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DISCLAIMER

Use of trade names is for identification only and does not imply endorsement by the Agency for Toxic
Substances and Disease Registry, the Public Health Service, or the U.S. Department of Health and Human
Services.
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UPDATE STATEMENT

A Toxicological Profile for Glutaraldehyde, Draft for Public Comment was released in December 2015.
This edition supersedes any previously released draft or final profile.

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

Agency for Toxic Substances and Disease Registry
Division of Toxicology and Human Health Sciences
Environmental Toxicology Branch
1600 Clifton Road NE
Mailstop F-57
Atlanta, Georgia 30329-4027
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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 these toxic substances described therein. Each peer-reviewed profile identifies and
reviews the key literature that describes a 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 the protection of public health are identified by ATSDR.

Each profile includes the following:

(A) The examination, summary, and interpretation of available toxicologic information and
epidemiologic evaluations on a toxic 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

© 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. Staffs 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.

TRkt

Patrick N. Breysse, Ph.D., CIH
Director, National Center for Environmental Health and
Agency for Toxic Substances and Disease Registry
Centers for Disease Control and Prevention
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*Legislative Background

The toxicological profiles are developed under the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980, as amended (CERCLA or Superfund). CERCLA section
104(i)(1) directs the Administrator of ATSDR to “...effectuate and implement the health related
authorities” of the statute. This includes the preparation of 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. Section
104(i)(3) of CERCLA, as amended, directs the Administrator of ATSDR to prepare a toxicological profile
for each substance on the list. In addition, ATSDR has the authority to prepare toxicological profiles for
substances not found at sites on the National Priorities List, in an effort to “...establish and maintain
inventory of literature, research, and studies on the health effects of toxic substances” under CERCLA
Section 104(i)(1)(B), to respond to requests for consultation under section 104(i)(4), and as otherwise
necessary to support the site-specific response actions conducted by ATSDR.



GLUTARALDEHYDE vii

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 may 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 (e.g.,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:
Chapter 1 How Can (Chemical X) Affect Children?
Chapter 1 How Can Families Reduce the Risk of Exposure to (Chemical X)?
Section 3.8 Children’s Susceptibility
Section 6.6 Exposures of Children

Other Sections of Interest:
Section 3.9 Biomarkers of Exposure and Effect
Section 3.12  Methods for Reducing Toxic Effects

ATSDR Information Center
Phone: 1-800-CDC-INFO (800-232-4636) or 1-888-232-6348 (TTY)
Internet: http://www.atsdr.cdc.gov

The following additional materials are available online:
Case Studies in Environmental Medicine are self-instructional publications designed to increase primary

health care providers’ knowledge of a hazardous substance in the environment and to aid in the
evaluation of potentially exposed patients (see https://www.atsdr.cdc.gov/csem/csem.html).


https://www.atsdr.cdc.gov/csem/csem.html
http:http://www.atsdr.cdc.gov
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Managing Hazardous Materials Incidents is a three-volume set of recommendations for on-scene
(prehospital) and hospital medical management of patients exposed during a hazardous materials
incident (see https://www.atsdr.cdc.gov/MHMI/index.asp). 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 Ill—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 (see
https://www.atsdr.cdc.gov/toxfaqs/Index.asp).

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 « Web Page:
https://www.cdc.gov/nceh/.

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, 395 E Street, S.W., Suite 9200,
Patriots Plaza Building, Washington, DC 20201 « Phone: 202-245-0625 or 1-800-CDC-INFO
(800-232-4636) « Web Page: https://www.cdc.gov/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 « Web Page:
https://www.niehs.nih.gov/.

Clinical Resources (Publicly Available Information)

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, 25 Northwest Point Boulevard, Suite 700, Elk
Grove Village, IL 60007-1030 « Phone: 847-818-1800 « FAX: 847-818-9266 « Web Page:
http://www.acoem.org/.

The American College of Medical Toxicology (ACMT) is a nonprofit association of physicians with
recognized expertise in medical toxicology. Contact: ACMT, 10645 North Tatum Boulevard,


http:http://www.acoem.org
http:http://www.aoec.org
mailto:AOEC@AOEC.ORG
http:https://www.niehs.nih.gov
https://www.cdc.gov/niosh
https://www.cdc.gov/nceh
https://www.atsdr.cdc.gov/toxfaqs/Index.asp
https://www.atsdr.cdc.gov/MHMI/index.asp

GLUTARALDEHYDE ix

Suite 200-111, Phoenix AZ 85028 « Phone: 844-226-8333 « FAX: 844-226-8333 « Web Page:
http://www.acmt.net.

The Pediatric Environmental Health Specialty Units (PEHSUs) is an interconnected system of specialists
who respond to questions from public health professionals, clinicians, policy makers, and the
public about the impact of environmental factors on the health of children and reproductive-aged
adults. Contact information for regional centers can be found at http://pehsu.net/findhelp.html.

The American Association of Poison Control Centers (AAPCC) provide support on the prevention and
treatment of poison exposures. Contact: AAPCC, 515 King Street, Suite 510, Alexandria VA
22314 « Phone: 701-894-1858 ¢ Poison Help Line: 1-800-222-1222 « Web Page:
http://www.aapcc.org/.


http:http://www.aapcc.org
http://pehsu.net/findhelp.html
http:http://www.acmt.net
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CONTRIBUTORS

CHEMICAL MANAGER(S)/AUTHOR(S):
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THE PROFILE HAS UNDERGONE THE FOLLOWING ATSDR INTERNAL REVIEWS:

1. Health Effects Review. The Health Effects Review Committee examines the health effects
chapter of each profile for consistency and accuracy in interpreting health effects and classifying
end points.

2. Minimal Risk Level Review. The Minimal Risk Level Workgroup considers issues relevant to

substance-specific Minimal Risk Levels (MRLS), reviews the health effects database of each
profile, and makes recommendations for derivation of MRLS.

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

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



GLUTARALDEHYDE Xii

This page is intentionally blank.



GLUTARALDEHYDE xiii

PEER REVIEW

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

1. Dr. H.M. Bolt, M.D., Ph.D., Leibniz Research Centre for Working Environment and Human
Factors, Ardeystrafe 67, D-44139 Dortmund;

2. Barbara Shane, Ph.D., 205 Landreth Court, Durham, North Carolina; and

3. Dr. Errol Zeiger, Ph.D., J.D., A.T.S., Errol Zeiger Consulting, 800 Indian Springs Road, Chapel

Hill, North Carolina.

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

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

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

1. PUBLIC HEALTH STATEMENT FOR GLUTARALDEHYDE

This Public Health Statement summarizes the Agency for Toxic Substances and Disease Registry’s
(ATSDR) findings on glutaraldehyde, including chemical characteristics, exposure risks, possible health

effects from exposure, and ways to limit exposure.

If you are exposed to glutaraldehyde, many factors determine whether you’ll be harmed. These include
how much you are exposed to (dose), how long you are exposed (duration), how often you are exposed
(frequency), and how you are exposed (route of exposure). You must also consider the other chemicals

you are exposed to and your age, sex, diet, family traits, lifestyle, and state of health.

WHAT IS GLUTARALDEHYDE?

Glutaraldehyde is a colorless, oily liquid with a sharp, pungent odor. Other names for glutaraldehyde
include pentanedial, glutaral, and 1,5-pentanedial, as well as a variety of other chemical and trade names.

Glutaraldehyde is not stable in its pure form, so it is usually found in a solution mixed with water.

Glutaraldehyde is used for industrial, laboratory, agricultural, and medical purposes, primarily for
disinfecting and sterilization of surfaces and equipment. It may be found in medical facilities where it is
used to disinfect equipment that cannot be subject to heat sterilization. It is also used in industrial
cleaning supplies. The majority of the uses of glutaraldehyde are industrial as opposed to consumer
applications. For example, it is used in oil and gas recovery, waste water treatment, as a pesticide and in
fogging and cleaning of poultry houses, as a chemical intermediate in the production of various materials,
in the paper industry, in x-ray processing, in embalming fluid, and for leather tanning. It may be used in
select goods, such as paint and laundry detergent. Detailed information about the uses of glutaraldehyde

can be found in Chapter 5.

WHAT HAPPENS TO GLUTARALDEHYDE WHEN IT ENTERS THE ENVIRONMENT?

Glutaraldehyde can get into air from its use as a disinfectant, such as in hospitals and dental clinics, and
from other commodities that may use glutaraldehyde (e.g., paints). Industries using glutaraldehyde can
also cause its release to air (e.g., oil and gas industry, animal facilities, and water treatment facilities).

Glutaraldehyde in air will be degraded by light within a relatively short time period; that is, half will be

gone from air in 16 hours.
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Use of glutaraldehyde as a disinfectant can cause it to enter water, such as from hospital wastewater.
Glutaraldehyde may enter groundwater during its use as a biocide for processes such as industrial water
treatment or oil and gas recovery and pipeline operations. In water, glutaraldehyde will degrade quickly.
Depending on how much oxygen is available in the water, glutaraldehyde might turn into carbon dioxide

or 1,5-pentanediol.

Glutaraldehyde can get into soil in similar ways as it can get in to water. Contaminated water can seep
into nearby soils. Glutaraldehyde will most likely disappear quickly from soil due to degradation. It is
expected to travel quickly through soil.

HOW MIGHT | BE EXPOSED TO GLUTARALDEHYDE?

You are most likely to be exposed if you use products such as disinfectants that contain glutaraldehyde or
if you are around areas that are being disinfected with glutaraldehyde-containing products. Because
glutaraldehyde is used in oil and gas recovery operations (including hydrofracturing processes), there is

potential for exposure among workers and the general population in areas surrounding such operations.

HOW CAN GLUTARALDEHYDE ENTER AND LEAVE MY BODY?

Most of the glutaraldehyde that you breathe in will react with tissue in your nose (or mouth and throat if

you breathe it in through your mouth) and cause irritation; some may enter your blood.

You are not likely to come into contact with glutaraldehyde in drinking water. If you do, some of it

would react with tissue in your gastrointestinal tract and cause irritation. Some might enter your blood.

You are not likely to come into contact with glutaraldehyde in soil. If you were to get glutaraldehyde on

your skin, a very small amount might enter your blood.

Glutaraldehyde in the blood can travel throughout the body; it appears to rapidly break down into other

substances including carbon dioxide.

Animal studies indicate that much of the glutaraldehyde that enters your blood is converted into carbon

dioxide and leaves your body when you breathe it out. Some of the glutaraldehyde and/or its breakdown
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products leave your body in the urine. If you were to drink water or eat food containing glutaraldehyde,

more of it and/or its breakdown products would leave your body in the feces than in urine or exhaled air.

HOW CAN GLUTARALDEHYDE AFFECT MY HEALTH?

You are not likely to be exposed to amounts of glutaraldehyde that would harm you. If you were, the

health effects would depend on the amount of glutaraldehyde to which you were exposed.

Your skin and eyes could become irritated if glutaraldehyde were to contact your skin and eyes. Your
nose could become irritated if you were to breathe in glutaraldehyde. Your mouth, esophagus, and

stomach could become irritated if glutaraldehyde were to enter your mouth.

Because glutaraldehyde causes irritation of tissues that come into contact with it, long-term effects are
similar to those experienced by short-term exposure. Your skin might also become more sensitive to

glutaraldehyde if you come into repeated contact with it.

There is no evidence that glutaraldehyde causes cancer in people. One study reported increases in a type
of blood cancer in rats, but an EPA cancer assessment review committee concluded that this type of
cancer was common in older rats. Other animal studies found no evidence that glutaraldehyde causes

cancer.

The American Conference of Governmental Industrial Hygienists determined that glutaraldehyde is not
classifiable as to whether it causes cancer based on available results from animal studies. Glutaraldehyde

is not on the National Toxicology Program (NTP) list of known or suspected cancer-causing substances.

HOW CAN GLUTARALDEHYDE AFFECT CHILDREN?

This section discusses potential health effects of glutaraldehyde exposure in humans from when they’re

first conceived to 18 years of age.

Glutaraldehyde is expected to affect children in the same manner as adults. It is not known whether

children are more susceptible than adults to the effects of glutaraldehyde.

The few available reports for humans and animals have not shown that glutaraldehyde can cause birth

defects.
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HOW CAN FAMILIES REDUCE THEIR RISK OF EXPOSURE TO GLUTARALDEHYDE?

If your doctor finds that you have been exposed to significant amounts of glutaraldehyde, ask whether
your children might also be exposed. Your doctor might need to ask your state health department to

investigate. You may also contact the state or local health department with health concerns.

Families are not likely to be exposed to glutaraldehyde, as it is primarily used in industrial or medical
applications. However, in the event that a worker’s clothing were to become soaked with glutaraldehyde,
a change of clothes at the workplace would reduce the risk of exposing others outside the workplace

environment.

ARE THERE MEDICAL TESTS TO DETERMINE WHETHER | HAVE BEEN EXPOSED TO
GLUTARALDEHYDE?

Although methods are available to detect glutaraldehyde in biological materials, they are not useful for
estimating the magnitude of an exposure because glutaraldehyde reacts rapidly with tissues that it
contacts. Also, absorbed glutaraldehyde leaves the body quickly as glutaraldehyde and/or its breakdown

products.

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 are not enforceable 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 as “not-to-exceed” levels; that is, levels of a toxic
substance in air, water, soil, or food that do not exceed a critical value usually based on levels that affect
animals; levels are then adjusted to help protect humans. Sometimes these not-to-exceed levels differ

among federal organizations. Different organizations use different exposure times (e.g., an 8-hour
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workday or a 24-hour day), different animal studies, or emphasize some factors over others, depending on

their mission.

Recommendations and regulations are also updated periodically as more information becomes available.
For the most current information, check with the federal agency or organization that issued the regulation

or recommendation.

EPA has no drinking water standard for glutaraldehyde. OSHA has not established an exposure limit for
glutaraldehyde in air. NIOSH established a Recommended Exposure Limit (REL) of 0.2 ppm in air, as a

ceiling concentration.

WHERE CAN | GET MORE INFORMATION?

If you have any questions or concerns, please contact your community or state health or environmental
quality department, or contact ATSDR at the address and phone number below. You may also contact
your doctor if experiencing adverse health effects or for medical concerns or questions. ATSDR can also
provide publicly available information regarding medical specialists with expertise and experience

recognizing, evaluating, treating, and managing patients exposed to hazardous substances.

e (all the toll-free information and technical assistance number at
1-800-CDCINFO (1-800-232-4636) or

e  Write to:
Agency for Toxic Substances and Disease Registry
Division of Toxicology and Human Health Sciences
1600 Clifton Road NE
Mailstop F-57
Atlanta, GA 30329-4027

Toxicological profiles and other information are available on ATSDR’s web site:

http://www.atsdr.cdc.gov.


http:http://www.atsdr.cdc.gov
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2. RELEVANCE TO PUBLIC HEALTH

2.1 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO GLUTARALDEHYDE IN
THE UNITED STATES

Glutaraldehyde is a commercial chemical used primarily as a disinfectant and biocide. It has numerous
uses in industrial, agricultural, and medical settings, including: leather tanning; chemical intermediate;
industrial antimicrobial agent and pesticide (algaecide, bactericide, and fungicide); biological tissue
fixative; protein and polyhydroxy material cross-linking; x-ray processing; embalming fluid; printing
industry preservative; poultry house fogging and other agricultural sanitization; as a materials
preservative; intermediate for adhesives, sealants, and pharmaceuticals; and in the paper and textile
industries. One of the main uses of glutaraldehyde is in cold sterilization of medical and dental

equipment bronchoscopes.

Glutaraldehyde may be released to the environment through its production and use. It may be released to
the atmosphere from its uses in x-ray development, as a disinfectant, and as a slimicide in paints and
laundry detergents. It can also be released to air from oil and gas recovery and pipeline operations,
industrial water treatment processes, poultry house fogging, and vehicle emissions. Glutaraldehyde
releases to water generally occur as a result of waste water disposal from hospitals, textile and paper
industries, industrial water treatment processes, cooling water systems, leather tanning, and oil and gas
operations. When glutaraldehyde solutions are disposed of as sewage, residues can be released to water
following sewage treatment processes. Disposal of cold disinfectant solutions from hospitals is the major

source of glutaraldehyde to surface waters.

Glutaraldehyde is not considered to be highly persistent in the environment. It generally stays in the
aquatic phase, where it rapidly degrades under both aerobic and anaerobic conditions. It is also expected
to be highly mobile in soil, where it biodegrades under aerobic conditions. Glutaraldehyde does not

bioaccumulate in aquatic organisms.

Glutaraldehyde has been identified in indoor and outdoor air as well as waste water samples. The
majority of the atmospheric monitoring has been done in hospitals and dental clinics where
glutaraldehyde is used for sterilization, where the highest concentrations generally occur near the source
of sterilization equipment. Glutaraldehyde releases to indoor air are often mitigated by proper ventilation
and handling techniques. Glutaraldehyde has been measured in waste water, primarily for waste streams

originating from hospitals where glutaraldehyde solutions are regularly disposed of as sewage.
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Exposure to glutaraldehyde is primarily through inhalation, although dermal contact and ingestion may
also occur. The general public is generally not exposed to glutaraldehyde, as it is primarily used in
industrial or medical applications. People may be exposed in medical facilities or other areas where
glutaraldehyde solutions are used for cleaning, and from paint and laundry detergents that contain
glutaraldehyde. Although glutaraldehyde is used as a disinfectant for poultry/livestock equipment and
processing premises, because it degrades so rapidly, the potential for glutaraldehyde residues to
contaminate food sources is very slight. Medical and dental personnel are primarily at risk for
occupational exposure to glutaraldehyde due to its use in disinfecting products and x-ray film processing.
Occupational exposure may also occur as a result of paper manufacturing, oil and gas recovery and
pipeline activities, animal house fogging and cleaning, metalworking, and other industrial processes

where glutaraldehyde is used or produced.

2.2 SUMMARY OF HEALTH EFFECTS

Relevant information regarding glutaraldehyde toxicity in humans and laboratory animals subjected to
systematic review (see Appendix B for detailed description of the systematic review process) and
summarized in Section 3.2 of this Toxicological Profile for Glutaraldehyde. A brief overview of the

information in Section 3.2 follows.

Glutaraldehyde is a contact irritant, dermal sensitizer, and potential respiratory sensitizer. Occupational
exposure to glutaraldehyde has been commonly associated with symptoms of respiratory tract irritation,
particularly in medical facilities where glutaraldehyde is used as a disinfectant. In occupational settings
where personal or workplace air sampling was performed, self-reported respiratory tract symptoms
following short-term exposures occurred at concentrations as low as 0.05 ppm. Single and repeated
exposure of laboratory animals to glutaraldehyde vapor results in clinical signs (e.g., nasal discharge,
labored breathing, mouth breathing, audible respiration, rales, perinasal encrustation) and histopathologic
nasal lesions (e.g., rhinitis, epithelial changes, mild atrophy of olfactory mucosa) at airborne
concentrations as low as 0.0625-2.6 ppm. Repeated-exposure scenarios result in exposure concentration-
related increased incidence and severity of clinical signs and histopathologic nasal lesions.
Glutaraldehyde-induced histopathologic lesions in animals are generally confined to the anterior nasal

cavity.
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Glutaraldehyde irritates eyes and skin upon direct contact. Occupational exposure to glutaraldehyde has
been commonly associated with ocular irritation and severe dermal irritation. Severe ocular effects were
reported in patients undergoing eye surgical procedures; it was suspected that the effects were elicited by
glutaraldehyde residue on surgical equipment following disinfection with glutaraldehyde-containing

products. Glutaraldehyde induces contact ocular and dermal irritation in laboratory animals as well.

Pathologic evidence of glutaraldehyde-induced gastrointestinal irritation was observed following
administration of aqueous glutaraldehyde by single gavage to rats and mice at sublethal and lethal doses.
Gross and/or histopathologic respiratory lesions have been observed in some animals that were
administered glutaraldehyde by the oral exposure route and likely resulted from the release of

glutaraldehyde vapor from the digestive tract.

Depressed body weight gain or actual body weight loss was observed in some studies of animals
repeatedly exposed to glutaraldehyde by inhalation, oral, or dermal routes. Increased incidences of self-
reported headaches were noted among workers exposed to glutaraldehyde during disinfection processes.

However, glutaraldehyde-induced neurotoxicity has not been demonstrated in animals.

Numerous reports suggest that glutaraldehyde causes dermal sensitization in occupational settings where
glutaraldehyde is used as a germicide. The dermal sensitization potential of glutaraldehyde was not
demonstrated in limited controlled human studies. Evidence of glutaraldehyde-induced dermal

sensitization was noted in some animal studies.

There is some evidence for glutaraldehyde-induced respiratory hypersensitivity in occupationally-exposed
individuals. Results from single-blind placebo-controlled studies of health workers with occupational
exposure to glutaraldehyde and diagnosed with glutaraldehyde-induced occupational asthma and rhinitis
suggest an immunologic mechanism. Other epidemiological studies revealed no evidence of
glutaraldehyde-induced respiratory sensitization. There was no evidence of glutaraldehyde-induced

respiratory sensitization in available animal studies.

Glutaraldehyde has been widely implicated as the cause of colitis and diarrhea following endoscopy or

sigmoidoscopy procedures, the likely result of contact irritation.

The potential carcinogenicity of inhaled glutaraldehyde was assessed in a 2-year inhalation study of

F344/N rats and B6C3F1 mice. Based on the lack of exposure-related increased incidences of neoplastic
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lesions in any organ or tissue from 2-year repeated exposures at up to 750 ppb (rats) and 250 ppb (mice),
NTP concluded that there was “no evidence of carcinogenic activity” of glutaraldehyde. In another
chronic study, increased incidences of large granular lymphocytic leukemia (LGLL) were noted in spleen
and liver of female F344 rats administered glutaraldehyde in their drinking water at 50, 250, and

1,000 ppm. However, due to high background and variable incidences of LGLL in the Fischer 344 rat,
statistical significance only in the female rats, and lack of a clear dose response, the study authors
indicated that the biological significance of the LGLL findings was unclear and suggested that the
statistical significance might possibly have been a result of an abnormally low incidence of LGLL in the
control females. Furthermore, a Cancer Assessment Review Committee for the U.S. EPA did not
consider the statistically increased incidences of LGLL to be treatment related because: (1) LGLL is a
common and highly variable spontaneous neoplasm in F344 rats; (2) incidences were within the range of
available historical control data; and (3) no significantly increased incidences of LGLL or any other
tumors were seen in the male rats of this drinking water study, in male or female F344 rats or B6C3F1
mice exposed to glutaraldehyde vapor by inhalation for 2 years, or in Wistar rats exposed via the drinking
water for 2 years. Glutaraldehyde is not on the list of agents evaluated for carcinogenicity by the
International Agency for Research on Cancer. The American Conference of Governmental Industrial

Hygienists (ACGIH) lists glutaraldehyde as A4 (not classifiable as a human carcinogen).

2.3 MINIMAL RISK LEVELS (MRLs)

As summarized in Table 2-1, inhalation MRLs have been derived for acute- and intermediate-duration
exposure to glutaraldehyde and an oral MRL has been derived for chronic-duration exposure to
glutaraldehyde. The acute- and intermediate-duration inhalation MRLs are based on glutaraldehyde-
induced nasal lesions in laboratory animals, the most sensitive end point identified from results of studies
that employed acute- or intermediate-duration inhalation exposure scenarios. A chronic-duration
inhalation MRL was not derived for glutaraldehyde because potential MRLs based on the most sensitive
nasal lesions observed following chronic-duration inhalation exposure (>1 year) were 2—3-fold higher
than the intermediate-duration inhalation MRL. Based on a conservative approach, this suggests that the
intermediate-duration inhalation MRL would also be protective of chronic-duration inhalation exposure to
glutaraldehyde. Insufficient data precluded the derivation of acute- or intermediate-duration oral MRLs
for glutaraldehyde. Gastric irritation in chronically exposed rats served as the basis for deriving a
chronic-duration oral MRL for glutaraldehyde. Refer to Section 3.6.2 and Appendix A for detailed

information regarding MRL derivation for glutaraldehyde.
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Table 2-1. Minimal Risk Levels (MRLs) for Glutaraldehyde?

Exposure Point of Uncertainty
duration Critical effect departure  factor MRL
Inhalation exposure
Acute Nasal lesions observed in rats exposed to NOAELhec: 3P 0.001 ppm
20.250 ppm (Gross et al. 1994; NTP 1993) 0.003 ppm
Intermediate  Nasal lesions observed in mice exposed to BMCL1oHec: 3P 0.00003 ppm
20.0625 ppm (Gross et al. 1994; NTP 0.00008 ppm
1993)
Chronic The intermediate-duration inhalation MRL

is considered protective of longer-term
exposure to glutaraldehyde because
available animal data provide a less
conservative MRL for chronic-duration
inhalation exposure (0.00007 ppm)

Oral exposure

Acute Insufficient data for derivation of an MRL

Intermediate Insufficient data for derivation of an MRL

Chronic Gastric irritation in rats exposed to NOAEL: 30¢ 0.1 mg/kg/day
217 mg/kg/day in drinking water (van Miller 4 mg/kg/day
et al. 2002)

aThe respective exposure durations for acute, intermediate, and chronic MRLs are <14 days, 15-364 days, and
21 year.

b1 for extrapolation from animals to humans using dosimetric conversion and 3 for human variability.

¢10 for extrapolation from animals to humans and 3 for human variability.

BMCL = benchmark concentration lower confidence limit; HEC = human equivalent concentration; NOAEL = no-
observed-adverse-effect level
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3. HEALTH EFFECTS

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 glutaraldehyde. 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.

ATSDR employed a systematic review of health effects data in preparation of this Toxicological Profile
for Glutaraldehyde. The systematic review provides transparency regarding the process of identification,
synthesis, and interpretation of the scientific evidence regarding potential hazards associated with
inhalation, oral, and dermal/ocular exposure to glutaraldehyde. Details regarding the framework and
implementation of the systematic review for glutaraldehyde-induced health effects are presented in
Appendix B. Relevant data extracted from individual studies selected for inclusion in the systematic
review were summarized (see Table B-2 of Appendix B). A summary of the extracted data for each study
is available in the Supplemental Document for Glutaraldehyde. The available human and animal studies
identified five potential health outcomes for glutaraldehyde: respiratory, gastrointestinal, renal, dermal,
and ocular effects. Overviews of the results of the inhalation, oral, and dermal exposure studies are
presented in Section 3.2 of the profile and in the Levels Significant Exposure tables in Section 3.2 of the

profile (Tables 3-1, 3-7, and 3-8, respectively).

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 (e.g., death, systemic, immunological, neurological,
reproductive, developmental, 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).

Dose response data 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 (LOAELS) reflect the actual doses (levels of exposure) used in the studies.
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The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and
figures may differ depending on the user's perspective. Public health officials and others concerned with
appropriate actions to take at hazardous waste sites may want information on levels of exposure
associated with more subtle effects in humans or animals (LOAELS) or exposure levels below which no
adverse effects (NOAELs) have been observed. Estimates of levels posing minimal risk to humans

(Minimal Risk Levels or MRLs) may be of interest to health professionals and citizens alike.

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

3.2.1 Inhalation Exposure

3.2.1.1 Death

Limited human data were located. Teta et al. (1995) found no evidence of increased mortality from any
or all causes within a group of 186 workers assigned to glutaraldehyde production or drumming from
1959 to 1992 at a West Virginia facility when compared to the general U.S. population. Follow-up of this
cohort resulted in similar findings (Collins et al. 2006).

No exposure-related deaths occurred in studies of rats exposed for 48 hours to saturated atmospheres of
glutaraldehyde vapor generated under static conditions at temperatures ranging from 18 to 25°C
(Ballantyne 1995; Union Carbide Chem & Plas Co. 1991v; Union Carbide Corp. 1992a, 1992b). Studies
that included analytical measurements under static conditions (test material placed in test chamber and
atmosphere allowed to equilibrate) found average glutaraldehyde concentrations to measure <10 ppm.
No deaths occurred among rats exposed for 4 or 8 hours to glutaraldehyde vapor under dynamic
conditions (capable of generating higher glutaraldehyde vapor concentrations than under static
conditions) at temperatures in the range of 17-23°C (Ballantyne 1995; Union Carbide Chem & Plas Co.
1991p, 1991x; Union Carbide Corp. 1992a, 1992¢). Studies that included analytical measurements under
these conditions found glutaraldehyde vapor concentrations as high as 22.2 ppm. At air temperatures of
60—65°C within the vapor-generating system, glutaraldehyde vapor concentrations ranging from of

9.1 ppm to as high as 94.9 ppm were attained and resulted in 4-hour LCs values of 23.5 and 40.1 ppm for
male and female rats, respectively in one study (Union Carbide Corp. 19921) and 37.2 and 53.1 ppm,
respectively, in another study (Ballantyne 1995). Repeated 6-hour exposures (5 days/week for

9 exposures) of male and female rats to glutaraldehyde vapor at 3.1 ppm resulted in >50% mortality in
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each gender (Union Carbide Corp. 1992d). Death was reported as early as day 3 in male mice exposed
daily to glutaraldehyde vapor for 5 hours/day at 2.6 ppm (Zissu et al. 1994). All rats and mice repeatedly
exposed to glutaraldehyde vapor concentrations >5 ppm (rats) and >1.6 ppm (mice) for 6 hours/day died
between days 4 and 9 of 16-day studies (NTP 1993). In a 13-week repeated exposure study of rats and
mice, all mice exposed at 1 ppm glutaraldehyde died during the first 5 weeks and 2/10 female mice of the
0.5 ppm exposure level died at weeks 7 and 8; there were no deaths among the exposed rats at the highest
concentration (1 ppm) tested (NTP 1993). Similar effects on survival were observed in a time-course
study designed to assess the effects of exposures to glutaraldehyde vapor for 1 or 4 days, or 6 or 13 weeks
(Gross et al. 1994). In 2-year studies of rats, repeated exposure to glutaraldehyde vapor at 0.5 and

0.75 ppm resulted in significantly decreased survival of female (but not male) rats (15/50 and 14/50

0.5 and 0.75 ppm females, respectively, versus 26/50 control females); there was no significant effect on

survival of similarly-exposed mice at the highest concentration (0.25 ppm) tested (NTP 1999).

All reliable LOAEL and LCs values for death in each species and duration category are recorded in

Table 3-1 and plotted in Figure 3-1.

3.2.1.2 Systemic Effects

The highest NOAEL values and all LOAEL values from each reliable study for each species, duration,

and end point for systemic effects are recorded in Table 3-1 and plotted in Figure 3-1.

No information was located regarding the following systemic effects in humans exposed to
glutaraldehyde by the inhalation route: gastrointestinal, hematological, musculoskeletal, hepatic, renal,
endocrine, body weight, and dermal effects. No information was located regarding musculoskeletal or

dermal effects in animals exposed to glutaraldehyde by the inhalation route.

Respiratory Effects. Results from controlled human studies and assessment of self-reported
symptoms among workers that included measurements of airborne glutaraldehyde concentrations are
summarized in Table 3-2. The glutaraldehyde odor threshold in humans was determined to be in the
range of 0.0003 ppm based on multiple 5-second exposures; a similar exposure scenario resulted in a
threshold of 0.47 ppm for the perception of an effect on nasal tissue (Cain et al. 2007). Within a group of
50 female subjects exposed to air only or glutaraldehyde vapor at 0.035, 0.050, 0.075, or 0.100 ppm for
15-minute intervals, the cumulative proportion of subjects who achieved 50% correct detection of

glutaraldehyde (self-reported perception of nasal sensation) ranged from <5% at the glutaraldehyde
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Table 3-1. Levels of Significant Exposure to Glutaraldehyde — Inhalation

Species Exposure
Figure (strain) parameters/ Parameters
key®  No./group  concentrations monitored  System (ppm)

NOAEL Less serious Serious

LOAEL (ppm) LOAEL (ppm) Results Reference/comments

ACUTE EXPOSURE

Death
1 Rat (NS) Once (4 hr) CSLE 37.2M LCso values Ballantyne 1995
5M,5F 0, 11.0, 28.0, 53.1F 11.0 ppm: no deaths Vapors generated at elevated
37.2,59.7, 28.0 ppm: 1.5 M, 1/5 F died temperature (60°C)
94.9 ppm 37.2 ppm 2/5 M, 0/5 F died
(measured) 59.7 ppm: 5/5 M, 4/5 F died
94.9 ppm 5/5 M, 4/5 F died
2 Rat (F344) Once (4 hr) CS FIGNHP 235M LCso values Union Carbide Corp. 1992|
6M,6F 0, 10.6, 23.0, LE WI 40.1F 10 ppm: no deaths Analytical concentrations from GC
42.7 ppm 20 ppm: 2/6 M, 2/6 F died technique; Tenax trapping method
(measured) 50 ppm: 6/6 M, 3/6 F died resulted in slightly different
analytical concentrations
3 Rat (F344) 6 hr/d, 5 d/wk; up BW CS GN 5 All male and female rats of the 5 and NTP 1993
5M,5F to 12 exposures LE OW 16 ppm exposure levels died by study Measured concentrations 96—
0, 0.16, 0.5, 1.6, day 9; no deaths at lower exposure levels  100% of target
5, 16 ppm (target)
4 Rat (F344) 6 hr/d, 5 d/wk; up BC BW CS FI 3.1 7/12 M, 6/12 F died; most deaths occurred Union Carbide Corp. 1992d
12M,12F to 9 exposures GN HE HP LE during week 2 of exposures
0.3,1.1,3.1 ppm OP OW UR
(measured)
5 Rat (F344) 6 hr/d, 5 d/wk; up BW CS FI GN 2.09 9/10 M, 7/10 F died; most deaths occurred Union Carbide Corp. 1992e
10M, 10 F to9 exposuies LE OP OW during latter half of study; one male rat of
0, 0.2, 0.63, the 0.63 ppm died on final exposure day
2.09 ppm
(measured)
6 Mouse 6 hr/d, 5 d/wk; up BW CS GN 1.6 All male and female mice of the 1.6, 5,and NTP 1993
(B6C3F1) tol2 exposures LE OW 16 ppm exposure levels died by study Measured concentrations 94—
5M,5F 0, 0.16, 0.5, 1.6, day 8; no deaths at lower exposure levels  101% of target
5, 16 ppm (target)
7 Mouse (Swiss 6 hr/d, 5d/wk; up BW CS GN 2.6 4/10 died; mortalities occurred between Zissu et al. 1994
OF1)10M to 9 exposures HP days 3 and 5
0,0.3,0.9,
2.6 ppm

(measured)
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Table 3-1. Levels of Significant Exposure to Glutaraldehyde — Inhalation

Species Exposure
Figure (strain) parameters/ Parameters NOAEL Less serious Serious
key?  No./group  concentrations monitored  System (ppm) LOAEL (ppm) LOAEL (ppm) Results Reference/comments
Systemic
8 Human Multiple 5-sec CS Resp 0.47 0.47 ppm considered threshold for Cain et al. 2007
40 F exposures detection of glutaraldehyde-induced nasal
0.229-0.772 ppm tissue sensation (25/40 subjects identified
(measured) exposure to glutaraldehyde correctly 50%
of the time)
9 Human Multiple 2-min CS Resp 0.237-0.245 The threshold for nasal sensory irritationto Union Carbide Corp 1976
5M,4F exposures during activated (alkaline) glutaraldehyde solution Accommodation to nasal irritation
3d was 0.237-0.245 ppm after 1 min frequently reported
Multiple
concentrations
10 Human Multiple 2-min CSs Resp 0.255 The threshold for nasal sensory irritationto  Union Carbide Corp. 1976
5M,4F exposures during unactivated (acidic) glutaraldehyde solution Accommodation to nasal irritation
1 d; multiple was 0.255 ppm after 1 min frequently reported
concentrations
11 Human Multiple 15-min  CS Resp 0.1 >50% of the subjects achieved 50% correct Cain et al. 2007
50F exposures detection of glutaraldehyde (self-reported
0.035, 0.050, perception of nasal sensation) at 0.1 ppm
0.075, 0.1 ppm
(measured)
12 Rat (F344) Once (4 hr) CS FIGNHP Resp 10.6 Clinical signs of respiratory irritation atall ~ Union Carbide Corp. 1992I
6M,6F 0, 10.6, 23.0, LE WI BW 10.6 exposure levels increased in severity with  Analytical concentrations from GC
42.7 ppm increasing exposure concentration; body  technique; Tenax trapping method
(measured) weight loss ranged from 14 to 30% of initial resulted in slightly different
body weight and persisted for 7 days analytical concentrations
postexposure
13 Rat (F344) Once (6 hr) CS GN HP LE Resp 0.125° 0.25 Exposure concentration-related increasing Gross et al. 1994
5M,5F 0, 0.0625, 0.125, incidence and severity of nasal lesions; Statistical analysis not performed
0.25, 0.5, 1.0 ppm clinical signs (bloating, gasping) were (only 5 animals/sex/group);
(target) noted at the “higher concentrations” analytical concentrations within
99-104% of target (see Table 3-2
for quantitative nasal lesion data)
14 Rat (F344) 6 hr/d for 4d CS GN HP LE Resp 0.25M 05M Exposure concentration-related increasing Gross et al. 1994
5M,5F 0, 0.0625, 0.125, 0.125F 0.25F incidence and severity of nasal lesions; Statistical analysis not performed
0.25, 0.5, 1.0 ppm clinical signs (bloating, gasping) were (only 5 animals/sex/group);
(target) noted at the “higher concentrations” analytical concentrations within

99-104% of target (see Table 3-2
for quantitative nasal lesion data)
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Species Exposure
Figure (strain) parameters/ Parameters NOAEL Less serious Serious
key* No./group concentrations monitored System (ppm)  LOAEL (ppm) LOAEL (ppm) Results Reference/comments
15 Rat (F344) 6 hr/d, 5 d/wk; up BC BW CS FI Resp 0.3 11 Clinical signs of respiratory tract irritation at Union Carbide Corp. 1992d
12M,12 F to 9 exposures GN HE HP LE 1.1 and 3.1 ppm; histopathologic nasal
0.3,1.1,3.1 ppm OP OWUR lesions at 1.1 and 3.1 ppm included rhinitis,
(measured) squamous metaplasia, and atrophy of
olfactory mucosa
16 Rat (F344) 6 hr/d, 5 d/wk; up BW CS FI GN Resp 0.2 Exposure concentration-related increasing Union Carbide Corp. 1992e
10M,10F to 9 exposures LE OP OW BW 0.2 severity of clinical signs of respiratory tract
0,0.2,0.63, irritation; depressed body weight gain (33-
2.09 ppm 41% less than that of controls)
(measured)
17 Mouse Once (30 min) BW CS LE Resp 1.6 Decreased respiratory rates almost Werley et al. 1995
(Swiss/ 1.6, 3.99, 4.65, BW 36.7 immediately at all exposure levels, RDs0=13.86 ppm (95% CI 9.86—
Webster 5.6,7.47,17.7, persisting throughout exposure 23.58)
4 M 36.7 ppm
(measured)
18 Mouse (OF1) Once (60 min) CS Resp 0.7 Decreased respiratory rates almost Zissu et al. 1994
6M 0.7,1.3,1.7,3.2, immediately at all exposure levels with RDs0=2.6 ppm
4.3, 4.5 ppm some recovery during the 60-minute
(measured) exposure period
19 Mouse Once (6 hr) CS GN HP LE Resp 0.25M 05M Exposure concentration-related increasing Gross et al. 1994
(B6C3F1) 0, 0.0625, 0.125, 0.125F 0.25F incidence and severity of nasal lesions; Statistical analysis not performed
5M,5F 0.25, 0.5, 1.0 ppm clinical signs (bloating, gasping) were (only 5 animals/sex/group);
(target) noted at the “higher concentrations” analytical concentrations within
99-104% of target (see Table 3-2
for quantitative nasal lesion data)
20 Mouse 6 hr/d for 4d CS GN HP LE Resp 0.125 0.25 Exposure concentration-related increasing Gross et al. 1994
(B6C3F1) 0, 0.0625, 0.125, incidence and severity of nasal lesions; Statistical analysis not performed
5M,5F 0.25, 0.5, 1.0 ppm clinical signs (bloating, gasping) were (only 5 animals/sex/group);
(target) noted at the “higher concentrations” analytical concentrations within
99-104% of target (see Table 3-2
for quantitative nasal lesion data)
21 Mouse (Swiss 6 hr/d, 5 d/wk; BW CS GN Resp 0.3 Nasal lesions (squamous metaplasia, Zissu et al. 1994

OF1) 10 M

4 or 9 exposures HP
0, 0.3, 1.0 ppm
(measured)

keratin exudate, necrosis) in respiratory
epithelium
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Species Exposure
Figure (strain) parameters/ Parameters
key?  No./group  concentrations monitored

NOAEL Less serious Serious

System (ppm) LOAEL (ppm) LOAEL (ppm) Results

Reference/comments

Immunological and Lymphoreticular Effects

22 Guinea pig Induction: CS 13.9 No evidence of glutaraldehyde-induced Werley et al. 1995
(Dunkin- 1 hr/d for 5 d at respiratory sensitization
Hartley) 13.9 ppm (mean
4 M (control); measured)
8 M (treated) Challenge:
1 hr/d for 3d at
4.4 ppm (mean
measured)
23 Mouse 1.5hr/d for3dat BW CSHP 18 No evidence of glutaraldehyde-induced van Triel et al. 2011
(BALB/c) 0, 6, 18 ppm respiratory sensitization
8M (target)
Neurological Effects
24 Rat (F344) Once (4 hr) CS FIGNHP 10.6 23 Impaired righting reflex following exposure Union Carbide Corp. 1992|
6M,6F 0, 10.6, 23.0, LE WI at 42.7 ppm; decreased motor activity at Analytical concentrations from GC
42.7 ppm 23 and 42.7 ppm persisting during 14 days technique; Tenax trapping method
(measured) of postexposure observation resulted in slightly different
analytical concentrations
INTERMEDIATE EXPOSURE
Death
25 Rat (F344) 6 hr/d, 5 d/wk for CS GN HP LE 1.0M,F 2/20 M, 3/10 F died; deaths of rats Gross et al. 1994
5M,5F 6 or 13 wk scheduled for sacrifice at 6 or 13 weeks Analytical concentrations within
0, 0.0625, 0.125, occurred during study week 3 99-104% of target
0.25, 0.5, 1.0 ppm
(target)
26 Mouse 6 hr/d, 5 d/iwk for CS GN HP LE 1.0M All 1.0 ppm male and female mice Gross et al. 1994
(B6C3F1) 6 or 13 wk 05F scheduled for sacrifice at 6 or 13 weeks Analytical concentrations within
5M,5F 0, 0.0625, 0.125, died during study weeks 2—7; one 0.5 ppm 99-104% of target
0.25, 0.5, 1.0 ppm female mouse died
(target)
27 Mouse 6 hr/d, 5 d/iwk for BW BC CS 1.0M All 1.0 ppm male and female mice died; NTP 1993
(B6C3F1) 13 wk GN HE HP LE 05F most deaths occurred between Measured concentrations 94—
10M,10F 0, 0.0625, 0.125, OW weeks 1 and 3; deaths (2/10) in 0.5 ppm 101% of target

0.25, 0.5, 1.0 ppm
(target)

females occurred at weeks 7 and 8
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Species

Figure (strain)

Exposure

parameters/ Parameters

NOAEL Less serious Serious

key?  No./group  concentrations monitored  System (ppm) LOAEL (ppm) LOAEL (ppm) Results Reference/comments
Systemic
28 Rat (F344) 6 hr/d, 5 d/wk, up BWCSGN  Resp 0.16 0.5 Exposure concentration-related increasing NTP 1993
5M,5F to 12 exposures LE OW BW 0.5 1.6 incidence and severity of respiratory tract ~ Measured concentrations 96—
in16d lesions; body weight of 1.6 ppm rats 100% of target
0, 0.16, 0.5, 1.6, approximately 40% less than that of
5, 16 ppm (target) controls
29 Rat (F344) 6 hr/d, 5 d/wk for CS GN HP LE Resp 0.125 0.25 Exposure concentration-related increasing Gross et al. 1994
5M,5F 6 wk incidence and severity of nasal lesions Analytical concentrations within
0, 0.0625, 0.125, 99-104% of target (see Table 3-2
0.25, 0.5, 1.0 ppm for quantitative nasal lesion data)
(target)
30 Rat (F344) 6 hr/d, 5 d/wk for CS GN HP LE Resp 0.25 0.5 Exposure concentration-related increasing Gross et al. 1994
5M,5F 13 wk incidence and severity of nasal lesions Analytical concentrations within
0, 0.0625, 0.125, 99-104% of target (see Table 3-2
0.25, 0.5, 1.0 ppm for quantitative nasal lesion data)
(target)
31 Rat (F344) 6 hr/d, 5 d/wk for BW BCCS Resp 0.25 0.5 Exposure concentration-related increasing NTP 1993
10M,10F 13 wk GN HE HP LE Cardio 1.0 incidence and severity of nasal lesions; Measured concentrations 94—
0, 0.0625, 0.125, OW Hemato 1.0 body weight in 1.0 ppm males depressed  101% of target; no data regarding
0.25, 0.5, 1.0 ppm Hepatic 1.0 by 10%; no histopathological evidence of  food consumption, which may
(target) Renal 1.0 1.0M cardiac lesions; increased numbers of have influenced body weight;
BW 0.5M segmented neutrophils at day 24; changes in neutrophils likely
10F decreased numbers of leukocytes and secondary to nasal inflammation;
lymphocytes at 13 weeks changes in leukocytes and
lymphocytes of small magnitude
and questionable toxicological
significance
32 Rat (F344) 6 hr/d, 5 d/wk for BC BW CS FI Resp 0.1942 No evidence of exposure-related nasal or ~ Union Carbide Corp 1992f
20M, 20 F 14 wk GN HE HP LE Hemato 0.1942 respiratory tract lesions or hematological
0, 0.0208, 0.0493, OP OW Hepatic 0.1942 effects
0.1942 ppm
33 Mouse 6 hr/id, 5 d/wk, up BWCSGN  Resp 0.5 1.6 Exposure concentration-related increasing NTP 1993
(B6C3F1) to 12 exposures LE OW BW 0.5 incidence and severity of respiratory tract ~Measured concentrations 94—
5M,5F in16d lesions; body weights of 1.6, 5, and 16 ppm 101% of target
0, 0.16, 0.5, 1.6, groups not measured due to 100%

5, 16 ppm (target)

mortality in these groups
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Species Exposure
Figure (strain) parameters/ Parameters NOAEL Less serious Serious
key?  No./group  concentrations monitored  System (ppm) LOAEL (ppm) LOAEL (ppm) Results Reference/comments

34 Mouse (Swiss 6 hr/d, 5 d/wk,for BW CSGN  Resp 0.3 Exposure concentration-related increasing Zissu et al. 1994
OF1) 14 exposures HP severity of nasal lesions Nasal lesions persisted for 2 wks
10M 0, 0.3, 0.9 ppm in mice exposed at 0.9 ppm and
(measured) observed for up to 4 wks after
exposures ceased
35 Mouse 6 hr/d, 5 d/iwk for CS GN HP LE Resp 0.125M 0.25M Exposure concentration-related increasing Gross et al. 1994

(B6C3F1) 6 wk 0.0625F 0.125F incidence and severity of nasal lesions Analytical concentrations within
5M,5F 0, 0.0625, 0.125, 99-104% of target (see Table 3-2
0.25, 0.5, 1.0 ppm for quantitative nasal lesion data)
(target)
36 Mouse 6 hr/d, 5 d/iwk for CS GN HP LE Resp 0.0625M 0.25M Exposure concentration-related increasing Gross et al. 1994
(B6C3F1) 13 wk 0.0625 F incidence and severity of nasal lesions Analytical concentrations within
5M,5F 0, 0.0625, 0.125, 99-104% of target (see Table 3-2
0.25, 0.5, 1.0 ppm for quantitative nasal lesion data)
(target)
37 Mouse 6 hr/d, 5 d/iwk for BW BC CS Resp 0.25M 05M Exposure concentration-related increasing NTP 1993
(B6C3F1) 13 wk GN HE HP LE 0.0625 F° incidence and severity of nasal lesions; no Measured concentrations 94—
10M,10F 0, 0.0625, 0.125, OW Cardio 0.5 histopathological evidence of cardiac, liver, 101% of target; no data regarding
0.25, 0.5, 1.0 ppm Hepatic 0.5 or renal lesions at highest nonlethal food consumption, which may
(target) Renal 0.5 exposure level; 11-12% depressed body  have influenced body weight
BW 0.25 0.5 weight at 0.5 ppm
Neurological Effects
38 Rat (F344) 6 hr/id, 5 d/wk for BW BC CS 1.0 No clinical signs of neurotoxicity NTP 1993
10 M, 10 F 13 wk GN HE HP LE Measured concentrations 94—
0, 0.0625, 0.125, OW 101% of target
0.25, 0.5, 1.0 ppm
(target)
39 Mouse 6 hr/d, 5 d/wk for BW BC CS 1.0 No clinical signs of neurotoxicity NTP 1993
(B6C3F1) 13 wk GN HE HP LE Measured concentrations 94—
10M,10F 0, 0.0625, 0.125, OW 101% of target
0.25, 0.5, 1.0 ppm
(target)
Reproductive Effects
40 Rat (F344) 6 hr/d, 5 d/wk for BW BC CS 1.0 No effects on testicular weight, sperm NTP 1993
10M, 10 F 13 wk GN HE HP LE morphology, vaginal cytology Measured concentrations 94—
0, 0.0625, 0.125, OW 101% of target

0.25, 0.5, 1.0 ppm
(target)
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Species
Figure (strain)

Exposure

parameters/ Parameters

NOAEL Less serious Serious

key* No./group concentrations monitored System (ppm)  LOAEL (ppm) LOAEL (ppm) Results Reference/comments
41 Mouse 6 hr/d, 5 d/wk for BW BC CS 1.0M No effects on testicular weight, sperm NTP 1993
(B6C3F1) 13 wk GN HE HP LE 05F morphology, vaginal cytology; females of ~ Measured concentrations 94—
10M, 10 F 0, 0.0625, 0.125, OW 0.25 and 0.5 ppm groups spent slightly 101% of target
0.25, 0.5, 1.0 ppm more time than controls in diestrus and
(target) estrus and less time in metestrus
CHRONIC EXPOSURE
Death
42 Rat (F344) 6 hr/d, 5 d/wk for BW CS GN 05F Mean survival times among 0, 0.25, 0.5, NTP 1999
50 M, 50 F 104 wk HP LE and 0.75 ppm groups of female rats were
0, 0.25, 0.5, 675, 671, 636, and 573 days, respectively;
0.75 ppm (target) no significant differences in survival among
groups of male rats
Systemic
43 Rat (F344) 6 hr/d, 5 d/wk for BW CSGN Resp 0.25 Hyperplasia and inflammation in nasal NTP 1999
50 M, 50 F 104 wk HP LE Cardio 0.75 squamous epithelium at all exposure No data regarding food
0, 0.25, 0.5, Gastro  0.75 levels; additional nasal lesions at two consumption, which may have
0.75 ppm (target) Hemato 0.75 highest exposure levels influenced body weight
Hepatic 0.75 No histopathological evidence of cardiac,
Renal 0.75 gastrointestinal, hepatic, or renal lesions, or
Endocr 0.75 lesions in endocrine tissues examined
BW 0.75 M (adrenal cortex, pancreas, pituitary, thyroid,
05F 0.75F parathyroid)
Body weight in 0.75 ppm females
depressed by 14%
44 Mouse 6 hr/d, 5 d/wk for BW CSGN Resp 0.125M 0.25M Squamous metaplasia in 0.25 ppm males; NTP 1999
(B6C3F1) 104 wk HP LE 0.0625 F hyaline degeneration of respiratory No glutaraldehyde exposure-
50 M, 50 F 0, 0.0625, 0.125, Cardio 0.25 epithelium in all groups of females and related histopathologic lesions in
0.0.25 ppm Gastro  0.25 squamous metaplasia in 0.125 and cardiovascular, gastrointestinal,
(target) Hemato 0.25 0.25 ppm females hepatic, renal, or endocrine
Hepatic 0.25 No histopathological evidence of cardiac,  tissues
Renal 0.25 gastrointestinal, hepatic, or renal lesions, or
Endocr 0.25 lesions in endocrine tissues examined
BW 0.25 (adrenal cortex, pancreas, pituitary, thyroid,
parathyroid)
Neurological Effects
45 Rat (F344) 6 hr/d, 5 d/iwk for BW CS GN 0.75 No clinical or histopathological signs of NTP 1999
50 M, 50 F 104 wk HP LE glutaraldehyde-induced neurotoxicity
0, 0.25, 0.5,

0.75 ppm (target)
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Table 3-1. Levels of Significant Exposure to Glutaraldehyde — Inhalation

Species Exposure
Figure (strain) parameters/ Parameters NOAEL Less serious Serious
key?  No./group  concentrations monitored  System (ppm) LOAEL (ppm) LOAEL (ppm) Results Reference/comments
46 Mouse 6 hr/d, 5 d/wk for BW CS GN 0.25 No clinical or histopathological signs of NTP 1999
(B6C3F1) 104 wk HP LE glutaraldehyde-induced neurotoxicity
50 M, 50 F 0, 0.0625, 0.125,
0.0.25 ppm
(target)
Reproductive Effects
47 Rat (F344) 6 hr/d, 5 d/wk for BW CS GN 0.75 No increased incidences of NTP 1999
50 M, 50 F 104 wk HP LE histopathological lesions in reproductive
0,0.25,0.5, organs or tissues
0.75 ppm (target)
48 Mouse 6 hr/d, 5 d/iwk for BW CS GN 0.25 No increased incidences of NTP 1999
(B6C3F1) 104 wk HP LE histopathological lesions in reproductive
50 M, 50 F 0, 0.0625, 0.125, organs or tissues
0.0.25 ppm
(target)

aThe number corresponds to entries in Figures 3-1 and 3-2.

bUsed to derive an acute-duration inhalation MRL of 0.001 ppm for glutaraldehyde, as described in detail in Appendix A. The concentration was adjusted from intermittent exposure (6 hours) to
account for continuous exposure (6 hours/24 hours) and converted to a human equivalent concentration. An uncertainty factor of 3 (1 for extrapolation from animals to humans using dosimetric
adjustment and 3 for human variability) was applied.

°Study results used to derive an intermediate-duration inhalation MRL of 0.00003 ppm (3x10° ppm), as described in detail in Appendix A. Benchmark dose analysis was performed on

incidence data for inflammation in the nasal vestibule/anterior nares of B6C3F1 female mice to select a point of departure, which was adjusted from intermittent exposure (6 hours/day,

5 days/week) to account for continuous exposure and converted to a human equivalent concentration. An uncertainty factor of 3 (1 for extrapolation from animals to humans using dosimetric
adjustment and 3 for human variability) was applied.

BC = biochemistry; BW = body weight; Cardio = cardiovascular; Cl = confidence interval; CS = clinical signs; d = day(s); Endocr = endocrine; F = female(s); FI = foodintake;

Gastro = gastrointestinal; GC = gas chromatography; GN = gross necropsy; HE = hematology; Hemato = hematology; HP = histopathology; hr = hour(s); LCso = lethal concentration, 50% Kkill;
LE = lethality; M = male(s); min = minute(s); MRL = Minimal Risk Level; NS = not specified; OP = ophthalmology; OW = organ weight; RDso = concentration resulting in a 50% reduction in
respiratory rate; Resp = respiratory; sec = second(s); UR = urinalysis; WI = water intake; wk =week(s)
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Figure 3-1. Levels of Significant Exposure to Glutaraldehyde - Inhalation
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Figure 3-1. Levels of Significant Exposure to Glutaraldehyde - Inhalation (Continued)
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Figure 3-1. Levels of Significant Exposure to Glutaraldehyde - Inhalation (Continued)
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Table 3-2. Reported Respiratory Responses in Humans Exposed to

Glutaraldehyde Vapor

Reference/subjects

Monitoring detail

Airborne concentration Response

Union Carbide Corp.
1976

Controlled study:

four female and five
male volunteers
exposed to activated
(alkaline) glutaraldehyde
for 2-minute intervals
over 3 days and
unactivated (acidic)
glutaraldehyde on a

4t day

Cain et al. 2007

Controlled study:

43 female subjects for
odor detection (multiple
5-second exposures);
40 female subjects for
nasal sensation
(multiple 5-second
exposures);

50 subjects for exposure
duration assessment
(multiple 15-minute
exposures)

Norback 1988

Manual cold sterilization
hospital workers:

39 exposed (handled
glutaraldehyde

=1 time/month);

68 unexposed (handled
glutaraldehyde

<1 time/month)

Room air sampled
for 30 minutes
following exposures
using air scrubber

study summary

Sampling for odor
detection:

2 L/minute over

30 minutes (limit of
sensitivity:
0.00044 ppm)

Multiple unspecified
concentrations

Sampling for nasal
sensation:
15-minute
measurements at
sampling rate of

1 L/minute); limit of
sensitivity:

0.0044 ppm

15 minutes:
GM=0.05 mg/m3
(0.012 ppm)

Personal
monitoring:
short-term
(15 minutes)
long-term (3—
4 hours)

(<0.0049-0.14 ppm)

3—4 hours: less than the

detection limit of
0.04 mg/m3
(<0.0098 ppm)

range: <0.02-0.57 mg/m?3

Not specified in available Sensory (mainly nasal) irritation

threshold of 0.237-0.245 ppm
for alkaline glutaraldehyde,
0.255 ppm for acidic
glutaraldehyde

Odor detection threshold:
0.0003 ppm (GSD=2.5) for 50%
detection of odor

Perception of nasal sensation:
0.470 ppm (GSD=1.6) for 50%
detection of nasal sensation

Exposure duration assessment:
no convincing evidence of
duration-related increased
ability to detect a
glutaraldehyde-induced nasal
sensation during exposure

(15 min at 0.035, 0.050, 0.075,
or 0.100 ppm)

Nasal catarrh:
26% exposed; 10%
unexposed
OR=3.0 (p=0.04)

Nasal obstruction:
28% exposed; 12%
unexposed
OR=2.9 (p=0.03)

Smarting of throat (e.g.,
irritation):
26% exposed; 9% unexposed
OR=3.6 (p=0.02)
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Table 3-2. Reported Respiratory Responses in Humans Exposed to
Glutaraldehyde Vapor

Reference/subjects  Monitoring detail  Airborne concentration Response

Vyas et al. 2000 Personal monitoring Peak?: GM=0.06 mg/m® Nasal irritation reported by
of one nurse per (0.015 ppm); range 63/318 (19.8%) workers with
Glutaraldehyde-exposed endoscopy unit <0.001 (LOD) to exposure to glutaraldehyde
endoscopy nurses: 1.08 mg/m3
318 current workers; no Background (<0.00024 ppm to Significant association between
comparison group sampling 0.263 ppm) peak glutaraldehyde
(52 endoscopy units concentration and prevalence
with 308 nurses) Backgrounde: of nasal irritation: RR=1.19
GM=0.01 mg/m3 (95% CI 1.012, 1.402),
Peak glutaraldehyde (0.0024 ppm); range adjusted for type of ventilation
sampling 0.002-0.1 mg/m3

(43 endoscopy units (0.00049-0.024 ppm)
with 267 nurses)

Pisaniello et al. 1997 Personal Short-term personal At the end of a day of
monitoring: sampling: glutaraldehyde monitoring,
Nurses at 26 hospitals  short-term GM=0.032 ppm 22/63 nurses (35%) reported
measurements (1- (GSD=3.0) any nasal symptoms, 8/63
Exposed: 135 nurses 15 minutes) during (13%) reported any throat
with 21 year of glutaraldehyde use Area sampling: symptoms; no clear evidence of
experience with GM=0.008 ppm dose-response relationship
glutaraldehyde in Area monitoring: (GSD=3.6) (e.g., no symptoms associated
endoscopy units and unspecified duration with four personal monitoring
operating theaters (much longer than measurements 20.2 ppm);
personal monitoring significantly (p<0.05) higher
Comparison group: periods) prevalence of any throat
32 unexposed nurses at symptom (occurring 23 times at
the same hospitals work in last 12 months) in

exposed (33/135; 24.4%)
versus controls (13/132; 9.8%);
no significant difference
between exposed and controls
regarding nasal symptoms



GLUTARALDEHYDE 29

3. HEALTH EFFECTS

Table 3-2. Reported Respiratory Responses in Humans Exposed to
Glutaraldehyde Vapor

Reference/subjects  Monitoring detail  Airborne concentration Response

Waters et al. 2003 Breathing zone air  Peak glutaraldehyde No significant association
samples collected  concentrations up to between exposure to

Glutaraldehyde-exposed during three main  0.15 ppm; lowest peak  glutaraldehyde and prevalence

subjects: 38 nurses from phases of reading of 0.08 ppm of nasal irritation, nasal

nine work areas disinfection (initial  where a washing burning, throat irritation, or

(endoscopy units and  disinfection and machine was used cough

operating theaters) at immersion, removal
five health care facilities and rinsing, and

drying; mean
Comparison subjects:  duration 57, 142,
38 workers (at two and 90 seconds,

participating health care respectively)

facilities) in areas where

glutaraldehyde was not Duration of

used designated
exposure events:
5 seconds—
12.25 minutes

NIOSH 1987a Five personal Personal breathing zone Nose irritation: 28/44 workers
breathing zone samples: two ND, one  Throat irritation: 14/44 workers

44 hospital workers samples and each at 0.6 mg/m?3

exposed to nine area samples  (0.15 ppm), 0.8 mg/m?3

glutaraldehyde at least (sampling times: 7— (0.20 ppm), and
once per week during 30 minutes at 0.8— 1.6 mg/m? (0.39 ppm)

disinfection of 1.0 L/minute flow
equipment rate) Area samples: ND—
1.0 mg/m? (0.24 ppm)
NIOSH 1987b Eight personal Personal breathing zone Unspecified numbers of self-
breathing zone samples: ND— reported symptoms including
Unspecified number of samples and 1.98 mg/m?® (0.48 ppm); nose and throat irritation during
nurses involved in nine area samples  50% above 0.7 mg/m3 glutaraldehyde use

disinfecting equipment  (sampling times: (0.17 ppm); LOD=0.33—-
and other contaminated 15-45 minute at 1.0 mg/m?3 (0.08—
surfaces at a medical 0.2 L/minute flow 0.24 ppm)
facility rate)
Area samples: ND-
0.74 mg/m? (0.18 ppm)

aInflammation of mucous membranes, accompanied by excessive secretions.

bPeriod of biocide changeover (a relatively short time period when glutaraldehyde was replaced in sterilization
equipment; personal sampler flow rate 1 L/minute).

¢Glutaraldehyde concentration during a given endoscopy session (personal sampler flow rate of 200 mL/minute)
minus the biocide changeover period.

ClI = confidence interval; GM = geometric mean; GSD = geometric standard deviation; LOD = level of detection;
ND = not detected; OR = odds ratio; RR = relative risk
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concentration of 0.035 ppm to slightly more than 50% at 0.1 ppm (Cain et al. 2007). Nasal irritation was
reported by human subjects exposed to glutaraldehyde vapor concentrations as low as 0.237 ppm for

2 minutes, which was considered the threshold for nasal irritation (Union Carbide Corp. 1976).
Occupational exposure to glutaraldehyde has been commonly associated with symptoms of respiratory
tract irritation, particularly in medical facilities where glutaraldehyde is used as a disinfectant (e.g.,
Jachuck et al. 1989; NIOSH 1987a, 1987b; Norback 1988; Pisaniello et al. 1997; Vyas et al. 2000;
Waldron 1992; Waters et al. 2003). In occupational settings where personal or workplace air sampling
was performed, self-reported respiratory tract symptoms following short-term exposures occurred at
concentrations as low as 0.012—0.17 ppm (NIOSH 1987a, 1987b; Norback 1988; Pisaniello et al. 1997;
Vyas et al. 2000). See Table 8-1 for information regarding occupational exposure limits for
glutaraldehyde. Information regarding occupational exposure to glutaraldehyde and respiratory

sensitization is discussed in Section 3.2.1.3 (Immunological and Lymphoreticular Effects).

Studies in animals identify the upper respiratory tract as a particularly sensitive target of glutaraldehyde
toxicity following inhalation exposure. Single 4-8-hour exposure of rats to saturated atmospheres of
glutaraldehyde vapor (generated at 21-25°C) resulted in clinical signs of respiratory tract irritation during
exposure (Ballantyne 1995; Union Carbide Corp. 1992¢, 1992d); although glutaraldehyde vapor
concentrations were not monitored in these studies, they were likely <20 ppm. Single exposures of mice
to glutaraldehyde vapor concentrations at 1.6-36.7 ppm for 30 minutes (Werley et al. 1995) or 0.7—

4.3 ppm for 1 hour (Zissu et al. 1994) resulted in calculated 30-minute and 1-hour RDs, values of

13.86 and 2.6 ppm, respectively (RDso is defined as the concentration resulting in a 50% reduction in
respiratory rate). In rodents exposed to glutaraldehyde vapor for 4—6 hours/day and 1-14 exposures
during 1-16 days, clinical signs of respiratory effects included nasal discharge, labored breathing, mouth
breathing, audible respiration, rales, and perinasal encrustation at concentrations as low as 0.2—10.6 ppm
(Ballantyne 1995; Gross et al. 1994; NTP 1993; Union Carbide Corp. 1992d, 1992e, 19921; Zissu et al.
1994). Histopathologic evaluation of respiratory tissues revealed nasal lesions including rhinitis,
epithelial changes (erosion, exfoliation, metaplasia), and mild atrophy of olfactory mucosa at exposure
concentrations as low as 0.25-2.6 ppm (Gross et al. 1994; NTP 1993; Union Carbide Corp. 1992d; Zissu
et al. 1994). Longer-term repeated exposures (6 weeks to 2 years) resulted in exposure concentration-
related increased incidence and severity of clinical signs of respiratory irritation and histopathologic nasal
lesions (exfoliation, inflammation, hyperplasia, and ulceration of nasal squamous epithelium;
granulocytes and necrosis in nasal passages; laryngeal squamous metaplasia; necrosis in nasal nares) at
exposure levels as low as 0.0625—1.0 ppm (Gross et al. 1994; NTP 1993, 1999; van Birgelen et al. 2000;

Zissu et al. 1998). For example, nasal inflammation and neutrophilic infiltrate into nasal squamous
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epithelium were observed in mice repeatedly exposed to glutaraldehyde vapor at 0.0625 ppm for
6 hours/day, 5 days/week, for 6 or 13 weeks (Gross et al. 1994; NTP 1993). Histopathologic nasal lesions
were sometimes noted at exposure levels lower than those resulting in overt clinical signs of respiratory

tract irritation.

The time-course of glutaraldehyde-induced nasal lesions was assessed in male and female F344/N rats
and B6C3F1 mice exposed to glutaraldehyde vapor at 0.0625, 0.125, 0.25, 0.5, or 1 ppm for 6 hours/day
for 1 or 4 days or 6 or 13 weeks (Gross et al. 1994; NTP 1993); results from the time-course study serve
as basis for acute- and intermediate-duration inhalation MRLs for glutaraldehyde, as described in detail in
Sections 2.3 and 3.6 and Appendix A. Groups of five animals/species/sex were evaluated at each time
point; selected results for the rats and mice are summarized in Tables 3-3 and 3-4, respectively. All mice
in the 1-ppm exposure group destined for evaluation at 6 and 13 weeks died or were sacrificed moribund
prior to their scheduled sacrifice; deaths were attributed to chronic nasal obstruction and consequent
asphyxiation. After a single exposure session, most rats and mice of the 0.5 and 1 ppm exposure levels
exhibited layers of eosinophilic coagulated squames (scales or flakes) within the external nares that were
apparently derived from exfoliation of squamous epithelial lining of the nasal vestibule and a mild
neutrophilic infiltration in adjacent lamina propria. After four daily exposures at 0.5 or 1 ppm, the
inflammatory response was more intense and many of the animals exhibited obstruction of the nasal
passages with intraluminal debris. Extensive granulocytic intra- and subepithelial infiltration (principally
neutrophils) was observed in the most anterior portion of the nasal vestibule of most 0.5- and 1-ppm mice
and rats; however, interpretation of this lesion in the rats was complicated by the fact that most control
and glutaraldehyde-exposed rats exhibited suppurative and nonsuppurative rhinitis. In general,
neutrophilic infiltration increased in severity with time and exposure concentration in the time-course
study and was most marked in all exposure groups of female mice at 13 weeks. The severity of
neutrophilic infiltration in the rats appeared to peak at 6 weeks and decreased in severity at 13 weeks.
Squamous metaplasia was observed in all 0.5- and 1-ppm male and female rats after four exposures and in
most 0.5- and 1-ppm rats at the 6- and 13-week time points. However, although 4/5 of the 1-ppm male
mice exhibited squamous metaplasia after four exposures, this lesion type was not as prominent at other
time points or among the glutaraldehyde-exposed female mice. Other nasal lesions were generally
confined to the higher exposure concentrations and included an array of degenerative and hyperplastic
epithelial changes. Olfactory degeneration was noted in one or more 1-ppm male and female rats at all
time points and in one or two 0.5-ppm male mice at 6 and 13 weeks. There was no evidence of

glutaraldehyde-induced histopathologic
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Table 3-3. Incidences of Male and Female F344/N Rats with Selected
Histopathologic Lesions in the Nasal Vestibule Following Exposure
to Glutaraldehyde Vapor 6 Hours/Day, 5 Days/Week for up to

13 Weeks in the Time-Course Study
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Exposure level (ppm)?

0 0.0625 0.125 0.250 0.500 1.000

Male rats

1 Day Squamous exfoliation 0/5° 1/5 0/4 1/5 3/5 5/5
Intraepithelial neutrophils  0/5 0/5 0/4 1/5(0.4)c 2/5(0.4) 5/5(1.2)
Subepithelial neutrophils  0/5 0/5 0/4 3/5(0.8) 5/5(1.8) 5/5(2.6)
Epithelial erosions 0/5 0/5 0/4 1/5 5/5 5/5
Squamous metaplasia 0/5 0/5 0/4 3/5(0.6) 1/5(0.2) 1/5(0.2)

4 Days Squamous exfoliation 0/5 0/5 0/5 0/5 3/5 5/5
Intraepithelial neutrophils  0/5 0/5 0/5 0/5 5/5 (1.4) 5/5(2.6)
Subepithelial neutrophils  1/5 (0.2) 0/5 2/5(0.4) 1/5(0.2) 5/5(1.6) 5/5(3.4)
Epithelial erosions 0/5 0/5 0/5 1/5 2/5 5/5
Squamous metaplasia 0/5 0/5 0/5 0/5 5/5(1.2) 5/5(1.2)

6 Weeks  Squamous exfoliation 0/5 0/5 0/5 0/5 3/5 3/3
Intraepithelial neutrophils  1/5 (0.2) 0/5 1/5(0.2) 2/5(0.4) 4/5(0.8) 3/3(3.0)
Subepithelial neutrophils  2/5 (0.4) 3/5(0.6) 2/5(0.6) 4/5(0.8) 5/5(2.0) 3/3(3.7)
Epithelial erosions 0/5 0/5 0/5 0/5 4/5 3/3
Squamous metaplasia 0/5 0/5 0/5 0/5 4/5 (1.6) 3/3 (3.3)

13 Weeks Squamous exfoliation 0/5 0/5 0/5 2/5 2/5 2/5
Intraepithelial neutrophils  5/5 (1.2) 3/5(0.8) 5/5(1.0) 5/5(1.2) 4/5(1.2) 5/5(1.6)
Subepithelial neutrophils  5/5(1.0) 4/5(1.0) 5/5(1.2) 5/5(1.6) 5/5(1.4) 5/5(2.0)
Epithelial erosions 1/5 1/5 1/5 1/5 1/5 1/5
Squamous metaplasia 1/5(0.2) 0/5 0/5 0/5 5/5 (2.0) 5/5(3.0)

Female rats

1 Day Squamous exfoliation 0/5 0/5 0/5 2/5 3/5 4/5
Intraepithelial neutrophils  0/5 0/5 0/5 0/5 2/5(0.6) 4/5(1.0)
Subepithelial neutrophils  0/5 0/5 1/5(0.4) 1/5(0.2) 5/5(2.4) 5/5(2.8)
Epithelial erosions 0/5 0/5 1/5 0/5 4/5 5/5
Squamous metaplasia 0/5 0/5 0/5 0/5 0/5 0/5

4 Days Squamous exfoliation 0/5 0/5 0/5 3/5 5/5 5/5
Intraepithelial neutrophils  1/5 (0.2) 0/5 0/5 2/5(0.4) 5/5(2.2) 5/5(3.4)
Subepithelial neutrophils  2/5 (0.4) 0/5 0/5 4/5(1.4) 5/5(2.8) 5/5(3.8)
Epithelial erosions 0/5 0/5 0/5 2/5 3/5 5/5
Squamous metaplasia 0/5 0/5 0/5 1/5(0.2) 5/5(2.0) 5/5 (3.0)



GLUTARALDEHYDE 33
3. HEALTH EFFECTS
Table 3-3. Incidences of Male and Female F344/N Rats with Selected
Histopathologic Lesions in the Nasal Vestibule Following Exposure
to Glutaraldehyde Vapor 6 Hours/Day, 5 Days/Week for up to
13 Weeks in the Time-Course Study
Exposure level (ppm)?
0 0.0625 0.125 0.250 0.500 1.000
6 Weeks  Squamous exfoliation 0/5 0/5 0/5 3/5 2/5 2/2
Intraepithelial neutrophils  0/5 1/5(0.2) 0/5 0/5 2/5(0.6) 2/2(3.5)
Subepithelial neutrophils  1/5(0.6) 2/5(0.4) 1/5(0.4) 1/5(0.4) 5/5(2.2) 2/2(4.5)
Epithelial erosions 0/5 0/5 0/5 0/5 4/5 1/2
Squamous metaplasia 0/5 0/5 0/5 0/5 3/5(0.6) 2/2(3.5)
13 Weeks Squamous exfoliation 0/5 0/5 0/5 0/5 2/5 4/4
Intraepithelial neutrophils  1/5 (0.2) 0/5 1/5(0.4) 3/5(1.0) 2/5(0.8) 4/5(1.4)
Subepithelial neutrophils  2/5 (0.4) 0/5 1/5(0.8) 3/5(1.0) 4/5(1.8) 4/5(2.0)
Epithelial erosions 0/5 0/5 0/5 0/5 0/5 1/5
Squamous metaplasia 0/5 0/5 0/5 0/5 3/5(1.2) 5/5(2.6)

aGray shaded cells suggest a glutaraldehyde-induced effect (lesion incidence at least 2 greater than controls).

blncidence is the number of animals with lesions.

¢Severity (in parentheses) was the mean for all animals in a group where: 0 = no lesion, 1 = minimal, 2 = mild,

3 = moderate, and 4 = marked.

Sources: Gross et al. 1994; NTP 1993
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Table 3-4. Incidences of Male and Female B6C3F1 Mice with Selected
Histopathologic Lesions in the Nasal Vestibule Following Exposure
to Glutaraldehyde Vapor 6 Hours/Day, 5 Days/Week for up to

13 Weeks in the Time-Course Study
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Exposure level (ppm)?

0 0.0625 0.125 0.250 0.500 1.000

Male mice

1 Day Squamous exfoliation 0/5P 0/5 0/5 0/5 4/5 5/5
Intraepithelial neutrophils  1/5 (0.2)c 0/5 1/5(0.2) 0/5 1/5(0.2) 5/5(1.0)
Subepithelial neutrophils  1/5 (0.2) 0/5 1/5(0.2) 1/5(0.2) 2/5(0.4) 5/5(1.6)
Epithelial erosions 0/5 0/5 0/5 0/5 1/5 2/5
Squamous metaplasia 0/5 0/5 0/5 0/5 0/5 0/5

4 Days Squamous exfoliation 0/5 0/5 0/5 4/5 2/5 5/5
Intraepithelial neutrophils  0/5 0/5 0/5 1/5(0.2) 4/5(1.8) 5/5(2.8)
Subepithelial neutrophils  0/5 0/5 0/5 2/5(0.4) 4/5(1.8) 5/5(3.2)
Epithelial erosions 0/5 0/5 0/5 0/5 1/5 2/5
Squamous metaplasia 0/5 0/5 0/5 0/5 1/5(0.2) 4/5(0.8)

6 Weeks  Squamous exfoliation 0/5 0/5 2/5 0/5 0/4 —d
Intraepithelial neutrophils  0/5 0/5 0/5 1/5(0.2) 1/4(0.8) -
Subepithelial neutrophils  0/5 0/5 0/5 1/5(0.4) 4/4 (2.3) -
Epithelial erosions 0/5 0/5 0/5 0/5 0/4 —d
Squamous metaplasia 0/5 0/5 0/5 0/5 2/4 (0.5) -

13 Weeks Squamous exfoliation 0/5 0/5 0/5 3/5 1/5 —d
Intraepithelial neutrophils  0/5 0/5 1/5(0.2) 4/5(1.6) 5/5(2.6) -
Subepithelial neutrophils  0/5 1/5(0.2) 2/5(0.8) 5/5(2.2) 5/5(2.8) -¢
Epithelial erosions 0/5 0/5 0/5 1/5 3/5 —d
Squamous metaplasia 0/5 0/5 0/5 0/5 1/5(0.2) ¢

Female mice

1 Day Squamous exfoliation 0/5 0/5 0/5 0/5 5/5 4/5
Intraepithelial neutrophils  0/5 0/5 0/5 0/5 0/5 1/5 (0.4)
Subepithelial neutrophils  0/5 0/5 1/5(0.2) 0/5 2/5(0.4) 3/5(1.2)
Epithelial erosions 0/5 0/5 0/5 0/5 0/5 1/5
Squamous metaplasia 0/5 0/5 0/5 0/5 0/5 0/5

4 Days Squamous exfoliation 0/5 0/5 0/5 2/5 5/5 5/5
Intraepithelial neutrophils  0/5 1/5(0.2) 0/5 1/5(0.4) 5/5(1.0) 4/5(0.8)
Subepithelial neutrophils  0/5 0/5 0/5 1/5(0.4) 5/5(1.6) 5/5 (2.0)
Epithelial erosions 0/5 0/5 0/5 0/5 0/5 2/5
Squamous metaplasia 0/5 0/5 0/5 0/5 0/5 0/5

6 Weeks  Squamous exfoliation 0/5 0/5 0/5 0/5 2/5 —d
Intraepithelial neutrophils  0/5 1/5(0.4) 4/5(1.6) 4/5(1.8) 5/5(2.2) -¢
Subepithelial neutrophils  1/5(0.2) 1/5(0.4) 4/5(2.0) 5/5(2.4) 5/5(2.6) -¢
Epithelial erosions 0/5 0/5 0/5 0/5 0/5 —d
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Table 3-4. Incidences of Male and Female B6C3F1 Mice with Selected
Histopathologic Lesions in the Nasal Vestibule Following Exposure
to Glutaraldehyde Vapor 6 Hours/Day, 5 Days/Week for up to
13 Weeks in the Time-Course Study

Exposure level (ppm)?
0 0.0625 0.125 0.250 0.500 1.000

Squamous metaplasia 0/5 0/5 0/5 0/5 3/5(0.8) -d
13 Weeks Squamous exfoliation 0/5 05 0/5 0/5 1/4 —d
Intraepithelial neutrophils  0/5 4/5(2.0) 5/5(2.4) 5/5(3.2) 4/4(2.8) -¢
Subepithelial neutrophils  2/5(0.4) 5/5(2.0) 5/5(2.8) 5/5(3.2) 4/4(2.8) -¢
Epithelial erosions 0/5 0/5 0/5 0/5 0/4 —d
Squamous metaplasia 0/5 0/5 0/5 0/5 1/4 (0.5) ¢

aGray shaded cells suggest a glutaraldehyde-induced effect (lesion incidence at least 2 greater than controls).
bIncidence is the number of animals with lesions.

cSeverity (in parentheses) was the mean for all animals within a group where: 0 = no lesion, 1 = minimal, 2 = mild,
3 = moderate, and 4 = marked.

dNot evaluated, all animals died.

Sources: Gross et al. 1994; NTP 1993
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lesions of lower respiratory tract regions in the rats and mice of the time-course study vapor
concentrations as high as 1 ppm (Gross et al. 1994; NTP 1993). Discolored lungs were observed in some
male and female rats following 4-hour exposure to glutaraldehyde vapor at 20 or 50 ppm (Union Carbide
Corp. 19921). Halatek et al. (2003) reported histopathologic lung lesions that included morphological
changes in pulmonary epithelium of male rats exposed to glutaraldehyde vapor at 0.1 ppm, 6 hours/day,
5 days/week for 4 weeks. The study did not include evaluation of extrapulmonary respiratory tissues.
Results from 13-week core studies of F344/N rats and B6C3F1 mice (NTP 1993) support the 13-week
findings of the time-course study (Gross et al. 1994; NTP 1993). There was no histopathologic evidence
of glutaraldehyde-induced lesions in the trachea or lungs of mice repeatedly exposed to glutaraldehyde
vapor at up to 2.6 ppm for up to 14 days (Zissu et al. 1994) or other mice exposed at 0.1 ppm for up to
78 weeks (Zissu et al. 1998).

In 2-year chronic toxicity/carcinogenicity studies that employed exposure to glutaraldehyde vapor for

6 hours/day, 5 days/week, male and female F344/N rats (50/sex/group) were exposed at 0.25, 0.5, or
0.75 ppm and male and female B6C3F1 (50/sex/group) mice were exposed at 0.0625, 0.125, or 0.25 ppm
(NTP 1999). Selected results for the rats and mice are summarized in Tables 3-5 and 3-6, respectively.
Glutaraldehyde-related histopathological lesions were limited to the nasal cavity. Statistically
significantly increased incidences of hyperplasia and inflammation within nasal squamous epithelium
were observed in all groups of glutaraldehyde-exposed male and female rats, relative to controls.
Hyperplasia and/or inflammation of the respiratory epithelium were observed in male and female rats of
the two highest exposure concentrations (0.5 and 0.75 ppm). Other effects within the respiratory
epithelium of both sexes of rats included significantly increased incidences of squamous metaplasia at
0.5 and 0.75 ppm and goblet cell hyperplasia at 0.75 ppm. Significantly increased incidences of hyaline
degeneration within olfactory epithelium were noted in the 0.75-ppm male rats and 0.5- and 0.75-ppm
female rats. Histopathologic nasal lesions among the mice exposed for 2 years included significantly
increased incidences of squamous metaplasia of the respiratory epithelium of 0.25-ppm males and
0.125- and 0.25-ppm females, inflammation in the nasal cavity of 0.25-ppm females, and hyaline
degeneration of respiratory epithelium in all glutaraldehyde-exposed groups of female mice.
Histopathologic evaluations of pulmonary tissue from the rats and mice of the 2-year inhalation study
revealed alveolar/bronchiolar adenoma in 1/50 of the 0.25- and 0.5-ppm males, 2/50 of the 0.75-ppm
males, and 1/50 of the 0.5-ppm females (not statistically significantly different from control incidence of

0/50); the adenomas were not considered related to glutaraldehyde exposure. Statistically significantly
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Table 3-5. Incidences of Male and Female F344/N Rats with Selected
Histopathologic Lesions in the Nasal Vestibule Following
Exposure to Glutaraldehyde Vapor 6 Hours/Day,

5 Days/Week for up to 2 Years

37

Exposure level (ppm)

0 0.25 0.5 0.75
Male rats
Squamous epithelium
Hyperplasia 3/50 (2.0)2 11/50° (1.6) 39/50¢ (2.2) 48/50¢ (2.9)
Inflammation 6/50 (2.0) 17/50P (1.5) 41/50¢ (2.7) 49/50¢ (3.6)
Respiratory epithelium
Hyperplasia 6/50 (2.0) 5/50 (2.0) 17/50¢ (1.9) 35/50¢ (1.9)
Inflammation 17/50 (2.1) 10/50 (1.5) 25/50 (2.4) 43/50¢ (3.2)
Squamous metaplasia 1/50 (2.0) 2/50 (1.5) 11/50¢ (2.0) 24/50¢ (2.2)
Goblet cell hyperplasia 1/50 (1.0) 0/50 6/50 (1.8) 6/50° (1.2)
Olfactory epithelium
Hyaline degeneration 4/50 (1.0) 8/50 (1.3) 9/50 (1.1) 14/50¢ (1.1)
Female rats
Squamous epithelium
Hyperplasia 3/50 (1.3) 15/50¢ (1.7) 29/50¢ (2.0) 45/49¢ (2.7)
Inflammation 6/50 (2.5) 26/50¢ (1.5) 42/50¢° (2.1) 48/49¢ (3.2)
Respiratory epithelium
Hyperplasia 1/50 (3.0) 6/50 (1.7) 15/50¢ (1.9) 29/49¢ (1.9)
Inflammation 5/50 (2.2) 9/50 (1.7) 26/50¢ (2.1) 42/49¢ (2.5)
Squamous metaplasia 1/50 (2.0) 1/50 (3.0) 11/50¢ (1.6) 16/49¢ (2.3)
Goblet cell hyperplasia 1/50 (2.0) 3/50 (1.3) 5/50 (1.4) 8/49¢ (1.6)
Olfactory epithelium
Hyaline degeneration 4/50 (1.0) 5/50 (1.0) 12/50°0 (1.1) 15/49¢ (1.1)

aSeverity (in parentheses) is the average grade of lesions in affected animals where: 1 = minimal, 2 = mild,

3 = moderate, and 4 = marked.

bSignificantly increased relative to chamber control group by the Poly-3 test (p<0.05).
¢Significantly increased relative to chamber control group by the Poly-3 test (p<0.01).

Source: NTP 1999
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Table 3-6. Incidences of Male and Female B6C3F1 Mice with Selected
Histopathologic Lesions in the Nasal Vestibule Following
Exposure to Glutaraldehyde Vapor 6 Hours/Day,

5 Days/Week for up to 2 Years

Exposure level (ppm)

0 0.0625 0.125 0.25

Male mice
Respiratory epithelium

Squamous metaplasia 2/48 (1.0)? 5/50 (1.0) 6/50 (1.2) 9/50° (1.1)
Turbinate

Necrosis 0/50 0/50 2/50 (2.0) 0/50
Female mice
Inflammation 6/50 (1.2) 7/49 (1.3) 13/50 (1.4) 14/50° (1.4)
Respiratory epithelium

Squamous metaplasia 7/50 (1.1) 11/49 (1.0) 16/50° (1.3) 21/50¢ (1.5)

Hyaline degeneration 16/50 (1.4) 35/49¢ (1.4) 32/50¢ (1.3) 30/50° (1.1)
Turbinate

Necrosis 0/50 3/49 (2.0) 1/50 (1.0) 4/50 (1.5)

aSeverity (in parentheses) is the average grade of lesions in affected animals where: 1 = minimal, 2 = mild,
3 = moderate, and 4 = marked.

bSignificantly increased relative to chamber control group by the Poly-3 test (p<0.05).

¢Significantly increased relative to chamber control group by the Poly-3 test (p<0.01).

Source: NTP 1999
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increased incidences of histiocyte infiltration in 0.75-ppm females and interstitial fibrosis in 0.5- and
0.75-ppm females were not considered a direct effect of glutaraldehyde exposure because they are

common spontaneous lesions in rats.

Selected results from acute-, intermediate- and chronic-duration inhalation exposure to glutaraldehyde in
laboratory animals and controlled studies of humans are presented in Figure 3-2. Human nasal sensory
irritation thresholds of 0.47 and 0.237 ppm for repeated 5-second or 2-minute inhalation exposures,
respectively, are in the range of acute-duration exposure levels (0.25-0.5 ppm for 6-hour exposures
during 1 or 4 days) for male and female rats and mice that elicited histopathologic nasal lesions

(e.g., squamous exfoliation, infiltration of intra- and subepithelial neutrophils, epithelial erosions).
Results of an NTP (1993) 13-week inhalation study (exposures of 6 hours/day, 5 days/week) of male and
female rats and mice suggest that mice may be somewhat more susceptible to glutaraldehyde-induced
nasal lesions than rats and that female mice may be more susceptible than male mice, as demonstrated by
significantly increased incidence of nasal inflammation in the female mice at the lowest exposure level
tested (0.0625 ppm) compared to a NOAEL of 0.25 ppm and a LOAEL of 0.5 ppm for nasal
inflammation in the male mice. There was no indication of glutaraldehyde-induced nasal lesions in male
or female rats exposed at 0.25 ppm; the 0.5 ppm level represented a LOAEL for male and female rats
(squamous exfoliation in males and females, hyperplasia in respiratory epithelium of males). Multiple
nasal lesion types (hyperplasia, squamous metaplasia, inflammation in respiratory epithelium, and
squamous exfoliation in nasal vestibule/anterior nares of male and female rats; inflammation in
respiratory epithelium, squamous exfoliation in nasal vestibule/anterior nares, squamous metaplasia in the
larynx of male and female mice) were observed at the highest exposure level (1 ppm). Female mice also
appeared to be the most sensitive to glutaraldehyde-induced nasal lesions following 2 years of repeated
exposures (NTP 1999). The lowest exposure level tested (0.0625 ppm) resulted in respiratory epithelial
hyaline degeneration in the female mice; squamous metaplasia was noted in the female mice of the next
higher exposure level (0.125 ppm). A LOAEL of 0.25 ppm (the highest exposure level tested) was
identified for squamous metaplasia in the male mice. In the male and female rats, the lowest exposure
level tested (0.25 ppm) represented a LOAEL for hyperplasia and inflammation in squamous epithelium;
the next higher exposure level for the rats (0.5 ppm) caused multiple other nasal lesion types

(e.g., hyperplasia and squamous metaplasia in respiratory epithelium of male and female rats;
inflammation in respiratory epithelium and hyaline degeneration in olfactory epithelium of female rats).
The 2-year studies of rats and mice (NTP 1999) found no evidence of glutaraldehyde-induced neoplastic

nasal lesions.
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Figure 3-2. Exposure-Response Array of Selected Glutaraldehyde-Induced Respiratory Effects Following Acute-,

Intermediate-, or Chronic-Duration Inhalation Exposure
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Cardiovascular Effects. Available information in humans is limited to a report from an
occupational physician who had evaluated 7 separate cases of patients who presented with palpitations or
tachycardia (Connaughton 1993). Occupational exposure was considered as a possible cause because the

effects resolved when glutaraldehyde exposure ceased.

There were no exposure-related effects on incidences of histopathologic lesions of the cardiovascular
system of rats or mice following up to 2 years of repeated exposure to glutaraldehyde vapor

concentrations as high as 0.75 ppm (rats) and 0.25 ppm (mice) (NTP 1999; van Birgelen et al. 2000).

Gastrointestinal Effects. There were no exposure-related effects on incidences of histopathologic
lesions of the gastrointestinal system of rats or mice following up to 2 years of repeated exposure to
glutaraldehyde vapor concentrations as high as 0.75 ppm (rats) and 0.25 ppm (mice) (NTP 1999; van
Birgelen et al. 2000).

Hematological Effects. No exposure-related effects on hematological parameters were seen in rats
exposed to glutaraldehyde vapor for 14 weeks (6 hours/day, 5 days/week) at 0.1942 ppm, the highest
concentration tested (Ballantyne 1995; Union Carbide Corp. 1992f). A 13-week study of rats and mice
exposed to glutaraldehyde vapor concentrations in the range of 0.0625—1 ppm included groups assigned
for hematology and clinical chemistry evaluations at study days 4 and 24 (NTP 1993). Male rats from
three of the four highest exposure groups and female rats from two of the three highest exposure groups
exhibited significantly increased segmented neutrophils at day 24 assessment. Because the increase in
segmented neutrophils was not accompanied by increased lymphocytes, the mature neutrophilia was
considered the result of exposure-related inflammation in the nares and not a direct glutaraldehyde-
induced hematological effect. Hematology results for core-study rats after 13 weeks of repeated exposure
revealed significant changes in 0.5- and 1.0-ppm exposure groups of males that included decreased
numbers of leukocytes (14 and 8%, respectively, lower than controls) and lymphocytes (16—17% lower
than controls); however the changes in leukocyte and lymphocyte counts were apparently considered of
little toxicological significance because there was no mention of these effects in the results or discussion
sections of the study report. There were no exposure-related effects on incidences of histopathologic
lesions in hematopoietic tissues of rats or mice following up to 2 years of repeated exposure to
glutaraldehyde vapor concentrations as high as 0.75 ppm (rats) and 0.25 ppm (mice) (NTP 1999; van
Birgelen et al. 2000).
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Hepatic Effects. No exposure-related hepatic effects were seen in rats exposed to glutaraldehyde
vapor for 14 weeks (6 hours/day, 5 days/week) at 0.1942 ppm, the highest concentration tested
(Ballantyne 1995; Union Carbide Corp. 1992f). Varpela et al. (1971) reported toxic hepatitis in mice
following inhalation of glutaraldehyde for 24 hours at a concentration of 0.133 mg/L (ca. 33 ppm). There
were no exposure-related effects on incidences of histopathologic lesions of the liver of rats or mice
following repeated exposure to glutaraldehyde for 13 weeks at vapor concentrations as high as 1 ppm
(rats) and 0.5 ppm (mice) (NTP 1993) or up to 2 years at vapor concentrations as high as 0.75 ppm (rats)
and 0.25 ppm (mice) (NTP 1999; van Birgelen et al. 2000).

Renal Effects. No exposure-related renal effects were seen in rats exposed to glutaraldehyde vapor
for 14 weeks (6 hours/day, 5 days/week) at 0.1942 ppm, the highest concentration tested (Ballantyne
1995; Union Carbide Corp. 1992f). There were no exposure-related effects on incidences of
histopathologic renal lesions in rats or mice following repeated exposure to glutaraldehyde for 13 weeks
at vapor concentrations as high as 1 ppm (rats) and 0.5 ppm (mice) (NTP 1993) or up to 2 years at vapor
concentrations as high as 0.75 ppm (rats) and 0.25 ppm (mice) (NTP 1999; van Birgelen et al. 2000).

Endocrine Effects. There were no exposure-related effects on incidences of histopathologic lesions
in endocrine organs or tissues (adrenal cortex, pancreas, pituitary, thyroid, parathyroid) in rats or mice
following up to 2 years of repeated exposure of rats and mice to glutaraldehyde vapor concentrations as
high as 0.75 ppm (rats) and 0.25 ppm (mice) (NTP 1999; van Birgelen et al. 2000). It should be noted

that hormone levels were not monitored in these studies.

Ocular Effects. Occupational exposure to glutaraldehyde has been commonly associated with ocular
irritation (Calder et al. 1992; Jachuck et al. 1989; NIOSH 1987a, 1987b; Pisaniello et al. 1997; Vyas et al.
2000; Waters et al. 2003). Refer to Section 3.2.3.2 (Ocular Effects) of this Toxicological Profile for

Glutaraldehyde for additional information because the ocular effects were considered to have occurred as

a result of direct ocular contact with airborne glutaraldehyde vapor.

Ocular results from studies in which laboratory animals were exposed to atmospheres containing
glutaraldehyde vapor are summarized under dermal exposure because the effects resulted from direct

contact with glutaraldehyde.

Body Weight Effects. Depressed body weight gain and actual body weight loss have been observed

in laboratory animals exposed to glutaraldehyde vapor. Single exposure of male and female rats to
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glutaraldehyde vapor for 4 hours at analytical concentrations in the range of 9.1-43.5 ppm resulted in
body weight loss ranging from 14 to 30% for up to 7 days postexposure and 35-42% depressed body
weight gain over 14 days of postexposure observation (Union Carbide Corp. 19921). Repeated 6-hour
exposures of male and female rats to glutaraldehyde vapor (5/days/week for 11 days) resulted in 33-41%
depressed body weight gain at 0.2 ppm glutaraldehyde and 21-22% body weight loss at 0.63 ppm (Union
Carbide Corp. 1992¢). Rats and mice repeatedly exposed to glutaraldehyde vapor at 0.9—1.6 ppm for

6 hours/day for periods of 12 days to 13 weeks exhibited significantly lower mean final body weights
than their respective controls (NTP 1993; Zissu et al. 1994); as much as 41-42% lower final body weights
were observed in male and female rats exposed to glutaraldehyde vapor at 1.6 ppm, 6 hours/day, for

12 exposures in a 16-day period (NTP 1993). In a 2-year repeated-exposure inhalation study, exposures
of male and female rats to glutaraldehyde vapor at 0.75 ppm resulted in approximately 9 and 14% lower

mean body weights, respectively (NTP 1999; van Birgelen et al. 2000).

3.2.1.3 Immunological and Lymphoreticular Effects

Case reports of workers exposed to glutaraldehyde during disinfection processes provide some evidence
of glutaraldehyde-induced respiratory hypersensitivity. Gannon et al. (1995) reported seven cases of
workers from endoscopy or x-ray departments with occupational asthma (as determined by peak
expiratory flow measurements and positive specific bronchial challenge tests to glutaraldehyde). The
median airborne glutaraldehyde level at the time of challenge was 0.068 mg/m?® (0.0166 ppm); the range
was 0.064-0.081 mg/m? (0.0156-0.0198 ppm). To estimate occupational glutaraldehyde exposure levels,
30 personal air samples were taken from 13 hospital endoscopy units. Median glutaraldehyde
concentrations were 0.016 mg/m? (95% confidence interval [CI] 0.12-0.68 mg/m?) or 0.0039 ppm for
short-term exposure during activities likely to produce peak levels of glutaraldehyde vapor, 0.041 mg/m?
(95% C10.016-0.14 mg/m®) or 0.01 ppm for long-term samples (34—120 minutes, during which time
exposure was intermittent), and 0.17 mg/m? (95% CI 0.12-0.25 mg/m?) or 0.0415 ppm for static short-
term samples. Glutaraldehyde air concentrations in 19 air samples collected from 6 x-ray darkrooms were
<0.009 mg/m® (<0.0022 ppm). The study did not include blood testing for antibodies or other signs of
glutaraldehyde-induced allergy. Di Stefano et al. (1999) reported similar results for eight hospital
workers with occupational asthma; glutaraldehyde challenge concentrations for those workers averaged
0.075 mg/m? (0.018 ppm). Other cases of glutaraldehyde-induced occupational asthma have been
reported as well (Chan-Yeung et al. 1993; Corrado et al. 1986; Cullinan et al. 1992; Ong et al. 2004;
Quirce et al. 1999; Trigg et al. 1992).
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A single-blind placebo-controlled study of 11 health workers with diagnoses of glutaraldehyde-induced
occupational asthma and rhinitis and occupational exposures to glutaraldehyde during 2—10 years,

10 nonexposed atopic subjects with perennial asthma and rhinitis, and 10 nonexposed healthy subjects
was performed to evaluate changes in nasal lavage fluid content before and following glutaraldehyde
challenge exposure (Palczynski et al. 2001). The mean airborne glutaraldehyde concentration during
challenge was 0.32+0.08 mg/m® (0.077 ppm). Upon glutaraldehyde challenge, those subjects diagnosed
with occupational asthma exhibited significantly increased eosinophil numbers and percentages and
significantly increased concentrations of albumin, eosinophil cation protein, and mast-cell tryptase in the
nasal lavage fluid. These results are suggestive of an immunologic mechanism for glutaraldehyde-
induced asthma. A similarly-designed study evaluated bronchoalveolar lavage fluid (BALF) components
and Clara cell protein (CC16) concentration in serum and BALF before and after glutaraldehyde
inhalation challenge (Palczynski et al. 2005). Postchallenge evaluation revealed significantly lower Clara
cell protein levels in BALF and serum at 24 hours postchallenge and significant increases in proportions

of eosinophils, basophils, and lymphocytes in BALF of the glutaraldehyde-sensitized asthmatics.

Other studies found no evidence of glutaraldehyde-induced respiratory sensitization. In a survey of

150 hospital workers with exposure to glutaraldehyde, symptoms of respiratory and ocular irritation were
commonly reported, but there was no indication of allergic responses (Waldron 1992). Similar results
were obtained in a survey of 348 nurses in endoscopy units of facilities in the United Kingdom and

18 former workers (Vyas et al. 2000). Waters et al. (2003) reported significant cross-shift reductions in
forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV)) in a group of

38 glutaraldehyde-exposed nurses following work shifts during which short term airborne glutaraldehyde
levels measuring up to 0.15 ppm were recorded; however, the mean decreases in FVC and FEV| were of
small magnitude (<10%) and no significant differences were found regarding prevalence of self-reported

respiratory irritation symptoms between exposed and unexposed workers.

There were no indications of glutaraldehyde-induced respiratory sensitization within a group of

218 workers employed at a glutaraldehyde production facility (Teta et al. 1995). The time period of
assessment was 1959-1992. The average time spent in the glutaraldehyde production or drumming areas
was 3.8 years and workplace time-weighted average (TWA) glutaraldehyde concentrations between 1977

and 1992 ranged from 0.04 to 0.08 ppm, except for 1982 (TWA of 1.02 ppm).

Limited information is available regarding the potential for inhaled glutaraldehyde to cause

immunological effects in laboratory animals. Male Dunkin-Hartley guinea pigs were exposed to
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glutaraldehyde vapor at approximately 14 ppm for 1 hour/day for 5 consecutive days followed by 1-hour
challenge exposures at approximately 4.4 ppm at 14, 21, and 35 days following the final induction
exposure (Werley et al. 1995). There was no evidence of glutaraldehyde-induced respiratory
sensitization. Exposure of BALB/c mice to glutaraldehyde vapor or aerosols at 6 or 18 ppm for

1.5 hours/day on 3 consecutive days resulted in clinical signs of respiratory tract irritation, but no
evidence of glutaraldehyde-induced respiratory sensitization as assessed by the local lymph node assay

(LLNA) (van Triel et al. 2011).

3.2.1.4 Neurological Effects

Information regarding neurological effects in humans exposed to glutaraldehyde is limited to reports of
increased incidences of self-reported headaches among occupationally-exposed workers during
disinfection processes in which glutaraldehyde was used (e.g., Guthua et al. 2001; Norbéack 1988;
Pisaniello et al. 1997; Waters et al. 2003).

Impaired righting reflex was noted in rats exposed to glutaraldehyde vapor at 42.7 ppm for 4 hours;
decreased motor activity was observed during 14 days of postexposure observation at exposure
concentrations of 23 and 42.7 ppm (Union Carbide Corp. 19921). There were no clinical signs of
neurotoxicity in male or female rats or mice exposed to glutaraldehyde vapor at concentrations as high as
1 ppm for 6 hours/day, 5 days/week for 13 weeks (NTP 1993) or rats or mice similarly exposed for up to
2 years at glutaraldehyde vapor concentrations as high as 0.75 ppm (rats) and 0.25 ppm (mice) (NTP
1999). The 2-year study found no evidence of glutaraldehyde-induced neurohistopathological effects.

Katagiri et al. (2011) measured neurotransmitter levels in various brain regions of the rat following nose-
only exposure to glutaraldehyde vapor for 1 hour/day, 5 days/week for 4 weeks at concentrations in the
range of 50-200 ppb (0.05-0.2 ppm). In the medulla oblongata (the only region in which glutaraldehyde
exposure-related changes were found), significantly lower mean 5-hydroxyindoleacetic acid content was
observed at glutaraldehyde vapor concentrations of 0.05—0.2 ppm (20-30% lower than that of controls).
Dopamine content was significantly lower at glutaraldehyde exposure concentrations of 0.1 and 0.2 ppm
(20-38% lower than that of controls). The toxicological significance of the reported results is uncertain
in the absence of obvious clinical signs of toxicity and lack of neurological histopathology other than
monitoring of neurotransmitter levels. Other studies found no evidence of glutaraldehyde-induced
neurotoxicity in laboratory animals repeatedly exposed to higher glutaraldehyde vapor concentrations for

longer periods (NTP 1993, 1999).
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3.2.1.5 Reproductive Effects

Rates of spontaneous abortion for the years 1951-1960, 1961-1970, and 1971-1981 were evaluated
among sterilizing staff employed at Finnish hospitals and control workers at the same hospitals who were
not occupationally exposed to sterilizing agents (Hemminki et al. 1982). Evaluation of those workers
exposed to glutaraldehyde (but not other sterilizing agents) during pregnancy (n=364) and those not
exposed to glutaraldehyde or other sterilizing agents during pregnancy (n=768) revealed no significant
differences in frequency of spontaneous abortion 9.4 versus 7.8% for controls) after adjusting for age,
parity, decade of pregnancy, smoking habits, and alcohol and coffee consumption. Data obtained from
hospital discharge registers that included details of spontaneous abortions among glutaraldehyde-exposed
sterilizing staff (n=178) and controls (n=368) during the years 1973—1979 revealed rates of spontaneous
abortions among the controls and glutaraldehyde-exposed staff of 9.2 and 12.9%, respectively (no
statistically significant difference). Another study included nurses employed in selected departments at
Finnish hospitals between 1973 and 1979 in which 217 cases of women with spontaneous abortions were
compared to controls consisting of nurses with normal births and matched by age and employment facility
(generally three controls per case) (Hemminki et al. 1985). The cases and controls had the potential for
exposure to anesthetic gases, cytostatic drugs, and other hazardous substances including glutaraldehyde.
One result of the study was the observation that similar proportions of spontaneous abortion cases and
normal birth controls were exposed to glutaraldehyde (34/164 or 20.7% for cases and 88/464; 19.0% for
controls). However, the small numbers of study subjects precludes any definitive conclusions regarding

possible associations between exposure to glutaraldehyde and incidences of spontaneous abortions.

No animal studies specifically designed to assess the reproductive toxicity of inhaled glutaraldehyde were
located. Evaluations of testicular weight, sperm morphology, and vaginal cytology in rats and mice
exposed to glutaraldehyde vapor at concentrations in the range of 0.0625—1 ppm for 6 hours/day,

5 days/week for 13 weeks revealed no evidence of exposure-related adverse effects, although female mice
of the two highest nonlethal exposure levels (0.25 and 0.5 ppm) spent significantly more time in estrous
stages than controls (p<0.05) (NTP 1993). The toxicological significance of this finding and its potential
human relevance are uncertain. No increased incidences of nonneoplastic lesions in reproductive organs
or tissues were observed following 2 years of repeated exposure of rats and mice to glutaraldehyde vapor

concentrations as high as 0.75 ppm (rats) and 0.25 ppm (mice) (NTP 1999; van Birgelen et al. 2000).
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3.2.1.6 Developmental Effects

Available information regarding the potential for glutaraldehyde-induced developmental effects in
humans is limited to results of a study that included nurses employed in selected departments at Finnish
hospitals between 1973 and 1979 with 46 documented cases of mothers with a malformed child and
controls consisting of nurses with normal births and matched by age and employment facility (generally
three controls per case) (Hemminki et al. 1985). The cases and controls had the potential for exposure to
anesthetic gases, cytostatic drugs, and other hazardous substances including glutaraldehyde. One result of
the study was the observation of similar proportions of glutaraldehyde-exposed mothers among the
malformed child cases (5/34 or 14.7%) and the controls with normal births (17/95 or 17.9%). However,

the small numbers of study subjects precludes any definitive conclusions.

No animal studies designed to assess the developmental toxicity of inhaled glutaraldehyde were located.

3.2.1.7 Cancer

Limited human data were located. Teta et al. (1995) found no evidence of increased mortality from
cancer (total malignant neoplasms) within a group of 186 workers assigned to glutaraldehyde production
or drumming from 1959 to 1992 at a West Virginia facility when compared to the general U.S.
population. A total of 4 cancer deaths were observed compared to 6.1 expected (standardized mortality
ratio [SMR] = 0.065; 95% CI 0.2—-1.7). The cancer SMR was lower for those who worked >5 years in the
units. Although the study authors associated the healthy worker effect with noncancer causes of death,
there was no mention of such an effect for death due to cancer. Follow-up of this cohort resulted in no
evidence for increased cancer rates for respiratory cancers (SMRs of 0.9 [95% CI10.7-1.1], 1.0 [95% CI
0.2-3.0], and 0.3 [95% CI 0.0-1.5] for workers in categories of unexposed, >0-100 ppb-years, and

100+ ppb-years, respectively) or leukemia (0 cases among glutaraldehyde-exposed workers versus

0.6 expected) (Collins et al. 2006).

NTP determined that there was no evidence of carcinogenic activity of glutaraldehyde in male or female
F344/N rats exposed to glutaraldehyde vapor at 250, 500, or 750 ppb or male or female B6C3F1 mice
exposed to 62.5, 125, or 250 ppb for up to 2 years (NTP 1999). This determination was based on the lack
of treatment-related increased incidences of neoplastic lesions in any organ or tissue from the rats or

mice. Glutaraldehyde is not included in the list of agents evaluated for carcinogenicity by IARC (2013).
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3.2.2 Oral Exposure

3.2.2.1 Death

Available human data are limited to a single case report of a 78-year-old man who deliberately ingested
an unspecified quantity of a biocide containing glutaraldehyde and a quaternary ammonium compound
(Simonenko et al. 2009). The man developed acute respiratory distress syndrome and severe metabolic

acidosis 24 hours after being admitted to a hospital, and died 21 days after hospital admission.

The acute oral lethality of glutaraldehyde has been evaluated in laboratory animals using a variety of
aqueous dilutions. For 50% aqueous glutaraldehyde, reported single-dose LDsy values fall within a range
of 87—734 mg glutaraldehyde/kg for rats (Ballantyne 1995; BASF Corp 1990j; Union Carbide Chem &
Plas Co. 1992; Union Carbide Corp. 1992b) and 115-151 mg glutaraldehyde/kg for mice (Ballantyne
1995; Union Carbide Corp. 1992i). Evaluations of glutaraldehyde dilution on acute lethality in male and
female rats and mice indicate greater lethality at dilutions in the range of 1-15% compared to more
concentrated solutions. For example, LDso values of 734, 498, 166, 165, and 123 mg glutaraldehyde/kg
were reported for male rats administered glutaraldehyde as 50, 25, 10, 5, or 1% aqueous glutaraldehyde,
respectively (Ballantyne 1995; Union Carbide Chem & Plas Co. 19911). Similarly, LDso values of 115,
228, 28.9,29.7, and 14.8 mg glutaraldehyde/kg were reported for female mice administered 50, 25, 5, 1,
or 0.1% aqueous glutaraldehyde, respectively (Ballantyne 1995; Union Carbide Corp. 1992i). However,
expressed in terms of volume of glutaraldehyde per kg body weight, the LDso values for these mice
increased with increasing volume (e.g., 0.2, 0.81, 0.54, 2.83, and 13.5 mL/kg for 50, 25, 5, 1, and 0.1 mg
glutaraldehyde/kg, respectively). In these studies, dosing volume varied for each concentration tested.
Although underlying principles involved in the apparent increased lethality (in terms of mg
glutaraldehyde/kg body weight) at lower glutaraldehyde concentrations have not been elucidated, these
results indicate that administration of water following ingestion of relatively high concentrations of
glutaraldehyde might enhance its toxicity. Stock glutaraldehyde is stored at relatively low pH (3.1-4.5)
and is alkalinized to neutral pH (7.8—8.0) to optimize its biocidal activity as a disinfectant. In a study that
evaluated the acute oral lethality of stock and alkalinized glutaraldehyde (2.2% aqueous solution), similar
LDsy values were obtained for rats administered unbuffered or buffered solutions (Ballantyne 1995).
LDso values were 3.34 and 3.65 mL/kg (males) and 3.49 and 4.89 (females) for unbuffered and buffered

solutions, respectively.

Maternal deaths were reported from daily gavage administration of 50% aqueous glutaraldehyde to rats

during gestation days (GDs) 6—15 at 25 mg glutaraldehyde/kg (Ema et al. 1992) and rabbits during



GLUTARALDEHYDE 49

3. HEALTH EFFECTS

GDs 7-19 at 22.5 mg glutaraldehyde/kg (BASF Corp. 1991a). No treatment-related deaths were
observed among rats, mice, or dogs administered glutaraldehyde in the drinking water for 13 weeks at
concentrations resulting in ingested doses of glutaraldehyde as high as 120, 233, and 15 mg/kg/day,
respectively (Union Carbide Chem & Plas Co. 1991r, 1991w, 1991ee). Continuous exposure of rats to
glutaraldehyde in the drinking water for up to 2 years at concentrations resulting in glutaraldehyde doses

as high as 64—121 mg/kg/day did not appear to affect survival (Confidential 2002; van Miller et al. 2002).

All reliable LOAEL and LDs, values for death in each species and duration category are recorded in

Table 3-7 and plotted in Figure 3-3.

3.2.2.2 Systemic Effects

The highest NOAEL values and all LOAEL values from each reliable study for each species, duration,

and end point for systemic effects are recorded in Table 3-7 and plotted in Figure 3-3.

No information was located regarding the following systemic effects in humans exposed to
glutaraldehyde by the oral route: gastrointestinal, hematological, hepatic, renal, endocrine, body weight,
and ocular effects. No information was located regarding the following systemic effects in laboratory

animals exposed to glutaraldehyde by the oral route: cardiovascular, musculoskeletal, and dermal effects.

Respiratory Effects. Available human data are limited to two separate case reports. A 78-year-old
male, who deliberately ingested an unspecified quantity of a biocide containing glutaraldehyde and a
quaternary ammonium compound, developed acute respiratory distress and severe metabolic acidosis and
subsequently died (Simonenko et al. 2009); the respiratory distress was likely secondary to metabolic
acidosis. A 19-year-old female deliberately ingested an unspecified quantity of Omnicide (a poultry
biocide containing 15% glutaraldehyde and 10% coco benzyl dimethyl ammonium chloride) (Perera et al.
2008). This subject also developed acute respiratory distress and severe metabolic acidosis, but

subsequently recovered.

Gross pathologic evidence of glutaraldehyde-induced irritation in the lungs was observed following single
gavage administration of aqueous glutaraldehyde to rats and mice at doses >100 and >16.9 mg/kg,
respectively (Ballantyne 1995; Union Carbide Chem & Plas Co. 1992; Union Carbide Corp. 1992i). The
respiratory effects are likely the result of aspiration of glutaraldehyde from the stomach. There were no

indications of glutaraldehyde-induced respiratory effects in rats or mice receiving glutaraldehyde from the
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Table 3-7. Levels of Significant Exposure to Glutaraldehyde — Oral

Less
Species Exposure serious Serious
Figure (strain) parameters/ Parameters NOAEL LOAEL LOAEL
key?2  No./group dose (mg/kg/d) monitored System (mg/kg/d) (mg/kg/d) (mg/kg/d) Results Reference/comments
ACUTE EXPOSURE
Death
1 Rat (Wistar)  Once (GW) BW CS GN 181 M LDso=0.32 mL/kg (males), 0.37 mL/kg BASF Corp. 1990j
5M,5F 113, 170, 283, LE 209 F (females) for 50% aqueous Reported doses in mL/kg test substance
565, 961 glutaraldehyde (50% aqueous glutaraldehyde) converted
to mg glutaraldehyde/kg using specific
gravity of 1.13 g/mL
2 Rat (Wistar)  Once (GW) BW CS GN 734 LDso=1.3 mL/kg for 50% aqueous Union Carbide Corp. 1992b
5M 283, 565,1,130 LE glutaraldehyde Reported doses in mL/kg test substance
(50% aqueous glutaraldehyde) converted
to mg glutaraldehyde/kg using specific
gravity of 1.13 g/mL
3 Rat (Sprague- Once (GW) BW CS GN 139 M LDso=246 mg/kg (males), 154 mg/kg Union Carbide Chem & Plas Co. 1992
Dawley) M: 50, 100,200 LE 87F (females) for 50% aqueous Reported doses in mg test substance (50%
5M,5F F: 50, 70.5, 100 glutaraldehyde aqueous glutaraldehyde/kg multiplied by
0.5 for expression as mg glutaraldehyde/kg
4 Rat (albino)  Once (GW) BW CS GN 540 LDso=1.19 mL/kg for 45% aqueous Union Carbide Corp. 1992a
5M 252,504,1,008 LE glutaraldehyde Reported doses in mL/kg test substance
(45% aqueous glutaraldehyde) converted
to mg glutaraldehyde/kg using specific
gravity of 1.12 g/mL
5 Rat (Sprague- Once (GW) BW CS GN 75.6 M LDso=168 mg/kg (males), 162 mg/kg Union Carbide Chem & Plas Co. 1991z
Dawley) 22.5,45,90, 180 LE 729F (females) for 45% aqueous Reported doses in mg test substance (45%
2or5M,2o0r glutaraldehyde (Ucarcide antimicrobial ~ aqueous glutaraldehyde)/kg multiplied by
5F 145LT) 0.45 for expression as mg
glutaraldehyde/kg
6 Rat (Sprague- Once (GW) BW CS GN 197 M LDso Union Carbide Chem & Plas Co. 1991t
Dawley) M: 49, 99, 197, LE 212 F Doses reported as mg active ingredient/kg;
5M,5F 394, 788 test substance was 45% aqueous
F: 99, 197, 394 glutaraldehyde
7 Rat (NS) Once (GW) LE 410 Reported LDso=1.54 mL/kg for 25% Union Carbide Chem & Plas Co. 19919
NS Doses NS aqueous glutaraldehyde (dosed as LDso converted to mg/kg using specific

received)

gravity of 1.065 g/mL for 25%
glutaraldehyde
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Table 3-7. Levels of Significant Exposure to Glutaraldehyde — Oral
Less
Species Exposure serious Serious
Figure (strain) parameters/ Parameters NOAEL LOAEL LOAEL
key?2  No.group dose (mg/kg/d) monitored System (mg/kg/d) (mg/kg/d) (mg/kg/d) Results Reference/comments
8 Rat (Wistar) Once (GW) BW CS GN 499 LDso=1.87 mL/kg for 25% aqueous Union Carbide Corp. 1992c
5M 266, 533,1,065 LE glutaraldehyde Reported doses in mL/kg test substance
(25% aqueous glutaraldehyde) converted
to mg glutaraldehyde/kg using specific
gravity of 1.065 g/mL
9 Rat (Hilltop-  Once (GW) BW CS GN 166 M LDso=1.62 mL/kg (males), 1.07 mL/kg Union Carbide Chem & Plas Co. 1991l
Wistar) 51, 103, 205, 410 LE 110 F (females) for 10% aqueous Reported doses in mL/kg test substance
5M,5F glutaraldehyde (10% aqueous glutaraldehyde) converted
to mg glutaraldehyde/kg using specific
gravity of 1.025 g/mL
10 Rat (Hilltop-  Once (GW) BW CS GN 165 M LDso=3.25 mL/kg (males), 1.30 mL/kg Union Carbide Chem & Plas Co. 1991l
Wistar) 51, 101, 203, 406, LE 66 F (females) for 5% aqueous Reported doses in mL/kg test substance
5M,5F 811 glutaraldehyde (5% aqueous glutaraldehyde) converted to
mg glutaraldehyde/kg using specific gravity
of 1.014 g/mL
11 Rat (Hilltop-  Once (GW) BW CS GN 123 M LDso=12.3 mL/kg (males), 9.85 mL/kg Union Carbide Chem & Plas Co. 1991l
Wistar) 40, 80, 160 LE 96 F (females) for 1% aqueous Reported doses in mL/kg test substance
5M,5F glutaraldehyde (1% aqueous glutaraldehyde); converted to
mg glutaraldehyde/kg using specific gravity
of 1.0025 g/mL
12 Mouse (NS)  Once (GW) CS LEGN 151 M LDso Union Carbide Corp. 1992i
5M,5F M: 70.5, 141, 282 115F Reported doses in mL/kg test substance
F: 70.5, 141, 282, (50% aqueous glutaraldehyde) converted
565 to mg glutaraldehyde/kg using specific
gravity of 1.13 g/mL
13 Mouse (NS)  Once (GW) CSLEGN 182 M LDso Union Carbide Corp. 1992i
5M,5F M: 74.7, 149, 299, 228 F Reported doses in mL/kg test substance
598, 1,195 (25% aqueous glutaraldehyde) converted
F: 149, 299, 598 to mg glutaraldehyde/kg using specific
gravity of 1.064 g/mL
14 Mouse (NS)  Once (GW) CS LEGN 33.2M LDso Union Carbide Corp. 1992i
5M,5F M: 13.6, 27, 54, 289F Reported doses in mL/kg test substance
109, 217, 434 (5% aqueous glutaraldehyde) converted to
F: 13.6, 27 mg glutaraldehyde/kg using specific gravity

of 1.014 g/mL
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Table 3-7. Levels of Significant Exposure to Glutaraldehyde — Oral
Less
Species Exposure serious Serious

Figure (strain) parameters/ Parameters NOAEL LOAEL LOAEL

key?2  No./group dose (mg/kg/d) monitored  System (mg/kg/d) (mg/kg/d) (mg/kg/d) Results Reference/comments

15 Mouse (NS)  Once (GW) CSLEGN 36.0M LDso Union Carbide Corp. 1992i
5M,5F M: 10.6, 21.2, 29.7F Reported doses in mL/kg test substance

425 (1% aqueous glutaraldehyde) converted to
F: 5.3, 10.6, 21.2, mg glutaraldehyde/kg using specific gravity
425,85 of 1.003 g/mL

16 Mouse (NS)  Once (GW) CS LEGN 14.8 LDso Union Carbide Corp. 1992i

5F F:4,8,16 Reported doses in mL/kg test substance
(0.1% aqueous glutaraldehyde) converted
to mg glutaraldehyde/kg using specific
gravity of 1.00 g/mL

17 Rat (Wistar) 1 x/d (GW) on BW CS DX FI 25 12.5 mg/kg/d: no deaths Ema et al. 1992

21or26F Gd 6-15 FXLE MX TG 25 mg/kg/d: 2/21 maternal deaths Reported doses in mg test substance/kg/d
0, 12.5, 25,50 50 mg/kg/d: 5/26 maternal deaths multiplied by 0.5 (proportion of
glutaraldehyde in test substance) for
expression as mg glutaraldehyde/kg/d

18 Rabbit 1 x/d (GW) on BW CS DX FI 225 2.5 mg/kg/d: no deaths BASF Corp 1991a
(Himalayan)  Gd 7-19 FX GN LE MX 7.5 mg/kg/d: no deaths Reported doses in mg test substance/kg/d
15F 0,25,75,225 TG 22.5 mg/kg/d: 5/15 maternal deaths multiplied by 0.5 (proportion of

glutaraldehyde in test substance) for
expression as mg glutaraldehyde/kg/d

Systemic

19 Rat (Sprague- Once (GW) BWCSGN Gastro 50M,F 100 M Gastrointestinal irritation Union Carbide Chem & Plas Co. 1992
Dawley) M: 50, 100,200 LE 705F Reported doses in mg test substance (50%
5M,5F F: 50, 70.5, 100 aqueous glutaraldehyde/kg multiplied by

0.5 for expression as mg
glutaraldehyde/kg). Discolored lungs at
some dose levels were a likely result of
aspiration.

20 Rat (Harlan- DW for4d BW CS FI LE Hepatic 640 Increased relative kidney weight, Union Carbide Chem & Plas Co. 1991f
Wistar) 0, 440, 640 ow wi BW 640 decreased urinary output at 440 and Kidney effects likely result of decreased
5M 640 mg/kg/d; no effects on relative liver food and water intake

weight or body weight

21 Rat (Harlan- DW for4d BW CS FILE Hepatic 180 No effects on relative liver or kidney Union Carbide Chem & Plas Co. 1991f
Wistar) 0, 180 ow Wi Renal 180 weight or body weight
5M BW 180
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Less
Species Exposure serious Serious
Figure (strain) parameters/ Parameters NOAEL LOAEL LOAEL
key?2  No.group dose (mg/kg/d) monitored  System (mg/kg/d) (mg/kg/d) (mg/kg/d) Results Reference/comments
22 Rat (Wistar) 1 x/d (GW) on BW CS DX FI Gastro 10 50 50 mg/kg/d: thickened margo plicatus in BASF Corp. 1991b, 1991c
10F Gd 6-15 FX LE MX TG Hepatic 50 forestomach of 10/10 dams, unspecified Not specified whether reported doses were
0, 10, 50 Wi Renal 50 lesions in glandular stomach of adjusted for proportion of glutaraldehyde in
BW 50 3/10 dams, 9% decreased serum total  test substance (50% aqueous
10 proteins, 10% increased mean relative  glutaraldehyde)
kidney weight
23 Rat (Wistar) DWon Gd6-16 BIBW CS DX Gastro 11 51 Foci in glandular stomach of 2/10 dams BASF Corp. 1990I, 1991b
10F 0, 11,51 FI FX GNHP Hepatic 51 Author-estimated glutaraldehyde doses
LE MXOW  Renal 51
TG WI BW 51
24 Rat (Wistar) DWon Gd 6-16 BIBW CS DX BW 68 No effects on mean maternal body BASF Corp. 1991b
25F 0,5, 26, 68 FI FX GN HP weight Author-estimated glutaraldehyde doses
LE MX OW
TG WI
25 Rat (Wistar) 1 x/d (GW) on BW CS DX FI Gastro 25 50 50 mg/kg/d: hemorrhagic irritation of Ema et al. 1992
2lor26 F Gd 6-15 FXLE MX TG BW 25 50 stomach noted in 12/21 dams; 57% Reported doses in mg test substance/kg/d
0, 12.5, 25,50 depressed mean maternal body weight — multiplied by 0.5 (proportion of
gain glutaraldehyde in test substance) for
expression as mg glutaraldehyde/kg/d
26 Rat (F344) DW for 14 d BC BW CS FI Hemato 100.7 M No treatment-related effects on clinical ~ Union Carbide Chem & Plas Co. 19910
10M, 10 F M: 0, 12.8, 100.7 GN HE HP LE 1055F signs, clinical chemistry or hematology = Author-estimated glutaraldehyde doses
F: 0, 13.6, 105.5 WiI Hepatic 100.7 M measurements, body weight, absolute or
1055F relative liver or kidney weights, or
Renal 100.7 M histopathology of liver or kidney
1055 F
BW 100.7 M
1055 F
27 Mouse (NS) Once (GW) CSLEGN Gastro 8.4 16.9 Gastrointestinal irritation Union Carbide Corp. 1992i
5M,5F various doses Results for 0.05% aqueous glutaraldehyde
test substance; respiratory and
gastrointestinal effects occurred at higher
doses among mice treated using 0.1-50%
aqueous glutaraldehyde test substance.
Discolored lungs at some dose levels were
a likely result of aspiration.
28 Rabbit DWon Gd 7-20 BW CS DX FI Hepatic 23.4 No effects on liver weight or gross BASF Corp. 19914a, 1991c
(Himalayan) 0,7.1,23.4 FXLE MX TG Renal 23.4 lesions, kidney weight, or body weight

Wi BW 23.4
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Less
Species Exposure serious Serious
Figure (strain) parameters/ Parameters NOAEL LOAEL LOAEL
key?2  No./group dose (mg/kg/d) monitored  System (mg/kg/d) (mg/kg/d) (mg/kg/d) Results Reference/comments
29 Rabbit 1 x/d (GW) on BW CSDXFI Gastro 5 25 Gastritis in fundus/pyloris of 2/6 does, no BASF 1990m
(Himalayan)  Gd 7-19 FXLE MX TG Hepatic 25 treatment-related effects on liver, kidney,
6 F 0,5,25 Wi Renal or body weights
BW 25
30 Rabbit 1 x/d (GW) on BW CS DX Fl Gastro~ 15 45 45 mg/kg/d: gastrointestinal irritative BASF Corp. 1991a
(Himalayan)  Gd 7-19 FX GN LE MX BW 15 45 effects included reddening and Body weight loss accompanied by 40%
15F 0,5, 15,45 TG ulceration in fundus, edema of fundus/  decreased food intake
pylorus, distended cecum/colon in nearly
all does; actual body weight loss during  Note: 5/15 does in the 45 mg/kg/d group
treatment period died
31 Dog (beagle) DW for 14d BC BW CS FI Gastro ™ Mucosal irritation (glossitis and Union Carbide Chem & Plas Co. 1991dd
2M,2F M: 0,7, 14 GN HE HP LE 10F esophagitis), more prominent in males  Author-estimated glutaraldehyde doses
F: 0, 10, 13 OP UR WI
Developmental
32 Rat (Wistar) DWon Gd 6-16 BIBW CS DX 51 No effects on uterine weight or uterine ~ BASF Corp. 1990I, 1991b
10F 0, 11,51 FI FX GN HP contents Author-estimated glutaraldehyde doses
LE MX OW
TG WI
33 Rat (Wistar) 1 x/d (GW) on BW CS DX FlI 50 No effects on uterine weight or uterine  BASF Corp. 1991c
10F Gd 6-15 FXLE MX TG contents Range-finding study for definitive study
0, 10, 50 wi
34 Rat (Wistar) DWon Gd 6-16 BIBW CS DX 68 No effects on uterine weight or uterine  BASF Corp. 1991b
25F 0, 5, 26, 68 FI FX GN HP contents Author-estimated glutaraldehyde doses
LE MX OW
TG WI
35 Rat (Wistar) 1 x/d (GW) on BW CS DX FI 50 No effects on uterine weight or uterine  Ema et al. 1992
2lor26F Gd 6-15 FXLEMXTG contents up to and including maternally- Reported doses in mg test substance/kg/d
0, 12.5, 25,50 toxic dose multiplied by 0.5 (proportion of
glutaraldehyde in test substance) for
expression as mg glutaraldehyde/kg/d
36 Rabbit DWon Gd 7-20 BW CS DX FI 23.4 BASF Corp. 1991a, 1991c
(Himalayan) 0,7.1,23.4 FXLE MX TG
6F Wi
37 Rabbit 1 x/d (GW) on BW CS DX FI 25 No effect on fertility or fecundity BASF 1990m
(Himalayan) Gd7-19 FXLE MXTG
6F 0,5,25 Wi
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Table 3-7. Levels of Significant Exposure to Glutaraldehyde — Oral
Less
Species Exposure serious Serious
Figure (strain) parameters/ Parameters NOAEL LOAEL LOAEL
key?2  No./group dose (mg/kg/d) monitored System (mg/kg/d) (mg/kg/d) (mg/kg/d) Results Reference/comments
38 Rabbit 1 x/d (GW) on BW CS DX FI 15 45 mg/kg/d: decreased gravid uterine BASF Corp. 1991a
(Himalayan)  Gd 7-19 FX GN LE MX weight, decreased number of does with
15F 0, 5, 15, 45 TG fetuses, 100% resorptions in 9/15 does, Note: 45 mg/kg/d dose was extremely
increased postimplantation loss, toxic; 5/15 does in the 45 mg/kg/d group
markedly reduced mean placentaland  died
fetal body weights
INTERMEDIATE EXPOSURE
Systemic
39 Mouse (CD-1) DW for 16 d BC BW CS FI Resp 257.4 M 12% increased mean relative kidney Union Carbide Chem & Plas Co. 1991v
10M,10F M: 0, 32.1,69.8, GN HE HP LE 3276 F weight in high-dose females; 32—-77% Author-estimated glutaraldehyde doses
257.4 OW UR WI Hemato 257.4M depressed mean body weight gain in
F: 0, 37.8,92.5, 3276 F mid- and high-dose males No histopathological evidence of treatment-
327.6 Renal 257.4 M related effects on kidney
952 F 3276 F
BW 321 M 69.8 M
3276 F
40 Rat (F344) DW for 13 wk BC BW CS FI Resp 100 M Dose-related increased absolute and/or Union Carbide Chem & Plas Co. 1991r
20M, 20 F M:0,5,23,100 GNHEHPLE 120 F relative kidney weight Author-estimated doses
F: 0,7, 35, 120 OPOWUR Hemato 100M
Wi 120 F No histopathological evidence of treatment-
Hepatic 100 M related effects on kidney
120 F
Renal 5M 23 M
7F 35F
BW 100 M
120 F
Ocular 100 M

120 F
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Table 3-7. Levels of Significant Exposure to Glutaraldehyde — Oral
Less
Species Exposure serious Serious
Figure (strain) parameters/ Parameters NOAEL LOAEL LOAEL
key?2  No.group dose (mg/kg/d) monitored System (mg/kg/d) (mg/kg/d) (mg/kg/d) Results Reference/comments
41 Mouse (CD-1) DW for 13wk BC BW CS FI Resp 200 M Renal effects included decreased urine  Union Carbide Chem & Plas Co. 1991w
20M, 20 F M: 0, 25, 61,200 GN HE HP LE 233 F volume in males at 61 and 200 mg/kg/d  Author-estimated doses
F:0,31,74,233 OPOWUR Hemato 200M and females at 233 mg/kg/d, increased
wi 233 F mean urine osmolality in males at 61 and No histopathological evidence of treatment-
Hepatic 200 M 200 mg/kg/d (~37% greater than related effects on kidney
233 F controls) and females at 233 mg/kg/d
Renal 25M 61M (49% greater than controls)
74 F 233 F
BW 200 M
233 F
Ocular 200 M
233 F
42 Rat (CD) DW during BW CS DX FI BW 69.07 FOM FO males: reduced body weight gainin  Neeper-Bradley and Ballantyne 2000
28 M (FO, F1) premating, FX GN HP LE 71.08 F1 M mid- and high-dose groups only during  Author-estimated doses
28 F (FO, F1) mating, gestation, MX TG WI 98.37 FOF first exposure week; decreased water
and lactation for 99.56 F1 F consumption in mid- and high-dose Differences in body weight between

2 generations
FO M: 0, 4.25,
17.5, 69.07
FO F: 0, 6.68,
28.28, 98.37
F1 M: 0, 4.53,
21.95,71.08
F1F:0,6.72,
29.57,99.56

groups; sporadic decreased food
consumption in mid- and high-dose
groups

FO females: reduced body weight gain
in high-dose group only at weeks 3 and
at parturition; decreased water
consumption in mid- and high-dose
groups; sporadic decreased food
consumption in high-dose group

F1 males: depressed body weight in
high-dose group at times during
premating only; decreased water
consumption in mid- and high-dose
groups; decreased food consumption in
high-dose group

F1 females: decreased water and food
consumption in mid- and high-dose
groups

controls and high-dose groups of parental
rats were in the range of 5-6%, with the
exception of 10 and 14% lower mean body
weight of mid- and high-dose FO male rats,
respectively, at exposure week 1

No histopathological evidence of treatment-
related effects on reproductive organs or
tissues
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Table 3-7. Levels of Significant Exposure to Glutaraldehyde — Oral

Less
Species Exposure serious Serious
Figure (strain) parameters/ Parameters NOAEL LOAEL LOAEL
key?2  No.group dose (mg/kg/d) monitored  System (mg/kg/d) (mg/kg/d) (mg/kg/d) Results Reference/comments
43 Dog (beagle) DW for 13 wk BWBCBW Gastro 3.3M 9.6 M Increased incidences of intermittent Union Carbide Chem & Plas Co. 1991ee
4M,4F M: 0, 3.3, 9.6, CS FIGNHE 3.2F 99F vomiting in mid- and high-dose males Author-estimated doses
14.1 HP LE OP Hemato 14.1M and females; reduced body weight and
F:0,3.2,9.9, OW UR WI 15.1F body weight gain in all dose groups of
15.1 Hepatic 14.1M females (irregular intervals, small
15.1F magnitude, and without dose-response
Renal 141 M characteristic); ophthalmologic
15.1F examinations negative; increased
Ocular 141 M relative kidney weight in high-dose
151F females not considered biologically
BW 141 M significant in absence of exposure-
15.1F related changes in urinalysis or renal
histopathology; no exposure-related
effects on hematology, serum chemistry,
or gross or histopathology
Reproductive
44 Rat (CD) DW during BW CS DX FI 69.07 FOM No effects on fertility; no Neeper-Bradley and Ballantyne 2000
28 M (FO, F1) premating, FX GN HP LE 71.08 F1 M histopathological evidence of treatment- Author-estimated doses
28 F (FO, F1) mating, gestation, MX TG WI 98.37 FOF related effects on reproductive organs or
and lactation for 99.56 F1 F tissues
2 generations
FO M: 0, 4.25,
17.5, 69.07
FO F: 0, 6.68,
28.28, 98.37
F1 M:0, 453,
21.95,71.08
F1F:0,6.72,

29.57,99.56
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Table 3-7. Levels of Significant Exposure to Glutaraldehyde — Oral

Less
Species Exposure serious Serious
Figure (strain) parameters/ Parameters NOAEL LOAEL LOAEL
key?2  No.group dose (mg/kg/d) monitored  System (mg/kg/d) (mg/kg/d) (mg/kg/d) Results Reference/comments
Developmental
45 Rat (CD) DW during BW CS DX FI 98.37F1 F1 pups: significantly depressed mean  Neeper-Bradley and Ballantyne 2000
28 M (FO, F1) premating, FX GN HP LE 99.56 F2 pup body weight in high-dose pups at Author-estimated doses
28 F (FO, F1) mating, gestation, MX TG WI postpartum days 21 and 28 (5-11%
lactation for 2 lower than controls) and mean pup body Effects on pup body weight likely due to
generations weight gain during lactation days 14-28 taste aversion
FO M: 0, 4.25, (14-19% less than controls)
17.5, 69.07 F2 pups: significantly depressed mean
FO F: 0, 6.68, pup body weight in high-dose pups at
28.28,98.37 postpartum days 21 and 28 (7-13%
F1 M: 0, 4.53, lower than controls) and mean pup body
21.95,71.08 weight gain during lactation days 14—28
F1F:0,6.72, (17-27% less than controls)
29.57, 99.56 No treatment-related effects on other
developmental indices
CHRONIC EXPOSURE
Systemic
46 Rat (F344) DW up to 104 wk BC BW CSFIl Gastro 4 MP° 17M Gastric irritation (multifocal color change, van Miller et al. 2002
100 M M: 0, 4, 17, 64 GN HE HP LE 6F 25F mucosal thickening, nodules, and Author-estimated doses
100 F F: 0, 6, 25, 86 OPOWUR Hemato 64 M ulceration affecting primarily the
Wi 86 F nonglandular mucosa) in mid- and high- Study authors considered most kidney
Hepatic 64 M dose males and females; increased effects a physiological compensatory
86 F incidences of nucleated red blood cell adaptation to decreased water
Renal 64 M and large monocytes in mid- and high- ~ consumption and bone marrow
F 86 dose males and bone marrow hyperplasia, renal tubular pigmentation,
BW 17 M 64 M hyperplasia in high-dose males and low-, and increased incidences of nucleated red
25F 86 F mid-, and high-dose females; increased blood cells and large monocytes secondary

incidences of renal tubular pigmentation
in high-dose males and mid- and high-
dose females; increased kidney weight
in high-dose females; decreased urine
volume in high-dose males and females;
depressed body weight and body weight
gain in high-dose males and females (3—
14% less than controls)

to low-grade anemia in rats with large
granular lymphocytic anemia
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Table 3-7. Levels of Significant Exposure to Glutaraldehyde — Oral

Less

Species Exposure serious Serious
Figure (strain) parameters/ Parameters NOAEL LOAEL LOAEL
key?2 No./group dose (mg/kg/d) monitored System (mg/kg/d) (mg/kg/d) (mg/kg/d) Results Reference/comments
47 Rat (Wistar) DWupto24mo BC BW CS Fl Resp 16 M 60 M Laryngeal and tracheal metaplasia in BASF 2013; Confidential 2002

50 M M: 0, 3, 16, 60 GN HE HP LE 24 F 88 F males and females; erosion/ulceration in A detailed study report is not available to

50 F F: 0,5, 24,88 OP OW WI Gastro 60M glandular stomach of females the general public

24 F 88 F

aThe number corresponds to entries in Figure 3-3.
bUsed to derive a chronic-duration oral MRL of 0.1 mg/kg/day for glutaraldehyde. The NOAEL of 4 mg/kg/day was divided by an uncertainty factor of 30 (10 for extrapolation from animals to

humans and 3 for human variability) (see Appendix A).

BC = biochemistry; Bl = biochemical changes; BW = body weight; CS = clinical signs; d = day(s); DW = drinking water; DX = developmental toxicity; F = female(s); FI = food intake; FX =fetal
toxicity; Gastro = gastrointestinal; Gd = gestation day(s); GN = gross necropsy; GW = gavage in water; HE = hematology; Hemato = hematological; HP = histopathology; LDso = lethal dose,
50% kill; LE = lethality; M = male(s); MRL = Minimal Risk Level; MX = maternal toxicity; NS = not specified; OP = ophthalmology; OW = organ weight; Resp = respiratory; sec = second(s); TG
= teratogenicity; UR = urinalysis; WI = water intake; wk = week(s); x =time(s)
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Figure 3-3. Levels of Significant Exposure to Glutaraldehyde - Oral
Acute (= 14 days)
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C-Cat K-Monkey J-Pigeon AHuman - NOAEL OAnimal - NOAEL
D-Dog M-Mouse E-Gerbil O-Other AHuman - LOAEL, Less Serious ®@Animal - LOAEL, Less Serious
R-Rat  H-Rabbit S-Hamster AHuman - LOAEL, More Serious ®Animal - LOAEL, More Serious
P-Pig A-Sheep G-Guinea Pig XHuman - Cancer Effect Level ®Animal - Cancer Effect Level
Q-Cow F-Ferret N-Mink WAnimal - LD50/LC50 Minimal Risk Level for effects other than cancer
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Figure 3-3. Levels of Significant Exposure to Glutaraldehyde - Oral (Continued)
Intermediate (15-364 days)
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