit is set at 0-1 .5 milligrams (mg) of
toxaphene per liter (approximately a quart) of water. The EPA has determined that toxaphene is
a “hazardous air pollutant” under the Clean Air Act, but the agency has not yet established
standards for it. For short-term exposures, EPA concludes that drinking water levels should not
exceed 0.5 ppm for 1 day or 0.04 ppm for 10 days. The Food and Drug Administration has set a
limit of 6 ppm of toxaphene in crude soybean oil, and EPA has set limits that range from 0.1 to
7 ppm for other raw agricultural products such as sunflower seeds, soybeans, grains, cottonseed,
vegetables, and fruits (including bananas and pineapples). Since the EPA has banned the
importation of all food containing toxaphene residues, and toxaphene can no longer be used in

the United States or its territories, the likelihood of eating contaminated food is small.

The Occupational Safety and Health Administration (OSHA) has set a legally enforceable limit
(permissible exposure limit or PEL) of 0.5 milligrams of toxaphene per cubic meter of air in
workroom air to protect workers during an 8-hour shift over a 40-hour workweek. For more

information on criteria and standards for toxaphene exposure, see Chapter 7.
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1.8 WHERE CAN I GET MORE INFORMATION?

If you have any more questions or concerns, please contact your community or state health or

environmental quality department or:

Agency for Toxic Substances and Disease Registry
Division of Toxicology

1600 Clifton Road NE, E-29

Atlanta, Georgia 30333

(404) 639-6000

This agency can also provide you with information on the location of occupational and
environmental health clinics. These clinics specialize in the recognition, evaluation, and

treatment of illness resulting from exposure to hazardous substances.
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2. HEALTH EFFECTS

2.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and
other interested individuals and groups with an overall perspective of the toxicology of toxaphene. It
contains descriptions and evaluations of toxicological studies and epidemiological investigations and

provides conclusions, where possible, on the relevance of toxicity and toxicokinetic data to public health.

Toxaphene is a manufactured pesticide that is composed of over 670 different constituents; the relative
proportions of the major components of the pesticide are essentially the same in different formulations.
The use of toxaphene has been banned in the United States and all of its territories since 1990 (EPA
1990b). Moreover, toxaphene residues are not allowed on any food imported to the United States (EPA
1993b). Nevertheless, because of its earlier widespread use, persistence in the environment, and storage in
waste sites, exposure to toxaphene is still possible. U.S. manufacturers can legally produce pesticides for
export that are currently banned or not registered for domestic use (FASE 1996). It is not known whether
toxaphene is still being produced in the United States for export purposes or whether occupational

exposures are likely during production.

Two major metabolites of toxaphene, toxicants A and B, have been isolated and found to possess toxicity
that is 6 and 14 times greater, respectively, than the technical toxaphene mixture as measured by

comparing intraperitoneal LD,, values in mice (Casida et al. 1974).

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals and others address the needs of persons living or working near
hazardous waste sites, the information in this section is organized first by route of exposure -inhalation,
oral, and dermal; and then by health effect-death, systemic, immunological, neurological, reproductive,
developmental, genotoxic, and carcinogenic effects. These data are discussed in terms of three exposure

periods-acute (14 days or less), intermediate (15-364 days), and chronic (365 days or more).
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Levels of significant exposure for each route and duration are presented in tables and illustrated in figures.
The points in the figures showing no-observed-adverse-effect levels (NOAELSs) or lowest-observedadverse-
effect levels (LOAELSs) reflect the actual doses (levels of exposure) used in the studies. LOAELS

have been classified into “less serious” or “serious” effects. “Serious” effects are those that evoke failure
in a biological system and can lead to morbidity or mortality (e.g., acute respiratory distress or death).
“Less serious” effects are those that are not expected to cause significant dysfunction or death, or those
whose significance to the organism is not entirely clear. ATSDR acknowledges that a considerable
amount of judgment may be required in establishing whether an end point should be classified as a
NOAEL, “less serious” LOAEL, or “serious” LOAEL, and that in some cases, there will be insufficient
data to decide whether the effect is indicative of significant dysfunction. However, the Agency has
established guidelines and policies that are used to classify these end points. ATSDR believes that there is
sufficient merit in this approach to warrant an attempt at distinguishing between “less serious” and
“serious” effects. The distinction between “less serious” effects and “serious” effects is considered to be
important because it helps the users of the profiles to identify levels of exposure at which major health
effects start to appear. LOAELs or NOAELSs should also help in determining whether or not the effects
vary with dose and/or duration, and place into perspective the possible significance of these effects to

human health.

The significance of the exposure levels shown in the LSE tables and figures may differ depending on the
user’s perspective. Public health officials and others concerned with appropriate actions to take at
hazardous waste sites may want information on levels of exposure associated with more subtle effects in
humans or animals (LOAEL) or exposure levels below which no adverse effects (NOAELSs) have been
observed. Estimates of levels posing minimal risk to humans (Minimal Risk Levels or MRLs) may be of

interest to health professionals and citizens alike.

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELs) of toxaphene are
indicated in Table 2-2 and Figure 2-2. Because cancer effects could occur at lower exposure levels,
Figure 2-2 also shows a range for the upper bound of estimated excess risks, ranging from a risk of 1 in

10,000 to 1 in 10,000,000 ( 10™ to 107), as developed by EPA.

Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have been
made for toxaphene. An MRL is defined as an estimate of daily human exposure to a substance that is
likely to be without an appreciable risk of adverse effects (noncarcinogenic) over a specified duration of

exposure. MRLs are derived when reliable and sufficient data exist to identify the target organ(s) of effect



TOXAPHENE 9

2. HEALTH EFFECTS

or the most sensitive health effect(s) for a specific duration within a given route of exposure. MRLs are
based on noncancerous health effects only and do not consider carcinogenic effects. MRLs can be derived
for acute, intermediate, and chronic duration exposures for inhalation and oral routes. Appropriate

methodology does not exist to develop MRLs for dermal exposure.

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990a),
uncertainties are associated with these techniques. Furthermore, ATSDR acknowledges additional
uncertainties inherent in the application of the procedures to derive less than lifetime MRLs. As an
example, acute inhalation MRLs may not be protective for health effects that are delayed in development
or are acquired following repeated acute insults, such as hypersensitivity reactions, asthma, or chronic
bronchitis. As these kinds of health effects data become available and methods to assess levels of

significant human exposure improve, these MRLs will be revised.

A User’s Guide has been provided at the end of this profile (see Appendix B). This guide should aid in the
interpretation of the tables and figures for Levels of Significant Exposure and the MRLs.

2.2.1 Inhalation Exposure

Very little information is available regarding the health effects of toxaphene following inhalation exposure
in humans. Most of the existing data come from case reports and long-term studies of pesticide workers
and are of limited value. In such studies, precise levels of exposure are usually not provided, and
concurrent exposure to several pesticides confounds the interpretation of the results.

2.2.1.1 Death

No studies were located regarding death in humans following inhalation exposure to toxaphene.

The concentration of 40% toxaphene dust that caused death in about one-half of an exposed group of rats

in 1 hour was 3,400 mg/m’ (Boots Hercules Agrochemicals n.d.).
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2.2.1.2 Systemic Effects

No studies were located regarding cardiovascular, gastrointestinal, musculoskeletal, endocrine, or ocular

effects in humans or animals following inhalation exposure to toxaphene.

One controlled human study was found that investigated the general effects of inhaled toxaphene.
Keplinger (1963) reported that no toxic effects were seen in 25 humans exposed to an aerosol containing a
maximum of 500 mg/m” for 30 minutes per day for 10 days. The author calculated the exposure dose to
be as much as 60 mg per person per day. After a 3-week period, these same subjects were exposed for
three more 30-minute periods. Examination of these subjects before and after exposures by a
dermatologist and an internist (some of them using blood tests and urinalysis) indicated no effects. Due to
the limited information reported in this study and the unusual exposure conditions, it is difficult to assess
the adequacy of these data. Nevertheless, the study is referenced below for the appropriate systemic end

points.

The highest NOAEL values for humans for each effect are recorded in Table 2-1 and plotted in Figure 2-1.

Respiratory Effects. Pulmonary hypersensitivity reactions to toxaphene were suspected in two

Egyptian agricultural pesticide workers in 1958. In these cases, men involved in the spraying of toxaphene
(formulated as 60% toxaphene, 35% kerosene, 3% xylol, and 2% emulsifier) for approximately 2 months
suffered from acute pulmonary insufficiency (Warraki 1963). Chest X-rays revealed extensive miliary
shadows, and one man exhibited marked bilateral hilar lymphadenopathy. The diagnosis in both cases

was extensive bilateral allergic bronchopneumonia as a result of insecticide exposure. Both patients
recovered quickly and completely with cortisone, streptomycin, and isoniazid treatment. Although the
clinical sequelae observed in these two patients could be associated with toxaphene exposure, the effects
could have been caused by other components of the spray. No similar cases have been reported since

1958.

No studies were located regarding respiratory effects in animals following inhalation exposure to

toxaphene



Table 2-1. Levels of Significant Exposure to Toxaphene - Inhalation

Exposure/ LOAEL
Key to" Species duration/ NOAEL Serious
figure (strain) frequency System mg/m3 mg/m3 Reference
ACUTE EXPOSURE
Systemic
1 Human i0d Resp 500 Keplinger 1963
30 min/d Hemato 500
Renal 500
Dermal 500

d = day(s); Hemato = hematological; LOAEL = lowest-observable-adverse-effect level; min = minute(s); NOAEL = no-observable-adverse-effect level; Resp = respiratory
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Figure 2-1. Levels of Significant Exposure to Toxaphene - Inhalation
Acute (<14 days)
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&
$ s S
(mg/m?3) Qgg? Qg)é@ Qg,é} Qefs
1000
1 1 1 ]
A A A A
100
Key
A NOAEL (humans)
The number next to each point corresponds to
10 entries in Table 2-1.

S103443 HLIV3H ¢

IANIHIVXOL

Zl



TOXAPHENE 13
2. HEALTH EFFECTS

Hematological Effects. Blood tests conducted on humans exposed to a toxaphene spray indicated
that the pesticide did not cause blood abnormalities (Keplinger 1963). However, the exact dose to which
the subjects were exposed could not be determined. Other clinical findings included elevated

sedimentation rates, the presence of blood eosinophilia, and high serum globulin (Warraki 1963).

No primary source studies were located that described adverse hematological effects in animals following
inhalation exposure to toxaphene. However, no toxaphene-related hematological effects were noted in
rats, rabbits, dogs and guinea pigs exposed to toxaphene dust or mist (unpublished observations 195.5,
1964, 1965, as cited in Boots Hercules Agrochemicals n.d.). These data are limited because only
summaries of unpublished data cited in a secondary unpublished bulletin were available for review, thus

precluding an assessment of their adequacy.

Hepatic Effects. No studies were located regarding hepatic effects in humans following inhalation

exposure to toxaphene.

Slight hepatocellular necrosis was observed in some female rats that survived inhalation exposure to
0.004,0.012, or 0.04 mg/L (4, 12, or 40 mg/m"’) toxaphene dust for 3 months (unpublished observations as
cited in Boots Hercules Agrochemicals n.d.). These data are limited because only summaries of
unpublished data cited in a secondary unpublished bulletin were available for review, thus precluding an

assessment of their adequacy.

Renal Effects. Urinalysis results from humans exposed to a toxaphene spray (approximately

500 mg/m3) indicated that the pesticide did not affect kidney function (Keplinger 1963). However, the
actual dose to which the subjects were exposed could not be determined.

No animal studies describing toxaphene-related renal toxicity following inhalation exposure were found.

Dermal Effects. No toxic effects were seen in humans exposed to an aerosol containing a maximum of

500 mg/m’ toxaphene for 30 minutes/day for 10 days (Keplinger 1963).

No animal studies describing toxaphene-related dermal toxicity following inhalation exposure were found.
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Body Weight Effects. No studies were located regarding body weight effects in humans following

inhalation exposure to toxaphene.

In rats, acute exposure to toxaphene at 15 ppm resulted in decreased body weight; intermediate exposure
to toxaphene in rats, guinea pigs, and dogs has also been shown to decrease body weight (unpublished
observations, as cited in Boots Hercules Agrochemicals n.d.). These data are limited because only
summaries of unpublished data cited in a secondary unpublished bulletin were available for review, thus

precluding an assessment of their adequacy.

2.2.1.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological and lymphoreticular effects in humans or animals

following inhalation exposure to toxaphene.

2.2.1.4 Neurological Effects

No studies were located regarding neurological effects in humans following inhalation exposure to

toxaphene.

Dogs, rats, guinea pigs, and rabbits exposed to an aerosol of toxaphene dust (5 mg/L, 15% respirable or
750 mg/m?) for 6 hours per day, 5 days per week for 1 week exhibited hyperactivity, tremors, salivation,
lacrimation, and tonic-clonic convulsions (Industrial Biotest 1965). It should be noted that some studies

conducted by Industrial Biotest have been shown to be less than reliable.

2.2.1.5 Reproductive Effects

No studies were located regarding reproductive effects in humans or animals following inhalation

exposure to toxaphene.
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2.2.1.6 Developmental Effects

No studies were located regarding developmental effects in humans or animals following inhalation

exposure to toxaphene.

2.2.1.7 Genotoxic Effects

A higher incidence of chromosomal aberrations was observed in cultured lymphocytes taken from the
blood of eight women exposed to toxaphene than in lymphocytes taken from unexposed women (Samosh
1974). The exposed women had entered a field that had recently been sprayed with an analog of
toxaphene and were described as presenting “mild to moderate” clinical symptoms. The nature of the
symptoms was not reported by Samosh. The women were likely to have been exposed by both the
inhalation and dermal routes. The degree of exposure was not known. It is unclear whether the
chromosomal aberrations observed in the lymphocytes of these women were directly attributable to the

toxaphene exposure.

No studies were located regarding the genotoxic effects in animals following inhalation exposure to

toxaphene. Other genotoxicity studies are discussed in Section 2.5.

2.2.1.8 Cancer

No studies were located regarding cancer effects in humans or animals following inhalation exposure to

toxaphene.
2.2.2 Oral Exposure

Toxaphene is toxic following short-term, high-dose oral exposure. Several cases of fatal and nonfatal
poisoning have been reported in humans following the accidental or intentional ingestion of toxaphene or
food contaminated with large amounts (gram quantities) of toxaphene. In such instances of acute
poisoning, toxaphene stimulates the central nervous system like other chlorinated hydrocarbon pesticides.
Long-term studies using high doses indicate that toxaphene causes central nervous system toxicosis and
hepatic hypertrophy accompanied by increased microsomal enzyme activity and histological changes in
liver cells. The kidneys, spleen, and adrenal gland have also been identified as target organs of toxaphene-

induced toxicity.
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2.2.2.1 Death

Ingestion of large doses of toxaphene by humans can be fatal. Six case studies of acute poisoning were
reported, three of which (all children) were fatal (McGee et al. 1952). In all cases, an unknown quantity of
toxaphene was ingested, either alone or as a residue of spray on food. Symptoms were usually abruptly
manifested by 7 hours post-ingestion and consisted of intermittent convulsions, generally without
abdominal pain, vomiting, or diarrhea. Death was attributed to respiratory failure resulting from the
seizures. It is estimated that the approximate minimum lethal dose in humans is 2-7 g (Hayes 1963);

however, the data used to calculate that dose range was not presented.

The oral LDs, values obtained in laboratory animals can vary according to species, solvent used,
nutritional status, and, perhaps, the manufacturing source of toxaphene. LDs values in rats range from
approximately 80 to 293 mg/kg when administered by gavage (Boyd and Taylor 1971; Gaines 1969; Jones
et al. 1968). The administration of 80 mg/kg/day toxaphene for 5 days to male mice by gavage resulted in
75% mortality (Epstein et al. 1972). Pregnant rats (Chernoff et al. 1990; Chemoff and Carver 1976) and
pregnant mice (Chemoff and Carver 1976) may be more sensitive to the toxic effects of the pesticide
because the approximate lethal dose appears to be one-half to one-tenth of the lethal doses reported for
nonpregnant female rats and mice. No treatment-related deaths were observed in pregnant rats
administered 6 mg/kg/day by gavage from gestational day 7 to parturition (Crowder et al. 1980). The
vehicle used to deliver toxaphene may influence its toxicity (Lackey 1949). Death was observed in dogs
administered a single gavage dose of toxaphene in corn oil at 15 mg/kg; however, when toxaphene was
administered in kerosene, a poorly absorbed solvent, death was not seen until the dose reached 200 mg/kg.
Furthermore, this study demonstrates that dogs may be more susceptible to the acute lethal effects of
toxaphene, since the estimated oral LDs, (25 mg/kg/day) is lower than that seen for other species. The
acute gavage administration of 50 mg/kg toxaphene to heifers (136-232 kg) was fatal in 2 of 8 animals;
doses of 100 and 150 mg/kg toxaphene were fatal in 6 of 7 and 5 of 6 animals, respectively (Steele et al.
1980).

The nutritional status of an animal influences its susceptibility to the lethal effects of ingested toxaphene.
Boyd and Taylor (1971) found that the oral LDs for rats fed a protein-deficient diet was 80 mg/kg/day,
whereas the oral LDs for rats fed a control diet was 220 mg/kg/day. This has important implications for
the possible increased susceptibility of humans who ingest a protein-deficient diet and live in areas of

potential exposure to toxaphene.
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In rats, the intermediate exposure to 63 mg/kg/day toxaphene in feed did not increase mortality (Chu et al.
1988). The apparent low toxicity of a near LDsy dose (see above) may be due to the fact that dosing
occurred throughout the day (since the toxaphene was administered in feed), as opposed to one bolus
administration as used for the LDs studies. Thus, lethal circulating levels of toxaphene may not have
been reached in the feed study. Treatment-related mortality was not observed in rats following gavage
administration of 6 mg/kg/day for 21 days (Crowder et al. 1980). Studies of intermediate exposure to
toxaphene administered in feed to rats and mice indicate that mice are more sensitive than rats to the toxic
effects of the pesticides (NCI 1977). A dose of 41.6 mg/kg/day caused 100% mortality in mice, but

128 mg/kg/day toxaphene caused only 40% mortality in female rats. The intermediate (39-42 weeks)
exposure to 5 mg/kg/day toxaphene did not cause any treatment-related mortality in rats (Kennedy et al.
1973). Less than 10% mortality was observed in rats or mice chronically exposed to approximately

25-28 mg/kg/day toxaphene (NCI 1977).

The LDs values and doses associated with death in each species after acute and intermediate oral

exposure are recorded in Table 2-2 and plotted in Figure 2-2.

2.2.2.2 Systemic Effects

No studies regarding the musculoskeletal or ocular effects of oral exposure to toxaphene in humans or

animals were found. The systemic effects of oral toxaphene exposure are described below.

The highest NOAEL values and all reliable LOAEL values for each species and duration of exposure for
each effect can be found in Table 2-2 and plotted in Figure 2-2.

Respiratory Effects. A 2-year-old boy ingested an unspecified but lethal amount of toxaphene.
Congestion and edema of the lungs were noted upon autopsy (McGee et al. 1952). No further information

was located.

In rats, the acute oral administration of toxaphene has been shown to cause congestion and parenchymal
hemorrhage, indicative of a generalized inflammatory response (Boyd and Taylor 1971). The study was
limited by the fact that the dose was not specified. The chronic administration of toxaphene in feed to rats

or mice at doses of 27 and 12.9 mg/kg/day, respectively, has been shown to cause dyspnea (NCI 1977)



Table 2-2. Levels of Significant Exposure to Toxaphene - Oral

Exposure/
Duration/ LOAEL
Key to" Species I?:::;?izy NOAEL Less Serious Serious
figure (Strain) Route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference

ACUTE EXPOSURE
Death

1 Rat once 80 M (LD,, low protein diet) Boyd and Taylor
(Wistar) (GO) 1971

2 Rat Gd 7-16 35 F (31% maternal mortality) Chernoff and
(CD) 1x/d Carver 1976

{GO)

3 Rat Gd 6-15 32 F (50% maternal lethality Chemoft et al.
(Sprague- 1x/d without weight loss) 1990
Dawley) (GO)

4 Rat once 90 M (LDy,) Gaines 1969
(Sherman)  (GO) 80 F (LD,,)

5 Mouse 5d 40 M (death; 2/12) Epstein et al. 1972
(ICRMHa 1x/d
Swiss) (G)

6 Dog once 15  (death; 25%) Lackey 1949
(NS) (GO)

7 Dog once 200 (death; 20%) Lackey 1949
(NS) {GO)
Systemic

8 Rat Gd 7-16 Bd Wt 186 F (22% reduced maternal Chernoff and
(CD) 1x/d weight gain) Carver 1976

(GO)
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Table 2-2. Levels of Significant Exposure to Toxaphene - Oral(continued)

Exposure/
Duration/ LOAEL
Keyto  Species l?r:;:;rfmizy NOAEL Less Serious Serious
figure (Strain) Route) System {mg/kg/day) (mg/kg/day) (mgl/kg/day) Reference

9 Rat Gd 6-15 Endocr 32F (transient increase in Chernoff et al.
(Sprague-  1x/d adrenal weight gain) 1990
Dawley) (GO)

Bd Wt 32 F (50% reduction in maternal
weight gain)

10 Rat once Hepatic 110M (increased GGTP activity) Garcia and
(Wistar) (GO) Mourelle 1984

11 Rat 8d Hepatic 5b M (decr. hepatic uptake, Mehendale 1978
(Sprague-  adlib metabolism, and biliary
Dawley) (F) excretion of imipramine)

12 Rat once Hepatic 120M (8.6 % increased liver Peakall 1976
(NS) (© weight, increased

microsomal enzyme
activity)

13 Rat 14d Cardio 10M Trottman and
(Sprague- ad lib Desaiah 1980
Dawley) (F)

Hepatic 10M (20% increased liver
weight)

Renal 10M

Bd Wt i0M

14 Gn Pig once Hepatic 300 M (13% increased liver Chandra and
(NS) (GO) weight) Durairaj 1992

Renal 300M (14% decreased kidney

weight)
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Table 2-2. Levels of Significant Exposure to Toxaphene - Oral(continued)
Exposure/
Duration/ LOAEL
Key to” Species F(rse::;lf}zy NOAEL Less Serious Serious
figure (Strain) Route) System (mg/kg/day) (mg/kg/day) {mg/kg/day) Reference
Immunological/Lymphoreticular

15 Rat Gd 6-15 32 F (positive correlation Chernoff et al.
(Sprague- 1x/d between maternal thymus 1990
Dawley) (GO) weight and fetal death;

unspecified decrease in
thymus and spleen weights)

16 Rat 14d 7.5M (31% decreased thymus Trottman and
(Sprague- ad lib weight) Desaiah 1980
Dawley) (F)

Neurological

17 Rat 3d 25M (mild tremors, Rao et al. 1986
(Sprague- 1x/d nervousness)

Dawley) (GO)

18 Gn Pig once 300M (10% decreased brain Chandra and
(NS) (GO) weight) Durairaj 1992

19 Dog 2d 10 (convulsions, salivation, Chu et al. 1986
(Beagle) (©) and vomiting)

20 Dog once 5 10  (convulsions) Lackey 1949
(NS) (GO)

Reproductive

21 Rat once 120M Peakall 1976
{NS) (C)

22 Rat 14 d 10M Trottman and
(Sprague- ~ adlib Desaiah 1980
Dawley) (F)
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Table 2-2. Levels of Significant Exposure to Toxaphene - Oral(continued)

Exposure/
Duration/ LOAEL
Keyto" Species I?:;:;;\izy NOAEL Less Serious Serious
figure (Strain) Route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
Developmental

23 Rat Gd 7-16 15  (reduced ossification) Chernoff and

(CD) 1x/d Carver 1976
(GO)

24 Rat Gd 6-15 32  (significantly increased Chernoff et al.
(Sprague- 1x/d incidence of fetal 1990
Dawley) (GO) supernumerary ribs)

25 Rat Gd 7-16 125  (decrease in fetal renal Kavlock et al.
(CD) 1x/d protein) 1982

(GO)

26 Mouse Gd 7-16 35 Chernoff and

(CD-1) 1x/d Carver 1976
(GO)

INTERMEDIATE EXPOSURE

Death

27 Rat 6 wk 128 F (death: 40%) NCI 1977
(Osborne- ad lib
Mendel) F

28 Rat 6 wk 128  (death; 100%) NCI 1977
(Osborne- ad lib
Mendel) (F)

29 Mouse 6 wk 41.6  (death; 100%) NCI 1977
(B6C3F1) ad lib

(F)
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Table 2-2. Levels of Significant Exposure to Toxaphene - Oral{continued)
Exposure/
Duration/ LOAEL
Keyto  Species i:;‘:;?izy NOAEL Less Serious Serious
figure (Strain) Route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
Systemic
30 Rat 13 wk Hemato 459 M Chu et al. 1986
(Sprague- ad lib 63 F
Dawley) - (3]
Hepatic 0.35¢ M 1.8 M (mild anisokaryosis) 45.9 M (mild basophilia, severe
05 F 2.6 F (mild vesiculation of anisokaryosis)
biliary nuclei) 63 F (severe vesiculation of
biliary nuclei, severe
_ anisokaryosis)
Renal 1.8M 8.6 M (tubular necrosis and
26F interstitial sclerosis)
12.6 F (tubular, mild
anisokaryosis)
Endocr 0.35M 1.8M (angular collapse of
follicles, increased
epithelial height and
reduced colloid density
in the thyroid)
126 F 63 F (cytoplasmic
vacuolation, decreased
colloid density,
decreased follicular size,
follicular collapse,
increased epithelial
height in the thyroid)
Bd Wt 459M
63 F
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Table 2-2. Levels of Significant Exposure to Toxaphene - Oral (continued)

Exposure/
Duration/ LOAEL
Keyto  Species F(rseg:‘;lf:zy NOAEL Less Serious Serious
figure (Strain) Route) System (mg/kg/day) (mg/kg/day) {mg/kg/day) Reference
31 Rat 26 wk Hemato 45M Chu et al. 1988
(Sprague- ad lib
Dawley) (F)
46 F
Hepatic 9.2M 45M (15% increased liver
weight; increased
hepatic microsomal
enzyme activity)
0.36 F 1.9 F (16% increased liver
weight)
Renal 0.36M 45M (15% increased kidney
weight)
46 F
Endocr 1.8M 45M (decreased colloid
density in thyroid goiter)
1.9F 8.5F (decreased colloid
density in thyroid)
Bd Wt 45M
46 F
32 Rat 21d Bd Wt 6 Crowder et al.
(Sprague- 1x/d 1980
Dawley) (GO)
33 Rat <120d Hepatic 16.5M (increased GGTP activity) Garcia and
(Wistar) 1x/d Mourelle 1984
(GO)
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Table 2-2. Levels of Significant Exposure to Toxaphene - Oral (continued)

Exposure/
Duration/ LOAEL
Key to” Species l?rse::;;}zy NOAEL Less Serious Serious
figure (Strain) Route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
34 Rat 39-42 wk Cardio 5 Kennedy et al.
(Sprague-  adlib 1973
Dawley) (F)
Hepatic 1.25 5 (cytoplasmic
vacuolization of
hepatocytes)
Renal 5
Endocr 5
Bd wt 5
35 Rat 9 wk Hepatic 15M (24% liver weight Koller et al. 1983
(Sprague- ad lib increase and hepatic
Dawley) (F) degeneration)
Bd wt 15M
36 Rat 6 wk Bd Wt 128 NC1 1977
(Osborne- ad lib
Mendel) (@]
37 Rat 2,4,6,0r9 Hepatic 2.5  (centrolobular cellular Ortega et al, 1957
(Sherman) mo hypertrophy, peripheral
ad lib migration of basophilic
(F) cytoplasmic granules,
fatty infiltration)
Renal 10
Bd Wt 10
38 Rat 1,3,6 mo  Hepatic 2.4 M (increased organ weight Peakall 1976
(NS) ad lib and enzyme activity)

(F)
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Table 2-2. Levels of Significant Exposure to Toxaphene - Oral (continued)

Exposure/
Duration/ LOAEL
Key to" Species F('::::Igzy NOAEL Less Serious Serious
figure (Strain) Route) System (mg/kg/day) (mg/kg/day) {mg/kg/day) Reference
39 Mouse 8 wk Hepatic 1.3F 13F (increased relative liver Allen et al. 1983
(Swiss ad lib weight, variation in cell
Webster) (F) size with some fatty
infiltration)
Bd Wt 26 F
40 Mouse 6 wk Bd Wt 41.6 NCI 1977
(B6C3F1) ad lib
{F)
41 Dog 13 wk Hemato 5 Chu et al. 1986
(Beagle) 7 diwk
x/d Hepatic 0.2 2M (hepatoceliular
©) cytoplasmic vacuolation)
F (biliary lymphoid
reaction, increased
relative liver weight)
Renal 0.2M 2M (cytoplasmic
granularity/basophilia)
2F 5F (cytoplasmic
granularity/basophilia)
Endocr 0.2 2 (increased follicular
colapse, increased
epithelial height,
decreased colloid
density)
Bd Wt 5.0
Immunological/Lymphoreticular
42 Rat 9 wk 1.5 M (46% decreased IgG Koller et al. 1983
(Sprague- ad lib secondary antibody
Dawley) A response)
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Table 2-2. Levels of Significant Exposure to Toxaphene - Oral(continued)

Exposure/
Duration/ LOAEL
Keyto" Species T:::;:gy NOAEL Less Serious Serious
figure (Strain) Route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference

43 Mouse 8 wk 1.3F 13F (decreased antibody Alien et al. 1983
(Swiss ad lib response)
Webster) (F)
Neurological

44 Rat 21d 6 Crowder et al.
(Sprague-  1x/d 1980
Dawley) (GO)

45 Dog 44,106 d 4  (convulsions) Lackey 1949
(NS) 1x/d

©

Reproductive

46 Rat 48 wk 46 Chu et al. 1988
(Sprague- adlib
Dawley) (F)

47 Rat 39-42 wk 5 Kennedy et al.
(Sprague-  adlib 1973
Dawley) (F)

48 Rat 1,3,6 mo 24M Peakall 1976
(NS) ad lib

(F)

Developmental

49 Rat 62d 0.05  (inferior swimming & Olson et al. 1980

(Holtzman) ~ adlib
(F)

righting ability in
developing rats)
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Table 2-2. Levels of Significant Exposure to Toxaphene - Oral{continued)

Exposure/
Duration/ LOAEL
Key to" Species F(I:F?:;;}iy NOAEL Less Serious Serious
figure (Strain) Route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
50 Mouse 9.5 wk 13.0  (suppression of Allen et al. 1983
(Swiss ad lib macrophage phagocytic
Webster) () function)
CHRONIC EXPOSURE
Death
51 Rat 80 wk 27.8 M (death; 6%) NCI 1977
(Osborne- ad lib
Mendel) (F)
27 F (death; 8%)
52 Mouse 80 wk 257  (trend toward increased NCI 1977
(BscarF1)  adlib mortality but individual
3] significance not reached)
Systemic
53 Rat 80 wk Resp 27  (dyspnea, epistaxis) NCI 1977
(Osborne- adlib
Mendel) (F
Gastro 27  (abdominal distension,
diarrhea)
Hepatic 55.6
Renal 27  (hematuria)
Dermal 27  (alopecia, dermatitis,
' rough hair coats)
Bd Wt 54M 27F (unspecified decrease in

body weight)
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Table 2-2. Levels of Significant Exposure to Toxaphene - Oral (continued)

Exposure/
Duration/ LOAEL
Key to" Species F(rse::;gzy NOAEL Less Serious Serious
figure (Strain) Route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
54 Mouse 80 wk Resp 12.9 (dyspnea) NCI 1977
(B6carF1)  adlib
(F) Gastro 12.9  (abdominal distension,
diarrhea)
Dermal 12.9  (alopecia, rough hair
coat)
Bd Wt 12.9M 25.7M (unspecifed decreased
257 F body weight)
Neurological
55 Rat 80 wk 27.8 M (leg paralysis, ataxia) NCI 1977
(Osborne- ad lib
Mendel) F)
27 F (leg paralysis, ataxia)
56 Mouse 80 wk 257F 12.9M (hyperexcitablity) NCI 1977
(B6c3F1)  adlib
(F)
Reproductive
57 Rat 80 wk 27 F (vaginal bleeding) NCI 1977
(Osborne- ad lib
Mende) (F)
Cancer
58 Rat 80 wk 55.6 M (CEL: follicular-cell NCI 1977
(Osborne-  adlib carcinomas, thyroid
Mendel) (F) adenomas)

54 F (CEL: thyroid adenomas)
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Table 2-2, Levels of Significant Exposure to Toxaphene - Oral(continued)

Exposure/
Duration/ LOAEL
F
Key to" Species (l:::;ggy NOAEL Less Serious Serious
figure (Strain) Route) System  (mg/kg/day) {mg/kg/day) (mg/kg/day) Reference
59 Mouse 80 wk 12.9 M (CEL: hepatocellular NCI 1977
(B6C3F1) ad lib carcinoma)
Q) 25.7 F (CEL: hepatoceliular
carcinoma)

aThe number corresponds to entries in Figure 2-2.

b
Used to derive an acute oral minimal risk level (MRL) of 0.005 mg/kg/day; dose divided by an uncertainty factor of 1,000 (10 for use of a LOAEL, 10 for extrapolation from
animals to humans, and 10 for human variability)

“Used to derive an intermediate oral MRL of 0.001 mg/kg/day; dose divided by an uncertainty factor of 100 (10 for extrapolation from animals to humans and 10 for
human variability), and an additional modifying factor of 3 because toxaphene may alter offspring behavioral and functional development.

ad lib = ad libitum; Bd Wt = body weight; (C) = capsule; Cardio = cardiovascular; CEL = cancer effect level; d = day; Endocr = endocrinal; (F) = feed; F = female; (G) = gavage;
Gastro = gastrointestinal; Gd = gestation day; (GO) = gavage in oil; GGTP = gamma gtutamy! transpeptidase; Hemato = hematological; LDs, = lethal dose, 50% kill; M = male; LOAEL =
lowest-observable-adverse-effect level; mo = month; NOAEL = no-observable-adverse-effect level; NS = not specified; Resp = respiratory; wk = week; x = times
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Figure 2-2. Levels of Significant Exposure to Toxaphene - Oral
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Figure 2-2.

Intermediate (15-364 days)

Levels of Significant Exposure to Toxaphene - Oral (cont.)

S
(mg/kg/day) g
Q

1000

100

10

0.1

0.01

0.001

* Doses represent the lowest dose tested per study that produced a tumorigenic response and do
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Figure 2-2. Levels of Significant Exposure to Toxaphene - Oral (cont.)
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Cardiovascular Effects. A 2-year-old boy ingested an unspecified but lethal amount of toxaphene.

Dilation of the heart was observed upon autopsy (McGee et al. 1952.) No further information was located.

In rats, the acute administration of an unspecified dose of toxaphene by gavage has been shown to cause
capillary congestion and capillary hemorrhage in the hearts of rats that died following treatment (Boyd and
Taylor 1971). These effects are indicative of a generalized inflammatory response. In dogs, the acute oral
administration of 10 mg/kg toxaphene has been reported to increase heart rate but to have no effect on the
vascular system (Lackey 1949), and progressive neural degeneration has been identified in the hearts of
pregnant rats following daily treatment with 12 mg/kg/day toxaphene by gavage during pregnancy
(Badaeva 1976). However, the methods used to identify the lesions in this study are not well described

and the effects were not quantitatively evaluated; therefore, these results may not be reliable.

No adverse effects on the heart were observed in rats following acute or intermediate exposure to
toxaphene in the diet. Male rats fed diets containing up to 10 mg/kg/day toxaphene for 14 days had
reduced thymus weights. The toxicological significance of this effect is unclear. No other cardiovascular
effects were noted (Trottman and Desaiah 1980). Similarly, no effect on heart weight was observed in an
intermediate-duration multigenerational study in which male and female rats were fed diets containing up

to 5 mg/kg/day toxaphene (Kennedy et al. 1973).

Gastrointestinal Effects. No studies were located regarding gastrointestinal effects in humans

following oral exposure to toxaphene.

Gastric ulcers and local gastroenteritis (an inflammatory reaction) were observed in rats administered a
single unspecified oral dose of toxaphene (Boyd and Taylor 1971). In this study, animals fed a low
protein (3.5%) diet had a greater incidence of toxaphene-induced gastritis than rats fed normal chow or a
test diet with a normal protein content, in keeping with the apparent “diet-dependency” of toxaphene
toxicity. The chronic administration of toxaphene to rats or mice has been shown to cause abdominal

distension and diarrhea (NCI 1977).

Hematological Effects. No studies were located regarding hematologic effects in humans following

oral exposure to toxaphene.

No adverse effects on standard hematological parameters were noted in dogs dosed with up to

5 mg/kg/day by capsule for 13 weeks (Chu et al. 1986); dogs dosed with 4 mg/kg/day by capsule for 44 or
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106 days (Lackey 1949); male and female rats fed diets containing 45.9 or 63 mg/kg/day, respectively, for
13 weeks (Chu et al. 1986); or male rats fed 45 mg/kg/day for 26 weeks (Chu et al. 1988). Abnormalities
in the blood-forming elements were observed in the spleens of rats that died following the oral
administration of a single unspecified dose of toxaphene (Boyd and Taylor 1971). The authors attributed
this to a generalized stress reaction. Based on the available information, it would appear that ingested

toxaphene does not adversely affect the hematological status of laboratory animals.

Hepatic Effects. Little information was located regarding hepatic effects in humans following oral
exposure to toxaphene. Transiently elevated liver lactate dehydrogenase and serum glutamic oxaloacetic
transaminase indicative of reversible liver injury were observed in a 26-year-old man who attempted
suicide by ingesting the insecticide Tox-Sol, which contains toxaphene as the active ingredient (Wells and

Milhom 1983).

Adverse liver effects noted in animals following acute gavage exposure to 300 mg/kg toxaphene include
increased fresh liver weight in guinea pigs (Chandra and Durairaj 1992), inhibition of hepatobiliary
function in male rats exposed to 5 mg/kg/day toxaphene in feed for 8 days (Mehendale 1978), and
induction of hepatic microsomal enzymes with subsequent increased liver weight in male rats given

120 mg/kg/day by capsule or 10 mg/kg/day in feed for 14 days (Peakall 1976; Trottman and Desaiah
1980). Increased gamma-glutamyl transpeptidase (GGTP) activity was observed in male rat liver plasma
membranes and blood serum after a single gavage exposure to 110 mg/kg toxaphene (Garcia and Mourelle
1984). However, the majority of these studies did not report any other evidence of hepatic toxicity.
Therefore, enzyme induction in the absence of other signs of liver toxicity cannot be considered adverse,
but enzyme induction may precede the onset of more serious hepatic effects. Based on the liver toxicosis
observed in rats given 5 mg/kg toxaphene in feed for 8 days (Mehendale 1978), an acute oral MRL of
0.005 mg/kg/day was calculated as described in the footnote to Table 2-2 and Appendix A. This study was

chosen because it reported the lowest reliable LOAEL for toxic effects of toxaphene in a target organ.

Morphological and degenerative changes have been observed in the livers of dogs (Chu et al. 1986;
Lackey 1949), rats (Chu et al. 1988; Kennedy et al. 1973; Koller et al. 1983; Ortega et al. 1957), and mice
(Allen et al. 1983) following intermediate-duration exposure to 4, 5-45, and 13 mg/kg toxaphene,
respectively. These changes included generalized hydropic degenerative changes, cytoplasmic
vacuolization, centrilobular cell hypertrophy, peripheral migration of basophilic cytoplasmic granules, and
the presence of lipospheres. Hepatic enzyme induction has also been observed in rats following

intermediate exposure to 2.4 mg/kg/day (Peakall 1976) or 16.5 mg/kg/day (Garcia and Mourelle 1984)
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toxaphene. Toxaphene may also induce hypoxia and alter hepatic energy metabolism because it has been
shown to decrease lactate dehydrogenase activity (Gertig and Nowacyzk 1975; Kuz’minskaya and

Alekhina 1976).

In keeping with toxaphene-induced induction of hepatic enzymes, 2.4-45 mg/kg/day toxaphene caused
increased liver weight in rats (Chu et al. 1988; Koller et al. 1983; Peakall 1976) and mice (Allen et al.
1983). In rats, intermediate exposure duration NOAELSs for hepatic toxicity are generally 10-20% of the
corresponding LOAELSs (Chu et al. 1986, 1988). An intermediate-duration exposure MRL of

0.001 mg/kg/day was derived based on the NOAEL of 0.35 mg/kg/day for hepatic toxicity in rats reported
by Chu et al. (1986) and supported by Chu et al. (1988). A description of the derivation of the MRL can
be found in the footnote to Table 2-2 and in Appendix A. The intermediate oral administration of

2 mg/kg/day toxaphene to dogs caused increased relative liver weight, hepatomegaly, and hepatocellular
cytoplasmic vacuolation (Chu et al. 1986). This study is limited by the fact that the high-dose dogs were
inadvertently fed the wrong dose for part of the study period. In rats, biochemical and histological
evidence of toxaphene-induced liver toxicosis was observed in Fy male and female rats fed 45 mg/kg/day

toxaphene for at least 26 weeks (Chu et al. 1988).

Mild to severe liver pathology was observed in rats and dogs chronically administered 5 mg/kg/day
toxaphene in the feed (Boots Hercules Agrochemicals n.d.). In contrast, no hepatic toxicity was observed

in rats exposed to approximately 55 mg/kg/day toxaphene (NCI 1977).

Renal Effects. Little information was available regarding renal effects in humans following oral
exposure to toxaphene. Renal function was temporarily compromised in a 26-year-old man who attempted
suicide by ingesting an unknown quantity of a toxaphene-containing pesticide (Wells and Milhom 1983).
Swelling of the kidney was observed in a 2-year-old boy following acute exposure to a lethal amount of

toxaphene (McGee et al. 1952).

Toxaphene has been shown to be nephrotoxic in laboratory animals. Guinea pigs given a single oral dose
of 300 mg/kg toxaphene were found to have decreased kidney weights 72 hours after treatment (Chandra
and Durairaj 1992), but minor ultrastructural changes were found. A single unspecified, but lethal, oral
dose of toxaphene induced cloudy swelling of the proximal and distal convoluted tubules and congestion
of the loop of Henle in rats (Boyd and Taylor 1971). However, no renal effects were seen in male rats
exposed to up to 10 mg/kg/day of toxaphene in feed for 14 days (Trottman and Desaiah 1980). Renal

tubular injury has also been reported to occur following intermediate exposure to toxaphene. Dose-
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dependent injuries of the proximal convoluted tubules that were focally severe were observed in rats fed
8.6 and 12.6 mg/kg/day toxaphene for 13 weeks (Chu et al. 1986), and increased kidney weight was
observed after 26 weeks of exposure at a similar dose (Chu et al. 1988). No renal toxicosis was observed
in rats at doses 0.35-0.36 mg/kg/day (Chu et al. 1988). Intermediate-duration doses of toxaphene ranging
from 1.8 to 9.2 mg/kg/day are reported to cause pathological changes in the rat kidney (Chu et al. 1986,
1988). In contrast, 10 mg/kg/day was not nephrotoxic to rats (Ortega et al. 1957). Hematuria has also
been observed in rats chronically administered 27 mg/kg/day toxaphene (NCI 1977), which is in keeping

with the above toxaphene-related pathological changes in the kidney.

Marked degenerative fatty changes of the kidney tubular epithelium were observed in dogs following
intermediate-duration exposure to 4 mg/kg/day toxaphene (Lackey 1949). Eosinophilic inclusions that
were occasionally accompanied by focal necrosis have also been observed in dogs after intermediate
exposure to 2 mg/kg/day toxaphene (Chu et al. 1986). These data suggest that the kidney is a target of

toxaphene toxicity.

Endocrine Effects. No information was available regarding endocrine effects in humans following

oral exposure to toxaphene.

The administration of 0.06 mg/kg/day toxaphene in feed for 5 weeks to female rats decreased ACTH-
stimulated corticosterone synthesis in isolated or cultured adrenal cells (Mohammed et al. 1985).

This effect was not seen after a single dose, suggesting that there are two mechanisms of action for
toxapheneinduced depression of adrenal function, or that the effect may take time to develop. These results
suggest that toxaphene, by interfering with adrenal gland function, may compromise the ability of animals or
humans to respond adequately to stress. The authors suggest that in vitro stimulated corticosterone
synthesis may be a more sensitive end point of toxaphene-induced injury than liver toxicity, but since no
correlation was made between the physiological condition of those animals and the in vitro test results, the
usefulness of the information for risk assessment is questionable. Adverse effects (decreased coloidal
density in the thyroid gland) have been noted in the thyroid gland of rats following the intermediate oral
administration of toxaphene at 1.8 mg/kg/day (Chu et al. 1986). The NOAEL for this effect under similar
conditions has been reported to be 1.8 mg/kg/day for male and 1.9 mg/kg/day for female rats (Chu et al.
1988). The morphological changes (follicular collapse, increased epithelial height with multifocal
papillary proliferation, and reduced colloid density) were dose-dependent, considered mild to moderate in
severity, and adaptive in nature. The toxicological significance of the reduced colloid density is not

known, but reductions in thyroid hormone levels in humans may cause goiters because the negative
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feedback of thyroid hormone on TSH secretion is reduced, leading to TSH oversecretion, and stimulation

of thyroid gland growth. Thus, toxaphene has the potential to be goitrogenic.

Dermal Effects. No information was available regarding dermal effects in humans following oral

exposure to toxaphene.

The chronic (80 weeks) administration of toxaphene caused alopecia and rough hair coats in rats and mice

fed diets containing 27 and 13 mg/kg/day, respectively (NCI 1977).

Body Weight Effects. No information was available regarding body weight effects in humans

following oral exposure to toxaphene.

Body weight was not affected in male rats fed diets containing up to 10 mg/kg/day toxaphene (Trottman
and Desaiah 1980). The acute administration of 15 mg/kg/day (Chemoff and Carver 1976) or

32 mg/kg/day (Chemoff et al. 1990) toxaphene to pregnant rats or mice from gestational day 6-15 or
7-16, respectively, caused decreased body weight gain. Toxaphene administered to pregnant rats at

6 mg/kg/day from gestational day 7 to parturition did not cause body weight reductions (Crowder et al.
1980). The intermediate-duration oral administration of 6 mg/kg/day toxaphene to male and nonpregnant
female rats did not affect body weight (Crowder et al. 1980). However, higher doses orally administered
to male rats have been shown to decrease body weight (Thunberg et al. 1984). Intermediate exposure to

4 mglkglday toxaphene caused reduced body weight in dogs (Lackey 1949), and the chronic
administration of the pesticide in feed to male mice at dose of 26 mg/kg/day caused sex-specific decreases

in body weight (NCI 1977).

2.2.2.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological effects of toxaphene in humans following oral exposure.

The acute administration of 7.5 mg/kg/day toxaphene to rats has also been reported to decrease thymus
weight (Trottman and Desaiah 1980). Additionally, thymus weight has been reported to decrease in
pregnant rats following oral administration of 32 mg/kg/day toxaphene from gestational days 6 to 15
(Chemoff et al. 1990). However, the data were reported only as a change from control, and the control
values were not given. Thus, the relative magnitude of the changes and their biological significance could

not be determined. The administration of 5 mg/kg/day toxaphene to rats for intermediate durations
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(39-42 weeks) did not affect spleen or thymus weights (Kennedy et al. 1973). Toxaphene has been
reported to induce immunosuppressive effects (primarily humoral) in laboratory animals. Toxaphene
impaired antibody (IgG) production at some, but not all, stages of the IgG response in male rats exposed to
1.5 mg/kg/day toxaphene in feed for 9 weeks (Koller et al. 1983). Similar results were obtained in female
mice orally exposed to 26 mg/kg/day toxaphene (Allen et al. 1983). However, the delayed hypersensitivity
response was unaffected by toxaphene. These results suggest that toxaphene suppressed only certain
components of the immune system, and therefore, the immunotoxic actions of this chemical are specific

rather than general.

All reliable LOAEL values for these effects in each species and duration category are recorded in

Table 2-2 and plotted in Figure 2-2.

2.2.2.4 Neurological Effects

Signs of central nervous system stimulation are the hallmark of acute toxaphene intoxication in both
humans and animals. Case reports of accidental or intentional toxaphene ingestion indicate that toxaphene
poisoning is usually accompanied by convulsive seizures that can be controlled with barbiturates or
diazepam (McGee et al. 1952; Wells and Milhom 1983). The dose necessary to induce non-fatal
convulsions in humans has been estimated to be approximately 10 mg/kg (Hayes 1963). Contaminated
collard greens coated with toxaphene, eaten on empty stomachs, caused convulsive seizures followed by
periods of memory loss in three females between the ages of 12 and 20, as well as nausea in a 49-year-old

woman (McGee et al. 1952).

Toxaphene-related decreases in brain weight have been observed following the single oral administration
of 300 mg/kg toxaphene to guinea pigs (Chandra and Durairaj 1992). Convulsions have also been
observed in dogs exposed acutely to 10 mg/kg toxaphene (Lackey 1949). The acute administration of
toxaphene is known to cause tremors in rats exposed to 50 mg/kg, while mild tremors were observed at

25 mg/kg (Rao et al. 1986). Hyperreflexia has also been observed in rats at an unspecified dose (Boyd and
Taylor 1971) and in dogs following acute oral exposure to 10 mg/kg toxaphene (Lackey 1949).
Intermediate (106 days) exposure to 4 mg/kg/day toxaphene caused intermittent convulsions in dogs
(Lackey 1949). In mice, chronic exposure to 12.9 mg/kg/day toxaphene caused hyperexcitability in males
(NCI 1977). In that same study, no adverse neurological effects were observed in females exposed to as
much as 25.7 mg/kg/day toxaphene. Chronic administration of the pesticide has also been shown to cause

tremors, leg paralysis, and ataxia in rats exposed to 27 mg/kg/day (females) or 27.8 mg/kg/day
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(males) (NCI 1977). In heifer calves, the oral administration of toxaphene caused hyperexcitability,

nystagmus, convulsions, and seizures (Steele et al. 1980).

The neurologic effects of toxaphene can also be manifested as functional (electroencephalographic,
behavioral), biochemical (neurotransmitter), and morphological alterations. No effect on learning and
learning transfer abilities was observed in young adult rats exposed to 6 mg/kg toxaphene (Crowder et al.
1980). Dogs administered 10 mg/kg for 2 days exhibited convulsions, salivation, and vomiting (Chu et al.
1986). The electroencephalographic (EEG) pattern of squirrel monkeys is also altered by exposure to

1 mg/kg toxaphene (Santolucito 1975). In addition to affecting behavior, a dose of 120 mg/kg toxaphene
has also been shown to alter brain catecholamine metabolism in rats (Kuz’minskaya and Ivanitskii 1979).
Histopathological examination of the brains of toxaphene-treated rats indicates that a dose of

12 mg/kg/day of the pesticide can also cause central nervous system cell death (Badaeva 1976). However,
the methods used to identify the lesions are not well described in this study and the effects were not
quantitatively evaluated; therefore, these results may not be reliable. Doses as high as 10 mg/kg/day did
not affect whole brain weight in rats (Trottman and Desaiah 1980), but this is a gross measure and effects

on specific neuronal populations would not be detected by this measure.

The highest NOAEL values and all reliable LOAEL values for neurologic effects for each species and
duration category are reported in Table 2-2 and plotted in Figure 2-2.

2.2.2.5 Reproductive Effects

No studies were located regarding reproductive effects in humans following oral exposure to toxaphene.

The acute administration of 10 mg/kg/day toxaphene did not affect rat testicular weight (Trottman and
Desaiah 1980). Reproductive effects following oral exposure to toxaphene have been evaluated in
multigeneration studies conducted in rats and mice. In rats, the chronic administration of 27 mg/kg/day
toxaphene in the diet for 80 weeks was associated with vaginal bleeding (NCI 1977). A three-generation
study was conducted in which male and female rats were fed diets containing up to 5 mg/kg/day toxaphene
for 3942 weeks (Kennedy et al. 1973). There were no effects on litter sizes, pup survival, or weanling
body weights, indicating that toxaphene did not affect reproduction. No treatment-related teratogenic
effects occurred. Toxaphene caused slight cytoplasmic vacuolization in the livers of parental animals.
However, no accompanying adverse effects were noted on the growth, survival, clinical parameters, and

organ weights of the parents. Fertility and offspring growth and viability in rats were unaffected by
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exposure to 46 mg/kg/day toxaphene in the diet for 48 weeks (Chu et al. 1988). In male rats, the acute oral
administration of 120 mg/kg and the intermediate exposures to 2.4 mg/kg/day toxaphene in feed for up to

6 months did not affect circulating levels of testosterone (Peakall 1976).

A multigeneration study in which 2.5 mglkgiday toxaphene was fed in the daily diet to Swiss mice during
mating, gestation, and lactation and to pups after weaning indicated that toxaphene did not adversely
affect lactation, reproduction, average litter size, and offspring growth and viability through five
generations of mice (Keplinger et al. 1970). Histological examination of the livers of parental animals

revealed fatty changes.

The highest NOAEL values for reproductive effects in each species and duration category are recorded in

Table 2-2 and plotted in Figure 2-2.

2.2.2.6 Developmental Effects

No studies were located regarding developmental effects in humans following oral exposure to toxaphene.

Studies were located that provided data on the developmental effects of toxaphene in laboratory animals.
The results of these studies indicate that toxaphene produces fetal toxicity in rats at a dose of

1.5 mg/kg/day (Chernoff and Carver 1976). Although no major anatomical defects in rat or mouse fetuses
were reported at doses ranging from 0.05 to 75 mg/kg/day (Allen et al. 1983; Chemoff and Carver 1976;
Chemoff and Kavlock 1982; Crowder et al. 1980; Kavlock et al. 1982; Kennedy et al. 1973; Olson et al.
1980), behavioral effects were reported in the offspring of rats at doses as low as 0.05 mg/kg/day (Olson et
al. 1980). In mice, immunosuppression (depressed IgG antibody formation) was reported in offspring at

doses of 13 mg/kg/day (Allen et al. 1983).

In rats, the gestational administration of toxaphene (0, 15, 25, or 35 mg/kg/day) caused dose-related
reductions in maternal weight gain and in the average number of sternal ossification centers in fetuses
(Chemoff and Carver 1976). Toxaphene (32 mg/kg/day) administered to pregnant rats on gestational
days 6-15 caused 50% maternal mortality without affecting maternal weight gain (Chemoff et al. 1990).
The offspring of the surviving animals were found to have an increase in supernumerary ribs, indicating
only slight developmental toxicity. Additionally, Chemoff et al. (1990) noted a positive correlation
between fetal death and decreased maternal thymus weight. However, the decreases in maternal thymus

weight were transient, and fetal deaths were only minimally increased in the toxaphene-treated animals.
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Moreover, this study was limited by the fact that 50% of the treated dams died, resulting in the

teratological evaluation of the offspring from the least-affected dams. Additionally, decreases in rat fetal

alkaline phosphatase activity, and reductions in total protein in fetal kidneys have been observed

following prenatal exposure to 12.5 mg/kg/day toxaphene (Kavlock et al. 1982). These effects suggest

that toxaphene targets the developing kidney.

Exposure to toxaphene may also alter normal behavioral development. Delayed righting reflex
development has been reported for rats following prenatal exposure to 6 mg/kg/day toxaphene (Crowder et
al. 1980). Behavioral alternations have been described for juvenile rats after perinatal exposure to

0.05 mg/kg/day toxaphene (Olson et al. 1980). During early development, pups from all three treatment
groups showed retarded maturation in the swimming test compared to controls. However, all groups

displayed mature swimming behavior by postnatal day 16.

Toxaphene (35 mg/kg/day) administered to mice by gavage from gestational days 7-16 produced no
adverse effects on fetal growth, viability, or gross morphology even though the toxaphene-treated dams
displayed dose-dependent reductions in weight gain (Chemoftf and Carver 1976). However, 75 mg/kg
toxaphene administered on gestational days 8-12 caused transient decreases in offspring body weight on

postnatal day 1 (Chemoff and Kavlock 1982).

No adverse effects were reported on the growth and survival of offspring in mice exposed to
3.25 mg/kg/day in the diet during mating, gestation, and lactation in a multigeneration reproduction study

(Keplinger et al. 1970).

Immunosuppression in mouse offspring was reported by Allen et al. (1983) following daily dietary
exposure to concentrations of >13 mg/kg/day toxaphene before breeding, during pregnancy, and during
the lactation period. At 8 weeks of age, reductions in the phagocytic ability of macrophages was observed
in offspring. At dietary levels of 13 mg/kg/day, delayed hypersensitivity and humoral antibody responses
were also suppressed in the offspring. However, no dose-response effect was observed in these assays.
The relative degree of immunosuppression was greatest in macrophages, followed by humoral immunity;
cell-mediated immunity was least affected. Since the offspring received toxaphene transplacentally,
through lactation, and possibly even in the feed, the actual doses of toxaphene cannot be accurately
estimated. The results of the study, however, suggest that the neonates can be at risk for immunotoxicity

following exposure to prolonged high dietary dosages of toxaphene, and it would be prudent to consider
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that potential adverse maternal and developmental effects from exposure to prolonged high dietary

dosages of toxaphene could occur in humans.

The highest NOAEL values and all reliable LOAEL values for developmental effects in each species and
duration category are recorded in Table 2-2 and plotted in Figure 2-2.

2.2.2.7 Genotoxic Effects

No studies were located regarding genotoxic effects in humans following oral exposure to toxaphene.

In experimental animals, toxaphene has been found to be negative for mutagenicity using the dominant
lethal test in mice (Epstein et al. 1972). No significant decrease in the number of fetal implants or increase
in early fetal deaths was observed in female mice mated to male mice that had been treated with single
daily oral doses of toxaphene at 40 or 80 mg/kg for 5 days prior to mating. A high mortality rate in the
exposed male mice (2 of 12 and 9 of 12 for the 40 and 80 mg/kg/day groups, respectively) indicates that
the doses used were sufficient to have adequately tested for mutagenicity using this assay. The potential
for toxaphene to cause liver DNA damage was assessed in 90-day old female Sprague-Dawley rats
(Kitchin and Brown 1994). Rats were dosed with 12 or 36 mg/kg toxaphene. Other, not specified, doses
were also used. Toxaphene did not damage rodent hepatic DNA. Other genotoxicity studies are discussed

in Section 2.5.

2.2.2.8 Cancer

No studies were located regarding cancer in humans following oral exposure to toxaphene.

Bioassays were conducted in male and female rats and mice incorporating up to 56 mg/kg/day toxaphene
into the feed for 80 weeks (NCI 1977). Survival was not significantly affected by toxaphene treatment in
rats. An increased incidence of follicular cell adenomas was observed in male and female rats in the
highdose group when compared to matched and pooled (males and females) controls. These thyroid tumors
occurred at a relatively low incidence and the control group was small. Therefore, the evidence that
toxaphene was carcinogenic to rats was inconclusive. In mice, however, there was a significant trend
toward decreased survival for both males and females exposed to toxaphene. Nevertheless, there were
sufficient mice in the treated groups to permit a carcinogenicity evaluation. The results indicated that

toxaphene caused a dose-related increase in the incidence of follicular-cell carcinomas or adenomas of the
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thyroid gland in male rats when compared with pooled (but not matched) controls. In the NCI (1977)
bioassay, a statistically significant increase in the incidence of hepatocellular carcinomas was observed in
mice, using either matched or pooled controls, indicating that toxaphene was carcinogenic. Reanalysis of
the liver tissue sections from this study in light of newer criteria for classification of hepatocellular
alterations revealed that while the number of diagnosed hepatocellular carcinomas was decreased
compared to the original report, hepatocellular carcinomas were still found (unpublished report Brown

1995).

One oral carcinogenicity bioassay conducted with toxaphene concluded that the pesticide was not
carcinogenic; however, the study was flawed by the small number of animals used and the fact that the
histological evaluations were incomplete (Triolo et al. 1982). Nevertheless, most of the available evidence
suggests that toxaphene is carcinogenic in laboratory animals when administered over long periods at

maximum tolerated doses.

The water concentrations associated with an individual, lifetime upper-bound risk of 10 to 107 are
9.1x10” to 9.1x10™® mg/kg/day, assuming that a 70-kg human ingests 2 L water per day. The 10 to 10

levels are indicated in Figure 2-2.
2.2.3 Dermal Exposure

2.2.3.1 Death

No studies were located regarding lethal effects in humans following dermal exposure to toxaphene.

The dermal LDs, values obtained in laboratory animals range from 780 to 4,556 mg/kg (Gaines 1969;
Johnston and Eden 1953; Jones et al. 1968; Industrial Biotest 1973). Toxaphene is thus an order of
magnitude less toxic by this route of exposure as compared to oral exposure. All of these studies except
Gaines (1969) have design and/or reporting limitations that preclude their inclusion in Table 2-3. The
LDsg from the Gaines (1969) study is plotted in Table 2-3.



Table 2-3. Levels of Significant Exposure to Toxaphene - Dermal

Exposure/
Duration/ LOAEL

Species Fl:quei;\.cy . NOAEL Less Serious Serious Reference

(Strain) (R?:i(:e)lc System Chemical Form
ACUTE EXPOSURE
Death
Rat once 1075 M (LD,) Gaines 1969
(Sherman) 780 F (LDy)

mg/kg
Systemic
Rabbit 4 hr Dermal 500 mg (erythema and edema) International Research
(New and Development
Zealand) Corporation 1973
Pig once Resp 135  (lung congestion and Dipietro and Haliburton
(NS) gkg  presence of 1979
peribronchial lymphoid
follicles)
Renal 13.5  (cystic kidney cortex)
g/kg

Neurological
Pig once 13.5  (convulsions) Dipietro and Haliburton
(NS) g/kg 1979

F = female: hr = hour; LOAEL = lowest-observable-adverse-effect level; M = male; LD, = lethal dose, 50% kill; M = male; LOAEL = lowest-observable-adverse-effect level; NOAEL =
no-observable-adverse-effect level; NS = not specified; Resp = respiratory

ANIHJVYXOL

S103443 HATV3H ¢
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2.2.3.2 Systemic Effects

No studies were located regarding cardiovascular, gastrointestinal, musculoskeletal, hepatic, endocrine,
ocular, or body weight effects in humans following dermal exposure to toxaphene. No studies were
located regarding cardiovascular, hematological, musculoskeletal, endocrine, or body weight effects in
animals following dermal exposure to toxaphene. The highest NOAEL values and all reliable LOAEL

values for systemic effects in each species and duration category are recorded in Table 2-3.

Respiratory Effects.  In humans, fluoroscopic examination of the lungs following acute dermal

exposure to 500 mg/m’ toxaphene did not reveal abnormalities (Keplinger 1963).

Toxicosis was observed in a herd of pigs that had been treated with a 61% toxaphene solution (equivalent
to 13.5 g/kg). The symptoms generally subsided when the animals were sprayed with warm water
(DiPietro and Haliburton 1979). Various lung lesions were observed in three affected pigs that were not
treated for toxicosis by spraying with warm water. These lesions differed in the three affected pigs
examined and included congested cranial lung lobes, numerous peribronchial lymphoid follicles, and
moderate congestion of the lungs. Hyperemic lungs also were observed in rabbits that died following a
24-hour dermal application of 3,038 mg/kg toxaphene (Industrial Biotest 1973). It should be noted that
some studies performed by Industrial Biotest have been found to be less than reliable; thus, the accuracy

of the above data cannot be assured.

Gastrointestinal Effects. No studies were located regarding gastrointestinal effects in humans

following dermal exposure to toxaphene.

Dilation of veins and intestinal hemorrhage were observed in rabbits dipped in an unspecified dose

suspension of a wettable powder of toxaphene for 2 minutes (Johnston et al. 1953).

Hematological Effects. In humans, blood tests conducted after acute dermal exposure to 500 mg/m’

toxaphene did not reveal any abnormalities (Keplinger 1963).

No studies were located regarding hematological effects in animals following dermal exposure to

toxaphene.
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Hepatic Effects. No studies were located regarding hepatic effects in humans following dermal

exposure to toxaphene.

Rabbits dipped in an unspecified dose suspension of a wettable powder of toxaphene for 2 minutes had
pale and mottled livers (Johnston et al. 1953). Up to 10,250 mg/kg/day technical grade toxaphene applied
to intact or burned skin of rabbits for 24 hours caused enlarged gall bladders in both the intact and burned

groups at doses as low as 3,038 mg/kg/day (Industrial Biotest 1973).

Renal Effects. In humans, urinalysis conducted after acute dermal exposure to 500 mg/m’ toxaphene

did not reveal any abnormalities (Keplinger 1963).

In pigs, cysts were found in the renal cortex after acute dermal exposure to 13.5 mg/kg/day toxaphene

(DiPietro and Haliburton 1979).

Dermal Effects. In humans, acute dermal exposure to 500 mg/m’ toxaphene did not produce dermal

irritation (Keplinger 1963).

Dermal application of 3,038 mg/kg toxaphene (90% weight to volume [w/v] ratio in xylene) to the skin of
rabbits caused moderate to severe edema and erythema followed by severe desquamation following a
24-hour exposure (Industrial Biotest 1973). The skin irritation may have been caused by xylene which has
been reported to cause dermal irritation in guinea pigs (Anderson et al. 1986). Exposure to toxaphene
(500 mg) for 4 hours caused rabbit skin to be only mildly irritated (International Research and

Development Corp. 1973).

Ocular Effects. No studies were located regarding ocular effects in humans following dermal

exposure to toxaphene.

Mild irritation to the eyelids and loss of eyelid hair were observed after 14 applications of a 20%
toxaphene solution in kerosene to the eyes of guinea pigs. The eye was not affected, and the lids cleared
completely in 10 days (Boots Hercules Agrochemicals n.d.). This study is limited in that only
unpublished summary data were available for evaluation, thereby precluding an assessment of the

adequacy of the study design and execution, and the data generated.
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2.2.3.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological or lymphoreticular effects in humans or animals

following dermal exposure to toxaphene.

2.2.3.4 Neurological Effects

No studies were located regarding neurological effects in humans following dermal exposure to

toxaphene.

Signs of central nervous system toxicity were observed in 40 of 150 pigs 36 hours after being sprayed with
300 mL of a 61% toxaphene solution in water (equivalent to 13.5 g/kg). This dose is about 10 times the
recommended dose for treatment of sarcoptic mange (DiPietro and Haliburton 1979). The possibility that
inhalation or oral exposure may have also occurred cannot be ruled out. Clinical signs included headpressing,
ataxia, depression, lethargy, diarrhea, and convulsive seizures. Within a day after spraying with

warm water, the animals were much improved, and complete recovery was seen within 5 days. Muscular
weakness, paralysis, and convulsions were observed in rabbits exposed to a 90% w/v solution of

toxaphene in xylene for 24 hours (Industrial Biotest 1973); however, this study was limited in that the
solvent, xylene, was not tested alone. In the same study, the NOAEL for muscular weakness was

4,556 mg/kg/day. The NOAEL dropped to 2,025 mg/kg/day when the epidermis was damaged by burning.

2.2.3.5 Reproductive Effects

No studies were located regarding reproductive effects in humans or animals following dermal exposure to

toxaphene.

2.2.3.6 Developmental Effects

No studies were located regarding developmental effects in humans or animals following dermal exposure

to toxaphene.
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2.2.3.7 Genotoxic Effects

A higher incidence of chromosomal aberrations was observed in cultured lymphocytes taken from the
blood of eight women exposed to toxaphene (Samosh 1974). The exposed women had entered a field that
had recently been sprayed with toxaphene and were described as presenting “mild to moderate” clinical
symptoms. The nature of the symptoms was not reported by Samosh. The women were likely to have
been exposed by both the inhalation and dermal routes. The degree of exposure was not known. Other

genotoxicity studies are discussed in Section 2.5.

2.2.3.8 Cancer

No studies were located regarding cancer in humans or animals following dermal exposure to toxaphene.

2.3 TOXICOKINETICS

Studies in laboratory animals indicate that toxaphene is well absorbed by the intestinal tract and probably
well absorbed by the lungs. Dermal absorption is low, relative to the other exposure routes. Once

absorbed, toxaphene distributes throughout the body. Studies using radiolabeled toxaphene indicate that
distribution to fat predominates over distribution to other organs, and levels are detectable in fat tissue for
several months following exposure. Toxaphene is rapidly and extensively degraded in mammals following
oral administration. /n vivo and in vitro studies indicated that the principal metabolic pathways involved
dechlorination, dehydrodechlorination, and oxidation. Conjugation is also likely, but it is not a major route of
metabolism. The primary route of excretion is via the feces (70% of an administered dose), but toxaphene

is also excreted in the urine.

2.3.1 Absorption

2.3.1.1 Inhalation Exposure

Inhalation studies in humans and animals were located, but did not provide reliable data regarding the
absorption of toxaphene in humans or animals following inhalation exposure, but limited inhalation data

indicate that it is absorbed (Keplinger 1963; Warraki 1963).



TOXAPHENE 49
2. HEALTH EFFECTS

2.3.1.2 Oral Exposure

No studies were located regarding the oral absorption of toxaphene in humans. However, there is strong
evidence to suggest that gastrointestinal absorption occurs in humans because deaths and poisonings have

resulted from the accidental ingestion of toxaphene-contaminated food (McGee et al. 1952).

The presence of toxaphene residues in the fat of rats (Mohammed et al. 1985; Pollock and Kilgore 1980b;
Saleh and Casida 1978; Saleh et al. 1979), mice (Crowder and Whitson 1980; Saleh et al. 1979), guinea
pigs, hamsters, rabbits, monkeys and chickens (Saleh et al. 1979) following ingestion indicates that
absorption occurred. The identification of toxaphene in the milk of cows following ingestion is also

evidence of its absorption (Clabom et al. 1963; Zweig et al. 1963).

Although there are no direct studies regarding the extent of toxaphene absorption, 56.5% of an orally
administered dose was present in the feces and 9% of the dose was present in the urine of rats, mostly as
metabolites. Very little was present as the parent compound, indicating that considerable metabolism had
occurred and thus absorption had taken place (Chandurkhar and Matsumara 1979). Less than 10% of the
administered dose was detected in tissues 1 day after oral administration of radiolabeled toxaphene to rats,
suggesting that absorption and redistribution may have occurred over the 24 hours following
administration (Crowder and Dindal 1974). The proportion of the administered dose that was not

redistributed may have been metabolized and eliminated.

The data presented above suggest that toxaphene would be absorbed by humans following the
consumption of drinking water or food contaminated with the chemical. Its absorption appears to be
extensive and is enhanced when it is dissolved in a vehicle that is readily absorbed. The bioavailability of
toxaphene is increased when it is administered in or with vegetable oils like corn oil or peanut oil, and the
toxicity of toxaphene is potentiated (EPA 1980a). Thus, toxaphene may be more toxic when ingested in

oily foods than when ingested in contaminated water.

2.3.1.3 Dermal Exposure

No studies were located in humans regarding the dermal absorption of toxaphene.

However, the detection of high toxaphene levels in cow’s milk (21-45 ppm) after dipping the cattle in a

toxaphene solution (0.25% w/w toxaphene plus 0.03% w/v dioxathion) indicates that toxaphene was
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absorbed following dermal exposure (Keating 1979). Toxaphene toxicosis was reported in swine 36 hours
after the dermal application of this insecticide in a 6 1% solution (equivalent to 13.5 g/kg) (DiPietro and
Haliburton 1979).

Under conditions of high dosage, dermal absorption of toxaphene may be efficient enough to cause
toxicosis or to produce detectable residues in cow’s milk. Toxaphene appears to be well absorbed
following dermal exposure in animals, but the extent of absorption has not been quantified. Other
evidence suggests that absorption in humans may also be substantial following dermal exposure

(Keplinger 1963).
2.3.2 Distribution
2.3.2.1 Inhalation Exposure

No studies were available in humans or animals regarding the distribution of toxaphene following
inhalation exposure. Although cases of inhalation exposure have been reported, there were no data that

detailed distribution of toxaphene residues in various tissues.
2.3.2.2 Oral Exposure
No studies were located regarding the distribution of toxaphene following oral exposure in humans.

Results of tissue sample analysis following the oral administration of radiolabeled toxaphene to rats
showed that fat is the principal storage tissue (Ohsawa et al. 1975; Pollock and Kilgore 1980b). Other
evidence in animals indicates that muscle may also be a storage site for toxaphene as suggested by the
observation of a high distribution of toxaphene in muscle following an oral dose in rats, and by evidence
that toxaphene residues persist in muscle for up to 20 days post-administration (Crowder and Dindal
1974). The oral administration of '*C-toxaphene in olive oil to rats at a dose of 10 mg/kg resulted in
toxaphene residue levels of 6.4 mg/kg toxaphene and its metabolites in fat 7 days following
administration. Residue levels in all other tissues were less than 0.2 mg/kg (Pollock and Kilgore 1980b).
The oral administration of '*C-toxaphene in corn oil to rats at doses of 19 and 8.5 mg/kg resulted in
residue levels of 0.78 and 0.52 mg/kg, respectively, of toxaphene and its metabolites in fat 7 days after
administration. Residue levels in all other tissues were less than 0.3 mg/kg (Ohsawa et al. 1975).

Although the levels detected in fat by Pollock and Kilgore (1980b) are higher than those detected by
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Ohsawa et al. (1975), a direct comparison cannot be made because the two studies used different sized rats,
analyzed their tissues at different times after administration, and used different vehicles. Regardless of
these quantitative differences, the available evidence still indicates that fat is the principal storage site for

toxaphene and its metabolites.

The highest concentration of activity, except for the gastrointestinal tract, was in the brown fat following
administration of 16 mg/kg '*C-toxaphene in peanut oil to rats (Mohammed et al. 1985). High
concentrations of toxaphene residues were also detected in the adrenal cortex, bone marrow, liver, and
kidney. Levels of radioactive residues peaked at 3 hours. At 24 hours after administration, most
radioactivity was found in the white fat. Lesser amounts of the radiolabel were detected in liver and

kidney.

Mice that received an oral dose of 25 mg/kg *°Cl-toxaphene in corn oil were observed to retain *°C1
activity in fat, brain, kidney, liver, muscle, and testes. Levels were highest in fat (10.6 ppm) when tissues

were analyzed 8 days after administration (Crowder and Whitson 1980).

Toxaphene and its metabolites have been detected in the liver, kidney, bone, brain, heart, lung, muscle,
spleen, and testes of rats 7 days after the oral administration of 8.5 and 19 mg/kg *C-toxaphene (Ohsawa
et al. 1975). After the oral administration of a single dose of 20 mg/kg *°Cl-toxaphene to rats, the greatest
levels of radioactivity were seen at 12 hours in almost all tissues. Levels in blood cells peaked after

3 days. The total fat content after 12 hours was only 0.86% of the total dose, but this exceeded the fraction
of the dose found in the kidney (0.43%), testes (0.28%), and brain (0.23%) (Crowder and Dindal 1974).
Approximately 77% of the dose was detected in the stomach at 12 hours, and less than 10% of the dose
remained in the body after one day. At 12 hours after administration, 5.3% of the dose was present in the
muscle. Although this was significantly more than the amount seen in fat and other tissues, the
concentration of activity in muscle is low due to the large amount of muscle in the body. Crowder and
Dindal (1974) only determined the fraction of the dose based on proportions of radioactivity found in each

tissue that may have been derived from a component of the original mixture or a metabolite.

Heifer calves receiving toxaphene at oral bolus doses of 50, 100, or 150 mg/kg '*C-toxaphene were found
to have measurable toxaphene residues in the liver, kidney, and brain 7 days after administration. These
tissues were the only ones sampled, so it is not possible to assess the amount of toxaphene that distributed
to fat (Steele et al. 1980). This study found that liver residues varied exponentially with dosage, as shown
in Table 2-4.
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Table 2-4. Mean Toxaphene Residues in Cows Following
Oral Exposure to Toxaphene

Toxaphene residue

Liver Kidney Brain
Dose (mg/kg) (ppm) (ppm) (ppm)
502 2.88 3.45 2.67
100° 7.66 2.75 4.02
1502 22.26 5.50 3.88

8Values represent mean of 6 animals.
bValues represent mean of 7 animals.

Source: Steele et al. 1980

Furthermore, liver residue levels correlated with predicted fatality with an accuracy of about 80%. Based
upon these tissue distribution results, the authors concluded that liver residue values could serve as a
biomarker of toxaphene poisoning. Kidney and brain levels of toxaphene could not be used as
biomarkers, because residue levels of the pesticide in these organs did not correlate with observed

mortality. Additionally, brain levels are not as consistent as liver values.

In investigations of effects on the adrenal gland, oral administration of 16 mg/kg 14C-toxaphene to rats
resulted in its distribution to the adrenal cortex. Radioactivity was primarily localized in the zona
fasciculata. Only low levels of radioactivity were detected in the zona glomerulosa and the zona
reticularis, and no radioactivity was found in the medulla (Mohammed et al. 1985). The zona fasciculata
is responsible for glucocorticoid synthesis. A toxaphene-induced 50% inhibition of ACTH-stimulated
adrenal corticosterone synthesis in vitro is supported by this pattern of toxaphene distribution in vivo.
Pretreatment of rats with toxaphene in their diet for 5 weeks also resulted in a significant inhibition of
corticosteroid synthesis when compared to controls. Hence, the distribution of toxaphene to the zona

fasciculata was correlated with an adverse physiological effect.

Administration of 14C-toxaphene in olive oil at a dose of 2.6 mg/kg to pregnant rats resulted in its
distribution to the fat. Fetuses contained the lowest levels of radioactivity relative to other tissues
analyzed (Pollock and Hillstrand 1982). After 1 day, the residue level in the fetus was 84 ppb; the residue
level after 3 days averaged 28 ppb. Residue levels in the fat of the mothers exceeded 7,000 ppb. The
authors reported that the overall amount of placental transfer was similar to that of polychlorinated

biphenyls (PCBs), of which much less than 1% of the dose was transferred.
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All studies reviewed consistently demonstrated that toxaphene was distributed throughout the body, but it
was preferentially stored in the fat. Although toxaphene has been identified in the fat up to 30 days after
administration, the overall tissue activity level was very low. Apparently, toxaphene was rapidly
metabolized, and its metabolites and components were not persistent. However, it is not known whether
the toxaphene metabolites or the original components that persist in fat are toxic. Therefore, these
persistent residues could theoretically reenter the circulation from the fat stores and cause additional
delayed toxicity. In addition to its affinity for lipid tissue, it specifically localized in the zona fasciculata
of the adrenal cortex. Although its transplacental transfer was minimal, the radioactivity that crossed the
placenta also localized in the fetal adrenal. Based on the findings in all animals (Saleh et al. 1979), it
would seem likely that fat would also be a principal storage site for toxaphene in humans following its
ingestion. Toxaphene localizes in the liver after initial exposure but then redistributes to fat over a longer
period of time. Tissue samples obtained from a chronic dog study demonstrated that after 2 years
exposure, toxaphene (as estimated from tissue chlorine levels) was measurable only in fat (Hercules
Research Center 1966). The levels in liver, kidney, and brain were negligible. Fat samples obtained at the
interim periods of 6 and 12 months had toxaphene levels comparable to those seen at 24 months,
indicating that accumulation of toxaphene in adipose tissue may reach a saturation point, resulting in

steady-state levels, with uptake being equal to excretion.
2.3.2.3 Dermal Exposure

No studies were available in humans or animals regarding the distribution of toxaphene following dermal
exposure. Although cases of dermal exposure have been reported, there were no data that listed the

resulting toxaphene levels in tissues.

2.3.2.4 Other Routes of Exposure

Intravenous administration of '*C-toxaphene to mice at a dose of 16 mg/kg resulted in the appearance of
radioactivity in the liver, fat, bile, adrenal glands, kidneys, and ovaries within 20 minutes of
administration. The distribution significantly changed after 4 hours, with an increase in radioactivity in
the abdominal fat and the intestinal contents. There were decreases in other tissues after 4 hours. Highest
levels of radioactivity were still localized in the fat 16 days after administration (Mohammed et al. 1983).
In autoradiographic studies of pregnant albino mice intravenously injected with '*C-toxaphene

(16 mg/kg), Mohammed et al. (1983) found low levels of activity in fetal tissues. This activity was highly

concentrated in the fetal liver and adrenal gland. These results, as after oral administration, suggest that
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the transplacental transfer of toxaphene after intravenous administration is relatively low. The tissue
accumulation of intravenously administered '*C-toxaphene was also examined in normolipidemic and
hypolipidemic female NMRI mice (Mohammed et al. 1990b). In normolipidemic mice, the radiolabel first
distributed to the liver and adrenal glands 20 minutes after administration of the labeled toxaphene. After
4 hours, the label was primarily found in the abdominal fat. The distribution of the radiolabel in the
hypolipidemic mice was different from the controls. After 20 minutes, the labeled toxaphene was found in
th