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I'oreword

(This Foreword is not a part of American Standard Maximal Acceptable Concerirativn of Benzene, 737.4-1960.)

American slandard Maximal Aceeptable Concentration of Benzene, 237.4-1960, has been developed by a
committee, national in scope, functioning under the procedure of tlic American Standards Association,

This commiltee was organized to co-ordinate all availuble information on the various air contaminants
and to establish acceptable concentrations which could be used in the development of means for controlling
such contamination. This standird on the acceptable concentration of benzene is one of a scrics of standards
which have been prepared by tlic committee and approved by the American Standards Association.

Tlic initial draft of this standard was prepared co-operatively with tlic United States Public Health Service.
The first stantlard on this subject was approved January 185, 1941, The subcommittee which developed the pres-
cnt‘revision of this standard was under tlic chairmanslip of Hervey B. Elkins,

For many ycars the need for standard acceptable concentrations of toxic dusts, gases, mists, vapors, and
fumes in tlic 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 rescarch on the toxic effects of many dusts, fumes, mists, vapors, and gases is continuing in indus:
try, governmental institutivns, universities, and clsewhere, the concentration set forth in this standard reflects
information obtained from all authoritative published data and tlic experience of tlic members of the corninittee.

Tlic ASA Scctional Committee on Acceptable Concentration of Toxic: Pusts and Cases, 737, which developed
this standard, had the f{ollowing personnel at tlic time of approval:

H. H. Scurexx, Chairnman
Don D. Irisit, Vice-Chairman
Hexny G. Laus, Secretary

Organization Represented Name of Representative and Business Affiliation
American Conference of GCovernmental Industrial Hygienists. .. Dn Henwenr E Stoxicen, 1. S, Public Health Service
American Industrial Hygiene Association ..ooiiiiiiiiinnnnn, Dr Ronenr A, Kruor, University of Cincinnati

Puteie Drisken, Harvard University (A1)
D Caney I McConn, University of Michigan (Aft)

American Institute of Chemieal Engineees, ooooiiiiiins, 2 ..R. C. Strarron, Travelers Insurance Company
I’ror. C, F. Guunnam, Michigan State University (4#t)
American Petroleum Institiie covviiiiiiiiiisirnnrsssnssnnas Arrax F. Dooiky. The Texas Company
D Lassox Braxey, Sun Oil Company (Al1)
American Public Health Association cooiiiiiiiiiiiinneenns D Lewis J. Craraxy, Uo S, Public Health Service
American Society of Safety Fngineers, ciiiiiiiiiiiiiiiii, Wannun A, Cooxk, University of Michigan
" Association of Casualty and Surety Companies, vivviiininnnn Mynox A, Sxent., Hartford Aceident and Indemnity Company
F. E Tueonen, Hartford Accident and Indemnity Company (A1)
Canadian Standards Association (Linison) .oiiiiiiiiiiinnn Dr Kixesery Kavy, Department of National Health and Wellare
Cotferenee of State and PProvineial
Health Autherities of North Ameriea, oo, e Staneny 1 Osnony, State Department of Health {Connecticut)
Industrial Medical -Association v, D Caney I MceConn, University of Michigan

Dr A. L Laxza, Sew York University (Alt)
International Assoriation of Governmental Labor Officials, L Jlirvey B, Fakiss, Massachusetts Department of Labor & Industries

Manufacturing Chemists’ Association voivveciiiaiiisssines D Joux 1. Fovrern, E |, du Pont de Nemours and Comspany, Inc
Frask S, Low, Foed Machinery and Chemical Corporation (4it)
National Association of Mutual Casualty Companies, ,........ Dr C R, WitLtams, Liberty Mutual Insurance Company
Cuanres S, Lauvnty, Lumbermens Mutual Casualty Company (Alt)
National Safety Council ..oovviiiiiii it Frensuiek W, Saxns, United States Rubber Company
K. A, Kenses (A4l2)
I S. Department ofthe Army (Lirison) covvirieveveverasass Fuepenrick M. Bisnory
Il S. Department of Health, Edueation and Welfare,
Public Health Service (Liaiton) .ooovviiiiiiiiiiinnnnnnns .Dr Heraerr E Stoxkiscen

Dr W. Crank Cooren (Al1)
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L. S. Department of the huérior, Burean of Mines oo Hngox R Brows

Lawnexce B. Beneir ()

U. 8. Department of Labor, Burean of Labwr Standavds. .. ... LWintast G, Grirris -

Mémbersat-Large
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D Axxa M. Baeraee, The Johins Hopkins University

Maxreunn Bowmren, Lead Tndustries Association

Pusar Drixker, Haevard Univeesity

Turonore, F. Havoin, University of Pittshurgh

D Dox D, hasi, Dow Chemical Company
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D AL L Lasza, New York University

e Witean Macnr =

i Nortox Newson, New York University

D Snenmas S, isto. American Smelting and Refining Company
e Fuask Priscr, University of Cincinnati
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F. W, Senw .

De C, Bove Suarrer, American Cyanamid Company

Dr Tnosas L. Suiesas, University of California
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Tlic Mcaning of Maximal ‘Acceptable Concentration

It is generally recognized that there arc' levels of

concentration of atmospheric contaminants to which -

a person may Le exposed without known ill efTects or
discomf{ort. Since it IS not practical to maintain com.
pletely uncontaminated air in most industrial situa-
tions, it i necessary to establish maximal aceeptable
concentratiors of atmospheric contaminants encoun.
tered in industeial operations, These concentrations
in themselves do not represent a scale of relative
toxicity; they represent the concentrations of con.
taminants below which ill effects are unlikely to be
experienced by any but hypersusceptible individuals.

These concentrations are usually based upon data
obtained by one or more of the following procedures:

i1) Labaralory tests on animals

(2) Laboratory tests using human subjects

(3) Environmental and medical investigations in
plants

A common feature of these procedures is that the
experimental exposure shall correspond-to the normal
work pattern. This should bc taken into consitlcrotion
also in the application of maximal acceptable con-
centration values,

Three criteria have governed the establishment of
these concentrntions:

(1) Organic or other tissuc changes

(2} Fur-tional reactions that hnvc no discernible
urtoward cfTects on health but cause impairments,
such as in-co.ordinalions and incrcoscd proncness to
“nccidents

(3) Discomfort or adverse sensory cflects

In thosec cases in which the concentrations have
been cstnblishcd on the bneis of organic changes, it
is logical to assume that repeated exposure to con-
centrations significantly in cxcess of tlic acceptable
concentration probably would produce injury. When
the level has been established on the basis of a fune-
tional change or discomfort, it is logical to assume
that cxposure to .concentrations not greatly cxcceding
the acceptable ' concentration would not produce
materially injurious efTects, Hence it is important to
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understand the criteria upon which any such imaxitmal |
acceptable concentration has been restablished.

Though tlic purpose of tlic acceptable concentration
is to minimize health hazards, its inuncdiate use is
for guidance in establishing cnginccring procedures
to prevent objectionable concentrations of toxic or
noxious materials from being present in the air of
work places, Comparison of tlic results of air analyses
with maximal acceptable concentrations indicate-.
acceptable conditions or otherwise tlic need, extent,
and urgeney of control measures. Sampling and
analysis should be performed by competent personnel
using an acceptable method that will provide a
reliable measure of actual exposure.

Aiv analyses in conjuncltion with acceptable con-
centrations of such atmospheric contaminants as arc
encountered in o industeial  operations serve as a
measure of exposure, but riot as a means of diagnosis
of occupational discase, Diagnoses should be based
on a consitlcrntion of all factors, including results
from clinical and physical csnminntion, as well as
from air analyses, from means of assessing amounts
nf materials in the body, and a knowledge of toxico-
logical cfTects of the materials under consideration.

In the application of tlic standards, it should be
kept in mind that:

(1) Tlic acccptablc concentrations scrvc as stand.
ards for good industrial hygiene practice,

(2) They serve as engincering guides, Design and
operation should aim at maintaining all concentra-
tions below the ‘aceeptable masimum.

.(3) Tlicy should he applied and iuterpreted- by
competent individuals with a full understanding of
tlic basis and limitations of the information from
which the standard has been- devclopced.

(4) It is-advised that these standards are con-
sidcred to be guides toward good industrial hygiene
and arc not intended as legal rcquircments.

(5) The levels are" applicable only for cxposure
to a single substance. In the case of cxposure to
mixtures, the effect may bc increased or decreased,
and controls should be based on the specific situation.



American Standard
Maximal Acceptable Concentration of

Benzene

1. Scope and Purpose

11 ‘rhc maximal acccptablc conccntration of ben.
zene applies to all places of employment,

1.2 The purpose of this standard is to prescribe the

maxiraal acceptable concentration of benzene in the
atmosphere of work placcs for guidance in design and

operation, S0 as to protect the health of tlic workers,

2. Properties of Benzene [1] *

2.1 General Droperties, Benzenc (benzol) is the
lowest homolozue of the aromatic hydrocarbons, Tt
shoulid not be confused with benzine (benzin), a mix-
ture mainly of aliphatic hydeocarbons, Benzene 1S o
colorless liquid, Commercial benzene is seldom pure
and may be contaminated with xylene, toluene.
phenol, thivphene, carbon disulfide, acetoniteile, and
also by pyridine and other substances:

2.2 Physical:Chemienl Propertics
Chemical, formula: Callg

Molecular weight: 0.1 . (2]
Specific gravity: 0.579 m%o-c
Vapor density
(air = 1.00) : 27
Boiling point: 80.1C
Melting point: . 535C

Vapor pressure at 6.1C 100mm Hg (milli.

meters of mercury)
Flash point (closed cup) : —11 C (12 F)
Explosive limits (pcreent

(3]

by volume in nir) : 1.4.7.1
Autoignition temperature: 562 C (1044 F)

23 Toxic Propertics Benzene absorption. occurs
mainly through inhalation of the vapor. Upon acute
cxposure, benzene acts predominantly as a narcotic,
causing dcprcssion of the central nervous system.

With chronic cxposure, benzane may cause bone-
marrow damage, resulting in a change in the circu-

® Numbers in brackets throughout the text refer t0 cor-
responding numbers in References .on page O.

Lons

lating white blood cells, platelets, and red bloed cells.
Individual suszeptibility varies greatly.

Absorbed benrene is excreted partly as phenol con.
jugated with sulfate in the urinc. Determination of
the ratio of inorganic to total sullutes in the urine is
a usc{ul method of estimating benzene exposure [41.

Medical control procedures should emphasize pe-
riodic blood examinations.  *

3. Maximal Acceptable Concentration

3.1 The maximal acceptable concentration of ben-
zene (benzol) shall be 25 pacts pee 1,000,000: parts of
air by volume, enrresponding to 0.08 img (milligram)

per liter at 23 C and 760 mm pressure, for exposures .

not cxcceding a total of & hours per Jay, with tlic .

understanding that variations in concentration should = -

luctuate below this level,

32 Tlic maximal acceptable concentration of ben-
zene IS based on ficld studies in plants where benzene
poisoning has occurred. Scrivus cases of benzene pois.
nning have been reporled where conucntrations
averaged 150 ppm (parts per million) {31, 105 ppm.
[6], 100 ppm (3cascs) [i]and 60 ppm (8], Blood
changes were found in workers exposed to average
concentrations of 100 ppm arid 90 pprn (9], 80 ppm
151, 105 ppm [6], and 60 ppm [8].

The conccentration of*25 ppm is intcnded to provide
tlic average individual with a considerable margin of
saflely against scrious henzene poisoning. A miedical
control program B recommended whénever warkers
arc exposed to concentrations of benzene vapor ap-
proaching the maximal acccptablc roncentration.

4. Sampling Procedure and
Analytical Methods

4.1 Sampling Procedure

4.1.1 The sampling proccdurc shall be in accord.
ancc with what experience shows I necessary to
sccure a sample-which is truly representative of the
actual working conditions at the location tested and
for the period of the employees’ daily exposure. This
implies that the vslume of the sample and the rate st
which it is drawn into the sampling apparatus shall
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be such that the taking of the sample does not itsel(
change appreciably the atmospheric conditions at the
location tested., The volume of the sample shall be
consistent with the sensitivity of the analytical method
employed. . '

4.1.2 Samples of air should be taken wherever
exposure to henzene in the atmosphere is known or
suspected to be of hygienic significance.

4.1.3 Samples should be taken at the breathing
level, close tn the mouth or nose of the worker, with
special attention to the locations near the source of
the benzene and in the path of air currents carrying
it towards the worker, if such condition exists.

.14 Samples should be taken in sufficient num-
bers to indicate whatever differences in concentration
of benzene exist during the working period,

1.2 Analytical Methods. The analytical methods
reccommended for use are based on the formation of

| 60
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dinitrobenzene by the action of fuming nitric acid
and concentrated sulfuric acid. The sample may be
taken originally by passing the air through such a
nitrating niixturc, in a suitable bubbler, at a rate of
0.02 to 0.25 liters per minute [10] ;or grab samples
may be taken in suituble receptacles and then shaken
with nitrating acid [11]; or tlic air may he passed
over silica gel, and the latter heated in tlic laboratory
to drive oT the henzene, which is passed through
nitrating acid,

The dinitrobenzene may he determined by the
color produced by methyl ethyl ketone and alkali,

Any other analytical method may be used, pro-
vided it is ¢quivalent in applicability and reliability
1o those vited.

Nore: It ix understond that the sampling and analysis of
vontaminated air as specified above, aml the interpretation of
the data in relation to the stated permissible concentration
shall be done only by technically qualified and competent
prrsons,

-t
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