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UPDATE STATEMENT

A Toxicological Profile for Tin and Tin Compounds, Draft for Public Comment was released in
September 2003. This edition supersedes any previously released draft or final profile.

Toxicological profiles are revised and republished as necessary. For information regarding the update
status of previously released profiles, contact ATSDR at:

Agency for Toxic Substances and Disease Registry
Division of Toxicology/Toxicology Information Branch
1600 Clifton Road NE
Mailstop F-32
Atlanta, Georgia 30333






FOREWORD

This toxicological profile is prepared in accordance with guidelines* developed by the Agency for
Toxic Substances and Disease 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 audiences for the toxicological profiles are 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.

s (L

Julie Louise Gerberding,

Administra

Agency for Toxic Substances and
Disease Registry
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*Legislative Background

The toxicological profiles are developed in response to the Superfund Amendments and Reauthorization
Act (SARA) of 1986 (Public law 99-499) which amended the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA or Superfund). 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 November 17, 1997 (62 FR 61332). For prior
versions of the list of substances, see Federal Register notices dated April 29, 1996 (61 FR 18744); 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(i)(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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QUICK REFERENCE FOR HEALTH CARE PROVIDERS

Toxicological Profiles are a unique compilation of toxicological information on a given hazardous
substance. Each profile reflects a comprehensive and extensive evaluation, summary, and interpretation
of available toxicologic and epidemiologic information on a substance. Health care providers treating
patients potentially exposed to hazardous substances will find the following information helpful for fast
answers to often-asked questions.

Primary Chapters/Sections of Interest

Chapter 1: Public Health Statement: The Public Health Statement can be a useful tool for educating
patients about possible exposure to a hazardous substance. It explains a substance’s relevant
toxicologic properties in a nontechnical, question-and-answer format, and it includes a review of
the general health effects observed following exposure.

Chapter 2: Relevance to Public Health: The Relevance to Public Health Section evaluates, interprets,
and assesses the significance of toxicity data to human health.

Chapter 3: Health Effects: Specific health effects of a given hazardous compound are reported by type
of health effect (death, systemic, immunologic, reproductive), by route of exposure, and by length
of exposure (acute, intermediate, and chronic). In addition, both human and animal studies are
reported in this section.

NOTE: Not all health effects reported in this section are necessarily observed in the clinical
setting. Please refer to the Public Health Statement to identify general health effects observed
following exposure.

Pediatrics: Four new sections have been added to each Toxicological Profile to address child health
issues:
Section 1.6 How Can (Chemical X) Affect Children?
Section 1.7 How Can Families Reduce the Risk of Exposure to (Chemical X)?
Section 3.7 Children’s Susceptibility
Section 6.6 Exposures of Children

Other Sections of Interest:
Section 3.8 Biomarkers of Exposure and Effect
Section 3.11  Methods for Reducing Toxic Effects

ATSDR Information Center
Phone: 1-888-42-ATSDR or (404) 498-0110  Fax: (770) 488-4178
E-mail: atsdric@cdc.gov Internet: http://www.atsdr.cdc.gov

The following additional material can be ordered through the ATSDR Information Center:

Case Studies in Environmental Medicine: Taking an Exposure History—The importance of taking an
exposure history and how to conduct one are described, and an example of a thorough exposure
history is provided. Other case studies of interest include Reproductive and Developmental
Hazards; Skin Lesions and Environmental Exposures; Cholinesterase-Inhibiting Pesticide
Toxicity; and numerous chemical-specific case studies.


http:http://www.atsdr.cdc.gov
mailto:atsdric@cdc.gov
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Managing Hazardous Materials Incidents is a three-volume set of recommendations for on-scene
(prehospital) and hospital medical management of patients exposed during a hazardous materials
incident. Volumes I and II are planning guides to assist first responders and hospital emergency
department personnel in planning for incidents that involve hazardous materials. Volume 11—
Medical Management Guidelines for Acute Chemical Exposures—is a guide for health care
professionals treating patients exposed to hazardous materials.

Fact Sheets (ToxFAQs) provide answers to frequently asked questions about toxic substances.

Other Agencies and Organizations

The National Center for Environmental Health (NCEH) focuses on preventing or controlling disease,
injury, and disability related to the interactions between people and their environment outside the
workplace. Contact: NCEH, Mailstop F-29, 4770 Buford Highway, NE, Atlanta,

GA 30341-3724 « Phone: 770-488-7000 « FAX: 770-488-7015.

The National Institute for Occupational Safety and Health (NIOSH) conducts research on occupational
diseases and injuries, responds to requests for assistance by investigating problems of health and
safety in the workplace, recommends standards to the Occupational Safety and Health
Administration (OSHA) and the Mine Safety and Health Administration (MSHA), and trains
professionals in occupational safety and health. Contact: NIOSH, 200 Independence Avenue,
SW, Washington, DC 20201 ¢ Phone: 800-356-4674 or NIOSH Technical Information Branch,
Robert A. Taft Laboratory, Mailstop C-19, 4676 Columbia Parkway, Cincinnati, OH 45226-1998
* Phone: 800-35-NIOSH.

The National Institute of Environmental Health Sciences (NTEHS) is the principal federal agency for
biomedical research on the effects of chemical, physical, and biologic environmental agents on
human health and well-being. Contact: NIEHS, PO Box 12233, 104 T.W. Alexander Drive,
Research Triangle Park, NC 27709 ¢ Phone: 919-541-3212.

Referrals

The Association of Occupational and Environmental Clinics (AOEC) has developed a network of clinics
in the United States to provide expertise in occupational and environmental issues. Contact:
AOEC, 1010 Vermont Avenue, NW, #513, Washington, DC 20005 ¢ Phone: 202-347-4976
* FAX: 202-347-4950 « e-mail: AOEC@AOEC.ORG * Web Page: http://www.aoec.org/.

The American College of Occupational and Environmental Medicine (ACOEM) is an association of
physicians and other health care providers specializing in the field of occupational and
environmental medicine. Contact: ACOEM, 55 West Seegers Road, Arlington Heights,

IL 60005 * Phone: 847-818-1800 « FAX: 847-818-9266.


http:http://www.aoec.org
mailto:AOEC@AOEC.ORG
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CONTRIBUTORS

CHEMICAL MANAGER(S)/AUTHOR(S):
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ATSDR, Division of Toxicology, Atlanta, GA

Fernando Llados, Ph.D.

Gary Diamond, Ph.D.

Lara L. Chappell, Ph.D.

Syracuse Research Corporation, North Syracuse, NY

THE PROFILE HAS UNDERGONE THE FOLLOWING ATSDR INTERNAL REVIEWS:

1. 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
end points.

2. 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, and makes recommendations for derivation of MRLs.

3. Data Needs Review. The Research Implementation Branch reviews data needs sections to assure
consistency across profiles and adherence to instructions in the Guidance.

4. Green Border Review. Green Border review assures the consistency with ATSDR policy.
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PEER REVIEW

A peer review panel was assembled for tin. The panel consisted of the following members:

1. Michael Aschner, Ph.D., Wake Forest University School of Medicine, Winston-Salem, North
Carolina;

2. Olen Brown, Ph.D., University of Missouri-Columbia, Columbia, Missouri; and

3. Bruce Jarnot, Ph.D., DABT, American Petroleum Institute, Washington, DC.

These experts collectively have knowledge of tin'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(I)(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.

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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1. PUBLIC HEALTH STATEMENT

This public health statement tells you about tin and tin compounds and the effects of exposure to

them.

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in
the nation. These sites are then placed on the National Priorities List (NPL) and are targeted for
long-term federal clean-up activities. Tin and organotin compounds have been found in at least
214 and 8, respectively, of the 1,662 current or former NPL sites. Although the total number of
NPL sites evaluated for these substances is not known, the possibility exists that the number of
sites at which tin and organotin compounds are found may increase in the future as more sites are
evaluated. This information is important because these sites may be sources of exposure and

exposure to these substances may harm you.

When a substance is released either from a large area, such as an industrial plant, or from a
container, such as a drum or bottle, it enters the environment. Such a release does not always
lead to exposure. You can be 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 tin and tin compounds, many factors will determine whether you will be
harmed. These factors include the dose (how much), the duration (how long), and how you
come in contact with them. You must also consider any other chemicals you are exposed to and

your age, sex, diet, family traits, lifestyle, and state of health.

1.1 WHAT ARE TIN AND TIN COMPOUNDS?

Tin is a soft, white, silvery metal that is insoluble in water. Tin metal is used to line cans for
food, beverages, and aerosols. It is present in brass, bronze, pewter, and some soldering

materials.
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Tin is a metal that can combine with other chemicals to form various compounds. When tin is
combined with chlorine, sulfur, or oxygen, it is called an inorganic tin compound. Inorganic tin
compounds are found in small amounts in the earth's crust. They are also present in toothpaste,

perfumes, soaps, coloring agents, food additives, and dyes.

Tin also can combine with carbon to form organotin compounds. These compounds are used in
making plastics, food packages, plastic pipes, pesticides, paints, wood preservatives, and rodent

(rats and mice) repellants.

There can be tin metal as well as inorganic and organic tin compounds in the air, water, and soil
near places where they are naturally present in the rocks, mined, manufactured, or used. In

general, organic tin compounds are from human-made sources and do not occur naturally in the
environment. The time each tin compound stays in air, water, or soil differs from compound to

compound.

Further information on the properties and uses of tin and its compounds and how they behave in

the environment is found in Chapters 4, 5, and 6.

1.2 WHAT HAPPENS TO TIN AND TIN COMPOUNDS WHEN THEY ENTER THE
ENVIRONMENT?

Tin is a component of many soils. Tin may be released in dusts from wind storms, roads, and
farming activities. Gases, dusts, and fumes containing tin may be released from smelting and
refining processes, burning of waste, and burning of fossil fuels (coal or oil). Particles in the air
containing tin may be transported by wind or washed out of the air by rain or snow. Tin binds to
soils and to sediments in water and is generally regarded as being relatively immobile in the
environment. Tin cannot be destroyed in the environment. It can only change its form or

become attached or separated from particles in soil, sediment, and water.

Organic tin compounds stick to soil, sediment, and particles in water. Organic tin compounds

can be degraded (by exposure to sunlight and by bacteria) into inorganic tin compounds. In
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water, organic tin compounds are mostly attached to particles in water. Organic tin compounds
may also settle out of the water into sediments and may remain unchanged for years. Organic tin
compounds may be taken up into the tissues of animals that live in water containing these

compounds.

1.3 HOW MIGHT | BE EXPOSED TO TIN AND TIN COMPOUNDS?

Tin is present in the air, water, soil, and landfills and is a normal part of many plants and animals
that live on land and in water. Tin is also present in the tissues of your body. There is no

evidence that tin is an essential element for humans.

Since tin is naturally found in soils, it will be found in small amounts in foods. Tin
concentrations of vegetables, fruits and fruit juices, nuts, dairy products, meat, fish, poultry,
eggs, beverages, and other foods not packaged in metal cans are generally less than 2 parts per
million (ppm) (1 ppm = 1 part of tin in a million parts of food by weight). Tin concentrations in
pastas and breads have been reported to range from less than 0.003 to 0.03 ppm. You can be
exposed to tin when you eat food or drink juice or other liquids from tin-lined cans. Canned
food from lacquered tin-lined cans contains less than 25 ppm of tin since the lacquer prevents the
food from reacting with the tin. Food from unlacquered tin-lined cans contains up to 100 ppm of
tin since the reaction of the food with the can causes some of the tin to dissolve in the contents of
the can. Greater than 90% of tin-lined cans used for food today are lacquered. Only light
colored fruit and fruit juices are packed in unlacquered tin-lined cans, since tin helps maintain
the color of the fruit. Tin concentrations in food also increase if food is stored in opened cans.

Stannous fluoride, a tin-containing compound, is added to toothpaste.

You can also be exposed to higher-than-normal levels of tin if you work in a factory that makes
or uses tin. Because tin compounds have many uses, you can be exposed by breathing in tin
dusts or fumes or getting tin compounds on your skin. Tin compounds can also be spilled
accidentally. If you live near a hazardous waste site, you could be exposed by breathing dusts,

touching materials, or drinking water contaminated with tin.
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Humans are usually exposed to tin at far less than 1 ppm from air and water. The amounts in air

and water near hazardous waste sites could be higher.

Young children sometimes eat soil during play. While most soil contains about 1 ppm tin, some
soils may contain as much as 200 ppm tin. Assuming that children eat 200 mg of soil per day,

exposure to tin from eating soil would be low.

You may be exposed to organic tin compounds (mainly butyltin compounds) by eating seafood
from coastal waters or from contact with household products that contain organotin compounds,
(polyurethane, plastic polymers, and silicon-coated baking parchment paper). Organic tin
compounds have been detected in drinking water in Canada where pipes made of polyvinyl
chloride (PVC), which contain organic tin compounds, are used in the distribution of drinking

water.

Additional information on how you can be exposed to tin compounds is given in Chapter 6.

1.4 HOW CAN TIN AND TIN COMPOUNDS ENTER AND LEAVE MY BODY?

Tin can enter your body when you eat contaminated food or drink contaminated water, when you
touch or eat soil that has tin in it, or when you breathe tin-containing fumes or dusts. Tin
compounds can enter your body from nearby hazardous waste sites by exposure to contaminated
air, water, and soil. When you eat tin in your food, very little leaves the gastrointestinal tract and
gets into your bloodstream. Most tin travels through the intestines and leaves your body in the
feces. Some leaves your body in the urine. If you breathe air containing tin dust or fumes, some
of the tin could be trapped in your lungs, but this does not affect your breathing if it is a small
amount. If you swallow some metallic tin particles, they will leave your body in the feces. Very
little tin can enter the body through unbroken skin. Your body can rid itself of most inorganic tin
in weeks, but some can stay in your body for 2-3 months. Inorganic tin compounds leave your
body very quickly; most are gone within a day. Very small amounts of tin stay in some tissues

of your body, like the bones, for longer periods of time.
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Further information on how tin enters and leaves your body is given in Chapter 3.

1.5 HOW CAN TIN AND TIN COMPOUNDS AFFECT MY HEALTH?

Scientists use many tests to protect the public from harmful effects of toxic chemicals and to find

ways for treating persons who have been harmed.

One way to learn whether a chemical will harm people is to determine how the body absorbs,
uses, and releases the chemical. For some chemicals, animal testing may be necessary. Animal
testing may also help identify health effects such as cancer or birth defects. Without laboratory
animals, scientists would lose a basic method for getting information needed to make wise
decisions that protect public health. Scientists have the responsibility to treat research animals
with care and compassion. Scientists must comply with strict animal care guidelines because

laws today protect the welfare of research animals.

Because inorganic tin compounds usually enter and leave your body rapidly after you breathe or
eat them, they do not usually cause harmful effects. However, humans who swallowed large
amounts of inorganic tin in research studies suffered stomachaches, anemia, and liver and kidney
problems. Studies with inorganic tin in animals have shown similar effects to those observed in
humans. There is no evidence that inorganic tin compounds affect reproductive functions,
produce birth defects, or cause genetic changes. Inorganic tin compounds are not known to

cause cancer.

Inhalation (breathing in), oral (eating or drinking), or dermal exposure (skin contact) to some
organotin compounds has been shown to cause harmful effects in humans, but the main effect
will depend on the particular organotin compound. There have been reports of skin and eye
irritation, respiratory irritation, gastrointestinal effects, and neurological problems in humans
exposed for a short period of time to high amounts of certain organotin compounds. Some
neurological problems have persisted for years after the poisoning occurred. Lethal cases have
been reported following ingestion of very high amounts. Studies in animals have shown that

certain organotins mainly affect the immune system, but a different type primarily affects the
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nervous system. Yet, there are some organotins that exhibit very low toxicity. Exposure of
pregnant rats and mice to some organotin compounds has reduced fertility and caused stillbirth,
but scientists still are not sure whether this occurs only with doses that are also toxic to the
mother. Some animal studies also suggested that reproductive organs of males may be affected.
There are no studies of cancer in humans exposed to organotin compounds. Studies of a few
organotins in animals suggest that some organotin compounds can produce cancer. On the basis
of no data in humans and questionable data from a study in rats, EPA has determined that one
specific organotin, tributyltin oxide, is not classifiable as to human carcinogenicity; that is, it is

not known whether or not it causes cancer in humans.

More information on the health effects of tin in humans and animals is found in Chapter 3.

1.6 HOW CAN TIN AND TIN COMPOUNDS AFFECT CHILDREN?

This section discusses potential health effects in humans from exposures during the period from

conception to maturity at 18 years of age.

Children can be exposed to tin compounds (inorganic or organic) in the same manner as adults:
through the diet or by contact with contaminated soil at or near hazardous waste sites where
these compounds are found. Some children eat significant amounts of dirt (a behavior called
pica), which may lead to increased exposure if the soil is contaminated. In addition, children can
be exposed if family members work with tin compounds and bring home tin residues in their

clothing or tools.

There are no studies on health effects in children exposed to tin compounds. However, it is
reasonable to assume that children would exhibit the same type of health effects observed in
exposed adults. We do not know whether children are more susceptible to the effects of
exposure to tin and tin compounds than adults. There are no reports of adverse developmental
effects in humans exposed to tin or its compounds, or of inorganic tin in animals. Studies in
animals have shown that organotin compounds can cross the placenta and reach the fetus.

Exposure of rodents to some organotins during pregnancy has produced birth defects in the
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newborn animals. The results of several studies suggest that this may occur only at high
exposure levels that cause maternal toxicity, but further research is needed to clarify this issue.
One study found that rats whose mothers were exposed to tributyltin during pregnancy showed
altered performance in some neurological tests conducted when they were young adults.
Another study, also with tributyltin, found that exposure during gestation, lactation, and post-
lactation affected some developmental landmarks in female rats. There are no reports of tin or
tin compounds in human breast milk, and there is no direct evidence in animals of transfer of

these compounds to the young through nursing.

More information regarding children’s health and tin and related compounds can be found in

Section 3.7.

1.7 HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO TIN AND TIN
COMPOUNDS?

If your doctor finds that you have been exposed to substantial amounts of tin and tin compounds,
ask whether your children might also have been exposed. Your doctor might need to ask your

state health department to investigate.

Children living near waste sites containing tin and tin compounds are likely to be exposed to
higher than normal environmental levels of tin through breathing, touching soil, and eating
contaminated soil. You should discourage your children from eating dirt. Make sure they wash
their hands frequently and before eating. Discourage your children from putting their hands in
their mouths. Some toothpastes and other dental products contain stannous fluoride, a tin
containing compound. Children should be watched carefully when using these products and

should not swallow these products.

Because tin is naturally found in the environment at low levels, we cannot avoid being exposed
to it. The major route of exposure to tin is from eating or drinking canned products. Reducing
the amount of canned products you eat or drink may reduce your exposure to tin. Since tin

concentrations in food increase if food is stored in opened cans, you can reduce your exposure by
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storing unused portions of canned foods in a separate container. You may be exposed to organic
tin compounds by eating seafood from areas that may be contaminated with organic tin
compounds or from contact with household products that contain organotin compounds
(polyurethane, plastic polymers, and silicon-coated baking parchment paper). Reducing the
amount of seafood that you eat from areas that may be contaminated with organic tin compounds
and reducing contact with household products that contain organic tin compounds may reduce
your exposure to organic tin compounds. If you are accidentally exposed to large amounts of tin

or tin compounds, consult a physician immediately.

1.8 IS THERE A MEDICAL TEST TO DETERMINE WHETHER | HAVE BEEN
EXPOSED TO TIN AND TIN COMPOUNDS?

There are tests to measure tin and organotin compounds in your blood, urine, feces, and body
tissues. Normally, small amounts of tin are found in the body because of the daily exposure to
small amounts in the food. Therefore, the available tests cannot tell you when you were exposed
or the exact amount of tin to which you were exposed, but can help determine if you were
exposed to an amount of tin or tin compounds unusually high in the near past. This information

can be used to locate the source of exposure.

Tests for tin and related compounds are not routinely performed at a doctor’s office because they

require special equipment, but the doctor can take samples and send them to a testing laboratory.

Further information on how tin can be measured in exposed humans is presented in Chapter 7.

1.9 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUMAN HEALTH?

The federal government develops regulations and recommendations to protect public health.
Regulations can be enforced by law. The EPA, the Occupational Safety and Health
Administration (OSHA), and the Food and Drug Administration (FDA) are some federal

agencies that develop regulations for toxic substances. Recommendations provide valuable
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guidelines to protect public health, but cannot be enforced by law. The Agency for Toxic
Substances and Disease Registry (ATSDR) and the National Institute for Occupational Safety
and Health (NIOSH) are two federal organizations that develop recommendations for toxic

substances.

Regulations and recommendations can be expressed as “not-to-exceed” levels, that is, levels of a
toxic substance in air, water, soil, or food that do not exceed a critical value that is usually based
on levels that affect animals; they are then adjusted to levels that will help protect humans.
Sometimes these not-to-exceed levels differ among federal organizations because they used
different exposure times (an 8-hour workday or a 24-hour day), different animal studies, or other

factors.

Recommendations and regulations are also updated periodically as more information becomes
available. For the most current information, check with the federal agency or organization that
provides it. Some regulations and recommendations for tin and tin compounds include the

following:

Several government agencies and the Congress have acted to protect human health by regulating
tin compounds. The EPA has limited the use of certain organotin compounds in paints. OSHA
has established workplace exposure limits of 0.1 milligrams per cubic meter of air (mg/m’) for
organotin compounds and 2 mg/m’ for inorganic tin compounds, except oxides. NIOSH
recommends workplace exposure limits of 2 mg/m” for inorganic tin compounds, except for tin
oxides, and 0.1 mg/m’ for organotins, except tricyclohexyltin hydroxide. NIOSH states that a
concentration of tricyclohexyltin hydroxide of 25 mg/m’ should be considered as immediately
dangerous to life or health. The FDA regulates the use of some organic tin compounds in
coatings and plastic food packaging. The FDA also has set limits for the use of tin, as stannous

chloride, as an additive for food.

Additional information on governmental regulations and guidelines regarding tin and compounds

is found in Chapter 8 and Table 8-1.
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1.10 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 contact ATSDR at the address and phone number below.

ATSDR can also tell you the location of occupational and environmental health clinics. These
clinics specialize in recognizing, evaluating, and treating illnesses that result from exposure to

hazardous substances.

Toxicological profiles are also available on-line at www.atsdr.cdc.gov and on CD-ROM. You
may request a copy of the ATSDR ToxProfilesTM CD-ROM by calling the toll-free information
and technical assistance number at 1-888-42ATSDR (1-888-422-8737), by e-mail at
atsdric@cdc.gov, or by writing to:

Agency for Toxic Substances and Disease Registry
Division of Toxicology

1600 Clifton Road NE

Mailstop F-32

Atlanta, GA 30333

Fax: 1-770-488-4178

Organizations for-profit may request copies of final Toxicological Profiles from the following:

National Technical Information Service (NTIS)
5285 Port Royal Road

Springfield, VA 22161

Phone: 1-800-553-6847 or 1-703-605-6000
Web site: http://www.ntis.gov/


http:http://www.ntis.gov
mailto:atsdric@cdc.gov
http:www.atsdr.cdc.gov
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2.1 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO TIN AND TIN
COMPOUNDS IN THE UNITED STATES

Tin is a naturally occurring element. It is a silver-white, malleable, and somewhat ductile metal. The
earth's crust contains about 2—3 ppm tin, comprising 0.0006% of the earth's crust. Major uses of tin
include cans and containers, electrical, construction, and transportation. Industrially important tin
compounds can be categorized as inorganic (those without a tin-carbon bond) and organic (those having a
tin-carbon bond). Inorganic tin compounds are used in the glass industry, and also serve as the base for
the formulation of colors, as catalysts, and in perfumes and soaps. The major commercial applications for
organotin compounds are as polyvinyl chloride (PVC) heat stabilizers, biocides, catalysts, agrochemicals,

and glass coatings.

Tin may be released to the environment from natural and anthropogenic sources. Tin is a component of
many soils and tin and inorganic tin compounds may be released by weathering and agricultural activities.
Releases of tin to the environment may also occur from the production and use of tin and tin compounds.
Tin is generally regarded as being relatively immobile in the environment. In general, organotin
compounds are released to the environment through their production and use. Tributyltin and triphenyltin
enter the environment directly from their use as antifouling paints and as pesticides. To a lesser extent,
organotin compounds may also enter the environment by leaching from consumer products and from the
disposal of products containing organotin compounds in landfills. Organotin compounds are generally

found to partition to soils and sediments.

Occupational exposure to tin may be significant in some industrial environments. Ambient
environmental levels of tin are generally quite low, except in the vicinity of pollution sources. Human
exposure to tin may occur by inhalation, ingestion, or dermal absorption. Dermal absorption is a
significant route of occupational exposure for certain organotin compounds. The average daily tin intake
of an adult in the United States was estimated at 4.003 mg (4 mg from food and 0.003 mg from air), and
with undetectable levels contributed by drinking water. The most important source for exposure to tin is
from food, especially canned food products. Tin-lined cans used to package food are the most important
contributor to dietary tin intake. There was a significant correlation between the amount of canned food

consumed and the concentration of tin in the diet. People eating a high percentage of their diet from
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canned foods will be exposed to higher amounts of tin than people eating more fresh foods. Tin
concentrations in foods will depend on whether they are packaged in lacquer tin-lined cans or
unlacquered cans. Mean tin concentrations ranging from <1 to 1,000 mg/kg have been found in foods
packaged in unlacquered or partially lacquered cans, while the average tin concentration in foods in
lacquered cans has been reported to be 0—6.9 mg/kg. More than 90% of tin-lined cans used for food today
are lacquered. Only light colored fruit and fruit juices are packed in unlacquered cans, since tin helps

maintain the color of the product.

Data on human exposure to organotin compounds are more limited. Potential exposure for the general
population to organotin compounds would be expected to exist for butyltin compounds, phenyltin
compounds, and di- and monomethyltin, according to available monitoring data. In a market basket study
in Japan, daily intakes of tributyltin and triphenyltin in Japan were estimated to be 6.9 and 5.4 pg,
respectively, in 1991 and 6.7 and 1.3 pg, respectively, in 1992, with 95% of the daily intakes of tributyltin
and triphenyltin coming from the fish, mollusks, and crustaceans food group. Mono- and dimethyltin and
mono- and dibutyltin compounds have been detected in drinking water in Canada where PVC pipes,
containing these organotin compounds, are used in the distribution of drinking water. It has been
demonstrated that butyltin compounds in siliconized baking parchment can be transferred to food baked
on this type of baking parchment. Organotin compounds were found in household dust in a United
Kingdom study. Monitoring data were not found to indicate whether the general population is exposed to

other organotin compounds, such as trimethyltin and triethyltin.

2.2 SUMMARY OF HEALTH EFFECTS

Most of the information on the health effects of inorganic and organic tin in humans comes from studies
of individuals exposed at work, volunteers exposed to controlled amounts, and accidental or intentional
exposures. Except for the studies in volunteers, exposure characterization in the reports on humans is
generally lacking. Numerous studies have been conducted on the effects of tin and related compounds in

a variety of animal species (primarily rodents) mostly following ingestion by the oral route.

Humans chronically exposed to inorganic tin (e.g., stannic oxide dust or fumes) manifest a benign form of
pneumoconiosis known as stannosis, which involves mainly the lower respiratory system.
Gastrointestinal effects, such as nausea, vomiting, and diarrhea have been reported in subjects ingesting

food items contaminated with inorganic tin. Based on the available studies in humans, there is no
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evidence that inorganic tin affects reproduction or development in humans or that it is a neurotoxin,
immunotoxin, mutagenic, or carcinogenic agent in humans. A relatively limited number of studies in
animals have not clearly established potential target organs for inorganic tin toxicity. Of the effects
described, hematological signs of anemia and gastrointestinal distension appear to be best identified as
tin-related. No adverse reproductive or developmental effects of inorganic tin were reported in a small
number of studies available. Tin affects the metabolism of other metals such as copper, zinc, and iron;
therefore, if the pharmacokinetics of these metals is altered, it is difficult to ascertain whether a specific
effect is caused by exposure to tin itself or is due to fluctuations in tissue levels of other metals.

Bioassays for carcinogenicity of inorganic tin have been negative.

Cases of lethality have been reported after acute inhalation exposure to a mixture of vapors of trimethyltin
and dimethyltin organotins and after acute oral ingestion of trimethyltin. In addition, approximately

100 deaths occurred in France in 1954 following ingestion of a proprietary drug that seemed to have been
contaminated with ethyltin triiodide, triethyltin iodide, or tetraethyltin. Deaths occurred after exposure to
an estimate dose of 3 g triethyltin iodide over a period of 6—8 weeks. Those affected showed neurological
signs and symptoms such as headache, photophobia, altered consciousness, and convulsions. These
appeared about 4 days after intoxication and, in individuals who recovered, continuous headaches and
weakness persisted for at least 4 years. Additional cases of accidental or intentional acute inhalation, oral,
or dermal intoxication with trimethyltin or triphenyltin also have included adverse neurological effects
that persisted for a long time (years in some cases) after the poisoning episode. Organotins also are

known to be skin and eye irritants in humans.

There are no studies that evaluated whether organotin compounds cause developmental or reproductive
alterations in humans or cancer. Limited inhalation data from intermediate-duration studies in animals
indicate that organotins can produce lung alterations, irritation of the respiratory airways, skin, and eyes,
and liver and kidney effects. In contrast to the limited inhalation database, an extensive oral database
indicates that trimethyltin and triethyltin compounds are primarily neurotoxic, whereas tributyltin,
dibutyltin, and dioctyltin are essentially immunotoxic. Hepatic and hematological effects also have been
described in animals treated orally with organotins. Triphenyltin, dibutyltin, and tributyltin, when
administered during pregnancy, have induced developmental and reproductive effects in rodents.
However, it remains unclear whether these effects occur only at doses that induce maternal toxicity.
Studies of genotoxic activity of organotin compounds have given mixed results depending on the specific
compound and test system. Dibutyltin acetate, triphenyltin hydroxide, and tributyltin oxide have been

tested for carcinogenicity in long-term bioassays. The first two compounds produced no evidence of
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carcinogenicity in Fischer-344 rats and B6C3F; mice, whereas the results for tributyltin oxide in Wistar
rats were considered questionable by the EPA and led to a carcinogenic classification of “not classifiable
as to human carcinogenicity” or, to a group of substances for which there is “inadequate information to
assess carcinogenic potential,” according to updated guidelines. Additional studies with higher doses of
triphenyltin hydroxide in Wistar rats and NMRI mice showed increased incidence of pituitary cancer in

female rats and of liver cancer in female mice.

A greater detailed discussion of immunological, neurological, reproductive/developmental, and
hematological effects of tin and compounds follows. The reader is referred to Section 3.2, Discussion of

Health Effects by Route of Exposure, for additional information on other health effects.

Immunological and Lymphoreticular Effects. There are no studies that evaluated whether
environmental concentrations of tin or organotin compounds alter immunocompetence in humans.
However, acute exposure of rats to higher concentrations (generally >2 mg/kg/day) of tributyltins and
other organotins have caused immune alterations. The effect is characterized by reduced thymus weight
and size and lymphocyte depletion. Dialkyltins appear to directly interfere with proliferation of
thymocytes, a cytostatic effect, whereas tributyltin oxide has a direct and selective toxic action on
lymphocytes in the thymus. Long-term studies with tributyltin oxide in rats have demonstrated alterations
in parameters of specific and nonspecific resistance at the relatively low dose level of 0.25 mg/kg/day.
Although no adverse immunological effects have been described in humans exposed to tin and
compounds, the high sensitivity exhibited by the rat thymus and the impairment in resistance to infection
suggest that similar responses might occur in humans exposed to these chemicals at high concentrations

or for long periods of time.

Neurological Effects. While adverse neurological effects have been described in animals following
oral exposure to various organotin compounds, triethyltins and trimethyltins are by far the most potent
neurotoxins of the organotins and have been the most extensively studied in experimental animals. The
results from animal studies have confirmed the findings reported in cases of accidental or intentional
exposure to trimethyltin and triethyltin in humans. Triethyltin produces brain and spinal cord swelling,
which is characterized by accumulation of fluid between myelin layers, splitting of the myelin sheets, and
formation of intramyelin vacuoles. This was observed in fatal cases that occurred from a massive
accidental intoxication episode in France in 1954 and similar results have been reproduced in animal
studies exposed to doses >1 mg/kg/day. Individuals affected in the French case showed neurological

signs and symptoms such as headache, photophobia, altered consciousness, and convulsions. These
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appeared about 4 days after intoxication and, in individuals who recovered, recurrent headaches and
weakness persisted for at least 4 years. Studies in animals have confirmed the reversibility of some of the
neurological effects. Trimethyltin produces neuronal necrosis, particularly in the hippocampus and other
structures in the limbic system, and this has been demonstrated in humans and in animals. Studies in
animals have described neuronal necrosis in the neocortex, pyriform cortex, hippocampal formation, basal
ganglia, brain stem, spinal cord, and dorsal root ganglia after single doses of >1 mg/kg. The
morphological changes that occur in the brain translate into behavioral alterations, such as aggression
(both in humans and in animals), memory loss, and unresponsiveness. Some neurological symptoms can
last for years. No population group has been identified that has undergone long-term exposure to low
levels of trimethyltin or triethyltin, and no monitoring data are available to evaluate current exposures of
the general population, but it is unlikely that adverse neurological effects would occur in humans exposed

to environmental levels of organotins.

Reproductive/Developmental Effects. There are no data regarding reproductive/developmental
effects of inorganic or organic tin compounds in humans. Two early studies found no adverse
reproductive/developmental effects of inorganic tin in rodents. Much of the information available
regarding reproductive/developmental effects of organotins in animals comes from studies conducted in
the 1990s. Numerous studies have been conducted with tributyltin, triphenyltin, and dibutyltin which
have been shown to cause pregnancy failure, preimplantation loss, postimplantation loss, resorptions, and
fetal death. The highest incidence of resorptions and postimplantation losses occurred when the
chemicals were administered on gestation days 7-9. Doses that induced these effects were generally

>3 mg/kg/day. Implantation loss has been attributed to a suppression of uterine decidualization caused by
decreased levels of serum progesterone. Organotins have also proved to be embryotoxic and teratogenic,
including in studies in vitro using cultured rat embryos. The most commonly seen malformation was cleft
palate and other facial malformations. For dibutyltin dichloride, the highest incidence of malformations
occurred when dosing on gestation day 8. A key issue in evaluating reproductive/developmental effects
has been to ascertain whether the effects occur secondary to maternal toxicity or occur in the absence of
maternal toxicity (generally assessed by clinical observations and alterations in body weight gain). Thus
far, a conclusive answer has not been provided. Male rats exposed to 10 mg tributyltin/kg/day for 10 days
had histologic alterations in the seminal vesicles and epididymis and reduced sperm counts, but except for
these findings, reproductive effects of organotins in males have not been well studied. Two
multigeneration studies in rats with tributyltin chloride showed slight alterations in developmental
landmarks in male and female animals suggesting a possible endocrine modulatory role for this

compound in laboratory rats. Results from studies in vitro show that some organotins can alter the
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activities of enzymes involved in the synthesis of sex hormones in mammals, which can alter the
androgens/estrogens balance and affect sexual maturation. However, further studies are necessary to

establish the relevancy of these findings to human exposures.

Hematological Effects. No data were located regarding hematological effects of inorganic tin or
organotins in humans. Tin affects the metabolism of a number of essential minerals such as iron, copper,
zinc, calcium, and selenium by mechanisms that are not totally clear, but which could involve altered
absorption and/or retention. Studies in animals have shown that excess dietary tin reduces serum iron and
copper levels. Thus, as expected, feeding a diet with excess tin to rats produced signs of anemia, which
was reversed by enriching the diet with iron and/or copper. It is reasonable to assume that individuals
with low levels of iron or copper may be at risk of developing signs of anemia if at the same time they

consume excessive amounts of tin.

Organotin compounds have produced hematological effects in laboratory animals. In a 13-week study
with dibutyltin dichloride in rats, the most sensitive end point was hemoglobin concentration which was
depressed at a dose of 5.7 mg/kg/day, but not at 3.4 mg/kg/day. Long-term studies with tributyltin oxide
in rats also have produced decreased hemoglobin concentrations. Since there was an indication of
increased young erythrocytes and decreased serum iron concentrations, it was suggested that exposure to
tributyltin oxide disrupts hemoglobin synthesis by interfering with iron uptake or by promoting iron loss.
Exposure of rats to dioctyltin dichloride also reduced hemoglobin concentration in rats in a 6-week
dietary study. Whether signs of anemia occur in humans exposed to environmental levels of organotin
compounds is not known and, although plausible, this seems unlikely due to their relatively low

environmental levels.

2.3 MINIMAL RISK LEVELS

Estimates of exposure levels posing minimal risk to humans (MRLs) have been made for tin and tin
compounds. 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 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
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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 1990),
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.

Inhalation MRLs

No inhalation MRLs were derived for inorganic tin or organic tin compounds since adequate experimental

data were not available by this route of exposure.

Oral MRLs

Inorganic Tin. Acute oral data for inorganic tin were limited to an early reproductive/developmental
study in rodents exposed during gestation (FDA 1972) and a study in which rats and mice were given
either a single dose of stannous chloride or were treated for 14 days (NTP 1982). The NTP studies were
pilot studies of limited scope designed primarily to establish dose levels to be tested in longer-term
studies. Although the FDA (1972) study provided adequate information on embryotoxicity and
teratogenicity of tin chloride, it is unknown whether sensitive end points for inorganic tin, such as
hematological parameters, were affected in the dams because no evaluations were conducted. The
intermediate-duration database is based on a limited number of studies, but a 13-week study in rats
provided sufficient information for derivation of an intermediate oral MRL for tin (De Groot et al. 1973).
No chronic-duration MRL was derived for inorganic tin because the lowest dose tested, 0.7 mg Sn/kg/day

as stannous chloride, reduced survival in rats in a 42-month drinking water study (Schroeder et al. 1968).

e An MRL of 0.3 mg/kg/day has been derived for intermediate-duration oral exposure (15—
364 days) to inorganic tin.

The intermediate-duration MRL was based on a NOAEL of 32 mg Sn/kg/day (as stannous chloride) for
hematological effects in Wistar rats fed the test material in the diet for 13 weeks (De Groot et al. 1973).
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The diet provided doses of approximately 0, 9.5, 32, 95, and 315 mg/kg/day. End points monitored
included survival, body weight, food intake, hematology (hemoglobin, hematocrit, total erythrocytes, total
and differential leukocytes), serum chemistry (transaminases, alkaline phosphatase, bilirubin), urinalysis,
organ weights (nine organs), and gross and microscopic pathology. Tin in the standard diet was not
determined, but the concentrations of calcium, phosphorus, iron, copper, and zinc were known. The
highest dietary level tested caused reduced food consumption and abdominal distension on week 1. At
week 8, loss of body weight occurred in males and females and one male died. At week 9, another three
males died and the group was discontinued. Rats in the 95 mg/kg/day group showed poor appetite and
abdominal distension the first 2 weeks; this was associated with decreased food consumption, but they
continued growing. At termination, no significant differences in body weight were seen. Food
consumption was also low in the 32 mg/kg/day group but only for week 1. Hemoglobin concentration
was significantly reduced starting at week 4 in the 95 and 315 mg/kg/day groups (about 12 and 20%,
respectively), and at week 4 in the 32 mg/kg/day males (3% reduction). Terminal hemoglobin and
hematocrit were significantly reduced only in high-dose treated males (6 and 4%, respectively). Tin had
no noticeable effect on osmotic resistance of the erythrocytes or on the number of reticulocytes. Serum
alkaline phosphatase was significantly decreased at termination in both sexes, but there was no significant
effect on transaminases or in bilirubin concentration. Terminal urine samples were unremarkable, as were
relative organ weights. Rats from the high-dose group (315 mg/kg/day) that had to be terminated early
showed distended intestines, slight edema of the pancreas, and grayish-brown livers. The high-dose rats
had moderate testicular degeneration, severe pancreatic atrophy, spongy white matter in the brain, acute
bronchopneumonia, enteritis, and liver changes characterized by homogeneous appearance of the liver
cell cytoplasm and mild proliferation of the bile duct epithelium. In the 95 mg/kg/day group, treatment-
related effects included bile duct epithelium proliferation and homogeneous cytoplasm at termination.
Applying an uncertainty factor of 100 (10 for animal to human extrapolation and 10 for human
variability) to the NOAEL of 32 mg/kg/day yields an intermediate-duration MRL of 0.3 mg/kg/day for
inorganic tin. The 95 mg/kg/day dose level is considered a minimal LOAEL based on the unknown

biological significance of a 12% reduction in hemoglobin concentration.

Derivation of oral MRLs was considered for the following organotin compounds: tributyltin, triethyltin,
trimetyltin, triphenyltin, dibutyltin, and dioctyltin. These are the organotins that have been subject to the
most studies. Of these, relevant and adequate information was found only for tributyltin, for which an
intermediate-duration MRL and a chronic-duration MRL were derived, and for dibutyltin, for which an

intermediate-duration oral MRL was derived.
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Dibutyltin. One of the lowest-observed-adverse-effect levels (LOAELSs) for acute oral exposure to
dibutyltin was 3.8 mg/kg/day for a reproductive effect in rats, a significant increase in postimplantation
loss per litter, a serious LOAEL (Ema and Harazono 2000). The highest NOAEL below that LOAEL was
2.5 mg/kg/day for developmental effects in rats (Ema et al. 1991b), which is very near the serious
LOAEL. The chronic-duration database was limited to the NCI (1978a) study in which a relatively low
dose, 6.7 mg/kg/day caused significant early mortality in rats. An intermediate-duration oral MRL was

derived for dibutyltin dichloride.

e An MRL of 0.005 mg/kg/day has been derived for intermediate-duration oral exposure (15—
364 days) to dibutyltin dichloride.

The intermediate-duration oral MRL of 0.005 mg/kg/day for dibutyltin dichloride is based on a LOAEL
of 5 mg/kg/day for immunological effects in rats (Seinen et al. 1977b). Groups of male weanling Wistar
rats were fed diets containing 0, 50, or 150 ppm of the test material (>98% pure) for 46 weeks. Based
on a body weight of 0.2 kg, it can be estimated that these levels provided doses of dibutyltin dichloride of
approximately 0, 5, and 15 mg/kg/day (EPA 1988e). End points examined included body weight and
parameters of humoral and cellular immune responses. The humoral immune response was assessed by
measuring antibody formation against SRBC and E. coli lipopolysaccharide. The cellular immune
response was assessed by examining allograft rejection. Final body weight after 4 weeks of exposure was
not significantly altered relative to controls, but it was 28% lower than controls in the high-dose group
after 6 weeks of exposure. Allograft rejection time was significantly delayed in the high-dose group
relative to controls. In the tests for humoral response, the number of antibody-producing cells per million
spleen cells was not affected, but the number per whole spleen was significantly decreased in a dose-
related manner. This response was associated with a decreased hemagglutination titer in the high-dose
group. The antibody titers against E. coli lipopolysaccharide were slightly but not significantly lower in
treated groups than in controls. The dose of 5 mg/kg/day is the study LOAEL based on the reduction in
hemagglutinating antibodies against SRBC. Applying an uncertainty factor of 1,000 (10 for animal to
human extrapolation, 10 for use of a LOAEL, and 10 for species variability) to the LOAEL of

5 mg/kg/day yields an intermediate-duration oral MRL of 0.005 mg/kg/day for dibutyltin dichloride.

Dioctyltin. Only one acute-duration study was available that provided limited information on systemic
effects and on effects on the immune system (Seinen et al. 1977a). Intermediate-duration studies focused
mainly on the immune system and a relatively low dose tested, approximately 7 mg/kg/day, caused
significantly mortality in guinea pigs after 4-5 weeks of treatment (Seinen et al. 1977b). No chronic-

duration studies were located.
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Triphenyltin. Most acute-duration studies provide information on reproductive and developmental
effects and NOAELs and LOAELs are around 3—6 mg/kg/day. A dose level of 4.7 mg/kg/day was a
serious reproductive LOAEL in rats (Ema et al. 1997b). An intermediate-duration study reported high
lethality (100%) in rats at approximately 23 mg/kg/day, but did not report whether deaths occurred at
lower dose levels tested (NCI 1978b). That study also reported that the lowest dose tested, approximately
5 mg/kg/day, caused 25% reduction in body weight gain, a serious effect. High lethality was observed in
rats in a chronic-duration study with the lowest dose level tested, 0.4 mg/kg/day (Tennekes et al. 1989b).
A study in dogs, available in summary form only, found no significant effects of triphenyltin hydroxide
on a wide range of end points at doses of up to 0.62 mg/kg/day in the diet for up to 52 weeks (Sachsse et
al. 1987).

Triethyltin. Most dose levels of triethyltin caused serious effects (primarily neurological) both in acute
and intermediate duration oral studies. The highest NOAEL in an acute study was 2 mg/kg/day for
neurological effects in a study by Snoeij et al. (1985), but that same dose level was a serious LOAEL for
body weight in rats in that same study and caused ataxia and paralysis in a different study (Magee et al.
1957). The highest intermediate LOAEL was 0.66 mg/kg/day for body weight in rats (Purves et al.
1991), but 1.4 mg/kg/day was lethal to rats (Smith 1973) and 0.7-0.8 mg/kg/day were serious
neurological LOAELSs (Eto et al. 1971; Purves et al. 1991; Reiter et al. 1980). No chronic-duration

studies were located.

Trimethyltin. Most acute- and intermediate-duration studies of trimethyltin described serious
neurological effects occurring at the lowest dose levels tested. The highest acute-duration NOAEL was
0.7 mg/kg/day for neurological effects in rats (Snoeij et al. 1985), but 1 mg/kg/day was a serious
neurological LOAEL (self-mutilating and aggressive behavior) in rats (Bouldin et al. 1981). Doses

>2 mg/kg/day were lethal (Brown et al. 1984; Nolan et al. 1990; Snoeij et al. 1985). In the few
intermediate-duration studies available, the lowest LOAEL was 0.05 mg/kg/day for impaired performance
of rat pups in a learning task, but there was no dose-response relationship (Noland et al. 1982). No

chronic-duration studies were located.

Tributyltin. The lowest LOAEL in acute-duration studies was 1 mg/kg/day and caused hyperactivity and
dysfunction of spatial learning performance in adult rats whose mothers were exposed during pregnancy;
no other dose levels were tested (Gardlung et al. 1991). This developmental effect is considered serious,

which precludes its use for MRL derivation. The highest NOAEL below this LOAEL is 0.25 mg/kg/day
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for reduction in maternal serum thyroxine levels in a developmental study in rats (Adeeko et al. 2003).
Since no other maternal end points were monitored in the study, it seems inappropriate to use this

NOAEL as basis for an acute oral MRL for tributyltin. Another relatively low dose, 2.5 mg/kg/day for
6 days, caused significant weight loss in rats, a serious effect (Yallapragada et al. 1991). Intermediate-

and chronic-duration oral MRLs were derived for tributyltin.

e An MRL of 0.0003 mg/kg/day has been derived for intermediate-duration oral exposure (15—
364 days) to tributyltin oxide.

The intermediate-duration oral MRL of 0.0003 mg/kg/day for tributyltin oxide is based on a NOAEL of
0.025 mg/kg/day for immunological effects in rats (Vos et al. 1990). Groups of male Wistar rats were fed
a diet containing 0, 0.5, 5, or 50 ppm tributyltin oxide (95.3% pure) for 4.5-6 months. This diet provided
approximately 0, 0.025, 0.25, and 2.5 mg/kg/day of the test material. Parameters of specific resistance
evaluated included immunoglobulin M (IgM) and immunoglobulin G (IgG) response to ovalbumin and
delayed-type hypersensitivity (DTH) response to ovalbumin and tuberculin after 6 months of treatment;
resistance to Trichinella spiralis infection after 5.5 months; mitogenic response of thymus and spleen
cells after 4.5 months; and surface marker analysis of mesenteric lymph nodes after 6 months. Parameters
of nonspecific resistance examined included clearance of Listeria monocytogenes from the spleen after
injection at 5 months and natural cell-mediated cytotoxicity of spleen and peritoneal cells after

4.5 months. Neither body weight nor spleen weight were significantly altered after 4.5 months of
treatment, but thymus weight was reduced by 17% relative to controls in the high-dose group. Neither the
IgM nor IgG response to ovalbumin and T. spiralis was altered after 5.5 months of exposure. The
immunoglobulin E (IgE) responses to T. spiralis, as determined by the passive cutaneous anaphylaxis
reaction, was suppressed in a dose-related manner (significant in the mid- and high-dose groups). The
DTH reactions to ovalbumin and tuberculin were not significantly altered after 6 months of dosing. There
was an increase in the number of larvae T. spiralis in muscle after infection in the mid- and high-dose
groups after 5.5 months of exposure to the test material. No significant effect was observed on the
response of spleen cells to T- and B-mitogens after 4.5 months. The cell surface marker analysis of
mesenteric lymph node cells showed a reduction in the relative count of T-lymphocytes and an increase in
the percentage of B-lymphocytes in the mid- and high-dose groups after 6 months of treatment. The in
Vivo clearance of L. monocytogenes was impaired in the high-dose group after 5 months of treatment.
Treatment with tributyltin oxide did induce a consistent effect on the natural killer cell activity of spleen
and peritoneal cells after 4.5 months of exposure (decreased with low dose, increased with mid dose, and
decreased with high dose). Based on the depression of IgE titers and increased T. spiralis in muscle after

5.5 months of exposure to tributyltin oxide, the study LOAEL is 0.25 mg/kg/day and the NOAEL is
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0.025 mg/kg/day. Applying an uncertainty factor of 100 (10 for animal to human extrapolation and 10 for
intraspecies variability) to the NOAEL yields an intermediate-duration oral MRL of 0.0003 mg/kg/day.

e An MRL of 0.0003 mg/kg/day has been derived for chronic-duration oral exposure (365 days or
more) to tributyltin oxide.

The chronic-duration oral MRL of 0.0003 mg/kg/day for tributyltin oxide is based on a NOAEL of

0.025 mg/kg/day for immunological effects in rats (Vos et al. 1990). Groups of male Wistar rats were fed
a diet containing 0, 0.5, 5, or 50 ppm tributyltin oxide (95.3% pure) for 18 months. This diet provided
approximately 0, 0.025, 0.25, and 2.5 mg/kg/day of the test material. Parameters of specific resistance
evaluated included IgM and IgG response to sheep red blood cells (SRBC) after 16 months; IgM and IgG
response to ovalbumin and DTH response to ovalbumin and tuberculin after 15 months of treatment;
resistance to T. spiralis infection after 16.5 months; mitogenic response of thymus and spleen cells after
16.5 months; and surface marker analysis of mesenteric lymph nodes after 18 months. Parameters of
nonspecific resistance examined included clearance of L. monocytogenes from the spleen after injection at
17 months and natural cell-mediated cytotoxicity of spleen and peritoneal cells after 16 months. No
information was provided regarding body weight or weigh of the thymus and spleen weights at
termination. Exposure to tributyltin oxide did not affect the primary [gM or the secondary response to
SRBC after 16 months of dosing. Neither the IgM nor IgG response to ovalbumin and T. spiralis were
altered after 15 months of exposure, but the IgE responses to T. spiralis, as determined by the passive
cutaneous anaphylaxis reaction, were suppressed in a dose-related manner (significant in the mid- and
high-dose groups). The DTH reactions to ovalbumin and tuberculin were not significantly altered after
16 months of dosing. There was an increase in the number of larvae T. spiralis in muscle after infection
in the mid- and high-dose groups after 16.5 months of exposure to the test material. No significant effect
was observed on the response of spleen cells to T- and B-mitogens after 16 months. The cell surface
marker analysis of mesenteric lymph node cells showed a reduction in the relative count of
T-lymphocytes and an increase in the percentage of B-lymphocytes in the mid- and high-dose groups
after 18 months of treatment. The in vivo clearance of L. monocytogenes was impaired in the high-dose
group after 17 months of treatment. Treatment with tributyltin oxide for 16 months significantly reduced
the natural killer cell activity of spleen and peritoneal cells, but there was no clear dose-response
relationship. Based on the depression of IgE titers and increased T. spiralis in muscle after 16.5 months
of exposure to tributyltin oxide, the study LOAEL is 0.25 mg/kg/day and the NOAEL is

0.025 mg/kg/day. Applying an uncertainty factor of 100 (10 for animal to human extrapolation and 10 for
intraspecies variability) to the NOAEL yields a chronic-duration oral MRL of 0.0003 mg/kg/day.
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3.1 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 on the toxicology of ton and tin
compounds. 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.

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

Because there is such a large number of inorganic tin and organotin compounds, only the most widely
studied compounds and those that present the greatest potential for human exposure have been selected
for the discussion of health effects. In addition to primary studies, review articles and government reports
are occasionally provided in order to assist the reader in understanding more fully the toxicology of the

tin compounds.

3.2 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).

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[
observed-adverse-effect levels (LOAELSs) reflect the actual doses (levels of exposure) used in the studies.
LOAELSs 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
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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 Levels of Significant Exposure (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 (LOAELS) or exposure levels below which no
adverse effects (NOAELs) 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 tin compounds

are indicated in Table 3-5 and Figure 3-5.

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.

3.2.1 Inhalation Exposure

Little information has been published regarding the effects of inhaled inorganic tin or organotin
compounds on human health. Reports of human occupational exposures often involve multiple chemicals
and lack details on actual exposure concentrations and conditions. Some reports of humans must also be
regarded as anecdotal. The older animal literature (from the 1950s) includes inhalation studies that are
lacking in description of methods and in reporting of experimental findings. However, it is still possible
to characterize some aspects of tin toxicity due to inhalation of inorganic tin and organotin compounds.
Exposure levels of the inhaled organotin compounds are expressed as milligrams per cubic meter (mg/m°)

of the specific tin compound unless otherwise noted. Doses are not expressed as doses of tin due to the
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covalent bond between the tin and the organic moiety. There are no data for specific inorganic tin
compounds. Calculations of parts per million (ppm) values are included where appropriate. Table 3-1
and Figure 3-1 summarize available quantitative information on health effects that have been observed in
animals after inhalation exposure to tributyltins. Exposure levels are expressed as ppm in Table 3-1 and
Figure 3-1. A table and figure are not presented for inorganic tin compounds due to limitations of the

available studies.

3.2.1.1 Death

Inorganic Tin Compounds. No studies were located regarding lethality in humans or animals after

inhalation exposure to inorganic tin compounds.

Organotin Compounds. Deaths have been reported in humans following exposure to organotins. One of
six workers died 12 days following exposure to a mixture of half dimethyltin and half trimethyltin
chloride vapor that occurred during the cleaning of a caldron at a chemical plant. Maximum exposure
was a total of 1.5 hours over a 3-day working period (Rey et al. 1984). No estimates of exposure levels
were given. The symptoms preceding death included excretion of high levels of tin in the urine,
respiratory depression, and coma. More uncertain is the report of a female worker who died following a
drenching with triphenyltin chloride, diphenyltin dichloride, and other unidentified compounds. No
estimates of exposure levels were given. Death was apparently caused by renal failure 12 days after
exposure (NIOSH 1976). No other studies were located regarding lethality in humans after inhalation

exposure to organotin compounds.

A 4-hour LCs, of 77 mg/m’ for tributyltin oxide (as total particles) was described by Schweinfurth and
Gunzel (1987) in a summary of acute studies; the LCs, for particles with a diameter of <10 pm was

65 mg/m’. The summary also indicates that a concentration of 20 mg/m’ of an aerosol of tributyltin oxide
was lethal to guinea pigs within 1 hour of exposure. Lethality in mice was observed following single or
repeated daily exposures to a butyltin mixture (81.2% tributyltin bromide and 3.7% dibutyltin dibromide)
together with other unidentified compounds (15.1%) (Igarashi 1959). The concentration was 5.65 mg
tin/m’ (1.16 ppm) as the butyltin mixture for different durations of exposure. The tributyltin bromide
concentration was 1.1 ppm and that for dibutyltin bromide was 0.06 ppm. For a 2-day, 8-hour/day
exposure, approximately 80-90% of the exposed mice died. Despite the observation of other signs of
toxicity (see Section 3.2.1.2) the exposure of the mice to multiple compounds confound the interpretation

of the data.



Table 3-1 Levels of Significant Exposure to Tributyltins - Inhalation

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (ppm) (ppm) (ppm) Chemical Form
ACUTE EXPOSURE
Systemic
1 m)se e Cardio 0.42 Igarashi 1959
TBT
Hepatic 0.42 (blood congestion)
Renal 0.42  (glomerular swelling,
tubular epithelial lesions)
Reproductive
? ol ;Ohd/d 0.39 (40% decrease in Iwamoto 1960
reproduction) TBT
INTERMEDIATE EXPOSURE
Systemic
3 Rat 25h?/d Resp 0.3  (lung hyperemia, Gohlke et al 1969
(NS) catarrhal bronchitis) TBT
Hepatic 0.3  (minor fatty
degeneration)
Ocular 0.3 (inflamed eyes, nostrils)
4 Rat 80d Resp 0.39  (bronchitis edema) Iwamoto 1960
(NS) TBT
Cardio 0.39 (myocardial atrophy)
Hepatic 0.39 (atrophy, necrosis)
Renal 0.39 (swelling and congestion)
Other 0.39 (splenic hyperplasia,

thickened sheaths)

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Table 3-1 Levels of Significant Exposure to Tributyltins - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(%qouuetg;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (ppm) (ppm) (ppm) Chemical Form
Reproductive
5 Rat 80d 0.39 Iwamoto 1960
(NS)

TBT

a The number corresponds to entries in Figure 3-1.

Cardio = cardiovascular; d = day(s); Derm = dermal; hr = hour(s); LC50 = lethal concentration, 50% kill; LOAEL = lowest-observed-adverse-effect level; NOAEL =
no-observed-adverse-effect level; Resp = respiratory

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Figure 3-1 Levels of Significant Exposure to Tributyltins - Inhalation
Acute (<14 days)
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Figure 3-1 Levels of Significant Exposure to Tributyltins -
Intermediate (15-364 days)

Inhalation (Continued)
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In rats exposed nose-only for 29-32 days for 4 hours to doses of 0, 0.03 (vapor), 0.16 (vapor), or
2.8 (aerosol) mg/m’ of tributyltin oxide 5 days/week for 21-24 treatments, the mortality in the high-dose
group was 5/10 males and 6/10 females (Schweinfurth and Gunzel 1987); no toxicity was noticed in the

groups exposed to vapors. Little detail was presented in this brief summary.

3.2.1.2 Systemic Effects

No studies were located regarding cardiovascular, hematological, or musculoskeletal effects in humans or

animals after inhalation exposure to inorganic tin or organotin compounds.

The highest NOAEL values and all reliable LOAEL values for systemic effects in each species and

duration category are recorded in Table 3-1 and plotted in Figure 3-1.

Respiratory Effects.

Inorganic Tin Compounds. Stannic oxide dust or fumes produce a benign form of pneumoconiosis,
known as stannosis, in humans (Cutter et al. 1949; Dundon and Hughes 1950; Pendergrass and Pryde
1948). The workers exhibiting this pulmonary condition had industrial exposures ranging from 15 to

20 years. No exposure levels were included in the case reports. In all cases, chest x-rays of the workers
showed discrete opaque shadows throughout the lungs, attributed to stannic oxide deposits. However,
there was no impairment of pulmonary function or systemic disease. It also has been reported that x-rays

of tin foundry workers confirmed more than 150 cases of stannosis by 1959 (Stewart and Lassiter 2001).

No studies were located regarding respiratory effects in animals after inhalation exposure to inorganic tin

compounds.

Organotin Compounds. Respiratory depression requiring artificial ventilation occurred in three of six
chemical workers. The exposure duration was a total of 1.5 hours over a 3-day working-period to a
mixture containing half dimethyltin and half trimethyltin chloride (Rey et al. 1984). Although the two
surviving workers, who were the most severely affected, developed permanent neurological disabilities,

respiratory problems did not persist.
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Tributyltin oxide has been implicated in producing irritation of the upper respiratory tract and chest
irritation, tightness, and pain in workers using a rubber material containing tributyltin oxide. Exposure
conditions were not described. No changes were observed in pulmonary function tests (NIOSH 1976).
Wax and Dockstader (1995) reported that all members of a family of five (two adults and three children)
complained of sore throat, burning nose, and wheezing 24 hours after a room in their home had been
painted with a paint containing tributyltin oxide for mildew control. Cough and difficulty in breathing,
characterized by inspiratory discomfort, were observed in a man a few hours after inhaling an unspecified
amount of powdered trimethyltin chloride (Saary and House 2002). Shortness of breath and chest

discomfort was still present 20 days after the exposure.

Inflammatory changes consisting of hyperemia and bronchitis were observed in the respiratory system of
rabbits exposed to 4-6 mg/m’ (0.30—0.45 ppm) tributyltin chloride for 95 days (Gohlke et al. 1969).
Histopathology, consisting of severe bronchitis and vascular and alveolar edema, was seen in rats exposed
to 2 mg tin/m’ (0.41 ppm) as a mixture of tributyltin bromide (0.39 ppm), dibutyltin dibromide

(0.02 ppm), and hydrocarbon impurities for 80 days (Iwamoto 1960). Since these were terminal
histopathological evaluations only, it is not known whether the changes were reversible or would have

produced functional impairment in the animals if exposure had continued.

Information summarized by Schweinfurth and Gunzel (1987) indicate that a single 4-hour exposure of
rats to aerosols of tributyltin oxide produced signs of irritation such as nasal discharge, lung edema and

congestion.

Gastrointestinal Effects.

Inorganic Tin Compounds. No studies were located regarding gastrointestinal effects in humans or in

animals after inhalation exposure to inorganic tin compounds.

Organotin Compounds. Very limited information is available in humans. Wax and Dockstader (1995)
reported that nausea and vomiting occurred among all the members of a family of five who were exposed
at home to tributyltin oxide contained in paint for mildew control. Saary and House (2002) reported that
a man who inhaled powdered trimethyltin chloride complained of substernal and epigastric burning with

flatulence a few hours after exposure. The abdominal pain still persisted 2 months after exposure.
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Hematological Effects.

Inorganic Tin Compounds. No studies were located regarding hepatic effects in humans or in animals

after inhalation exposure to inorganic tin compounds.

Organotin Compounds. Data concerning hepatic effects of organotins in humans and animals are

limited.

Autopsy of a chemical worker who died following exposure to a combination of methyltin salts (see

Section 3.2.1.1) revealed massive fatty degeneration of liver cells and necrosis (Rey et al. 1984).

Fatty degeneration was observed at necropsy in animals killed after a 95-day exposure period to 4—

6 mg/m’ (0.30-0.45 ppm) tributyltin chloride (Gohlke et al. 1969). Histopathology, consisting of atrophy
and slight necrosis of the liver, was seen in rats exposed to 2 mg tin/m® (0.41 ppm) as a mixture of
tributyltin bromide (0.39 ppm), dibutyltin dibromide (0.02 ppm), and hydrocarbon impurities for up to

80 days as part of a study of reproductive function (Iwamoto 1960). Atrophy of the liver cells increased
with exposure duration in the females. Some recovery was apparent if exposure to tin was stopped prior

to sacrifice. The longer the duration of exposure, the less complete the recovery.

Renal Effects.

Inorganic Tin Compounds. No studies were located regarding renal effects in humans and animals after

inhalation exposure to inorganic tin compounds.

Organotin Compounds. Data concerning renal effects of organotins in humans and animals are limited.

Autopsy of the one chemical worker who died following exposure to the combination of the methyltin
salts (see Section 3.2.1.1) revealed shock kidneys (i.e., proximal tubule degeneration), which represents
serious tubule damage (Rey et al. 1984). The other five exposed men had high tin concentrations in the

urine with the highest levels occurring in the most severely affected.

Inhalation exposure of mice to a concentration of 5.65 mg tin/m’ (1.16 ppm) as a mixture of tributyltin
bromide (1.1 ppm), dibutyltin dibromide (0.06 ppm), and hydrocarbon impurities for 7 hours/day over
6 days produced pathological changes in the kidney (Igarashi 1959). Necropsy of animals revealed slight
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degenerative changes in the glomeruli, convoluted tubules, and collecting tubules as well as extra-
medullary hematopoiesis. More extensive kidney pathology was observed in rats exposed to 2 mg tin/m’
(0.41 ppm) as a mixture of tributyltin bromide (0.39 ppm) and dibutyltin dibromide (0.02 ppm) for

2 hours/day for 80 days. Kidney damage consisted of extensive congestion and swelling of the renal

tubular epithelium (Iwamoto 1960).

Dermal Effects.

Inorganic Tin Compounds. Contact with inorganic tin salts produces mild irritation of the skin and
mucous membranes (WHO 1980). However, no specific studies were located regarding dermal effects in

humans and animals after inhalation exposure to inorganic tin compounds.

Organotin Compounds. No studies were located regarding dermal effects in humans after inhalation

exposure to organotin compounds. Occupational exposure produces such effects as discussed in

Section 3.2.3.1.

Dermal effects were observed during inhalation studies in mice that were exposed to a butyltin mixture
(30 parts tributyltin bromide to 1 part dibutyltin dibromide) and consisted of reddening of the skin and
dilatation of the blood vessels of the nose, feet, and tail (Igarashi 1959). These effects may have been

caused by direct contact with the chemical.

Ocular Effects.

Inorganic Tin Compounds. No information was located regarding ocular effects in humans following

exposure to inorganic tin compounds.

Organotin Compounds. Inflamed eyes and nasal mucous membranes were observed in the last month of
a 95-day inhalation study of tributyltin chloride in female rats (Gohlke et al. 1969). The animals were
exposed to concentrations of 4—6 mg/m’ (0.30—0.45 ppm) for 6 hours/day, 5 days/week.
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3.2.1.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological effects in humans or animals after inhalation exposure
to inorganic tin or organotin compounds. However, some lymph node atrophy was observed in rats

exposed to a butyltin mixture for 14 days (Iwamoto 1960).

3.2.1.4 Neurological Effects

Inorganic Tin Compounds. No studies were located regarding neurological effects in humans or in

animals after inhalation exposure to inorganic tin compounds.

Organotin Compounds. A study by Rey et al. (1984) provides some information on neurobehavioral
changes in humans after exposure to organotin compounds (dimethyltin dichloride and trimethyltin
chloride). The study describes the cases of six chemical workers exposed to methyltins primarily by
inhalation who experienced headache, tinnitus, deafness, impaired memory, disorientation,
aggressiveness, psychotic and other severe neuropsychiatric behavior, syncope, and loss of consciousness
as symptoms of exposure; one subject died. The two surviving workers with the highest urinary tin levels
exhibited fixed neurological effects which were not resolved more than 6 years after exposure. The
remaining three survivors returned to work, but had memory loss, which persisted for 6 months. Similar
cases have been reported by other investigators. Fortemps et al. (1978) reported that two chemists who
had been intermittently exposed to vapors of dimethyltin dichloride and trimethyltin chloride for about

3 months abruptly developed a status of mental confusion with generalized epileptic seizures. Before the
acute episode, the subjects had complained of headaches, pain in various organs, and psychological
disturbances such as memory defects, vigilance loss, insomnia, anorexia, and disorientation. Both
patients recovered completely following removal from exposure. Ross et al. (1981) examined 22 male
workers 1 month following exposure to trimethyltin spillage (presumable inhalation and dermal exposure
occurred) and compared the frequency of neurological symptoms between those who suffered high
exposure with those with lower exposure. Those highly exposed showed a significantly higher incidence
of nonspecific symptoms such as forgetfulness, fatigue and weakness, loss of motivation, and specific
symptoms such as bouts of depression and attacks of rage and temper compared to those with lower
exposure. Some symptoms persisted for at least 3 years following the accident. Yanofsky et al. (1991)
and Feldman et al. (1993) described the case of a 23-year-old male who was accidentally exposed to
vapors of a trimethyltin compound and 72 hours later exhibited delirium, spatial disorientation,

perseveration, inappropriate affect, and memory loss. Urine and serum assays for tin showed
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considerably elevated concentrations of trimethyltin when tested 3 weeks following the accident. Five
months after the accident, the man experienced complex partial seizures that required him to take
anticonvulsant medication for 7 years. Four years after exposure, tests revealed persistent memory
defects, cognitive dysfunction, and dysphoria. Saary and House (2002) described the case of a man who
worked in a chemistry laboratory and inhaled an undetermined amount of powdered trimethyltin chloride
on a single occasion. Within 3 hours of exposure he felt agitated and he later developed a headache,
dizziness, and twitching of the right eye and cheek. Two months after exposure, he continued
experiencing twitching of his eyelids and arms and complained of suffering short-term memory problems

and difficulty retaining new information.

No relevant studies were located regarding neurological effects in animals after inhalation exposure to
organotin compounds. It was reported that no histopathological changes were observed in the brains of
mice following a 6-day inhalation exposure to 2.12 mg tin/m’ (0.44 ppm) as a mixture of tributyltin

bromide (0.42 ppm), dibutyltin dibromide (0.02 ppm), and hydrocarbon impurities (Igarashi 1959).

3.2.1.5 Reproductive Effects

Inorganic Tin Compounds. No studies were located regarding reproductive effects in humans or animals

after inhalation exposure to inorganic tin compounds.

Organotin Compounds. No studies were located regarding reproductive effects in humans after

inhalation exposure to organotin compounds.

A study in rats was conducted to assess reproductive effects of a mixture of tributyltin bromide (81.2%)
with other compounds such as dibutyltin dibromide (Iwamoto 1960). The rats were exposed to 2 mg
tin/m’ (0.41 ppm) for acute- and intermediate-duration exposures (equivalent to 0.39 ppm tributyltin
bromide and 0.02 ppm dibutyltin dibromide). Pregnancy rates were markedly reduced after 4 weeks to
3 months of exposure, but returned to near control rates when exposure was discontinued. Histo[]
pathological evaluations were made in separate studies of different exposure durations (14-80 days)
followed by recovery periods. No changes were seen in males, but atrophy of the glandular uterus was
observed as early as 14 days of exposure in females. All effects were reversed during the recovery
period. Although a mixture of butyltin compounds was used and the results were not clearly reported,
this study suggests that some impairment of female reproductive functions may occur after inhalation of

these compounds.
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3.2.1.6 Developmental Effects

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

to inorganic tin or organotin compounds.

3.2.1.7 Cancer

No studies were located regarding cancer effects in humans and animals after inhalation exposure to

inorganic tin or organotin compounds.

3.2.2 Oral Exposure

In contrast to the limited information on the inhalation toxicity of tin compounds (Section 3.2.1), there are
considerable more data regarding the effects of oral exposure to organotin compounds, particularly in
animal studies. Although there is less information concerning health effects produced by oral exposure to
inorganic tin compounds, the data from animal studies allow some characterization of health effects of
these compounds. Dosages are expressed as milligrams of tin per kilogram of body weight per day (mg
tin/kg/day) as the specific inorganic tin compound fed or administered orally. Table 3-2 and Figure 3-2
summarize available quantitative information on health effects that have been observed in animals after
oral exposure to inorganic tin compounds. Similar information for organotin compounds is given in
Tables 3-3 through 3-8 and Figures 3-3 through 3-8. In order to be consistent with most studies in the
literature, dosages are expressed as mg/kg/day of the specific organotin compound rather than as a tin

equivalent.

3.2.2.1 Death

Inorganic Tin Compounds. No studies were located regarding lethality in humans after oral ingestion of

inorganic tin compounds.

In animals, the lowest oral dose that produced deaths in rats following a single gavage administration was
473 mg/kg body weight stannous chloride (NTP 1982). However, all rats survived doses up to
945 mg/kg/day when the compound was fed in the diet for 14 days (NTP 1982). For mice, the lowest oral



Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral

Exposure/ LOAEL
Duration/
Key 6 Species Fr(gqouuetg;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
ACUTE EXPOSURE
Death
1 Rat once :
i 473 F (1/5 females died on day NTP 1982
(Fischer- 344) (GW) 3) Snci2
2 Mouse once
378 (1/5 males and 1/5 NTP 1982
(BEC3F1)  (GW) females SnCI2
died on day 3)
Systemic
3 Mouse ;‘ti;jwk 1229 (males and females NTP 1982
(B6C3F1) gained less weight than SnCI2
(F) those in the lowest dose
group)
Reproductive
4 RaF 10d 3MF FDRL 1972
(Wistar) Gd 6-15
1 x/d SnCI2
(GW)
5 Mouse 10d
(©D-1) Gd 6-15 31F FDRL 1972
1x/d SnCl2
(GW)
6 Hamster 5d 31F FDRL 1972
(Golden Gd 6-10 SncI2
Syrian) 1 x/d n
(GW)

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral (continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr(%qouuetgg:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
Developmental
7 Rat 10d
(Wistar) Gd 615 31 FDRL 1972
1 x/d SnCI2
(GW)
8 Mouse 10d
(CD-1) Gd 615 31 FDRL 1972
1 x/d SnCl2
(GW)
9 Hamster 5d
Syrian) 1 x/d n
(GW)
INTERMEDIATE EXPOSURE
Death
v I:\z/f‘/t t ;%mkk 315 (4/10 males died) DeGroot et al. 1973
(Wistar) ) SnCI2
Systemic
11 F\{/?/t t ‘71 évltvk Cardio 305 DeGroot et al. 1973
(Wistar) F) Sn3(PO4)2
Gastro 98 325  (slightly distended small
and large intestine)
Hemato 33 98 (decreased hemoglobin

and hematocrit)

Renal 325

Bd Wt 33 98 (30% decreased body
weight gain in males)

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL

8¢



Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(%qouu‘ig;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
12 Rat 13 wk Cardio 440 DeGroot et al. 1973
(Wistar) 7 diwk
SnO
(F)

Hemato 440

Hepatic 440

Renal 440

Bd Wt 440
13 Rat 13 wk .

(Wistar) ad libitum Cardio 315 DeGroot et al. 1973
SnCl2
(F)
Gastro 32 95 (abdominal distension)
b
Hemato 32 95  (reduced hemoglobin
concentration)
Hepatic 32 95  (bile duct epithelium
proliferation)

Renal 315

Endocr 315

Bd Wt 95 315  (weight loss)

Other 32 95  (14% reduced food

consumption on week 2)

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral (continued)

Exposure/ LOAEL
Duration/
Key 6 Species F’(‘;qouu‘igfy NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
14 RaF ‘71\3,/‘\(Nk Cardio 85 DeGroot et al. 1973
(Wistar) F Sn(CI8H3302)
(F)
Hemato 85
Hepatic 85
Renal 85
Bd Wt 85
15 Ra K Cardio 390 DeGroot et al. 1973
(Wistar) w SnO2
(F)
Hemato 390
Hepatic 390
Renal 390
Bd Wt 390

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Frequency NOAEL Less Serious Serious Reference
Figure (Strain) (Route) i
g System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
16 RaF é‘é"/k K Cardio 275 DeGroot et al. 1973
(Wistar) Wi
SnSO4
(F)
Gastro 275
Hemato 28 83 (decreased hemoglobin
and hematocrit)
Hepatic 83 275  (slightly decreased
liver/body weight ratio,
homogenous cell
cytoplasm)
Renal 275
Bd Wt 28 83 (16% decreased body
weight gain and
decreased food intake in
males)
17 'T/?/t X ‘71\clivll\(/vk Cardio 220 DeGroot et al. 1973
(Wistar) SnC4-H406
(F)
Hemato 22 66 (decreased hemoglobin
and hematocrit)
Hepatic 66 220 (bile duct hyperplasia,
homogenous cell
cytoplasm)
Renal 220
Bd Wt 22 66 (11% decreased body

weight gain in males)

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species F’(‘;qouu‘igfy NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
18 Rat 4wk Cardio 285 DeGroot et al. 1973
(Wistar) 7 diwk
SnC204
(F)
Hemato 29 86 (decreased hemoglobin
and hematocrit)
Hepatic 29 86 (bile duct hyperplasia,
homogenous cell
cytoplasm)
Renal 285
Bd Wt 29 86 (18-25% decreased body

weight gain and
decreased food intake)

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL

44



Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(%qouu‘ig;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
19 RaF é‘é"/k K Cardio 315 DeGroot et al. 1973
(Wistar) w SnCI2
(F)
Gastro 95 315  (slightly distended small
and large intestines)
Hemato 32 95 (decreased hemoglobin
and hematocrit)
Hepatic 32 95 (bile duct hyperplasia,
homogeneous cell
cytoplasm)
Renal 315
Other 32 95 (30% decreased body
weight gain and
decreased food intake)
20 Rat 4 wk .
Cardio 390 DeGroot et al. 1973
(Wistar) 7 diwk Sns
(F)
Hemato 117 390 (significant increase in
hematocrit in males)
Hepatic 390
Renal 390
Bd Wt 390

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral (continued)

Exposure/ LOAEL
Duration/
Key 6 Species F’(‘;qouu‘igfy NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
21 R\’/?/Fstar :(;Nl‘i(bitum Gastro 7.9 M (increased intestinal Janssen et al. 1985
(Wistar) ") length) SnCI2
Hemato 7.9 M (decreased hemoglobin
concentration)
Bd Wt 7.9M (17% reduction in final
body weight)
2 Tk Cardio 2457 NTP 1982
( ) (F) SnCl2
Gastro 157 311 (gross distention of the
cecum)
Hemato 2457
Hepatic 2457
Renal 2457
Bd Wt 157  (11.7% decreased body
weight gain in males)
23 Rabbit f]" ;‘;g Hemato 10F (transient hemolytic Chmielnicka et al.1993
(NS) anemia) SnCl2

(©)

SANNOJINOD NIL ANV NIL

S103443 H11V3H '€
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Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral

(continued)

Exposure/ LOAEL
Duration/

Key 6 Species F’(‘;qouu‘igfy NOAEL Less Serious Serious Reference

Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form

Reproductive

24 Rat é%%-ZO 56 F Theuer et al. 1971
(Sprague- e
Dawley) ad libitum SnF2

(F)

25 Rat ZG%%-ZO 45 Theuer et al. 1971
(Sprague- o NaSn2Cl5
Dawley) ad libitum asn

(F)

Developmental

26 Rat é%%-ZO 56 F Theuer et al. 1971
(Sprague- e
Dawley) ad libitum SnF2

(F)

27 Rat é%%_zo 45 Theuer et al. 1971
(Sprague- o NaSn2Cl5
Dawley) ad libitum

(F)

CHRONIC EXPOSURE

Death

28 Rat ‘712d;3v(|)< 0.7 (decreased longevity in ~ Schroeder et al. 1968
(Long- Evans) W) females by 11%) SnCI2

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(%qouu‘ig;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
Systemic
29 Rat 105 wk .
(Fischer- 344) 7 diwk Cardio 63 NTP 1982
(F) SnCI2
Gastro 63
Hepatic 63
Renal 63
Bd Wt 63
30 IT_at E ‘;Zd;\Tvcl)( Hepatic 0.7 (fatty degeneration) Schroeder et al. 1968
(Long vans)(W) sncl2
Renal 0.7  (tubular degeneration,
vacuolization)
Bd Wt 0.7 (11-16% decreased body
weight, compared to
controls)
31 I\gc()ilé)sifﬁ 705wk Cardio 164 NTP 1982
( ) © snci2
Gastro 164
Hepatic 164
Bd Wt 164

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral (continued)

Exposure/ LOAEL

Duration/
Key 6 Species Fr(%qouu‘ig;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
32 Mouse 18 mo Bd Wt 0.7 Schroeder et al. 1968

(albino) 7 diwk
SnCl2
(W)

a The number corresponds to entries in Figure 3-2.

b Used to derive an intermediate-duration oral minimal risk level (MRL) of 0.3 mg/kg/day; the MRL was derived by dividing the NOAEL by an uncertainty factor of 100 (10 for animal
to human extrapolation and 10 for human variability).

Cardio = cardiovascular; d = day(s); Derm = dermal; (F) = feed; (GW) = gavage in water; Gastro = gastrointestinal; Hemato = hematological; LOAEL =
lowest-observed-adverse-effect level; M = males; mo = month(s); NOAEL = no-observed-adverse-effect level; SnC204 = stannous oxalate; SnC4H406 = stannous tartrate;
Sn(C18H3302)2 = stannous oleate; SnCI2 = stannous chloride; SnO2 = stannic oxide; Sn207N2 = stannous nitrate; Sn3(P0O4)2 = stannous orthophosphate; SnS = stannous sulfide;
SnS0O4 = stannous sulfate; (W) = water; wk = week(s)

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Figure 3-2 Levels of Significant Exposure to Inorganic Tin - Oral
Acute (<14 days)
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Figure 3-2 Levels of Significant Exposure to Inorganic Tin - Oral (Continued)

Intermediate (15-364 days)

Systemic
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Figure 3-2 Levels of Significant Exposure to Inorganic Tin - Oral (Continued)
Intermediate (15-364 days)
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Figure 3-2 Levels of Significant Exposure to Inorganic Tin - Oral (Continued)
Chronic (2365 days)
Systemic
mg/kg/day
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Table 3-3 Levels of Significant Exposure to Dibutyltins - Oral

Exposure/ LOAEL
Duration/
Key 5 Species Fr(%qouuetg;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
ACUTE EXPOSURE
Death
1 R;\la; ? g/d 20F (4/20 deaths 24 hours Alam et al. 1993
(NS) (GO) after dosing) DBT
2 E:/:star) ‘11xcjd 50 (death of 30%-50%) Barnes and Magee 1958
(GO) DBT
3 ?lil;star 1G?(/345 7.5F (50ut12pregnantrats ~ Emaetal. 1991b
(Wistar) (GO) died) DBT
‘ RaF gdwlli(bitum 23 (4 females and 2 males  Seinenetal. 1977a
(Wistar) died DBT
(F) i
in second week)
Systemic
5 Rat 4d i i Barnes and Magee 1958
(Wistar) 1x/d Gastro 50 (distention of stomach) 9
(GO) DBT
Hepatic 50 (bile duct necrosis)
6 Rat 3d . N ; Khaliq et al. 1991
Wistar) 1 x/d Bd Wt 20F (re_duced body weight 40 F (significant body weight q .
( (GO) gain) loss) DBT

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Table 3-3 Levels of Significant Exposure to Dibutyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr(%qouuetg;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
7 RaF gcrllli(bitum Hepatic 7.7 23  (proliferation of bile duct Seinen et al. 1977a
(Wistar) ") epithelium; periportal DBT
fibrosis)
Bd Wt 7.7 23  (20% reduced final body
weight)
8 RaF once Hepatic 18.3 M (increased serum AST Ueno et al. 2003b
(Wistar) (GO) and ALT activities) DBT
9 MTbu.se oGncoe Hepatic 9.2M 18.3M (liver damage) Ueno et al. 1995
(albino) (GO) DBT
10 MTbL.lse oGncOe Hepatic 58.6 M (liver necrosis) Ueno et al. 2003b
(albino) (GO) DBT
11 C;_ln ::g OG”ge Hepatic 36.6 M Ueno et al. 2003a
(Hartley) (GO) DBT
12 Fg;?;;r N Hepatic 30 M (bile duct necrosis) Jang et al. 1986
Syrian) (GO) DBT
Immuno/ Lymphoret
13 Rat 2 wk )
) ad libitum 7.7 (over 50% reduced Seinen et al. 1977a
(Wistar) relative thymus weight;

(F)

lymphocyte depletion in
lymphoid organs)

DBT

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Table 3-3 Levels of Significant Exposure to Dibutyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(%qouuetg;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
Reproductive
14 RaF 1G?(/g-7 3.8F (significant increase in Ema and Harazono 2000
(Wistar) (©0) postimplantation loss) DBT
15 Rat ??(/245 5F 7.5F (increased resorptions, ~ Emaetal. 1991b
(Wistar) dead fetuses, and
DBT
(GO) i i
postimplantation loss)
16 Rat ?i/g'g 20F (increased resorptions, =~ Emaetal. 1992
(Wistar) dead fetuses, and
DBT
(GO) postimplantation loss)
17 RaF 1G;J(/g-3 7.6F (reduced fertility rate; Ema et al. 2003
(Wistar) increased DBT
(GO) pre-implantation loss)
18 m:star) 1G§1(/2-1 5 10F Farr et al. 2001
(GO) DBT
19 Rat ?i/?j_w 10F 15F (increased incidence of ~ Noda etal. 1992b
(Wistar) dead or DBT
(GO)
resorbed fetuses)

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Table 3-3 Levels of Significant Exposure to Dibutyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(%qouuetg;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
Developmental
20 Rat el 3.8 76 (significantly reduced Ema and Harazono 2000
(Wistar) (60) fetal body weight) DBT
21 RaF $g/g-15 25 5 (increased incidence of ~Emaetal. 1991b
(Wistar) external and skeletal DBT
(GO) malformations)
22 Rat ?g/g'g 20 (increased incidence of =~ Emaetal. 1992
(Wistar) (©0) malformations) DBT
= Ra.t $g/2-15 5 10 (slight increase in Farr et al. 2001
(Wistar) (©0) malformations) DBT
24 Rat ?g/g'w 5 10 (increased external and ~ Noda et al. 1992b
(Wistar) (©0) skeletal malformations)  pgT

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Table 3-3 Levels of Significant Exposure to Dibutyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(%qouuetg;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
INTERMEDIATE EXPOSURE
Systemic
R
25 e,lt gg ﬁb't Hemato 34M 5.7F (8% reduced hemoglobin Gaunt et al. 1968
(Fischer- 344) ac fIbrum concentration)
(F) DBT
Hepatic 57F
Renal 57F
Endocr 5.7F
Bd Wt 57F
26 Rat. ]SX/% Hepatic 17.5M (increased heme Mushtaq et al 1981
(albino) oxygenase activity, DBT
(GO) decreased activity of
microsomal enzymes)
27 Mouse 4 wk . )
(Swiss- ad libitum Hepatic 30M Seinen et al. 1977a
Webster) (F) DBT
Renal 30M
Endocr 30M
Bd Wt 30M
Immuno/ Lymphoret
- b .
28 RaF 4d6|yl\)/]: 5M (depressed humoral Seinen et al. 1977b
(Wistar) ac ofum response against SRBC)
(F) P 9 DBT
29 Mouse 4 wk )
(Swiss- ad libitum 30M Seinen et al. 1977a
Webster) (F) DBT

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Table 3-3 Levels of Significant Exposure to Dibutyltins - Oral (continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr(%qouuetg;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
30 '(V'SOl{zz ;‘ﬁbitum 29M Seinen et al. 1977b
wiss-
Webster) (F) DBT
CHRONIC EXPOSURE
Death
31 Rat 78 wk .
(Fischer- 344) ad ibitum 6.65M (52% survival at NCI 1978a
termination
F) ) DBT
compared to 85% in
controls)
32 '\gcf)ilé)sifﬁ T 19.76 F (86% survival compared  NCI 1978a
( ) ) with 95% in controls) DBT
Systemic
33 Rat 78 wk
(Fischer- 344) ad libitum Resp 6.65 NCI 1978a
) DBT
Cardio 6.65
Gastro 6.65
Hepatic 6.65
Renal 6.65
Endocr 6.65
Dermal 6.65
Bd Wt 6.65
34 Mouse 78 wk
(B6C3F1) ad libitum Resp 19.76 NCl 1978a
F) DBT
Cardio 19.76
Gastro 19.76
Hepatic 19.76

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Table 3-3 Levels of Significant Exposure to Dibutyltins - Oral (continued)

Exposure/ LOAEL
Duration/
Keytg Species F’(gqouuigfy NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
Renal 19.76
Endocr 19.76
Dermal 19.76
Bd Wt 19.76

a The number corresponds to entries in Figure 3-3.

b Used to derive an intermediate-duration oral minimal risk level (MRL) of 0.005 mg/kg/day; The MRL was derived by dividing the LOAEL by an uncertainty factor of 1000 (10 for the
use of a LOAEL, 10 for animal to human extrapolation and 10 for human variability).

Bd Wt = body weight; Cardio = cardiovascular; d = day(s); Endocr = endocrine; (F) = feed; F = Female; Gastro = gastrointestinal; gd = gestational day; (GO) = gavage in oil; hemato =
hematological; LOAEL = lowest-observed-adverse-effect level; M = male; NOAEL = no-observed-adverse-effect level; Resp = respiratory; x = time(s); wk = week(s)

S103443 H11V3H '€
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Figure 3-3 Levels of Significant Exposure to Dibutyltins - Oral
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Figure 3-3 Levels of Significant Exposure to Dibutyltins - Oral (Continued)
Intermediate (15-364 days)
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Figure 3-3 Levels of Significant Exposure to Dibutyltins - Oral (Continued)

Chronic (=365 days)
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Table 3-4 Levels of Significant Exposure to Dioctyltins - Oral

Exposure/ LOAEL
Duration/
Key 5 Species Fr(gqouuetg;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
ACUTE EXPOSURE
Systemic
1 Rat 2 wk . ;
: ad libitum Hepatic 23 Seinen et al. 1977a
(Wistar) DOT
(F)
Renal 23
Endocr 23
Bd Wt 7.7F 23 F (12% reduced final body

Immuno/ Lymphoret
2 Rat 2 wk
(Wistar) ad libitum
(F)

INTERMEDIATE EXPOSURE
Death
3 Gn Pig 5-7 wk
(Hartley) ad libitum
(F)

weight)

7.7  (over 35% reduction in
relative thymus weight;
lymphocyte depletion in
lymphoid organs)

7F (10 of 16 deaths on
weeks 4-5)

Seinen et al. 1977a
DOT

Seinen et al. 1977b
DOT

S103443 H11V3H '€
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Table 3-4 Levels of Significant Exposure to Dioctyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Frequency NOAEL Less Serious Serious Reference
Figure (Strain) (Route) i
g System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
Systemic
4 Rat 6 wk : :
; N Resp 53F 16 F (gross changes Seinen and Willems 1976
(Wistar) ad libitum } .
suggesting chronic DOT
(F) respiratory disease)
Hemato 5.3 16 M (decrease hemoglobin
concentration)
Musc/skel 16
Hepatic 16
Renal 5.3 16 M (functional changes
suggesting renal
impairment)
Dermal 16
Bd Wt 16
5 Mouse ? xwlbvk Hemato 100 F 500F (14% reduction in mean Miller et al. 1986
(BALB/c) hemoglobin DOT
(GO) concentration).

S103443 H11V3H '€
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Table 3-4 Levels of Significant Exposure to Dioctyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(%qouu‘ig;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
6 ?—ln E:g ‘alcrvl‘i(bitum Gastro 4M 8 M (abdominal edema) Seinen et al. 1977a
(Hartley) DOT
(F)
Hepatic 8M
Renal 8M
Endocr 8M
Bd Wt 4 M (13% reduced final body 8 M (43% reduced final body
weight) weight)
Immuno/ Lymphoret
7 RaF gc;Nlli(bitum 5.3 (thymus atrophy; Seinen and Willems 1976
(Wistar) ) lymphocyte depletionin  poT
thymic cortex)
s Ra SO 5M (impaired cell-mediated Seinen et al. 1977b
(Wistar) ) immunity; lymphocyte DOT
depletion from thymus)
° ngc'):l_s;/ ?;’(‘;tvk 100 F 500F (67% reduction in relative Miller et al. 1986
( c) (GO) thymus weight) DOT
10 S—lnaftllgy) :dwlli(bitum 4M 8M (lymphocyte depletion in Seinen et al. 1977a

(F)

thymic cortex)

DOT

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Table 3-4 Levels of Significant Exposure to Dioctyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr(%qouuig;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
11 GnPig 5-7 wk Seinen et al. 1977b

(Hartley)  ad libitum 7F

(F)

DOT

a The number corresponds to entries in Figure 3-4.

Bd Wt = body weight; Endocr = endocrine; (F) = feed; F = Female; Gastro = gastrointestinal; (GO) = gavage in oil; hemato = hematological; Immuno = immunological; LOAEL =

lowest-observed-adverse-effect level; M = male; NOAEL = no-observed-adverse-effect level; Resp = respiratory; x = time(s); wk = week(s)

S103443 H11V3H '€
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Figure 3-4 Levels of Significant Exposure to Dioctyltins - Oral

Acute (<14 days)
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Figure 3-4 Levels of Significant Exposure to Dioctyltins - Oral (Continued)
Intermediate (15-364 days)
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Table 3-5 Levels of Significant Exposure to Triphenyltins - Oral

Exposure/ LOAEL
Duration/

Key 5 Species Fr(gqouuetg;:y NOAEL Less Serious Serious Reference

Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form

ACUTE EXPOSURE

Death

1 l-\\’/?;star ?%47 9F (mortality in pregnant Noda et al. 1991b
(Wistar) (GO) rats) TPT

Systemic

2 Hamster once Endocr 50 M (hyperglicemia and Ohhira and Matsui 1996
(S?/(r)igrf)n (GO) hypertriglyceridemia) TPT

3 Hamster once Endocr 50 M (increased serum Ohhira et al. 1999
(SC;/(:if:)n (GO) glucose and triglycerides) TPT

Immuno/ Lymphoret

4 'th t g(}"’lfbitu " 6.7M 20 M (19% reduction in thymus Snoeij et al. 1985
(Wistar) ) weight) TPT

Reproductive

5 Rat ?i /2‘3 34F 4.7F (infertility and Ema et al. 1997b
(Wistar) (©0) preimplantation loss) TPT

6 Rat $)3d7-9 31F 6.3F (increased resorptions, ~ Emaetal. 1999a
(Wistar) dead fetuses, and TPT

(GO) postimplantation loss)

! RaF ?i/g_?) 3.1F 4.7F (reduced uterine weight Ema et al. 1999b

(Wistar) (G0) and serum progesterone) TPT

SANNOJINOD NIL ANV NIL
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Table 3-5 Levels of Significant Exposure to Triphenyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(%qouuetg;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
8 Rat Gd 7-17 3F 6F (fetal resorption) Noda et al. 1991b
(Wistar) 1x/1d TPT
(GO)
Developmental
9 E/?/:star) ?i/g% 3.1 4.7 (reduced fetal body Ema et al. 1997b
eight
(G0) weight) TPT
10 RaF 1G§i(/:'3-15 6.3 9.4 (decreased body weight Ema et al. 1999a
(Wistar) (60) of live fetuses) TPT

INTERMEDIATE EXPOSURE

Death
11 Rat

(Fischer- 344) ad libitum

12 Mouse
(B6C3F1)

Systemic
13 Rat

(Fischer- 344) ad libitum

7 wk

(F)

7 wk

ad libitum

(F)

7 wk

(F)

23.2  (10/10 rats died)

60  (10/10 died)

Bd Wt 5  (25% reduction in body
weight gain)

NCI 1978b
TPT

NCI 1978b
TPT

NCI 1978b
TPT

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Table 3-5 Levels of Significant Exposure to Triphenyltins - Oral (continued)

Exposure/ LOAEL
Duration/
Key 6 Species F’(‘;qouu‘igfy NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
14 Rabbit 70d. Hepatic 8.7M 17.4 M (hypertrophy of smooth Dacasto et al. 1994
(New ad libitum . -
endoplasmic reticulum)

Zealand) (F)

Immuno/ Lymphoret

15  Rat 3-4 wk
(Wistar) (F)

16  Rabbit 70d
(New ad libitum

Zealand) (F)

CHRONIC EXPOSURE
Death

17 Rat 104 wk
(Wistar) ad libitum
(F)
18 Mouse 78 wk

(B6C3F1) ad libitum
(F)

Renal 8.7M 17.4 M (slight vacuolization of
tubular epithelium)

Bd Wt 1.7M 8.7 M (more than 10%
reduction in final body

weight)

1.25M (changes in immune
response)

8.7M 17.4 M (depletion of lymphocytes
in thymic cortex)

TPT

17.4M (more than 20%
reduction in final body
weight)

Vos et al 1984b
TPT

Dacasto et al. 1994
TPT

0.4F (51% survival vs. 75% in  Tennekes et al. 1989b
controls) TPT

4.88 M (74% survival vs. 95% in  NCI 1978b
controls) TPT

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Table 3-5 Levels of Significant Exposure to Triphenyltins - Oral (continued)

Exposure/ LOAEL
Duration/
Key 6 Species F’(‘;qouu‘igfy NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
19 Mouse 80 wk 2016 F (50% survival vs. 74% in  Tennekes et al. 1989a
(Hybrid) ad libitum
y controls) TPT
(F)
Systemic
20 Rat 78 wk
TPT
(F)
Cardio 3.75
Gastro 3.75
Hepatic 3.75
Renal 3.75
Endocr 3.75
Dermal 3.75
Bd Wt 3.75

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL

VL



Table 3-5 Levels of Significant Exposure to Triphenyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Frequency NOAEL Less Serious Serious Reference
Figure (Strain) (Route) i
g System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
21 RaF 104 wk Cardio 6.2F Tennekes et al. 1989b
(Wistar) (F) TPT
Gastro 6.2
Hemato 6.2F
Musc/skel 6.2F
Hepatic 0.4 F (bile duct proliferation)
Renal 6.2F
Endocr 0.4F (cystoid lesions and
hyperplasia of the
pituitary)
Ocular 6.2
Bd Wt 6.2
22 Rat 52 wk Cardio 6.2 Tennekes et al. 1989b
(Wistar) (F) TPT
Hemato 0.4 1.3  (significant decrease in
hemoglobin and
hematocrit in females;
increased prothrombin
time in males)
Hepatic 0.4 F (bile duct proliferation)
Renal 6.2
Endocr 0.4 1.3 (cystoid pituitary lesions)

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Table 3-5 Levels of Significant Exposure to Triphenyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Frequency NOAEL Less Serious Serious Reference
Figure (Strain) (Route) S _
ystem _ (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
23 Mouse 78 wk
(B6C3F1) ad libitum Resp 9.75 NCI 1978b
TPT
(F)
Cardio 9.75
Gastro 9.75
Hepatic 9.75
Renal 9.75
Endocr 9.75
Dermal 9.75
Bd Wt 9.75

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Table 3-5 Levels of Significant Exposure to Triphenyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(%qouu‘ig;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
24 Mouse 80 wk .
(Hybrid) ad libitum Cardio 20.16 Tennekes et al. 1989a
y F TPT
(F) 456 F
Gastro 20.16
Hemato 20.16
Musc/skel  20.16 F
Hepatic 4.56F 15.24 M (35-40% increase relative
liver weight)
Renal 20.16
Endocr 20.16
Dermal 20.16  (skin lesions, females
more sensitive than
males)
Ocular 20.16
Bd Wt 456 F 15.24 M (11% reduced final body

weight)

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Table 3-5 Levels of Significant Exposure to Triphenyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Frequency NOAEL Less Serious Serious Reference
Figure (Strain) (Route) S i
ystem  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
25 DBog | 5F2 wk Resp 0.62 Sachsse et al 1987
(Beagle) (F) TPT
Cardio 0.62
Gastro 0.62
Hemato 0.62
Musc/skel 0.62
Hepatic 0.62
Renal 0.62
Endocr 0.62
Dermal 0.62
Ocular 0.62
Bd Wt 0.62
Immuno/ Lymphoret
26 RaF 52 wk 0.3 M (reduction in serum Tennekes et al. 1989b
(Wistar) (F) immunoglobulins IgG1, TPT
IgG2a, 1IgG2C, IgA, and
increase in IgM)
27 RaF 104 wk 6.2F Tennekes et al. 1989b
(Wistar) (F) TPT
28 Mousg 80 wk 15.24  (decreased levels of Tennekes et al. 19892
(Hybrid) (F)

serum immunoglobulins)

TPT

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Table 3-5 Levels of Significant Exposure to Triphenyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
Reproductive
29 Rat 104 wk 0.3M (Leydig cell hypertrophy Tennekes et al. 1989b
(Wistar) (F) and tubular atrophy) TPT
Cancer
30 Rat 104 wk 1.6  CEL (pituitary tumors) Tennekes et al. 1989b
(Wistar) (F) TPT
31 Rat 104 wk 52F CEL (testicular tumors) ~ Tennekes et al. 1989b
(Wistar) (F) TET
32 Mouse 80 wk
ad libitumn 15.24 F CEL (hepatocellular Tennekes et al. 1989a

(F)

carcinoma)

TPT

a The number corresponds to entries in Figure 3-5.

Bd Wt = body weight; Cardio = cardiovascular; CEL = cancer effect level; d = day(s); Endocr = endocrine; (F) = feed; F = Female; Gastro = gastrointestinal; Gd = gestational day;
(GO) = gavage in oil; (GW) = gavage in water; hemato = hematological; Immuno = immunological; LOAEL = lowest-observed-adverse-effect level; M = male; NOAEL =
no-observed-adverse-effect level; Resp = respiratory; x = time(s); wk = week(s)

S103443 H11V3H '€

SANNOJINOD NIL ANV NIL
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Figure 3-5 Levels of Significant Exposure to Triphenyltins - Oral
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Figure 3-5 Levels of Significant Exposure to Triphenyltins - Oral (Continued)
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Figure 3-5 Levels of Significant Exposure to Triphenyltins - Oral (Continued)

Chronic (2365 days)
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Table 3-6 Levels of Significant Exposure to Triethyltins - Oral

Exposure/ LOAEL
Duration/

Key 5 Species Fr(%qouuetg;:y NOAEL L