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SourcEs oF DATA

With these considerations in mind, therefore, let
us see how the MAC values have been established.
The first basis in most instances has been animal
experimentation. When a substance is suspected of
being toxic, tests are made on a variety of animals by
as many routes as is practical: inhalation, feeding,
patch testing on the skin and eyelids, and injection
under the skin, into' the muscles, the veins, the abdom-
inal cavity, the trachea and any other parts of the body
that might be indicated. By varying the dosage widely,
it is possible to determine, not only how much of the
substance is necessary to kill the animals, but also
how much causes minimal symptoms and what parts
of the body are most sensitive to it. From this are
determined the toxic range within which the substance
appears to fall, and what signs of poisoning to look
for in individuals exposed to it.

There are, however, several limitations inherent "in
this method. First, the reaction of any one type of
animal to a toxic substance is no proof that 2 human
being or any other animal will react similarly. The
use of a variety of animals sometimes mitigates this
factor to some extent, but frequently the range of
response of the various species, not only quantita-
tively, but even qualitatively, renders the problem
even more complex.

A second, limitation is the difficulty of fully evalu-
ating the cumulative effects of a toxic compound.
For one thing, the life span of most experimental
animals is much shorter than that of humans, sa that
it is’ impossible to demonstrate the effects which only
appear after years of exposure. Even when the expos-
ure can be compressed within their life time, the
difficulties of conducting such long drawn out experi-
ments are almost insuperable, particularly in inhala-
tion' studies. This, of course, is not a problem where
the toxin is known to be non-cumulative,

The other basis for establishing a maximum allow-
able concentration is by data obtained- from observa-
tions on huwmans., Although a few experiments on

laboratory exposure of individuals to, toxic substances
have been performed, by far the greatest part' of this
data has been collected by observations in the field.
When one or more workers become il] from an expos-
ure which can be determined, an upper limit is estak -
lished, and a tentative MAC can be set sufficiently
below that; limit to allow an adequate margin of safety.
When a group of workers have been shown to toler-
ate @ determined exposure for an adequate length of
time with no toxic signs or symptoms, this can be
assumed as a safe exposure. Further information is
sometimes obtained by surveying a group of workers
for medical evidence of poisoning while simtltane-
ously studying the air contamination. As more data
accumulates, the standard can be set more accurately,
but it is easy to see that a great many determinations
are necessary before any statistical accuracy is pos-
sible.

There are many limitations to this technique also.
Except for the field surveys just mentioned, expos-
ures are practically never determined at the time the
workers become ill, and have to be measured and eval-
uated after the fact. All the potential errors inherent
in determining the concentrations to which the work-
ers are actually exposed, which will be discussed in
detail later, affect the validity of any observation.
Furthermore, in borderline over-exposurees, it is oiten
difficult to differentiate symptoms due to industrial
poisoning from those of nom-indusirial diseases to
which any worker might succumb. Then the range of
individual idiosyncrasy must be considered. On the
one hand, a few individuals will always prove so
susceptible to certain toxic substancees that it is often
unfair to use their reactions as a criterion for an
upper limit, and it may be necessary to exclude them
from an industry in which they are exposed to sub-
stances to which they are hypersensitive. In addition,
some workers may be oversusceptible because of
disease or personal habits: the ultrasensitivity of
chronic alcoholics and people with liver disease to* car-
bon tetrachloride is a good example. On the other
hand, it has been found that natural selection tends
to eliminate from certain industries all but those who
are relatively insensitive to the poisonous substances
handled. To use the toxic thresholds of these work-
ers, therefore, as a basis for establishing a safe expos-
ure creates the danger of setting the MAC too high

()

and endangering the worker of average susceptibility . . ...

entering the occupation, Finally, the disease picture in
acute poisoning is often very different from that in
the chronic; so that the absence of acute symptoms in
a group of workers is no indication that they are not
exposed to, concentrations of a toxic substance which
will cause chronic poisoning in a period of time. As
an example, the failure of a worker exposed to benzol
vapors to demonstrate acute symptoms severe enough
to require medical attention is no guarantee that he
may not develop an aplastic anemia several years later.,

In the case of those substances characterized by
their irritating qualities rather than by specific toxic”
effects, the establishment of MACs is attended by still
further difficulties. The original MAC tables were
promulgated on toxic effects, and their extension fo
the relatively non--toxic solvent vapors has brought in
the new concept of considering the discomfort of the
workers as well. The result has been that in some
cases, the MAC has been set at the sensory limits
determined by controlled observations on humans, as

-



for example, methyl ethyl ketone or turpentine; while
in others, a compromise value has been adopted which
is lower than necessary to protect a worker from poi-
soning, and yet too high for optimum working' condi-
tions, as was done with acetone and ethyl acetate. A
careful evalunation of the basis for one of these MACs
is therefore necessary in order to apply it to a par-
ticular situation,

Occasionally, correlation between animal experi-
ments and human observation supplies still further
information. This is usually done in a series of stan-
dardized  experiments known as range-finding tests,
which are utilized in giving a tentative MAC to new
organic compounds which are developed for industrial
use. A limited series of acute exposures are made on
several groups of animals of differeat species, using
a widely distributed range of dosage. On the basis
of pathology, reactions to varying concentrations, and
lethal dosage, the toxicity is compared with that of a
chemically related poison with an accepted MAC, and
an approximate MAC set for the new compound.
These tentative MACs can then be used as an indica-
tion of the safety of the particular compound, and as
a guide in planning adequate control measures.

It should be understood that all MAC values, even
those which have been established for many years, are
not immutable, and periodic revision of the values is
constantly being made by both the governmental agen-
cles and semi-official organizations responsible for
their establishment and application.

INDUSTRIAL APPLICATIONS

Having seen how these criteria are established, and
arrived at somej understanding of their limitations, the
next consideration is their application. The primary
use is as a yardstick for surveying the hazards of
an industrial process. With an adequate means for
measuring the concentration of a toxic substance in
the air, the presence and location of amounts in excess
of the MAC can'be determined, and the necessity for
control measures established. For example, analysis
of lead dust and fumes in the air at the various opera-
tions in the manufacture and assembly of storage
batteries will indicate where the MAC is being
exceeded, and what steps must be taken to render the
plant safe. Evaluation of a new potentially hazardous
process in the pilot plant stage will often indicate the

-necessary controls before large scale operations are

comimenced, and avoid expensive alterations at a
later date.

Another use for the MAC is in planning industrial
ventilation. If the quantity of a toxic substance which
will be released into the workroom atmosphere in a
given time is known, then the volume in cubic feet of
general ventilation necessary to dilute it below the
MAC can be calculated. In this way, a ventilation
system can be designed which will afford adequate
protection to the workers without the cost and discom-
fort of an inordinately large circulation of air. A good
illustration of this procedure would be planning the
ventilation for a paint-dipping operation, under cir-
cumstancees where, the composition of the solvent and
the approximate volumne of paint to be used daily
wauld be fairly constant,

Quite frequently, the MAC serves as a guide to, the
selection of a safer solvent. Where the choice of sev-
eral solvents is available, and other factnrs need not
e considered, then the use of the vne with the high-

est MAC is always preferable, both because it is safe-
est and easiest to handle, and because it reduces the
ventilation requirements. Due consideration to vapor
pressures at room temperatures must be given, how-
ever, since a low-boiling liquid, even though it has a
higher MAC, may actually result in a more toxic
atmosphere because of higher concentrations. Usually
the decision is complicated by factors such as effec-
tiveness, cost and availability of the solvent, but the
MAC should always be given its proper weight, Sim-
ilarly, when an excessive exposure to a particular sol-
vent has been shown, substitution of a less toxic sub-
stance is,a control measure of choice, and the table
of MACs is a very helpful guide in making the pro-
per selection.

A further application of an MAC might be in, eval-
uating the exposure of an individual worker. Where
certain symptoms were complained of which might or
might not be due to a particular toxic substance
handled by, him, knowledge of whether the air concen-
trations were significantly below the recognized toxic
limits would be very helpful to the physician treating
him. A great deal of caution must be used in- such an

. evaluation, however, because of the wide range of

individual susceptibility to many substances. In a
given situation, where the diagnosis was definite but
no evidence of exposure in excess of the MAC could
be found, and where the toxic symptoms were con-
fined to one particular worker, the indications might
favor transfer to other work of that particular indi-
vidual because of his hypersensitivity, rather than the
installation of unnecessarily severe controls.

LriMITATIONS AND PITFALLS

As has been mentioned before, the basis for both
the determination and application of an MAC hinges
in most instances on proper determination of air con-
centrations. It is not the purpose of this paper to dis-
cuss in detail the technique of air tests, which is a
complete topic in itself ; but some consideration of the
problems involved is necessary in. order to understand
fully the limitations of MACs and avoid the pitfalls of
faulty application.

Since in almost all instances the portal of entry is
the mouth and nose, it is of primary importance that
determinations be made in the breathing zone of the
wworker. There are some occasions where the concen-
tration of the toxic substance is uniform throughout
the workroom, as for example in many painting opera-
tions where no local exhaust ventilation has been
installed; but in general, the conceniration drops
rapidly with distance from the source, In this case,
a general room sample would be meaningless. It is
necessary to follow the worker for a considerable
period of time, with the sampling tube either held
close to his face or actually attached to it. The sam-
ple thus obtained will correspond fairly exactly with
the average contamination of the air breathed in by
the worker,

It is also extremely important to have a thorough
understanding of the process being surveyed, in order”
to insure that the sample obtained represents an
average exposure of the worker. Many examples of
this can be cited. In studying the exposure of foundry
workers to metal fumes, it is necessary to follow the
worker through an entire cycle of operatious, includ-
ing filling the ladle, drossing, and pouring into the
malds, and to he sure that these operations chnstitute
a representative schedule for the particular foundry.



A low melting alloy may be in use for the particular
pour tested, or the casting of one large mold instead
of a series of small ones may give an entirely different
picture than that usually present. The exposure at a
degreasing tank is controlled to a great extent by the
size of the objects being cleaned, the speed at which
they are removed from the tank, and their tendency to
trap solvents in concavities. The fact that the concen-
tration is below the MAC for the particular solvent
when the parts are neatly stacked with .concavities
downward and are lifted out slowly is no guarantee
of safety unless it is shown that this is normal oper-
ating procedure for the plant. Certain types of equip-
ment will have variable exposures even during appar-
ently continuous operation. For example, dust con-
centrations will be highest ¢n theé beginning when mix-
ing a dry powder with a solvent, but will rise steadily
in a crushing operation, as more fine particles are
created. In such processes, failure to include a full
cycle, including loading and unloading operations,
would destroy the value of any sample taken.

Seasonal variation, too, must be evaluated in mak-
ing air tests. During the warmer months, there is a
marked increase in general room ventilation because
windows and doors can be kept open, which tends to
reduce the concentration of air contaminants. This is
partially overcome in the case of solvents, where
higher temperatures- may cause increased vaporiza-
tion. A further factor is the seasonal fluctuation in
production found in many industries, which may
cause concomitant fluctuations in the quantities of
toxic stbstances handled. All these factors should be
investigated at the time are tests are made, and due
allowance made for them, particularly when recon-
structing the exposure under which a worker be-
came ill.

With cumulative poisons, such as lead or mercury,
a sample of a representative working cycle, taken in
the breathing zone of the worker, can be directly com-
pared with the MAC, since it indicates the amount
of toxic substance inhaled in a given period of time.
With acute irritants and many volatile solvents, how-
ever, still another factor has to be considered: fluctua-
tion. A concentration of 50 parts per million over a
half-hour sampling period may represent a vapor
evenly distributed during that time, or it may equally
well represent 200 parts per million for five minutes
and 20 for the remainder of the time. The latter
exposure to a solvent with an MAC of 350 parts per
million might be pronounced safe on the basis of an
air test, and yet the workers might be subject to irri-
tation during the brief periods of higher exposure.
Furthermore, for complex physiological reasons involv-
ing rates and avenues of excretion, and relative solu-
bilities in blood and tissues, a worker might retain
a great deal more of a poison when exposed to a
fluctuating concentration, than to a constant one of
the same average level, For these reasons, there are
instances where a technique for rapid sampling’ is indi-
cated, with frequent observations throughout the work-
ing cycle to catch the peaks. Recently, several new
instruments for making rapid air analyses have
appeared, and the data obtained with them may throw
much new light on this problem.

In the case of many inorganic compounds, their sol-
ubility products and other chemical properties must
also be considered. For example, lead borosilicate has
been substituted for other, more toxic, lead salts in

the manufacture of pottery glazes because of its great
insolubility, which causes it te be absorbed more
slowly from the lungs after deposition. On the other

hand, occasionally certain salts of a metal appear to.
be more taxic then the metal itself, due to the add&f™

effect of the acid radical. Barium peroxide and possi-
bly lead chromate are instances of this.

One final word of caution. In using an MAC to
determine whether a particular substance can be used
safely in a given situation, the question of exposure
over and above that produced by the established oper-
ating procedure must be evaluated. Where leaks,
spills or other accidents are frequent, they may expose
the workers to dangerous concentrations of vapor
which would not be picked up by a single air test.
Also, the natural tendency of a worker to disregard
safety precautions whern they inconvenience him must
be allowed for.

Concrusions

- In, conclusion, then, there are a number of fields of
application in industrial hygiene for the tables of maxi-
mum allowable concentrations. They can be used as
a yardstick in surveying industrial processes and elect-
ing organic solvents from the point of view of safety.
They are useful in planning ventilation for many
potentially hazardous operations. They will often be
of value in determining whether a worker might have
been poisoned. Care must bhe taken, however, to con-
sider all the variables which might affect the applica-
tion of an MAC to a particular situation, and to
insure that the air tests with which it is compared
truly represents the concentration of toxic substances
to which the worker is exposed. Lastly, it must be

remembered that the MACs are not unchangeable.es®!

constants, but rather values which have been estab-
lished on the basis of limited experience with animal
experimentation and human observation, and therefore
subject to revision as further information throws new
light on their reliability. For this reason, it is in gen-
eral preferable not to seek to have fixed values estab-
lished by law or written into codes, but rather to use
them as guides for purposes of control; so that due
allowance can be made for special circumstances,
developing concepts or new data.

Bibliography

1. Cool, Warren 4.: Maximum Allowable Conecentrations
of Industrial Atmospheric Contaminants. Industrial
Medirine, 14: 938 t¢ 946, November, 1045.

2. Fairhall, Lawrence T.: Coraments on 1947 MAC Valites,
iisilgstrial Hyglene Newsletter, 8:8 and 9, February,

3. Nelson, K, W., Ege, I. F,, Ross, Morwick, Woodman, L.
E, and Silverman, Leslie: Sensory Response to Certain
Industrial Solvent Vapors. Journal of Industrial Hy-
ﬂ}e;lse and Toxicology, 25: 282 to 285, September,

4. Steruner, James F.: Determining Margins of Safety.
Industrial Medicine, 12: 514 to 518, August, 1943.

5. Teleky, Ludwig: Toxie Limits, Industrial Hygiene
guppifgggnt of Industrial Medicine, 9: 63 to 71, Octo-
er, 1940.

: ERRATUM
In the November 1948 issue of the Monthly Re-
view, in an article by Harris on Paints, Laequers

“Highly Toxic” materials, This was an ervor, It
shonld have appeared in the record column under
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The field of industrial hygiene is concerned, among
other things, with the protection ot the health of the
worker in industry by the elimination of toxic sub-
stances from the working atmosphere. Its progress
to a highly specialized science has been paced by the
development of accurate laboratory methods for the
evaluation of air contamination. With the -ability to
determine these exposures has come the need for
standards for interpreting them. This has led to the
establishment of tables of maximum allowable con-
centrations, which are the highest concentrations of
substances in the air which will not injure the average
individual during a full working day.

Basic CoNSIDERATIONS

These values are usually given in one of three
forms: 1) gaseous proportion, 2) weight, and 3)
number of particles. Substances which are dispersed
in air in true molecular form as gases or wvapors, like
chlorine or benzol, are expressed in parts per million,
calculated as a gas. On the other hand, dusts, fumes
and wmists, as for instance lead or chromic acid, con-
sist of particles of varying size and random distribu-
tion, and cannot be expressed in these terms. Most
of these concentrations are therefore expressed as
milligrams per cubic meter of air., Occasionally, the
value is given as milligrams per ten cubic meters of
air, whizh is considered ‘the average volume inspired
by a worker in an eight-hour working day, and is
therefore supposed to give some idea of his actual
intake of the toxic substance. A special category
has been created for the mineral dusts, such as silica,
asbestos and tale, which cause proliferative changes in
the lungs. Since the important factor in these cases
appears to be the number of particles inhaled, they are
reported as million particles per cubic foot of air,
together with the concentration of offending agent in
the mineral.

The promulgation of tables of maximum allowable
concentrations, or MACs as they are generally
referred to, has been a comparatively recent develop-
ment, Until about twenty years ago, very few field
determinations of air contaminants were being made,
other than dust counts, About this time, industrial
hygienists began to collect data on injurious indus-

# Prestnted at the 18th Annnal Safpty’: Convention of
Lhe Greater New York Safety Council, April 16th, 1948,

trial exposures and to correlate it with the toxic effects
of various gases, vapors, fumes, mists and
dusts, determined largely by animal experimentation,
and based in inost instances on lethal dosage. This
material was then organized into tables of maximum
allowable concenirations by several State agencies
concerned with protecting the health of their workers.
The establishment of these criteria created a need for
further analytical techniques, and portable equipment
for analyzing or sampling air in the field, As these
problems were solved one by one, data on exposures
under actual working conditions began to be amassed,
and more experimental research was undertaken, so
that today there has been accumulated considerable
material on which the present tables are based.

In order to discuss the means of arriving at a max-
imum allowable concentration, and its applications and
limitations, it is necessary to review the considerations
which enter into establishing such a criterion. One is
the mode of action on the body. Some substances,
such as lead or carbon tetrachloride, are systemic poi-
sons, which are taken up by the blood stream and car-
ried to all the tissues, giving rise to toxic symptoms
in many parts of the body. Others, like silica dust,
remain in the respiratory tract and exert their pri-
mary injurious effect there. Still others, for example
ammonia, exhibit mainly a severc irritant reaction
on the respiratory tract, which tends to clear up after
the individual leaves the environment. Then there
is a large group, including many solvents such as the
acetates and ketones, which evoke an unpleasant sens-
ory reponse or a mild irritation to the mucous mem-
branes, but must be considered more obnoxious
than toxic.

Another consideration is the tendency of the toxic
substance to accumulate in the body. This is deter-
mined by the manner of elimination of the substance,
and is usually in inverse proportion to the rate of _
excretion. Some substances, systestic poisons like lead
or local poisons like silica, are cumulative in the tis-
sues, and may only evidence a toxic effect after
months or years of exposure. Others, such as carbon
monoxide or carbon tetrachloride, exert their toxic
effect only during and shortly after exposure. This
does not mean, however, that the toxic effect dtself is
not cumulative, as repeated snmll insults to an orean
may eventually result in considerable disability,




for example, methy! ethyl ketone or turpentine; while
in others, a compromise value has been adopted which
is lower than necessary to protect a worker from poi-
soning, and yet too high for optimum working condi-
tions, as was done with acetone and ethyl acetate. A
careful evaluation of the basis for one of these MACs
is therefore necessary in order to apply it to a par-
ticular situation.

Occasionally, correlation between animal experi-
ments and human observation supplies still further
information. This is usually done in a series of stan-
dardized experiments known as range-finding tests,
which are utilized in giving a tentative MAC to new
organic compounds which are developed for industrial
use. A limited series of acute exposures are made on
several groups of animals of different species, using
a widely distributed range of dosage. On the basis
of pathology, reactions to varying concentrations, and
lethal dosage, the toxicity is compared with that of a
chemically related poison with an accepted MAC, and
an approximate MAC set for the new compound
These tentative MACs can then be used as an indica-
tion of .the safety of the particular compound, and as
a guide in planning adequate control measures.

It should be understood that all MAC values, even
those which have been established for many years, are
not immutable, and periodic revision of the values is
constantly bemg made by both the governmental agen-
cies and semi-official organizations responsible for
their establishment and application.

INDUSTRIAL APPLICATIONS

Having seen how these criteria are established, and
arrived at some] understanding of their limitations, the
next consideration is their application. The primary
use is as a yardstick for surveying the hazards of
an industrial process. With an adequate means for
measuring the concentration of a toxic substance in
the air, the presence and location of amounts in excess
of the MAC can’be determined, and the necessity for
control measures established, For example, analysis
of lead dust and fumes in the air at the various opera-
tions in the manufacture and assembly of storage
batteries will indicate where the MAC is being
exceeded, and what steps must be taken to render the
plant safe. Evaluation of a new potentially hazardous
process in the pilot plant stage will often indicate the
necessary controls before large scale operations are
commenced, and avoid expensive alterations at 2a
later date,

Anacther use for the MAC is in planning industrial
ventilation. If the quantity of a toxic substance which
will be released into the workroom atmosphere in a
given time is known, then the volume in cubic feet of
general ventilation necessary to dilute it below the
MAC can be calculated. In this way, a ventilation
system can be designed which will afford adequate
protection to the workers without the cost and discom-
fort of an inordinately large circulation of air, A good
illustration of this procedure would be planning the
ventilation for a paint-dipping operation, under cir-
cumstancees where, the composition of the solvent and
the approximate volume of paint to be used daily
would De fairly constant.

Quite frequently, the MAC serves as a guide to the
selection of a safer solvent. Where the choice of sev-
eral solvents is available, and other factors need not
he considered, then the use of the vne with the high-

est MAC. is always preferable, both because it is safe-
est and easiest to handle, and because it reduces the
ventilation requirements. Due consideration to vapor
pressures at room temperatures must be given, how-
ever, since a low-boiling liquid, even though it has a
hlgher MAC, may actually result in a more toxic
atmosphere because of higher concentrations. Usually
the decision is complicated by factors such as effec-
tiveness, cost and availability of the solvent, but the
MAC should always be given its proper weight. Sim-
ilarly, when an excessive exposure to a particular sol-
vent has been shown, substitution of a less toxic sub-
stance is a control measure of choice, and the table
of MACs is a very helpful guide in making the pro-
per selection.

A further application of an MAC might be in_eval-
uating the exposure of an individual worker, Where
certain symptoms were complained of which might or
might not be due to a particular toxic substance
handled by, him, knowledge of whether the air concen-
trations were significantly below the recognized toxic
limits would be very helpful to the physician treating
him. A great deal of caution must be used in such an
evaluation, however, because of the wide range of
individual susceptibility to many substances. In a
given situation, where the diagnosis was definite but
no evidence of exposure in excess of the MAC could
be found, and where the toxic symptoms were con-
fined to one particular worker, the indications might
favor transfer to other work of that particular indi-
vidual because of his hypersensitivity, rather than the
installation of unnecessarily severe controls.

LiMITATIONS AND PITFALLS

As has been mentioned before, the basis for both
the determinatiori and application of an MAC hinges
in most instances on proper determination of air con-
centrations. It is not the purpose of this paper to dis-
cuss in detail the technique of air fests, which is a
complete topic in itself ; but some consideration of the
problems involved is necessary in order to understand
fully the limitations of MACs and avoid the pitfalls of
faulty application.

Since in almost all instances the portal of entry is
the mouth and nose, it is of primary importance that
determinations be made in the breathing zone of the
worker. There are some occasions where the concen-
tration of the toxic substance is uniform throughout
the workroom, as for example in many painting opera-~
tions where no local exhaust ventilation has been
installed; but in general, the concentration drops
rapidly with distance from the source. In this case,
a general room sample would be meaningless. It is
necessary to follow the worker for a considerable
period of time, with the sampling tube either held
close to his face or actually attached to it. The sam-
ple thus obtained will correspond fairly exactly with
the average contamination of the air breathed in by
the worker.

It is also extremely important to have a thorough
understanding of the process being surveyed, in order
to insure that the sample obtained represents an
average exposure of the worker., Many examples of
this can be cited. In studying the exposure of foundry
workers to metal fumes, it, is necessary to follow the
worker through an entire cycle of operations, includ-
ing filling the ladle, drossing, and pouring into the
molds, and to be sure that these operations constitute
a represemtative schedule Tor the pacticular {foundry.
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) Sources oF Darta
With these considerations in mind, therefore, let
us see how the MAC values have been established.
The first basis in most instances has been animal

' experimentation, When a substance is suspected of

being toxic, tests are.made on, a variety of animals by
as many routes as is practical: inhalation, feeding,
patch testing on the skin and eyelids, and injection
under the skin, into' the muscles, the veins, the abdom-
inal cavity, the trachea and any other parts-of the body
that might be indicated, By varying the dosage widely,
it is possible ‘to determine, not only-how much of the-
substance is necessary to kill the animals, but also
how much causes minimal symptoms and what parts
of the body are most sensitive to it. From this are
determined the toxic range within which the substance
appears to fall, and what signs of poisoning to look
for in individuals exposed to it, .
There are, however, several limitations inherent in
this method. First, the reaction of any one type of

..-animal to a toxic substance is no proof that a human

being or any other animal will react similarly. The

use of a variety of animals sometimes mitigates this

factor to. some extent, but frequently the range of
respouse of the various species, not only quantita-
tively, but even qualitatively, renders the problem
even more complex.

A second: limitation is the difficulty of fully evalu-
ating the cumulative effects of a toxic compound.
For one thing, the lifc span of most experimental
animals is much shorter than that of humans, sa that
it i¢ impossible to demonstrate the effects which only
appear after years of exposure. Even when the expos-
ure cdn be compressed within their life time, the
difficulties of conducting such long drawn out experi-
ments are almost insuperable, particularly in inhala-
tiod studies. This, of.cotirse, is not a problem where
the toxin is known to be non-cumulative,

The other basis for establishing a maximum. allow-
able concentration is by data obtained from observa-
tions on humans. Although a few experiments on

laboratory exposure of individuals to, toxic substances
have been performed, by far the greatest partt of this
data has been- collected by observations in the field.
When one or more workers become ill from: an expos-
ure which can be determined, an upper limit is estal -
lished, and a tentative MAC can be set sufficiently
below that, limit to allow an adequate margin of safety.
‘When a group of workers have been shown to foler-
ate @ determined exposure for an adequate length of
time with no foxic signs or symptoms, this' can "be
assumed as a safe exposure. Further information is
sometimes obtained by surveying a group of workers
for medical evidence of poisoning’ while simultane-
ously studying the air confamination. As more data
accumulates, the standard can be set more accurately,
but it is easy to see that a great many determinations
a%:l necessary before any statistical accuracy is pos-
sible. .
There are many limitations to this technique also.

Except for the field surveys just mentioned, expos-

ures are practically never determined at the time the
workers become ill, and haye to be-measured and .eval-
uated after the fact. All the potential errors inherent
in determining the concentrations to which the work-
ers are actually exposed, which will be discussed in
detail later, affect the validity of any observation.
Furthermore, in borderline over-exposurees, it is often
difficult to differentiate symptoms due to industrial
poisoning from those of non-industrial diseases to .
which any worker might. succumb. Then the range of
individual idiosyncrasy must be -considered. On the
one - hand, a tew “individuals will always prove so
susceptible to-certain toxic substancees that it is often
unfair to use their reactions as a criterion for an
upper limit, and it may be necessary to exclude them
from an industry in which they are exposed to sub-
stances to which they are hypersensitive. In addition,
some workers may be oversusceptible because of
disease or personal habits: the ulirasensitivity of
chronic alcoholics and peeple with liver diseasé to car-
bon tetrachloride is a good example, On the other
hand, it has been found that natural selection tends
to eliminate from certain industries all but those who
are relatively insensitive to the poisonous substances
handled. To use the toxic thresholds of these work-
ers, therefore, as a basis for establishing a safe expos-
ure creates the danger of setting the MAC too high
and endangering the worker of average susceptibility
entering the occupation, Finally, the disease picture in
acute poisoning is often very different from that in
the chronic; so .that the absence of acute symptoms in
a group of workers is no indication that they are not
exposed 1o, concentrations of a toxic substance which
will cause chronic poisoning.in a peried of time. As
an exarmple, the failure of a worker exposed to benzol
vapors to demonstrate acute symptoms severe enough
to require medical attention is no guarantee that he
may not develop an aplastic anemia several years later,
In the case of those substances characterized by
their irritating qualities rather than by specific toxic-
effects, the establishment of MACs is attended by still
further difficulties. The original MAC tables were
promulgated on toxic effects, and their extension to
the relatively non--toxic solvent vapors has brought in
the new concept of considering the discomfort of the
workers as well, The result has been that in some
cases, the MAC has been set at the sensony limits
determined by controlled observations on humans, as
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for example, methyl ethyl ketone or turpentine; while
in others, a compromise value has been adopted which
is lower than necessary to protect a worker from poi-
soning, and yet too high for optimum working condi-
tions, as was done with acetone and ethyl acetate. A
careful; evaluation of the basis for one ot these MACs
is therefore necessary in order to apply it to a par-
ticular situation.

Occasionally, correlation between animal experi-
ments and human observation supplies still further
information. This is usually done in a series of stan-
dardized experiments known as range-finding tests,
which are utilized in giving a tentative MAC to new
organic compounds which are developed for industrial
use. A limited series of acute exposures are made on
several groups of animals of different species, using
a widely distributed range of dosage. On the basis
of pathology, reactions to varying concentrations, and
lethal dosage, the toxicity is compared with that of a
chemically related poison with an accepted MAC, and
an approximate MAC set for the new compound.
These tentative MACs can then be used as an indica-
tion of the safety of the particular compound, and as
a guide in planning adequate control measures,

It should be understood that all MAC values, even
those which have been established for many years, are
not immutable, and periodic revision of the values is
constantly being made by both the governmental agen-
cies and semi-official organizations responsible for
their establishment and application.

INDUSTRIAL APPLICATIONS

Having seen how these criteria are established, and
arrived at somel understanding of their limitations, the
next consideration is their application. The primary
use is as a yardstick for surveying the hazards of
an industrial process, With an adequate means for
measuring the concentration of a toxic substance in
the air, the presence and location of amounts in excess
of the MAC can’be determined, and the necessity for
control measures established. For example, analysis
of lead dust and fumes in the air at the various opera-
tlons in the manufacture and assembly of storage
batteries will indicate where the MAC is being
exceeded, and what steps must be taken to render the
plant safe. FEvaluation of a new potentially hazardous
process in the pilot plant stage will often indicate the
necessary controls before large scale operations are
commenced, and avoid expensive alterations at a
later date.

Another use for the MAC is in planning’ industrial
ventilation, If the quantity of a toxic substance which
will be released into the workroom atmosphere in a
given time is known, then the volume in cubic feet of
general ventilation necessary to dilute it below the
MAC can be calculated. In this way, a ventilation
system can be designed which will afford adequate
protection to the workers without the cost and discom-
fort of an inordinately large circulation of air. A good
illustration of this procedure would be planning the
ventilation for a paint-dipping operation, under cir-
cumstancees where, the composition of the solvent and
the approximate volume of paint to be used daily
would he fairly constant.

Quite frequently, the MAC serves as a guide to the
selection of a safer solvent. Where the choice of sev-
eral solvents is available, and other factors need not
he considered, then the use ol the one with the high-

est MAC is always preferable, both because it is safe-
est and easiest to handle, and because it reduces the
ventilation requirements. Due consideration to vapor
pressures at room temperatures must be given, how-
ever, since a low-boiling liquid, even though it has a
higher MAC, may actually result in a more toxic
atmosphere because of higher concentrations. Usually
the decision is complicated by factors such as effec-
tiveness, cost and availability of the solvent, but the
MAC should always be given its proper weight, Sim-
ilarly, when an excessive exposure to a' particular sol-
vent has been shown, substitution of a less toxic sub-
stance i3 a control measure of choice, and the table
of MACs is a very helpful guide in making the pro-
per selection,

A further application of an MAC might be in eval-
uating the exposure of an individual worker., Where
certain symptoms were complained of which might or
might not be due to a particular toxic substance
handled by, him, knowledge of whether the air concen-
trations were significantly below the recognized toxic
limits would be very helpful to the physician treating
him. A great deal of caution must be used in such an
evaluation, however, because of the wide range of
individual susceptibility to many substances. In a
given situation, where the diagnosis was definite but
no evidence of exposure in excess of the MAC could
be found, and where the toxic symptoms were con-
fined to one particular worker, the Indications might
favor transfer to other work of that particular indi-
vidual because of his hypersensitivity, rather than the
installation of unnecessarily severe confrols.

I.IMITATIONS AND PITFALLS

As has been mentioned before, the basis for both
the determination and application of an MAC hinges
in most instances on proper determination of air con-
centrations, It is not the purpose of this paper to dis-
cuss in detail the technique of air tests, which is a
complete topic in itself; but some consideration of the
problems involved is necessary in, order to understand
fully the limitations of MACs and avoid the pitfalls of
faulty application.

Since in almost all instances the portal of entry is
the mouth and nose, it is of primary importance that
determinations be made in the bregthing zone of the
worker. There are some occasions where the concen-
tration of the toxic substance is uniform throughout
the workroom, as for example in many painting opera-
tions where no local exhaust ventilation has been
installed; but in' general, the concentration drops
rapidly with distance from the source. In this case,
a general room sample would be meaningless. It is
necessary to follow the worker for a considerable
period of time, with the sampling tube either held
close to his face or actually attached to it. The sam-
ple thus obtained will correspond fairly exacily with
the average contamination of the air breathed in by
the worker,

It is also extremely important fo have a thorough
understanding of the process being surveyed, in order”
to insure that the sample obtained represents an
average exposure of the worker. Many examples of
this can be cited. In studying the exposure of foundry
workers to metal fumes, it is necessary to follow the
worker through an entire cycle of operations, includ-
ing filling the ladle, drossing, and pouring into the
wwolds, and to be sure that these operations couslitute
a representative schedule for the particular foundry.
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A low melting alloy may be in use for the particular
pour tested, or the casting of one large mold instead
of a series of small ohes may give an entirely different
picture than that usually present. The exposure at a
degreasing tank is controlled to a great extent by ‘the
size of the objects being cleaned, the speed at which

they are removed from the tank, and their fendency fo.

trap solvents in concavities. The fact that the concen-
tration is below the MAC for the particular solvent
when the parts are neatly stacked with concavities
downward and are lifted out-slowly is no guarantee
of safety unless it is shown that this is normal oper-
ating procedure for the plant. Certain types of equip-
ment will have variable exposures even during appar-
ently continuous operation, - For example, dust- con-
centrations will be highest in the' beginmng when mix-
ing a dry powder with a solvent, but will rise steadily.
in a crushing operation, as more fine particles are
cieated. In such processes, failure to include a -full
cycle, including loading and unloading operations,
would destroy the value of any sample taken.
.Seasonal variation, too, must be evaluated in mak-
ing air tests. During the warmer months, there is a
marked increase in general room ventilation because
windows and doors can be kept open, which tends to
reduce the concentration of air contaminants. This is
partially overcome in the case of solvents, where
higher temperatures may cause increased vaporiza-

tion, -~ A further factor is the seasonal fluctuation in .

production found in many industries, which may
cause concomitant fluctuations in the quantities of
toxic stibstances handled. All these factors should be
invgstigated at the time are tests are made, and due
allowance made for them, particularly when recon-
structing the exposure under which a worker be-
came ill.

With curniulative poisons, such as lead or mercury;
4 sample of a representative working cycle, taken in
the breathing zone of the worker, can be directly com-
pared with the MAC, since it indicates the- amount

- of toxic substance inthaled in a given period -of time.

With acate irritants and many volatile solvents, how-
ever, stil} another factor has to be considered: fluctua-
tion. A copcentration of 50 parts,per million over a
half-hour sampling period. inay represent a vapor
evenly distributed during that time, or it may equally
well represent 200 parts per million for five minutes
and 20 for the remainder of the time, The latter
exposure to a solvent with an MAC of 50 parts per
million might be pronounced safe on the basis of an
air test, and yet the workers might be subject to irri-
tation during the brief periods of higher exposure.
Furthermore, for complex physiological reasons mnvolv-
ing rates and avenues of excretion, and relative solu-
bilities id blood and tissues, a worker might retain
a. great deal more of a poison when exposed to a
fluctuating concentration, than to a constant one of
the same average level. For these reasons, there are
instances where a technique for rapid sampling is indi-
cated, with frequent observations throughout the work-

ing cycle to catch the peaks, Recently, several new .

instruments for making rapid air analyses have
appeared, and thd data obtained with them may throw
much new light on this problem.

In the case of many inorganic compounds, their sol-
ubility products and other. chemical properties must
also be considered. For example, lead borosilicate has
been substituted for other, more toxic, lead salts in

+ b. Teleky, Ludwig: Toxic Limits.

1

the manufacture of pottery glazes because of its great
insolubility, which causes it to be absorbed more
slowly from the lings after deposition, On the other
hand, occasionally certain salts of a metal appear to
be more taxic then the metal itself, due fo the added
effect of the ‘acid radical, Barium peroxide and possi-
bly lead chromate are instances of this.

One final word of caution. In using an MAC fo
determine whether a particular substance can be used
safely in a given situation, the question of exposure
over and above that produced by the established opet-
ating procedure must be evaluated, Where leaks,
spills or other accidents are frequent, they may expose
the workers to dangerous concentrations of vapor
which would not be picked up by a single air test.
Also, the natural tendency of a worker to disregard
safety precautions when they inconvenience him must
be allowed for. - )

ConcLusIoNs
In, conclusion, then, there are a number of fields of
application in industrial hygiene for the tables of maxi-
mum allowable concentrations. They can be used as
2 yardstick in surveying industrial processes and elect-
ing organic solvents from the point of view of safety.

They are useful in_planning ventilation for many

potentially hazardous operations. They will often be
of value in determining whether a worker might have
been poisoned. Care must be taken, however, to con-
sider all the variables which might affect the applica-
tion of an"MAC to a particular situation, and to
insure that the air tests with which it is compared
truly represents the concentration of toxic substanges
to which the worker is exposed. Lastly, it must be
remembered that the MACs are not unchangeable
constants, but rather values' which have been estab-
lished on the basis of limited experience with animal
experimentation and human observation, and therefore
subject to revision as futther information throws new
light on their reliability. For this reason, it is, in gen-
eral preferable not to seck to have fixed values estab-
lished by law or written into codes, but rather to use
them as guides for purposes of control; so that due
allowance can be made for special circumstances,
developing concepts or new data.
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ERRATUM .

In the November 1948 issue of the Monthly Re-
view, in an article by Harris on Paints, Laequers
and Tumber, Tale was listed in Table 8 under
“Highly Toxic” materials, This was an error. It
should have appeared in the record column under
“Tiess Toxic” matures. e WA
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More Toxic Than You Think

Many common solvents and chemicals used in labs and plants are extremely
toxic and should be handled with caution. The maximum allowable concentra-
tions for many of these chemicals are listed in the table following. The concen-
trations listed have been determined from experience and experimentation. If
you are using any of these materials worker exposure should be determined
routinely., Even the best designed ventilation system may not be doing a good
enough job. A small investment in Air Sampling Equipment may prevent loss of
skilled employees, compensation payments and besides is just plain humanitar-
ian. We will be happy to suggest analytical methods.

Threshold limits should be used as guides in
the control of health hazards and should not be
regarded as fine lines between safe and danger-
ous concentrations. They represent conditions
under which it is believed that nearly all workers
may be repeatedly exposed, day after day, with-
out adverse effect. The values listed refer to
time-weighted average concentrations for a nor-
mal workday. The amount by which these figures
may be exceeded for short periods without injury
to health depends upon 2 number of factors such
as the nature of the contaminant, whether very

These values are reviewed annually by the
Committee on Threshold Limits for changes, re-
visions, or additions as further information be-
comes available. The Committee welcomes the
suggestion of substances to be’added to the list
and also comments, references, or reports of ex-
perience with these materials.

Recommended Values
Gases anND VAPORS

high concentrations even for short periods pro- Approx.
duce acute poisoning, whether the effects are Substaace BR.M." | Ne g%
cumulative, the frequency with whieh high con-
centrations occur, and the duration of such Acetaldehyde. . ..voeeeeeeereseienreeinss 200 360
periods. Al must be taken into constderation in Acetio BOId.uvernrerennreienirrnenenenes 10 25
arriving at a decision as to whether a hazardous Acetic anbydride.....o.ooviinieniiinnene. 8 20
situation exists. Special consideration should be ﬁ:::;fe:;iéir;l;;;;ﬁ G 1.0011) ‘2"“:2
given to the application of these values in as- ACTOIEI Dt v veeeeeneeesiiisiiiier| 0.8 1.2
sessing the health hazards which may be asso- “Aerylonitrile—Skin. . ... erreeeriranns 20 45
ciated with exposure to combinations of two or Ally) aloohol—-8idan. ..oevepeenanniananees 2 8
more substanees. i::yl chIorlde.'. R TOTLILTEERIPTRPITIPTEEY 5 15
. s . yl propyl disulfide..........oconnnaan, 3 12
Threshold limits are based on the best avail- ATUTIOLIR. v e ereeereseessesveneeseaeen 100 0
able information from industrial experience, from Amylacetats.. .. ocueeemnrenniiniiiannns 200 | 1,060
experimental studies, and, when possible, from Amyl alcohol (isoamyl aleohol). .......... lo0 %60
a combination of the two. These values are 2::‘];':*'3"’“ """"""""""""""" :05 ’: 2
based on various- criteria of toxic effects or on Benaene (bgnaol). .. ..orvorrrrorriio| 25 80
marked discomfort; thus, they should not be Benzyl chloride.. .. ..occoviennnnnrennnss 1 5
used as a common denominator of toxicity, nor Borun. triftuoride...........coociiiiiieii 1 3
should they be considered as the sole criterion Butadions (L batediondsooor T o0 | 00
in pro‘;{ng ?rdjdlsprovmg diagnosis of suspected 2-Butanons (methyl ethyl ketone)........ 200 590
oceupationa. sease, Buty) acetata (n-butyl acetate)........... 200 450
These limits are intended for use in the field Butyl slcohol (n-butanol).................| 100 300
of industrial hygiene and should be employed by ‘;;:;ﬁ:‘l’i’:e"”“‘ """""""""""" "’g 3“1'2
persons trained in this field. They are not in- Butyl calloa;)lve (2-but(;xyelhunol) ........ 50 240
tended for use, or for modification for use, in p-tert. Butyltoluene. ..............ceuenee 10 80
the evaluation or control of community air pollu- gar:on g;oxigs- s 5.033 B.Ggg
i i 1 H arbon disulfide—Skin,..................
tion or air ponutlon nuisances. Carbon monoxide..............cocoihnens 100 110
Carhbon tetrachloride—Skin............... 25 180
The 'Threshold Limit Values for 1981 have been copy- Cellosolve (2-ethoxyethanol).............. 200 740
righted and published by the American Conference of Gov~ Cellosolve acetate (2-ethoxyathy! acetate).| 100 50
ernmental Industrial Hygienists, This publication is reprinted Chlorine. ............ 1 3
here with the permission of the American Conference of Chlorine dioxide. ... 0.1 0.3
Governmental Indusirial Hygienists, Inquiries and reprint Chlorine triflyoride. .........c.coenee . 0.1 0.4
orders should be directed to Secretary-Treasursr, American Chlorobenzene {monochlorabenzene)...... 75 350
Conference of Governmental Industrigl Hygienists, 1014 Chloroform (trichloromethane)........... 60 1 240
Broadway, Cincinnati 2, Ohia. 1-Chloro-1-nitropropane. .. coo v vrereriras 20 i00



QGases AND Varors—Continued

Substance P.P.M.* %ﬂl‘:{ptg:r
Cu. M.t

Chloropierin, ....oevicieeniiiiiannneess 0.1 6.7
Chloroptene (2-chlore-1,3-butadiena). .. .. 25 90
Cresol (all isomers)—S8kin................. 5 22
Cyclohexane....... e ieeiaita ey 400 1,400
Cyelohexanol. ..........ooiiiiiiiiiiiins 50 200
Cyclohexanone 50 200
Cyclohexene. ....coovvinreieiiiesienrnnes 400 1,360
Decaborane—8kin................ iheain 0.05 0.3
Diacetans alcohol {4-hydroxy-4-methyt-2-

PERANODE) . .4 vi it aaraaes 240
Diborane. ... eesirreenas 0.1
a-Dichlorobenzene. ........ 300
p-Dichlorohenzene......... 450
Dichlorodifluoromethane. , . . 950
1,}-Dichloreethane, ... ...coooivvniiiaenns 400
1,2-Dichloroethane (ethylene dichloride),. 100 400
1,2-Dichlorcethylene...............ccceve e, 200 790
Dichloreathyl ether..........ccovieienant, 15 90
Dichloromonofucromethane. 1,000 4,200
1,1-Dichloro-1-pitroethane. .. 10 80
Dichlorotetraflucroethane. . 1,000 7,000
Disthylanine.............. 25 75
DifAuoredibromomethane, . 160 860
Diisobutyl ketone, ............. 50 290
Dimethylaniline

{N-dimethylaniline)—S8kin............. 5 25
Dimethylformmamide.............. 20 6o
1,1-Dimethylhydeazine—Skin, . .. 0.5 1
Dimethylsulfate—Skin............. 1 5
Diprapylene glycol methyl ether. .. 100 600
Dioxane (diethylene dioxide)...... 360
Ethyl acetuta................. 1,400
Ethyl ucrylute—Skin. ... 100
Ethyl aleohol (ethanol) 1,900
Ethylamine.........cocoivieiiiiiniciaean, 15
Ethylbenzene,........... 810
Ethyl bromide........... 890
Ethyl chloride........... 2,600
Ethyl ether.............. 1,208
Ethyl formate........... . 300
Ethylasilieate, ...................ooohn 850
Ethylens chlocohydrin—S8kin............. 5 16
Ethylenediamine. .. ......cccoooveiiniaiinn 10 30
Ethylene dibrowmide (l 2-dibromuoethane). 25 190
Ethylena imine—8kin..........oooenvann 5 9
Ethylene oxide.........cceiiiiiniennnnn. 50 40
Fluorine................. 0.1 0.2
Fluorotrichloromethane................... 1,000 5,000
Formaldehyde.............coovvieeaaan, 5 6
Furfumal, coooviniin e 5 30
Furfurylalechol. ..............ccvavuane 50 200
GaEoline. . ....ovvviiiia e iiaiaea s 500 2,000
Heptane (n- heptane) 500 2,000
Hexane (n-hexane).. . vens 500 1,800
Hexanone (methyt butyl ket,une) ......... 106 410
Hexone {methyl isobutyl ketone).. 100 410
Hydemzine—S8kin. . ............... 1 1.3
Hydrogen bromide....... 3 10
Hydrogen ehloride...........coaiaiinn 5 7
Hydrogen eyunide—Skin,................ 10 11
Hydrogen Avoride. ..., cinenin 3 2
Hydrogen peroxide, 90%.........cocvovuns 1 1.4
Hydrogen selanide. e 0.05 0.2
Hydrogensulfide................ccoviuns 20 30
Todine. ..o.oiiiniiiiiiiiicr i i 0.1 1
Igonhorome. oo iiiineciiicniiaiiianaian, 25 140

Note: The word ‘‘S8kin” following & compound’s name

indicates that the liquid compound can penetrate the skin

to cause systemic effects,

Approx.
Substance P.P.M.* | Mg. per
Cu. M.}
Tsopropylamine.............ooviiiiianne, 12
Meanityl oxide....... 100
Mathyl acetats. ., ... 810
Methyl acetylene 1,650
Methyl serylate—Skin..........coveenvens 10 35
Methylal {dimethoxymethane)....... eeves 1,000 3,100
Methyi aleohol (methanol),......covvannis 200 260
Methyl bromide—S8kin.........ceouvunne .- 20 80
Methyl cellosolve (2-inethoxyethanol)..... 25 80
Methyl cellosolve acetate {ethylene glycol
monomethyl ether acetate) 25 120
Methyl chloride.......covvnevniininianenn. 100 210
Methylehloroform (1,1, 1-trichloroethane).[ 500 2,700
Methyleyelohexane...ooevvenvrennreeannnas 500 2,000
Methyleyclobexanol | . 100 470
Methyleyelohexanone. 100 440
Methyl formate........oooovvvvvrnnnnnnnn. 100, 250
Methyl isobutyl carbino! (mnethyl amyl al-
1110 a1 25 10
a-Methyl atyrene.. 100 480
Methylene cblonde (dlehlorox\\ethuﬂe) 500 1,750
Monomethyl soiline—8kin................ 2 2
Naphtha (coal tar).oecaeeenvnnnranann. veel 200 800
Nuphtha (petroleum}.....coovvieniiienns 500 2,000
Nickel carbonyl.cevvneeiiiiniinneneae }.001 0.007
Nitrieacid, oo oniii i 10 25
p-Nitroaniline—S8kin...................... 1 8
Nitrobenzene—Skin. coooeiviiniiiaaaaannan 1 5
Nitroethsne................ Cetiateneaaaaan e 310
Nitrogen dioxide...... 5 0
Nitroglyeerin. ..o viiiiiiiaanvecacnanans 0.5 5
Nitromethane......ccoiviiinnniiiiinnans 100 250
2N rOPTOIERE, L v rririarrrrarnaraeaas 25 0]
Nitroteluene—Skin. ...coocovnivnirannan. 5 30
OotaNe. .t cr et 300 2,350
L0 T T P 6.1 0.2
Pentune.......covvsiiicnnrninanensianas 1,000 2,950
Pentanone {methyl propyl ketone)....... 200 700
Perclilorvethylene (tetrachlocoethylene)...} 100 670
Phenol—8Kin..ccoo.iiiaiirnniniiciiiannes 5 19
Phenylhydrazine—Skin................... 5 22
Phosgene (curbonyl chloride)............. 1 4
Phosphine. .......o.oooiiiiiiiiiiaaaiaans 0.05 0.07
Phosphorua trichloride 0.5 3
Propylacetate................coiiiiie 200 840
Propy}? eleohol (isopropyl sleohol)........ 40 480
Propyl ether (isopropyl ether). ........... oo - ] 2,100
Propylene dichluride (1,2-dichloropropane) 75 350
Propylene imine—Skin 25 60
Propylene oxide.......... 100 240
Pyridine.......... 5 15
(21713, 14+ . S0 0.1 0.4
Stibine.. caeene 0.1 0.5
Stoddnrd salvent .......................... 500 2,000
Styrene monomer (phenylethylene)....... 100 420
Sulfur dioxide. .. ........ oo 5 13
Sulfur hexaflfuoride....................00 1,000 6,000
Sulfur moneehloride.........cocooiiiiian, i ]
Sulfur pentafluaride. .................... 0.023 6.25
i,1,2,2-Tetrachlorvethane—Skin.......... 5 35
Tetrahydrofuran.........c.ocooiivnnieaa.. 200 510
Tetranitromethane..........o.ocoeiaon.ae, 1 8
Toluene (toluol)... .. 200 750
o-Toluidine—8kin § 22
Tolylene-2,4-difsocysnate. .......ccoeeeen.. 0.021 0.14%
Trichloroethylene..........ocoiiviiiaaiat, 100 520
Triethylamine. ............ccocoivivinan.. 25 100
Trifluaromonchromomsthane. ............ 1,000 6,100
Turpentine..........covevioiianinne 100 560
Viny} chloride (chloroethylene) 500 1,300




Calie. . oo e rariie ittt 50 Ethanol Bming......ccocvvvveeicnicnssriines 0.5 1
" Dolomite.......ccoceiinnnn Ceirseeatecenataernans 50 Ethyl mercaptan........ccvovieivevrnecenss 230 840
LAMMeBtOTIE. s ot vvereerttrrnnsisnnnrnnennnensrans 50 Glyeidol. .ooieiiiieiriinriaiiaiiianaaaree. 50 130
Marble. . ..oiiriiieiiiiirerariaeeirareieennens 50 Heptachlor (1,4,5,6,7,8,8-heptachloro-3a,-
Silicon Carbida.......oocvieririieniritiirennenes 50 4,7.Ta-tetrahydro-4,7-mathanocindens). . 0.25
Otherinert dusta.........cooviiiniiinnnonineaene 1] sec-Hexyl acetate..............ccooiiieaens 100 590
Isoprapyl glycidyl ether (IGE)............. 50 240
k Milliona of particles per cubie foot of air based on impinger Ketefie.....oovvvnniiiiiinniiniirossaranenss 0.5 0.8
samples counted by light-fisld techniques. Methyl mercaptan. .....ccovvvervrveiesnisnns 50 100
1-Nitropropane........ vesrsaseinserenentran 25 90
Pentaborans. .. ...c..coviiiiciiiiiieiiiinn e 0.008 0.0t
TENT ATIVE V ALUES Perchloromathyl Mercaptan,....cocovaruens 0.1 0.8
Phenyl glycidyl sther (PGE}............... 50 a3
Approx Pl:;:sdri: {Z-rrbnhn;ethoxy-!-methyl vinyl 01
. per imethyl phosphate)......ccccvenivinenns .
Substance PRMY |" Ca, N-Propyl DItrate. ..vv.. vvuienerersrnsnsnen 5 | 1o
MY 3017 ST, 0.2
o 2,4.5T (2,4,8-trichlorophenoxy scetic acid). 10
Acetonitrile.....ocoviiviininiieiiriiiannnnens 40 70 Teflon decomponition pmdueu (33 ) 2 JOUUUON 0.03
Allyl glyt.:idyl ether (AGE) ................. 10 43 1'2.3.Tﬁeh]ompropgne."__ eeecensaveamasts 1] 300
Boron oxide.cico.viiinieiiieiiieiiianiann, 18 1,1,2-Trichloro-1,2,2-trifluornethane. ....... 1,000 7,600
tert. Butyl chromate (sa Cr0y).... 0.1 Triorthocresyl phoaphate.....ccveeievrenenns 0.1
n-Buty] glycidyl ether (BGE}) 50 210 Triphenyl phosphate.....cocveiieiiininens 3
Butyl mercaptan........ovveiiinieniininn. 10 35
Chloroacetaldehyde.......oooviievevinennnnn 1 3 o : volum
Chlorobromomethane..............c...c.c..e 200 1,050 at :g:?::; ;:npo,;;l: i;; ger:s:nu:l:on pasts of air by valume
. DL!VP (0,0-Dimethy}-2,2-Dichlorodi- 1% Approximate milligrama per cubis meter of air.
- vinyl phosphate).......cvoviviiiiiinnnsnn 1 )
gfsly:‘i]dglrl ether (dDGE> .................... 10 53 William L. Ball Hervey B. Elkins
imethyl acetamide........................ 10 kL] i
Endrin (1,2,3,4,10, 10-hexachlorc-8, 7-epoxy- W. Clark Coope.r RIESS.EI G. Scov:lll
1,4,4.5,8,7,8,8a-0cta hydro-1,4-endo, Herbert B. Stokinger William F. Reindollar .
endo-5,8-dimethano-naphthalene). ....... 0.25 Keith H. Jacobson Allan L. Coleman, Chairman

A Brief Review of Air Sampling Necessities

BANTAM AIR SAMPLER

For routine air sampling and inspection especially worker breathing zone
sampling. Combines high air flow with light weight. 115 v 60 cy. Complete
with 1" filter holder, flowmeter, on-off switch, fuse.

- Cat Air Flow Duty Price
(liters/min)
19100-1 16 Confinuous $128.00
- 19002 30 . 130.00
19001-1 45 Intermittant 130.00

HIGH VOLUME AIR SAMPLER

For air sampling where extremely high volumes of air are required. Will col-
lect sufficiertt sample for analysis in a short time. This single speed sampler
has o nominal capacity of 150 cfm, is powered by a & H. P. universal motor,
weighs only 12 lbs, and measures 7 x 75 x gl overall. Complete with dial
-reading flow gauge, 2 orifice plates, on-off switch, and 20 foot line cord.

f 16002 HURRICANE SAMPLER, 150 cfm, 115 voits, 25-60 cycles ... $99.00

This two-speed sompler hos nominal capacities of 196 c¢fm at high speed and
150 cfm at low speed, It is powered by o universal motor developing 1 H.P. at
full speed, weighs 15 lbs. and measures 7%-x 74-x 8L ", Complete with dial
reajing flow gauge, set of 3 orifice plates, on—off ‘switch, and 20 foot line
cord.

#16003 HURRICANE SAMPLER, two-speeds, 115 volts, 25-60 cycles . $136.00

NOTE: Hurricane samplers are supplied without filterholders. Choose the filterholder | ,
bast suited o your application from thofe listed. .



C Fluoride.....cooveiiviinnannn. heteraacey veeanans

GasEs AND Varors—Conlinued

Vioyl toluene. .......c.coiniiiiinnniiians 100
Xylene {xylol). 200
Aylidine—8kin 5

480
870
25

* Parts of vapor or gas per million parts of air by volume at

25° C and 760 mum. Hg preasure,

1 Approximate milligrams per cubic meter of air.
t Probably aufficiently low to protect agaiost primary sensi-

tization, but may not protect peraona apecifically sensitized.

Dust, Fumes ano Miats

Substance

Mg. per
Cu. \%.i

Aldrin  (1,2,3,4,10,10-hexachloro-t,4,4a,5,8,8a-
hexshydro-1,4,5,8-dimethanonaphthalene)—

Ammate (ammonium sulfamate)......... verees ‘e
ANUMONY. .0t iivinieaaiiia e, fervansaen
ANTU (alpha-naphthyl-thioures)........... A
Argenig, ..... rsees et Ceerareeans
Barium {scluble compounds}.............
Beryllium......ooiiviviainninnninnnran,s
Cadmium oxide fume.....c....coiiiiviieriaian.ns
Caleivm Braenate. . ...ooovviiiiiiieiiiiiiiainan,
Chlordane (1,2,4,5,8,7.8, E-nctachlom-Sn,-! 7,7a-

tetra-hydro-4,7-methanoindsne).................
Chlorinated camphene, 60%............. erevranaee
Chlorinated diphenyl oxide....... [P [P
Chlorodipheayl (429, chlorine)—8kin..............
Chlorodiphenyl {54% chlorine)~—S8kin

Chromiie acid and chromates (a3 CrOa)........ veer
Crag herbicide (sodium 2-2,4-dichlorophenoxy)
ethanol hydrogen sulfate).................. "ee
Cyanide (aa CN)—S8kin....... v R
2,4-D (2,4-dichlorophenoxyscetic acid)........ caes

DDT (2.2-bis [p-chiorophenyl}-1,1,1-trichloro-
ethane)...... et rre et eteaerae iy baarr ey

Dieldrin {(1,2,3,4,10,10-hexachloro-8,7-epoxy-
1,4.4a,5,6,7,8,8a-cctahydro-1,4,5,8-dimethanc-

naphthalene)—8kin........... vererraen eereres
Dinitrobenzene—8Kin. ........c.oiviiniinereiconns
Dinitrotolusne—8kin......... PN PR,
Dinitro-e-eresol—8kin..........ocoviveiieienennnn.

EPN (O-ethyl O-p-nitrophenyl thlc,mbenzene-

phoaphonata)—8kin..........cccovrivrninnnrens
Ferbam (ferric dimethyl dithiccarbamate).........
Ferrovanadium dust............oovvvinneiniinness

Hydroquinogze.....
Iron oxide fume. ..

Lindzne (hexachlorocyclohexane, gamiy isomer). .
Lithium hydride..................c..c.. ..
Muognesium oxide fume.............
Maluthion (O, 0-dimethyl dithiophosphate of dx-
ethyl mercaptosuccinute)—Skin
Muanganese..........ccoiiiciia

........................ veeqe

Mercury (orgsnie compounds)— Slun ...... Veeraean
Methoxychlar (2,2-di-p-methoxyphenyl-1,1,1-4ri-
chloroethane)........ it tteaeerrreaaaaerniaaaas
Molybdenum
(soluble compoundas). ........ tvesenscrnananacnne
{inaoluble compounds). ........
Nicotime—8kin...........o.oioiiiiiiiiiine.,
Parathion (O, O-dxethyl-o-p-mtmphenyl thiophea-
phate)—3Kil. . ...
Peutachlorunaphthuiene—Skm ....................
Pentachloraphenol—8kin.................. aeereaes

Phoaphorie acid. . ..ccoiviiiiiinetiieiciiianinn,

0.25

6.5

0.1
0.5
0.5

DusTt, Fumrs anp Mists—Continued

Substance Cll. ﬁ’i
Phesphorus (yellow). . coveiiiiiiiirneiicieiarenes 2.1
Phosphorus pentachloride. ..........ccovvvnvaen... 1
Phosphorus pentasulfide..... Meeseieatieraareraenas 1
Picricacid—Skin.....c.ooovvriiiiiiiniiriiiiaees 0.1
Pyrethrumi. .. .ooovriniiiiiiiiiiiaiiciiia oo 2
Rotenone.......covviiiiiiiianninnns erenrareesann 5
Selenium compounds (a3 8e). ......cciiinnrniernen 0.1
8Bodium fluoroacetate (1080)—Skin....,........ e 0.1
Sodiom hydroxide..........coiviiiieninenas ceens 2
Strychnine. . .15
Sulfuric acid 1
TEDP (tetrasthyl dithionopyrophosphate)—8kin. 0.2
TEPP (tetraethyl pyropheaphate)—8kin....... wee].. 0.05
Tolluriurm, . ovvuvreaveironrvrnnnsnnns P 0.1
Tetryl (2.4,8-trinitrophenylmethyinitramine)—

2175 RN cereraaenenes . 1.5
Thallium (soluble compounds).........coovveveenne .. 0.1
Thiram (tetramethyl thiuram dmulﬁde) .......... B
Titanium dioxide..... eeeetenerenereraesnnn veeee| 18
Trichloronaphthalene—8kin............ 5
Trinitrotoluene—8kin........ o erveer e . 1.5
Uranium

(scluble compounds)....... et eereeararaeeraey .. 0.08

(inaoluble compounds)...... 6.23
Vanadium

(V04 dust)........ Cieenees rereaaneresnaeiranns 0.5

[Q£50 78 11111-) I e etrbriscaceanrasasen 0.1
Wharfarin (3- [a-acemnylbenzyll—i—hyd:oxycnu-

marin)....... N ererarasenerranaranas 0.5
Yttrium,. terreraneies 5
Zincoxide fume. ...............oel Cersenreaan 15
Zirconium compounds (a8 Zr). ... ...cocciveiiannns 5

§ Milligrams of dust, fume, or mist per cubic meter of air.

Radioactivity: For permissible concentrations
of radioisotapes in air, see U. 8. Department of
Commerce, National Bureau of Standards, Hand-
book 69, “Maximum Permissible Body Burdens
and Maxunum Permissible Concentrations of
Radionuclides in Air and in Water for Oceupa-

tional Exposure”, June 5, 1959. Also,

see U. 8.

Department of Commerce National Bureau of
Standards, Handbook 59 “Permissible Dose
from External Sources of Ionizing Radiation”,

September 24, 1954, and addendum of
1958,

April 15

MineERaL anp NoN-Mzrranitic INoreanic Dusts

Substance M.P.P.C.F.|
Bilica
Quarts
High (above 50% freesilica)............oconeee b
Medium {5 to 50% free silica).........ocenennn 20
Low (below 5% free silica)....... 50
Cristobalite (above 5%)......... 5
Amorphous......... v araiat et caerania s 20
Silicates
Asbeatos. . .. ...oievi e PO 8
20
a0
20
20
Miscellaneous: -
Aluminum Oxide...... L 50




