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UPDATE STATEMENT

A Toxicological Profile for pyrethrins and pyrethroids, Draft for Public Comment was released in
September, 2001. This edition supersedes any previously released draft or final profile.

Toxicological profiles are revised and republished as necessary, but no less than once every three years.
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 E-29
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 (e

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 October 25, 2001 (66 FR 5401 4). For
prior versions of the list of substances, see Federal Register notices dated April 17, 1987 (52 FR 12866);
October 20, 1988 (53 FR 41280); October 26, 1989 (54 FR 43619); October 17,1990 (55 FR 42067);
October 17, 1991 (56 FR 52166); October 28, 1992 (57 FR 48801); February 28, 1994 (59 FR 9486);
April 29, 1996 (61 FR 18744); November 17, 1997 (62 FR 61332); and October 21, 1999 (64 FR 56792).
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: (404) 498-0093
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.
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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 I1I—
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 (NIEHS) 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.
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CONTRIBUTORS

CHEMICAL MANAGER(S)/AUTHOR(S):

G. Daniel Todd, Ph.D.
ATSDR, Division of Toxicology, Atlanta, GA

David Wohlers, Ph.D.

Mario Citra, Ph.D.
Syracuse Research Corporation, North Syracuse, NY

THE PROFILE HAS UNDERGONE THE FOLLOWING ATSDR INTERNAL REVIEWS:

I. 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.
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PEER REVIEW

A peer review panel was assembled for pyrethrins and pyrethroids. The panel consisted of the following
members:

1. Sam Kacew, Ph.D., Professor of Pharmacology, Department of Cellular & Molecular Medicine,
University of Ottawa, Ottawa, Ontario, Canada;

2. Harihara Mehendale, Ph.D., DABT, Professor and Kitty DeGree Endowed Chair in Toxicology,
School of Pharmacy, The University of Louisiana at Monroe, Monroe, Louisiana; and

3. Stephen B. Tucker, M.D., Clinical Professor of Dermatology, The University of Texas-Houston
Medical School, The Woodlands, Texas.

These experts collectively have knowledge of pyrethrins and pyrethroids 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(I1)(13) of the Comprehensive Environmental Response, Compensation,
and Liability Act, as amended.

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

The citation of the peer review panel should not be understood to imply its approval of the profile's final
content. The responsibility for the content of this profile lies with the ATSDR.
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1. PUBLIC HEALTH STATEMENT

This public health statement tells you about pyrethrins and pyrethroids and the effects of

exposure.

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in
the nation. These sites make up the National Priorities List (NPL) and are the sites targeted for
long-term federal cleanup activities. Pyrethrins and pyrethroids have been found in at least 5 and
2 of the 1,636 current or former NPL sites, respectively. However, the total number of NPL sites
evaluated for these substances is not known. As more sites are evaluated, the sites at which
pyrethrins and pyrethroids are found may increase. This information is important because

exposure to these substances may harm you and because these sites may be sources of exposure.

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

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

If you are exposed to pyrethrins and pyrethroids, many factors determine whether you'll be
harmed. These factors include the dose (how much), the duration (how long), and how you
come in contact with them. You must also consider the other chemicals you're exposed to and

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

1.1 WHAT ARE PYRETHRINS AND PYRETHROIDS?

Pyrethrum is a naturally occurring mixture of chemicals found in certain chrysanthemum
flowers. Pyrethrum was first recognized as having insecticidal properties around 1800 in Asia
and was used to kill ticks and various insects such as fleas and mosquitos. Six individual
chemicals have active insecticidal properties in the pyrethrum extract, and these compounds are

called pyrethrins. Pyrethrum looks like a tan-colored dust as ground flowers or a syrupy liquid
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as the crude extract. Pyrethrins are only slightly soluble in water, but they dissolve in organic
solvents like alcohol, chlorinated hydrocarbons, and kerosene. Pyrethrins are often used in
household insecticides and products to control insects on pets or livestock. Pyrethrins break

down quickly in the environment, especially when exposed to natural sunlight.

Pyrethroids are manufactured chemicals that are very similar in structure to the pyrethrins, but
are often more toxic to insects, as well as to mammals, and last longer in the environment than
pyrethrins. More than 1,000 synthetic pyrethroids have been developed, but less than a dozen of
them are currently used in the United States. Pyrethrins and pyrethroids are often combined
commercially with other chemicals called synergists, which enhance the insecticidal activity of
the pyrethrins and pyrethroids. The synergists prevent some enzymes from breaking down the

pyrethrins and pyrethroids, thus increasing their toxicity.

Most commercial pyrethroids are not one single molecule; rather, they are several molecules
with the same chemical formula that have their atoms joined together in the same sequence, but
have a different arrangement of the atoms in space. Such compounds are called stereoisomers.
If the stereoisomers are not mirror images of one another, they are called diastereomers and have
different physical properties like boiling point, melting point, and solubility. If they are
nonsuperimposable mirror images of each other, they are called enantiomers and properties like
boiling point, melting point, and solubility are identical. However, both diastereomers and
enantiomers can have different insecticidal properties and different toxicities. Some pyrethroids

are composed of as many as eight different stereoisomers.

Technical-grade (concentrated) pyrethrins and pyrethroids are usually mixed with carriers or
solvents to produce a commercial-grade formulated product. The formulated product contains
many inert ingredients that can increase the toxicity of the product when compared to the
technical-grade material. By law, the active ingredient must be identified by name on the
pesticide label and its percentage must be provided. Nonactive ingredients (sometimes called
inert ingredients) do not need to be identified by name on a pesticide label, only the percentage
of nonactive ingredients must be specified, so it is often difficult to determine what other

chemicals are included in the final formulated product.
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1.2 WHAT HAPPENS TO PYRETHRINS AND PYRETHROIDS WHEN THEY
ENTER THE ENVIRONMENT?

Pyrethrins and pyrethroids are primarily released to air because of their use as insecticides.
Sometimes they are sprayed on crops from planes and helicopters or sprayed from the ground by
trucks, tractors, or hand-held applicators. They are also used to control flying insects like
mosquitos and flies on livestock and pets. These compounds are also in aerosol bombs and
sprays that can be used indoors. Pyrethrins can be released naturally from chrysanthemum
flowers, but these releases are small compared with the amounts used as commercial
insecticides. Manufacturing facilities that produce these compounds can also release them to the

environment during the production process.

In air, all six of the pyrethrins and many of the pyrethroids are broken down or degraded rapidly
by sunlight or other compounds found in the atmosphere. Often, they last only 1 or 2 days
before being degraded. Rain and snow help remove the pyrethroids from air that are not rapidly
degraded. Since many of these compounds are extremely toxic to fish, they are usually not
sprayed directly onto water, but they can enter lakes, ponds, rivers, and streams from rainfall or
runoff from agricultural fields. These compounds bind strongly to dirt and usually are not very
mobile in soil. Pyrethrins and pyrethroids are not easily taken up by the roots of plants and
vegetation because they are strongly bound to the soil; however, they are often sprayed directly
onto crops and plants so they may be found on leaves, fruits, and vegetables. Because these
compounds adsorb so strongly to soil, pyrethrins and pyrethroids usually do not leach into
groundwater, do not contaminate drinking water supplies, and volatilize from soil surfaces
slowly. These compounds are eventually degraded by the microorganisms in soil and water.
They can also be degraded by sunlight at the surfaces of water, soil, or plants. However, some of
the more recently developed pyrethroids can persist in the environment for a few months before

they are degraded.

For more information about the fate and movement of pyrethrins and pyrethroids in the

environment, see Chapter 6.
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1.3 HOW MIGHT | BE EXPOSED TO PYRETHRINS AND PYRETHROIDS?

You can be exposed to pyrethrins and pyrethroids in several ways. Eating foods that are
contaminated with these compounds is the most likely way. You can also breathe in air that
contains these compounds. This is especially possible soon after the insecticide has been
sprayed. After spraying, these compounds can also come in contact with your skin and you can
be exposed by dermal contact. These compounds are contained in many household insecticides,
pet sprays, and shampoos. Some pyrethroids are also used as lice treatments that are applied
directly to the head and as mosquito repellents that can be applied to your clothes. A common
treatment for scabies is the application of a pyrethroid to the affected skin surface excluding the

scalp. The use of these products can lead to exposure.

The average daily intake of permethrin (the most frequently used pyrethroid in the United States)
for a 70 kilogram adult male is estimated as about 3.2 micrograms per day (1 microgram equals
1/1,000,000 of a gram). This value is about 1,000 times less than the acceptable daily intake
(ADI) of permethrin derived by the United Nations’ Food and Agriculture Organization (FAQO)
and the World Health Organization (WHO).

1.4 HOW CAN PYRETHRINS AND PYRETHROIDS ENTER AND LEAVE MY
BODY?

Pyrethrins and pyrethroids usually enter the body when people eat foods contaminated by these
chemicals. They may also enter your body by breathing air that contains these compounds or
through dermal exposure when you use commercially available insecticides that contain
pyrethrins and pyrethroids. These chemicals are absorbed by the body when you eat
contaminated foods and breathe contaminated air, but they are not as easily absorbed through the
skin when you touch contaminated soil, vegetation, or insecticides containing these compounds.
Some insect repellents that are applied to the skin contain pyrethrins or pyrethroids in addition to

another chemical called DEET, which may allow the pyrethrins or pyrethroids to enter your body
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more easily. Pyrethrins and pyrethroids can enter your body if you swallow drinking water
contaminated with these compounds, but since pyrethrins and pyrethroids are rarely found in
drinking water, this will be a minor exposure route. Accidental exposures to pyrethrins or

pyrethroids may also occur if these pesticides are improperly used.

Pyrethrins and pyrethroids that enter the body leave quickly, mainly in the urine, but also in feces
and breath. These compounds are also quickly broken down by the body into other chemicals
called metabolites. The concentration of these chemicals in the urine increases as the amount of
the exposure goes up. If exposure levels are very high or if exposure occurs over a long time,
then pyrethrins and pyrethroids can build up in fatty tissue and remain in the body for a little
longer. Certain types of pyrethroids can also be retained for longer periods of time in the skin

and hair.

Chapter 3 contains more information on how pyrethrins and pyrethroids enter and leave the

human body.

1.5 HOW CAN PYRETHRINS AND PYRETHROIDS AFFECT MY HEALTH?

Pyrethrins and pyrethroids interfere with the way that the nerves and brain function. If you get a
large amount of pyrethrins or pyrethroids on your skin, you may get feelings of numbness,
itching, burning, stinging, tingling, or warmth that could last for a few hours. You are not likely
to be exposed to amounts of pyrethrins or pyrethroids by breathing air, eating food, or touching
anything that would cause enough pyrethrins or pyrethroids to enter your body and cause other
problems. But if very large amounts of these chemicals were to enter your body, you might
experience dizziness, headache, and nausea that might last for several hours. Larger amounts
might cause muscle twitching, reduced energy, and changes in awareness. Even larger amounts
could cause convulsions and loss of consciousness that could last for several days. Allergic
reactions have been seen in a few individuals who used products that contain pyrethrins or
pyrethroids. There is no evidence that pyrethrins or pyrethroids cause birth defects in humans or

affect the ability of humans to produce children. There is evidence from animal studies that
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pyrethrins and pyrethroids might be capable of causing cancer in people, but the evidence comes

from animals that ate very large amounts of pyrethrins or pyrethroids for a lifetime.

To protect the public from the harmful effects of toxic chemicals and to find ways to treat people

who have been harmed, scientists use many tests.

One way to see if a chemical will hurt people is to learn how the chemical is absorbed, used, and
released by the body; for some chemicals, animal testing may be necessary. Animal testing may
also be used to identify health effects such as cancer or birth defects. Without laboratory
animals, scientists would lose a basic method to get information needed to make wise decisions
to protect public health. Scientists have the responsibility to treat research animals with care and
compassion. Laws today protect the welfare of research animals, and scientists must comply

with strict animal care guidelines.

Animal studies show effects of pyrethrins and pyrethroids similar to those seen in people
exposed to very high amounts of these chemicals. In addition, exposure to pyrethrins or

pyrethroids might affect the ability of some animals to reproduce and may also cause cancer.

1.6 HOW CAN PYRETHRINS AND PYRETHROIDS AFFECT CHILDREN?

This section discusses potential health effects from exposures during the period from conception

to maturity at 18 years of age in humans.

Children exposed to large amounts of pyrethrins or pyrethroids would be expected to be affected
in the same manner as adults. If children were to get a large amount of pyrethrins or pyrethroids
on their skin, they might get feelings of numbness, itching, burning, tingling, or warmth that
could last for a few hours. If very large amounts of these chemicals were to enter a child’s body,
the child might experience dizziness, headache, and nausea that might last for several hours.
Even larger amounts could cause muscle twitches, tremors, convulsions, and loss of

consciousness that could last up to several days.
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Pyrethroids might be able to penetrate the skin of infants and young children more easily than the
skin of adults. Infants and young children are more easily dehydrated than adults through
exercise, flue, colds, and the conditions that contribute to fluid loss. Therefore, pyrethroids that

penetrate the skin may become more concentrated in internal tissues of the young.

There is no evidence in humans that pyrethrins or pyrethroids cause birth defects. Some young
animals showed signs of possible damage to the body’s defense system that fights infection after
their mothers were exposed to pyrethroids while their babies were developing in the womb.
There is some indication that the developing brain of some very young animals could be affected

by pyrethroids.

1.7 HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO PYRETHRINS
AND PYRETHROIDS?

If your doctor finds that you have been exposed to significant amounts of pyrethrins or
pyrethroids, ask whether your children might also be exposed. Your doctor might need to ask

your state health department to investigate.

Pyrethrins and pyrethroids are effective insecticides that are often used in household sprays,
aerosol bombs, insect repellents, pet shampoos, and lice treatments. Using products containing
these compounds will expose you to these chemicals. If you decide to use these products,
carefully follow the instructions on how to apply them properly and how long to wait before re-
entering the treated area. Do not apply more than the recommended amount. Pesticides and
household chemicals should be stored out of reach of young children to prevent accidental
poisoning. Always store pesticides in their original labeled containers; never store pesticides in
containers that young children would find attractive, such as old soda bottles. If you feel sick
after a pesticide has been used in your home, call the local poison control center or see a doctor.
Keep your poison control center’s number next to the phone. If a close neighbor or someone
living nearby is applying pyrethrins or pyrethroids, you may want to remain indoors with your
children and pets in order to avoid being accidentally exposed to these chemicals. Certain

pyrethroids, such as permethrin, phenothrin, and resmethrin, are sprayed to control mosquitos
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during the spring and summer. Remaining indoors and closing your windows while your

neighborhood is being sprayed will lessen your exposure.

Since these compounds frequently are used on crops, they are often detected in fruits and
vegetables. Make sure you wash fruits and vegetables thoroughly before eating them. Trim the
fat from meat and poultry because pesticides often concentrate in fat. These compounds are
often detected in soils, especially in agricultural areas. Some children eat a lot of dirt. 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 or any

other hand-to-mouth activity.

1.8 IS THERE A MEDICAL TEST TO DETERMINE WHETHER | HAVE BEEN
EXPOSED TO PYRETHRINS AND PYRETHROIDS?

Methods exist that can detect pyrethrins and pyrethroids in blood and urine. Because these
compounds are broken down in the body quickly, there are also ways to measure the metabolites
of these chemicals in human blood and urine. These methods are not available in a doctor’s
office because special equipment is required. However, a sample taken in a doctor’s office can
be shipped to a special medical laboratory, if necessary. These laboratories are usually located at
research universities or affiliated with government agencies such as the Centers for Disease
Control and Prevention (CDC). Your doctor may need to contact the county health department
for a list of laboratories that can perform these tests. Because pyrethrins and pyrethroids break
down in the body rapidly, these methods are useful only if exposure has occurred within the last
few days. At this time, these methods can tell only if you have been exposed to pyrethrins or
pyrethroids and cannot tell if you will have any adverse health effects. Methods also exist that

can measure the concentration of pyrethrins and pyrethroids in air, water, soil, and foods.

For pesticide emergencies, the National Pesticide Information Center (NPIC) (formerly called
the National Pesticide Telecommunications Network [NPTN]) located at Oregon State
University, is also available. The NPIC (telephone number: 1-800-858-7378 for the general



PYRETHRINS AND PYRETHROIDS 9

1. PUBLIC HEALTH STATEMENT

public and 1-800-858-7377 for medical profession/government agencies) provides information

about pesticides to anyone in the United States.

Chapter 7 contains more information regarding the measurement of pyrethrins and pyrethroids in

humans and environmental samples.

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. Federal agencies that develop regulations for toxic
substances include the Environmental Protection Agency (EPA), the Occupational Safety and
Health Administration (OSHA), and the Food and Drug Administration (FDA).
Recommendations provide valuable guidelines to protect public health but cannot be enforced by
law. Federal organizations that develop recommendations for toxic substances include the
Agency for Toxic Substances and Disease Registry (ATSDR) and the National Institute for
Occupational Safety and Health (NIOSH).

Regulations and recommendations can be expressed in not-to-exceed levels in air, water, soil, or
food that are usually based on levels that affect animals; then they are adjusted to help protect
people. Sometimes these not-to-exceed levels differ among federal organizations because of
different exposure times (an 8-hour workday or a 24-hour day), the use of different animal

studies, or other factors.

Recommendations and regulations are also periodically updated 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 pyrethrins and pyrethroids include the

following:

The WHO has recommended that the level of permethrin in drinking water not exceed

20 micrograms per liter (ug/L). OSHA regulates the level of pyrethrins in workplace air. The
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occupational exposure limits for an 8-hour workday, 40-hour workweek are 5 mg per cubic
meter (mg/m’). The EPA has recommended daily oral exposure limits for 10 different

pyrethroids. These limits range from 0.005 to 0.05 mg/kg/day.

In September of 1997, the EPA issued a request to pesticide formulators to voluntarily change
the term “inert ingredients” to “other ingredients” on pesticide labels because the general public
often believed that inert ingredients meant harmless ingredients. Since federal law does not
define inert ingredients on the basis of toxicity or hazard to humans, it should not be assumed
that all inert ingredients are nontoxic. The EPA publishes a list of all inert ingredients used in
currently registered pesticides, but it does not specify which ingredients are contained in any

specific formulated product.

For more information on regulations and guidelines, see Chapter 8.

1.10 WHERE CAN | 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 resulting 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 ToxProfiles CD-ROM by calling the information and
technical assistance toll-free number at 1-888-42ATSDR (1-888-422-8737), by email at

atsdric@cdc.gov, or by writing at:
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Agency for Toxic Substances and Disease Registry
Division of Toxicology

1600 Clifton Road NE

Mailstop E-29

Atlanta, GA 30333

Fax: 1-404-498-0093

For-profit organizations may request a copy of final 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/

11
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21 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO PYRETHRINS AND
PYRETHROIDS IN THE UNITED STATES

Pyrethrum is the natural extract that occurs in the flowers of Chrysanthemum cinerariaefolium and
Chrysanthemum cineum. Pyrethrum has long been recognized as possessing insecticidal properties; over
the years, first the chemical extracts of pyrethrum, and then more recently, the specific synthetic chemical
analogs have been produced. The six active insecticidal compounds of pyrethrum are called pyrethrins.
The six individual pyrethrins are pyrethrin I, pyrethrin II, cinerin I, cinerin II, jasmolin I, and jasmolin II.
The pyrethroids are synthetic analogs and derivatives of the original pyrethrins and represent a diverse
group of over 1,000 powerful insecticides. Although they are based on the chemical structure and
biological activity of the pyrethrins, the development of synthetic pyrethroids has involved extensive
chemical modifications that make these compounds more toxic and less degradable in the environment.

A list of the pyrethrins and some of the more common pyrethroids is presented in Table 2-1. While many
pyrethroids have been developed, only about a dozen or so are frequently used in the United States. The
individual pyrethroids are typically grouped into two general classes, called Type I and Type II, based on
a combination of toxicological and physical properties, which is further described in Chapters 3 and 4.
Also, the individual pyrethroid substances, due to a complex chemical structure, are often composed of
two, four, or eight isomers, and their commercially manufactured products routinely contain a mixture of
these various isomers. Thus, the production of individual pyrethroids with slightly varying isomeric
ratios can often be the reason for the differences in the reported toxicities of the same compound. See
Chapter 4 for the structures and explanation of the isomerism, as well as more information on the

chemical and physical properties of the pyrethrins and pyrethroids.

Both groups, the pyrethrins and the pyrethroids, are very important insecticides because of their rapid
paralysis of flying insects, relatively low mammalian toxicity, and rapid rate of degradation in the
environment. They are typically used as insecticides for both home and commercial use. Also, the
pyrethrins and pyrethroids are often formulated with compounds such as piperonyl butoxide, piperonyl
sulfoxide, and sesamex, which act as synergists to increase the effectiveness of the insecticide. Currently,
the products containing small amounts of pyrethroids for uses around the home are still classified as
general use pesticides; however, emulsified or granular concentrate formulations that are applied to fields

were classified as restricted use pesticides by EPA in 1995. Formulated commercial pyrethroid products
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Table 2-1. Pyrethrins and Pyrethroids Discussed in the Profile®

Pyrethrins

Type | pyrethroids

Type Il pyrethroid

Constituents of
natural pyrethrum
extract

Derivatives of pyrethrins that
do not include a cyano group
and may elicit tremors

Derivatives of pyrethrins that include a
cyano group and may elicit sinuous
writhing (choreoathetosis) and salivation

Pyrethrin |
Pyrethrin Il
Cinerin |
Cinerin Il
Jasmolin |

Jasmolin Il

Allethrin
Bifenthrin
Permethrin
Phenothrin(Bio)
Resmethrin
Tefluthrin

Tetramethrin

Cyfluthrin
Cyhalothrin
Cypermethrin
Deltamethrin
Fenvalerate
Fenpropathrin
Flucythrinate
Flumethrin
Fluvalinate

Tralomethrin

*Type | and Type |l pyrethroids are described in more detail in Section 3.5.2, Mechanisms of Toxicity.
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(like most pesticides), also contain a high percentage of other (sometimes referred to as “inert”)
ingredients, many of which may be potentially toxic. Federal law only requires that the percentage of
“inert” ingredients be defined and does not require the actual chemicals that make up the “inert”

ingredients to be identified on a pesticide label.

Pyrethrins and pyrethroids are released to the environment due to their use as insecticides. They can be
applied to crops from aerial and ground-based sprayers or applied indoors from commercially available
sprays or aerosol bombs. These compounds are readily degraded in the atmosphere by natural sunlight
and usually do not persist for more than several days to a few weeks. Certain pyrethroids such as
permethrin and cyhalothrin, where the isobutenyl group attached to the cyclopropane moiety has been
altered, are slightly more stable to sunlight than other pyrethroids. Air concentrations are usually in the
ng/m’ range (both indoors and outdoors) after spraying, but diminish over time as these compounds are
degraded or removed by wet and dry deposition. In soils, pyrethrins and pyrethroids are not very mobile
and usually do not leach into groundwater, unless a large spill has occurred. These compounds are
biodegraded in soil and water and can also undergo hydrolysis under alkaline conditions. Since these
compounds adsorb strongly to soils, they are not taken up substantially by the roots of vascular plants.

These compounds bioconcentrate in aquatic organisms and are extremely toxic to fish.

The general population is primarily exposed to pyrethrins and pyrethroids from the ingestion of foods,
particularly vegetables and fruits. Exposure due to inhalation of ambient air is also possible after these
compounds have been used. Pyrethrins and pyrethroids are also employed in a variety of pet shampoos,
lice treatments, household insecticide sprays, and acrosol bombs that can be used in or around the home,
and the use of these products can lead to both dermal and inhalation exposure. Occupational exposure to
agricultural workers who apply these compounds onto crops can be substantial, with dermal exposure

considered the most important pathway (see Section 6.5).

The average daily intake (AVDI) of permethrin for eight different age/sex groups has been estimated
from market basket surveys conducted by the Food and Drug Administration (FDA). Based upon market
basket surveys conducted from 1986 to 1991, the AVDI of permethrin ranges from about 36 to

71 ng/kg/day (see Table 6-4). Since permethrin is the most frequently used pyrethroid in the United
States, the data from these surveys may represent a reasonable first approximation for the average total

intake of all the pyrethroids.
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2.2 SUMMARY OF HEALTH EFFECTS

Pyrethrins and pyrethroids are used extensively as effective insecticides, but pose relatively little hazard
to mammals (including humans) by natural routes of exposure at levels likely to be encountered in the
environment or resulting from the normal use of pyrethrin- or pyrethroid-containing substances. Signs
and symptoms of acute toxicity vary according to the type of pyrethroid to which one may be exposed.
However, almost all systemic effects are related to the action of pyrethrins and pyrethroids on the nervous
system. These chemicals exert their profound effect by prolonging the open phase of the sodium channel
gates when a nerve cell is excited. In rodents, effects such as tremors are induced if the open state is
prolonged for brief periods; effects such as sinuous writhing (choreoathetosis) and salivation occur if the
open state is prolonged for longer periods. Neurological signs typically result from acute toxicity. Low-
level chronic exposures to pyrethrins and pyrethroids usually do not cause neurological signs in
mammals, largely due to rapid metabolism and elimination. However, direct skin contact may cause
temporary paresthesia (abnormal cutaneous sensations such as tingling, burning, stinging, numbness, and
itching) that is limited to the area of contact. Available animal data do not indicate that pyrethrins or
pyrethroids significantly affect end points other than the nervous system, although changes in liver weight
and metabolism of chemicals have sometimes been used as an index of adverse effect levels for
pyrethroids. Results of a few recent animal studies suggest that neurodevelopmental, reproductive, and
immunological effects may result following exposure to some pyrethroids at levels below those that
induce overt signs of neurotoxicity. Available data indicate that pyrethrins may be a carcinogenic
concern to humans. No human data are available regarding the potential for pyrethroids to cross the
placental barrier and enter a developing fetus. Limited animal data indicate that transfer of pyrethroids
across the placenta to the fetus may occur. Although pyrethroids have not been identified in human breast
milk, very low levels of pyrethroids (<1% of an orally administered dose) are excreted into milk of

lactating animals.

Neurological Effects. Pyrethrins and pyrethroids act principally on the sodium channels of nerve
cells in exerting their toxic effects. Two different types of pyrethroids are recognized, based on
differences in basic structure (the presence or absence of a cyano group in the alpha position) and the
symptoms of poisoning in laboratory rodents. Type I pyrethroids do not include a cyano group; their
effects typically include rapid onset of aggressive behavior and increased sensitivity to external stimuli,
followed by fine tremor, prostration with coarse whole body tremor, elevated body temperature, coma,
and death. The term T-syndrome (from tremor) has been applied to Type I responses. Clinical signs of

neurotoxicity in animals exposed to pyrethrins are similar to those of Type I pyrethroids. Type II
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pyrethroids include a cyano group; their effects are usually characterized by pawing and burrowing
behavior, followed by profuse salivation, increased startle response, abnormal hindlimb movements, and
coarse whole body tremors that progress to sinuous writhing (choreoathetosis). Clonic seizures may be
observed prior to death. Body temperature usually is not increased, but may decrease. The term
CS-syndrome (from choreoathetosis and salivation) has been applied to Type Il responses. In general, the
distinction between Type I and Type II pyrethroids is clear. However, two of the cyano-pyrethroids,
fenpropathrin and cyphenothrin, have been shown to trigger responses intermediate to those of T- and
CS-syndrome, characterized by both tremors and salivation. These neurological responses to pyrethroid
poisoning are typically of acute duration. There is no evidence to indicate that long-term, low-level

exposure of adults to pyrethroids might result in more severe neurological effects.

Whereas distinctive signs of these neurotoxic symptoms (T- and CS-syndrome) occur in humans
diagnosed with mild to severe pyrethroid poisoning, levels high enough to trigger these symptoms are not
likely to occur under most exposure scenarios. Pyrethroids (particularly Type II pyrethroids containing
the cyano group) frequently induce paresthesia among individuals occupationally exposed via unprotected
areas of the skin. This effect is often observed at exposure levels far below those in which other clinical
signs of neurotoxicity might be expected to occur. Pyrethroid-induced parasthesia typically peaks within
3-6 hours following dermal exposure and resolves within 1224 hours. Some animal studies indicate that
exposure to pyrethroids may result in other less overt signs of neurotoxicity, such as changes in startle
and avoidance responses, altered levels of spontaneous motor activity, and changes in operant conditioned

responses, which may occur at levels below those eliciting typical T- or CS-syndrome.

Cancer. Increased incidences of thyroid follicular cell tumors were reported in male and female rats
administered pyrethrins (57.57% pyrethrum extract) in the diet for 2 years. The female rats also exhibited
increased incidences of hepatocellular adenomas and combined adenomas and/or carcinomas. In a review
of this rat carcinogenicity study, the Cancer Assessment Review Committee for pyrethrins attributed the
increased incidences of thyroid and liver tumors to pyrethrum treatment and classified pyrethrins as

“likely to be a human carcinogen by the oral route.”

Developmental Effects. Standard developmental studies have not elucidated typical signs of

developmental toxicity in animals exposed to pyrethrins or pyrethroids.

Eriksson and coworkers reported alterations in brain muscarinic receptor density and increased

spontaneous activity in mice that had received oral (gavage) doses of pyrethroids during critical stages of
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neonatal neurological development; however, limitations in study design and lack of success in
duplicating the results render the studies of questionable value for the purpose of risk assessment. /n

utero exposure of rats resulted in cellular changes indicative of compromised immunological function.

Reproductive Effects. Standard reproductive toxicity studies, including some that were performed
for three successive generations, did not indicate that pyrethrins or pyrethroids might be of particular
concern to reproductive success. However, a few recent studies have indicated that relatively low-level,
intermediate-duration oral exposure of adult male laboratory animals to some Type Il pyrethroids may
result in damage to reproductive organs, abnormal sperm characteristics, reduced plasma testosterone

levels, and reduced fertility.

23 MINIMAL RISK LEVELS (MRLs)

Inhalation MRLs

No inhalation MRLs were derived for pyrethrins or pyrethroids for inhalation exposure since adequate

data were not available for this route of exposure.

Oral MRLs

No oral MRLs were derived for pyrethrins since adequate data were not available. Oral MRLs were
derived for selected pyrethroids, based on cleared reviews (Data Evaluation Records, DERs) of studies
submitted to EPA by the pesticide industry and a study published in the open literature (McDaniel and
Moser 1993. The DERs were used because the associated primary studies were not available to ATSDR
for independent assessment. The MRLs were developed for specific technical-grade pyrethroids and may
not be applied to a different composition of that pyrethroid or for a different pyrethroid. For example, the
intermediate-duration oral MRL of 0.2 mg/kg/day that was derived for permethrin accounts for oral
exposure to technical-grade permethrin (95.3% purity; isomeric ratio 50/50 cis/trans; corn oil vehicle).
Isomeric ratio, administration vehicle, purity of the compound, and formulation of a pyrethroid-

containing pesticide must all be taken into account when assessing the risk of exposure.
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Acute-duration Oral MRLs

. An MRL of 0.3 mg/kg/day has been derived for acute-duration oral exposure (14 days or less)
to permethrin (95% purity; 50/50 cis/trans).

This MRL is based on a no-observed-adverse-effect level (NOAEL) of 25 mg/kg for neurological
impairment in rats (McDaniel and Moser 1993). An uncertainty factor of 100 was used (10 for animal to
human extrapolation and 10 to account for intrahuman variation). Groups of Long-Evans rats
(8/sex/dose) were administered permethrin (95% purity; 50/50 cis/trans; in corn oil vehicle) in single
gavage doses of 0, 25, 75, or 150 mg/kg. Selected rats from each dose group were subjected to functional
observational battery (FOB) and motor activity assessment at 2 and 4 hours following dosing. A lowest-
observed-adverse-effect level (LOAEL) of 75 mg/kg was identified for neurological impairment that
included increased excitability and aggressiveness, abnormal motor movement, and decreased grip

strength and motor activity.

. An MRL of 0.02 mg/kg/day has been derived for acute-duration oral exposure (14 days or less)
to cypermethrin (97% purity; 50/50 cis/trans).

This MRL is based on a lowest-observed-adverse-effect level (LOAEL) of 20 mg/kg for neurological
impairment in rats (McDaniel and Moser 1993). An uncertainty factor of 1,000 was used (10 for lack of a
NOAEL, 10 for animal to human extrapolation, and 10 to account for intrahuman variation). Groups of
Long-Evans rats (8/sex/dose) were administered cypermethrin (97% purity; 50/50 cis/trans; in corn oil
vehicle) in single gavage doses of 0, 20, 60, or 120 mg/kg. Selected rats from each dose group were
subjected to functional observational battery (FOB) and motor activity assessment at 2 and 4 hours
following dosing. LOAEL of 20 mg/kg was identified for neurological impairment that statistically
significantly altered gait and decreased motor activity. A NOAEL was not established.

. An MRL of 0.01 mg/kg/day has been derived for acute-duration oral exposure (14 days or less)
to cyhalothrin.

This MRL is based on a NOAEL of 1 mg/kg/day for gastrointestinal effects (diarrhea) in dogs (EPA
1981). An uncertainty factor of 100 was used (10 for animal to human extrapolation and 10 to account
for intrahuman variation). Groups of 4-5-month-old male and female beagle dogs (6/sex/dose) were
administered cyhalothrin (in corn oil vehicle) in gelatin capsules at doses of 0, 1.0, 2.5, or 10.0 mg/kg/day
for 26 weeks. The dosing volume was 0.1 mL/kg body weight. A dose-related increase in diarrhea was

observed as early as the first week of treatment, and persisted throughout the study (7, 26, and 39%
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greater incidences of diarrhea in low-, mid-, and high-dose dogs, respectively, relative to controls). The
7% increased incidence of diarrhea at the 1.0 mg/kg/day dose level may not be a clear indication of an
adverse treatment-related effect. However, the 26% increased incidence of diarrhea at 2.5 mg/kg/day is
considered to represent a definitive adverse effect. Thus, the 2.5 mg/kg/day dose level is considered a
LOAEL for gastrointestinal effects. A detailed description of the test substance was not provided in the
study. The acute-duration oral MRL is based on the assumption that the test substance consisted of

technical-grade cyhalothrin with a purity of approximately 90%.

Intermediate-duration Oral MRLs

. An MRL of 0.2 mg/kg/day has been derived for intermediate-duration oral exposure (15—
364 days) to permethrin (technical grade, approximately 95% assumed purity; 50/50 cis/trans).

This MRL is based on a NOAEL of 15.5 mg/kg/day for neurological impairment in rats (EPA 1994b).

An uncertainty factor of 100 was used (10 for animal to human extrapolation and 10 to account for
intrahuman variation). Groups of Sprague-Dawley rats (10/sex/dose) were administered permethrin
(technical grade; 50/50 cis/trans) in the diet for 13 weeks at concentrations of 0, 250, 1,500, or 2,500 ppm
(respective time-weighted average doses of 0, 15.5, 91.5, or 150.4 mg/kg/day for males and 0, 18.7,
111.4, or 189.7 mg/kg/day for females). Hindlimb splay was observed as early as days 38 and 18 in some
1,500-ppm males and females, respectively. Other signs of neurotoxicity in the 1,500-ppm rats first
appeared between treatment days 35 and 68. Signs of neurotoxicity appeared earlier and were more
prevalent in rats of the 2,500-ppm treatment group. There were no signs of neurotoxicity in rats of the
250-ppm treatment group. This study identified a LOAEL of 1,500 ppm (91.5 and 111.4 mg/kg/day in

males and females, respectively) for neurotoxicity.

. An MRL of 0.01 mg/kg/day has been derived for intermediate-duration oral exposure (15—
364 days) to cyhalothrin.

This MRL is based on a NOAEL of 1 mg/kg/day for gastrointestinal effects (diarrhea) in dogs (EPA
1981). An uncertainty factor of 100 was used (10 for animal to human extrapolation and 10 to account
for intrahuman variation). Groups of 4-5-month-old male and female beagle dogs (6/sex/dose) were
administered cyhalothrin (in corn oil vehicle) in gelatin capsules at doses of 0, 1.0, 2.5, or 10.0 mg/kg/day
for 26 weeks. The dosing volume was 0.1 mL/kg body weight. A dose-related increase in diarrhea was
observed throughout the study (7, 26, and 39% greater incidences of diarrhea in low-, mid-, and high-dose
dogs, respectively, relative to controls). The 7% increased incidence of diarrhea at the 1.0 mg/kg/day

dose level may not be a clear indication of an adverse treatment-related effect. However, the 26%
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increased incidence of diarrhea at 2.5 mg/kg/day is considered to represent a definitive adverse effect.
Thus, the 2.5 mg/kg/day dose level is considered a LOAEL for gastrointestinal effects. A detailed
description of the test substance was not provided in the study. The intermediate-duration oral MRL is
based on the assumption that the test substance consisted of technical-grade cyhalothrin with a purity of

approximately 90%.

Chronic-duration Oral MRLs

No clinical signs of neurotoxicity were observed in rats administered permethrin (93.9% purity;

40/60 cis/trans ratio) in the diet for two years at concentrations up to 1,000 ppm (Ishmael and Litchfield
1994). This study was not used as the basis of a chronic-duration oral MRL because the concentrations of
permethrin in the diet were not adjusted for decreased food consumption as the rats aged. However,
during the second year of treatment, when the rats consumed considerably less food per kilogram of body
weight, the permethrin doses were approximately 40 mg/kg/day for male and female rats. Thus, a
NOAEL of at least 40 mg/kg/day was identified in this study. For this reason, the intermediate-duration
oral MRL of 0.2 mg/kg/day that was based on a NOAEL of 15.5 mg/kg/day should be protective for
chronic-duration oral exposure to permethrin with a purity approaching 95% and approximately equal

amounts of cis and trans isomers.

An average daily intake (AVDI) of 36—71 ng/kg/day has been estimated for permethrin (see Table 6-4),
the most frequently used pyrethroid in the United States (see Table 6-1). The acute- and intermediate-
duration oral MRLs of 0.2 mg/kg/day should be protective of acute- and intermediate-duration oral
exposure to permethrin, with the exception of accidental or intentional ingestion of permethrin in amounts
several orders of magnitude greater than those experienced during the normal consumption of food or

drinking water containing permethrin residues.
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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 pyrethrins and
pyrethroids. 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.

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
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
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"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. LOAELSs 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 (LOAELSs) 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 pyrethrins and

pyrethroids are indicated in Table 3-2 and Figure 3-2.

Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have been
made for pyrethrins and pyrethroids. 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 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.
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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.

Pyrethrum, the natural extract of the flowers of Chrysanthemum cinerariaefolium and Chrysanthemum
cocineum, contains six active insecticidal compounds called pyrethrins. Pyrethroids are synthetic analogs
and derivatives of pyrethrins and represent a diverse group of over 1,000 powerful insecticides (Mueller-
Beilschmidt 1990). Although they are based on the chemical structure and biological activity of the
pyrethrins, the development of synthetic pyrethroids has involved extensive chemical modifications that
make these compounds more toxic and less degradable in the environment. The pyrethrins and some of
the more common pyrethroids are listed in Table 2-1. Pyrethrins and pyrethroids pose relatively little
hazard to mammals (including humans) by common routes of exposure at levels likely to be encountered

in the environment or resulting from the normal use of pyrethrin- or pyrethroid-containing substances.

Two different types of pyrethroids are recognized, based on differences in basic structure (the presence or
absence of a cyano group) and the symptoms of poisoning in laboratory rodents (Coats 1990; Verschoyle
and Aldridge 1980). In general, Type I pyrethroids do not include a cyano group, and clinical signs of
Type I pyrethroid-induced toxicity include whole body tremors. Type Il pyrethroids include a cyano

group and are characterized by their elicitation of salivation and sinuous writhing (choreoathetosis).

Toxicity among the various pyrethroids varies greatly, as is evidenced by the wide range in LDs, values
(concentrations or doses that result in 50% mortality in exposed laboratory animals). These differences
are dependent on a number of factors including specific pyrethroid, ratios of stereo and optical isomers
within a given pyrethroid formulation, and vehicle. Acute oral LDs, values are generally lower in Type 11
than Type I pyrethroids, indicating a greater degree of toxicity for Type Il pyrethroids. In the case of
tetramethrin, like all other Type I pyrethroids, isomers of the 1R conformation are considerably more
toxic than those of the 1S conformation. The 1S isomer can also inhibit toxicity by competitive inhibition
at a number of stereospecific pyrethroid binding sites, thus preventing binding of the more toxic 1R
isomer (Narahashi 1986). Furthermore, it has been observed that the cis isomers possess greater
mammalian toxicity than the trans isomers. For Type II pyrethroids, the S conformation at the alpha
carbon adjacent to the cyano group is considerably more toxic than the R conformation. Consult

Chapter 4 for additional information regarding the structural properties of Type I and Type II pyrethroids.

Neurological signs are typically the result of acute toxicity and do not appear to be significantly amplified

following repeated low-level exposures. This may be a result of rapid metabolism and elimination of
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pyrethrins and pyrethroids by mammals. Available animal data indicate that the nervous system is the
primary target of pyrethrin- or pyrethroid-induced toxicity. However, changes in liver weight and liver
metabolism of chemicals have sometimes been used as an index of adverse effect levels for pyrethroids.
In addition, a few recent studies indicate the potential for adverse neurodevelopmental, reproductive, and
immunological effects at exposure levels below those expected to result in overt signs of neurotoxicity.

Available data indicate that pyrethrins may be a carcinogenic concern to humans.

Based on the wide range of differences in levels of animal toxicity to pyrethrins and various pyrethroids,
factors related to chemical properties and exposure scenarios of a given pyrethroid must be taken into
account when assessing health risk. Human exposure to pesticides such as pyrethrins and pyrethroids
often involves simultaneous exposure to other chemicals, which may range from impurities in a technical
grade of a particular pyrethrin- or pyrethroid-containing product to dispersal agents, wetting agents,

solubility agents, and additional pesticides in a given end-formulated product.

3.21 Inhalation Exposure

3.2.1.1 Death

Two case reports were located in which death was associated with allergic reactions to dog shampoo
products containing pyrethrins (Wax and Hoffman 1994). An 11-year-old girl, who had been diagnosed
with asthma at 6 years of age, was asymptomatic when she began to wash her dog with a shampoo
containing 0.2% pyrethrin. Within 10 minutes, the subject suffered a severe acute asthmatic attack and
died <3 hours later, despite medical treatment (Wagner 2000). This girl had experienced a mild increase
in asthmatic symptoms when she had used the same shampoo 2 years earlier. A 37-year-old female, who
had a 10-year history of mild asthma that did not require chronic medication, developed severe shortness
of breath 5 minutes after beginning to wash her dog with a shampoo containing 0.06% pyrethrin (Wax
and Hoffman 1994). The subject quickly went into cardiopulmonary arrest and died a short time later,
despite efforts to revive her. Postmortem examination revealed pulmonary findings consistent with
reactive airway responses. The relative contributions of inhalation and dermal exposure routes were not
addressed in these reports. No other reports were located regarding death in humans following inhalation

exposure to pyrethrins or pyrethroids.

Information regarding death in animals following inhalation exposure to pyrethrins or pyrethroids is

mainly derived from studies designed to assess lethal toxicity in animals following airborne exposure to
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pyrethrins or pyrethroids for durations of 2—4 hours. In rats exposed to pyrethrum extract, an estimated
airborne concentration in which death could be expected in 50% of the exposed animals (LCsy) was
3,400 mg/m’ (Schoenig 1995). Most synthetic pyrethroids are more toxic than natural pyrethrins (the
active neurotoxic components of pyrethrum extract). Results from studies of rats exposed to synthetic
pyrethroids indicate LCs, values ranging from approximately 23 to 1,000 mg/m’ (Curry and Bennett
1985; Flucke and Thyssen 1980; Hext 1987; Kavlock et al. 1979; Pauluhn and Thyssen 1982). No
specific patterns could be discerned regarding the relatively wide range of LCso values among the various
pyrethroids for which inhalation data were available. One series of studies assessed acute inhalation
lethality of several Type I pyrethroids (Miyamoto 1976). In most cases, lethality was not observed
following exposure to airborne pyrethroid concentrations ranging from 685 to 2,500 mg/m’. In some
cases, higher concentrations could not be attained. The only report of death was in rats and mice exposed
to a mixture of (+)-allethronyl (+)-trans allethrin for 3 hours. LCs, values were 1,600 and 2,720 mg/m’
for rats and mice, respectively, but minimum concentrations in which death was noted were not presented
in the report. Miyamoto (1976) also assessed the toxicity of several Type I pyrethroids in rats and mice
repeatedly exposed (2—4 hours/day, 5 days/week for 4 weeks) to atmospheres containing pyrethroid
concentrations ranging from 6.1 to 210 mg/m’. Although clinical signs of toxicity were noted at
concentrations of 61.3 mg/m’ (allethrin) and 200 mg/m’ (furamethrin), no exposure-related deaths

occurred during the study period.

3.2.1.2 Systemic Effects

No reports were located in which cardiovascular, gastrointestinal, musculoskeletal, renal, endocrine,
dermal, or ocular effects were associated with inhalation exposure of humans or animals to pyrethrins or
pyrethroids. Systemic effects related to occupational exposure are generally associated with dermal

exposure to pyrethrins or pyrethroids, and are therefore presented in Section 3.2.3.2.

Respiratory Effects. Limited information was available regarding respiratory effects in humans
following inhalation exposure to pyrethrins or pyrethroids. Hypersensitivity pneumonitis, characterized
by pleuritic chest pain, nonproductive cough, and shortness of breath, was diagnosed in a 24-year-old
woman following repeated indoor use of a pyrethrum-based insecticide (Carlson and Villaveces 1977). A
pulmonary challenge test to the insecticide resulted in an itchy and runny nose within 2 minutes following
initiation of exposure, but no cough or shortness of breath. Subsequent skin tests resulted in immediate

skin reactions and allergic pulmonary responses to pyrethrum, but not to other ingredients in the
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insecticide. Signs of respiratory irritation, such as shortness of breath, cough, and congestion, were
reported among five office workers, commencing upon entry into a building that had been treated for
termites 2 days previously with a cypermethrin formulation that contained xylene-based aromatic
petroleum solvents, trimethylbenzene, and paraffinic oils (Lessenger 1992). Symptoms worsened after
the air-conditioning system was activated in an attempt to clear the air. It was determined that a portion
of the insecticide had been injected into ventilation ducts. The possible influence of inert ingredients was
not evaluated. Among 12 workers who sprayed lambda-cyhalothrin indoors, daily interviews following
spraying on each of 6 consecutive days revealed 11 complaints of nasal irritation and 6 complaints of
throat irritation (Moretto 1991). Coughing, dyspnea, increased nasal secretions, and sneezing were
reported by plant nursery workers who used pyrethroids for treating conifer seedlings (Kolmodin-Hedman
et al. 1982). Sniffles and sneezes were noted in subjects exposed to deltamethrin and fenvalerate while

packaging the insecticides (He et al. 1988).

Signs of respiratory irritation were reported in laboratory animals acutely exposed to aerosols of
pyrethroids at lethal or near-lethal airborne concentrations (Curry and Bennett 1985; Flucke and Thyssen
1980; Hext 1987; Pauluhn and Thyssen 1982). Intermediate-duration (90-day) repeated exposures of rats
to mean analytical pyrethrin concentrations >30 mg/m’ resulted in clinical and microscopic evidence of
respiratory irritation; a no-effect level was 11 mg/m’ (Schoenig 1995). More detailed information

regarding respiratory effects was not available in the report.

Hematological Effects. In studies available for review, no information was located regarding
hematological effects in humans following inhalation exposure to pyrethrins or pyrethroids. Available
information regarding adverse hematological effects in animals is limited to a single account in which
anemia was indicated in rats repeatedly exposed to pyrethrins at mean analytical airborne concentrations
>30 mg/m’ for 90 days (Schoenig 1995). More detailed information regarding hematological effects was

not available in the report.

Hepatic Effects. In studies available for review, no information was located regarding hepatic effects
in humans following inhalation exposure to pyrethrins or pyrethroids. Available information regarding
hepatic effects in animals is limited to a single account in which increased liver weights were reported in
rats repeatedly exposed to pyrethrins at a mean analytical airborne concentration of 356 mg/m® for

90 days (Schoenig 1995).
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Body Weight Effects. No information was located regarding body weight effects in humans
following inhalation exposure to pyrethrins or pyrethroids. Available information regarding body weight
effects in animals is limited. Decreased body weight gains were reported in rats repeatedly exposed to

pyrethrins at mean analytical airborne concentrations >100 mg/m’ for 90 days (Schoenig 1995).

3.2.1.3 Immunological and Lymphoreticular Effects

Hypersensitivity pneumonitis, characterized by pleuritic chest pain, nonproductive cough, and shortness
of breath, was diagnosed in a 24-year-old woman who was hospitalized for 2 weeks following repeated
indoor use of a pyrethrum-based insecticide (Carlson and Villaveces 1977). In this patient, levels of
antibodies IgG, IgM, and IgE were all elevated. Symptomatic treatment was employed, and a week after
discharge, a pulmonary challenge test to the insecticide resulted in an itchy and runny nose within

2 minutes following initiation of exposure, but no cough or shortness of breath. Subsequent skin tests
resulted in immediate skin reactions and allergic pulmonary response to pyrethrum, but not to other
ingredients in the insecticide. In a review of literature pertaining to pyrethrum (Moore 1975), it was
noted that many individuals who were sensitive to ragweed were also sensitive to pyrethrum, but that the
sensitization effect arose mainly from a volatile oil contained in the pyrethrum extract, not from the
pyrethrins. On the other hand, pyrethrins were implicated in two cases of severe asthmatic reactions to
exposure to dog shampoo products containing pyrethrins (Wagner 2000; Wax and Hoffman 1994). A
45-year-old female animal keeper, who was suspected to be suffering from pesticide intoxication,
indicated that she had been exposed to pyrethroid insecticides over a period of 13 years (Mitsche et al.
2000). Upon skin (scratch) testing, dose-dependent allergic responses (wheals and flares) were elicited

from the Type I pyrethroids, S-bioallethrin and permethrin.

No animal studies were located in which inhalation exposure to pyrethrins or pyrethroids could be

associated with immunological or lymphoreticular effects.

3.2.1.4 Neurological Effects

Shortness of breath, nausea, headache, and irritability were experienced by five office workers upon
entering their work area 2 days after it had been sprayed with cypermethrin in an effort to eliminate

termites (Lessenger 1992). The symptoms were exacerbated when the air-conditioning system was
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activated to ventilate the area, but levels of cypermethrin in the air were not measured. Signs of
neurotoxicity have been associated with acute occupational (inhalation and dermal) exposure to various
pyrethroids during outdoor or indoor spraying (Chen et al. 1991; He et al. 1991; Moretto 1991; Shujie et
al. 1988; Zhang et al. 1991). In a cross-sectional survey on the prevalence of acute pyrethroid poisoning
of cotton workers conducted in China in 1987 and 1988 (Chen et al. 1991), approximately 27% (696 of
2,588) of the workers who sprayed pure pyrethroids reported having experienced symptoms such as
abnormal facial sensations (paresthesia), dizziness, headache, nausea, loss of appetite, blurred vision, and
tightness of the chest. Eight of these workers were diagnosed with mild acute pyrethroid poisoning,
characterized in part by listlessness and muscular fasciculations. He et al. (1991) reported increased
peripheral nerve excitability in cotton workers following 3 days of exposure to deltamethrin during
spraying. Nerve excitability was assessed by presenting two sequential electrical stimuli of equal
intensity and duration to the median nerve area of the wrist and recording the median nerve activity at the
lateral side of the elbow. Following deltamethrin exposure, median nerve conduction measurements
revealed a significant increase in the supernormal period, defined as a period after recovery of normal
excitability (from a given action potential) during which an action potential induced by a second stimulus
is higher in amplitude than the first action potential. In some of these studies, air concentrations of
pyrethroids in the breathing zone of the sprayers were measured and ranged from approximately 0.005 to
2.0 pg/m’. However, one study reported air concentrations as high as 24 ug/m’ (Shujie et al. 1988).
Among sprayers, dermal contact was considered to be the major source of exposure, although some of the
sprayers also reported symptoms of nasal and laryngeal irritation (Moretto 1991). Facial paresthesia,
dizziness, fatigue, miliary red facial papules, and sniffles and sneezes were noted in subjects exposed to
deltamethrin and fenvalerate while packaging the insecticides (He et al. 1988). Air sampling indicated
pyrethroid levels in the range of 0.005-0.055 mg/m’, but dermal contact was also evident, and may have

been the basis for increased signs of toxicity during summer months.

In studies of acute lethality associated with inhalation exposure to pyrethrins or pyrethroids, neurological
effects were observed at or near lethal exposure levels. However, most studies do not include dose-
response data for exposure levels much lower than those resulting in death. Tremors were observed in
rats acutely exposed to pyrethrins at mean analytical airborne concentrations >2,100 mg/m’, but not at a
concentration of 690 mg/m’ (Schoenig 1995). Acute exposure of rats to aerosols of a 13% formulation of
cyhalothrin, at analytical concentrations ranging from 3.6 to 68 mg/m’, resulted in dose-related increasing
severity of neurological signs, ranging from temporary lethargy, abnormal posture, and salivation at the
lowest concentration, to convulsions and death within 15 minutes postexposure at the highest

concentration (Curry and Bennett 1985). Disturbed posture and abnormal motor activity were observed
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in rats exposed to aerosols of cyfluthrin for 4 hours at an analytical concentration of 17 mg/m’, the lowest
level presented. A concentration of 735 mg/m’, which was lethal to many of the rats, caused severe
behavioral disturbances in surviving rats that continued for 3 days postexposure (Pauluhn and Thyssen
1982). A group of female rats exhibited no signs of toxicity in response to acute exposure to cyfluthrin at
an analytical concentration of 44 mg/m’ (Flucke and Thyssen 1980). Both male and female rats, similarly
exposed to a concentration of 57 mg cyfluthrin/m’, showed signs of restlessness and altered gait. Labored
breathing, hyperactivity, and tremors were reported in rats repeatedly exposed (6 hours/day, 5 days/week
for 90 days) to pyrethrins at a mean airborne concentration of 356 mg/m’ (Schoenig 1995). Repeated
6-hour inhalation exposures to atmospheres containing cyfluthrin concentrations of 10.5 mg/m’ or higher
resulted in dose-related unspecified clinical signs of behavioral disorders (Flucke and Thyssen 1980;
Thyssen 1980). Occasional salivation was observed in rats repeatedly exposed to atmospheres of
cypermethrin at a concentration of 50 mg/m’; a concentration of 250 mg/m’ resulted in additional signs of
neurotoxicity that included decreased activity, lacrymation, head and paw flicking, and tip toe gait (EPA

1996).

The highest NOAEL values and all LOAEL values from each reliable study for neurological effects in

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

No reports were located regarding the following health effects in humans or animals following inhalation

exposure to pyrethrins or pyrethroids:

3.2.1.5 Reproductive Effects
3.2.1.6 Developmental Effects

3.2.1.7 Cancer

3.2.2 Oral Exposure

3.2.2.1 Death

Among 573 cases of acute pyrethroid poisoning reported in China between 1983 and 1988, 344 cases
with accidental poisoning were considered to have been largely due to ingestion of pyrethroids (He et al.

1989). Four deaths were reported; two of these were related to occupational exposure. Peter et al. (1996)



Table 3-1 Levels of Significant Exposure to Pyrethrins And Pyrethroids - Inhalation

Exposure/ LOAEL
a Duration/
Key to Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m3) (mg/m3) (mg/m?3) Chemical Form
ACUTE EXPOSURE
Death
1 Rat 1x 3400 (LC50) Schoenig 1995
(CD) 4 hr Pyrethrum extract
Neurological
2 Rat 1x 2100 (t ) Schoenig 1995
remors
(CD) 4 hr Pyrethrum extract
690
INTERMEDIATE EXPOSURE
Systemic
3 Rat 21d Hemat 250 EPA 1996
: emato
(Wistar) 6 hr/d, 5 d/wk Cypermethrin 1:1 cis:trans
(nose-only)
Bd Wt 250
Neurological
4 Rat 21d 10 50 (salivation) EPA 1996
. salivation
(Wistar) 6 hrfd, 5 diwk Cypermethrin 1:1 cis:trans
(nose-only)

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

Bd Wt = body weight; d = day(s); Hemato = hematological; hr = hour(s); LC50 = lethal concentration, 50% kill; x = time(s); wk = week(s)

S103443 H1TV3IH €

SAIOYHLIHAd ANV SNIYHLIHAd

4%



Figure 3-1. Levels of Significant Exposure to Pyrethrins and Pyrethroids - inhalation
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reported the death of a 30-year-old male approximately 2 days after he had consumed about 30 mL of
deltamethrin. In another case, an adult male rapidly developed convulsions, became comatose, and died
shortly after having accidentally ingested an unknown amount of 10% cypermethrin (Poulos et al. 1982).
No other information was located regarding death in humans following oral exposure to pyrethrins or

pyrethroids.

Animal studies associate mortality with relatively high oral exposure to pyrethrins and pyrethroids. Acute
oral LDs, values for total pyrethrins from undiluted pyrethrum extract were 2,370 and 1,030 mg/kg in
male and female rats, respectively (Schoenig 1995). Acute oral LDs, values for pyrethroids in rats range
from approximately 18 to >5,000 mg/kg (Casida et al. 1983; Metcalf 1995; Valentine 1990). The wide
range in LDs, values is dependent on a number of factors including specific pyrethroid, ratios of stereo
and optical isomers within a given pyrethroid formulation, and vehicle. For example, an acute oral LDs,
value of 3,801 mg/kg was reported for rats receiving a gavage dose of permethrin (45/55 cis/trans) neat,
whereas the LDs value was 584 mg/kg when the dose was administered in corn oil vehicle (DOD 1977).
Acute oral LDs, values are generally lower in Type II than Type I pyrethroids, indicating a greater degree
of toxicity for Type II pyrethroids. Pyrethroid-induced mortality appears to be influenced by ambient
temperature. Acute oral LDs, values for cismethrin in female rats increased from 157 mg/kg at 4°C to
197 mg/kg at 20°C and >1,000 mg/kg at 30°C (White et al. 1976). In a 4-week oral study, mortality was
observed in rats after 3—5 days of daily oral administration of cyfluthrin at a dose level of 80 mg/kg/day
(Flucke and Schilde 1980). In mice, repeated administration of fenvalerate, at a dose level of

80 mg/kg/day, also resulted in mortality that was considered to be compound related (Cabral and Galendo
1990). In 90-day oral studies, compound-related death was noted in rats and mice given diets containing
pyrethrins at concentrations >10,000 ppm (800 and 1,900 mg/kg/day for rats and mice, respectively)
(Schoenig 1995). Compound-related mortality was also reported in pregnant rats and rabbits repeatedly
administered oral doses of pyrethrins (in 0.5% methyl cellulose) >150 and 600 mg/kg/day, respectively
(Schoenig 1995). Three of four dogs died during an 8-week oral study in which pyrethrins were
administered in the diet at a concentration of 6,000 ppm (approximate dose of 100 mg/kg/day) (Schoenig
1995). One of six dogs, administered 1,000 ppm of fenvalerate in the diet (approximate dose of

80 mg/kg/day), was euthanized in extremis during week 24 after exhibiting signs of extreme neurotoxicity
(Parker et al. 1984b). One of six dogs, given daily oral doses of cyhalothrin at 3.5 mg/kg, was killed
during week 46 of a 52-week oral dosing study, due to persistent pyrethroid-induced convulsions (Hext et
al. 1986). Mortality was also observed during a 90-day oral exposure to permethrin in the diets of rats
(DOD 1977). All 10 male and female rats in the projected 850 mg/kg/day exposure groups died during
the study; actual doses were 505 and 870 mg/kg/day in males and females, respectively. Mortality was
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not significantly increased in rats or mice administered permethrin in the diet at concentrations resulting
in estimated daily doses of up to 104 mg/kg/day for 2 years in rats or 350 mg/kg/day for 98 weeks in mice
(Ishmael and Litchfield 1988).

Selected oral LDs, values for some pyrethroids are recorded in Table 3-2 and plotted in Figure 3-2.

3.2.2.2 Systemic Effects

The highest NOAEL values and all LOAEL values from each reliable study for each systemic effect in

each species and duration category are recorded in Table 3-2 and plotted in Figure 3-2.

No reports were located regarding respiratory, cardiovascular, musculoskeletal, dermal, or ocular effects

following oral exposure of humans or animals to pyrethrins or pyrethroids.

Gastrointestinal Effects. Information regarding gastrointestinal effects following oral exposure is
mainly limited to clinical signs following exposure to pyrethroids. Symptoms such as epigastric pain,
nausea, vomiting, and diarrhea have been reported in human subjects who consumed relatively large
quantities of pyrethroids (Gotoh et al. 1998; He et al. 1989). Diarrhea was reported in dogs ingesting
pyrethroids in the diet at dose levels as low as 1-6 mg/kg/day for treatment periods ranging from

13 weeks to 1 year (EPA 1981; IRIS 2003a, 2003b, 2003¢). Gastritis and mucosal erosion and ulceration
were observed in male mice fed esfenvalerate in the diet for 90 days at a concentration resulting in a mean

dose of 106 mg/kg/day (EPA 1991a).

Hematological Effects. Information regarding hematological effects following oral exposure is
limited. Leukocytosis was observed in 15% of 235 human cases of pyrethroid poisoning in which blood
tests were performed (He et al. 1989). In most animal studies that examined hematological end points, no
significant alterations were observed. However, Shakoori et al. (1992a) reported significantly decreased
red blood cell count, hemoglobin content, and mean corpuscular hemoglobin, as well as increased white
blood cell count in rabbits following daily oral administration of fenvalerate at a dose level of 10 mg/kg
for 7 days. Schoenig (1995) reported evidence of anemia in surviving dogs that were fed pyrethrins in the
diet for 8 weeks at a concentration resulting in a dose level of approximately 100 mg/kg/day. Decreases
in red blood cell counts, hemoglobin, and hematocrit were observed in male and female mice fed

esfenvalerate in the diet for 90 days at a concentration resulting in mean doses of 106 and 113 mg/kg/day,



Table 3-2 Levels of Significant Exposure to Pyrethrins And Pyrethroids - Oral

Exposure/ LOAEL
a Duration/
Key to Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
ACUTE EXPOSURE
Death
1 Rat once DOD 1977
413 F (LD50)
(NS) (GO) Permethrin (45/55 cis/trans)
2 Rat once DOD 1977
3801 F (LD50)
(Sprague-  (G) Permethrin (45/55 cis/trans)
Dawley)
3 Rat once DOD 1977
383 M (LD50)
(Sprague-  (GO) Permethrin (45/55 cis/trans)
Dawley)
4 Rat once DOD 1977
4892 M (LD50)
(Long- (G) b Permethrin (45/55 cis/trans)
Evans) 2712 F (LD50)
5 Rat once DOD 1977
584 M (LD50)
(Sprague-  (GO) Permethrin (45/55 cis/trans)
Dawley)
6 Rat 14d b ) DOD 1977
699 M (death in 6/6)
(Sprague- (F) Permethrin (45/55 cis/trans)
Dawley) 769 F (death in 5/6)
7 Rat 14d _ o DOD 1977
515 F (death in 3/6 in first 5 days)
(Long- (F) Permethrin (45/55 cis/trans)
Evans)
8 Rat once Schoenig 1995
4 hr 2370 M (LD50)
(CD) b Pyrethrum extract
(NS) 1030 F (LD50)
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Table 3-2 Levels of Significant Exposure to Pyrethrins And Pyrethroids - Oral (continued)
Exposure/ LOAEL
a Duration/
Key to Species Frequency NOAEL Less Serious Serious Reference

figure (Strain) (Specific Route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
Systemic
9 Rat 14d ) DOD 1977
Hepatic 218 F (increased liver-to-body weight
(Long- (F) ratio) Permethrin (45/55 cis/trans)
Evans)
10 Rat 14d ) b DOD 1977
Hepatic 186 M 379 M (increased liver-to-body weight
(Sprague- (F) ratio) Permethrin (45/55 cis/trans)
Dawley) 210F b
369 F (increased liver-to-body weight
ratio)
11 Rat Gd 6-15 Bd Wt A0F 80F | d mat ! bod EPA 1994a
i 1x/d suppressed maternal body ]
(Sprague weight gain, 33% lower than Resmethrin
Dawley) (GO)

controls)
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Table 3-2 Levels of Significant Exposure to Pyrethrins And Pyrethroids - Oral

(continued)

Exposure/ LOAEL
a Duration/
Key to Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
Neurological
12 Rat 14d b DOD 1977
186 M 379 M (muscle tremors)
(Sprague-  (F) b Permethrin (45/55 cis/trans)
Dawley) 210 F 369 F (muscle tremors)
13 Rat 14d b b DOD 1977
92 M 185 M (muscle tremors)
(Long- (F) Permethrin (45/55 cis/trans)
Evans) 114 F 218 F (muscle tremors)
14 Rat Gd 6-15 75 F EPA 1988c
(CD) 1x/d Pyrethrum extract
G)
15 Rat Gd 6-15 37 5F 75F (transientt 215 dams) EPA 1988c
. ransient tremors ams
(CD) 1x/d Pyrethrum extract
G)
16 Rat Gd 7-16 150 EPA 1991b
(Wistar) 1X/d Permethrin (40/60 cis/trans)
(GO)
17 Rat Gd 7-16 0 F 150F (& head flicki EPA 1991b
. remors, head flicking,
(Wistar) 1X/d piloerection) Permethrin (40/60 cis/trans)
(GO)
18 Rat once o . EPA 1992b
5 20 (tremors, salivation, ataxia)
(Sprague-  (GO) Esfenvalerate
Dawley)
19 Rat Gd 6-15 80 F EPA 1994a
(Sprague-  1x/d Resmethrin

Dawley) (GO)
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Table 3-2 Levels of Significant Exposure to Pyrethrins And Pyrethroids - Oral (continued)
Exposure/ LOAEL
a Duration/
Key to Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
20 Rat once c McDaniel and Moser 1993
25 75  (abnormal motor movements,

(Long_ (GO) decreased gr|p strength) Permethrin 50:50 cis:trans

Evans)
21 Rat once d McDaniel and Moser 1993

L 20 (altered gait, decreased

(Long- (GO) activity) Cypermethrin 50:50 cis:trans

Evans)
22 Rat once Schoenig 1995

710 M
(D) (NS) b Pyrethrum extract
320 F

23 Rabbit Gd 7-19 EPA 1988c

(New 1x/d 25F 100 F (salivation, head arching,

labored breathing in 1/16 does) Pyrethrum extract

Zealand) (G)
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Table 3-2 Levels of Significant Exposure to Pyrethrins And Pyrethroids - Oral

(continued)

Exposure/ LOAEL
a Duration/
Key to Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
Neurological
24 Rabbit Gd 7-19 ) EPA 1988c
1x/d 150 F 300 F (tremors in 1/5 does, 11%
(New weight loss) Pyrethrum extract
Zealand) (G)
Developmental
25 Rat Gd 6-15 - EPA 1988c
(CD) 1x/d Pyrethrum extract
G)
26 Rat Gd 6-15 150 EPA 1988c
(CD) 1x/d Pyrethrum extract
G)
27 Rat Gd 7-16 150 EPA 1991b
(Wistar) 1X/d Permethrin (40/60 cis/trans)
(GO)
28 Rat Gd 6-15 40 80 (slightly dincid EPA 1994a
1x/d slightly increased incidences _
(Beagle) of skeletal variations, delayed Resmethrin
(GO)
29 Rabbit Gd 7-19 EPA 1988c
(New 1x/d 150

30

Zealand) (G)
INTERMEDIATE EXPOSURE

Death

Rat 90d
(Sprague- F)
Dawley)

b
505 M (death in 10/10)

870 F (death in 10/10)

Pyrethrum extract

DOD 1977
Permethrin (45/55 cis/trans)
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Table 3-2 Levels of Significant Exposure to Pyrethrins And Pyrethroids - Oral

(continued)

Exposure/ LOAEL
a Duration/

Key to Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form

Systemic
31 Rat 90d ) b b DOD 1977

Hepatic 73.6 M 243.5 M (increased liver-to-body weight
(Sprague-  (F) ratio) Permethrin (45/55 cis/trans)
250.7 F (increased liver-to-body weight
ratio)
32 Rat 28d EPA 1985a
) Bd Wt 1F

(Wistar) F) Cyhalothrin

33 Rat 90d EPA 1985b
) Ocular 212M
(Wistar) (F) Cyhalothrin
Bd Wt 54 M 21.2 M (depressed body weight,
10-16%)

34 Rat Gd 6-15 Bd Wt 15F EPA 1986a

(CD) 1x/d Cyhalothrin

(GO)
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Table 3-2 Levels of Significant Exposure to Pyrethrins And Pyrethroids - Oral (continued)
Exposure/ LOAEL
a Duration/
Key to Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
Systemic
35 Rat continuous b EPA 1986b
) Bd Wt 9.2 M
(Wistar) Cyhalothrin
10.3 F
36 Rat 13 wk b EPA 1994b
Bd Wt 150.35 M
(Sprague-  (F) Permethrin 50:50 cis:trans
Dawley) 189.66 F
37 Mouse 90d Gast 30 5bM 106 M ( | i d EPA 19912
astro . mucosal erosion an
(B6C3F1) F) ulceration, gastritis) Esfenvalerate
113 F
b b
Hemato 30.5M 106 M (decreased RBCs, hemoglobin,
hematocrit)
36.8F
113 F (decreased RBCs, hemoglobin,
hematocrit)
b b
Dermal 30.5M 106 M (dermatitis, hyperkeratosis,
ulceration)
36.8 F
113 F (dermatitis, hyperkeratosis,
ulceration)
b b
Bd Wt 30.5M 106 M (50% suppressed body weight
gain)
36.8 F
113 F (35% suppressed body weight
gain)
38 Dog 26 wk Gast 1e 05 (diarh EPA 1981
astro . iarrhea
(Beagle) 1x/d ( ) Cyhalothrin
©
Ocular 10
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Table 3-2 Levels of Significant Exposure to Pyrethrins And Pyrethroids - Oral (continued)
Exposure/ LOAEL
a Duration/
Key to Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
Bd Wt 10

Neurological

39 Rat >120d EPA 1992c
27  (hypersensitivity to sound)

(D) continuous Cypermethrin
F)
40 Rat 2 gen 708 EPA 1994a
(D) continuous ' Resmethrin
(F)
41 Rat 13 wk f b ) EPA 1994b
1549 M 91.51 M (tremors, staggered gait,
(Sprague- F) hindlimb splay) Permethrin 50:50 cis:trans
Dawley) 18.66 F
111.37 F (tremors, staggered gait,
hindlimb splay)
42 Mouse 90d 30 st 106bM (t ) d qait EPA 1991a
) remors, staggered gait,
(B6C3F1) F) hindlimb splay) Esfenvalerate
36.8 F
113 F (multiple signs including
tremors, convulsions, abnormal
gait)
43 Dog 26 wk EPA 1981
Beadl 1x/d 2.5 10  (muscle tremors, .
(Beagle) incoordination) Cyhalothrin

(©)
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Table 3-2 Levels of Significant Exposure to Pyrethrins And Pyrethroids - Oral (continued)
Exposure/ LOAEL
a Duration/
Key to Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form

44

45

46

47

48

49

50

51

Reproductive

Rat
(albino)

Rat
(Wistar)

Rat
(CD)

65d
1x/d

(GW)

continuous

continuous

(F)

2gen
continuous

(F)

Developmental

Rat
(CD)

Rat
(Wistar)

Rat
(Wistar)

Gd 6-15
1x/d

(GO)

2gen
continuous

(F)

Gd 4-21
Ld 1-21
1x/day

(GO)

Gd 4-21
Ld 1-21
1x/day

(GO)

o Abd El-Aziz et al. 1994
1M (50% reduction in successful

impregnation) Deltamethrin
b EPA 1986b
9.2 M
Cyhalothrin
10.3F
EPA 1992c
45
Cypermethrin
EPA 1994a
70.8
Resmethrin
EPA 1986a
15
Cyhalothrin
. EPA 1994a
34.8 70.8 (decreased pup survival)
Resmethrin

Malaviya et al. 1993
10 (increased levels of dopamine

and muscarinic receptors in Fenvalerate
striatal membrane)

Malaviya et al. 1993
15 (increased levels of dopamine

and muscarinic receptors in Cypermethrin
striatal membrane)
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Table 3-2 Levels of Significant Exposure to Pyrethrins And Pyrethroids - Oral

(continued)

Exposure/ LOAEL
a Duration/
Keyto Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
52 Rat Gd 4-21 15 G d levels of . Malaviya et al. 1993
) 1x/day increased levels of muscarinic '
(Wistar) receptors in striatal membrane) Cypermethrin
(GO)
53 Rat Gd 4-21 0 (@ dlevels of d ) Malaviya et al. 1993
) 1x/day ecreased levels of dopamine
(Wistar) GO) receptors in striatal membrane) Fenvalerate
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Table 3-2 Levels of Significant Exposure to Pyrethrins And Pyrethroids - Oral (continued)
Exposure/ LOAEL
a Duration/
Key to Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
CHRONIC EXPOSURE
Systemic
54 Rat 2yr H b 1 st EPA 1985c
emato .
(Alpk/AP) F) Cyhalothrin
231F
b
Ocular 215M
231F
Bd Wt 21.5M 23.1 F (decreased body weight,
b 12.5%)
46 F
55 Rat 2yr b EPA 199%c
Hemato 130 M
(CD) F) Pyrethrum extract
173 F
b
Hepatic 130 M
173 F
b
Ocular 130 M
173 F
56 Mouse 2yr EPA 1985d
Bd Wt 51F
(CD-1) (F) Cyhalothrin
57 Mouse 18 mo ) b b EPA 1994c
(CD-1) Hepatic 13.8 M 346 M (hepatic effects including
(F) increased liver weight, Pyrethrum extract
166 F discoloration, vacuolar fatty
changes)

413 F (liver effects including
increased liver weight,
discoloration)
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Table 3-2 Levels of Significant Exposure to Pyrethrins And Pyrethroids - Oral

(continued)

Exposure/ LOAEL
a Duration/
Key to Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
b
Bd Wt 686 M
834 F
58 Mouse 85 wk . b EPA 1994d
Cardio 1379 M
(CD-1) (F) Resmethrin
165.8 F
b
Gastro 1379 M
165.8 F
b
Hepatic 137.9 M
165.8 F
b
Renal 1379 M
165.8 F
b
Bd Wt 137.9M
165.8 F
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Table 3-2 Levels of Significant Exposure to Pyrethrins And Pyrethroids - Oral

(continued)

Exposure/

a Duration/

Key to Species Frequency
figure (Strain) (Specific Route)

NOAEL
System  (mg/kg/day)

Less Serious

Serious

(mg/kg/day)

Reference

Chemical Form

Neurological

59 Rat 2yr
(D) (F)

60 Rat 2yr
(Wistar) (F)

61 Rat 104 wk

(Sprague- F)
Dawley)

62 Mouse 2yr
(CD-1) (F)

63 Mouse 18 mo
(CD-1) (F)

64 Mouse 85 wk
(CD-1) (F)

65 Mouse 2yr
(Swiss) (F)

b
130 M

173 F

b
37.5M

402 F

b
17 M
20F

57.6 M

51F

b
686 M

834 F

b
137.9M

165.8 F

b
2951 M

3481 F

b
187.2 M (slight whole body tremors
during first 2 weeks)

200.1 F (slight whole body tremors
during first 2 weeks)

70 M (abnormal gait, muscular
incoordination)

EPA 1994c

Pyrethrum extract

Ishmael and Litchfield 1988

Permethrin (40/60 cis/trans)

Parker et al. 1984a

Fenvalerate

EPA 1985d
Cyhalothrin

EPA 1994c

Pyrethrum extract

EPA 1994d

Resmethrin

Ishmael and Litchfield 1988
Permethrin (40/60 cis/trans)
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Table 3-2 Levels of Significant Exposure to Pyrethrins And Pyrethroids - Oral (continued)
Exposure/ LOAEL
a Duration/
Key to Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Speci