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NOTE TO THE READER

This document supplements the 1981 publication entitled NIOSH/OSHA Occupational Health Guidelines for Chemi­
cal Hazards (Washington, DC: U.S. Department of Health and Human Services, National Institute for Occupational
Safety and Health, DHHS [NIOSH] Publication No. 81-123). The 30 chemicals described here are among those
listed but not described in the 1981 publication. Readers may wish to insert each guideline at the appropriate place
in that 3-volume set.

These 30 occupational safety and health guidelines are being published to disseminate technical information about
chemical hazards to workers, employers, and occupational safety and health professionals. Each guideline includes
data on chemical names and synonyms, chemical and physical properties, exposure limits, signs and symptoms of
exposure, as well as recommendations for medical monitoring, respiratory and personal protective equipment, and
control procedures. These recommendations reflect good industrial hygiene and medical monitoring practices, and
their implementation should help employers achieve a sound occupational health program.

The recommendations and information contained in these guidelines may be superseded as new information be­
comes available; readers are advised to regard these recommendations as general guidelines and should not rely on
them for achieving compliance with occupational safety and health regulations.

NOTICE

The guidelines in Supplement I are not packaged in the exact order listed in the

contents. Please add them to your notebook binders in alphabetical order, as

indicated in the table of contents.
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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 who 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 Recommendations may be superseded by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: C3H60
• Structure:

• 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 liquid 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 OF)
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 OF)
6. Vapor pressure at 20°C (68 OF): 180.0 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% (237,000 ppm); at 25 °C(77 OF), 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: -18.0°C (O°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 IB 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 ofacetone per million parts ofair (ppm) [2,400 milligrams
of acetone per cubic meter of air (mg/m3)] as a time-weighted
average (TWA) concentration over an 8-hour workshift. The
NIOSH REL is 250 ppm (590 mg/m3) as a TWA for up to a
lO-hour workshift, 40-hour workweek. The American Con­
ference of Governmental Industrial Hygienists (ACGIH)
threshold limit value (TLV®) is 750 ppm (1,780 mg/m3) 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/m3) (Table 1).
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RECOMMENDED MEDICAL PRACTICES

HEALTH HAZARD INFORMATION

Table I.-Occupational exposure
limits for acetone

• 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 ofemployers and work­
ers about work-related hazards, placement of workers injobs
that do not jeopardize their safety and health, earliest possi­
ble detection ofadverse 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 abol
the relatedness of adverse health effects and occupational e:
posure that cannot be discerned from results in individu;
workers. Sensitivity, specificity, and predictive values ofbi<
logic monitoring and medical screening tests should be evah
ated on an industry-wide basis prior to application in any give
worker group. Intrinsic to a surveillance program is the di:
semination of summary data to those who need to know, il
eluding employers, occupational health professionals,
potentially exposed workers, and regulatory and public health
agencies.

• Preplacement medical evaluation
Prior to placing a worker in ajob 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 ofthe 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 CATS).

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 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 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 StatLlS 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 ofjob 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 ofplacement
should be repeated at the time ofjob 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.

2,400
590

1,780
2,375

Exposure limits
ppm mg/m3

1,000
250
750

1,000

OSHA PEL TWA
NIOSH REL TWA
ACGIH TLY® TWA

STEL

• 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 ofacetone produced
cataracts in guinea pigs.
2. Effects on humans: Acute inhalation ofacetone 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
1. Short-term (acute): Exposure to 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.
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COMMON OPERATIONS AND CONTROLS

Table 2.-0perations and methods of
control for acetone

Common operations in which exposure to acetone may occur
and control methods which may be effective in each case are
listed in Table 2.

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 ifavailable. A detailed sampling
and analytical method for acetone may be found in the NIOSH
Manual ofAnalytical 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.

Operations

During application of lac­
quer, paints, and varnishes

During use of solvents and
cementing agents

During dip application of
protective coatings; during
cleaning operations

During fabric coating and
dyeing processes

Controls

Natural ventilation, local
exhaust ventilation, work­
room ventilation, personal
protective equipment

Personal protective equip­
ment

Local exhaust ventilation,
personal protective equip­
ment

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

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 oftobacco 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.

1988

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 ofa worker's eyes being exposed
to acetone, an eye-wash fountain should be provided within the
immediate work area for emergency use.

Ifacetone 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 ofa 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.

Ifacetone gets on the skin, wash it immediately with soap and
water. Ifacetone 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
Ifa 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 completed.

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

I. 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
ble 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. Ifa vacuum system is used, there
should be no sources of ignition in the vicinity ofthe spill, and
flashback prevention devices should be provided.

WASTE REMOVAL AND DISPOSAL

u.s. Environmental Protection Agency, Department ofTrans­
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 ofbeing 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 ofthe 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 Safet)
and Health Administration (MSHA, formerly Mining Enforce
ment and Safety Administration) and by NIOSH should bt
used. Remember! Air-purifying respirators will not pro·
tect from oxygen-deficient atmospheres.

For each level of respiratory protection, only those respirator~

that have the minimum required protection factor and meel
other use restrictions are listed. All respirators that have higher
protection factors may also be used.
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Condition

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
20,000 ppm

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

Firefighting

Escape only

Thble 3.-Respiratory protection for acetone
Minimum respiratory protection*t

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 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.
tThe respiratory protection listed for any given condition is the minimum required to meet the NIOSH REL of 250 ppm
(590 mg/m3) (TWA).
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR

ALLYL GLYCIDYL ETHER

INTRODUCTION

This guideline summarizes pertinent information about allyl
glycidyl 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: C6H1002

• Structure: CH2=CHCH20CH2CH-CH2
'\/

°
• Synonyms: AGE; allyI2,3-epoxypropyl ether; l-(allyloxy)­
2,3-epoxypropane; «2-propenyloxy)methyl)-oxirane

• Identifiers: CAS 106-92-3; RTECS RR0875000; Dar 2219,
label required: "Flammable Liquid"

• 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): O.g]
4. Vapor density (air = 1 at boiling point of AGE): 3.32
5. Melting point: -lOO°C (-148 OF)
6. Vapor pressure at 25°C (7rF): 4.7 mmHg
7. Solubility in water, g/lOO g water at 20°C (68°F): 14.1
8. Saturation concentration in air (approximate) at 25°C
(7rF): 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 OF) (open cup)
2. Extinguishant: Dry chemical, carbon dioxide, or alcohol
foam
3. Class II Combustible Liquid (29 CFR 1910.106)

• 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
below 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/m3)] as a ceiling concentration
which shall at no time be exceeded. The NIOSH REL is 9.6
ppm (45 mg/m3) as a ceiling concentration determined in any
15-minute sampling period. The American Conference of
Governmental Industrial Hygienists (ACGIH) threshold limit
value (TLV®) is 5 ppm (22 mg/m3) (Skin) as a time-weighted
average (TWA) concentration for a normal8-hour workday and
a 40-hour workweek; the ACGIH short-term exposure limit
(STEL) is 10 ppm (44 mg/m3) (Skin). The notation "Skin"
refers to the potential contribution to overall exposure by the
cutaneous route including mucous membranes and eyes
(Table 1).
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HEALTH HAZARD INFORMATION

RECOMMENDED MEDICAL PRACTICES

* (Skin): Potential contribution to overall exposure by the
cutaneous route including mucous membranes and eyes.

Table t.-Occupational exposure limits
for 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 abou1
the relatedness of adverse health effects and occupational ex­
posure that cannot be discerned from results in individual
workers. Sensitivity, specificity, and predictive values ofbio­
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 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
physiologic 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 disease 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 ofexposure, 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.

• 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 ofthe
individual worker or to expected values for a suitable reference
population. The following tests should be used and interpret­
ed according to standardized procedures and evaluation criteria
recommended by NIOSH and the ATS: standardized question­
naires and tests of lung function.

• Medical practices recommended at the time ofjob 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 ofplacement
should be repeated at the time of job transfer or termination.

45
45
22
44

10
9.6
5

10

Exposure limits
ppm mg/m3

OSHA PEL ceiling
NIOSH REL ceiling (15 min)
ACGIH TLV® TWA (Skin)*

STEL (Skin)

• 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 difficulty), narcosis, and death (due to pulmo­
nary edema and central nervous system depression); acute
intramuscular injection in rats produced testicular degenera­
tion and toxic effucts on the hematopoietic (blood-eell-forming)
systems, including decreased leukocyte counts and atrophy of
lymphoid tissue. Subchronic inhalation ofAGE 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 ofthe 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
occur.

• Medical surveillance
Workers with potential exposures to chemical hazards should
be monitored in a systematic program ofmedical surveillance
intended to prevent or control occupational injury and disease.
The program should include education ofemployers and work­
ers about work-related hazards, placement of workers in jobs
that do not jeopardize their safety and health, earliest possi­
ble detection ofadverse health effects, and referral ofworkers
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.
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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.

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 ofproducts for chewing should be prohibit­
ed in work areas.

COMMON OPERATIONS AND CONTROLS

Operations Controls

Thble 2.-0perations and methods of
control for allyl glycidyl ether

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.

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

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

During use as a copolymer
for vulcanization of rubber,
surface coatings, and epoxy
resins

During use as a reactive
diluent in formulation of
epoxy resins

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

MONITORING AND MEASUREMENT
PROCEDURES

• Ceiling concentration evaluation
Measurements to determine worker exposure should be taken
during periods ofmaximum 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 IS-minute sample or a series ofconsecutive 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. Ifthe 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 ifavailable. A detailed sam­
pling and analytical method for AGE may be found in the
NJOSH Manual ofAnalytical Methods (method number S346).

PERSONAL PROTECTIVE EQUIPMENT EMERGENCY FIRST AID PROCEDURES

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
proofsafety 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. If 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.

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 ofa 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
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 ofa 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. IfAGE penetrates the clothing, remove the clothing im­
mediately and wash the skin with soap and water. Get medi­
cal attention promptly.

• Rescue
Ifa 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 ofspills or leaks until cleanup has been
completed.

IfAGE 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 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 appropriate 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. Ifa 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 ofTrans­
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 ofbeing 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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Condition

Concentration:

Table 3.-Respiratory protection for allyl glycidyl ether
Minimum respiratory protection*t

Less than or equal to
96 ppm

Less than or equal to
240 ppm

Less than or equal to
VO ppm

Planned or emergency entry
into environments containing
unknown concentrations or
levels above VO 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.
tThe respiratory protection listed for any given condition is the minimum required to meet the NIOSH REL of 9.6 ppm (45
mg/m3) (ceiling).
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR

ANTIMONY AND ITS COMPOUNDS (as Sb)

INTRODUCTION

"Antimony" is defined as elemental antimony and all antimo­
ny compounds with the exception of the gas stibine. This guide­
line summarizes pertinent information about antimony and its
compounds 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

• Formula: Sb
• Synonyms: Antimony regulus, stibium

• Identifiers: CAS 7440-36-0; RTECS CC402500; DOT 2871,
label required: "St. Andrew's Cross (X)"

• Appearance: Silvery, white solid

CHEMICAL AND PHYSICAL PROPERTIES

levels, antimony should be considered to have poor warning
properties.

EXPOSURE LIMITS

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for antimony and
its compounds (as Sb) is 0.5 milligrams per cubic meter of air
(mg/m3) as a time-weighted average (TWA) concentration over
an 8-hour workshift. The National Institute for Occupational
Safety and Health (NIOSH) recommended exposure limit
(REL) for antimony and its compounds (as Sb) is 0.5 mg/m3

as a TWA for up to a lO-hour workshift, 40-hour workweek.
The American Conference of Governmental Industrial
Hygienists (ACGIH) threshold limit value (TLY®) is 0.5
mg/m3 as a TWA for a normal 8-hour workday and a 40-hour
workweek for antimony and its compounds (as Sb) including
antimony trioxide during handling and use. The ACGIH has
given antimony trioxide production an A2 designation (an A2
substance is a suspected human carcinogen) without having
sufficient evidence to assign a TLY (Table 1).

Table t.-Occupational exposure
limits for antimony and its compounds

• Routes of exposure
Antimony may cause adverse health effects following exposure
via inhalation, ingestion, or dermal or eye contact.

* (A2): Suspected human carcinogen.

HEALT.H HAZARD INFORMATION

Antimony
trioxide

production,
mg/m3

(A2)*

0.5
0.5
0.5

Antimony
and

compounds
(as Sb),
mg/m3

OSHA PEL TWA
NIOSH REL TWA
ACGIH TLY® TWA

• Physical data for elemental antimony
1. Molecular weight: 121.75
2. Boiling point (at 760 mmHg): 1,635°C (2,975 OF)
3. Specific gravity (water = 1): 6.68
4. Melting point: 630.5°C (1,116.9°F)
5. Insoluble in water

• Reactivity
Incompatibilities: Oxidizing materials and acids, especially
halogenated acids, can react with antimony and alloys contain­
ing antimony to produce stibine gas (antimony hydride), which
is more toxic than the antimony metal alone.

• Flammability
1. Extinguishant: Dry graphite, sodium chloride, or potassi­
um chloride
2. Antimony is combustible in powder form or by chemical
reaction with nitrates or halogenated compounds.

• Warning properties
Evaluation ofwarning properties for respirator selection: Based
on lack of information on the odor threshold and eye irritation

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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• Summary of toxicology
1. Effects on animals: Intraperitoneal injection of antimony or
its compounds into rats produced an increase in blood eo­
sinophil count, acute congestion of the heart, liver, and kid­
neys, and death (due to heart failure). Subchronic inhalation
ofantimony trisulfide by rats and rabbits caused degeneration
of the heart muscle and changes in electrocardiograms; sub­
cutaneous injections in rats caused fatty degeneration of the
liver and swelling of kidney tubules. Chronic inhalation of an­
timony trioxide by guinea pigs, rats, or rabbits produced ex­
tensive lung inflammation, decreased white blood cell and
eosinophil counts, enlargement of splenic follicles, and fatty
degeneration of the liver.
2. Effects on humans: Exposure of workers to antimony trichlo­
ride, antimony trisulfide, or antimony trioxide has caused
fibrosis of the lungs (pneumoconiosis), electrocardiogram
changes, heart muscle changes, and death due to heart disease.
Increased rates ofspontaneous late abortions, premature births,
and gynecologic problems have been reported for female metal­
lurgic workers exposed to antimony trioxide, antimony pen­
tasulfide, or metallic dust.

• Signs and symptoms of exposure
I. Short-term (acute): Exposure to antimony and its compounds
can cause gastrointestinal pain, cough, loss of appetite, itch­
ing, skin eruptions, and irritation of the skin, eyes, nose, and
throat.
2. Long-term (chronic): Exposure to antimony and its com­
pounds can cause headache, sleeplessness, dizziness, metal­
lic taste, ulcers, weight loss, nausea, vomiting, diarrhea,
impairment of sense of smell, and pain or tightness in the chest.

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 the education of employers and
workers about work-related hazards, placement of workers in
jobs that do not jeopardize their safety and health, earliest pos­
sible detection of adverse health effects, and referral of work­
ers for diagnostic confirmation and treatment. The occurrence
of disease (a "sentinel health event," SHE) or other work­
related adverse health effects should prompt immediate evalu­
ation of primary preventive measures (e.g., industrial hygiene
monitoring, engineering controls, and personal protective
equipment). A medical surveillance program is intended to
supplement, not replace, such measures.

A medical surveillance program should include the systemat­
ic collection and epidemiologic analysis of relevant environ­
mental and biologic monitoring, medical screening, morbidity,
and mortality data. This analysis may provide information
about the relatedness ofadverse health effects and occupational
exposure that cannot be discerned from results in individual
workers. Sensitivity, specificity, and predictive values ofbio­
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-
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semination of summary data to those who need to know, in
eluding employers, occupational health professionals
potentially exposed workers, and regulatory and public healtl
agencies.

• Preplacement medical evaluation
Prior to placing a worker in a job with a potential for exposun
to antimony, the physician should evaluate and document tht
worker's baseline health status with thorough medical, environ
mental, 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, and cardiovascular,
reproductive, and respiratory systems. Medical surveillance
for respiratory disease 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 antimony 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 and physical or other
findings suggestive of cardiovascular or chronic skin disease.
The physician should obtain baseline values for electrocardi­
ographic studies appropriate for the age and medical history
of the worker.

• 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 antimony. 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
eyes, skin, and cardiovascular, reproductive, and respiratory
systems as compared to the baseline status of the individual
worker or to expected values for a suitable reference popula­
tion. The following tests should be used and interpreted accord­
ing to standardized procedures and evaluation criteria
recommended by NIOSH and ATS: standardized question­
naires and tests of lung function.

• Medical practices recommended at the time ofjob 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 ofplacement
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 antimony may cause diseases of
prolonged induction-latency, the need for medical surveillance
may extend beyond termination of employment.

• Sentinel health events
Acute SHE's include: Contact and/or allergic dermatitis.
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Operations Controls

COMMON OPERATIONS AND CONTROLS

Table 2.-0perations and methods of
control for antimony

Common operations in which exposure to antimony may oc­
cur and control methods which may be effective in each case
are listed in Table 2.

Process enclosure, dilution
ventilation, and dust control
with water

Local exhaust ventilation

Local exhaust ventilation,
personal protective clothing

During crushing and trans­
ferring antimony ore

During production of
lead/antimony alloys

During machining, grind­
ing, buffing, and polishing
of metal products containing
antimony

• TWA exposure evaluation
Measurements to determine worker exposure to antimony
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).

• Method
Sampling and analysis of antimony may be performed by col­
lecting with a cellulose membrane filter, digesting with nitric,
sulfuric, and percWoric acids, and analyzing by atomic absorp­
tion spectrophotometry. Detailed sampling and analytical
methods for antimony may be found in the NIOSH Manual of
Analytical Methods (method numbers 189 and 261).

MONITORING AND MEASUREMENT
PROCEDURES

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.

• Rescue
Ifa 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.

• Skin exposure
Where there is any possibility ofa worker's body being exposed
to antimony, facilities for quick drenching of the body should
be provided within the immediate work area for emergency use.

If antimony gets on the skin, wash it immediately with soap
and water. If antimony penetrates the clothing, remove the
clothing immediately and wash the skin with soap and water.
Get medical attention promptly.

Local exhaust ventilationDuring the manufacture of
paints, pigments, enamels,
glazes, ceramics, and glass

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

If antimony 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.

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.

PERSONAL PROTECTIVE EQUIPMENT

SANITATION

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 an­
timony.

Workers should be provided with and required to use dust- and
splash-proof safety goggles where antimony may come in con­
tact with the eyes.

Clothing which is contaminated with antimony 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 antimony from the clothing. If the clothing is to be
laundered or cleaned, the person performing the operation
should be informed of antimony's hazardous properties.

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

Skin that becomes contaminated with antimony 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 antimony should wash their faces, hands,
and forearms thorougWy with soap and water before eating,
smoking, or using toilet facilities.
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SPILLS AND LEAKS

Workers not wearing protective equipment and clothing should
be restricted from areas of spills or leaks until cleanup has been
completed.

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

1. Ventilate area of spill or leak.
2. For small quantities of liquids containing antimony, absorb
on paper towels and place in an appropriate container.
3. Large quantities of liquids containing antimony may be ab­
sorbed in vermiculite, dry sand, earth, or a similar material
and placed in an appropriate container.
4. If in solid form, antimony may be collected and placed in
an appropriate container.
5. Antimony may be collected by vacuuming with an appropri­
ate system.

WASTE REMOVAL AND DISPOSAL

u.s. Environmental Protection Agency, Department ofTrans­
portation, and/or state and local regulations shall be followed
to assure that removal, transport, and disposal ofantimony and
its compounds are in accordance 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 ofbeing 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 ofthe 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.

For each level of respiratory protection, only those respirators
that have the minimum required protection factor and meet

4 Antimony

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 antimony and its compounds
Condition Minimum respiratory protection*t

Concentration:

Less than or equal to
5.0 mg/m3

Less than or equal to
12.5 mg/m3

Less than or equal to
25 mg/m3

Less than or equal to
80 mg/m3

Planned or emergency entry
into environments containing
unknown concentrations or
levels above 80 mg/m3

Firefighting

Escape only

Any dust and mist respirator except single-use and quarter-mask respirators, ifnot present as fume

Any supplied-air respirator

Any self-contained breathing apparatus

Any powered air-purifying respirator with dust and mist filter, if not present as fume

Any supplied-air respirator operated in a continuous flow mode

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

Any powered air-purifying respirator with a tight-fitting face piece and1a high-efficiency partic­
ulate filter

Any supplied-air respirator with a tight-fitting facepiece and operated in a continuous flow mode

Any self-contained breathing apparatus with a full facepiece

Any supplied-air respirator with a full facepiece

Any supplied-air respirator with a full half-mask 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 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.
tThe respiratory protection listed for any given condition is the minimum required to meet the NIOSH REL of0.5 mg/m3 (TWA).
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR

BENZENE

POTENTIAL HUMAN CARCINOGEN

• Formula: C6H6

• Structure:

INTRODUCTION

This guideline summarizes pertinent information about ben­
zene for workers, employers, and occupational safety and
health professionals who may need such information to con­
duct effective occupational safety and health programs. Recom­
mendations may be superseded by new developments in these
fields; therefore, readers are advised to regard these recom­
mendations as general guidelines.

SUBSTANCE IDENTIFICATION

o
• Synonyms: Benzol, benzole, benzolene, bicarburetofhydro­
gen, carbon oil, coal naphtha

• Identifiers: CAS 71-43-2; RTECS CY1400000; DOT 1114,
label required: "Flammable Liquid"

• Appearance and odor: Colorless liquid with an aromatic
odor

CHEMICAL AND PHYSICAL PROPERTIES

• Physical data
I. Molecular weight: 78.12
2. Boiling point (at 760 mmHg): 80. 1°C (176°F)
3. Specific gravity (water = I): 0.88
4. Vapor density (air = I at boiling point of benzene): 2.7
5. Melting point: 5.5°C (42°F)
6. Vapor pressure at 20°C (68°F): 75 mmHg
7. Solubility in water, g/lOO g water at 20°C (68°F): 0.06
8. Evaporation rate (butyl acetate = I): 5.1
9. Saturation concentration in air (approximate) at 25°C
(77°F): 12.5% (125,000 ppm)
10. Ionization potential: 9.25 eV

• Reactivity
Incompatibilities: Benzene reacts with strong oxidizers includ­
ing chlorine, oxygen, and bromine with iron.

2. Hazardous decomposition products: Toxic vapors and gases
(e.g., carbon monoxide) may be released in a fire involving
benzene.
3. Caution: Benzene will attack some forms of plastics, coat­
ings, and rubber.

• Flammability
1. Flash point: -ll.l°C (lrF) (closed cup)
2. Autoignition temperature: 498°C (928 OF)
3. Flammable limits in air, % by volume: Lower, 1.4; upper, 7.1
4. Extinguishant: Alcohol foam, carbon dioxide, and dry
chemical extinguishants are effective. Water may be an ineffec­
tive extinguishant but may be used to cool fire-exposed con­
tainers.
5. Class IB Flammable Liquid (29 CFR 1910.106), Flamma­
bility Rating 3 (NFPA)
6. Unusual fire and explosion hazards: Benzene liquid is flam­
mable, and its vapors can easily form explosive mixtures.
Flashbacks may occur along a vapor trail.

• Warning properties
I. Odor threshold: 12 ppm
2. Eye irritation levels: 3,000 ppm for 0.5-1 hour
3. Other information: 3,000 ppm may irritate nose and respira­
tory tract.
4. 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 benzene is 1part
of benzene per million parts of air (PPM) as a time-weighted
average (TWA) concentration over an 8-hour workshift; the
short-term exposure limit is 5 ppm in any 15-minute sampling
period. The National Institute for Occupational Safety and
Health (NIOSH) recommends that benzene be controlled and
handled as a potential human carcinogen in the workplace and
that exposure be reduced to the lowest feasible limit. The
NIOSH recommended exposure limit (REL) is 0.1 ppm [0.32
milligrams of benzene per cubic meter of air (mg/m3)] as an
8-hour TWA and 1 ppm (3.2 mg/m3) as a ceiling in any
IS-minute sampling period. The NIOSH REL is the lowest con-
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HEALTH HAZARD INFORMATION

Table I.-Occupational exposure limits
for benzene

* (Ca): NIOSH recommends treating as a potential human car­
cinogen.
t(A2): Suspected human carcinogen.

centration detectable by current NIOSH-validated sampling
and analytical methods. The American Conference ofGovern­
mental Industrial Hygienists (ACGIH) has designated benzene
as an A2 substance (suspected human carcinogen) having an
assigned threshold limit value (TLY®) of 10 ppm (30 mg/m3)

as a TWA for a normal 8-hour workday and a 40-hour
workweek.

RECOMMENDED MEDICAL PRACTICES

ing. Repeated skin contact can cause redness, blistering, anc
dry, scaly dermatitis.

• Medical surveillance program
Workers with potential exposures to chemical hazards shoulc.
be monitored in a systematic program ofmedical surveillance
intended to prevent or control occupational injury and disease.
The program should include education ofemployers and work­
ers about work-related hazards, placement of workers injobs
that do not jeopardize their safety and health, earliest possi­
ble detection ofadverse 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 ofbio­
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 benzene, 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 anticipa­
ted occupational risks. These should concentrate on the func­
tion and integrity of the eyes, skin, liver, and respiratory,
nervous, and hematopoietic (blood-cell-forming) systems. The
physician should obtain baseline values for the complete blood
count and a stained differential count of all blood cell types.
Medical surveillance for respiratory disease should be conduct­
ed 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 benzene 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-

0.32
3.2

30

5
0.1
1

10

Exposure limits
ppm mg/m3

OSHA PEL TWA
Short-term exposure
limit (15 min)

NIOSH REL (Ca)* TWA
Ceiling (15 min)

ACGIH TLY® TWA (A2)t

• Routes of exposure
Benzene may cause adverse health effects following exposure
via inhalation, ingestion, or dermal or eye contact.

• Summary of toxicology
1. Effects on animals: Acute inhalation ofbenzene by rats, mice,
or rabbits caused narcosis, spontaneous heart contractions
(ventricular fibrillation), and death due to respiratory paraly­
sis. Subchronic inhalation of benzene by rats produced
decreased white blood cell counts, decreased bone marrow cell
activity, increased red blood cell activity, and cataracts. In rats,
chronic inhalation or oral administration ofbenzene produced
cancers of the liver, mouth, and Zymbal gland. Inhalation of
benzene by pregnant rats caused retardation of fetal develop­
ment and increased fetal mortality.
2. Effects on humans: Acute inhalation exposure of benzene
has caused nerve inflammation (polyneuritis), central nervous
system depression, and cardiac sensitization. Chronic exposure
to benzene has produced anorexia and irreversible injury to the
blood-forming organs; effects include aplastic anemia and
leukemia.

• Signs and symptoms of exposure
1. Short-tenn (acute): Exposure to benzene can cause dizzi­
ness, euphoria, giddiness, headache, nausea, staggering gait,
weakness, drowsiness, respiratory irritation, pulmonary ede­
ma and pneumonia, gastrointestinal irritation, convulsions, and
paralysis. Benzene can also cause irritation to the skin, eyes,
and mucous membranes.
2. Long-tenn (chronic): Exposure to benzene can cause fatigue,
nervousness, irritability, blurred vision, and labored breath-
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cations to job placement, include a history of chronic skin
disease, concurrent dermatitis, or mild non-hemolytic anemia
(e.g., mild iron-deficiency anemia).

• 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 report symptoms that
may be attributed to exposure to benzene. 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, liver, and respiratory, nervous, and hema­
topoietic (blood-cell-forming) 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 the ATS:
standardized questionnaires and tests of lung function.

• Medical practices recommended at the time ofjob 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 ofplacement
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 benzene may cause diseases of
prolonged induction-latency, the need for medical surveillance
may extend well beyond termination of employment.

• Sentinel health events
I. Acute SHE's include: Acute myeloid leukemia and contact
and/or allergic dermatitis.
2. Delayed-onset SHE's include: Decrease in the number (neu­
tropenia) or absence (agranulocytosis) of certain white blood
cells in the peripheral circulation and/or in the bone marrow
(aplastic anemia) and cancer of the red blood cells (erythro­
leukemia).

MONITORING AND MEASUREMENT
PROCEDURES

• TWA exposure evaluation
Measurements to determine worker exposure to benzene
should be taken so that the TWA exposure is based on a single
entire workshift sample or an appropriate number ofconsecu­
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
ofbenzene. 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 IS-minute sample. A minimum of three measurements
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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
detection strategy is given in the Occupational Exposure Sam­
pling Strategy Manual.

• Method
Sampling and analysis may be performed by collecting ben­
zene vapors with charcoal tubes followed by desorption with
carbon disulfide and analysis by gas chromatography. Direct­
reading devices calibrated to measure benzene may also be used
ifavailable. A detailed sampling and analytical method for ben­
zene may be found in the NIOSH Manual ofAnalytical Methods
(method number 1500).

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 benzene.

SANITATION

Clothing which is contaminated with benzene should be re­
moved immediately and placed in sealed containers for storage
until it can be discarded or until provision is made for the
removal of benzene from the clothing. If the clothing is to be
laundered or cleaned, the person performing the operation
should be informed of benzene's hazardous properties. Reus­
able 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 benzene should be
promptly washed with soap and water.

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

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

COMMON OPERATIONS AND CONTROLS

Common operations in which exposure to benzene may occur
and control methods which may be effective in each case are
listed in Table 2.
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Table 2.-0perations and methods of
control for benzene

Operations

During the manufacture and
processing ofbenzene; dur­
ing use as a raw material in
the production of aromatic
compounds and derivatives

During the use ofchemicals
in which benzene may be an
impurity (e.g., naphthas,
toluene, xylene)

During the manufacture and
use of motor fuel blends in
which benzene is used as an
ingredient; during use as an
extracting solvent

During the preparation and
use of paint and varnish
removers, rubber cements,
and lacquers

Controls

Process enclosure, local ex­
haust ventilation, personal
protective equipment

Process enclosure, local ex­
haust ventilation, personal
protective equipment

Process enclosure (when
possible), local exhaust ven­
tilation, personal protective
equipment, material substi­
tution

Process enclosure (when
possible), local exhaust ven­
tilation, personal protective
equipment, material substi­
tution

SPILLS AND LEAKS

Workers not wearing protective equipment and clothing should
be restricted from areas ofspills or leaks until cleanup has been
completed.

If benzene 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 benzene, absorb
on paper towels and place in an appropriate container.
4. Large quantities of liquids containing benzene may be ab­
sorbed in vermiculite, dry sand, earth, or a similar material
and placed in an appropriate container.
5. Liquids containing benzene 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 ofTrans­
portation, and/or state and local regulations shall be followed
to assure that removal, transport, and disposal are in accord­
ance with existing regulations.

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 ofa worker's eyes being exposed
to benzene, an eye-wash fountain should be provided within
the immediate work area for emergency use.

Ifbenzene 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 ofa worker's body being exposed
to benzene, facilities for quick drenching of the body should
be provided within the immediate work area for emergency use.

Ifbenzene gets on the skin, wash it immediately with soap and
water. Ifbenzene 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. Un­
derstand the facility's emergency rescue procedures and know
the locations of rescue equipment before the need arises.

4 Benezene

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 ofbeing 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 ofthe correct respirators,
requires that a knowledgeable person be in charge ofthe 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 benzene
Condition Minimum respiratory protection*

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

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

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 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 (gas mask) with a chin-style or front- or back-mounted
organic canister

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

BERYLLIUM AND ITS COMPOUNDS

POTENTIAL HUMAN CARCINOGEN

INTRODUCTION EXPOSURE LIMITS

HEALTH HAZARD INFORMATION

Table t.-Occupational exposure limits
for beryllium

* (Ca): NIOSH recommends treating as a potential human car­
cinogen.
t (A2): Suspected human carcinogen.

• Routes of exposure
Beryllium may cause adverse health effects following exposure
via inhalation, ingestion, or dermal or eye contact.

0.5
2

2
5

25

Exposure limits
IAg/m3

OSHA PEL TWA
Acceptable ceiling
Maximum peak above ceil­

ing (30 min)
NIOSH REL (Ca)*

No exposure in excess of
ACGIH TLY® TWA (A2)t

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for beryllium and
its compounds is 2 micrograms of beryllium per cubic meter
of air (/Ag/m3) as a time-weighted average (TWA) concentra­
tion over an 8-hour workshift; the acceptable ceiling concen­
tration is 5 /Ag/m3; and the maximum peak concentration above
the acceptable ceiling concentration (maximum duration of30
minutes) is 25 /Ag/m3. The National Institute for Occupational
Safety and Health (NIOSH) recommends that beryllium be
controlled and handled as a potential human carcinogen in the
workplace and that exposure be minimized to the lowest feasi­
ble level. The NIOSH recommended exposure limit (REL) is
that occupational exposure to beryllium be controlled so that
no worker will be exposed in excess of0.5 /Ag/m3. The NIOSH
REL is the lowest concentration reliably detectable by current
NIOSH-validated sampling and analytical methods. The
American Conference ofGovernmental Industrial Hygienists
(ACGIH) has designated beryllium as an A2 substance (sus­
pected human carcinogen) having an assigned threshold limit
value (TLY®) of2 /Ag/m3 as a TWA for a normal8-hour work­
day and a 40-hour workweek (Table 1).

• Formula: Be

• Synonyms: Synonyms vary depending upon specific
compound

• Identifiers: CAS 7440-41-7; RTECS DS1750000; Dar 1567,
label required: "Poison, Flammable Solid"

• Appearance: Silvery gray metal

SUBSTANCE IDENTIFICATION

This guideline summarizes pertinent information about beryl­
lium and its compounds for workers, employers, and occupa­
tional safety and health professionals who may need such
information 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.

• Physical data
1. Molecular weight: 9.01
2. Boiling point (at 760 mmHg): 2,970°C (5,378 OF)
3. Specific gravity (water = I): 1.85
4. Melting point: 1,283°C (2,341 0 F)
5. Insoluble in water

• Reactivity
l.Incompatibilities: Acids, alkalies, cWorinated hydrocarbons,
and oxidizable agents
2. Hazardous decomposition products: Beryllium reacts with
strong acids to evolve hydrogen.

• Flammability
1. Extinguishant: Sand, soda ash, or commercial metal fire ex­
tinguishant powder may be used. Do not use water or carbon
dioxide.
2. Flammability Rating 1 (NFPA)
3. Caution: Powdered beryllium is flammable in air. Hazard
increases as fineness of powder increases.

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

CHEMICAL AND PHYSICAL PROPERTIES

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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• Summary of toxicology
1. Effects on animals: Chronic inhalation or intratracheal in­
jection of beryllium metal or its compounds produced lung
cancer in rats. Single intrabronchial implantations ofberylli­
um oxide or chronic inhalation of beryllium sulfate produced
lung cancer in monkeys. In rabbits, intraosseous administra­
tion of beryllium metal or its compounds produced bone
cancer.
2. Effects on humans: Acute or chronic inhalation ofberylli­
um has caused rhinitis (inflammation of the mucous mem­
branes of the nose), tracheobronchitis (inflammation of the
trachea and bronchi), pneumonitis (inflammation of the
lungs), and death due to pulmonary edema or heart failure.
Chronic inhalation of beryllium has been associated with kid­
ney stones; enlargement of the liver, spleen, and heart; mul­
tiple granulomas of the lung, spleen, liver, and lymph nodes;
and an increased incidence of lung cancer.

• Signs and symptoms of exposure
1. Short-term (acute): Exposure to beryllium can cause pain
below the sternum, weight loss, nonproductive cough, short­
ness of breath, and irritation of the eyes, respiratory system,
and skin.
2. Long-term (chronic): Exposure to beryllium can cause
cough, pain in the joints, general weakness, weight loss, club­
bing of fingers, shortness ofbreath, cyanosis, and allergic con­
tact dermatitis. Accidental implantation of beryllium metal or
crystals into the skin can cause tissue necrosis and ulceration.

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 ofemployers 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 ofbio­
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.

2 Beryllium and Its Compounds

• Preplacement medical evaluation
Prior to placing a worker in a job with a potential for exposUi
to beryllium, the physician should evaluate and document th
worker's baseline health status with thorough medical, enviror
mental, and occupational histories, a physical examination, an
physiologic and laboratory tests appropriate for the anticip~

ted occupational risks. These should concentrate on the fun,
tion and integrity of the eyes, skin, liver, kidneys, spleen, an
cardiovascular and respiratory systems. Medical surveillance
for respiratory disease 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 beryllium 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 and significant breathing im­
pairment due to preexisting chronic lung disease. Skin patch
testing with soluble beryllium compounds is not recommended
because of the risk of sensitization.

• 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 beryllium. 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, liver, kidneys, spleen, and cardiovascular 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 interpret­
ed according to standardized procedures and evaluation criteria
recommended by NIOSH and the ATS: standardized question­
naires, tests oflung function, and chest X-rays. In the event of
the occurrence of a chronic respiratory disease, diagnostic tests
such as the lymphocyte transformation test may be useful in
determining the role of beryllium sensitization.

• Medical practices recommended at the time ofjob 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 ofplacement
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 beryllium 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: Contact and/or allergic dermatitis.
2. Delayed-onset SHE's include: Chronic beryllium disease
of the lungs.
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MONITORING AND MEASUREMENT
PROCEDURES

Table 2.-0perations and methods of
control for beryllium

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 beryllium, an eye-wash fountain should be provided within
the immediate work area for emergency use.

If beryllium 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 ofa worker's body being exposed
to beryllium, facilities for quick drenching of the body should
be provided within the immediate work area for emergency use.

If beryllium gets on the skin, wash it immediately with soap
and water. If beryllium 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.

• Method
Sampling and analysis may be performed by collecting beryl­
lium with cellulose membrane filters followed by digestion with
acid and analysis by flameless atomic absorption with a
graphite furnace. A detailed sampling and analytical method
for beryllium may be found in the NIOSH Manual ofAnalyti­
cal Methods (method number 7102).

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 beryllium.

SANITATION

Clothing which is contaminated with beryllium should be re­
moved immediately and placed in sealed containers for storage
until it can be discarded or until provision is made for the
removal of beryllium from the clothing. If the clothing is to
be laundered or cleaned, the person performing the operation
should be informed of beryllium's hazardous properties. Re­
usable clothing and equipment should be checked for residu­
al 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 beryllium should be
promptly washed with soap and water.

The storage, preparation, dispensing, or consumption offood
or beverages, the storage or application of cosmetics, the
storage or smoking oftobacco or other materials, or the storage
or use of products for chewing should be prohibited in work
areas.

Operations

During use in the manufac­
ture of electrical compo­
nents and ceramics

During use in the produc­
tion ofberyllium metal from
ore

During use in the produc­
tion of alloy

Controls

Process enclosure, local ex­
haust ventilation, personal
protective equipment

Process enclosure, local ex­
haust ventilation, personal
protective equipment

Process enclosure, local ex­
haust ventilation, personal
protective equipment

Workers who handle beryllium 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 beryllium may oc­
cur and control methods which may be effective in each case
are listed in Table 2.
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SPILLS AND LEAKS

Workers not wearing protective equipment and clothing should
be restricted from areas of spills or leaks until cleanup has been
completed.

Ifberyllium is spilled or leaked, the following steps should be
taken:
1. Remove all ignition sources.
2. Ventilate area of spill or leak.
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3. For small quantities ofliquids containing beryllium or beryl­
lium compounds, absorb on paper towels and place in an ap­
propriate container.
4. Large quantities ofliquids containing beryllium or berylli­
um compounds may be absorbed in vermiculite, dry sand,
earth, or a similar material and placed in an appropriate con­
tainer.
5. Beryllium dust may be collected by vacuuming with an ap­
propriate high-efficiency filtration system. Ifa 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 ofTrans­
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 ofbeing 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 ofthe 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 beryllium

Condition Minimum respiratory protection*

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

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

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 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-BUTANONE

EXPOSURE LIMITS

Table t.-Occupational exposure
limits for 2-butanone

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for 2-butanone is
200 parts of2-butanone per million parts of air (ppm) [590 mil­
ligrams of2-butanone per cubic meter ofair (mg/m3)] as a time­
weighted average (TWA) concentration over an 8-hour work­
shift. The NIOSH REL is 200 ppm (590 mg/m3) as a TWA for
up to a lO-hour workshift, 40-hour workweek. The American
Conference of Governmental Industrial Hygienists (ACGIH)
threshold limit value (TLV®) is 200 ppm (590 mg/m3) as a
TWA for a normal 8-hour workday and a 40-hour workweek;
the ACGIH short-term exposure limit (STEL) is 300 ppm (885
mg/m3) (Table 1).

• Flammability
1. Flash point: -9°C (16°F) (closed cup)
2. Autoignition temperature: 515.5 °C (959 OF)
3. Flammable limits in air, % by volume: Lower, 2; upper, 10
4. Extinguishant: Carbon dioxide, dry chemicals, or alcohol
foam
5. Class IE Flammable Liquid (29 CFR 1910.106), Flamma­
bility Rating 3 (NFPA)

• Warning properties
1. Odor threshold: 5 ppm
2. Eye irritation levels: 200-350 ppm
3. Evaluation of warning properties for respirator selection:
Because of its odor, 2-butanone can be detected below the Na­
tional Institute for Occupational Safety and Health (NIOSH)
recommended exposure limit (REL); thus, it is treated as a
chemical with adequate warning properties.

590
590
590
885

200
200
200
300

Exposure limits
ppm mg/m3

OSHA PEL TWA
NIOSH REL TWA
ACGIH TLV® TWA

STEL

This guideline summarizes pertinent information about
2-butanone 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.

• Physical data
1. Molecular weight: 72.12
2. Boiling point (at 760 mmHg): 79.6°C (l75°F)
3. Specific gravity (water = 1): 0.806
4. Vapor density (air = 1 at boiling point of2-butanone): 2.5
5. Melting point: -86.5°C (-123.7 OF)
6. Vapor pressure at 20°C (68 OF): 70 mmHg; at 25°C (77 OF),
100 mmHg
7. Solubility in water, g/lOO g water at 20°C (68°F): 25.6
8. Evaporation rate (butyl acetate = 1): 5.7
9. Saturation concentration (approximate) at 20°C
(68°F): 10.2% (l02,OOOppm); at 25°C orF), 13.2% (132,000
ppm)
10. Ionization potential: 9.48 eV

• Reactivity
1. Incompatibilities: Strong oxidizing agents
2. Hazardous decomposition products: Toxic vapors and gases
(e.g., formaldehyde and carbon monoxide) may be released
in a fire involving 2-butanone.

INTRODUCTION

CHEMICAL AND PHYSICAL PROPERTIES

• Synonyms: Ethyl methyl ketone, MEK, methyl ethyl ketone

• Identifiers: CAS 78-93-3; RTECS EL6475000; DOT 1193,
label required: "Flammable Liquid"

• Appearance and odor: Clear and colorless liquid with an
odor like acetone

• Formula: C4HsO

• Structure: 0
"CH 3-C-CHz-CH 3

SUBSTANCE IDENTIFICATION

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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HEALTH HAZARD INFORMATION

• Routes of exposure
2-Butanone may cause adverse health effects following ex­
posure via inhalation, ingestion, or dermal or eye contact.

• Summary of toxicology
Effects on animals: Acute inhalation of2-butanone by guinea
pigs caused narcosis, corneal opacities, emphysema, conges­
tion ofthe brain, lungs, liver, and kidneys, and death. Inhala­
tion of 2-butanone by pregnant rats caused an increased
incidence of reduced lengths and weights in offspring.

• Signs and symptoms of exposure
1. Short-term (acute): Exposure to 2-butanone can cause
headache, dizziness, drowsiness, vomiting, and numbness of
the extremities. Irritation of the eyes, nose, and throat can also
occur.
2. Long-tenn (chronic): Exposure to 2-butanone can cause dry­
ness and irritation of the skin.

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 ofemployers and work­
ers about work-related hazards, placement of workers in jobs
that do not jeopardize their safety and health, earliest possi­
ble detection ofadverse health effects, and referral ofworkers
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 ofbio­
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 2-butanone, the physician should evaluate and document the
worker's baseline health status with thorough medical, environ­
mental, and occupational histories, a physical examination, and

2 2-Butanone

physiologic and laboratory tests appropriate for the anticipa
ted occupational risks. These should concentrate on the func
tion and integrity ofthe eyes, skin, liver, kidneys, and nervou
and respiratory systems. Medical surveillance for respirator~

disease should be conducted by using the principles an,
methods recommended by NIOSH and the American Thoracic
Society (ATS).

A preplacement medical evaluation is recommended in orde
to detect and assess preexisting or concurrent conditions which
may be aggravated or result in increased risk when a worker
is exposed to 2-butanone at or below the NIOSH REL (espe­
cially ifexposure occurs in combination with 2-hexanone). 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 concurrent dermatitis, a
history ofchronic skin disease, or a history and physical find­
ings consistent with peripheral neuropathy.

• 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 2-butanone. 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 eyes, skin, liver, kidneys, and nervous and respiratory
systems as compared to the baseline status of the individual
worker or to expected values for a suitable reference popula­
tion. The following tests should be used and interpreted accord­
ing to standardized procedures and evaluation criteria
recommended by NIOSH and the ATS: standardized question­
naires and tests of lung function.

• Medical practices recommended at the time ofjob 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 ofplacement
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.

MONITORING AND MEASUREMENT
PROCEDURES

• TWA exposure evaluation
Measurements to determine worker exposure to 2-butanone
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-
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Table 2.-0perations and methods of
control for 2-butanone

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).

• Method
Sampling and analysis may be performed by collecting
2-butanone vapors with charcoal tubes followed by desorption
with carbon disulfide and-analysis by gas chromatography. De­
tector tubes or other direct-reading devices calibrated to meas­
ure 2-butanone may also be used if available. A detailed
sampling and analytical method for 2-butanone may be found
in the NIOSH Manual ofAnalytical Methods (method num­
ber 2500).

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
2-butanone.

Workers should be provided with and required to use splash­
proofgoggles where 2-butanone may come in contact with the
eyes.

SANITATION

Operations

During spray application of
vinyl and acrylic coatings;
during mixing of dye solu­
tions; during use in labora­
tories

During surface spreading
and coating of nitrocellulose
and vinyl resins; during
mixing, batching, and pack­
aging of surface coating
preparations; during forced
drying of furniture finishes;
during dewaxing; during
use as a chemical inter­
mediate

During use in the applica­
tion of adhesives for artifi­
cial leather

During preparatory formu­
lations of lacquers; during
sponge or brush application
of solvent for cleaning oper­
ations; during mixing of
waterproofing compounds

Controls

Local exhaust ventilation,
personal protective equip­
ment

Local exhaust ventilation

Dilution ventilation, per­
sonal protective equipment

Personal protective equip­
ment

Clothing which is contaminated with 2-butanone 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 2-butanone from the clothing. If the clothing is to
be laundered or cleaned, the person performing the operation
should be informed of 2-butanone's hazardous properties.

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

Skin that becomes contaminated with 2-butanone 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 2-butanone 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 2-butanone may oc­
cur and control methods which may be effective in each case
are listed in Table 2.

1988

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 ofa worker's eyes being exposed
to 2-butanone, an eye-wash fountain should be provided with­
in the immediate work area for emergency use.

If2-butanone 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 ofa worker's body being exposed
to 2-butanone, facilities for quick drenching of the body should
be provided within the immediate work area for emergency use.

If2-butanone gets on the skin, wash it immediately with soap
and water. If 2-butanone penetrates the clothing, remove the
clothing immediately and wash the skin with soap and water.
Get medical attention promptly.

2·Butanone 3



• 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.

If2-butanone 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 2-butanone, ab­
sorb on paper towels and place in an appropriate container.
Place towels in a safe place such as a fume hood for evapora­
tion. Allow sufficient time for evaporation of the vapors so that
the hood ductwork is free from 2-butanone vapors. Burn the
paper in a suitable location away from combustible materials.
4. Large quantities ofliquids containing 2-butanone may be ab­
sorbed in vermiculite, dry sand, earth, or a similar material
and placed in an appropriate container. 2-Butanone should not
be allowed to enter a confined space such as a sewer because
of the possibility of an explosion.
5. Liquids containing 2-butanone 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 ofthe spill,
and flashback prevention devices should be provided.

WASTE REMOVAL AND DISPOSAL

u.s. Environmental Protection Agency, Department ofTrans­
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 ofbeing 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-
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tor, the regular training of personnel, fit testing, periodic en
vironmental monitoring, maintenance, inspection, ane
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 Safet~

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 atmospberes.

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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Condition

Concentration:

Less than or equal to
1,000 ppm

Less than or equal to
3,000 ppm

Planned or emergency entry
into environments containing
unknown concentrations or
levels above 3,000 ppm

Firefighting

Escape only

Table 3.-Respiratory protection for 2-butanone
Minimum respiratory protection*t

Any powered air-purifying respirator with organic vapor cartridge(s) (substance causes eye ir
ritation or damage-eye protection needed)

Any chemical cartridge respirator with a full facepiece and organic vapor cartridge(s)

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

Any supplied-air respirator operated in a continuous flo\\( mode (substance causes eye irritation
or damage-eye protection needed)

Any self-contained breathing apparatus with a full facepiece

Any supplied-air respirator with a full facepiece

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 (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.
tThe respiratory protection listed for any given condition is the minimum required to meet the NIOSH REL of 200 ppm
(590 mg/m3) (TWA).
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR

n-BUTYL GLYCIDYL ETHER

EXPOSURE LIMITS

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for BGE is 50 parts
ofBGE per million parts of air (ppm) [270 milligrams ofBGE
per cubic meter of air (mg/m3)] as a time-weighted average
(TWA) concentration over an 8-hour workshift. The National
Institute for Occupational Safety and Health (NIOSH) recom­
mended exposure limit (REL) is 5.6 ppm (30 mg/m3) as a ceil­
ing concentration determined in any I5-minute sampling
period. The American Conference of Governmental Industrial
Hygienists (ACGIH) threshold limit value (TLV®) is 25 ppm
(135 mg/m3) as a TWA for a normal 8-hour workday and a
40-hour workweek (Table 1).

Table I.-Occupational exposure limits
for n-butyl glycidyl ether

should not be exposed to light or air because explosive perox­
ides may be formed.
2. Hazardous decomposition products: Toxic vapors and gases
(e.g., carbon monoxide) may be released in a fire involving
BGE.
3. Caution: BGE will cause some forms of plastics, coatings,
and rubber to deteriorate.

• Flammability
l. Flash point: 54°C (l30°F) (closed cup)
2. Extinguishant: Dry chemical, carbon dioxide, or alcohol
foam
3. Class II Combustible Liquid (29 CFR 1910.106)

• Warning properties
Evaluation ofwarning properties for respirator selection: Based
on lack of information on odor threshold and eye irritation lev­
els, BGE should be considered to have poor warning properties.

Exposure limits
ppm mg/m3

270
30

135

50
5.6

25

OSHA PEL TWA
NIOSH REL Ceiling (15 min)
ACGIH TLV® TWA

• Synonyms: BGE; butyl glycidyl ether; 2,3-epoxypropyl
butyl ether; I-butoxy-2,3-epoxypropane

• Identifiers: CAS 2426-08-6; RTECS TX4200000; Dar not
assigned

• Appearance and odor: Colorless to pale yellow liquid with
a slightly unpleasant odor

SUBSTANCE IDENTIFICATION

• Formula: C7H I40 Z

• Structure: CH3CHzCHzCHzOCHzCH-CHz
\ /

°

This guideline summarizes pertinent information about n-butyl
glycidyl ether (BGE) 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.

INTRODUCTION

CHEMICAL AND PHYSICAL PROPERTIES

• Physical data
l. Molecular weight: 130.21
2. Boiling point (at 760 mmHg): 164°C (327°F)
3. Specific gravity (water = 1): 0.91
4. Vapor density (air = 1 at boiling point of BGE): 4.5
5. Vapor pressure at 20°C (68°F): 3 mmHg
6. Solubility in water, g/lOO g water at 20°C (68°F): 2
7. Evaporation rate (butyl acetate = 1): 0.36
8. Saturation concentration in air (approximate) at 25°C
orF): 0.42% (4,200 ppm)

• Reactivity
l. Incompatibilities: Contact between BGE and strong oxidiz­
ing agents may cause fires and explosions. Contact between
BGE and strong caustics may cause polymerization with the
liberation of heat, which may cause the container to burst. BGE

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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HEALTH HAZARD INFORMATION

• Routes of exposure
BGE may cause adverse health effects following exposure via
inhalation, ingestion, or dermal or eye contact.

• Summary of toxicology
Effects on animals: In rats and mice, acute inhalation or oral
administration ofBGE caused central nervous system depres­
sion, pulmonary edema, and death; intramuscular injection in
rats produced increased white blood cell counts. Subchronic
inhalation ofBGE by rats produced testicular atrophy; dermal
exposure of male mice that were subsequently bred to unex­
posed females produced an increased incidence offetal deaths.
BGE was mutagenic in bacterial test systems, and DNA damage
was induced in vitro in human white blood cells.

• Signs and symptoms of exposure
1. Short-term (acute): Exposure to BGE can cause mild irri­
tation of the skin, eyes, nose, and respiratory tract.
2. Long-term (chronic): Exposure to BGE can cause inflam­
mation and sensitization of the skin.

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 ofemployers and work­
ers about work-related hazards, placement of workers in jobs
that do not jeopardize their safety and health, earliest possi­
ble detection ofadverse health effects, and referral ofworkers
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 ofbio­
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 BGE, 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
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physiologic and laboratory tests appropriate for the anticipa
ted occupational risks. These should concentrate on the func
tion and integrity of the eyes, skin, and reproductive, nervous
respiratory, and hematopoietic (blood-ceIl-forming) systems
Medical surveillance for respiratory disease should be conduct
ed by using the principles and methods recommended b;
NIOSH and the American Thoracic Society (ATS).

A preplacement medical evaluation is recommended in orde
to detect and assess preexisting or concurrent conditions which
may be aggravated or result in increased risk when a worker
is exposed to BGE 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 a history of chronic skin
disease or concurrent dermatitis.

• 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 BGE. 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 reproductive, nervous, respiratory, and
hematopoietic systems as compared to the baseline status of
the individual worker or to expected values for a suitable refer­
ence population. The following tests should be used and in­
terpreted 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 ofjob 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 ofplacement
should be repeated at the time ofjob 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.

MONITORING AND MEASUREMENT
PROCEDURES

• Ceiling concentration evaluation
Measurements to determine worker exposure should be taken
during periods ofmaximum expected airborne concentrations
of BGE. 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 IS-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 ofthe worker's exposure. If the peri-
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Table 2.-0perations and methods of
control for BGE

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 BOE
vapors with charcoal tubes followed by desorption with car­
bon disulfide and analysis by gas chromatography. Detector
tubes or other direct-reading devices calibrated to measure
BOE may also be used if available. A detailed sampling and
analytical method for BOE may be found in NIOSH Manual
of Analytical Methods (method number S81).

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.

Operations

During use as a reactive
diluent of epoxy resins

During use as a chemical in­
termediate for preparation
of ethers, surfactants, poly­
mers, and resins

During use as a stabilizing
agent for organic chemicals

Controls

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

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

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

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 BOE.

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

SANITATION

Clothing which is contaminated with BOE 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 BOE from the clothing. If the clothing is to be laundered
or cleaned, the person performing the operation should be in­
formed of BOE's hazardous properties.

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

Skin that becomes contaminated with BOE 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 BOE 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 BOE may occur and
control methods which may be effective in each case are list­
ed in Table 2.

1988

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 BOE, an eye-wash fountain should be provided within the
immediate work area for emergency use.

IfBOE gets into the eyes, flush them immediately with large
amounts of water for 15 minutes, lifting the lower and upper
lids occasionally. Oet 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 BOE, facilities for quick drenching of the body should be
provided within the immediate work area for emergency use.

If BOE gets on the skin, wash it immediately with soap and
water. IfBOE penetrates the clothing, remove the clothing im­
mediately and wash the skin with soap and water. Oet 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 ofspills or leaks until cleanup has been
completed.

n-Butyl Glycidyl Ether 3



IfBGE 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 BGE, 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 BGE vapors. Bum the paper in a suitable
location away from combustible materials.
4. Large quantities ofliquids containing BGE may be absorbed
in vermiculite, dry sand, earth, or a similar material and placed
in an appropriate container. BGE should not be allowed to enter
a confined space such as a sewer because of the possibility of
an explosion.
5. Liquids containing BGE may be collected by vacuuming with
an appropriate system. Ifa 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 ofTrans­
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 ofbeing 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.

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
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other use restrictions are listed. All respirators that have higher
protection factors may also be used.
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Condition

Concentration:

Table 3.-Respiratory protection for n-butyl glycidyl ether
Minimum respiratory protection*t

Less than or equal to
56 ppm

Less than or equal to
140 ppm

Less than or equal to
280 ppm

Less than or equal to
3,500 ppm

Planned or emergency entry
into environments containing
unknown concentrations or
levels above 3,500 ppm

Firefighting

Escape only

Any supplied-air respirator (substance reported to cause eye irritation or damage-may re­
quire eye protection)

Any self-contained breathing apparatus (substance reported to cause eye irritation or damage­
may require eye protection)

Any chemical cartridge respirator with organic vapor cartridge(s) (substance reported to cause
eye irritation or damage may require eye protection)

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 chemical cartridge respirator with a full facepiece and organic vapor cartridge(s)

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

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 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 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.
tThe respiratory protection listed for any given condition is the minimum required to meet the NIOSH REL of 5.6 ppm (30
mg/m3) (ceiling).
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR

n-BUTYL MERCAPTAN

EXPOSURE LIMITS

HEALTH HAZARD INFORMATION

Table I.-Occupational exposure
limits for n-butyl mercaptan

• Routes of exposure
n-Butyl mercaptan may cause adverse health effects following
exposure via inhalation, ingestion, or dermal or eye contact.

35
1.8
1.5

10
0.5
0.5

Exposure limit
ppm mg/mJ

OSHA PEL TWA
NIOSH REL ceiling (15 min)
ACGIH TLV® TWA

3. Caution: n-Butyl mercaptan will attack some forms of pias­
tics, coating, and rubber.

• Flammability
1. Flash point: 2°C (35 OF)
2. Extinguishant: Carbon dioxide, dry chemicals, or foam
3. Class IB Flammable Liquid (29 CFR 1910.106), Flamma­
bility Rating 3 (NFPA)

• Warning properties
1. Odor threshold: 1.0 to 48 ppb
2. Evaluation of warning properties for respirator selection:
Because of its odor, n-butyI mercaptan can be detected below
the National Institute for Occupational Safety and Health
(NIOSH) recommended exposure limit (REL); thus, it is treat­
ed as a chemical with adequate warning properties.

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for n-butyl mercap­
tan is 10 parts of n-butyl mercaptan per million parts of air
(ppm) [35 milligrams of n-butyl mercaptan per cubic meter of
air (mg/m3)] as a time-weighted average (TWA) concentration
over an 8-hour workshift. The NIOSH REL is 0.5 ppm (1.8
mg/m3) as a ceiling concentration determined in any 15-minute
sampling period. The American Conference of Governmen­
tal Industrial Hygienists (ACGIH) threshold limit value
(TLV®) is 0.5 ppm (1.5 mg/m3) as a TWA for a normal8-hour
workday and a 40-hour workweek (Table I).

SUBSTANCE IDENTIFICATION

This guideline summarizes pertinent information about n-butyl
mercaptan for workers, employers, and occupational safety and
health professionals who may need such information to con­
duct effective occupational safety and health programs. Recom­
mendations may be superseded by new developments in these
fields; therefore, readers are advised to regard these recom­
mendations as general guidelines.

INTRODUCTION

• Physical Data
1. Molecular weight: 90.19
2. Boiling point (at 760 mmHg): 97.8°C (208°F)
3. Specific gravity (water = 1): 0.8368
4. Vapor density (air = I at boiling point of n-butyl mercap­
tan): 3.1
5. Melting point: -116°C (-177°F)
6. Vapor pressure at 20°C (68 OF): 35 mmHg
7. Solubility in water, g/lOO g water at 20°C (68°F): 0.06
8. Evaporation rate (butyl acetate = I): 2.86
9. Saturation concentration in air (approximate) at 20°C
(68 OF): 4.6% (46,000 ppm)
10. Ionization potential: 9.14 eV

• Reactivity
1. Incompatibilities: Strong oxidizing agents; n-butyl mercap­
tan should not be stored in copper or copper-containing
materials.
2. Hazardous decomposition products: Toxic vapors and gases
(e.g., sulfur dioxide and carbon monoxide) may be released
in a fire involving n-butyl mercaptan.

CHEMICAL AND PHYSICAL PROPERTIES

• Formula: C4H10S

• Structure: CH r (CH 2}z-CH?-SH

• Synonyms: n-Butanethiol; 1-butanethiol; butyl sulfhydrate;
thiobutyl alcohol

• Identifiers: CAS 109-79-5; RTECS EK6300000; Dar 2347,
label required: "Flammable Liquid"

• Appearance and odor: Clear, colorless liquid with a strong,
obnoxious odor like garlic or skunk

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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• Summary of toxicology
1. Effects on animals: In mice and rats, inhalation of n-butyl
mercaptan caused increased breathing rates, hyperactivity, un­
coordinated movement, staggering gait, muscular weakness,
partial skeletal muscle paralysis, deficient oxygenation ofthe
blood (cyanosis), sedation, and death.
2. Effects on humans: In an industrial accident, seven workers
were exposed to n-butyl mercaptan for approximately I hour
at a concentration estimated between 50 and 500 ppm; all work­
ers experienced some of the symptoms listed below, although
the specific combination of symptoms varied for each in­
dividual.

• Signs and symptoms of exposure
Short-term (acute): Exposure to n-butyl mercaptan can cause
irritation of the mucous membranes, weakness, malaise, in­
creased respiration, neck pain, drowsiness, nausea, vomiting,
sweating, dizziness, confusion, and coma.

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 ofemployers and work­
ers about work-related hazards, placement of workers in jobs
that do not jeopardize their safety and health, earliest possi­
ble detection ofadverse 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 ofbio­
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 n-butyl mercaptan, 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 risk. These should concen-
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trate on the function and integrity ofthe 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 n-butyl mercaptan 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 chronic diseases of the
respiratory system.

• 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 n-butyl mercaptan. The in­
terviews, examinations, and appropriate medical screening
and/or biologic monitoring tests should be directed at identify­
ing an excessive decrease or adverse trend in the physiologic
function of the 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 the ATS: standardized questionnaires and tests of lung
function.

• Medical practices recommended at the time ofjob trans­
fer or termination
The medical, environmental, and occupational history inter­
views, the physical examination, and selected physiologic or
laboratory tests which were conducted at the time ofplacement
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.

MONITORING AND MEASUREMENT
PROCEDURES

• Ceiling concentration evaluation
Measurements to determine worker exposure should be taken
during periods of maximum expected airborne concentrations
of n-butyl mercaptan. 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 IS-minute sample or a series of consecu­
tive samples that total IS minutes. A minimum of three meas­
urements should be taken during one workshift, and the highest
of all measurements taken is an estimate of the worker's ex­
posure. If the periods 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 Ex­
posure Sampling Strategy Manual.
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Table 2.-0perations and methods of
control for n-butyl mercaptan

• Method
Sampling and analysis may be performed by collecting n-butyl
mercaptan vapors with Chromosorb 104 tubes, followed by
desorption with acetone and analysis by gas chromatography.
Detector tubes or other direct-reading devices calibrated to
measure n-butyl mercaptan may be used ifavailable. A detailed
sampling and analytical method for n-butyl mercaptan may be
found in the NIOSH Manual ofAnalytical Methods (method
number S350).

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 n­
butyl mercaptan.

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

Operations

During the manufacture and
processing of n-butyl mer­
captan; during use as an
odorant for natural gas

During use as a chemical in­
termediate in the manufac­
ture of agricultural chemi­
cals, herbicides, and defo­
liants

During use in the polymer
industry in the manufacture
of polymerization catalysts,
stabilizers, modifiers, and
chain transfer agents

During use as a solvent;
during the cleaning and
maintenance of storage ves­
sels and equipment

Controls

Process enclosure, local ex­
haust ventilation, personal
protective equipment

Process enclosure, local ex­
haust ventilation, personal
protective equipment

Process enclosure, local ex­
haust ventilation, personal
protective equipment

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

SANITATION

Clothing which is contaminated with n-butyl mercaptan should
be removed immediately and placed in closed containers for
storage until it can be discarded or until provision is made for
the removal ofn-butyl mercaptan from the clothing. Ifthe cloth­
ing is to be laundered or cleaned, the person performing the
operation should be informed ofn-butyl mercaptan's hazardous
properties.

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

Skin that becomes contaminated with n-butyl mercaptan 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 n-butyl mercaptan should wash their
faces, hands, and forearms thoroughly with soap and water be­
fore eating, smoking, or using toilet facilities.

COMMON OPERATIONS AND CONTROLS

Common operations in which exposure to n-butyl mercaptan
may occur and control methods which may be effective in each
case are listed in Table 2.
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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 n-butyl mercaptan, an eye-wash fountain should be provid­
ed within the immediate work area for emergency use.

Ifn-butyl mercaptan 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 ofa worker's body being exposed
to n-butyl mercaptan, facilities for quick drenching ofthe body
should be provided within the immediate work area for emer­
gency use.

Ifn-butyl mercaptan gets on the skin, wash it immediately with
soap and water. If n-butyl mercaptan penetrates the clothing,
remove the clothing immediately and wash the skin with soap
and water. Get medical attention promptly.

• Rescue
Ifa 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 location of rescue equipment before the need arises.
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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 n-butyl mercaptan 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 n-butyl mercap­
tan, absorb on paper towels and place in an appropriate con­
tainer. Place towels in a safe place such as a fume hood for
evaporation. Allow sufficient time for evaporation of the vapors
so that the hood ductwork is free from n-butyl mercaptan
vapors. Burn the paper in a suitable location away from com­
bustible materials.
4. Large quantities ofliquids containing n-butyl mercaptan may
be absorbed in vermiculite, dry sand, earth, or a similar materi­
al and placed in an appropriate container. n-Butyl mercaptan
should not be allowed to enter a confined space such as a sew­
er because of the possibility of an explosion.
5. Liquids containing n-butyl mercaptan may be collected by
vacuuming with an appropriate system. Ifa 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 ofTrans­
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 ofbeing 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 ofthe pro­
gram and that the program be evaluated regularly.
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Only respirators that have been approved by the Mine Safet~

and Health Administration (MSHA, formerly Mining Enforce
ment and Safety Administration) and by NIOSH should be
used. Remember! Air-purifying respirators will not pro
teet from oxygen-deficient atmospheres.

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

Concentration:

Table 3.-Respiratory protection for n-butyl mercaptan
Minimum respiratory protection*t

Less than or equal to
5 ppm

Less than or equal to
12.5 ppm

Less than or equal to
25 ppm

Less than or equal to
500 ppm

Less than or equal to
1,000 ppm

Planned or emergency entry
into environments containing
unknown concentrations or
levels above 1,000 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

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

Any self-contained breathing apparatus with a full facepiece

Any supplied-air respirator with a full facepiece

Any chemical cartridge respirator with a full facepiece and organic vapor cartridge(s)

Any powered air-purifying respirator with a tight-fitting fucepiece and organic vapor cartridge(s)

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 half-mask and operated in a pressure-demand or other posi­
tive pressure mode (substance reported to cause eye irritation or damage-may require eye pro­
tection)

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 suppplied-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 (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.
tThe respiratory protection listed for any given condition is the minimum required to meet the NIOSH REL ofO.5 ppm (1.8 mg/m3)

(ceiling).
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR

CRESOL, ALL ISOMERS

INTRODUCTION CHEMICAL AND PHYSICAL PROPERTIES

SUBSTANCE IDENTIFICATION

• Appearance and odor: Colorless crystals or liquid with an
odor like phenol or creosote

• Identifiers: (1) CAS 95-48-7; RTECS G06300000; DOT
2(JJ6; (2) CAS 108-39-4; RTECS G06125000; DOT 2(JJ6;
(3) CAS 106-44-5; RTECS G06475000; DOT 2(JJ6;
DOT label required for all isomers: "Poison"

Data in the following section are presented for the three isomers
of cresol: (1) ortho; (2) meta; (3) para. Ifunspecified, data ap­
ply to all three isomers.

• Physical data
1. Molecular weight: 108.13
2. Boiling point (at 760 mmHg): (1) 191°C (376°F); (2) 202.7°C
(397 OF); (3) 201.9 °C (395 OF)
3. Specific gravity (water = 1): (1) 1.048; (2) 1.034; (3) 1.035
4. Vapor density (air = 1 at boiling point of cresol): 3.72
5. Melting point: (1) 30.9°C (87.8°F); (2) 12.0°C (49°F); (3)
34.8°C (95 OF)
6. Vapor pressure at 25°C (77 OF): (1) 0.25 mmHg; (2) 0.15
mmHg; (3) 0.11 mmHg
7. Solubility in water, g/lOO g water at 25°C (77°F): (1) 2.5;
(2) 2.2; (3) 1.9
8. Evaporation rate (butyl acetate = 1): (1) 0.025; (2) 0.m5; (3)
0.011
9. Saturation concentration in air (approximate) at 25°C
(7rF): (1)0.03% (300 ppm); (2)0.02% (200 ppm); (3)0.014%
(140 ppm)
10. Ionization potential: (1) 8. 93 eV; (2) 8.98 eV; (3) 8.97 eV

• Reactivity
1. Incompatibilities: Strong oxidizing agents, alkalies, and heat.
2. Hazardous decomposition products: Toxic vapors and gases
(e.g., carbon monoxide and formaldehyde) may be released
in a fire involving cresol.
3. Caution: Liquid cresol will attack some forms of plastics,
coatings, and rubber.

• Flammability
1. Flash point: (1) 81.1°C (178°F) (closed cup); (2) 86.1°C
(187°F) (closed cup); (3) 86.1°C (187 OF) (closed cup)
2. Autoignition temperature: (1) 559°C (1040°F); (2) 626°C
(1l58°F); (3) 559°C (1040°F)
3. Flammable limits in air, % by volume: (1) Lower, 1.4 at 149°C
(300°F); upper, not available; (2) lower, 1.1 at 150°C (302 OF);
upper, not available; (3) lower, 1.1 at 150°C (302°F); upper,
not available
4. Extinguishant: Dry chemical, foam, or carbon dioxide
5. Class IlIA Combustible Liquid (29 CFR 1910.106), Flam­
mability Rating 2 (NFPA)

(2) OH

OCH'
OH

o-CH'
(1)

This guideline summarizes pertinent information about the
three isomers of cresol (ortho-, meta-, and para-cresol) for
workers, employers, and occupational safety and health profes­
sionals who may need such information to conduct effective
occupational safety and health programs. Recommendations
may be superseded by new developments in these fields; there­
fore, readers are advised to regard these recommendations as
general guidelines. Throughout this guideline, the term
"cresol" refers to any of the three isomers.

• Synonyms: (1) o-Cresol; 2-cresol; o-cresylic acid;
I-hydroxy-2-methylbenzene; o-hydroxy toluene;
(2) m-Cresol; 3-cresol; m-cresylic acid; I-hydroxy-3-methyl­
benzene; m-hydroxy toluene; 3-hydroxy toluene;
(3) p-Cresol; 4-cresol; p-cresylic acid; l-hydroxy-4-methyl­
benzene; p-hydroxy toluene; 4-hydroxy toluene

Data in the following section are presented for the three isomers
of cresol: (1) ortho; (2) meta; (3) para. Ifunspecified, data ap­
ply to all three isomers.

• Formula: C7HgO

• Structure:

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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EXPOSURE LIMITS

HEALTH HAZARD INFORMATION

* (Skin): Potential contribution to overall exposure by the
cutaneous route including mucous membranes and eyes.

Table I.-Occupational exposure limits
for cresol (all isomers)

ers, fluid in the lungs, and death due to severe damage to the
liver, kidneys, pancreas, or spleen.

• Signs and symptoms of exposure
1. Short-term (acute): Exposure to cresol can cause muscular
weakness, nausea, vomiting, abdominal pain, headache, diz­
ziness, dimness ofvision, ringing in the ears, weak pulse, rapid
and labored breathing, fainting, and mental confusion and
depression. Skin irritation and burns can also occur. Eye con­
tact with cresol can cause extensive damage and blindness.
2. Long-term (chronic): Exposure to cresol can cause difficulty
in swallowing, vomiting, salivation, loss of appetite, and di­
arrhea. Skin eruptions, rash, and dermatitis 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 ofemployers and work­
ers about work-related hazards, placement of workers in jobs
that do not jeopardize their safety and health, earliest possi­
ble detection ofadverse health effects, and referral ofworkers
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 ofbio­
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.

22
10
22

5
2.3
5

Exposure limits
ppm mg/m3

OSHA PEL TWA (Skin)*
NIOSH REL TWA
ACGIH TLY® TWA (Skin)

• Routes of exposure
Cresol may cause adverse health effects following exposure via
inhalation, ingestion, or dermal or eye contact.

• Warning properties
1. Odor threshold: Less than 1 ppm
2. Evaluation of warning properties for respirator
selection: Because of its odor, cresol can be detected below
the National Institute for Occupational Safety and Health
(NIOSH) recommended exposure limit (REL); thus, cresol
is treated as a chemical with adequate warning properties.

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for cresol is 5 parts
ofcresol per million parts ofair (ppm) [22 milligrams ofcresol
per cubic meter of air (mg/m3)] as a time-weighted average
(TWA) concentration over an 8-hour workshift (Skin). The no­
tation "Skin" refers to the potential contribution to overall ex­
posure by the cutaneous route including mucous membranes
and eyes. The NIOSH REL is 2.3 ppm (10 mg/m3) as a TWA
for up to a lO-hour workshift, 40-hour workweek. The Ameri­
can Conference of Governmental Industrial Hygienists
(ACGIH) threshold limit value (TLY®) is 5 ppm (22 mg/m3)

(Skin) as a TWA for a normal 8-hour workday and a 40-hour
workweek (Table 1).

• Summary of toxicology
1. Effects on animals: In rats and rabbits, acute dermal absorp­
tion of cresol caused tremors, convulsions, fluid in the lungs,
liver injury, and kidney inflammation; oral administration
caused gastrointestinal tract inflammation, pneumonia, inju­
ry to the liver and kidneys, convulsions, and coma. Chronic
inhalation of cresol by rats and mice produced inflammation
and fluid accumulation in the airways, damage to the bone mar­
row, and degeneration of cells in the brain.
2. Effects on humans: Acute exposure to cresol has caused al­
terations in brain function and death due to respiratory failure.
Repeated exposure by any route has produced nervous disord-

• Preplacement medical evaluation
Prior to placing a worker in ajob with a potential for exposure
to cresol, 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, and
respiratory and central nervous systems. Medical surveillance
for respiratory disease should be conducted by using the prin­
ciples and methods recommended by NIOSH and the Ameri­
can Thoracic Society (ATS).
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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 cresol at or below the NIOSH REL. The examin­
ing physician should consider the probable frequency, inten­
sity, and duration ofexposure, 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 historical and physical or laboratory
findings consistent with chronic diseases of the skin or liver.
In addition to the medical interview and physical examination,
the means to identify these conditions may include serologic
screening tests of liver function and markers for hepatitis A
or B infection.

• 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 report symptoms that
may be attributed to exposure to cresol. 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 or physiologic func­
tion of the eyes, skin, liver, kidneys, and respiratory and cen­
tral nervous systems as compared to the baseline status of the
individual worker or to expected values for a suitable reference
population. Liver function tests should be used and interpret­
ed according to standardized epidemiologic procedures and
evaluation criteria.

The following tests should be used and interpreted according
to standardized procedures and evaluation criteria recommend­
ed by NIOSH and ATS: standardized questionnaires and tests
of lung function.

• Medical practices recommended at time of job transfer
or termination
The medical, environmental, and occupational history inter­
views, the physical examination, the selected physiologic and
laboratory tests which were conducted at the time ofplacement
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 cresol may cause diseases of
prolonged induction-latency, the need for medical surveillance
may extend well beyond termination of employment.

• Sentinel health events
Acute and delayed-onset SHE's include toxic hepatitis.

MONITORING AND MEASUREMENT
PROCEDURES

• TWA exposure evaluation
Measurements to determine worker exposure to cresol 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-
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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 cresol
with silica gel tubes followed by desorption with acetone and
analysis by gas chromatography. Detector tubes or other direct­
reading devices calibrated to measure cresol may also be used
if available. A detailed sampling and analytical method for
cresol may be found in the NIOSH Manual of Analytical
Methods (method number 2001).

PERSONAL PROTECTIVE EQUIPMENT

Chemical protective clothing (CPe) 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
cresol.

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

SANITATION

Clothing which is contaminated with cresol 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 cresol from the clothing. If the clothing is to be laundered
or cleaned, the person performing the operation should be in­
formed of cresol's hazardous properties.

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

Skin that becomes contaminated with cresol 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 smoking materials, or
the storage or use of products for chewing should be prohibit­
ed in work areas.

Workers who handle cresol 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 cresol may occur
and control methods which may be effective in each case are
listed in Table 2.

Cresol, all isomers 3



Table 2.-0perations and methods of
control for cresol

Operations

During use in the manufac­
ture ofantiseptics and disin­
fectants, phosphate esters,
antioxidants, resins, herbi­
cides, perfumes, explosives,
and photographic de­
velopers

During use as a solvent and
as an engine and metal
cleaner; during use in the
textile industry

Controls

Process enclosure, general
dilution ventilation, per­
sonal protective equipment

Process enclosure, general
dilution ventilation, per­
sonal protective equipment

3. For small quantities ofliquids containing cresol, absorb on
paper towels and place in an appropriate container. Place tOWI
in a safe place such as a fume hood for evaporation. Allow suf
cient time for evaporation of the vapors so that the hood dUI
work is free from cresol vapors. Burn the paper in a suital
location away from combustible materials.
4. Large quantities ofliquids containing cresol may be absorb
in vermiculite, dry sand, earth, or a similar material and plac
in an appropriate container. Cresol should not be allowed
enter a confined space such as a sewer because of the possi­
bility of an explosion.
5. Liquids containing cresol may be collected by vacuuming
with an appropriate system. Ifa 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

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 ofa worker's eyes being exposed
to cresol, an eyewash fountain should be provided within the
immediate work area for emergency use.

Ifcresol 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 ofa worker's body being exposed
to cresol, facilities for quick drenching of the body should be
provided within the immediate work area for emergency use.

Ifcresol gets on the skin, wash it immediately with soap and
water. Ifcresol penetrates the clothing, remove the clothing im­
mediately and wash the skin with soap and water.

• Rescue
Ifa 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 ofspills or leaks until cleanup has been
completed.

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

1. Remove all ignition sources.
2. Ventilate area of spill or leak.

4 Cresol, all isomers

u.s. Environmental Protection Agency, Department ofTrans­
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 ofbeing 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 ofthe 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.

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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126:952-956, 1982.
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Condition

Concentration:

Table 3.-Respiratory protection for cresol (all isomers)
Minimum respiratory protection*t

Less than or equal to
23 ppm

Less than or equal to
57.5 ppm

Less than or equal to
115 ppm

Less than or equal to
250 ppm

Planned or emergency entry
into environments containing
unknown concentrations or
levels above 250 ppm

Firefighting

Escape only

Any chemical cartridge respirator with organic vapor cartridge(s) in combination with a dust
and mist filter

Any supplied-air respirator

Any self-contained breathing apparatus

Any supplied-air respirator operated in a continuous flow mode

Any powered air-purifying respirator with organic vapor cartridge(s) in combination with a dust
and mist filter

Any chemical cartridge respirator with a full facepiece and organic vapor cartridge(s) in com­
bination with a high-efficiency particulate filter

Any supplied-air respirator with a full facepiece

Any self-contained breathing apparatus with a full facepiece

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 powered air-purifying respirator with a tight-fitting facepiece and a high-efficiency partic­
ulate filter (substance reported to cause eye irritation or damage-may require eye protection)

Any supplied-air respirator with a tight-fitting facepiece operated in a continuous flow mode
(substance reported to cause eye damage-may require eye protection)

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 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 (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.
tThe respiratory protection listed for any given condition is the minimum required to meet the NIOSH REL of2.3 ppm (10 mg/m3)

(TWA).
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR

CYCLOHEXANONE

INTRODUCTION

This guideline summarizes pertinent information about cyclo­
hexanone for workers, employers, and occupational safety and
health professionals who may need such information to con­
duct effective occupational safety and health programs. Recom­
mendations may be superseded by new developments in these
fields; therefore, readers are advised to regard these recom­
mendations as general guidelines.

SUBSTANCE IDENTIFICATION

• Formula: C6H100
• Structure: 0o
• Synonyms: Anone, hexanon, ketohexamethylene, nadone,
pimelic ketone, pimelin ketone

• Identifiers: CAS 108-94-1; RTECS GWI050000; Dar 1915,
label required: "Flammable Liquid"

• Appearance and odor: Colorless to slightly yellow liquid
with an odor like peppermint

CHEMICAL AND PHYSICAL PROPERTIES

• Physical data
I. Molecular weight: 98.16
2. Boiling point (at 760 mmHg): 155.6°C (312 OF)
3. Specific gravity (water = I): 0.95
4. Vapor density (air = I at boiling point ofcyclohexanone): 3.4
5. Melting point: -47°C (-52.6°F)
6. Vapor pressure at 20°C (68°F): 2 mmHg; at 25°C (77°F),
4.5 mmHg
7. Slightly soluble in water
8. Evaporation rate (butyl acetate = I): 0.23
9. Saturation concentration in air (approximate) at 20°C
(68 OF): 0.26% (2,600 ppm); at 25°C (7rF), 0.60% (6,000
ppm)
10. Ionization potential: 9.14 eV

• Reactivity
I. Incompatibilities: Cyclohexanone may react with oxidizing
agents and nitric acid causing fires and explosions.
2. Hazardous decomposition products: Toxic vapors and gases
(e.g., carbon monoxide) may be released in a fire involving
cyclohexanone.
3. Caution: Cyclohexanone will dissolve most plastics, resins,
and rubber.

• Flammability
I. Flash point: 43.9 °C (lUOF) (closed cup)
2. Autoignition temperature: 420°C (788°F)
3. Flammable limits in air, % by volume: Lower, 1.1; Upper, 9.4
4. Extinguishant: Alcohol foam, dry chemical, or carbon
dioxide
5. Class II Combustible Liquid (29 CFR 1910.106), Flamma­
bility Rating 2 (NFPA)

• Warning properties
I. Odor threshold: 0.88 ppm
2. Eye irritation level: 75 ppm
3. Evaluation of warning properties for respirator selection:
Because of its odor, cyclohexanone can be detected at concen­
trations below the National Institute for Occupational Safety
and Health (NIOSH) recommended exposure limit (REL);
thus, it is treated as a chemical with adequate warning
properties.

EXPOSURE LIMITS

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for cyclohexanone
is 50 parts ofcyclohexanone per million parts ofair (ppm) [200
milligrams of cyclohexanone per cubic meter of air (mg/m3)]

as a time-weighted average (TWA) concentration over an 8-hour
workshift. The NIOSH REL is 25 ppm (l00 mg/m3) as a TWA
for up to a lO-hour workshift, 40-hour workweek. The Ameri­
can Conference of Governmental Industrial Hygienists
(ACGIH) threshold limit value (TLV®) is 25 ppm (l00 mg/m3)

(Skin) as a TWA for a normal 8-hour workday and a 40-hour
workweek (Table I).
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HEALTH HAZARD INFORMATION

RECOMMENDED MEDICAL PRACTICES

Table t.-Occupational exposure
limits for cyclohexanone

• Routes of exposure
Cyclohexanone may cause adverse health effects following ex­
posure via inhalation, ingestion, or dermal or eye contact.

• Summary of toxicology
Effects on ani11U1ls: Subchronic inhalation ofcyclohexanone by
rabbits and monkeys caused central nervous system depression
and liver and kidney degeneration. Cutaneous or subcutane­
ous application of cyclohexanone for several days caused
cataracts in guinea pigs.

• Signs and symptoms of exposure
1. Short-term (acute): Exposure to cyclohexanone can cause
dizziness and unconsciousness. Irritation ofthe eyes, nose, and
throat can also occur.
2. Long-tenn (chronic): Dermal exposure to cyclohexanone can
cause dryness, irritation, and inflammation of the skin.

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 cyclohexanone 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
cation to job placement, include concurrent dermatitis or a
history of chronic skin disease.

• 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 cyclohexanone. 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 eyes, skin, liver, kidneys, and nervous and respira­
tory systems as compared to the baseline status ofthe individual
worker or to expected values for a suitable reference popula­
tion. The following tests should be used and interpreted accord­
ing to standardized procedures and evaluation criteria
recommended by NIOSH and the ATS: standardized question­
naires and tests of lung function.

• Medical practices recommended at the time ofjob 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 ofplacement
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.

• TWA exposure evaluation
Measurements to determine worker exposure to cyclohexanone
should be taken so that the TWA exposure is based on a single
entire workshift sample or an appropriate number ofconsecu­
tive samples collected during the entire workshift. Under cer-

MONITORING AND MEASUREMENT
PROCEDURES

potentially exposed workers, and regulatory and public healtl
agencies.
• Preplacement medical evaluation
Prior to placing a worker in ajob with a potential for exposur
to cyclohexanone, the physician should evaluate and documell
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 th
anticipated occupational risks. These should concentrate on
the function and integrity of the eyes, skin, liver, kidneys, and
respiratory system. Medical surveillance for respiratory dis­
ease should be conducted by using the principles and methods
recommended by NIOSH and the American Thoracic Socie­
ty (ATS).

200
100
100

50
25
25

Exposure limits
ppm mg/m3

• 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 ofemployers and work­
ers about work-related hazards, placement of workers injobs
that do not jeopardize their safety and health, earliest possi­
ble detection ofadverse 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 ofbio­
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,

OSHA PEL TWA
NIOSH REL TWA
ACGIH TLV® TWA (Skin)
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Operations Controls

EMERGENCY FIRST AID PROCEDURES

Table 2.-0perations and methods of
control for cyclohexanone

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).

• Method
Sampling and analysis may be performed by collecting cyclo­
hexanone vapors with charcoal tubes followed by desorption
with carbon disulfide and analysis by gas chromatography. De­
tector tubes or other direct-reading devices calibrated to meas­
ure cyclohexanone may also be used if available. A detailed
sampling and analytical method for cyclohexanone may be
found in the NIOSH Manual ofAnalytical Methods (method
number 13(0).

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.

During surface coating or
spray painting of fabrics
and plastics

During cleaning of leathers
and textiles; during
degreasing of leathers and
metals

During use as a solvent in
crude rubber, insecticides,
and epoxy resins; during
use as a sludge solvent in
lubricating oils

Local exhaust ventilation,
personal protective equip­
ment

Local exhaust ventilation,
personal protective equip­
ment

Local exhaust ventilation,
personal protective equip­
ment

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 cy­
clohexanone.

Workers should be provided with and required to use splash­
proof safety goggles where cyclohexanone may come in con­
tact with the eyes.

SANITATION

Clothing which is contaminated with cyclohexanone 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 cyclohexanone from the clothing. If the cloth­
ing is to be laundered or cleaned, the person performing the
operation should be informed of cyclohexanone's hazardous
properties.

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

Skin that becomes contaminated with cyclohexanone 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 cyclohexanone 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 cyclohexanone may
occur and control methods which may be effective in each case
are listed in Table 2.

1988

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 cyclohexanone, an eye-wash fountain should be provided
within the immediate work area for emergency use.

If cyclohexanone 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 cyclohexanone, facilities for quick drenching of the body
should be provided within the immediate work area for emer­
gency use.

If cyclohexanone gets on the skin, wash it immediately with
soap and water. If cyclohexanone penetrates the clothing, re­
move the clothing immediately and wash the skin with soap
and water. Get medical attention promptly.

• Rescue
Ifa 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.

Ifcyclohexanone is spilled or leaked, the following steps should
be taken:
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I. Remove all ignition sources.
2. Ventilate area of spill or leak.
3. For small quantities of liquids containing cyclohexanone, ab­
sorb on paper towels and place in an appropriate container.
Place towels in a safe place (such as a fume hood) for evapo­
ration. Allow sufficient time for evaporation of the vapors so
that the hood ductwork is free from cyclohexanone vapors.
Burn the paper in a suitable location away from combustible
materials.
4. Large quantities of liquids containing cyclohexanone may
be absorbed in vermiculite, dry sand, earth, or a similar materi­
al and placed in an appropriate container. Cyclohexanone
should not be allowed to enter a confined space such as a sew­
er because of the possibility of an explosion.
5. Cyclohexanone may be collected by vacuuming with an ap­
propriate system. Ifa 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 ofTrans­
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 ofbeing 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.

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

4 Cyclohexanone

other use restrictions are listed. All respirators that have highe
protection factors may also be used.
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Condition

Concentration:

Less than or equal to
625 ppm

Less than or equal to
1,000 ppm

Less than or equal to
1,250 ppm

Less than or equal to
5,000 ppm

Planned or emergency entry
into environments containing
unknown concentrations or
levels above 5,000 ppm

Firefighting

Escape only

Table 3.-Respiratory protection for cyclohexanone
Minimum respiratory protection*t

Any supplied-air respirator operated in a continuous flow mode (substance causes eye irritation
or damage-eye protection needed)

Any powered air-purifying respirator with organic vapor cartridge(s) (substance causes eye ir­
ritation or damage-eye protection needed)

Any chemical cartridge respirator with a full facepiece and organic vapor cartridge(s)

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

Any self-contained breathing apparatus with a full facepiece

Any supplied-air respirator 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 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 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.
tThe respiratory protection listed for any given condition is the minimum required to meet the NIOSH REL of25 ppm (l00 mg/m3

)

(TWA).
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR

DIACETONE ALCOHOL

CHEMICAL AND PHYSICAL PROPERTIES

INTRODUCTION

SUBSTANCE IDENTIFICATION

• Reactivity
1. Incompatibilities: Contact with strong oxidizers may cause
fires and explosions. Contact with strong alkalies may cause
formation of flammable acetone vapors.
2. Hazardous decomposition products: Toxic vapors and gases
(e.g., carbon monoxide) may be released in a fire involving
diacetone alcohol.
3. Caution: Diacetone alcohol will dissolve some forms ofplas­
tics, resins, and rubber.

• Flammability
1. Flash point: 57.8°C (l36°F) (closed cup)
2. Autoignition temperature: 643°C (1,190°F)
3. Flammable limits in air, % by volume: Lower, 1.8; up­
per, 6.9
4. Extinguishant: Carbon dioxide, dry chemical, or alcohol
foam
5. Class II Combustible Liquid (29 CFR 1910.106), Flamma­
bility Rating 2 (NFPA)

• Warning properties
1. Odor threshold: 0.28 ppm
2. Eye irritation level: 100 ppm
3. Other information: Nasal irritation may occur at 100 ppm.
4. Evaluation of warning properties for respirator selection:
Because of its odor, diacetone alcohol can be detected below
the National Institute for Occupational Safety and Health
(NIOSH) recommended exposure limit (REL); thus, it is treat­
ed as a chemical with adequate warning properties.

This guideline summarizes pertinent information about diace­
tone alcohol 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.

• Synonyms: Diketone alcohol; 4-hydroxy-2-keto-4-methyl­
pentane; 4-hydroxy-4-methyl-2-pentanone; 2-methyl-2-pent­
anol-4-one

• Identifiers: CAS 123-42-2; RTECS SA9100000; DOT 1148,
label required: "Flammable Liquid"

• Appearance and odor: Colorless to yellow liquid with a
mild odor

• Structure:

• Physical data
1. Molecular weight: 116.62
2. Boiling point (at 760 mmHg): 169.2°C (335°F)
3. Specific gravity (water = 1): 0.94
4. Vapor density (air = 1 at boiling point of diacetone alco­
hol): 4.0
5. Melting point: -43°C (-45 OF)
6. Vapor pressure: At 20°C (68°F), 0.8 mmHg; at 25°C
(77°F), 1.2 mmHg
7. Miscible in water
8. Evaporation rate (butyl acetate = 1): 0.14
9. Saturation concentration in air (approximate) at 20°C
(68°F): 0.10% (1,000 ppm); at 25°C (77°F), 0.16% (l,600ppm)

EXPOSURE LIMITS

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for diacetone al­
cohol is 50 parts of diacetone alcohol per million parts of air
(ppm) [240 milligrams of diacetone alcohol per cubic meter
of air (mg/m3)] as a time-weighted average (TWA) concentra­
tion over an 8-hour workshift. The NIOSH REL is 50 ppm (240
mg/m3) as a TWA for up to a lO-hour workshift, 40-hour work­
week. The American Conference of Governmental Industrial
Hygienists (ACGIH) threshold limit value (TLV®) is 50 ppm
(240 mg/m3) as a TWA for a normal 8-hour workday and a
40-hour workweek (Table 1).
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RECOMMENDED MEDICAL PRACTICES

HEALTH HAZARD INFORMATION

Table I.-Occupational exposure
limits for diacetone alcohol

• Routes of exposure
Diacetone alcohol may cause adverse health effects following
exposure via inhalation, ingestion, or dermal or eye contact.

• Summary of toxicology
Effects on animals: In rats and rabbits, acute oral administra­
tion or inhalation of diacetone alcohol caused narcosis, kid­
ney damage, and liver damage (vacuolization and granulation
of parenchymal cells).

• Signs and symptoms of exposure
1. Shon-tenn (acute): Exposure to diacetone alcohol can cause
chest discomfort, narcosis, and irritation of the eyes, nose, and
throat.
2. Long-term (chronic): Exposure to diacetone alcohol can
cause dryness, irritation, and inflammation of the skin.

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 diacetone alcohol, 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 eyes, skin, liver,
kidneys, and nervous and respiratory systems. Medical surveil­
lance 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 diacetone alcohol 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 concurrent dermatitis or
a history of chronic skin disease.

• 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 diacetone alcohol. 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 eyes, skin, liver, kidneys, and nervous and respira­
tory systems as compared to the baseline status ofthe individual
worker or to expected values for a suitable reference popula­
tion. The following tests should be used and interpreted accord­
ing to standardized procedures and evaluation criteria
recommended by NIOSH and the ATS: standardized question­
naires and tests of lung function.

• Medical practices recommended at the time ofjob trans­
fer or termination
The medical, environmental, and occupational history inter­
views, the physical examination, and selected physiologic or
laboratory tests which were conducted at the time ofplacement
should be repeated at the time ofjob 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.

• TWA exposure evaluation
Measurements to determine worker exposure to diacetone al­
cohol should be taken so that the TWA exposure is based on
a single entire workshift sample or an appropriate number of

MONITORING AND MEASUREMENT
PROCEDURES

240
240
240

50
50
50

Exposure limits
ppm mg/m3
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• 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 ofemployers and work­
ers about work-related hazards, placement of workers in jobs
that do not jeopardize their safety and health, earliest possi­
ble detection ofadverse 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 ofbio­
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,
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Table 2.-0perations and methods of
control for diacetone alcohol

consecutive samples collected during the entire workshift. Un­
der certain 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).

• Method
Sampling and analysis may be performed by collecting diace­
tone alcohol vapors with charcoal tubes followed by desorp­
tion with 2-proponal in carbon disulfide and analysis by gas
chromatography. Detector tubes or other direct-reading devices
calibrated to measure diacetone alcohol may also be used if
available. A detailed sampling and analytical method for di­
acetone alcohol may be found in the NIOSH Manual ofAna­
lytical Methods (Method number 1402).

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 di­
acetone alcohol.

Operations

During application of
nitrocellulose lacquer

During application ofpaper
and textile coatings, wood
stains, and preservatives;
during use and manufacture
of artificial silk and leather,
quick-drying inks, photo­
graphic film, antifreeze
preparations, and hydraulic
fluids

During use as a solvent for
cellulose esters, epoxy re­
sins, hydrocarbons, oils,
fats, resin gums, dyes, tars,
cements, and waxes; during
use as a pigment solvent in
the dyeing industry

Controls

Process enclosure, local ex­
haust ventilation, personal
protective equipment

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

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

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

SANITATION
Clothing which is contaminated with diacetone alcohol should
be removed immediately and placed in closed containers for
storage until it can be discarded or until provision is made for
the removal ofdiacetone alcohol from the clothing. Ifthe cloth­
ing is to be laundered or cleaned, the person performing the
operation should be informed of diacetone alcohol's hazardous
properties.

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

Skin that becomes contaminated with diacetone alcohol 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 ofproducts for chewing should be prohibit­
ed in work areas.

Workers who handle diacetone alcohol 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 diacetone alcohol
may occur and control methods which may be effective in each
case are listed in Table 2.

1988

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 ofa worker's eyes being exposed
to diacetone alcohol, an eye-wash fountain should be provid­
ed within the immediate work area for emergency use.

Ifdiacetone alcohol 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 ofa worker's body being exposed
to diacetone alcohol, facilities for quick drenching ofthe body
should be provided within the immediate work area for emer­
gency use.

Ifdiacetone alcohol gets on the skin, wash it immediately with
soap and water. If diacetone alcohol penetrates the clothing,
remove the clothing immediately and wash the skin with soap
and water. Get medical attention promptly.

• Rescue
Ifa 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
Workers not wearing protective equipment and clothing should
be restricted from areas of spills or leaks until cleanup has been
completed.

If diacetone alcohol 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 ofliquids containing diacetone alcohol,
absorb on paper towels and place in an appropriate container.
Place towels in a safe place such as a fume hood for evapora­
tion. Allow sufficient time for evaporation ofthe vapors so that
the hood ductwork is free from diacetone alcohol vapors. Burn
the paper in a suitable location away from combustible
materials.
4. Large quantities of liquids containing diacetone alcohol may
be absorbed in vermiculite, dry sand, earth, or a similar materi­
al and placed in an appropriate container. Diacetone alcohol
should not be allowed to enter a confined space such as a sew­
er because of the possibility of an explosion.
5. Liquids containing diacetone alcohol may be collected by
vacuuming with an appropriate system. Ifa 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 ofTrans­
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 ofbeing 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 ofthe correct respirators,
requires that a knowledgeable person be in charge ofthe pro­
gram and that the program be evaluated regularly.

4 Diacetone Alcohol

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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Condition

Concentration:

Less than or equal to
1,000 ppm

Less than or equal to
1,250 ppm

Less than or equal to
2,100 ppm

Table 3.-Respiratory protection for diacetone alcohol

Minimum respiratory protection*t

Any chemical cartridge respirator with a full facepiece and organic vapor cartridge(s)

Any powered air-purifying respirator with organic vapor cartridge(s) (substance causes eye ir­
ritation or damage-eye protection needed)

Any supplied-air respirator operated in a continuous flow mode (substance causes eye irritation
or damage-eye protection needed)

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

Any self-contained breathing apparatus with a full facepiece

Any supplied-air respirator with a full facepiece

Planned or emergency entry
into environments containing
unknown concentrations or
levels above 2,100 ppm

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 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 (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.
tThe respiratory protection listed for any given condition is the minimum required to meet the NIOSH REL of 50 ppm (240
mg/m3) (TWA).
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR

DIBROMOCHLOROPROPANE

POTENTIAL HUMAN CARCINOGEN

INTRODUCTION

This guideline summarizes pertinent information about
dibromochloropropane (DBCP) 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

• Formula: C 3HsBrzCI

• Structure: CICHz-CH-CHzBr
I

Br

• Synonyms: I-Chloro-2,3-dibromopropane; DBCP; 1,2-di­
bromo-3-chloropropane

• Identifiers: CAS 96-12-8; RTECS TX8750000; Dar 2872,
label required: "St. Andrew's Cross (X)"

• Appearance and odor: Dense yellow or amber liquid or
granular solid with a pungent odor

CHEMICAL AND PHYSICAL PROPERTIES

• Physical data
I. Molecular weight: 236.35
2. Boiling point (at 760 mmHg): 195°C (383 OF)
3. Specific gravity (water = I): 2.093
4. Melting point: 6°C (43 OF)
5. Vapor pressure at 20°C (68°F): 0.8 mmHg
6. Solubility in water, g/IOO g water at 20°C (68 OF): 0.1
7. Saturation concentration in air (approximate) at 20°C
(68°F): 0.1% (1000 ppm)

• Reactivity
I. Incompatibilities: DBCP reacts with chemically active met­
als such as aluminum, magnesium, and tin alloys.
2. Hazardous decomposition products: Toxic vapors and gases
(e.g., hydrogen bromide, hydrogen chloride, and carbon
monoxide) may be released in a fire involving DBCP.

3. Caution: DBCP will attack some rubber materials and
coatings.

• Flammability
1. Flash point: 7rC (170°F) (open cup)
2. Extinguishant: Carbon dioxide or dry chemical
3. Class IlIA Combustible Liquid (29 CFR 1910.106)

• Warning properties
1. Odor threshold: 0.01-0.03 ppm
2. Evaluation of warning properties for respirator selection:
Because of the lack of odor at concentrations below the Na­
tional Institute for Occupational Safety and Health (NIOSH)
recommended exposure limit (REL), DBCP is treated as a
chemical with poor warning properties.

EXPOSURE LIMITS

The Occupational Safety and Health Administration (OSHA)
considers DBCP to be a cancer hazard. The current OSHA per­
missible exposure limit (PEL) for DBCP is I part of DBCP
per billion parts of air (ppb) as a time-weighted average (TWA)
concentration over an 8-hour workshift; the employer shall as­
sure that no employee is exposed to eye or skin contact with
DBCP. The NIOSH REL is 10 ppb as a TWA [0.1 milligrams
of DBCP per cubic meter of air (mg/m3)] for up to a lO-hour
workshift, 40-hour workweek; however, the NIOSH REL has
been superseded by the OSHA standard promulgated in 1978.
The American Conference of Governmental Industrial
Hygienists (ACGIH) does not have an assigned threshold limit
value (TLV®) for DBCP.

HEALTH HAZARD INFORMATION

• Routes of exposure
DBCP may cause adverse health effects following exposure via
inhalation or dermal or eye contact.

• Summary of toxicology
1. Effects on animals: In rats, acute inhalation or oral adminis­
tration ofDBCP caused central nervous system depression with
sluggishness and loss of muscular coordination (ataxia), weight
loss, and decreased spermatogenesis; acute dermal exposure
caused dermal and subcutaneous tissue destruction (necrosis).
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Subchronic inhalation ofDBCP by rats, guinea pigs, rabbits,
or monkeys produced necrosis of the liver, kidney, spleen,
testes, or seminiferous tubules; reduction in sperm count; ab­
normal sperm; or inhibition of the estrous cycle. Cancers of
the nasal cavity, tongue, pharynx, lungs, stomach, adrenal
glands, or mammary glands have been reported for rats or mice
chronically exposed to DBCP by inhalation or oral adminis­
tration.
2. Effects on humans: Low-level repeated or prolonged ex­
posure of male workers has been associated with low sperm
count, chromosome abnormality, sterility, decreased testicu­
lar size, and increased level of follicle stimulating hormone.
These effects have not been associated with exposure in previ­
ous years, indicating that they may be reversible following
removal from exposure.

• Signs and symptoms of exposure
1. Short-term (acute): Exposure to DBCP can cause drowsi­
ness, nausea, vomiting, and irritation ofthe eyes, nose, throat
and skin.
2. Long-tenn (chronic): Exposure to DBCP can cause conges­
tion or fluid in the lungs and inflammation of the eyes or skin.

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 ofemployers and work­
ers about work-related hazards, placement of workers in jobs
that do not jeopardize their safety and health, earliest possi­
ble detection ofadverse 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 ofbio­
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 DBCP, the physician should evaluate and document the
worker's baseline health status with thorough medical, environ­
mental, and occupational histories, a physical examination, and
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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, urinary tract,
and reproductive and respiratory systems. Medical surveillance
for respiratory disease 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 DBCP at or below the NIOSH REL. The examin­
ing physician should consider the probable frequency, inten­
sity, and duration ofexposure, 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 con­
current dermatitis and a history of reproductive dysfunction.
In addition to the medical interview and physical examination,
the means to identify these conditions may include an evalua­
tion of fertility.

• 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 DBCP. 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 and in­
tegrity of the eyes, skin, liver, kidneys, urinary tract, and
respiratory and reproductive systems as compared to the base­
line 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: stand­
ardized questionnaires and tests of lung function.

• Medical practices recommended at the time ofjob 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 ofplacement
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 DBCP may cause adverse reproduc­
tive effects and diseases of prolonged induction-latency, the
need for medical surveillance may extend well beyond termi­
nation of employment.

• Sentinel health events
1. Acute SHE's include: Contact and/or allergic dermatitis.
2. Delayed-onset or reproductive SHE's include: Infertility in
exposed males.

MONITORING AND MEASUREMENT
PROCEDURES

• TWA exposure evaluation
Measurements to determine worker exposure to DBCP should
be taken so that the TWA exposure is based on a single entire
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Table I.-Operations and methods of
control for dibromochloropropane

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
There are no NIOSH validated sampling and analytical
methods for DBCP.

PERSONAL PROTECTIVE EQUIPMENT

Operations

During the manufacture of
DBCP

During the formulation of
DBCP into pesticides and
fumigants

Controls

Completely enclosed pro­
cesses, local exhaust venti­
lation, personal protective
equipment

Local exhaust ventilation,
protective clothing and
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
DBCP.

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

SANITATION

Clothing which is contaminated with DBCP should be removed
immediately and placed in sealed containers for storage until
it can be discarded or until provision is made for the removal
ofDBCP from the clothing. If the clothing is to be laundered
or cleaned, the person performing the operation should be in­
formed of DBCP's hazardous properties.

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

Skin that becomes contaminated with DBCP 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 smoking materials, or
the storage or use of products for chewing should be prohibit­
ed in work areas.

Workers who handle DBCP 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 DBCP may occur
and control methods which may be effective in each case are
listed in Table 1.
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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 ofa worker's eyes being exposed
to DBCP, an eye-wash fountain should be provided within the
immediate work area for emergency use.

If DBCP 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 ofa worker's body being exposed
to DBCP, facilities for quick drenching of the body should be
provided within the immediate work area for emergency use.

IfDBCP gets on the skin, wash it immediately with soap and
water. If DBCP 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. 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 DBCP is spilled or leaked, the following steps should be
taken:
1. Remove all ignition sources.
2. Ventilate area of spill or ieak.
3. For small quantities ofliquids containing DBCP, absorb on
paper towels and place in an appropriate container. Place towels
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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 DBCP vapors. Bum the paper in a suitable
location away from combustible materials.
4. Large quantities of liquids containing DBCP may be ab­
sorbed in vermiculite, dry sand, earth, or a similar material
and placed in an appropriate container. DBCP should not be
allowed to enter a confined space such as a sewer because of
the possibility of an explosion.
5. DBCP liquid or solid may be collected by vacuuming with
an appropriate system. Ifa 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 ofTrans­
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 ofbeing 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 ofan adequate respiratory pro­
tection program, including selection of the correct respirators,
requires that a knowledgeable person be in charge ofthe 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.

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.

4 Dibromochloropropane
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Table 2.-Respiratory protection for dibromochloropropane

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

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 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 (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.
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR

3,3 '-DICHLOROBENZIDINE

POTENTIAL HUMAN CARCINOGEN

INTRODUCTION

This guideline summarizes pertinent information about
3,3 '-dichlorobenzidine 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: CIZHIOClzNz

• Structure:
CI CI

H'N-{ X }NH'
• Synonyms: DCB; 4,4'-diamino-3,3 '-dichlorobiphenyl; di­
chlorobenzidine; o,o'-dichlorobenzidine; 3,3 '-dichlorobi­
phenyl-4,4 'diamine
• Identifiers: CAS 91-94-1; RTECS DD0525000; DOT not
assigned.

• Appearance: Gray to purple crystalline solid

CHEMICAL AND PHYSICAL PROPERTIES

• Physical data
1. Molecular weight: 253.43
2. Melting point: 133°C (271.4OF)
3. Slightly soluble in water

• Flammability
Extinguishant: Dry chemical, alcohol foam, or carbon dioxide

• 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

3,3 '-dichlorobenzidine; however, the OSHA standard re­
quires implementation of stringent controls wherever
3,3 '-dichlorobenzidine or solid or liquid mixtures containing
at least 0.1 % by weight or volume of 3,3 '-dichlorobenzidine
are manufactured, processed, repackaged, released, handled,
or stored, (see "General Control Procedures"). Details of this
standard can be found in the Code of Federal Regulations, 29
CFR 1910.1007, 3,3 '-Dichlorobenzidine (and its salts). The Na­
tionallnstitute for Occupational Safety and Health (NlOSH)
concurs with the OSHA standard. The American Conference
of Governmental Industrial Hygienists (ACGIH) has designated
3,3 '-dichlorobenzidine as an A2 substance (suspected human
carcinogen) without having sufficient evidence to assign a
threshold limit value (TLV®) (Skin). The notation "Skin"
refers to the potential contribution to overall exposure by the
cutaneous route, including the mucous membranes and eyes.

HEALTH HAZARD INFORMATION

• Routes of exposure
3,3'-Dichlorobenzidine may cause adverse health effects fol­
lowing exposure via inhalation, ingestion, or dermal contact.

• Summary of toxicology
1. Effects on animals: Acute inhalation of 3,3'-dichloroben­
zidine by rats caused irritation and moderate pulmonary con­
gestion. Chronic oral administration of 3,3'-dichlorobenzi­
dine to rats produced gastrointestinal congestion and hemor­
rhage, leukemia, and cancers of the intestines and mammary
and sebaceous glands. Chronic oral administration of
3,3'-dichlorobenzidine produced bladder cancer in hamsters,
liver cancer in mice, and liver and bladder cancers in dogs.
3,3'-Dichlorobenzidine exposure to pregnant mice caused an
increased incidence of tumors in their offspring.
2. Effects on humans: No reports have been identified that as­
sociate 3,3'-dichlorobenzidine with the occurrence of cancer
in man; however, because 3,3'-dichlorobenzidine and benzi­
dine (a human bladder carcinogen) are usually prepared and
handled in the same workplace, 3,3'-dichlorobenzidine may
contribute to the incidence of bladder cancer in exposed
workers.
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• Signs and symptoms of exposure
I. Short-term (acute): Exposure to 3,3 '-dichlorobenzidine can
cause al1ergic skin reaction, dermatitis, headache, and dizzi­
ness. It can also cause severe eye irritation and is caustic to the
skin.
2. Long-term (chronic): Exposure to 3,3 '-dichlorobenzidine
can cause blood in the urine and painful, difficult, or frequent
urination.

RECOMMENDED MEDICAL PRACTICES

• Medical surveillance program
Workers with potential exposures to chemical hazards should
be monitored in a systematic program of medical surveil1ance
intended to prevent or control occupational injury and disease.
The program should include education ofemployers 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 surveil1ance 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 ofbio­
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,
potential1y 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 3,3 '-dichlorobenzidine, the physician should evaluate and
document the worker's baseline health status with thorough
medical, environmental, and occupational histories, a physi­
cal examination, and physiologic and laboratory test~ appropri­
ate for the anticipated occupational risks. These should
concentrate on the function and integrity of the skin, liver, uri­
nary tract, and hematopoietic (blood-cel1-forming) and respira­
tory systems. Medical surveillance for respiratory disease
should be conducted by using the principles and methods
recommended by NIOSH and the American Thoracic Socie­
ty (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 3,3 '-dichlorobenzidine at or below the NIOSH
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REL. The examining physician should consider the probable
frequency, intensity, and duration of exposure, as wel1 as the
nature and degree of the condition, in placing such a worker.
Such conditions, which should not be regarded as absolute con­
traindications to job placement, include chronic diseases ofthe
liver or urinary tract.

• 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 3,3 '-dichlorobenzidine. The
interviews, examinations, and appropriate medical screening
and/or biologic monitoring tests should be directed at identify­
ing an excessive decrease or adverse trend in the physiologic
function ofthe skin, liver, urinary tract, and hematopoietic and
respiratory systems as compared to the baseline status of the
individual worker or to expected values for a suitable 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 according
to standardized epidemiologic procedures and evaluation
criteria. The following tests should be used and interpreted ac­
cording to standardized procedures and evaluation criteria
recommended by NIOSH and ATS: standardized question­
naires and tests of lung function.

• Medical practices recommended at the time ofjob 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 ofplacement
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 3,3 '-dichlorobenzidine may cause
diseases of prolonged induction-latency, the need for medical
surveillance may extend well beyond termination of em­
ployment.

• Sentinel health events
Acute SHE's include: Contact and/or allergic dermatitis.

MONITORING AND MEASUREMENT
PROCEDURES

• Method
Sampling and analysis may be performed by collecting
3,3 '-dichlorobenzidine dust with glass-fiber filters and silica
gel tubes followed by desorption with triethylamine in methanol
and analysis by high-pressure liquid chromatography and
ultraviolet detection. Direct-reading devices calibrated to
measure 3,3 '-dichlorobenzidine may also be used if available.
A detailed sampling and analytical method for
3,3'-dichlorobenzidine may be found in the NIOSH Manual
ofAnalytical Methods (method number 5509).

PERSONAL PROTECTIVE EQUIPMENT

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

In operations involving "laboratory-type hoods" or in locations
where 3,3 '-dichlorobenzidine is contained in an otherwise
"closed system" but is transferred, charged, or discharged into
other normally closed containers, OSHA requires that work­
ers: (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 to use approved respirators (a
respirator affording higher levels ofprotection may be substitut­
ed); and (3) remove the protective clothing and equipment prior
to exiting a regulated area, and at the last exit ofthe day, place
used clothing and equipment in impervious containers for
decontamination or disposal.

SANITATION

For closed system operations or in locations where
3,3 '-dichlorobenzidine 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
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 3,3 '-dichlorobenzidine
should be removed immediately and placed in sealed contain­
ers for storage until it can be discarded or until provision is
made for the removal of 3,3 '-dichlorobenzidine from the
clothing. If the clothing is to be laundered or cleaned, the per­
son performing the operation should be informed of
3,3 '-dicWorobenzidine's hazardous properties. Reusable cloth­
ing and equipment should be checked for residual contamina­
tion before reuse or storage.

Decontamination and disposal procedures should be estab­
lished and implemented to remove 3,3 '-dicWorobenzidine 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 ofcosmet­
ics, the storage or smoking of tobacco or other smoking
materials, or the storage or use of products for chewing.
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OSHA prohibits the location of drinking fountains in regula­
ted areas.

GENERAL CONTROL PROCEDURES

The following control procedures are derived from OSHA re­
quirements as stated in 29 CFR 1910.1007:

Areas where 3,3 '-dichlorobenzidine 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 are 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 3,3 '-dichloroben­
zidine, 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 indica­
ting that a cancer-suspect agent is present and that only author­
ized 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 3,3 '-dichlorobenzi­
dine which are not in an isolated system, laboratory-type hood,
or other system affording equivalent protection against the en­
try of3,3'-dicWorobenzidine into regulated areas, nonregulated
areas, or the external environment are prohibited.

In operations involving "laboratory-type hoods" or in locations
where 3,3'-dichlorobenzidine 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 opera­
tion. Exhaust air shall not be discharged to regulated areas,
nonregulated areas, or the external environment unless decon­
taminated. Clean makeup air shall be introduced in sufficient
volume to maintain the correct operation of the local exhaust
system.

Containers of 3,3 '-dichlorobenzidine shall be identified as to
contents and shall contain a hazard warning.

Regulated areas (with the exception ofoutdoor 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-
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ner that does not cause contamination of nonregulated areas
or the external environment.

Decontamination procedures shall be established and im­
plemented to remove 3,3 '-dichlorobenzidine from materials,
equipment, and decontamination facility.

COMMON OPERATIONS AND CONTROLS

Common operations in which exposure to 3,3 '-dichloroben­
zidine may occur and control methods which may be effective
in each case are listed in Table 1.

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 garments (including gloves, boots,
and continuous-air-supplied hoods) enter areas of spills or
leaks.

EMERGENCY FIRST AID PROCEDURES

Table t.-Operations and methods of
control for 3-3'-dichlorobenzidine

In the event of an emergency, remove the victim from further
exposure, send for medical assistance, and initiate emergen­
cy procedures. Ifa worker had contact with 3,3 '-dichloroben­
zidine, OSHA requires that the worker shower as soon as
possible, unless contraindicated by physical injuries.

• Eye exposure
Where there is any possibility ofa worker's eyes being exposed
to 3,3 '-dicWorobenzidine, an eye-wash fountain should be
provided within the immediate work area for emergency use.

If3,3 '-dicWorobenzidine gets into the eyes, flush them immedi­
ately 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 ofa worker's body being exposed
to 3,3 '-dichlorobenzidine, facilities for quick drenching of the
body should be provided within the immediate work area for
emergency use.

If 3,3 '-dichlorobenzidine gets on the skin, wash it imme­
diately with soap and water. If 3,3 '-dichlorobenzidine pene­
trates the clothing, remove the clothing immediately and wash
the skin with soap and water. Get medical attention promptly.

• Rescue
Ifa 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.

Operations

During use as an intermedi­
ate in the manufacture of
dyes, pigments, and
isocyana te-c ontai ni ng
polymers

Controls

Process enclosure, restrict­
ed access, local exhaust ven­
tilation where appropriate,
personal protective equip­
ment, good housekeeping
and personal hygiene prac­
tices, substitution with less
toxic substances

OSHA requires that workers authorized to enter areas ofspills
or leaks be decontaminated before removing the protective gar­
ments and hoods and showering.

If 3,3 '-dichlorobenzidine is spilled or leaked, the following
steps should be taken:

1. Ventilate area of spill or leak.
2. If in solid form, 3,3 '-dichlorobenzidine may be collected
and placed in an appropriate container.
3.3,3 '-DicWorobenzidine solid or liquid may be collected by
vacuuming with an appropriate high-efficiency filtration sys­
tem or by using wet methods; it may then be placed in an ap­
propriate container. Dry sweeping and dry mopping of
3,3 '-dichlorobenzidine are prohibited by OSHA.
4. For small quantities of liquids containing 3,3 '-dichloroben­
zidine, absorb on paper towels and place in an appropriate con­
tainer.
5. Large quantities ofliquids containing 3,3 '-dicWorobenzidine
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 ofTrans­
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 ofbeing 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-
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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 2.-Respiratory protection for 3-3 '-dichlorobenzidine

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

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 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

DIGLYCIDYL ETHER

POTENTIAL HUMAN CARCINOGEN

INTRODUCTION

This guideline summarizes pertinent information about
diglycidyl ether (DGE) 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

• Synonyms: Bis(2,3-epoxypropyl) ether; DGE; di(2,3-­
epoxypropyl) ether; di(2,3-epoxy)propyl ether

• Identifiers: CAS 2238-07-05; RTECS KN2350000; DOT
not assigned

• Appearance and odor: Colorless liquid with a strong,
irritating odor

CHEMICAL AND PHYSICAL PROPERTIES

• Physical data
1. Molecular weight: 130.16
2. Boiling point (at 760 mmHg): 260°C (500°F)
3. Specific gravity (water = I): 1.26
4. Vapor density (air = I at boiling point of DGE): 4.49
5. Vapor pressure at 25°C (77 OF): 0.09 mmHg
6. Saturation concentration in air (approximate) at 25°C

O]OF): 0.0121 % (121 ppm)

• Reactivity
1. Incompatibilities: Contact with strong oxidizing agents may
cause fires and explosions. Ethers as a class tend to form

peroxides upon contact with air and exposure to light.
2. Hazardous decomposition products: Toxic vapors and gases
(e.g., carbon monoxide) may be released in a fire involving
DGE.
3. Caution: DGE will cause some forms of plastics, coat­
ings, and rubber to deteriorate.

• Flammability
1. Flash point: MOC (l47°F)
2. Extinguishant: Dry chemical, carbon dioxide, alcohol foam
3. Class lIlA Combustible Liquid (29 CFR 1910.106)

• Warning properties

1. Odor threshold: Approximately 5 ppm
2. Eye irritation levels: 10 ppm
3. Evaluation of warning properties for respirator selection:
Warning properties are not considered in recommending
respirators for use with carcinogens.

EXPOSURE LIMITS

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for DGE is 0.5
parts of DGE per million parts of air (ppm) [2.8 milligrams
of DGE per cubic meter of air (mg/m3)] as a ceiling concen­
tration which shall at no time be exceeded. The National In­
stitute for Occupational Safety and Health (NIOSH)
recommends that DGE be controlled and handled as a poten­
tial human carcinogen in the workplace and that exposure
be reduced to the lowest feasible limit. The NIOSH recom­
mended exposure limit (REL) is 0.2 ppm (l mg/m3) as a ceil­
ing concentration determined in any 15-minute sampling
period. The American Conference of Governmental Indus­
trial Hygienists (ACGIH) threshold limit value (TLV®) is 0.1
ppm (0.5 mg/m3) as a time-weighted average (TWA) concen­
tration for a normal 8-hour workday and a 40-hour work­
week (Table 1).
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HEALTH HAZARD INFORMATION

RECOMMENDED MEDICAL PRACTICES

* (Ca): NIOSH recommends treating as a potential human
carcinogen.

Table t.-Occupational exposure
limits for diglycidyl ether

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 DOE at or below the NIOSH REL.
The examining physician should consider the probable fre­
quency, 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
contraindications to job placement, include a history of
chronic skin disease or concurrent dermatitis.

dividual workers. Sensitivity, specificity, and predictive valm
of biologic monitoring and medical screening tests should b
evaluated on an industry-wide basis prior to application i
any given worker group. Intrinsic to a surveillance progrm
is the dissemination of summary data to those who need t
know, including employers, occupational health professior
als, potentially exposed workers, and regulatory and publi
health agencies.

• Preplacement medical evaluation
Prior to placing a worker in a job with a potential for exposure
to DOE, the physician should evaluate and document the
worker's baseline health status with thorough medical, en­
vironmental, and occupational histories, a physical exami­
nation, and physiologic and laboratory tests appropriate for
the anticipated occupational risks. These should concentrate
on the function and integrity of the eyes, skin, reproductive,
respiratory, nervous, and hematopoietic (blood cell forming)
systems. Medical surveillance for respiratory disease should
be conducted by using the principles and methods recom­
mended by NIOSH and the American Thoracic Society
(ATS).

• Periodic medical screening and/or biologic monitoring
Occupational health interviews and physical examinations
should be performed at regular intervals. Additional exami­
nations may be necessary should a worker develop symptoms
that may be attributed to exposure to DOE. The interviews,
examinations, and appropriate medical screening and/or bi­
ologic monitoring tests should be directed at identifying an
excessive decrease or adverse trend in the physiologic func­
tion of the eyes, skin, reproductive, nervous, respiratory and
hematopoietic systems as compared to the baseline status of
the individual worker or to expected values for a suitable refer­
ence population. The following tests should be used and in­
terpreted 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 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 DOE may cause ad­
verse reproductive effects or diseases of prolonged

I
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• Routes of exposure
DOE 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 DOE caused central nervous system depres­
sion, incoordination, breathing difficulty (dyspnea), respira­
tory failure, and death. In rats and rabbits, acute or subchronic
inhalation or dermal administration of DOE produced weight
loss, corneal opacities, testicular degeneration, and abnor­
malities of the blood-forming tissues including lymphoid
atrophy of the thymus and depression of white blood cell and
bone marrow cell counts. In skin-painting studies, DOE
produced tumors in mice. DOE was mutagenic in bacterial
test systems.

• Signs and Symptoms of exposure
I. Short-term (acute): Exposure to DOE can cause skin burns
and severe irritation of the skin, eyes, and respiratory tract.
2. Long-term (chronic): Exposure to DOE can cause derma­
titis and skin sensitization.

• 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-related 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 (e.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, morbidi­
ty, and mortality data. This analysis may provide information
about the relatedness of adverse health effects and occupa­
tional exposure that cannot be discerned from results in in-
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induction-latency, the need for medical surveillance may ex­
tend well beyond termination of employment.

• 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 DGE. 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 con­
sist of a IS-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
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
detection strategy is given in the Occupational Exposure
Sampling Strategy Manual.

• Method
Sampling and analysis may be performed by collecting DGE
vapors with charcoal adsorption tubes followed by desorp­
tion with methylene chloride and analysis by gas chromatog­
raphy. Refer to the Criteria for Recommended Standard . ...
Occupational Exposure to Glycidyl Ethers for limitations and
correct use of this method. Direct-reading devices calibrated
to measure DGE may also be used if available.

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 DGE.

SANITATION

Clothing which is contaminated with DGE 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 DGE from the clothing. If the clothing is to be laundered
or cleaned, the person performing the operation should be
informed of DGE's hazardous properties. Reusable clothing
and equipment shC''lld 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.
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Skin that becomes contaminated with DGE 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 pro­
hibited in work areas.

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

COMMON OPERATIONS AND CONTROLS

DGE is not generally used outside of research laboratories.
There are no common industrial uses for DGE.

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.

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

If DGE 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 ex­
posed to DGE, facilities for quick drenching of the body
should be provided within the immediate work area for emer­
gency use.

If DGE gets on the skin, wash it immediately with soap and
water. If DGE 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

Workers not wearing protective equipment and clothing
should be restricted from areas of spills or leaks until cleanup
has been completed.

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

1. Remove all ignition sources.
2. Ventilate area of spill or leak.
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3. For small quantities of liquids containing DGE, absorb
on paper towels and place in an appropriate container.
4. Large quantities of liquids containing DGE may be ab­
sorbed in vermiculite, dry sand, earth, or a similar material
and placed in an appropriate container.
5. Liquids containing DGE 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 accor­
dance 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 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 diglycidyl ether

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 operated in a pressure-demand or other positive pressure mode

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

Any appropriate escape-type or self-contained breathing apparatus

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

DIISOBUTYL KETONE

INTRODUCTION

This guideline summarizes pertinent information about di­
isobutyl ketone for workers, employers, and occupational safe­
ty 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

• Formula: C9H1SO
• Structure: CH 3 0 CH 3

I II I
CH3-CH-CHz-C-CHz-CH-CH3

• Synonyms: DBK; diisopropyl acetone; 2,6-dimethyl-4-hep­
tanone; isovalerone; valerone

• Identifiers: CAS 108-83-8; RTECS MJ5775000; DOT 1157,
label required: "Flammable Liquid"

• Appearance and odor: Colorless liquid with a mild ketone
odor

CHEMICAL AND PHYSICAL PROPERTIES

• Physical data
I. Molecular weight: 142.27
2. Boiling point (at 760 mmHg): 169.4°C (336.9°F)
3. Specific gravity (water = 1): 0.81
4. Vapor density (air = 1 at boiling point of diisobutyl ke­
tone): 4.9
5. Melting point: -46°C (-51°F)
6. Vapor pressure: At 20°C (68°F), 1.7 mm Hg; at 25°C
(77 OF), 2.4 mmHg
7. Solubility in water, g/IOO g water at 20°C (68°F): 0.05
8. Evaporation rate (butyl acetate = 1): 0.17
9. Saturation concentration in air (approximate): At 20°C
(68°F), 0.22% (2,200 ppm); at 25°C (77°F), 0.32% (3,200
ppm)

• Reactivity
I. Incompatabilities: Contact with strong oxidizers may cause
fires and explosions.
2. Hazardous decomposition products: Toxic vapors and gases
(e.g., carbon monoxide) may be released in a fire involving
diisobutyl ketone.
3. Caution: Diisobutyl ketone will dissolve some forms of plas­
tics, resins, and rubber.

• Flammability
I. Flash point: 60°C (140°F) (closed cup)
2. Autoignition temperature: 396°C (745 OF)
3. Flammable limits in air, % by volume at lOO°C: Lower, 0.8;
upper, 7.1
4. Extinguishant: Carbon dioxide, dry chemical, or alcohol
foam
5. Class IIIA Combustible Liquid (29 CFR 1910.106), Flam­
mability Rating 2 (NFPA)

• Warning properties
I. Odor threshold: 0.11 ppm
2. Eye irritation level: 25 ppm
3. Evaluation of warning properties for respirator selection:
Because of its odor, diisobutyl ketone can be detected below
the National Institute for Occupational Safety and Health
(NIOSH) recommended exposure limit (REL); thus, diisobutyl
ketone is treated as a chemical with adequate warning
properties.

EXPOSURE LIMITS

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for diisobutyl ke­
tone is 50 parts of diisobutyl ketone per million parts of air
(ppm) [290 milligrams of diisobutyl ketone per cubic meter
of air (mg/m3)] as a time-weighted average (TWA) concentra­
tion over an 8-hour workshift. The NIOSH REL is 25 ppm (140
mg/m3) as a TWA for up to a lO-hour workshift, 40-hour work­
week. The American Conference of Governmental Industrial
Hygienists (ACGIH) threshold limit value (TLV®) is 25 ppm
(150 mg/m3) as a TWA for a normal 8-hour workday and a
40-hour workweek (Table 1).
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HEALTH HAZARD INFORMATION

RECOMMENDED MEDICAL PRACTICES

Table t.-Occupational exposure
limits for diisobutyl ketone

• Routes of exposure
Diisobutyl ketone may cause adverse health effects following
exposure via inhalation, ingestion, or dermal or eye contact.

• Summary of toxicology
Effects on animals: Acute inhalation or oral administration of
diisobutyl ketone by rats or guinea pigs caused drowsiness, im­
paired muscular coordination (ataxia), damage to the lungs,
liver, or kidneys, and death.

• Signs and symptoms of exposure
1. Short-term (acute): Exposure to diisobutyl ketone can cause
headache, dizziness, drowsiness, tearing, and irritation of the
eyes, nose, and throat.
2. Long-term (chronic): Exposure to diisobutyl ketone can
cause dryness, irritation, and inflammation of the skin.

MONITORING AND MEASUREMENT
PROCEDURES

• Preplacement medical evaluation
Prior to placing a worker in a job with a potential for exposun
to diisobutyl ketone, the physician should evaluate and docu·
ment the worker's baseline health status with thorough medi·
cal, environmental, and occupational histories, a physica
examination, and physiologic and laboratory tests appropri·
ate for the anticipated occupational risks. These should con
centrate on the function and integrity of the eyes, skin, liver
kidneys, and nervous and respiratory systems. Medical surveil
lance 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 diisobutyl ketone 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 a history of chronic skin
disease or concurrent dermatitis.

• 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 diisobutyl ketone. 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 ofthe eyes, skin, liver, kidneys, and nervous and respira­
tory systems as compared to the baseline status of the individual
worker or to expected values for a suitable reference popula­
tion. The following tests should be used and interpreted accord­
ing to standardized procedures and evaluation criteria
recommended by NIOSH and the ATS: standardized question­
naires and tests of lung function.

• Medical practices recommended at the time ofjob trans­
fer or termination
The medical, environmental, and occupational history inter­
views, the physical examination, and selected physiologic or
laboratory tests which were conducted at the time ofplacement
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.

• TWA exposure evaluation
Measurements to determine worker exposure to diisobutyI ke­
tone 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. Un­
der certain conditions, it may be appropriate to collect several
short-term interval samples (up to 30 minutes each) to deter-
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• 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 ofemployers and work­
ers about work-related hazards, placement of workers injobs
that do not jeopardize their safety and health, earliest possi­
ble detection of adverse health effects, and referral ofworkers
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 ofbio­
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.
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EMERGENCY FIRST AID PROCEDURES

Operations Controls

Table 2.-0perations and methods of
control for diisobutyl ketone

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).

• Method
Sampling and analysis may be performed by collecting di­
isobutyl ketone vapors with charcoal tubes followed by desorp­
tion with carbon disulfide and analysis by gas chromatography.
Detector tubes or other direct-reading devices calibrated to
measure diisobutyl ketone may also be used if available. A
detailed sampling and analytical method for diisobutyl ketone
may be found in the NIOSH Manual ofAnalytical 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.

During use as a paint thin­
ner; during use as a solvent
in the production of synthet­
ic coatings, soap, or nitro­
cellulose

During use as an intermedi­
ate in organic synthesis, an
extractant in the pharmaceu­
tical industry, a separating
agent in the chemical indus­
try, or a dispersant in the
manufacture of resins

General dilution ventilation,
local exhaust ventilation,
personal protective equip­
ment

General dilution ventilation,
local exhaust ventilation,
personal protective equip­
ment

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 di­
isobutyl ketone.

Workers should be provided with and required to use splash­
proofsafety goggles where diisobutyl ketone may come in con­
tact with the eyes.

SANITATION

Clothing which is contaminated with diisobutyl ketone should
be removed immediately and placed in closed containers for
storage until it can be discarded or until provision is made for
the removal ofdiisobutyl ketone from the clothing. If the cloth­
ing is to be laundered or cleaned, the person performing the
operation should be informed of diisobutyl ketone's hazardous
properties.

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

Skin that becomes contaminated with diisobutyl ketone 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 oftobacco or other smoking materials, or
the storage or use of products for chewing should be prohibit­
ed in work areas.

Workers who handle diisobutyl ketone 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 diisobutyl ketone
may occur and control methods which may be effective in each
case are listed in Table 2.

1988

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 ofa worker's eyes being exposed
to diisobutyl ketone, an eye-wash fountain should be provided
within the immediate work area for emergency use.

Ifdiisobutyl ketone 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 ofa worker's body being exposed
to diisobutyl ketone, facilities for quick drenching of the body
should be provided within the immediate work area for emer­
gency use.

Ifdiisobutyl ketone gets on the skin, wash it immediately with
soap and water. If diisobutyl ketone penetrates the clothing,
remove the clothing immediately and wash the skin with soap
and water. Get medical attention promptly.

• Rescue
Ifa 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 diisobutyl ketone is spilled or leaked, the following steps
should be taken:
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1. Remove all ignition sources.
2. Ventilate area of spill or leak.
3. For small quantities ofliquids containing diisobutyl ketone,
absorb on paper towels and place in an appropriate container.
Place towels in a safe place such as a fume hood for evapora­
tion. Allow sufficient time for evaporation of the vapors so that
the hood ductwork is free from diisobutyl ketone vapors. Burn
the paper in a suitable location away from combustible
materials.
4. Large quantities ofliquids containing diisobutyl ketone may
be absorbed in vermiculite, dry sand, earth, or a similar materi­
al and placed in an appropriate container. Diisobutyl ketone
should not be allowed to enter a confined space such as a sew­
er because of the possibility of an explosion.
5. Liquids containing diisobutyl ketone may be collected by
vacuuming with an appropriate system. Ifa 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 ofTrans­
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 ofbeing 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.

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.

4 Diisobutyl Ketone

BIBLIOGRAPHY

• American Conference of Governmental Industria
Hygienists: "Diisobutyl Ketone," Documentation of tht
Threshold Limit Mllues and Biological Exposure Indices (5tt
ed.), Cincinnati, 1986.

• American Conference of Governmental Industria
Hygienists: 1LVs® Threshold Limit Values and Biological Ex·
posure Indices for 1987-88, Cincinnati, 1987.

• American Industrial Hygiene Association: "Diisobutyl Ke­
tone" (rev. 1978), Hygienic Guide Series, Detroit, 1978.

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

• Amoore, lE., and Hautala, E.: "Odor as an Aid to Chemi­
cal Safety: Odor Thresholds Compared with Threshold Limit
Values and Volatilities for 214 Industrial Chemicals in Air and
Water Dilution," Journal ofApplied 1bxicology, 3:272-290,
1983.
• Browning, E.: Toxicity and Metabolism of Industrial Sol­
vents, Elsevier Publishing Co., New York, 1965.

• Clayton, G.D., and Clayton, EE. (eds.): 1bxicology, Vol. IIC
ofPatty's Industrial Hygiene and 1bxicology (3rd rev. ed.), John
Wiley & Sons, Inc., New York, 1982.

• Code ofFederal Regulations, U.S. Department ofLabor, Oc­
cupational Safety and Health Administration, 29 CFR 1910.106,
1910.134, 1910.1000, OSHA 2206, revised July 1, 1986.

• Code ofFederal Regulations, U.S. Department ofTranspor­
tation, 49 CFR 172.101, Transportation 49, revised October 1,
1982.
• Goldman, R.H., and Peters, lM.: "The Occupational and
Environmental Health History," Journal ofthe American Med­
ical Association, 246:2831-2836, 1981.

• Grant, W.M.: Toxicology ofthe Eye (2nd ed.), Charles C.
Thomas, Springfield, Illinois, 1974.

• Halperin, W.E., Ratcliffe, l, Frazier, T.M., Wilson, L.,
Becker, S.P., and Shulte, P.A.: "Medical Screening in the
Workplace: Proposed Principles," Journal ofOccupational
Medicine, 28(8):547-552, 1986.

• Hankinson, lL.: "Pulmonary Function Testing in the
Screening of Workers: Guidelines for Instrumentation, Per­
formance, and Interpretation," Journal ofOccupational Medi­
cine, 28(10):1081-1092, 1986.

• Leidel, N.A., Busch, K.A., and Lynch, lR.: Occupation­
al Exposure Sampling Strategy Manual, U.S. Dep~rtment 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.

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

• 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 ofHealth , Education, and Welfare, Public Health

1988



Service, Center for Disease Control: Criteria for a Recom­
mended Standard . .. .Occupational Exposure to Ketones,
DHEW (NIOSH) Publication No. 78-173, Cinci~nati, 1978.
• National Institute for Occupational Safety and Health, U.S.
Department of Health and Human Services, Public Health
Service, Centers for Disease Control: NIOSH Manual ofAna­
lytical Methods (3rd ed., Vol. 2), Eller, P.M. (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 ofToxic Effects
ofChemical Substances (Microfiche Edition), Sweet, ny., and
Lewis, RJ. (eds.), Cincinnati, April 1985.
• Proctor, N.H., and Hughes, lP.: Chemical Hazards ofthe
Workplace, lB. Lippincott Company, Philadelphia, 1978.
• Rom, W.N. (ed.): Environmental and Occupational Medi­
cine, Little, Brown and Company, Boston, 1983.

• Rothstein, M.A.: Medical Screening ofWorkers, Bureau of
National Affairs, Washington, DC, 1984.
• Rutstein, no., Mullan, RJ., Frazier, T.M., Halperin,
W.E., Melius, lM., and Sestito, lP.: "Sentinel Health Events
(Occupational): A Basis for Physician Recognition and Pub­
lic Health Surveillance," American Journal ofPublic Health,
73:1054-1062, 1983.
• Sax, N.1. (ed.): Dangerous Properties ofIndusrn'al Maten'als
(6th ed.), Van Nostrand Reinhold Company, New York, 1984.
• Scientific Assembly on Environmental and Occupational
Health: "Evaluation of Impairment/Disability Secondary to
Respiratory Disease," American Review ofRespiratory Dis­
eases, 126:945-951, 1982.
• 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.

Condition

Concentration:

Less than or equal to
625 ppm

Less than or equal to
1,000 ppm

Less than or equal to
1,250 ppm

Less than or equal to
2,000 ppm

Table 3.-Respiratory protection for diisobutyl ketone
Minimum respiratory protection*t

Any supplied-air respirator operated in a continuous flow mode (substance causes eye irritation
or damage-eye protection needed)

Any powered air-purifying respirator with organic vapor cartridge(s) (substance causes eye ir­
ritation or damage-eye protection needed)

Any chemical cartridge respirator with a fuJI facepiece and organic vapor cartridge(s)

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

Any self-contained breathing apparatus with a fuJI facepiece

Any supplied-air respirator with a fuJI facepiece

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

Planned or emergency entry
into environments containing
unknown concentrations or
levels above 2,000 ppm

Firefighting

Escape only

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

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

Any air-purifying fuJI 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.
tThe respiratory protection listed for any given condition is the minimum required to meet the NIOSH REL of25 ppm (140 mg/m3)

(TWA).
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR.

DINITRO-ORTHO-CRESOL

INTRODUCTION

This guideline summarizes pertinent information about dinitro­
ortho-cresol (DNOC) for workers, employers, and occupation­
al safety and health professionals who may need such infor­
mation 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: C7H6NzOs

• Structure:

• Synonyms: DNOC; 2,4-dinitro-o-cresol; 4,6-dinitro-o­
cresol; 3,5-dinitro-2-hydroxytoluene; 4,6-dinitro-2-methyl
phenol; antinonin; capsine; chemsect DNOC

• Identifiers: CAS 534-52-1; RTECS G09625000; DOT
2446, label required: "St. Andrew's Cross (X)"

• Appearance and odor: Yellow, odorless solid

CHEMICAL AND PHYSICAL PROPERTIES

• Flammability
I. Minimum explosive dust concentration: 30 g/m3

2. Minimum dust cloud ignition temperature: 340°C (644OF)
3. Extinguishant: Foam, dry chemical, or carbon dioxide

• Warning properties
Evaluation ofwarning properties for respirator selection: Based
on lack of information on odor threshold and eye irritation lev­
els, DNOC should be considered to have poor warning
properties.

EXPOSURE LIMITS

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for DNOC is 0.2
milligram ofDNOC per cubic meter ofair (mg/m3) 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) recommended ex­
posure limit (REL) is 0.2 mg/m3 as a TWA for up to a lO-hour
workshift, 40-hour workweek. The American Conference of
Governmental Industrial Hygienists (ACGIH) threshold limit
value (TLV®) is 0.2 mg/m3 (Skin) as a TWA for a normal
8-hour workday and a 40-hour workweek (Table 1).

Table I.-Occupational exposure
limits for DNOC

HEALTH HAZARD INFORMATION

* (Skin): Potential contribution to overall exposure by the
cutaneous route including mucous membranes and eyes.

• Routes of exposure
DNOC may cause adverse health effects following exposure
via inhalation, ingestion, or dermal or eye contact.

• Physical Data
I. Molecular weight: 198.13
2. Boiling point (at 760 mmHg): 312°C (595°F)
3. Vapor density (air = I at boiling point of DNOC): 6.8
4. Melting point: 85.8°C (186 OF)
5. Vapor pressure at 20°C (68 OF): 5.2 x lOs mmHg
6. Solubility in water, g/lOO g water at 20 0e (68 OF): 0.01

• Reactivity
I. Incompatibilities: Heat and strong oxidizing agents
2. Hazardous decomposition products: Toxic vapors and gases
(e.g. , oxides of nitrogen and carbon monoxide) may be released
in a fire involving DNOC.
3. Caution: DNOC is a combustible solid; DNOC dust may
form explosive mixtures with air.

OSHA PEL TWA (Skin)*
NIOSH REL TWA
ACGIH TLV® TWA (Skin)

Exposure limits
mg/m3

0.2
0.2
0.2
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• Summary of toxicology
1. Effects on animals: Acute inhalation of DNOC by cats
produced increased white blood cell counts, decreased red
blood cell counts, and decreased blood enzyme activities. Oral
administration of DNOC to sheep caused toxic effects to the
liver and kidneys. In mutagenicity tests, DNOC caused chro­
mosome damage in the reproductive cells of male mice and
DNA damage in bacteria.
2. Effects on humans: DNOC has caused increased
metabolism, liver and kidney damage, brain hemmorhage
with partial loss of circulation, and destruction of nerve
sheaths. Chronic ingestion of therapeutic doses ofDNOC has
produced glaucoma and bilateral cataracts. The toxicity of
DNOC is cumulative, and excretion is slow.

• Signs and symptoms of exposure
1. Short-term (acute): Exposure to DNOC can cause euphor­
ia, headache, fatigue, nausea, flushed skin, jaundice, muscu­
lar incoordination, cough, fever, profuse sweating, excessive
thirst, rapid respiration and heart rate, collapse, and coma. Ir­
ritation of the skin and eyes can also occur.
2. Long-term (chronic): Exposure to DNOC can cause rest­
lessness, anxiety, weight loss, and jaundice.

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 ofemployers and work­
ers about work-related hazards, placement of workers in jobs
that do not jeopardize their safety and health, earliest possi­
ble detection ofadverse health effects, and referral ofworkers
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 ofbio­
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 DNOC, the physician should evaluate and document the
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worker's baseline health status with thorough medical, environ­
mental, 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, and nervous
and endocrine systems (with particular attention to the thyroid
gland).

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 DNOC at or below the NIOSH REL. The examin­
ing physician should consider the probable frequency, inten­
sity, and duration ofexposure, 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 historical and physical or laboratory
findings consistent with cataracts or chronic diseases ofthe skin
or liver.

• 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 DNOC. 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 or physiologic func­
tion of the eyes, skin, liver, kidneys, and nervous and endo­
crine systems (with particular attention to the thyroid gland)
as compared to the baseline status ofthe individual worker or
to expected values for a suitable reference population.

• Medical practices recommended at the time ofjob 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 ofplacement
should be repeated at the time ofjob 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 DNOC 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: Contact and/or allergic dermatitis.
2. Delayed-onset SHE's include: Cataracts.

MONITORING AND MEASUREMENT
PROCEDURES

• TWA exposure evaluation
Measurements to determine worker exposure to DNOC 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-
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Table 2.-0perations and methods of
control for DNOC

EMERGENCY FIRST AID PROCEDURES

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 DNOC
with cellulose ester membrane filters followed by extraction
with ethylene glycol and analysis by high pressure liquid chro­
matography. Detector tubes or other direct-reading devices
calibrated to measure DNOC may also be used if available. A
detailed sampling and analytical method for DNOC may be
found in the NIOSH Manual ofAnalytical Methods (method
number SI66).

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.

Operations

During the manufacture and
processing of DNOC

During cleaning and main­
tenance of storage vessels

During use as a herbicide,
insecticide, or fungicide

Controls

Process enclosure, local ex­
haust ventilation, general
dilution ventilation, per­
sonal protective equipment

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

Personal protective equip­
ment

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
DNOC.

Workers should be provided with and required to use dust- and
splash-proof safety goggles where DNOC may come in con­
tact with the eyes.

SANITATION

Clothing which is contaminated with DNOC 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 DNOC from the clothing. If the clothing is to be
laundered or cleaned, the person performing the operation
should be informed of DNOC's hazardous properties.

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

Skin that becomes contaminated with DNOC 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 DNOC 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 DNOC may occur
and control methods which may be effective in each case are
listed in Table 2.
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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 ofa worker's eyes being exposed
to DNOC, an eye-wash fountain should be provided within the
immediate work area for emergency use.

IfDNOC 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 ofa worker's body being exposed
to DNOC, facilities for quick drenching ofthe body should be
provided within the immediate work area for emergency use.

IfDNOC gets on the skin, wash it immediately with soap and
water. If DNOC 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. 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 DNOC is spilled or leaked, the following steps should be
taken:

1. Remove all ignition sources.
2. Ventilate area of spill or leak.
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3. For small quantities ofliquids containing DNOC, 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 DNOC vapors. Burn the paper in a suitable
location away from combustible materials.
4. Large quantities of liquids containing DNOC may be ab­
sorbed in vermiculite, dry sand, earth, or a similar material
and placed in an appropriate container. DNOC should not be
allowed to enter a confined space such as a sewer because of
the possibility of an explosion.
5. If in solid form, DNOC may be collected and placed in an
appropriate container.
6. DNOC may be collected by vacuuming with an appropriate
system. Ifa vacuum system is used, there should be no sources
of ignition in the vicinity of the spill, and flashback preven­
tion devices should be provided.

WASTE REMOVAL AND DISPOSAL

u.s. Environmental Protection Agency, Department ofTrans­
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 ofbeing installed, or during emergencies and
certain maintenance operations including those requiring con­
fined 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.

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.

4 Dinitro-ortho-Cresol
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Condition

Concentration:

Thble 3.-Respiratory protection for dinitro-ortho-cresol
Minimum respiratory protection*t

Less than or equal to
2 mg/m3

Less than or equal to
5 mg/m3

Planned or emergency entry
into environments containing
unknown concentrations or
levels above 5 mg/m3

Firefighting

Escape only

Any dust and mist respirator with a full facepiece

Any powered air-purifying respirator with a dust and mist filter (substance causes eye irrita­
tion or damage-eye protection needed)

Any supplied-air respirator operated in a continuous flow mode (substance causes eye irrita­
tion or damage-eye protection needed)

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

Any supplied-air respirator with a full facepiece

Any self-contained breathing apparatus with a full facepiece

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 with a high-efficiency particulate filter

Any appropriate escape-type self-contained breathing apparatus

*Only NIOSH/MSHA-approved equipment should be used.
tThe respiratory protection listed for any given condition is the minimum required to meet the NIOSH REL of 0.2 mg/m3 (TWA).
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR

ETHYL MERCAPTAN

INTRODUCTION

This guideline summarizes pertinent information about ethyl
mercaptan for workers, employers, and occupational safety and
health professionals who may need such information to con­
duct effective occupational safety and health programs. Recom­
mendations may be superseded by new developments in these
fields; therefore, readers are advised to regard these recom­
mendations as general guidelines.

SUBSTANCE IDENTIFICATION

• Formula: C 2HsSH

• Structure:

• Synonyms: Ethanethiol, ethyl sulfhydrate, ethyl thiolalco­
hoi, thioethanol, thioethyl alcohol

• Identifiers: CAS 75-08-1; RTECS 019625000; DOT 2363,
label required: "Flammable Liquid"

• Appearance and odor: Colorless liquid with a penetrating
odor like garlic or decayed cabbage

3. Caution: Ethyl mercaptan will attack some forms of plas­
tics, coatings, and rubber.

• Flammability
I. Flash point: <-18°C «O°F) (closed cup)
2. Autoignition temperature: 300°C (572°F)
3. Flammable limits in air, %by volume: Lower, 2.8; upper, 18
4. Extinguishant: Carbon dioxide or dry chemicals for small
fires, alcohol foam for large fires
5. Class IA Flammable Liquid (29 CFR 1910.106), Flamma­
bility Rating 4 (NFPA)

• Warning properties
I. Odor threshold: 0.26 to 0.fJ7 ppb
2. Evaluation of warning properties for respirator selection:
Because of its odor, ethyl mercaptan can be detected below the
National Institute for Occupational Safety and Health (NIOSH)
recommended exposure limit (REL); thus, it is treated as a
chemical with adequate warning properties.

EXPOSURE LIMITS

Table I.-Occupational exposure
limits for ethyl mercaptan

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for ethyl mercap­
tan is 10 parts ofethyl mercaptan per million parts of air (ppm)
[25 milligrams of ethyl mercaptan per cubic meter of air
(mg/m3)] as a ceiling concentration which shall at no time be
exceeded. The NIOSH REL is 0.5 ppm (1.3 mg/m3) as a ceil­
ing concentration determined in any 15-minute sampling peri­
od. The American Conference of Governmental Industrial
Hygienists (ACGIH) threshold limit value (TLV®) is 0.5 ppm
(1 mg/m3) as a time-weighted average (TWA) concentration for
a normal 8-hour workday and a 40-hour workweek (Table 1).

Exposure limits
ppm mg/m3

CHEMICAL AND PHYSICAL PROPERTIES

• Physical data
1. Molecular weight: 62.13
2. Boiling point (at 760 mmHg): 35°C (95°F)
3. Specific gravity (water = I): 0.839
4. Vapor density (air = I at boiling point of ethyl mercaptan):
2.1
5. Melting point: -148°C (-234°F)
6. Vapor pressure at 20°C (68°F): 442 mmHg
7. Solub.ility in water, g/loo g water at 20°C (68°F): 1.5
8. Evaporation rate (butyl acetate = I): 24.9
9. Saturation concentration in air (approximate) at 20°C
(68°F): 58.2% (582,000 ppm)
10. Ionization potential: 9.28 eV

• Reactivity
I. Incompatibilities: Strong oxidizing agents
2. Hazardous decomposition products: Toxic vapors and gases
(e.g., sulfur dioxide and carbon monoxide) may be released
in a fire involving ethyl mercaptan.

OSHA PEL ceiling
NIOSH REL ceiling (15 min)
ACGIH TLV® TWA

10
0.5
0.5

25
1.3
1

1988

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

Ethyl Mercaptan 1



HEALTH HAZARD INFORMATION

• Routes of exposure
Ethyl mercaptan may cause adverse health effects following ex­
posure via inhalation, ingestion, or dermal or eye contact.

• Summary of toxicology
1. Effects on animals: Acute inhalation of ethyl mercaptan by
rats and mice caused irritation ofmucous membranes, incoor­
dination, staggering gait, weakness, partial skeletal muscle
paralysis, deficient oxygenation of the blood (cyanosis),
respiratory depression, coma, and death. Sublethal doses
produced swelling, fatty degeneration, and tissue destruction
(necrosis) ofthe liver and cloudy swelling in the kidneys. Un­
diluted ethyl mercaptan instilled in the eyes of rabbits caused
slight-to-moderate irritation. Chronic inhalation ofethyl mer­
captan by rats and rabbits caused cardiovascular disorders,
decreased gas exchange, increased nervous excitability, and ef­
fects on the blood-forming system including decreased red
blood cell counts.

2. Effects on humans: Persons clinically exposed to low con­
centrations ofethyl mercaptan over a 5- to IO-day period report­
ed an altered taste reaction to bitter and sweet substances and
a rise in olfactory threshold.

• Signs and symptoms of exposure
Short-term (acute): Exposure to ethyl mercaptan can cause
headache, nausea, weakness, fatigue, incoordination, and ir­
ritation of the mucous membranes.

RECOMMENDED MEDICAL PRACTICES

• Medical surveillance program
Workers with potential exposures to chemical hazards should
be monitored in a systematic program ofmedical surveillance
intended to prevent or control occupational injury and disease.
The program should include education ofemployers and work­
ers about work-related hazards, placement of workers in jobs
that do not jeopardize their safety and health, earliest possi­
ble detection ofadverse health effects, and referral ofworkers
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 ofbio­
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,
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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 ethyl mercaptan, 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 skin, eyes, and
nervous and respiratory systems.

Medical surveillance for respiratory disease should be conduct­
ed 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 ethyl mercaptan 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 chronic diseases ofthe skin
and respiratory system.

• 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 ethyl mercaptan. 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 ofthe skin, eyes, and nervous and respiratory systems as
compared to the baseline status ofthe individual worker or to
expected values for a suitable reference population. The fol­
lowing tests should be used and interpreted according to stand­
ardized procedures and evaluation criteria recommended by
NIOSH and the ATS: standardized questionnaires and tests of
lung function.

• Medical practices recommended at the time ofjob trans­
fer or termination
The medical, environmental, and occupational history inter­
views, the physical examination, and selected physiologic or
laboratory tests which were conducted at the time ofplacement
should be repeated at the time ofjob transfer or termination.
Any changes in the worker's health status should be compared
to those expected for a suitable reference population.

MONITORING AND MEASUREMENT
PROCEDURES
• Ceiling concentration evaluation
Measurements to determine worker exposure should be taken
during periods ofmaximum expected airborne concentrations
of ethyl mercaptan. Each measurement to determine the
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Operations Controls

Table 2.-0perations and methods of
control for ethyl mercaptan

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 ofa worker's eyes being exposed
to ethyl mercaptan, an eye-wash fountain should be provided
within the immediate work area for emergency use.

Ifethyl mercaptan 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 ofa worker's body being exposed
to ethyl mercaptan, facilities for quick drenching of the body
should be provided within the immediate work area for emer­
gency use.

Ifethyl mercaptan gets on the skin, wash it immediately with
soap and water. Ifethyl mercaptan penetrates the clothing, re­
move the clothing immediately and wash the skin with soap
and water. Get medical attention promptly.

NIOSH REL (ceiling exposure) in the worker's breathing zone
should consist of a IS-minute sample or a series of consecu­
tive samples that total 15 minutes. A minimum ofthree meas­
urements should be taken during one workshift, and the highest
of all measurements taken is an estimate of the worker's ex­
posure. If the periods 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 Ex­
posure Sampling Strategy Manual.

• Method
Currently there is no NIOSH-validated method for sampling
and analysis ofethyI mercaptan. Detector tubes or other direct­
reading devices calibrated to measure ethyl mercaptan may be
used if available.

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 ethyl
mercaptan.

Workers should be provided with and required to use splash­
proof safety goggles where ethyl mercaptan may come in con­
tact with the eyes.

SANITATION

Clothing which is contaminated with ethyl mercaptan should
be removed immediately and placed in closed containers for
storage until it can be discarded or until provision is made for
the removal ofethyl mercaptan from the clothing. If the cloth­
ing is to be laundered or cleaned, the person performing the
operation should be informed of ethyl mercaptan's hazardous
properties.

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

Skin that becomes contaminated with ethyl mercaptan 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 ofproducts for chewing should be prohibit­
ed in work areas.

Workers who handle ethyl mercaptan 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 ethyl mercaptan may
occur and control methods which may be effective in each case
are listed in Table 2.

During use as a fuel gas
odorant

During use as a chemical in­
termediate or raw material
in the production of insecti­
cides, anti-oxidants, plas­
tics, and pharmaceuticals

During use as a stabilizer
(0.5 to 5 % quantities for
stabilizing synthetic resins,
rubber, polyvinyl com­
pounds, and adhesives)

During synthesis and
processing of ethyl mer­
captan

During use as a solvent for
elastomeric polymers and
oil soluble dyes in industri­
al stains and quicksetting
rubber cements

During cleaning and main­
tenance of storage vessels
and equipment

Process enclosure, general
dilution ventilation, per­
sonal protective equipment

Process enclosure, general
dilution ventilation, per­
sonal protective equipment

Process enclosure, general
dilution ventilation, per­
sonal protective equipment

Process enclosure, general
dilution ventilation, per­
sonal protective equipment

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

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

1988 Ethyl Mercaptan 3



• Rescue
Ifa 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 ofspills or leaks until cleanup has been
completed.

If ethyl mercaptan 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 ofliquids containing ethyl mercaptan,
absorb on paper towels and place in an appropriate container.
Place towels in a safe place such as a fume hood for evapora­
tion. Allow sufficient time for evaporation ofthe vapors so that
the hood ductwork is free from ethyl mercaptan vapors. Burn
the paper in a suitable location away from combustible
materials.
4. Large quantities of liquids containing ethyl mercaptan may
be absorbed in vermiculite, dry sand, earth, or a similar materi­
al, treated with hypocWorite, and placed in an appropriate con­
tainer. Ethyl mercaptan should not be allowed to enter a
confined space such as a sewer because of the possibility of
an explosion.
5. Liquids containing ethyl mercaptan may be collected by
vacuuming with an appropriate system. Ifa 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 ofTrans­
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 ofbeing 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
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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.

For each level of respiratory protection, onIy 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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Condition

Concentration:

Less than or equal to
5 ppm

Less than ,or equal to
12.5 ppm

Less than or equal to
25 ppm

Less than or equal to
500 ppm

Less than or equal to
1,000 ppm

Table 3.-Respiratory protection for ethyl mercaptan
Minimum respiratory protection*t

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

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

Any self-contained breathing apparatus with a full facepiece

Any supplied-air respirator with a full facepiece

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

Any powered air-purifying respirator with a tight-fitting facepiece and organic vapor cartridge(s)

Any chemical cartridge respirator with a full facepiece and organic vapor cartridge(s)

Any supplied-air respirator with a tight-fitting facepiece and operated in a continuous flow mode

Any supplied-air respirator with a half-mask and operated in a pressure-demand or other posi­
tive pressure mode

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

Planned or emergency entry
into environments containing
unknown concentrations or
levels above 1,000 ppm

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 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 (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.
tThe respiratory protection listed for any given condition is the minimum required to meet the NIOSH REL of 0.5 ppm (1.3
mg/m3) (ceiling).
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR

ETHYLENEIMINE

POTENTIAL HUMAN CARCINOGEN

• Flammability
1. Flash point: -11.1°C (12 OF) (closed cup)
2. Autoignition temperature: 320°C (608°F)
3. Flammable limits in air, %by volume: Lower, 3.6; Upper, 46
4. Extinguishant: Dry chemical, alcohol foam, or carbon
dioxide
5. Class IB Flammable Liquid (29 CFR 1910.106), Flamma­
bility Rating 3 (NFPA)

• Warning properties
1. Odor threshold: 2 ppm
2. Eye irritation levels: 100 ppm
3. 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)
permissible exposure limit (PEL) for ethyleneimine is 0.5 ppm
[1.0 milligram of ethyleneimine per cubic meter ofair (mg/m3)]

(Skin) as a time-weighted average (TWA) concentration over
an 8-hour workshift. The notation "Skin" refers to the poten­
tial contribution to overall exposure by the cutaneous route in­
cluding the mucous membranes and eyes. The OSHA standard
requires implementation of stringent controls wherever
ethyleneimine or solid or liquid mixtures containing at least
0.1 %by weight or volume ofethyleneimine are manufactured,
processed, repackaged, released, handled, or stored (see
"General Control Procedures"). Details of this standard can
be found in the Code of Federal Regulations, 29 CFR 1910.1012,
Ethyleneimine. The National Institute for Occupational Safe­
ty and Health (NIOSH) concurs with the OSHA standard. The
American Conference of Governmental Industrial Hygienists
(ACGIH) threshold limit value (TLV®) is 0.5 ppm (1.0 mg/m3)

(Skin) as a TWA for a normal 8-hour workday and a 40-hour
workweek.

HEALTH HAZARD INFORMATION

• Routes of exposure
Ethyleneimine may cause adverse health effects following ex­
posure via inhalation, ingestion, or dermal contact.

H
I

N

6
• Formula: CzHsN

• Structure:

INTRODUCTION

• Synonyms: Aminoethylene, azirane, dihydroazirene,
dihydro-lh-azirine, dimethyleneimine, dimethylenimine

• Identifiers: CAS 151-56-4; RTECS KX5075000; Dar 1185,
label required: "Flammable Liquid, Poison"

• Appearance and odor: Colorless volatile liquid with an in­
tense odor like ammonia

CHEMICAL AND PHYSICAL PROPERTIES

• Physical data
1. Molecular weight: 43.08
2. Boiling point (at 760 mmHg): 56°C (132 OF)
3. Specific gravity (water = 1): 0.8321
4. Vapor density (air = 1at boiling point ofethyleneimine): 1.5
5. Melting point: -59°C (-74°F)
6. Vapor pressure at 20°C (68°F): 160 mmHg
7. Soluble in water

• Reactivity
1. Incompatibilities: Contact with silver, aluminum, or acid
may cause explosive polymerization.
2. Hazardous decomposition products: Toxic vapors and gases
(e.g., carbon monoxide and oxides of nitrogen) may be released
in a fire involving ethyleneimine.

SUBSTANCE IDENTIFICATION

This guideline summarizes pertinent information about
ethyleneimine 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.

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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• Summary of toxicology
1. Effects on animals: In rabbits and cats, acute instillation of
ethyleneimine in the eyes caused damage, blindness, and death;
oral administration ofethyleneimine to rats caused decreased
white blood cell counts and tissue degeneration ofthe liver, kid­
neys, and heart. Subchronic subcutaneous injection of
ethyleneimine in rats produced injection-site skin cancer.
Chronic oral administration ofethyleneimine to mice produced
cancers of the liver and lungs.
2. Effects on humans: Acute inhalation or dermal exposure of
laboratory workers has caused central nervous system (CNS)
effects, excess fluid in the lungs, damage to the liver and kid­
neys, and in some cases, death.

• Signs and symptoms of exposure
Short-term exposure (acute): Exposure to ethyleneimine can
cause delayed onset headache, dizziness, nausea, and vomit­
ing. Skin sensitization and severe irritation and inflammation
of the eyes, nose, and throat 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 ofemployers and work­
ers about work-related hazards, placement of workers injobs
that do not jeopardize their safety and health, earliest possi­
ble detection ofadverse health effects, and referral ofworkers
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 ofbio­
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 ethyleneimine, 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 ofthe eyes, skin, liver, kidneys, and

2 Ethyleneimine

nervous and respiratory systems. Medical surveillance for
respiratory disease should be conducted by using the princi­
ples 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 ethyleneimine 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 a history of chronic dis­
eases of the liver or skin or concurrent dermatitis. The
physician should obtain baseline values for tests of liver
function.

• 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 ethyleneimine. 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 eyes, skin, liver, kidneys, and nervous and respiratory
systems as compared to the baseline status of the individual
worker or to expected values for a suitable reference popula­
tion. The following tests should be used and interpreted accord­
ing to standardized procedures and evaluation criteria
recommended by NIOSH and ATS: Standardized question­
naires and tests of lung function.

• Medical practices recommended at the time ofjob 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 ofplacement
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 ethyleneimine may cause 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
Sampling and analysis may be performed by collecting
ethyleneimine vapors with bubblers containing Folin's reagent
followed by extraction with chloroform and analysis by high­
pressure liquid chromatography. Direct-reading devices
calibrated to measure ethyleneimine may also be used ifavail­
able. A detailed sampling and analytical method for ethylenei­
mine may be found in the NIOSH Manual of Analytical
Methods (method number 3(0).
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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 ethyleneimine is contained in an otherwise "closed sys­
tem" but is transferred, charged, or discharged into other nor­
mally 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
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 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 ethylene­
imine is contained in an otherwise "closed system" but is trans­
ferred, charged, or discharged into other normally closed
containers, OSHA requires that workers: (1) wash their hands,
forearms, faces, and necks prior to exiting 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 ethyleneimine 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 ethyleneimine from the clothing. If the cloth­
ing is to be laundered or cleaned, the person performing the
operation should be informed of ethyleneimine'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 ethyleneimine from materi­
als and equipment. Contaminated material should be removed
from regulated areas without further contamination of the fa­
cility.

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

GENERAL CONTROL PROCEDURES

The following control procedures are derived from OSHA re­
quirements as stated in 29 CFR 1910.1012:

Areas where ethyleneimine 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 are per­
mitted 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 ofethyleneimine, local
and systemic toxicity, the specific nature of the operations
which could result in exposure, and the purpose for and the
significance of decontamination and emergency practices and
procedures.

Entrances to regulated areas shall be posted with signs indica­
ting 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 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 ethyleneimine which
are not in an isolated system, laboratory-type hood, or other
system affording equivalent protection against the entry of
ethyleneimine into regulated areas, nonregulated areas, or the
external environment are prohibited.

In operations involving "laboratory-type hoods" or in locations
where ethyleneimine is contained in an otherwise "closed sys­
tem" but is transferred, charged, or discharged into other nor­
mally 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 shall be introduced in sufficient volume to main­
tain the correct operation of the local exhaust system.

Containers of ethyleneimine shall be identified as to contents
and shall contain a hazard warning.

Regulated areas (with the exception ofoutdoor 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.
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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 ethyleneimine from materials, equip­
ment, and the decontamination facility.

If ethyleneimine gets on the skin, wash it immediately with
soap and water. If ethyleneimine penetrates the clothing, re
move the clothing immediately and wash the skin with soal
and water. Get medical attention promptly.

• Rescue
Ifa worker has been incapacitated, move the affected workei
from the hazardous exposure. Put into effect the establishe(
emergency rescue procedures. Do not become a casualty. Un
derstand the facility's emergency rescue procedures and kno'.'
the locations of rescue equipment before the need arises.

COMMON OPERATIONS AND CONTROLS
SPILLS AND LEAKS

EMERGENCY FIRST AID PROCEDURES

Table I.-Operations and methods of
control for ethyleneimine

Common operations in which exposure to ethyleneimine may
occur and control methods which may be effective in each case
are listed in Table 1.

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 ethyleneimine,
OSHA requires that the worker shower as soon as possible,
unless contraindicated by physical injuries.

• Eye exposure
Where there is any possibility ofa worker's eyes being exposed
to ethyleneimine, an eye-wash fountain should be provided
within the immediate work area for emergency use.

Ifethyleneimine gets into the eyes, flush them immediately with
large amounts ofwater 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 ofa worker's body being exposed
to ethyleneimine, facilities for quick drenching of the body
should be provided within the immediate work area for emer­
gency use.

RESPIRATORY PROTECTION

1. Remove all ignition sources.
2. Ventilate area of spill or leak.
3. For small quantities ofliquids containing ethyleneimine, ab­
sorb on paper towels and place in an appropriate container.
4. Large quantities ofliquids containing ethyleneimine may be
absorbed in vermiculite, dry sand, earth, or a similar materi­
al and placed in an appropriate container.
5. Liquids containing ethyleneimine may be collected by
vacuuming with an appropriate system. Ifa vacuum system is
used to remove ethyleneimine, there should be no sources of
ignition in the vicinity of the spill, and flashback prevention
devices should be provided.

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 ofspills 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 (including gloves, boots,
and continuous air-supplied hoods) enter areas of spills or
leaks.

WASTE REMOVAL AND DISPOSAL

OSHA requires that workers authorized to enter areas ofspills
or leaks be decontaminated before removing the protective gar­
ments and hoods and showering.

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

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.

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

Process enclosure, restrict­
ed access, local exhaust ven­
tilation where appropriate,
personal protective equip­
ment, good housekeeping
and personal hygiene prac­
tices, substitution with less
toxic substances

ControlsOperations

During use in the manufac­
ture ofpaper, textiles, adhe­
sives, binders, petroleum
refining products, rocket
and jet fuels, lubricants,
chemo-sterilant chemicals,
chemotherapeutic agents,
coating resins, varnishes,
lacquers, agricultural chem­
icals, cosmetics, ion-ex­
change resins, photographic
chemicals, colloid floccu­
lants, and surfactants
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are in the process ofbeing 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 ofthe 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 2.-Respiratory protection for ethyleneimine

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

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 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 (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.
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR

FORMALDEHYDE

POTENTIAL HUMAN CARCINOGEN

EXPOSURE LIMITS

2. Hazardous decomposition products: Toxic vapors and gases
(e.g., carbon monoxide) may be released in a fire involving
formaldehyde.
3. Caution: Formaldehyde should not be stored in confined
spaces or near open flames, and containers should be protect­
ed from physical damage. Formaldehyde may react with hydro­
gen chloride to form bis-chloromethyl ether, a carcinogen.

• Flammability
1. Flash point: 50°C (122 OF) for 37 % formaldehyde (15 %
methanol) (closed cup); 85°C (185 OF) for 37% formaldehyde
(methanol free) (closed cup)
2. Autoignition temperature: 430"C (806°F) for 37% for­
maldehyde (methanol free)
3. Flammable limits in air, % by volume: Lower, 7; upper, 73
4. Extinguishant: Dry chemical, alcohol foam, carbon diox­
ide, or water spray (mist)
5. Class II Combustible Liquid (29 CFR 1910.106), Flamma­
bility Rating 2 (NFPA) for 37 % formaldehyde (15 % methanol);
Class IlIA Combustible Liquid (29 CFR 1910.106), Flamma­
bility Rating 4 (NFPA) for 37% formaldehyde (methanol free)

• Warning properties
1. Odor threshold: 0.8 ppm
2. Eye irritation levels: In acclimated workers, mild to un­
pleasant irritation occurs at 2-10 ppm, and intolerable irrita­
tion (tissue damage possible) occurs at levels above 25 ppm.
3. Evaluation of warning properties for respirator selection:
Warning properties are not considered in recommending respi­
rators for use with carcinogens.

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for formaldehyde
is 1 part of formaldehyde per million parts of air (ppm) as
a time-weighted average (TWA) concentration over an 8-hour
workshift; the OSHA short-term exposure limit (STEL) is
2 ppm for any 15-minute sampling period (see 29 CFR
1910.1048). The National Institute for Occupational Safety and
Health (NIOSH) recommended exposure limit (REL) is 0.016
ppm [0.02 milligram of formaldehyde per cubic meter of air
(mg/m3)] as an 8-hour TWA and 0.1 ppm (0.15 mg/m3) as
a ceiling concentration determined in any 15-minute sampling

• Formula: CHzO

• Structure: CHz=O

• Synonyms: Formalin, methanal, methyl aldehyde, methyl­
ene glycol, methylene oxide, morbicid, paraform, super­
lysoform

• Identifiers: CAS 50-00-0; RTECS LP8925000; DOT 1198
and 2209, label required: "Combustible Liquid"

• Appearance and odor: Colorless gas with a pungent and
irritating odor at ambient temperatures; also, commercially
available at 30% to 55% formaldehyde in aqueous solution
(formalin)

• Physical data
1. Molecular weight: 30.03
2. Boiling point (at 760 mmHg): -19.5°C (-3.06 OF); 98°C
(208 OF) for 37 % formaldehyde (15 % methanol)
3. Specific gravity at 20°C (water = 1): 0.815; 1.075-1.081 for
37% formaldehyde (15% methanol)
4. Vapor density (air = 1 at boiling point of formaldehyde):
1.07
5. Melting point: -92°C (-133.5 OF); -15°C (5 OF) for 37 % for­
maldehyde (15 % methanol)
6. Vapor pressure at -88°C (-126.3°F): 10 mmHg
7. Soluble in water
8. Ionization potential: 10.88 eV

• Reactivity
1. Incompatibilities: Formaldehyde reacts violently with strong
oxidants and alkaline materials.

INTRODUCTION

CHEMICAL AND PHYSICAL PROPERTIES

SUBSTANCE IDENTIFICATION

This guideline summarizes pertinent information about for­
maldehyde for workers, employers, and occupational safety and
health professionals who may need such information to con­
duct effective occupational safety and health programs. Recom­
mendations may be superseded by new developments in these
fields; therefore, readers are advised to regard these recom­
mendations as general guidelines.

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 I.-Occupational exposure
limits for formaldehyde

* (Ca): NIOSH recommends treating as a potential human car­
cinogen.
t (A2): Suspected human carcinogen.

period. This REL represents the lowest reliably quantifiable
concentration at the present time. The American Conference
of Governmental Industrial Hygienists (ACGIH) has desig­
nated formaldehyde as an A2 substance (suspected human
carcinogen) having an assigned threshold limit value (TLY®)
of 1 ppm (1.5 mg/m3) as a TWA for a normal 8-hour work­
day and a 40-hour workweek; the ACGIH short-term ex­
posure limit (STEL) is 2 ppm (3 mg/m3) (Table 1).

Exposure Limits
ppm mg/m3

ers about work-related hazards, placement of workers in jobs
that do not jeopardize their safety and health, earliest possi­
ble detection ofadverse 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 ofbio­
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.

0.02
0.12
1.5
3

1
2
0.016
0.1
1
2

OSHA PEL TWA
STEL (15 min)

NIOSH REL TWA (Ca)*
Ceiling (15 min)

ACGIH TLY® TWA (A2)t
STEL (A2)

HEALTH HAZARD INFORMATION

• Routes of exposure
Formaldehyde may cause adverse health effects following ex­
posure via inhalation, ingestion, or dermal or eye contact.

• Summary of toxicology
1. Effects on animals: Chronic inhalation of formaldehyde by
rats produced cancer of the nasal cavity.
2. Effects on humans: Acute inhalation of formaldehyde has
caused bronchitis, pulmonary edema, pneumonitis, pneumo­
nia, and death due to respiratory failure. Formaldehyde solu­
tions have caused eye burns, permanent corneal opacification,
and loss of vision.

Signs and symptoms of exposure
1. Short-term (acute): Exposure to formaldehyde gas can cause
irritation of the eyes and respiratory tract, tearing, coughing,
dry throat, tightening of the chest, headache, sensation ofpres­
sure in the head, and palpitations ofthe heart. Ingestion offor­
maldehyde can cause irritation of the mouth, throat, and
stomach, nausea, vomiting, convulsions, and coma.
2. Long-term (chronic): Exposure to formaldehyde can cause
dermatitis and sensitization of the skin and respiratory tract.

• Preplacement medical evaluation
Prior to placing a worker in a job with a potential for exposure
to formaldehyde, 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 ofthe eyes, skin, and respiratory sys­
tem. 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 formaldehyde. The examining physician should
consider the probable frequency, intensity, and duration of ex­
posure, 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, in­
clude a history of asthma or of chronic skin disease, concur­
rent dermatitis, and significant breathing impairment due to
preexisting chronic lung disease. Skin patch testing with for­
maldehyde is not recommended because of the risk of sensiti­
zation.

RECOMMENDED MEDICAL PRACTICES

• Medical surveillance program
Workers with potential exposures to chemical hazards should
be monitored in a systematic program ofmedical surveillance
intended to prevent or control occupational injury and disease.
The program should include education ofemployers and work-

• 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 formaldehyde. The interviews,
examinations, and appropriate medical screening and/or bio­
logic monitoring tests should be directed at identifying an ex-
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cessive decrease or adverse trend in the physiologic function
of the eyes, skin, and respiratory system as compared to the
baseline status ofthe 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 byNIOSH and ATS:
standardized questionnaires and pre- and post-shift tests oflung
function. Because formaldehyde gas is rapidly metabolized to
naturally occurring compounds in the nasopharyngeal tissues
and therefore does not accumulate in the blood, biologic
monitoring would not be effective in detecting the presence of
formaldehyde or its metabolites in the blood or urine.

• Medical practices recommended at the time ofjob 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 ofplacement
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 formaldehyde 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: Extrinsic asthma and allergic and/or
contact dermatitis.
2. Delayed-onset SHE's include: Extrinsic asthma.

MONITORING AND MEASUREMENT
PROCEDURES

• TWA exposure evaluation
Measurements to determine worker exposure to formaldehyde
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.
offormaldehyde. Each measurement to determine the NIOSB
REL (ceiling exposure) in the worker's breathing zone (air that
most nearly represents that inhaled by the worker) should con­
sist of a IS-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
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
detection strategy is given in the Occupational Exposure Sam­
pling Strategy Manual.

1988

• Method
Sampling and analysis may be performed by collecting for­
maldehyde with solid sorbent tubes fJlled with 2-(benzylamino)
ethanol on Chromosorb 102 or XAD-2, followed by desorp­
tion with isooctane, ultrasonic bath, or shaking, and analyz­
ing by using a gas chromatograph with a hydrogen-air flame
ionization detector. Direct reading devices calibrated to meas­
ure formaldehyde may also be used ifavailable. A detailed sam­
pling and analytical method for formaldehyde may be found
in the NIOSH Manual ofAnalytical Methods (method num­
ber 2502).

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 formaldehyde.

SANITATION

Clothing which is contaminated with formaldehyde 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 formaldehyde from the clothing. If the cloth­
ing is to be laundered or cleaned, the person performing the

. operation should be informed of formaldehyde's hazardous
properties. 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 formaldehyde should be
promptly washed with soap and water.

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

Workers who handle formaldehyde 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 formaldehyde may
occur and control methods which may be effective in each case
are listed in Table 2.

Formaldehyde 3



Operations Controls

Table 2.-0perations and methods of
control for formaldehyde

During the synthesis and
handling of formaldehyde
resins; during the synthesis
ofchelating agents and dyes

During use in textile
manufacturing and handling
and in tanning operations

During the manufacture of
particle board, soft wood
plywood, sandpaper, and
grinding wheels

During use as an embalming
fluid

Process enclosure, local ex­
haust ventilation, personal
protective equipment

Process enclosure, local ex­
haust ventilation, personal
protective equipment

Process enclosure, local ex­
haust ventilation, personal
protective equipment

Process enclosure, local ex­
haust ventilation, personal
protective equipment

If formaldehyde is spilled or leaked, the following steps shoulc
be taken:

1. Ifformaldehyde is in the gaseous form, stop the flow ofgas
If the source of the leak is a cylinder and the leak cannot bt
stopped in place, remove the leaking cylinder to an area witt
local exhaust ventilation and repair the leak or allow tht
cylinder to empty.
2. Remove all ignition sources.
3. Ventilate area of spill or leak.
4. For small quantities ofliquids containing formaldehyde, ab­
sorb on paper towels and place in an appropriate container.
5. Large quantities of liquids containing formaldehyde may be
absorbed in vermiculite, dry sand, earth, or a similar materi­
al and placed in an appropriate container.
6. Liquids containing formaldehyde may be collected by
vacuuming with an appropriate system. Ifa vacuum system is
used to remove formaldehyde, there should be no sources of
ignition in the vicinity of the spill, and flashback prevention
devices should be provided.

WASTE REMOVAL AND DISPOSAL
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 ofa worker's eyes being exposed
to formaldehyde, an eye-wash fountain should be provided
within the immediate work area for emergency use.

Ifformaldehyde gets into the eyes, flush them immediately with
large amounts ofwater 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 ofa worker's body being exposed
to formaldehyde, facilities for quick drenching of the body
should be provided within the immediate work area for emer­
gency use.

Ifformaldehyde gets on the skin, wash it immediately with soap
and water. If formaldehyde penetrates the clothing, remove the
clothing immediately and wash the skin with soap and water.
Get medical attention promptly.

• Rescue
Ifa 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 ofspills or leaks until cleanup has been
completed.

4 Formaldehyde

u.s. Environmental Protection Agency, Department ofTrans­
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 ofbeing installed, orduring 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
viromental monitoring, maintenance, inspection, and cleaning.
The implementation ofan adequate respiratory protection pro­
gram, including selection of the correct respirators, 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 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 formaldehyde
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

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 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 respimtor (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.
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR

2-HEXANONE

EXPOSURE LIMITS

Table t.-Occupational exposure
limits for 2-hexanone

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for 2-hexanone is
100 parts of2-hexanone per million parts ofair (ppm) [410 mil­
ligrams of 2-hexanone per cubic meter of air (mg/m3)] as a
time-weighted average (TWA) concentration over an 8-hour
workshift. The NIOSH REL is 1ppm (4 mg/m3) as a TWA for
up to a 10-hour workshift, 40-hour workweek. The American
Conference of Governmental Industrial Hygienists (ACGIH)
threshold limit value (TLV®) is 5 ppm (20 mg/m3) as a TWA
for a normal 8-hour workday and a 40-hour workweek
(Table I).

3. Caution: 2-Hexanone will dissolve some forms of plastics,
resins, and rubber.

• Flammability
1. Plash point: 25°C (nOp) (closed cup)
2. Autoignition temperature: 425°C (795°P)
3. Plammable limits in air, % by volume: Lower, 1.2; upper, 8
4. Extinguishant: Carbon dioxide, dry chemical, or alcohol
foam
5. Class IC Flammable Liquid (29 CPR 1910.106), Plamma­
bility Rating 3 (NPPA)

• Warning properties
I. Odor threshold: 0.076 ppm
2. Eye irritation levels: 1,000 ppm
3. Evaluation of warning properties for respirator selection:
Because of its odor, 2-hexanone can be detected below the Na­
tionallnstitute for Safety and Health (NIOSH) recommended
exposure limit (REL); thus, 2-hexanone is treated as a chemi­
cal with adequate warning properties.

410
4

20

100
I
5

Exposure limits
ppm mg/m3

OSHA PEL TWA
NIOSH REL TWA
ACGIH TLV® TWA

This guideline summarizes pertinent information about
2-hexanone 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.

• Synonyms: Butyl methyl ketone, MBK, methyl butyl ketone,
methyl n-butyl ketone

• Identifiers: CAS 591-78-6; RTECS MP1400000; DOT not
assigned

• Appearance and odor: Colorless liquid with an odor like
acetone but more pungent

SUBSTANCE IDENTIFICATION

• Formula: C6H120

• Structure: 0
II

CH3-C-CH2-CH2-CH2-CH3

CHEMICAL AND PHYSICAL PROPERTIES

INTRODUCTION

• Physical data
I. Molecular weight: 100.18
2. Boiling point (at 760 mmHg): 127.8°C (262°P)
3. Specific gravity (water = I): 0.8
4. Vapor density (air = I at boiling point of2-hexanone): 3.5
5. Melting point: -5rC (-71 °P)
6. Vapor pressure at 20°C (68 °P): 3.0 mmHg; at 25°C
(nOp), 3.8 mmHg
7. Solubility in water, g/lOO g water at 20°C (68°P): 1.4
8. Evaporation rate (butyl acetate = I): Approximately 1
9. Saturation concentration in air (approximate) at 20°C
(68°P): 0.4% (4,000 ppm); at 25°C (nOp), 0.5% (5,000 ppm)

• Reactivity
I. Incompatibilities: Contact with strong oxidizers may cause
fires and explosions.
2. Hazardous decomposition products: Toxic vapors and gases
(e.g., carbon monoxide) may be released in a fire involving
2-hexanone.

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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HEALTH HAZARD INFORMATION

• Routes of exposure
2-Hexanone may cause adverse health effects following ex­
posure via inhalation, ingestion, or dermal or eye contact.
• Summary of toxicology
1. Effects on anil1U1ls: Acute inhalation of2-hexanone by guinea
pigs caused central nervous system depression, narcosis, coma,
and death. Subchronic inhalation of2-hexanone by rats, cats,
dogs, chickens, and monkeys produced peripheral neuropathy,
characterized by paralysis, nerve swelling, and loss of nerve
sheath covering.
2. Effects on humans: Chronic inhalation or dermal exposure
of workers has caused peripheral neuropathy.

• Signs and symptoms of exposure
1. Short-term (acute): Exposure to 2-hexanone can cause
headaches, drowsiness, and unconsciousness. Moderate irri­
tation of the eyes, nose, and throat can also occur.
2. Long-term (chronic): Exposure to 2-hexanone can cause
lightheadedness, weight loss, fatigue, intermittent tingling or
prickling sensations in the arms or legs, and progressive weak­
ness ofthe limbs. Dryness, irritation, and inflammation of the
skin can also occur.

RECOMMENDED MEDICAL PRACTICES

• Medical surveillance program
Workers with potential exposures to chemical hazards should
be monitored in a systematic program ofmedical surveillance
intended to prevent or control occupational injury and disease.
The program should include education ofemployers 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 ofbio­
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.

2 2-Hexanone

• Preplacement medical evaluation
Prior to placing a worker in a job with a potential for ex­
posure to 2-hexanone, the physician should evaluate and docu­
ment the worker's baseline health status with thorough
medical, environmental, and occupational histories, a phys­
ical examination, and physiologic and laboratory tests ap­
propriate for the anticipated occupational risks. These should
concentrate on the function and integrity of the eyes, skin,
liver, kidneys, and nervous and respiratory systems. Medi­
cal 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 2-hexanone 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 chronic concurrent dermatitis, or a history and phys­
ical findings consistent with peripheral neuropathy. In addi­
tion to the medical interview and physical examination, the
means to identify these conditions may include electromyog­
raphy ofthe extremities using standardized methods and evalu­
ation criteria.

• 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 2-hexanone. 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 eyes, skin, liver, kidneys, and respiratory and nervous
systems as compared to the baseline status of the individual
worker or to expected values for a suitable reference popula­
tion. The following tests should be used and interpreted accord­
ing to standardized procedures and evaluation criteria
recommended by NIOSH and the ATS: standardized question­
naires and tests of lung function.

• Medical practices recommended at the time ofjob 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 ofplacement
should be repeated at the time ofjob 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 2-hexanone may cause peripheral
neuropathy after a prolonged period of induction-latency, the
need for medical surveillance may extend well beyond termi­
nation of employment.

• Sentinel health events
LAcute SHE's include: Contact and/or allergic dermatitis.
2. Delayed-onset SHE's include: Inflammatory and toxic neu­
ropathy.
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COMMON OPERATIONS AND CONTROLS

Table 2.-0perations and methods of
control for 2-hexanone

Common operations in which exposure to 2-hexanone may oc­
cur and control methods which may be effective in each case
are listed in Table 2.

MONITORING AND MEASUREMENT
PROCEDURES

• TWA exposure evaluation
Measurements to determine worker exposure to 2-hexanone
should be taken so that the TWA exposure is based on a single
entire workshift sample or an appropriate number ofconsecu­
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).

• Method
Sampling and analysis may be performed by collecting
2-hexanone vapors with charcoal adsorption tubes followed by
desorption with carbon disulfide and analysis by gas chro­
matography. Detector tubes or other direct-reading devices
calibrated to measure 2-hexanone may also be used if availa­
ble. A detailed sampling and analytical method for 2-hexanone
may be found in the NIOSH Manual ofAnalytical 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.

Operations

During use as a commercial
solvent for nitrocellulose,
natural and synthetic resins,
oils, waxes, vinyl polymers
and copolymers, and cellu­
lose acetates

During use as a solvent in
the manufacture of varnish
removers, vinyl lacquers,
and nitrate wood lacquers

During use as an extractive
solvent for paraffin wax;
during use in the separation
and purification of certain
metals

Controls

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

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

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

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
2-hexanone.

Workers should be provided with and required to use splash­
proof safety goggles where 2-hexanone may come in contact
with the eyes.

SANITATION

Clothing which is contaminated with 2-hexanone 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 of2-hexanone from the clothing. If the clothing is to
be laundered or cleaned, the person performing the operation
should be informed of 2-hexanone's hazardous properties.

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

Skin that becomes contaminated with 2-hexanone 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 use of smoking materials, or the storage or use of
products for chewing should be prohibited in work areas.

Workers who handle 2-hexanone should wash their faces,
hands, and forearms thoroughly with soap and water before
eating, smoking, or using toilet facilities.
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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 ofa worker's eyes being exposed
to 2-hexanone, an eye-wash fountain should be provided with­
in the immediate work area for emergency use.

If2-hexanone 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 ofa worker's body being exposed
to 2-hexanone, facilities for quick drenching of the body should
be provided within the immediate work area for emergency use.

If2-hexanone gets on the skin, wash it immediately with soap
and water. If 2-hexanone 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.
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SPILLS AND LEAKS

Workers not wearing protective equipment and clothing should
be restricted from areas of spills or leaks until cleanup has been
completed.

1f2-hexanone 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 2-hexanone, ab­
sorb on paper towels and place in an appropriate container.
Place towels in a safe place such as a fume hood for evapora­
tion. Allow sufficient time for evaporation ofthe vapors so that
the hood ductwork is free from 2-hexanone vapors. Burn the
paper in a suitable location away from combustible materials.
4. Large quantities of liquids containing 2-hexanone may be
absorbed in vermiculite, dry sand, earth, or a similar materi­
al and placed in an appropriate container. 2-Hexanone should
not be allowed to enter a confined space such as a sewer be­
cause of the possibility of an explosion.
5. Liquids containing 2-hexanone 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 ofTrans­
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 ofbeing 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 ofthe correct respirators,
requires that a knowledgeable person be in charge of the pro­
gram and that the program be evaluated regularly.

4 2-Hexanone

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 meel
other use restrictions are listed. All respirators that have higher
protection factors may also be used.
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Condition

Concentration:

Less than or equal to
10 ppm

Less than or equal to
25 ppm

Less than or equal to
50 ppm

Less than or equal to
1,000 ppm

Less than or equal to
2,000 ppm

Planned or emergency entry
into environments containing
unknown concentrations or
levels above 2,000 ppm

Firefighting

Escape only

Table 3.-Respiratory protection for 2-hexanone
Minimum respiratory protection*t

Any supplied-air respirator

Any self-contained breathing apparatus

Any supplied-air respirator operated in a continuous flow mode

Any self-contained breathing apparatus with a full facepiece

Any supplied-air respirator with a full facepiece

Any supplied-air respirator with a tight-fitting facepiece operated in a continuous flow mode

Any supplied-air respirator with a half-mask and operated in a pressure-demand or other posi­
tive pressure mode

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 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 (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.
t The respiratory protection listed for any given condition is the minimum required to meet the NIOSH REL of 1ppm (4 mg/m3)

(TWA).
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR

HEXONE

INTRODUCTION

This guideline summarizes pertinent information about hex­
one 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.

SUBSTANCE IDENTIFICATION

• Formula: C6H 1ZO

• Structure: 0
II

CH 3-C-CHz-CH-CH3
I

CH 3

• Synonyms: Isobutyl methyl ketone; isopropylacetone;
methyl isobutyl ketone; 4-methyl-2-pentanone; MIBK

• Identifiers: CAS 108-10-1; RTECS SA9275000; DOT 1245,
label required: "Flammable Liquid"

• Appearance and odor: Colorless liquid with a sweet, pun­
gent odor

CHEMICAL AND PHYSICAL PROPERTIES

• Physical data
1. Molecular weight: 100.18
2. Boiling point (at 760 mmHg): U8°C (244°F)
3. Specific gravity (water = I): 0.8
4. Vapor density (air = I at boiling point of hexone): 3.5
5. Melting point: -84°C (-U9°F)
6. Vapor pressure at 25°C (77 OF): 7.5 mmHg
7. Solubility in water, g/lOO g water at 20°C (68°F): 1.9
8. Evaporation rate (butyl acetate = 1): 1.64
9. Saturation concentration in air (approximate) at 25°C
(77°F): 1.0% (10,000 ppm)

• Reactivity
1. Incompatibilities: Contact with strong oxidizing agents may
cause fires and explosions.
2. Hazardous decomposition products: Toxic vapors and gases
(e.g., carbon monoxide) may be released in a fire involving
hexone.
3. Caution: Hexone will dissolve some plastics, resins, and
rubber.

• Flammability
1. Flash point: 18°C (64°F) (closed cup)
2. Autoignition temperature: 460°C (860°F)
3. Flammable limits in air, % by volume: Lower, 1.4; upper, 7.5
4. Extinguishant: Carbon dioxide, dry chemical, or alcohol
foam
5. Class IB Flammable Liquid (29 CFR 1910.106), Flamma­
bility Rating 3 (NFPA)

• Warning properties
1. Odor threshold: 0.68 ppm
2. Eye irritation level: 200-400 ppm
3. Nose and throat irritation may occur at 400 ppm.
4. Evaluation of warning properties for respirator selection:
Because of its odor, hexone can be detected below the Nation­
al Institute for Occupational Safety and Health (NIOSH)
recommended exposure limit (REL); thus, hexone is treated
as a chemical with adequate warning properties.

EXPOSURE LIMITS

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for hexone is 100
parts of hexone per million parts of air (ppm) [410 milligrams
of hexone per cubic meter of air (mg/m3)] as a time-weighted
average (TWA) concentration over an 8-hour workshift. The
NIOSH REL is 50 ppm (200 mg/m3) as a TWA for up to a
lO-hour workshift, 40-hour workweek. The American Con­
ference of Governmental Industrial Hygienists (ACGIH)
threshold limit value (TLV®) is 50 ppm (205 mg/m3) as a TWA
for a normal 8-hour workday and a 40-hour workweek; and
the ACGIH short-term exposure limit (STEL) is 75 ppm (300
mg/m3) (Table I).
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HEALTH HAZARD INFORMATION

RECOMMENDED MEDICAL PRACTICES

Table I.-Occupational exposure
limits for hexone

• Routes of exposure
Hexone may cause adverse health effects following exposure
via inhalation, ingestion, or dermal or eye contact.

• Summary of toxicology
1. Effects on animals: Subchronic inhalation ofhexone by rats
produced degeneration and necrosis of kidney tubules and in­
creased kidney and liver weights.
2. Effects on humans: Inhalation exposure of workers to hex­
one has produced narcosis and slight liver enlargement.

• Signs and symptoms of exposure
1. Short-term (acute): Exposure to hexone can cause nausea,
vomiting, headaches, weakness, dizziness, incoordination, and
drowsiness. Irritation ofthe eyes, nose, throat, and respirato­
ry tract can also occur.
2. Long-term (chronic): Exposure to hexone can cause dryness,
irritation, and inflammation of the skin.

eluding employers, occupational health professionals
potentially exposed workers, and regulatory and public healtt
agencies.

• Preplacement medical evaluation
Prior to placing a worker in a job with a potential for exposun
to hexone, the physician should evaluate and document tht
worker's baseline health status with thorough medical, environ·
mental, and occupational histories, a physical examination, anc
physiologic and laboratory tests appropriate for the anticipat­
ed occupational risks. These should concentrate on the func­
tion and integrity of the eyes, skin, liver, kidneys, and
reproductive, nervous, and respiratory systems. Medical sur­
veillance for respiratory disease should be conducted by us­
ing 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 hexone at or below the NIOSH REL. The examin­
ing physician should consider the probable frequency, inten­
sity, and duration ofexposure, 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 ofchronic skin disease or con­
current dermatitis.

• 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 hexone. 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
eyes, skin, liver, kidneys, 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 fol­
lowing tests should be used and interpreted according to stand­
ardized procedures and evaluation criteria recommended by
NIOSH and the ATS: standardized questionnaires and tests of
lung function.

• Medical practices recommended at the time ofjob 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 ofplacement
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.

• TWA exposure evaluation
Measurements to determine worker exposure to hexone should
be taken so that the TWA exposure is based on a single entire

MONITORING AND MEASUREMENT
PROCEDURES

410
200
205
300

100
50
50
75

Exposure limits
ppm mg/m3

OSHA PEL TWA
NIOSH REL TWA
ACGIH TLY® TWA

STEL

• Medical surveillance program
Workers with potential exposures to chemical hazards should
be monitored in a systematic program ofmedical surveillance
intended to prevent or control occupational injury and disease.
The program should include education ofemployers and work­
ers about work-related hazards, placement of workers injobs
that do not jeopardize their safety and health, earliest possi­
ble detection ofadverse 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 ofbio­
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-
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Table 2.-0perations and methods of
control for hexone

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 hex­
one vapors with charcoal adsorption tubes followed by desorp­
tion with carbon disulfide and analysis by gas chromatography.
Detector tubes or other direct-reading devices calibrated to
measure hexone may also be used if available. A detailed sam­
pling and analytical method for hexone may be found in the
NIOSH Manual ofAnalytical Methods (method number 1300).

PERSONAL PROTECTIVE EQUIPMENT

Chemical protective clothing (CPe) 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
hexone.

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

SANITATION

Operations

During application and dry­
ing of lacquers, varnishes,
epoxy, acrylic, vinyl, or
other cellulose- or resin­
based coatings, finishes, and
adhesives

During use as a separating
agent for certain inorganic
salts

During extraction in the
manufacture of antibiotics
and purification of petrole­
um products (dewaxing)

During the manufacture of
dry cleaning preparations,
germicides, fungicides, and
electroplating solutions

During use in blending raw
materials for molded
plastics

During use in cleaning and
maintaining ketone process­
ing equipment

Controls

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

General dilution ventilation

General dilution ventilation

General dilution ventilation

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

General dilution ventilation,
personal protective equip­
ment

Clothing which is contaminated with hexone 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 hexone from the clothing. If the clothing is to be
laundered or cleaned, the person performing the operation
should be informed of hexone's hazardous properties.

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

Skin that becomes contaminated with hexone 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 use of smoking materials, or the storage or use of
products for chewing should be prohibited in work areas.

Workers who handle hexone 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 hexone may occur
and control methods which may be effective in each case are
listed in Table 2.
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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 hexone, an eye-wash fountain should be provided within the
immediate work area for emergency use.

Ifhexone 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 hexone, facilities for quick drenching of the body should be
provided within the immediate work area for emergency use.

Ifhexone gets on the skin, wash it immediately with soap and
water. If hexone penetrates the clothing, remove the clothing
immediately and wash the skin with soap and water. Get med­
ical attention promptly.

Hexane 3



• Rescue
Ifa 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 hexone is spilled or leaked, the following steps should be
taken:

I. Remove all ignition sources.
2. Ventilate area of spill or leak.
3. For small quantities ofliquids containing hexone, 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 hexone vapors. Burn the paper in a suitable
location away from combustible materials.
4. Large quantities of liquids containing hexone may be ab­
sorbed in vermiculite, dry sand, earth, or a similar material
and placed in an appropriate container. Hexone should not be
allowed to enter a confined space such as a sewer because of
the possibility of an explosion.
5. Liquids containing hexone may be collected by vacuuming
with an appropriate system. Ifa vacuum system is used, there
should be no sources of ignition in the vicinity ofthe spill, and
flashback prevention devices should be provided.

WASTE REMOVAL AND DISPOSAL

u.s. Environmental Protection Agency, Department ofTrans­
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 ofbeing 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-

4 Hexone

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 ofthe 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.

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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Condition

Concentration:

Less than or equal to
500 ppm

Less than or equal to
1,000 ppm

Less than or equal to
1,250 ppm

Less than or equal to
2,500 ppm

Less than or equal to
3,000 ppm

Planned or emergency entry
into environments containing
unknown concentrations or
levels above 3,000 ppm

Firefighting

Escape only

Table 3.-Respiratory protection for hexone
Minimum Respiratory Protection*t

Any chemical cartridge respirator with organic vapor cartridge(s) (substance reported to cause
eye irritation or damage-may require eye protection)

Any supplied-air respirator (substance reported to cause eye irritation or damage-may require
eye protection)

Any self-contained breathing apparatus (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 chemical cartridge respirator with a full facepiece and 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 air-purifying full facepiece respirator (gas mask) with a chin-style or front- or back-mounted
organic vapor canister

Any self-contained breathing apparatus with a full facepiece

Any supplied-air respirator with a full facepiece

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

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 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 (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.
t The respiratory protection listed for any given condition is the minimum required to meet the NIOSH REL of 50 ppm
200 mg/m3) (TWA).
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR

ISOPHORONE

• Reactivity
1. Incompatibilities: Contact with strong oxidizers may cause
fires and explosions.
2. Hazardous decomposition products: Toxic vapors and gases
(e.g., carbon monoxide) may be released in a fire involving
isophorone.
3. Caution: Isophorone will dissolve some forms of plastics,
resins, and rubber.

• Flammability
1. Flash point: 84.4°C (l84°F) (closed cup)
2. Autoignition temperature: 460°C (860°F)
3. Flammable limits in air, % by volume: Lower, 0.8; upper, 3.8
4. Extinguishant: Carbon dioxide, dry chemical, or alcohol
foam
5. Class IlIA Combustible Liquid (29 CFR 1910.106), Flam­
mability Rating 2 (NFPA)

• Warning properties
1. Odor threshold: 0.2 ppm
2. Eye irritation level: 25 ppm
3. Evaluation of warning properties for respirator selection: .
Because of its odor, isophorone can be detected below the Na­
tional Institute for Occupational Safety and Health (NIOSH)
recommended exposure limit (REL); thus it is treated as a
chemical with adequate warning properties.

• Formula: C9H140

• Structure:

SUBSTANCE IDENTIFICATION

INTRODUCTION

o

CHOCH'
CH 3

• Synonyms: Isoacetophorone; isoforon;
3,5,5-trimethyl-2-cyclohexene-l-one

• Identifiers: CAS 78-59-1; RTECS GW7700000; DOT not
assigned

• Appearance and odor: Colorless to pale yellow liquid with
an odor like peppermint or camphor

This guideline summarizes pertinent information about isopho­
rone for workers, employers, and occupational safety and
health professionals who may need such information to con­
duct effective occupational safety and health programs. Recom­
mendations may be superseded by new developments in these
fields; therefore, readers are advised to regard these recom­
mendations as general guidelines.

CHEMICAL AND PHYSICAL PROPERTIES
EXPOSURE LIMITS

• Physical data
1. Molecular weight: 138.23
2. Boiling point (at 760 mmHg): 215°C (419°F)
3. Specific gravity (water = I): 0.92
4. Vapor density (air = I at boiling point of isophorone): 4.77
5. Melting point: -8.l oC (17 OF)
6. Vapor pressure at 20°C (68 Of), 0. 26 mmHg; at 25°C (77 OF),
0.44 mmHg
7. Solubility in water, g/lOO g water at 20°C (68°F): 1.2
8. Evaporation rate (butyl acetate = I): 0.03
9. Saturation concentration in air (approximate): At 20°C
(68°F), 0.034% (340 ppm); at 25°C orF), 0.06% (600 ppm)

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for isophorone is
25 parts of isophorone per million parts of air (ppm) [140 mil­
ligrams of isophorone per cubic meter ofair (mg/m3)] as a time­
weighted average (TWA) over an 8-hour workshift. The
NIOSH REL is 4 ppm (23 mg/m3) as a TWA for up to a lO-hour
workshift, 40-hour workweek. The American Conference of
Governmental Industrial Hygienists (ACGIH) threshold limit
value ceiling (TLV®-C), the concentration that should not be
exceeded during any part of the working exposure, is 5 ppm
(25 mg/m3) (Table I).

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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HEALTH HAZARD INFORMATION

RECOMMENDED MEDICAL PRACTICES

Table I.-Occupational exposure limits
for isophorone

• Routes of exposure
Isophorone may cause adverse health effects following ex­
posure via inhalation, ingestion, or dermal or eye contact.

• Summary of toxicology
Effects on animals: Acute inhalation of isophorone by rats
caused narcosis and death. Subchronic inhalation of isopho­
rone by guinea pigs and rats caused injury to the kidneys (con­
gestion, dilated Bowman's capsules, or cloudy swelling of
convoluted tubules) and lungs (congestion, hemorrhage,
desquamation, or pneumonia).

• Signs and symptoms of exposure
1. Short-term (acute): Exposure to isophorone can cause
depressed appetite and body weight, headache, dizziness, fa­
tigue, nausea, and diarrhea. Irritation of the skin, eyes, and
upper and lower respiratory tracts can also occur.
2. Long-term (chronic): Exposure to isophorone can cause dry­
ing, irritation, and inflammation of the skin.

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 isophorone, 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 ofthe eyes, skin, liver, kidneys, and nervous
and respiratory systems. Medical 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 isophorone 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, concurrent dermatitis, and significant breathing im­
pairment due to preexisting chronic lung disease. In addition
to the medical interview and physical examination, the means
to identify respiratory conditions may include the methods
recommended by NIOSH and ATS.

• Periodic medical screening and/or biologic monitoring
Occupational health interviews and physical examinations
should be performed at regular intervals. Additional frequent
examinations may be necessary should a worker develop symp­
toms that may be attributed to exposure to isophorone. The in­
terviews, examinations, and appropriate medical screening
and/or biologic monitoring tests should be directed at identify­
ing an excessive decrease or adverse trend in the physiologic
function of the eyes, skin, liver, kidneys, 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 question­
naires, tests of lung function, and chest X-rays.

• Medical practices recommended at the time ofjob 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 ofplacement
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.

140
23
25

25
4
5

Exposure limits
ppm mg/m3

• 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 ofemployers and work­
ers about work-related hazards, placement of workers injobs
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 ofbio­
logic monitoring and medical screening tests should be evalu-

OSHA PEL TWA
NIOSH REL TWA
ACGIH TLV® -ceiling
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MONITORING AND MEASUREMENT
PROCEDURES

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.

COMMON OPERATIONS AND CONTROLS

Table 2.-0perations and methods of
control for isophorone

Common operations in which exposure to isophorone may oc­
cur and control methods which may be effective in each case
are listed in Table 2.

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

Controls

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

Operations

During use as a solvent in
the manufacture of vinyl re­
sins, nitrocellulose, fats,
chlorinated rubber, herbi­
cides, coatings, roll-coating
finishes, siding, paint, adhe­
sives, and inks

• TWA exposure evaluation
Measurements to determine worker exposure to isophorone
should be taken so that the TWA exposure is based on a single
entire workshift sample or an appropriate number ofconsecu­
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).

• Method
Sampling and analysis may be performed by collecting isopho­
rone vapors with a charcoal tube followed by desorption with
carbon disulfide and analysis by gas chromatography. Detec­
tor tubes or other direct-reading devices calibrated to meas­
ure isophorone may also be used if available. A detailed
sampling and analytical method for isophorone may be found
in the NIOSH Manual ofAnalytical Methods (method num­
ber 2508).

PERSONAL PROTECTIVE EQUIPMENT

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 isophorone, an eye-wash fountain should be provided with­
in the immediate work area for emergency use.

If isophorone 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 ofa worker's body being exposed
to isophorone, facilities for quick drenching of the body should
be provided within the immediate work area for emergency use.

If isophorone gets on the skin, wash it immediately with soap
and water. If isophorone penetrates the clothing, remove the
clothing immediately and wash the skin with soap and water.
Get medical attention promptly.

Chemical protective clothing (CPe) 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
isophorone.

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

SANITATION

Clothing which is contaminated with isophorone 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 isophorone from the clothing. If the clothing is to
be laundered or cleaned, the person performing the operation
should be informed of isophorone's hazardous properties.

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

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

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

The storage, preparation, dispensing, or consumption of food
or beverages, the storage or application of cosmetics, the

During use in organic syn­
thesis in the manufacture of
lubricating oil additives,
fungicides, and tetramethyl­
quanidine

Local exhaust ventilation,
general dilution ventilation,
personal protective equip­
ment
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• Rescue
Ifa 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 clothi.ng should
be restricted from areas ofspills or leaks until cleanup has been
completed.

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

I. Remove all ignition sources.
2. Ventilate area of spill or leak.
3. For small quantities of liquids containing isophorone, ab­
sorb on paper towels and place in an appropriate container.
Place towels in a safe place (such as a fume hood) for evapo­
ration. Allow sufficient time for evaporation of the vapors so
that the hood ductwork is free from isophorone vapors. Burn
the paper in a suitable location away from combustible
materials.
4. Large quantities ofliquids containing isophorone may be ab­
sorbed in vermiculite, dry sand, earth, or a similar material
and placed in an appropriate container. Isophorone should not
be allowed to enter a confined space such as a sewer because
of the possibility of an explosion.
5. Liquids containing isophorone 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 ofTrans­
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 ofbeing 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-

4 Isophorone

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 ofthe 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.

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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Condition

Concentration:

Less than or equal to
40 ppm

Less than or equal to
100 ppm

Less than or equal to
200 ppm

Less than or equal to
800 ppm

Table 3.-Respiratory protection for isophorone
Minimum respiratory protection*t

Any supplied-air respirator (substance reported to cause eye irritation or damage-may
require eye protection)

Any self-contained breathing apparatus (substance reported to cause eye irritation or
damage-may require eye protection)

Any chemical cartridge respirator with organic vapor cartridge(s) (substance reported to
cause eye irritation or damage-may require eye protection)

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

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 car­
tridge(s) (substance reported to cause eye irritation or damage-may require eye protection)

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

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

Planned or emergency entry into
environments containing unknown
concentrations or levels above 800
ppm

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 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.
t The respiratory protection listed for any given condition is the minimum required to meet the NIOSH REL of4 ppm (23 mg/m3)

(TWA).
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR

ISOPROPYL GLYCIDYL ETHER

INTRODUCTION
This guideline summarizes pertinent information about
isopropyl glycidyl ether (lOE) for workers, employers, and oc­
cupational safety and health professionals who may need such
information 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: C6H 1zOz

• Structure: CH 3

"CHOCHzCH-CHz
,;' \ /

CH 3 0

2. Hazardous decomposition products: Toxic vapors and gases
(e.g., carbon monoxide) may be released in a fire involving
IOE.
3. Caution: IOE will cause some forms of plastics, coatings,
and rubber to deteriorate.

• Flammability
1. Flash point: 33°C (92 OF) (closed cup)
2. Extinguishant: Dry chemical, carbon dioxide, or alcohol
foam
3. Class IC Flammable Liquid (29 CFR 1910.106)

• Warning properties
Evaluation of warning properties for respirator selection: Based
on lack of information on odor threshold and eye irritation lev­
els, IOE should be considered to have poor warning properties.

EXPOSURE LIMITS

Table t.-Occupational exposure limits
for isopropyl glycidyl ether

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for IOE is 50 parts
of IOE per million parts of air (ppm) [240 milligrams of IOE
per cubic meter of air (mg/m3)] -as a time-weighted average
(TWA) concentration over an 8-hour workshift. The National
Institute for Occupational Safety and Health (NIOSH) recom­
mended exposure limit (REL) is 50 ppm (240 mg/m3) as a ceil­
ing concentration determined in any IS-minute sampling
period. The American Conference ofOovernrnental Industrial
Hygienists (ACGIH) threshold limit value (TLV®) is 50 ppm
(240 mg/m3) as a TWA for a normal 8-hour workday and a
40-hour workweek; the ACOIH short-term exposure limit
(STEL) is 75 ppm (360 mg/m3) (Table 1).

• Synonyms: I,2-epoxy-3-isopropoxypropane; glycidyl iso­
propyl ether; IOE; (isopropoxymethyl)oxirane; isopropyl
epoxypropyl ether

• Identifiers: CAS 4016-14-2; RTECS TZ3500000; DOT not
assigned

• Appearance: Colorless liquid

CHEMICAL AND PHYSICAL PROPERTIES

• Physical data
1. Molecular weight: 116.18
2. Boiling point (at 760 mmHg): moc (270°F)
3. Specific gravity (water = I): 0.9
4. Vapor density (air = I at boiling point of IOE): 4.0
5. Vapor pressure at 25°C (77°F): 9.4 mmHg
6. Solubility in water, g/lOO g water at 20°C (68°F): 18.8
7. Evaporation rate (butyl acetate = I): 0.99
8. Saturation concentration in air (approximate) at 25°C
(7rF): 1.237% (12.370 ppm)

• Reactivity
1. Incompatibilities: Contact with strong oxidizing agents may
cause fires and explosions. Contact with strong caustics may
cause polymerization. IOE should not be exposed to air or light
because explosive peroxides may be formed.

OSHA PEL TWA
NIOSH REL ceiling (15 min)
ACOIH TLV® TWA

STEL

Exposure limits
ppm mg/mJ

50 240
50 240
50 240
75 360
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HEALTH HAZARD INFORMATION

• Routes of exposure
IGE may cause adverse health effects following exposure via
inhalation, ingestion, or dermal or eye contact.

• Summary of toxicology
Effects on animals: Acute oral administration ofiGE to mice,
rats, and rabbits caused central nervous system depression.
Subchronic inhalation of IGE by rats caused decreased weight
gain, inflammation of the lungs, pneumonia, and respiratory
distress.

• Signs and symptoms of exposure
I. Short-tenn (acute): Exposure to IGE can cause mental con­
fusion and moderate irritation of the eyes, skin, and respira­
tory tract.
2. Long-term (chronic): Exposure to IGE can cause dermati­
tis and skin sensitization.

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 ofemployers and work­
ers about work-related hazards, placement of workers injobs
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 ofbio­
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 IGE, 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 anticipat­
ed occupational risks. These should concentrate on the func­
tion and integrity of the eyes, skin, and nervous and respiratory
systems. Medical surveillance for respiratory disease should
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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 IGE 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 a worker. Such conditions,
which should not be regarded as absolute contraindications to
job placement, include a history ofchronic skin disease or con­
current dermatitis.

• 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 IGE. 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 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 the ATS: standardized questionnaires and tests of lung
function.

• Medical practices recommended at the time ofjob 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 ofplacement
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.

MONITORING AND MEASUREMENT
PROCEDURES

• Ceiling concentration evaluation
Measurements to determine worker exposure should be taken
during periods of maximum expected airborne concentrations
ofiGE. Each measurement to determine the NIOSH REL (ceil- .
ing exposure) in the worker's breathing zone (air that most
nearly represents that inhaled by the worker) should consist
of a IS-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 ofall measure­
ments taken is an estimate of the worker's exposure. If the peri­
ods of maximum exposure are not clear!y 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 IGE
vapors with charcoal tubes followed by desorption with car-
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COMMON OPERATIONS AND CONTROLS

SANITATION

Table 2.-0perations and methods of
control for isopropyl glycidyl ether

Common operations in which exposure to IOE may occur and
control methods which may be effective in each case are list­
ed in Table 2.

Workers not wearing protective equipment and clothing should
be restricted from areas ofspills or leaks until cleanup has been
completed.

If IOE 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 IOE, 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 IOE vapors. Burn the paper in a suitable
location away from combustible materials.
4. Large quantities of liquids containing IOE may be absorbed
in vermiculite, dry sand, earth, or a similar material and placed
in an appropriate container. IOE should not be allowed to enter
a confined space such as a sewer because of the possibility of
an explosion.
5. Liquids containing IOE may be collected by vacuuming with
an appropriate system. Ifa 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.

SPILLS AND LEAKS

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 IOE, an eye-wash fountain should be provided within the
immediate work area for emergency use.

If IOE gets into the eyes, flush them immediately with large
amounts of water for 15 minutes, lifting the lower and upper
lids occasionally. Oet 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 IOE, facilities for quick drenching of the body should be
provided within the immediate work area for emergency use.

If IOE gets on the skin, wash it immediately with soap and
water. IfIOE penetrates the clothing, remove the clothing im­
mediately and wash the skin with soap and water. Oet medi­
cal attention promptly.

• Rescue
Ifa 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.

Controls

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

Operations

During use as a reactive
diluent for epoxy resins;
during use as a chemical in­
termediate for the synthesis
of esters and ethers

bon disulfide and analysis by gas chromatography. Detector
tubes or other direct-reading devices calibrated to measure IOE
may also be used if available. A detailed sampling and analyt­
ical method for IOE may be found in the NIOSH Manual of
Analytical Methods (method number S77).

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 IOE.

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

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.

Clothing which is contaminated with IOE should be removed
immediately and placed in closed containers for storage until
provision is made for the removal of IOE from the clothing.
If the clothing is to be laundered or cleaned, the person per­
forming the operation should be informed ofIOE's hazardous
properties.

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

Skin that becomes contaminated with IOE 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 of smoking materials, or the storage or use ofproducts
for chewing should be prohibited in work areas.

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

During use as a stabilizing
agent for organic chemicals

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

WASTE REMOVAL AND DISPOSAL

U.S. Environmental Protection Agency, Department ofTrans­
portation, and/or state and local regulations shall be followed
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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 ofbeing 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.

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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Condition

Table 3.-Respiratory protection for isopropyl glycidyl ether

Minimum respiratory protection*t

Concentration:

Less than or equal to 1,250
ppm

Less than or equal to 1,500
ppm

Planned or emergency entry into
environments containing
unknown concentrations or levels
above 1,500 ppm

Firefighting

Escape only

Any supplied-air respirator operated in a continuous flow mode (substance causes eye ir­
ritation or damage-eye protection needed)

Any self-contained breathing apparatus with a full facepiece

Any supplied-air respirator with a full facepiece

Any self-contained breathing apparatus with a full facepiece and operated in 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.
t The respiratory protection listed for any given condition is the minimum required to meet the NIOSH REL of 50 ppm (240
mg/m3) (ceiling).
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR

MESITYL OXIDE

INTRODUCTION

This guideline summarizes pertinent information about mesityl
oxide for workers, employers, and occupational safety and
health professionals who may need such information to con­
duct effective occupational safety and health programs. Recom­
mendations may be superseded by new developments in these
fields; therefore, readers are advised to regard these recom­
mendations as general guidelines.

SUBSTANCE IDENTIFICATION

• Formula: C6H lOO

• Structure:

• Synonyms: Isobutenyl methyl ketone, isopropylidene ace­
tone, methyl isobutenyl ketone, 4-methyl-3-penten-2-one

• Identifiers: CAS 141-79-7; RTECS SB4200000; DOT 1229,
label required: "Flammable Liquid"

• Appearance and odor: Oily, colorless or pale yellow liquid
with a strong odor like peppermint

CHEMICAL AND PHYSICAL PROPERTIES

• Physical data
1. Molecular weight: 98.16
2. Boiling point (at 760 mmHg): BO°C (266°F)
3. Specific gravity (water = 1): 0.856
4. Yapordensity (air = 1 at boiling point ofmesityl oxide): 3.4
5. Melting point: -46°C (-50.8 OF)
6. Vapor pressure at 20°C (68 OF): 8 mmHg; at 25°C orF),
9.5 mmHg
7. Solubility in water, g/IOO g water at 20°C (68 OF): 3
8. Evaporation rate (butyl acetate = 1): 0.85
9. Saturation concentration in ~ir (approximate): At 20°C
(68°F), 1.05% (l0,500ppm); at25°C orF), 1.25% (12,500
ppm)
10. Ionization potential: 9.08 eY

• Reactivity
1. Incompatibilities: Contact with oxidizing agents may cause
fires and explosions.
2. Hazardous decomposition products: Toxic vapors and gases
(e.g., carbon monoxide) may be released in a fire involving
mesityl oxide.
3. Caution: Mesityl oxide may dissolve some forms of plas­
tics, resins, and rubber.

• Flammability
1. Flash point: 30.6°C (87°F) (closed cup)
2. Autoignition temperature: 344°C (652 OF)
3. Flammable limits in air, % by volume: Lower, 1.3; upper, 8.8
4. Extinguishant: Carbon dioxide, dry chemical, or alcohol
foam
5. Class IC Flammable Liquid (29 CFR 1910.106), Flamma­
bility Rating 3 (NFPA)

• Warning properties
1. Odor threshold: 0.45 ppm
2. Eye irritation level: 25 ppm
3. Evaluation of warning properties for respirator selection:
Because of its odor, mesityl oxide can be detected below the
National Institute for Occupational Safety and Health (NIOSH)
recommended exposure limit (REL); thus it is treated as a
chemical with adequate warning properties.

EXPOSURE LIMITS

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for mesityl oxide
is 25 parts of mesityl oxide per million parts of air (ppm) [l00
milligrams of mesityl oxide per cubic meter of air (mg/m3)]

as a time-weighted average (TWA) concentration over an 8-hour
workshift. The NIOSH REL is 10 ppm (40 mg/m3) as a TWA
for up to a 10-hour workshift, 40-hour workweek. The Ameri­
can Conference of Governmental Industrial Hygienists
(ACGIH) threshold limit value (TLY®) is 15 ppm (60 mg/m3)

as a TWA for a normal8-hour workday or a 40-hour workweek;
the ACGIH short-term exposure limit (STEL) is 25 ppm (l00
mg/m3) (Table 1).
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HEALTH HAZARD INFORMATION

RECOMMENDED MEDICAL PRACTICES

Table I.-Occupational exposure limits
for mesityl oxide

• Routes of exposure
Mesityl oxide may cause adverse health effects following ex­
posure via inhalation, ingestion, or dermal or eye contact.

• Summary of toxicology
1. Effects on animals: Acute inhalation ofmesityl oxide by mice
or rabbits produced narcosis, tissue destruction (necrosis) of
the liver, hemorrhage and edema of the lungs, alimentary tract
distention, and death. Subchronic inhalation ofmesityl oxide
by rats, mice, or guinea pigs caused congestion ofthe liver and
lungs and damage to the kidney tubules.
2. Effects on humans: Exposure of workers to mesityl oxide
has caused centeral nervous system depression and narcosis.

• Signs and symptoms of exposure
1. Short-term (acute): Exposure to mesityl oxide can cause
headache, dizziness, breathing difficulty (dyspnea), and un­
consciousness. Irritation of the eyes, nose, and throat can also
occur.
2. Long-term (chronic): Exposure to mesityl oxide can cause
dryness, irritation, and inflammation of the skin.

MONITORING AND MEASUREMENT
PROCEDURES

worker group. Intrinsic to a surveillance program is the di~­

semination of summary data to those who need to know, ir
eluding employers, occupational health professionah
potentially exposed workers, and regulatory and public healt
agencies.

• Preplacement medical evaluation
Prior to placing a worker in a job with a potential for exposur
to mesityl oxide, the physician should evaluate and documer
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 eyes, skin, liver, kidneys, and
nervous and respiratory systems. Medical surveillance for
respiratory disease should be conducted by using the princi­
ples 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 mesityl oxide 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.

• 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 mesityl oxide. 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 eyes, skin, liver, kidneys, and nervous and respiratory
systems as compared to the baseline status of the individual
worker or to expected values for a suitable reference popula­
tion. The following tests should be used and interpreted accord­
ing to standardized procedures and evaluation criteria
recommended by NIOSH and the ATS: standardized question­
naires and tests of lung function.

• Medical practices recommended at the time ofjob 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 ofplacement
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.

• TWA exposure evaluation
Measurements to determine worker exposure to mesityl ox­
ide should be taken so that the TWA exposure is based on a
single entire workshift sample or an appropriate number of

100
40
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100

25
10
15
25

Exposure limits
ppm mg/m3

• 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 ofemployers 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 ofworkers
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 ofbio­
logic monitoring and medical screening tests should be evalu­
ated on an industry-wide basis prior to application in any given

OSHA PEL TWA
NIOSH REL TWA
ACGIH TLV® TWA

STEL
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Table 2.-0perations and methods of
control for mesityl oxide

consecutive samples collected during the entire workshift. Un­
der certain 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).

• Method
Sampling and analysis may be performed by collecting mesityl
oxide 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 mesityl oxide may also be used. A detailed sampling and
analytical method for mesityl oxide may be found in the NIOSH
Manual ofAnalytical Methods (method number 1301).

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.

Operations

During spray application of
lacquers and stains; during
use as a solvent

During use as a paint and
varnish remover and carbu­
retor cleaner

During preparation and ap­
plication of roll-coating inks

During flotation processes
for selective benefaction of
ores

Controls

Process enclosure, local ex­
haust ventilation, personal
protective equipment

General dilution ventilation,
personal protective equip­
ment

Process enclosure, local ex­
haust ventilation, personal
protective equipment

Natural ventilation

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
mesityl oxide.

Workers should be provided with and required to use splash­
proof safety goggles where mesityl oxide may come in con­
tact with the eyes.

SANITATION

Clothing which is contaminated with mesityl oxide 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 mesityl oxide from the clothing. If the clothing
is to be laundered or cleaned, the person performing the oper­
ation should be informed of mesityl oxide's hazardous
properties.

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

Skin that becomes contaminated with mesityl oxide 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 mesityl oxide 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 mesityl oxide may
-occur and control methods which may be effective in each case
are listed in Table 2.

1988

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 ofa worker's eyes being exposed
to mesityI oxide, an eye-wash fountain should be provided with­
in the immediate work area for emergency use.

Ifmesityl oxide 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 ofa worker's body being exposed
to mesityl oxide, facilities for quick drenching of the body
should be provided within the immediate work area for emer­
gency use.

If mesityl oxide gets on the skin, wash it immediately with soap
and water. Ifmesityl oxide penetrates the clothing, remove the
clothing immediately and wash the skin with soap and water.
Get medical attention promptly.

• Rescue
Ifa 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.

Mesityl Oxide 3



Ifmesityl oxide 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 ofliquids containing mesityl oxide, ab­
sorb on paper towels and place in appropriate container. Place
towels in a safe place such as a fume hood for evaporation. Al­
low sufficient time for evaporation ofthe vapors so that the hood
ductwork is free from mesityl oxide vapors. Burn the paper
in a suitable location away from combustible materials.
4. Large quantities ofliquids containing mesityl oxide may be
absorbed in vermiculite, dry sand, earth, or a similar materi­
al and placed in an appropriate container. Mesityl oxide should
not be allowed to enter a confined space such as a sewer be­
cause of the possibility of an explosion.
5. Liquids containing mesityl oxide may be collected by
vacuuming with an appropriate system. Ifa 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 ofbeing 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 ofthe wor­
ker's ability to perform the work while wearing a respirator,
the regular training ofpersonnel, fit testing, periodic environ­
mental monitoring, maintenance, inspection, and cleaning. The
implementation ofan adequate respiratory protection program,
including selection of the correct respirators, 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 Enforce­
ment and Safety Administration) and by NIOSH should be
used. Remember! Air-purifying respirators will not pro­
tect from oxygen-deficient atmospheres.

4 Mesityl Oxide

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

Concentration:

Less than or equal to
250 ppm

Less than or equal to
500 ppm

Less than or equal to
5,000 ppm

Table 3.-Respiratory protection for mesityl oxide

Minimum respiratory protection*t

Any supplied-air respirator operated in a continuous flow mode (substance causes eye ir­
ritation or damage-eye protection needed)

Any powered air-purifying respirator with organic vapor cartridge(s) (substance causes
eye irritation or damage-eye protection needed)

Any chemical cartridge respirator with a full facepiece and organic vapor cartridge(s)

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

Any self-contained breathing apparatus with a full facepiece

Any supplied-air respirator with a full facepiece

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

Planned or emergency entry into
environments containing unknown
concentrations or levels above
5,000 ppm

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 Ofother 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.
t The respiratory protection listed for any given condition is the minimum required to meet the NIOSH REL of 10 ppm (40 mg/m3)

(TWA).
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR

METHYL (n-AMYL) KETONE

INTRODUCTION

This guideline summarizes pertinent information about methyl
(n-amyl) ketone for workers, employers, and occupational safe­
ty 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

• Formula: C7H I40

• Structure: 0
II

CH3-C-CHz-CHz-CHz-CHz-CH3

• Synonyms: n-Amyl methyl ketone, 2-heptanone

• Identifiers: CAS 110-43-0; RTECS MJ5075000; Dar 1110

• Appearance and odor: Clear, colorless liquid with a
penetrating, fruity odor

2. Hazardous decomposition products: Toxic vapors and gases
(e.g., carbon monoxide) may be released in a fire involving
methyl (n-amyl) ketone.
3. Caution: Methyl (n-amyl) ketone will dissolve some forms
of plastics, resins, and rubber.

• Flammability
1. Flash point: 39°C (102 OF) (closed cup)
2. Autoignition temperature: 393°C (740°F)
3. Flammable limits in air, % by volume: Lower, 1.1; upper, 7.9
4. Extinguishant: Dry chemical, carbon dioxide, or alcohol
foam
5. Class II Combustible Liquid (29 CFR 1910.106), Flamma­
bility Rating 2 (NFPA)

• Warning properties
1. Odor threshold: 0.35 ppm
2. Evaluation of warning properties for respirator selection:
Because of its odor, methyl (n-amyl) ketone can be detected
below the National Institute for Occupational Safety and Health
(NIOSH) recommended exposure limit (REL); thus, it is treat­
ed as a chemical with adequate warning properties.

EXPOSURE LIMITS
The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for methyl (n-amyl)
ketone is 100 parts of methyl (n-amyl) ketone per million parts
of air (ppm) [465 milligrams of methyl (n-amyl) ketone per cu­
bic meter of air (mg/m3)] as a time-weighted average (TWA)
concentration over an 8-hour workshift. The NIOSH REL is
100 ppm (465 mg/m3) as a TWA for up to a lO-hour workshift,
40-hour workweek. The American Conference of Governmen­
tal Industrial Hygienists (ACGIH) threshold limit value
(TLV®) is 50 ppm (235 mg/m3) as a TWA for a normal 8-hour
workday and a 40-hour workweek.

Table I.-Occupational exposure limits
for methyl (n-amyl) ketone

Exposure limits
ppm mg/m3

CHEMICAL AND PHYSICAL PROPERTIES

• Physical data
1. Molecular weight: 114.21
2. Boiling point (at 760 mmHg): 151°C (304°F)
3. Specific gravity (water = 1): 0.82
4. Vapor density [air = 1 at boiling point of methyl (n-amyl)
ketone]: 3.93
5. Melting point: -35°C (-31°F)
6. Vapor pressure at 20°C (68°F): 2 mmHg
7. Solubility in water, g/lOO g water at 20°C (68°F): 0.43
8. Evaporation rate (butyl acetate = I): 0.4
9. Saturation concentration in air (approximate) at 20°C
(68°F): 0.27% (2,700 ppm)
10. Ionization potential: 9.33 eV

• Reactivity
1. Incompatibilities: Contact with strong acids, alkalies, and
oxidizing agents may cause fires and explosions.

OSHA PEL TWA
NIOSH REL TWA
ACGIH TLV® TWA

100
100
50

465
465
235
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HEALTH HAZARD INFORMATION

• Routes of exposure
Methyl (n-amyl) ketone may cause adverse health effects fol­
lowing exposure via inhalation, ingestion, or dermal or eye
contact.

• Summary of toxicology
Effects on ani11U1ls: Acute inhalation of methyl (n-amyl) ketone
by guinea pigs caused irritation of the mucous membranes, nar­
cosis, and death.

• Signs and symptoms of exposure
1. Short-term exposure (acute): Exposure to methyl (n-amyl)
ketone can cause headaches, dizziness, and irritation of the
eyes, nose, and throat.
2. Long-term exposure (chronic): Exposure to methyl (n-amyl)
ketone can cause dryness a.nd irritation of the skin.

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 ofemployers and work­
ers about work-related hazards, placement of workers injobs
that do not jeopardize their safety and health, earliest possi­
ble detection ofadverse 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 ofbio­
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 methyl (n-amyl) ketone, the physician should evaluate and
document the worker's baseline health status with thorough
medical, environmental, and occupational histories, a physi­
cal examination, and physiologic and laboratory tests appropri­
ate for the anticipated occupational risks. These should
concentrate on the function and integrity of the eyes, skin, liver,
kidneys, and nervous and respiratory systems. Medical surveil-

2 Methyl (n-Amyl) Ketone

lance for respiratory disease should be conducted by using th('
principles and methods recommended by NIOSH and thl
American Thoracic Society (ATS).

A preplacement medical evaluation is recommended in orde
to detect and assess preexisting or concurrent conditions whicl
may be aggravated or result in increased risk when a worke
is exposed to methyl (n-amyl) ketone at or below the NIOSI­
REL. The examining physician should consider the probabll
frequency, 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 con­
traindications to job placement, include a history of chronic
skin disease or concurrent dermatitis.

• 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 methyl (n-amyl) ketone. The
interviews, examinations, and appropriate medical screening
and/or biologic monitoring tests should be directed at identify­
ing an excessive decrease or adverse trend in the physiologic
function of the eyes, skin, liver, kidneys, 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 interpret­
ed according to standardized procedures and evaluation criteria
recommended by NIOSH and the ATS: standardized question­
naires and tests of lung function.

• Medical practices recommended at the time ofjob trans­
fer or termination
The medical, environrnental, and occupational history inter­
views, the physical examination, and selected physiologic and
laboratory tests which were conducted at the time ofplacement
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.

MONITORING AND MEASUREMENT
PROCEDURES

• TWA exposure evaluation
Measurements to determine worker exposure to methyl (n­
amyl) ketone 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 sever­
a� short-term interval samples (up to 30 minutes each) to de­
termine 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).

• Method
Sampling and analysis may be performed by collecting methyl
(n-amyl) ketone vapors with charcoal tubes followed by desorp­
tion with carbon disulfide and analysis by gas chromatogra­
phy. Detector tubes or other direct-reading devices calibrated
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Operations Controls

During use in the prepara­
tion of synthetic resins, es­
pecially for metal roll­
coating

to measure methyl (n-amyl) ketone may also be used ifavaila­
ble. A detailed sampling and analytical method for methyl (n­
amyl) ketone may be found in the NIOSH Manual ofAnalyti­
cal Methods (method number 1301).

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.

Table 2.-0perations and methods of
control for methyl (n-amyl) ketone

During use in the spray ap- Local exhaust ventilation,
plication of lacquers personal protective equip­

ment

Process enclosure, local ex­
haust ventilation

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 methyl (n-amyl) ketone 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 methyl (n-amyl)
ketone, absorb on paper towels and place in an appropriate con­
tainer. Place towels in a safe place such as a fume hood for
evaporation. Allow sufficient time for evaporation ofthe vapors
so that the hood ductwork is free from methyl (n-amyl) ketone
vapors. Burn the paper in a suitable location away from com­
bustible materials.
4. Large quantities of liquids containing methyl (n-amyl) ke­
tone may be absorbed in vermiculite, dry sand, earth, or a simi­
lar material and placed in an appropriate container. Methyl
(n-amyl) ketone should not be allowed to enter a confined space
such as a sewer because of the possibility of an explosion.

If methyl (n-amyl) ketone 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 ofa worker's body being exposed
to methyl (n-amyl) ketone, facilities for quick drenching ofthe
body should be provided within the immediate work area for
emergency use.

If methyl (n-amyl) ketone gets on the skin, wash it immedi­
ately with soap and water. Ifmethyl (n-amyl) ketone penetrates
the clothing, remove the clothing immediately and wash the
skin with soap and water. Get medical attention promptly.

• Rescue
Ifa 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.

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
methyl (n-amyl) ketone.

Workers should be provided with and required to use splash­
proof safety goggles where methyl (n-amyl) ketone may come
in contact with the eyes.

SANITATION

Clothing which is contaminated with methyl (n-amyl) ketone
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 methyl (n-amyl) ketone from the clothing.
If the clothing is to be laundered or cleaned, the person per­
forming the operation should be informed of methyl (n-amyl)
ketone's hazardous properties.

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

Skin that becomes contaminated with methyl (n-amyl) ketone
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 methyl (n-amyl) ketone should wash their
faces, hands, and forearms thoroughly with soap and water be­
fore eating, smoking, or using toilet facilities.

COMMON OPERATIONS AND CONTROLS

Common operations in which exposure to methyl (n-amyl) ke­
tone may occur and control methods which may be effective
in each case are listed in Table 2.

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 ofa worker's eyes being exposed
to methyl (n-amyl) ketone, an eye-wash fountain should be
provided within the immediate work area for emergency use.

During use as a solvent for
rubber and nitrocellulose

Local exhaust ventilation,
personal protective equip­
ment
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5. Liquids containing methyl (n-amyl) ketone may be collect­
ed by vacuuming with an appropriate system. Ifa vacuum sys­
tem 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 ofbeing 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 ofthe 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.

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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Condition

Concentration:

Table 3.-Respiratory protection for methyl (n-amyl) ketone

Minimum respiratory protection*t

Less than or equal to
1,000 ppm

Less than or equal to
2,500 ppm

Less than or equal to
4,000 ppm

Planned or emergency entry into
environments containing unknown
concentrations or levels above
4,000 ppm

Firefighting

Escape only

Any chemical cartridge respirator with organic vapor cartridge(s) (substance reported to
cause eye irritation or damage-may require eye protection)

Any supplied-air respirator (substance reported to cause eye irritation or damage-may
require eye protection)

Any self-contained breathing apparatus (substance reported to cause eye irritation or
damage-may require eye protection)

Any powered air-purifying respirator with organic vapor cartridge(s) (substance report­
ed to cause eye irritation or damage-may require eye protection)

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 self-contained breathing apparatus with a full facepiece

Any supplied-air respirator with a full facepiece

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.
t The respiratory protection listed for any given condition is the minimum required to meet the NIOSH REL of 100 ppm (465
mg/m3) (TWA).
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OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR

alpha-NAPHTHYLAMINE

POTENTIAL HUMAN CARCINOGEN

INTRODUCTION

This guideline summarizes pertinent information about alpha­
naphthylamine 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

• Formula: C IOH9N

• Structure' ())

• Synonyms: I-Naphthylamine; l-aminonaphthalene;
naphthalidam; naphthalidine

• Identifiers: CAS 134-32-7; RfECS QMI400000; Dar 2m7,
label required: "St. Andrew's Cross (X)"

• Appearance and odor: Colorless to yellow crystals which
darken in air to a reddish purple color with a weak ammonia­
like odor

CHEMICAL AND PHYSICAL PROPERTIES

• Physical data
1. Molecular weight: 143.20
2. Boiling point (at 760 mmHg): 301°C (573.8°F)
3. Specific gravity (water = 1): 1.2
4. Vapor density (air = 1 at boiling point of alpha-naphthyl­
amine): 4.93
5. Melting point: 50°C (122 OF)
6. Vapor pressure at 104°C (219 OF): 1 mmHg
7. Solubility in water, g/lOO g water at 25°C (77 OF): 0.17

• Reactivity
1. Incompatibilities: alpha-naphthylamine oxidizes in air
2. Hazardous decomposition products: Toxic vapors and gases
(e.g., oxides of nitrogen and carbon monoxide) may be released
in a fire involving alpha-naphthylamine.

• Flammability
1. Flash point: 15rc (315°F) (closed cup)
2. Extinguishant: Water, dry chemical, carbon dioxide, or al­
cohol foam
3. Combustible 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
alpha-naphthylamine; however, the OSHA standard requires
implementation of stringent controls wherever alpha­
naphthylamine or solid or liquid mixtures containing at least
0.1 % by weight or volume of alpha-naphthylamine are
manufactured,processed, repackaged, released, handled, or
stored (see "General Control Procedure"). Details of this
standard can be found in the Code of Federal Regulations, 29
CFR 1910.1004, alpha-Naphthylamine. The National Institute
for Occupational Safety and Health (NIOSH) concurs with the
OSHA standard. The American Conference of Governmen­
tal Industrial Hygienists (ACGIH) does not have an assigned
threshold limit value (TLV®) for alpha-naphthylamine.

HEALTH HAZARD INFORMATION

• Routes of exposure
alpha-Naphthylamine may cause adverse health effects follow­
ing exposure via inhalation, ingestion, or dermal contact.

• Summary of toxicology
1. Effects on animals: In mice and dogs, chronic oral adminis­
tration or subcutaneous injection of alpha-naphthylamine
produced inconclusive evidence ofliver, bladder, lung, or lym­
phatic cancer; however, beta-naphthylamine, which is a con­
taminant in commercial grade alpha-naphthylamine, is a
recognized animal carcinogen. In addition, certain metabolites
of alpha-naphthylamine have been shown to be carcinogenic
in animals (e.g., N-(l-naphthyl)-hydroxylamine induces blad­
der cancer in mice, and I-nitrosonaphthalene induces tumors
in rats).
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2. Effects on humans: Long-term exposure of workers to com­
mercial alpha-naphthylamine (which contains 4 %-10 % beta­
naphthylamine) has been associated with an increased inci­
dence of bladder cancer.

• Signs and symptoms of exposure
1. Short-term (acute): Exposure to alpha-naphthylamine can
cause mild skin and eye irritation.
2. Long-term (chronic): Exposure to alpha-naphthylamine can
cause headache, dizziness, a feeling of euphoria, weakness,
impaired muscular coordination (ataxia), bluish discoloration
of skin and mucous membranes (due to methemoglobinemia),
breathing difficulty (dyspnea), blood in the urine, and pain­
ful, difficult, or frequent 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 ofemployers and work­
ers about work-related hazards, placement of workers injobs
that do not jeopardize their safety and health, earliest possi­
ble detection ofadverse 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 ofbio­
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 ajob with a potential for exposure
to alpha-naphthylamine, the physician should evaluate and
document the worker's baseline health status with thorough
medical, environmental, and occupational histories, a physi­
cal examination, and physiologic and laboratory tests appropri­
ate for the anticipated occupational risks. These should
concentrate on the function and integrity ofthe skin, liver, lym­
phatic system, 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
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is exposed to alpha-naphthylamine. The examining physician
should consider the probable frequency, intensity, and dura­
tion of exposure, as well as the nature and degree of the con­
dition, 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 der­
matitis.

• 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 alpha-naphthylamine. The in­
terviews, examinations, and appropriate medical screening
and/or biologic monitoring tests should be directed at identify­
ing an excessive decrease or adverse trend in the physiologic
function ofthe skin, liver, lymphatic system, and urinary tract
as compared to the baseline status ofthe individual worker or
to expected values for a suitable reference population.

• Medical practices recommended at the time ofjob 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 ofplacement
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 alpha-naphthylamine may cause dis­
eases of prolonged induction-latency, the need for medical sur­
veillance may extend well beyond termination ofemployment.

• Sentinel health events
1. Acute SHE's include: Contact and/or allergic dermatitis.
2. Delayed-onset SHE's include: Bladder cancer.

MONITORING AND MEASUREMENT
PROCEDURES

• Method
Sampling and analysis may be performed by collecting alpha­
naphthylamine dust with glass-fiber filters and silica gel tubes
followed by elution with acetic acid in 2-propanol and analy­
sis by gas chromatography. Direct-reading devices calibrated
to measure alpha-naphthylamine may also be used if availa­
ble. A detailed sampling and analytical method for alpha­
naphthylamine may be found in the NIOSH Manual ofAna­
lytical Methods (method number 264).

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 alpha-naphthylamine is contained in an otherwise
"closed system" but is transferred, charged, or discharged into
other normally closed containers, OSHA requires that work­
ers: (1) be provided with and required to use clean, full-body

1988



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 to use approved respirators (a
respirator affording higher levels ofprotection may be substitut­
ed); and (3) remove the protective clothing and equipment prior
to exiting a regulated area, and at the last exit ofthe day, place
used clothing and equipment in impervious containers for
decontamination or disposal.

SANITATION

For closed system operations or in locations where alpha­
naphthylamine 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 the regula­
ted area and before engaging in other activities, and (2) show­
er 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.

Ifit 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 alpha-naphthylamine
should be removed immediately and placed in sealed contain­
ers for storage until it can be discarded or until provision is
made for the removal of alpha-naphthylamine from the cloth­
ing. If the clothing is to be laundered or cleaned, the person
performing the operation should be informed of alpha­
naphthylamine's hazardous properties. Reusable clothing and
equipment should be checked for residual contamination be­
fore reuse or storage.

Decontamination and disposal procedures should be estab­
lished and implemented to remove alpha-naphthylamine 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 offood or beverages, the storage or application ofcosmet­
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 regula­
ted areas.

GENERAL CONTROL PROCEDURES

The following control procedures are derived from OSHA re­
quirements as stated in 29 CFR 1910.1004:
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Areas where alpha-naphthylamine is manufactured, processed,
used, repackaged, released, handled, or stored shall be desig­
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 alpha­
naphthylamine, local and systemic toxicity, the specific nature
of the operation which could result in exposure, and the pur­
pose for and the significance ofdecontamination and emergen­
cy practices and procedures.

Entrances to regulated areas shall be posted with signs indica­
ting 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 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 alpha-naphthylamine
which are not in an isolated system, laboratory-type hood, or
other system affording equivalent protection against the entry
of alpha-naphthylamine into regulated areas, nonregulated
areas, or the external environment are prohibited.

In operations involving "laboratory-type hoods" or in locations
where alpha-naphthylamine 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 opera­
tion. Exhaust air shall not be discharged to regulated areas,
nonregulated areas, or the external environment unless decon­
taminated. Clean makeup air shall be introduced in sufficient
volume to maintain the correct operation ofthe local exhaust
system.

Containers of alpha-naphthylamine shall be identified as to
contents and shall contain a hazard warning.

Regulated areas (with the exception ofoutdoor 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 alpha-naphthylamine from the materi­
als, equipment, and decontamination facility.

alpha-Naphthylamine 3



SPILLS AND LEAKS

COMMON OPERATIONS AND CONTROLS

EMERGENCY FIRST AID PROCEDURES

Table I.-Operations and methods of
control for alpha-naphthylamine

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

WASTE REMOVAL AND DISPOSAL

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 ofbeing 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

RESPIRATORY PROTECTION

1. Remove all ignition sources.
2. Ventilate area of spill or leak.
3. If in solid form, alpha-naphthylamine may be collected and
placed in an appropriate container.
4. alpha-Naphthylamine solid or liquid may be collected by
vacuuming with an appropriate high-efficiency filtration sys­
tem or by using wet methods; it may then be placed in an ap­
propriate container. Dry sweeping and dry mopping of
alpha-naphthylamine are prohibited 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.
5. For small quantities of liquids containing alpha­
naphthylamine, absorb on paper towels and place in an ap­
propriate container.
6. Large quantities ofliquids containing alpha-naphthylamine
may be absorbed in vermiculite, dry sand, earth, or a similar
material and placed in an appropriate container.

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 (including gloves, boots,
and supplied-air respirators) 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 alpha-naphthylamine is spilled or leaked, the following steps
should be taken:

Controls

Process enclosure, restrict­
ed access, local exhaust ven­
tilation where appropriate,
personal protective equip­
ment, good housekeeping
and personal hygiene prac­
tices, substitution with less
toxic substances

Operations

During use in the manufac­
ture ofdyes, herbicides, and
rubber antioxidants; during
use in research facilities and
laboratories

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.

Common operations in which exposure to alpha­
naphthylamine may occur and control methods which may be
effective in each case are listed in Table 1.

In the event of an emergency, remove the victim from further
exposure, send for medical assistance, and initiate emergen­
cy procedures. Ifa worker comes in contact with alpha-naph­
thylamine, 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 alpha-naphthylamine, an eye-wash fountain should be
provided within the immediate work area for emergency use.

Ifalpha-naphthylamine gets into the eyes, flush them immedi­
ately 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 ofa worker's body being exposed
to alpha-naphthylamine, facilities for quick drenching of the
body should be provided within the immediate work area for
emergency use.

Ifalpha-naphthylamine gets on the skin, wash it immediately
with soap and water. If alpha-naphthylamine penetrates the
clothing, remove the clothing immediately and wash the skin
with soap and water. Get medical attention promptly.

• Rescue
Ifa 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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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 2.-Respiratory protection for alpha-naphthylamine

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

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 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

beta-NAPHTHYLAMINE

POTENTIAL HUMAN CARCINOGEN

INTRODUCTION
This guideline summarizes pertinent information about beta­
naphthylamine 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

• Formula: CIOHgN

• Structure: ~NH2

~
• Synonyms: 2-Naphthylamine, 2-aminonaphthalene,
2-naphthalamine, 2-naphthalenamine

• Identifiers: CAS 91-59-8; RTECS QM2100000; Dar 1650,
label required: "Poison"

• Appearance and odor: Odorless, white to reddish, crys­
tals which darken in air to a reddish-purple color

CHEMICAL AND PHYSICAL PROPERTIES

• Physical data
1. Molecular weight: 143.20
2. Boiling point (at 760 mmHg): 306°C (583°F)
3. Specific gravity (water = 1): 1.061
4. Vapor density (air = 1 at boiling point of beta-naphthyl­
amine): 4.95
5. Melting point: 110.2°C (230.4OF)
6. Vapor pressure at 108°C (226.4°F): 1 mmHg
7. Soluble in water

• Reactivity
1. Incompatibilities: beta-Naphthylamine oxidizes slowly in
the presence of air and light.
2. Hazardous decomposition products: Toxic vapors and gases
(e.g. , carbon monoxide and oxides ofnitrogen) may be released
in a fire involving beta-naphthylamine.

• Flammability
1. Extinguishant: Dry chemical, foam, carbon dioxide, water
2. Combustible solid, no NFPA flammability rating

• 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
beta-naphthylamine; however, the OSHA standard requires im­
plementation of stringent controls wherever beta­
naphthylamine or solid or liquid mixtures containing at least
0.1 %by weight or volume of beta-naphthylamine are manufac­
tured, processed, repackaged, packaged, released, handled,
or stored (see "General Control Procedures"). Details ofthis
standard can be found in the Code of Federal Regulations, 29
CFR 1910.1009, beta-Naphthylamine. The National Institute
for Occupational Safety and Health (NIOSH) concurs with the
OSHA standard. The American Conference of Governmen­
tal Industrial Hygienists (ACGIH) has designated beta­
naphthylamine as an Al substance (confirmed human carcino­
gen). The ACGIH recommends that no exposure or contact by
any route be permitted.

HEALTH HAZARD INFORMATION

• Routes of exposure
beta-Naphthylarnine may cause adverse health effects following
exposure via inhalation, ingestion, or dermal or eye contact.

• Summary of toxicology
1. Effects on animals: Chronic oral administration of beta­
naphthylamine produced liver cancer in mice and bladder
cancer in hamsters, dogs, and monkeys.
2. Effects on humans: Acute exposure to beta-naphthylamine
dust or vapor has caused bladder inflammation with bleeding
(hemorrhagic cystitis). Chronic exposure to beta­
naphthylamine alone or to beta-naphthylamine as an impuri­
ty in other compounds has been associated with an increased
incidence of bladder cancer.
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• Signs and symptoms of exposure
1. Short-term (acute): Exposure to beta-naphthylamine can
cause weakness, dizziness, feeling of euphoria, breathing
difficulty (dyspnea), bluish discoloration of the skin and mu­
cous membranes (due to methemoglobinemia), and irritation
of the skin and eyes.
2. Long-term (chronic): Exposure to beta-naphthylamine can
cause frequent, painful, or difficult urination or blood in the
urine.

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 ofemployers and work­
ers about work-related hazards, placement of workers injobs
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 ofbio­
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 beta-naphthylamine, 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 skin, liver,
lymphatic system, 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 beta-naphthylamine. The examining physician
should consider the probable frequency, intensity, and dura­
tion of exposure, as well as the nature and degree of the con­
dition, in placing such a worker. Such conditions, which should
not be regarded as absolute contraindications to job placement,
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include a history of chronic skin disease or concurrent der­
matitis.

• 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 beta-naphthylamine. The in­
terviews, examinations, and appropriate medical screening
and/or biologic monitoring tests should be directed at identify­
ing an excessive decrease or adverse trend in the physiologic
function of the skin, liver, lymphatic system, and urinary tract
as compared to the baseline status ofthe individual worker or
to expected values for a suitable reference population.

• Medical practices recommended at the time ofjob 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 ofplacement
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 beta-naphthylamine may cause dis­
eases ofprolonged induction-latency, the need for medical sur­
veillance may extend well beyond termination ofemployment.

• Sentinel health events
1. Acute SHE's include: Contact and/or allergic dermatitis.
2. Delayed-onset SHE's include: Bladder cancer.

MONITORING AND MEASUREMENT
PROCEDURES
• Method
Sampling and analysis may be performed by collecting beta­
naphthylamine dust with glass fiber filters and silica gel tubes
followed by elution with acetic acid in 2-propanol and analy­
sis by gas chromatography. Direct-reading devices calibrated
to measure beta-naphthylamine may also be used if available.
A detailed sampling and analytical method for beta­
naphthylamine may be found in the NIOSH Manual ofAna­
lytical Methods (method number 264).

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 beta-naphthylamine 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
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 ofprotection 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.
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SANITATION
For closed system operations or in locations where beta­
naphthylamine 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 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.

Ifit 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 beta-naphthylamine
should be removed immediately and placed in sealed contain­
ers for storage until it can be discarded or until provision is
made for the removal of beta-naphthylamine from the cloth­
ing. If the clothing is to be laundered or cleaned, the person
performing the operation should be informed of beta­
naphthylamine's hazardous properties. Reusable clothing and
equipment should be checked for residual contamination be­
fore reuse or storage.

Decontamination and disposal procedures should be estab­
lished and implemented to remove beta-naphthylamine 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 thorougWy with soap and water before eating,
smoking, or using toilet facilities.

In regulated areas, OSHA prohibits the storage or consumption
of food or beverages, the storage or application of cosmetics,
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 regulat­
ed areas.

GENERAL CONTROL PROCEDURES
The following control procedures are derived from OSHA re­
quirements as stated in 29 CFR 1910.1009:

Areas where beta-naphthylamine is manufactured, processed,
used, repackaged, released, handled, or stored shall be desig­
nated as regulated areas, and entry into and exit from these
areas shall be restricted and controlled. Only authorized work­
ers are 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 beta­
naphthylamine, local and systemic toxicity, the specific nature
of the operation which could result in exposure, and the pur-
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pose for and the significance ofdecontamination and emergen­
cy practices and procedures.

Entrances to regulated areas shall be posted with signs indicat­
ing that a cancer-suspect agent is present and that only author­
ized 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 beta-naphthylamine
which are not in an isolated system, laboratory-type hood, or
other system affording equivalent protection against the entry
ofbeta-naphthylamine into regulated areas, nonregulated areas,
or the external environment are prohibited.

In operations involving "laboratory-type hoods" or in locations
where beta-naphthylamine 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 shall be introduced in sufficient volume to
maintain the correct operation of the local exhaust system.

Containers of beta-naphthylamine shall be identified as to con­
tents and shall contain a hazard warning.

Regulated areas (with the exception ofoutdoor 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 beta-naphthylamine from materials,
equipment, and the decontamination facility.

COMMON OPERATIONS AND CONTROLS
Common operations in which exposure to beta-naphthylamine
may occur and control methods which may be effective in each
case are listed in Table 1.

Table t.-Operations and methods of
control for beta-naphthylamine

Operations Controls
During use in the manufac- Process enclosure, restrict-
ture ofdyes, acids, and rub- ed access, local exhaust ven-
ber; during use in research tilation where appropriate,
facilities and laboratories personal protective equip­

ment, good housekeeping
and personal hygiene prac­
tices, substitution with less
toxic substances
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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 comes in contact with beta­
naphthylamine, OSHA requires that the worker shower as soon
as possible, unless contraindicated by physical injuries.

• Eye exposure
Where there is any possibility ofa worker's eyes being exposed
to beta-naphthylamine, an eye-wash fountain should be provid­
ed within the immediate work area for emergency use.

Ifbeta-naphthylamine gets into the eyes, flush them immedi­
ately 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 ofa worker's body being exposed
to beta-naphthylamine, facilities for quick drenching of the
body should be provided within the immediate work area for
emergency use.

If beta-naphthylamine gets on the skin, wash it immediately
with soap and water. If beta-naphthylamine 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
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 garments (including 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 gar­
ments and hoods and showering.

Ifbeta-naphthylamine 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, beta-naphthylamine may be collected and
placed in an appropriate container.
4. beta-Naphthylamine solid or liquid may be collected by
vacuuming with an appropriate high-efficiency filtration sys­
tem or by using wet methods; it should then be placed in an
appropriate container. Dry sweeping and dry mopping ofbeta­
naphthylamine are prohibited by OSHA. If a vacuum system
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is used, there should be no sources of ignition in the vicinity
of the spill, and flashback prevention devices should be
provided.
5. For small quantities of liquids containing beta­
naphthylamine, absorb on paper towels and place in an ap­
propriate container.
6. Large quantities of liquids containing beta-naphthylamine
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 ofTrans­
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 ofbeing 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 evaluation ofthe work­
er's ability to perform the work while wearing a respirator, the
regular training ofpersonnel, fit testing, periodic environmen­
tal monitoring, maintenance, inspection, and cleaning. The im­
plementation of an adequate respiratory protection program,
including selection of the correct respirators, 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 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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Condition

Table 2.-Respiratory protection for beta-naphthylamine

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 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 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

4-NITROBIPHENYL

POTENTIAL HUMAN CARCINOGEN

INTRODUCTION

This guideline summarizes pertinent information about
4-nitrobiphenyl for workers, employers, and occupational safe­
ty 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

• Synonyms: p-Nitrobiphenyl; p-nitrodiphenyl; 4-nitrodi­
phenyl; p-phenyl-nitrobenzene; 4-phenylnitrobenzene; PNB

• Identifiers: CAS 92-93-3; RTECS DV560000; DOT not
assigned
• Appearance and odor: White to yellow needle-like crys­
tals with a sweetish odor

CHEMICAL AND PHYSICAL PROPERTIES

• Physical data
I. Molecular weight: 199.22
2. Boiling point (at 760 mmHg): 340°C (644°F)
3. Specific gravity (water = I): 1.2
4. Vapor density (air = I at boiling point of 4-nitrobiphenyl):
6Jf7
5. Melting point: \I3.8°C (236.8 OF)
6. Insoluble in water

• Reactivity
Hazardous decomposition products: Toxic vapors and gases
(e.g., oxides of nitrogen) may be released in a fire involving
4-nitrobiphenyl.

• Flammability
I. Flash point: 143°C (290 OF) (closed cup)
2. Extinguishant: Water or foam (may cause frothing)
3. Flammability Rating I (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-nitrobiphenyl; however, the OSHA standard requires im­
plementation of stringent controls wherever 4-nitrobiphenyl
or solid or liquid mixtures containing at least 0.1 %by weight
or volume of 4-nitrobiphenyl 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 1910.1003, 4-Nitrobi­
phenyl. The National Institute for Occupational Safety and
Health (NIOSH) concurs with the OSHA standard. The
American Conference ofGovernmental Industrial Hygienists
(ACGIH) has designated 4-nitrobiphenyl as an Al substance
(confirmed human carcinogen). The ACGIH recommends that
virtually no exposure to 4-nitrobiphenyl be permitted.

HEALTH HAZARD INFORMATION

• Routes of exposure
4-Nitrobiphenyl may cause adverse health effects following ex­
posure via inhalation, ingestion, or dermal or eye contact.

• Summary of toxicology
Effects on animals: Chronic oral administration of
4-nitrobiphenyl to dogs produced bladder cancer. In rats ex­
posed to 4-nitrobiphenyl, the chemical is metabolically con­
verted to 4-aminodiphenyl, a recognized animal and human
bladder carcinogen.
2. Effects on humans: Because of the known metabolic con­
version of4-nitrobiphenyl to 4-aminodiphenyl in animals and
the potential conversion in humans, it is not possible to separate
the exposure to either substance; thus, the carcinogenicity of
4-nitrobiphenyl alone has not been documented in human
epidemiologic studies. Bladder cancer is strongly associated
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with occupational exposure to 4-aminodiphenyl, and
4-nitrobiphenyl is used in the production of4-aminodiphenyl.

• Signs and symptoms of exposure
1. Short-term (acute): Exposure to 4-nitrobip,henyl can cause
headache, lethargy, painful urination, and blood or pus in the
urine.
2. Long-term (chronic): Exposure to 4-nitrobiphenyl can cause
headache, weakness, dizziness, a feeling of euphoria, breath­
ing difficulty (dyspnea), impaired muscular coordination (atax­
ia), blood or pus in the urine, and painful, difficult, or frequent
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 ofemployers and work­
ers about work-related hazards, placement of workers injobs
that do not jeopardize their safety and health, earliest possi­
ble detection ofadverse 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 ofbio­
logic monitoring and medical screening tests should be evalu­
ated on an industry-wide basis priorlo 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 profess.ionals,
potentially exposed workers, and regulatory and public health
agencies.

• Preplacement medical evaluation
Prior to placing a worker in ajob with a potential for exposure
to 4-nitrobiphenyl, 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 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-nitrobiphenyl. The examining physician should
consider the probable frequency, intensity, and duration of ex­
posure, as well as the nature and degree of the condition, in
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placing such a worker. Such conditions, which should not be
regarded as absolute contraindications to job placement, in­
clude chronic diseases of the liver or urinary tract. The physi­
cian should obtain 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-nitrobiphenyl. 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 ofthe 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 epidemiologic procedures and evalu­
ation criteria.

• Medical practices recommended at the time ofjob 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 ofplacement
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-nitrobiphenyl 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-nitrobiphenyl 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-nitrobiphenyl may also be used ifavailable. A detailed sam­
pling and analytical method for 4-nitrobiphenyl may be found
in the NIOSH Manual ofAnalytical Methods (method num­

ber Z73).

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-nitrobiphenyl is contained in an otherwise "closed sys­
tem" but is transferred, charged, or discharged into other nor­
mally 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-nitrobiphenyl is contained in an otherwise "closed system"
but is transferred, charged, or discharged into other normally
closed containers, OSHA requires that workers: (I) wash their
hands, forearms, faces, and necks prior to exiting the regulat­
ed area and before engaging in other activities, and (2) show­
er 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.

Ifit 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-nitrobiphenyl should
be removed immediately and placed in sealed containers for
storage until it can be discarded or until provision is made for
the removal of4-nitrobiphenyl from the clothing. If the cloth­
ing is to be laundered or cleaned, the person performing the
operation should be informed of 4-nitrobiphenyl'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-nitrobiphenyl 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 ofcosmet­
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 following control procedures are derived from OSHA re­
quirements as stated in 29 CFR 1910.1003:

Areas where 4-nitrobiphenyl 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-nitrobiphenyl,
local and systemic toxicity, the specific nature of the operation
that could result in exposure, and the purpose for and the sig­
nificance of decontamination and emergency practices 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 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 4-nitrobiphenyl which
are not in an isolated system, laboratory-type hood, or other
system affording equivalent protection against the entry of
4-nitrobiphenyl into regulated areas, nonregulated areas, or the
external environment are prohibited.

In operations involving "laboratory-type hoods" or in locations
where 4-nitrobiphenyl is contained in an otherwise "closed sys­
tem" but is transferred, charged, or discharged into other nor­
mally 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 shall be introduced in sufficient volume to main­
tain the correct operation of the local exhaust system.

Containers of4-nitrobiphenyl shall be identified as to contents
and shall contain a hazard warning.

Regulated areas (with the exception ofoutdoor 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-nitrobiphenyl from materials, equip­
ment, and the decontamination facility.

COMMON OPERATIONS AND CONTROLS

Common operations in which exposure to 4-nitrobiphenyl may
occur and control methods which may be effective in each case
are listed in Table I.
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Table t.-Operations and methods of
control for 4-nitrobiphenyl

and continuous air-supplied hoods) enter areas of spills or
leaks.

EMERGENCY FIRST AID PROCEDURES

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 areas affected by 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 (including gloves, boots,

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-nitrobiphenyl,
OSHA requires that the worker shower as soon as possible,
unless contraindicated by physical injuries.

• Eye exposure
Where there is any possibility ofa worker's eyes being exposed
to 4-nitrobiphenyl, an eye-wash fountain should be provided
within the immediate work area for emergency use.

If4-nitrobiphenyl 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 ofa worker's body being exposed
to 4-nitrobiphenyl, facilities for quick drenching of the body
should be provided within the immediate work area for emer­
gency use.

If4-nitrobiphenyl gets on the skin, wash it immediately with
soap and water. If4-nitrobiphenyl penetrates the clothing, re­
move the clothing immediately and wash the skin with soap
and water. Get medical attention promptly.

• Rescue
Ifa 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.

If 4-nitrobiphenyl is spilled or leaked, the following steps
should be taken:

RESPIRATORY PROTECTION

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

WASTE REMOVAL AND DISPOSAL

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

1. Remove all ignition sources.
2. Ventilate area of spill or leak.
3. If in solid form, 4-nitrobiphenyl may be collected and placed
in an appropriate container.
4. 4-Nitrobiphenyl solid or liquid may be collected by vacuum­
ing with an appropriate high-efficiency filtration system or by
using wet methods; it may then be placed in an appropriate con­
tainer. Dry sweeping and mopping of4-nitrobiphenyl are pro­
hibited by OSHA. Ifa vacuum system is used, there should be
no sources of ignition in the vicinity of the spill, and flashback
prevention devices should be provided.
5. For small quantities of liquids containing 4-nitrobiphenyI,
absorb on paper towels and place in an appropriate container.
6. Large quantities ofliquids containing 4-nitrobiphenyl may
be absorbed in vermiculite, dry sand, earth, or a similar materi­
al and placed in an appropriate container.

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 ofbeing 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.

Controls

Process enclosure, restrict­
ed access, local exhaust ven­
tilation where appropriate,
personal protective equip­
ment, good housekeeping
and personal hygiene prac­
tices, substitution with less
toxic substances

Operations

During use in the produc­
tion of rocket fuel; during
use as an industrial solvent
(especially in the fibers and
plastics industries), as an
oxidant, and as an additive
in lubricants
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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-nitrobiphenyl

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

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 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-NITROPROPANE

POTENTIAL HUMAN CARCINOGEN

INTRODUCTION

This guideline summarizes pertinent information about
2-nitropropane for workers, employers, and occupational safe­
ty 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

• Formula: C3H7NOz

• Structure: NO z
I

CH 3-CH-CH3

• Synonyms: Dimethylnitromethane; isonitropropane; 2-NP

• Identifiers: CAS 79-46-9; RTECS TZ5250000; DOT 2608,
label required: "Flammable Liquid"

• Appearance and odor: Clear, colorless liquid with a fruity
odor

CHEMICAL AND PHYSICAL PROPERTIES

• Physical data
1. Molecular weight: 89.09
2. Boiling point (at 760 mmHg): 118 °-120 °C (244 °-248 OF)
3. Specific gravity (water = 1): 0.992
4. Vapor density (air = 1 at boiling point of 2-nitropro­
pane): 3JJ7
5. Melting point: -93°C (-135°F)
6. Vapor pressure at 25°C (77 OF): 20 mmHg
7. Solubility in water, g/lOO g water at 25°C (7rF): 1.7
8. Evaporation rate (butyl acetate = 1): 1.62
9. Saturation concentration in air (approximate) at 25°C
(77 OF): 2.6 % (26,000 ppm)
10. Ionization potential: 1O.7leV
• Reactivity
1. Incompatibilities: Contact with amines, strong acids, alka­
lies, or strong oxidizers may cause fire and explosion. Con-

tact with some metal oxides may cause decomposition.
Mixtures of 2-nitropropane and hydrocarbons are highly
flammable.
2. Hazardous decomposition products: Toxic vapors and gases
(e.g., carbon monoxide and oxides ofnitrogen) may be released
in a fire involving 2-nitropropane.
3. Caution: Overheating 2-nitropropane in closed container
may cause violent explosion. 2-Nitropropane will attack some
forms of plastics, coatings, and rubber.

• Flammability
1. Flash point: 24°C (75 OF) (closed cup)
2. Autoignition temperature: 428°C (802 OF)
3. Flammable limits in air, %by volume: Lower, 2.6; upper,
11.0
4. Extinguishant: Dry chemical, foam, or carbon dioxide
5. Class IC Flammable Liquid (29 CFR 1910.106), Flamma­
bility Rating 3

• Warning properties
1. Odor threshold: 83 ppm
2. Eye irritation level: 150 ppm
3. 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 2-nitropropane
is 25 parts of2-nitropropane per million parts of air (ppm) [90
milligrams of 2-nitropropane per cubic meter ofair (mg/m3)]

as a time-weighted average (TWA) concentration over an 8-hour
workshift. The National Institute for Occupational Safety and
Health (NIOSH) recommends that 2-nitropropane be con­
trolled and handled as a potential human carcinogen in the
workplace; thus, the recommended exposure limit (REL) is
that exposure be minimized to the lowest feasible level. The
American Conference ofGovernmental Industrial Hygienists
(ACGIH) has designated 2-nitropropane as an A2 substance
(suspected human carcinogen) having an assigned threshold
limit value (TLV®) of 10 ppm (35 mg/m3) as TWA for a nor­
mal 8-hour workday and a 40-hour workweek (Table 1).
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HEALTH HAZARD INFORMATION

Table t.-Occupational exposure limits
for 2-nitropropane

* (Ca): NIOSH recommends treating as a potential human car­
cinogen.
t (A2): Suspected human carcinogen.

OSHA PEL TWA
NIOSH REL (Ca)*
ACGIH TLY® TWA (A2)t

Exposure limits
ppm mg/m3

25 90
Lowest feasible level

10 35

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 ofbio­
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.

• Routes of exposure
2-Nitropropane may cause adverse health effects following ex­
posure via inhalation, ingestion, or dermal or eye contact.

• Summary of toxicology
1. Effects on anil1U1ls: In rats, acute inhalation of2-nitropropane
caused progressive weakness, impaired muscular coordination
(ataxia), and irregular breathing; in rats, rabbits, and guinea
pigs, acute inhalation caused degeneration ofthe liver (necro­
sis), pulmonary edema and hemorrhage, selective destruction
ofbrain cells, and vascular epithelial damage in all tissues. Sub­
chronic inhalation of 2-nitropropane by rats produced an in­
creased incidence ofliver cancer. Intraperitoneal injection of
2-nitropropane in pregnant rats on days 1 through 15 of gesta­
tion caused retarded heart development in unborn fetuses.
2. Effects on humans: Acute inhalation exposure of workers
to 2-nitropropane has produced toxic hepatitis, gastrointesti­
nal bleeding, pulmonary edema, fatty degeneration and necro­
sis of the liver, and degeneration of kidney tubules; acute lethal
exposure has also occurred. Chronic exposure of workers to
2-nitropropane has been associated with an increased incidence
of lymphatic and connective tissue cancers.

• Signs and symptoms of exposure
Short-term (acute): Exposure to 2-nitropropane can cause
nausea, vomiting, diarrhea, anorexia, severe headaches,
breathing difficulty (dyspnea), impaired muscular coordina­
tion, and chest and abdominal pains.

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 ofemployers and work­
ers about work-related hazards, placement of workers injobs
that do not jeopardize their safety and health, earliest possi­
ble detection ofadverse 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.

2 2-Nitropropane

• Preplacement medical evaluation
Prior to placing a worker in a job with a potential for exposure
to 2-nitropropane, 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 eyes, skin, liver, kidneys, and
nervous and respiratory systems. Medical surveillance for
respiratory disease should be conducted by using the princi­
ples 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 2-nitropropane. The examining physician should
consider the probable frequency, intensity, and duration ofex­
posure, 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, in­
clude a history of chronic disease of the respiratory tract or
liver. In addition to the medical interview and physical exami­
nation, the means to identify respiratory conditions may in­
clude the methods recommended by NIOSH and ATS. The
physician should obtain baseline values for tests of liver
function.

• 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 report symptoms that
may be attributed to exposure to 2-nitropropane. 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, kidneys, 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 fol­
lowing tests should be used and interpreted according to stand­
ardized procedures and evaluation criteria recommended by
NIOSH and the ATS: standardized questionnaires, tests oflung
function, and chest X-rays.
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• Medical practices recommended at the time ofjob 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 2-nitropropane may cause diseases
of prolonged induction-latency, the need for medical surveil­
lance may extend well beyond termination of employment.

MONITORING AND MEASUREMENT
PROCEDURES

Workers who handle 2-nitropropane 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 2-nitropropane may
occur and control methods which may be effective in each case
are listed in Table 2.

Table 2.-0perations and methods of
control for 2-nitropropane

Operations Controls

• Method
Sampling and analysis may be performed by collecting
2-nitropropane vapors with Chromosorb 106 tubes followed
by desorption with ethyl acetate and analysis by gas chromatog­
raphy. Direct-reading devices calibrated to measure
2-nitropropane may also be used if available. A detailed sam­
pling and analytical method for 2-nitropropane may be found
in the NIOSH Manual ofAnalytical Methods (method num­
ber T72).

PERSONAL PROTECTIVE EQUIPMENT

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

During the manufacture and
distribution of 2-nitropro­
pane; during maintenance of
equipment and storage con­
tainers for 2-nitropropane

During the manufacture of
explosives; during use as a
thinner and solvent

During use in organic chem­
ical synthesis; during use as
a propellant in rocket
motors

Process enclosure, local ex­
haust ventilation, personal
protective equipment

Process enclosure, local ex­
haust ventilation, personal
protective equipment

Local exhaust ventilation,
personal protective equip­
ment

Workers should be provided with and required to use CPC,
gloves, and other appropriate protective clothing necessary to
prevent skin contact with 2-nitropropane.

SANITATION

Clothing which is contaminated with 2-nitropropane 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 2-nitopropane from the clothing. If the cloth­
ing is to be laundered or cleaned, the person performing the
operation should be informed of 2-nitropropane's hazardous
properties. 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 2-nitropropane 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 use of smoking materials, or the storage or use of
products for chewing should be prohibited in work areas.
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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 ofa worker's eyes being exposed
to 2-nitropropane, an eye-wash fountain should be provided
within the immediate work area for emergency use.

If 2-nitropropane 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 2-nitropropane, facilities for quick drenching of the body
should be provided within the immediate work area for emer­
gency use.

If 2-nitropropane gets on the skin, wash it immediately with
soap and water. 1f2-nitropropane penetrates the clothing, re­
move the clothing immediately and wash the skin with soap
and water. Get medical attention promptly.

• Rescue
Ifa worker has been incapacitated, move the affected worker
from the hazardous exposure. Put into effect the established
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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.

If2-nitropropane 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 2-nitropropane,
absorb on paper towels and place in an appropriate container.
4. Large quantities of liquids containing 2-nitropropane may
be absorbed in vermiculite, dry sand, earth, or a similar materi­
al and placed in an appropriate container.
5. Liquids containing 2-nitropropane 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 ofTrans­
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 ofbeing 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.

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
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used. Remember! Air-purifying respirators will not pro­
tect from oxygen-deficient atmospheres.
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Table 3.-Respiratory protection for 2-nitropropane
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

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 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 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

PHENYL GLYCIDYL ETHER

INTRODUCTION

This guideline summarizes pertinent information about phenyl
glycidyl ether (PGE) 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

and strong bases may cause polymerization with the liberation
of heat and spattering. Exposure to light and air may result in
the formation of explosive peroxides.
2. Hazardous decomposition products: Toxic vapors and gases
(e.g., carbon monoxide) may be released in a fire involving
PGE.
3. Caution: PGE will cause some forms of plastics, coatings,
and rubber to deteriorate.

• Flammability
I. Flash point: 120°C (248°F) (closed cup)
2. Extinguishant: Dry chemical, carbon dioxide, or alcohol
foam
3. Class IIIB Combustible Liquid (29 CFR 1910.106)

• Warning properties
Evaluation ofwarning properties for respirator selection: Based
on lack of information on odor threshold and eye irritation lev­
els, PGE should be considered to have poor warning properties.

EXPOSURE LIMITS

Table I.-Occupational exposure
limits for phenyl glycidyl ether

The current Occupational Safety and Health Administration
(OSHA) permissible exposure limit (PEL) for PGE is 10 parts
of PGE per million parts of air (ppm) [60 milligrams of PGE
per cubic meter air (mg/m3)] as a time-weighted average (TWA)
concentration over an 8-hour workshift. The National Insti­
tute for Occupational Safety and Health (NIOSH) recommend­
ed exposure limit (REL) is I ppm (5 mg/m3) as a ceiling
concentration determined in any 15-minute sampling period.
The American Conference of Governmental Industrial
Hygienists (ACGIH) threshold limit value (TLV®) is I ppm
(6 mg/m3) as a TWA for a normal 8-hour workday and a
40-hour workweek (Table I).

Exposure limits
ppm mg/m3

60
5
6

10
I
I

OSHA PEL TWA
NIOSH REL, ceiling (15 min)
ACGIH TLV® TWA

• Synonyms: Glycidyl phenyl ether; PGE; phenyl
2,3-epoxypropyl ether; 1,2-epoxy-3-phenoxypropane;
phenoxy-propene oxide

• Identifiers: CAS 122-60-1; RTECS TZ3675000; Dar not
assigned

• Appearance: Colorless liquid

CHEMICAL AND PHYSICAL PROPERTIES

• Physical data
I. Molecular weight: 150.17
2. Boiling point (at 760 mmHg): 245°C (473°F)
3. Specific gravity (water = I): 1.1
4. Vapor density (air = I at boiling point of PGE): 4.37
5. Melting point: 3.5 °C (38 OF)
6. Vapor pressure at 25°C (7rF): 0.01 mmHg
7. Solubility in water, g/loo g water at 20°C (68°F): 0.24
8. Saturation concentration in air (approximate) at 25°C
(77°F): 0.0013% (13 ppm)

• Reactivity
1. Incompatibilities: Contact with strong oxidizing agents may
cause fires and explosions. Contact with amines, strong acids,

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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HEALTH HAZARD INFORMATION

• Routes of exposure
PGE may cause adverse health effects following exposure via
inhalation, ingestion, or dermal or eye contact.

• Summary of toxicology
Effects on animals: Acute dermal or oral administration ofPGE
to rats and mice caused tissue destruction (necrosis) at the site
of administration, liver damage, and central nervous system
(CNS) depression. Subchronic inhalation of PGE by rats
produced equivocal evidence of testicular degeneration.
Chronic inhalation of PGE by rats produced nasal cancer.
NIOSH will continue to monitor the research regarding PGE
to determine whether the collective evidence justifies control­
ling this chemical as an occupational carcinogen.

• Signs and symptoms of exposure
1. Short-term (acute): Exposure to PGE can cause irritation
of the eyes, nose, respiratory tract, and skin.
2. Long-term (chronic): Exposure to PGE can cause defatting
and drying of the skin, dermatitis, blisters, edema, rash, ecze­
ma, and skin sensitization; cross sensitization with other
glycidyl ethers 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 ofemployers and work­
ers about work-related hazards, placement of workers injobs
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 ofbio­
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 ajob with a potential for exposure
to PGE, the physician should evaluate and document the work-
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er's baseline health status with thorough medical, environmen­
tal, 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 eyes, skin, liver, kidneys, and
reproductive, nervous, and respiratory systems. Medical sur­
veillance for respiratory disease should be conducted by us­
ing 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 con~itionswhich
may be aggravated or result in increased risk when a worker
is exposed to PGE 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 a worker. Such conditions,
which should not be regarded as absolute contraindications to
job placement, include a history of chronic skin disease or con­
current dermatitis.

• 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 PGE. 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
skin, eyes, and reproductive, nervous, and respiratory systems
as compared to the baseline status of the individual worker or
to expected values for a suitable reference population. The fol­
lowing tests should be used and interpreted according to stand­
ardized procedures and evaluation criteria recommended by
NIOSH and the ATS: standardized questionnaires and tests of
lung function.

• Medical practices recommended at the time ofjob 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 ofplacement
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.

MONITORING AND MEASUREMENT
PROCEDURES

• Ceiling concentration evaluation
Measurements to determine worker exposure should be taken
during periods of maximum expected airborne concentrations
of PGE. 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 IS-minute sample or a series of consecutive samples that
total 15 minutes. A minimum of three measurements should
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Table 2.-0perations and methods
of control for phenyl glycidyl ether

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 ofa worker's eyes being exposed
to PGE, an eye-wash fountain should be provided within the
immediate work area for emergency use.

If PGE 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 ofa worker's body being exposed
to PGE, facilities for quick drenching of the body should be
provided within the immediate work area for emergency use.

If PGE gets on the skin, wash it immediately with soap and
water. IfPGE 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.

be taken during one workshift, and the highest ofall 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 PGE
vapors with charcoal adsorption tubes followed by desorption
with carbon disulfide and analysis by gas chromatography. De­
tector tubes or other direct-reading devices calibrated to meas­
ure PGE may also be used ifavailable. A detailed sampling and
analytical method for PGE may be found in the NIOSH Manual
ofAnalytical Methods (method number S74).

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 PGE.

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

SANITATION

Clothing which is contaminated with PGE 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 PGE from the clothing. If the clothing is to be laundered
or cleaned, the person performing the operation should be in­
formed of PGE's hazardous properties.

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

Skin that becomes contaminated with PGE 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 use of smoking materials, or the storage or use of
products for chewing should be prohibited in work areas.

Workers who handle PGE should wash their faces, hands, and
forearms thoroughly with soap and water before eating, smok­
ing' or using toilet facilities.

Operations

During use as a coupling
agent, catalyst, or reactive
diluent in curing rubber,
thermostable epoxy resins,
tire cord, and electric in­
sulating materials

During use as a stabilizer of
halogenated compounds;
during use in the treatment
of fabric

During use as a copolymer
in the production of epoxy
polymers; during use as
chemical intermediate

Controls

Process enclosure, local ex­
haust ventilation, general
dilution ventilation, per­
sonal protective equipment

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

Process enclosure, local ex­
haust ventilation, general
dilution ventilation

COMMON OPERATIONS AND CONTROLS

Common operations in which exposure to PGE may occur and
control methods which may be effective in each case are list­
ed in Table 2.
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SPILLS AND LEAKS

Workers not wearing protective equipment and clothing should
be restricted from areas ofspills or leaks until cleanup has been
completed.

If PGE is spilled or leaked, the following steps should be taken:
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1. Remove all ignition sources.
:? Ventilate area of spill or leak.
3. For small quantities of liquids containing PGE, 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 PGE vapors. Burn the paper in a suitable
location away from combustible materials.
4. Large quantities ofliquids containing PGE may be absorbed
in vermiculite, dry sand, earth, or a similar material and placed
in an appropriate container. PGE should not be allowed to enter
a confined space such as a sewer because of the possibility of
an explosion.
5. PGE may be collected by vacuuming with an appropriate
system. Ifa vacuum system is used, there should be no sources
of ignition in the vicinity ofthe spill, and sufficient flashback
prevention devices should be provided.

WASTE REMOVAL AND DISPOSAL

u.s. Environmental Protection Agency, Department ofTrans­
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 ofbeing 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 ofthe 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.

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.

4 Phenyl Glycidyl Ether
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Condition

Concentration:

Table 3.-Respiratory protection for phenyl glycidyl ether
Minimum respiratory protection*t

Less than or equal to
25 ppm

Less than or equal to
50 ppm

Less than or equal to
500 ppm

Planned or emergency entry
into environments containing
unknown concentrations or
levels above 500 ppm

Firefighting

Escape only

Any supplied-air respirator operated in a continuous flow mode (substance causes eye irritation
or damage-eye protection needed)

Any self-contained breathing apparatus with a full facepiece

Any supplied-air respirator 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 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 (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.
t The respiratory protection listed for any given condition is the minimum required to meet the NIOSH REL of 1 ppm (5 mg/m3)

(ceiling).
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