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Foreword
(This Foreword is not a part of USA Standard Acceptable Concentrations of Benzene, Z37.4-1969.)

This USA Standard Acceptable Concentrations of Benzene, Z37.4-1969, has been developed
by a committee, national in scope, functioning under the procedures of the United States of
America Standards Institute.

This committee-was organized to coordinate all available information on the various air con-
taminants and to’establish acceptable concentrations which could be used in the development
of means for controlling such contamination.

For many years the need for standard acceptable concentrations of toxic dusts, gases, mists,
vapors, and fumes in the air of work places has been recognized. A great deal of information
on such concentrations has been published but it frequently differs, due largely to the varying
conditions under which observations and tests were made.

While research on the toxic effects of many dusts, fumes, mists, vapors, and gases is continuing
in industry, governmental institutions, universities and elsewhere, the concentrations set forth
in this standard reflect information obtained from all authoritative published data and the
experience of the members of the committee. The first draft of this revision was prepared by Dr.
Horace W. Gerarde.

Suggestions for improvement in the use of this standard will be welcome. They should be sent
to the United States of America Standards Institute.

The Sectional Committee on Acceptable Concentrations of Toxic Dusts and Gases, Z37, which
developed this standard had the following personnel at the time of approval:

Don D. Irish, Chairman Henry F. Smyth, Jr, Vice-Chairman
Henry G. Lamb, Secretary

Organization Represented Name of Representative

American Conference of Governmental Industrial Hygienists H. E. Stokinger

American Industrial Hygiene Association. ... J. F. Treon
American Institute of Chemical Engineers .....................ooooiiiiiiioieeaeeo oo .... W. J. Smith
American Insurance AssoCiation ............cooeeiiiiiiiiieini e W. G. Meade

G. K. Hogan (Alt)
American Mutual Insurance AlLANCE .............vvuviviviuieiiiii i e W. R. LaRoque

R. H. Deibert (Alt)
American Petroleum Institute .............ccoooiiiiiiiiiiiiiiiii e A. E. Dooley

. H. H. Golz (Alt)

American Public Health AsS0CIatioN .........uuvviiiiii e E. D. Palmes
American Society of Safety Engineers W. A. Cook

d. C. Radcliffe (Alt)
American Society for Testing and Materials.....................cco e, P. M. Giever

M. D. Huber (Alt)
Canadian Standards Association (LiGiSOM) ..........o.oo o oe e K. Kay
Conference of State and Provincial Health Authorities of North America ............................ F. M. Foote

J. J. Stapor (Alt)
Industrial Medical AssSOCIation ................coiiiiiiii e J. H. Lede
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The Meaning of Acceptable Concentrations

It is generally recognized that there are
concentrations of air contaminants to which
a person may be exposed without discomfort
or ill effects. This standard defines such con-
centrations in light of best present day
knowledge.

The immediate use of a USA Standard for
acceptable concentrations is for guidance in
establishing engineering procedures to pre-
vent objectionable concentrations of materials
in the air of work places. These concentrations
in themselves do not represent a scale of rela-
tive toxicity; they represent concentrations
below which ill effects are unlikely under the
specified conditions.

The term, acceptable concentration, is not
defined as a single concept but is related to
the duration and pattern of the exposure as
set forth in the USA Standard for the indi-
vidual substance.

In the application of an acceptable concen-
tration established as a USA Standard, it is
important to understand the criteria upon
which the standard is established. These cri-
teria are avoidance of:

(1) Undesirable changes in body structures
or biochemistry

(2) Undesirable functional reactions that
may have no discernible effects on health

(3) Irritation or other adverse sensory
effects

A purpose for establishing acceptable con-
centrations is to provide a basis for interpre-
tation of the results of air analysis as an indi-
cation of the severity of potential exposure,
but not as a means of establishing the presence
of occupational disease. Comparison of air
analysis results with acceptable concentra-
tions indicates either acceptable conditions
or otherwise the need. extent, and urgency of
control measures. Sampling and analysis
should be performed by competent personnel

using a standard method if available. and one
that will provide a reliable indication of po-
tential exposure.

It should be kept in mind that:

(1) The acceptable concentrations are the
highest concentrations which can currently be
Jjustified consistent with the objective of main-
taining unimpaired health or comfort of
workers or both. It is good practice to main-
tain lower concentrations when this does not
render industrial operations inefficient.

{2) Acceptable concentrations are not pre-
cise values sharply dividing what is hazardous
from what is safe under the particular circum-
stances and therefore are not appropriate for
use as legal requirements.

(3) These standards are considered to be
guides for good industrial hygiene practices
and should be applied and interpreted by per-
sons with a full understanding of the basis and
limitations of the information from which the
standard has been developed.

(4) The levels are applicable only to a single
substance and to the exposure pattern as de-
tailed in the standard. Unless specified, ac-
ceptable concentrations should not be assumed
to apply under conditions of abnormal physical
stress. Judgment must be exercised when gross
deviations from normal environments are en-
countered.

(5) Exposure to mixtures is the rule. When
more than one of the components is of hygienic
significance, acceptable concentrations of the
components should be based on the given mix-
ture and situation.

(6) Routes of absorption other than inhala-
tion, such as through the skin, should be con-
sidered in the evaluation of the exposure.

(7) These standards do not apply to com-
munity atmospheric pollution as related to
general populations.
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Acceptable Concentrations of Benzene

1. Scope and Purpose

1.1 Scope. This standard of acceptable con-
centrations of benzene applies to all work
places where the duration and circumstances

of potential contacts are similar to those de-

scribed in the standard.

1.2 Purpose. The purpose of this standard is
to provide useful information for the control
of benzene exposures and to aid in the design
and operation of equipment, so as to protect
the health of workers.

2. Properties of Benzene

2.1 Physical and Chemical Properties. Ben-
zene is a colorless liquid with a distinctive
odor. The odor gives some warning of exposure
above acceptable concentrations. Since ol-
factory fatigue develops rapidly, the sense of
smell cannot be relied on to warn of the pres-
ence of benzene.

Chemical formula: CgHg

Molecular Weight: 78.11

Boiling point: 80.1°C at 760 mm of Hg

Melting point: 5.4°C to 5.5°C

Vapor pressure: 74.6 mm of Hg at 20°C

Vapor density: 2.77 (air = 1)

Density of air
saturated with
benizene vapors:

Concentration in
saturated air:

1.22 (air = 1) 26°C

at 760 mm of Hg
13.15 percent 26°C at

760 mm of Hg
Liquid density: 0.8787 (15/4°C)
Index of refraction: 1.5016 at 20°C
Solubility: Water—1 part in 1430
parts; miscible with
alcohol, chloroform,
ether, carbon disul-
fide, carbon tetra-
chloride, glacial
acetic acid, and ace-
tone

12°F (C.C.)
1.35 to 6.75 percent by
vol in air{1]!
Conversion factors: 1 mg/1 of vapor = 313
ppm (at 25°C and
760 mm Hg). 1 ppm
of vapor = 0.00319
mg/1

2.2 Toxic Properties: Acute Toxicity. Liquid
benzene on direct contact with the skin may
cause erythema and blistering. Benzene is
poorly absorbed through the intact skin so
that systemic intoxication from the percutane-
ous absorption of benzene is unlikely to occur.
The direct aspiration of liquid benzene into
the lungs causes immediate pulmonary edema
and hemorrhage.

The ingestion of liquid benzene causes local
irritation of the mucous membranes of the
mouth, throat, esophagus, and stomach. The
ingestion of a tablespoonful {about 15 ml) of
benzene has been known to cause collapse,
bronchitis and pneumonia.

High concentrations of benzene vapor are
irritating to the mucous membranes of the
eyes, nose, and respiratory tract. The inhala-
tion of high concentrations of benzene vapor
may cause exhilaration followed by drowsi-
ness, fatigue, dizziness, headache, and nasuea.
The pulse rate increases; there may be a sensa-
tion of tightness in the chest accompanied by
breathlessness and ultimately the victim may
lose consciousness. Convulsions and tremor
occur frequently and death may follow in a
few minutes or several hours following severe
exposure.

Flash point:
Flammable limits:

2.3 Toxic Properties: Chronic Toxicity. The
effects of inhaling small quantities of benzene
vapor over a prolonged period of time may be
serious in industrial exposures to this hydro-
carbon. These effects are due to the insidious
injury to the blood-forming tissue at atmos-

!Numbers in brackets refer to references in Section 5.



pheric concentrations which may not cause
irritation of mucous membranes or any un-
pleasant sensory effects.

The most common abnormalities in the blood
of workers exposed to benzene are anemia and
leukopenia, the latter believed by many author-
ities to be the earliest sign of chronic benzene
intoxication. The classical picture of severe
anemia, leukopenia, and thrombocytopenia is
found in the severe and fatal cases of aplastic
anemia following benzene exposure.

3. Acceptable Concentrations
2, 3, 4, 5, and 6]

3.1 Acceptable Maximum for Peaks above the
acceptable ceiling for an eight-hour work day:
A concentration of 50 ppm for a duration of
not more than ten minutes is acceptable if en-
countered not more than once during an eight-
hour work day. This requires that other ex-
posures be within the concentrations indicated
in sections 3.2 and 3.3.

3.2 Acceptable Ceiling Concentration for pro-
tection of health assuming an eight-hour work
day: A ceiling of 25 ppm is acceptable for
avoiding injury to blood-forming tissues.

3.3 Acceptable Time-Weighted Average for
protection of health assuming an eight-hour
work day: A time-weighted average of 10 ppm
is acceptable for avoidance of injury to the
blood-forming tissue. This is based on the
information now available concerning expo-
sures at this level.

4. Sampling Procedure
and Analytical Methods

4.1 Sampling Procedure. Air samples taken
continuously in accordance with good indus-
trial hygiene practice should be adequate to
define the potential exposure to benzene in a
particular work operation. In major operations
continuous analyzing and recording equipment
is desirable with an alarm device to indicate
concentrations above 25 ppm.

4.2 Analytical Methods. [7 and 8] The method
depends on the sample. Most used would be
ultraviolet absorption, infrared absorption,
gas chromatography, or nitration, and deter-
mination by colorimeter. Concentration in air

Z37.4

may be determined directly by infrared or
gas chromatography.

Any method used should be carefully veri-
fied and the apparatus calibrated by the in-
dustrial hygienist to be sure it is appropriate
to the particular operation under study.

4.3 Biochemical Analysis. Analysis of exhaled
air may be used as an indicator of recent past
exposures, inasmuch as benzene is excreted
partly unchanged in exhaled air. Useful meth-
ods for qualitative and quantitative analysis
of exhaled air are infrared spectroscopy and
gas-liquid chromatography. Benzene is metab-
olized, in part, to phenol which is excreted in
conjugated form in the urine. A total phenol
content (both free and combined) of more than
10 mg/liter of urine as a group average (even
in small groups) may be an indication of ben-
zene exposure [9]. The normal phenol level of
10 mg per liter is based on a highly specific
analytical method. This method should de-
termine phenol but should exclude other
phenolic substances. Phenol values exceeding
200 mg/liter of urine taken as a spot sample
at the end of a work day may indicate exposure
to 25 ppm or more of benzene for eight hours.
Certain drugs are metabolized to phenolic
compounds and excreted in the urine. For
example, one tablet of phenacetin will double
the normal level of phenol in urine.
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