Toxic limits*

LUDWIQG TELEKY, M.D.
Chicago, lilinois

The foundation of modern science and modem
technique is the process of welghing measuring
and counting. The step from the empirical state to
modem sdence, from skilled handiwork to me-
chanical performance was possible only after
methods for specific welghingand measuring had
been found Bact examinations of air and its
contaminantsin factories were great raritfes even
20 and 13 years ago; Indeed determinatons of
dust concentrations were the only such mea-
surements made to any appreciable extent and
these were done in 2nglish speaking countries
alone. No other instruments were available for
investigations in factories except those for deter-
mining the dust contents. (In the United States,
the sugar-tube, Palmer apparatus, dreenburg-
Smith impinger; in Bglad Owens dust counter;
in South Africa, Kotze konimeter,) The methods
and instruments used in laboratories have also
been used in factories, instrurments difficult to
handle and transport oftennotaccurate. All this B

different tochy.

We now have vartous instruments suitable for
use in factories, although the truly exact instru-
ment and the precise method is still lacking for
certain purposes. On the contrary we even suffer
from too many offas o instruments made by
firms and scientists. Their only small deviation
from already existing instruments makes it more
difficult to compare the results, SINCe the new
Instrunents often do not guarantee any greater

accuracy.

RR Sayers™ published h 1927 data about the
most important polsons, briefly sumrmarizing
them. AS far as | know, Zangger™ in 1928 was the
first author to compile a table “'about the effe<t of
irritant and pOISONOUS gases and vapors.” For
many gases he speclfied the exact concentration
inmilligrams per liter which would kill immediatety
ar be fatal after O3 to 1.0 hour. He defined which
concentration may be borne with large, small ar
no damaging effect for a period of time. The
compilation B supported for the largest part by
animal experiments, made by KB. Lehmann and
his collaborators, Zangger, US. Bureau of Mines,
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Haldane, Henderson and Haggard. Experiments
on human beings (experiments on the author
himself) are rarely reffered to. An extension and
completion of this table maybe found in the book,
Noxtous Qases, by Flury and Zemik.®

Thetable, "MaximumAllowable Concentrations,™
compiled by Bowditch®® was especially meritor-
los as it included tabulation of regulations of
other governmental authorities in addition to
those suggested for Massachusetts. These had
been referred for criicism to more than ascore of
the leading authorities in this country and abroad
prior to treir promulgation. This table has been
revised and extended by himself, CK Drinker, P.
Drinker, HH. Haggard and A Hamilton,® By for-
mulating the problem into "allowableconcentra-
tons” it has been taken out of the fleld of
theoretical research and transferred 10 the prac-
tical industrial hygiene. But the ready availabllity
dfapparatuseasy to handle and dftables dFtoxic
limits established by well known scientists to which
the results can be referred for interpretation may
lead tothe undesirable situation that men not wel!
trained in industrial hygiene will underestimate
the difficultfes of obtaining truly representative
results, In addition there is the danger that they
will employ these results beyond thetr limits of
usefulness and so draw unjustifiable conclusions.

Therefore the ualue of the Umits, the practical
pwpose and the limitatons of their use may be
discussed in the followinglines,

A sharp distinction must be drawn between
acute and chronic acdon which must be applied
especially to those materials which produce acute
and chronic occupational poisoning (benzol,tol-
uene, xylene, carbon disulfide, richloroethylene,
aniline, 0zone, etc.). The “allowable concentration™
is much higher where there is danger of acute
poisoning under condidons where there B

* Published in /nd. Med.. Ind. Hyg. Sec. 468-71 (October
1940). Reprinted by permission of the American Industrial
Hygiene Association.
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continuousinhalatdon foralongtime. Itisevident
that it would be out of place to demand the same
limiting value of contaminationwhere the workers
are 0y occasionally exposed to the danger of
acute polsoning (ransferring benzol. trichloro-
ethylene, carbon bisulfide, etc., arsimilar intermit-
tent work performed at extended intervals) asin
places where there is danger of continuous in-
halation o a period aofweeks ar months.

The Massachusetts publication quoted above
seemsto give the “allowableconcentrations” for
those actions which are most important in indus-
trial hygigne: the chronic influence aFbenzol and
its homologues, the acute poisoning by CO, Al-
though the expertknows a- Bable to find out far
which situation the given value B applicable. it
would be expedient 1D specify in the table the
Umits foracute and those for chronic potsonings.
If that is not possible ar not necessary for some
substances, itshouldbe stated clearty whether the
quoted value refersto acute ar chronicaction.

Of course, the conceptions d “acute” and
”chronic”are not sharply differentiated. But gen-
erally we may call poisoningsand damagesacute
when they can take place within a working day: and
we may call them chronicwhen they need a longer
dme to develop = usually weeks Q- even years.

A specification df the concentration fatal in a
half hour arless, although scientifically interesting,
is of little value for practical industrial hygiene as
pointed out below.

As examples df the damages which arise after
harmful action of years ar decades may be men-
Honed silicosis, bladder cancer ofanilineworkers.
the symptoms of chronic alcoholism, certain
damages by X-rays and radium, some serious
forms of carbon bisulfide poisonings, mercury
shakes, the changes of the vessels and asarule
the paresesasa result of lead poisoning.

But if a man working with lead for many years
falls {ll with lead colic, L.e., the subacute form of
lead poisoning, it is correct to suspect that he has
recently absorbed an exceptionallylarge amount
~he same cause — a larger amount of absorbed
polson — may also be considered in case a man
working with mercury fr many years acquires

s and diarrhea; and if serious blood change
In a man working many years with benzol & not
started by infectious disease, it B possible that
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it was caused by a larger recent absorption of
benzol.

Many animal experimentsare athand concern-
ing concentration and duration of air contamina-
Hons which cause temporary ar lasting injury -
buttheir application toman either not feasible
ar tobe done only very cautiously.

There are important differences between the
different specles of animals. The fatal concentra-
tion of carbon monoxide poisoning at 32'C B
above 0.126 by volume for the rat; above 0.25%,
for the guinea pig and above 0.38% T the rabbit

Flury and Zemik® tell us that cats, mice, rats are
very sensitve to phosgene; dogs are lesssensitive,
rabbit still less. HOrses are less sensittve than
human beings.When the drtver died in gasattacks
during the World War, the horses sometimes
showed only slightsymptomsaf poisoning.

Our conclusions therefore onacute poisonings
have to be based preferably on the experiences we
have had with man. For chronic polsoning and
damages the animal experiments fail entirely to
be useful farour purpose becauseit Bimpossible
to determine the comparability of the time re-
quired for injury to develop in animaland in man.

A study of conditons which may produce chronic
poisonings presents a number of difficulties. The
contaminationdf the air canbe determinedduring
the whole working shift very well, but is it impos-
sibleto ascertain the circumstances under which
the injurious material was absorbed during months
and years gone by.

If it is admitted that the conditions affecting
industrial health have improved in the course of
years — which Btrue in general, but not in every
singlecase ™ rthat the working ime isshortened,
then theamountofinjurious material absortbed in
aworking day was larger in formertimes thanitis
now. Butitmayalso be that the damaging material
is not used such a long time, as the case history
may tell us, or that its concentration has been
increased recently; such as unnoticed substitution
of benzol Trbenzine arabenzine-benzol mixture,
ar substituion oflead for color containing little ar
Nno lead.

Therefore itNUSt be remembered ttetall results
are approximatevalues anly. But the most impor-

tantmaterials, especially inregard to thdrchronic
poisonings (benzol, carbon disulfide, lead) have
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been studied with suchthoroughness and skill by
our best industrial hygienists that the obtained

figures are actually practicable as limits.

But the observations about some other sub-
stances (cadmium, chlorine (chronic),dichioro-
ethylene and many others) are too limited in
number and not clear and reliable enough to
make even partly safe conclusions. If figures about
such substances are included in the list atall a
mark of interrogation has Dbe added.

Tre limitsare approximate, notanly onaccount
of the difficulty oF most of the observations, but
also on account of differencesin sensithvity oFin-
dividual persons and on account OF different
amounts of the contaminated air absorbed by
the worker under different circumstances For
instance, the worker when working hard Inhales
much more df the contaminated air (up to 50-60
liters per minute) than when doing light work
(8-10 liters per minute).

But these lists of toxic limits give the practical
industrial hygienist essential data for his work.
they save laborious studies dFliterature and give
him the results obtained by those carrying on
research and basic investigation. Therefore we
have 10 be thankful for the comptiations of the
limits by thelr authors.

How are the *'limits"* to be utilized? For which
purposes may they be used? Whdt is their im-
mediate practical advantage and when may they
be applied?

Mrst dfall: Trelimitsstronglysupportthe indus-
trial hygienist in arrfying at an opinion as to
whether the exposure is @ is not excesstve, and, if
S0, in convineing incredulous employers and en-
gineers (under certain circumstances) that the
contaminated air in their rooms is injurious even
though the contamination cannot be readily seen
a smelled. The data on the exposures, If properly
substantiated, actas [mpartal arbitrators between
the man recommending control measures and
the man persisting in the present situation.

The limitsare useful in construction and testing
exhaust systems. Naturally you will try to remove
every contamination of the air, because only that
givescomplete security. Ifthatisnot possible, you
mustinsistthat theventilation hasatleast suchan
effect as to reduce the exposure toless than the
"allowableconcentration**in the breathingzone. If
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that is impossible, you have to try to bring about
hyglenlc conditions by changing the operation or
by abandoning the use of the poisonous substance.

I might indicate that exhaustventilation seems
to be considered too much as the principal remedy
nowadays, as the respirator was considered some
vears ago though with much less foundaton,
Other procedures mentioned above are some-
timesforgotien today, although they haveattained
greatsuccess in industrial hygiene.

If the limits are used, it must be definitely
ascertained that the evaluation of the contamina-
tion Inthealr is rellable,

Because the testing devices are reasonably
priced, easy to handle and because the methods
dfFexamination in laboratories are frequently sim-
plified, there is (asmarked previously)the danger
dfunquallfied men using them. Thereforethe fol-
lowing has to be stressed:

Serfous acute poisonings, expeclalty fatal ones,
arise through unforeseen accidents = as leaking
of vessels, pipe lines, ar by unexpected formation
of gases in larger amounts or by other abnormal
events. Also, by exceptional atmospheric condi-
tons where theremoval of gases isnot effected by
strong mechanically driven exhaust systems.

A locksmith was found dead beside hisforgefire
where he had been seen working 20 minutes
before. As an exhaust pipe has been installed in
this place and the manhadworked here Tormany
years, the technician thought a CO poisoning im-
possible = the blood dof the dead man however
was found tobe saturated with €O, Abnormal cold
and severestorms hadinterfered with the ratural
up-~draft existing at other times. | have seen CO
polsoning with unconsdousness in some working
places of a large plant in presence of such ab-
normal weather; the workers had worked in these
places \Withoutdisturbance dFheaith for months.

| have Seen poisonings by arsine as a result of
using toostrong an add so that the solution was
not neutralized; as a result & too much zinc
powder being added;and asa result dfan exhaust
pipe being obstructed by the formation of foam.

Such circumstances caused by abnormal ac-
cidental events cannot be investigated by air
examination because we do not know all con-
tributing factors and therefore we are not able to
reproduce these circumstances (tosay nothing of
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the danger to the Investigator). Therefore, as
mentoned above, data about the deadty concen-
Tation would be of little practicalvalue

In all other circumstances it B self evident that
only numerous samples of alr give a true picture
of the existing conditions, if taken at different
timesand duringdifferent working processesand
in theexact working place at the breathing level of
the worker. Samples taken off-hand are without
any value,

The lmvestigator hastobecertainthatthework-
Ing processes during the ime dfexaminationare
thesame as at other times. The investigator can
be misied Intentionally a unintentionally. The
occurrence of illnessshould af course induce the
Improvement ofthe working conditions. When we
Imvestgate we have to knowif such changeshave
taken place arnot It Bsometimes difficuit tofind
that out

Another difficulty which may be overcome only
by patience Bthe fact thatall persons concerned
= even involuntarity = work more "according to
prescription” if observers and supervisors are
present.

In addition itmust be taken into consideration
that little variations = produced intentionally ar
not — areableto change thewhole picture; small
changes hardly detectable in the processproduce
considerable differences In the amount of con-
tamination in the alr; season (open ar closed
windows),and weather alsoinfluence the plcture.

An electrolytic nickel plating bath deltvers more
hydrocyanic add gas,achrome platingbath more
chromic acid mist, when thecurrent is heavier ar
the treated objects larger. The amount of lead
furmes depends,among other factors, on the tem-
perature ofthe lead bath, the zinc oxide fumes on
the temperature of the molten alloy. More vapor
escapes in an apparafus for degreasing by tri-
chloroethylene if the trichioroethylene is heated
more and if it is not cooled W ore emptying. The
quantity of excaping vapors changes in the usual
degreasing apparatus with the temperature ofthe
water used in the cooling coil, with thesize ofthe
objects and their number and with the frequency
and speed with which they are taken out.

Ball mills putverlzing rock have often been
submitted to my [nspecton and | was shown they
were working Without escape of dust =~ it was
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soon after loading large rock. But half an hour
hter,when the material has been reduced to fine
powder, much dustwas escaping into the breath-
Ing zone.

To give someexamplesof numerical differences:
Dust concentratlonsfound Inmy Inestaigaiasin
grinding shops™ inthe summer by the Owens dust
counter have averaged between 800 and 1500
particies per ¢cm’® in the same room, at the same
speed df rotatin of the sandstone wheels but
grinding different Kinds df knives, In winter, when
the windows were dosed, the figures ran up to
3700 atthe breathing level oftheworker. In theair
oftheroom in general the dustfigures averagedto
560 Insummertime,3300 inwinter. Bowditch and
Elkins® found in the coating room of an artificial
leatherfactory on different days in March 130-200
parts per million of benzol; concentrations of
300-1300 ppm of naphtha vapor were detected
during the work done by one worker in a factory
using rubber cement Qreenburg and corrobora-
torsfound in arotogravure printing plant 80-1060
ppm ofbenzol in different partsofthe pressroom.

| think it B not necessary to stress that all the
difficuldes mentioned above have to be regarded
especialty if there B a compensaton case, or if
there Baquestion dFnegligence.

Summarizing

A well-trained industrial hygienist only Bable to
make investigations in industrial hyglene and
especially for answering the question, If, when ar
haw often limits are transgressed; and besides he
can answer only after a long-lasting and exact
examination.

It should never be forgotten, that all our limits
have their origin from heaith examination of
workers and that only from comparison between
the resultsof these physical examinations and the
content of contamination in the air do the limits
resuit. All the mentioned uncertalndes and dif-
ficuldes can be avoided in many cases if we referto
this origin. [f there ls a danger of chronic poisoning
the thorough investigation and examination ofthe
workers especially 1o early symptoms give us a
sureanswer in caseswherethe ime islongenough
foracquiring symptoms of chronlic polsoning.

We may also see ifthe contamination Bable to
produce acute polsoning by examining the workers
at the end of the daily working time.
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A speclal consideration must be given to the
question if and how far the results of air examina-
tions and their relation to the limits are able to
contribute in determing the occurence of an oc-
cupational disease.

The question of whether there Is an occupational
dlsease presents itself as a medical question. A
physician onlyisabletoanswer itafter considering
all the clinical symptoms and after a thorough
medical examination executed with all necessary
aids.

The clinical pictures (and the pathological one
in the autopsy) of the more frequent occupatonal
dlsease$ (chronic poisonings-dby lead, mercury,
benzol, silicosis, to some extentcarbon disulfide,
and certain acute poisonings as CO) have been
studied so carefully and are so well established
that the diagnosis can be made with greatest
certainty —bya physician experienced in thisfleld
asis the casewith every other medical diagnosts.

We have mentioned above the difficuities and
uncertainties af airexaminations. We cannotguar-
antee that the air contamination during the inves-
tigation was the same as in the time before the
poisoning occurred. Therefore negative findings
inair contaminationsar findings below the limits
are never able to shake such a positve medical
diagnosis though under certain circumstances it
is possible that a former occupation may have
been responsible forthe disease. Positve findings
on the other hand are able to supportit Further-
more if we have aclinical picture thataccording to
medical opinion does not correspond with the
well known picture of this poisoning nor with signs
of its rare varieties and therefore the physician
deniesan occupational disease, then the findings
of air contamination abovethe limitsisno proof of
a causal connection between the illness and the
contamination; the illness may have originated
entirely independently of the contamination be-
cause of an internal a-another external cause.

But there is another method which gives us an
insightinto the circumstances under which the ill
man worked prior to his disability and which
should be practiced in chronicpoisoningsifit can
be done shortly after the beginning of his illiness:
The physical examination df the fellow-workers
(still working, disabled and dismissed). If the
symptoms of the same illness are found, it con-
fimsour diagnosis ofthe case in queston. Nega-
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tive findingsare of small value, because the sick
man many have been more exposed to the dam-
aging substance a-may be more sensitive.

In acute poisonings the examination of the
fellow-workers should be made at the end ofthe
shift.

There is however, a long list of less explored
substances (most at present rarety used), the
clinical pictures of which are not clearly worked
outasyet = nor are their toxic limits. We are able
to conclude that there is a causal connection if
certain substances are found in the air and con-
temporarilysymptoms of illness determined in a
worker and if these symptoms agree with those
mentioned in the literature as a consequence of
this poison ar if similar pictures are to be seen
amongthe fellow-workers.

But cases occur when a positive medical dlag-
nosis alone & not sufficient. For compensation
cases and for prophylaxis it may be of greatest
importance to know through which kind of work
the illness isacquired.

If the examination oF the air fails to give ex-
act proof, then all chemical and other processes
should be subjected to the opinion of experi-
enced expertsin technology, chemistryand indus-
trHE hygiene. In such cases all the impurities
possible present in the substancesused are to be
considered.

| wrote about "experienced physicians." The
universitdes (medical schools)should gtve better
instructions to students of medicine in Industrial
hygiene and in occupational diseases. Bspeclally
in the latter fleld, there should be established
shortcoursesfor physicians also. The legislation,
the industrial commissions, the insurance com-
panies, the employersand the employeesshould
take advantage flrst of all suchtrained physicians
and thus give them occasion ©acquire still great
experience.

Summary
1. To define toxic limits of the greatest scien-
tific and ofthe greatest practical value.

2. It should be made evident whether the
toxic limit applies to acute ar chronic
poisoning,if It Bwell founded ar doubtful.

3. Thelimitsarevaluable help in showing the
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necessity of prophylactic measures in a
plant for the construction of new and for
testing and existing (nstallations, But the
examinations should be made very care-
fully and by experienced industrial hygien-
ists. In determining the severity df ex-
posures resulting from exlsting installa-
tions, the medical examination of workers
often gives a better insight

It B the fleld of medical diagnosis to as-
certain the presence ar absence of an OC-
cupational diseese. This dlagnosis made
by an expert physician cannot be shaken
by a contrary result of air examlinaton, but
if this result is certainly representattve of
the worker’s exposure, it may point © the
desirability dFfurther investigatons.
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