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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.

Jeffrey P. Koplan, M.D., M.P.H.
Administrator

Agency for Toxic Substances and
Disease Registry
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*L egislative Back:

The toxicological profiles are developed in response to the Superfund Amendments and
Reauthorization Act (SARA) of 1986 (Public Law 99-499) which amended the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA or Superfund). This public
law directed ATSDR to prepare toxicological profiles for hazardous substances most commonly found at
facilities on the CERCLA National Priorities List and that pose the most significant potential threat to
human health, as determined by ATSDR and the EPA. The availability of the revised priority list of 275
hazardous substances was announced in the Federal Register on November 17, 1997 (62 FR 61332). For
prior versions of the list of substances, see Federal Register notices dated April 29, 1996 (61 FR 18744);
April 17, 1987 (52 FR 12866); October 20, 1988 (53 FR 41280); October 26, 1989 (54 FR 43619);
October 17,1990 (55 FR 42067); October 17, 1991 (56 FR 52166); October 28, 1992 (57 FR 48801); and
February 28, 1994 (59 FR 9486). Section 104(i)(3) of CERCLA, as amended, directs the Administrator
of ATSDR to prepare a toxicological profile for each substance on the list.
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QUICK REFERENCE FOR HEALTH CARE PROVIDERS

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

Primary Chapters/Sections of Interest

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

Chapter 2: Health Effects: Specific health effects of a given hazardous compound are reported by route
of exposure, by type of health effect (death, systemic, immunologic, reproductive), 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 2.6 Children’s Susceptibility
Section 5.6 Exposures of Children

Other Sections of Interest:
Section 2.7 Biomarkers of Exposure and Effect
Section 2.10 Methods for Reducing Toxic Effects

ATSDR Information Center
Phone: 1-800-447-1544 (to be replaced by 1-888-42-ATSDR in 1999)
or 404-639-6357 Fax: 404-639-6359
E-mail: atsdric@cdc.gov Internet: httnllatsdrl .atsdr.cdc.gov:8080

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 IlI-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:
800-35NIOSH.

The National Znstitute 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@dgs.dgsys.com . AOEC Clinic Director: http://occ-envmed.
mc.duke.eduloem/aoec.htm.

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-
228-6850 . FAX: 847-228-1856.
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substance-specific minimal risk levels (MRLs), reviews the health effects database of each profile,
and makes recommendations for derivation of MRLs.

3. Quality Assurance Review. The Quality Assurance Branch assures that consistency across profiles
is maintained, identifies any significant problems in format or content, and establishes that Guidance
has been followed.
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PEER REVIEW

A peer review panel was assembled for sulfur trioxide and sulfuric acid. The panel consisted of the following
members:

l. Dr. Arthur Gregory, Private Consultant, Luray, VA
2. Dr. Frederick Oehme, Comparative Toxicology Laboratories, Manhattan, KS
3. Dr. Lyman Skory, Private Consultant, Midland, MI

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

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

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

This public health statement tells you about sulfur trioxide and sulfuric acid 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. Sulfur trioxide and sulfuric acid have been found in at least 47 of the
1,467 current or former NPL sites. As more sites are evaluated, the sites with sulfur trioxide or
sulfuric acid may increase. This 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 sulfur trioxide or sulfuric acid, many factors determine whether you’ll be
harmed. These factors include the dose (how much), the duration (how long), and how you come
in contact with it. You must also consider the other chemicals you’re exposed to and your age,

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

1.1 WHAT ARE SULFUR TRIOXIDE AND SULFURIC ACID?

Sulfur trioxide is generally a colorless liquid but can also exist as ice- or fiber-like crystals or as a
gas. When sulfur trioxide is exposed to air, it rapidly takes up water and gives off white fumes. It
combines with water, releasing considerable heat while forming sulfuric acid. It also reacts
violently with some metal oxides. Sulfur trioxide is also called sulfuric oxide and sulfuric

anhydride. It is used as an intermediate in the production of sulfuric acid, other chemicals, and
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1. PUBLIC HEALTH STATEMENT

explosives. Sulfur trioxide is unlikely to exist in the environment except for very short periods
when it may be present in the air as a gas. In the air, sulfur trioxide can be formed slowly from
sulfur dioxide. Once formed, sulfur trioxide will react with water in the air to form sulfuric acid.
Both sulfur dioxide and sulfuric acid are more likely to be found in air than sulfur trioxide. If you
are interested in learning more about sulfur dioxide, the Agency for Toxic Substances and Disease

Registry has developed a separate profile about it

Sulfuric acid is a clear, colorless, oily licluid that is very corrosive. An odor threshold of sulfuric
acid in air has been reported to be 1 milligram per cubic meter of air (mg/m”). If you are exposed
to concentrated sulfuric acid in air, your nose will be irritated and it may seem like sulfuric acid
has a pungent odor. When concentrated sulfuric acid is mixed with water, the solution gets very
hot. Concentrated sulfuric acid can catch fire or explode when it comes into contact with many
chemicals including acetone, alcohols, and some finely divided metals. When heated it emits
highly toxic fumes, which include sulfur trioxide. It is also called sulphine acid, battery acid, and
hydrogen sulfate. More sulfuric acid is produced in the United States than any other chemical. It
is used in the manufacture of fertilizers, explosives, other acids, and glue; in the purification of
petroleum; in the pickling of metal; and in lead-acid batteries (the type commonly used in motor
vehicles). Sulfuric acid can be found in the air as small droplets or it can be attached to other

small particles in the air.

Fuming sulfuric acid, also called oleum, is a solution of 10-70% sulfur trioxide in sulfuric acid.
Oleum is the form of sulfuric acid that is often shipped in railroad cars. For more information, see

Chapters 3 and 4.

1.2 WHAT HAPPENS TO SULFUR TRIOXIDE AND SULFURIC ACID WHEN THEY
ENTER THE ENVIRONMENT?

Much of the sulfuric acid in the air is formed from sulfur dioxide released when coal, oil, and gas
are burned. The released sulfur dioxide slowly forms sulfur trioxide, which reacts with water in
the air to form sulfuric acid. Sulfuric acid dissolves in the water in air and can remain suspended

for varying periods of time; it is removed from the air as rain. Sulfuric acid in rain contributes to
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the formation of acid rain. Sulfuric acid in water separates to form hydrogen ions and sulfate.
The ability of sulfuric acid to change the acidity (pH) of water is dependent on the amount of
sulfuric acid and the ability of other substances in the water to neutralize the hydrogen ions
(buffering capacity). For more information about sulfur trioxide and sulfuric acid in the

environment, see Chapters 4 and 5.

1.3 HOW MIGHT | BE EXPOSED TO SULFUR TRIOXIDE OR SULFURIC ACID?

You may be exposed to sulfur trioxide or sulfuric acid at your job if you work in the chemical or
metal plating industry; if you produce detergents, soaps, fertilizers, or lead-acid batteries; or if you
work in printing and publishing, or photography shops. Because sulfur trioxide forms sulfuric
acid when it contacts the moist surfaces of your respiratory tract or your skin, the effects caused
by sulfur trioxide and sulfuric acid are similar. In occupational settings, breathing small droplets
of sulfur trioxide or sulfuric acid or touching it with your skin are the most likely ways you would
be exposed to sulfuric acid. According to estimates from a survey conducted by the National
Institute for Occupational Safety and Health (NIOSH) more than 56,103 U.S. workers may be
exposed to sulfur trioxide, and more than 775,348 U.S. workers may be exposed to sulfuric acid.
However, this survey used estimates from small samples, so the number of workers exposed to

sulfur trioxide and sulfuric acid may be overestimated.

You may also be exposed to sulfuric acid by breathing outdoor air containing this compound. As
mentioned before, sulfuric acid droplets can form in the air when sulfur dioxide is released from
the burning of coal, oil, and gas. This released sulfur dioxide slowly forms sulfur trioxide and
then reacts with water in the air to form sulfuric acid. While sulfuric acid could be present in the
air during episodes of high pollution, all air pollution is not due to sulfuric acid contamination.
The effects of other pollutants in air may be of greater concern to the general population.

Likewise, there are relatively few sulfuric acid air pollution episodes today.
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People living near hazardous waste sites that contain sulfuric acid are at greater risk of exposure
by breathing contaminated air than is the general public. For these people, spending time

outdoors, especially exercising, could increase their risks of being exposed.

You can also be exposed to sulfuric acid when you touch the material that forms on the outside of
your car battery. Sulfuric acid is formed when some toilet bowl cleaners mix with water.
Therefore, if these products touch skin or are accidentally swallowed, you could be exposed to
sulfuric acid. When you cut onions a chemical called propanethiol S-oxide is released into the air.
When this chemical reaches your eyes, it reacts with the water in your eyes to form sulfuric acid,
which causes your eyes to water. People have also been exposed following accidental spills of
sulfuric acid or oleum. These accidents occurred more frequently at a site than while the
substances were being transported. For more information on the ways people might be exposed

to sulfuric acid, see Chapter 5.

1.4 HOW CAN SULFUR TRIOXIDE AND SULFURIC ACID ENTER AND LEAVE MY
BODY?

If you breathe in sulfur trioxide, small droplets of sulfuric acid will form when the sulfur trioxide
contacts water. Small droplets of sulfuric acid may also enter the respiratory tract when you
breathe. Where the droplets will deposit in the respiratory tract depends on their size and how
deeply you are breathing. Smaller droplets will deposit deeper into the lung. If you breathe
through your mouth, more droplets will deposit in your lungs than if you breathe only through

your nose. Extra sulfur dioxide breakdown products are excreted in the urine.

Sulfuric acid causes its effects by direct action on tissues that it touches. With the exception of
how sulfuric acid droplets deposit in the lungs, how sulfur trioxide and sulfuric acid enter and

leave your body does not alter the effects of sulfuric acid. For more information, see Chapter 2.
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1.5 HOW CAN SULFUR TRIOXIDE AND SULFURIC ACID AFFECT MY HEALTH?

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 iuformation needed to make wise decisions to protect
public health. Scientists have the responsibility to treat research animals with care and
compassion. Eaws today protect the welfare of research animals, and scientists must comply with

strict animal care guidelines.

Sulfuric acid and other acids are very corrosive and irritating and cause direct local effects on the
skin, eyes, and respiratory and gastrointestinal tracts when there is direct exposure to sufficient
concentrations. Breathing sulfuric acid mists can result in tooth erosion and respiratory tract
irritation. Drinking concentrated sulfuric acid can burn your mouth and throat, and it can erode a
hole in your stomach; it has also resulted in death. If you touch sulfuric acid, it will burn your
skin. If you get sulfuric acid in your eyes, it will burn your eyes and cause them to water. The
term “burn” used in these sections refers to a chemical burn, not a physical burn resulting from
contacting a hot object. People have been blinded by sulfuric acid when it was thrown in their

faces.

Breathing small droplets of sulfuric acid at levels that might be in the air on a day with high air
pollution may make it more difficult to breathe. This effect is more likely to occur if you have
been exercising or if you have asthma. This effect may also be more likely to occur in children
than adults. Breathing sulfuric acid droplets may affect the ability of your respiratory tract to
remove other small particles that you have inhaled. If you breathe sulfur trioxide, it turns into

sulfuric acid in your upper respiratory tract, and the effects you may experience will be similar to

those of sulfuric acid inhalation.



SULFUR TRIOXIDE AND SULFURIC ACID

1. PUBLIC HEALTH STATEMENT

Studies in people who breathed high concentrations of sulfuric acid at work have shown an

increase in cancers of the larynx. However, most oftbe cancers were in smokers who were also
exposed to other acids and other chemicals. There is no information that exposure to sulfuric acid

by itself is carcinogenic. The carcinogenicity of sulfuric acid has not been studied in animals. The
EPA and the U.S. Department of Health and Human Services (DHHS) have not classified sulfur
trioxide or sulfuric acid for carcinogenic effects. Based on very limited human data, the International
Agency for Research on Cancer (IARC) believes that evidence is sufficient to state that
occupational exposure to strong inorganic acid mists containing sulfuric acid is carcinogenic to

humans. TARC has not classified pure sulfuric acid for its carcinogenic effects.

For more information on the health effects of sulfuric acid, see Chapter 2.

1.6 HOW CAN SULFUR TRIOXIDE OR SULFURIC ACID AFFECT CHILDREN?

This section discusses potential health effects from exposures during the period from conception
to maturity at 18 years of age in humans. Potential effects on children resulting from exposures of

the parents are also considered.

Children may be exposed to sulfur trioxide and sulfuric acid in the same manner as adults, with the
exception of chemical encounters in the workplace. Sulfur trioxide is only used in industry as an
intermediate in the production of chemicals such as sulfuric acid and quickly converts to sulfuric
acid when it contacts water in air. Therefore, children will most likely only be at risk of exposure
from sulfuric acid, not sulfur trioxide. Exposure to sulfuric acid may occur through skin contact,
eye contact, ingestion, and breathing contaminated air. Sulfuric acid can cause severe skin burns,

it can burn the eyes, burn holes in the stomach if swallowed, irritate the nose and throat, and

cause difficulties breathing if inhaled.

Exposure to sulfuric acid from accidental contact with or misuse of sulfuric acid-containing
consumer products is the most likely way your child could be exposed. Household products that

contain sulfuric acid include drain and toilet bowl] cleaners, and some acid car batteries. The
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national estimate (derived by United States Consumer Product Safety Commission, USCPSC) for
injuries related to drain cleaners over a 5-year period ending January 1996 is between 2,800 and
3,150 injuries per year. Inquisitive toddlers may get into unsealed or improperly stored containers
of sulfuric acid-containing products. Transfer of cleaning agents containing sulfuric acid into
containers not designed for their storage can allow leakage from the container. Improper flushing
of areas recently cleaned with a sulfuric acid-containing product can lead to inadvertent skin

exposure to both children and adults.

While younger children are most at risk from accidental swallowing, skin contact, or eye contact
with sulfuric acid in household products, teenagers might have jobs in which they may contact
sulfuric acid. If teenagers must use acid cleaners in their jobs or work in car repair where they
may contact car batteries, they might be exposed. Furthermore, there have been reports of older
children using sulfuric acid-containing solutions as weapons, thereby causing severe skin damage

when intentionally splashed on others.

Small droplets of sulfuric acid may exist in the outdoor air. You and your children have the
greatest chances of inhaling the compound during times of high air pollution with sulfuric acid.
This may lead to difficulty breathing. If you live near electrical, metal processing, or paper
processing industries, you may also have a greater chance of exposure to sulfuric acid. When
sulfuric acid is inhaled into the lungs in the form of small droplets that exist in air, these droplets
are deposited within the lung and the ability of your respiratory tract to remove other small,
unwanted particles may be decreased. A study has shown that children can have greater
deposition of sulfuric acid in their lungs than adults due to children’s smaller airway diameters.
Also, because children breathe more air per kilogram of body weight than adults, children may
take in more sulfuric acid when they breathe the same contaminated air. Increased sensitivity has
been witnessed in both animal studies with young guinea pigs and in human studies of asthmatic
adolescents. This evidence suggests that children may be more vulnerable than adults to the

health effects associated with breathing sulfuric acid.
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No studies examining effects on unborn children following a mother’s exposure to sulfuric acid
during pregnancy were identified in humans. limited evidence in animals indicates that sulfuric
acid is not a hazard to unborn children. Birth defects have not been observed in animals that
breathed high levels of sulfuric acid mist. Exposing pregnant rabbits to sulfuric acid did not
significantly affect the body weights or cause malformations in their offspring. Again, because
sulfuric acid causes adverse effects at its point of contact with the body, the acid, as such, is not
expected to be absorbed or distributed throughout the body. Sulfuric acid is not expected to be
transported across a mother’s placenta into her developing baby or into breast milk. Therefore,
an exposed mother most likely will not threaten her unborn or nursing child. Since sulfuric acid’s
effects occur at the point of contact, it is not likely that it will reach a mother’s egg or father’s
sperm. Therefore, parents exposure to sulfuric acid or sulfur trioxide should not affect their

unborn children.

For more information see Sections 2.6 and 5.6.

1.7 HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO SULFUR
TRIOXIDE OR SULFURIC ACID?

If your doctor finds that you have been exposed to significant amounts of sulfur trioxide or
sulfuric acid, ask if children may also be exposed. When necessary your doctor may need to ask

your State Department of Public Health to investigate.

Sulfuric acid is a highly corrosive chemical that is potentially explosive in concentrated form. It
can cause severe skin burns, can irritate the nose and throat and cause difficulties breathing if
inhaled, can burn the eyes and possibly cause blindness, and can burn holes in the stomach if

swallowed.

Concentrated sulfuric acid is commonly used in the United States as a drain and toilet bowl
cleaner. Children and adults have suffered full thickness skin burns upon accidental contact or
intentional assault with sulfuric acid in this form. Additionally, sulfuric acid is formed when some

toilet bowl cleaners mix with water, so care should be taken not to breathe associated vapors or
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splash any liquid on the skin or in the eyes. All household chemicals containing sulfuric acid
should be stored in their original, labeled containers, kept in locked cabinets away from children,
kept away from fire, and should be used only for their intended purposes. The material that forms
on the outside of a car battery is also a source of sulfuric acid and you should avoid touching it.
Wear safety glasses and use chemical resistant gloves to avoid this type of exposure. Upon any
exposure to sulfuric acid, the contacted body part should be immediately flushed with plentiful
water and then the Poison Control Center contacted. Keep your Poison Control Center’s number
by the phone. If sulfuric acid is spilled in the home, the local Fire Department should be contacted

for assistance in handling the spill.

When levels of air pollution are high, families are advised to stay indoors as much as possible and
to avoid exercising outdoors. Families can be aware of levels of air pollution by paying attention
to news bulletins and air pollution advisories, most of which are issued by the EPA
(Environmental Protection Agency). This is particularly important for individuals with respiratory
conditions and asthmatic children. Staying indoors during times of sulfuric acid air pollution will

help you avoid breathing sulfuric acid droplets.

Adults may be occupationally exposed to sulfuric acid if they work in the chemical or metal
plating industry; produce detergents, soaps, fertilizers, or lead-acid batteries; or work in printing
or publishing, or photography shops. It is not anticipated that workers in such industries can
expose their families at home (through their clothing, skin, or breath) to sulfuric acid contacted at

work.

1.8 IS THERE A MEDICAL TEST TO DETERMINE WHETHER | HAVE BEEN
EXPOSED TO SULFUR TRIOXIDE OR SULFURIC ACID?

There is no medical test to determine whether you have been exposed to sulfur trioxide or sulfuric
acid. Breathing in acids, including sulfuric acid, will increase the acidity of your saliva.
Measuring the acidity of saliva may determine whether you have been exposed to acid but cannot
determine which acid. For more information on where and how sulfuric acid can be detected in

your body after you have been exposed, see Chapters 2 and 6.
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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 24hour 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 sulfur trioxide and sulfuric acid include

the following:

EPA limits the amount of sulfur dioxide that can be released into the air. This limits the amount

of sulfur trioxide and sulfuric acid that form from sulfur dioxide in the air.

OSHA limits the amount of sulfuric acid that can be present in workroom air to 1 mg/ m’. NIOSH
also recommends a time-weighted average limit of 1 mg/ m’. For more information on regulations

and guidelines to protect human health, see Chapter 7.

10
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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:

Agency for Toxic Substances and Disease Registry
Division of Toxicology

1600 Clifton Road NE, Mailstop E-29

Atlanta, GA 30333

* Information line and technical assistance

Phone: 1-800-447- 1544
Fax: (404) 639-6359

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.

* To order toxicological profiles. contact:

National Technical Information Service
5285 Port Royal Road

Springfield, VA 22 16 1

Phone: (800) 553-6847 or (703) 487-4650
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2.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and other
interested individuals and groups with an overall perspective of the toxicology of sulfur trioxide/sulfuric acid.
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.

This profile does not discuss studies regarding exposure to sulfur dioxide, from which sulfur trioxide and
sulfuric acid are formed. Studies regarding effects of sulfur dioxide are discussed in a separate ATSDR

profile (ATSDR 1997).

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

2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

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

periods-acute (14 days or less), intermediate (15-364 days), and chronic (365 days or more).

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-
adverseeffect

levels (LOAELS) reflect the actual doses (levels of exposure) used in the studies. LOAELS have been
classified into “less serious” or “serious” effects. “Serious” effects are those that evoke failure in a biological
system and can lead to morbidity or mortality (e.g., acute respiratory distress or death). “Less serious” effects
are those that are not expected to cause significant dysfunction or death, or those whose significance to the
organism is not entirely clear. ATSDR acknowledges that a considerable amount of judgment may be
required in establishing whether an end point should be classified as a NOAEL, “less serious” LOAEL, or
“serious” LOAEL, and that in some cases, there will be insufficient data to decide whether the effect is

indicative of significant dysfunction. However, the Agency has established guidelines and policies that are
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used to classify these end points. ATSDR believes that there is sufficient merit in this approach to warrant an
attempt at distinguishing between “less serious” and “serious” effects. The distinction between “less serious”
effects and “serious” effects is considered to be important because it helps the users of the profiles to identify
levels of exposure at which major health effects start to appear. LOABLSs or NOAELS 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 (LOAEL) or exposure Bevels below which no adverse effects (NOAELSs)
have been observed. Estimates of levels posing minimal risk to humans (Minimal Risk Levels or MRLs) may

be of interest to health professionals and citizens alike.

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.

2.2.1 Inhalation Exposure

Few studies were identified regarding the toxic effects of sulfur trioxide. Within the respiratory tract, sulfur
trioxide reacts rapidly with water to form sulfuric acid (IARC 1992). Therefore, the adverse effects of sulfur

trioxide are expected to be the same as those of sulfuric acid.

There are many factors, in addition to exposure concentration, that determine the response to the inhalation of
sulfuric acid aerosols. One factor is aerosol size which determines the location in the respiratory tract where
sulfuric acid aerosols will deposit and result in effects. Humidity, both in the environment and in the

respiratory tract, helps to determine the aerosol size.

Growth of sulfuric acid aerosols in response to humidity in airways results in greater respiratory deposition
compared to deposition of inert particles (Carabine and Maddock 1976). Likelihood of pulmonary deposition
is increased by depth of penetration and particle growth. Because small sulfuric acid particles grow upon
contact with humidified airways, they will penetrate deeper into the lung than inert particles of the same size

as the enlarged, humidified particles. Growth of acid particles also increases retention because they may
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initially enter small airways, but following expansion, may be too large for exhalation through the same
airways. Therefore deposition will also be greater as compared to that of inert particles of the same size as

the original acid particle prior to inhalation.

Inert aerosols, which do not change size as they enter the respiratory tract, deposit in the nasopharyngeal
region by inertial impaction if they are 5-30 um in diameter; in the tracheobronchial region by sedimentation
if they are I-5 pm in diameter; and in the alveolar region by diffusion if they are < 1 um in diameter (Wits&i

and Last 1996).

Aerosols are usually a range of sizes that approximate a log-normal distribution. This size distribution is
most frequently described by the median or geometric mean and the geometric standard deviation (Witschi
and Last 1996). For studies of sulfuric acid aerosols, the diameters often reported are the mass median
diameter (MMD) and the mass median aerodynamic diameter (MMAD) which takes into account both the
density of the particle and the aerodynamic drag. Several inhalation studies of sulfuric acid aerosol report
aerosol size as count median diameter (CMD) or volume median diameter (VMD). Aerosol size in pm is
presented in the inhalation LSE table (Table 2-B), and the type of measurement is indicated. In Figure 2-1,
aerosol sizes are indicated with footnotes as ultrafine (II) <0.1 pm, small (S) 0. I-<I pm, medium (M)

[-<5 pum, and large (L) 5-30 pm. Acid aerosols typically found in the ambient air have an MMAD of
0.3-0.6 um, while industrial aerosols can have MMADs as large as 14 pm (Lippmann et al. 1987).

In addition to aerosol size, conditions of exposure are very important for determining the effect of sulfuric
acid. For example, breathing rate, which is affected by physical activity, and the method of breathing (e.g.,
nose, mouth, or oronasal) help to determine where in the respiratory tract the aerosol deposits; the site of
deposition determines the effect of the aerosol. How much of the acid is neutralized by ammonia or other
alkaline substances, both in the ambient environment and within the respiratory tract, also determines the
effects of sulfuric acid aerosols. Ammonia is emitted in breath and sweat, with concentrations of

120-1280 ppb measured in the exhaled air of humans (Suh et al. 1992). Therefore, as sulfuric acid enters the
breathing zone it may be neutralized which results in lower personal exposure. More information about

sources of ammonia can be found in the ATSDR profile on ammonia (ATSDR 1990).

The acid neutralization capacity of the respiratory mucus may also determine whether or not inhalation of
sulfuric acid aerosols will result in a response. For example, it has been suggested that asthmatics are more

sensitive to sulfuric acid because the pH of their mucus is lower than normal subjects (Holma 1985). In the
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discussions that follow, conditions of exposure, especially in human exposure studies, will be presented.
Exposures were whole-body chamber exposures unless indicated otherwise. In addition, in the inhalation
LSE table (Table 2-1), studies in which the volunteers were asthmatics are indicated as “human-a.” The non-

asthmatic subjects are designated as “human-n.”

2.2.1.1 Death

Studies regarding death of humans following acute- and intermediate-duration inhalation exposure to sulfuric
acid aerosols were not identified in recent years Increased mortality, especially of elderly persons and those
with preexisting cardiac and respiratory disease, has been reported during or shortly after air pollution
episodes (Costa and Amdur 1996). Because it is not possible to clearly separate the effects of sulfuric acid
aerosols from other pollutants, including particulates, sulfur dioxide, and ozone, these studies are not
discussed. In general, increased mortality seems to correlate more closely with particulate matter, including
sulfuric acid aerosols. In a study that tried to separate the effects of sulfuric acid aerosols from sulfur dioxide
and from British smoke (a measure of particulates), the log of sulfuric acid aerosol concentrations in London
was more strongly correlated with total mortality than either sulfur dioxide or British smoke (Thurston et al.
1989). The authors of the study concluded that their results were consistent with the hypothesis that sulfuric
acid is the portion of the particulate mass with greatest health significance. No association between mortality
and environmental sulfate concentrations was observed among 6,340 nonsmoking persons living in California
(Abbey et al. 1995). Overall mortality of workers was not associated with acid exposure at steel factories

(Beaumont et al. 1987) or at a sulfuric acid plant (Englander et al. 1988).

Numerous studies are available concerning the mortality of animals following inhalation exposure to sulfuric
acid. One-hour LCsps of 347 and 420 ppm fuming sulfuric acid have been reported for female and male rats,
respectively (Vernot et al. 1977). Fuming sulfuric acid is sulfuric acid with up to 80% free sulfur trioxide
(Budavari 1989). The percentage of sulfur trioxide in the Vemot et al. (1977) study was not stated. The

LCsy values expressed as mg sulfur trioxide/ m’ were 1,136 and 1,375 for female and male rats, respectively.
Because fuming sulfuric acid was used in this study, the Vernot et al. (1977) study is not presented in

Table 2- 1 or Figure 2- 1.

The lowest concentration of sulfuric acid aerosols that resulted in the death of rats was 383 mg/ m® (Treon et
al. 1950). One rat died during the first day of a 7-hour exposure, and one rat died on the second day of a

7-hour exposure. Following one 7-hour exposure, 2 of 2 rats died at 699 mg/m’, while all rats survived a 7-
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hour exposure to sulfuric acid aerosols at 461 mg/ m® (Treon et al. 1950). Following one 3.5-hour sulfuric
acid aerosol exposure, 2 of 2 rats died at 1,470 mg/ m® with no deaths observed at 718 mg/ m® (Treon et al.
1950). The aerosol size used in the Treon et al. (1950) study was described as being in the range of 1-2 um .
In a 5-day exposure study in which the duration of the exposure each day was not stated, no rats died during

exposure to 100 mg/ m® sulfuric acid aerosols at an MMAD of 0.72 pm (Cavender et al. 1977).

Mice were more susceptible to sulfuric acid aerosol exposure (diameter 1-2 um) than rats (Treon et al.

1950). Following 5 daily 7-hour exposures, 4 of 5 mice died at 383 mg/ m’, with all surviving at 203 mg/ m’.
Exposure for 7 hours resulted in the deaths of 2 of 5 mice at 699 mg/ m’, with all surviving at 461 mg/ m’,
while exposure for 3.5 hours resulted in the deaths of 2 of 5 at 549 mg/ m®. Lower concentrations of sulfuric

acid were not studied in mice exposed for 3.5 hours.

Among the species tested, guinea pigs are the most sensitive to exposure to sulfuric acid aerosols. During a
1-hour exposure to 52-6 1 mg/ m’ sulfuric acid (MM/D 0.8-2.1 um), about 6% of the exposed guinea pigs
died (Stengel et al. 1993). The lowest concentration of the range is shown in Table 2-1 and Figure 2-1. The
number of guinea pigs exposed was not stated. Before death, the guinea pigs developed labored breathing.
Exposure of guinea pigs to 87 mg/ m® sulfuric acid aerosols in the range of 1-2 ym resulted in the death of all
3 exposed animals within 2.75 hours (Treon et al. 1950). The deaths of guinea pigs were attributed to an

acute respiratory response to the acid exposure.

Younger guinea pigs are more sensitive to sulfuric acid aerosols than older guinea pigs. For guinea pigs
exposed to sulfuric acid aerosols with a mean aerosol size of 1 pm, 8-hour LCsos of 18 and 50 mg/ m® were
reported for 1-2-month-old and 1.5-year-old guinea pigs, respectively (Amdur et al. 1952a). During a 72-
hour exposure to 12 mg/m’ sulfuric acid aerosols (mean particle size 1 pm), approximately 10% of the
exposed guinea pigs died during the first 8 hours, with no additional deaths occurring (Amdur et al. 1952a).
No guinea pigs exposed to 8 mg/m’ sulfuric acid aerosol for 72 hours died. The effects observed in the
guinea pigs that died included gross areas of hemorrhage in the lungs, which were frequently most
pronounced around the hilar regions, surface hemorrhage of the adrenal glands, and nasal bleeding at higher
concentrations. Microscopically, hemorrhage and edema were observed in the lungs, with leukocytes and

erythrocytes in the alveolar spaces. Congestion of the bronchi, alveoli, and blood vessels was also observed.

The effect of aerosol size on survival of guinea pigs exposed to sulfuric acid aerosols has been studied.

Following exposure to sulfuric acid aerosols with MMADs of 0.8 and 0.4 um, LCses of 30.3 and
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>109 mg/ m’, respectively, were reported for guinea pigs exposed for 8 hours (Wolff et al. 1979). In another
study, 8-hour LCs,s of 59.8 and 27.3 mg/ m® were reported for aerosols with MMADs of 0.8 and 2.7 um,
respectively (Pattle et al. 1956). Pattle et al. (1956) also showed that a lowered ambient temperature
enhanced the toxicity of sulfuric acid aerosols in guinea pigs. For an aerosol of MMAD 0.8 pum, the LCss

were 59.8 and 46.9 mg/ m’ at 20°C