OCCUPATIONAL SAFETY AND HEALTH GUIDELINE
FOR ACETALDEHYDE

INTRODUCTION

This guideline summarizes pertinent information about
acetaldehyde for workers and employers as well as for
physicians, industrial hygienists, and other occupational
safety and health professionals who may need such informa-
tion to conduct effective occupational safety and health
programs, Recommendations may be superseded by new
developments in these fields; readers are therefore advised
to regard these recommendations as general guidelines and
to determine periodically whether new information is avail-
able.

SUBSTANCE IDENTIFICATION

¢ Formula
CH3CHO
¢ Structure
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¢ Synonyms

Acetic aldehyde, ethanal, acetylaldehyde, ethyl aldehyde
¢ Identifiers

L. CAS No.: 75-07-0

2. RTECS No.: AB1925000

3. DOT UN: 1089 26

4. DOT label: Flammable Liquid

* Appearance and odor

Acetaldehyde is a colorless, flammable, volatile liquid or pas
(above 69°F) with a pungent, fruity odor detectable at low
concentrations. The odor threshold is reported to be between
0.05 and 2.3 parts per million (ppm) parts of air.

CHEMICAL AND PHYSICAL PROPERTIES
¢ Physical data

1. Molecular weight: 44.1
2. Boiling point (at 760 mm Hg): 21°C (69.8°F)
3. Specific gravity (water = 1}: 0.79 at 20°C (68°F)

4. Vapor density (air = 1 at boiling point of acetaldehyde):
1.5

5. Melting point: -123.5°C (-190.3°F)
6. Vapor pressure at 20°C (68°F): 740 mm Hg

7. Solubility: Miscible with water, alcohol, ether, acetone,
benzene, gasoline, solvent naphtha, toluene, turpentine, and
xylene

8. Evaporation rate (ether = 1): 3
¢ Reactivity

1. Conditions contributing to instability: Contact of acetal-
dehyde with air may cause the formation of explosive
peroxides, and contact of this substance with heat or flame
may cause fires or explosions. Contact with trace metals or
alkaline materials may cause acetaldehyde to undergo haz-
ardous polymerization.

2. Incompatibilities: Fire and explosion may resuit from
contact of acetaldehyde with strong oxidizers. Acetaldehyde
reacts vigorously with acid anhydrides, aleohols, anhydrous
ammonia, amines, ketones, phenols, hydrogen cyanide,
hydrogen sulfide, halogens, phosphorus, isocyanates, and
strong alkalies.

3. Hazardous decomposition products: Toxic gases (such
as carbon monoxide and methane) may be released in a fire
involving acetaldehyde.

4. Special precautions: Liquid acetaldehyde attacks some
coatings and some forms of plastic and rubber.
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¢ Flammability

The National Fire Protection Association has assigned a
flammability rating of 4 (extreme fire hazard) to acetal-
dehyde.

1. Flash point: -37.8°C (-36°F) {closed cup)
2. Autoignition temperature: 175°C (347°F)

3. Flammable limits in air (% by volume): Lower, 4.0;
upper, 60.0

4. Extinguishant: Use dry chemical, carbon dioxide, or
alcohol foam to fight fires involving acetaldehyde. Water
may be ineffective, but it may be used to keep fire-exposed
containers cool and to protect persons attempting to stop the
leak. If a leak or spill of acetaldehyde has not ignited, water
spray may be used to disperse vapors.

Fires involving acetaldehyde should be fought upwind and
from the maximum distance possible. Isolate the hazard area
and deny access to unnecessary personnel. Emergency per-
sonnel should stay out of low areas and ventilate closed
spaces before entering. Vapor explosion and poison hazards
may occur indoors, outdoors, or in sewers. Vapors may
travel to a source of ignition and flash back. Containers of
acetaldehyde may explode in the heat of the fire and should
be moved from the fire area if it is possible to do so safely.
If this is not possible, cool containers from the sides with
water until well after the fire is out. Stay away from the ends
of containers. Personnel should withdraw immediately if
they hear a rising sound from a venting safety device or if a
container becomes discolored as a result of fire. Dikes
should be used to contain fire-control water for later disposal.
If a tank car or truck is involved in a fire, personnel should
isolate an area of a half mile in all directions. Firefighters
should wear a full set of protective clothing (including a
self-contained breathing apparatus) when fighting fires in-
volving acetaldehyde. Firefighters® protective clothing may
provide limited protection against fires involving acetaldehyde.

EXPOSURE LIMITS

e OSHA PEL

The current Occupational Safety and Health Adminstration
(OSHA) permissible expostre limit (PEL) for acetaldehyde
is 100 ppm (180 mg(m?') as an 8-hr TWA concentration and
150 ppm (270 mg/m?) as a short-term exposure limit
(STEL). A STEL is a 15-min TWA exposure which should
not be exceeded at any time during the working day [29 CFR
1910.1000, Table Z-1-A].

s NIOSH REL

The National Institute for Occupational Safety and Health
(NIOSH) considers acetaldehyde to be a potential occupa-
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tional carcinogen and recommends exposures be controlled
to the lowest feasible limit [NIOSH 1992].

e ACGIH TLV®

The American Conference of Governmental Industrial
Hygienists (ACGIH) has assigned an acetaldehyde threshold
limit value (TLV) of 100 ppm (180 mg/m®) as a TWA fora
normal 8-hr workday and a 40-hr workweek and a STEL of
150 ppm (270 mg.{ma) for periods not to exceed 15 min
[ACGIH 1991b].

» Rationale for limits

The OSHA and ACGIH limits are based on the risk of
conjunctivitis and sensory irritation of the respiratory tract
associated with exposure to acetaldehyde. The NIOSH limit
is based on positive carcinogenic results in animal studies.

HEALTH HAZARD INFORMATION

* Routes of exposure

Exposure to acetaldehyde can occur through inhalation,
ingestion, or contact with the eyes, skin, or mucous membranes.

® Summary of toxicology

. Effects on Animals: Acetaldehyde is an irritant of the
eyes, mucous membranes, and upper respiratory tract in
animals; at high concentrations, it is a central nervous system
depressant. Acetaldehyde has caused squamous cell car-
cinomas and adenocarcinomas of the nasal cavity in rats and
hamstess; it is also embryotoxic and teratogenic in several
species of animals. Acetaldehyde causes severe irritation
when applied to the eyes of rabbits; it causes mild irritation
in contact with skin [NIOSH 1991]. In rats, the oral LDy, is
661 mg/kg, and the LCyy is 37 g/m” (20,550 ppm) for 30 min
[NIOSH 1991]. Cats exposed to 380 ppm for 7 hr showed
no effects; but increasing the concentration to 1,520 ppm
caused signs of respiratory tract irritation {[ACGIH 1991a].
Rats exposed to concentrations ranging from 400 to
5,000 ppm for 6 hr/day, 5 daysfweek for 4 weeks showed
slight degeneration of the nasal epithelium at 400 ppm, and
growth retardation, increased urinary output (in males only),
and slight-to-moderate degeneration (with or without hyper-
plasia and metaplasia) of the nasal epithelium at 1,000 or
2,200 ppm [IARC 1985). The rats exposed to 5,000 ppm
showed severe growth retardation, increased nevirophil
counts, reduced urine volumes, increased lung weights, and
severe degenerative hyperplasia and metaplasia of the nasal,
laryngeal, and tracheal epithelium [NLM 1992]. Hamsters
were exposed to acetaldehyde concentrations ranging from
390 to 4,560 ppm for 6 hr/day, 5 days/week for 90 days. At
the lowest concentration, these animals showed no toxic
effects; at the highest concentration, however, they showed
signs of eye and nose irritation, growth retardation, and
erythrocytosis. At autopsy, these high-dose animals showed
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increased kidney and heart weights and severe his-
topathologic changes of the respiratory epithelium [IARC
1985]. Fetal malformations (facial and cranial), digital
anomalies, and embryonic deaths (resorptions) occurred in
the offspring of rats and mice from dams treated with acetal-
dehyde during pregnancy [IARC 1985]. Acetaldehyde has
been tested for carcinogenicity in rats by inhalation and in
hamsters by inhalation and intratracheal administration. In
rats, inhalation of acetaldehyde caused a statistically sig-
nificant increase in the incidence of nasal adenocarcinomas
and squamous cell carcinomas of the lungs. In hamsters,
inhalation caused a significant increase in the incidence of
laryngeal carcinoma, and intratracheal injections resulted in
the induction of “peribronchiolar adenomated lesions,”
which were apparently not classified as tumors. The Inter-
national Agency for Research on Cancer (IARC) has
concluded that there is sufficient evidence for the car-
cinogenicity of acetaldehyde in animals [IARC 19871
Acetaldehyde is mutagenic in bacterial and mammalian test
systems with and without activation {NIOSH 1991].

2. Effects on Humans: Acetaldehyde is an irritant of the
eyes, mucous membranes, skin, and upper respiratory tract,
and it is a central nervous system depressant in humans. On
the basis of effects seen in animals, acetaldehyde is a poten-
tial carcinogen in humans. Although sensitive individuals
experienced irritation when exposed to 25 ppm for 15 min,
most unacclimated human volunteers exposed to 50 ppm
experienced mild eye irritation, and all subjects exposed to
200 ppm developed conjunctivitis [Proctor et al. 1988].
Upper respiratory tract irritation was reported at a vapor
concentration of 134 ppm [Proctor et al. 1988]. Eye contact
with liquid acetaldehyde causes a burning sensation and
superficial corneal injury; exposure to concentrations above
50 ppm may cause persistent tearing, photophobia, and in-
jury to the corneal epithelium [Grant 1986]. Acetaldehyde
causes erythema when splashed on the skin; if contact is
repeated or prolonged, this substance may cause dermatitis
or skin burns [Proctor et al. 1988]. A study of East German
workers exposed to acetaldehyde and other chemicals in a
chemical factory showed an increase in the number of can-
cers of the bronchial tubes and oral cavity. However, IARC
has concluded that the results of this study are inconclusive
because the workers were exposed to other chemicals and
only a small, poorly defined population was involved [IARC
1987].

¢ Signs and symptoms of exposure

1. Acute exposure: Acute exposure to acetaldehyde can
cause irritation of the eyes with burning, conjunctivitis,
tearing, blurred vision, and photophobia; irritation and bumn-
ing of the nose with rhinorrhea; and irritation of the upper
respiratory tract with pain and coughing. Exposure to high
levels of this substance may cause headache, drowsiness,
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dizziness, excitement, and agitation, followed by narcosis or
stupor, pulmonary edema, and possibly death resulting from
respiratory failure; however, ingestion can also induce
nausea, vomiting, and diarrhea. Skin contact may cause
dermatitis and burns of the exposed area.

2. Chronic exposure: Chronic exposure to acetaldehyde can
cause conjunctivitis, coughing, difficult breathing, and der-
matitis. On the basis of effects seen in animals, chronic
exposure to acetaldehyde may cause heart and kidney
damage, embryotoxicity, teratogenic effects, and possibly
cancer in humans.

® Emergency procedures

Keep unconscious victims warm and on their sides to avoid
choking if vomiting occurs. Initiate the following emergen-
cy procedures:

1. Eye exposure: Tissue irritation may result from exposure
to concentrated solutions, vapors, mists, or aerosols of acetal-
dehyde. Immediately and thoroughly flush eyes with large
amounts of water, occasionally lifting the upper and lower
eyelids.

2. Skin exposure: Skin irritation may result. Immediately
remove contaminated clothing and thoroughly wash con-
taminated skin with soap and water.

3. Inhalation exposure: If vapors, mists, or aerosols of
acetaldehyde are inhaled, move the victim to fresh air imme-
diately.

If the victim is not breathing, clean any chemical contamina-
tion from the victim’s lips and perform cardiopulmonary
resuscitation (CPR); if breathing is difficult, give oxygen.
4. Ingestion exposure: Take the following steps if acetal-
dehyde or a solution containing it is ingested:

—Have the victim rinse the contaminated mouth cavity
several times with a fluid such as water,

—Have the victim drink a glass (8 oz) of fluid such as water.

—Induce vomiting by giving syrup of ipecac as directed on
the package. If ipecac is unavailable, have the victim
touch the back of the throat with a finger until productive

vomiting ceases.

—Deo netforce an unconscious or convulsing person to drink
fluid or to vomit,
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5. Rescue: Remove an incapacitated worker from further
exposure and implement appropriate emergency procedures
(e.g., those listed on the material safety data sheet required
by OSHA's hazard communication standard [29 CFR
1910.1200]). All workers should be familiar with emergen-
¢y procedures and the location and proper use of emergency
equipment.

EXPOSURE SOURCES AND CONTROL
METHODS

The following operations may involve acetaldehyde and may
result in worker exposures to this substance:

—Synthesis of acetic acid, acetic anhydride, acrolein, aldol,
butanol, butylene glycol, chloral, crotonaldehyde, 2-ethyl-
hexanol, metaldehyde, paraldehyde, pentaerythritol,
peracetic acid, pyridines, and trimethylolpropane

—Manufacture of synthetic resins, aniline dyes, herbicides,
fungicides, other pesticides, explosives, and pharmaceuti-
cals

—Synthesis of rubber processing chemicals, disinfectants,
cosmetics, and perfumes

—Use of acetaldehyde in silvering mirrors and as an alcohol
denaturant

—Use of acetaldehyde as a hardening agent in photography
and in the manufacture of gelatin, glue, lacquers, var-
nishes, and casein products

—Use of acetaldehyde as a flavoring agent and additive in
milk products and candies and as a preservative for food
and leather

The following methods are effective in controlling worker
exposures to acetaldehyde, depending on the feasibility of
implementation:

—Process enclosure

—Local exhaust ventilation
—General dilution ventilation
—Personal protective equipment

Good sources of information about control methods are as
follows:

1. ACGIH [1992]. Industrial ventilation—a manual of
recommended practice. 21sted. Cincinnati, OH: American
Conference of Governmental Industrial Hygienists.

2. Burton DJ [1986]. Industrial ventilation—a self study
companion. Cincinnati, OH: American Conference of
Governmental Industrial Hygienists.

3. Alden JL, Kane IM [1982]. Design of industrial ventila-
tion systems. New York, NY: Industrial Press, Inc.
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4. Wadden RA, Scheff PA [1987]. Engineering design for
control of workplace hazards. New York, NY: McGraw-
Hill.

5. Plog BA [1988]. Fundamentals of industrial hygiene.
Chicago, II.: National Safety Council.

MEDICAL MONITORING

Workers who may be exposed to chemical hazards should be
monitored in a systematic program of medical surveillance
that is intended to prevent occupational injury and discase.
The program should include education of employers and
workers about work-related hazards, placement of workers
in jobs that do not jeopardize their safety or health, early
detection of adverse health effects, and referral of workers
for diagnosis and treatment. The occurrence of disease or
other work-related adverse health effects should prompt
immediate evaluation of primary preventive measures (e.g.,
industrial hygiene monitoring, engineering controls, and per-
sonal protective equipment). A medical monitoring program
is intended to supplement, not replace, such measures. To
place workers effectively and to detect and control work-
related health effects, medical evaluations should be per-
formed (1) before job placement, (2) periodically during the
term of employment, and (3) at the time of job transfer or
termination.

® Preplacement medical evaluation

Before a worker is placed in a job with a potential for
exposure to acetaldehyde, a licensed health care professional
should evaluate and document the worker’s baseline health
status with thorough medical, environmental, and occupa-
tional histories, a physical examination, and physiologic and
laboratory tests appropriate for the anticipated occupational
risks. These should concentrate on the function and integrity
of the eyes, skint, and respiratory tract. Medical monitoring
for respiratory disease should be conducted using the prin-
ciples and methods recommended by the American Thoracic
Society [ATS 1987].

A preplacement medical evaluation is recommended to as-
sess an individual's suitability for employment at a specific
job and to detect and assess medical conditions that may be
aggravated or may result in increased risk when a worker is
exposed to acetaldehyde at or below the prescribed exposure
limit. The licensed health care professional should consider
the probable frequency, intensity, and duration of exposure
as well as the nature and degree of any applicable medical
condition. Such conditions (which should not be regarded
as absolute contraindications to job placement) include a
history and other findings consistent with eye, skin, and
respiratory tract discases.
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® Periodic medical examinations and hiological
monitoring

Occupational health interviews and physical examina-
tions should be performed at regular intervals during the
employment period, as mandated by any applicable Federal,
State, or local standard. Where no standard exists and the
hazard is minimal, evaluations should be conducted every 3
to 5 years or as frequently as recommended by an ex-
perienced occupational health physician. Additional ex-
aminations may be necessary if a worker develops symptoms
attributable to acetaldehyde exposure. The interviews, ex-
aminations, and medical screening tests should focus on
identifying the adverse effects of acetaldehyde on the eyes,
skin, and respiratory tract. Current health status should be
compared with the baseline health status of the individual
worker or with expected values for a suitable reference
population,

Biological monitoring involves sampling and analyzing
body tissue or fluids to provide an index of exposure to a
toxic substance or metabolite. Acetaldehyde can be detected
in the blood, urine, and breath of exposed individuals. How-
ever, aldehyde concentrations in these biological specimens
have not been correlated with airborme concentrations of this
substance. Therefore, no biclogical monitoring method ac-
ceptable for routine use has yet been developed for acetal-
dehyde.

¢ Medical examinations recommended at the time of
job transfer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic or
laboratory tests that were conducted at the time of job place-
ment should be repeated at the time of job transfer or termina-
tion. Any changes in the worker’s health status should be
compared with those expected for a suitable reference
population. Because occupational exposure to acetaldehyde
may cause diseases with prolonged latent periods, the need
for medical monitoring may extend well beyond the termina-
tion of employment.

WORKPLACE MONITORING AND
MEASUREMENT

A worker’s exposure to airbome acetaldehyde is determined
by using a silane-treated glass tube that is packed with a
225-mg backup section and a 450-mg sampling section of
pretreated XAD-2 adsorbent coated with 10% (by weight)
2-(hydroxymethyl)piperidine. Samples are collected at a
maximum flow rate of 0.05 liter/min until a maximum air
volume of 3 liters is collected (8-hr TWA), or they are
collected at a maximum flow rate of 0.05 liter/min until a
maximum air volume of 0.75 liter is collected (STEL).
Analysis is conducted by gas chromatography using a
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nitrogen/phosphorus detector. The limit of detection for this
procedure is 580 parts per billion. This method is described
in the OSHA Computerized Information System [OSHA
1990]. A similar method for sampling and analyzing acetal-
dehyde is included in Method 2538 of the NIOSH Manual of
Analytical Methods {NIOSH 1984],

PERSONAL HYGIENE

If acetaldehyde contacts the skin, workers should immedi-
ately flush the affected areas with large amounts of water and
then wash with soap and water.

Clothing and shoes contaminated with acetaldehyde should
be removed immediately, and provisions should be made for
safely removing this chemical from these articles. Persons
laundering contarninated clothing should be informed of the
hazardous properties of acetaldehyde, particularly its poten-
tial for causing skin or eye burns on prolonged contact.

A worker who handles acetaldehyde should thoroughly wash
hands, forearms, and face with soap and water before eating,
using tobacco products, or using toilet facilities.

Workers should not eat, drink, or use tobacco products in
areas where acetaldehyde or a solution containing acetal-
dehyde is handled, processed, or stored.

STORAGE

Acetaldehyde should be stored in a cool, dry, well-ventilated
area in tightly sealed containers that are labeled in accord-
ance with OSHA's hazard communication standard [29 CFR
1910.1200]. Bulk quantities of acetaldehyde should be
stored outside in detached, refrigerated tanks that conform to
the requirements of the hazard communication standard.
Storage in an inert gas atmosphere is recommended. Only
nonsparking tools and equipment should be used to handle
this OSHA Class IA flammable liquid. Containers of acetal-
dehyde should be protected from physical damage and
should be stored separately from alkaline materials, acids,
halogens, alcohols, ammonia, amines, ketones, hydrogen
sulfide, hydrogen cyanide, acid anhydrides, phenols, oxidiz-
ing agents, and all ignition sources. All electrical service in
storage areas should be of explosionproof design. To prevent
static sparks, containers and equipment used to transfer
acetaldehyde should be electrically grounded and bonded.
Because empty containers may contain acetaldehyde
residues, they should be handled appropriately.

SPILLS AND LEAKS

In the event of a spill or leak involving acetaldehyde, persons
not wearing protective equipment and clothing should be
restricted from contaminated areas until cleanup is complete.
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The following steps should be undertaken following a spill
or leak:

1. Do not touch the spilled material; stop the leak if it is
possible to do so without risk.

2. Notify safety personnel.
3. Remove all sources of heat and ignition.

4. Provide maximum explosionproof ventilation to ventilate
area of leak or spill.

5. Use nonsparking tools during cleanup.

6. Use water spray to flush spills away from workers and to
dilute the spill.

7. Absorbsmall liquid spills with paper towels, vermiculite,
or sand and place the material in a covered container for later
disposal.

8. For large liquid spills, build dikes far ahead of the spill to
contain the acetaldehyde for later reclamation or disposal.

SPECIAL REQUIREMENTS

U.S. Environmental Protection Agency (EPA) requirements
for emergency planning, reportable quantities of hazardous
releases, community right-to-know, and hazardous waste
management may change over time. Users are therefore
advised to determine periodically whether new information
is available.

¢ Emergency planning requirements

Acetaldehyde is not subject to EPA emergency planning
requirements under the Superfund Amendments and
Reauthorization Act (SARA) [42 USC 11022].

¢ Reportable quantity requirements for hazardous
releases

A hazardous substance release is defined by EPA as any
spilling, pumping, pouring, emitting, emptying, discharging,
injecting, escaping, leaching, dumping, or disposing of haz-
ardous substances into the environment (including the aban-
donment or discarding of contaminated containers). In the
event of a release that is above the reportable quantity for that
chemical, employers are required by the Comprehensive
Environmental Response, Compensation, and Liability Act
{(CERCLA) [40 CFR 355.40] to notify the proper Federal
authorities.

The reportable quantity for acetaldehyde is 1,000 Ib. If an
amount equal to or greater than this quantity is released
within a 24-hr period in a manner that will expose persons
outside the facility, employers are required to do the follow-
ing:

—Notify the National Response Center immediately at
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(800) 424-8802 or at (202) 426-2675 in Washington, D.C.
{40 CFR 302.6].

—Notify the emergency response commission of the State
likely to be affected by the release [40 CFR 355.40].

—Notify the community emergency coordinator of the local
emergency planning committee (or relevant local emer-
gency response personnel) of any area likely to be affected
by the release [40 CFR 355.40].

* Community right-to-know requirements

Employers who own or operate facilities in SIC codes 20 to
39, who employ 10 or more workers, and who manufacture
25,000 1b or more or otherwise use 10,000 1b or more of
acetaldehyde per calendar year are required by EPA [49 CFR
372.30] to submit a Toxic Chemical Release Inventory Form
(Form R) to EPA reporting the amount of acetaldehyde
emitted or released from their facility annually.

® Hazardous waste management requirements

EPA considers a waste to be hazardous if it exhibits any of
the following characteristics: ignitability, corrosivity, reac-
tivity, or toxicity as defined in 40 CFR 261.21-261.24.
Acetaldehyde is listed as a hazardous waste under the
Resource Conservation and Recovery Act (RCRA) [42 USC
6901 et seq.] and has been assigned EPA Hazardous Waste
No. U001. This substance has been banned from land dis-
posal and may be treated by fuel substitution or incineration.
Acetaldehyde may also be disposed of in an organometallic
or organic lab pack that meets the requirements of 40 CFR
264.316 or 265.316.

Providing detailed information about the removal and dis-
posal of specific chemicals is beyond the scope of this
guideline. The U.S. Department of Transportation, EPA,
and State and local regutations should be followed to ensure
that removal, transport, and disposal of acetaldehyde are
conducted in accordance with existing regulations. To be
certain that chemical waste disposal meets EPA regulatory
requirements, employers should address any questions to the
RCRA hotline at (800) 424-9346 or at (202} 382-3000 in
Washington, D.C. In addition, relevant State and local
authorities should be contacted for information about their
requirements for waste removal and disposal.

RESPIRATORY PROTECTION

» Conditions for respirator use

Good industrial hygiene practice requires that engineering
controls be used where feasible to reduce workplace con-
centrations of hazardous materials to the prescribed exposure
limit. However, some situations may require the use of
respirators to control exposure. Respirators must be worn if
the ambient concentration of acetaldehyde exceeds

1992



prescribed exposure limits. Respirators may be used
(1) before engineering controls have been installed,
(2) during work operations such as maintenance or repair
activities that involve unknown exposures, (3) during opera-
tions that require entry into tanks or closed vessels, and
(4) during emergencies. Workers should use only respirators
that have been approved by NIOSH and the Mine Safety and
Health Administration (MSHA).

¢ Respiratory protection program

Employers should institute a complete respiratory protection
program that, at a minimum, complies with the requirements
of OSHA’s respiratory protection standard [29 CFR
1910.134]. Such a program must include respirator selec-
tion, an evaluation of the worker's ability to perform the work
while wearing a respirator, the regular training of personnel,
fit testing, periodic workplace monitoring, and regular
respirator maintenance, inspection, and cleaning. The im-
plementation of an adequate respiratory protection program
(including selection of the correct respirator) requires that a
knowledgeable person be in charge of the program and that
the program be evaluated regularly. For additional informa-
tion on the selection and use of respirators and on the medical
screening of respirator users, consult the NIOSH Respirator
Decision Logic [NIOSH 1987b] and the NIOSH Guide to
Industrial Respiratory Protection [NIOSH 1987a].

PERSONAL PROTECTIVE EQUIPMENT

Gloves and protective clothing should be womn to prevent
skin contact with acetaldehyde. Chemical protective cloth-
ing should be selected on the basis of available performance
data, manufacturers’ recommendations, and evaluation of
the clothing under actual conditions of use. The following
materials have been tested against permeation by acetal-
dehyde and have demonstrated good-to-excellent resistance:
Teflon®, butyl rubber, and polyethylene/ethylene vinyl al-
cohol. Butyl rubber may provide more than 8 hr of resistance
to permeation by acetaldehyde. Natural rubber, neoprene,
nitrile rubber, polyethylene, polyviny! alcohol, polyvinyl
chloride, and Viton™ have demonstrated poor resistance to
permeation by acetaldehyde.

If acetaldehyde is dissolved in water or an organic solvent,
the permeation properties of both the solvent and the mixture
must be considered when selecting personal protective
equipment and clothing.

Splashproof safety glasses, goggles, or face shields should
be womn during operations in which there is any possibility
of eye contact with acetaldehyde. Eyewash fountains and
emergency showers should be available within the immedi-
ate work area whenever the potential exists for eye or skin
contact with this substance. Contact lenses should not be
wom if the potential] exists for acetaldehyde exposure.
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE
FOR ACETIC ACID

INTRODUCTION

This guideline summarizes pertinent information about
acetic acid for workers and employers as well as for
physicians, industrial hygienists, and other occupational
safety and health professionals who may need such informa-
tion to conduct effective occupational safety and health
programs. Recommendations may be superseded by new
developments in these fields; readers are therefore advised
to regard these recommendations as general guidelines and
to determine periodically whether new information is avail-
able.

SUBSTANCE IDENTIFICATION
¢ Formula
C,H,O
& Structure
CH,COOH
¢ Synonyms

Ethanoic acid, ethylic acid, glacial acetic acid, methanecar-
boxylic acid, vinegar acid

» Identifiers
1. CAS No.: 64-19-7
2. RTECS No.: AF1225000

3. DOT UN: 2789 29 (glacial acetic acid or acetic acid
solutions that are more than 80% acid); DOT UN: 2790 60
(aqueous solutions that are more than 10% but not more than
80% acid)

4. DOT labels: Corrosive, Flammable Liquid (glacial acetic
acid or acetic acid solutions that are more than 80% acid);
Conrosive (aqueous solutions that are more than 10% but not
more than 80% acid)

* Appearance and odor

At temperatures above 16.7°C (62°F), acetic acid is a clear,
colorless, combustible liquid with a pungent, vinegarlike
odor. The odor threshold is reported to be between 0.21 and
1.0 parts per million (ppm) parts of air. This substance is
available commercially in strengths ranging from 6% to
more than 99% acid, by weight. Glacial acetic acid is
99.4% acid.

CHEMICAL AND PHYSICAL PROPERTIES

® Physical data (glacial acetic acid)

1. Molecular weight: 60.1

2. Boiling point (at 760 mm Hg): 118°C (244.4°F)

3. Specific gravity (water = 1): 1.05 at 20°C (68°F)

4. Vapor density (air = 1 at boiling point of acetic acid): 2.1
5. Melting point: 16.7°C (62°F)

6. Vapor pressure at 20°C (68°F): 11 mm Hg

7.

Solubility: Miscible with water, alcohol, glycerol, car-
bon tetrachloride, and ether; insoluble in carbon disulfide

8. Evaporation rate (butyl acetate =~ 1): 1.0
® Reactivity

1. Conditions contributing to instability: Heat and freezing
temperatures. The vapor of acetic acid forms explosive
mixtures with air.

2. Incompatibilities: Fires or explosions may result from
contact of acetic acid with chromic acid, ammonium nitrate,
sodium peroxide, nitric acid, phosphorus trichloride, or other
oxidizers.

3. Hazardous decomposition products: Toxic gases (such
as carbon dioxide and carbon monoxide) may be released
when acetic acid is heated to decomposition.
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4. Special precautions: Acetic acid is highly corrosive in
concentrated form; it corrodes metals, some coatings, and
some forms of plastic and rubber.

¢ Flammability (glacial acetic acid)

The National Fire Protection Association has assigned a
flammability rating of 2 {(moderate fire hazard) to glacial
acetic acid.

1. Flash point: 39°C (103°F) (closed cup). The flash point
of concentrated solutions of acetic acid approaches that of
glacial acetic acid; dilute acetic acid solutions are not com-
bustible.

2. Autoignition temperature: 427°C (800°F). Dilute acetic
acid solutions are not combustible.

3. Flammable limits in air (% by volume): Lower, 4.0;
upper, 16.0

4. Extinguishant: Use water spray, dry chemical, alcohol
foam, or carbon dioxide to fight fires involving acetic acid.
Use water spray to keep fire-exposed containers cool. If a
leak or spill has not ignited, water may be used to disperse
vapors and to protect persons attempting to stop the leak.

Fires involving acetic acid should be fought upwind and from
the maximum distance possible. Isolate the hazard area and
deny access to unnecessary personnel. Emergency person-
nel should stay out of low areas and ventilate closed spaces
before entering. Vapor explosion and poison hazards may
occur indoors, outdoors, or in sewers. Vapors may travel to
a source of ignition and flash back. Containers of acetic acid
may explode in the heat of the fire and should be moved from
the fire area if it is possible to do so safely. If this is not
possible, cool containers from the sides with water until well
after the fire is out. Stay away from the ends of containers.
Personnel should withdraw immediately if they hear a rising
sound from a venting safety device or if a container becomes
discolored as a result of fire. Dikes should be used to contain
fire-control water for later disposal. If a tank car or truck is
involved in a fire, personnel should isolate an area of a half
mile in all directions. Firefighters should wear a full set of
protective clothing (including a self-contained breathing ap-
paratus) when fighting fires involving acetic acid.
Firefighters® protective clothing may not provide protection
against permeation by acetic acid.

EXPOSURE LIMITS

+ OSHA PEL

The current Occupational Safety and Health Administra-
tion (OSHA) permissible exposure limit (PEL) for acetic
acid is 10 ppm of air (25 mglm3) as an 8-hr time-weighted
average (TWA) concentration [29 CFR 1910.1000, Table
Z-1-Al
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s NIOSH REL

The National Institute for Occupational Safety Health
(NIOSH) has established a recommended exposure limit
(REL) of 10 ppm (25 mglm3) as an 8-hr TWA and 15 ppm
(37 mg/m®) as a short-term exposure limit (STEL). A STEL
is a 15-min TWA exposure that should not be exceeded at
any time during a workday [NIOSH 1992].

¢ ACGIH TLV®

The American Conference of Governmental Industrial
Hygienists (ACGIH) has assigned acetic acid a threshold
limit value (TLV) of 10 ppm (25 mg/m’) as a TWA for a
normal 8-hr workday and a 40-hr workweek and a STEL of
15 ppm (37 mg/m®) for periods not to exceed 15 min [ACGIH
1991b).

& Rationale for limits

The limits are based on the risk of irritation to the eyes, nose,
and respiratory tract associated with exposure to acetic acid.

HEALTH HAZARD INFORMATION

* Routes of exposure

Exposure to acetic acid can occur through inhalation, inges-
tion, eye or skin contact, and absorption through the skin.

¢ Summary of toxicology

1. Effects on Animals: Glacial acetic acid is corrosive to
tissues, and concentrated acetic acid solutions (greater than
80% acid) can cause moderate to severe burns. Exposure to
the vapors of acetic acid causes eye, skin, mucous membrane,
and upper respiratory tract irritation.

‘When applied to the skin of guinea pigs, acetic acid solutions
of 80% or more caused severe bumns; concentrations of 50%
to 80% caused moderate to severe burns; concentrations of
less than 50% caused relatively minor skin damage; and
solutions of 10% or less caused no injury [Proctor et al.
1988]. When glacial acetic acid was applied to the eyes of
rabbits, it caused immediate and complete destruction;
splashes of less concentrated solutions caused less damage
[Grant 1986]. The dermal LDso for rabbits was 1,060 mg/fkg
[NIOSH 1991]. When acetic acid was inhaled, the lowest
LCsp for mice and guinea pigs exposed for 1 hr was ap-
proximately 5,000 ppm [NLM 1991]. Guinea pigs exposed
for 1 hr to airborne acetic acid concentrations ranging from
5 to 500 ppm showed an increase in pulmonary flow resis-
tance, a decrease in lung compliance, and an increase in the
time constant of the lungs and minute volume [Amdur 1961].
At concentrations above 100 ppm, guinea pigs also showed
labored breathing and a decrease in respiratory rate [Amdur
1961]. Mice exposed to acetic acid vapor at approximately
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1,000 ppm showed signs of conjunctival and upper
fespiratory tract irritation [Clayton and Clayton 1981). The
oral LDsg in rats was 3,530 mg/kg [NIOSH 1991].

2. Effects on Humans: In vapor form, acetic acid is a severe
irritant of the eyes, mucous membranes, upper respiratory
tract, and skin. In contact with the skin or eyes, acetic acid
solutions of 80% or more can be corrosive, causing severe
burns of any exposed tissue. Long-term exposure to the
vapors of this substance causes chronic bronchitis and other
respiratory effects, erosion of tooth enamel, and cracking and
darkening of the exposed skin.

When splashed into the eye, glacial acetic acid has caused
permanent comeal opacity; skin contact with glacial acetic
acid causes burns and tissue destruction [NLM 1991; ATHA
1978]. Ingestion of corrosive concentrations can cause tis-
sue destruction, perforation, and stricture (delayed) of the
throat, esophagus, and stomach; intestinal hemorrhage; and
heart and renat damage [NLM 1991). Unacclimatized in-
dividuals have experienced eye itritation at concentrations
below 10 ppm, tolerable irritation at 25 ppm, and intolerable
eye, nose, and throat irritation at 50 ppm [Proctor et al. 1988].
Exposure at 800 to 1,200 ppm becomes intolerable within
3 min of exposure [ACGIH 1991a]. Five workets who had
been exposed to acetic acid vapor at 80 to 200 ppm for 7 to
12 years had thickening and blackening of the skin on the
hands, eye inflammaticn, dental erosion (of both canines and
incisors), and chronic pharyngitis and bronchitis [Proctor et
al. 1988).

¢ Signs and symptoms of exposure

1. Acute exposure: Acute exposure to acetic acid vapor can
cause redness, inflammation, lacrimation, runny nose, sore
throat, coughing, bronchitis, pulmonary edema, labored
breathing, and dyspnea. Death can result from circulatory
collapse, renal failure, or glottic edema. Skin contact with
concentrated solutions of acetic acid produces redness,
blistering, and deep burns; these signs may be delayed for as
long as 4 hr after contact. Eye contact with concentrated
solutions of acetic acid causes immediate pain and tearing,
redness, photophobia, and corneal opacities; if the exposure
is severe, vision may be permanently impaired. In addition,
ingestion can produce throat, esophageal, and gastric irrita-
tion, corrosion, stricture, and perforation; nausea; vomiting;
diatrhea; hemorrhage; and shock.

2. Chronic exposure: Acetic acid vapors can cause sore
throat, coughing, difficult breathing, decrements in pul-
monary function, and erosion of the enamel on the incisors
and canine teeth. Skin sensitization has rarely been reported.
Long-term exposure of the skin to acetic acid vapor may
cause it to darken, thicken, and crack.
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® Emergency procedures

Keep unconscious victims warm and on their sides to avoid
choking if vomiting occurs, Immediately initiate the follow-
ing emergency procedures, continuing them as appropriate
en route to the emergency medical facility:

1. Eye exposure: Tissue destruction and blindness may
result from exposure to concentrated solutions, vapors, mists,
or aerosols of acetic acid! Immediately but gently flush the
eyes with large amounts of water for at least 15 min, oc-
casionally lifting the upper and lower eyelids.

2. Skin exposure: Severe bumns and skin corrosion may
result! Immediately remove all contaminated clothing! Im-
mediately and gently wash skin for at least 15 min. Use
soap and water if skin is intact; use only water if skin is not
intact,

3. Inhalation exposure: If vapors, mists, or aerosols of
acetic acid are inhaled, move the victim to fresh air immedi-
ately.

If the victim is not breathing, clean any chemical contamina-
tion from victim’s lips and perform cardiopulmonary resus-
citation (CPR); if breathing is difficult, give oxygen.

4, Ingestion exposure: Take the following steps if acetic
acid or a solution containing it is ingested:

—Do not induce vomiting,

—Have the victim rinse the contaminated mouth cavity
several times with a fluid such as water. Immediately after
rinsing, have the victim drink one cup (8 oz) of fluid and
no more.

—Do not permit the victim to drink miik or carbonated
beverages!

—Do nef permit the victim to drink any fluid if more than
60 min have passed since initial ingestion.

NOTE: These instructions must be followed exactly.
Drinking a carbonated beverage or more than one cup of fluid
could create enough pressure to perforate already damaged
stomach tissue. The tissue-coating action of milk can some-
times impede medical assessment of tissue damage. Inges-
tion of any fluid more than 60 min after initial exposure could
further weaken damaged tissue and result in perforation.

3. Rescue: Remove an incapacitated worker from further
exposure and implement appropriate emergency procedures
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(e.g., those listed on the material safety data sheet required
by OSHA's hazard communication standard [29 CFR
1910.1200]). All workers should be familiar with emergen-
cy procedures and the location and proper use of emergency
equipment.

EXPOSURE SOURCES AND CONTROL
METHODS

The following operations may involve acetic acid and may
result in worker exposures to this substance:

—Production of cellulose acetate, vinyl acetate, inorganic
acetates, organic acetates (esters), acetic anhydride,
chloroacetic acid, ethyl alcohol, ketene, methyl ethyl
ketone, acetone, acetanilide, and acetyl chloride

—Use of acetic acid in the dyeing, pharmaceutical, canning,
fermentation, and food-preserving industries; in pigment
production; and in the tanning of rubber

—Use of acetic acid as a solvent in the liquid-phase oxidation
of p-xylene to terephthalic acid, as a fungicide, and as an
insecticide

—Use of acetic acid in the production of plastics and
photographic chemicals, as a natural latex coagulant, as an
oil-well acidizer, in textile printing, as a laundry sour
(neutralizer), and as a solvent for gums, resins, volatile
oils, and other substances

—Use of acetic acid in the manufacture of Paris green, white
lead, and rinse and stain removers

The following methods are effective in controlling worker
exposures to acetic acid, depending on the feasibility of
implementation:

—Process enclosure

—Local exhaust ventilation
—General dilution ventilation
—Personal protective equipment

Good sources of information about control methods are as
follows:

1. ACGIH [1992]. Industrial ventilation—a manual of
recommended practice. 21sted. Cincinnati, OH: American
Conference of Governmental Industrial Hygienists,

2. Burton DJ [1986). Industrial ventilation—a self study
companion. Cincinnati, OH: American Conference of
Governmental Industrial Hygienists.

3. Alden JL, Kane JM [1982]. Design of industrial ventila-
tion systems. New York, NY: Industrial Press, Inc.

4. Wadden RA, Scheff PA [1987]. Engineering design for
control of workplace hazards. New York, NY: McGraw-
Hill.
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5. Plog BA [1988]. Fundamentals of industrial hygiene.
Chicago, IL: National Safety Council.

MEDICAL MONITORING

Workers who may be exposed to chemical hazards should be
monitored in a systematic program of medical surveillance
that is intended to prevent occupational injury and disease.
The program should include education of employers and
workers about work-related hazatds, placement of workers
in jobs that do not jeopardize their safety and health, early
detection of adverse health effects, and referral of workers
for diagnosis and treatment. The occurrence of disease or
other work-related adverse health effects should prompt
immediate evaluation of primary preventive measures (e.g.,
industrial hygiene monitoring, engineering controls, and per-
sonal protective equipment). A medical monitoring program
is intended to supplement, not replace, such measures. To
place workers effectively and to detect and control waork-
related health effects, medical evaluations should be per-
formed (1) before job placement, (2) periodically during the
term of employment, and (3) at the time of job transfer or
termination.

¢ Preplacement medical evaluation

Before a worker is placed in a job with a potential for
exposure (o acetic acid, a licensed health care professional
should evaluate and docurnent the worker's baseline health
status with thorough medical, environmental, and occupa-
tional histories, a physical examination, and physiologic and
laboratory tests appropriate for the anticipated occupational
risks. These should concentrate on the function and integrity
of the eyes, skin, teeth, and respiratory tract. Medical
monitoring for respiratory disease should be conducted using
the principles and methods recommended by the American
Thoracic Society [ATS 1987].

A preplacement medical evaluation is recommended to as-
sess an individual’s suitability for employment at a specific
job and to detect and assess medical conditions that may be
aggravated or may result in increased risk when a worker is
exposed to acetic acid at or below the prescribed exposure
limit. The licensed health care professional should consider
the probable frequency, intensity, and duration of exposure
as well as the nature and degree of any applicable medical
condition. Such conditions (which should not be regarded
as absolute contraindications te job placement) include a
history and other findings consistent with keratocon-
junctivitis or other eye disorders, skin allergies or other skin
disorders, erosion of tooth enamel, or respiratory disorders.

® Periodic medical examinations and biological
monitoring

Occupational health interviews and physical examinations
should be performed at regular intervals during the employ-
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ment period, as mandated by any applicable Federal, State,
or local standard. Where no standard exists and the hazard
is minimal, evaluations should be conducted every 3 to
S years or as frequently as recommended by an experienced
occupational health physician. Additional examinations
may be necessary if a worker develops symptoms at-
tributable to acetic acid exposure. The interviews, examina-
tions, and medical screening tests should focus on identifying
the adverse effects of acetic acid on the eyes, skin, teeth, and
respiratory system. Current health status should be com-
pared with the baseline health status of the individual worker
or with expected values for a suitable reference population.

Biological monitoring involves sampling and analyzing
body tissue or fluids to provide an index of exposure to a
toxic substance or metabolite, No biological monitoring test
acceptable for routine use has yet been developed for acetic
acid.

® Medical examinations recommended at the time of
job transfer or termination

The medjcal, environmental, and oceupational history inter-
views, the physical examination, and selected physiologic or
laboratory tests that were conducted at the time of job place-
ment should be repeated at the time of job transfer or termina-
tion. Any changes in the worker’s heatth status should be
compared with those expected for a suitable reference
population.

WORKPLACE MONITORING AND
MEASUREMENT

A worker's exposure to aitborne acetic acid is determined by
using coconut shell charcoal tubes (100f50-mg sections,
20740 mesh). Samples are collected at a maximum flow rate
of 1.0 liter/min until a maximum air volume of 270 liters is
collected. Analysis is conducted by gas chromatography
using a flame photometric detector. The limit of detection
for this procedure is 0.01 mg/sample. This method is an
OSHA modification of Method 1603 from the NIOSH
Manual of Analytical Methods [NIOSH 1984].

PERSONAL HYGIENE

Acetic acid can be absorbed through the skin in toxic
amounts, and concentrated solutions of this substance can
also cause skin burns. Therefore, if acetic acid contacts the
skin, workers should immediately rinse the affected areas
with large amounts of water for a minimum of 15 min.

Clothing and shoes contaminated with acetic acid should be
removed immediately, and provisions should be made for
safely removing this chemical from these articles. Persons
laundering contaminated clothing should be informed of the
corrosive properties of acetic acid.
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A worker who handles acetic acid should thoroughly wash
hands, forearms, and face with soap and water before eating,
using tobacco products, or using toilet facilities.

Workers shonld not eat, drink, or use tobacco products in
areas where acetic acid is handled, processed, or stored.

STORAGE

Acetic acid should be stored in tightly sealed containers that
are labeled in accordance with OSHA's hazard communica-
tion standard [29 CFR 1910.1200). The storage area should
be detached and should be well-ventilated and have acid-
resistant floors. The temperature of the storage area should
be maintained above 16.7°C (62°F) to prevent rupturing of
the containets. Electrical fixtures in the storage area should
be vaporproof, and any tools used should be of the nonspark-
ing type. Containers of acetic acid should be protected from
physical damage and should be stored separately from
oxidizing agents, combustible materjals, heat, sparks, and
open flame. Because empty containers may contain acetic
acid residues, they should be handled approptiately.

SPILLS AND LEAKS

In the event of a spill or leak involving acetic acid, persons
not wearing protective equipment and clothing should be
restricted from contaminated areas until cleanup is complete.
The following steps should be undertaken following a spill
or leak:

1. Do not touch the spilled material; stop the leak if it is
possible to do so without risk.

2. Notify safety personnel.
3. Remove all sources of heat and ignition.
4. Ventilate potentially explosive atmospheres.

5. If the vapor from the spill has not ignited, use water spray
to reduce the vapors and to protect workers attempting to stop
the leak.

6. Absorb small liquid spills with sand or other noncombus-
tible absorbent material and place the material in a covered
container for later disposal.

7. For large liquid spills, build dikes far ahead of the spill to
contain the acetic acid for later reclamation or disposal.

SPECIAL REQUIREMENTS

U.S. Environmental Protection Agency (EPA) requirements
for emergency planning, reportable guantities of hazardous
releases, community right-to-know, and hazardous waste
management may change over time. Users are therefore
advised to determine periodically whether new information
is available.
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¢ Emergency planning requirements

Acetic acid is not subject to EPA emergency planning re-
quirements under the Superfund Amendments and
Reauthorization Act (SARA) [42 USC 11022].

* Reportable quantity requirements for hazardous
releases

A hazardous substance release is defined by EPA as any
spilling, pumping, pouring, emitting, emptying, discharging,
injecting, escaping, leaching, dumping, or disposing of haz-
ardous substances into the environment (including the aban-
donment or discarding of contarninated containers). In the
event of a release that is equal to or greater than the reportable
quantity for that chemical, employers are required by the Com-
prehensive Environmental Response, Compensation, and
Liability Act (CERCLA) {40 CFR 355.40) to notify the proper
Federal authorities.

The reportable quantity for acetic acid is 5,000 1b. If an
amount equal to or greater than this quantity is released
within a 24-hr period in a manner that will expose persons
outside the facility, employers are required to do the follow-
ing:

—Notify the National! Response Center immediately at
(800) 424-8802 or at (202) 426-2675 in Washingten, D.C.
[40 CFR 302.6].

—Notify the emergency response commission of the State
likely to be affected by the release [40 CFR 355.40].

—Notify the community emergency coordinator of the local
emergency planning committee {or relevant local emer-
gency response perscnnel) of any area likely to be affected
by the release [40 CFR 355.40).

¢ Community right-to-know requirements

Employers are not required by Section 313 of SARA to
submit a Toxic Chemical Release Inventory Form (Form R)
to EPA reporting the amount of acetic acid emitted or
released from their facility annually.

¢ Hazardous waste management requirements

EPA considers a waste to be hazardous if it exhibits any of
the following characteristics: ignitability, corrosivity, reac-
tivity, or toxicity as defined in 40 CFR 261.21-261.24. Al-
though acetic acid is not specifically listed as a hazardous
waste under the Resource Conservation and Recovery Act
(RCRA) [40 CFR 6901 et seq.], EPA requires employers to
treat waste as hazardous if it exhibits any of the charac-
teristics discussed above.

Providing detailed information about the removal and dis-
posal of specific chemicals is beyond the scope of this
guideline. The U.8. Department of Transportation, EPA,
and State and local regulations should be followed to ensure
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that removal, transport, and disposal of this substance are
conducted in accordance with existing regulations. To be
certain that chemical waste disposal meets EPA regulatory
requirements, employers should address any questions to the
RCRA hotline at (800) 424-9346 or at (202) 382-3000 in
Washington, D.C. In addition, relevant State and local
authorities should be contacted for information about their
requirements for waste removal and disposal.

RESPIRATORY PROTECTION
¢ Conditions for respirator use

Good industrial hygiene practice requires that engineering
controls be used where feasible to reduce workplace con-
centrations of hazardous materials to the prescribed exposure
limit. However, some sitiations may require the use of
respirators to control exposure. Respirators must be womn if
the ambijent concentration of acetic acid exceeds prescribed
exposure limits. Respirators may be used (1} before en-
gineering controls have been installed, (2) during work
operations such as maintenance or repair activities that in-
volve unknown exposures, (3) during operations that require
entry into tanks or closed vessels, and (4) during emergen-
cies. Workers should use only respirators that have been
approved by NIOSH and the Mine Safety and Health Ad-
ministration (MSHA).

¢ Respiratory protection program

Employers should institute a complete respiratory protection
program that, at a minimum, complies with the requirements
of OSHA's respiratory protection standard [29 CFR
1910.134]. Such a program must include respirator selec-
tion, an evaluation of the worker s ability to perform the work
while wearing a respirator, the regular training of personnel,
fit testing, periodic workplace monitoring, and regular
respirator maintenance, inspection, and cleaning. The im-
plementation of an adequate respiratory protection program
(including selection of the correct respirator) requires that a
knowledgeable person be in charge of the program and that
the program be evaluated regularly. For additional informa-
tion on the selection and use of respirators and on the medical
screening of respirator users, consult the NJOSH Respirator
Decision Logic [NIOSH 1987b] and the NIOSH Guide to
Industrial Respiratory Protection [NIOSH 19872},

PERSONAL PROTECTIVE EQUIPMENT

Gloves and protective clothing should be worn to prevent any
possibility of skin contact with acetic acid. Chemical protec-
tive clothing should be selected on the basis of available
performance data, manufacturers’ recommendations, and
evaluation of the clothing under actual conditions of use.
The following materials have been recommended for use
against permeation by acetic acid and may provide protection
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for periods greater than 8 hr: butyl rubber, Teflon®, and
Saranex®. Materials that may withstand permeation for
more than 4 but fewer than 8 hr are neoprene, polyethylene,
and polyethylenefethylene vingl alcohol. Natural rubber,
polyvinyl chloride, and Viton™ demonstrated questionable
protection apainst permeation by acetic acid. Nitrile rubber
and polyvinyl alcohol have demonstrated poor resistance to
permeation by acetic acid.

If acetic acid is dissolved in water or an organic solvent, the
permeation properties of both the solvent and the mixture
must be considered when selecting personal protective
equipment and clothing.

Safety glasses, goggles, or face shields should be wom
during operations in which acetic acid might contact the eyes
(e.g., through splashes of solution). Splashproof, gas-tight
goggles may also be required to prevent irritation of the eyes
from acetic acid vapor. Eyewash fountains and emergency
showers should be available within the immediate work area
whenever the potential exists for eye or skin contact with
acetic acid. Contact lenses should not be worn if the potential
exists for acetic acid exposure.
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE
FOR ACETIC ANHYDRIDE

INTRODUCTION

This guideline summarizes pertinent information about
acetic anhydride for workers and employers as well as for
physicians, industrial hygienists, and other occupational
safety and health professionals who may need such informa-
tion to conduct effective occupational safety and health
programs. Recommendations may be superseded by new
developments; readers are therefore advised to regard these
recommendations as general guidelines and to determine
periodically whether new information is available.

SUBSTANCE IDENTIFICATION
e Formula
CHO,
* Structure
(CH,C0),0
* Synonyms

Acetanhydride, acetic acid anhydride, acetyl ether, acetic
oxide, acetyl oxide, ethanoic anhydride

» Identifiers

1. CAS No.: 108-24-7

2. RTECS No.: AK1925000

3. DOTUN: 171539

4. DOT labels: Corrosive, Flammabie Liquid
* Appearance and odor

Acetic anhydride is a colorless liquid with a strong, pungent,
vinegarlike odor. The odor threshold is reported to be be-
tween 0.13 and 0.34 part per million (ppm) parts of air.

CHEMICAL AND PHYSICAL PROPERTIES
¢ Physical data
1. Molecular weight; 102.1

2. Boiling point (at 760 mm Hg): 139°C (282°F)

3. Specific gravity (water = 1): 1.08 at 20°C (68°F)

4. Vapor density (air = 1 at boiling point of acetic an-
hydride): 3.5

5. Melting point: -73°C (-994°F)

6. Vapor pressure at 20°C (68.8°F): 4 mm Hg

7. Sclubility: Soluble in cold water; decomposes in hot
water to form acetic acid; miscible with alcohol, chloroform,
ether, and ethyl acetate

8. Evaporation rate (butyl acetate = 1): 0.46
® Reactivity

1. Contact of acetic anhydride vapors with water or air
should be avoided.

2. Incompatibilities: Fires and explosions may result from
contact of acetic anhydride with water, alcohols, strong
oxidizers, chromic acid, amines, or strong caustics.

3. Hazardous decomposition products: Toxic gases and
vapors (such as carbon dioxide, carbon monoxide, various
hydrocarbons, and acid aerosols) may be released when
acetic anhydride is heated or decomposes.

4, Special precautions: Acetic anhydride attacks some coat-
ings and some forms of plastic and mbber. It is corrosive to
iron, steel, and other metals.

¢ Flammability

The National Fire Protection Association has assigned a
flammability rating of 2 (moderate fire hazard) to acetic
anhydride,

1. Flash point: 49°C (120°F) (closed cup)
2. Autoignition temperature: 316°C (600°F)

3. Flammable limits in air (% by volume): Lower, 2.7;
upper, 10.3
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4. Extinguishant; Use carbon dioxide or dry chemical for
small fires and alcohol foam for large fires. Water should be
used with caution because acetic anhydride reacts with water.

Fires involving acetic anhydride should be fought upwind
and from the maximum distance possible. Isolate the hazard
area and deny access to unnecessary personnel. Emergency
personnel should stay out of low areas and ventilate closed
spaces before entering. Vapor explosion and poison hazards
may occur indoors, outdoors, or in sewers. Vapors may
travel to a source of ignition and flash back. Containers of
acetic anhydride may explode in the heat of the fire and
should be moved from the fire area if it is possible to do so
safely. If this is not possible, cool containers from the sides
with water until well after the fire is out. Avoid directing
water into containers of acetic anhydride. Stay away from
the ends of containers. Personnel should withdraw immedi-
ately if they hear a rising sound from a venting safety device
or if a container becomes discolored as a result of fire. Dikes
should be used to contain fire-control water for later disposal.
If a tank car or truck is involved in a fire, personnel should
isolate an area of a half mile in all directions. Firefighters
should wear a full set of protective clothing (including a
self-contained breathing apparatus) when fighting fires in-
volving acetic anhydride. Chemical protective clothing that
is specifically recommended for acetic anhydride may not
provide thermal protection unless so stated by the clothing
mamufacturer. Firefighters® protective clothing may not pro-
vide protection against permeation by acetic anhydride.

EXPOSURE LIMITS
¢ OSHA PEL

The current Occupational Safety and Health Administra-
tion {OSHA) permissible exposure limit (PEL) for acetic
anhydride is 5 ppm (20 mg/m’) as a ceiling Timit which
should not be exceeded during any part of the workday
[29 CFR 1910.1000, Table Z-1-A]).

¢ NIOSH REL

The National Institute for Occupational Safety and Health
(NIOSH) has established a recommended exposure limit
(REL}of 5 ppm (20 mglms) as a ceiling limit [NIOSH 1992].
e ACGHH TLV®

The American Conference of Governmental Industrial
Hygienists (ACGIH) has assigned acetic anhydride a ceiling
limit value of 5 ppm (21 mg/ms), which should not be ex-

ceeded during any part of the working exposure [ACGIH
1991a].

¢ Rationale for limits

The limits are based on the risk of ocular and respiratory
irritation associated with high short-term exposure to acetic
anhydride.

2 Acetic Anhydride

HEALTH HAZARD INFORMATION
® Routes of exposure

Exposure to acetic anhydride can occur through inhalation,
ingestion, and eye or skin contact. Acetic anhydride also
penetrates the skin.

¢ Summary of toxicology

1. Effects on Animals: Acetic anhydride is highly corrosive
and causes severe irritation and bums of the eyes, mucous
membranes, and skin of exposed animals. When instilled
into the eyes, acetic anhydride can be corrosive. It can also
penetrate the intact comneal epithelium in concentrations
sufficiently high to cause iritis [NLM 1992]. Guinea pigs
repeatedly challenged with dermal applications of acetic
anhydride developed skin sensitization [Proctor et al.
1988). The dermal LDg, for rabbits is 4,000 mg/kg
[NIOSH 1991]). Rats survived exposure to saturated
vapors for 5 min [Deichmann and Gerade 1969]. Six rats
exposed to 1,000 ppm of acetic anhydride for 4 hr survived,
but those inhaling 2,000 ppm for the same interval died
[ACGIH 1991b). The oral LDy for rats is 1,780 mg/kg.

2. Effects on Humans: Exposure to acetic anhydride in
either the liquid or vapor form causes severe itritation of the
eyes, skin, and mucous membranes in humans. Eye confact
can lead to corneal bumns, erosion, edema, scarring, cataracts
with temporary or permanent visual impairment, and inflam-
mation and structural damage of the iris [Grant 1986; Klaas-
sen et al.1986]. In contact with the skin, acetic anhydride
causes delayed burns that may be slow to heal [Grayson
1985; Sittig 1985). The vapor of this substance is reported
to be irritating even at a concentration as low as 0.09 ppm
[NLM 1992]. Workers exposed to concentrations of acetic
anhydride greater than 5 ppm experienced acute eye and
upper respiratory tract irritation; their symptoms included
severe eye pain and difficult breathing [Proctor et al. 1988].
Inhalation of high concentrations of this substance can cause
bronchospasm and ulceration of the nasal mucosa [Proctor
et al. 1988]. Humans exposed to the vapor of acetic an-
hydride occasionally become sensitized to this substance
[Proctor et al. 1988). Ingestion of acetic anhydride can cause
corrosion of oral, esophageal, and gastric tissues as well as
hemorrhages, strictures, and stenoses but rarely perforations
[NLM 1992].

# Signs and symptoms of exposure

1. Acute exposure: Acetic anhydride is corrosive to tissues.
It can cause a burning sensation in the nose and throat, cough,
pain in the chest, difficult breathing, dyspnea, and pulmonary
edema. Exposure of the eye to liquid or vaporous acetic
anhydride results in excessive tearing, redness, pain, and
photophobia. In contact with the skin, acetic anhydride can
cause corrosion, bumns, and blisters. Ingestion can also in-
duce clammy skin, weak and rapid pulse, nausea, vomiting,
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shallow respiration, and decreased urine output. In cases
where circulatory collapse has occurred and gone uncor-
rected for several hours, renal failure and ischemic liver and
heart lesions have resulted. Death following ingestion can
result from glottic edema or circulatory shock.

2. Chronic exposure: Acetic anhydride can cause con-
junctivitis, pulmonary edema with coughing and difficult
breathing, and skin sensitization with redness, itching, and
wheals.

¢ Emergency procedures

Keep unconscious victims warm and on their sides to avoid
choking if vomiting occurs. Immediately initiate the follow-
ing emergency procedures, continuing them as appropriate
en route to the emergency medical facility:

1. Eye exposure: Tissue destruction and blindness may
result from exposure to concentrated solutions, vapors, mists
or aerosols of acetic anhydride! Immediately but gently
flush the eyes with large amounts of water for at least 15 min,
occasionally lifting the upper and lower eyelids.

2. Skin exposure: Severe burns and skin corrosion may
result! Immediately remove all contaminated clothing! Jm-
mediately and gently wash skin for at least 15 min. Use soap
and water if skin is intact; use only water if skin is not intact,

3. Inhalation exposure: If vapors, mists, or aerosols of
acetic anhydride are inhaled, move the victim to fresh air
immediately.

If the victim is not breathing, clean any chemical contamina-
tion from the victim's lips and perform cardiopulmonary
resuscitation (CPR); if breathing is difficult, give oxygen.

4. Ingestion exposure: Take the following steps if acetic
anhydride or a solution containing it is ingested:

—Do not induce vomiting.

-—Have the victim rinse the contaminated mouth cavity
severa] times with a fluid such as water. Immediately after
rinsing, have the victim drink one cup (8 0z) of fluid and
no more.

—Do not permit the victim to drink milk or carbonated
beverages!

—Do not permit the victim to drink any flnid if more than
60 min have passed since initial ingestion.
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NOTE: These instructions must be followed exactly.
Drinking a carbonated beverage or more than one cup of fluid
could create enough pressure to perforate already damaged
stomach tissue. The tissue-coating action of milk may im-
pede medical assessment of tissue damage. Ingestion of any
fluid more than 60 min after initial exposure could further
weaken damaged tissue and result in perforation.

5. Rescue: Remove an incapacitated worker from further
exposure and implement appropriate emergency procedures
(e.g., those listed on the material safety data sheet required
by OSHA’s hazard communication standard [29 CFR
1910.1200]). All workers should be familiar with emergen-
¢y procedures and the location and proper use of emergency
equipment.

EXPOSURE SOURCES AND CONTROL
METHODS

The following operations may involve acetic anhydride and
may result in worker exposures to this substance:

—Manufacture of acetyl compounds, cellulose acetate, cel-
lulose esters, chloroacetic acid, acetyl chioride, triacatate
fibers, and vinyl acetate

—Processing of dyes, perfumes, explosives, and flavorings

—Electropolishing of metals and processing of semiconduc-
tors

~—Use of acetic anhydride as an acetylizer and solvent in
examining wool fat, glycerol, fatty and volatile oils, and
resins, and in detecting rosins

—Use of acetic anhydride as a dehydrating agent in nitra-
tions, sulfonations, and other reactions where removal of
water is necessary

—Use of acetic anhydride in the manufacture of phar-
macenticals, including aspirin, and as an intermediate in
the synthesis of pesticides

—Use of acetic anhydride as an esterifying agent for food
starch

The following methods are effective in controlling worker
exposures to acetic anhydride, depending on the feasibility
of implementation:

—Process enclosure

—Local exhaust ventilation
—General dilution ventilation
—Personal protective equipment

Good sources of information about control methods are as
follows:
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1. ACGIH [1992]). Industrial ventilation—a manual of
recommended practice. 21st ed. Cincinnati, OH: American
Conference of Governmental Industrial Hygienists.

2. Burton DJ [1986]. Industrial ventilation—a self study
companion. Cincinnati, OH: American Conference of
Governmental Industrial Hygienists.

3. Alden JL, Kane JM [1982]. Design of industrial ventila-
tion systems. New York, NY: Industrial Press, Inc.

4. Wadden RA, Scheff PA [1987]. Engineering design for
control of workplace hazards. New York, NY: McGraw-
Hill.

5. Plog BA [1988]. Fundamentals of industrial hygiene.
Chicago, IL: National Safety Couneil.

MEDICAL MONITORING

Workers who may be exposed to chemical hazards should be
monitored in a systematic program of medical surveillance
that is intended to prevent occupational injury and disease.
The program should include education of employers and
workers about work-related hazards, placement of workers
in jobs that do not jeopardize their safety or health, early
detection of adverse health effects, and referral of workers
for diagnosis and treatment. The occurrence of disease or
other work-related adverse health effects should prompt
immediate evaluation of primary preventive measures (e.g.,
industrial hygiene monitoring, engineering controls, and per-
sonal protective equipment). A medical monitoring program
is intended to supplement, not replace, such measures. To
place workers effectively and to detect and control work-
related health effects, medical evaluations must be per-
formed (1) before job placement, {2) periodically during the
term of employment, and (3) at the time of job transfer or
termination.

¢ Preplacement medical evaluation

Before a worker is placed in a job with a potential for
exposure to acetic anhydride, a licensed health care profes-
sional should evaluate and document the worker’s baseline
health status with thorough medical, environmental, and
occupational histories, a physical examination, and
physiologic and laboratory tests appropriate for the an-
ticipated occupational risks. These should concentrate on
the function and integrity of the eyes, skin, and respiratory
system. Medical monitoring for respiratory disease should
be conducted using the principles and methods recom-
mended by American Thoracic Society [ATS 1987).

A preplacement medical evaluation is recommended to as-
sess an individual’s suitability for employment at a specific
job and to detect and assess medical conditions that may be
aggravated or may result in increased risk when a worker is
exposed to acetic anhydride at or below the prescribed ex-
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posure limit. The licensed health care professional should
consider the probable frequency, intensity, and duration of
exposure as well as the nature and degree of any applicable
medical condition. Such conditions (which should not be
regarded as absolute contraindications to job placement)
include a history and other findings consistent with eye, skin,
or respiratory system diseases.

¢ Periodic medical examinations and biological
monitoring

Occupational health interviews and physical examinations
should be performed at regular intervals during the employ-
ment period, as mandated by any applicable Federal, State,
or local standard. Where no standard exists and the hazard
is minimal, evaluations should be conducted every 3 to
5 years or as frequently as recommended by an experienced
occupational health physician. Additional examinations
may be necessary if a worker develops symptoms at-
tributable to acetic anhydride exposure. The interviews,
examinations, and medical screening tests should focus on
identifying the adverse effects of acetic anhydride on the
eyes, skin, and respiratory system. Current health status
should be compared with the baseline health status of the
individual worker or with expected values for a snitable
reference population.

Biological monitoring involves sampling and analyzing
body tissues or fluids to provide an index of exposure to a
toxic substance or metabolite. No biological monitoring test
acceptable for routine use has yet been developed for acetic
anhydride.

¢ Medical examinations recommended at the time of
job transfer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic or
laboratory tests that were conducted at the time of job place-
ment should be repeated at the time of job transfer or termina-
tion. Any changes in the worker's health status should be
compared with those expected for a suitable reference
population.

WORKPLACE MONITORING AND
MEASUREMENT

A worker’s exposure to airborne acetic anhydride is deter-
mined by using a standard midget bubbler containing 10 ml
of alkaline hydroxylamine hydrochloride solution. The ab-
sorbing solution is made up of equal volumes of hydroxyl-
amine hydrochloride (200 g in 1 liter distilled water) and
sodium hydroxide (200 g in 1 liter distilled water). The
solution is mixed just before use and is stable for only 2 hr.
Samples are collected at a recommended flow rate of 0.2 to
1 liter/min until a recommended air volume of 25 to 100 liters
is collected. Analysis is performed colorimetrically using
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visible absorption spectrophotometry. A purple-colored
complex is formed by adding ferric chloride solution to the
sample. The limit of detection for this procedure is 0.05
mg/sample. This method is described in Method 3506 of the
NIOSH Manual of Analytical Methods [NIOSH 1984).

PERSONAL HYGIENE

If acetic anhydride contacts the skin, workers should flush
the affected areas immediately with plenty of water for
15 min and then wash with soap and water. Get medical help
immediately.

Clothing and shoes contaminated with acetic anhydride
should be removed immediately and provisions should be
made for safely removing this chemical from these articles.
If gross exposure occurs, remove contaminated clothing
under a safety shower. Speed in removing the contaminated
material from the skin is extremely important. Persons
laundering contaminated clothing should be informed about
the hazardous properties of acetic anhydride, particularly its
potential to be corrosive to the skin.

A worker who handles acetic anhydride should thoroughly
wash hands, forearms, and face with soap and water before
eating, using tobacco products, or using toilet facilities.

Workers should not eat, drink, or use tobacco products in
areas where acetic anhydride or a solution containing acetic
anhydride is handled, processed, or stored.

STORAGE

Acetic anhydride should be stored in a cool, dry, well-
ventilated area in tightly sealed containers that are labeled in
accordance with OSHA’s hazard communication standard
[29 CFR 1910.1200]. Outside or detached storage is
preferred. Inside storage must be in a standard flammable
liquids storage room or cabinet. Steel, galvanized tin, tinned
iron, copper, or copper alloys should not be used for piping
or valves that will be in contact with acetic anhydride.
Containers of acetic anhydride should be protected from
physical damage and should be separated from water, al-
cohols, strong oxidizers, chromic acid, amines, strong caus-
tics, heat, sparks, and open flame. Because containers that
formerly contained acetic anhydride may still hold product
residues, they should be handled appropriately.

SPILLS AND LEAKS

In the event of a spill or leak involving acetic anhydride,
persons not wearing protective equipment and clothing
should be restricted from contaminated areas until cleanup is
complete. The following steps should be undertaken follow-
ing a spill or leak:
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1. Do not touch the spilled material; stop the leak if it is
possible to do so without risk.

2. Notify safety personnel.
3. Remove all sources of heat and ignition.
4. Ventilate potentially explosive atmospheres.

5. If the leak or spill has not ignited, water spray may be used
to reduce vapors.

6. Absorb small liquid spills with sand or other noncombus-
tible absorbent material and place the material in a covered
container for later disposal. Wash the site with soda ash
solution and flush with plenty of water.

7. For large liquid spills, build dikes far ahead of the spill to
contain the acetic anhydride for later reclamation or disposal.

SPECIAL REQUIREMENTS

U.S. Environmental Protection Agency (EPA) requirements
for emergency planning, reportable quantities of hazardous
releases, community right-to-know, and hazardous waste
management may change over time. Users are therefore
advised to determine pericdically whether new information
is available.

¢ Emergency planning requirements

Acetic anhydride is not subject to EPA emergency planning
requirements under the Superfund Amendments and
Reauthorization Act (SARA) {42 USC 11022).

* Reportable quantity requirements for hazardous
releases

A hazardous substance release is defined by EPA as any
spilling, pumping, pouring, emitting, emptying, discharging,
injecting, escaping, leaching, dumping, or disposing of haz-
ardous substances into the environment (including the aban-
donment or discarding of contaminated containers). In the
event of a release that is equal to or greater than the reportable
quantity for that chemical, employers are required by the
Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA) [42 CFR 355.40] to notify the
proper Federal, State, and local authorities.

The reportable quantity for acetic anhydride is 5,000 Ib. If
an amount equal to or greater than this quantity is released
within a 24-hr period in a manner that will expose persons
outside the facility, employers are required to do the follow-
ing:

—Notify the National Response Center immediately at
(800) 424-8802 or at {202) 426-2675 in Washington, D.C.
[40 CFR 302.6].

—Notify the emergency response commission of the State
likely to be affected by the release [40 CFR 355.40].
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~Notify the community emergency coordinator of the local
emergency planning committee (or relevant local emer-
gency response personnel) of any area likely to be affected
by the release [40 CFR 355.40].

* Community right-to-know requirements

Employers are not required by Section 313 of SARA to
submit a Toxic Chemical Release Inventory Form (Form R)
to EPA reporting the amount of acetic anhydride emitted or
released from their facility annually.

* Hazardous waste management requirements

EPA considers a waste to be hazardous if it exhibits any of
the following characteristics: ignitability, corrosivity, reac-
tivity, or toxicity as defined in 40 CFR 261.21-261.24. Al-
though acetic anhydride is not specifically listed as a
hazardous waste under the Resource Conservation and
Recovery Act (RCRA) [40 USC 6901 et seq.], EPA requires
employers to treat waste as hazardous if it exhibits any of the
characteristics discussed above.

Providing detailed information about the removal and dis-
posal of specific chemicals is beyond the scope of this
guideline. The U.S. Department of Transportation, EPA,
and State and local regulations should be followed to ensure
that removal, transport, and disposal of this substance are
conducted in accordance with existing regulations. To be
certain that chemical waste disposal meets EPA regulatory
requirements, employers should address any questions to the
RCRA hotline at (800) 424-9346 or at (202) 382-3000 in
Washington, D.C. In addition, relevant State and local
authorities should be contacted for information about their
requirements for waste removal and disposal.

RESPIRATORY PROTECTION
® Conditions for respirator use

Good industrial hygiene practice tequires that engineering
controls be used where feasible to reduce workplace con-
centrations of hazardous materials to the prescribed exposure
limit. However, some situations may require the use of
respirators to control exposure. Respirators must be wom if
the ambient concentration of acetic anhydride exceeds
prescribed exposure limits. Respirators may be used
(1) before engineering controls have been installed,
(2) during work operations such as maintenance or repair
activities that involve unknown exposures, (3) during opera-
tions that require entry into tanks or closed vessels, and
(4) during emergencies. Workers should use only respirators
that have been approved by NIOSH and the Mine Safety
and Health Administration (MSHA).

® Respiratory protection program

Employers should institute a complete respiratory protection
program that, at a minimum, complies with the requirements
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of CSHA's respiratory protection standard [29 CFR
1910.134]. Such a program must include respirator selec-
tion, an evaluation of the worker’s ability to perform the work
while wearing a respirator, the regular training of personnel,
fit testing, periodic workplace monitoring, and regular
respirator maintenance, inspection, and cleaning. The im-
plementation of an adequate respiratory protection program
(including selection of the correct respirator) requires that a
knowledgeable person be in charge of the program and that
the program be evaluated regularly. For additional informa-
tion on the selection and use of respirators and on the medical
screening of respirator users, consult the NIOSH Respirator
Decision Logic [NIOSH 1987b) and the NIOSH Guide ro
Industrial Respiratory Protection [NIOSH 1987a).

PERSONAL PROTECTIVE EQUIPMENT

Protective clothing should be worn to prevent any possibility
of skin contact with acetic anhydride. Chemical protective
clothing should be selected on the basis of available perfor-
mance data, manufacturers® recommendations, and evalua-
tion of the clothing under actual conditions of use. The
following materials have been tested against permeation by
acetic anhydride and have demonstrated protection for more
than 4 but fewer than 8 hr: butyl rubber and Teflon®.
Polyvinyl chloride, nitrile rubber, Viton®, and natural rubber
have all demonstrated poor resistance to permeation by
acetic anhydride.

If acetic anhydride is dissolved in water or an organic solvent,
the permeation properties of both the solvent and the mixture
must be considered when selecting personal protective
equipment and clothing.

Safety glasses, goggles, or face shields should be worn
during operations in which acetic anhydride might contact
the eyes (e.g., through vapors or splashes of solution).
Eyewash fountains and emergency showers should be avail-
able within the immediate work area whenever the potential
exists for eye or skin contact with acetic anhydride. Contact
lenses should not be wom if the potential exists for acetic
anhydride exposure.
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR
ACETONE

INTRODUCTION

This guideline summarizes pertinent information about ace-
tone for workers, employers, and occupational safety and health
professionals whe may need such information to conduct ef-
fective programs. Recommendations may be superseded by
new developments in these fields; therefore, readers are ad-
vised to regard these recommendations as general guidelines.

SUBSTANCE IDENTIFICATION

¢ Formula: C,H.O
* Structure:

i
CH,—C—CH,

¢ Synonyms: Dimethyl ketone, ketone propane, propanone,
2-propanone

¢ Identifiers: CAS 67-64-1; RTECS AL3150000; DOT 1090,
label required: *‘Flammable Liquid™

¢ Appearance and odor: Colorless liguid with a fragrant,
mintlike odor

CHEMICAL AND PHYSICAL PROPERTIES

* Physical data

1. Molecular weight: 58.09

2. Boiling point (at 760 mmHg): 56.2°C (133°F)

3. Specific gravity (water = 1): 0.79

4. Vapor density (air = 1 at boiling point of acetone): 2.0
5. Melting point: -94.8°C (-138 °F)

6. Vapor pressure at 20°C (68°F): 1800 mmHg; at 25°C
(77°F), 226.3 mmHg

7. Miscible in water

8. Evaporation rate (butyl acetate = 1): 6

9.. Saturation concentration in air (approximate) at 20°C
(68°F): 23.7% (237000 ppm); at 25°C (77°F), 29.8% (298,000
ppm)

10. Ionization potential: 9.69 eV

¢ Reactivity

1. Incompatibilities: Contact with acids and oxidizing materials
may cause fires and explosions.

2. Hazardous decomposition products: Toxic vapors and gases
(e.g., ketene) may be released in a fire involving acetone.
3. Caution: Acetone will dissolve most plastics, resins, and
rubber.

¢ Flammability

1. Flash point: -180°C (0°F) (closed cup)

2. Autoignition temperature: 465°C (869 °F)

3. Flammable limits in air, % by volume: Lower, 2.2; Upper, 13
4. Extinguishant: Carbon dioxide, dry chemical, or alcohol
foam

5. Class 1B Flammable Liquid (29 CFR 1910.106), Flamma-
bility Rating 3 (NFPA)

¢ Warning properties

1. Odor threshold: 20 ppm

2. Eye irritation levels: Acetone has been reported to cause a
burning sensation of the eyes at a vapor concentration of 500
ppm. Other reports have concluded that irritation in acclimated
workers occurs between 1,000 and 1,500 ppm.

3. Evaluation of warning properties for respirator selection:
Because of its odor, acetone can be detected below the National
Institute for Occupational Safety and Health (NIOSH) recom-
mended exposure limit (REL); thus, it is treated as a chemi-
cal with adequate warning properties.

EXPOSURE LIMITS

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for acetone is 1,000
parts of acetone per million parts of air (ppm) [2 400 milligrams
of acetone per cubic meter of air (mg/m?)] as a time-weighted
average (TWA) concentration over an 8-hour workshift. The
NIOSH REL is 250 ppm (590 mg/m?) as a TWA forup to a
10-hour workshift, 40-hour workweek. The American Con-
ference of Governmental Industrial Hygienists (ACGIH)
threshold limit value {TLV ®) is 750 ppm (1,780 mg/m?) as a
TWA for a normal 8-hour workday and a 40-hour workweek;;
the (ACGIH) short-term exposure limit (STEL) is 1,000 ppm
(2,375 mg/m*) (Table 1),
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Table 1.—Occupational exposure
limits for acetone

Exposure limits
ppm mg/m?3

OSHA PEL TWA 1,000 2,400
NIOSH REL TWA 250 590
ACGIH TLV® TWA 750 1,780

STEL 1,000 2,375

HEALTH HAZARD INFORMATION

¢ Routes of exposure

Acetone may cause adverse health effects following exposure
via inhalation, ingestion, or dermal or eye contact.

* Summary of toxicology

1. Effects on animals: Acute inhalation of acetone produced
depression of respiration and narcosis in rats. Subchronic der-
mal application or subcutaneous injection of acetone produced
cataracts in guinea pigs.

2. Effects on humans. Acute inhalation of acetone has produced
narcosis, and repeated exposures have caused inflammation of
the respiratory tract, stomach, and small intestine. Studies of
persons clinically exposed indicate that acetone is metabolized
slowly and may accumulate in the body throughout a 40-hour
workweek.

* Signs and symptoms of exposure

L. Short-term (acute): Exposure o acetone can cause eye irri-
tation, dryness of the mouth and throat, nausea, vomiting,
headache, sleepiness, dizziness, light-headedness, weakness,
incoordination, loss of energy, fainting, and unconsciousness.
2. Long-term (chronic): Exposure to acetone can cause dizzi-
ness and sleepiness. Dryness, irritation, and inflammation of
skin can also occur.

RECOMMENDED MEDICAL PRACTICES

® Medical surveillance program

Workers with potential exposures to chemical hazards should
be monitored in a systematic program of medical surveillance
intended to prevent or control occupational injury and disease.
The program should include education of employers and work-
ers about work-related hazards, placement of workers in jobs
that do not jeopardize their safety and health, earliest possi-
ble detection of adverse health effects, and referral of workers
for diagnostic confirmation and treatment. The occurrence of
disease (a “‘sentinel health event,” SHE) or other work-related
adverse health effects should prompt immediate evaluation of
primary preventive measures (€.g., industrial hygiene monitor-
ing, engineering controls, and personal protective equipment}.
A medical surveillance program is intended to supplement, not
replace, such measures.

A medical surveillance program should include systematic col-
lection and epidemiologic analysis of relevant environmental
and biologic monitoring, medical screening, morbidity, and
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mortality data. This analysis may provide information about
the relatedness of adverse health effects and occupational ex-
posure that cannot be discerned from resnits in individual
workers. Sensitivity, specificity, and predictive values of bio-
logic monitoring and medical screening tests should be evalu-
ated on an industry-wide basis prior to application in any given
worker group. Intrinsic to a surveillance program is the dis-
semination of summary data to those who need to know, in-
cluding employers, occupational health professionals,
potentially exposed workers, and regulatory and public health
agencies.

¢ Preplacement medical evaluation

Prior to placing a worker in a job with a potential for exposure
to acetone, the physician should evaluate and document the
worker’s baseline health status with thorough medical, environ-
mental, and occupational histories, a physical examination, and
physiologic and laboratory tests appropriate for the anticipat-
ed occupational risks. These should concentrate on the func-
tion and integrity of the skin, eyes, and nervous and respiratory
systems. Medical surveillance for respiratory disease should
be conducted by using the principles and methods recommend-
ed by NIOSH and the American Thoracic Society (ATS).

A preplacement medical evaluation is recommended in order
to detect and assess preexisting or concurrent conditions which
may be aggravated or result in increased risk when a worker
is exposed to acetone at or below the NIOSH REL. The ex-
amining physician should consider the probable frequency, in-
tensity, and duration of exposure, as well as the nature and
degree of the condition, in placing such a worker. Such con-
ditions, which should not be regarded as absolute contraindi-
cations to job placement, include a history of chronic skin
disease or concurrent dermatitis.

¢ Periodic medical screening and/or bielogic monitoring
Occupational health interviews and physical examinations
should be performed at regular intervals. Additional examina-
tions may be necessary should a worker develop symptoms that
may be attributed to exposure to acetone. The interviews, ex-
aminations, and appropriate medical screening and/or biologic
monitoring tests should be directed at identifying an excessive
decrease or adverse trend in the physiologic function of the
skin, eyes, and nervous and respiratory systems as compared
to the baseline status of the individual worker or to expected
values for a suitable reference population. The following tests
should be used and interpreted according to standardized
procedures and evaluation criteria recommended by NIOSH
and ATS: standardized questionnaires and tests of lung
function.

* Medical practices recommended at the time of job trans-
fer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic and
laboratory tests which were conducted at the time of placement
should be repeated at the time of job transfer or termination.
Any changes in the worker’s health status should be compared
to those expected for a suitable reference population.

* Sentinel health events
Acute SHE’s include: Contact and/or allergic dermatitis.
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MONITORING AND MEASUREMENT
PROCEDURES

* TWA exposure evaluation

Measurements to determine worker exposure to acetone should
be taken so that the TWA exposure is based on a single entire
workshift sample or an appropriate number of consecutive
samples collected during the entire workshift. Under certain
conditions, it may be appropriate to collect several short-term
interval samples (up to 30 minutes each) to determine the aver-
age exposure level. Air samples should be taken in the work-
er’s breathing zone (air that most nearly represents that inhaled
by the worker).

* Method

Sampling and analysis may be performed by collecting ace-
tone vapors with charcoal tubes followed by desorption with
carbon disulfide and analysis by gas chromatography. Detec-
tor tubes or other direct-reading devices calibrated to meas-
ure acetone may also be used if available. A detailed sampling
and analytical method for acetone may be found in the NIOSH
Manual of Analytical Methods (method number 1300).

PERSONAL PROTECTIVE EQUIPMENT

Chemical protective clothing (CPC) should be selected after
utilizing available performance data, consulting with the
manufacturer, and then evaluating the clothing under actual use
conditions.

Workers should be provided with and required to use CPC,
gloves, face shields (8-inch minimum), and other appropriate
protective clothing necessary to prevent skin contact with
acetone.

Workers should be provided with and required to use splash-
proof safety goggles where acetone may come in contact with
the eyes.

SANITATION

Clothing which is contaminated with acetone should be re-
moved immediately and placed in closed containers for storage
until it can be discarded or until provision is made for the
removal of acetone from the clothing. If the clothing is to be
laundered or cleaned, the person performing the operation
should be informed of acetone’s hazardous properties.

Change and shower rooms should be provided with separate
locker facilities for street and work clothes.

Skin that becomes contaminated with acetone should be
promptly washed with soap and water.

The storage, preparation, dispensing, or consumption of food
or beverages, the storage or application of cosmetics, the
storage or smoking of tobacco or other smoking materials, or
the storage or use of products for chewing should be prohibit-
ed in work areas.

Workers who handle acetone should wash their faces, hands,
and forearms thoroughly with soap and water before eating,
smoking, or using toilet facilities.

1968

COMMON OPERATIONS AND CONTROLS

Common operations in which exposure to acetone may occur
and control methods which may be effective in each case are

listed in Table 2.

Table 2.—Operations and methods of
control for acetone

Operations

Controls

During application of lac-
quer, paints, and varnishes

During use of solvents and
cementing agents

During dip application of
protective coatings; during

Natural ventilation, local
exhaust ventilation, work-
foom ventilation, personal
protective equipment

Personal protective equip-
ment

Local exhaust ventilation,
personal protective equip-

cleaning operations ment

Local exhaust ventilation,
general dilution ventilation,
personal protective equip-
ment

During fabric coating and
dyeing processes

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, remove the victim from further
exposure, send for medical assistance, and initiate emergen-
cy procedures.

* Eye exposure

Where there is any possibility of a worker’s eyes being exposed
to acetone, an eye-wash fountain should be provided within the
immediate work area for emergency use.

If acetone gets into the eyes, flush them immediately with large
amounts of water for 15 minutes, lifting the lower and upper
lids occasionally. Get medical attention as soon as possible.
Contact lenses should not be worn when working with this
chemical.

¢ Skin exposure

Where there is any possibility of a worker’s body being exposed
to acetone, facilities for quick drenching of the body should
be provided within the immediate work area for emergency use.

If acetone gets on the skin, wash it immediately with soap and
water. If acetone penetrates the clothing, remove the clothing
immediately and wash the skin with soap and water. If irrita-
tion persists after washing, get medical attention promptly.
¢ Rescue

If a worker has been incapacitated, move the affected worker
from the hazardous exposure. Put into effect the established
emergency rescue procedures. Do not become a casualty. Un-
derstand the facility’s emergency rescue procedures and know
the locations of rescue equipment before the need arises.
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SPILLS AND LEAKS

In cases in which environmental levels exceed the NIOSH
REL, workers not wearing protective equipment and clothing
should be restricted from areas of spills or leaks until cleanup
has been compieted.

If acetone is spilled or leaked, the following steps should be
taken:

1. Remove all ignition sources.

2. Ventilate area of spill or leak.

3. For small quantities of liquids containing acetone, absorb
on paper towels and place in an appropriate container. Place
towels in a safe place such as a fume hood for evaporation. Al-
low sufficient time for evaporation of the vapors so that the hood
ductwork is free from acetone vapors. Burn the paper in a suita-
bie location away from combustible materials.

4. Large quantities of liquids containing acetone may be ab-
sorbed in vermiculite, dry sand, earth, or a similar material
and placed in an appropriate container. Acetone should not be
allowed to enter a confined space such as a sewer because of
the possibility of an explosion.

5. Liquids containing acetone may be collected by vacuuming
with an appropriate system. If a vacuum system is used, there
should be no sources of ignition in the vicinity of the spill, and
flashback prevention devices should be provided.

WASTE REMOVAL AND DISPOSAL

U.S. Environmental Protection Agency, Department of Trans-
portation, and/or state and local regulations shall be followed
to assure that removal, transport, and disposal are in accord-
ance with existing regulations.

RESPIRATORY PROTECTION

It must be stressed that the use of respirators is the least
preferred method of controlling worker exposure and should
not normally be used as the only means of preventing or
minimizing exposure during routine operations. However,
there are some exceptions for which respirators may be used
to control exposure: when engineering and work practice con-
trols are not technically feasible, when engineering controls
are in the process of being installed, or during emergencies and
certain maintenance operations including those requiring
confined-space entry (Table 3}.

In addition to respirator selection, a complete respiratory pro-
tection program should be instituted which as a minimum com-
plies with the requirements found in the OSHA Safety and
Health Standards, 29 CFR 1910.134. A respiratory protection
program should include as 2 minimum an evaluation of the
worker’s ability to perform the work while wearing a respira-
tor, the regular training of personnel, fit testing, periodic en-
vironmental menitoring, maintenance inspection, and
cleaning. The implementation of an adequate respiratory pro-
tection program, including selection of the correct respirators,
requires that a knowledgeable person be in charge of the pro-
gram and that the program be evaluated regularly.

4 Acetone

Only respirators that have been approved by the Mine Safety
and Health Administration (MSHA, formerly Mining Enforce-
ment and Safety Administration) and by NIOSH should be
used. Remember! Air-purifying respirators will not pro-
tect from oxygen-deficient atmospheres.

For each level of respiratory protection, only those respirators
that have the minimum required protection factor and meet
other use restrictions are listed. All respirators that have higher
protection factors may also be used.

BIBLIOGRAPHY

* American Conference of Governmental Industrial
Hygienists: “Acetone,” Documentation of the Threshold Limit
Values and Biological Fxposure Indices (5th ed.), Cincinna-
ti, 1986.

® American Conference of Governmental Industrial
Hygienists: TLVs® Threshold Limit Values and Biological Ex-
posure Indices for 1987-88, Cincinnati, 1987,

» American Industrial Hygiene Association: “‘Acetone” (rev.
1980), Hygienic Guide Series, Detroit, 1980.

* American Lung Association of San Diego and Imperial
Counties: ““Taking the Occupational History,” Annals of In-
ternal Medicine, 99:641-651, November 1983.

» Browning, E.: Toxicity and Metabolism of Industrial Sol-
vents, Elsevier Publishing Co., New York, 1965.

¢ Clayton, G.D., and Clayton, FE. (eds.): Toxicelogy, Vol. IIC
of Patty’s Industrial Hygiene and Toxicology (3rd rev. ed.), John
Wiley & Sons, Inc., New York, 1982.

¢ Code of Federal Regulations, U.S. Department of Labor, Oc-
cupational Safety and Health Administration, 29 CFR 1910.106,
1910.134, 1910.1000, OSHA 2206, revised July 1, 1986.

® Code of Federal Regulations, U.S. Department of Transpor-
tation, 49 CFR 172101, Transportation 49, revised October 1,
1982.

* DiVincenzo, G.D., et al.: “Exposure of Man and Dog to Low
Concentrations of Acetone Vapor,” American Industrial
Hygiene Association Journal, 34:329-336, 1973.

® GGoldman, R.H., and Peters, J.M.: “The Occupational and
Environmental Health History.” Journal of the American Med-
ical Association, 246:2831-2836, 198].

* Grant, W.M.: Toxicology of the Eye (2nd ed.), Charles C.
Thomas, Springfield, Illinois, 1974.

¢ Halperin, W.E., Rarcliffe, J., Frazier, T.M., Wilson, L.,
Becker, S.P., and Shulte, P.A.: “Medical Screening in the
Workplace: Proposed Principles.” Journal of Occupational
Medicine, 28(8):547-552, 1986.

® Hankinson, J.L.: “Pulmonary Function Testing in the
Screening of Workers: Guidelines for Instrumentation, Per-
formance, and Interpretation,” Journal of Occupational Medi-
cine, 28(10):1081-1092, 1986.

e Leidel, N.A_, Busch, K. A., and Lynch, I.R.: Occupation-
al Exposure Sampling Strategy Manual, U.S. Department of
Health, Education, and Welfare, Public Health Service, Center
for Disease Control, National Institute for Occupational Safety
and Health, DHEW {NIOSH) Publication No. 77-173, Cincin-
nati, 1977.

1988



® Levy, B.S., and Wegman, D.H. (eds.): Occupational Health:
Recognizing and Preventing Work-Related Disease, Little,
Brown and Company, Boston, 1983.

# Manufacturing Chemists Association, Inc.: Chemical Safery
Data Sheet SD-87--Acetone, Washington, DC, 1962.

* May, I.: “Solvent Odor Thresholds for the Evaluation of Sol-
vent Odors in the Atmosphere,” Staub-Reinhalt, 26:9, 385-389,
1966.

* National Fire Protection Association: Fire Protection Guide
on Hazardous Materials (7th ed., 6th printing) Quincy, Mas-
sachusetts, 1978,

¢ National Institute for Occupational Safety and Health, U.S.
Department of Health and Human Services, Public Health
Service, Centers for Disease Control: “Ketones 1,” NIOSH
Manual of Analytical Methods (3rd., vol. 2), Eller, PM. (ed.),
DHHS (NIOSH) Publication No. 84-100, Cincinnati, 1984.
* National Institute for Occupational Safety and Health, U.S.
Department of Health and Human Services, Public Health
Service, Centers for Disease Control: Registry of Toxic Effects
of Chemical Substances (Microfiche Edition), Sweet, DV., and
Lewis, R.J. (eds.), Cincinnati, April 1985.

® Raleigh, R L., and McGee, W.A.: “Effects of Short, High-
Concentration Exposures to Acetone as Determined by Obser-

1988

vation in the Work Area,” Journal of Occupational Medicine,
14-607-610, 1972.

» Rom, W.N. (ed.): Environmental and Occupational Medi-
cine, Little, Brown and Company, Boston, 1983.

» Rothstein, M. A.: Medical Screening of Workers, Bureau of
National Affairs, Washington, DC, 1984.

& Rutstein, D.D., Mullan, R.J., Frazier, T.M., Halperin,
W.E., Melius, .M., and Sestito, J.P.: “*Sentinel Health Events
{Occupational): A Basis for Physician Recognition and Pub-
lic Health Surveillance,” American Journal of Public Health,
73:1054-1062, 1983.

¢ Scientific Assembly on Environmental and Occupational
Health: “‘Evaluation of Impairment/Disability Secondary to
Respiratory Disease,” American Review of Respiratory Dis-
eases, 126:945-951, 1982.

e Scientific Assembly on Environmental and Occupational
Health: “Surveillance for Respiratory Hazards in the Occupa-
tional Setting,” American Review of Respiratory Diseases,
126:952-956, 1982.

¢ Summer, W.: Odour Pollution of Air; Causes and Control,
CRC Press, Boca Raton, Florida, 1971.

¢ Union Carbide Corporation, Industrial Medicine and Toxi-
cology Department: Toxicology Studies—Acetone, New York,
1970.

Acetone 5



Table 3.—Respiratory protection for acetone

Condition

Minimum respiratory protection*+

Concentration:

Less than or equal to
1,000 ppm

Less than or equal to
6,250 ppm

Less than or equal to
12,500 ppm

Less than or equal to
20000 ppm

Planned or emergency entry
into environments containing
unknown concentrations or
levels above 20,000 ppm

Firefighting

Escape only

Any chemical cartridge respirator with organic vapor cartridge(s)
Any powered air-purifying respirator with organic vapor cartridge(s)
Any supplied-air respirator

Any self-contained breathing apparatus

Any supplied-air respirator operated in a continuous flow mode (substance reported to cause
eye irritation or damage—may require eye protection)

Any air-purifying full facepiece respirator (gas mask) with a chin-style or front- or back-
mounted organic vapor canister

Any supplied-air respirator with a full facepiece
Any self-contained breathing apparatus with a full facepiece

Any supplied-air respirator with a full facepiece and operated in a pressure-demand or other
positive pressure mode

Any self-contained breathing apparatus with a full facepiece and operated in a pressure-demand
or other positive pressure mode

Any supplied-air respirator with a full facepiece and operated in a pressure-demand or other

positive pressure mede in combination with an auxiliary self-contained breathing apparatus
operated in a pressure-demand or other positive pressure mode

Any self-contained breathing apparatus with a full facepiece and operated in a pressure-demand
or other positive pressure mode

Any air-purifying full facepiece respirator (gas mask) with a chin-style or front- or back-
mounted organic vapor canister

Any appropriate escape-type self-contained breathing apparatus

* Only NIOSH/MSHA-approved equipment should be used.
1The respiratory protection listed for any given condition is the minimum required to meet the NIOSH REL of 250 ppm

(590 mg/m?*) (TWA).
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1988



OCCUPATIONAL SAFETY AND HEALTH GUIDELINE
FOR ACETONITRILE

INTRODUCTION

This guideline summarizes pertinent information about
acetonitrile for workers and employers as well as for
physicians, industrial hygienists, and other occupational
safety and health professionals who may need such informa-
tion to conduct effective occupational safety and health
programs. Recommendations may be superseded by new
developments; readers are therefore advised to regard these
recommendations as general guidelines and to determine
periodically whether new information is available.

SUBSTANCE IDENTIFICATION
¢ Formula
C,H,N
¢ Structure
CH,CN
* Synonyms
Methyl cyanide, cyanomethane, ethanenitrile, ethyl nitrile,
methanecarbonitrile
¢ Identifiers
1. CAS No.: 75-05-8
2. RTECS No.: ALT700000
3. DOTUN: 1648 28
4, DOT labels: Flammable Liquid and Poison
e Appearance and odor

Acetonitrile is a flammable, colorless liquid with an aromatic
odor. The odor threshold is reported to be 40 parts per
million (ppm) parts of air.

CHEMICAL AND PHYSICAL PROPERTIES
® Physical data
1. Molecular weight: 41

2. Boiling point (at 760 mm Hg): 81.6°C (178.9°F)
3. Specific gravity (water = 1): 0.79 at 20°C (68°F)

4. Vapor density (air = 1 at boiling point of acetonitrile):
1.42

5. Melting point: ~45°C (-49°F)
6. Vapor pressure at 20°C (68°F): 73 mm Hg

7. Solubility; Miscible with water, methanol, methyl
acetate, ethyl acetate, alcohol, ethanol, acetone, acetamide
solutions, carbon tetrachloride, chloroform, ethylene
chloride, and many unsaturated hydrocarbons

8. Evaporation rate: Data not available

¢ Reactivity

1. Conditions contributing to instability: Heat, sparks, or
open flame. Vapors form explosive mixtures with air.

2. Incompatibilities: Fire and explosion may result from
contact of acetonitrile with perchloric acid, iron (IIT) salts of
perchlorate, nitric acid, oleum, indium, nitrating agents,
petfluorourea, chlorosulfonic acid, or other strong oxidizers.

3. Hazardous decomposition products: Toxic gases (such
as oxides of nitrogen, carbon monoxide, carbon dioxide, and
hydrogen cyanide) may be released in a fire involving
acetonitrile.

4. Special precautions: Liquid acetonitrile attacks some
coatings and some forms of plastic and rubber.

¢ Flammability

The National Fire Protection Association has assigned a
flammability rating of 3 (severe fire hazard) to acetonitrile,

1. Flash point: §.6°C (42°F) (closed cup)
2. Autoignition temperature: 523.9°C (975°F)

3. Flammable limits in air (% by volume): Lower, 4.4;
upper, 16.0
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4. Extinguishant; Use carbon dioxide, dry chemical, or
foams on fires involving acetonitrile. Never direct a stream
of water into burning pools of liquid acetonitrile because this
may scatter and spread the flames. Water spray may be used
to cool containers or to protect persons attempting to stop the
leak.

Fires involving acetonitrile should be fought upwind and
from the maximum distance possible. Isolate the hazard area
and deny access to unnecessary personnel. Emergency per-
sonne] should stay out of low areas and ventilate closed
spaces before entering. Vapor explosion and poison hazards
may occur indoors, outdoors, or in sewers. Vapors may
travel to a source of ignition and flash back. Containers of
acetonitrile may explode in the heat of the fite and should be
moved from the fire area if it is possible to do so safely. If
this is not possible, cool containers from the sides with water
until well after the fire is out. Stay away from the ends of
containers. Personnel should withdraw immediately if they
hear a rising sound from a venting safety device or if a
container becomes discolored as a result of fire. Dikes
should be used to contain fire-control water for later disposal.
If a tank car or truck is involved in a fire, personne! should
isolate an area of a half mile in all directions. Firefighters
should wear a full set of protective clothing (including a
self-contained breathing apparatus) when fighting fires in-
volving acetonitrile. Chemical protective clothing that is
specifically recommended for acetonitrile may not provide
thermal protection unless so stated by the clothing manufac-
turer. Firefighters' protective clothing may not provide
protection against permeation by acetonitrile.

EXPOSURE LIMITS
e OSHA PEL

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for acetonitrile is
40 ppm (70 mg/m®) as an 8-hr time-weighted average
(TWA) concentration and 60 ppm (105 mg/m®) as a short-
termm exposure limit {STEL) {29 CFR 1910.1000, Table
Z-1-A]. A STEL is a 15-min TWA exposure that should not
be exceeded at any time during the workday.

¢ NIOSH REL

The National Institute for Occupational Safety and Health
(NIOSH) has established a recommended exposure limit
(REL) of 20 ppm (34 mgfm>) as a TWA for up to a 10-hr
workshift and a 40-hr workweek [NIOSH 1992},

s ACGH TLV®

The American Conference of Governmental Industrial
Hygienists (ACGIH) has assigned acetonitrile a threshold
limit value (TLV) of 40 ppm (67 mg/m>) as a TWA for a
normal 8-hr workday and a 40-hr workweek and a STEL of
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60 ppm (101 mg/m>) for periods not to exceed 15 min
[ACGIH 1991b].

¢ Rationale for limits

The limits are based on the risks of organie cyanide poisoning
and liver and respiratory tract injuries associated with ex-
posure to acetonitrile.

HEALTH HAZARD INFORMATION
* Routes of exposure

Exposure to acetonitrile can occur through inhalation and eye
or skin contact.

¢ Summary of toxicology

1. Effects on Animals: Acetonitrile can induce methemo-
globinemia and cyanosis because it is metabolized in the
body to cyanide. The 8-hr LCsy in rats is 7,500 ppm [NIOSH
1991]. The dermal LDy in rabbits is 1,250 mg/kg [NIOSH
1991]. Acutely poisoned animals convulsed and became
prostrate before death; autopsy of these animals revealed
pulmonary hemorrhage {Proctor et al. 1988). In mice ex-
posed to 200 or 400 ppm for 6.5 hrfday, 5 daysfweek for
13 weeks, an increase in liver weight and pathological
changes in liver cells were seen at autopsy; signs of anemia
were also seen in the high-dose groups before death [ACGIH
1991a). Dogs and monkeys exposed to a 350-ppm con-
centration for 7 hr/day, 3 days/week for 13 weeks showed
signs of emphysema and other reactive changes in the lungs
at autopsy; the monkeys also exhibited brain hemorthage
[Clayton and Clayton 1982]). The oral LD, in rats is
2,730 mg/kg. Teratogenic and embryotoxic effects occurred
in hamsters inhaling 5,000 or 8,000 ppm for 1 hr on day 8 of
gestation, and a single oral or intraperitoneal dose of 100 to
400 mg/kg also resulted in teratogenic effects in the offspring
of exposed rats [ACGIH 1991a].

2. Effects on Humans: Acetonitrile is a primary irritant of
the eyes, mucous membranes, skin, and upper respiratory
tract of exposed workers; it has also caused methemo-
globinemia and death in humans acutely overexposed. Two
volunteers experienced no ill effects after inhaling 80 ppm
for 4 hr; however, one of these individuals expetrienced
bronchial irritation after an exposure to 160 ppm for the same
interval [Proctor et al. 1988]. Ten painters developed signs
of systemic toxicity when exposed to the vapor of a mixture
containing 30% to 40% acetonitrile for 2 workdays. Fourof
the ten printers required hospitalization. One painter died
after experiencing massive hematemesis [Proctor et al.
1988]. Several other industrial fatalities have occurred as a
result of acute overexposure to acetonitrile. The lowest oral
dose toxic in humans is 570 mg/kg; ingestion of this amount
of acetonitrile caused gastrointestinal tract disturbances
[NIOSH 1991].
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¢ Signs and symptoms of exposure

1. Acute exposure: Acetonitrile poisoning can cause flush-
ing or ashen-grey color; chest tightness; headache; nausea;
vomiting (with or without blood); sweating; excess saliva
production; lassitude; muscle weakness; painful, difficuit, or
irregular breathing; convulsions; stupor; coma; and cardiac
and respiratory arrest.

2. Chronic exposure: No signs or symptoms of chronic
exposure have been reported.

¢ Emergency procedures

Keep unconscious victims warm and on their sides to avoid
choking if vomiting occurs. Initiate the following emergen-

cy procedures:

1. Eye exposure: Tissue irritation may result from exposure
to concentrated solutions, vapors, mists, or aerosols of
acetonitrile. Immediately and thoroughly flush the eyes
with large amounts of water, occasionally lifting the upper
and lower eyelids.

2. Skin exposure: Skin irritation may result. Irmmediately
remove contaminated clothing and thoroughly wash con-
tamninated skin with soap and water.

3. Inhalation exposure: If vapors, mists, or aerosols of
acetonitrile are inhaled, move the victim to fresh air imme-
diately.

If the victim is not breathing, clean any chemical contamina-
tion from the victim's lips and perform cardiopulmonary
resuscitation (CPR); if breathing is difficult, give oxygen.

4. Ingestion exposure: Do net induce vomiting.

5. Rescue; Remove an incapacitated worker from further
exposure and implement appropriate emergency procedures
(e.g., those listed on the material safety data sheet required
by OSHA’s hazard communication standard {29 CFR
1910.1200]). All workers should be familiar with emergen-
¢y procedures and the location and proper use of emergency
equipment.

EXPOSURE SOURCES AND CONTROL
METHODS

The following uses of acetonitrile may result in worker
exposures to this substance:

1992

—Use as a solvent for extractive distillation in the manufac-
ture of butadiene and isoprene

—Use as an extractive solvent in separation of fatty acids
from fish liver oils; to remove phenol, tar, and color from
petroleum hydrocarbons; to recover various alcohols,
acids, and dark wood rosins; and in chemical analysis

~—Use as a solvent and reactive medium for the preparation
of pharmaceuticals, waterproofing compounds, antistatic
agents, detergents, polymers, dyestuff intermediates, and
for chemica!l research

—Use as an indifferent medium in physiochemical inves-
tigation and in separation of alkaloids in tissue extraction

—Use as a solvent for recrystallization and purification of

salts, metals, and steroids; as a spinning solvent for syn-
thetic fibers; as a solvent for epoxy resin coatings

—Use in organic synthesis in preparation of vitamins, per-
fumes, water softeners, and plasticizers, and as a catalyst
to promote ionization reactions

The following methods are effective in controlling worker
exposures to acetonitrile, depending on the feasibility of
implementation:

—Process enclosure

—Local exhaust ventilation
—General dilution ventilation
—Personal protective equipment

Good sources of information about control methods are as
follows:

1. ACGIH [1992]. Industrial ventilation—a manual of
recommended practice. 21st ed. Cincinnati, OH: American
Conference of Governmental Industrial Hygienists,

2. Burton DJ [1986]. Industrial ventilation—a self study
companion. Cincinnati, OH: American Conference of
Governmental Industrial Hygienists.

3. Alden JL, Kane JM [1982]. Design of industrial ventila-
tion systems. New York, NY: Industrial Press, Inc.

4. Wadden RA, Scheff PA [1987]. Engineering design for
control of workplace hazards. New York, NY: McGraw-
Hill.

5. Plog BA [1988]. Fundamentals of industrial hygiene.
Chicago, IL: National Safety Council.

MEDICAL MONITORING

Workers who may be exposed to chemical hazards should be
monitored in a systematic program of medical surveillance
that is intended to prevent occupational injury and disease.
The program should include education of employers and
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workers about work-related hazards, placement of workers
in jobs that do not jeopardize their safety and health, early
detection of adverse health effects, and referral of workers
for diagnosis and treatment. The occurrence of disease or
other work-related adverse health effects should prompt
immediate evaluation of primary preventive measures (e.g.,
industrial hygiene monitoring, engineeting controls, and per-
sonal protective equipment). A medical monitoring program
is intended to supplement, not replace, such measures. To
place workers effectively and to detect and control work-
related health effects, medical evalvations must be per-
formed (1) before job placement, (2) periodically during the
term of employment, and (3) at the time of job transfer or
termination.

¢ Preplacement medical evaluation

Before a worker is placed in a job with a potential for
exposure to acetonitrile, a licensed health care professional
should evaluate and document the worker's baseline health
status with thorough medical, environmental, and occupa-
tional histories, a physical examination, and physiologic and
laboratory tests appropriate for the anticipated occupational
risks. These should concentrate on the function and integrity
of the liver and kidneys and of the cardiovascular, respiratory,
and central nervous systems. Medical monitoring for
respiratory disease should be conducted using the principles
and methods recommended by the American Thoracic
Society [ATS 1987].

A preplacement medical evaluation is recommended to as-
sess an individual’s suitability for employment at a specific
job and to detect and assess medical conditions that may be
aggravated or may result in increased risk when a worker is
exposed 1o acetonitrile at or below the prescribed exposure
limit. The licensed health care professional should consider
the probable frequency, intensity, and duration of exposure
as well as the nature and degree of any applicable medical
condition. Such conditions {which should not be regarded
as absolute contraindications to job placement) include a
history and other findings consistent with liver, kidney,
cardiovascular, respiratory, or central nervous system dis-
eases.

¢ Periodic medical examinations and biological
monitoring

Occupational health interviews and physical examinations
should be performed at regular intervals during the employ-
ment period, as mandated by any applicable Federal, State,
or local standard. Where no standard exists and the hazard
is minitnal, evaluations should be conducted every 3 to
5 years or as frequently as recommended by an experienced
occupational health physician. Additional examinations
may be necessary if a worker develops symptoms at-
tributable to acetonitrile exposure. The interviews, examina-
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tions, and medical screening tests should focus on identifying
the adverse effects of acetonitrile on the liver, kidneys, and
cardiovascular, respiratory, and central nervous system.
Current health status should be compared with the baseline
health status of the individual worker or with expected values
for a suitable reference population.

Biological monitoring involves sampling and analyzing
body tissues or fluids to provide an index of exposure to a
toxic substance or metabolite. Acetonitrile exposure can be
monitored by measurement of its metabolites, cyanide and
thiocyanate, in the blood or in plasma and urine, respectively.
Some sources suggest that blood cyanide levels of 0.1 mg/l
or plasma or urine thiocyanate levels above 20 mg/l indicate
excessive exposure. Because smokers often have higher
levels of both metabolites, pre-exposure baseline measure-
ments are suggested to establish each worker's baseline
level.

* Medical examinations recommended at the time of
Jjob transfer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic or
laboratory tests that were conducted at the time of job place-
ment should be repeated at the time of job transfer or termina-
tion. Any changes in the worker’s health status should be
compared with those expected for a suitable reference
population.

WORKPLACE MONITORING AND
MEASUREMENT

A worker’s exposure to airborne acetonitrile is determined
by using coconut shell charcoal tubes (400/200-mg sections,
20/40 mesh). Samples are collected at a maximumn flow rate
of 0.2 liter/min until a maximum air volume of 235 liters is
collected. The sample is then treated with benzene to extract
the acetonitrile. Analysis is conducted by gas chromatog-
raphy using a flame ionization detector. The limit of detec-
tion for this procedure is 0.01 mg per sample. This method
is described in Method 1606 of the NIOSH Manual of
Analytical Methods [NIOSH 1984].

PERSONAL HYGIENE

Clothing and shoes contaminated with acetonitrile should be
removed immediately, and provisions should be made for
safely removing this chemical from these articles. Work
clothing should not be taken home for laundering. Persons
laundering contaminated clothing should be informed about
the hazardous properties of acetonitrile, particularly its
potential for being absorbed through the skin in toxic
amounts.
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A worker who handles acetonitrile should thoroughly wash
hands, forearms, and face with soap and water before eating,
using tobacco products, or using toilet facilities.

Workers should not eat, drink, or use tobacco products in
areas where acetonitrile or a solution containing this sub-
stance is handled, processed, or stored.

STORAGE

Acetonitrile should be stored in a cool, dry, well-ventilated
area in tightly sealed containers that are labeled in accord-
ance with OSHA 's hazard communication standard [29 CFR
1910.1200]. Outside or detached storage is preferred; inside
storage must be in a standard flammable liquids storage area.
All electrical service in the storage area should meet code
requirements for flammable atmospheres. Containers of
acetonitrile should be protected from physical damage and
should be stored separately from perchloric acid, iron (III)
salts of perchlorate, nitric acid, oleum, indium, nitrating
agents, perfluorourea, chlorosulfonic acid, other strong
oxidizers, heat, sparks, and open flame. To prevent static
sparks, conveying equipment and storage containers should
be electrically grounded and bonded during transfer. Be-
cause containers that formerly contained acetonitrile may
still hold product residues, they should be handled ap-

propriately.

SPILLS AND LEAKS

In the event of a spill or leak involving acetonitrile, persons
not wearing protective equipment and clothing should be
restricted from contaminated areas until the cleanup is com-
plete. The following steps should be undertaken following
a spill or leak:

1. Do not touch the spilled material; stop the leak if it is
possible to do so without risk.

2. Notify safety personnel.
3. Remove all sources of heat and ignition.
4. Isolate and ventilate the area of the spill or leak.

5. Absorb small liquid spills with sand or other noncombus-
tible absorbent material and place the material in a covered,
vapor-tight container for later disposal.

6. Large quantities of acetonitrile can be collected and
atomized in a suitable combustion chamber equipped with
an appropriate effluent gas cleaning device.

SPECIAL REQUIREMENTS

U.S. Environmental Protection Agency (EPA) requirements
for emergency planning, reportable quantities of hazardous
releases, community right-to-know, and hazardous waste
management may change over time. Users are therefore
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advised to determine periodically whether new information
is available.

¢ Emergency planning requirements

Acetonitrile is not subject to EPA emergency planning re-
quirements under the Superfund Amendments and
Reauthorization Act (SARA) [42 USC 11022).

¢ Reportable quantity requirements for hazardous
releases

A hazardous substance reiease is defined by EPA as any
spilling, pumping, pouring, emitting, emptying, discharging,
injecting, escaping, leaching, dumping, or disposing of haz-
ardous substances into the environment (including the aban-
donment or discarding of contaminated containers). In the
event of a release that is above the reportable quantity for that
chemical, employers are required by the Comprehensive
Environmental Response, Compensation, and Liability Act
{(CERCLA) [40 CFR 355.40] to notify the proper Federal
authorities.

The reportable quantity for acetonitrile is 5,000 1b. If an
amount equal to or greater than this quantity is released
within a 24-hr period in a manner that will expose persons
outside the facility, employers are required to do the follow-
ing:

—Notify the National Response Center immediately at
(800) 424-8802 or at (202) 426-2675 in Washington, D.C.
{40 CFR 302.6].

—Notify the emergency response commission of the State
likely to be affected by the release [40 CFR 355.40).

—Notify the community emergency coordinator of the local
emergency planning committee (or relevant local emer-
gency response personnel) of any area likely to be affected
by the release [40 CFR 355.40].

¢ Community right-to-know requirements

Employers who own or operate facilities in SIC codes 20 to
39, who employ 10 or more workers, and who manufacture
25,000 1b or more or otherwise use 10,000 Ib or more of this
substance per calendar year are required by EPA [49 CFR
372.30] to submit a Toxic Chemical Release Inventory Form
(Form R) to EPA reporting the amount of acetonitrile emitted
or released from their facility annually.

¢ Hazardous waste management requirements

EPA considers a waste to be hazardous if it exhibits any of
the following characteristics: ignitability, corrosivity, reac-
tivity, or toxicity as defined in 40 CFR 261.21-261.24.
Acetonitrile is listed as a hazardous waste under the Resource
Conservation and Recovery Act (RCRA) [40 USC 6901 et
seq.] and has been assigned EPA Hazardous Waste
No. U003. This substance has been banned from land dis-
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posal and may be treated by incineration. Acetonitrile also
may be disposed of in an organometallic or organic lab pack
that meets the requirements of 40 CFR 264.316 or 265.316.

Providing detailed information about the removal and dis-
posal of specific chemicals is beyond the scope of this
guideline. The U.S. Department of Transportation, EPA,
and State and local regulations should be followed to ensure
that removal, transport, and disposal of this substance are
conducted in accordance with existing regulations. To be
certain that chemical waste disposal meets EPA regulatory
requirements, employers should address any questions to the
RCRA hotline at (800) 424-9346 or at (202) 382-3000 in
Washington, D.C. In addition, relevant State and local
authorities should be contacted for information about their
requirements for waste removal and disposal.

RESPIRATORY PROTECTION
¢ Conditions for respirator use

Good industrial hygiene practice requires that engineering
controls be used where feasible to reduce workplace con-
centrations of hazardous materials to the prescribed exposure
limit. However, some situations may require the use of
respirators to control exposure. Respirators must be worn if
the ambient concentration of acetonitrile exceeds prescribed
exposure limits. Respirators may be used (1) before en-
gineering controls have been installed, (2) during work
operations such as maintenance or repair activities that in-
volve unknown exposures, (3) during operations that require
entry into tanks or closed vessels, and (4) during emergen-
cles. Workers should use only respirators that have been
approved by NIOSH and the Mine Safety and Health Ad-
ministration (MSHA).

¢ Respiratory protection program

Employers should institute a complete respiratory protection
program that, at a minimum, complies with the requirements
of OSHA'’s respiratory protection standard [29 CFR
1910.134). Such a program must include respirator selec-
tion, an evaluation of the worker’s ability to perform the work
while weating a respirator, the regular training of personnel,
fit testing, periodic workplace monitoring, and regular
respirator maintenance, inspection, and cleaning. The im-
plementation of an adequate respiratory protection program
(including selection of the correct respirator) requires that a
knowledgeable person be in charge of the program and that
the program be evaluated regularly. For additional informa-
tion on the selection and use of respirators and on the medical
screening of respirator users, consult the NIOSH Respirator
Decision Logic [NIOSH 1987b] and the NIOSH Guide to
Industrial Respiratory Protection [NIOSH 1987a].
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PERSONAL PROTECTIVE EQUIPMENT

Gloves, boots, aprons, and gauntlets should be worn as
necessary to prevent skin contact either with the vapor or the
liquid. Chemical protective clothing should be selected on
the basis of available performance data, manufacturers’
recommendations, and evaluation of the clothing under ac-
tual conditions of use. The following materials have been
tested against permeation by acetonitrile and have
demonstrated good-to-excellent resistance for periods of at
least 8 hr: butyl rubber, polyviny! alcohol, and Tefion®.
Natural rubber, neoprene, nitrile, polyvinyl chloride, and
Viton® have demonstrated poor resistance to permeation.

If acetonitrile is dissolved in water or an organic solvent, the
permeation properties of both the solvent and the mixture
must be considered when selecting personal protective
equipment and clothing.

Safety glasses, goggles, or face shields should be worn
during operations in which acetonitrile might contact the
eyes (e.g., through splashes of solution). Eyewash fountains
and emergency showers should be available within the im-
mediate work area whenever the potential exists for eye or
skin contact with acetonitrile. Contact lenses should not be
worn if the potential exists for acetonitrile exposute.
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR
2-ACETYLAMINOFLUORENE
POTENTIAL HUMAN CARCINOGEN

INTRODUCTION

This guideline summarizes pertinent information about
2-acetylaminofluorene for workers, employers, and occupa-
tional safety and health professionals who may need such in-
formation to conduct effective occupational safety and health
programs, Recommendations may be superseded by new de-
velopments in these fields; therefore, readers are advised to
regard these recommendations as general guidelines.

SUBSTANCE IDENTIFICATION

¢ Formula: C,;H,,NO

N
s Structure: HCOCH;

¢ Synonyms: 2-AAF; 2-acetamidofluorene; 2-acetamino-
fluorene; N-acetyl-2-aminofluorene; 2-(acetylamino)fluo-
rene; N-FAA; 2-FAA

e Identifiers: CAS 53-96-3; RTECS AB9450000; DOT not
assigned

* Appearance: Tan, crystalline solid

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical data

1. Molecular weight: 223.29

2. Melting point: 194°C (381.2°F)
3. Insoluble in water

¢ Flammability
Extinguishant: Dry chemical, carbon diexide

* Warning properties

Evaluation of warning properties for respirator selection:
Warning properties are not considered in recommending
respirators for use with carcinogens.

EXPOSURE LIMITS

The Occupational Safety and Health Administration (OSHA)
does not have a specific permissible exposure limit (PEL)
for 2-acetylaminofluorene; however, the OSHA standard re-
quires implementation of stringent controls wherever
2-acetylaminofluorene or solid or liquid mixtures contain-
ing at least 0.1% by weight or volume of 2-acetylamino-
fluorene are manufactured, processed, repackaged, released,
handled, or stored (see ‘““General Control Procedures™). De-
tails of this standard can be found in the Code of Federal
Regutations, 29 CFR 1910.1014, 2-Acetylaminofluorene. The
National Institute for Occupationai Safety and Health
(NIOSH) concurs with the OSHA standard. The American
Conference of Governmental Industrial Hygienists (ACGIH)
does not have an assigned threshold limit value (TLV®) for
2-acetylaminofluorene,

HEALTH HAZARD INFORMATION

* Routes of exposure

2-Acetylaminofluorene may cause adverse health effects fol-
lowing exposure via inhalation, ingestion, or dermal or eye
contact. )

¢ Summary of toxicology

1. Effects on animals: Subchronic or chronic oral adminis-
tration of 2-acetylaminofluorene in dogs, rats, or hamsters
produced cancers of the bladder or liver. In rats, cancers of
the kidneys, pancreas, pelvis, salivary glands, eyes, ear ducts,
and auditory and sebaceous glands were also found. In all
animals that developed cancer from exposure to
2-acetylaminofluorene, the potent carcinogenic metabolite N-
hydroxy-2-acetylaminofluorene was produced. Single oral
doses of 2-acetylaminofluorene to pregnant rats on days 8-12
of gestation induced fetal malformations (hydrocephaly).
2. Effects on humans: Five cancer patients treated with single
oral doses of 2-acetylaminofluorene produced the N-
hydroxy-2-acetylaminofluorene metabolite, indicating that
2-acetylaminofluorene may be metabolized in humans as it
was in animals that developed- cancer from exposure to
2-acetylaminofluorene.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES

Public Health Service

Centers for Disease Control

National Institute for Occupational Safety and Health
Division of Standards Development and Technology Transfer
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RECOMMENDED MEDICAL PRACTICES

* Medical surveillance program

Workers with potential exposures to chemical hazards should
be monitored in a systematic program of medical surveillance
intended to prevent or control occupational injury and dis-
ease. The program should include education of employers
and workers about work-retated hazards, placement of
workers in jobs that do not jeopardize their safety and health,
earliest possible detection of adverse health effects, and
referral of workers for diagnostic confirmation and treatment.
The occurrence of disease (a ““sentinel health event,” SHE)
or other work-related adverse health effects should prompt
immediate evaluation of primary preventive measures (c.g.,
industrial hygiene monitoring, engineering controls, and per-
sonal protective equipment). A medical surveillance program
is intended to supplement, not replace, such measures.

A medical surveillance program should include systematic
collection and epidemiologic analysis of relevant environ-
mental and biologic monitoring, medical screening, mor-
bidity, and mortality data. This analysis may provide
information about the relatedness of adverse health effects
and occupational exposure that cannot be discerned from
results in individual workers. Sensitivity, specificity, and
predictive values of biologic monitoring and medical screen-
ing tests should be evaluated on an industry-wide basis prior
to application in any given worker group. Intrinsic to a sur-
veillance program is the dissemination of summary data to
those who need to know, including employers, occupational
health professionals, potentially exposed workers, and regula-
tory and public health agencies.

¢ Preplacement medical evaluation

Prior to placing a worker in a job with a potential for ex-
posure to 2-acetylaminofluorene, the physician should evalu-
ate and document the worker’s baseline health status with
thorough medical, environmental, and occupational histories,
a physical examination, and physiologic and laboratory tests
appropriate for the anticipated occupational risks. These
should concentrate on the function and integrity of the skin,
fiver, urinary tract, and reproductive system.

A preplacement medical evaluation is recommended in order
to detect and assess preexisting of concurrent conditions
which may be aggravated or result in increased risk when
a worker is exposed to 2-acetylaminofluorene. The examin-
ing physician should consider the probable frequency, inten-
sity, and duration of exposure, as well as the nature and degree
of the condition, in placing such a worker. Such conditions,
which should not be regarded as absolute contraindications
to job placement, include a history of chronic skin disease
or concurrent dermatitis and a history of repreductive dys-
function. In addition to the medical interview and physical
examination, the means to identify these conditions may in-
clude an evaluation of fertility.

* Periodic medical screening and/or biologic monitoring

Occupational health interviews and physical examinations
should be performed at regular intervals. Additional exami-
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nations may be necessary should a worker develop symptoms
that may be attributed to exposure to 2-acetylaminofluorene.
Because the metabolite N-hydroxy-2-acetylaminofluorene has
been identified in both animals and humans administered
2-acetylaminofluorene, consideration should be given to
monitoring for this metabolite in workers who may be ex-
posed to 2-acetylaminofluorene.

¢ Medical practices recommended at the time of job trans-
fer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic and
laboratory tests which were conducted at the time of place-
ment should be repeated at the time of job transfer or termi-
nation. Any changes in the worker’s health status should be
compared to those expected for a suitable reference popula-
tion. Because occupational exposure to 2-acetylaminofluorene
may cause adverse reproductive effects and diseases of
prolonged induction-latency, the need for medical surveillance
may extend well beyond termination of employment.

¢ Sentinel health events
Acute SHE’s include: Contact and/or allergic dermatitis.

MONITORING AND MEASUREMENT
PROCEDURES

¢ Method
There is no NIOSH-validated sampling or analytical method
for 2-acetylaminofluorene.

PERSONAL PROTECTIVE EQUIPMENT

Chemical protective clothing (CPC) should be selected after
utilizipg available performance data, consulting with the
manufacturer, and then evaluating the clothing under actual
use conditions.

In operations involving “laboratory type hoods™ or in loca-
tions where 2-acetylaminofluorene is contained in an other-
wise “‘closed system” but is transferred, charged, or
discharged into other normally closed containers, OSHA re-
quires that workers: (1} be provided with and required to use
clean, full-body CPC (smocks, coveralls, or long-sleeved
shirts and long pants), shoe covers, and gloves prior to
entering a regulated area; (2) be provided with and required
1o use approved respirators (a respirator affording higher
levels of protection may be substituted); and (3) remove the
protective clothing and equipment prior to exiting a regulated
area, and at the last exit of the day, place used clothing and
equipment in impervious containers for decontamination or
disposal.

SANITATION

For closed system operations or in locations where
2-acetylaminoflucrene is contained in an otherwise *‘closed
system” but is transferred, charged, or discharged into other
normally closed containers, OSHA requires that workers: (1)
wash their hands, forearms, faces, and necks prior 1o exiting

1988




the regulated area and before engaging in other activities, and
(2) shower after the last exit of the day in designated facilities.

In isolated systems, such as a “glove box,” OSHA requires
that workers wash their hands and arms with soap and water
upon completion of the assigned task and before engaging
in other activities not associated with the isolated system. If
it is necessary for workers to wear protective clothing, OSHA
requires that a clean change room be provided and equipped
with showers and washing facilities. NIOSH recommends that
lockers that permit separation of street and work clothes be
provided for the worker.

Clothing which is contaminated with 2-acetylaminofluorene
should be removed immediately and placed in sealed con-
tainers for storage until it can be discarded or until provision
is made for the removal of 2-acetylaminofluorene from the
clothing. If the clothing is to be laundered or cleaned, the
person performing the operation should be informed of
2-acetylaminofluorene’s hazardous properties. Reusabie cloth-
ing and equipment should be checked for residual contami-
nation before reuse or storage.

Decontamnination and disposal procedures should be estab-
lished and implemented to remove 2-acetylaminofluorene
from materials and equipment. Contaminated materials
should be removed from regulated areas without further con-
tamination of the facility.

OSHA requires that workers wash their faces, necks, hands,
and forearms thoroughly with soap and water before eating,
smoking, or using toilet facilities.

In regulated areas, OSHA prohibits the storage or consump-
tion of food or beverages, the storage or application of cos-
metics, the storage or smoking of tobacco or other smoking
materials, and the storage or use of products for chewing.

OSHA prohibits the location of drinking fountains in regu-
lated areas.

GENERAL CONTROL PROCEDURES

The following control procedures are derived from OSHA
requirements as stated in 29 CFR 1910.1014:

Areas where 2-acetylaminofluorene is manufactured,
processed, used, repackaged, released, handled, or stored
shall be designated as regulated areas, and entry into and exit
from these areas shall be restricted and controlled. Only
authorized workers shall be permitted access to regulated
areas.

Workers authorized to enter regulated areas shall receive a
training and indoctrination program including but not limited
to the nature of the carcinogenic hazards of 2-acetylamino-
fluorene, including local and systemic toxicity, the specific
nature of the operation which could result in exposure, and
the purpose for the significance of decontamination and emer-
gency practices and procedures.

Entrances to regulated areas shall be posted with signs in-
dicating that a cancer-suspect agent is present and that only
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authorized workers wearing appropriate protective clothing
and equipment shall be admitted.

Appropriate signs and instructions shall be posted at the en-
trance to and exit from regulated areas to inform workers of
the procedures that must be followed when entering or leav-
ing a regulated area.

Open vessel system operations involving 2-acetylaminofluo-
rene which are not in an isolated system, laboratory type
hood, or other system affording equivalent protection against
the entry of 2-acetylaminofluorene into regulated areas, non-
regulated areas, or the external environment are prohibited.

In operations invelving “‘laboratory type hoods’ or in loca-
tions where 2-acetylaminofluorene is contained in an other-
wise ‘‘closed system™ but is transferred, charged, or
discharged into other normally closed containers, each oper-
ation shall be provided with continuous local exhaust venti-
lation so that air movement is always from ordinary work
areas to the operation. Exhaust air shall not be discharged
to regulated areas, nonregulated areas, or the external environ-
ment unless decontaminated. Clean makeup air shall be in-
troduced in sufficient volume to maintain the correct operation
of the local exhaust system.

Containers of 2-acetylaminofluorene shall be identified as to
contents and shall contain a hazard warning.

Regulated areas (with the exception of outdoor operations)
shall be operated under negative pressure with respect to non-
regulated areas. Local exhaust ventilation may be used to
satisfy this requirement. Clean makeup air in equal volume
shall replace air that is removed.

The introduction or removal of any equipment, materials, or
other items to or from a regulated area shall be done in a
manner that does not cause contamination of nonregulated
areas or the external environment.

Decontamination procedures shall be established and im-
plemented to remove 2-acetylaminofluorene from materials,
equipment, and decontamination facility.

COMMON OPERATIONS AND CONTROLS

Common operations in which exposure to 2-acetylamino-
fluorene may occur and control methods which may be ef-
fective in each case are listed in Table 1.

Table 1.—Operations and methods of
control for 2-acetylaminofluorene

Operation Controls

Process enclosure, re-
stricted access, local
exhaust ventilation, per-
sonal protective equipment,
good housekeeping and
personal hygiene practices,
substitution with less toxic
substances

During use in research
and labortatory
facilities
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EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, remove the victim from fur-
ther exposure, send for medical assistance, and initiate emer-
gency procedures. If a worker has contact with
2-acetylaminofluorene, OSHA requires that the worker
shower as soon as possible, unless contraindicated by physi-
cal injuries.

¢ Eye exposure

Where there is any possibility of a worker’s eyes being ex-
posed to 2-acetylaminofluorene, an eye-wash fountain should
be provided within the immediate work area for emergency
use.

If 2-acetylaminofluorene gets into the eyes, flush them im-
mediately with large amounts of water for 15 minutes, lifting
the lower and upper lids occasionally. Get medical attention
as soon as possible. Contact lenses should not be worn when
working with this chemical.

* Skin exposure

Where there is any possibility of a worker’s body being ex-
posed to 2-acetylaminofluorene, facilities for quick drench-
ing of the body should be provided within the immediate work
area for emergency use. If 2-acetylaminofluorene gets on the
skin, wash it immediately with soap and water. If 2-acetyl-
aminofluorene penetrates the clothing, remove the clothing
immediately and wash the skin with soap and water. Get med-
ical attention promptly.

* Rescue

If a worker has been incapacitated, move the affected worker
from the hazardous exposure. Put into effect the established
emergency rescue procedures. Do not become a casualty.
Understand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need arises.

SPILLS AND LEAKS

OSHA requires that hazardous conditions created by spills
or leaks be eliminated and that potentially affected areas be
decontaminated prior to the resumption of normal operations.

OSHA requires that affected areas of spills or leaks be evacu-
ated as soon as an emergency has been determined.

OSHA requires that only authorized workers provided with
and wearing clean, impervious garments (inciuding gloves,
boots, and continuous air-supplied hoods) enter areas of spills
or leaks.

OSHA requires that workers authorized to enter areas of spills
or leaks be decontaminated before removing the protective
garments and hoods and showering.

If 2-acetylaminofluorene is spilled or leaked, the following
steps should be taken:
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1. Ventilate area of spill or leak.

2. If in solid form, 2-acetylaminofluorene may be collected
and placed in an appropriate container.

3. For small quantities of liquids containing 2-acetylamino-
fluorene, absorb on paper towels and place in an appropriate
container,

4. Large quantities of liquids containing 2-acetylaminofluo-
rene may be absorbed in vermiculite, dry sand, earth, or a
similar material and placed in an appropriate container.
5. 2-acetylaminofluorene dust may be collected by vacuum-
ing with an appropriate high-efficiency filtration system or
by using wet methods and placed in an appropriate contain-
er. Dry sweeping and dry mopping of 2-acetylaminofluorene
are prohibited by OSHA.

WASTE REMOVAL AND DISPOSAL

U.S. Environmental Protection Agency, Department of Trans-
portation, and/or state and local regulations shall be followed
to assure that removal, transport, and disposal are in accord-
ance with existing regulations.

RESPIRATORY PROTECTION

It must be stressed that the use of respirators is the least
preferred method of controlling worker exposure and should
not normally be used as the only means of preventing or
minimizing expesure during routine operations. However,
there are some exceptions for which respirators may be used
to control exposure: when engineering and work practice con-
trols are not technically feasible, when engineering controls
are in the process of being installed, or during emergencies
and certain maintenance operations including those requir-
ing confined-space entry (Table 2).

In addition to respirator selection, a complete respiratory pro-
tection program should be instituted which as a minimum
complies with the requirements found in the OSHA Safety
and Health Standards 29 CFR 1910.134. A respiratory pro-
tection program should include as a minimum an evaluation
of the worker’s ability to perform the work while wearing
a respirator, the regular training of personnel, fit testing,
periodic environmental monitoring, maintenance, inspection,
and cleaning. The implementation of an adequate respiratory
protection program, including selection of the correct respi-
rators, requires that a knowledgeable person be in charge of
the program and that the program be evaluated regularly.

Only respirators that have been approved by the Mine Safety
and Health Administration (MSHA, formerly Mining En-
forcement and Safety Administration) and by NIOSH should
be used. Remember! Air-purifying respirators will not
protect from oxygen-deficient atmospheres.
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Table 2.—Respiratory protection for 2-acetylaminofluorene

Condition

Minimum respiratory protection*

Any detectable concentration

Planned or emergency entry
into environments containing
unknown or any detectable
concentration

Firefighting

Escape only

Any self-contained breathing apparatus with a full facepiece and operated in a
pressure-demand or other positive pressure mode

Any supplied-air respirator with a full facepiece and operated in a pressure-demand or
other positive pressure mode in combination with an auxiliary self-contained breathing
apparatus operated in a pressure-demand or other positive pressure mode

Any self-contained breathing apparatus with a full facepiece and operated in a pressure-
demand or other positive pressure mode

Any supplied-air respirator with a full facepiece and operated in a pressure-demand or
other positive pressure mode in combination with an auxiliary self-contained breathing
apparatus operated in pressure-demand or other positive pressure mode

Any self-contained breathing apparatus with a full facepiece and operated in a pressure-
demand or other positive pressure mode

Any air-purifying full facepiece respirator with a high-efficiency particulate filter

Any appropriate escape-type self-contained breathing apparatus

* Only NIOSH/MSHA-approved equipment should be used.
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE
FOR ACETYLENE TETRABROMIDE

INTRODUCTION

This guideline summarizes pertinent information about
acetylene tetrabromide for workers and employers as well as
for physicians, industrial hygienists, and other occupational
safety and health professionals who may need such informa-
tion to conduct effective occupational safety and health
programs. Recommendations may be superseded by new
developments in these fields; readers are therefore advised
to regard these recommendations as general guidelines and
to determine periodically whether new information is avail-
able.

SUBSTANCE IDENTIFICATION

¢ Formula
CHBr,CHBr,
® Structure
Br Br
H-E—C—H
]|3r Bll'
¢ Synonyms
Tetrabromacetylene, tetrabromoethane; symmetrical
tetrabromoethane; 1,1,2,2-tetrabromoethane (TBE);
Muthmann’s liquid
¢ Identifiers
1. CAS No.: 79-27-6
2. RTECS No.: KI8225000
3. DOT UN: 2504 58
4. DOT label: St. Andrew’s Cross
® Appearance and odor

Acetylene tetrabromide is a noncombustible, heavy, pale
yellow liquid with a pungent, camphorlike odor. No quan-
titative data is available on the odor threshold.

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical data

1. Molecular weight: 345.7

2. Boiling point (at 760 mm Hg): 239°C (462.2°F)
3. Specific gravity (water = 1): 2.96 at 20°C (63°F)

4. Vapor density (air ~ 1 at boiling point of acetylene
tetrabromide): 11.9

5. Melting point: 0°C (32°F)
6. Vapor pressure at 20°C (68°F): 0.02 mm Hg

7. Solubility: Insoluble in water; miscible with alcohol,
chloroform, ether, aniline, glacial acetic acid; soluble in
acetone and benzene.

8. Evaporation rate: Data not available
® Reactivity
1. Conditions contributing to instability: Heat

2. Incompatibilities: Toxic vapors may result from contact
with chemically active metals or strong caustics, or with hot
iron, aluminum, or zinc in the presence of steam.

3. Hazardous decomposition products: Toxic gases and
vapors (such as hydrogen bromide, carbonyl bromide,
brominated solvents, and carbon monoxide) may be released
when acetylene tetrabromide decomposes.

4. Special precautions: Acetylene tetrabromide softens or
destroys most plastics and rubbers.

¢ Flammability

The National Fire Protection Association has assigned a
flammability rating of 0 (no fire hazard) to acetylene
tetrabromide; this substance is not combustible.

1. Flash point: —18°C (0°F) (closed cup)
2. Autoignition temperature: 335°C (635°F)
3. Flammable limits in air: Not applicable

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service Canters for Disease Control
National Institute for Occupational Safety and Health

Division of Standards Development and Technology Transfer
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4. Extinguishant: Use water to cool containers of acetylene
tetrabromide that are involved in a fire.

Fires involving acetylene tetrabromide should be fought
upwind and from the maximum distance possible. Isolate the
hazard area and deny access to unnecessary personnel.
Emergency personnel should stay out of low areas and ven-
tilate closed spaces before entering. Firefighters should wear
a full set of protective clothing (including a self-contained
breathing apparatus) when fighting fires involving acetylene
tetrabromide. Chemical protective clothing that is specifi-
cally recommended for acetylene tetrabromide may not pro-
vide thermal protection unless so stated by the clothing
manufacturer. Firefighters® protective clothing may not
provide protection against permeation by acetylene
tetrabromide.

EXPOSURE LIMITS

¢ OSHA PEL

The current Occupational Safety and Health Administration
{OSHA) permissible exposure limit (PEL) for acetylene
tetrabromide is 1 ppm (14 mg/m>) as an 8-hr time-weighted
average (TWA) concentration [29 CFR 1910.1000, Table
Z-1-A].

¢ NIOSH REL

The National Institute for Occupational Safety and Health
(NIOSH) has not issued a recommended exposure limit
{REL) for acetylene tetrabromide [NIOSH 1988, 1991].

s ACGIH TLV®

The American Conference of Governmental Industrial
Hygienists (ACGIH) has assigned acetylene tetrabromide a
threshold limit value (TLV) of 1 ppm (15 mg/m>) asa TWA
for a normal 8-hr workday and a 40-hr workweek [ACGIH
1991b].

¢ Rationale for Limits

The OSHA and ACGIH limits are based on the risk of
hepatotoxic effects associated with exposure to acetylene
tetrabromide.

HEALTH HAZARD INFORMATION
¢ Routes of exposure

Exposure to acetylene tetrabromide can occur through in-
halation of the vapors, ingestion of the liquid, and eye or skin
contact with the liquid or vapors.

* Summary of toxicolegy

1. Effects on Animals: Acetylene tetrabromide is a central
nervous system depressant and a liver, kidney, and lung toxin
in animals. When instilled into the eyes of rabbits, the liquid

2 Acetylene Totrabromide

caused slight conjunctival and superficial coreal injury; on
the skin of rabbits, a 24-hr application of 500 mg caused a
moderate degree of irritation [NIOSH 1991]. The dermal
LDy, in rats is 5,250 mgfkg [NIOSH 1991]. The inhalation
I,Cminratshasbeenreportedas39ppm(549mglm3)
[NIOSH 1991]. Although no noteworthy effects were
described for rats, rabbits, and guinea pigs exposed to
saturated vapors (unquantified) for up to 2 hr, 3-ht exposures
produced respiratory tract irritation, tremors, and CNS
depression (ataxia, loss of the righting reflex, and uncon-
sciousness). Only the guinea pigs died, each having
postmortem fatty degeneration of the hepatic and renal
parenchyma. The tissues for all survivors from the four
species appeared histologically normal [Gray 1950]. Female
rats exposed to saturated vapors (~14 ppm at 23°C) for 7 hr
did not die and had very slight eye and nasal irritation
[Hollingsworth et al. 1963). The oral LDy, in rats is
1,100 mg/kg [NIOSH 1991]. In a subchronic study, rats,
rabbits, mice, and a monkey were exposed to ambient con-
centrations of 1, 4, or 14 ppm for 7 hr/day, 5 days/week for
approximately 28, 26, or 15 weeks, respectively. The no
observable effect level (NOEL) was 1| ppm. The 4-ppm
concentration induced slight lung hemorrhage, congestion,
edema, slight hepatocellular centrolobular fatty degenera-
tion, and slight swelling of the renal convoluted tubules.
Similar pulmonary and liver changes were reported at
14 ppm [Hollingsworth 1963]. Application of 15 mg to the
skin of mice, followed 14 days later with a tumor-promoting
agent (phorbol myristate acetate) caused a statistically sig-
nificant increase in forestomach papillomas [Van Duuren et
al. 1979; Proctor et al. 1988; NLM 1991].

2. Effects on Humans: Acetylene tetrabromide is a central
nervous system depressant and a liver toxin in humans.
‘When a chemist was exposed to this substance for 7.5 hr at
an estimated concentration of 1 to 2 ppm with a single
10-min peak exposure to 16 ppm, he experienced headache,
anorexia, nausea, vomiting, and abdominal pain. During a
9-week hospitalization, clinical studies revealed icterus,
urobilinuria, bilirabinaria, and severe and nearly fatal Yiver
damage [Proctor et al. 1988; Clayton and Clayton 1981].
Skin absorption of acetylene tetrabromide may also have
been involved in this episode of acute poisoning [Proctor et
al. 1988; ACGIH 1991a].

* Signs and symptoms of exposure

1. Acute exposure: Acule exposure to acetylene tetra-
bromide can cause irritation of the eyes, nose, and upper
respiratory tract; headache; nausea; vomiting; anorexia; ab-
dominal pain; ataxia; CNS depression; and death. Jaundice,
urobilinuria, bilirubinuria, and monocytosis have also been
reported. Exposure to the eyes or skin with liquid acetylene
tetrabromide may cause pain, redness, and a slight but revers-
ible conjunctival irritation and corneal injury.
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2. Chronic exposure: On the basis of effects seen in
animals, exposure to acetylene tetrabromide can cause liver,
kidney, and lung damage.

* Emergency procedures

Keep unconscious victims warm and on their sides to avoid
choking if vomiting occurs. Initiate the following emergen-

cy procedures:

1. Eye exposure: Tissue irritation may result from exposure
to concentrated solutions, vapors, mists, or aerosols of
acetylene tetrabromide. Immediately and thoroughly flush
the eyes with large amounts of water, occasionally lifting the
upper and lower eyelids.

2. Skin exposure: Skin irritation may result. Immediately
remove contaminated clothing and thoroughly wash con-
taminated skin with soap and water.

3. Inhalation exposure: If vapors, mists, or aerosols of
acetylene tetrabromide are inhaled, move the victim to fresh
air immediately. Have the victim blow his or her nose to
remove residues from nostrils.

If the victim is not breathing, clean any chemical contamina-
tion from the victim's lips and perform cardiopulmonary
resuscitation (CPR); if breathing is difficult, give oxygen.

4. Ingestion exposure: Take the following steps if acetylene
tetrabromide or any material containing it is ingested:

—Have the victim rinse the contaminated mouth cavity
several times with a fluid such as water.

—Have the victim drink a glass (8 oz) of fluid such as water.

—Induce vomiting by giving syrup of ipecac as directed on
the package. If ipecac is unavailable, have the victim
touch the back of the throat with a finger until productive
vomiting ceases.

—Do not force an unconscious or convulsing person to drink
fluid or to vomit.

5. Rescue: Remove an incapacitated worker from further
exposure and implement appropriate emergency procedures
{e.g., those listed on the material safety data sheet required
by OSHA’s hazard communication standard [29 CFR
1510.12007). All workers should be familiar with emergen-
cy procedures and the location and proper use of emergency
equipment.
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EXPOSURE SOURCES AND CONTROL
METHODS

The following uses of acetylene tetrabromide may result in
worker exposures to this substance:

—Use as a catalyst or catalytic initiator in manufacture of
terephthalic acid and synthetic fibers and as a polymer
additive in flameproof, flame-retardant polystyrenes,
polyurethanes, and polyolefins

—Use int the density separation of mineral salts

—Use as a mercury substitute in gauges, as a level indicator
in sight gauges, and as a refractive index liquid in micros-
copy

—Use as a solvent for fats, oils, and waxes

—Use as an ore flotation agent

The following methods are effective in controlling worker
exposures to acetylene tetrabromide, depending on the
feasibility of implementation:

—Process enclosure

—Local exhaust ventilation
—General dilution ventilation
—Personal protective equipment

Good sources of information about control methods are as
follows:

1. ACGIH [1992]. Industrial ventilation—a manual of
recommended practice. 21st ed. Cincinnati, OH: American
Conference of Governmental Industrial Hygienists.

2. Burton DJ [1986]). Industrial ventilation—a self study
companion. Cincinnati, OH: American Conference of
Governmental Industrial Hygienists.

3. Alden JL, Kane IM [1982]. Design of industrial ventila-
tion systems. New York, NY: Industrial Press, Inc.

4. Wadden RA, Scheff PA [1987]. Engineering design for
control of workplace hazards. New York, NY: McGraw-
Hill.

5. Plog BA [1988]. Fundamentals of industrial hygiene.
Chicago, IL: National Safety Council.

MEDICAL MONITORING

Workers who may be exposed to chemical hazards should be
monitored in a systematic program of medical surveillance
that is intended to prevent occupational injury and disease.
The program should include education of employers and
workers about work-related hazards, placement of workers
in jobs that do not jeopardize their safety or health, early
detection of adverse health effects, and referral of workers
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for diagnosis and treatment. The occurrence of disease or
other work-related adverse health effects should prompt
immediate evaluation of primary preventive measures (e.g.,
industrial hygiene monitoring, engineering controls, and per-
sonal protective equipment). A medical monitoring program
is intended to supplement, not replace, such measures. To
place workers effectively and to detect and control work-
related health effects, medical evaluations should be per-
formed (1) before job placement, (2) periodically during the
term of employment, and (3) at the time of job transfer or
termination.

® Preplacement medical evaluation

Before a worker is placed in a job with a potential for
exposure to acetylene tetrabrornide, a licensed health care
professional should evaluate and document the worker’s
baseline health status with thorough medical, environmental,
and occupational histories, a physical examination, and
physiologic and laboratory tests appropriate for the an-
ticipated occupational risks. These should concentrate on
the function and integrity of the liver.

A preplacement medical evaluation is recommended to as-
sess an individual’s suitability for employment at a specific
job and to detect and assess medical conditions that may be
aggravated or may result in increased risk when a worker is
exposed to acetylene tetrabromide at or below the prescribed
exposure limit. The licensed health care professional should
consider the probable frequency, intensity, and duration of
exposure as well as the nature and degree of any applicable
medical condition. Such conditions (which should not be
regarded as absolute contraindications to job placement)
include a history and other findings consistent with impaired
liver function.

¢ Periodic medical examinations and biological
monitoring

Occupational health interviews and physical examinations
should be performed at regular intervals during the employ-
ment petiod, as mandated by any applicable Federal, State,
or local standard. Where no standard exists and the hazard
is minimal, evaluations should be conducted every 3 to
5 years or as frequently as recommended by an experienced
occupational health physician. Additional examinations
may be necessary if a worker develops symptoms at-
tributable to acetylene tetrabromide exposure. The inter-
views, examinations, and medical screening tests should
focus on identifying the adverse effects of acetylene
tetrabromide on the eyes, skin, upper respiratory tract, liver,
and kidneys. Liver function studies should be performed on
a routine basis, particularly in workers exposed to acetylene
tetrabromide levels near the PEL. Current health status
should be compared with the baseline health status of the
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individual worker or with expected values for a suitable
reference population.

Biological monitoring involves sampling and analyzing
body tissue or fluids to provide an index of exposure to a
toxic substance or metabolite. No biological monitoring test
acceptable for routine use has yet been developed for
acetylene tetrabromide,

# Medical examinations recommended at the time of
job transfer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic or
laboratory tests that were conducted at the time of job place-
ment should be repeated at the time of job transfer or termina-
tion. Any changes in the worker’s health status should be
compared with those expected for a suitable reference
population.

WORKPLACE MONITORING AND
MEASUREMENT

A worker's exposure to airbome acetylene tetrabromide is
determined by using a silica gel absorption tube (150/75-mg
sections, 20/40 mesh). Samples are collected at a maximum
flow rate of 1.0 liter/min until a maximum air volume of
100 liters is collected. The sample is then treated with
tetrahydrofuran to extract the acetylene tetrabromide.
Analysis is conducted by gas chromatography using a flame
ionization detector. The standard analytical error for this
procedure is 0.16. This method is included in the OSHA
Computerized Information System [OSHA 19897 and in
Method 2003 of the NIOSH Manual of Analytical Methods
(NIOSH 1984].

PERSONAL HYGIENE

If acetylene tetrabromide contacts the skin, workers should
immediately wash the affected areas thoroughly with soap
and water.

Clothing and shoes contaminated with acetylene tetrabromide
should be removed immediately, and provisions should be
made for safely removing this chemical from these articles.
Persons laundering contaminated clothing should be in-
formed of the hazardous properties of acetylene
tetrabromide.

A worker who handles acetylene tetrabromide should
thoroughly wash hands, forearms, and face with soap and
water before eating, using tobacco products, or using toilet
facilities,

Workers should not eat, drink, or use tobacco products in
areas where acetylene tetrabromide is handled, processed, or
stored.
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STORAGE

Acetylene tetrabromide should be stored in a cool, dry,
well-ventilated area in tightly sealed containers that are
labeled in accordance with OSHA’s hazard communication
standard [29 CFR 1910.1200]. Containers of acetylene
tetrabromide should be protected from physical damage and
should be stored separately from chemically active metals
and strong caustics, heat, sparks, and open flame. Because
empty containers may contain acetylene tetrabromide
residues, they should be handled appropriately.

SPILLS AND LEAKS

In the event of a spill or leak involving acetylene tetrabromide,
persons not wearing protective equipment and clothing
should be restricted from contaminated areas until cleanup is
complete. The following steps should be undertaken follow-
ing a spill or leak:

1. Do not touch the spilled material; stop the leak if it is
possible to do so without risk.

2. Notify safety personnel.
3. If feasible, remove leaking containers to a safe place.
4. Ventilate atmosphere to reduce vapors.

5. Absorb small spills with sand, vermiculite, or other non-
combustible absorbent material and place the material in a
covered container for later disposal.

6. For large liquid spills, build dikes far ahead of the spill to
contain the acetylene tetrabromide for later disposal.

SPECIAL REQUIREMENTS

1.8, Environmental Protection Agency (EPA) requirements
for emergency planning, reportable quantities of hazardous
releases, community right-to-know, and hazardous waste
management may change over time. Users are therefore
advised to determine periodically whether new information
is available.

¢ Emergency planning requirements

Acetylene tetrabromide is not subject to EPA emergency
planning requirements under the Superfund Amendments
and Reauthorization Act (SARA) [42 USC 11022).

¢ Reportable quantity requirements for hazardous
releases

Employers are not required by the Comprehensive Environ-
mental Response, Compensation, and Liability Act
(CERCLA) [40 CFR 355.40] to notify the National
Response Center about an accidental release of acetylene
tetrabromide; there is no reportable quantity for this sub-
stance.
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® Community right-to-know requirements

Employers are not required by SARA to submit a Toxic
Chemical Release Inventory Form (Form R) to EPA report-
ing the annual amount of acetylene tetrabromide emitted or
released from their facility.

¢ Hazardous waste management requirements

EPA considers a waste to be hazardous if it exhibits any of
the following characteristics: ignitability, corrosivity, reac-
tivity, or toxicity as defined in 40 CFR 261.21-261.24. Al-
though acetylene tetrabromide is not specifically listed as a
hazardous waste under the Resource Conservation and
Recovery Act (RCRA) [40 USC 6901 et seq.], EPA requires
employers to treat waste as hazardous if it exhibits any of the
characteristics discussed above,

Providing detailed information about the removal and dis-
posal of specific chemicals is beyond the scope of this
guideline. The U.S. Department of Transportation, EPA,
and State and local regulations should be followed to ensure
that removal, transport, and disposal of this substance are
conducted in accordance with existing regulations. To be
certain that chemical waste disposal meets EPA regulatory
requirements, employers should address any questions to the
RCRA hotline at (800) 424-9346 or at (202) 382-3000 in
Washington, D.C. In addition, relevant State and local
authorities should be contacted for information about their
requirements for waste removal and disposal.

RESPIRATORY PROTECTION
® Conditions for respirator use

Good industrial hygiene practice requires that engineering
controls be used where feasible to reduce workplace con-
centrations of hazardous materials to the prescribed exposure
limits. However, some situations may require the use of
respirators to control exposure. Respirators must be worn if
the ambient concentration of acetylene tetrabromide exceeds
prescribed exposure limits. Respirators may be used
(1) before engineering controls have been installed,
(2) during work operations such as maintenance or repair
activities that involve unknown exposures, (3) during opera-
tions that require entry into tanks or closed vessels, and
(4) during emergencics. Workers should use only respirators
that have been approved by NIOSH and the Mine Safety and
Health Administration (MSHA).

* Respiratory protection program

Employers should institute a complete respiratory protection
program that, at a minimum, complies with the requirements
of OSHA's respiratory protection standard [29 CFR
1910.134]. Such a program must include respirator selec-
tion, an evaluation of the worker’s ability to perform the work
while wearing a respirator, the regular training of personnel,
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fit testing, periodic workplace monitoring, and regular
respirator maintenance, inspection, and cleaning. The im-
plementation of an adequate respiratory protection program
(including selection of the correct respirator) requires that a
knowledgeable person be in charge of the program and that
the program be evaluated regularly. For additional informa-
tion on the selection and use of respirators and on the medical
screening of respirator users, consult the NIOSH Respirator
Decision Logic [NIOSH 1987b] and the NIOSH Guide to
Industrial Respiratory Protection [NIOSH 1987a).

PERSONAL PROTECTIVE EQUIPMENT

Protective clothing should be womn to prevent skin contact
with acetylene tetrabromide. Chemical protective clothing
should be selected on the basis of available performance data,
manufacturers’ recommendations, and evaluation of the
clothing under actual conditions of use. Such clothing may
include gloves with long sleeves, aprons, footwear, and face
shields. No reports have been published on the resistance of
various protective clothing materials to permeation by
acetylene tetrabromide; however, Vitonw, TeflonQ, and
polyvinyl alcohol materials have been tested against permea-
tion by a similar compound (ethylene dibromide) and have
been found to provide good-to-excellent protection. These
materials provided more than 8 hr of resistance to permeation
by ethylene dibromide. Since specific test data are not
available for acetylene tetrabromide, the information
provided here should be considered as a guideline only. If
permeability data are not readily available, protective cloth-
ing manufacturers should be requested to provide informa-
tion on the best chemical protective clothing for workers to
wear when they are exposed to acetylene tetrabromide.

If acetylene tetrabromide is dissolved in an organic solvent,
the permeation properties of both the solvent and the mixture
must be considered when selecting personal protective
equipment and clothing,

Chemical safety glasses, goggles, or face shields should be
wom during operations in which acetylene tetrabromide
might contact the eyes (e.g., through splashes of solution).
Eyewash fountains and emergency showers should be avail-
able within the immediate work area whenever the potential
exists for eye or skin contact with acetylene tetrabromide.
Contact lenses should not be wom if the potential exists for
acetylene tetrabromide exposure.

REFERENCES CITED

ACGIH [1991a]. Documentation of the threshold limit
values and biological exposure indices. 6th ed. Cincinnati,
OH: American Conference of Governmental Industrial
Hygienists.

6 Acetylene Tetrabromide

ACGIH [1991b]. 1991-1992 Threshold limit values for
chemical substances and physical agents and biological ex-
posure indices. Cincinnati, OH: American Conference of
Governmental Industrial Hygienists.

CFR. Code of Federal regulations. Washington, DC: U.S.
Govemment Printing Office, Office of the Federal Register.

Clayton G, Clayton F, eds. [1981]. Patty’s industrial hygiene
and toxicology. 3rd rev. ed. New York, NY: John Wiley &
Sons.

Gray MG [1950]. Effects of exposure to the vapors of
tetrabromoethane (acetylene tetrabromide). Arch Ind Hyg
Occup Med 2:407-409.

Holiingsworth R, Rose V, Oyen F [1963]. Toxicity of
acetylene tetrabromide determined on experimental animals.
Ind Hyg J 24:28-35.

NIOSH [1984]. 1,1,2,2-Tetrabromoethane: Method 2003
(supplement issued 5/15/85). In: Eller PM, ed. NIOSH
manual of analytical methods. 3rd rev. ed. Cincinnati, OH:
U.S. Department of Health and Human Services, Public
Health Service, Centers for Disease Control, National In-
stitute for Occupational Safety and Health, DHHS (NIOSH)
Publication No. 84-100.

NIOSH [1987a]. NIOSH guide to industrial respiratory
protection. Cincinnati, OH: U.S. Departinent of Health and
Human Services, Public Health Service, Centers for Disease
Control, National Institute for Occupational Safety and
Health, DHHS (NIOSH) Publication No. 87-116.

NIOSH [1987b). Respirator decision logic. Cincinnati, OH:
U.S. Department of Health and Human Services, Public
Health Service, Centers for Disease Control, National In-
stitute for Occupational Safety and Health, DHHS (NIOSH)
Publication No. §7-108.

NIOSH [1988]. Testimony of the National Institute for
Occupational Safety and Health on the Occupational Safety
and Health Administration’s proposed rule, 29 CFR 1910,
August 2, 1988, OSHA Docket No. H-020. NIOSH policy
statements. Cincinnati, OH: U.S. Department of Health and
Human Services, Public Health Service, Centers for Disease
Control, National Institute for Occupational Safety and
Health.

NIOSH [1991]. Registry of toxic effects of chemical sub-
stances database: 1,1,2,2-tetrabromoethane. Cincinnati,
OH: U.S. Department of Health and Human Services, Public
Health Service, Centers for Disease Control, National In-
stitute for Occupational Safety and Health, Division of
Standards Development and Technology Transfer, Techni-
cal Information Branch.

1992



NIOSH [1992]. NIOSH recommendations for occupational
safety and health: compendium of policy documents and
statements. Cincinnati, OH: U.S. Department of Health and
Human Services, Public Health Service, Centers for Disease
Control, National Institute for Occupational Safety and
Health, DHHS (NIOSH) Publication No. 92-100.

NIM [1991]. The hazardous substances data bank: 1,1,2,2-
tetrabromoethane. Bethesda, MD: National Library of
Medicine. '

OSHA {198%9]. Computerized information system.

1992

Washington, DC: U.S. Department of Labor, Occupational
Safety and Health Administration.

Proctor NH, Hughes JP, Fischman ML [1988]. Chemical
hazards of the workplace. 2nd ed. Philadelphia, PA:
1.B. Lippincott Company.

Van Duuren B, Goldschmidt B, Loewengart G, Smith A,
Melchionne S, Seldman I, Roth D [1979]. Carcinogenicity
of halogenated olefinic and alphatic hydrocarbons in mice.
INCI 63(2):1433-1439.

Acetylene Tetrabromide 7






OCCUPATIONAL SAFETY AND HEALTH GUIDELINE
FOR ACETYLSALICYLIC ACID

INTRODUCTION

This guideline summarizes pertinent information about
acetylsalicylic acid for workers and employers as well as for
physicians, industrial hygienists, and other occupational
safety and health professionals who may need such informa-
tion to conduct effective occupational safety and health
programs, Recommendations may be superseded by new
developments; readers are therefore advised to regard these
recommendations as general guidelines and to determine
periodically whether new information is available.

SUBSTANCE IDENTIFICATION

¢ Formula
CH,COOCH,COOH
¢ Structure
QCH, QOH
¢ Synonyms

Aspirin, ASA, acetol, salicylic acid acetate, 2-acetoxyben-
zoic acid, acetophen, acetosalic acid, acetal, acetylin, acetyl-
sal, acidum acetylsalicylicum, Asagran, Aspirdrops,
Entericin, Caprin, Colfarit, Duramax, Empirin, Measurin,
Novid, Rhodine, Saletin, Solpyron

¢ Identifiers

1. CAS No.: 50-78-2

2. RTECS No.: VOO700000
3. DOT UN: None

4. DQOT label: None

# Appearance and odor

Acetylsalicylic acid is a noncombustible, crystalline, color-
less to white powder. This substance is odorless; on contact
with moisture, it develops the vinegarlike odor of acetic acid.

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical data

1. Molecular weight: 180.2

2. Boiling point {at 760 mm Hg): 140°C (284°F) (decom-
poses)

3. Specific gravity (water = 1): 1.4 at 20°C (68°F)

4. Vapor density: Not applicable

5. Melting point: 135°C (275°F)

6. Vapor pressure at 20°C (68°F): Negligible
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. Solubility: Soluble in water, alcohol, chlorcform, and
ether; less soluble in absolute ether

8. Evaporation rate: Not applicable
¢ Reactivity
1. Conditions contributing to instability: None

2. Incompatibilities: Fires or explosions may result from
contact of acetylsalicylic acid with strong oxidizers. Con-
tact with alkali hydroxides or carbonates may cause decom-
position.

3. Hazardous decomposition products: When heated to
decomposition, toxic vapors and gases (such as partially
oxidized hydrocarbons, carbon monoxide, and carbon
dioxide} may be released.

4, Special precautions: None

* Flammability

The National Fire Protection Association has not assigned a
flammability rating to acetylsalicylic acid; this substance is
not combustible.

1. Flash point: Not applicable
2. Autoignition temperature: Not applicable
3. Flammable limits in air; Not applicable

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Servica Centers for Disease Controf
National Institute for Occupational Safety and Health
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4. Extinguishant: Acetylsalicylic acid will not burn. Use an
extinguishant that is suitable for the materials involved in the
surrounding fire.

Dispersed in air, the dust of acetylsalicylic acid is a serious
explosion hazard. Firefighters should wear a full set of
protective clothing (including a seif-contained breathing ap-
paratus) when fighting fires resulting from acetylsalicylic

acid explosions.

EXPOSURE LIMITS

* OSHA PEL

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for acetylsalicylic
acid is 5 mg/m3 of air as an 8-hr time-weighted average
(TWA) concentration [29 CFR 1910.1000, Table Z-1-A].

¢ NIOSH REL

The National Institute for Occupational Safety and Health
(NIOSH) has established a recommended exposure limit
(REL) for acetylsalicylic acid of 5 mglm3 as an 8-hr TWA
[NIOSH 1992).

e ACGIH TLV®

The American Conference of Governmental Industrial
Hygienists (ACGIH) has assigned acegylsalicylic acid a
threshold limit value (TLV) of 5 mg/m” as a TWA for a
normal 8-hr workday and a 40-hr workweek [ACGIH 1991b).

® Rationale for limits

The limits are based on the risk of respiratory and gastric
irritation associated with exposure to acetylsalicylic acid.

HEALTH HAZARD INFORMATION

* Routes of exposure

Exposure to acetylsalicylic acid can occur through inhala-
tion, ingestion, and eye or skin contact.

¢ Summary of toxicology

1. Effects on Animals: Acetylsalicylic acid can damage the
stomach lining and interfere with blood clotting; it is also
fetotoxic and teratogenic in animals [Klaassen et al. 1986;
NIOSH 1991]. Cats were orally administered total daily
doses of either 33 to 63 mg/kg or 81 to 130 mg/kg for up to
35 days. The lowest dose induced toxic hepatitis in the
treated animals, but both doses induced anorexia, weight
loss, vomiting, depression, and death. Only animals receiv-
ing the high doses had hyperpnea (increased rate and depth
of breathing), hyperthermia, and disturbances in their acid-
base balance {NILM 1991]. Dogs administered cral daily
doses of 100 to 300 mg/kg for 1 to 4 weeks vomited bloody
emesis and had gastritis and gastric perforations [NLM 1991].
The oral LDy, in rats ranges from 1,360 to 1,750 mp/kg
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[NLM 1991]. Acetylsalicylic acid has been shown to be a
developmental toxin in five species of animals; this sub-
stance also causes reproductive effects in both males and
females [NIOSH 1991]. Teratogenic effects occurred when
125 mgfkg acetylsalicylic acid was administered orally to
rats on day 12 of pregnancy; damage to the testes, epididymis,
and sperm duct was observed in male rats dosed orally with
2.1 g/kg acetylsalicylic acid for 14 days [NIOSH 1991].
When administered orally or subcutaneously to pregnant
rats, mice, rabbits, cats, and dogs, acetylsalicylic acid was
fetotoxic or teratogenic [NIOSH 1991]. Chronic admin-
istration of a 300-mg/kg dose of acetylsalicylic acid in-
hibited ovulation in rats by depressing prostaglandin
synthesis [NLM 1991].

2. Effects on Humans: In the occupational environment,
acetylsalicylic acid is a systemic allergen and an irritant of
the eyes, mucous membranes, upper respiratory tract, and
skin. When in contact with the eyes, this substance causes
irritation, conjunctival ulceration, and corneal injury
[ACGIH 1991a; Grant 1986]. Aspirin-intolerant individuals
develop hives, thinorrhea, and bronchospasm when exposed
to this substance; some persons (e.g., those who are glucose-
6-phosphate dehydrogenase deficient) may be especially
sensitive to aspirin’s effects [Klaassen et al. 1986; Gosselin
et al. 1984]. Ingestion of acetylsalicylic acid causes an
increased tendency to bleed by interfering with platelet ag-
gregation; this effect has been seen after the ingestion of as
little as 150 mg of acetylsalicylic acid [ACGIH 1991a].
Acetylsalicylic acid produces an allergy-like response in
about 0.2% of individuals; although aspirin intolerance
mimics a true allergic response, this reaction is not believed
to be immunologically based [Klaassen et al. 1986].

¢ Signs and symptoms of exposure

1. Acute exposure: Acute exposure to acetylsalicylic acid
can cause redness and tearing of the eyes, runny nose,
scratchy throat, and redness and swelling of the skin.

2. Chronic exposure: Chronic exposure to acetylsalicylic
acid can cause headache, dizziness, and ringing in the ears;
in aspirin-intolerant individuals, it can induce pseudoallergic
responses (hives, ranny nose, wheezing, and difficult breath-
ing) and a permanent intolerance to this substance. Ingestion
of aspirin may lead to an increase in clotting time,

¢ Emergency procedures

1992




Keep unconscious victims warm and on their sides to avoid
choking if vomiting occurs. Initiate the following emergen-
cy procedures:

1. Eye exposure: Irritation may result! Immediately flush
the eyes with large amounts of water, occasionally lifting the
upper and lower eyelids.

2. Skinexposure: Irritation may result. Wash contaminated
skin with soap and water.

3. Inhalation exposure: If a large amount of acetylsalicylic
acid is inhaled, move the victim to fresh air immediately.

If the victim is not breathing, clean any chemjcal contamina-
tion from the victim’s lips and perform cardiopulmonary
resuscitation (CPR); if breathing is difficult, give oxygen.

4. Ingestion exposure: Take the following steps if a large
amount of acetylsalicylic acid is ingested:

—Have the victim rinse the contaminated mouth cavity
sevetal times with a fluid such as water.

—Have the victim drink a glass (8 oz) of fluid such as water.

—-Induce vomiting by giving syrup of ipecac as directed on
the package. If ipecac is unavailable, have the victim
touch the back of the throat with a finger until productive
vomiting ceases.

—Do not force an unconscious or convulsing person to drink
fluid or to vomit.

5. Rescue: Remove an incapacitated worker from further
exposure and implement appropriate emergency procedures
(e.g., those listed on the material safety data sheet required
by OSHA’s hazard communication standard {29 CFR
1910.1200]). All workers should be familiar with emergen-
cy procedures and the location and proper use of emergency
equipment.

EXPOSURE SOURCES AND CONTROL
METHODS

The manufacture, handling, and packaging of aspirin tablets
or related pharmaceutical products may result in worker
exposures to this substance.

The following methods are effective in controlling worker
exposures to acetylsalicylic acid, depending on the feasibility
of implementation:

—Process enclosure
—Local exhaust ventilation
—General dilution ventilation

—Personal protective equipment
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Good sources of information about control methods are as
follows:

1. ACGIH [1992]. Industrial ventilation—a manual of
recommended practice. 21st ed. Cincinnati, OH: American
Conference of Governmental Industrial Hygienists.

2. Burton DJ [1986]. Industrial ventilation—a self study
companion. Cincinnati, OH: American Conference of
Governmental Industrial Hygienists.

3. Alden JL, Kane JM [1982]. Design of industrial ventila-
tion systems. New York, NY: Industrial Press, Inc.

4. Wadden RA, Scheff PA [1987]. Engineering design for
control of workplace hazards. New York, NY: McGraw-
Hill,

5. Plog BA [1988]. Fundamentals of industrial hygiene.
Chicago, IL: National Safety Council.

MEDICAL MONITORING

Workers who may be exposed to chemical hazards should be
monitored in a systematic program of medical surveillance
that is intended to prevent occupational injury and disease.
The progratn should include education of employers and
workers about work-related hazards, placement of workers
in jobs that do not jeopardize their safety or health, early
detection of adverse health effects, and referral of workers
for diagnosis and treatment. The occurrence of disease or
other work-related adverse health effects should prompt
immediate evaluation of primary preventive measures (e.g.,
industrial hygiene monitoring, engineering controls, and per-
sonal protective equipment). A medical monitoring program
is intended to supplement, not replace, such measures. To
place workers effectively and to detect and control work-
related health effects, medical evaluations should be per-
formed (1) before job placement, {2) periodically during the
term of employment, and (3) at the time of job transfer or
termination.

® Preplacement medical evaluation

Before a worker is placed in a job with a potential for
exposure to acetylsalicylic acid, a licensed health care
professional should evaluate and document the worker’s
baseline health status with thorough medical, environmental,
and occupational histories, a physical examination, and
physiologic and laboratory tests appropriate for the an-
ticipated occupational risks. These should concentrate on
the function and integrity of the eyes, skin, and upper
respiratory tract. Medical monitoring for respiratory disease
should be conducted using the principles and methods recom-
mended by the American Thoracic Society [ATS 1987].

A preplacement medical evaluation is recommended to as-
sess an individual’s suitability for employment at a specific
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job and to detect and assess medical conditions that may be
aggravated or may result in increased risk when a worker is
exposed to acetylsalicylic acid at or below the prescribed
exposure limit. The licensed health care professional should
consider the probable frequency, intensity, and duration of
exposure as well as the nature and degree of any applicable
medical condition. Such conditions (which should not be
regarded as absolute contraindications to job placement)
include a history and other findings consistent with drug
allergies or aspirin intolerance or of diseases of the eyes, skin,
of Upper respiratory system; individuals using anticoagulant
medications may also be at increased risk.

¢ Periodic medica] examinations and biological
monitoring

Occupational health interviews and physical examinations
should be performed at regular intervals during the employ-
ment period, as mandated by any applicable Federal, State,
or local standard, Where no standard exists and the hazard
is minimal, evaluations should be conducted every 3 to
5 years or as frequently as recommended by an experienced
occupational health physician. Additional examinatjons
may be necessary if a worker develops symptoms at-
tributable to acetylsalicylic acid exposure. The interviews,
examinations, and medical screening tests should focus on
identifying the adverse effects of acetylsalicylic acid on the
eyes, skin, or upper respiratory tract ot on blood clotting time.
Current health status should be compared with the baseline
health status of the individual worker or with expected values
for a suitable reference population.

Biological monitoring involves sampling and analyzing

body tissues or fluids to provide an index of exposure to a

toxic substance or metabolite. No biological monitoring test

acceptable for routine use has yet been developed for acetyl-

salicylic acid.

¢ Medical examinations recommended at the time of
job transfer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic or
laboratory tests that were conducted at the time of job place-
ment should be repeated at the time of job transfer or termina-
tion. Any changes in the worker’s health status should be
compared with those expected for a suitable reference
population.

WORKPLACE MONITORING AND
MEASUREMENT

A worker's exposure to aitbome acetylsalicylic acid is deter-
mined by using a 37-mm glass fiber filter. Samples are
collected at a maximum flow rate of 1.0 liter/min until a
maximum air volume of 120 liters is collected. Analysis is
conducted by high-performance liquid chromatography
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using an ultraviolet detector. This method is included in the
OSHA Laboratory In-House Methods File [OSHA 1989].

PERSONAL HYGIENE

If acetylsalicylic acid contacts the skin, workers should im-
mediately wash the affected areas with soap and water.

Clothing contaminated with acetylsalicylic acid should be
removed immediately, and provisions should be made for
safely removing this chemical from these articles.

A worker who handles acetylsalicylic acid should thoroughly
wash hands, forearms, and face with soap and water before
eating, using tobacco products, or using toilet facilities.

Workers should not eat, drink, or use tobacco products in
areas where acetylsalicylic acid or a solution containing
acetylsalicylic acid is handled, processed, or stored.

STORAGE

Acetylsalicylic acid should be stored in a cool, dry, well-
ventilated area in tightly sealed containers that are labeled in
accordance with OSHA's hazard communication standard
[29 CFR 1910.1200]. Containers of acetylsalicylic acid
should be protected from physical damage and should be
stored separately from strong oxidizers, alkali hydroxides,
carbonates, moisture, and heat. Because containers that
formerly contained acetylsalicylic acid may still hold
product residues, they should be handled appropriately.

SPILLS AND LEAKS

In the event of a spill or leak involving acetylsalicylic acid,
persons not wearing protective equipment and clothing
should be restricted from contaminated areas until cleanup is
complete. The following steps should be undertaken follow-
ing a spill or leak:

1. Collect spilled material in the most convenient and safe
manner and place the material in a covered container for
reclamation or later disposal in an approved facility.

2. Absorb liquid containing acetylsalicylic acid in vermicu-
lite, dry sand, earth, or similar material.

SPECIAL REQUIREMENTS

U.S. Environmental Protection Agency (EPA) requirements
for emergency planning, reportable quantities of hazardous
releases, community right-to-know, and hazardous waste
management may change over time. Users are therefore
advised to determine periodically whether new information
is available.
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® Emergency planning requirements

Acetylsalicylic acid is not subject to EPA emergency plan-
ning requirements [40 CFR 355.30].

® Reportable quantity requirements for hazardous
releases

Employers are not required by the emergency release
notification provisions of the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA)
[40 CFR 355.40] to notify the National Response Center of
an accidental release of acetylsalicylic acid; there is no
reportabie quantity for this substance.

¢ Community right-to-know requirements

Employers are not required by Section 313 of SARA [42
USC 11022] to submit a Toxic Chemical Release Inventory
Form (Form R) to EPA reporting the amount of acetyl-
salicylic acid emitted or released from their facility annually.

¢ Hazardous waste management requirements

EPA considers a waste to be hazardous if it exhibits any of
the following characteristics: ignitability, corrosivity, reac-
tivity, or toxicity as defined in 40 CFR. 261.21-261.24. Al-
though acetylsalicylic acid is not specifically listed as a
hazardous waste under the Resource Conservation and
Recovery Act (RCRA) [40 USC 6901 et seq.], EPA requires
employers to treat waste as hazardous if it exhibits any of
the characteristics discussed above.

Providing detailed information about the removal and dis-
posal of specific chemicals is beyond the scope of this
guideline. The U.S. Department of Transportation, EPA,
and State and local regulations should be followed to ensure
that removal, transport, and disposal of this substance are
conducted in accordance with existing regulations. To be
certain that chemical waste disposal meets EPA regulatory
requirements, employers should address any questions to the
RCRA hotline at (800) 424-9346 or (202) 382-3000 in
Washington, D.C. In addition, relevant State and local
authorities should be contacted for information about their
requirements for the waste removal and disposal.

RESPIRATORY PROTECTION

o Conditions for respirator use

Good industrial hygiene practice requires that engineering
controls be used where feasible to reduce workplace con-
centrations of hazardous materials to the prescribed exposure
limit. However, some situations may require the use of
respirators to control exposure. Respirators must be worn if
the ambient concentration of acetylsalicylic acid exceeds
prescribed exposure limits. Respirators may be used
(1) before engineering controls have been installed,
(2) during work operations such as maintenance or repair
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activities that involve unknown exposures, (3) during opera-
tions that require entry into tanks or closed vessels, and
(4) during emergencies. Workers should use only respirators
that have been approved by NIOSH and the Mine Safety and
Health Administration (MSHA).

® Respiratory protection program

Employers should institute a complete respiratory protection
program that, at a minimum, complies with the requirements
of OSHA’s respiratory protection standard [2%9 CFR
1910.134). Such a program must include respirator selec-
tion, an evaluation of the worker’s ability to perform the work
while wearing a respirator, the regular training of personnel,
fit testing, periodic workplace monitoring, and regular
respirator maintenance, inspection, and cleaning. The im-
plementation of an adequate respiratory protection program
(including selection of the correct respirator) requires that a
knowledgeable person be in charge of the program and that
the program be evaluated regularly. For additional informa-
tion on the selection and use of respirators and on the medical
screening of respirator users, consult the NIOSH Respirator
Decision Logic [1987b] and the NIOSH Guide to Industrial
Respiratory Protection [1987a].

PERSONAL PROTECTIVE EQUIPMENT

Protective clothing should be womn to prevent prolonged or
repeated skin contact with acetylsalicylic acid; protective
gloves are recommended when handling this substance.
Chemical protective clothing should be selected on the basis
of available performance data, manufacturers’ recommenda-
tions, and evaluation of the clothing under actual conditions
of use. No reports have been published on the resistance of
various protective clothing materials to acetylsalicylic acid
permeation. If permeability data are not readily available,
protective clothing manufacturers should be requested to
provide information on the best chemical protective clothing
for workers to wear when they are exposed to acetylsalicylic
acid,

If acetylsalicylic acid is dissolved in water or an organic
solvent, the permeation properties of both the solvent and the
mixture must be considered when selecting personal protec-
tive equipment and clothing.

Safety glasses, goggles, or face shields should be wom
during operations in which acetylsalicylic acid might contact
the eyes (e.g., through dust particles). Eyewash fountains
and emergency showers should be available within the im-
mediate work area whenever the potential exists for eye or
skin contact with acetylsalicylic acid. Contact lenses should
not be worn if the potential exists for acetylsalicylic acid
exposure.
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE
FOR ACROLEIN

INTRODUCTION

This guideline summarizes pertinent information about
acrolein for workers and employers as well as for physicians,
industrial hygienists, and other occupational safety and
health professionals who may need such information to
conduct effective occupational safety and health programs.
Recommendations may be superseded by new developments
in these fields; readers are therefore advised to regard these
recommendations as general guidelines and to determine
periodically whether new information is available.

SUBSTANCE IDENTIFICATION

¢ Formula
C;H,O

¢ Structure
CH,=CHCHO

¢ Synonyms

Acraldehyde, acrylic aldehyde, acrylaldehyde, trans-
acrolein, allyl aldehyde, propenal, 2-propenal, propylene
aldehyde, ethylene aldehyde, Aqualine, Biocide, Crolean,
Magnacide

¢ Identifiers

1. CAS No.: 107-02-8

2. RTECS No.: AS1050000

3. DOT UN: 1092 30 (inhibited form)

4. DOT labels: Flammable Liquid, Poison (for the inhibited
form)

# Appearance and odor

Acrolein is a clear, colorless to yellow, flammable liquid with
a disagreeable, choking odor. The odor threshold is reported
to be between 0.02 and 0.4 part per million (ppm) parts of air.

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical data

Molecular weight: 56.1

Boiling point (760 mm Hg): 52.5°C (126.5°F)

Specific gravity (water = 1): 0.84 at 20°C (68°F)

Vapor density (air = 1 at boiling point of acrolein): 1.94
Melting point: -87.7°C (-125.9°F)

Vapor pressure at 20°C (68°F): 210 mm Hg

Solubility: Soluble in water, alcohol, ether, and acetone
Evaporation rate: Data not available
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® Reactivity

1. Conditions contributing to instability: Heat, sparks, or
open flame. The vapors of acrolein form explosive mixtures
with air.

2. Incompatibilities: Acrolein is very reactive and poly-
metizes rapidly and violently in the presence of strong acid
or basic catalysts, light, heat, and volatile amines. Upon
storage, it forms shock-sensitive and heat-sensitive explosive
compounds. Fire and explosions may result from contact of
acrolein with oxidizers, acids, alkalies, or amsmonia.

3. Hazardous decomposition products: Toxic gases and
vapors, including peroxides and oxides of carbon, may be
released in a fire involving acrolein.

4. Special precautions: An inhibitor, usually hydroquinone,
should be added to this highly unstable material to prevent
self-polymerization.

¢ Flammability

The National Fire Protection Association has assigned a
flammability rating of 3 (severe fire hazard) to acrolein.

1. Flash point: -26°C (-15°F) (closed cup)
2. Autoignition temperature: 220°C (428°F)

3. Flammable limits in air (% by volume): Lower, 2.8;
upper, 31
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4, Extinguishant: Use carbon dioxide, dry chemical, or
alcohol foam to extinguish fires involving acrolein. Water
may be ineffective, but it may be used to keep fire-exposed
containers cool or to protect persons attempting to stop a leak
involving this substance.

Fires involving acrolein should be fought upwind and from
the maximum distance possible. Isolate the hazard area and
deny access to unnecessary personnel. Emergency person-
nel should stay out of low areas and ventilate closed spaces
before entering. Containers of acrolein may explode in the
heat of the fire and should be moved from the fire area if it
is possible to do so safely. If this is not possible, cool
containers from the sides with water until well after the fire
is out. Stay away from the ends of containers. Personnel
should withdraw immediately if they hear a rising sound
from a venting safety device or if a container becomes
discolored as a result of fire. Dikes should be used to contain
fire-control water for later disposal. Firefighters should wear
a full set of protective clothing (including a self-contained
breathing apparatus) when fighting fires involving acrolein.
Chemicai protective clothing specifically recommended for
acrolein may not provide thermal protection unless so stated
by the clothing manufacturer. Firefighters® protective clothing
may not provide protection against permeation by acroiein.

EXPOSURE LIMITS

s OSHA PEL

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for acrolein is
0.1 ppm (0.25 mg/m’) as an 8-hr time-weighted average
(TWA) concentration and 0.3 ppm (0.8 mg/m®) as a short-
term exposure limit (STEL). A STEL is a 15-min TWA
exposure that should not be exceeded at any time during a
workday [29 CFR 1910.1000, Table Z-1-Al.

¢ NIOSH REL

The National Institute for Occupational Safety and Health
(NIOSH) has established a recommended exposure limit
(REL)of 0.1 ppm (0.25 mglms) as an 8-hr TWA and 0.3 ppm
(0.8 mg/m>) as a STEL [NIOSH 1992].

¢ ACGIH TLV®

The American Conference of Governmental Industrial
Hyjgienists (ACGIH) has assigned acrolein a threshold limit
value (TLV) of 0.1 ppm (0.23 mg/m3) as a TWA for a normal
8-hr workday and a 40-hr workweek and a STEL of 0.3 ppm
(0.69 mgfm?) for periods not to exceed 15 min [ACGIH 1991b).

¢ Rationale for limits

The limits are based on the risk of severe eye, nose, and
respiratory irritation associated with exposure to acrolein,

2 Acrolein

HEALTH HAZARD INFORMATION

¢ Routes of exposure

Exposure to acrolein can occur through inhalation, ingestion,
and eye or skin contact.

¢ Summary of toxicology

1. Effects on Animals: Acrolein is a severe irritant and
corrosive to the eyes, skin, mucous membranes, and
respiratory tract in animals. Eye contact with liquid acrolein
has caused severe burns, corrosion, and comeal injury [Grant
1986; Proctor et al. 1988]. The dermal LDsp in rabbits is
562 mg/kg [NIOSH 1991]. Skin contact can cause erythema,
edema, severe irritation, corrosion, and burns [NIOSH
1991]. The mouse RDso (concentration that decreases
respiratory rate by 50% in exposed animals) is 1.7 ppm
{NLM 1992]. The 10-min, 30-min, and 8-hr LCs0s in rats
are 375, 131, and 8 ppm, respectively [ATHA 1989]. Cats
exposed for 3.5 hr to 10 ppm showed signs of respiratory
irritation, mild narcosis, lacrimation, and salivation
[ACGIH 1991a). The oral LDsg is 42 to 46 mg/kg in rats
and 28 mg/kg in mice [AIHA 1989]. When swallowed,
acrolein induces gastrointestinal distress, pulmonary conges-
tion, and edema [NLM 1992}. Rats, guinea pigs, dogs, and
monkeys were repeatedly exposed to 0.7 or 3.7 ppm for
8 hr/day, 5 daysfweek for 6 weeks. All animals exposed to
0.7 ppm developed inflammatory lung changes. Em-
physema was infrequently but more predominantly observed
in dogs and monkeys than in rats or guinea pigs. Animals
exposed to 3.7 ppm salivated and had ocular and respiratory
irritation. Histopathology of survivors revealed nonspecific
inflammatory changes in the lungs, liver, and kidneys.
Squamous metaplasia of dog and monkey trachea and
necrotizing bronchitis with squamous metaplasia of monkey
lungs was also observed. In addition, these four species
were continuously exposed to 0.21,0.23, 1.0, or 1.8 ppm
acrolein 24 hr/day for 90 days. Findings similar to those
cited for the repeated exposure experiment were likewise
observed, with the inflammatory changes also being noted
in the brains of all acrolein-exposed animals [Lyon et al.
1970]. Male rats died (32 of 57) following exposures to
4 ppm for 6 hr/day, 5 daysfweek for 62 exposure days.
Terminal histopathology revealed bronchiolar necrosis and
pulmonary edema in treated animals [Proctor et al. 1988},
Intra-amniotic or intravenous administration of acrolein to
pregnant rats induced malformations or embryolethality,
respectively [NIOSH 1991]. Acrolein is mutagenic in bac-
terial test systems [NIOSH 1991]. Mice that were dermally
injected with acrolein for 24 weeks did not develop injec-
tion-site sarcomas during the ensuing 70-week observa-
tion period [NLM 1992). Syrian golden hamsters inhaled
4 ppm for 7 hr/day, 5 days/week for 52 weeks. Addi-
tional groups were also administered benzo(a)pyrene or
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N-nitrosodiethylamine. Following 29 weeks withoutex-
posure, terminal sacrifice in week 81 demonstrated that no
increased tumor incidence had been induced by acrolein
[NLM 1992].

2. Effects on Humans: Acrolein is a powerful lacrimating
agent and severe tissue irritant. Eye contact with liquid
acrolein can cause pain, intense lacrimation, blepharo-
cojunctivitis, swelling of the lids, purulent discharge,
photophobia, and comeal injury [Grant 1986; Gosselin et
al. 1984; NLM 1992]. Contact of the skin with liquid
acrolein causes redness, edema, swelling, vesiculation, and
burns. In addition, acrolein can be absorbed through the
skin in sufficient amounts to cause systemic effects [Gos-
selin et al. 1984]. This chemical is a weak skin sensitizer
in some exposed individuals [Proctor et al. 1988]. Ex-
posure t0 0.25 ppm for 5 min causes moderate irritation
of the eyes, mucous membranes, and upper respiratory
tract [Clayton and Clayton 1981; Grant 1986]. Exposure to
a 1-ppm (2.3«mg{m3) concentration of acrolein vapor for the
same interval is described as intolerable and causes in-
tense lacrimation and severe eye, nose, and threat irritation
fClayton and Clayton 1981; Grant 1986]). Acrolein is a
severe lung irritant and tear-inducer at 3 ppm (7 mg/m3)
[IARC 1985]. At higher exposure levels, it can induce sig-
nificant delayed-onset lung injury, including dyspnea,
asthma, congestion, edema, and persistent respiratory in-
sufficiency with decreased pulmonary function {NLM 1992].
Prolonged exposure to 21 ppm causes pulmonary edema,
and fatalities have been reported at concentrations as low as
10 ppm; exposure to 150 ppm for 10 min is lethal to humans
[Proctor et al. 1988].

* Signs and symptoms of exposure

1. Acute exposure: Acrolein can cause severe irritation or
corrosion of the eyes, nose, throat, and lungs, with tearing,
pain in the chest, and delayed-onset pulmonary injury with
depressed pulmonary function. Contact of liquid acrolein
with the eyes may cause cotneal burns, corrosion, and blind-
ness; skin contact may result in redness, swelling, chemical
burns with blisters, and corrosion.

2. Chronic exposure: The signs and symptoms of chronic
exposure to acrolein include skin sensitization and contact
dermatitis.

* Emergency procedures
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Keep unconscious victims warm and on their sides to avoid
choking if vomiting occurs. Immediately initiate the follow-
ing emergency procedures, continuing them as appropriate
en route to the emergency medical facility:

1. Eye exposure: Tissue destruction and blindness may
result from exposure to concentrated solutions, vapors, mists,
or aerosols of acrolein! Immediately but gently flush the
eyes with large amounts of water for at least 15 min, oc-
casionally lifting the upper and lower eyelids.

2. Skinexposure: Severe bumns, skin corrosion, and absorp-
tion of lethal amounts may result! Immediately remove all
contaminated clothing! Immediately and gently wash skin
for at least 15 min. Use soap and water if skin is intact; use
only water if skin is not intact.

3. Inhalation exposure; If vapors, mists, or aerosols of
acrolein are inhaled, move the victim to fresh air immedi-
ately.

If the victim is not breathing, clean any chemical contamina-
tion from victim’s lips and perform cardiopulmonary resus-
citation (CPRY}; if breathing is difficult, give oxygen.

4, Ingestion exposure; Take the following steps if acrolein
or a solution containing it is ingested:

—Do not induce vomiting.

—Have the victim rinse the contaminated mouth cavity
several times with a fluid such as water, Immediately after
rinsing, have the victim drink one cup (8 oz) of fluid and
no more.

—Do not permit the victim to drink milk or carbonated
beverages!

—Do net permit the victim to drink any fluid if more than
60 min have passed since initial ingestion.

NOTE: These instructions must be followed exactly,
Drinking a carbonated beverage or more than one cup of
fluid could create enough pressure to perforate already
damaged stomach tissue. The tissue-coating action of milk
can sometimes impede medical assessment of tissue damage.
Ingestion of any fluid more than 60 min after initial exposure
could further weaken damaged tissue and result in perfora-
tion.

5. Rescue: Remove an incapacitated worker from further
exposure and implement appropriate emergency procedures
(e.g., those listed on the material safety data sheet required
by OSHA's hazard communication standard [29 CFR
1910.1200]). All workers should be familiar with emergen-
cy procedures and the location and proper use of emergency
equipment.
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EXPOSURE SOURCES AND CONTROL
METHODS

The following operations may involve acrolein and may
result in worker exposures to this substance:

—Use of acrolein as an intermediate in the production of
glycerine and methionine analogs (pouliry feed protein
supplements)

—Manufacture of colloidal forms of metals, artificial resins,
synthetic fibers, and polyurethane foams

—Chemical synthesis of 1,3,6-hexanetriol, glutaraldehydes,
and acrylates

—Use of acrolein as a slimicide in the manufacture of paper

—Use of acrolein in biomedical applications to fix tissue
and, with its polymers, to immobilize enzymes

—Subsurface injection of wastewaters to control the growth
of microbes in feed lines and to control the growth of
algae, aquatic weeds, and mollusks in recirculating
process water systems

—Manufacture of pharmaceuticals, perfumes, and food sup-
plements

—Use of acrolein as an alcohol denaturant
—Heating of oils and fats containing glycerol

—Use of acrolein as a liquid fuel

The following methods are effective in controlling worker
exposures to acrolein, depending on the feasibility of im-
plementation:

—Process enclosure
—Local exhaust ventilation
—General dilation ventilation

—Personal protective equipment

Good sources of information about control methods are as
follows:

1. ACGIH [1992]. Industrial ventilation—a manual of
recommended practice. 21sted. Cincinnati, OH: American
Conference of Governmental Industrial Hygienists.

2. Burton DJ [1986]. Industrial ventilation—a self study
companion. Cincinnati, OH: American Conference of
Govemmental Industrial Hygienists.
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3. Alden JL, Kane JM [1982]. Design of industrial ventila-
tion systems. New York, NY: Industrial Press, Inc.

4. Wadden RA, Scheff PA [1987]. Engineering design for
control of workplace hazards. New York, NY: McGraw-
Hill.

5. Plog BA [1988]. Fundamentals of industrial hygiene.
Chicago, [L: National Safety Council.

MEDICAL MONITORING

Workers who may be exposed to chemical hazards should be
monitored in a systematic program of medical surveillance
that is intended to prevent occupational injury and disease.
The program should include education of employers and
workers about work-related hazards, placement of workers
in jobs that do not jeopardize their safety or health, early
detection of adverse health effects, and referral of wotkers
for diagnosis and treatment. The occurrence of disease or
other work-related adverse health effects should prompt
immediate evaluation of primary preventive measures (e.g.,
industrial hygiene monitoring, engineering controls, and per-
sonal protective equipment). A medical monitoring program
is intended to supplement, not replace, such measures. To
place workers effectively and to detect and control work-
related health effects, medical evaluations should be per-
formed (1) before job placement, (2) periodically during the
term of employment, and (3) at the time of job transfer or
termination.

¢ Preplacement medical evaluation

Before a worker is placed in a job with a potential for
exposure to acrolein, a licensed health care professional
should evaluate and document the worker's baseline health
status with thorough medical, environmental, and occupa-
tional histories, a physical examination, and physiologic and
laboratory tests appropriate for the anticipated occupational
risks. These should concentrate on the function and integrity
of the eyes, skin, and respiratory system. Medical monitor-
ing for respiratory disease should be conducted using the
principles and methods recommended by the American
Thoracic Society [ATS 1987).

A preplacement medical evaluation is recommended to as-
sess an individual’s suitability for employment at a specific
job and to detect and assess medical conditions that may be
aggravated or may result in increased risk when a worker is
exposed to acrolein at or below the prescribed exposure limit.
The health care professional should consider the probable
frequency, intensity, and duration of exposure as well as the
nature and degree of any applicable medical condition.
Such conditions (which should not be regarded as absolute
contraindications to job placement) include a history and
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other findings consistent with eye, skin, or respiratory dis-
case.

¢ Periodic medical examinations and biological
monitoring

Occupational health interviews and physical examinations
should be performed at regular intervals during the employ-
ment period, as mandated by any applicable Federal, State,
or local standard. Where no standard exists and the hazard
is minimal, evaluations should be conducted every 3 to
5 years or as frequently as recommended by an experienced
occupational health physician. Additional examinations
may be necessary if a worker develops symptoms at-
tributable to acrolein exposure. The interviews, examina-
tions, and medical screening tests should focus on identifying
the adverse effects of acrolein on the eyes, skin, and
respiratory system. Curment health status should be com-
pared with the baseline health status of the individual worker
or with expected values for a suitable reference population.

Biological monitoring involves sampling and analyzing
body tissues or fluids to provide an index of exposure to a
toxic substance or metabolite. No biological monitoring test
acceptable for routine use has yet been developed for
acrolein.

¢ Medical examinations recommended at the time of
job transfer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic or
laboratory tests that were conducted at the time of job place-
ment should be repeated at the time of job transfer or termina-
tion. Any changes in the worker’s health status should be
compared with those expected for a suitable reference
population.

WORKPLACE MONITORING AND
MEASUREMENT

A worker’s exposure to airborne acrolein is determined
by using a solid sorbent sampling tube containing
2-(hydroxymethyl)piperidine on XAD-2 adsorbent.
Samples are collected at a maximum flow rate of 0.1 liter/min
until a maximum air volume of 48 liters is collected. The
sample is then treated with toluene to extract the acrolein.
Analysis is conducted by gas chromatography using a
nitrogen-phosphorus detector. This method has a sampling
and analytical error of 0.12 and is sufficiently sensitive for
full-shift personal monitoring below the PEL of 0.1 ppm.
For STEL measurements, the limit of the method is 0.8 ppm
fora 15-min sample. This method is included in the OSHA
Computerized Information System [OSHA 1989] and in
Method 52 of the OSHA Analytical Methods Manual [OSHA
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1985]. A similar method (Method 2501) can be found in the
NIOSH Manual of Analytical Methods [NIOSH 1984].

PERSONAL HYGIENE

If acrolein contacts the skin, workers should immediately
wash the affected areas with soap and water.

Clothing contaminated with acrolein should be removed
immediately, and provisions should be made for safely
removing this chemical from these articles. Persons launder-
ing contaminated clothing should be informed about the
hazardous properties of acrolein, particularly its potential to
cause severe irritation of the eyes and skin.

A wortker who handles acrolein should thoroughly wash
hands, forearms, and face with soap and water before eating,
using tobacco products, or using toilet facilities.

Workers should not eat, drink, or use tobacco products in
areas where acrolein or a solution containing acrolein is
handled, processed, or stored.

STORAGE

Acrolein should be stored in a cool, dry, well-ventilated area
in tightly sealed containers that are labeled in accordance
with OSHA’s hazard communication standard [29 CFR
1910.1200]). Outside or detached storage is preferred.
Acrolein must be stored under a nitrogen blanket. Unin-
hibited acrolein may not be stored, and the level of the
inhibitor must be checked regularly during prolonged
storage. The storage area should be equipped with an auto-
matic sprinkler or other extinguishing system. All electrical
service in the storage area must be of explosionproof design.
Containers of acrolein should be protected from physical
damage and should be stored separately from alkaline
materials (such as caustics, ammonia, or amines), oxidizers,
heat, spatks, and open flame. To prevent static sparks,
containers and equipment should be grounded and bonded
when transferring liquid acrolein. Because empty containers
formerly containing acrolein may still hold product residues,
they should be handled appropriately.

SPILLS AND LEAKS

In the event of a spill or leak involving acrolein, persons not
wearing protective equipment and clothing should be
restricted from contaminated areas until cleanup is complete.
The following steps should be undertaken following a spill
or leak:

1. Do not touch the spilled material; stop the leak if it is
possible to do so without risk.
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Notify safety personnel.

Remove all sources of heat and ignition.

Provide maximum explosionproof ventilation.

If feasible, remove leaking containers to a safe place.

. Absorb small liquid spills with sand, vermiculite, or other

noncombusnble absorbent material and pilace the material in
a covered container for later disposal.

7. For large liquid spills, build dikes far ahead of the spill to
contain the acrolein for later reclamation or disposal, or
absorb with vermiculite or sand.

8. After cleanup, the spill area should be washed thoroughly
with soap and water.

Qs woN

SPECIAL REQUIREMENTS

U.S. Environmental Protection Agency (EPA) requirements
for emergency planning, reportable quantities of hazardous
releases, community right-to-know, and hazardous waste
management may change over time. Users are therefore
advised to determine periodically whether new information
is available.

* Emergency planning requirements

1f 500 1b or more of acrolein is present at a facility, the owner
ot operator must comply with EPA’s emergency planning
requirements [40 CFR 355.30].

® Reportable quantity requirements for hazardous
releases

A hazardous substance release is defined by EPA as any
spilling, pumping, pouring, emitting, emptying, discharging,
injecting, escaping, leaching, dumping, or disposing of haz-
ardous substances into the environment (including the aban-
donment or discarding of contaminated containers)., In the
event of a release that is equal to or greater than the reportable
quantity for that chemical, employers are required by the
Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA) [40 CFR 355.40] to notify the
proper Federal, State, and local authorities.

The reportable quantity for acrolein is 1 1b. If an amount
equal to or greater than this quantity is released within a 24-hr
period in a manner that will expose persons outside the
facility, employers are required to do the foltowing:

—Notify the National Response Center immediately at
(800) 424-8802 or at (202) 426-2675 in Washington, D.C.
[40 CFR 302.6].

—Notify the emergency response commission of the State
likely to be affected by the release [40 CFR 355.40).
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—Notify the community emergency coordinator of the local
emergency planning committee (or relevant local emer-
gency response personnel) of any area likely to be affected
by the release [40 CFR 355.40].

¢ Community right-to-know requirements

Employers who own or operate facilities in SIC codes 20 to
39, who employ 10 or mote workers, and who manufacture
25,000 Ib or more or otherwise use 10,000 Ib or more of
acrolein per calendar year are required by EPA [49 CFR
372.30] to submit a Toxic Chemical Release Inventory Form
(Form R) to EPA reporting the amount of acrolein emitted
or released from their facility annually.

s Hazardous waste management requirements

EPA considers a waste to be hazardous if it exhibits any of
the following characteristics: ignitability, corrosivity, reac-
tivity, or toxicity as defined in 40 CFR 261.21-261.24.
Acrolein is listed as a hazardous waste under the Resource
Conservation and Recovery Act (RCRA) [40 USC 6901 et
seq.] and has been assigned EPA Hazardous Waste
No. P003. This substance has been banned from land dis-
posal and may be treated by fuel substitution or incineration.
Acrolein also may be disposed of in an organometallic or
organic lab pack that meets the requirements of 40 CFR
264.316 or 265.316.

Providing detailed information about the removal and dis-
posal of specific chemicals is beyond the scope of this
guideline. The U.S. Department of Transportation, EPA,
and State and local regulations should be followed to ensure
that removal, transport, and disposal of this substance are
conducted in accordance with existing regulations. To be
certain that chemical waste disposal meets EPA regulatory
requirements, employers should address any questions to the
RCRA hotline at (800) 424-9346 or at (202) 382-3000 in
Washington, D.C. In addition, relevant State and local
authorities should be contacted for informaticn about their
requirements for waste removal and disposal.

RESPIRATORY PROTECTION

# Conditions for respirator use

Good industrial hygiene practice requires that engineering
controls be used where feasible to reduce workplace con-
centrations of hazardons materials to the prescribed ex-
posure limit, However, some situations may require the use
of respirators to control exposure. Respirators must be worn
if the ambient concentration of acrolein exceeds prescribed
exposure limits. Respirators may be used (1) before en-
gineering controls have been installed, (2) during work
operations such as maintenance or repair activities that
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involve unknown exposures, (3) during operations that re-
quire entry into tanks or closed vessels, and (4) during emer-
gencies. Workers should use only respirators that have been
approved by NIOSH and the Mine Safety and Health Ad-
ministration (MSHA).

® Respiratory protection program

Employers should institute a complete respiratory protection
program that, at a minimum, complies with the requirements
of OSHA's respiratory protection standard [29 CFR
1910.134). Such a program must include respirator selec-
tion, an evaluation of the worker’s ability to perform the
work while wearing a respirator, the regular training of
personnel, fit testing, periodic workplace monitoring, and
regular respirator maintenance, inspection, and cleaning.
The implementation of an adequate respiratory protection
program (including selection of the cotrect respirator) re-
quires that a knowledgeable person be in charge of the
program and that the program be evaluated regularly. For
additional information on the selection and use of respirators
and on the medical screening of respirator users, consult the
NIOSH Respirator Decision Logic [INIOSH 1987b] and the
NIOSH Guide to Industrial Respiratory Protection [NIOSH
1987a].

PERSONAL PROTECTIVE EQUIPMENT

Protective clothing should be wom to prevent skin contact
with acrolein. Impervious clothing, gloves, boots, and other
protective clothing are recommended when handling this
substance. Chemical protective clothing should be selected
on the basis of available performance data, manufacturers’
recommendations, and evaluation of the clothing under
actual conditions of use. The only material that has been
tested against permeation by acrolein and has demonstrated
good-to-excellent resistance for longer than 8 hr is butyl
rubber. Natural rubber, neoprene, nitrile, polyvinyl alcohol,
polyviny! chloride, Teflon®, and Viton® have demonstrated
poor resistance to permeation by acrolein.

If acrolein is dissolved in water or an organic solvent, the
permeation properties of both the solvent and the mixture
must be considered when selecting personal protective
equipment and clothing.

Safety glasses, goggles, or face shields should be wom
during operations in which acrolein might contact the eyes
(e.g., through splashes of solution). Eyewash fountains and
emergency showers should be available within the immedi-
ate work area whenever the potential exists for eye or skin
contact with acrolein. Contact lenses should not be wom if
the potential exists for acrolein exposure.
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE
FOR ACRYLAMIDE

INTRODUCTION

This guideline summarizes pertinent information about
acrylamide for workers and employers as well as for
physicians, industrial hygienists, and other occupational
safety and health professionals who may need such informa-
tion to conduct effective occupational safety and health
programs. Recommendations may be superseded by new
developments in these fields; readers are therefore advised
to regard these recommendations as general guidelines and
to determine periodically whether new information is avail-
able.

SUBSTANCE IDENTIFICATION

¢ Formula
C,;H,NO
® Structure
H,C=CHCONH,
* Synonyms
Acrylic amide; propenamide; 2-propenamide; propenoic

acid amide; acrylamide monomer

& Jdentifiers

1. CAS No.: 79-06-1

2. RTECS No.: AS3325000

3. DOT UN: 2074 55

4. DOT label: St. Andrew's Cross

¢ Appearance and odor

Acrylamide is a colorless to white, odorless, crystalline solid.

CHEMICAL AND PHYSICAL PROPERTIES
¢ Physical data
1. Molecular weight: 71.1

2. Boiling point (at 760 mm Hg): 175° to 300°C (347° to
572°F); decomposes on boiling

3. Specific gravity (water = 1): 1.1 at 30°C (86°F)

4. Vapordensity (air = 1 at boiling point of acrylamide): 2.4
5. Melting point: 84.5°C (179.3°F)

6. Vapor pressure at 20°C (68°F): 0.007 mm Hg

7. Solubility: Miscible with water; soluble in acetone,
ethanol, ethyl ether, and methanol

8. Evaporation rate: Data not available

¢ Reactivity

1. Conditions contributing to instability: Acrylamide
decomposes above 175°C (347°F). Violent polymerization
may occur when heated or when exposed to ultraviolet light.

2. Incompatibilities: Fires and explosions may result from
contact of acrylamide with strong oxidizers.

3. Thermal decomposition products: Toxic gases (such as
ammonia, hydrogen, and carbon monoxide) may be released
when acrylamide decomposes; toxic oxides of nitrogen may
form in fire.

4. Special precautions: None

¢ Flammability

Acrylamide is combustible, but because of its high flash
point, it is considered only a slight fire hazard when exposed
to heat, sparks, or open flame. It is a combustible, flammable
liquid when dissolved in solvent. The National Fire Protec-
tion Association has not assigned a flammability rating to

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service  Centers for Disease Control
National Institute for Occupational Safety and Heatth

Division of Standards Development and Technology Transfer

U.S. DEPARTMENT OF LABOR
Occupational Safety and Health Administration

1992

Acrylamide 1



acrylamide; other sources rate acrylamide as a moderate fire
hazard.

1. Flash point: 138°C (280°F) (closed cup)
2. Autoignition temperature: 424°C (795°F)
3. Flammable limits in air (% by volume): Data not available

4. Extinguishant: Use dry chemical, carbon dioxide,
Halonw, water spray, or standard foam for small fires; water
spray, fog, or standard foam for large fires.

Fires involving acrylamide should be fought upwind and
from the maximum distance possible. Isolate the hazard area
and deny access to unnecessary personnel. Emergency per-
sonnel should stay out of low areas and ventilate closed
spaces before entering. Containers of acrylamide may ex-
plode in the heat of the fire and should be moved from the
fire area if it is possible to do so safely. If this is not possible,
cool the containers from the sides with water unti] well after
the fire is out. Stay away from the ends of containers.
Personnel should withdraw immediately if they hear a rising
sound from a venting safety device or if a container becomes
discolored as a result of fire. Dikes should be used to contain
fire-control water for later disposal. Firefighters should wear
a full set of protective clothing (including a self-contained
breathing apparatus) when fighting fires involving
acrylamide. Chemical protective clothing specifically
recommended for acrylamide may not provide thermal
protection unless so stated by the clothing manufacturer.
Firefighters® protective clothing may not provide protection
against permeation by acrylamide.

EXPOSURE LIMITS

¢« OSHA PEL

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for acrylamide is
0.03 mgjm3 as an B-hr time-weighted average (TWA) con-
centration. The OSHA PEL also bears a “Skin” designation,
which indicates that the cutaneous route of exposure (includ-
ing mucous membranes and eyes) contributes to overall
exposure {29 CFR 1910.1000, Table Z-1-A].

s NIOSH REL

The National Institute for Occupational Safety and Health
(NIOSH) has established a recommended exposure limit
(REL) of 0.03 mg/m” as an 8-hr TWA with a “Skin” notation.
However, acrylamide has been designated as a potential
occupational carcinogen and exposure should be limited to
the lowest feasible concentration [NIOSH 1992].

e ACGIH TLV®

The American Conference of Governmental Industrial
Hygienists (ACGIH) has designated acrylamide an A2 sub-
stance (suspected human carcinogen) and assigned

2 Acrylamide

acrylamide a threshold limit value (TLV) of 0.03 mg/m3 as
a TWA for a normal 8-hr workday and a 40-hr workweek
with a “Skin” notation [ACGIH 1991b].

¢ Rationale for limits

The limits are based on the risk of systemic poisoning as-
sociated with exposure to acrylamide.

HEALTH HAZARD INFORMATION

® Routes of exposure

Exposure to acrylamide can occur through inhalation of
vapor, dust, or aerosol and absorption through the skin or
mucous membranes.

¢ Summary of toxicology

1. Effects on Animals: Acrylamide is an irritant, a potent
neurotoxin that affects both the central and peripheral nerv-
ous systems, a reproductive toxin, and a carcinogen. A 10%
aqueous solution of acrylamide applied to abraded rabbit
skin caused tissue swelling and redness. Although the 10%
aqueous solution immediately caused slight pain and con-
junctival irritation, a 40% solution produced severe pain with
minimal comeal damage. This damage was repaired within
24 hr following a nonrinsed ocular application [Grant 1986].
Acrylamide is also a moderate skin irritant. The acute dermal
LDg, in rabbits is 2,250 mg/kg [ACGIH 1991a]. The acute
oral LDg, for rats, guinea pigs, and rabbits fed aqueous
solutions of 2.5% to 12.6% acrylamide ranged from 150
to 180 mg/kg body weight. However, in rats fed a 50%
aqueous solution of acrylamide, the LD was 565 mg/kg and
490 mg/kg for males and females, respectively. The acute
lethality of acrylamide is a result of its neurctoxic effects,
especially on the central nervous system. The toxic effects
of acrylamide on the central nervous system are reversible if
the dose and duration of exposure are minimal. Recovery is
greatly prolonged if the exposure duration is increased
[ACGIH 1991a].

Severe or lethal exposure concentrations can also induce
testicular degeneration of the seminephrous tubules,
degeneration of the convoluted tubular epithelium of the
Kidney, fatty degeneration and necrosis of the liver, and
congestion of the lungs [NLM 1991]. The primary effects of
repeated exposures are neurotoxic and involve the central
and peripheral nervous systems. The central nervous system
effects predominate during acute and subchronic exposures
and can also involve somnolence and hallucinations. The
sensory and motor neuronal effects on the peripheral nervous
systemn (such as distal numbness, paresthesias, sensory loss,
weakness, ataxia, and paralysis} predominate during chronic
exposures [NLM 1991]. Rats, cats, and monkeys have
developed neuropathies only when exposed to repeated daily
doses of 1 mg/fkg or more [ACGIH 1991a].
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Male rats and mice that received neurotoxic concentrations
of acrylamide orally for 2 to 3 months developed testicular
degeneration. The rats consumed 20 mg/kg of body weight
per day from drinking water, which contained 400 ppm.
The mice received doses of 35.5 mg/kg twice per week
[NLM 1991)]. Chromosomal alterations in the sperm (but not
bone marrow) cells of male DDY mice exposed to
acrylamide have also been reported [Sakamoto and
Hashimoto 1986]. Although pregnant rats that consumed a
diet containing 400 ppm throughout their gestation period
developed maternal toxicity (neurotoxicity), only slightly
depressed birth weights were noted in their pups [ACGIH
1991a]. Similar consumption of a 200-ppm diet induced an
abnormal gait in the pregnant dams but did not affect the
growth and development of offspring during their first
6 weeks of postnatal development [ACGIH 1991a]. No
developmental defects were induced in fetuses of pregnant
dams intubated with 20 mgfkg per day (200 mg/kg total dose)
during days 6 to 17 of gestation [NLM 1991}.

Studies in mice and rats confirm that acrylamide can act
either as an initiator or as a complete carcinogen [NIOSH
1991]. This chemical induces skin-tumor-initiating activity
in Sencar mice and lung tumors in A/J mice. Acrylamide
administered in drinking water to F344 rats for 2 years caused
a statistically increased number of tumors (including can-
cerous tumors) at multiple sites. The International Agency
for Research on Cancer (IARC) found “sufficient evidence
of carcinogenicity™ for chronically expeosed animals [IARC
1986].

2. Effects on Humans: Most cases of acrylamide toxicity in
humans have resulted from occupational exposures, espe-
cially transcutaneous ones. In these cases, episodic contact
dermatitis of the hands is usually observed before signs of
severe neuropathy become apparent. Workers exposed
through the skin to acrylamide dust for 1 to 24 months
developed characteristic neurological signs that consisted
of postural difficulty, ataxia, lethargy, loss of vibratory
sensation, loss of deep tendon reflexes, loss of position
sense, ahd weakness, numbness, and tingling of the ex-
tremities. In addition, the extremities were cold and
bluish-red in color. The palms of the hands and soles of the
feet sweated excessively, and skin peeled from the hands and
fingers [Sax 1984; Schaumburg et al. 1983].

Acrylamide toxicity resuiting from ingestion of subacute
doses (such as in contaminated drinking water) is manifested
by central nervous system neuropathy. Drowsiness, dis-
turbed balance, confusion, memory loss, and hallucinations
have all been reported following ingestion of acrylamide.
Nystagmus and slurred speech have also been noted. Distur-
bances of vision have not been observed in cases of systemic
acrylamide toxicity. In systemic acrylamide poisoning,
peripheral neuropathy is late to appear relative to central
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nervous system effects. The signs and symptoms of
acrylamide toxicity remit slowly, and often only partially,
following cessation of exposure. Although IARC could find
no adequate data that demonstrate an increased cancer in-
cidence in acrylamide-exposed workers, they classify the
chemical as 2B, “possibly carcinogenic to humans.” This
classification is based on the induction of cancers in exposed
experimental animals [IARC 1987].

¢ Signs and symptoms of exposure

1. Acute exposure: Exposure to acrylamide can cause irrita-
tion, muscular stiffness and weakness, ataxia, loss of balance,
loss of proprioception, and ability to stand.

2. Chronic exposire: Exposure to acrylamide can cause
irritation, peeling of the skin and excessive sweating of the
hands and feet, somnolence, confusion, hallucinations,
memory loss, numbness, sensory loss, loss of tendon
reflexes, weakness, nystagmus, slurred speech, incoordina-
tion, tremor, muscular atrophy, ataxia, and paralysis.

¢ Emergency procedures

Keep unconscious victims warm and on their sides to avoid
choking if vomiting occurs. Immediately initiate the follow-
ing emergency procedures, continuing them as appropriate
en route to the emergency medical facility:

1. Eye exposure: Iritation may resuit! Immediately and
thoroughly flush the eyes with large amounts of water,
occasionally lifting the upper and lower eyelids.

2. Skin exposure: Acrylamide can cause skin irritatiort.
Immediately remove contaminated clothing and theroughly
wash contaminated skin with scap and water.

3. Inhalation exposure: If respirable acrylamide is inhaled,
move the victim to fresh air immediately. Have the victim
blow his or her nose, or use a soft tissue to swab particulates
from the nostrils.

If the victim is not breathing, clean any chemical contamina-
tion from the victim’s lips and perform cardiopulmonary
resuscitation (CPR); if breathing is difficult, give oxygen.

4. Ingestion exposure: Take the following steps if acryla-
mide is ingested:

—Have the victim rinse the contaminated mouth cavity
several times with a fluid such as water.

—Have the victim drink a glass (8 oz) of fluid such as water.
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—Induce vomiting by giving syrup of ipecac as directed on
the package. If ipecac is unavailable, have the victim
touch the back of the throat with a finger until productive
vomiting ceases.

—Do not force an unconscious or convulsing person to drink
fluid or to vomit.

5. Rescue: Remove an incapacitated worker from further
exposure and implement appropriate emergency procedures
(e.g., those listed on the material safety data sheet required
by OSHA's hazard communication standard [29 CFR
1910.1200]). All workers should be familiar with emergen-
cy procedures and the location and proper use of emergency
equipment.

EXPOSURE SOURCES AND CONTROL
METHODS

The following uses of acrylamide may result in worker
exposures to this substance;

—Use in the manufacture of copolymers and poly-
acrylamides for use as flocculating and thickening agents
in pulp and paper industries, cil production, mining tex-
tiles, surface coating, adhesives, dyes, photography, and
water and waste treatment

—Use as a grouting material in il wells, basements, tunnels,
mine shafts, caissons, and dams

—Use in miscellaneous processes of monomer acrylamide
as a curing agent and in organic synthesis

—Use in soap and cosmetic preparations as thickeners and
in preshave lotions, hair grooming preparations, and den-
ture fixtures

—Use in stabilizing soil and in permitting the free flow of
foundry sand into molds

—Use in clarifying solutions in chemical and food manufac-
turing; use in gel form in electrophoresis procedures in
laboratories

The following methods are effective in controlling worker
exposures to acrylamide, depending on the feasibility of
implementation:

—Process enclosure

—Local exhaust ventilation
—General dilution ventilation
—Personal protective equipment

Good sources of information about control methods are as
follows:

1. ACGIH [1992]). Industrial ventilation—a manual of
recommended practice. 21sted. Cincinnati, OH: American
Conference of Governmental Industrial Hygienists.
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2. Burton DJ [1986]. Industrial ventilation—a self study
companion. Cincinnati, OH: American Conference of
Govermnmental Industrial Hygienists.

3. Alden JL, Kane JM [1982]). Design of industrial ventila-
tion systems. New York, NY: Industrial Press, Inc.

4. Wadden RA, Scheff PA [1987]. Engineering design for
control of workplace hazards. New York, NY: McGraw-
Hill.

5. Plog BA [1988]. Fundamentals of industrial hygiene.
Chicago, IL.: National Safety Council.

MEDICAL MONITORING

Workers who may be exposed to chemical hazards should be
monitored in a systematic program of medical surveillance
that is intended to prevent occupational injury and disease.
The program should include education of employers and
workers about work-related hazards, placement of workers
in jobs that do not jeopardize their safety or health, early
detection of adverse health effects, and referral of workers
for diagnosis and treatment. The occurrence of disease or
other work-related adverse health effects should prompt
immediate evaluation of primary preventive measures (e.g.,
industrial hygiene monitoring, engineering controls, and per-
sonal protective equipment). A medical monitoring program
is intended to supplement, not replace, such measures. To
place workers effectively and to detect and control work-
related health effects, medical evaluations should be per-
formed (1) before job placement, (2) periodically during the
term of employment, and (3) at the time of job transfer or
termination.

® Preplacement medical evaluation

Before a worker is placed in a job with a potential for
exposure to acrylamide, a licensed health care professional
should evaluate and document the worker’s baseline health
status with thorough medical, environmental, and occupa-
tional histories, a physical examination, and physiologic and
laboratory tests appropriate for the anticipated occupational
risks. These should concentrate on the function and integrity
of the central nervous system and respiratory system. Medi-
cal monitoring for respiratory disease should be conducted
using the principles and methods recommended by the
American Thoracic Society [ATS 19871,

A preplacement medical evaluation is recommended to as-
sess an individual’s suitability for employment at a specific
job and to detect and assess medical conditions that may be
aggravated or may result in increased risk when a wotker is
exposed to acrylamide at or below the prescribed exposure
limit. The licensed health care professional should consider
the probable frequency, intensity, and duration of exposure
as well as the nature and degree of any applicable medical
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condition, Such conditions (which should not be regarded
as absolute contraindications to job placement) include a
history or findings consistent with seizure or other central
nervous system disorders or chronic respiratory disease.

® Periodic medical examinations and biological
monitoring

Occupational health interviews and physical examinations
should be performed at regular intervals during the employ-
ment period, as mandated by any applicable Federal, State,
or local standard. Where no standard exists and the hazard
is minimal, evaluations should be conducted every 3 to
5 years or as frequently as recommended by an experienced
occupational health physician. Additional examinations
may be necessary if a worker develops symptoms at-
tributable to acrylamide exposure. The interviews, examina-
tions, and medical screening tests should focus on identifying
the adverse effects of acrylamide on the central nervous
system and respiratory system. Current health status should
be compared with the baseline health status of the individual
worker or with expected values for a suitable reference
population.

Biological menitoring involves sampling and analyzing
body tissue or fluids to provide an index of exposure to a
toxic substance or metabolite. No biological monitoring test
acceptable for routine use has yet been developed for
acrylamide.

* Medical examinations recoitmended at the time of
job transfer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic or
laboratory tests that were conducted at the time of job place-
ment should be repeated at the time of job transfer or termina-
tion. Any changes in the worker’s health status should be
compared with those expected for a suitable reference
population.

WORKPLACE MONITORING AND
MEASUREMENT

A worker’s exposure to airbome acrylamide is determined
by using a personal sampling train consisting of a glass fiber
filter in a Swinnex cassette (13 mm) followed by a silica gel
tube. Plastic cassettes (37 mm) yielded poor recoveries of
acrylamide and are therefore unsuitable. Samples are col-
lected at a maximum flow rate of 1.0 liter/min until a maxi-
mum air volume of 120 liters is collected. The silica gel tube
should then be treated with methanol to extract the
acrylamide. An important step in this method is the trans-
fer of the glass-fiber filters to glass vials containing 1 ml of
methano] immediately after sampling to avoid losses of
acrylamide from the filter by evaporation. The sample is
then analyzed by gas chromatography using a nitrogen/
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phosphorous detector. The limit of detection for this proce-
dure is 1.3 parts per billion (ppb) (0.004 mg/m>). This
method (Method 21} is included in the OSHA Computerized
Information System [OSHA 1986]. The NIOSH procedure
(Method S158) is described in the NIOSH Manual of
Analytical Methods [NIOSH 1984].

PERSONAL HYGIENE

Because acrylamide can be absorbed through the skin in
lethal amounts, workers should immediately remove any
contaminated clothing and then should wash thoroughly with
soap and water any areas of the skin that have come in contact
with this substance.

Clothing and shoes contaminated with acrylamide should be
removed immediately and provisions should be made for
safely removing this chemical from these articles. Persons
laundering contaminated clothing should be informed about
the hazardous properties of acrylamide, particularly its
potential for being absorbed through the skin in lethal
amounts.

A worker who handles acrylamide should thoroughly wash
hands, forearms, and face with soap and water before eating,
using tobacco products, or using toilet facilities,

‘Workers should not eat, drink, or use tobacco products in
areas where acrylamide is handled, processed, or stored.

STORAGE

Acrylamide should be stored in a dark, dry, well-ventilated
refrigerated area in tightly sealed containers that are labeled
in accordance with OSHA s hazard communication standard
[29 CFR [910.1200]. Storage in an inert atmosphere is
recommended. All electrical service in storage areas should
be of explosionproof design. Containers of acrylamide
should be protected from physical damage and should be
stored separately from oxidizing agents, polymerization
catalysts, heat, sparks, and open flame. Because empty
containers may contain acrylamide residues, they should be
handled appropriately.

SPILLS AND LEAKS

In the event of a spill or leak involving acrylamide, persons
not wearing protective equipment and clothing should be
restricted from contaminated areas until cleanup is complete.
The following steps should be undertaken following a spill
or leak:

1. Do not touch the spilled material.
2. Notify safety personnel.
3. Remove all sources of heat and ignition.

4. Provide maximum explosionproof ventilation.
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5. Use nonsparking tools during cleanup.

6. Carefully collect solid material using sand, vermiculite,
or soda ash and place in a covered container for disposal.

7. To the extent feasible, avoid generating dust during
cleanup.

SPECIAL REQUIREMENTS

U.S. Environmental Protection Agency (EPA) requirements
for emergency planning, reportable quantities of hazardous
releases, community right-to-know, and hazardous waste
management may change over time. Users are therefore
advised to determine periodically whether new information
is available.

¢ Emergency planning requirements

Acrylamide is not subject to EPA emergency planning re-
quirements under the Superfund Amendments and
Reauthorization Act (SARA) [42 USC 11022].

¢ Reportable quantity requirements for hazardous
releases

Employers are not required by the emergency release
notification provisions of the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA)
[40 CFR 355.40] to notify the National Response Center of
an accidental release of acrylamide; there is no reportable
quantity for this substance,

¢ Community right-to-know requirements

Employers are not required by Section 313 of SARA to
submit a Toxic Chemical Release Inventory Form (Form R)
to EPA reporting the amount of acrylamide emitted or
released from their facility annually.

¢ Hazardous waste management requirements

EPA considers a waste to be hazardous if it exhibits any of
the following characteristics: ignitability, corrosivity, reac-
tivity, or toxicity as defined in 40 CFR 261.21-261.24. Al-
though acrylamide is not specifically listed as a hazardous
waste under the Resource Conservation and Recovery Act
{RCRA) [40 USC 6901 et seq.], EPA requires employers to
treat any waste as hazardous if it exhibits any of the charac-
teristics discussed above.

Providing detailed information about the removal and dis-
posal of specific chemicals is beyond the scope of this
guideline. The U.S. Department of Transportation, EPA,
and State and local regulations should be followed to ensure
that removal, transport, and disposal of this substance are
conducted in accordance with existing regulations. To be
certain that chemical waste disposal meets EPA regulatory
requirements, employers should address any questions to the
RCRA hetline at (800) 424-9346 or at (202) 382-3000 in
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Washington, D.C. In addition, relevant State and local
authorities should be contacted for information about their
requirements for waste removal and disposal.

RESPIRATORY PROTECTION

¢ Conditions for respirator use

Good industrial hygiene practice requires that engineering
controls be used where feasible to reduce workplace con-
centrations of hazardous materials to the prescribed exposure
limit. However, some situations may require the use of
respirators to control exposure, Respirators must be wom if
the ambient concentration of acrylamide exceeds prescribed
exposure limits. Respirators may be used (1) before en-
gineering controls have been installed, (2) during work
operations such as maintenance or repair activities that in-
volve unknown exposures, (3) during operations that require
entry into tanks or closed vessels, and (4) during emergen-
cies. Workers should use only respirators that have been
approved by NIOSH and the Mine Safety and Health Ad-
ministration (MSHA).

¢ Respiratory protection program

Employers should institute a complete respiratory protection
program that, at a minimum, complies with the requirements
of OSHA’s respiratory protection standard [29 CFR
1910.134). Such a program must include respirator selec-
tion, an evaluation of the worker’s ability to perform the work
while wearing a respirator, the regular training of personnel,
fit testing, periodic workplace monitoring, and regular
respirator maintenance, inspection, and cleaning. The im-
plementation of an adequate respiratory protection program
(including selection of the correct respirator) requires that a
knowledgeable person be in charge of the program and that
the program be evaluated regularly. For additional informa-
tion on the selection and use of respirators and on the medical
screening of respirator users, consult the NIOSH Respirator
Decision Logic [NIOSH 1987b] and the NIOSH Guide to
Industrial Respiratory Protection [NIOSH 1987a].

PERSONAL PROTECTIVE EQUIPMENT

Protective clothing should be worn to prevent any possibility
of skin contact with acrylamide. Gloves, apron, boots, and
a chemical protective suit should be worn when workers
are handling this substance. Chemical protective clothing
should be selected on the basis of available performance data,
manufacturers’ recommendations, and evaluation of the
clothing under actual conditions of use. Polyethylene/ethylene
vinyl alcohol has been tested against permeation by
acrylamide and has demonstrated good-to-excellent resis-
tance for periods of 4 to 8 hr.
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If acrylamide is dissolved in water or an organic solvent, the
permeation properties of both the solvent and the mixture
must be considered when selecting personal protective
equipment and clothing.

Safety glasses, goggles, or face shields should be worn
during operations in which acrylamide might contact the
eyes (e.g., through dust particles or splashes of solution).
Eyewash fountains and emergency showers should be avail-
able within the immediate work area whenever the potential
exists for eye or skin contact with acrylamide. Contactlenses
should not be wom if the potential exists for acrylamide
exposure.
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE
FOR ACRYLIC ACID

INTRODUCTION

This guideline summarizes pertinent information about
acrylic acid for workers and employers as well as for
physicians, industrial hygienists, and other occupational
safety and health professionals whe may need such informa-
tion to conduct effective occupational safety and health
programs. Recommendations may be superseded by new
developments; readers are therefore advised to regard these
recommendations as general guidelines and to determine
periodically whether new information is available.

SUBSTANCE IDENTIFICATION

¢ Formula

C3H40,

¢ Structure
CH,=CHCO,H

¢ Synonyms

Propenoic acid, acroleic acid, ethylenecarboxylic acid, pro-
pene acid, vinylformic acid, glacial acrylic acid, 2-propenoic
acid

* Identifiers

1. CAS No.: 79-10-7

2. RTECS No.: AS4375000

3. DOTUN: 221829

4. DOT label: Corrosive

® Appearance and odor

Acrylic acid is a colorless, corrosive, combustible liquid with
a distinctive and acrid odor. The odor threshold is reported
to be 1.0 part per millicn (ppm) parts of air. Acrylic acid is
available commercially in the United States in two forms: the
technical grade (which contains 94 % acrylic acid} and glacial
acrylic acid (which contains 98% acrylic acid).

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical data

1. Molecular weight: 72.1

2. Boiling point {760 mm Hg): 141°C (221.8°F)

3. Specific gravity (water = 1): 1.06 at 20°C (68°F)

4. Vapor density (air = 1 at boiling point of acrylic acid): 2.5

5. Melting point: 14°C (57.2°F)

6. Vapor pressure at 20°C (68°F): 3.1 mm Hg

7. Solubility: Miscible with water, alcohol, ether, acetone,
d benzene

8. Evaporation rate (butyl acetate = 1): Greater than 1

® Reactivity

1. Conditions contributing to instability: The vapor forms
an explosive mixture in contact with the air. Heat, sparks,
open flame, oxygen, high temperature, and pressure.

2. Incompatibilities: Fires and explosion may result from
contact of acrylic acid with oxydizing agents, amines, alkalis,
ammonium hydroxide, chlorosulfonic acid, ethylene
diamine, ethyleneimine, oleum, or 2-aminoethanol.

3. Hazardous decomposition products: Toxic gases (such
as carbon dioxide and carbon monoxide) may be released in
a fire involving acrylic acid.

4. Special precautions: Acrylic acid corrodes carbon steel
and other metals.

® Flammability

The National Fire Protection Association has assigned a
flammability rating of 2 (moderate fire hazard) to acrylic
acid.

1. Flash point: 50°C (122°F) (open cup)

2. Autoignition temperature: 438°C (820°F)

3. Flammable limits in air (% by volume): Lower, 2.4;
upper, 8.0

4. Extinguishant: Use dry chemical, water spray, alcohol
foam, or carbon dioxide to fight fires involving acrylic acid.
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Water may be ineffective, but it may be used to cool fire-
exposed containers. If a leak or spill has not ignited, water
spray may be used to disperse vapors and to protect persons
attempting to stop the leak.

Fires involving acrylic acid should be fought upwind and
from the maximum distance possible. Isolate the hazard area
and deny access to unnecessary personnel. Emergency per-
sonnel should stay out of low areas and ventilate closed
spaces before entering. Vapor explosicn and poison hazards
may occur indoors, outdoors, or in sewers., Vapors may
trave] to a source of ignition and flash back. Containers of
acrylic acid may explode in the heat of the fire and should be
moved from the fire area if it is possible to do so safely. If
this is not possible, cool containers from the sides with water
until well after the fire is cut. Stay away from the ends of
containers. Personnel should withdraw immediately if they
hear a rising sound from a venting safety device or if a
container becomes discolored as a result of fire. Dikes
should be used to contain fire-control water for later disposal.
If a tank car or truck is involved in a fire, personnel should
isolate an area of a half mile in all directions. Firefighters
should wear a full set of protective clothing (including a
self-contained breathing apparatus) when fighting fires in-
volving acrylic acid. Firefighters® protective clothing may
not provide protection against permeation by acrylic acid.

EXPOSURE LIMITS

e OSHA PEL

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for acrylic acid is
10 ppm (30 mglm"') as an 8-hr time-weighted average
(TWA) concentration. The OSHA PEL also bears a
“Skin” notation, which indicates that the cutaneous route
of exposure (including mucous membranes and eyes) con-
tributes to overall exposure [29 CFR 1910.1000, Table
Z-1-A).

¢ NIOSH REL

The National Institute for Safety and Health (NIOSH) has
established a recommended exposure limit (REL) of 2 ppm
(6 mg/m®) as an 8-hr TWA with a “Skin" notation {NIOSH
1988, 1992].

e ACGIH TLV®

The American Conference of Governmental Industrial
Hygienists (ACGIH) has assigned acrylic acid a threshold
limit value (TLV) of 2 ppm (5.9 mg/m>) as a TWA for a
normal 8-hr workday and a 40-hr workweek [ACGIH 1991].
The ACGIH TLYV also bears a “Skin" notation.
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¢ Rationale for limits

The OSHA limit was established to protect workers from
the risk of eye and nasat irritation. The NIOSH and ACGIH
limits were based on recent studies demonstrating degenera-
tion of nasal mucosa at 5 ppm, changes in pulmonary func-
tion, teratogenicity and embryotoxicity in rats at low doses,
and skin absorption in animals.

HEALTH HAZARD INFORMATION

¢ Routes of exposure

Exposure to acrylic acid can occur through inhalation, inges-
tion, eye or skin contact, and absorption through the skin.

* Summary of toxicology

1. Effects on Animals: Acrylic acid is dermally absorbed
and is corrosive to the eyes, nose, and mucous membranes in
animals. Application of glacial acrylic acid to the eyes of
rabbits caused irreversible comeal injury graded 9 on an
ascending severity scate of 1 to 10 [Grant 1986]. Application
of a 1% solution to the eye of a rabbit caused severe burns
and eye injury [ACGIH 1991a; NIOSH 1991; Proctor et al.
1988]. Irreversible eye and skin damage resulted following
exposure of rats to 1,200 ppm for 4 hr [NLM 1992]. Applied
to rabbit skin, acrylic acid caused severe irritation {Proctor
et al. 1988]. Three of five guinea pigs became dermally
sensitized when exposed to acrylic acid by injection and
subsequently challenged with this substance [Clayton and
Clayton 1981]. The dermal LDsp in rabbits is 290 mg/kg
[NLM 1992]. Saturated atmospheres have been reported to
range from 420 ppm at 20° to 760 ppm at 30° [NLM 1992].
Although exposure of rats to polymerized saturated vapors
(room temperature) for 8 hr did not induce deaths [Smyth et
al. 1962], a 1-hr exposure to unpolymerized saturated vapor
was the maximum duration tolerated without death [Car-
penter et al. 1974]. Vapor concentrations approaching
saturation killed half of a group of rats exposed for 3.5 hr
[NLM 1992]. However, 4-hr exposures of rats at 2,000 or
4,000 ppm were nonlethal [NLM 1992; Carpenter et al.
1974). The 4-hr LCsp in rats is 1,200 ppm [NLM 1992].
Exposure of rats to irritant concentrations of acrylic acid
caused decreased respiratory rates and tidal and minute
volumes [ACGIH 1991a). In addition, four rats exposed
once to 6,333 ppm of acrylic acid for 5 hr developed eye and
nose irritation, respiratory difficulties, and unresponsivness;
one animal died. At autopsy, these animals showed lung,
liver, and kidney damage [ACGIH 1991a]. The oral LDsoin
rats was variable: 357, 1,250, or 2,722 mg/kg [NLM 1992;
Smyth et al. 1962]. Rats exposed to acrylic acid at 80 ppm
for 6 hrfday, 5 days/week for 4 weeks showed no adverse
effects, and rats exposed to 300 ppm on the same regimen
experienced nose irritation, lethargy, and decreased weight
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gain. Rats exposed to 1,500 ppm acrylic acid for shorter
intervals showed damage to the liver, kidneys, and lungs
at autopsy [ACGIH 1991a]. However, rats that inhaled
233 ppm for 4 hr/day, 5 daysfweek for 4 weeks developed
gastric mucosal lesions and pulmonary inflammation [NLM
1992]. In rats exposed to the vapors of acrylic acid at §, 25,
or 75 ppm for 6 hr/day, 5 days{week for 13 weeks, terminal
pathology was normal in the 5- or 25-ppm group; however,
slight degenerative lesions of the olfactory mucosa were
present in the high-dose group [ACGIH 1991a]. Similarly
exposed mice were more sensitive than rats as they
developed lesions of the nasal mucosa for all three exposure
concentrations [ACGIH 1991a]. Intraperitoneal or intra-
amniotic injections of acrylic acid caused embryotoxicity
and gross abnormalities in the offspring of treated pregnant
rats [Proctor et al. 1988; NLM 1992].

2. Effects on Humans: Acrylic acid is corrosive on contact
with the eyes, skin, mucous membranes, and upper
respiratory tract of humans, and its vapor causes severe
irritation of these organs. Acute industrial exposure to this
substance has caused eye and skin burns ranging in intensity
from moderate to severe [Proctor et al. 1988], Absorption of
acrylic acid through the skin has been reported to cause
systemic illness, and inhalation of the mist or vapor of acrylic
acid may cause lung injury as well as nasal irritation and
tearing of the eyes [Genium 1989]. Based on effects seen in
animals, acrylic acid may cause skin sensitization [ACGIH
1991a].

¢ Signs and symptoms of exposure

L. Acute exposure: Acute exposure to acrylic acid can cause

redness, swelling, and tearing of the eyes, runny nose,
scratchy throat, coughing, and difficult breathing. Contact
of the liquid with the eyes or skin can cause comeal injury,
irritation, burns, and destruction of the tissue.

2. Chronic exposure: Chronic exposure to acrylic acid may
cause lethargy, irritation, and skin sensitization reactions.

®* Emergency procedures

Keep unconscious victims warm and on their sides to avoid
choking if vomiting occurs, Immediately initiate the follow-
ing emergency procedures, continuing them as appropriate
en route to the emergency medical facility:
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1. Eye exposure: Tissue destruction and blindness may
result from exposure to concentrated solutions, vapors, mists
or aerosols of acrylic acid. Tmmediately but gently flush the
eyes with large amounts of water for at least 15 min, oc-
casionally lifting the upper and lower eyelids.

2. Skin exposure: Severe burns, skin corrosion, and absorp-
tion of lethal amounts may result! Immediately remove
contaminated clothing! Immediately, continuously, and
gently wash skin for at least 15 min. Use soap and water if
skin is intact; use only water if skin is not intact.

3. Inhalation exposure: 1If vapors, mists, or aerosols of
acrylic acid are inhaled, move the victim to fresh air
immediately.

If the victim is not breathing, clean any chemical contamina-
tion from the victim’s lips and perform cardiopulmonary
resuscitation (CPRY); if breathing is difficult, give oxygen.

4. Ingestion exposure: Take the following steps if acrylic
acid or a solution containing it is ingested:

—Seek medical attention immediately.
—Do not induce vomiting.

—Have the victim rinse the contaminated mouth cavity
several times with a fluid such as water. Immediately after
rinsing, have the victim drink one cup (8 oz) of fluid and
no more.

—Do not permit the victim to drink milk or carbonated
beverages!

—Do not permit the victim to drink any fluid if more than
60 min have passed since initial ingestion.

NOTE: These instructions must be followed exactly.
Drinking a carbonated beverage or more than one cup of fluid
could create enough pressure to perforate already damaged
stomach tissue. The tissue-coating action of milk may im-
pede medical assessment of tissue damage. Ingestion of any
fluid more than 60 min after initial exposure could further
weaken damaged tissue and result in perforation.

5. Rescue: Remove an incapacitated worker from further
exposure and implement appropriate emergency procedures
(e.g., those listed on the material safety data sheet required
by OSHA’s hazard communication standard [29 CFR
1910.1200]). All workers should be familiar with emergen-
cy procedures and the location and proper use of emergency
equipment.
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EXPOSURE SOURCES AND CONTROL
METHODS

The following operations may involve acrylic acid and may
result in worker exposures to this substance:

—Manufacture of acrylic resins, especially the acrylates

—Use of acrylic acid in acrylic polymeric emnlsions for
leather, textile, and paper coatings

—Use of acrylic acid in paints, floor polishes, adhesives,
general finishes, and binders

—Manufacture of plastics, molding powder for signs, con-
struction units, decorative emblems, and insignia

—Use of acrylic acid in dentistry and medicine

The following methods are effective in controlling worker
exposures to acrylic acid, depending on the feasibility of
implementation:

—Process enclosure
—Local exhaust ventilation
—General dilution ventilation

—Personal protective equipment

Good sources of information about control methods are as
follows:

1. ACGIH [1992]. Industrial ventilation—a manual of
recommended practice. 21sted. Cincinnati, OH: American
Conference of Governmental Industrial Hygienists.

2. Burton DJ [1986]. Industrial ventilation—a self study
companion. Cincinnati, OH: American Conference of
Governmental Industrial Hygienists.

3. Alden JL, Kane JM [1982]. Design of industrial ventila-
tion systems. New York, NY: Industrial Press, Inc.

4. Wadden RA, Scheff PA {1987]. Engineering design for
control of workplace hazards. New York, NY: McGraw-
Hitl.

5. Plog BA [1988]). Fundamentals of industrial hygiene.
Chicago, IL: National Safety Council.

MEDICAL MONITORING

Workers who may be exposed to chemical hazards should be
monitored in a systematic program of medical surveillance
that is intended to prevent occupational injury and disease.
The program should include education of employers and
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workers about work-related hazards, placement of workers
in jobs that do not jeopardize their safety or health, early
detection of adverse health effects, and referral of workers
for diagnosis and treatment. The occurrence of disease or
other work-related adverse health effects should prompt
immediate evaluation of primary preventive measures
(e.g., industrial hygiene monitoring, engineering controls,
and personal protective equipment). A medical monitor-
ing program is intended to supplement, not replace, such
measures. To place workers effectively and to detect and
control work-related health effects, medical evaluations
should be performed (1) before job placement, (2) peri-
odically during the term of employment, and (3) at the
time of job transfer or termination.

* Preplacement medical evaluation

Before a worker is placed in a job with a potential for
exposure to acrylic acid, a licensed health care professional
should evaluate and document the worker’s baseline health
status with thorough medical, environmental, and occupa-
tional histories, a physical examination, and physiologic and
laboratory tests appropriate for the anticipated occupational
risks. These should concentrate on the function and integrity
of the eyes, skin, and respiratory system. Medical monitor-
ing for respiratory disease should be conducted using the
principles and methods recommended by the American
Thoracic Society [ATS 1987].

A preplacement medical evaluation is recommended to as-
sess an individual’s suitability for employment at a specific
job and to detect and assess medical conditions that may be
aggravated or may result in increased risk when a worker is
exposed to acrylic acid at or below the prescribed exposure
limit. The licensed health care professional should consider
the probable frequency, intensity, and duration of exposure
as well as the nature and degree of any applicable medical
condition. Such conditions (which should not be regarded
as absolute contraindications to job placement) include a
history and other findings consistent with eye, skin, or
respiratory system diseases.

¢ Periodic medical examinations and biological
monitoring

Occupational health interviews and physical examinations
should be performed at regular intervals during the employ-
ment period, as mandated by any applicable Federal, State,
or local standard. Where no standard exists and the hazard
is minimal, evaluations should be conducted every 3 to
5 years or as frequently as recommended by an experienced
occupational health physician. Additional examinations
may be necessary if a worker develops symptoms at-
tributable to acrylic acid exposure. The interviews, examina-
tions, and medijcal screening tests should focus on identifying
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the adverse effects of acrylic acid on the eyes, skin, and
respiratory system. Current health status should be com-
pared with the baseline health status of the individual worker
or with expected values for a suitable reference population.

Biological monitoring involves sampling and analyzing
body tissues or fluids to provide an index of exposuire to a
toxic substance or metabolite. No biological monitoring test
acceptable for routine use has yet been developed for acrylic
acid.

¢ Medical examinations recommended at the time of
job transfer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic or
laboratory tests that were conducted at the time of job place-
ment should be repeated at the time of job transfer or termina-
tion. Any changes in the worker's health status should be
compared with those expected for a suitable reference
population.

WORKPLACE MONITORING AND
MEASUREMENT

A worker's exposure to airborne acrylic acid is determined
by using two XAD-8 tubes connected in series. Samples are
collected at a maximum flow rate of 0.1 liter/min until a
maximum air volume of 24 liters is collected. The sample is
then treated with methanol and water (1:1) to extract the
acrylic acid. Analysis is conducted by high-performance
liquid chromatography using an ultraviolet detector. This
method has a sampling and analytical error of 0.12 and is
found in OSHA Method No. 28, GSHA Analytical Methods
Manual [OSHA 1985].

PERSONAL HYGIENE

If acrylic acid contacts the skin, workers should flush the
affected areas immediately with plenty of water for 15 min,
followed by washing with soap and water.

Clothing contaminated with acrylic acid should be removed
immediately, and provisions should be made for safely
removing this chemical from these articles. Persons launder-
ing contaminated clothing should be informed about the
hazardous properties of acrylic acid, particularly its potential
to cause skin burns.

A worker who handles acrylic acid should thoroughly wash

hands, forearms, and face with soap and water before eating,
using tobacco products, or using toilet facilities.
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Workers should not eat, drink, or use tobacco products in
areas where acrylic acid or a solution containing acrylic acid
is handled, processed, or stored.

STORAGE

Acrylic acid is explosive unless (1) an inhibitor has been
added to it before it is stored, or {2) it is stored at tempera-
tures below its melting point. Acrylic acid should be stored
in a cool, dry, well-ventilated area in tightly sealed containers
that are labeled in accordance with OSHA’s hazard com-
munication standard [29 CFR 1910.1200]. Outside or
detached storage is preferred; the storage area must meet the
requirements for an OSHA Class II combustible liquid. Ex-
plosionproof exhaust ventilation and sparkproof fans must
be used in storage areas. Storage tanks should be made of
stainless steel or aluminum. Containers of acrylic acid
should be protected from physical damage and should be
stored separately from oxidizers, amines, alkalies, other in-
compatible substances, heat, sparks, and open flame. Only
nonsparking tools may be used to handle acrylic acid. To
prevent static sparks, containers should be grounded and
bonded for transfers. Because containers that formerly con-
tained acrylic acid may still hold product residues, they
should be handled appropriately.

SPILLS AND LEAKS

In the event of a spill or leak involving acrylic acid, persons
not wearing protective equipment and clothing should be
restricted from contaminated areas until cleanup is complete.
The following steps should be undertaken following a spill
or leak:

1. Do not touch the spilled material; stop the leak if it is
possible to do so without risk.

2. Notify safety personnel.
3. Remove all sources of heat and ignition.
4, Ventilate potentially explosive atmospheres.

5. Use water spray to reduce vapors, but the spray may not
prevent ignition in closed spaces.

6. Use nonsparking tools for cleanup.

7. Absorb small liquid spills with sand or other noncombus-
tible absorbent material and place the material in a covered
container for later disposal.

8. For large liquid spills, build dikes far ahead of the spill to
contain the acrylic acid for later reclamation or disposal.
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SPECIAL REQUIREMENTS

U.S. Environmental Protection Agency (EPA) requirements
for emergency planning, reportable quantities of hazardous
releases, community right-to-know, and hazardous waste
management may change over time. Users are therefore
advised to determine periodically whether new information
is available.

¢ Emergency planning requirements

Acrylic acid is not subject to EPA emergency planning
requirements under the Superfund Amendments and
Reauthorization Act (SARA) [42 USC 11022].

¢ Reportable quantity requirements for hazardous
releases

A hazardous substance release is defined by EPA as any
spilling, pumping, pouring, emitting, emptying, discharging,
injecting, escaping, leaching, dumping, or disposing of haz-
ardous substances into the environment (including the aban-
donment or discarding of contaminated containers). In the
event of a release that is equal to or greater than the reportable
quantity for that chemical, employers are required by EPA
regulation resulting from the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) [40
CFR 355.40] to notify the proper Federal, State, and local
authorities.

The reportable quantity for acrylic acid is 5,000 1b. If an
amount equal to or greater than this quantity is released
within a 24-hr period in a manner that will expose persons
outside the facility, employers are required to do the follow-
ing:

—Notify the National Response Center immediately at
(800) 424-8802 or at (202) 426-2675 in Washington, D.C.
{40 CFR 302.6].

—Notify the emergency response commission of the State
likely to be affected by the release [40 CFR 355.40].

—Notify the community emergency coordinator of the local
emergency planning committee {or relevant local emer-
gency response personnel) of any area likely to be affected
by the release [40 CFR 355.40].

o Community right-to-know requirements

Employers who own or operate facilities in SIC codes 20 to
39, who employ 10 or more workers, and who manufacture
25,000 Ib or more or otherwise use 10,000 1b or more of
acrylic acid per calendar year are required by EPA
[49 CFR 372.30] to submit a Toxic Chemical Release
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Inventory Form (Form R) to EPA reporting the amount of
acrylic acid emitted or released from their facility annually.

¢ Hazardous waste management requirements

EPA considers a waste to be hazardous if it exhibits any of
the following characteristics: ignitability, corrosivity, reac-
tivity, or toxicity as defined in 40 CFR 261.21-261.24.
Acrylic acid is listed as a hazardous waste under the Resource
Conservation and Recovery Act (RCRA) [40 USC 6901 et
seq.] and has been assigned EPA Hazardous Waste
No. U008. This substance has been banned from land dis-
posal and may be treated by fuel substitution or incineration.
Acrylic acid may also be disposed of in an organometallic or
organic lab pack that meets the requirements of 40 CFR
264.316 or 265.316.

Providing detailed information about the removal and dis-
posal of specific chemicals is beyond the scope of this
guideline. The U.S. Department of Transportation, EPA,
and State and local regulations should be followed to ensure
that removal, transport, and disposal of this substance are
conducted in accordance with existing regulations. To be
certain that chemical waste disposal meets EPA regulatory
requirements, employers should address any questions to the
RCRA hotline at (800) 424-9346 or at (202) 382-3000 in
Washington, D.C. In addition, relevant State and local
authorities should be contacted for information about their
requirements for waste removal and disposal.

RESPIRATORY PROTECTION

¢ Conditions for respirator use

Good industrial hygiene practice requires that engineering
controls be used where feasible to reduce warkplace con-
centrations of hazardous materials to the prescribed exposure
limit. However, some situations may require the use of
respirators to control exposure. Respirators must be worn if
the ambient concentration of acrylic acid exceeds prescribed
exposure limits. Respirators may be used (1) before en-
gineering controls have been installed, (2) during work
aperations such as maintenance or repair activities that in-
volve unknown exposures, (3) during operations that require
entry into tanks or closed vessels, and (4) during emergen-
cies. Workers should use only respirators that have been
approved by NIOSH and the Mine Safety and Health Ad-
ministration (MSHA).

¢ Respiratory protection program

Employers should institute a complete respiratory protection
program that, at a minimum, complies with the requirements
of OSHA’s respiratory protection standard [29 CFR 1910.
134]. Such a program must include respirator selection, an
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evaluation of the worker’s ability to perform the work while
wearing a respirator, the regular training of personnel, fit
testing, periodic workplace monitoring, and regular
respirator maintenance, inspection, and cleaning. The im-
plementation of an adequate respiratory protection program
(including selection of the correct respiratot) requires that a
knowledgeable person be in charge of the program and that
the program be evaluated regularly. For additional informa-
tion on the selection and use of respirators and on the medical
screening of respirator users, consult the NIOSH Respirator
Decision Logic [NIOSH 1987b] and the NIOSH Guide to
Industrial Respiratory Protection [NIOSH 1987a].

PERSONAL PROTECTIVE EQUIPMENT

Protective gloves and clothing should be worn to prevent any
possibility of skin contact with acrylic acid. Chemical
protective clothing should be selected on the basis of avail-
able performance data, manufacturers’ recommendations,
and evaluation of the clothing under actual conditions of use.
The following matetials have been tested against permeation
by acrylic acid and have demonstrated good-to-excellent
resistance for periods greater than 8 hr: butyl rubber and
Saranex®. Materials that may withstand permeation for
more than 4 hr but fewer than 8 hr: Teflon® and Viton®.
Natural rubber, neoprene, nitrile rubber, polyethylene, and
polyvinyl chloride have demonstrated poor resistance to
permeation by acrylic acid.

If acrylic acid is dissolved in water or an organic solvent, the
permeation properties of both the solvent and the mixture
must be considered when selecting personal protective
equipment and clothing.

Safety glasses, goggles, or face shields should be worn
during operations in which acrylic acid might contact the
eyes (e.g., through splashes of solution). Eyewash fountains
and emergency showers should be available within the im-
mediate work area whenever the potential exists for eye or
skin contact with acrylic acid. Contact lenses should not be
worn if the potential exists for acrylic acid exposure.
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR
ACRYLONITRILE
POTENTIAL HUMAN CARCINOGEN

INTRODUCTION

This guideline summarizes pertinent information about
acrylonitrile for workers, employers, and occupational safety
and health professionals who may need such information to
conduct effective occupational safety and health programs.
Recommendations may be superseded by new developments
in these fields; therefore, readers are advised to regard these
recommendations as general guidelines.

SUBSTANCE IDENTIFICATION

¢ Fermula: C;H,
* Siructure: CH2=CIH

CN
* Synonyms: Acrylon, AN, carbacryl, cyanoethylene, fumi-
grain, propenenitrile, VCN, ventox, vinyl cyanide
* Identifiers: CAS 107-31-1; RTECS ATS5250000;, DOT
1093, label required: “‘Flammable Liquid, Poison”
* Appearance and odor: Pale yellow liguid with an un-
pleasant odor similar to pyridine

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical data

. Molecular weight: 53.07

. Boiling point (at 760 mmHg): 77.3°C (171°F)

. Specific gravity at 20°C (68°C) (water = 1): 0.81

. Vapor density (air = 1 at boiling point of acrylonitrile): 1.83
. Melting point: -83°C (-117°F)

. Vapor pressure at 20°C (68°F): 83 mmHg

. Solubility in water, g/100 g water at 20°C (68 °F). 7.35

. Evaporation rate (butyl acetate = 1): 4.54

. Saturation concentration in air {(approximate} at 20°C
(68°F): 10.9% (109,000 ppm)

10. Tonization potential: 10.91 &V

¢ Reactivity

1. Incompatibilities: Contact with strong oxidizers, especial-
ly bromine, and strong bases may cause fires and explosions.
Contact with copper, copper alloys, ammonia, or amines may
cause decomposition. Acrylonitrile will polymerize when hot,
and the additional heat liberated by the polymerization may
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generate high internal pressure and cause containers to explode,
Inhibitors are added to the commercial product to prevent self-
polymerization.

2. Hazardous decomposition products: Toxic vapors and gases
(e.g., hydrogen cyanide, oxides of nitrogen, and carbon monox-
ide) may be released in a fire involving acrylonitrile.

3. Caution: Acrylonitrile will attack some forms of plastics,
coatings, and rubber.

* Flammability

1. Flash point: -1°C (30°F) (closed cup)

2. Autoignition temperature: 481°C (898 °F)

3. Flammable limits in air, % by volume: Lower, 3; Upper, 17
4. Extinguishant: Alcoho! foam, carbon dioxide, and dry
chemical

5. Class IB Flammable Liquid (29 CFR 1910.106), Flamma-
bility Rating 3 (NFPA)

* Warning properties

1. Odor threshold: Approximately 20 ppm

2. Evaluation of warning properties for respirator selection:
Warning properties are not considered in recommending respi-
rators for use with carcinogens.

EXPOSURE LIMITS

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for acrylonitrile is
2 parts of acrylonitrile per million parts of air (ppm) as a time-
weighted average (TWA) concentration over an 8-hour work-
shift; the OSHA ceiling concentration which shall at no time
be exceeded is 10 ppm as determined in any 15-minute sam-
pling period (Skin). The notation for “Skin” refers to the poten-
tial contribution to overall exposure by the cutaneous route
including the mucous membranes and eyes. The National In-
stitute for Occupational Safety and Health (NIOSH) recom-
mends that acrylonitrile be controlled and handled as a
potential human carcinogen in the workplace and that exposure
be minimized to the lowest feasible limit. The NIOSH recom-
mended exposure limit (REL) is 1 ppmas a TWA forup toan
8-hour workshift, 40-hour workweek; the NIOSH ceiling con-
centration is 10 ppm as determined in any 15-minute sampling
period (Skin). The American Conference of Governmental In-
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dustrial Hygienists (ACGIH) has designated acrylonitrile as
an A2 substance (suspected human carcinogen) having an as-
signed threshold limit value (TLV®) of 2 ppm [4.5 milligrams
of acrylenitrile per cubic meter of air (4.5 mg/m?®)] asa TWA
for a normal 8-hour workday and a 40-hour workweek (Skin)
(Table 1).

Table 1.—Occupational Exposure Limits
for acrylonitrile

Exposure limits
ppm mg/m*
OSHA PEL TWA (Skin)* 2 —
Ceiling (15 min) (Skin) 10 —
NIOSH REL TWA (Skin) (Ca){ 1 —
Ceiling (15 min) (Skin) 10 —
ACGIH TLV® TWA
(Skin) (A2)§ 2 4.5

* (8kin): Potential contribution to overall exposure by the
cutaneous route including mucous membranes and eyes.
T{Ca): NIOSH recommends treating as a potential human car-
cinogen.

§ (A2): Suspected human carcinogen.

HEALTH HAZARD INFORMATION

* Routes of exposure
Acrylonitrile may cause adverse health effects following ex-
posure via inhalation, ingestion, or dermal or eye contact.

* Summary of toxicology

1. Effects on animals: In rats, guinea pigs, or dogs, acute in-
halation or oral administration of acrylonitrile caused signs of
toxicity including decreased water and food consumption,
decreased weight gain, histologic changes in the brain resem-
bling anoxia, or damage to the lungs, liver, or kidneys. In rats,
chronic inhalation or oral administration of acrylonitrile
produced tumors of the brain, stomach, ear canai, and mam-
mary glands, and cancer of the Zymbal gland. Oral adminis-
tration of acrylonitrile to pregnant rats caused embryotoxic and
teratogenic effects.

2. Effects on humans: Two separate studies of workers who
were potentially exposed to acrylonitrile and who were ob-
served over an 18- or 20-year period showed increased inci-
dences of lung and colon cancers. In addition, at least two
deaths from accidental inhalation or skin absorption of
acrylonitrile have occurred.

¢ Signs and symptoms of exposure

1. Short-term (acute): Exposure to acrylonitrile can cause eye
irritation, headache, sneezing, nausea, vomiting, weakness,
light-headedness, and asphyxia.

2. Long-term (chronic): Skin contact with acrylonitrile can
cause burns, blisters, and dermatitis.

2 Acrylonitrile

RECOMMENDED MEDICAL PRACTICES

* Medical surveillance program

Workers with potential exposures to chemical hazards should
be monitored in a systematic program of medical surveillance
intended to prevent or control occupational injury and disease.
The program should include education of employers and work-
ers about work-related hazards, placement of workers in jobs
that do not jeopardize their safety and health, earliest possi-
ble detection of adverse health effects, and referral of workers
for diagnostic confirmation and treatment. The occurrence of
disease (a “sentinel health event,” SHE) or other work-related
adverse health effects should prompt immediate evaluation of
primary preventive measures (e.g., industrial hygiene monitor-
ing, engineering controls, and personal protective equipment).
A medical surveillance program is intended to supplement, not
replace, such measures.

A medical surveillance program should include systematic col-
lection and epidemiologic analysis of relevant environmental
and biologic monitoring, medical screening, morbidity, and
mortality data. This analysis may provide information about
the relatedness of adverse health effects and occupational ex-
posure that cannot be discerned from results in individual
workers. Sensitivity, specificity, and predictive values of bio-
logic monitoring and medical screening tests should be evalu-
ated on an industry-wide basis prior to application in any given
worker group. Intrinsic to a surveillance program is the dis-
semination of summary data to those who need to know, in-
cluding employers, occupational health professionals,
potentially exposed workers, and regulatory and public health
agencies.

¢ Preplacement medical evaluation

Prior to placing a worker in a job with a potential for exposure
to acrylonitrile, the physician should evaluate and document
the worker’s baseline health status with thorough medical, en-
vironmental, and occupational histories, a physical examina-
tion, and physiologic and laboratory tests appropriate for the
anticipated occupational risks. These should concentrate on
the function and integrity of the skin, gastrointestinal tract, and
respiratory, reproductive, and central nervous systems. Med-
ical surveillance for respiratory disease should be conducted
by using the principles and methods recommended by NIOSH
and the American Thoracic Society (ATS).

A preplacement medical evaluation is recommended in order
to detect and assess preexisting or concurrent conditions which
may be aggravated or result in increased risk when a worker
is exposed to acrylenitrile at or below the NIOSH REL. The
examining physician should consider the probable frequency,
intensity, and duration of exposure, as well as the nature and
degree of the condition, in placing such a worker. Such con-
ditions, which should not be regarded as absolute contraindi-
cations to job placement, include a history of chronic skin
disease or concurrent dermatitis, and a history of reproduc-
tive dysfunction. In addition to the medical interview and phys-
ical examination, the means to identify these conditions may
include an evaluation of fertility.
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s Periodic medical screening and/or biologic monitoring
Qccupational health interviews and physical examinations
should be performed at regular intervals. Additional examina-
tions may be necessary should a worker develop symptoms that
may be attributed to exposure to acrylonitrile. The interviews,
examinations, and appropriate medical screening and/or bio-
logic monitoring tests should be directed at identifying an ex-
cessive decrease or adverse trend in the physiologic function
of the skin, gastrointestinal tract, and respiratory, reproduc-
tive, and central nervous systems as compared to the baseline
status of the individual worker or to expected values for a suit-
able reference population. The following tests should be used
and interpreted according to standardized procedures and
evaluation criteria recommended by NIOSH and the ATS:
standardized questionnaires and tests of lung function.

* Medical practices recommended at the time of job trans-
fer or termination.

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic and
laboratory tests which were conducted at the time of placement
should be repeated at the time of job transfer or termination.
Any changes in the worker’s health status should be compared
to those expected for a suitable reference population. Because
occupational exposure to acrylonitrile may cause adverse
reproductive effects and diseases of prolonged induction-
latency, the need for medical surveillance may extend well be-
yond termination of employment.

* Sentinel health events
Acute SHE’s include: Contact and/or allergic dermatitis.

MONITORING AND MEASUREMENT
PROCEDURES

* TWA exposure evaluation

Measurements to determine worker exposure to acrylonitrile
should be taken so that the TWA exposure is based on a single
entire workshift sample or an appropriate number of consecu-
tive samples collected during the entire workshift. Under cer-
tain conditions, it may be appropriate to collect several
short-term interval samples (up to 30 minutes each) to deter-
mine the average exposure level. Air samples should be taken
in the worker’s breathing zone {air that most nearly represents
that inhaled by the worker),

* Ceiling concentration evaluation

Measurements to determine worker exposure should be taken
during periods of maximum expected airborne concentrations
of acrylonitrile. Each measurement to determine the NIOSH
REL (ceiling exposure) in the worker’s breathing zone should
consist of a 15-minute sample or a series of consecutive sam-
ples that total 15 minutes. A minimum of three measurements
should be taken during one workshift, and the highest of all
measurements taken is an estimate of the worker’s exposure.
If the periods of maximum exposure are not clearly defined,
a statistical procedure which can be used as a peak exposure
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detection strategy is given in the Occupational Exposure Sam-
pling Strategy Manual.

* Method

Sampling and analysis may be performed by collecting
acrylonitrile vapors with charcoal tubes followed by desorp-
tion with carbon disulfide and analysis by gas chromatogra-
phy. Direct-reading devices calibrated to measure acrylonitrile
may also be used if available. A detailed sampling and analyt-
ical method for acrylonitrile may be found in the NIOSH Manu-
al of Analvtical Methods (method number 1604).

PERSONAL PROTECTIVE EQUIPMENT

Chemical protective clothing (CPC) should be selected after
utilizing available performance data, consulting with the
manufacturer, and then evaluating the clothing under actual use
conditions.

Workers should be provided with and required to use CPC,
gloves, and other appropriate protective clothing necessary to
prevent skin contact with acrylonitrile.

SANITATION

Clothing which is contaminated with acrylonitrile should be
removed immediately and placed in sealed containers for
storage until it can be discarded or until provision is made for
the removal of acrylonitrile from the clothing. If the clothing
is to be laundered or cleaned, the person performing the oper-
ation should be informed of acrylonitrile’s hazardous proper-
ties. Reusable clothing and equipment should be checked for
residual contamination before reuse or storage.

A change room with showers, washing facilities, and lockers
that permit separation of street and work clothes should be
provided.

Workers should be required to shower following a workshift
and prior to putting on street clothes. Clean work clothes should
be provided daily.

Skin that becomes contaminated with acrylonitrile should be
promptly washed with soap and water.

The storage, preparation, dispensing, or consumption of food
or beverages, the storage or application of cosmetics, the
storage or smoking of tobacco or other materials, or the storage
or use of products for chewing should be prohibited in work
arcas.

Workers who handle acrylonitrile should wash their faces,
hands, and forearms thoroughly with soap and water before
eating, smoking, or using toilet facilities.

COMMON OPERATIONS AND CONTROLS

Common operations in which exposure to acrylonitrile may
occur and control methods which may be effective in each case
are listed in Table 2.
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Table 2.—Operations and methods of
control for acrylonitrile

Operations

Controls

During use in the manufac-
ture of ABS resin, SAN re-
sin, plastic, or surface
coating materials

During the manufacture and
transfer of monomer to
other reaction vessels or to
tank cars.

During use as a chemical in-
termediate; during use in the

cyanoethylation of cotton

During use in surface coat-

Total enclosure

Total enclosure, local ex-
haust ventilation, personal
protective equipment

Local exhaust ventilation,
personal protective equip-
ment

Personal protective equip-

ing applications ment

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, remove the victim from further
exposure, send for medical assistance, and initiate emergen-
cy procedures.

¢ Eye exposure

Where there is any possibility of a worker’s eyes being exposed
to acrylonitrile, an eye-wash fountain should be provided with-
in the immediate work area for emergency use.

If acrylonitrile gets into the eyes, flush them immediately with
large amounts of water for 15 minutes, lifting the lower and up-
per lids occasionally. Get medical attention as soon as possi-
ble. Contact lenses should not be worn when working with this
chemical.

* Skin exposure

‘Where there is any possibility of a worker’s body being exposed
to acrylonitrile, facilities for quick drenching of the body
should be provided within the immediate work area for emer-
gency use.

If acrylonitrile gets on the skin, wash it immediately with soap
and water, If acrylonitrile penetrates the clothing, remove the
clothing immediately and wash the skin with soap and water.
Get medical attention promptly.

¢ Rescue

If a worker has been incapacitated, move the affected worker
from the hazardous exposure. Put into effect the established
emergency rescue procedures. Do not become a casualty. Un-
derstand the facility’s emergency rescue procedures and know
the locations of rescue equipment before the need arises.

SPILLS AND LEAKS

Workers not wearing protective equipment and clothing should
be restricted from areas of spills or leaks until cleanup has been
completed.

4 Acrylonitrile

If acrylonitrile is spilled or leaked, the foliowing steps should
be taken:

1. Remove all ignition sources.

2. Ventilate area of spill or leak.

3. For small quantities of liquids containing acrylonitrile, ab-
sorb on paper towels and place in an appropriate container.
4. Large quantities of liquids containing acrylonitrile may be
absorbed in vermiculite, dry sand, earth, or a similar materi-
al and placed in an appropriate container,

5. Liquids containing acrylonitrile may be collected by vacuum-
ing with an appropriate system. If a vacuum system is used,
there should be no sources of ignition in the vicinity of the spill,
and flashback prevention devices should be provided.

WASTE REMOVAL AND DISPOSAL

U.S. Environmental Protection Agency, Department of Trans-
portation, and/or state and local regulations shall be followed
to assure that removal, transport, and disposal are in accord-
ance with existing regulations.

RESPIRATORY PROTECTION

It must be stressed that the use of respirators is the least
preferred method of controlling worker exposure and should
not normally be used as the only means of preventing or
minimizing exposure during routine operations. However,
there are some exceptions for which respirators may be used
to control exposure: when engineering and work practice con-
trols are not technically feasible, when engineering controls
are in the process of being ins.alled, or during emergencies and
certain maintenance operations including those requiring
confined-space entry (Table 3).

In addition to respirator selection, a complete respiratory pro-
tection program should be instituted which as a minimum com-
plies with the requirements found in the OSHA Safety and
Health Standards 29 CFR 1910.134. A respiratory protection
program should include as a minimum an evaluation of the
worker’s ability to perform the work while wearing a respira-
tor, the regular training of personnel, fit testing, periodic en-
vironmental monitoring, maintenance, inspection, and
cleaning. The implementation of an adequate respiratory pro-
tection program, including selection of the correct respirators,
requires that a knowledgeable person be in charge of the pro-
gram and that the program be evaluated regularly.

Only respirators that have been approved by the Mine Safety
and Health Administration (MSHA,, formerly Mining Enforce-
ment and Safety Administration) and by NIOSH should be
used. Remember! Air-purifying respirators will not pro-
tect from oxygen-deficient atmospheres.
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Table 3.—Respiratory protection for acrylonitrile

Condition Minimum respiratory protection*

Any detectable concentration  Any self-contained breathing apparatus with a full facepiece and operated in a pressure-demand
or other positive pressure mode

Any supplied-air respirator with a full facepiece and operated in a pressure-demand or other
positive pressure mode in combination with an auxiliary seif-contained breathing apparatus oper-
ated in a pressure-demand or other positive pressure mode

Planned or emergency entry  Any self-contained breathing apparatus with a full facepiece and operated in a pressure-demand
into environments containing  or other positive pressure mode

unknown or any detectable
concentration Any supplied-air respirator with a full facepiece and operated in a pressure-demand or other

positive pressure mode in combination with an auxiliary self-contained breathing apparatus oper-
ated in a pressure-demand or other positive pressure mode

Firefighting Any self-contained breathing apparatus with a full facepiece and operated in a pressure-demand
or other positive pressure mode

E ] A . -El . ﬁ]]ﬁ - . : ]) .] ]. ] F l ] I

Any appropriate escape-type self-contained breathing apparatus

* Only NIOSH/MSHA-approved equipment should be used.
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR
ALDRIN
POTENTIAL HUMAN CARCINOGEN

INTRODUCTION

This guideline summarizes pertinent information about aldrin
for workers, employers, and occupational safety and health
professionals who may need such information to conduct ef-
fective occupational safety and health programs. Recommen-
dations may be superseded by new developments in these
fields; therefore, readers are advised to regard these recom-
mendations as general guidelines.

NOTE: Most uses of aldrin were suspended by the U.S. En-
vironmental Protection Agency, effective October 18, 1974, The
only uses allowed are direct soil application, seed treatment
if labeled “‘not for food use,” dipping of plant roots and tops,
subsurface termite control, and hot-caps.

SUBSTANCE IDENTIFICATION

* Formula: C,,H;Cl,
¢ Structure: Cl
DA
Cl
Cl
* Synonyms: Aldrex; aldrine; aldrosol; octalene; 1,2,34,10,10-
hexachloro-144a,5,8 8a-hexahydro-exo-14-endo-5,8-dimeth-
anonaphthalene
¢ Identifiers: CAS 309-00-2; RTECS 102100000, DOT 2761,
label required: “Poison”

¢ Appearance and odor: Light to dark brown crystals with
a mild chemical cdor

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical data

1. Molecular weight: 364.90

2. Boiling peint {at 760 mmHg): Decomposes
3. Specific gravity (water = 1): 1.6

4. Melting point: 104°C (219°F)

5. Vapor pressure at 20°C (68°F): 6.0 x 10-¢ mmHg
6. Solubility in water: 0:027 mg/1 at 27°C (80.6 °F)

* Reactivity

1. Incompatibilities: Aldrin may react with concentrated miner-
al acids, acid catalysts, acid oxidizing agents, phenols, or reac-
tive metals.

2. Hazardous decomposition products: Hydrochloric acid
fumes and other chlorinated decomposition products may be
released in a fire involving aldrin.

3. Caution: Aldrin should be stored in tightly closed contain-
ers in a well-ventilated area.

¢ Flammability
Aldrin is nonflammable.

¢ Warning properties

Evaluation of warning properties for respirator selection:
‘Warning properties are not considered in recommending respi-
rators for use with carcinogens.

EXPOSURE LIMITS

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for aldrin is 0.25
milligrams of aldrin per cubic meter of air (mg/m?®) as a time-
weighted average (TWA) concentration over an 8-hour work-
shift (Skin). The notation ‘Skin™ refers to the potential con-
tribution to overall exposure by the cutaneous route including
the mucous membranes and eyes. The National Institute for
Occupational Safety and Health (NIOSH) recommends that
aldrin be controlled and handled as a potential human carcino-
gen in the workplace and that exposure be minimized to the
lowest feasible limit. The NIOSH recommended exposure limit
(REL) is 0.15 mg/m? as a TWA for up to a 10-hour workshift,
40-hour workweek. The NIOSH REL is the lowest concen-
tration detectable by current NIOSH-validated sampling and
analytical methods. The American Conference of Governmen-
tal Industrial Hygienists (ACGIH) threshold limit value
(TLV®} is (.25 mg/m? (Skin) as a TWA for a normai 8-hour
workday and a 40-hour workweek (Table 1).
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Table 1.—Occupational exposure limits

for aldrin
Exposure limits
mg/m?
OSHA PEL TWA (Skin)* 0.25
NIOSH REL TWA (Ca)t §0.15
ACGIH TLV® TWA (Skin) 0.25

* (Skin): Potential contribution to overall exposure by the
cutaneous route including mucous membranes and eyes.

1 (Ca): NIOSH recommends treating as a potential human car-
cinogen.

§ Lowest reliably detectable level.

HEALTH HAZARD INFORMATION

* Routes of exposure

Aldrin may cause adverse health effects following exposure via
inhalation, ingestion, or dermal or eye contact. Dermal absorp-
tion is substantially increased when aldrin is dissolved in or-
ganic solvents.

+ Summary of toxicology

1. Effects on animals: Acute or chronic oral administration of
aldrin to dogs and rats produced liver and kidney degenera-
tion; chronic oral administration produced liver cancer in mice
and thyroid cancer in rats. Aldrin fed to pregnant hamsters and
mice caused increased fetal deaths, as well as congenital
anomalies and growth retardation in the offspring.

2. Effects on humans: Aldrin is a neurotoxin and has caused
electroencephalogram abnormalities following short-term or
long-term oral, dermal, or inhalation exposure.

¢ Signs and symptoms of exposure

1. Short-term (acute): Exposure to aldrin can cause hyperir-
ritability, headache, dizziness, nausea, vomiting, blood in the
urine, tremors, convulsions, and coma.

2. Long-term (chronic): Exposure to aldrin can cause redness
of the skin and dermatitis, weight loss, muscular twitching, and
convulsions.

RECOMMENDED MEDICAL PRACTICES

* Medical surveillance program

Workers with potential exposures to chemical hazards should
be monitored in a systematic program of medical surveillance
intended to prevent or control occupational injury and disease.
The program should include education of employers and work-
ers about work-related hazards, placement of workers in jobs
that do not jeopardize their safety and health, earliest possi-
ble detection of adverse health effects, and referral of workers
for diagnostic confirmation and treatment. The occurrence of
disease (a “sentinel health event,” SHE) or other work-related
adverse health effects should prompt immediate evaluation of
ptimary preventive measures (g.g., industrial hygiene monitor-
ing, engineering controls, and personal protective equipment).

2 Aldrin

A medical surveillance program is intended to supplement, not
replace, such measures.

A medical surveillance program should include systematic col-
lection and epidemiologic analysis of relevant environmental
and biologic monitoring, medical screening, morbidity, and
mortality data. This analysis may provide information about
the relatedness of adverse health effects and occupational ex-
posure that cannot be discerned from results in individual
workers. Sensitivity, specificity, and predictive values of bio-
logic monitoring and medical screening tests should be evalu-
ated on an industry-wide basis prior to application in any given
worker group. Intrinsic to a surveillance program is the dis-
semination of summary data to those who need to know, in-
cluding employers, occupational health professionals,
potentially exposed workers, and regulatory and public health
agencies.

¢ Preplacement medical evaluation

Prior to placing a worker in a job with a potential for exposure
to aldrin, the physician should evaluate and document the work-
er’s baseline health status with thorough medical, environmen-
tal, and occupational histories, a physical examination, and
physiologic and laboratory tests appropriate for the anticipa-
ted occupational risks. These should concentrate on the func-
tion and integrity of the eyes, skin, liver, kidneys, endocrine
glands, and hematopoietic (blood-cell-forming), reproductive,
and nervous systems.

A preplacement medical evaluation is recommended in order
to detect and assess preexisting or concurrent conditions which
may be aggravated or result in increased risk when a worker
is exposed to aldrin at or below the NIOSH REL.

The examining physician should consider the probable frequen-
cy, intensity, and duration of exposure, as well as the nature
and degree of the condition, in placing such a worker. Such
conditions, which should not be regarded as absolute contrain-
dications to job placement, include: preexisting chromic dis-
eases of the skin, liver, kidneys, endocrine glands, and
hematopoietic, reproductive, and nervous systems. Workers
should inform their physicians of their potential for exposures
to aldrin because internal absorption of this chemical patho-
logically increases the liver’s ability to metabolize and
eliminate medications which may be prescribed or taken “over
the counter.”” The physician should obtain baseline values for
liver function tests and a complete blood count with reticulo-
cyte count.

+ Periodic medical screening and/or biclogic monitering
Occupational health interviews and physical examinations
should be performed at regular intervals. Additional examina-
tions may be necessary should a worker develop symptoms that
may be attributed to exposure to aldrin. The interviews, ex-
aminations, and appropriate medical screening and/or biologic
monitoring tests should be directed at identifying an excessive
decrease or adverse trend in the integrity and physiologic func-
tion of the skin, eyes, liver, kidney, and hematopoietic,
reproductive, and nervous systems as compared to the base-
line status of the individual worker or to expected values for
a suitable reference population.
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¢ Medical practices recommended at the time of job trans-
fer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic and
laboratory tests which were conducted at the time of piacement
should be repeated at the time of job transfer or termination.
Any changes in the worker’s health status should be compared
to those expected for a suitable reference population. Because
occupational exposure to aldrin may cause diseases of
prolonged induction-latency, the need for medical surveillance
may extend well beyond termination of employment.

* Sentinel health events

1. Acute SHE’s include: Non-autoimmune hemotlytic anemia.
2. Delayed-onset SHE's include: Cataract, toxic hepatitis, and
non-autcimmune hemolytic anemia.

MONITORING AND MEASUREMENT
PROCEDURES

* TWA exposure evaluation

Measurements to determine worker exposure to aldrin should
be taken so that the TWA exposure is based on a single entire
workshift sample or an appropriate number of consecutive
samples collected during the entire workshift. Under certain
conditions, it may be appropriate to collect several short-term
interval samples (up to 30 minutes each) to determine the aver-
age exposure level. Air samples should be taken in the work-
er’s breathing zone (air that most nearly represents that inhaled
by the worker).

* Method

Sampling and analysis may be performed by collecting aldrin
with a glass-fiber filter and a midget impinger containing iso-
octane. The filter is extracted using isooctane, and analysis is
performed using a gas chromatograph with an electrolytic con-
ductivity detector. A detailed sampling and analytical method
for aldrin may be found in the NIOSH Manual of Analytical
Methods (method number 5502).

PERSONAL PROTECTIVE EQUIPMENT

Chemical protective clothing (CPC) should be selected after
utilizing available performance data, consulting with the
manufacturer, and then evaluating the clothing under actual use
conditions.

Workers should be provided with and required to use CPC,
gloves, and other appropriate protective clothing necessary to
prevent skin contact with aldrin.

SANITATION

Clothing which is contaminated with aldrin should be removed
immediatety and placed in sealed containers for storage unti
it can be discarded or until provision is made for the removal
of aldrin from the clothing. If the clothing is to be laundered
or cleaned, the person performing the operation should be in-
formed of aldrin’s hazardous properties. Reusable clothing and
equipment should be checked for residual contamination be-
fore rcuse or storage.
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A change room with showers, washing facilities, and lockers
that permit separation of street and work clothes should be
provided.

Workers should be required to shower following a workshift
and prior to putting on street clothes. Clean work clothes should
be provided daily.

Skin that becomes contaminated with aldrin should be prompt-
ly washed with soap and water.

The storage, preparation, dispensing, or consumption of food
or beverages, the storage or application of cosmetics, the
storage or smoking of tobacco or other materials, or the storage
or use of products for chewing should be prohibited in work
areas.

Workers who handle aldrin should wash their faces, hands, and
forearms thoroughly with soap and water before eating, smok-
ing, or using toilet facilities.

COMMON OPERATIONS AND CONTROLS

Common operations in which exposure to aldrin may occur
and control methods which may be effective in each case are
listed in Table 2.

Table 2.—Operations and methods of
control for aldrin

Operations Controls

Personal protective equip-
ment, local exhaust venti-
lation

During formulation and
handling of insecticide

During maintenance of Personal protective equip-
equipment and storage con- ment
tainers

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, remove the victim from further
exposure, send for medical assistance, and initiate emergen-
cy procedures.

¢ Eye exposure

‘Where there is any possibility of a worker’s eyes being exposed
to aldrin, an eye-wash fountain should be provided within the
immediate work area for emergency use.

If aldrin gets into the eyes, flush them immediately with large
amounts of water for 15 minutes, lifting the lower and upper
lids occasionally. Get medical attention as soon as possible.
Contact lenses should not be worn when working with this
chemical.

+ Skin exposure

Where there is any possibility of a worker’s body being exposed
to aldrin, facilities for quick drenching of the body should be
provided within the immediate work area for emergency use.
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If aldrin gets on the skin, wash it immediately with soap and
water. If aldrin penetrates the clothing, remove the clothing im-
mediately and wash the skin with soap and water. Get medi-
cal attention promptly.

® Rescue

If a worker has been incapacitated, move the affected worker
from the hazardous exposure. Put into effect the established
emergency rescue procedures. Do not become a casualty. Un-
derstand the facility’s emergency rescue procedures and know
the locations of rescue equipment before the need arises.

SPILLS AND LEAKS

‘Workers not wearing protective equipment and clothing should
be restricted from areas of spills or leaks until cleanup has been
completed.

If aldrin is spilled or leaked, the following steps should be
taken:

1. Ventilate area of spill or ieak.

2. Aldrin solid may be collected and placed in an appropriate
container,

3. Aldrin solid or liquid may be collected by vacuuming with
an appropriate high-efficiency filtration system.

4, For small quantities of liquids containing aldrin, absorb on
paper towels and place in an appropriate container.

5. Large quantities of liquids containing aldrin may be absorbed
in vermiculite, dry sand, earth, or a similar material and placed
in an appropriate container.

WASTE REMOVAL AND DISPOSAL

U.S. Environmental Protection Agency, Department of Trans-
portation, and/or state and local regulations shall be followed
to assure that removal, transport, and disposal are in accord-
ance with existing regulations.

RESPIRATORY PROTECTION

It must be stressed that the use of respirators is the least
preferred method of controlling worker exposure and should
not normally be used as the only means of preventing or
minimizing exposure during routine operations. However,
there are some exceptions for which respirators may be used
to control exposure: when engineering and work practice con-
trols are not technically feasible, when engineering controls
are in the process of being installed, or during emergencies and
certain maintenance operations including those requiring
confined-space entry (Table 3).

In addition to respirator selection, a complete respiratory pro-
tection program should be instituted which as a minimum com-
plies with the requirements found in the OSHA Safety and
Health Standards 29 CFR 1910.134. A respiratory protection
program should include as a minimum an evaluation of the
worker’s ability to perform the work while wearing a respira-
tor, the regular training of personnel, fit testing, periodic en-
vironmental monitoring, maintenance, inspection, and
cleaning. The implementation of an adequate respiratory pro-
tection program, including selection of the correct respirators,
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requires that a knowledgeable person be in charge of the pro-
gram and that the program be evaluated regularly.

Only respirators that have been approved by the Mine Safety
and Health Administration (MSHA, formerly Mining Enforce-
ment and Safety Administration) and by NIOSH should be
used. Remember! Air-purifying respirators will not pro-
tect from oxygen-deficient atmospheres.
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Table 3.—Respiratory protection for aldrin

Condition

Minimum respiratory protection*

Any detectable concentration

Any self-contained breathing apparatus with a full facepiece and operated in a pressure-demand
or other positive pressure mode

Any supplied-air respirator with a full facepiece and operated in a pressure-demand or other
positive pressure mode in combination with an auxiliary self-contained breathing apparatus oper-
ated in a pressure-demand or other positive pressure mode

Planned or emergency entry
into environments containing
unknown or any detectable
concentration

Any self-contained breathing apparatus with a full facepiece and operated in a pressure-demand
or other positive pressure mode

Any supplied-air respirator with a full facepiece and operated in a pressure-demand or other

positive pressure mode in combination with an auxiliary self-contained breathing apparatus oper-
ated in a pressure-demand or other positive pressure mode

Firefighting

Escape only

Any self-contained breathing apparatus with a full facepiece and operated in a pressure-demand
or other positive pressure mode

Any air-purifying full facepiece respirator (gas mask) with a chin-style or front- or back-mounted

organic vapor canister having a high-efficiency particulate filter

Any appropriate escape-type self-contained breathing apparatus

* Only NIOSH/MSHA-approved equipment should be used.

1988

Aldrin 5






OCCUPATIONAL SAFETY AND HEALTH GUIDELINE
FOR ALLYL ALCOHOL

INTRODUCTION

This guideline summarizes pertinent information about allyl
aleohol for workers and employers as well as for physicians,
industrial hygienists, and other occupational safety and
health professionals who may need such information to
conduct effective occupational safety and health programs.
Recommendations may be superseded by new develop-
ments; readers are therefore advised to regard these recom-
mendations as general guidelines and to determine
periodically whether new information is available.

SUBSTANCE IDENTIFICATION

¢ Formula

C,H,0

¢ Structure

CH,= CHCH,,OH

* Synonyms

3-Hydroxypropene, 1-propene-3-ol, propenol, 2-propenol,
2-propenyl alcohol, allylic alcohol, 2-propene-1-ol, vinyl
carbinol, Weed Drench

¢ Identifiers

1. CAS No.: 107-18-6

2. RTECS No.: BA5075000

3. DOT UN: 1098 57

4. DOT labels: Flammable Liquid, Poison

& Appearance and odor

Allyl alcohol is a clear, colorless, flammable liquid with a
pungent, mustardlike odor. The odor threshold is reported to
be below 0.8 part per million (ppm) parts of air.

CHEMICAL AND PHYSICAL PROPERTIES

® Physical data

Molecular weight: 58.1

Boiling point (at 760 mm Hg): 96°C (205°F)

Specific gravity (water = 1): 0.85 at 20°C (68°F)

Vapor density (air = 1 at boiling point of allyl alechol): 2.0
Meilting point: —129°C (=200.2°F)

Vapor pressure at 20°C (68°F): 19 mm Hg

. Solubility: Miscible with water, alcohol, chloroform,
ether, and petroleum ether
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8. Evaporation rate: Data not available

¢ Reactivity

1. Conditions contributing to instability: Heat, sparks, or
open flame

2. Incompatibilities: Fire and explosion may result from
contact of allyl alcohol with carbon tetrachloride, chloro-
sulfonic acid, diallyl phosphite plus phosphorus trichloride,
nitric acid, oleum, sodium hydroxide, sulfuric acid, tri-n-
bromomelamine, metal halides, caustic soda, or sodium,
potassium, magnesium, aluminum, or their alloys.

3. Hazardous decomposition products: Toxic gases (such
as carbon monoxide) may be produced when allyl alcohol
decomposes.

4. Special precautions: Allyl alcohol attacks some coatings
and forms of plastic and rubber.

e Flammability

The National Fire Protection Association has assigned a
flammability rating of 3 (severe fire hazard) to ally! alcchol.

1. Flash point: 21.1°C (70°F) (closed cup)
2. Autoignition temperature: 378.3°C (713°F)

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service Centers for Disease Controt
National Institute for Occupational Safety and Health

Division of Standards Development and Technology Transfer

U.S. DEPARTMENT OF LLABOR
Occupational Safsty and Health Administration
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3. Flammable limits in air (% by volume): Lower, 2.5;
upper, 18.0

4. Extinguishant: Use dry chemical, alcohol foam, or car-
bon dioxide to fight fires involving allyl alcohol. Water may
be ineffective, but it may be used to keep fire-exposed
containers cool. If a leak or a spill has not ignited, water
spray should be used to disperse the vapors and protect the
individuals attempting to stop the leak.

Fires involving allyl alcohol should be fought upwind and
from the maximum distance possible. Isolate the hazard area
and deny access to unnecessary personnel. Emergency per-
sonnel should stay out of low areas and ventilate closed
spaces before entering. Containers of allyl alcohol may
explode in the heat of the fire and should be moved from the
fire area if it is possible to do so safely. If this is not possible,
cool containers from the sides with water until well after the
fire is out. Stay away from the ends of containers. Personnel
should withdraw immediately if they hear a rising sound
from a venting safety device or if a container becomes
discolored as a result of fire. Dikes should be used to contain
fire-control water for later disposal. Firefighters should wear
a full set of protective clothing (including a self-contained
breathing apparatus) when fighting fires involving allyl al-
cohol. Chemical protective clothing that is specifically
recommended for allyl alcohol may not provide thermal
protection unless so stated by the clothing manufacturer.
Firefighters® protective clothing may not provide protection
against permeation by allyl alcohol.

EXPOSURE LIMITS

s OSHA PEL

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for allyl alcohol
is2ppm (5 mgims) as an 8-hr time-weighted average (TWA)
concentration and 4 ppm (10 mglm3) as a short-term ex-
posure limit (STEL). A STEL is a 15-min TWA exposure
that should not be exceeded at any time during a workday.
The OSHA PEL also bears a “Skin™ notation, which indicates
that the cutaneous route of exposure (including mucous
membranes and eyes) contributes to overall exposure
[29 CFR 1910.1000, Table Z-1-A].

e NIOSH REL

The National Institute for Occupational Safety and Health
(NIOSH) has established a recommended exposure limit
(REL) of 2 ppm (5 mglm3) as an 8-hr TWA and 4 ppm
(10 mg/m>) as a STEL with a “Skin™ notation [NIOSH
1992].

e ACGIH TLV®

The American Conference of Governmental Industrial
Hygienists {ACGIH) has assigned allyl alcohol a threshold
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limit value (TLV) of 2 ppm (4.8 mglm3) as a TWA for a
normal 8-hr workday and a 40-hr workweek with a “Skin™
notation and a STEL of 4 ppm (9.5 mg/m’) for periods not
to exceed 15 min [ACGIH 1991b].

¢ Rationale for limits

The limits are based on the risk of systemic effects and
irritation associated with exposure to allyl alcohol.

HEALTH HAZARD INFORMATION

® Routes of exposure

Exposure to allyl alcohol can occur through inhalation, in-
gestion, or contact with the skin, eyes, or mucous
membranes. Allyl alcohol is rapidly absorbed through the
skin.

* Summary of toxicology

1. Effects on Animals: Allyl alcohol is a severe irritant of
the eyes, nose, upper respiratory tract, and skin in animals; it
also causes neurotoxic effects by all routes of exposure
{Clayton and Clayton 1981]. Contact of this substance with
the eyes of rabbits caused transitory corneal opacity, and skin
contact caused mild irritation [NIOSH 1991; Grant 1986].
Although the 4- and 8-hr LCgys in rats are 165 and
76 ppm, respectively, the lowest 4-hr lethal concentra-
tion in monkeys is 1,000 ppm [NIOSH 1991]. Rats
acutely exposed to 3.9 ppm {2 concentration capable of
depressing the respiration rate by 50%) exhibited no
signs of pulmonary irritation at necropsy [NLM 1991].
Animals sacrificed following acute inhalation showed
signs of pulmonary edema and liver congestion and
damage at autopsy [Proctor et al. 1988]. When rats were
administered allyl alcohol and allowed 96 hr to recover
before sacrifice, they developed acidophilia, vacuola-
tion, and necrosis of the pancreatic acinar cells [NLM
1991]. The lowest reported oral LDy in rats is 64 mg/kg
[NIOSH 1991]. The dermal LD, in rabbits is 45 mg/kg
[NIOSH 1991]. Rats, rabbits, guinea pigs, and dogs ex-
posed to 7 ppm for 7 hr/day during a 6-month period
developed cloudy swelling and focal necrosis of the liver plus
necrosis of the renal convoluted tubules. These effects were
mild and reversible when exposure was discontinued [NLM
1991). Rats that consumed drinking water containing allyl
alcohel {100, 200, or 800 ppm for 15 weeks) had a dose-
related decrease in water intake, food consumption, and
weight gain but an increase in terminal organ weights for the
liver, spleen, and kidneys [NLM 1991]. Allyl alcohol is
directly mutagenic in some bacterial test systems [NIOSH
1991; NLM 1991].

2. Effects on Humans: Allyl alcohol is a severe irritant of
the eyes, nose, upper respiratory tract, and skin in humans;
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this substance can be absorbed through the skin in sufficient
amounts to cause systemic toxicity. One man was temporari-
ly blinded after being exposed to the vapor of allyl alcohol
[Clayton and Clayton 1981]). Imritation of the eyes with
tearing is noticeable at 5 ppm in some individuals, and
irritation of the nose and throat begins at 10 to 15 ppm
[ACGIH 1991a; Grant 1986]. Allyl alcohol is well absorbed
through the skin, producing deep muscle pain believed to be
caused by muscle spasm [Clayton and Clayton 1981]. In
contact with the skin, allyl alcohol causes chemical burns
with vesiculation and superficial necrosis [NLM 1991]. In-
halation exposures may lead to pulmonary edema [NLM
1991]. One worker died following a 1-hr exposure to
1,000 ppm [NIOSH 1991). Systemic toxicity is manifested
in humans as visceral congestion, periportal congestion of
the liver, nephritis, and blood in the urine [ACGIH 1991a].

¢ Signs and symptoms of exposure

1. Acute exposure: Acute exposure to allyl alcohol can
cause irritation of the nose, throat, and lungs, and severe
overexposure may lead to pulmonary edema with slowly
developing distress. Burmns and corrosion of the skin plus
muscle pain can occur following prolonged contact with the
liquid. Exposure of the eyes to liquid or vapor causes irrita-
tion, tearing, pain behind the eyeballs, transient comeal
injury, and blurred vision and photophobia during exposure
to light.

2. Chronic exposure: Nosigns or symptoms of chronic allyl
alcohol exposure have been reported, but it may exacerbate
chronic respiratory, liver, and kidney disease.

¢ Emergency procedures

Keep unconscious victims warm and on their sides to avoid
choking if vomiting occurs. Immediately initiate the follow-
ing emergency procedures, continuing them as appropriate
en route to the emergency medical facility:

1. Eye exposure: Tissue destruction and blindness may
result from exposure to concentrated solutions, vapors, mists,
or aerosols of allyl alcohol. Immediately but gently flush the
eyes with large amounts of water for at least 15 min, oc-
casionally lifting the upper and lower eyelids.

2. Skinexposure: Severe burns, skin corrosion, and absorp-
tion of lethal amounts may result! Immediately remove
contaminated clothing! Immediately, continuously, and
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gently wash skin for at least 15 min. Use soap and water if
skin is intact; use only water if skin is not intact,

3. Inhalation exposure: If vaports, mists, or aerosols of allyl
alcohol are inhaled, move the victim to fresh air immediately.

If the victim is not breathing, clean any chemical contamina-
tion from the victim’s lips and perform cardiopulmonary
resuscitation (CPR); if breathing is difficult, give oxygen.

4. Ingestion exposure; Take the following steps if allyl
alcohol or a solution containing it is ingested:

—Seek medical attention immediately.
—Do not induce vomiting.

—Have the victim rinse the contaminated mouth cavity
several times with a fluid such as water. Immediately after
rinsing, have the victim drink one cup (8 oz) of fluid and
no more.

—Do not permit the victim to drink milk or carbonated
beverages!

—Do not permit victim to drink any fluid if more than 60 min
have passed since initial ingestion.

NOTE: These instructions must be followed exactly.
Drinking a carbonated beverage or more than one cup of fluid
could create enough pressure to perforate already damaged
stomach tissue. The tissue-coating action of milk may im-
pede medical assessment of tissue damage. Ingestion of any
fluid more than 60 min after initial exposure could further
weaken damaged tissue and result in perforation.

5. Rescue: Remove an incapacitated worker from further
exposure and implement appropriate emergency procedures
(e.g., those listed on the material safety data sheet required
by OSHA’'s hazard communication standard [29 CFR
1910.12007). All workers should be familiar with emergen-
¢y procedures and the location and proper use of emergency
equipment.

EXPOSURE SOURCES AND CONTROL
METHODS

The following operations may involve allyl alcohol and may
result in worker exposures to this substance:

—Preparation of various allyl esters that serve as monomers
and prepolymers in the manufacture of resins and plas-
ticizers

—Use of allyl alcohol as a chemical intermediate

—Manufacture of pharmaceuticals and military poison gas

—Use of allyl alecohol as a fungicide, herbicide, and
nematicide
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~—Manufacture of flavorings, perfumes, ailyl esters,
glycerol, acrolein, and glycerin

The following methods are effective in controlling worker
exposures to allyl alcohol, depending on the feasibility of
implementation:

—Process enclosure

—Local exhaust ventilation
—General dilution ventilation
—Personal protective equipment

Good sources of information about control methods are as
follows:

1. ACGIH [1992]. Industrial ventilation—a manual of
recommended practice. 21st ed. Cincinnati, OH: American
Conference of Governmental Industrial Hygienists.

2. Burten DJ [1986]. Industrial ventilation—a self study
companion. Cincinnati, OH: American Conference of
Governmental Industrial Hygienists.

3. Alden JL, Kane JM [1982]. Design of industrial ventila-
tion systems. New York, NY: Industrial Press, Inc.

4. Wadden RA, Scheff PA [1987]. Engineering design for
control of workplace hazards. New York, NY: McGraw-
Hill.

5. Plog BA [1988]. Fundamentals of industrial hygiene.
Chicago, IL: National Safety Council.

MEDICAL MONITORING

Workers who may be exposed to chemical hazards should be
monitored in a systematic program of medical surveillance
that is intended to prevent occupational injury and disease.
The program should include education of employers and
workers about work-related hazards, placement of workers
in jobs that do not jeopardize their safety or health, early
detection of adverse health effects, and referral of workers
for diagnosis and treatment. The occurrence of disease or
other work-related adverse health effects should prompt
immediate evaluation of primary preventive measures (e.g.,
industrial hygiene monitoring, engineering controls, and per-
sonal protective equipment). A medical monitoring program
is intended to supplement, not replace, such measures. To
place workers effectively and to detect and control work-
related health effects, medical evaluations should be per-
formed (1) before job placement, (2) periodically during the
term of employment, and (3) at the time of job transfer or
termination.

® Preplacement medical evaluation

Before a worker is placed in a job with a potential for
exposure to allyl alcohol, a licensed health care professional
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should evaluate and document the worker’s baseline health
status with thorough medical, environmental, and occupa-
tional historjes, a physical examination, and physiologic and
laboratory tests appropriate for the anticipated occupational
risks. These should concentrate on the function and integrity
of the eyes, skin, respiratory tract, kidney, and liver. Medical
monitoring for respiratory disease should be conducted using
the principles and methods recommended by the American
Thoracic Society [ATS 1987].

A preplacement medical evaluation is recommended to as-
sess an individual’s suitability for employment at a specific
job and to detect and assess medical conditions that may be
aggravated or may result in increased risk when a worker is
exposed to allyl alcohol at or below the prescribed exposure
limit. The licensed health care professional should consider
the probable frequency, intensity, and duration of exposure
as well as the nature and degree of any applicable medical
condition. Such conditions {(which should not be regarded
as absolute contraindications to job placement) include a
history and other findings consistent with eye, skin,
respiratory, kidney, or liver disease.

¢ Periodic medical examinations and biological
monitoring

Occupational health interviews and physical examinations
should be performed at regular intervals during the employ-
ment period, as mandated by any applicable Federal, State,
or local standard. Where no standard exists and the hazard
is minimal, evaluations should be conducted every 3 to
5 years or as frequently as recommended by an experienced
occupational health physician. Additional examinations
may be necessary if a worker develops symptoms at-
tributable to allyl aleohol exposure. The interviews, ex-
aminations, and medical screening tests should focus on
identifying the adverse effects of allyl alcohol on the eyes,
skin, respiratory system, kidneys, and liver. Current health
status should be compared with the baseline health status of
the individual worker or with expected values for a suitable
reference population.

Biological monitoring involves sampling and analyzing
body tissues or fluids to provide an index of exposure to a
toxic substance or metabolite. Although alcohols can be
detected in the blood and urine of exposed individuals, no
biological monitoring test acceptable for routine use has yet
been developed for ailyl alcohol.

® Medical examinations recommended at the time of
Jjob transfer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic or
laboratory tests that were conducted at the time of job place-
ment should be repeated at the time of job transfer or termina-
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tion. Any changes in the worker’s health status should be
compared with those expected for a suitable reference
population.

WORKPLACE MONITORING AND
MEASUREMENT

A worker’s exposure to airborne allyl alcohol is deter-
mined by using a solid sorbent tube (100/50-mg sections,
20/40 mesh) filled with coconut shell charccal. Samples are
collected at a maximum flow rate of 0.2 liter/min until a
minimum air volume of 10 liters is collected. The sample is
then treated with a carbon disulfide/dimethylformamide
solution to extract the allyl alcohol. Analysis is conducted
by gas chromatography using a flame ionization detector.
The standard analytical error for this procedure is 0.18. This
method is included in the OSHA Computerized Information
System [OSHA 1989] and in Method 1402 of the NIOSH
Manual of Analytical Methods [NIOSH 1984].

PERSONAL HYGIENE

Because allyl alcohol can be absorbed through the skin in
lethal amounts, workers should immediately and thoroughly
wash with soap and water any areas of the skin that have
come in contact with this substance.

Clothing and shoes contaminated with allyl alcohol should
be removed immediately, and provisions should be made for
safely removing this chermnical from these articles. Persons
laundering contaminated clothing should be informed about
the hazardous properties of allyl alcohol, particularly its
potential for being absorbed through the skin in toxic
amounts.

A worker who handles allyl alcohol should thoroughly wash
hands, forearms, and face with soap and water before eating,
using tobacco products, or using toilet facilities.

Workers should not eat, drink, or use tobacco products in
areas where allyl alcohol or a solution containing allyl
alcohol is handled, processed, or stored.

STORAGE

Allyl alcohol should be stored in a cool, dry, well-ventilated
area in tightly sealed containers that are labeled in accord-
ance with OSHA 's hazard communication standard [29 CFR
1910.1200]. Outside or detached storage is preferred; inside
storage should be in a standard flammable liquids storage
room that is separated from all oxidizing agents. Storage
facilities and electrical service should be appropriate for this
OSHA Class IB flammable liquid [29 CFR 1910.106]. Con-
tainers of allyl alcohol should be protected from physical
damage and should be stored separately from oxidizing
agents, heat, sparks, and open flame. To prevent static

1992

sparks, containers should be grounded and bonded when this
substance is transferred from one container to another. Only
nonsparking tools may be used to handle allyl alcohol. Be-
cause empty containers that formerly contained allyl alcohol
may contain product residues, they should be handled ap-

propriately.
SPILLS AND LEAKS

In the event of a spill or leak involving allyl alcohol, persons
not wearing protective equipment and clothing should be
restricted from contaminated areas until cleanup is complete.
The following steps should be undertaken following a spill
or leak:

1. Do not touch the spilled material; stop the leak if it is
possible to do so without risk.

2. Notify safety personnel.
3. Remove all sources of heat and ignition.
4. Ventilate potentially explosive atmospheres.

5. Use water spray to reduce vapors if the spill or leak has
not ignited.

6. Absorb small spills with vermiculite, sand, or other non-
combustible materials and place the material in a covered
container for later disposal.

7. For large liquid spills, build dikes far ahead of the spill to
contain the allyl alcohol for later reclamation or disposal.

SPECIAL REQUIREMENTS

U.S. Environmental Protection Agency (EPA) requirements
for emergency planning, reportable quantities of hazardous
releases, community right-to-know, and hazardous waste
management may change over time. Users are therefore
advised to determine periodically whether new information
is available.

®* Emergency planning requirements

If 1,000 1b or more of allyl alcohol is present at a facility, the
owner of operator must comply with EPA’s emergency
planning requirements [40 CFR 355.30].

¢ Reportable quantity requirements for hazardous
releases

A hazardous substance release is defined by EPA as any
spilling, pumping, pouring, emitting, emptying, discharging,
injecting, escaping, leaching, dumping, or disposing of
hazardous substances into the environment (including the
abandonment or discarding of contaminated containers). In
the event of a release that is equal to or greater than the
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reportable quantity for that chemical, employers are required
by EPA regulation resulting from the Comprehensive En-
vironmental Response, Compensation, and Liability Act
(CERCLA) [40 CFR 355.40] to notify the proper Federal,
State, and local authorities.

The reportable quantity for allyl alcohol is 100 Ib. If an
amount equal to or greater than this quantity is released
within a 24-hr period in a manner that will expose persons
outside the facility, employers are required to do the follow-
ing:

—Notify the National Response Center immediately at
(800) 424-8802 or at (202) 426-2675 in Washington,
D.C. [40 CFR 302.6).

—Notify the emergency response commission of the State
likely to be affected by the release [40 CFR 355.40].

—Notify the community emergency coordinator of the local
emergency planning committee (or relevant local emer-
gency response personnel) of any area likely to be affected
by the release [40 CFR 355.40].

¢ Community right-to-know requirements

Employers are not required by Section 313 of the Superfund
Amendments and Reauthorization Act (SARA) [42 USC
11022] to submit a Toxic Chemical Release Inventory Form
(Form R) to EPA reporting the amount of allyl alcohol
emitted or released from their facility annually.

¢ Hazardous waste management requirements

EPA considers waste to be hazardous if it exhibits any of the
following characteristics: ignitability, corrosivity, reac-
tivity, or toxicity as defined in 40 CFR 261.21-261.24. Allyl
alcohol is listed as a hazardous waste under the Resource
Conservation and Recovery Act (RCRA) [40 USC 6901 et
seq.] and has been assigned EPA Hazardous Waste
No. P005. This substance has been banned from land dis-
posal and may be treated by fuel substitution or incineration.
Allyl alcohol may also be disposed of in an organometallic
or organic lab pack that meets the requirements of 40 CFR
264.316 or 265.316.

Providing detailed information about the removal and dis-
posal of chemicals is beyond the scope of this guideline.
The U.S. Department of Transportation, EPA, and State and
local regulations should be followed to ensure that removal,
transport, and disposal of ally] alcohol are conducted in
accordance with existing regulations. -To be certain that
chemical waste disposal meets EPA regulatory require-
ments, employers should address any questions to the RCRA
hotline at (800) 424-9346 or at (202) 382-3000 in
Washington, D.C. In addition, relevant State and local
authorities should be contacted for information about their
requirements for waste removal and disposal.

6 Allyl Aleohol

RESPIRATORY PROTECTION

® Conditions for respirator use

Good industrial hygiene practice requires that engineering
controls be used where feasible to reduce workplace con-
centrations of hazardous substances to the prescribed ex-
posure limit. However, some situations may require the use
of respirators to control exposure. Respirators must be worn
if the ambient concentration of allyl alcohol exceeds
prescribed exposure limits. Respirators may be used
(1) before engineering controls have been installed,
(2) during work operations such as maintenance or repair
activities that involve unknown exposures, (3) during opera-
tions that require entry into tanks or closed vessels, and
(4) during emergencies. Workers should use only respirators
that have been approved by NIOSH and the Mine Safety and
Health Administration (MSHA).

¢ Respiratory protection program

Employers should institute a complete respiratory protection
program that, at a minimum, complies with the requirements
of OSHA’s respiratory protection standard [29 CFR
1910.134]. Such a program must include respirator selec-
tion, an evaluation of the worker’s ability to perform the work
while wearing a respirator, the regular training of personnel,
fit testing, periodic workplace monitoring, and regular
respirator maintenance, inspection, and cleaning. The im-
plementation of an adequate respiratory protection program
(including selection of the correct respirator) requires that a
knowledgeable person be in charge of the program and that
the program be evaluated regularly. For additional informa-
tion about the selection and use of respirators and the medical
screening of respirator users, consult the NIOSH Respirator
Decision Logic [NIOSH 1987b] and the NIOSH Guide to
Industrial Respiratory Protection [NIOSH 1987a].

PERSONAL PROTECTIVE EQUIPMENT

Because allyl alcohol can be absorbed through the skin in
lethal amounts, protective clothing should be womn to prevent
skin contact. Chemical protective clothing should be
selected on the basis of available performance data, manu-
facturers’ recommendations, and evaluation of the clothing
under actual conditions of use. The following materials have
been tested against permeation by allyl alcchol and have
demonstrated good-to-excellent resistance: butyl rubber,
Viton®, and Teflon®. Both butyl rubber and Teflon may
provide more than 8 hr of resistance to permeation by allyl
alcohol. Neoprene, natural rubber, and polyvinyl alcohol
have demonstrated poor resistance to permeation by allyl
alcohol.

Safety glasses, goggles, or face shields should be wom
during operations in which allyl alcohol might contact the
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eyes (e.g., through splashes of solution). Eyewash fountains
and emergency showers should be available within the im-
mediate work area whenever the potential exists for eye or
skin contact with allyl alcohol. Contact lenses should not be
worn if the potential exists for allyl alcohol exposure.
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE
FOR ALLYL CHLORIDE

INTRODUCTION

This guideline summarizes pertinent information about allyl
chloride for workers and employers as well as for physicians,
industrial hygienists, and other occupational safety and
health professionals who may need such information to
conduct effective occupational safety and health programs.
Recommendations may be superseded by new developments
in these fields; readers are therefore advised to regard these
recommendations as general guidelines and to determine
periodically whether new information is available.

SUBSTANCE IDENTIFICATION

¢ Formula

CH,Cl
* Structure

CH,~= CHCH,Cl
¢ Synonyms

3-Chloropropene, 1-chioro-2-propene, a-chloropropylene,
chlorallylene, 3-chloropene, 3-chloro-1-propene,
3-chloropropylene, 2-propenyl chloride

¢ Identifiers

1. CAS No.: 107-05-1

2. RTECS No.: UC7350000

3. DOT UN: 110057

4. DOT labels: Flammable Liquid, Poison

¢ Appearance and odor

Allyl chloride is a colorless, yellow, or purple liquid with an
unpleasant, garliclike odor. The odor threshold is reported
to be 0.47 part per million (ppm) parts of air.

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical data
1. Molecular weight: 76.5

2. Boiling point (at 760 mun Hg): 44° to 45°C (111.2° to
113°F)

3. Specific gravity (water = 1): 0.94

4. Vapor density (air = 1 at boiling point of ally! chloride):
2.6

5. Melting point: ~134.5°C (-209°F)

6. Vapor pressure at 20°C (68°F): 295 mm Hg

7. Solubility: Slightly soluble in water; miscible with al-
cohol, chloroform, ether, and petroleum ether

8. Evaporation rate (butyl acetate = 1): Approximately 7
¢ Reactivity

1. Conditions contributing to instability: Violent polymeriza-
tion and explosions may occur when allyl chloride is heated
or comes into contact with acid catalysts, ferric chloride,
aluminum chioride, Lewis acids, or Ziegler-type initiators,

2. Incompatibilities: Fires and explosions may result from
contact of allyl chloride with ethylene diamine, ethyleneimine,
oleum, chlorosulfonic acid, or with benzene or toluene in the
presence of ethyl aluminum dichloride or ethyl aluminum
sesquichloride.

3. Hazardous decomposition products: Toxic gases and
vapors (such as hydrogen chloride, phosgene, and carbon
monoxide) may be released in a fire involving allyl chloride.

4. Special precautions: Allyl chloride attacks some coatings
and some forms of plastic and rubber. This substance is also
highly corrosive to steel.

¢ Flammability

The National Fire Protection Association has assigned a
flammability rating of 3 (severe fire hazard) to allyl chloride.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service Centers for Disease Control
National Institute for Occupational Satety and Health

Division of Standards Development and Technology Transfar

U.S, DEPARTMENT OF LABOR
Occupational Safety and Health Administration
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1. Flash point: -31.7°C (-25°F) (closed cup)
2. Autoignition temperature: 391°C (737°F)

3. Flammable limits in air (% by volume): Lower, 3.3;
upper, 11.1

4. Extinguishant: Use carbon dioxide, dry chemical, or
alcohol foam to extinguish fires involving allyl chloride; do
not use a solid stream of water because the stream will scatter
and spread the fire.

Fires involving allyl chloride should be fought upwind and
from the maximum distance possible, Isolate the hazard area
and deny access to unnecessary personnel. Emergency per-
sonnel should stay out of low areas and ventilate closed
spaces before entering. Vapor explosion and poison hazards
may occur indoors, outdoors, or in sewers. Vapors may
travel to a source of ignition and flash back. Containers of
allyl chloride may explode in the heat of the fire and should
be moved from the fire area if it is possible to do so safely.
If this is not possible, cool containers from the sides with
water until well after the fire is out. Stay away from the ends
of containers. Personnel should withdraw immediately if
they hear a rising sound from a venting safety device or if a
cylinder becomes discolored as a result of fire. Dikes should
be used to contain fire-control water for later disposal. If a
tank car or truck is involved in a fire, personnel should
isolate an area of a half mile in all directions. Firefighters
should wear a full set of protective clothing (including a
self-contained breathing apparatus) when fighting fires in-
volving allyl chloride. Chemical protective clothing that is
specifically recommended for allyl chloride may not provide
thermal protection unless so stated by the clothing manufac-
turer. Firefighters® protective clothing may not provide
protection against permeation by allyl chloride.

EXPOSURE LIMITS

* OSHA PEL

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for aliyl chloride
is 1 ppm (3 mg/m>) as an 8-hr time-weighted average (TWA)
concentration and 2 ppm (6 mg/ms) as a short-term exposure
limit (STEL). A STEL is a 15-min TWA exposure that
should not be exceeded at any time during a workday [29
CFR 1910.1000, Table Z-1-Al.

¢ NIOSH REL

The Naticnal Institute for Occupational Safety and Health
(NIOSH) has established a recommended exposure limit
(REL) of 1 ppm (3 mg{mz) as a TWA for an 8-hr workshift
and a 40-hr workweek and 2 ppm (6 mg/m°) as a STEL
[NIOSH 1988].

2 Allyl Chloride

s ACGIH TLV®

The American Conference of Governmental Industrial
Hygienists (ACGIH) has assigned allyl chloride a threshold
limit value (TLV) of 1 ppm (3 mg(ma) asa TWA foranormal
8-hr workday and a 40-hr workweek and a STEL of 2 ppm
(6 mgfm>) for periods not to exceed 15 min. The TLV also
bears a “Skin™ notation, which indicates that the cutaneous
route of exposure (including mucous membranes and eyes)
contributes to overexposure [ACGIH 1991b].

¢ Ratjonale for limits

The limits are based on the risk of liver and kidney damage,
and neuropathic effects associated with exposure to allyl
chloride. The TLV also recommends a “Skin” notation;
however, the TLV Committee has solicited quantitative data
to serve as a basis for further evaluating the need for a “Skin”
notation [ACGIH 1991a].

HEALTH HAZARD INFORMATION

¢ Routes of exposure

Exposure to allyl chloride can occur through inhalation,
ingestion, skin absorption, and eye or skin contact.

¢ Summary of toxicology

1. Effects on Animals: Allyl chloride is an irritant of the
eyes, mucous membranes, and skin in animals; chronic ex-
posure causes liver, kidney, lung, and nervous system
damage. When instilled into the eyes of rabbits, allyl
chloride caused damage rated as 2 on an ascending severity
scale of 1 to 10 [Grant 1986). Prolonged contact of allyl
chloride with the skin causes moderate irritation [Clayton
and Clayton 1981; NIOSH 1991]. The maximum acute
allyl chloride exposures survived by rats were 29,300 ppm
for 15 min, 2,900 ppm for 1 hr, and 290 ppm for 3 hr [NLM
1992]. Mice and rats have also survived 6-hr acute exposures
of 800 ppm but not 1,000 to 2,000 ppm. The no-effect level
in rats was 200 ppm, and dose-related kidney damage was
induced in mice and rats exposed to 2500 and 3(X}, respec-
tively [ACGIH 1991a]. One of six rats died following an
acute 4-hr exposure of 2,000 ppm [Smyth and Carpenter
1948]. The 2-hr LCs, was 3,514 ppm in rats and 3,674 ppm in
mice. The target organs of toxicity were the liver, kidneys,
nervous system, and lungs [ACGIH 1991a). Ratsexposed to
16,000 ppm for 2 hr developed eye and nose irritation,
weakness, incoordination, drowsiness, and dyspnea before
death. Histopathology at autopsy revealed pulmonary
hemorrhage, severe kidney damage, and mild liver injury
[Proctor et al. 1988]. Tissue bums and pulmonary edema
may develop on a delayed basis [NLM 1992]. The dermal
LDy, in rabbits is 2,063 mg/kg [Smyth and Carpenter 1948].
In prolonged contact with the skin, allyl chloride caused
moderate irritation (Grant 1986]. The oral LDgg in rats is
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700 mg/kg [Smyth and Carpenter 1948]. Rats, guinea pigs,
rabbits, and dogs exposed to allyl chloride at 8 ppm for
7 hrfday for 1 month were asymptomatic but had liver and
kidney nectrosis at autopsy [Clayton and Clayton 1981].
When these animals were exposed at 3 ppm on the same
regimen for 6 months, no exposure-related effects were seen
at autopsy (except for reversible liver effects in female rats)
[Clayton and Clayton 1981]. Allyl chloride was neurotoxic
in multiple species by inhalation, gavage, and parenteral
routes of administration. The neurotoxicity has been clas-
sified as a degenerative central-peripheral distal axonopathy
{ACGIH 1991a]. Allyl chloride was embryotoxic and had
developmental effects in rats and mice exposed by inhala-
tion, or by oral or intraperitoneal routes of administration
[NIOSH 1991]. Allyl chloride was fetotoxic in rats exposed
to 300 ppm, but not in rats exposed to 30 ppm. The chemical
was not fetotoxic in rabbits or embryotoxic or teratogenic in
rats or rabbits following inhalation of 30 or 300 ppm for
7 hr/day on gestation days 6 to 15 (rats) or 6 to 18 (rabbits)
[NLM 1992]. Allyl chloride is mutagenic in Salmonelln
typhimurium and induces gene conversions in Sac-
charomyces cerevisiae [NLM 1992]. It has also been tested
for carcinogenicity in mice by several routes of exposure:
gavage, skin application, and intraperitoneal injection. A
nonsignificant increase in metastasizing squamous cell car-
cinomas was noted in the forestomachs of mice treated by
gavage with doses ranging from 129 to 258 mg/kg. No skin
tumors resulted from repeated skin applications; however,
allyl chloride acted as an initiator in mice receiving single
dermal applications in two-stage carcinogenesis assays.
Mice given intraperitoneal injections of allyl chloride
showed a significant increase in the incidence of lung
adenomas [IARC 1985]. Rats treated by gavage with doses
ranging from 55 to 71 mg/kg showed no increase in the
incidence of turnors {IARC 1985]. On the basis of these
studies, the International Agency for Research on Cancer
(IARC) has concluded that there is insufficient evidence that
allyl chloride is a carcinogen in treated animals [TARC 1985].

2. Effects on Humans: Allyl chloride is an irritant of the
eyes, mucous membranes, upper respiratory tract, and
skin in humans. Exposure to 25 ppm causes nasal irritation;
50 to 100 ppm causes eye irritation; and concentrations
greater than these result in eye pain, conjunctivitis, sen-
sitivity to light, and corneal burns [Grant 1986; Clayton and
Clayton 1981; NLM 1992]. Exposure to saturated vapors for
a few minutes can be life-threatening [NLM 1992],
Prolonged skin contact may cause a painful sensation
described as a deep “bone ache” [Clayton and Clayton 1981].
Other signs and symptoms of chronic exposure have in-
cluded headache, dizziness, vertigo, nausea, vomiting,
proteinuria, hematuria, electrolyte elevations, increased
glomerular filtration rates, severe kidney injury, and
polyneurcpathies [NLM 1992). Workers exposed to concen-
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trations of allyl chloride above 3 mg]m3 {1 ppm) demon-
strated evidence of kidney dysfunction; exposures to un-
specified concentrations were reported to impart a garlic
odor to the breath and skin of exposed workers and to alter
the results of their liver function tests [Clayton and
Clayton 1981]. Exposed female workers had decreased
maximum ventilatory capacities [NLM 1992]. Workers
exposed to allyl chloride concentrations ranging from 1 to
113 ppm for 16 months showed clinical signs of reversible
liver damage as these signs subsided following cessation
of exposure [IARC 1985]. Weakness, paresthesia, numb-
ness, and distal neuropathy have been seen in chronically
exposed workers; removal from exposure caused a rever-
sal of their neurotoxic signs and symptoms [ACGIH
1991al.

® Signs and symptoms of exposure

1. Acute exposure: Exposure to allyl chloride can cause
irritation of the eyes, with redness, pain, conjunctivitis, cor-
neal burns, and a sensitivity to light that may not be
manifested for several hours after exposure; irritation of the
upper respiratory tract, with coughing, difficult breathing,
and delayed-onset pulmonary edema; and redness and irrita-
tion of the skin.

2. Chronic exposure: Exposure to allyl chloride can cause
irritation of tissues including the respiratory tract mucosa,
photophobia, headache, dizziness, vertigo, nausea, vomiting,
dyspnea, deep bone or muscle pain caused by prolonged skin
contact, and numbness, weakness, and tingling or prickly
sensations in the hands and feet.

¢ Emergency procedures

Keep unconscious victims warm and on their sides to avoid
choking if vomiting occurs. Initiate the following emergen-
cy procedures:

I. Eye exposure: Tissue irritation may result from exposure
to concentrated solutions, vapors, mists, or aerosols of allyl
chloride. Fmmediately and thoroughly flush eyes with large
amounts of water, occasionally lifting the upper and lower
eyelids.

2. Skin exposure: Skin irritation may result. Immediately
remove contaminated clothing and theroughly wash con-
taminated skin with soap and water.
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3. Inhalation exposure: If vapors, mists, or aerosols of allyl
chloride are inhaled, move the victim to fresh air immedi-
ately,

If the victim is not breathing, clean any chemical contamina-
tion from the victim’s lips and perform cardiopulmonary
resuscitation (CPR); if breathing is difficult, give oxygen.

4. Ingestion exposure: Take the following steps if allyl
chloride or a solution containing it is ingested:

—Have the victim rinse the contaminated mouth cavity
several times with a fluid such as water,

—Have the victim drink a glass (8 oz) of fluid such as water.

—Induce vomiting by giving syrup of ipecac as directed on
the package. If ipecac is unavailable, have the victim
touch the back of the throat with a finger until productive
vomiting ceases.

—Do not force an unconscious or convulsing person to drink
fluid or to vomit.

5. Rescue: Remove an incapacitated worker from further
exposure and implement appropriate emergency procedures
(e.g., those listed on the material safety data sheet required
by OSHA’s hazard communication standard [29 CFR
1910.1200]). All workers should be familiar with emergen-
¢y procedures and the location and proper use of emergency
equipment.

EXPOSURE SOURCES AND CONTROL
METHODS

The following operations may involve allyl chloride and may
result in worker exposures to this substance:

—Manufacture of glycerin, epichlorohydrin, allyl alcohol,
allyl amines, allyl silanes, allyl ethers of starch, and 1,2,3-
trichloropropane; pharmaceuticals; polymers, plastics,
and resins; perfumes; and insecticides

—Use of allyl chloride as a catalyst and modifier in the
production of resins

—Use of allyl chloride in the production of barbiturates and
hypnotic agents

The following methods are effective in controlling worker
exposures to allyl chloride, depending on the feasibility of
implementation:

—Process enclosure
—Local exhaust ventilation
—General dilution ventilation

—Personal protective equipment

4 Allyl Chloride

Good sources of information about control methods are as
follows:

1. ACGIH [1992]. Industrial ventilation—a manual of
recommended practice. 21st ed. Cincinnati, OH: American
Conference of Governmental Industrial Hygienists.

2. Burton DJ [1986]. Industrial ventilation—a self study
companion. Cincinnati, OH: American Conference of
Governmental Industrial Hygienists.

3. Alden JL, Kane JM [1982]. Design of industrial ventila-
tion systems. New York, NY: Industrial Press, Inc.

4. Wadden RA, Scheff PA [1987]. Engineering design for
control of workplace hazards. New York, NY: McGraw-
Hill.

5. Plog BA [1988]. Fundamentals of industrial hygiene.
Chicago, IL: National Safety Council.

MEDICAL MONITORING

Workers who may be exposed to chemical hazards should be
monitored in a systematic program of medical surveillance
that is intended to prevent occupational injury and disease.
The program should include education of employers and
workers about work-related hazards, placement of workers
in jobs that do not jeopardize their safety or health, early
detection of adverse health effects, and referral of workers
for diagnosis and treatment. The occurrence of disease or
other work-related adverse health effects should prompt
immediate evaluation of pritnary preventive measures (e.g.,
industrial hygiene monitoring, engineering controls, and per-
sonal protective equipment). A medical monitoring program
is intended to supplement, not replace, such measures. To
place workers effectively and to detect and control work-
related health effects, medical evaluations should be per-
formed (1) before job placement, (2) periodically during the
term of employment, and (3) at the time of job transfer or
termination.

® Preplacement medical evaluation

Before a worker is placed in a job with a potential for
exposure to allyl chloride, a licensed health care professional
should evaluate and document the worker's baseline bealth
status with thorough medical, environmental, and occupa-
tional histories, a physical examination, and physiologic and
laboratory tests appropriate for the anticipated occupational
risks. These should concentrate on the function and integrity
of the eyes, liver, kidneys, and respiratory system. Medical
monitoring for respiratory disease should be conducted using
the principles and methods recommended by the American
Thoracic Society [ATS 1987].

A preplacement medical evaluation is recommended to as-
sess an individual’s suitability for employment at a specific
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job and to detect and assess medical conditions that may be
aggravated or may result in increased risk when a worker is
exposed to allyl chloride at or below the prescribed exposure
limit. The licensed health care professional should consider
the probable frequency, intensity, and duration of exposure
as well as the nature and degree of any applicable medical
condition. Such conditions (which should not be regarded
as absolute contraindications to job placement) include a
history and other findings consistent with chronic eye,
respiratory, liver, or kidney abnormalities.

® Periodic medical examinations and biological
monitoring

Occupational health interviews and physical examinations
should be performed at regular intervals during the employ-
ment period, as mandated by any applicable Federal, State,
or local standard. Where no standard exists and the hazard
is minimal, evaluations should be conducted every 3 to
5 years or as frequently as recommended by an experienced
occupational health physician. Additional examinations
may be necessary if a worker develops symptoms at-
tributable to allyl chloride exposure. The interviews, ex-
aminations, and medical screening tests should focus on
identifying the adverse effects of allyl chloride on the eyes,
liver, kidneys, and respiratory system. Current health status
should be compared with the baseline health status of the
individual worker or with expected values for a suitable
reference population.

No biological monitoring test acceptable for routine use has
yet been developed for allyl chloride.

® Medical examinations recommended at the time of
job transfer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic or
laboratory tests that were conducted at the time of job place-
ment should be repeated at the time of job transfer or termina-
tion. Any changes in the worker’s health status should be
compared with those expected for a suitable reference
population. Because occupational exposure to allyl chloride
may cause diseases with prolonged latent periods, the need
for medical monitoring may extend well beyond the termina-
tion of employment.

WORKPLACE MONITORING AND
MEASUREMENT

A worker’s exposure to airborne allyl chloride is determined
by using coconut shell charcoal tubes (100/50-mg sections,
20/40 mesh). Samples are collected at a maximum flow rate
of 1.0 liter/min until a maximurm air volume of 100 liters is
collected. The sample is then treated either with benzene or
a mixture of carbon disulfide/dimethylformamide (99:1) to
extract the allyl chloride. Analysis is conducted by gas
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chromatography using a flame ionization detector. The limit
of detection for this procedure is 0.01 mg per sample. This
method is described in Method No. 1000 of the NIOSH
Manual of Analyrical Merhods [NIOSH 1984].

PERSONAL HYGIENE

If allyl chloride contacts their skin, workers should immedi-
ately wash the affected areas with soap and water.

Clothing and shoes contaminated with allyl chloride should
be removed immediately, and provisions should be made for
safely removing this chemical from these articles. Persons
laundering contaminated clothing should be informed about
the hazardous properties of allyl chloride, particularly its
potential to be irritating to and absorbed by the skin.

A worker who handles ally!l chlotide should thoroughly wash
hands, forearms, and face with soap and water before eating,
using tobacco products, or using toilet facilities.

‘Workers should not eat, drink, or use tobacco products in
arcas where allyl chloride or a solution containing allyl
chloride is handled, processed, or stored.

STORAGE

Allyl chloride should be stored in a cool, dry, well-ventilated
area in tightly sealed containers that are labeled in accord-
ance with OSHA s hazard communication standard [29 CFR
1910.1200]. The storage area must meet OSHA require-
ments for Class IB flammable liquids [29 CFR 1910.106].
Containers of allyl chloride should be protected from physi-
cal damage and should be separated from incompatible
chemicals, heat, sparks, and open flame. To prevent static
sparks, metal containers and equipment used to transfer allyl
chloride must be grounded and bonded. Because empty
containers may still hold allyl chloride residues, they should
be handled appropriately.

SPILLS AND LEAKS

In the event of a spill or leak involving allyl chloride,
persons not wearing protective equipment and clothing
should be restricted from contaminated areas until cleanup is
complete. The following steps should be undertaken follow-
ing a spill or leak:

1. Do not touch the spilled material; stop the leak if it is
possible to do so without risk.

2. Notify safety personnel.
3. Remove all sources of heat and ignitien.
4. Ventilate potentially explosive atmospheres.

5. Use water spray to reduce vapors, but do not use water
spray to prevent ignition in closed spaces.
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6. Prohibit contact with the material unless personnel are
wearing fully effective personal protective equipment.

7. Absorb small liguid spills with sand or other noncombus-
tible absorbent material and place the material in a covered
container for later disposal.

8. Dike far ahead of large liquid spills for later disposal.

SPECIAL REQUIREMENTS

U.S. Environmental Protection Agency (EPA) requirements
for emergency planning, reportable quantities of hazardous
releases, community right-to-know, and hazardous waste
management may change over time. Users are therefore
advised to determine periodically whether these require-
ments have been changed.

¢ Emergency planning requirements

Ally! chloride is not subject to EPA emergency planning
requirements under the Superfund Amendments and
Reauthorization Act (SARA) [42 USC 11022].

* Reportable quantity requirements for hazardous
releases

A hazardous substance release is defined by EPA as any
spilling, pumping, pouring, emitting, emptying, discharging,
injecting, escaping, leaching, dumping, or disposing of haz-
ardous substances into the environment (including the aban-
donment or discarding of contaminated containers). In the
event of a chemical release that is equal to or greater than the
reportable quantity for that chemical, employers are required
by the Comprehensive Environmental Response, Compen-
sation, and Liability Act (CERCLA) [40 CFR 355.40] to
notify the proper Federal authorities.

The reportable quantity for allyl chloride is 1,000 1b, If an

amount equal to or greater than this quantity is released

within a 24-hr period in a manner that will expose persons

outside the facility, employers are required to do the follow-

ing:

—Notify the National Response Center immediately at
(800) 424-8802 or at (202) 426-2675 in Washington, D.C.
[40 CFR 302.61.

—Notify the emergency response commission of the State
likely to be affected by the release [40 CFR 355.40].

—Notify the community emergency coordinator of the local
emergency planning committee (or relevant local emer-
gency response personnel) of any area likely to be affected
by the release [40 CFR 355.40].

¢ Community right-to-know requirements

Employers who own or operate facilities in SIC codes 20 to
39, who employ 10 or more workers, and who manufacture
25,000 1b or more or otherwise use 10,000 Ib or more of allyl

6 Allyl Chiloride

chloride per calendar year are required by EPA [40 CFR
372.30] to submit a Toxic Chemical Release Inventory Form
{Form R) to EPA reporting the amount of allyl chloride
emitted or released from their facility annually.

¢ Hazardous waste management requirements

EPA considers a waste to be hazardous if it exhibits any of
the following characteristics: ignitability, corrosivity, reac-
tivity, or toxicity as defined in 40 CFR 261.21-261.24. Al-
though allyl chloride is not specifically listed as a hazardous
waste under the Resource Conservation and Recovery Act
(RCRA) [40 USC 6901 et seq.], EPA requires employers to
treat waste as hazardous if it exhibits any of the charac-
teristics discussed above.

Providing detailed information about the removal and dis-
posal of specific chemicals is beyond the scope of this
guideline. The U.S. Department of Transportation, EPA,
and State and local regulations should be followed to ensure
that removal, transport, and disposal of this substance are
conducted in accordance with existing regulations. To be
certain that chemical waste disposal meets EPA regulatory
requirements, employers should address any questions to the
RCRA hotline at (800) 424-9346 or at (202) 382-3000 in
Washington, D.C. In addition, relevant State and local
authorities should be contacted for information about their
requirements for waste removal and disposal.

RESPIRATORY PROTECTION

® Conditions for respirator use

Good industrial hygiene practice requires that engineering
controls be used where feasible to reduce workplace con-
centrations of hazardous materials to the prescribed exposure
limit. However, some situations may require the use of
respirators to control exposure. Respirators must be worn if
the ambient concentration of allyl chloride exceeds prescribed
exposure limits. Respirators may be used (1) before engineer-
ing controls have been installed, (2) during work operations
such as maintenance or repair activities that involve un-
known exposures, (3) during operations that require entry
into tanks or closed vessels, and (4) during emergencies.
Workers should use only respirators that have been approved
by NIOSH and the Mine Safety and Health Administration
(MSHA).

¢ Respiratory protection program

Employers should institute a complete respiratory protection
program that, at a minitnum, complies with the requirements
of OSHA’s respiratory protection standard [29 CFR
1910.134). Such a program must include respirator selec-
tion, an evaluation of the worker’s ability to perform the work
while wearing a respirator, the regular training of personnel,
fit testing, periodic workplace monitoring, and regular
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respirator maintenance, inspection, and cleaning. The im-
plementation of an adequate respiratory protection program
(including selection of the correct respirator) requires that a
knowledgeable person be in charge of the program and that
the program be evaluated regularly. For additional informa-
tion on the selection and use of respirators and on the medical
screening of respirator users, consult the NIOSH Respirator
Decision Legic [NIOSH 1987b] and the NIOSH Guide 10
Industrial Respiratory Protection [NIOSH 1987a).

PERSONAL PROTECTIVE EQUIPMENT

Protective clothing (gloves, face shields, aprons, boots, and
body-covering clothing) should be worn to prevent skin
contact with allyl chloride. Chemical protective clothing
should be selected on the basis of available performance data,
manufacturers’ recommendations, and evaluation of the
clothing under actual conditions of use. Polyvinyl alcohol
and Teflon® have been tested against permeation by allyl
chloride and have demonstrated breakthrough times of 1 to
4 hr. Buty! rubber, natural rubber, polyviny! chloride, and
Viton® have demonstrated poor resistance to permeation by
allyl chloride.

If allyl chloride is dissolved in water or an organic solvent,
the permeation properties of both the solvent and the mixture
must be considered when selecting personal protective
equipment and clothing.

Safety glasses, gas-tight goggles, or face shields should be
worn during operations in which allyl chloride might contact
the eyes (e.g., through splashes of solution); face shields
alone, however, are not adequate for eye protection.
Eyewash fountains and emergency showers should be avail-
able within the immediate work area whenever the potential
exists for eye or skin contact with allyl chloride. Contact
lenses should not be wom if the potential exists for aliyl
chloride exposure.
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR
ALLYL GLYCIDYL ETHER

INTRODUCTION

This guideline summarizes pertinent information about allyl
ghycidyl ether (AGE) for workers, employers, and occupational
safety and health professionals who may need such informa-
tion to conduct effective occupational safety and health pro-
grams. Recommendations may be superseded by new
developments in these fields; therefore, readers are advised to
regard these recommendations as general guidelines.

SUBSTANCE IDENTIFICATION

* Formula: C,H,,0,
* Structure: CH2=CHCH20CHZCH\—§HZ

* Synonyms: AGE; allyl 2,3-epoxypropyl ether; I-(allyloxy)-
2,3-epoxypropane; ((2-propenyloxy)methyl)-oxirane

* Identifiers: CAS 106-92-3; RTECS RR0O875000; DOT 2219,
label required: “‘Flammable Liguid”

¢ Appearance and odor: Colorless liquid with a sweet odor

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical data

1. Molecular weight: 114.16

2. Boiling point (at 760 mmHg): 154°C (309°F)

3. Specific gravity (water = 1}: 0.97

4. Vapor density (air = 1 at boiling point of AGE): 3.32

5. Melting point: -100°C (-148 °F)

6. Vapor pressure at 25°C (77°F): 4.7 mmHg

7. Solubility in water, g/100 g water at 20°C {68°F): 4.1

8. Saturation concentration in air (approximate) at 25°C
(77°F): 0.62% (6,200 ppm)

* Reactivity

1. Incompatibilities: Contact with strong oxidizers may cause
fires and explosions. AGE should not be exposed to light or
air because explosive peroxides may be formed.

2. Hazardous decomposition products: Toxic vapors and gases
(e.g.. carbon monoxide) may be released in a fire involving
AGE.

3. Caution: AGE will cause some forms of plastics, coatings,
and rubber to deteriorate.

* Flammability
1. Flash point: 57.2°C (135°F) (open cup)
2. Extinguishant: Dry chemical, carbon dioxide, or alcohol

foam
3. Class II Combustible Liquid (29 CFR 19i0.106)

¢ Warning properties

1. Odor threshold: 10 ppm

2. Evaluation of warning properties for respirator selection:
Because of the lack of odor or irritant effects at concentrations
beiow the National Institute for Occupational Safety and Health
{NIOSH) recommended exposure limit (REL), AGE is treat-
ed as a chemical with poor warning properties.

EXPOSURE LIMITS

The current Occupational Safety and Health Administration
{OSHA) permissible exposure limit (PEL) for AGE is 10 parts
of AGE per million parts of air (ppm) [45 milligrams of AGE
per cubic meter of air (mg/m?)] as a ceiling concentration
which shall at no time be exceeded. The NIOSH REL is 9.6
ppm (45 mg/m?®) as a ceiling concentration determined in any
15-minute sampling period. The American Conference of
Governmental Industrial Hygienmsts (ACGIH) threshold limit
value (TLV®) is 5 ppm (22 mg/m?) (Skin) as a time-weighted
average (TWA) concentration for a normal 3-hour workday and
a 40-hour workweek; the ACGIH short-term exposure limit
(STEL) 1s 10 ppm (44 mg/m?) (Skin). The notation *'Skin"
refers to the potential contribution to overall exposure by the
cutaneous route including mucous membranes and eyes
(Table 1.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES

Public Health Service

Centers for Disease Control

National Institute for Occupational Safety and Health
Division of Standards Development and Technology Transfer
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Table 1.—Occupational exposure limits
for allyl glycidyl ether

Exposure limits

ppm mg/m’
OSHA PEL ceiling 10 45
NIOSH REL ceiling {15 min) 9.6 45
ACGIH TLV® TWA (Skin)* 5 22
STEL (Skin) 10 44

* (Skin): Potential contribution to overall exposure by the
cutaneous route including mucous membranes and eyes.

HEALTH HAZARD INFORMATION

¢ Routes of exposure
AGE may cause adverse health effects following exposure via
inhalation, ingestion, or dermal or eye contact.

¢ Summary of toxicology

Effects on animals: In mice and rats, acute inhalation or oral
administration of AGE caused tearing, nasal discharge, dysp-
nea (breathing difficuity), narcosis, and death (due to pulmo-
nary edema and central nervous system depression); acute
intramuscular injection in rats produced testicular degenera-
tion and toxic effects on the hematopoietic (blood-cell-forming)
systems, including decreased leukocyte counts and atrophy of
lymphoid tissue. Subchronic inhalation of AGE by rats caused
central nervous system depression, reduction in weight gain,
corneal opacity, pneumonia, emphysema, and enlarged adrenal
glands. AGE was mutagenic in bacterial test systems.

* Signs and symptoms of exposure

1. Short-term (acute): Exposure to AGE can cause moderate
irritation of the skin and severe irritation of the eyes and respira-
tory tract.

2. Long-term (chronic): Exposure to AGE can cause dermati-
tis with itching, swelling, and blisters. Skin sensitization to
AGE and cross sensitization with other epoxy agents can also
oceur,

RECOMMENDED MEDICAL PRACTICES

* Medical surveillance

Workers with potential exposures to chemical hazards should
be monitored in a systematic program of medical surveillance
intended to prevent or control occupational injury and disease.
The program should include education of employers and work-
ers about work-related hazards, placement of workers in jobs
that do not jeopardize their safety and health, earliest possi-
ble detection of adverse health effects, and referral of workers
for diagnostic confirmation and treatment. The occurrence of
disease (a “‘sentinel health event,” SHE) or other work-related
adverse health effects should prompt immediate evaluation of
primary preventive measures (¢.g., industrial hygiene monitor-
ing, engineering controls, and personal protective equipment).
A medical surveillance program is intended to supplement, not
replace, such measures.

2 Allyl Glycidyl Ether

A medical surveillance program should include systematic col-
lection and epidemiologic analysis of relevant environmental
and biologic monitoring, medical screening, morbidity, and
mortality data. This analysis may provide information about
the relatedness of adverse health effects and occupational ex-
posure that cannot be discerned from results in individual
workers. Sensitivity, specificity, and predictive values of bio-
logic monitoring and medical screening tests should be evalu-
ated on an industry-wide basis prior to application in any given
worker group. Intrinsic 10 a surveillance program is the dis-
semination of summary data to those who need to know, in-
cluding employers, occupational health professionals,
potentially exposed workers, and regulatory and public health
agencies.

¢ Preplacement medical evaluation

Prior to placing a worker in a job with a potential for exposure
to AGE, the physician should evaluate and document the work-
er’s baseline health status with thorough medical, environmen-
tal, and occupational histories, a physical examination, and
physiclogic and laboratory tests appropriate for the anticipa-
ted occupational risks. These should concentrate on the func-
tion and integrity of the eyes, skin, and respiratory, nervous,
hematopoietic, and reproductive systems. Medical surveillance
for respiratory discase should be conducted by using the prin-
ciples and methods recommended by NIOSH and the Ameri-
can Thoracic Society (ATS).

A preplacement medical evaluation is recommended in order
to detect and assess preexisting or concurrent conditions which
may be aggravated or result in increased risk when a worker
is exposed to AGE at or below the NIOSH REL. The examin-
ing physician should consider the probable frequency, inten-
sity, and duration of exposure, as well as the nature and degree
of the condition, in placing such workers. Such conditions,
which should not be regarded as absolute contraindications to
job placement, include a history of chronic skin disease or con-
current dermatitis.

s Periodic medical screening and/or biologic monitoring
Occupational health interviews and physical examinations
should be performed at regular intervals. Additional examina-
tions may be necessary should a worker develop symptoms that
may be attributed to exposure to AGE. The interviews, exami-
nations, and appropriate medical screening and/or biologic
monitoring tests should be directed at identifying an excessive
decrease or adverse trend in the physiologic function of the
eyes, skin, and respiratory, nervous, hematopoietic, and
reproductive systems as compared to the baseline status of the
individual worker or to expected values for a suitable reference
population. The following tests should be used and interpret-
ed according to standardized precedures and evaluation criteria
recommended by NIOSH and the ATS: standardized question-
naires and tests of lung function.

¢ Medical practices recommended at the time of job trans-
fer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic and
laboratory tests which were conducted at the time of placement
should be repeated at the time of job transfer or termination.
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Any changes in the worker’s health status should be compared
to those expected for a suitable reference population.

¢ Sentinel health events

Acute SHE’s include: Contact and/or allergic dermatitis.

MONITORING AND MEASUREMENT
PROCEDURES

* Ceiling concentration evaluation

Measurements to determine worker exposure should be taken
during periods of maximum expected airborne concentrations
of AGE. Each measurement to determine the NIOSH REL
(ceiling exposure) in the worker’s breathing zone (air that most
nearly represents that inhaled by the worker) should consist
of a 15-minute sample or a series of consecutive samples that
total 15 minutes. A minimum of three measurements should
be taken during one workshift, and the highest of all measure-
ments taken is an estimate of the worker’s exposure. If the peri-
ods of maximum exposure are not clearly defined, a statistical
procedure which can be used as a peak exposure detection
strategy is given in the Occupational Exposure Sampling
Strategy Manual.

¢ Method

Sampling and analysis may be performed by collecting AGE
vapors with adsorption tubes of Tenax-GC resin followed by
desorption with diethyl ether and analysis by gas chromatog-
raphy. Detector tubes or other direct-reading devices calibrated
to measure AGE may also be used if available. A detailed sam-
pling and analytical method for AGE may be found in the
NIOSH Manual of Analytical Methods (method number §346).

PERSONAL PROTECTIVE EQUIPMENT

Chemical protective clothing (CPC) should be selected after
utilizing available performance data, consulting with the
manufacturer, and then evaluating the clothing under actual use
conditions.

Workers should be provided with and required to use CPC,
gloves, face shields (8-inch minimum), and other appropriate
protective clothing necessary to prevent skin contact with AGE.

Workers should be provided with and required to use splash-
proof safety goggles where AGE may come in contact with the
eyes.

SANITATION

Clothing which becomes contaminated with AGE should be
removed immediately and placed in closed containers for
storage until it can be discarded or until provision is made for
the removal of AGE from the clothing. f the clothing is to be
laundered or cleaned, the person performing the operation
should be informed of AGE’s hazardous properties.

Change and shower rooms should be provided with separate
locker facilities for street and work clothes.

Skin that becomes contaminated with AGE should be promptly
washed with soap and water.
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The storage, preparation, dispensing, or consumption of food
or beverages, the storage or application of cosmetics, the
storage or smoking of tobacco or other smoking materials, or
the storage or use of products for chewing should be prohibit-
ed in work areas.

Workers who handle AGE should wash their faces, hands, and
forearms thorough!ly with soap and water before eating, smok-
ing, or using toilet facilities.

COMMON OPERATIONS AND CONTROLS

Common operations in which exposure to AGE may occur and
control methods which may be effective in each case are list-
ed in Table 2.

Table 2.—Operations and methods of
control for allyl glycidyl ether

Operations

Controls

During use as a reactive
diluent in formulation of
epoxy resins

During use as a copolymer
for vulcanization of rubber,
surface coatings, and epoxy
resins

Local exhaust ventilation,
general dilution ventilation,
personal protective equip-
ment

Local exhaust ventilation,
general dilution ventilation,
personal protective equip-
ment

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, remove the victim from further
exposure, send for medical assistance, and initiate emergen-
cy procedures.

* Eye exposure

Where there is any possibility of a worker’s eyes being exposed
to AGE, an eye-wash fountain should be provided within the
immediate work area for emergency use.

If AGE gets into the eyes, flush them immediately with large
amounis of water for {5 minutes, lifting the lower and upper
lids occasionally. Get medical attention as soon as possible.
Contact lenses should not be worn when working with this
chemical.

¢ Skin exposure

Where there is any possibility of a worker’s body being exposed
to AGE, facilities for quick drenching of the body should be
provided within the immediate work area for emergency use.

If AGE gets on the skin, wash it immediately with soap and
water. If AGE penetrates the clothing, remove the clothing im-
mediately and wash the skin with soap and water. Get medi-
cal attention promptly.

s Rescue

If a worker has been incapacitated, move the affected worker
from the hazardous exposure. Put into effect the established
emergency rescue procedures. Do not become a casualty.
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Understand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need arises.

SPILLS AND LEAKS

Workers not wearing protective equipment and clothing should
be restricted from areas of spills or leaks until cleanup has been
completed.

If AGE is spilied or leaked. the following steps should be taken:

1. Remove all ignition sources.

2. Ventilate area of spill or leak.

3. For small quantities of liquids containing AGE, absorb on
paper towels and place in an appropriate container. Place towels
in a safe place such as a fume hood for evaporation. Allow suffi-
cient time for evaporation of the vapors so that the hood duct-
work is free from AGE vapors. Bum the paper in a suitable
location away from combustible materials.

4. Large quantities of liquids containing AGE may be absorbed
in vermiculite, dry sand, earth, or a similar material and placed
in an appropniate container. AGE should not be allowed to enter
a confined space such as a sewer because of the possibility of
an explosion.

5. Liquids containing AGE may be collected by vacuuming with
an appropriate system. If a vacuum system is used, there should
be no sources of ignition in the vicinity of the spill, and flash-
back prevention devices should be provided.

WASTE REMOVAL AND DISPOSAL

U.S. Environmental Protection Agency, Department of Trans-
portation, and/or state and local regulations shall be followed
to assure that removal, transport, and disposal are in accord-
ance with existing regulations.

RESPIRATORY PROTECTION

It must be stressed that the use of respirators is the least
preferred method of controlling worker exposure and should
not normally be used as the only means of preventing or
minimizing exposure during routine operations. However,
there are some exceptions for which respirators may be used
to control exposure: when engineering and work practice con-
trols are not technically feasible, when engineering controls
are in the process of being installed, or during emergencies and
certain maintenance operations including those requiring
confined-space entry (Table 3).

In addition to respirator selection, a complete respiratory pro-
tection program should be instituted which as a minimum com-
plies with the requirements found in the OSHA Safety and
Health Standards, 29 CFR 1910.134. A respiratory protection
program should include as a minimum an evaluation of the
worker’s ability to perform the work while wearing a respira-
tor, the regular training of personnel, fit testing, periodic en-
vironmental monitoring, maintenance, inspection, and
cleaning. The implementation of an adequate respiratory pro-
tection program, including selection of the correct respirators,
requires that a knowledgeable person be in charge of the pro-
gram and that the program be evaluated regularly.

4 Allyl Glycidyl Ether

Only respirators that have been approved by the Mine Safety
and Health Administration (MSHA, formerly Mining Enforce-
ment and Safety Administration) and by NIOSH should be
used. Remember! Air-purifying respirators will not pro-
tect from oxygen-deficient atmospheres.

For each level of respiratory protection, only those respirators
that have the minimum required protection factor and meet
other use restrictions are listed. All respirators that have higher
protection factors may also be used.
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Table 3.—Respiratory protection for allyl glycidyl ether

Condition

Minimum respiratory protection*}

Concentration:

Less than or equal to
96 ppm

Less than or equal to
240 ppm

Less than or equal to
210 ppm

Planned or emergency entry
into environments containing
unknown concentrations or
levels above 270 ppm

Firefighting

Escape only

Any supplied-air respirator
Any self-contained breathing apparatus
Any chemical cartridge respirator with organic vapor cartridge(s)

Any supplied-air respirator operated in a continuous flow mode (substance reported to cause
eye irritation or damage—may require eye protection)

Any powered air-purifying respirator with organic vapor cartridge(s) (substance reported to
cause eye irritation or damage—may require eye protection)

Any self-contained breathing apparatus with a full facepiece
Any supplied-air respirator with a full facepiece

Any powered air-purifying respirator with a tight-fitting facepiece and organic vapor cartridge(s)
(substance reported to cause eye irritation or damage—may require eye protection)

Any air-purifying full facepiece respirator (gas mask) with a chin-style or front- or back-
mounted organic vapor canister

Any chemical cartridge respirator with a full facepiece and organic vapor cartridge(s)

Any self-contained breathing apparatus with a full facepiece and operated in a pressure-demand
or other positive pressure mode

Any supplied-air respirator with a full facepiece and operated in a pressure-demand or other

positive pressure mode in combination with an auxiliary self-contained breathing apparatus
operated in a pressure-demand or other positive pressure mode

Any self-contained breathing apparatus with a full facepiece and operated in a pressure-demand
or other positive pressure mode

Any air-purifying full facepiece respirator (gas mask) with a chin-style or front- or back-
mounted organic vapor canister

Any appropriate escape-type self-contained breathing apparatus

*Only NIOSH/MSHA-approved equipment should be used.
+The respiratory protection listed for any given condition is the minimum required to meet the NIOSH REL of 9.6 ppm (45

mg/m?) (ceiling).
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE
FOR ALLYL PROPYL DISULFIDE

INTRODUCTION

This guideline summarizes pertinent information about allyl
propyl disulfide for workers and employers as well as for
physicians, industrial hygienists, and other occupational
safety and health professionals who may need such informa-
tion to conduct effective occupational safety and health
programs. Recommendations may be superseded by new
developments; readers are therefore advised to regard these
recommendations as general guidelines and to determine
periodically whether new information is available.

SUBSTANCE IDENTIFICATION

* Formula

CeHy,S,
® Structure

CH2=CHCHZSZC3H-,
¢ Synonyms

2-Propeny! propyl disuifide; onion oil; 4,5-dithia-1-octene;
propyl ally! disulfide

¢ Identifiers

1. CAS No.: 2179-59-1

2. RTECS No.: JO0350000

3. DOT UN: None

4. DOT label: None

® Appearance and odor

Allyl propyl disulfide is a pale yellow, combustible liquid
with a strong, pungent, irritating odor. It is the chief volatile
constituent of onion oil.

CHEMICAL AND PHYSICAL PROPERTIES

® Physical data

1. Molecular weight: 148.3

2. Boiling point (13 mm Hg): 78°to 80°C (172.4°to 176°F)
3. Specific gravity (water = 1): 0.93 at 15°C (59°F)

4. Vapor density: (air = 1 at boiling point of allyl propy!
disulfide) 5.12

5. Melting point: Solidifies at —15°C (5°F)

6. Vapor pressure at 20°C (68°F): Data not available; how-
ever, this substance is known to be volatile.

7. Solubility: Insoluble in water; soluble in ether, carbon
disulfide, and chloroform

8. Evaporation rate: Data not available

¢ Reactivity

1. Conditions contributing to instability: Heat, sparks, and
open flame

2. Incompatibilities: Fires and explosions may result from
contact of allyl propyl disulfide with oxidizers.

3. Hazardous decomposition products: Toxic gases (such
as sulfur oxides) may be released in a fire involving allyl
propyl disulfide.

4. Special precautions: None known
¢ Flammability
The National Fire Protection Association has not assigned a

flammability rating to allyl propyl disulfide. Other sources
rate allyl propyl disulfide as a moderate fire hazard.

1. Flash point: Data not available
2. Autoignition temperature: Data not available
3. Flammable limits in air; Data not available

4. Extinguishant: Use foam, carbon dioxide, or dry chemi-
cal to fight fires involving allyl propyl disulfide. Water may
be ineffective, but it may be used to cool fire-exposed con-
tainers. If a leak or spill has not ignited, water spray may be
used to disperse vapors and to protect persons attempting to
stop the leak.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service Centers for Disease Control
National institute for Occupational Safety and Heahth

Division of Standards Development and Technology Transler

U.S. DEPARTMENT OF LABOR
Occupational Safety and Health Administration
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EXPOSURE LIMITS

¢ OSHA PEL

The current Occupational Safety and Health Administra-
tion (OSHA) permissible exposure limit (PEL) for allyl
propyl disulfide is 2 ppm (12 mg/m>) as an 8-hr time-
weighted average (TWA) concentration and 3 ppm
(18 mg/m®) as a short-term exposure limit (STEL). A
STEL is a 15-min TWA exposure that should not be ex-
ceeded at any time during a workday [29 CFR 1910.1000,
Table Z-1-A).

® NIOSH REL

The National Institute for Occupational Safety and Health
(NIOSH) has established a recommended exposure limit
(REL) of 2 ppm (12 mg/m°) as an 8-hr TWA and 3 ppm
(18 mg/m>) as a STEL [NIOSH 1992].

e ACGIH TLV®

The American Conference of Governmental Industrial
Hygienists (ACGIH) has assigned allyl propy] disulfide a
threshold limit value (TLV) of 2 ppm (12 mg/m>) as a TWA
for a normal 8-hr workday and a 40-hr workweek and a STEL
of 3 ppm (18 mg/m’) for periods not to exceed 15 min
[ACGIH 1991b].

¢ Rationale for limits

The limits are based on the risk of eye, nose, and upper
respiratory tract irritation associated with exposure to allyl
propyl disulfide.

HEALTH HAZARD INFORMATION

¢ Routes of exposure

Exposure to allyl propyl disulfide can occur through inhala-
tion and eye or skin contact.

s Summary of toxicology

1. Effects on Animals: No studies are available on the
toxicity of allyl propyl disulfide in animals.

2. Effects on Humans: Allyl propyl disulfide irritates the
eyes, nose, throat, and mucous membranes [Proctor et al.
1988]. Allyl propyl disulfide is reported to cause lacrimation
at concentrations of 2 to 3 ppm and above [Grant 1986).
Workers in an onion dehydration piant who were exposed to
allyl propyl disulfide at 3.4 ppm experienced eye, nose, and
throat irritation [ACGIH 1991a).

o Signs and symptoms of exposure

1. Acute exposure: Acute exposure to allyl propyl disulfide
can cause tearing eyes, runny nose, and throat irritation.

2. Chronic exposure: No signs ot symptoms of chronic
exposure to ally! propy! disulfide have been reportad.

2  Allyl Propyl Disulfide

* Emergency procedures

Initiate the following emergency procedures:

1. Eye exposure: Tissue irritation may result from exposure
to the liquid or vapors, mists, or aerosols of allyl propyl
disulfide. Immediately and thoroughly flush eyes with large
amounts of water, occasionally lifting the upper and lower
eyelids.

2. Skin exposure: Skin irritation may result. Immediately
remove contaminated clothing and thoroughly wash con-
taminated skin with soap and water.

3. Rescue: Remove an incapacitated worker from further

exposure and implement appropriate emergency procedures
(e.g., those listed on the material safety data sheet required
by OSHA's hazard communication standard [29 CFR
1910.1200)). All workers should be familiar with emergen-
cy procedures and the location and proper use of emergency

equipment.

EXPOSURE SOURCES AND CONTROL
METHODS

The following operation may involve allyl propyl disulfide
and may result in worker exposures to this substance:
—Slicing of onions

The following methods are effective in controlling worker

exposures to allyl propyl disulfide, depending on the
feasibility of implementation:

—Process enclosure

—Local exhaust ventilation
—General dilution ventjlation
—Personal protective equipment

Good sources of information about control methods are as
follows:

1. ACGIH [1992]. Industrial ventilation—a manual of
recommended practice. 21st ed. Cincinnati, OH: American
Conference of Governmental Industria] Hygienists,

2. Burton DJ [1986]. Industria] ventilation—a self study
companion. Cincinnati, OH: American Conference of
Governmental Industrial Hygienists.

3. Alden JL, Kane JM [1982]. Design of industrial ventila-
tion systems. New York, NY: Industrial Press, Inc.
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4. Wadden RA, Scheff PA [1987]. Engineering design for
control of workplace hazards. New York, NY: McGraw-
Hill.

5. Plog BA [1988]. Fundamentals of industrial hygiene.
Chicago, IL: National Safety Council,

MEDICAL MONITORING

‘Workers who may be exposed to chemical hazards should be
monitored in a systematic program of medical surveillance
that is intended to prevent occupational injury and disease.
The program should include education of employers and
workers about work-related hazards, placement of workers
in jobs that do not jeopardize their safety or health, early
detection of adverse health effects, and referral of workers
for diagnosis and treatment. The occurrence of disease or
other wotk-related adverse health effects should prompt
immediate evaluation of primary preventive measures (e.g.,
industrial hygiene monitoring, engineering controls, and per-
sonal protective equipment). A medical monitoring program
is intended to supplement, not replace, such measures. To
place workers effectively and to detect and control work-
related health effects, medical evaluations should be per-
formed (1) before job placement, (2) periodically during the
term of empioyment, and (3) at the time of job transfer or
termination.

¢ Preplacement medical evaluation

Before a worker is placed in a job with a potential for
exposure to allyl propyl disulfide, a licensed health care
professional should evaluate and document the worker's
baseline health status with thorough medical, environmental,
and occupational histories, a physical examination, and
physiologic and laboratory tests appropriate for the an-
ticipated occupational risks. These should concentrate on
the function and integrity of the respiratory system and skin.
Medical monitoring for respiratory disease should be con-
ducted using the principies and methods recommended by
the American Thoracic Society [ATS 1987].

A preplacement medical evaluation is recommended to as-
sess an individual’s suitability for employment at a specific
job and to detect and assess medical conditions that may be
aggravated or may result in increased risk when a worker is
exposed to allyl propyl disulfide at or below the prescribed
exposure limit. The licensed health care professional should
consider the probable frequency, intensity, and duration of
exposure as well as the nature and degree of any applicable
medical condition. Such conditions (which should not be
regarded as absolute contraindications to job placement)
include a history and other findings consistent with diseases
of the respiratory system or skin.
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® Periodic medical examinations and biological
monitoring

Occupational health interviews and physical examinations
should be performed at regular intervals during the employ-
ment period, as mandated by any applicable Federal, State,
or local standard. Where no standard exists and the hazard
is minimal, evaluations should be conducted every 3 to
5 years or as frequently as recommended by an experienced
occupational health physician. Additional examinations
may be necessary if a worker develops symptoms at-
tributable to allyl propyl disulfide exposure. The interviews,
examinations, and medical screening tests should focus on
identifying the adverse effects of allyl propyl disulfide on the
respiratory system and skin. Current health status should be
compared with the baseline health status of the individual
worker or with expected values for a suitable reference
population.

Biclogical monitoring involves sampling and analyzing
body tissues or fluids to provide an index of exposure to a
toxic substance or metabolite. No biological monitoring test
acceptable for routine use has yet been developed for allyl
chloride.

® Medical examinations recommended at the time of
job transfer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic or
laboratory tests that were conducted at the time of job place-
ment should be repeated at the time of job transfer or termina-
tion. Any changes in the worker's health status should be
compared with those expected for a suitable reference
population.

WORKPLACE MONITORING AND
MEASUREMENT

A worker's exposure to airbomne allyl propyl disulfide is
determined by using a Chromosorb 106 tube (100/50-mg
sections, 6080 mesh). Samples are collected at a maximum
flow rate of 0.2 liter/min until a maximum air volume of
10 liters is collected. The sample is then treated with
trichlorcethylene to extract the allyl propyl disulfide.
Analysis is conducted by gas chromatography using a flame
photometric detector. This method has a sampling and
analytical error of 0.09 and is described in the OSHA
Laboratory In-House Methods File [OSHA 1991].

PERSONAL HYGIENE

If allyl propyl disulfide contacts the skin, workers should
wash the affected areas with soap and water.

Clothing contaminated with allyl propyl disulfide should be
removed.
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A worker who handles allyl propyl disulfide should
thoroughly wash hands, forearms, and face with soap and
water before eating, using tobacco products, or using toilet
facilities.

Workers should not eat, drink, or use tobacco products in
areas where allyl propyl disulfide is handled, processed, or
stored.

STORAGE

Allyl propyl disulfide should be stored in a cool, dry, well-
ventilated area in tightly sealed containers that are labeled in
accordance with OSHA's hazard communication standard
[29 CFR 1910.1200]. Containers of allyl propyl disulfide
should be protected from physical damage and should be
stored separately from oxidizers, heat, sparks, and open
flame. Because containers that formerly contained allyl
propyl disulfide may still hold product residues, they should
be handled appropriately.

SPILLS AND LEAKS

In the event of a spill or leak involving allyl propyl disulfide,
persons not wearing protective equipment and clothing
should be restricted from contaminated areas until cleanup is
complete. The following steps should be undertaken follow-
ing a spill or leak:

1. Notify safety personnel.
2. Remove all sources of heat and ignition.

3. Ventilate the area of the spill or leak.

4. Absorb spills with sand or other noncombustible absorb-
ent material and place the material in a covered container for

later disposal.

SPECIAL REQUIREMENTS

U.S. Environmental Protection Agency (EPA) requirements
for emergency planning, reportable quantities of hazardous
releases, community right-to-know, and hazardous waste
management may change over time. Users are therefore
advised to determine periodically whether new information
is available.

» Emergency planning requirements

Allyl propyl disulfide is not subject to EPA emergency
planning requirements under the Superfund Amendments
and Reauthorization Act (SARA) [40 USC 11022].

» Reportable quantity requirements for hazardous
releases

Employers are not required by the emergency release
notification provisions of the Comprehensive Environmen-
tal Response, Compensation, and Liability Act (CERCLA)

4 Ally! Propyl Disulfide

[40 CFR 355.40] to notify the National Response Center of
an accidental release of allyl propyl disulfide; there is no
reportable quantity for this substance.

¢ Community right-to-know requirements

Employers are not required by Section 313 of SARA to
submit a Toxic Chemical Release Inventory Form (Form R)
to EPA reporting the amount of allyl propyl disulfide emitted
or released from their facility annually.

¢ Hazardous waste management requirements

EPA considers a waste to be hazardous if it exhibits any of
the following characteristics: ignitability, corrosivity, reac-
tivity, or toxicity as defined in 40 CFR 261.21-261.24. Al-
though allyl propyl disulfide is not specifically listed as a
hazardous waste under the Resource Conservation and
Recovery Act (RCRA) [40 USC 6901 et seq.], EPA requires
employers to treat waste as hazardous if it exhibits any of the
characteristics discussed above.

Providing detailed information about the removal and dis-
posal of specific chemicals is beyond the scope of this
guideline. The U.S. Department of Transportation, EPA,
and State and local regulations should be followed to ensure
that removal, transport, and disposal of this substance are
conducted in accordance with existing regulations. To be
certain that chemical waste disposal meets EPA regulatory
requirements, employers should address any questions to the
RCRA hotline at (800) 424-9346 or at (202) 382-3000 in
Washington, D.C. In addition, relevant State and local
authorities should be contacted for information about their
requirements for waste removal and disposal.

RESPIRATORY PROTECTION

¢ Conditions for respirator use

Good industrial hygiene practice requires that engineering
controls be used where feasible to reduce workplace con-
centrations of hazardous materials to the prescribed exposure
limit. However, some situations may require the use of
respirators to control exposure. Respirators must be worn if
the ambient concentration of allyl propyl disulfide exceeds
prescribed exposure limits. Respirators may be used
(1) before engineering controls have been installed,
(2) during work operations such as maintenance or repair
activities that involve unknown exposures, (3) during opera-
tions that require entry into tanks or closed vessels, and
(4) during emergencies. Wotkers should use only respirators
that have been approved by NIOSH and the Mine Safety and
Health Administration (MSHA).

® Respiratory protection program

Employers should institute a complete respiratory protection
program that, at a minimum, complies with the requirements
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of OSHA's respiratory protection standard [29 CFR
1910.134]). Such a program must include respirator selec-
tion, an evaluation of the worker’s ability to perform the work
while wearing a respirator, the regular training of personnel,
fit testing, periodic workplace monitoring, and regular
respirator maintenance, inspection, and cleaning. The im-
plementation of an adequate respiratory protection program
(including selection of the cormrect respirator) requires that a
knowledgeable person be in charge of the program and that
the program be evaluated regularly. For additional informa-
tion on the selection and use of respirators and on the medical
screcning of respirator users, consult the NIOSH Respirator
Decision Logic [NIOSH 1987b) and the NIOSH Guide to
Industrial Respiratory Protection [NIOSH 1987a].

PERSONAL PROTECTIVE EQUIPMENT

Safety glasses, goggles, or face shields shonld be wom
during operations in which allyl propyl disulfide might con-
tact the eyes (e.g., through splashes of solution).
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR
4-AMINODIPHENYL
POTENTIAL HUMAN CARCINOGEN

INTRODUCTION

This guideline summarizes pertineni information about
4-aminodiphenyl for workers, employers, and occupational
safety and health professionals who may need such informa-
tion to conduct effective occupational safety and health pro-
grams. Recommendations may be superseded by new
developments in these fields; therefore, readers are advised to
regard these recommendations as general guidelines.

SUBSTANCE IDENTIFICATION

¢ Formula: C,H, N

® Structure:

¢ Synonyms: 4-ADP; p-aminodiphenyl; 4-aminobiphenyl;
4-biphenylamine; (1,1’ -biphenyl)-4-amine; diphenylamine;
p-phenylaniline; xenylamine

» Identifiers: CAS 92-67-1; RTECS DUR925000; DOT not as-
signed

¢ Appearance and odor: Colorless crystals with a floral odor
which turn purple on contact with air

CHEMICAL AND PHYSICAL PROPERTIES

* Physical data

1. Molecular weight: 169.24

2. Boiling point (at 760 mmHg): 302°C (575.6°F)

3. Specific gravity (water = 1): 1.160

4. Vapor density (air = 1 at boiling point of 4-aminodiphenyl):
58

5. Melting point: 53°C (177°F)

6. Solubility in water, g/100 g water at 25°C (77°F): 0.18

¢ Reactivity

Hazardous decomposition products: Toxic vapors and gases
(e.g., carbon monoxide and oxides of nitrogen) may be released
in a fire involving 4-aminodiphenyl.

+ Flammability

1. Flash point: 152.7°C (307 °F) (closed cup)

2. Autoignition temperature: 635°C (1,175 °F)

3. Extinguishant: Dry chemical, alcohol foam, or carbon
dioxide

4. Combustibie solid, Flammability Rating 1 (NFPA)

* Warning properties

Evaluation of warning properties for respirator selection:
Warning properties are not considered in recommending respi-
rators for use with carcinogens.

EXPOSURE LIMITS

The Occupational Safety and Health Administration (OSHA)
does not have a specific permissible exposure limit (PEL) for
4-aminodiphenyl; however, the OSHA standard requires im-
plementation of stringent controls wherever 4-aminodipheny!l
or solid or liquid mixtures containing at least 0.1% by weight
or volume of 4-aminodiphenyl are manufactured, processed,
repackaged, released, handled, or stored {(see *‘General Con-
trol Procedures™). Details of this standard can be found in the
Code of Federal Regulations, 29 CFR 1910.1011, 4-Aminodi-
phenyl. The National Institute for Occupational Safety and
Health (NIOSH) concurs with the OSHA standard. The
American Conference of Governmental Industrial Hygienists
{ACGIH) has designated 4-aminodiphenyl as an Al carcino-
gen (confirmed human éarcinogen) (Skin). The “Skin” refers
to the potential contribution to overall exposure by the cutane-
ous route including the mucous membranes and eyes. ACGIH
recommends that virtually no exposure or contact by any route
(i.e., respiratory, skin, or oral, as detected by the most sensi-
tive methods) be permitted.

HEALTH HAZARD INFORMATION

* Routes of exposure

4-Aminodiphenyl may cause adverse health effects following
exposure via inhalation, ingestion, or dermal contact.

» Summary of toxicelogy

1. Effects on animals: In mice, subchronic or chronic sub-
cutaneous injection or oral administration of 4-aminodiphenyl
produced cancers of the liver, bladder, or mammary glands.
Chronic oral administration of 4-aminodipheny] to dogs caused
salivation, loss of body weight, blood in the urine, and blad-
der cancer.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES

Public Health Service

Centers for Disease Control

Nationat Institute for Occupational Safety and Health
Division of Standards Development and Technology Transfer
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2. Effects on humans: Chronic exposure of workers to
4-aminodiphenyl has been associated with an increased inci-
dence of bladder cancer.

¢ Signs and symptoms of exposure

1. Short-term (acute): Exposure to 4-aminodiphenyl can cause
headache, lethargy, urinary tract burning, blood in the urine,
and bluish discoloration of the skin and mucous membranes
(due to methemoglobinemia}.

2. Long-term (chronic): Exposure to 4-aminodiphenyl can
cause blood and pus in urine and frequent, painful urination.

RECOMMENDED MEDICAL PRACTICES

* Medical surveillance program

Workers with potential exposures to chemical hazards should
be monitored in a systematic program of medical surveillance
intended to prevent or control occupational injury and disease.
The program should include education of employers and work-
ers about work-related hazards, placement of workers in jobs
that do not jeopardize their safety and health, earliest possi-
ble detection of adverse health effects, and referral of workers
for diagnostic confirmation and treatment. The occurrence of
disease (a “‘sentinel health event,” SHE) or other work-related
adverse health effects should prompt immediate evaluation of
primary preventive measures (e.g., industrial hygiene monitor-
ing, engineering controls, and personal protective equipment).
A medical surveillance program is intended to supplement, not
replace, such measures.

A medical surveillance program should include systematic col-
lection and epidemiologic analysis of relevant environmental
and biologic monitoring, medical screening, morbidity, and
mortality data. This analysis may provide information about
the relatedness of adverse health effects and occupational ex-
posure that cannot be discerned from results in individual
workers. Sensitivity, specificity, and predictive values of bio-
logic monitoring and medical screening tests should be evalu-
ated on an industry-wide basis prior to application in any given
worker group. Intrinsic to a surveillance program is the dis-
semination of summary data to those who need to know, in-
cluding employers, occupational health professionals,
potentially exposed workers, and regulatory and public health
agencies.

s Preplacement medical evaluation

Prior to placing a worker in a job with a potential for exposure
to 4-aminodiphenyl, the physician should evaluate and docu-
ment the worker’s baseline health status with thorough medi-
cal, environmental, and occupational histories, a physical
examination, and physiologic and laboratory tests appropri-
ate for the anticipated occupational risks. These should con-
centrate on the function and integrity of the liver and urinary
tract.

A preplacement medical evaluation is recommended in order
to detect and assess preexisting or concurrent conditions which
may be aggravated or result in increased risk when a worker
is exposed to 4-aminodiphenyl. The examining physician
should consider the probable frequency, intensity, and dura-
tion of exposure, as well as the nature and degree of the con-
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dition, in placing such a worker. Such conditions, which should
not be regarded as absolute contraindications to job placement,
include chronic diseases of the liver, The physician should ob-
tain baseline values for liver function tests.

* Periodic medical screening and/or biologic monitoring
Occupational health interviews and physical examinations
should be performed at regular intervals. Additional examina-
tions may be necessary should a worker develop symptoms that
may be attributed to exposure to 4-aminodiphenyl. The inter-
views, examinations, and appropriate medical screening and/or
biologic monitoring tests should be directed at identifying an
excessive decrease or adverse trend in the physiologic func-
tion of the liver and urinary tract as compared to the baseline
status of the individual worker or to expected values for a suita-
ble reference population. The physician should consider use
of a test which characterizes internal exposure (e.g., benzidine
in urine). However, this test should be used and interpreted ac-
cording to standardized epidemiclogic procedures and evalu-
ation criteria.

* Medical practices recommended at the time of job trans-
fer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic and
laboratory tests which were conducted at the time of placement
should be repeated at the time of job transfer or termination.
Any changes in the worker’s health status should be compared
to those expected for a suitable reference population. Because
occupational exposure to 4-aminodiphenyl may cause diseases
of prolonged induction-latency, the need for medical surveil-
lance may extend well beyond termination of employment.
* Sentinel health events

Delayed-onset SHE's include bladder cancer.

MONITORING AND MEASUREMENT
PROCEDURES

* Method

Sampling and analysis may be performed by collecting
4-aminodiphenyl dust with glass fiber filters and silica gel tubes
followed by elution with 2-propanol and analysis by gas chro-
matography. Direct-reading devices calibrated to measure
4-aminodipheny! may also be used if available. A detailed sam-
pling and analytical method for 4-aminediphenyl may be found
in the NIOSH Manual of Analytical Methods (method num-
ber 269).

PERSONAL PROTECTIVE EQUIPMENT

Chemical protective clothing (CPC) should be selected after
utilizing available performance data, consulting with the
manufacturer, and then evaluating the clothing under actual use
conditions.

In operations involving “laboratory-type hoods™ or in locations
where 4-aminodiphenyl is contained in an otherwise “‘closed
system’” but is transferred, charged, or discharged into other
normally closed containers, OSHA requires that workers: (1)
be provided with and required to use clean, full-body CPC
{smocks, coveralls, or long-sleeved shirts and long pants), shoe
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covers, and gloves prior to entering a regulated area; (2) be
provided with and required to use approved respirators (a respi-
rator affording higher levels of protection may be substituted);
and (3) remove the protective clothing and equipment prior to
exiting from a regulated area, and at the last exit of the day,
place used clothing and equipment in impervious containers
for decontamination or disposal.

SANITATION

For closed system operations or in locations where
4-aminodiphenyl is contained in an otherwise “closed system”’
but is transferred, charged, or discharged into other normally
closed containers, OSHA requires that workers: (1) wash their
hands, forearms, faces, and necks prior to exiting from the
regulated area and before engaging in other activities, and (2}
shower in designated facilities after the last exit of the day.

In isolated systems, such as a “glove box,” OSHA requires that
workers wash their hands and arms with soap and water upon
completion of the assigned task and before engaging in other
activities not associated with the isolated system.

If it is necessary for workers to wear protective clothing, OSHA
requires that a clean change room be provided and equipped
with showers and washing facilities. NIOSH recommends that
lockers that permit separation of street and work clothes be
provided for the worker.

Clothing which is contaminated with 4-aminodiphenyl should
be removed immediately and placed in sealed containers for
storage until it can be discarded or until provision is made for
the removal of 4-aminodiphenyl from the clothing. If the cloth-
ing is to be laundered or cleaned, the person performing the
operation should be informed of 4-aminodiphenyl’s hazardous
properties. Reusable clothing and equipment should be
checked for residual contamination before reuse or storage.

Decontamination and disposal procedures should be estab-
lished and implemented to remove 4-aminodiphenyl from
materials and equipment. Contaminated material should be re-
moved from regulated areas without further contamination of
the facility.

OSHA requires that workers wash their faces, necks, hands,
and forearms thoroughly with soap and water before eating,
smoking, or using toilet facilities.

In regulated areas, OSHA prohibits the storage or consump-
tion of food or beverages, the storage or application of cosmet-
ics, the storage or smoking of tobacco or other smoking
materials, or the storage or use of products for chewing.

OSHA prohibits the location of drinking fountains in regulat-
ed areas.

GENERAL CONTROL PROCEDURES

The foliowing control procedures are derived from OSHA re-
quirements as stated in 29 CFR 1910.1011:

Areas where 4-aminodiphenyl is manufactured, processed,
used, repackaged, released, handled, or stored shall be desig-
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nated as regulated areas, and entry into and exit from these
areas shall be restricted and controlled. Only authorized work-
ers shall be permitted access to regulated areas.

Workers authorized to enter regulated areas shall receive a
training and indoctrination program including but not limited
to the nature of the carcinogenic hazards of 4-aminodiphenyl,
including local and systemic toxicity, the specific nature of the
operation which could result in exposure, and the purpose for
and the significance of decontamination and emergency prac-
tices and procedures.

Entrances to regulated areas shall be posted with signs indicat-
ing that a cancer-suspect agent is present and that only autho-
rized workers wearing appropriate protective clothing and
equipment shall be admitted.

Appropriate signs and instructions shall be posted at the en-
trance to and exit from reguiated areas to inform workers of
the procedures that must be followed when entering or leav-
ing a regulated area.

Open vessel system operations involving 4-aminodiphenyl
which are not in an isolated system, laboratory-type hood, or
other system affording equivalent protection against the entry
of 4-aminodiphenyl into regulated areas, nonregulated areas,
or the external environment are prohibited.

In operaticns invelving ‘‘laboratory-type hoods” or in locations
where 4-aminodiphenyl is contained in an otherwise ‘“‘closed
system” but is transferred, charged, or discharged into other
normally closed containers, each operation shall be provided
with continuous local exhaust ventilation so that air movement
is always from ordinary work areas to the operation. Exhaust
air shall not be discharged to regulated areas, nonregulated
areas, or the external environment unless decontaminated.
Clean makeup air shalt be introduced in sufficient volume to
maintain the correct operation of the local exhaust syster.

Containers of 4-aminodiphenyl shall be identified as to con-
tents and shall contain a hazard warning.

Regulated areas (with the exception of outdoor operations) shall
be operated under negative pressure with respect to nonregu-
lated areas. Local exhaust ventilation may be used to satisfy
this requirement. Clean makeup air in equal volume shall
replace air that is removed.

The introduction or removal of any equipment, materials, or
other items to or from a regulated area shall be done in a man-
ner that does not cause contamination of nonregulated areas
or the external environment.

Decontamination procedures shall be established and im-
plemented to remove 4-aminodipheny] from the materials,
equipment, and decontamination facility.

COMMON OPERATIONS AND CONTROLS

Common operations in which exposure to 4-aminodiphenyl
may occur and control methods which may be effective in each
case are listed in Table 1.
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Table 1.—Operations and methods of
control for 4-aminodiphenyl

Operations Controls

Process enclosure, restrict-
ed access, local exhaust ven-
tilation, personal protective
equipment, good house-
keeping and personal
hygiene practices, substitu-
tion with less toxic sub-
stances

During use in research and
laboratory facilities

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, remove the victim from further
exposure, send for medical assistance, and initiate emergen-
cy procedures. If a worker has contact with 4-aminodiphenyl,
OSHA requires that the worker shower as soon as possible,
unless contraindicated by physical injuries.

¢ Eye exposure

Where there is any possibility of a worker’s eyes being exposed
to 4-aminodiphenyl, an eye-wash fountain should be provided
within the immediate work area for emergency use.

If 4-aminodiphenyl gets into the eyes, flush them immediate-
ly with large amounts of water for 15 minutes, lifting the low-
er and upper lids occasionally. Get medical attention as soon
as possible. Contact lenses should not be worn when working
with this chemical.

* Skin exposure

‘Where there is any possibility of a worker’s body being exposed
to 4-aminodiphenyl, facilities for quick drenching of the body
should be provided within the immediate work area for emer-
gency use.

If 4-aminodipheny] gets on the skin, wash it immediately with
soap and water. If 4-aminodipheny] penetrates the clothing, re-
move the clothing immediately and wash the skin with soap
and water. Get medical attention promptly.

¢ Rescue

If a worker has been incapacitated, move the affected worker
from the hazardous exposure. Put into effect the established
emergency rescue procedures. Do not become a casuvalty. Un-
derstand the facility’s emergency rescue procedures and know
the locations of rescue equipment before the need arises.

SPILLS AND LEAKS

OSHA requires that hazardous conditions created by spills or
leaks be eliminated and that potentially affected areas be decon-
taminated prior to the resumption of normal operations.

OSHA requires that affected areas of spills or leaks be evacu-
ated as soon as an emergency has been determined.

OSHA requires that only authorized workers provided with and
wearing clean, impervious garmenits (including gloves, boots,
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and continuous air-supplied hoods) enter areas of spills or
leaks.

OSHA requires that workers authorized to enter areas of spills
or leaks be decontaminated before removing the protective gar-
ments and hoods and showering.

If 4-aminodiphenyl is spilled or leaked, the following steps
should be taken:

1. Remove all ignition sources.

2. Ventilate area of spill or leak.

3. If in solid form, 4-aminodiphenyl may be collected and
placed in an appropriate container,

4, For small quantities of liquids containing 4-aminodiphenyl,
absorb on paper towels and place in an appropriate container.
Place towels in a safe place such as a fume hood for evapo-
ration.

5. Large quantities of liquids containing 4-aminodiphenyl may
be absorbed in vermiculite, dry sand, earth, or a similar materi-
al and placed in an appropriate container.

6. 4-Aminodiphenyl dust may be collected by vacuuming with
an appropriate high-efficiency filtration system or by using wet
methods; it may then be placed in an appropriate container.
Dry sweeping and dry mopping of 4-aminodipheny] are pro-
hibited by OSHA.. If a vacuum system is used, there should be
no sources of ignition in the vicinity of the spill, and flashback
prevention devices should be provided.

WASTE REMOVAL AND DISPOSAL

U.S. Environmental Protection Agency, Department of Trans-
portation, and/or state and local regulations shall be followed
to assure that removal, transport, and disposal are in accord-
ance with existing regulations.

RESPIRATORY PROTECTION

It must be stressed that the use of respirators is the least
preferred method of controlling worker exposure and should
not normally be used as the only means of preventing or
minimizing exposure during routine operations. However,
there are some exceptions for which respirators may be used
to control exposure: when engineering and work practice con-
trols are not technically feasible, when engineering controls
are in the process of being installed, or during emergencies and
certain maintenance operations including those requiring
confined-space entry (Table 2).

In addition to respirator selection, a complete respiratory pro-
tection program should be instituted which as a minimum com-
plies with the requirements found in the OSHA Safety and
Health Standards 29 CFR 1910.134. A respiratory protection
program should include as a minimum an evaluation of the
worker’s ability to perform the work while wearing a respira-
tor, the regular training of personnel, fit testing, periodic en-
vironmental monitoring, maintenance, inspection, and
cleaning. The implementation of an adequate respiratory pro-
tection program, including selection of the correct respirators,
requires that a knowledgeable person be in charge of the pro-
gram and that the program be evaluated regularly.
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Only respirators that have been approved by the Mine Safety
and Health Administration (MSHA, formerly Mining Enforce-
ment and Safety Administration) and by NIOSH should be
used. Remember! Air-purifying respirators will not pro-
tect from oxygen-deficient atmospheres.
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Table 2.—Respiratory protection for 4-aminodiphenyl

Condition

Any detectable concentration

Ptanned or emergency entry
into environments containing
unknown or any detectable
concentration

Firefighting

Escape only

Minimum respiratory protection* .

Any self-contained breathing apparatus with a full facepiece and operated in a pressure-demand
or other positive pressure mode

Any supplied-air respirator with a full facepiece and operated in a pressure-demand or other
positive pressure mode in combination with an auxiliary self-contained breathing apparatus oper-
ated in a pressure-demand or other positive pressure mode

Any self-contained breathing apparatus with a full facepiece and operated in a pressure-demand
or other positive pressure mode

Any supplied-air respirator with a full facepiece and operated in a pressure-demand or other

positive pressure mode in combination with an auxiliary self-contained breathing apparatus oper-
ated in a pressure-demand or other positive pressure mode

Any self-contained breathing apparatus with a full facepiece and operated in a pressure-demand
or other positive pressure mode

Any air-purifying full facepiece respirator with a high-efficiency particulate filter

Any appropriate escape-type self-contained breathing apparatus

* Only NIOSH/MSHA-approved equipment should be used.
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE
FOR 2-AMINOPYRIDINE

INTRODUCTION

This guideline summarizes pertinent information about
2-aminopyridine for workers and employers as well as for
physicians, industrial hygienists, and other occupational
safety and health professionals who may need such informa-
tion to conduct effective occupational safety and health
programs. Recommendations may be superseded by new
developments in these fields; readers are therefore advised
to regard these recommendations as general guidelines and
to determine periodically whether new information is avail-
able.

SUBSTANCE IDENTIFICATION

» Formula
(NHz)CsH4N
* Structure
N NH,
-
L
* Synonyms

ca-Aminopyridine; 1,2-dihydro-2-iminopyridine;
2-pyridylamine; o-aminopyridine; amino-2-pyridine;
o-pyridinamine, 2 AP

* Identifiers

t. CAS No.: 504-29-0

2. RTECS No.: US1575000
3. DOT UN: 2671 55

4. DOT label: Poison

® Appearance and odor

2-Aminopyridine is a combustible, colorless or white, crys-
talline solid that has an odor desctibed as “characteristic.™

CHEMICAL AND PHYSICAL PROPERTIES
® Physical data

1. Molecular weight: 94.1

2. Boiling point {at 760 mm Hg): 210.6°C (411.1°F)
3. Specific gravity (water = 1): Greater than 1

4. Vapor density (air ~ 1 at boiling point of 2-aminopyridine):
32

5. Melting point: 58.1°C (136.6°F)
6. Vapor pressure at 25°C (77°F): 0.8 mm Hg

7. Solubility: Soluble in water, alcohol, benzene, ether, and
acetone

8. Evaporation rate: Data not available
® Reactivity

1. Conditions contributing to instability: Heat, sparks, or
open flame

2. Incompatibilities: Fires and explosions may result from
contact of 2-aminopyridine with strong oxidizers, strong
acids, or sodium nitrate.

3. Thermal decomposition products: Toxic gases (such as
oxides of nitragen, carbon dioxide, and carbon monoxide)
may be released when 2-aminopyridine burns or is heated to
decomposition.

4. Special precautions: None
® Flammability

The National Fire Protection Association has not assigned a
flammability rating to 2-aminopyridine; other sources rate
2-aminopyridine as a moderate fire hazard.

1. Flash point: 68°C (154°F) (closed cup)
2. Autoignition temperature: Data not available
3. Flammable limits in air: Data not available

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service Canters for Disease Control
National Institute for Occupational Safety and Health

Division of Standards Development and Technology Transfer

U.S. DEPARTMENT OF LABOR
Occupational Safety and Health Administration
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4. Extinguishant: Use dry chemical, carbon dioxide, or
alcohol foam to extinguish fires involving 2-aminopyridine.
Do not use a solid stream of water because the stream will
scatter and spread the fire. However, water spray may be
used to cool fire-exposed containers.

Fires involving 2-aminopyridine should be fought upwind
and from the maximum distance possible. Isolate the hazard
area and deny access to unnecessary personnel. Emergency
personnel should stay out of low areas and ventilate closed
spaces before entering. Containers of 2-aminopyridine may
explode in the heat of the fire and should be moved from the
fire area if it is possible to do so safely. If this is not possible,
cool containers from the sides with water unti! well after the
fire is out. Stay away from the ends of containers. Personnel
should withdraw immediately if they hear a rising sound
from a venting safety device or if a container becomes
discolored as a result of fire. Dikes should be used to
contain fire-control water for later disposal. Firefighters
should wear a full set of protective clothing (including a
self-contained breathing apparatus) when fighting fires in-
volving 2-aminopyridine. Chemical protective clothing that
is specifically recommended for 2-aminopyridine may not
provide thermal protection unless so stated by the clothing
manufacturer. Firefighters® protective clothing may not
provide protection against permeation by 2-aminopyridine.

EXPOSURE LIMITS
¢ OSHA PEL

The current Occupational Safety and Health Ad-
ministration (OSHA) permissible exposure limit (PEL)
for 2-aminopyridine is 0.5 part per million (ppm} parts of air
2 mg/ms) as an 8-hr time-weighted average (TWA) con-
centration [29 CFR 1910.1000, Table Z-1-A].

» NIOSH REL

The National Institute for Occupational Safety and Health
(NIOSH) has established a recommended exposure limit
{REL) of 0.5 ppm (2 mglm3) as an 8-hr TWA [NIOSH 1992].

e ACGIH TLV®

The American Conference of Governmental Industrial
Hygienists (ACGIH) has assigned 2-aminopyridine a
threshold limit value (TLV) of 0.5 ppm (2 mg{ma) asaTWA
for a normal 8-hr workday and a 40-hr workweek [ACGIH
1991b].

* Rationale for limits
The limits are based on the risk of systemic poisoning as-
sociated with exposure to 2-aminopyridine.

2 2-Aminopyridine

HEALTH HAZARD INFORMATION
® Routes of exposure

Exposure to 2-aminopyridine can occur through inhalation,
ingestion, eye or skin contact, and absorption through the
skin.

¢ Summary of toxicology

1. Effects on Animals: 2-Aminopyridine is a dermally ab-
sorbed, central nervous system stimulant and convul-
sant in animals. When instilled into the eyes of rabbits,
2-aminopyridine causes only mild, reversible injury [Grant
1986]). 2-Aminopyridine is rapidly absorbed through the
skin and has caused convulsions and death in guinea pigs
exposed by this route [Clayton and Clayton 1981]. The
acute dermal LD, in guinea pigs is 0.5 ml/kg (approximate-
ly 500 mg/kg) [Clayton and Clayton 1981]. The acute oral
LDy, is 50 mg/kg in mice and 200 mg/kg in rats. Acutely
poisoned animals exhibit tremors, excitement, seizures, and
tetany before death from respiratory failure [Clayton and
Clayton 1981). 2-Aminopyridine is nonmutagenic in Sal-
monella typhimurium [NLM 1962).

2. Effects on Humans: Intoxication from 2-aminopyridine
can occur from inhalation of the dust or vapor or from skin
absorption following direct contact. 2-Aminopyridine is a
convulsant in humans and is moderately irritating to the skin
and eyes [Clayton and Clayton 1981]. The lowest concentra-
tion and duration of exposure reported to be toxic in humans
is 5 ppm for 5 hr; the toxic effects caused by this exposure
include confusion and convulsions [NIOSH 1991]. A
worker who was milling 2-aminopyridine developed high
blood pressure, headache, nausea, and flushing of the ex-
tremities; subsequent air sampling demonstrated a level of
5.2 ppm, this worker had recovered completely by the fol-
lowing day [Clayton and Clayton 1981]. A chemical
operator who continued to work for 144 hr in clothing con-
taminated with 2-aminopyridine developed headache, dif-
ficult breathing, dizziness, and convulsions and died from
respiratory failure [Clayton and Clayton 1981]. He may
also have absorbed this substance through his skin [ACGIH
1991a]. Ingestion of as little as 60 mg in adult humans has
resulted in severe poisoning, which included such signs and
symptoms as: profuse sweating, burning of throat, weak-
ness, nausea, disorientation, dizziness, thirst, ocular pares-
thesias, psychoticlike behavior, tremors, dyspnea, and
convulsions [NLM 1992].

» Signs and symptoms of exposure

1. Acute exposure: Acute exposure to 2-aminopyridine can
cause irritation, headache, dizziness, nausea, flushing of the
extremities, elevated blood pressure, weakness, difficult
breathing, confusion, ocular paresthesias, seizures, and
stupor. In severe poisoning, exposure to this substance may
cause respiratory failure and death.
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2. Chronic exposure: No signs or symptoms of chronic
exposure to 2-aminopyridine have been reported.

¢ Emergency procedures

Keep unconscious victims warm and on their sides to avoid
choking if vomiting occurs. Immediately initiate the follow-
ing emergency procedures, continuing them as appropriate
en route to the emergency medical facility:

1. Eye exposure: Irritation may result! Immediately flush
the eyes with large amounts of water for at least 15 min,
occasionally lifting the upper and lower eyelids.

2. Skinexposure: 2-Aminopyridine can cause skin irritation
and can be absorbed through the skin in lethal amounts.
Immediately remove contaminated clothing and theroughly
wash contaminated skin with soap and water for at least
15 min.

3. Inhalation exposure: If respirable 2-aminopyridine is
inhaled, move the victim to fresh air immediately, Have the
victim blow his or her nose or use a soft tissue to swab
particulates from the nostrils.

If the victim is not breathing, clean any chemical contamina-
tion from the victim's lips and perform cardiopulmonary
resuscitation (CPRY); if breathing is difficult, give oxygen.

4, Ingestion exposure: Take the following steps if
2-aminopyridine or a solution containing it is ingested:

—Do not induce vomiting,

—Have the victim rinse the contaminated mouth cavity
several times with a fluid such as water.

—Do not force an unconscious or convulsing person to drink
fluid or to vomit.

5. Rescue: Remove an incapacitated worker from further
exposure and implement appropriate emergency procedures
(e.g., those listed on the material safety data sheet required
by OSHA's hazard communication standard [29 CFR
1910.1200]). All workers should be familiar with emergen-
¢y procedures and the location and proper use of emergency
equipment.

EXPOSURE SOURCES AND CONTROL
METHODS

The following operations may involve 2-aminopyridine and
may result in worker exposures to this substance:

1992

-—Manufacture of pharmaceuticals, especially antihis-
tamines

—Manufacture of hair dyes and other dyes

—Use of 2-aminopyridine in chemical synthesis

The following methods are effective in controlling worker
exposures to 2-aminopyridine, depending on the feasibility
of implementation:

—Process enclosure

—Local exhaust ventilation
—General dilution ventilation
—Personal protective equipment

Good sources of information about control methods are as
follows:

1. ACGIH [1992). Industrial ventilation—a manual of
recommended practice. 21st ed. Cincinnati, OH: American
Conference of Governmental Industrial Hygienists.

2. Burton DJ [1986]. Industrial ventilation-a self study
companion. Cincinnati, OH: American Conference of
Governmental Industrial Hygienists.

3. AldenJL, Kane IM [1982]. Design of industrial ventila-
tion systems. New York, NY: Industrial Press, Inc.

4. Wadden RA, Scheff PA [1987]. Engineering design for
control of workplace hazards. New York, NY: McGraw-
Hill.

5. Plog BA [1988]. Fundamentals of industrial hygiene.
Chicago, IL: National Safety Council.

MEDICAL MONITORING

Workers who may be exposed to chemical hazards should be
monitored in a systematic program of medical surveillance
that is intended to prevent occupational injury and disease.
The program should include education of employers and
workers about work-related hazards, placement of workers
in jobs that do not jeopardize their safety or health, early
detection of adverse health effects, and referral of workers
for diagnosis and treatment. The occurrence of disease or
other work-related adverse health effects should prompt
immediate evaluation of primary preventive measures (e.g.,
industrial hygiene monitoring, engineering controls, and per-
sonal protective equipment). A medical monitoring program
is intended to supplement, not replace, such measures. To
place workers effectively and to detect and control work-
related health effects, medical evaluations should be per-
formed (1) before job placement, (2) periodically during the
term of employment, and (3) at the time of job transfer or
termination.
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¢ Preplacement medical evaluation

Before a worker is placed in a job with a potential for
exposure to 2-aminopyridine, a licensed health care profes-
sional should evaluate and document the worker's baseline
health status with thorough medical, environmental, and
occupational histories, a physical examination, and
physiologic and laboratory tests appropriate for the an-
ticipated occupational risks. These should concentrate on
the function and integrity of the central nervous and
respiratory systems. Medical monitoring for respiratory dis-
ease should be conducted using the principles and methods
recommended by the American Thoracic Society [ATS
1987).

A preplacement medical evaluation is recommended to as-
sess an individual’s suitability for employment at a specific
job and to detect and assess medical conditions that may be
aggravated or may result in increased risk when a worker is
exposed to 2-aminopyridine at or below the prescribed ex-
posure limit. The licensed health care professional should
consider the probable frequency, intensity, and duration of
exposure as well as the nature and degree of any applicable
medical condition. Such conditions (which should not be
regarded as absolute contraindications to job placement)
include a history or findings consistent with seizure or other
central nervous system disorders or chronic respiratory dis-
ease.

® Periodic medical examinations and biological
monitoring

Occupational health interviews and physical examinations
should be performed at regular intervals during the employ-
ment period, as mandated by any applicable Federal, State,
or local standard. Where no standard exists and the hazard
is minimal, evaluations should be conducted every 3 to
5 years or as frequently as recommended by an experienced
occupational health physician. Additional examinations
may be necessary if a worker develops symptoms at-
tributabie to 2-aminopyridine exposure. The interviews, ex-
aminations, and medical screening tests should focus on
identifying the adverse effects of 2-aminopyridine on the
central nervous and respiratory systems. Current health
status should be compared with the baseline health status of
the individual worker or with expected values for a sujtable
reference population.

Biological monitoring involves sampling and analyzing
body tissue or fluids to provide an index of exposure to a
toxic substance or metabolite. No biological monitoring test
acceptable for routine use has yet been developed for
2-aminopyridine.

4 2-Aminopyridine

® Medical examinations recommended at the time of
job transfer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic or
laboratory tests that were conducted at the time of job place-
ment shonld be repeated at the time of job transfer or termina-
tion. Any changes in the worker’s health status should be
compared with those expected for a suitable reference
population.

WORKPLACE MONITORING AND
MEASUREMENT

A worker’s exposure to airborne 2-aminopyridine is deter-
mined by using two Tenax-GC tubes in series (the first tube
contains a single 35-mg section and the second tube contains
a single 17-mg section; both sections are 35/60 mesh).
Samples are collected at a maximum flow rate of 0.2 liter/min
until a maximum air volume of 12 liters is collected. The
sample is then analyzed by gas chromatography using a
flame ionization detector. This method is included in the
OSHA Computerized Information System [OSHA 1986].
NIOSH has a similar method for analyzing 2-aminopyridine
(Method S158) in the NIOSH Manual of Analytical Methods
[NIOSH 1984].

PERSONAL HYGIENE

Because 2-aminopyridine can be absorbed through the skin
in lethal amounts, workers should immediately remove any
contaminated clothing and wash thoroughly with soap and
water any areas of the skin that have come in contact with
this substance.

Clothing and shoes contaminated with 2-aminopyridine
should be removed immediately and provisions should be
made for safely removing this chemical from these articles.
Persons laundering contaminated clothing should be in-
formed about the hazardous properties of 2-aminopyridine,
particularly its potential for being absorbed through the skin
in lethal amounts.

A worker who handles 2-aminopyridine should thoroughly

wash hands, forearms, and face with soap and water before
eating, using tobacco products, or using toilet facilities.

Workers should not eat, drink, or use tobacco products in
areas where 2-aminopyridine is handled, processed, or
stored.

STORAGE

2-Aminopyridine should be stored in a cool, dry, well-
ventilated area in tightly sealed containers that are labeled in
accordance with OSHA s hazard communication standard
[29 CFR 1910.1200]. All electrical service in storage
areas should be of explosionproof design. Containers of
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2-aminopyridine should be protected from physical damage
and should be stored separately from oxidizing agents, strong
acids, sodium nitrate, heat, sparks, and open flame. Because
empty containers may contain 2-aminopyridine residues,
they should be handled appropriately.

SPILLS AND LEAKS

In the event of a spill or leak involving 2-aminopyridine,
persons not wearing protective equipment and clothing
should be restricted from contaminated areas until cleanup is
complete. The following steps should be undertaken follow-
ing a spill or leak:

. Do not touch the spilled material.
. Notify safety personnel.

. Remove all sources of heat and ignition.

1
2
3
4. Provide maximum explosionproof ventilation.
5. Use nonsparking tools during cleanup.

6

. Carefully collect solid material and place it in a covered
ntainer for disposal.

7. To the extent feasible, avoid generating dust during
cleanup.

SPECIAL REQUIREMENTS

U.S. Environmental Protection Agency (EPA) requirements
for emergency planning, reportable quantities of hazardous
releases, community right-to-know, and hazardous waste
management may change over time. Users are therefore
advised to determine periodically whether new information
is available.

* Emergency planning requirements

2-Aminopyridine is not subject to EPA emergency planning
requirements under the Superfund Amendments and
Reauthorization Act (SARA) [42 USC 11022].

® Reportable quantity requirements for hazardous
releases

Employers are not required by the emergency release
notification provisions of the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA)
[40 CFR 355.40] to notify the National Response Center of
an accidental release of 2-aminopyridine; there is no report-
able quantity for this substance,

¢ Community right-to-know requirements

Employers are not required by Section 313 of SARA to
submit a Toxic Chemical Release Inventory Form (Form R)
to EPA reporting the amount of 2-aminopyridine emitted or
released from their facility annually.
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¢ Hazardous waste management requirements

EPA considers a waste to be hazardous if it exhibits any of
the following characteristics: ignitability, corrosivity, reac-
tivity, or toxicity as defined in 40 CFR 261.21-261.24. Al-
though 2-aminopyridine is not specifically listed as a
hazardous waste under the Resource Conservation and
Recovery Act (RCRA) [40 USC 6901 et seq.], EPA requires
employers to treat waste as hazardous if it exhibits any of the
characteristics discussed above.

Providing detailed information about the removal and dis-
posal of specific chemicals is beyond the scope of this
guideline. The U.S. Department of Transportation, EPA,
and State and local regulations should be followed to ensure
that removal, transport, and disposal of this substance are
conducted in accordance with existing regulations. To be
certain that chemical waste disposal meets EPA regulatory
requirements, employers should address any questions to the
RCRA hotline at (800) 424-9346 or at (202) 382-3000 in
Washington, D.C. In addition, relevant State and local
authorities should be contacted for information about their
requirements for waste removal and disposal.

RESPIRATORY PROTECTION
¢ Conditions for respirator use

Good industrial hygiene practice requires that engineering
controls be used where feasible to reduce workplace con-
centrations of hazardous materials to the prescribed exposure
limit. However, some situations may require the use of
respirators to control exposure. Respirators must be worn if
the ambient concentration of 2-aminopyridine exceeds
prescribed exposure limits. Respirators may be used
(1) before engineering controls have been installed,
(2) during work operations such as maintenance or repair
activities that involve unknown exposures, (3) during opera-
tions that require entry into tanks or closed vessels, and
(4) during emergencies. Workers should use only respirators
that have been approved by NIOSH and the Mine Safety and
Health Administration (MSHA).

® Respiratory protection program

Employers should institute a complete respiratory protection
program that, at a minimum, complies with the requirements
of OSHA's respiratory protection standard [29 CFR
1910.134]. Such a program must include respirator selec-
tion, an evaluation of the worker’s ability to perform the work
while wearing a respirator, the regular training of personnel,
fit testing, periodic workplace monitoring, and regular
respirator maintenance, inspection, and cleaning. The im-
plementation of an adequate respiratory protection program
(including selection of the correct respirator) requires that a
knowledgeable person be in charge of the program and that
the program be evaluated regularly. For additional informa-
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tion on the selection and use of respirators and on the medical
screening of respirator users, consult the NIOSH Respirator
Decision Logic INIOSH 1987b] and the NIOSH Guide to
Industrial Respiratory Protection [NIOSH 1987a).

PERSONAL PROTECTIVE EQUIPMENT

Protective clothing should be worn to prevent any possibility
of skin contact with 2-aminopyridine. Gloves, aprons, boots,
and chemical-protective suits should be worn when workers
are handling this substance. Chemical protective clothing
should be selected on the basis of available performance data,
manufacturers’ recommendations, and evaluation of the
clothing under actual conditions of use. No reports have
been published on the resistance of various protective cloth-
ing materials to 2-aminopyridine permeation; however, buty!l
rubber has been tested against chemically similar materials
(pyridines) and has demonstrated good-to-excellent
resistance. Since specific test data are not available for
2-aminopyridine, the informaticn provided here should be
considered as a guideline only. If permeability data are not
readily available, protective clothing manufacturers should
be requested to provide information on the best chemical
protective clothing for workers to wear when they are ex-
posed to 2-aminopyridine.

If 2-aminopyridine is dissolved in water or an organic sol-
vent, the permeation properties of both the solvent and the
mixture must be considered when selecting personal protec-
tive equipment and clothing.

Safety glasses, goggles, or face shields should be wom
during operations in which 2-aminopyridine might contact
the eyes (e.g., through dust particles or splashes of solution).
Eyewash fountains and emergency showers should be avail-
able within the immediate work area whenever the potential
exists for eye or skin contact with 2-aminopyridine. Con-
tact lenses should not be worn if the potential exists for

2-aminopyridine exposure,
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE
FOR AMITROLE

INTRODUCTION

This guideline summarizes pertinent information about
amitrole for workers and employers as well as for physicians,
industrial hygienists, and other occupational safety and
health professionals who may need such information to
conduct effective occupational safety and health programs.
Recommendations may be superseded by new develop-
ments; readers are therefore advised to regard these recom-
mendations as general guidelines and to determine
periodically whether new information is available.

SUBSTANCE IDENTIFICATION

¢ Formula
C2H4N4
¢ Structure .
]
7
Y
* Synonyms

3-Amino-s-triazole; 2-amino-1,3,4-triazole; 3AT; ATA;
aminotriazole; 3-amino-1H-1,2 4-triazole; Amitril; Amizol;
Cytrol; Weedazol; Azaplant; Azolan; Diurol; Domatol; El-
masil; Emisol; Fenamine; Kleer-Lot; Orga-414; Radoxone
TL; X-All Liquid; Fenavar; Ramizol; Vorox

® Identifiers

1. CAS No.: 61-82-5

2. RTECS No.: XZ3850000

3. DOT UN: None

4. DOT label: None

e Appearance and odor

Amitrole is a nonflammable, colorless-to-white, crystalline

solid that is odotless when pure. The use of amitrole on food
crops is now banned in the United States; however, this

substance is still imported for use as a specialty hetbicide
{e.g., brush killer) and as a preharvest and postharvest her-
bicide on selected crops.

CHEMICAL AND PHYSICAL PROPERTIES

e Physical data

Molecular weight: 84.1

Boiling point (760 mm Hg): Data not available
Specific gravity (water = 1): 1.14 at 20°C (68°F)
Vapor density: Not applicable

Melting point: 159°C (318.2°F)

Vapor pressure at 20°C (68°F): Not applicable

. Solubility: Soluble in water, alcohol, and chloroform;
spanngly soluble in ethyl acetate; insoluble in acetone, diesel
oil, ether, and kerosene

- N N

8. Evaporation rate: Not applicable
¢ Reactivity
1. Conditions contributing to instability: Heat and light

2. Incompatibilities: Amitrole in aqueous solution is
neutral, but the compound acts as a weak base to form salts
in contact with acids. This substance is also mildly corrosive
to iron, aluminum, copper, and copper alloys.

3. Hazardous decomposition products: Toxic gases (such
as oxides of nitrogen) may be released in a fire involving
amitrole.

4. Special precautions: None
¢ Flammability

The National Fire Protection Association has not assigned a
flammability rating to amitrole; this substance is not flam-
mable.

1. Flash point: Not applicable

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES

Public Health Service

Centers for Disease Control

National Institute for Occupational Safety and Health
Division of Standards Development and Technology Transfer

U.S. DEPARTMENT OF LABOR
Occupational Safety and Health Administration
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2. Autoignition temperature: Not applicable
3. Flammable limits in air: Not applicable

4, Extinguishant: Use an extinguishant that is suitable for
the materials involved in the surrounding fire.

Firefighters should wear a full set of protective clothing,
including a self-contained breathing apparatus, when fight-
ing fires involving amitrole.

EXPOSURE LIMITS

e OSHA PEL

The current Occupational Safety and Health Administra-
tion (OSI-IA) permissible exposure limit (PEL) for amitrole
is0.2 mgfm of air as an 8-br time-weighted average (TWA)
concentration [29 CFR 1910.1000, Table Z-1-A).

» NIOSH REL

The National Institute for Occupational Safety and Health
{(NIOSH) has mtabllshed a recommended exposure limit
(REL) of 0.2 mym as an 8-hr TWA. NIOSH has also
recommended that amitrole be considered a potential oc-
cupational carcinogen and that exposure be limited to the
lowest feasible concentration {NIOSH 1992].

s ACCIH TLV®

The American Conference of Governmental Industrial
Hygienists (ACGIH) has ass1gned amitrole a threshold limit
value (TLV) ofOngJm as a TWA for a normal 8-hr
workday and a 40-hr workweek [ACGIH 1991b].

¢ Rationale for imits

The OSHA and NIOSH limits are base< on the risk of cancer
associated with exposure to amitrole, and the ACGIH limit
is based on the risk of systemic and reproductive
(fetotoxicity) effects associated with exposure to amitrole.

HEALTH HAZARD INFORMATION

& Routes of exposure

Exposure to amitrole can occur through inhalation, ingestion,
and eye or skin contact.

¢ Summary of toxicology

1. Effects on Animals: Amitrole is a potent antithyroid agent
and an animal carcinogen. Amitrole is slightly irritating to
the eyes and skin of exposed rabbits (ACGIH 1991a). Acute
dermal exposure of rats and rabbits to 10 000mgjkg did not
induce toxicity. Exposure of rats to 439 mglm for 4 hr did
not induce eye or respiratory tract irritation or toxicity
[ACGIH 1991a]. The oral LDg, for mice and rats ranges
from 11,000 to 14,000 mg/kg [ACGIH 1991a; Clayton and
Clayton 1982]; however, a 25,000-mg/kg LD, has also been
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cited for rats [ACGIH 1991a; NIOSH 1991]. When ad-
ministered to young rabbits (dose and route not specified),
amitrole produced cataracts and reduced the catalase activity
within the lens [Grant 1986]. A number of subchronic
studies via oral routes of administration have established the
thyroid as the primary target organ of amitrcle toxicity. In
rats, the no observable effect level (NOEL) based on normal
iodine 131 uptake was 0.5 ppm amitrole in the diet cansumed
during 13 weeks of exposure. Decreased thyroid function
required 1.0 ppm in the diet for 29 days. Induction of
increased thyroid weights required a minimum of 10 ppm in
the diet for 13 weeks [ACGIH 1991a]. In addition, rats fed
amitrole in drinking water (12 to 14 mg/day) developed
goiter and showed histologic evidence of thyroid pathology
at autopsy [Clayton and Clayton 1981]. Dietary exposure of
breeding pairs of rats to amitrole caused reduced growth and
viability of offspring [ITARC 1986]), and oral administration
to pregnant mice caused fetotoxicity [NLM 1991). In vitro
mammalian test systems indicate that amitrole is also
mutagenic [NIOSH 1991]. Amitrole has been tested for
carcinogenicity in mice (by oral administration, skin applica-
tion, and transplacental exposure), in rats (by oral and sub-
cutaneous administration), and in hamsters (by oral
administration). Orally, this substance produced thyroid
tumors, liver carcinomas, and benign and malignant liver
tumors in mice of both sexes; it also caused benign and
malignant (adenocarcinomas) thyroid tamors in rats of both
sexes, and benign pituitary tumors in female rats [JARC
1987]. On the basis of these studies, the International Agen-
cy for Research on Cancer (IARC) has concluded that the
evidence for the carcinogenicity of amitrole in animals is
sufficient [ITARC 1987].

2. Effects on Humans: Amitrole is a thyroid toxin in
humans. On the basis of effects seen in animals, this sub-
stance is also a potential occupational carcinogen. There
have been no reports of signs or symptoms in exposed
individuals, but extrapolations from animal data suggest that
dyspnea, muscle spasms, fasciculations, ataxia, anorexia,
salivation, and increased body temperature could occur
NLM 1991]). A single oral dose of 100 mg of amitrole given
to volunteers inhibited thyroid iodine uptake for 24 hr after
administration; the volunteers included healthy persons as
well as individuals with hyperthyroidism [ACGIH 1991a].
Ingestion of 20 mg/kg of a commercial preparation
(30% amitrole) by a 39-year-old woman did not induce
signs or symptoms of toxicity [NLM 1991]. A small cohort
study of Swedish railroad workers exposed for 45 days or
more to amitrole, other pesticides, and organic and inor-
ganic chemicals revealed an excess humber of deaths from
cancer. A snbgroup of these workers exposed both to
amitrole and chlorophenoxy herbicides had an increase in
cancet mortality that was statistically significant; however,

in the subgroup exposed primarily to amitrole alone, no
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significant excess was seen [IARC 1987]. On the basis of
this study, IARC has concluded that the evidence for the
carcinogenicity of amitrole in humans is inadequate [IARC
1987].

® Signs and symptoms of exposure

1. Acute exposure: Other than mild irritation, no signs or
symptoms of acute exposure to amitrole have been reported.

2. Chronic exposure: On the basis of effects seen in
animals, the signs and symptoms of chronic exposure to
amitrole could include dyspnea, muscle spasms, ataxia,
anorexia, salivation, and increased body temperature; or
lassitude, skin dryness, depression, and other effects indica-
tive of thyroid function suppression.

¢ Emergency procedures

Keep unconscious victims warm and on their sides to avoid
choking if vomiting occurs. Initiate the following emergen-

cy procedures:

1. Eye exposure: Tissue irritation may result from exposure
to particulates or concentrated solutions, vapors, mists, or
aerosols of amitrole. Immediately and thoroughly flush
eyes with large amounts of water, occasionally lifting the
upper and lower eyelids.

2. Skin exposure: Skin irritation may result. Immediately
remove contaminated clothing and theroughly wash con-
taminated skin with soap and water.

3. Inhalation exposure: 1f particulates or vapors, mists, or
aerosols of amitrole are inhaled, move the victim to fresh air
immediately.

If the victim is not breathing, clean any chemical contamina-
tion from the victim's lips and perform cardiopulmonary
resuscitation (CPR); if breathing is difficult, give oxygen.

4. Ingestion exposure: Take the following steps if amitrole

or any material containing it is ingested:

—Have the victim rinse the contaminated mouth cavity
several times with a fluid such as water,

—Have the victim drink a glass (8 oz) of fluid such as water.

—Induce vomiting by giving syrup of ipecac as directed on
the package. If ipecac is unavailable, have the victim
touch the back of the throat with a finger until productive
vomiting ceases.
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—Do not force an unconscious or convulsing person to drink
fluid or to vomit.

5. Rescue: Remove an incapacitated worker from further

exposure and implement appropriate emergency procedures
(e.g., those listed on the material safety data sheet required
by OSHA's hazard communication standard [29 CFR
1910.1200]). All workers should be familiar with emergen-
cy procedures and the location and proper use of emergency

equipment.

EXPOSURE SOURCES AND CONTROL
METHODS

The following uses involve amitrole and may result in worker
exposures to this substance:
—Use in the formulation of herbicides

—Use as a herbicide for hardwood nursery stock, aquatic
weeds, and nonselective weed control along highways and
railroads

—Use as a cotton defoliant and as a reagent in photography
—Use as a herbicide on poison ivy and poison oak

—Use as a herbicide on food crops (now banned in the
United States)

The following methods are effective in controlling worker
exposures to amitrole, depending on the feasibility of im-
plementation:

—Process enclosure

—Local exhaust ventilation
—General dilution ventilation
—Personal protective equipment

Good sources of information about control methods are as
follows:

1. ACGIH [1992]. Industrial ventilation—a manual of
recommended practice. 21sted. Cincinnati, OH: American
Conference of Governmental Industrial Hygienists.

2. Burton DJ {1986]. Industrial ventilation—a self study
companion. Cincinnati, OH: American Conference of
Governmental Industrial Hygienists.

3. Alden JL, Kane M [1982]. Design of industrial ventila-
tion systems. New York, NY: Industrial Press, Inc.

4. Wadden RA, Scheff PA [1987]. Engineering design for
control of workplace hazards. New York, NY: McGraw-
Hill

5. Plog BA [1988]. Fundamentals of industrial hygiene.
Chicago, IL: National Safety Council.
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MEDICAL MONITORING

‘Workets who may be exposed to chemical hazards should be
monitored in a systematic program of medical surveillance
that is intended to prevent occupational injury and disease.
The program should include education of employers and
workers about work-related hazards, placement of workers
in jobs that do not jeopardize their safety or health, early
detection of adverse health effects, and referral of workers
for diagnosis and treatment. The occurrence of disease or
other work-related adverse health effects should prompt
immediate evaluation of primary preventive measures (e.g.,
industrial hygiene monitoring, engineering controls, and per-
sonal protective equipment). A medical tnonitoring program
is intended to supplement, not replace, such measures. To
place workers effectively and to detect and control work-
related health effects, medical evaluations should be per-
formed (1) before job placement, (2) periodically during the
term of employment, and (3) at the time of job transfer or
termination.

* Preplacement medical evaluation

Before a worker is placed in a job with a potential for
exposure to amitrole, a licensed health care professional
should evaluate and document the worker’s baseline heaith
status with thorough medical, environmental, and occu-
pational histories, a physical examination, and physiologic
and laboratory tests appropriate for the anticipated occupa-
tional risks. These should concentrate on the function and
integtity of the thyroid gland, and they should include meas-
urement of the individual's pre-exposure level of thyroid
activity.

A preplacement medical evaluation is recommended to as-
sess an individual’s suitability for employment at a specific
job and to detect and assess medical conditions that may be
aggravated or may result in increased risk when a worker is
exposed to amitrole at or below the prescribed exposure
limit. The licensed health care professional should consider
the probable frequency, intensity, and duration of exposure
as well as the nature and degree of any applicable medical
condition. Such conditions (which should not be regarded
as absolute contraindications to job placement) include a
history and other findings consistent with diseases of the
thyroid gland.

® Periodic medical examinations and biological
monitoring

Occupational health interviews and physical examinations
should be performed at regular intervals during the employ-
ment period, as mandated by any applicable Federal, State,
or local standard, Where no standard exists and the hazard
is minimal, evaluations should be conducted every 3 to
5 years or as frequently as recommended by an experienced
occupational health physician. Additional examinations
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may be necessary if a worker develops symptoms at-
tributable to amitrole exposure. The interviews, examina-
tions, and medical screening tests shonld focus on identifying
the adverse effects of amitrole on the thyroid gland. Current
health status should be compared with the baseline health
status of the individual worker or with expected values fora
suitable reference population.

Biological monitoring involves sampling and analyzing
body tissues or fluids to provide an index of exposure to a
toxic substance or metabolite. No biclogical monitoring test
acceptable for routine use has yet been developed for
amitrole,

¢ Medical examinations recommended at the time of
job transfer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic or
laboratory tests that were conducted at the time of job place-
ment should be repeated at the time of job transfer or termina-
tion. Any changes in the worker’s health status should be
compared with those expected for a suitable reference popu-
lation. Because occupational exposure to amitrole may
cause diseases with prolonged latent periods, the need for
medical monitoring may extend well beyond the termination
of employment.

WORKPLACE MONITORING AND
MEASUREMENT

A worker's exposure to airborne amitrole is determined by
using a midget impinger containing 10 m! of distilled water.
Samples are collected at a maximum flow rate of 1.0literfmin
unti] a maximum air volume of 60 liters is collected.
Analysis is conducted by high performance liquid
chromatography using ultraviolet detection. The limit of
detection for this procedure is 0.004 mg/m°. This method is
described in the OSHA Computerized Information System
[OSHA 1988] and in the OSHA Laboratory In-House
Methods File [OSHA 1991].

PERSONAL HYGIENE

If amitrole contacts the skin, workets should flush the af-
fected areas immediately with plenty of water for 15 min and
then wash with soap and water.

Clothing and shoes contaminated with amitrole should be
removed immediately, and provisions should be made for
safely removing this chemical from these articles. Persons
laundering contaminated clothing should be informed of the
hazardous properties of amitrole.

A worker who handles amitrole should thoroughly wash
hands, forearms, and face with soap and water before eating,
using tobacco products, or using toilet facilities.
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Workers should not eat, drink, or use tobacco products in
areas where amitrole or a solution containing amitrole is
handled, processed, or stored.

STORAGE

Amitrole should be stored in a cool, dry, well-ventilated area
in tightly sealed containers that are labeled in accordance
with OSHA's hazard communication standard [29 CFR
1910.1200]. Containers of amitrole should be protected
from physical damage and should be stored separately from
acids, heat, and light. Because containers that formerly
contained amitrole may still hold product residues, they
should be handled appropriately.

SPILLS AND LEAKS

In the event of a spill or leak involving amitrole, persons not
wearing protective equipment and clothing should be
restricted from contaminated areas until cleanup is complete.
The following steps should be undertaken following a spill
or leak:

1. Do not touch the spilled material.

2. For small dry spills, use a clean shovel and place the
material in & clean, dry container; cover and remove the
container from the spill area.

3. Absorb small liquid spills with sand or other noncombus-
tible absorbent material and place the material in a covered
container for later disposal.

4. For large liquid spills, build dikes far ahead of the spill to
contain the amitrole for later reclamation or disposal.

SPECIAL REQUIREMENTS

U.S. Environmental Protection Agency (EPA) requirements
for emergency planning, reportable quantities of hazardous
releases, community right-to-know, and hazardous waste
management may change over time. Users are therefore
advised to determine periodically whether new information
is available.

¢ Emergency planning requirements

Amitrole is not subject to EPA emergency planning require-
ments under the Supetfund Amendments and Reauthoriza-
tion Act (SARA) {42 USC 11022].

® Reportable quantity requirements for hazardous
releases

A hazardous substance release is defined by EPA as any
spilling, pumping, pouring, emitting, emptying, discharging,
injecting, escaping, leaching, dumping, or disposing of haz-
ardous substances into the environment (including the aban-
donment or discarding of contaminated containers). In the
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event of a release that is above the reportable quantity for that
chemical, employers are required by the Comprehensive
Environmental Response, Compensation, and Liability Act
(CERCLA) [40 CFR 355.40] to notify the proper Federal,
State or local authorities.

The reportable quantity for amitrole is 1 Ib. If an amount
equal to or greater than this quantity is released within a 24-hr
period in a manner that will expose persons outside the
facility, employers are required to do the following:

—Notify the National Response Center immediately at
(800) 424-8802 or at (202) 426-2675 in Washington, D.C.
[40 CFR 302.6].

—Notify the emergency response comumission of the State
likely to be affected by the release [40 CFR 355.40].

—Notify the community emergency coordinator of the local
emergency planning committee (or relevant local emer-
gency response personnel) of any area likely to be affected
by the release [40 CFR 355.40].

¢ Community right-to-know requirements

Employers are not required by Section 313 of SARA to
submit a Toxic Chemical Release Inventory Form (Form R)
to EPA reporting the amount of amitrole emitted or released
from their facility annually.

¢ Hazardous waste management requirements

EPA considers a waste to be hazardous if it exhibits any of
the following characteristics: ignitability, corrosivity, reac-
tivity, or toxicity as defined in 40 CFR 261.21-261.24.
Amitrole is listed as a hazardous waste under the Resource
Conservation and Recovery Act (RCRA) [40 USC 6901 et
seq.] and has been assigned EPA Hazardous Waste
No. UO11. This substance has been banned from land dis-
posal and may be treated by incineration. Amitrole also may
be disposed of in an organometallic or organic lab pack that
meets the requirements of 40 CFR 264.316 or 265.316.

Providing detailed information about the removal and dis-
posal of specific chemicals is beyond the scope of this
guideline. The U.S. Department of Transportation, EPA,
and State and local regulations should be followed to ensure
that removal, transport, and disposal of this substance are
conducted in accordance with existing regulations. To be
certain that chemical waste disposal meets EPA regulatory
requirements, employers should address any questions to the
RCRA hotline at (800) 424-9346 or at (202) 382-3000 in
Washington, D.C. In addition, relevant State and local
authorities should be contacted for information about their
requirements for waste removal and disposal.
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RESPIRATORY PROTECTION

® Conditions for respirator use

Good industrial hygiene practice requires that engineering
controls be used where feasible to reduce workplace con-
centrations of hazardous materials to the prescribed exposure
limit. However, some situations may require the use of
respirators to control exposure. Respirators must be worn if
the ambient concentration of amitrole exceeds prescribed
exposure limits. Respirators may be used (1) before en-
gineering controls have been installed, (2) during work
operations such as maintenance or repair activities that in-
volve unknown exposures, (3) during operations that require
entry into tanks or closed vessels, and (4) during emergen-
cies. Workers should use only respirators that have been
approved by NIOSH and the Mine Safety and Health Ad-
ministration (MSHA).

* Respiratory protection program

Employers should institute a complete respiratory protection
program that, at a minimum, complies with the requirements
of OSHA's respiratory protection standard [29 CFR
1910.134]. Such a program must include respirator selec-
tion, an evaluation of the worker's ability to perform the work
while wearing a respirator, the regular training of personnel,
fit testing, periodic workplace monitoring, and regular
respirator maintenance, inspection, and cleaning. The im-
plementation of an adequate respiratory protection program
(including selection of the correct respirator) requires that a
knowledgeable person be in charge of the program and that
the program be evaluated regularly. For additional informa-
tion on the selection and use of respirators and on the medical
screening of respirator users, consult the NIOSH Respirator
Decision Logic [NIOSH 1987b] and the NIOSH Guide to
Industrial Respiratory Protection [NIOSH 1987a].

PERSONAL PROTECTIVE EQUIPMENT

Protective gloves and clothing should be wom to prevent any
possibility of skin contact with amitrole. Chemical protec-
tive clothing should be selected on the basis of available
performance data, manufacturers’ recommendations, and
evaluation of the clothing under actual conditions of use. No
reports have been published on the resistance of various
protective clothing materials to amitrole permeation. If per-
meability data are not readily available, protective clothing
manufacturers should be requested to provide information on
the best chemical protective clothing for workers to wear
when they are exposed to amitrole.

If amitrole is dissolved in water or an organic solvent, the
permeation properties of both the solvent and the mixture
must be considered when selecting personal protective
equipment and clothing.

6 Amitrole

Safety glasses, goggles, or face shields should be worn
during operations in which amitrole might contact the eyes
(e.g., through dust particles or splashes of solution).
Eyewash fountains and emergency showers should be avail-
able within the immediate work area whenever the potential
exists for eye or skin contact with amitrole. Contact lenses
should not be worn if the potential exists for amitrole ex-

posure.
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Occupational Health Guideline for
Ammonia

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

¢ Formula: NH,

¢ Synonyms: Anhydrous ammonia

s Appearance and odor: Colorless gas with a penetrat-
ing, pungent, suffocating odor; it can be a liquid under
pressure.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for ammonia is 50 parts of
ammonia per million parts of air (ppm) averaged over
an eight-hour work shift. This may also be expressed as
35 milligrams of ammonia per cubic meter of air (mg/
m?*). NIOSH has recommended that the permissible
exposure limit be changed to a ceiling of 50 ppm
ammonia (35 mg/m?) averaged over a five-minute
period. The NIOSH Criteria Document for Ammonia
should be consulted for more detailed information.

HEALTH HAZARD INFORMATION

* Routes of exposure

Ammonia can affect the body if it is inhaled or if it
comes in contact with the eyes or skin. It may also
affect the body if it is swallowed.

¢ Effects of overexposure

1. Short-term Exposure: Ammonia is a severe irritant of
the eyes, respiratory tract, and skin. It may cause
burning and tearing of the eyes, runny nose, coughing,
chest pain, cessation of respiration, and death. It may
cause severe breathing difficulties which may be de-
layed in onset. Exposure of the eyes to high gas

concentrations may produce temporary blindness and
severe eye damage. Exposure of the skin to high
concentrations of the gas may cause burning and blister-
ing of the skin. Contact with liquid ammonia may
produce severe eye and skin burns. Contact of the eyes,
nose, throat, and skin with solutions of ammonia may
produce severe burns.

2. Long-term Exposure: Repeated exposure to ammonia
gas may cause chronic irritation of the eyes and upper
respiratory tract.

J. Reporting Signs and Symptoms: A, physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure to
ammonia.

* Recommended medical surveillance

The following medical procedures should be made
available to each employee who is exposed to ammonia
at potentially hazardous levels:

—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Exami-
nation of the eyes and respiratory tract should be
stressed. The skin should be examined for evidence of
chronic disorders.

—14” x 17 chest roentgenogram: Ammonia causes
human lung damage. Surveillance of the lungs is indi-
cated.

—FVC and FEV (1 sec): Ammonia is a respiratory
irritant. Persons with impaired pulmonary function may
be at increased risk from exposure. Periodic surveil-
lance is indicated.

2. Periodic Medical Examinations: The above medical
examinations should be repeated on an annual basis,
except that an x-ray is necessary only when indicated by
the results of pulmonary function testing, or by signs
and symptoms of respiratory disease.

» Summary of toxicology

Ammonia vapor is a severe irritant of the eyes, especial-
ly the cornea, the respiratory tract, and skin. Inhalation
of concentrations of 2500 to 6500 ppm causes dyspnea,

These recommendations refiect good industrial hygiene and medical surveillance practices and their impiementation will
assist in achieving an effective occupational heaith program. However, they may not be sufficient to achieve compliance
with all requirements of OSHA regulations.
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bronchospasm, chest pain and pulmonary edema which
may be fatal; production of pink frothy sputum often
occurs. Consequences can include bronchitis or pneu-
monia; some residual reduction in pulmonary function
has been reported. In a human experimental study
which exposed 10 subjects to various vapor concentra-
tions for 5 minutes, 134 ppm caused irritation of the
eyes, nose, and throat in most subjects and 1 person
complained of chest irritation; at 72 ppm, several re-
ported the same symptoms; at 50 ppm, 2 reported nasal
dryness and at 32 ppm only 1 reported nasal dryness. In
a survey of 8 workers in a blueprint shop, ammonia
concentrations of 4 to 29 ppm caused *barely notice-
able™ to “moderate” eye irritation; no respiratory irrita-
tion was reported. Tolerance to usually irritating con-
centrations of ammonia may be acquired by adaptation,
a phenomenon frequently observed among workers
who became inured to the effects of exposure; no data
are available on concentrations that are irritating to
workers who are regularly exposed to ammonia and
who presumably have a higher irritation threshold.
Liquid anhydrous ammonia in contact with the eyes
may cause serious eye injury or blindness; on the skin it
causes first- and second-degree burns which are often
severe, and if extensive, may be fatal. Vapor concentra-
tions of 10,000 ppm are mildly irritating to the moist
skin, while 30,000 ppm or greater causes a stinging
sensation and may produce skin burns and vesiculation.
Increased cancer has been reported in workers exposed
to high levels of ammonia and amines, although lack of
details makes evaluation difficult.

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical data

1. Molecular weight: 17

2. Boiling point (760 mm Hg): —334 C (-28 F)

3. Specific gravity (water = 1): Liquid 0.67 at boil-
ing point

4. Vapor density (air = 1 at boiling point of ammo-
nia): 0.6

5. Melting point: —77.7 C (-108 F)

6. Vapor pressure at 20 C (68 F): Greater than 1
atmosphere

7. Solubility in water, g/100 g water at 20 C (68 F):
51

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Reactivity

1. Conditions contributing to instability: Elevated
temperatures may cause containers to explode.

2. Incompatibilities: Contact with strong oxidizers
may cause fires and explosions. Contact with calcium,
hypochlorite bleaches, gold, mercury, and silver may
. form highly explosive products. Contact with halogens
may cause violent spattering.

3. Hazardous decomposition products: None.

4. Special precautions: Liquid ammonia will attack
some forms of plastics, rubber, and coatings.
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* Flammability

1. Flash point: Not applicable

2. Autoignition temperature; 651 C (1204 F)

3. Flammable limits in air, % by volume: Lower: 16;
Upper: 25

4. Extinguishant: Stop flow of gas.
¢ Warning properties

1. Odor Threshold: The ATHA Hygienic Guide states
that “ammonia is a colorless gas with a characteristic
odor detectable at 1 to 5 ppm.”

2. Eye Irritation Level: Grant states that “ammonia
is stightly irritant to human eyes at a concentration of
140 ppm in air and immediately irritating at 700 ppm.”

3. Other Information: The Hygienic Guide states that
“irritation of the respiratory tract in workers inhaling
100 ppm has been found, but 55 ppm was unobjectiona-
ble.”

4. Evaluation of Warning Properties: Because of its
low thresholds of odor and irritation, ammonia is treat-
ed as a material with good warning properties.

MONITORING AND MEASUREMENT
PROCEDURES

¢ Eight-Hour Exposure Evaluation

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

* Ceiling Evaluation

Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
airborne concentrations of ammonia. Each measure-
ment should consist of a fifteen (15) minute sample or
series of consecutive samples totalling fifteen (15) min-
utes in the employee’s breathing zone (air that would
most nearly represent that inhaled by the employee). A
minimum of three (3) measurements should be taken on
one work shift and the highest of all measurements
taken is an estimate of the employee’s exposure.

* Method

Sampling and analyses may be performed by collection
of vapors using an adsorption tube with a subsequent
chemical analysis of the adsorption tube. Also, detector
tubes certified by NIOSH under 42 CFR Part 84 or
other direct-reading devices calibrated to measure am-
monia may be used. An analytical method for ammonia
is in the NIOSH Manual of Analytical Methods, 2nd Ed.,
Vol. 5, 1979, available from the Government Printing
Office, Washington, D.C. 20402 (GPO No. 017-033-
00349-1).
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RESPIRATORS

* Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

* In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

+ Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent any possibility of skin contact with
liquid anhydrous ammonia or aqueous. solutions of
ammonia containing more than 10% by weight of
ammonia and to prevent the skin from becoming frozen
from contact with vessels containing liquid anhydrous
ammonia.

* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with solutions containing 10% or less by weight of
ammonia.

* Where there is any possibility of exposure of an
employee’s body to liquid anhydrous ammonia or aque-
ous solutions containing more than 109% ammonia by
weight, facilities for quick drenching of the body should
be provided within the immediate work area for emer-
gency use,

¢ Non-impervious clothing which becomes contami-
nated with anhydrous ammonia or aqueous solutions
containing more than 10% ammonia by weight should
be removed immediately and not reworn until the
ammonia is removed from the clothing.

* Non-impervious clothing which becomes wet with
solutions containing 10% ammonia by weight or less
should be removed promptly and not reworn until the
ammonia is removed from the clothing.

* Clothing wet with liquid anhydrous ammonia or
aqueous solutions of ammonia should be placed in
closed containers for storage until it can be discarded or
until provision is made for the remowval of ammonia
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& manufacture of textiles,

from the clothing. If the clothing is to be laundered or
otherwise cleaned to remove the ammonia, the person
performing the operation should be informed of ammo-
nia’s hazardous properties.

* Employees should be provided with and required to
use splash-proof safety goggles where there is any
possibility of liquid anhydrous ammonia or aqueous
solutions containing more than 10% ammonia by
weight contacting the eyes.

* Employees should be provided with and required to
use splash-proof safety goggles where solutions contain-
ing 10% ammonia by weight or less may contact the
eyes.

* Where there is any possibility that employees’ eyes
may be exposed to liquid anhydrous ammonia or aque-
ous solutions containing more than 10% ammonia by
weight, an eye-wash fountain should be provided
within the immediate work area for emergency use.

SANITATION

¢ Skin that becomes contaminated with liquid anhy-
drous ammonia or solutions containing more than 10%
ammonia by weight should be immediately washed or
showered to remove any ammonia.

¢ Skin that becomes wet with solutions containing 10%
ammonia by weight or less should be promptly washed
or showered to remove any ammonia.

¢ Employees who handle liquid anhydrous ammonia or
aqueous solutions of ammonia should wash their hands
thoroughly before eating, smoking, or using toilet facili-
ties.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to ammonia may occur and control
methods which may be effective in each case:

Operation Controls
Use as a chemical in Process enclosure;
manufacture of local exhaust

fertilizers, as solvent in ventilation; general
difution ventilation;
personal protective

equipment

leather, and pulp and
paper processing; as a
stabilizer in rubber
manufacture
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Operation Controls
Use in organic and Process enclosure;
inorganic synthesis of local exhaust
nitric acid, urea, ventilation; personal
plastics, fibers, protective equipment
synthetic resins,
pharmaceuticals,
pesticides, explosives,
rocket fuels, cyanides,
amides, dyestuffs,
amines, flame
retardants, and
household cleanars
Use in mining/ Local exhaust
metallurgy ore ventilation; general
extraction and dilution ventilation;
purification, treatment personal protective
of scrap metal, equipment
annealing, atomic
hydrogen welding,
electronics, nitriding
stee!
Use in petroleum Process enclosure;
refining as a neutralizing local exhaust
agent; manufacture and ventilation; persona!
recovery of cracking protective equipment
catalysts; and in
dewaxing of lubrication
oils
Use as a refrigerant in Local exhaust

food installations,
production of ice, cold-
storage, food lockers,

ventilation; general
dilution ventilation;
personal protective

deicing equipment

Use during blueprinting Local exhaust

and photography, ventilation; general
electroplating, and as a dilution ventilation;
laboratory reagent perscnal protective

equipment

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
* Eye Exposire

If liquid anhydrous ammonia, solutions containing am-
monia, or high concentrations of ammonia gas get into
the eyes, wash eyes immediately with large amounts of
water, lifting the lower and upper lids occasionally. Get
medical attention immediately. Contact lenses should
not be worn when working with this chemical.

* Skin Exposure .

If liquid anhydrous ammonia, strong solutions of ammo-
nia, or high concentrations of ammaonia gas get on the
skin, immediately flush the contaminated skin with
water. If liquid anhydrous ammonia, strong solutions
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containing ammonia, or high concentrations of ammo-
nia gas penetrate through the clothing, remove the
clothing immediately and flush the skin with water. If
irritation or burns are present after washing, get medical
attention.

* Breathing

If a person breathes in large amounts of ammonia, move
the exposed person to fresh air at once. If breathing has
stopped, perform artificial respiration. Keep the affect-
ed person warm and at rest. Get medical attention as
soon as possible.

* Swallowing

When ammonia has been swallowed and the person is
conscious, give the person large quantities of water
immediately to dilute the ammonia. Do not attempt to
make the exposed person vomit. Get medical attention
immediately.

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL AND LEAK PROCEDURES

* Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills or leaks until
cleanup has been completed.

» If ammonia is spilled or leaked, the following steps
should be taken:

1. Ventilate area of spill or leak to disperse gas.

2. If in gaseous form, stop flow of gas. If source of leak
is a cylinder and the leak cannot be stopped inplace,
remove the leaking cylinder to a safe place in the open
air, and repair the leak or allow the cylinder to empty.
3. Ifin liquid form, allow to vaporize.
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RESPIRATORY PROTECTION FOR AMMONIA

Condition Minimum Respiratory Protection®
Required Above 50 ppm

Gas Concentraton
100 ppm or less Any chemical cartridge respirator with an ammonia cartridge(s).

Any supplied-air respirator.

Any self-contained breathing apparatus.
300 ppm or less A chemical cartridge respirator with a full facepiece and an ammonia cartridge(s).

*. 500 ppm or less A gas mask with a chin-style or a front- or back-mounted ammonia canister.

Any supplied-air respirator with a full facepiece, helmet, or hood.

Any self-contained breathing apparatus with a fufl facepiece.

Greater than 500 ppm** or Self-contained breathing apparatus with a full facepiece operated in pressure-

entry and escape from demand or other positive pressure mode.

unknown concentrations
A combination respirator which includes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

Escape Any gas mask providing protection against ammonia.

Any escape self-contained breathing apparatus.

*Only NIOSH-approved or MSHA-approved equipment should be used.

**Use of supplied-air suits may be necessary to prevent skin contact while providing respiratory protection from
airborne concentrations of ammonia; however, this equipment should be selected, used, and maintained under
the immediate supervision of trained personnel. Where supplied-air suits are used above a concentration of 500
ppm, an auxiliary self-contained breathing apparatus operated in positive pressure mode should also be womn.
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE
FOR AMMONIA

INTRODUCTION

This guideline summarizes pertinent information about am-
monia for workers and employers as well as for physicians,
industrial hygienists, and other occupational safety and
health professionals who may need such information to
conduct effective occupational safety and health programs.
Recommendations may be superseded by new develop-
ments; readers are therefore advised to regard these recom-
mendations as general guidelines and to determine
periodically whether new information is available.

SUBSTANCE IDENTIFICATION

* Formula
NH,
* Structure
NH,
® Synonyms
Anhydrous ammonia, ammonia gas, Am-fol, Nitro-sil, aqua
ammonia, spirit of hartshorn
e Identifiers
1. CAS No.: 7664-41-7
2. RTECS No.: BO0875000

3. DOT UN: 1005 15 {anhydrous); 2073 15 (solutions con-
taining more than 44% ammonia); 2672 60 (solutions con-
taining 12% to 44% ammonia)

4, DOT labels: Poison Gas, Nonflammable Gas
¢ Appearance and odor

At room temperature, ammonia is a colorless, flammable gas;
it is shipped as a liquid under its own vapor pressure. This
substance has a penetrating and pungent odor. The odor
threshold is reported to be 5 parts per million (ppm) parts of
air.

CHEMICAL AND PHYSICAL PROPERTIES

® Physical data

Molecular weight: 17.0

Boiling point (at 760 mun Hg): -33.4°C (-28°F)
Specific gravity: 0.77 at 6°C (32°F)

Vapor density (air = 1 at boiling point of ammonia): 0.6
Melting point: -77.7°C (-107.8°F)

Vapor pressure at 20°C (68°F): 8,500 mm Hg

. Solubility: Very soluble in water, alcohol, ether, and
chloroform

N ok AEw b~

8. Evaporation rate: Data not available
& Reactivity

1. Conditions contributing to instability: Under certain con-
ditions, mixtures of ammonia and air will explode when
ignited.

2. Incompatibilities: Fires and explosions may result
from contact of ammonia with trimethylammonium amide,
1-chloro-2,4-dinitrobenzene, o-chloronitrobenzene,
platinum, trioxygen difluoride, selenium difluoride dioxide,
boron halides, acids, mercury, chlorine, iodine, bromine,
hypochlerites, or chlorine bleach.

3. Hazardous decomposition products: Toxic gases (such
as hydrogen gas, nitrogen gas, and nitrous oxides) may be
released when ammonia decomposes.

4. Special precautions: Liquid ammonia attacks some coat-
ings and some forms of plastic and rubber; this substance
should not be allowed to contact copper, brass, bronze, or
galvanized steel.

¢ Flammability

The National Fire Protection Association has assigned a
flammability rating of 1 (slight fire hazard) to ammonia.
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1. Flash point: Not applicable (ammonia is a gas at room
temperature}.

2. Autoignition temperature: 651°C (1,204°F)

3. Flammable limits in air (% by volume): Lower, 16;
upper, 25.

4. Extinguishant: Use water spray or fog.

Fires involving ammonia should be fought upwind and from
the maximum distance possible. Isolate the hazard area and
deny access to unnecessary personnel. Emergency person-
nel should stay out of low areas and should ventilate closed
spaces before entering. Containers of ammonia may explode
in the heat of the fire and should be moved from the fire area
if it is possible to do so safely. If this is not possible, cool
containers from the sides with water until well after the fire
is out. Stay away from the ends of containers. Do not get
water inside the container. Personnel should withdraw im-
mediately if they hear a rising sound from a venting safety
device or if a container becomes discolored as a result of fire.
Because ammonia is highly soluble in water, dikes should be
used to contain fire-control water for later disposal. If a tank
car or truck is involved in a fire, personnel should isolate an
area of a half mile in all directions. Firefighters should wear
a full set of protective clothing (including a self-contained
breathing apparatus} when fighting fires involving ammonia.
Firefighters® protective clothing may not provide protection
against permeation by ammonia,

EXPOSURE LIMITS
e OSHA PEL

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for ammonia is
35 ppm {27 mgjms) as a 15-min short-term exposure limit
(STEL} {29 CFR 1910.1000, Table Z-1-A). A STEL is a
:5-min time-weighted average (TWA) exposure which
should not be exceeded at any time during the workday.

¢ NIOSH REL

The National Institute for Occupational Safety and Health
(NIOSH) has established a recommended exposure limit
(REL) for ammonia of 25 ppm (17 mg/m>) as an 8-hr TWA
and 35 ppm as a STEL [NIOSH 1992al.

e ACGIH TLV®

The American Conference of Governmental Industrial
Hygienists (ACGIH) has assigned ammonia a threshold limit
value (TLV) of 25 ppm (17 mg{ms) as a TWA, for a normal
8-hr workday and a 40-hr workweek; a STEL of 35 ppm
(24 mglma) has been established for periods not to exceed
15 min [ACGIH 1991b].

2 Ammonia

* Rationale for limits

The limits are based on the risk of eye irritation and
respiratory effects associated with exposure to ammonia.
OSHA did not find it necessary to establish a TWA to
protect against chronic effects, OSHA concluded that a
STEL would protect against the substance’s irritant effects.

HEALTH HAZARD INFORMATION
* Routes of exposure

Exposure to ammonia can occur through inhalation and eye
or skin contact.

* Summary of toxicology

1. Effects on Animals; Ammenia is a severe irritant of the
eyes, respiratory tract, and skin. Liquified ammonia can
induce freezing, bums, and corrosion of tissues, Exposure
of guinea pigs to 5,000 to 6,000 ppm for 30 to 120 min
induced blindness [AIHA 1988]. The approximate 1-hr
LCj, for cats and rabbits was 9,900 ppm. This concentration
induced severe bronchiolar damage, alveolar congestion,
edema atelectasis, hemotthage, and emphysema in the
animals that died [NLM 1991]. The 4-hr LCs, in rats is
2,000 ppm, and the oral LDs, is 350 mg/kg [NIOSH 1992b].
In mice, the RDg, {the concentration capable of reducing
respiratory rate by 50%) was approximately 300 ppm. Con-
tinued exposure for 6 hr/day for § days produced nasal
iesions including hypertrophy, hyperplasia, epithelial
erosion, ulceration, and necrosis [NLM 1991]. Continuous
exposure to ammonia for several weeks at 658 ppm produced
marked eye irritation in dogs and rabbits and corneal
opacity in rabbits [Grant 1986]. Rats similarly exposed
developed interstitial pneumonitis with calcification of the
bronchi and renal tubules, epithelial proliferation of the
renal tubules, myocardial fibrosis, and fatty liver [NLM
1991]. Rats, guinea pigs, dogs, rabbits, and monkeys ex-
posed to 1,100 ppm for 8 hr/day, 5 daysfweek for 6 weeks
showed signs of moderate eye and nasal irritation but no
signs of systemic poisoning [ATHA 1988). Although all
monkeys, dogs, and rabbits survived a continuous 90-day
exposure to 680 ppm, this exposure was fatal to 13 of 15 rats
and 4 of 15 guinea pigs [AIHA 1988]. No clinically sig-
nificant findings were detected at autopsy in rats continucus-
ly exposed to 180 ppm for 90 days [ATHA 1988; Clayton and
Clayton 1981}.

2. Effects on Humans: Ammonia gas is severely irritating
to the eyes and to the moist skin and mucous membranes of
humans. In contact with the eyes, liquid anhydrous ammonia
causes severe damage that may lead to blindness [Proctor et
al. 1988]. When in contact with the skin, liquified ammonia
can cause freezing and third-degree bumns [NLM 1991; Proc-
tor et al. 1988]. Two volunteers exposed to ammonia at
approximately 24 ppm showed signs of mild nasal irritation
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on clinical examination [Clayton and Clayton 1981). Five
of six volunteers exposed to 30 or 50 ppm for 10 min reported
mild to moderate eye and upper respiratory tract irritation
[Clayton and Clayton 1981]. At 130 ppm, however, volun-
teers experienced lacrimation and nose and throat irritation;
one volunteer experienced pulmonary irritation [Clayton and
Clayton 1981)]. Exposure of humans to 500 ppm for 30 min
caused changes in respiratory rate, and exposure to
1,720 ppm produced coughing in exposed individuals
[ATHA. 1988]. Accidental exposure to ammonia gas or the
vapors of ammonia at high concentrations (approximately
2,500 to 6,500 ppm) for up to 2 hr induced chemical
poneumonitis, burns (eyes, face, and mouth), severe local
edema, dyspnea, progressive cyanosis, and death [Proctor et
al. 1988; Clayton and Clayton 1981]. Death is normally
caused by either suffocation or pulmonary edema [Clayton
and Clayton 1981]. In near-lethal cases, residual effects may
include visual impairment, decreased pulmonary function,
and hoarseness [Clayton and Clayton 1981].

® Signs and symptoms of exposure

1. Acute exposure: Increasing ambient concentrations can
cause contact irritation of the eyes and respiratory tract,
tearing, hoarseness, violent coughing, painful breathing, im-
paired vision, severe eye damage, blindness, dyspnea,
cyanosis, suffocation, and death. Direct contact with lignid
anhydrous ammonia can cause frostbite and corrosion of the
eyes and skin,

2. Chronic exposure: Exposure to ammonia can induce
irritation of the eyes, nose, and upper respiratory tract, with
coughing and difficult breathing.

* Emergency procedures

Keep unconscious victims warm and on their sides to avoid
choking if vomiting occurs. Initiate the following emergen-

cy procedures:

1. Eye exposure: If tissue is frozen, seek medical attention
immediately, if tissue is not frozen, immediately and
thoroughly flush the eyes with large amounts of water for at
least 15 min, occasionally lifting the upper and lower eyelids.
If irritation, pain, swelling, lacrimation, or photophobia per-
sists, get medical attention as soon as possible.

2, Skin exposure: If frostbite has occurred, seek medical
attention immediately; do not rub the affected areas or flush
them with water. If frostbite has not occurred, immediately
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and thoroughly wash contaminated skin with soap and
water.

3. Inhalation exposure: Move the victim to fresh air imme-
diately.

If the victim is not breathing, clean any chemical contamina-
tion from the victim's lips and perform cardiopulmonary
resuscitation (CPR); if breathing is difficult, give oxygen.

4. Ingestion exposure: Take the following steps if an am-
monia solution is ingested:

—Have the victim rinse the contaminated mouth cavity
several times with a fluid such as water.

—Have the victim drink a glass (8 oz) of fluid such as water.

—Induce vomiting by giving syrup of ipecac as directed on
the package. If ipecac is unavailable, have the victim
touch the back of the throat with a finger until productive
vomiting ceases.

—Do not force an unconscious or convulsing person to drink
fluid or to vomit.

5. Rescue: Remove an incapacitated worker from further
exposure and implement appropriate emergency procedures
(e.g., those listed on the material safety data sheet required
by OSHA’'s hazard communication standard [29 CFR
1910.1200]). All workers should be familiar with emergen-
cy procedures and the location and proper use of emergency
equipment.

EXPOSURE SOURCES AND CONTROL
METHODS

The following uses of ammonia may result in worker ex-
posures to this substance:

—Use as a soil fertilizer

—Use in the manufacture of fertilizers; as a solvent in the
manufacture of textiles, leather, and pulp and paper
processing; and as a stabilizer in the manufacture of rubber

—Use in organic and inorganic synthesis of nitric acid,
urea, plastics, fibers, synthetic resins, pharmaceuticals,
pesticides, explosives, rocket fuels, cyanides, amides,
dyestuffs, amines, flame retardants, household cleaners,
sulfuric acid, and alkalies

—Use in mining and metallurgy, ore extraction and purifica-
tion, treatment of scrap metal, annealing, atomic hydrogen
welding, electronics, and nitriding of steel

—Use in petroleam refining as a neutralizing agent, in the
manufacture and recovery of cracking catalysts, and in the
dewaxing of lubrication oils

—Use as a commercial refrigerant in food processing, the
production of ice, cold storage, and de-icing operations
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—Use as a substitute for calcium in the bisulfite pulping of
wood

—Use with chlorine to purify municipal and industrial water
supplies

The following methods are effective in controlling worker
exposures to ammonia, depending on the feasibility of im-
plementation:

—Process enclosure

—Local exhaust ventilation
—QGeneral dilution ventilation
—Personal protective equipment

Good sources of information about control methods are as
follows:

1. ACGIH [1992]. Industrial ventilation—a manual of
recommended practice, 21st ed. Cincinnati, OH: American
Conference of Governmental Industrial Hygienists.

2. Burton DJ [1986]. Industrial ventilation—a self study
companion. Cincinnati, OH: American Conference of
Governmental Industrial Hygienists.

3. Alden JL, Kane JM [1982]. Design of industrial ventila-
tion systems. New York, NY: Industrial Press, Inc.

4. Wadden RA, Scheff PA [1987]. Engineering design for
control of workplace hazards. New York, NY: McGraw-
Hill.

5. Plog BA [1988]. Fundamentals of industrial hygiene.
Chicago, IL: National Safety Council.

MEDICAL MONITORING

Workers who may be exposed to chemical hazards should be
monitored in a systematic program of medical surveillance
that is intended to prevent occupational injury and disease.
The program should include education of employers and
workers about work-related hazards, placement of workers
in jobs that do not jeopardize their safety or health, early
detection of adverse health effects, and referral of workers
for diagnosis and treatment. The occurrence of disease or
other work-related adverse health effects should prompt
immediate evaluation of primary preventive measures (e.g.,
industrial hygiene monitoring, engineering controls, and per-
sonal protective equipment). A medical monitoring program
is intended to supplement, not replace, such measures. To
place workers effectively and to detect and control work-
related health effects, medical evaluations must be per-
formed (1) before job placement, (2) periodically during the
term of employment, and (3) at the time of job transfer or
termination.

4 Ammonia

¢ Preplacement medical evaluation

Before a worker is placed in a job with a potential for
exposure to ammonia, a licensed health care professional
should evaluate and document the worker’s baseline health
status with thorough medical, environmental, and occupa-
tional histories, a physical examination, and physiologic and
laboratory tests appropriate for the anticipated occupational
risks. These should concentrate on the function and integrity
of the eyes, skin, and respiratory system. Medical monitor-
ing for respiratory disease should be conducted using the
principles and methods recommended by the American
Thoracic Society [ATS 1987].

A preplacement medical evaluation is recommended to as-
sess an individual’s suitability for employment at a specific
Jjob and to detect and assess medical conditions that may be
aggravated or may result in increased risk when a worker is
exposed to ammaonia at or below the prescribed exposure
limit., The licensed health care professional should consider
the probable frequency, intensity, and duration of exposure
as well as the nature and degree of any applicable medical
condition. Such conditions (which should not be regarded
as absolute contraindications to job placement) include a
history and other findings consistent with eye, skin, or
tespiratory tract diseases,

* Periodic medical examinations and biological
monitoring

Occupational health interviews and physical examinations
should be performed at regular intervals during the employ-
ment period, as mandated by any applicable Federal, State,
or local standard, Where no standard exists and the hazard
is minimal, evaluations should be conducted every 3 to
5 years or as frequently as recommended by an experienced
occupational health physician. Additional examinations
may be necessary if a worker develops symptoms at-
tributable to ammonia exposure. The interviews, examina-
tions, and medical screening tests should focus on identifying
the adverse effects of ammonia on the eyes, skin, and
respiratory tract. Current health status should be compared
with the baseline health status of the individual worker or
with expected values for a suitable reference population.

Biological monitoring involves sampling and analyzing
body tissues or fluids to provide an index of exposure to a
toxic substance or metabolite. No biological monitoring test
acceptable for routine use has yet been developed for am-
monia.

¢ Medical examinations recommended at the time of
Jjob transfer or termination

The medical, environmental, and occupational history intez-
views, the physical examination, and selected physiologic or
laboratory tests that were conducted at the time of job place-
ment should be repeated at the time of job transfer or termina-
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tion. Any changes in the worker's health status should be
compared with those expected for a suitable reference
population. Because occupational exposure to ammonia
may cause diseases with prolonged latent periods, the need
for medical monitoring may extend well beyond the termina-
tion of employment.

WORKPLACE MONITORING AND
MEASUREMENT

A worker's exposure to airborne aminonia is determined by
using sulfuric-acid-impregnated carbon bead tubes (Supelco
ORBO-77 tubes). Samples are collected at a maximum flow
rate of 0.1 liter/min until a minimum air volume of 1.5 liters
or a maximum air volume of 24 liters is collected. The
samples are desorbed with deionized water and analyzed by
ion chromatography. The limit of detection for this proce-
dure is 1.5 ppm. This method is described in OSHA Analyti-
cal Laboratory Method ID-188 [OSHA 1988]. NIOSH has
a similar method for analyzing ammonia using liquid sorbent
badges and the same analytical procedure (Method 6701) in
the NIOSH Manual of Analytical Methods INIOSH 1984],

PERSONAL HYGIENE

If ammonia contacts the skin, workess should immediately
wash the affected areas with large quantities of water. Cloth-
ing contaminated with liquid ammonia should be removed
immediately and should then be thoroughly flushed with cold
water. Persons laundering contaminated clothing should be
informed of the hazardous properties of ammonia, particular-
ly its potential for skin irritation.

A worker who handles ammonia should thoroughly wash
hands, forearms, and face with soap and water before eating,
using tobacco products, or using toilet facilities.

Workers should not eat, drink, or use tobacco products in
areas where ammonia or a solution containing ammonia is
handled, processed, or stored.

STORAGE

Ammonia should be stored in a cool, well-ventilated, fire-
resistant area in tightly sealed containers that are labeled in
accordance with OSHA's hazard communication standard
{29 CFR 1910.1200]. Outside or detached storage is
preferred, Containers of ammonia should be protected from
physical damage and should be separated from oxidizers,
combustible materials, heat, sparks, and open flame. Ex-
plosion proof electrical service must be installed in storage
areas. Because containers that formerly contained ammonia
may still hold product residues, they should be handled

appropriately.
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SPILLS AND LEAKS

In the event of a spill or leak involving ammonia, persons not
wearing protective equipment and clothing should be
restricted from contaminated areas until cleanup is complete.
The following steps should be undertaken following a spill
or leak:

1. Do not touch the spilled material; stop the leak if it is
possible to do so without risk.

2. Notify safety personnel.
3. Remove all sources of heat and ignition.
4. Ventilate potentially explosive atmospheres.

5. Use water spray to reduce vapors; do not put water
directly on the leak or spill area.

6. For small leaks, flocd the area with cool water.

7. For large liquid spills, build dikes far ahead of the spill to
contain the ammonia for later reclamation or disposal.

SPECIAL REQUIREMENTS

U.S. Environmental Protection Agency (EPA) requirements
for emergency planning, reportable quantities of hazardous
releases, community right-to-know, and hazardous waste
management may change over time. Users are therefore
advised to determine periodically whether new information
is available.

¢ Emergency planning requirements

Employers owning or operating a facility with 500 Ib or more
of ammonia onsite must comply with EPA’s emergency
planning requirements [40 CFR 355.30].

¢ Reporiable quantity requirements for hazardous
releases

A hazardous substance release is defined by EPA as any
spilling, pumping, pouring, emitting, emptying, discharging,
injecting, escaping, leaching, dumping, or disposing of a
hazardous substance into the environment (including the
abandonment or discarding of contaminated containers) of
hazardous substances. In the event of a release that is equal
or greater than the reportable quantity for that chemical,
employers are required by the Comprehensive Environmen-
tal Response, Compensation, and Liability Act (CERCLA)
[40 CFR 355.40] to notify the proper Federal, State, and local
authorities.

The reportable quantity for ammeonia is 100 1b. If an amount
equal to or greater than this quantity is released within a 24-hr
petiod in a manner that will expose persons outside the
facility, employers are required to do the following:
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—Notify the National Response Center immediately at
(800) 4248802 or at (202) 426-2675 in Washington, D.C.
[40 CFR 302.6].

—Notify the emergency response commission of the State
likely to be affected by the release [40 CFR 355.40].

—Notify the community emergency coordinator of the local
emergency planning committee (or relevant local emer-
gency response personnel) of any area likely to be affected
by the release [40 CFR 355.40].

* Community right-to-know requirements

Employers who own or operate facilities in SIC codes 20 to
39, who employ 10 or more workers, and who manufacture
25,000 1b or more or otherwise use 10,000 Ib or more of
ammonia per calendar year are required by EPA [49 CFR
372.30] to submit a Toxic Chemical Release Inventory Form
(Form R) to EPA reporting the amount of ammonia emitted
or released from their facility annually.

¢ Hazardous waste management requirements

EPA considers a waste to be hazardous if it exhibits any of
the following characteristics: ignitability, corrosivity, reac-
tivity, or toxicity as defined in 40 CFR 261.21-261.24. Al-
though ammonia is not specifically listed as a hazardous
waste under the Resource Conservation and Recovery Act
(RCRA) [40 USC 6901 et seq.], EPA requires employers to
treat waste as hazardous if it exhibits any of the charac-
teristics discussed above.

Providing detailed information about the removal and dis-
posal of specific chemicals is beyond the scope of this
guideline. The U.S. Department of Transportation, EPA,
and State and local regulations should be followed to ensure
that removal, transport, and disposal of this substance are
conducted in accordance with existing regulations. To be
certain that chemical waste disposal meets EPA regulatory
requirements, employers should address any questions to the
RCRA hotline at (800) 424-9346 or (202) 382-3000 in
Washington, D.C. In addition, relevant State and local
authorities should be contacted for information about their
requirements for waste removal and disposal.

RESPIRATORY PROTECTION

» Conditions for respirator use

Good industrial hygiene practice requires that engineering
controls be used where feasible to reduce workplace con-
centrations of hazardous materials to the prescribed exposure
limits. However, some situations may require the use of
respirators to control exposure. Respirators must be worn if
the ambient concentration of ammmonia exceeds prescribed
exposure limits. Respirators may be used (1) before en-
gineering controls have been installed, (2) during work
operations such as maintenance or repair activities that in-
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volve unknown exposures, (3) during operations that require
entry into tanks or closed vessels, and (4) during emergen-
cies. If the use of respirators is necessary, the only respirators
permitted are those that have been approved by NIOSH and
the Mine Safety and Health Administration (MSHA).

* Respiratory protection program

Employers should institute a complete respiratory protection
program that, at a minimum, complies with the requirements
of OSHA's respiratory protection standard {29 CFR
1910.134]. Such a program must include respirator selec-
tion, an evaluation of the worker’s ability to perform the work
while wearing a respirator, the regular training of personnel,
fit testing, periodic workplace monitoring, and regular
respirator maintenance, inspection, and cleaning. The im-
plementation of an adequate respiratory protection program
(including selection of the correct respirator) requires that a
knowledgeable person be in charge of the program and that
the program be evaluated regularly, For additional informa-
tion on the selection and use of respirators and on the medical
screening of respirator users, consult the NIOSH Respirator
Decision Logic [NIOSH 1987b] and the NIOSH Guide to
Industrial Respiratory Protection [NIOSH 1987a].

PERSONAL PROTECTIVE EQUIPMENT

Gloves, boots, aprons, full-body suits, etc. should be worn as
necessary. Chermical protective clothing should be selected
on the basis of available performance data, manufacturers’
recommendations, and evaluation of the clothing under ac-
tual conditions of use. The following materials have been
tested against ammonia and have demonstrated good to
excellent resistance: buty] rubber and Teflon®. Butyl rub-
ber may é)rovide more than 8 hr of resistance to permeation.
Saranex has demonstrated poor resistance to permeation by
ammonia.

If ammonia is dissolved in water or an organic solvent, the
permeation properties of both the solvent and the mixture
must be considered when selecting personal protective
equipment and clothing,.

Safety glasses, goggles, or face shields should be womn
during operations in which ammonia might contact the eyes.
Eyewash fountains and emergency showers should be avail-
able within the immediate work area whenever the potential
exists for eye or skin contact with ammonia.
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE
FOR AMMONIUM CHLORIDE FUME

INTRODUCTION

This guideline summarizes pertinent information about am-
monium chloride fume for workers and employers as well as
for physicians, industrial hygienists, and other occupational
safety and health professionals who may need such informa-
tion to conduct effective occupational safety and health
programs. Recommendations may be superseded by new
developments; readers are therefore advised to regard these
recommendations as general guidelines and to determine
periodically whether new information is available.

SUBSTANCE IDENTIFICATION

¢ Formula

NH,C!

®* Synonyms

Amchlor fume, ammoneric fume, ammonium muriate fume,
darammon fume, sal ammonia fume, salammoniac fume,
salammonite fume, salmiac fume

® Identifiers

1. CAS No.: 12125-02-9
2. RTECS No.: BP4550000
3. DOTUN: 9085 31

4. DOT label: None

¢ Appearance and odor

Ammonium chloride is a noncombustible, white, crystalline
solid. It is odorless and somewhat hygroscopic. Ammonium
chloride fume is the finely divided particulate form of this
substance.

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical data

Molecular weight: 53.5

Boiling point (760 mrm Hg): 520°C (968°F)
Specific gravity (water = 1): 1.52 at 25°C (77°F)
Vapor density: Not applicable

. Melting point: 350°C (662°F) sublimes

Vapor pressure at 160.4°C (320.7°F): | mm Hg

S A

. Solubility: Soluble in water, liquid ammonia, methanol,
and ethanol; practically insoluble in acetone, ether, and ethyl
acetate

8. Evaporation rate (butyl acetate = 1): Data not available

® Reactivity
1. Conditions contributing to instability: Heat

2. Incompatibilities: Violent reactions may resutt from con-
tact of ammonium chloride fume with boron trifluoride,
boron pentafluoride, iodine heptafluoride, or potassium
chlorate. In the presence of alkalies, ammonia is evolved; in
the presence of acids, hydrogen chloride is evolved. Am-
monjum chloride is also incompatible with the salts of lead
or silver.

3. Hazardous decomposition products: Toxic gases and
vapors (such as ammonia and hydrochloric acid) may be
released in a fire involving ammanium chloride fume.

4. Special precautions: At fire temperatures, ammonium
chloride fume corrodes metals.
¢ Flammability

The National Fire Protection Association has assigned a
flammability rating of 0 (no fire hazard) to ammonium
chloride fume. This substance is not combustible.
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1. Flash point: Not applicable
2. Autoignition temperature: Not applicable
3. Flammable limits in air: Not applicable

4. Extinguishant: Use water spray to reduce the fumes and
irritant gases produced in a fire involving ammonium
chloride. For small fires, use dry chemical, Halon®, water
spray, foam, or other noncombustible material suitable for
the materials involved in the surrounding fire.

Firefighters should wear a full set of protective clothing
(including a self-contained breathing apparatus) when fight-
ing fires involving ammonium chloride fume.

EXPOSURE LIMITS

* OSHA PEL

The current Occupational Safety and Health Administra-
tion (OSHA) permissible exposure limits (PELs) for am-
monium chlotide fume are 10 mg/m” of air as an 8-hr
time-weighted average (TWA) and 20 mg{m3 as a short-term
exposure limit (STEL)—the 15-min TWA that should not be
exceeded at any time during a workday [29 CFR 1910.1000,
Table Z-1-A).

+ NIOSH REL

The National Institute for Occupational Safety and Health
{NIOSH) has established a recommended exposure litnit
(REL) of 10 mg/m" as an 8-hr TWA and 20 mg/m° as a STEL
(15-min TWA) [NIOSH 1992].

* ACGIH TLV®

The American Conference of Governmental Industrial
Hygienists (ACGIH) has assigned ammonium chloride fume
a threshold limit value (TLV) of 10 mg/m® as a TWA for a
normal 8-hr workday and a 40-hr workweek and 20 mgllrn3
as a STEL (15-min TWA) [ACGIH 1991b].

* Rationale for limits

The limits are based on the risk of respiratory system irrita-
tion associated with exposure to ammonium chloride fume.

HEALTH HAZARD INFORMATION

¢ Routes of exposure

Exposure to ammonium chloride fume can occur through
inhalation and eye or skin contact,

¢ Summary of toxicology

1. Effects on Animals: Ammonium chloride is a tissue ir-
ritant and metabolic acidifying agent. Topical administra-
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tion of 100 or 500 mg onto the eyes of rabbits caused severe
or mild irritation, respectively [NIOSH 1991]. No animal
data are available on the toxic effects of inhalation exposure
to the fume of ammonium chloride. The acute oral LDsg in
rats is 1,650 mg/kg [NIOSH 1991]. An acute lethal in-
travenous dose to mice induced hyperventilation, convul-
sions, coma, and death [NLM 1991). During a 13-week
subchronic study, 10 male rats ingested a purified diet
containing 5% ammonium chloride. This metabolic acidify-
ing agent depressed food consumption and weight. Necrop-
sy of an animal that died during week 10 revealed
hemorrhagic abdominal fluid, a blood clot in the enlarged
urinary bladder, inflammation of the seminal vesicles and
prostate, and haemothorax. Terminal relative kidney
weights were also increased. Histopathology of selected
organs demonstrated only a diffuse hyperplasia of the urinary
bladders in 4 of 10 rats treated with ammonium chloride.
Two males had a moderate hyperplasia, and two other
males had severe hyperplasia with small papillary
protrusions [NIOSH 1991; de Groot et al. 1988].

2. Effects on Humans: Ammonium chloride fume is a mild
irritant of the eyes, nose, throat, lungs, and skin in humans.
Repeated inhalation of ammonium chloride fumes (con-
centration unspecified) during welding also caused pul-
monary sensitization in some workers [Genium 1991]. A
50-year-old woman ingested 6 g of ammonium chloride per
day as a urine acidifying agent for the treatment of renal stone
disease, air hunger, and profound metabolic acidosis [NLM
1991]. Ingestion of large doses of this chemical induced
nausea, gastric irritation and distress, vomiting, thirst,
headache, hyperventilation, progressive drowsiness, anorexia,
bradycardia, mental confusion, phases of excitement, cal-
cium-deficient tetany, tremors, hyperreflexia, and coma.
Clinical chemistry analyses revealed the following adverse
alterations: profound metabolic acidosis, hypokalemia, hy-
perchloremia, hyperglycemia, and glycosuria. EEG abnor-
malities have also been reported [NLM 1991].

¢ Signs and symptoms of exposure

1. Acute exposure: Acute exposute to ambient ammonium
chloride can cause irritation of contacted tissues. Ingestion
exposure ¢an cause nausea, gastric irritation and distress,
vomiting, thirst, headache, hyperventilation, progressive
drowsiness, anorexia, bradycardia, mental confusion, phases
of excitement, calcium-deficient tetany, tremors, hyper-
reflexia, and coma,

2. Chronic exposure: Chronic exposure to ammonium
chloride fume can cause difficult breathing, wheezing, and
coughing in sensitized individuals,
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* Emergency procedures

Keep unconscious victims warm and on their sides to avoid
choking if vomiting occurs. Initiate the following emergen-

¢y procedures:

1. Eye exposure: Irritation may result! Immediately and
thoroughly flush the eyes with large amounts of water,
occasionally lifting the upper and lower eyelids.

2. Skin exposure: Imritation may result. Immediately and
thoroughly wash contaminated skin with soap and water.

3. Inhalation exposure: Move the victim to fresh air imme-
diately.

If the victim is not breathing, clean any chemical contamina-
tion from the victim's lips and perform cardiopulmonary
resuscitation (CPR); if breathing is difficult, give oxygen.

4. Rescue: Remove an incapacitated worker from further
exposure and implement appropriate emergency procedures
(e.g., those listed on the material safety data sheet required
by OSHA's hazard communication standard [29 CFR
1910.12007). All workers should be familiar with emergen-
cy procedures and the location and proper use of emergency
equipment.

EXPOSURE SOURCES AND CONTROL
METHODS

The following uses of ammonium chloride may result in
worker exposures to ammonium chloride fume:

—Use as a flux for coating sheet iron with zine, in tinning,
and in soldering

—Use in dry and Leclanche batteries
—Use in electroplating and welding
—Use in cleaning soldering irons

The following methods are effective in controlling worker
exposures to ammonium chloride fume, depending on the
feasibility of implementation:

- Process enclosure
—Local exhaust ventilation
—General dilution ventilation

—Personal protective equipment
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Good sources of information about control methods are as
follows:

1. ACGIH [1992]). Industrial ventilation—a manual of
recommended practice. 21sted. Cincinnati, OH: American
Conference of Governmental Industrial Hygienists.

2. Burton DJ [1986]. Industrial ventilation—a seif study
companion. Cincinnati, OH: American Conference of
Governmental Industrial Hygienists.

3. Alden JL, Kane JM [1982]. Design of industrial ventila-
tion systems. New York, NY: Industrial Press, Inc.

4. Wadden RA, Scheff PA [1987). Engineering design for
control of workplace hazards. New York, NY: McGraw-
Hill.

5. Plog BA [1988]). Fundamentals of industrial hygiene.
Chicago, I.: National Safety Council.

MEDICAL MONITORING

Workers who may be exposed to chemical hazards should be
menitored in a systematic program of medical surveillance
that is intended to prevent occupational injury and disease.
The program should include education of employers and
workers about work-related hazards, placement of workers
in jobs that do not jeopardize their safety or health, early
detection of adverse health effects, and referral of workers
for diagnosis and treatment. The occurrence of disease or
other work-related adverse health effects should prompt
immediate evaluation of primary preventive measures (e.g.,
industrial hygiene monitoring, engineering controls, and per-
sonal protective equipment). A medical monitoring program
is intended to supplement, not replace, such measures. To
place workers effectively and to detect and control work-
related health effects, medical evaluations should be per-
formed (1) before job placement, (2) periodically during the
tetm of employment, and (3) at the time of job transfer or
termination.

® Preplacement medical evaluation

Before a worker is placed in a job with a potential for
exposure to ammonium chloride fume, a licensed health care
professional should evaluate and document the worker's
baseline health status with thorongh medical, environmental,
and occupational histories, a physical examination, and
physiologic and laboratory tests appropriate for the an-
ticipated occupational risks. These should concentrate on
the function and integrity of the respiratory tract and skin.
Medical monitoring for respiratory disease should be con-
ducted using the principles and methods recommended by
the American Thoracic Society [ATS 1987].

A preplacement medical evaluation is recommended to as-
sess an individual’s suitability for employment at a specific
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job and to detect and assess medical conditions that may be
aggravated or may result in increased risk when a worker is
exposed to ammonium chloride fume at or below the
prescribed exposure limit. The licensed health care profes-
sional should consider the probable frequency, intensity, and
duration of exposure as well as the nature and degree of any
applicable medical condition. Such conditions (which
should not be regarded as absolute contraindications to job
placement) include a history and other findings consistent
with allergies or with respiratory tract or skin diseases.

¢ Periodic medical examinations and biclogical
monitoring

Occupationa? health interviews and physical examinations
should be performed at regular intervals during the employ-
ment period, as mandated by any applicable Federal, State,
or local standard. Where no standard exists and the hazard
is minimal, evaluations should be conducted every 3 to
5 years or as frequently as recommended by an experienced
occupational health physician. Additional examinations
may be necessary if a worker develops symptoms at-
tributable to ammonium chloride fume exposure. The inter-
views, examinations, and medical screening tests should
focus on identifying the adverse effects of ammonium
chloride fume on the respiratory tract and skin. Current
health status should be compared with the baseline health
status of the individual worker or with expected values for a
suitable reference population.

Biological monitoring involves sampling and analyzing
body tissues or fluids to provide an index of exposure to a
toxic substance or metabolite. No biological monitoring test
acceptable for routine use has yet been developed for am-
monium chloride fume.

¢ Medical examinations recommended at the time of
job transfer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic or
laboratory tests that were conducted at the time of job place-
ment should be repeated at the time of job transfer or termina-
tion. Any changes in the worker’s health status should be
compared with those expected for a suitable reference
population.

WORKPLACE MONITORING AND
MEASUREMENT

A worker’s exposure to airborne ammonium chloride fume
is determined by using a tared, low-ash polyvinyl chloride
filter (5-micron). Samples are collected at a maximum flow
rate of 2 liters/min until a maximum air volume of 960 liters
is collected. Analysis is conducted by gravimetric measure-
ment {(weighing). This method has a sampling and analytical
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error of 0.10 and is described in the OSHA Industrial Hygiene
Technical Manual [OSHA 1985].

PERSONAL HYGIENE

If ammonium chloride fume contacts the skin, workers
should immediately wash the affected areas with soap and
water.

Clothing and shoes contaminated with ammonium chloride
fume should be removed immediately, and provisions should
be made for safely removing this chemical from these ar-
ticles. Persons laundering contaminated clothing should be
informed of the hazardous properties of ammonium chloride
fume, particularly its potential for causing irritation.

A worker who handles ammonium chloride fume should
thoroughly wash hands, forearms, and face with soap and
water before eating, using tobacco products, or using toilet
facilities.

Workers should not eat, drink, or use tobacco products in
areas where ammonium chloride fume is generated.

RELEASES

In the event of a large release of ammonium chloride fume,
persons not wearing protective equipment and clothing
should be restricted from contaminated areas until cleanup is
complete. The following steps should be undertaken follow-
ing a release:

1. Notify safety personnel.
2. Remove all sources of heat and ignition.
3. Ventilate potentially explosive atmospheres.

4, Use cleanup procedures such as vacuuming and wet
mopping to minimize dust generation,

SPECIAL. REQUIREMENTS

U.S. Environmental Protection Agency (EPA) requirements
for emergency planning, reportable quantities of hazardous
releases, community right-to-know, and hazardous waste
management may change over time. Users are therefore
advised to determine periodically whether new information
is available.

¢ Emergency planning requirements

Ammonium chloride is not subject to EPA emergency plan-
ning requirements under the Superfund Amendments and
Reauthorization Act (SARA) [42 USC 11022].
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* Reportable quantity requirements for hazardous
releases

A hazardous substance release is defined by EPA as any
spilling, pumping, pouting, emitting, emptying, discharging,
injecting, escaping, leaching, dumping, or disposing of haz-
ardous substances into the environment (including the aban-
donment or discarding of contaminated containers}. In the
event of a release that is above the reportable quantity for that
chemical, employers are required by the Comprehensive
Environmental Response, Compensation, and Liability Act
(CERCLA) [40 CFR 355.40] to notify the proper Federal
authorities.

The reportable quantity for ammonium chloride fume is
5,000 1b. If an amount equal to or greater than this quantity
is released within a 24-hr period in a manner that will expose
persons cutside the facility, employers are required to do the
following:

—Notify the National Response Center immediately at
(800) 424-8802 or at (202) 426~2675 in Washington, D.C.
{40 CFR 302.6].

—Notify the emergency response commission of the State
likely to be affected by the release [40 CFR 355.40).

—Notify the community emergency coordinator of the local
emergency planning committee (or relevant local emer-
gency response personnel) of any area likely to be affected
by the release [40 CFR 355.40].

* Community right-to-know requirements

Employers are not required by Section 313 of SARA to
submit a Toxic Chemical Release Inventory Form (Form R)
to EPA reporting the amount of ammonium chloride fume
emitted or released from their facility annually.

¢ Hazardous waste management requirements

EPA considers a waste to be hazardous if it exhibits any of
the following characteristics: ignitability, corrosivity, reac-
tivity, or toxicity as defined in 40 CFR 261.21-261.24, Al-
though ammonium chloride fume is not specifically listed as
a hazardous waste under the Resource Conservation and
Recovery Act (RCRA) [40 USC 6901 et seq.], EPA requires
employers to treat waste as hazardous if it exhibits any of the
characteristics discussed above.

Providing detailed information about the removal and dis-
posal of specific chemicals is beyond the scope of this
guideline. The U.S5. Department of Transportation, EPA,
and State and local regulations should be followed to ensure
that removal, transport, and disposal of this substance are
conducted in accordance with existing regulations. To be
certain that chemical waste disposal meets EPA tegulatory
requirements, employers should address any questions to the
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RCRA hotline at (800) 424-9346 or at (202) 382-3000 in
Washington, D.C. In addition, relevant State and local
authorities should be contacted for information about their
requirements for waste removal and disposal.

RESPIRATORY PROTECTION

® Conditions for respirator use

Good industrial hygiene practice requires that engineering
controls be used where feasible to reduce workplace con-
centrations of hazardous materials to the prescribed exposure
limit, However, some situations may require the use of
respirators to control exposure. Respirators must be worn if
the ambient concentration of ammonium chlotide fume ex-
ceeds prescribed exposure limits. Respirators may be used
(1) before engineering controls have been installed,
(2) during work operations such as maintenance or repair
activities that involve unknown exposures, (3} during opera-
tions that require entry into tanks or closed vessels, and
(4) during emergencies. Workers should use only respirators
that have been approved by NIOSH and the Mine Safety and
Health Administration (MSHA).

¢ Respiratory protection program

Employers should institute a complete respiratory protection
program that, at a minimum, complies with the requirements
of OSHA’'s respiratory protection standard {29 CFR
1910.134]. Such a program must include respirator selec-
tion, an evaluation of the worker’s ability to perform the work
while wearing a respirator, the regular training of personnel,
fit testing, periodic workplace monitoring, and regular
respirator maintenance, inspection, and cleaning. The im-
plementation of an adequate respiratory protection program
(including selection of the correct respirator) requites that a
knowledgeable person be in charge of the program and that
the program be evaluated regularly. For additional informa-
tion on the selection and use of respirators and on the medical
screening of respirator users, consult the NIOSH Respirator
Decision Logic [NICSH 1987b] and the NIOSH Guide to
Industrial Respiratory Protection [NIOSH 1987a).

PERSONAL PROTECTIVE EQUIPMENT

Protective clothing (gloves, boots, aprons, and gauntlets, as
appropriate) should be wom to prevent skin contact with
ammonium chloride fume. Chemical protective clothing
should be selected on the basis of available performance data,
manufacturers’ recommendations, and evaluation of the
clothing under actual conditions of use. Chlorinated
polyethylene is recommended for protection against am-
monium chloride.

Safety glasses, goggles, or face shields should be worn
during operations in which ammonium chlotide fume might
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contact the eyes. Eyewash fountains and emergency
showers should be available within the immediate work area
whenever the potential exists for eye or skin contact with
ammonium chloride fume. Contact lenses should not be
worn if the potential exists for exposure to ammonium
chloride fume,
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE
FOR AMMONIUM SULFAMATE

INTRODUCTION

This guideline summarizes pertinent information about am-
monium sulfamate for workers and employers as well as for
physicians, industrial hygienists, and other occupational
safety and health professionals who may need such informa-
tion to conduct effective occupational safety and health
programs. Recommendations may be superseded by new
developments; readers are therefore advised to regard these
recommendations as general guidelines and to determine
periodically whether new information is available.

SUBSTANCE IDENTIFICATION

¢ Formula
NH,SO,NH,
* Synonyms

Ammonjum amidosulfonate, ammonium amidosulphate,
monoammonium, sulfamate, sulfamic acid, moncammonium
salt, sylfamate, Ammate, Amcide, Ammat, Amicide

¢ Identifiers

1. CAS No.: 7773-06-0

2. RTECS No.: W0O6125000
3. DOT UN: None

4. DOT label: None

* Appearance and odor

Ammonium sulfamate is a white, brown-gray, or colorless
crystalline noncombustible solid that is odorless.

CHEMICAL AND PHYSICAL PROPERTIES
® Physical data
1. Molecular weight: 114.1

2. Boiling point (at 760 mm Hg): Decomposes at 160°C
(320°F)

3. Specific gravity (water = 1): 1.77
Vapor density: Not applicable
Melting point: 131°C (268°F)
Vapor pressure at 20°C (68°F): Zero

7. Solubility: I-nghly soluble in water and liquid ammonia;
moderately soluble in glycerol, glycol, and formamide;
slightly soluble in ethanol

8. Evaporation rate: Not applicable
® Reactivity
1. Conditions contributing to instability: Heat

IS

2. Incompatibilities: Fires and explosions may result from
contact of ammonium sulfamate with strong oxidizers, hot
water, potassium, sodium, sodium nitrite, metal chlorates, or
hot acid solutions,

3. Hazardous decomposition products: Toxic gases (such
as nitrogen or sulfur oxides and carbon monoxide) may be
released when ammonium sulfamate decomposes.

4. Special precautions: Ammonium sulfamate is corrosive
to mild steel.

¢ Flammability

‘The National Fire Protection Association has not assigned a
flammability rating to ammonium sulfamate; this substance
is not combustible.

1. Flash point: Not applicable
2. Autoignition temperature: Not applicable
3. Flammable limits in air: Not applicable

4. Extinguishant: Use an extinguishant that is suitable for
the materials involved in the surrounding fire.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service Centers for Disease Control
National Institute for Ocoupational Satety and Health

Division of Standards Development and Technology Transtor

U.S, DEPARTMENT OF LABOR
Cecupational Safety and Health Administration
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Firefighters should wear a full set of protective clothing
{including a self-contained breathing apparatus) when fight-
ing fires involving ammonium sulfamate.

EXPOSURE LIMITS

s OSHA PEL

The current Occupational Safety and Health Administration
(OSHA) permissible e Jposure limits (PELs) for ammonium
sulfamate are 10 mg/m™ (total dust) and 5 mglm {respirable
fraction) as an 8-hr time-weighted average (TWA) con-

centration [29 CFR 1910.1000, Table Z-1-A).

e NIOSH REL

The National Institute for Occupational Safety and Healt.h
(NIOSH) has estabhshed a recommended ex gosure
(REL) of 10 mglm (total dust) and 5 mg/m (mpuable
fraction) as 8-hr TWAs [NIOSH 1992].

e ACGIH TLV®

The American Conference of Governmental Industrial
Hygienists (ACGIH) has assigned ammomum sulfamate a
threshold limit value (TLV) of 10 mg/m as a TWA fora
normal 8-hr workday and a 40-hr workweek [ACGIH
1991b].

¢ Rationale for limits

The limits are based on the risk of physical imritation as-
sociated with exposure to ammonium sulfamate.

HEALTH HAZARD INFORMATION

* Routes of exposure

Exposure to ammonium sulfamate can occur through inhala-
tion and eye or skin contact.

¢ Summary of toxicology

1. Effects on Animals: Ammonium sulfamate has a low
order of toxicity in animals. When instilled into the eyes of
rabbits, a 4% solution caused no irritation [Grant 1986]. The
application of 20% to 50% solutions of ammonium sulfamate
to the shaved skin of rats failed to produce irritation or
systemic toxicity [ACGIH 1991a]. However, rabbits der-
mally exposed to 15% to 30% solutions for 20 days
developed slight skin reactions [NLM 1991). The oral LDy,
is 2,000 mg/kg for rais and 3,100 mgfkg for mice [NIOSH
1991]. Continuous feeding studies in rats have shown that
chronic ingestion of high doses of ammonium sulfamate
impairs growth but produces nc other adverse effects
[ACGIH 1991a]. Intraperitoneal injection of 0.8 g/kg am-
monium sulfamate in rats produced respiratory stimulation
and prostration before death occurred [Proctor et al. 1988].

2. Effects on Humans: Ammonium sulfamate dust can
cause irritation of the eyes, skin, and mucous membranes.
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Few data are available on the effects of ammonium sulfamate
exposure in humans, Repeated application of a 4% solution
to the forearms of five volunteers did not produce irritation
[Proctor et al. 1988]. Ingestion has caused gastrointestinal
disturbances.

¢ Signs and symptoms of exposure

1. Acute exposure. The signs and symptoms of acute over-
exposure to ammonium sulfamate include possible irritation
of the eyes and nose, cough, gastrointestinal disturbances,
respiratory stimulation, prostration, and death.

2. Chronic exposure: No signs or symptoms of chronic
ammonium sulfamate exposure have been reported.

® Emergency procedures

Keep unconscious victims warm and on their sides to avoid
choking if vomiting occurs. Initiate the following emergen-
cy procedures:

1. Eye exposure: lrritation may result! Fmmediately and
thoroughly flush the eyes with large amounts of water,
occasionally lifting the upper and lower eyelids.

2. Skin exposure: Irritation may result. Immediately and
thoroughly wash contaminated skin with soap and water.

3. Inhalation exposure: Move the victim to fresh air imme-

diately.

If the victim is not breathing, clean any chemical contamina-

tion from the victim’s lips and perform cardiopulmonary

resuscitation (CPR); if breathing is difficult, give oxygen.

4. Ingestion exposure: Take the following steps if am-

monium sulfamate is ingested:

—Have the victim rinse the contaminated mouth cavity
several times with a fluid such as water,

—Have the victim drink a glass (8 oz) of fluid such as water.

—~—Induce vomiting by giving syrup of ipecac as directed on
the package. If ipecac is unavailable, have the victim
touch the back of the throat with a finger until productive
vomiting ceases.

—Do notforce an unconscious or convulsing person to drink
fluid or to vomit.

5. Rescue: Remove an incapacitated worker from further
exposure and implement appropriate emergency procedures
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(e.g., those listed on the material safety data sheet required
by OSHA's hazard communication standard [29 CFR
1910.1200]). All workers should be familiar with emergen-
cy procedures and the location and proper use of emergency

equipment.

EXPOSURE SOURCES AND CONTROL
METHODS

The following operations may involve ammonium sulfamate
and result in worker exposures to this substance:

—Application of ammonium sulfamate as a herbicide for
control of woody plants

—Manufacture of fire-retardant compositions for flame-
proofing textiles and paper products

—Generation of nitrous oxide gas
—Manufacture of electroplating solutions

The following methods are effective in controlling worker
exposures to ammonium sulfamate, depending on the
feasibility of implementation:

—Process enclosure

—Local exhaust ventilation

—General dilution ventilation

—Personal protective equipment

Good sources of information about control methods are as
follows:

1. ACGIH [1992). Industrial ventilation—a manual of
recommended practice. 21st ed. Cincinnati, OH: American
Conference of Governmental Industrial Hygienists.

2. Burton DJ [1986]. Industrial ventilation—a self study
companion. Cincinnati, OH: American Conference of
Governmental Industrial Hygienists.

3. Alden JL, Kane JM [1982]. Design of industrial ventila-
tion systems. New York, NY: Industrial Press, Inc.

4. Wadden RA, Scheff PA [1987]. Engineering design for
control of workplace hazards. New York, NY: McGraw-
Hill.

5. Plog BA [1988]). Fundamentals of industrial hygiene.
Chicago, IL: National Safety Council.

MEDICAL MONITORING

Workers who may be exposed to chemical hazards should be
monitored in a systematic program of medical surveillance
that is intended to prevent occupational injury and disease.
The program should include education of employers and
workers about work-related hazards, placement of workers
in jobs that do not jeopardize their safety or health, early
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detection of adverse health effects, and referral of workers
for diagnosis and treatment. The occurrence of disease or
other work-related adverse health effects should prompt
immediate evaluation of primary preventive measures (e.g.,
industrial hygiene monitoring, engineering controls, and per-
sonal protective equipment). A medical monitoring program
is intended to supplement, not replace, such measures. To
place workers effectively and to detect and control work-
related health effects, medical evaluations should be per-
formed (1) before job placement, (2) periodically during the
term of employment, and (3) at the time of job transfer or
termination.

® Preplacement medical evaluation

Before a worker is placed in a job with a potential for
exposure to ammonium sulfamate, a licensed health care
professional should evaluate and document the worker’s
baseline health status with thorough medical, environmental,
and occupational histories, a physical examination, and
physiologic and laboratory tests appropriate for the an-
ticipated occupational risks. These should concentrate on
the function and integrity of the eyes, skin, and upper
respiratory tract. Medical monitoring for respiratory disease
should be conducted using the principles and methods recom-
mended by the American Thoracic Society [ATS 1987].

A preplacement medical evaluation is recommended to as-
sess an individual’s suitability for employment at a specific
job and to detect and assess medical conditions that may be
aggravated or may result in increased risk when a worker is
exposed to ammonium sulfamate at or below the prescribed
exposure limit. The licensed health care professional should
consider the probable frequency, intensity, and duration of
exposure as well as the nature and degree of any applicable
medical condition. Such conditions (which should not be
regarded as absolute contraindications to job placement)
include a history and other findings consistent with drug
allergies, aspirin intolerance, or eye, skin, or upper
respiratory tract diseases; individuals using anticoagulant
medications also may be at increased risk.

® Periodic medical examinations and biological
monitoring

Occupational health interviews and physical examinations
should be performed at regular intervals during the employ-
ment period, as mandated by any applicable Federal, State,
or local standard. Where no standard exists and the hazard
is minimal, evaluations should be conducted every 3 to
5 years or as frequently as recommended by an experienced
occupational health physician. Additional examinations
may be necessary if a worker develops symptoms at-
tributable to ammonium sulfamate exposure. The inter-
views, examinations, and medical screening tests should
focus on identifying the adverse effects of ammonium sul-
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famate on the eyes, skin, or upper respiratory tract or en
blood clotting time. Current health status should be com-
pared with the baseline health status of the individual worker
or with expected values for a suitable reference population.

Biological monitoring involves sampling and analyzing
body tissues or fluids to provide an index of exposure to a
toxic substance or metabolite. No biological monitoring test
acceptable for routine use has yet been developed for am-
monium sulfamate.

* Medical examinations recommended at the time of
Jjob transfer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic or
laboratory tests that were conducted at the time of job place-
ment should be repeated at the time: of job transfer or termina-
tion. Any changes in the worker’s health status should be
compared with those expected for a suitable reference
population.

WORKPLACE MONITORING AND
MEASUREMENT

A worker’s exposure to airborne ammonium sulfamate is
determined by using tared, low-ash polyvinyl chloride filters
(5 microns). Samples are collected at a maximum flow rate
of 2 liters/min until a maximum air volume of 960 liters is
collected. This is a gravimetric field test method based on
the total weight collected; therefore, the sample does not
need to be submitted to the laboratory for analysis. This
method is described under “Filter Weighting Procedure” in
the OSHA Industrial Hygiene Technical Manual [OSHA
1985]. Additional information can be found in Method 348
of the Occupational Exposure Sampling Strategy Manual
[NIOSH 1977].

PERSONAL HYGIENE

If ammonium sulfamate contacts the skin, workers should
wash the affected areas with soap and water.

Clothing and shoes that are grossly contaminated with am-
monium sulfamate should be removed and provisions should
be made for safely removing this chemical from these ar-
ticles.

A worker who handles ammonium sulfamate shounld
thoroughly wash hands, forearms, and face with soap and
water before eating, using tobacco products, or using toilet
facilities.

Workers should not eat, drink, or use tobacco products in

areas where ammonium sulfamate is handled, processed, or
stored.
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STORAGE

Ammonium sulfamate should be stored in a cool, dry, well-
ventilated area in tightly sealed containers that are labeled in
accordance with OSHA's hazard communication standard
[29 CFR 1910.1200]). Containers of ammonium sulfamate
should be protected from physical damage and should be
separated from strong oxidizers, water, potassiym, sodium,
sodium nitrite, metal chlorates, hot acid solutions, heat,
sparks, and open flame. Because containers that formerly
contained ammonium sulfamate may still hold product
residues, they should be handled appropriately.

SPILLS

In the event of a spill involving ammonium sulfamate, per-
sons not wearing protective equipment and clothing should
be restricted from contaminated areas until cleanup is com-
plete. The following steps should be undertaken following
a spill:

1. Do not touch the spilled material.

2. Notify safety personnel.

3. Remove all sources of heat and ignition.

4. Ventilate atmosphere to reduce the dust concentration.
5.

Cover spills with a plastic sheet or tarp to minimize
spreading; use a clean shovel to place the material into a
clean, dry container; cover and remove the container from
the spill area.

SPECIAL REQUIREMENTS

U.S. Environmental Protection Agency (EPA) requirements
for emergency planning, reportable quantities of hazardous
releases, community right-to-know, and hazardous waste
management may change over time. Users are therefore
advised to determine periodically whether new information
is available.

o Emergency planning requirements

Ammonium sulfamate is not subject to EPA’s emergency
planning requirements under the Superfund Amendments
and Reauthorization Act (SARA) [42 USC 11022].

® Reportable quantity requirements for hazardous
releases

A hazardous substance release is defined by EPA as any
spilling, pumping, pouring, emitting, emptying, discharging,
injecting, escaping, leaching, dumping, or disposing of haz-
ardous substances into the environment (including the aban-
domment or discarding of contaminated containers). In the
event of a release that is above the reportable quantity for that
chemical, employers are required by the Comprehensive
Environmental Response, Compensation, and Liability Act
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(CERCLA) [40 CFR 355.40] to notify the proper Federal,
State, and local authorities.

The reportable quantity for ammonium sulfamate is 5,000 1b.
If an amount equal to or greater than this quantity is released
within a 24-hr period in a manner that will expose persons
outside the facility, employers are required to do the follow-
ing:

—Notify the National Response Center immediately at

(800) 424-8802 or at (202) 426-2675 in Washington, D.C.
[40 CFR 302.6].

-—Notify the emergency response commission of the State
likely to be affected by the release [40 CFR 355.40].

—Notify the community emergency coordinator of the local
emergency planning committee (or relevant local emer-
gency response personnel) of any area likely to be affected
by the release [40 CFR 355.40].

¢ Community right-to-know requirements

Employers are not required by SARA {42 USC 11022] to
submit a Toxic Chemical Release Inventory Form (Form R)
to EPA reporting the amount of ammonium sulfamate
emitted or released from their facility annually.

¢ Hazardous waste management requirements

EPA considers a waste to be hazardous if it exhibits any of
the following characteristics: ignitability, corrosivity, reac-
tivity, or toxicity as defined in 40 CFR 261.21-261.24. Al-
though ammonium sulfamate is not specifically listed as a
hazardous waste under the Resource Conservation and
Recovery Act (RCRA) [40 USC 6901 et seq.], EPA requires
employers to treat waste as hazardous if it exhibits any of the
characteristics discussed above.

Providing detailed information about the removal and dis-
posal of specific chemicals is beyond the scope of this
guideline. The U.S. Department of Transportation, EPA,
and State and local regulations should be followed to ensure
that removal, transport, and disposal of this substance are
conducted in accordance with existing regulations. To be
certain that chemical waste disposal meets EPA regulatory
requirements, employers should address any questions to the
RCRA hotline at (800) 424-9346 or at (202) 382-3000 in
Washington, D.C. In addition, relevant State and local
authorities should be contacted for information about their
requirements for waste removal and disposal.

RESPIRATORY PROTECTION

¢ Conditions for respirator use

Good industrial hygiene practice requires that engineering
controls be used where feasible to reduce workplace con-
centrations of hazardous materials to the prescribed exposure
limit. However, some situations may require the use of
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respirators to control exposure. Respirators must be worn if
the ambient concentration of ammonium sulfamate exceeds
prescribed exposure limits. Respirators may be used
(1) before engineering controls have been installed,
(2) during work operations such as maintenance or repair
activities that involve unknown exposures, (3) during opera-
tions that require entry into tanks or closed vessels, and
(4) during emergencies. Workers should use only respirators
that have been approved by NIOSH and the Mine Safety and
Health Administration (MSHA).

* Respiratory protection program

Employers should institute a complete respiratory protection
program that, at a minimum, complies with the requirements
of OSHA's respiratory protection standard [29 CFR
1910.134]. Such a program must include respirator selec-
tion, an evaluation of the worker's ability to perform the wotk
while wearing a respirator, the regular training of personnel,
fit testing, periodic workplace monitoring, and regular
respirator maintenance, inspection, and cleaning. The im-
plementation of an adequate respiratory protection program
{(including selection of the correct respirator) requires that a
knowledgeable person be in charge of the program and that
the program be evaluated regularly. For additional informa-
tion on the selection and use of respirators and on the medical
screening of respirator users, consult the NIOSH Respirator
Decision Logic [NIOSH 1987b] and the NIOSH Guide to
Industrial Respiratory Protection [NIOSH 1987a).

PERSONAL PROTECTIVE EQUIPMENT

Protective gloves and clothing should be womn to prevent skin
contact with ammonium sulfamate. Chemical protective
clothing should be selected on the basis of available perform-
ance data, manufacturers’ recommendations, and evaluation
of the clothing under actual conditions of use. No reports
have been published on the resistance of various protective
clothing materials to ammonium sulfamate permeation. If
permeability data are not readily available, protective cloth-
ing manufacturers should be requested to provide informa-
tion on the best chemical protective clothing for workers to
wear when they are exposed to ammonium sulfamate.

If ammonium sulfamate is dissolved in water or an organic
solvent, the permeation properties of both the solvent and the
mixture must be considered when selecting personal protec-
tive equipment and clothing.

Safety glasses, goggles, or face shields should be womn
during operations in which ammonium sulfamate might con-
tact the eyes (e.g., through dust particles). Eyewash fountains
and emergency showers should be available within the im-
mediate work area whenever the potential exists for eye or
skin contact with ammonium sulfamate. Contact lenses
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should not be womn if the potential exists for ammonium
sulfamate exposure.
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE
FOR n-AMYL ACETATE

INTRODUCTION

This guideline summarizes pertinent information about
n-amyl acetate for workers and employers as well as for
physicians, industrial hygienists, and other occupational
safety and health professionals who may need such informa-
tion to conduct effective occupational safety and health
programs. Recommendations may be superseded by new
developments; readers are therefore advised to regard these
recommendations as general guidelines and to determine
periodically whether new information is available.

SUBSTANCE IDENTIFICATION
* Formula

CH,CO0(CH,),CH,
¢ Structure

HO HHHHH
I I I
H-C-C-0-C-C-C-C-C-H
I I I
H HHHHH

¢ Synonyms

Pentyl acetate, amyl acetic ester, pear oil, acetic acid, amyl
ester, acetic acid, pentyl ester, amyl acetate, amyl acetic
ether, pent-acetate, 1-pentanol acetate, primary amyl acetate

¢ Identifiers

1. CAS No.: 628-63-7

2. RTECS No.: AJ1925000

3. DOT UN: 1104 26

4. DOT label: Flammable Liquid
¢ Appearance and odor

n-Amyl acetate is a flammable, colorless liquid with a
bananalike odor. The odor threshold is reported to be 0.15
part per million (ppm) parts of air.

CHEMICAL AND PHYSICAL PROPERTIES

® Physical data

Molecular weight: 130.2

Boiling point (at 760 mm Hg): 149°C (300°F)

Specific gravity (water = 1): 0.88 at 20°C (68°F)

Vapor density (air = 1 at boiling point of n-amyl acetate): 4.5
Melting point: -70.5°C (-94.9°F)

Vapor pressure at 20°C (68°F): 4 mm Hg

. Solubility: Slightly soluble in water, miscible with al-
cohol and ether

S

8. Evaporation rate (butyl acetate = 1): 0.42
e Reactivity

1. Conditions contributing to instability: Heat, sparks, or
flames

2. Incompatibilities: Fire and explosion may result from
contact with nitrates, strong oxidizers, strong alkalies, or
strong acids.

3. Hazardous decomposition products: Toxic gases (such
as carbon monoxide}, acrid smoke, and irritating fumes may
be released when n-amyl acetate decomposes.

4. Special precautions: n-Amyl acetate can damage some
plastics, rubbers, and coatings.

¢ Flammability

The National Fire Protection Association has assigned a
flammability rating of 3 (severe fire hazard) to n-amyl
acetate.

1. Flash point: 25°C (77°F) (closed cup)
2. Autoignition temperature: 360°C (680°F)

3. Flammable limits in air (% by volume): Lower, 1.1;
upper, 7.5

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service Centers for Disease Control
National Institute for Occupational Safety and Health

Divislon of Standards Development and Technology Transfer

U.S. DEPARTMENT OF LABOR
Occupational Safety and Health Administration
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4. Extinguishant: Use dry chemical, carbon dioxide, or
alcohol foam to fight fires involving n-amyl acetate. Water
should not be used as an extinguishant because it will spread
the flames.

Fires involving n-amyl acetate should be fought upwind and
from the maximum distance possible, Isolate the hazard area
and deny access to unnecessaty personnel. Emergency pet-
sonnel should stay out of low areas and ventilate closed
spaces before entering. Vapor explosion and poison hazards
may occur indoors, outdoors, or in sewers. Vapors may
travel to a source of ignition and flash back. Containers of
n-amyl acetate may explode in the heat of the fire and should
be moved from the fire area if it is possible to do so safely.
If this is not possible, cool containers from the sides with
water until well after the fire is out. Stay away from the ends
of containers. Personnel should withdraw immediately if
they hear a rising sound from a venting safety device or if a
container becomes discolored as a result of fire. Dikes
should be used to contain fire-control water for later disposal.
If a tank car ot truck is involved in a fire, personnel should
isolate an area of a half mile in all directions. Firefighters
should wear a full set of protective clothing (including a
self-contained breathing apparatus) when fighting fires in-
volving n-amyl acetate. Firefighters® protective clothing
may not provide protection against permeation by n-amyl
acetate.

EXPOSURE LIMITS
* OSHA PEL

The current Occupational Safety and Health Administra-
tion (OSHA) permissible exposure limit (PEL) for n-amyl
acetate is 100 ppm (525 mg/m”) as an 8-hr time-weighted
average (TWA) concentration [29 CFR 1910.1000, Table
Z-1-A).

e NIOSH REL

The National Institute for Occupational Safety and Health
(NIOSH) has established a recommended exposure limit
(REL) of 100 ppm (525 mg/m’) as an 8-hr TWA [NIOSH
1992].

e ACGIH TLV®

The American Conference of Governmental Industrial
Hygienists (ACGIH) has assigned n-amyl acetate a
threshold limit value (TLV) of 100 ppm (525 mglm?') as a
TWA for a normal 8-hr workday and a 40-hr workweek
[ACGIH 1991b].

* Rationale for limits

The limits are based on the risk of irritation of the eyes and
respiratory passages associated with exposure to n-amyl
acetate,

2 n-Amyl Acetate

HEALTH HAZARD INFORMATION

® Routes of exposure

Exposure to n-amyl acetate can occur through inhalation,
ingestion, or contact with the skin, eyes, and mucous
membranes. n-Amyl acetate can also be absorbed slowly
through the skin.

& Summary of toxicology

1. Effects on Animals: n-Amyl acetate is an irritant of the
eyes, skin, and respiratory tract in animals, When instilled
into the eyes of rabbits, n-amyl acetate liquid causes mild and
reversible comeal epithelial injury [Grant 1986). When it
contacts the skin, n-amyl acetate causes defatting [AIHA
1978}. The oral LD, in rats is 6,500 mg/kg (NJOSH 1991].
In rabbits, the LDy, in a 24-hr covered skin penetration test
is greater than 20 mifkg [ATHA 1978]. All rats exposed to
approximately 5,200 ppm died within 8 hr {fACGIH 1991a].
Autopsies of animals chronically exposed at 2,000 to
5,000 ppm for extended (not further specified) periods
showed injury to the lungs, brain, liver, and kidneys [AIHA
1978].

2. Effects on Humans: n-Amyl acetate is an irritant of the
eyes, skin, and mucous membranes in humans; at high con-
centrations, it causes narcosis. At concentrations above
300 ppm, exposure causes burning of the eyes and con-
junctival hyperemia [Grant 1986]. The lowest toxic con-
centration reported in humans is 200 ppm for 30 min;
exposure to this concentration causes eye irritation and
headaches [NIOSH 1991; Proctor et al. 1988]. Prolonged or
repeated skin contact with n-amyl acetate liquid causes defat-
ting and irritation and may lead to dermatitis [ATHA 1978].

¢ Signs and symptoms of exposure

1. Acute exposure; Acute exposure to h-amyl acetate can
cause headache, dizziness, cardiac arthythmia, narcosis,
nausea, pulmonary edema, and irritation of the eyes, nose,
and throat. Skin contact with liquid n-amyl acetate results in
irritation, and eye contact causes irritation, redness, and a
burning sensation.

2. Chronic exposure: Chronic exposure to n-amyl acetate
can cause defatting of the skin and contact dermatitis.

* Emergency procedures

Keep unconscious victims warm and on their sides to aveid
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choking if vomiting occurs. Initiate the following emergen-
cy procedures:

1. Eye exposure: Tissue irritation may result from exposure
to concentrated solutions, vapors, mists, or aerosols of n-
amyl acetate. Immediately and thoroughly flush eyes with
large amounts of water, occasionally lifting the upper and
lower eyelids.

2. Skin exposure: Skin irritation may result. Immediately
remove contaminated clothing and thoroughly wash con-
taminated skin with soap and water.

3. Inhalation exposure: If vapors, mists, or aerosols of
n-amyl acetate are inhaled, move the victim to fresh air
immediately.

If the victim is not breathing, clean any chemical contamina-
tion from the victim’s lips and perform cardiopulmonary
resuscitation (CPR); if breathing is difficult, give oxygen.

4. Ingestion exposure: Take the following steps if n-amyl
acetate or a solution containing it is ingested:

—Have the victim rinse the contaminated mouth cavity
several times with a fluid such as water.

--Have the victim drink a glass (8 oz) of fluid such as water.

—Induce vomiting by giving syrup of ipecac as directed on
the package. If ipecac is unavailable, have the victim
touch the back of the throat with a finger until productive
vomiting ceases.

—Do not force an unconscious or convulsing person to drink
fluid or to vomit.

5. Rescue: Remove an incapacitated worker from further
exposure and implement appropriate emergency procedures
(e.g., those listed on the material safety data sheet required
by OSHA's hazard communication standard [29 CFR
1910.1200]). All workers should be familiar with emergen-
¢y procedures and the location and proper use of emergency
equipment.

EXPOSURE SOURCES AND CONTROL
METHODS

The following operations may involve n-amyl acetate and
may result in worker exposures to this substance:

—Use of n-amyl acetate as a vehicle solvent in the manufac-
ture of cellulose nitrate lacquers, lacquer thinners, ad-
hesives, paints, enamels, enamel removers, nitrate ce-
ments, and film cements

—3Spray, hand, brush, or coating applications of paints, lac-
quers, lacquer thinners, film cements, enamels, adhesives,
nitrate cements, and enamel removers

—Extraction of penicillin from fermentation broth during
production of antibiotics
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—Manufacture of photographic film, quick-drying inks,
metallic inks, transfer inks, and artificial fruit-flavoring
agents

—Use of n-amy] acetate as a vehicle solvent during molding
operations in the manufacture of cellulose nitrate plastics,
toys, eyeglass frames, combs, and novelties

—Manufacture of furniture polish, leather polish, and shoe
polish

~—Pre-spotting and spotting operations in the dry cleaning
industry

The following methods are effective in controlling worker

exposures to n-amyl acetate, depending on the feasibility of
implementation:

—Process enclosure

—Local exhaust ventilation
~General dilution ventilation
—Personal protective equipment

Good sources of information about control methods are as
follows:

1. ACGIH [1992]. Industrial ventilation—a manual of
recommended practice. 21sted. Cincinnati, OH: American
Conference of Governmental Industrial Hygienists.

2. Burton DJ [1986]. Industrial ventilation——a self study
companion. Cincinnati, OH: American Conference of
Governmental Industrial Hygienists.

3. Alden JL, Kane IM [1982]). Design of industria] ventila-
tion systems. New York, NY: Industrial Press, Inc.

4. Wadden RA, Scheff PA [1987]. Engineering design for
control of workplace hazards. New York, NY: McGraw-
Hill.

5. Plog BA [1988). Fundamentals of industrial hygiene.
Chicago, IL: National Safety Council.

MEDICAL MONITORING

Workers who may be exposed to chemical hazards should be
monitored in a systematic program of medical surveillance
that is intended to prevent occupational injury and disease,
The program should include education of employers and
workers about work-related hazards, placement of workers
in jobs that do not jeopardize their safety or health, early
detection of adverse health effects, and referral of workers
for diagnosis and treatment. The occurrence of disease or
other work-related adverse health effects should prompt
immediate evaluation of primary preventive measures (e.g.,
industrial hygiene monitoring, engineering controls, and
personal protective equipment). A medical monitoring pro-
gram is intended to supplement, not replace, such measures.
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To place workers effectively and to detect and control work-
related health effects, medical evaluations should be per-
formed (1) before job placement, (2) periodically during the
term of employment, and (3) at the time of job transfer or
termination.

* Preplacement medical evaluation

Before a worker is placed in a job with potential for exposure
to n-amyl acetate, a licensed health care professional should
evaluate and document the worker's baseline health status
with thorough medical, environmental, and occupational
histories, a physical examination, and physiologic and
laboratory tests appropriate for the anticipated occupational
risks. These should concentrate on the function and integrity
of the eyes, skin, and respiratory system. Medical monitor-
ing for respiratory disease should be conducted using the
principles and methods recommended by the American
Thoracic Society [ATS 1987).

A preplacement medical evaluation is recommended to as-
sess an individual’s suitability for employment at a specific
job and to detect and assess medical conditions that may be
aggravated or may result in increased risk when a worker is
exposed to n-amyl acetate at or below the prescribed ex-
posute limit. The licensed health care professiconal should
consider the probable frequency, intensity, and duration of
exposure as well as the nature and degree of any applicable
medical condition. Such conditions (which should not be
regarded as absolute contraindications to job placement)
include a history and other findings consistent with chronic
eye, skin, or respiratory system diseases.

¢ Periodic medical examinations and biological
monitoring

Occupational health interviews and physical examinations
should be performed at regular intervals during the employ-
ment period, as mandated by any applicable Federal, State,
or local standard. Where no standard exists and the hazard
is minimal, evaluations should be conducted every 3 to
5 years or as frequently as recommended by an experienced
occupational health physician. Additional examinations
may be necessary if a worker develops symptoms at-
tributable to n-amyl acetate exposure. The interviews, ex-
aminations, and medical screening tests should focus on
identifying the adverse effects of n-amyl acetate on the eyes,
skin, and respiratory system. Current health status should be
compared with the baseline health status of the individual
worker or with expected values for a suitable reference
population.

Biological monitoring involves sampling and analyzing
body tissues or fluids to provide an index of exposure to a
toxic substance or metabolite. No biological monitoring test
acceptable for routine use has yet been developed for n-amy!l
acetate.
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® Medical examinations recommended at the time of
job transfer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic or
laboratory tests that were conducted at the time of job place-
ment should be repeated at the time of job transfer or termina-
tion. Any changes in the worker's health status should be
compared with those expected for a suitable reference
population.

WORKPLACE MONITORING AND
MEASUREMENT

A worker's exposure to airborne n-amyl acetate is deter-
mined by using a charcoal tube (100/50-mg sections,
20/40 mesh). Samples are collected at a maximum flow rate
of 0.2 literfmin until a maximum air volume of 10 liters is
collected. The sample is then treated with carbon disulfide
to extract the n-amyl acetate. Analysis is conducted by gas
chromatography using a flame ionization detector, The
standard analytical error for this procedure is 0.08. This
method is included in the OSHA Computerized Information
System [OSHA 1989] and in Method 1450 of the NIOSH
Manual of Analytical Methods [NIOSH 1984].

PERSONAL HYGIENE

If n-amyl acetate contacts the skin, workers should immedi-
ately wash the affected areas with soap and water.

Clothing and shoes contaminated with n-amy] acetate should
be removed immediately, and provisions should be made for
safely removing this chemical from these articles. Persons
laundering contaminated clothing should be informed about
the hazardous properties of n-amyl acetate, particularly its
potential for causing irritation.

A worker who handles n-amyl acetate should thoroughly
wash hands, forearms, and face with scap and water before
eating, using tobacco products, or using toilet facilities.

Workers should not eat, drink, or use tobacco products in
areas where n-amyl acetate or a solution containing it is
handled, processed, or stored.

STORAGE

n-Amyl acetate should be stored in a cool, dry, well-
ventilated area in tightly sealed containers that are labeled in
accordance with OSHA's hazard communication standard
{29 CFR 1910.1200). Containers of n-amyl acetate should
be protected from physical damage and should be stored
separately from strong oxidizers, strong alkalies, nitrates,
strong acids, heat, sparks, and open flame. To prevent static
sparks, metal storage containers should be bonded and
electrically grounded. All tools and equipment used to open
or close containers of n-amyl acetate should be of the non-
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sparking type. Drums used to store n-amyl acetate must be
equipped with self-closing valves, pressure-vacuum bungs,
and flame arresters. Because empty containers that formerly
contained n-amyl acetate may still hold product residues,
they should be handled appropriately.

SPILLS AND LEAKS

In the event of a spill or leak involving n-amyl acetate,
persons hot wearing protective equipment and clothing
should be restricted from contaminated areas until cleanup is
complete. The following steps should be undertaken follow-
ing a spill or leak:

1. Do not touch the spilled material; stop the leak if it is
possible to do so without risk.

2. Notify safety personnel.

3. Remove any hot metal surface and all sources of heat and
ignition.

4. Provide maximum explosionproof ventilation.

5. Use nonsparking tools for cleanup.

6. Absorb liquid spills with sand or other noncombustible
absorbent material and place the material in a covered con-
tainer for later disposal,

7. For large liquid spills, build dikes far ahead of the spill to
contain the n-amyl acetate for later reclamation or disposal.

SPECIAL REQUIREMENTS

U.S. Environmental Protection Agency (EPA) requirements
for emergency planning, reportable quantities of hazardous
releases, community right-to-know, and hazardous waste
management may change over time. Users are therefore
advised to determine periodically whether new information
is available,

* Emergency planning requirements

n-Amyl acetate is not subject to EPA emergency planning
requirements under the Superfund Amendments and
Reauthorization Act (SARA) [42 USC 11022].

® Reportable quantity requirements for hazardous
releases

A hazardous substance release is defined by EPA as any
spilling, pumping, pouring, emitting, emptying, discharging,
injecting, escaping, leaching, dumping, or disposing of a
hazardous substance into the environment (including the
abandonmment or discarding of contaminated containers). In
the event of a release that is equal to or greater than the
repoertable quantity for that chemical, employers are required
by the Comprehensive Environmental Response, Compen-
sation, and Liability Act (CERCLA) [40 CFR 355.40] to
notify the proper Federal, State, and local authorities.
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The reportable quantity for n-amyl acetate is 5,000 Ib. If an

amount equal to or greater than this quantity is released

within a 24-hr period in a manner that will expose persons

outside the facility, employers are required to do the follow-

ing:

—Notify the National Response Center immediately at
(800) 424-8802 or at (202) 426-2675 in Washington, D.C.
[40 CFR 302.6].

—Notify the emergency response commission of the State
likely to be affected by the release [40 CFR 355.40].

—Notify the community emergency coordinator of the local
emergency planning committee (or relevant local emer-
gency response personnel) of any area likely to be affected
by the release [40 CFR 355.40].

¢ Community right-to-know requirements

Employers are not required by SARA to submit a Toxic
Chemical Release Inventory Form (Form R) to EPA report-
ing the amount of n-amyl acetate emitted or released from
their facility annually.

¢ Hazardous waste management requirements

EPA considers a waste to be hazardous if it exhibits any of
the following characteristics: ignitability, corrosivity, reac-
tivity, or toxicity as defined in 40 CFR 261.21-261.24. Al-
though n-amyl acetate is not specifically listed as a hazardous
waste under the Resource Conservation and Recovery Act of
1976 as amended (RCRA) [42 U.S8.C. 690 et seq], EPA
requires employers to treat waste as hazardous if it exhibits
any of the characteristics discussed above.

Providing detailed information about the removal and dis-
posal of chemicals is beyond the scope of this guideline. The
U.S. Department of Transportation, EPA, and State and local
regulations should be followed to ensure that removal,
transport, and disposal of n-amyl acetate are conducted in
accordance with existing regulations. To be certain that
chemical waste disposal meets EPA regulatory require-
ments, employers should address any questions to the RCRA
hotline at (800) 424-9346 or at (202) 382-3000 in
Washington, D.C. In addition, relevant State and local
authorities should be contacted for information about their
requirements for waste removal and disposal.

RESPIRATORY PROTECTION
® Conditions for respirator use

Goed industrial hygiene practice requires that engineering
controls be used where feasible to reduce workplace con-
centrations of hazardous substances to the prescribed ex-
posure limit. However, some situations may require the use
of respirators to control exposure. Respirators must be worn
if the ambient concentration of n-amyl acetate exceeds
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prescribed exposure limits. Respirators may be used
(1) before engineering controls have been installed,
(2) during work operations such as maintenance or repair
activities that involve unknown exposures, (3) during opera-
tions that require entry into tanks or closed vessels, and
{4) during emergencies. Workers should use only respirators
that have been approved by NIOSH and the Mine Safety and
Health Administration (MSHA).

¢ Respiratory protection program

Employers should institute a complete respiratory protection
program that, at a minimum, complies with the requirements
of OSHA’s respiratory protection standard [29 CFR
1910.134]. Such a program must include respirator selec-
tion, an evaluation of the worker"s ability to perform the work
while wearing a respirator, the regular training of personnel,
fit testing, periodic workplace monitoring, and regular
respirator maintenance, inspection, and cleaning. The im-
plementation of an adequate respiratory protection program
(including selection of the correct respirator) requires that a
knowledgeable person be in charge of the program and that
the program be evaluated regularly. For additional informa-
tion about selection and use of respirators and the medical
screening of respirator users, consult the NIOSH Respirator
Decision Logic [NIOSH 1987b] and the NIOSH Guide to
Industrial Respiratory Protection [NIOSH 1987a).

PERSONAL PROTECTIVE EQUIPMENT

Protective clothing should be worn to prevent any skin
contact with n-amyl acetate. Chemical protective clothing
should be selected on the basis of available performance data,
manmufacturers’ recommendations, and evaluation of the
clothing under actual conditions of use. Polyvinyl alcohol
has demonstrated good-to-excellent resistance to permeation
by n-amyl acetate, withstanding permeation for more than 4
but fewer than 8 hr. Butyl rubber has demonstrated limited
resistance to %mneation. Natural rubber, neoprene, nitrile
rubber, Viton™, and polyvinyl chloride have demonstrated
poor resistance to permeation by n-amyl acetate,

If n-amy] acetate is dissolved in water or an organic solvent,
the permeation properties of both the solvent and the mixture
must be considered when selecting personal protective
equipment and clothing.

Safety glasses, goggles, or face shields should be wom
during operations in which n-amyl acetate might contact the
eyes (e.g., through splashes of solution). Eyewash fountains
and emergency showers should be available within the im-
mediate work area whenever the potential exists for eye or
skin contact with n-amyl acetate. Contact lenses should not
be worn if the potential exists for n-amy! acetate exposure.

6 n-Amyl Acetate
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE
FOR sec-AMYL ACETATE

INTRODUCTION

This guideline summarizes pertinent information about sec-
amyl acetate for workers and employers as well as for
physicians, industrial hygienists, and other occupational
safety and health professionals who may need such informa-
tion to conduct effective occupational safety and health
programs. Recommendations may be superseded by new
developments in these fields; readers are therefore advised
to regard these recommendations as general guidelines and
to determine periodically whether new information is avail-
able.

SUBSTANCE IDENTIFICATION

¢ Formula

C7H1402
¢ Structure

CH,COOCH(CH,)C,H,
* Synonyms

2-Pentyl acetate, 2-pentanol acetate, 1-methylbutyl acetate,
2-acetoxypentane

¢ Identifiers

1. CAS No.: 626-38-0

2. RTECS No.: AJ2100000

3. DOTUN: 1104 26

4. DOT label: Flammable Liquid

e Appearance and odor

sec-Amyl acetate is a flammable, colorless liquid with a mild,
transient, pear- or banana-like odor. The odor threshold is
reported to be between 0.002 and 0.08 part per million (ppm)

parts of air.

CHEMICAL AND PHYSICAL PROPERTIES
® Physical data

1. Molecular weight: 130.2

2. Boiling point {at 760 mm Hg): 121°C (249°F)

3. Specific gravity (water = 1): 0.87 at 20°C (68°F)

4, Vapor density (air = 1 at boiling point of sec-amyl
acetate): 4.5

5. Melting point: ~78°C (-109°F)
6. Vapor pressure at 20°C (68°F): 7 mm Hg

7. Solubility: Slightly soluble in water; soluble in alcohol
and ether

8. Evaporation rate (butyl acetate = 1): 0.9

® Reactivity

1. Conditions contributing to instability: Heat, sparks, or
open flame

2. Incompatibilities: Fires and explosions may result in
contact of sec-amyl acetate with nitrates, strong oxidizers,
strong alkalies, or strong acids.

3. Hazardous decomposition products: Toxic gases (such
as carbon monoxide) may be released when sec-amyl acetate
is heated to decomposition.

4. Special precautions: sec-Amyl acetate may soften ot
dissolve plastics.

® Flammability

The National Fire Protection Association has assigned a
flammability rating of 3 (severe fire hazard) to sec-amyl
acetate.

I. Flash point: 32°C (89°F) (closed cup)
2. Autoignition temperature: Data not available

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service Centers for Disease Control
National Institute for Occupational Safety and Health

Division of Standards Development and Technology Transfer

U.S. DEPARTMENT OF LABOR
Occupational Safety and Health Administration
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3. Flammable limits in air (% by volume): Lower, 1.0;
upper, 7.5

4. Extinguishant: Use dry chemical, Halon®, alcohol foam,
water spray, or carbon dioxide for small fires involving
sec-amy} acetate; use water spray, fog, or alcohol foam for
large fires involving this substance. Water may be ineffec-
tive, but it may be used to cool fire-exposed containers.

Fires involving sec-amyl acetate should be fought upwind
and from the maximum distance possible. Isolate the hazard
area and deny access to unnecessary personnel. Emergency
personnel should stay out of low areas and ventilate closed
spaces before entering. Vapor explosion and poison hazards
may occur indoors, outdoors, or in sewers. Vapors may
travel to a source of ignition and flash back. Containers of
sec-amyl acetate may explode in the heat of the fire and
should be moved from the fire area if it is possible to do so
safely. If this is not possibie, cool containers from the sides
with water until well after the fire is out. Stay away from the
ends of containers. Personnel should withdraw immediately
if they hear a rising sound from a venting safety device or if
a container becomes discolored as a result of fire. Dikes
should be used to contain fire-control water for later disposal.
If a tank car or truck is involved in a fire, personnel should
isolate an area of a half mile in all directions. Firefighters
should wear a full set of protective clothing (including a
self-contained breathing apparatus) when fighting fires in-
volving sec-amyl acetate. Firefighters® protective clothing
may not provide protection against permeation by sec-amyl
acetate.

EXPOSURE LIMITS

s OSHA PEL

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for sec-amyl
acetate is 125 ppm (650 mg/m>) as an 8-hr time-weighted
average (TWA) concentration {29 CFR 1910.1000, Table
Z-1-A).

s NIOSH REL

The National Institute for Occupational Safety and Health
(NIOSH) has established a recommended exposure limit
(REL) of 125 ppm (650 mgjms) as an 8-hr TWA [NIOSH
1992].

s ACGIH TLV®

The American Conference of Governmental Industrial
Hygienists (ACGIH) has assigned sec-amyl acetate a
threshold limit value (TLV) of 125 ppm (665 mg/m°) as a
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TWA for a normal 8-hr workday and a 40-hr workweek
[ACGIH 1991b].

* Rationale for limits

The limits are based on the risk of eye and respiratory tract
irritation associated with exposure to sec-amy! acetate.

HEALTH HAZARD INFORMATION

¢ Routes of exposure

Exposure to sec-amyl acetate can occur through inhalation,
ingestion, and eye or skin contact.

® Summary of toxicology

1. Effects on Animals: sec-Amyl acetate is an irritant of the
eyes, skin, and respiratory tract in animals; at high con-
centrations, this substance is a narcotic. Guinea pigs ex-
posed to a 2,000 ppm experienced eye and nose irritation; at
5,000 ppm, these animals showed signs of narcosis and
congestion of the lungs, with symptoms of incoordination
occurring in 90 min and unconscicusness in 5 hr [ACGIH
1991a]. The lowest lethal concentration (LC; ) in guinea
pigs is 10,000 ppm for 5 hr [NIOSH 1991]. At autopsy,
acutely poisoned animals showed slight congestion of the
brain, lungs, liver, and kidneys [ACGIH 1991a; Clayton and
Clayton 1981]. No chronic systemic effects have been
reported.

2. Effects on Humans: sec-Amy) acetate is an irritant of the
eyes, nose, throat, and upper respiratory tract in humans.
Humans exposed to 200 ppm for 3 to 5 min experienced mild
eye and nose irritation and severe throat irritation [Proctor
and Hughes 1978; NIOSH 1991], and exposure to 300 ppm
caused bloodshot eyes [Proctor and Hughes 1978; Clayton
and Clayton 1981]. An exposure to 1,000 ppm for 1 hr
caused serious (not further specified) toxic effects [Proctor
et al. 1988]. On the basis of effects seen in animals, exposure
to high concentrations of this substance is likely to cause
narcosis [Proctor et al. 1988]. Repeated exposure of the skin
to liquid sec-amyl acetate causes dermatitis [Proctor and
Hughes 1978]. No chronic systemic effects have been
reported in humans.

¢ Signs and symptoms of exposure

1. Acute exposure: Acuie exposure to sec-amyl acetate can
cause eye irritation with pain and redness, and skin irritation
and dermatitis.

2. Chronic exposure: Prolonged or repeated contact of the
skin with sec-amy] acetate can cause defatting of the skin and
dermatitis.
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¢ Emergency procedures

Keep unconscious victims warm and on their sides to avoid
choking if vomiting occurs. Initiate the following emergen-
cy procedures:

1. Eye exposure: Tissue irritation may result from exposure
to concentrated solutions, vapors, mists, or aerosols of sec-
amyl acetate. Immediately and thoroughly flush eyes with
large amounts of water, occasionally lifting the upper and
lower eyelids.

2. Skin exposure: Skin irritation may result. Immediately
remove contaminated clothing and thoroughly wash con-
taminated skin with soap and water.

3. Inhalation exposure: If vapors, mists, or aerosols of
sec-amyl acetate are inhaled, move the victim to fresh air
immediately.

If the victim is not breathing, clean any chemical contamina-
tion from the victim’s lips and perform cardiopulmonary
resuscitation (CPR); if breathing is difficult, give oxygen.

4. Ingestion exposure: Take the following steps if sec-amyl
acetate or a solution containing it is ingested:

—Have the victim rinse the contaminated mouth cavity
several times with a fluid such as water.

—Have the victim drink a glass (8 oz) of fluid such as water.

—Induce vomiting by giving syrup of ipecac as directed on
the package. If ipecac is unavailable, have the victim
touch the back of the throat with a finger until productive
vomiting ceases.

~—Do net force an unconscious or convulsing person to drink
fluid or to vomit.

5. Rescue: Remove an incapacitated worker from further
exposure and implement appropriate emergency procedures
(e.g., those listed on the material safety data sheet required
by OSHA’s hazard communication standard [29 CFR
1910.1200]). All workers should be familiar with emergen-
cy procedures and the location and proper use of emergency
equipment.

EXPOSURE SOURCES AND CONTROL
METHODS

The following operations may involve sec-amyl acetate and
may result in worker exposures to this substance:
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—Application of lacquers, vamishes, enamels, and metallic
paints

—Use of sec-amyl acetate as a soivent for chlorinated rubber,
nitrocellulose, ethyl cellulose, celluloid products, ce-
ments, coated papers, lacquers, and plastic wood

—Manufacture of artificial leather, leather-finish linoleum,
photographic film, artificial silk, and fumniture polish

—Manufacture of nail enamels, textile printing and sizing
compounds, metallic paints, perfurnes, pearlescent coat-
ings, printing compounds, and washable wallpaper

The following methods are effective in controlling worker
exposures to sec-amyl acetate, depending on the feasibility
of implementation:

—Process enclosure

—Local exhaust ventilation
—General dilution ventilation
—Personal protective equipment

Good sources of information about control methods are as
follows:

1. ACGIH [1992]). Industrial ventilation—a manual of
recommended practice. 21st ed. Cincinnati, OH: American
Conference of Governmental Industrial Hygienists.

2. Burton DJ [1986]. Industria] ventilation—a self study
companion. Cincinnati, OH: American Conference of
Governmental Industrial Hygienists.

3. Alden JL, Kane JM [1982]. Design of industrial ventila-
tion systems. New York, NY: Industrial Press, Inc.

4. Wadden RA, Scheff PA [1987]). Engineering design for
control of workplace hazards. New York, NY: McGraw-
Hill.

5. Plog BA [1988]. Fundamentals of industrial hygiene.
Chicago, IL: National Safety Council.

MEDICAL MONITORING

‘Workers who may be exposed to chemical hazards should be
monitored in a systematic program of medical surveillance
that is intended to prevent occupational injury and disease.
The program should include education of employers and
workers about work-related hazards, placement of workers
in jobs that do not jeopardize their safety or health, early
detection of adverse health effects, and referral of workers
for diagnosis and treatment. The occurrence of disease or
other work-related adverse health effects should prompt
immediate evaluation of primary preventive measures (e.g.,
industrial hygiene monitoring, engineering controls, and per-
sonal protective equipment). A medical monitoring program
is intended to supplement, not replace, such measures. To
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place wotkers effectively and to detect and control work-
related health effects, medical evaluations should be per-
formed (1) before job placement, (2) periodically during the
term of employment, and (3) at the time of job transfer or
termination.

* Preplacement medical evaluation

Before a worker is placed in a job with a potential for
exposure to sec-amyl acetate, a licensed health care profes-
sional should evaluate and document the worker's baseline
health status with thorough medical, environmental, and
occupational histories, a physical examination, and
physiologic and laboratory tests appropriate for the an-
ticipated occupational risks. These should concentrate on
the function and integrity of the eyes, skin, and respiratory
tract. Medical monitoring for respiratory disease should be
conducted using the principles and methods recommended
by the American Thoracic Society [ATS 1987].

A preplacement medical evaluation is recommended to as-
sess an individual’s suitability for employment at a specific
job and to detect and assess medical conditions that may be
aggravated or may increase risk when a worker is exposed to
sec-amyl acetate at or below the prescribed exposure limit.
The licensed health care professional should consider the
probable frequency, intensity, and duration of exposure as
well as the nature and degree of any applicable medical
condition. Such conditions (which should not be regarded
as absolute contraindications to job placement) include a
history and other findings consistent with chronic eye, skin,
or respiratory disease.

® Periodic medical examinations and biological
monitoring

Occupational health interviews and physical examinations
should be performed at regular intervals during the employ-
ment period, as mandated by any applicable Federal, State,
or local standard. Where no standard exists and the hazard
is minimal, evaluations should be conducted every 3 to
5 years or as frequently as recommended by an experienced
occupational health physician. Additional examinations
may be necessary if a worker develops symptoms at-
tributable to sec-amyl acetate exposure. The interviews,
examinations, and medical screening tesis should focus on
identifying the adverse effects of sec~amyl acetate on the
eyes, skin, and respiratory tract. Current health status should
be compared with the baseline health status of the individual
worker or with expected values for a suitable reference
population.

Biological monitoring involves sampling and analyzing
body tissue or fluids to provide an index of exposure to a
toxic substance or metabolite. No biological monitoring test
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acceptable for routine use has yet been developed for sec-
amyl acetate.

¢ Medical examinations recommended at the time of
job transfer or termination

The medical, environmental, and occupational history inter-
views, the physical examination, and selected physiologic or
laboratory tests that were conducted at the time of job place-
ment should be repeated at the time of job transfer or termina-
tion. Any changes in the worker’s health status should be
compared with those expected for a suitable reference
population.

WORKPLACE MONITORING AND
MEASUREMENT

A worker’s exposure to airborne sec-amyl acetate is deter-
mined by using a solid sorbent tube containing coconut shell
charcoal (100/50-mg sections, 20/40 mesh). Samples are
collected at a maximum flow rate of 0.2 liter/min until a
maximum air volume of 10 liters is collected. The sample is
then treated with carbon disulfide to extract the sec-amyl
acefate. Analysisis conducted by gas chromatography using
a flame ionization detector. The standard analytical error for
this procedure is 0.12. This method is included in the OSHA
Computerized Information System [OSHA 1989] and in
Method 1450 of the NIOSH Manual of Analytical Methods
[NIOSH 1984).

PERSONAL HYGIENE

If sec-amyl acetate contacts the skin, workers should flush
the affected areas immediately with plenty of water for
135 min and then wash with soap and water,

Clothing and shoes contaminated with sec-amyl acetate
should be removed immediately, and provisions should be
made for safely removing this chemical from these articles.
Persons laundering contaminated clothing should be in-
formed about the hazardous properties of sec-amyl acetate,
particularly its potential to be irritating to the skin.

A worker who handles sec-amyl acetate should thoroughly
wash hands, forearms, and face with scap and water before
eating, using tobacco products, or using toilet facilities.
‘Workers should not eat, drink, or use tobacco products in

areas where sec-amyl acetate or a solution containing sec-
amyl acetate is handled, processed, or stored.

STORAGE

sec-Amy! acetate should be stored in a cool, dry, well-
ventilated area in tightly sealed containers that are labeled in
accordance with OSHA’s hazard communication standard
[29 CFR 1910.1200]. Containers of sec-amyl acetate should
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be protected from physical damage and should be stored
separately from oxidizers, nitrates, strong alkalies, strong
acids, heat, sparks, and open flame. To prevent static sparks,
metal containers used to transfer this substance should be
bonded and grounded. Only nonsparking tools should be
used when handling containers of sec-amyl acetate. Be-
cause empty containers that formerly contained sec-amyl
acetate may contain product residues, they should be handled

appropriately.

SPILLS AND LEAKS

In the event of a spill or leak involving sec-amyl acetate,
persons not wearing protective equipment and clothing
should be restricted from contaminated areas until cleanup is
complete. The following steps should be undertaken follow-
ing a spill or leak:

1. Do not touch the spilled material; stop the leak if it is
possible to do so without risk.

. Notify safety personnel.

. Remove all sources of heat and ignition.

2
3
4. Ventilate the area of the spill or leak.
5. Use nonsparking tools for cleanup.
6.

Absorb small liquid spills with sand or other noncombus-
tible absorbent material and place the material in a covered
container for later disposal.

7. For large liquid spills, build dikes far ahead of the spill to
contain the sec-amyl acetate for later reclamation or dis-
posal.

SPECIAL REQUIREMENTS

U.S. Environmental Protection Agency (EPA) requirements
for emergency planning, reportable quantities of hazardous
releases, community right-to-know, and hazardous waste
management may change over time. Users are therefore
advised to determine periodically whether new information
is available,

* Emergency planning requirements

sec-Amyl acetate is not subject to EPA’s emergency plan-
ning requirements under the Superfund Amendments and
Reauthorization Act (SARA) [42 USC 11022].

* Reportable quantity requirements for hazardous
releases

A hazardous substance release is defined by EPA as any
spilling, pumping, pouring, emitting, emptying, discharging,
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injecting, escaping, leaching, dumping, or disposing of haz-
ardous substances into the environment (including the aban-
donment or discarding of contaminated containers). In the
event of a release that is equal to or greater than the reportable
quantity for that chemical, employers are required by EPA
regulations resulting from the Comprehensive Environmen-
tal Response, Compensation, and Liability Act (CERCLA)
[40 CFR 355.40] to notify the proper Federal authorities.

The reportable quantity for sec-amy] acetate is 5,000 Ib. If an
amount equal to or greater than this quantity is released within
a 24-hr period in a manner that will expose persons outside
the facility, employers are required to do the following:

—Notify the National Response Center immediately at
(800) 424-8802 or at (202) 426-2675 in Washington, D.C.
{40 CFR 302.6].

—Notify the emergency response commission of the State
likely to be affected by the release [40 CFR 355.40].

—Notify the community emergency coordinator of the local
emergency planning committee (or relevant local emer-
gency response personnel) of any area likely to be affected
by the release [40 CFR 355.40].

¢ Community right-to-know requirements

Employers are not required by SARA to submit a Toxic
Chemical Release Inventory Form (Form R) to EPA report-
ing the amount of sec-amyl acetate emitted or released from
their facility annually.

¢ Hazardous waste management requirements

EPA considers a waste to be hazardous if it exhibits any of
the following characteristics: ignitability, cotrosivity, reac-
tivity, or toxicity as defined in 40 CFR 261.21-261.24. Al-
though sec-amyl acetate is not specifically listed as a
hazardous waste under the Resource Conservation and
Recovery Act (RCRA) [40 USC 6901 et seq.], EPA requires
employers to treat waste as hazardous if it exhibits any of the
characteristics discussed above.

Providing detailed information about the removal and dis-
posal of specific chemicals is beyond the scope of this
guideline. The U.S. Department of Transportation, EPA,
and State and local regulations should be followed to ensure
that removal, transport, and disposal of sec-amy] acetate are
conducted in accordance with existing regulations. To be
certain that chemical waste disposal meets EPA regulatory
requirements, employers should address any questions to the
RCRA hotline at (800) 424-9346 or at (202) 382-3000 in
Washington, D.C. In addition, relevant State and local
authorities should be contacted for information about their
requirements for waste removal and disposal.
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RESPIRATORY PROTECTION

* Conditions for respirator use

Good industrial hygiene practice requires that engineering
controls be used where feasible to reduce workplace con-
centrations of hazardous materials to the prescribed ex-
posure limit. However, some situations may require the use
of respirators to control exposure. Respirators must be womn
if the ambient concentration of sec-amyl acetate exceeds
prescribed exposure limits. Respirators may be used
(1) before engineering controls have been installed,
(2) during work operations such as maintenance or repair
activities that involve unknown exposures, (3) during opera-
tions that require entry into tanks or closed vessels, and
(4) during emergencies. Workers should use only respirators
that have been approved by NIOSH and the Mine Safety and
Health Administration (MSHA).

® Respiratory protection program

Employers should institute a complete respiratory protection
program that, at a minimurn, complies with the requirements
of OSHA's respiratory protection standard {29 CFR
1910.134]. Such a program must include respirator selec-
tion, an evaluation of the worker’s ability to perform the work
while wearing a respirator, the regular training of personnel,
fit testing, periodic workplace monitoring, and regular
respirator taintenance, inspection, and cleaning. The im-
plementation of an adequate respiratory protection program
(including selection of the correct respirator) requires that a
knowledgeable person be in charge of the program and that
the program be evaluated regularly. For additional informa-
tion on the selection and use of respirators and on the medical
screening of respirator users, consult the NIOSH Respirator
Decision Logic [NIOSH 1987b] and the NIOSH Guide to
Industrial Respiratory Protection [NIOSH 1987a].

PERSONAL PROTECTIVE EQUIPMENT

Protective clothing should be wom to prevent skin contact
with sec-amyl acetate. Solvent-resistant gloves and clothing
are recommended. Chemical protective clothing should be
selected on the basis of available performance data,
manufacturers’ recommendations, and evaluation of the
clothing under actual conditions of use. Polyvinyl alcohol
has been tested against permeation by this substance and has
demonstrated good-to-exceilent resistance.

If sec-amyl acetate is dissolved in water or an organic
solvent, the permeation properties of both the solvent and
the mixture must be considered when selecting personal
protective equipment and clothing.

Safety glasses, goggles, or face shields should be wom
during operations in which sec-amyl acetate might contact
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the eyes (e.g., through splashes of solution). Eyewash foun-
tains and emergency showers should be available within the
immediate work area whenever the potential exists for eye
or skin contact with sec-amyl acetate. Contact lenses should
not be womn if the potential exists for exposure to sec-amyl
acetate,
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE
FOR ANILINE

INTRODUCTION

This guideline summarizes pertinent information about
aniline for workers and employers as well as for physicians,
industrial hygienists, and other occupational safety and
health professionals who may need such information to
conduct effective occupational safety and health programs.
Recommendations may be superseded by new develop-
ments; readers are therefore advised to regard these recom-
mendations as general guidelines and to determine
periodically whether new information is available.

SUBSTANCE IDENTIFICATION

¢ Formula
CetlNH,
¢ Structore
CNS
¢ Synonyms

Aminobenzene, aminophen, aniline oil, benzenamine, blue
oil, kyanol, krystallin, cyanol, phenylamine

* Identifiers

1. CAS No.: 62-53-3

2. RTECS No.: BW6650000

3. DOT UN: 1547 57

4. DOT label: Poison

e Appearance and odor

Aniline is an cily, colorless to brown, combustible liquid that
darkens on exposure to air and light. It has the characteristic
aromatic amine-like odor. The odor threshold is reported to

be 1.1 parts per million (ppm) parts of air.

CHEMICAL AND PHYSICAL PROPERTIES

® Physical data

1. Molecular weight: 93.12

Boiling point (at 760 mm Hg): 184°C (363°F)

Specific gravity (water = 1): 1.02 at 20°C (68°F)
Vapor density {air = 1 at boiling point of aniline}: 3.22
Melting point: —6.3°C (20.7°F)

Vapor pressure at 20°C (68°F): 0.68 mm Hg

. Solubility: Moderately soluble in water; miscible with
aloobol benzene, chloroform, and most organic solvents

8. Evaporation rate: Data not available
¢ Reactivity
1. Conditions contributing to instability: Heat, sparks, and

open flame. The vapors of aniline form explosive mixtures
with air.

N e wN

2. Incompatibilities: Fires and explosions may result from
contact with halogens, acids (including nitric and sulfuric
acids), oxidizing agents (perchlorates, peroxides,
perchromates, etc.), ozone, and trichloromelamine or
hexachloromelamine.

3. Hazardous decomposition products: Toxic gases (such
as anunonia, carbon oxides, and nitrogen oxides) may be
released when aniline is heated and/or decomposes.

4, Special precautions: Liquid aniline attacks some coat-
ings and some forms of plastic and rubber.

¢ Flammability

The National Fire Protection Association has assigned a
flammability rating of 2 (noderate fire hazard) to aniline.

1. Flash point: 70°C (158°F) (closed cup)
2. Autoignition temperature: 615°C (1,139°F)
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3. Flammable limits in air (% by volume): Lower, 1.3;
upper, 11

4. Extinguishant: Use carbon dioxide, dry chemical,
Halon®, water spray, or standard foam to fight fires involving
aniline; never direct a solid stream of water into burning
pools of liquid aniline because this will scatter and spread the
fire. Water may be used to disperse vapors or to protect
persons attempting to stop the leak.

Fires involving aniline should be fought upwind and from
the maximum distance possible. Isolate the hazard area and
deny entry to unnecessary personnel. Emergency personnel
should stay out of low areas and ventilate closed spaces
before entering. Vapor explosion and poison hazards may
occur indoors, outdoors, or in sewers. Vapors may travel to
a source of ignition and flash back. Cylinders of aniline may
explode in the heat of the fire and should be moved from the
fire area if it is possible to do so safely. If this is not possible,
cool containers from the sides with water until well after the
fire is out. Stay away from the ends of cylinders. Personnel
should withdraw immediately if they hear a rising sound
from a venting safety device or if a container becomes
discolored as a result of fire. Dikes should be used to contain
fire-control water for later disposal. If a tank car or truck is
involved in a fire, personnel should isolate an area of a half
mile in all directions. Firefighters shonld wear a full set of
protective clothing (including a self-contained breathing ap-
paratus) when fighting fires involving aniline. Chemical
protective clothing that is specifically recommended for
aniline may not provide thermal protection unless so stated
by the clothing manufacturer. Firefighters® protective cloth-
ing may not provide protection against permeation by
aniline.

" EXPOSURE LIMITS
* OSHA PEL

The current Occupational Safety and Health Administration
(OSHA) PEL for aniline is 2 ppm (8 mg/m°) as an 8-hr
time-weighted average (TWA) concentration. The OSHA
PEL also bears a “Skin” notation, which indicates that per-
cutaneous absorption is a route of exposure (including
mucous membranes and eyes) [29 CFR 1910.1000, Table
Z-1-Al

s NIOSH REL

The National Institute for Occupational Safety and Health
(NIOSH) has recommended that aniline be designated a
potential occupational carcinogen and that exposure be
limited to the lowest feasible concentration. Contact with the
worker’s skin should be mirimized [NIOSH 1990, 1992b].

e ACGIH TLV®

The American Conference of Governmental Industrial

2 Aniline

Hygienists (ACGIH) has assigned aniline a threshold limit
value (TLV) of 2 ppm (7.6 mg[ms) as a TWA and has also
assigned aniline a “Skin™ notation [ACGIH 1991b].

# Rationale for limits

OSHA and ACGIH limits are based on the risk of
methemoglobinemia associated with exposure to aniline.
The NIOSH cancer designation is based on significant
evidence of increased bladder cancer in humans [NIOSH
1990].

HEALTH HAZARD INFORMATION
* Routes of exposure

Exposure to aniline can occur through inhalation and by
absorption through the eyes or skin.

¢ Summary of toxicology

1. Effects on Animals: Aniline causes methemoglobinemia
in animals. Head-only versus whole-body exposure of rats
for 4 hr resulted in LCsqs of 839 ppm and 478 ppm, respec-
tively. These data demonstrate the significant extent to
which dermal absorption occurs during ambient exposures.
The dermal LD in rabbits is 820 mg/kg [NIOSH 1992a).
The oral LDy, in rats is 250 mg/kg, and the lowest lethal
concentration in the same species is 250 ppm for 4 hr
[NIOSH 1992a). Dogs, rats, guinea pigs, and mice were
exposed to 5 ppm daily for 6 months; no adverse effects were
seen in these animals, except that rats developed a moderate
degree of methemoglobinemia [Oberst et al. 1956). At
autopsy, rats given aniline for 5, 10, or 20 days showed
splenic congestion, increased hematopoiesis, and bone
marrow hyperplasia [NLM 1990]. The threshold for
methemoglobinemia in rats required an exposure of
90 ppm for 4 hr. In vivo experiments with aniline induced
DNA damage in the livers and kidneys of mats, and sister
chromatid exchanges in the bone marrow cells of mice
[NLM 1990]. In a single oral bioassay in mice and rats,
aniline hydrochloride caused a significant increase in the
incidence of hemangiosarcomas, sarcomas, and fibrosar-
comas of the spleen and of fibrosarcomas and sarcomas of
multiple body organs [NCI 1978; IARC 1987}, Based on this
evidence, the International Agency for Research on Cancer
(IARC) has concluded that the evidence for the car-
cinogenicity of aniline in animals is limited [TARC 1987].

2. Effects on Humans: Exposure to aniline causes the for-
mation of methemoglobin, which results in a functional
anemia that interferes with the ability of the blood to carry
oxygen. Aniline is particularly dangerous because of the
ease with which this substance is absorbed by the body after
inhalation of the vapors or after contact of the skin with either
the vapors or liquid. The oral aniline dose estimated to be
lethal to 50% of exposed individuals is between 15and 30 g,
although as little as 1 g has caused mortality [Proctor et al.
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1988]. Several deaths have been reported in workers acutely
poisoned by aniline; cyanosis preceded death from asphyxia-
tion [ACGIH 1991a). Human volunteers exposed to aniline
concentrations in the range of 7 to 53 ppm showed mild signs
of cyanosis; increasing the concentration to 100 or 160 ppm
for 1 hr caused serious signs and symptoms [Proctor et al.
1988]). Oral administration of 25 to 65 mg to adult volun-
teers caused a significant dose-dependent elevation in
methemoglobin in the blood [Proctor et al. 1988]. Some
studies suggest that chronic exposure to low concentrations
of aniline is associated with the development of anemia,
digestive disturbances, lack of energy, and headache [Proctor
et al. 1988]. Early studies of workers exposed to aniline and
to other chemicals, including some known bladder car-
cinogens, showed an excess of bladder cancer deaths.
Studies in workers exposed to aniline alone have shown no
excess risk of bladder cancer, although these studies are
generally methodologically inadequate in various respects.
Based on this evidence, IARC has concluded that the
epidemiologic evidence of carcinogenicity is inadequate for
aniline [TARC 1987]). An epidemiologic study of workers
exposed to aniline and o-toluidine showed an increased risk
of bladder cancer among exposed workers [NIOSH 1989,
1990]. The effects of o-toluidine and aniline could not be
separated epidemiologically.

* Signs and symptoms of exposure

1. Acute exposure: Acute exposure to aniline can induce
bluish discoloration of the lips, nose, earlobes, and naitbeds;
headache; weakness; irritability; drowsiness; dizziness; ring-
ing in the ears; difficult breathing; lethargy; incoordination;
rapid heart beat; and unconsciousness. The onset of these
signs and symptoms may be delayed as long as 4 hr after
exposure. Hemolytic anemia, jaundice, and wine-colored
urine may occur after severe overexposure, and these signs
may be delayed for as long as 1 week after exposure.

2. Chronic exposure: Chronic exposure to aniline may
cause headache, anemnia, gastrointestinal disturbances, and
lethargy. Workers who have been exposed to aniline should
be notified that they may be at increased risk of bladder
cancer, and they should be alerted to its signs and symptoms,
These include (1) blood in the urine, (2) other changes in
the appearance of the urine, (3) changes in urinary habits,
(4) lumps in the groin or lower abdomen, and (5) pain in the
lower abdomen or back [NIOSH 1990].

* Emergency procedures

Keep unconscious victims warm and on their sides to avoid
choking if vomiting occurs. Fmmediately initiate the follow-
ing emergency procedures, continuing them as appropriate
en route to the emergency medical facility:

1. Eye exposure: Immediately rinse concentrated solutions,
vapors, mists, or aerosols of aniline from the eyes with large
amounts of water for at least 15 min, occasionally lifting the
upper and lower eyelids.

2. Skin exposure: Aniline can be absorbed through the skin
in lethal amounts. Immediately remove all contaminated
clothing and wash contaminated skin with soap and water for
at least 15 min.

3. Inhalarion exposure: If vapors, mists, or aerosols of
aniline are inhaled, move the victim to fresh air immediately.

If the victim is not breathing, clean any chemical contamina-
tion from the victim's lips and perform cardiopulmonary
resuscitation (CPR); if breathing is difficult, give oxygen.

4, Ingestion exposure: Take the following steps if aniline
or a solution containing it is ingested:

—Have the victim rinse the contaminated mouth cavity
several times with a fluid such as water.

—Have the victim drink a glass (8 oz) of fluid such as water.

—Induce vomiting by giving syrup of ipecac as directed on
the package. If ipecac is unavailable, have the victim
touch the back of the throat with a finger until productive
vomiting ceases.

—Do net force an unconscious or convulsing person to drink
fluid or to vomit.

5. Rescue: Remove an incapacitated worker from further
exposure and implement appropriate emergency procedures
(e.g., those listed on the material safety data sheet required
by OSHA’s hazard communication standard [29 CFR
1910.1200]). All workers should be familiar with emergen-
cy procedures and the location and proper use of emergency
equipment.

EXPOSURE SOURCES AND CONTROL
METHODS

The following operations may invol