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"PREFACE

Tur sources of our knowledge of industrial poisoning in the
United Stetes are neither full nor, for the most part, accurata. We
lack the sickinees insurance system which obtains in all industrial
countries in Evprope and which brings to light the incidence of

"jllness of all kinds in all groups of workers. Nothing takes its
-placa in this country. Our private insurance companiés sometimea
gather important and trustworthy data, but these ars never all-
inclusive and never can be, they are always restricied to the group of
individusls insured in that company. - The Census reports sve of

. 4" deaths ouly, not illness, and the death records lose much of their value

« becauss of a'poor classification of workers, which puts into the same
category men doing work of very different degrees of danger, as for
, instance paperbangers and painters. Trades nnion records are sel-
5 dom of value, with the exception of those gatheréd by the typograph-
~\ ical unioms which were reviewsd carefully by Verrill* and found to
+ contain much thet was interesting to the statistician. B
It has been my task for many years to examine records of hos-
pitals and dispensaries and to interview physicians in many parts
-2 of the country in my search for information sbout i given poisonous
7 trade. Not one hospital in twenty has records which yield the sort
: of information which the student of industrial toxicology craves
é and yet this is not elaborate. If the recording interne would only
treat the poison from which the man i3 suffering with as mueh
¥ interest as he gives to the coffee the patient has drunk and the
tobacco he has smoked, if he would ask as carefully aboyt the

length of timre he was exposed to the poison as about the age at which
. be had mensles, the task of the searcher for the truth sbout indue-

trial poisons would be made so very much easier. I have often had
to reject fully one-third of the casea of plumbism which have been
treated in a hospital because the interne had no curiosity about the
source.of the lead, contented himself with the notation, “lead
worker,” and so made it impossible for me to now from which of
the many Jead trades the man came. .
Physicians in private practico have given me the greatest assist-
snce, yet there are limitations to the value of the information
. obtained in ghis way. The disgnosis must be accepted, of course,
28 the Bureau of ‘the C..uus accepts ibe death certificates of all
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nothing about the probable incidence of isoning i i
industry becauao’our methods differ decid.eg]; fmmgthzz éulgg:?nlj
gomq trades which are dangeroue there are quite harmless here.
] or instance, the making of cheap kitchen ware is one of the bad
ead trades of England, here it is not a lead trade. Dyeing catton
;{1& wool and handling them after dyeing, making files, polishing
iamonda, these are sccupations notorioualy fraught with danger of
lezd poisoning in Europe, but not in the United States, On the
other hand we have industries which are much more dungerous than
theirs, such #s the making of white lead by & dry proceas instead
of 2 wet one, the nse of Jarge quantities of mon-fritted white lead
in. pottery glazing, and the wse of lead-laden enamel powder for
K:xtary.:mnf ware. It is not possible to draw conclusions as to
danger of any oceupition in the United § i -
mllt%gﬁff%mteign Froraturs about 3t ot o7 Simply con
°TO 248 Déewt an enormouy increase in the interest of the mediesl
world i industrial toxicology of late years, apecidfy :i;nce our
eatrauce into the war in 1917, There are already some studies of
poisonous trades in the United States which for thoroughness leave
mtdh,l!;zg-i to bo'desmd. Perhaps the stndy made by Edsall, Wilbur
an nker On mauganess poisoning stands st the bead of thess,
for they were able to stndy the incidence in a large gronp of work-
men, the conditions nnder which poisoning occurred, the mode of
entrance, and the clinical manifestations, of early siages of poison-
ing. a8 well as of the later stages. At the foot wounld stand the

single observation made by & physician in private practice on a
case accurring in a plant to which he has no access ‘and the dezcrip-
tion of -which he must take from his petient. He cannot check
up -his findings, he gcawnot be cértain that this, to him new and
nofamiliar poison, ia really responsible for the lesions he has
obsefyed; all he can do is to present his findings, suggest thejr
poseible significance and.let it go at that. But he is ‘really per-
forming a valusble servica when he does this, for snch rts,
incompleto as they mmst be, have often led to the exploration of a-
new and important feld of industrial toxicology.

- T have called this & stody of industrial poieoning in the United
States 20d have tried 8o far a8 possible to present American material
but obvicusly that is not always practicable and much that we owe
to foreign observers has had to be included. Tt has bean my por
pose to avoid when I could the earlier writings which have &en
reviewed in the existing textbooks and to give as much new mate-

. .;:}uw‘b].e. The literature up to Janpary 1, 19?4, has been

T R2al, D). L, Wikr, ¥, P., and Drinker, G, K. The Occurroncs, Cause

Grid Pl B Py - 2, i
S orevention of Chromia Mamgonese Poisoning, Jour:ixduat. 2y9..°1919-20,
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452 INDUSTRTAL POISONS IN THE UNITED STATES

tremors of hande and outstretched tongue and & neurasthenic
condition.

This long continued neurotic condition ia noted by Jaquet (3)
in his first case, and by Bing (4) in his first case, Floret (5) de-
scribes three cases in one of which there was nausea, double vision
slaggering gait, and after five days an attack of frenzy foliowed
by coma and then by delirium with hallucinations, epileptiform
attacks and prostration, followed by a prolonged period of mental
apathy and languor and apparent muscular weakness.

Llfier and Riitimeyer (6), failing to find any bromin or bromin
compounds at autopsy on a case of typical poisoning from methyl
bromid, exposed guinea-pigs to the fumes, and found that, if the
animal were killed immediately efter exposure, the substance could
be demanstrated in fluids and organs, but that if it lived for 30 to
70 minutes after removal from the fumes it was almost, if ot
quite, impossible to detect methyl bromid in the body. -

The last cases of industrial poisoning from methyl bromid re-
ported in the literature are Cade and Mazel’s (7), from a French
chemical factory. In the first case, as in that of Lofer and Riiti-
meyer, the man was exposed several times to the fumés of methyl
bromid and at last succumbed to an exposure rather greater than
usual. A leak occurred which be tiied to stop with cotton an hour
before be loft the works. Sixteen hours after the inhalation of
fumes he bad diplopia with indistinct vision, his fingers and legs
bocame uscless, and be was unable to tell Lie name or to write it.
He had violent pains in the legs and marked motor incotrdination.
In a second case the man, aged 59, had been engaged at times for
32 years in the manufacture of antipyrin and had had four attacks

of mild methyl bromid poisoning with complete recovery in the
intervals. )

)

(1) Romren, F. Vriljschr. {. gerichil. Med., 1820, Beriea 8, 60, 51.

(2} Gotpscumin, E., and Xuux, E, Zairlbl. f.. Gewerbehyy., 1220, 8, 28,

(3) Jaquer. Quoted by Réhrer (1).

(4) Bmic, Quoted by Rabrer (2).

(5) Froner. Quoted by Goldschmid and Kuhn.

(68) Lorrier, W., and Rirruever, W. Vriljschr. f. gerichil. Med, 1920,
Series 3, 8, No. 1, 60. )

(7) Cuoe, A, and Mazer, P, Bull, Soc. méd. d. hp., 1923, 47, 722.
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CHAPTER 33
BENZENE

BexzexE, or benzol, as it is usually called, is one of the most
imporinnt of the industrial poisons, but its use in industry is com-
paratively yecent, and therefore tho literature concerning industrial
poisoning by coal-tar benzene and its homalogues, toluene and xylene,
is not very full; indeed most of it has appearod too recently to be
incorporated in the text-books. It seems wise, therefore, to haudle
this eubject as completely as possible; for there is every prospect
that the use of coal-tar distillates will continue to -increase in the
near future, and it is of the greatest importance that the dangers
attending them should be clearly understood.

Coal-tar benzo] ia properly called benzene and ia represented by
the formula CgH, Unfortunately this term ia likely to be confused
with petroleum bepzin, but it is the one insisted upon by the chem-
ists. Toluene (toluol) ia methyl-benzene with the formula CJHCH,,
and xylene (xylol) is dimethylbenzene, CJ(CH,),. ‘These
bodies are obtained as by-products in coking coal, and in the produe-
tion of illuminating gas. They are collected in heavy oils, and dis-
tilled off.

Pure benzene distills at 80° 1o 81° C. It is & very volatile color-
leas-fluid with a pleasant ‘odor which is not locally irritating and

~which arousea no suspicion of danger. The vapors are three times
g8 heavy as air. Toluene distills at 110° C. and xylene at 137°
to 118°.%

Besides pure benzene and toluene and xylene, there are several
Linds of commercial benzencs, which contsin toluene, xylene,
thiophene, and rarely traces of carbon disulphid.

The nsual commercial products are:

Pure B::nréaun-—A clear colorless liquid of e characteristic odor. B.P.
9.7 .

Nmery-rea ceNT Benzeng—So called because in the distillation 90 per
cent Jistills over at a temperature of less than 100° C. It is com-
posed of 80 to 85 per cent benzene, 13 to 15 per cent toluene, 2 to 3
per cent xylene, and sometimes contains aa impurities traces of olefina,
parafiins, sulphuretted -hydrogen and other bodies.

Firry-pER CeNY Brnrexe-~This substance containg 50 per cent of constitu-
enta which distill below 100* C., and €0 per cent below 120° C.; it ia
a very mizad ;rvoduct, with only 40 to 50 per cent. benzene.

A Baae N DY OLnmaintoss Tanenonis and Ocnania Phila.. 1992 n K27



454 INDUSTRIAL POISONS IN THE UNITED STATES

Souvext Nararue—This waterial is called solvent naplithe Lecause it is
used extensively.(especially in England) for dissolving-rubber. It is
relatively irce {ron benzene, and consists largely of xylene.

In Germany commercial benzene, as used in the rubber trade
especially, may contain a Jarge proportion (from 16 Lo 60 per cent)
of carbon disulphid. Thiophene is of no importance toxicvlogically.

Uses.—DBeuzene is used oa a large scale in solveny extraction work,
extracting oil and greases, but this is done in herwetically sealed
apparatus, the benzene being removed from the products before they
are taken out so that the danger, as in benzene production, is only
the risk of some accident to the machinery. In French dry cleaning,
benzene was used for a while just after the war, but the inereased
fire risk bas led to its abandonment except in a few cascs.

At present, benzene is used.in every branch of rubber manufacture,

-not of -course-in-ail departments of every rubber works, but in some
department..in practically every individual plant. 1t is a mpuch
better solvent for gums, resing, and fats than is any petroleum deriva-
tive and it drics faster than high-test gasolihe. It is used for

cement-in ﬁw'§3m§$a3 r_iﬂ;’:‘fmminef?"-im‘nufam* in the

" making of ~fabrikoid, artificia “Jédthet;” and - linoleum, in coating
leather for-upholstery and“for ‘automobile tops,“and as a constituent
of shellacs, varnishes; gilding and bronzing fiuids, varnish and paint
removers, and quick-drying paiuts for interior work.t Enormous
quantities of benzene rubber mixture are used in the raking of
so-called sanitary food cans. In the manufacture of pbarmaceuti-
cal supplics, benzene is used to crystallize out coal-tar drugs. It is
the starting point of many important intermediates in dye manu-
facture, such as anilin, and is also the starting point of synthetic
carbolic- ecid and of the important explosive, pieric acid. Copper
end yine-gre -cleaved - with: benzene..in preparation for galvano-
plating;<and ‘photoengravers use it -to-dissolve rubber films. It is
also. used in.the-meanufactiré~6f -kodak zfd “moving picture films.

The largest connnercial users of benzene at present, 2side from the
purveyors of motor car gasoline, are manufacturers of the following:
rubber cement, rubber tires and shoes; brake linings, particularly
for automobile brakes; artificial leather and fabrikoid; lacquers;
cement for sanitary food cans; paint and varnish removers. All
of these require the use of benzene in more or less open vessels or
vessels which have to be opened {rom time to time.

The National Safety Council undertook to study benzene poison-

ing in industry during tho year 1923 by sending out guestionnaires

* Tho Ohio State Depertment of Health found in one millinery cement 48.5
per cent by volume, and in another no leas than 92 per cent.

| Some of the newer quick-drying “flal coat™ painls contain benzene in“ppl’c—
ciable quantities. For instance, °

zene and the divections call for the mddition of benzene if the paint is Lou .thick.

“gise Ll Hquilimedium is 10 per cent ben. .

INDUSTRIAL POISONS IN THE UNITED STATES 455

to the producers and users of this compound, obtaining information
from 67 firms. Thirty of these firms employed less than five in
processes exposing them to Lenzene; four employed & hundred or
aver, the largest being a rubber factory where 1080 were so employed.
Of the firms employing ten or niore poople in benzene work, cight
were rubber factories, five were cheinieal works, four were paint and
varnish makers, three were gas plants recovering benzene as a by-
product, one was making celluloid and artificial leather, one
Japanned goods, and onc was a can factory,

The substitution of benzene for petroleumn distillate in notor
car fuel leads to 2 change in the composition of the exhaust gases
and undoubtedly adds o the danger from these gases in garage
work. Yandell Henderson (1)} and his colleagues have compared
the amounts of CO found in the blood of dogs dying from exposure
to various CO-containing gases and found that death occurred at a
lower CO saturation when coal-tar distillate was burned than
when gasoline was, and % a slighter degree this is true whero il-
luminating gas is used. When pure CO was used, the blood at
death contained 84 per cent CO; after illuminating pas poisoning,
only 70 per cent CO was found in the blood; after death from gas
from a motor car using gasoline, 83 per cent CO was found in the
blood; but after death from gas from a car using coal distillate,
only 62 per cent was found. The composition of this distillate was
as follows: benzene, 69 per cent; toluene, 15.5 per cent; solvent
naphtha, 13.5 per cent; heavy naplitha, 2 per cent.

The symptors of illuminating gas poisoning differ from those
of pure CO poisoning; for therc is more respiratory excitemont
and quicker collapse, and there is nauses and vomiting. Apparently
the action of gasoline exhaust gas depends entirely upon the CO
that is present, but the exhaust gas from coal distillate canses symp-
toms resembling illuminating gas poisoning and the difference is
attributed to the presence in both of these gases of benzene vapor.
Kobert (2) also says that the greater toxicity of illuminating gas
as compared with pure CO is to be explained by the presence of
benzene in the former, and Stachelin’e experiments prove the same.
Tic was using CO on frogs; but, running short of the pure gas, he
undertook to substitute illuminating gas, whereupon the frogs devel-
oped convulsions, as they had under CO.  Staehelin (3) found that
benzene vapor in the gas sccounted for this difference.  (See Hag-
gard’s experiments with ncuroblasts, p. 396.)

There has been much controversy as to whick is most toxic, pure
benzene or crude benzene, or the mixtures of benzene and its
homologues commonly used in industry. Lewin (4), testing vapor
on animals, fcund impure benzene more toxic than the pure.
Chassevont and Garnier (5) say . same. Lshmann (6) tested

tha vnea tha anmmacatal and tha smiida and fannd fham nAt veruo
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cifferant; the ernde baing slightly the most toxic; but the individual
vanaticns in the susceptibility of animals rendered the conclusions
dubious.  Tehmann eays that the early syinptoms come on most
ioickly with benzene; but nareosis, most quickly Wwith toluene. On
ke other hand, Kobert (2) says toluenc is much less toxic thsn
Tienzene, but more irritating to the mucous membrane, though with
less convulsive effect, for it is changed to hippuric acid in warm-
tlooded animals. Rambousek (7) found pure benzene the most
oxic. Toluene, xvlene, and solvent naphtha {which, he says, is a
misture of the higher benzenes, cumene, psendocumene, and mesityl-
ene cumene) all cause less convulsive effect and slower nereosis.
Xylene is less poisonous than toluene. The recovery from tolueno
poisoning, however, is less rapid than from benzene poisoning.
Agasse Lafont end Heim (8) also insist that pure benzene is more
toxic than crude. Hcktoen and Brown (9) found far less striking
and characteristic changes in chronic toluene poisoning than in
chronie benzene poisoning. (Sec later.) Just recently Pugliese (10},
investigating the cause of scveral deaths from benzene poisoning in
a raincoat factory. in Milan, tested the comparative toxicity of sev-
eral verieties of this solvent which were used in the factory, and
found that pure CoH, acted most rapidly and intensely on animals,
whilo the impurest and most ill-smelling sample was the least toxic.
He found tolucne less poisonous than benzene, but the vapors more
irritating to mucous merbranes, causing watering of the eyes,
sneczing, and conghing.® o

Effect on Animals—DBenzene has a pronounced action on the
central nervous system, nsreotizing, and Jowering the body tempera-
ture. Animal experiments reveal a gicat difference in suscepti-
bility, not only between different species but between different indi-
viduals in the same apecies. The vapors of benzene are toxic for
animals when present in the proportion of 0.015 g. to 0.016 g, per
liter of air (Rambousek). At this dilution the animal begins to
show jerking of the leg muscles after 50 piinutes. This symptom
comes on immediately at a concentration of 0.056 g. per liter of air,
convulsions devclop in cight minutes, unconscionsness in ten. Dogs
are more suseeptible than rabbits and die after 20 minutes’ exposuro
to 0.042 g per liter of air. No sfter-effects are noted in animals
surviving the cxperiment, and in those that die, nothing is found
but moderate hyperemia of the brain, Jungs, and mesenteric vessels.

Lehmavn, experimenting with cats, found a decided variation
of suseeptibility in .individuals, but all of them showed signs of
irritetion of tho mucous membrane, muscular twitchings, and & fall
of body temperature. In large doses there were convulsions;

® Cases of industrial poisoning from toluene are rare. British faclory inspec

tors report a death from toluene fumes in a man who entered without & rue
maek g8 . whicth he! held loluene and some eramoniacal fuid. -
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narcosis; very deep respirations, first guick then slow; quickenal
pulse, and death from respiratory paralysis. A nercotic effcct
begins in cats after two hours' exposure to 0.02 g. per liter of air,
and parcosis is contplete in six hours.  With 0.06 g. the periods ere
fiftcen minutes ard one lowr, vespectively. In man 0.015 g. per
liter of air produces listlessncss and confusion after half un
Lour, and exposure to 0.02 to 0.3 gw. (or from 2 10 4 parts per
100,000 parts of air), for a few hLours way cause loss of
consciousness.

Y.ehmsann found the symptoms in apimals very uniform in char-
acter, although varying in degree. First.comes_restlessness aud
excitgment, pertly from irritation, of .the nose and throat, especially
with crude benzene, toluene, or xylene. * Next, and fairly quickly,
coma symptoms of central irritation, dizziness, staggering, unco-
ordinated movements, and twitchings of the muscles lasting from
Lalf an hour to many hours and affecting single muscles or groups
of muscles or whole limbs. The movements gre clonic, sometimes
tonie, but there is no tetanus. This condition makes observations
on respiration and heart dificult; but apparently the former is first
quickened then slowed, and the heart is rapid. At the end of the
experiment & decided fall in temperature is always found, and this
may be the canse of the twitching. The animals recover completely
with no after effects, or else they die suddenly from primary reapira-
tory or heart paralysis. Notbing typical is found st autopsy except
that the blood remains fluid for 4 lovg time.

Acule Industrial Poisoning.—The earliest cases of acute poison-
ing were reported from Germsuy. At the Brussels International
Congress of Industriel Hygiene in 1910, Rambousek summarized
the histories of 22 cases *:which be had gathered from the Jitera-
ture of that time. All these were scute cases and occurred in the
following ways. Case 1 was distilling benzene, xad forgot to turn
on the cool water to condense the vapor. Case 2 was found dead
before the building tho next morning after he had let 900 liters of
benzene overflow from a vat. Cases 3, 4, and 5 were poisoned in a
benzene vat in a rubber factory; the two latter entered it to rescue
the first. Cases 6 and 7 werc exposed to benzene gas in a coke
by-products plant. Cases 8, 9, and 10 were exposed to & mixture
of benzepe, hydrogen suiphid, and cyanogen compounds. Case 11
waa cleaning apparatus in a benzene plant. Cases 12, 13, and 14
were reported by Lewin in 1807. They occurred in conncetion
with work in a benzene extraction Lettle. The next five were clean-
ing vats for the transport of benzene. Case 20 occurred in e yubber
factory. Of the last two, on¢ was making antipyrin, the other was

painting an iron tank with asplialt dissolved in benzene. REighteen
of these cases were fatal.

bR d S5 ST o Iy . suthune <
*1 have omvisi Santeseon’s nine cases, which were chronic. .%
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‘The literature of other Iluropean countries and of the United
States have added many casea to this liat during the thirteen years
that have elapsed since then. Tlese-are typical Listories selected
from the mass of available matarial,

Lewin, in 1907, reported a caso of fatal poisoning in a work-
man who had tried to rescue & man overcome with benzeue fumes.
A benzene kettle had stood ompty for 22 hours, when it was washed
out three times with ocold water and twice with steam, and was
allowed to stand all night filled with cold water. The man who
was gent in to make repairs took with bim & pipe through which was
blowing a atromg current of compressed air. Nevertheless, he
fainted end fell to the bottom of the kettle, Several men tried to
get Lim out, but a]l grew dizzy and confused and had to give up,
until an engineer, with a diver's helmet succceded in dragging him
out. Xe was revived, but one of the men who tried to rescue him
died ten minutes after climbing out of the kettle.

The German factory inspection report for 1913 contains an ac
count of a similar cagse. Here, also, the tank was supposedly thor-
oughly cleaned; for it was boiled out three timea, but the workmen
who went in lost conscicusness; and although the two men who had
becn set to watch him dragged him out promptly he never revived.
Beissle's (11) case was that of a man who died after only four
minutes’ exposure from dipping benzene out of a bowl.

The carliest instances of acute benzene poisoning in. Awerican
industry were reported from establishments producing. and_using
benzene for the manufacture of anilin and of explosives. By 1816,
fourieen acute cases had beeu reperted, seven of them fatal, The
first two were in steamfitters employed in repairing pipes ivside a

benzene still where the mauhole through which they entered was

just large enough to allow them to erawl through. As usual, the
still had been not only emptied but washed out, and it was sup-
posed to be free from dangerous quantities) of benzene; but soon
after the men went in one of them became excited and irrational,
singing and shouting. It was realized that he must be got out as

quickly as possible; but this was a difficult thing to do through a’

narrow manhole, cspecially since he was irrational enough to resist.
It took sbout ten minutes to get him out, end during much of that
time the meanhole was completely closed by his body. The sccond
workman, who had been helping to lift him out, was then found to
be lying unconscious on the fleor of the still. Even more difficulty
was encountered in removing him, for he was quite helploss, and
when he was at last brought into the open air, which was after sbont
twenty minutes, he was found to be dead. .
Tho third and fourth cases had almost the same history, They,
- 2%, were in men who were working insid-s*.-wiill which was sup-
poscd 1o he {ree fram benzene  Thav baran in enffar fram thaafaria
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were dragged out in a state of enma, given vigorous treatment by
the administration of oxvgen and stimulauts, but one died, and
curionsly enough he was the one who had had the shorter exposure.
Two uther fatal cases were cansed by repair work in a benzene still.
The fifth death was canse by a leak from 2 still, and the sixth and
seventh were in men working in the sulphonating department of a
plienol plant where benzene was sulphonated and where fumnes es-
caped from the supply pump, the sulpbonating kettle, and the
liming vat.

In many eascs it has been impossible to say whether or not death
was instantaneous becansc the victim was not found till some time
efter.  Sury-Bienz's (12) patient died in a very few minutes, as did
Beinhauer's (13) ; but Heflter's (14) lived several hours. He was
an assistant manager, and, accompanied by two Lelpers, bs went
into a eeflar to open a benzene pipe which was stopped up. He
started the flow, but could not stop it, and benzepe splashed over
his clothes. The helpers complained of feeling sick and he went
upstairs with them, pot two other men and went back to the cellar
for balf an hour. When bo came up ke fell in a faint st the top
of the stairs, and although oxygen was administered for three hours
he never revived.

I have the history of a casc of acute benzene poisoning from a
Pennsylvania phenol plant "in which oxygen was given for more
than two lours without saving the man. It is noleworthy that
exertion increases the severity of the poisoning, or at least that
secmns. the only, way.lo.cxplain the considerable’number”of accidornts
in which it is the rescuer who dies while the driginal victim, though
sometimes exposed -longer, survives. Of course ipdividual suscepti-
bility plays a great part. Lehmann (8) belicves that this is the
underlying canse of mdden death from benzene poisoning in indus-
try. One of the many illustrative instances in the literature js s
case deacribed by Lewin. A workman had gone into n benzene
extriction kettle and had fainted. His helper climbed part wey
in to rescue him, felt himself growing dizzy and confused, aud
backed ount at once, but died in ten minutes, while the first man,
who lay unconscious in the tank for several minutes before he could
be removed, was saved.

That such an anomaly should give rise to controversy in compen-
sation cases is inevitable. Tn one of the great steel works of Penn-
gylvania, two workmen were sent into & benzene tank to change
the coils after the tank had been thoroughly blown out with steam.
One of them was quite unaffocted by the benzene vapor, while the
other died from ita efiects. The statement of the company doctor
that there was something in the man’s constitution which caused his
degik ‘= true in.tho same sense in which it is +=:: 'Lat something

L

in a man’s constitution c¢auses him to succumdb to tvohoid infection
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i{ he drioks polivicd water while avother man, drivking the same
water, remaing quite well.

As a usuel thing men recover completely, if they recover at all,
from such nccidents; but there are a few instancos of sequele re-
corded. Kobert described the case of & man who was painting the
inside of & reservoir with bitumen apd crude benzene and who
suffered an attack similar to aleoholic intoxication fram which he
recavered ; but later, without further exposure, developed pleurisy
and apical catarrh of the lung, and was never restored to complete
healtd.  One of Lewin’s cases, with relatively slight symptoms, had
persistent aftereffectsa. This man had an eeute attack of Qizziness,
a drunken feeling, pressure in the head, dyspnes, oppression of the
heart; and when these passed over, & blowing heart murmur, yellow
pallor, and general nervous exhanstion. A rather unusual history
is given in the report of the British factery inspectors for 1918.
The man was employed on the night shift in a benzene distillery
and on a certsin night the volume of vapor was greater than the
condenser could deal with, some of it escaped, and. he was overcome.
He was ravived with oxygen and the pext night returned to work;
but although at that time the still was working well he was sgain
avercome &nd this time he died without regeining consrionsness.®

Irritation of the ekin, or inflammation with ewelling and itching,
ia noted in some cases of acute benzene poisoning (Simonin (15)).

A strapge story, possible only in Czariet Ruesis, was told by
Dworctzky (16) in the spring of 1914. Tt desls with an epidemwic
of mysterious illness in the factory population of St. Petersburg,
beginning in a large rubber works and extending to chocolate and
tobacco factories. It was the caute of widespread excitement,
strikes, lockouts, riats, a heated controversy between two schools of
doctors, interpellations in the Duma, and ended in the complete
suppression of all diseussion and inquiry by the.chief of police.

* The following regulstions have heen formuh.tea’ by the British Faclary
Inapectian Department Lo govern work io tanks pr other receptacles which have
contained benzene or (oluene: 3. The period of siring the tenk must Inat.six
duye. 2. The tank musl be Ailled with waler and then steem introduced till Lie
water boils. The steam pipe must reach to the boltom of {he tank. and either
by stirring or in some other way the sludge must be mixed with water. 3. If
a tank hae remained emply for some time it must be filled with waler and
emplied Lefore anpone goes into it. 4. Entering s tank and workiog inside must
be permitted only ¢ men wearing a helinet or mask which is connected by a
rubber pipe 1o fresh a’= or provided with a bresthing spparatos which witl
wliow the man to breathe normal air or & mixture of oxygen and Air. 5. Fvery
man who enters a tank must wear a mefety belt with € rope sttached and the
other end of the rops muet be held by & man outside. 6. An oxygen flask with
face mask and proper connections raust alwaye be available

An excellent procaution ja ueed by the United States Steel Company in their
plant at Gary, Indiana. After emplying, washing out, and steaming aut (ise
1ank, they lower into it & cage of whitc tice, and if the mice are overcame 4y
the vapors the process of fiooding and stooming is repgated wnlil the little
,snimals can be lowered into the tank witduae showing eny efect.

b5
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The starting poiut was die rubber glove depsrtment of a great rublwy
factory where hundreds of women wero employed in cementing
gloves. The solvent for the cement hed recently been changed
from an illsmelling, colored fluid to & colorless one with & pleasanter
odor; and following this change an acuts illness developed among
these women, consisting of headache, dizzinesy, excitement, in many
cases {ainting or epileptold convulsions, 'and involving, in four
duys’ time, no less than 231 of them. Physiciana were divided be-
tween those who maintained that there was & toxie anbstance in the
cement, and those who beld that it was pure hysteris, the latter
group being led by von Becbterew. Color was Jent to the hysteria
theory by the cnormons extitement which the discussion had
aroused in the working population who believed there was a con-
spiracy among the cmplayers to poison them, and by an outbreak
of similar symptoms among the women in the tobacco and the
choiolate factorics. The real mature of the trouble could not be
known; for before sny investigation could be made, the manufac
turers declared s Jockout until the workers would promise to be
quict, and the polics forbade any inquiry into the nature of the
trouble or any discnasion of the occurrences, maintaining that it
was all the wark of sgitators and revolutionista ®

Pathology of Acule Benzene Poisoning~—The earliest autopsy
record I have found is that published by Sury-Bienz in 1888, Ho
found conspicuous bright red spots on the body; the blood fiuid and
dark red; smell hemorrbages in the pleura and intestinal mucosa;
general venous congestion snd reddened lining of tho air passages
which contained blood and mucus. Beinhauer (13), in 1836, de-
scribed the findings in the body of & man dying of acute poisoning
after exposnre to fumes in 8 benzeng exiraction apparatus, The
blood in heart and vessels was fluid, the veins of the ahdomen en-
gorged, there was hemorrhage in the gastric mucosa, and bloody
foausin the air passages. Beinbauer says that the blood was lake
red; “weakly ecid, and there was evidence of destruction of the red
cells; but this is contrary to the great weight of evidence. (Sce
Kobert, on sbsence of blood destruction in experimental animals,
also Lehmann.) There was 1 curious aromatic odor from the body,
hut no benzene odor in the blood, and no benzene could be demon-
strated chemically. )

Heffter, in 1910, reviewed the 21 cases of geute benzene potesn-
ing which bad been reported in Germany up to that date. He says
that the most characteristic change noted in animals is found also

¢ While in Moscow in Octaber, 1924, I made Inquities sbout this occurrente and
waa {old that similar trouble hed develaped xwmong the women emp in
rubber factories In Rigs and in Moscow at about the same time we in St Petere-
turg, Al these {actaries were using % solveni from Baku which waa supposed 1o

be petraleum naphtha. After the excilement hed %iad down, a quict investigation
was permitted and the fact eatablished that Liie wxic substance was benzene.
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‘Heffter (14)).

_nrg’(};:ZmLﬂgnzgm Poisoning.~The earliest and probably the most
cases of chronic benzene paisoning in the literature are

*antosson’s (18}, from a velocipede tire factory in y
si:;cdtwclve _yo‘ung women, 15 to 20 years of ?gé, egﬁ:;td iﬁh:l::
ire ¢ cipatétmcn\. and recently they bad been working overtime. Al
fe om developed more or less severe hemarrhages, nine of them
1 mglpurpunc spots ou the skin, ome, cpistaxis and hemorrhase
::im a; :;ih E:ms a]nd g:gmnting of blood, one, uterine hemorr)mg%
, Prolon menstruation. Four of them di "
thp:surc; of threo wecks to four months. A typical hist::yediaagii
. % of 19 who had worked {5 three'to~four months and had
uffered from dizziness and exciternent followed by drowsiness.
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ing she grew worse, ecchyinoses uppearod on the skix, the mwnber
of red corpuscles fell Lo 3,764,000 witk 80 per coent hemoglobiu, there
were almost mo leucocyles o e soen; she grew gradually weaker,
and died after 2 period of feverishuess. Anotler girl, also 19 years
old, who bad tuberculosis, worked for cleven to twelve weceks, Len
to twelve hours a day, when sho was discharged. Throe wecks later
shie bagd profuse menstrual hemorrhage, purpuric spots appeared over
the skin, she bad vomiting and dyspnes, and profound anemia. The
red cell count foll w 600,000 with bemoglobin 20 per cent just
before death.

This same year, 1897, Lenoir and Claude (19) reported a case of
purpura hemorrhagica in a man who bad been employed for seversl
years in a dyo house where be was exposed every day to fumes of
benzene. He had bleeding from nose and gums, purpuric epats on
the skin, increasing cschexia, and then died suddenly. At anlopsy
thay found bloody effusion into the pleural cavity, bemoarrhages into
tho mucoss of stomach and intestines and under tbe endocardium,
and myocardial infarcts.

Tt'remained  for- Selling (20) in 1910 ta declere that the ziost
characleristic féature of chronic benzenc poieoning is not the hem-
orrhages or the amemia but the profound leucopenis, and that the
lesions are esseatially those of aplastic anemia with destruction of
hemoplastic tissues. Selling’s patients, three in number, were
employed in the coating room of & tin can works where a sealing
misture was used consisting of pure rubber and resin, dissolved in
commercial benzene. Twenty-throe persons were employed in this
department, 5 men machinisty, 4 girl inspectors, and 14 girls at the
coating machines. These last were between 14 and 16 years of age,
and they suffered most severely. Nat only were the cans coated
here but they were aleo dried, and ton gatlons of beuzene & day
cvanorated in that room. The windows were open, but it was very
bot inidsummer weatber.

Case 1 entered the hospital in fairly good condition, complaining
only of “spots on the body &nd dizziness.” She hed worked about
four months, and & month boforo she came to the hospital she kud
noticed blue epots an arms and legs; then, shortly afterwards, she
began to have blecding from the gums, noso and throat, one nose-
bleed lasting two daye. A few daya.before admission there was a
severo hemorrhage from the throat, controlled only with difficulty

by local applications. For a week she had been in bed because of
woakness and dizziness. Examination showed only extreme psllor,
purpuric spots, bleeding gums, a hemic murmur over the heart.
PErsmination of the fundi showed 2 number of retinal hemorrhages.

For the first few deys the patient was iu fair condition, but on
e sixth day she suddenly develc; 3igns of profound toxemie end

Pl tetm o stwmaw har vnlaa emall and woak.  Transfurian af hlaad
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was followed by decided improvement j

i u symptoms, but not in the

g]sod ctounfi7 and a relapse oceurred two days lator ’from which she
id not rally, dying on Juno 6th, the pinth day after admission.

Her tempersture ranged from 99.8 to 10
e .8 to 104.6 F., her
to 165 There was ns evidence of hemolys ; ber pulse fros 106

jaundice appear. is in the nrine nor did
The blood smear ehowed the red cells smaller and _paler thsu

norril, but ne poikilocytosis and no ex
tremely :
The counts were as follows: y Jargs or small forms.

— { Reds Whitea | Hemeglobin
» d8 éntrance.
o ren 198 k)i
g;:y I | 1,080,000 280 %31%9 (SakE)
Juls 3d L Maooieon 480 ‘
wly b .U esnion0 600 8%

_ Platelets were practically abeent; bl .
incomplete. A diﬁ’erenu‘ﬁy count ’ahoood clotting was delayed and

wed: polyworpbonucl
ﬁ;lﬁg:i%:gu;phocym 41 per cent, large monlt’:nzxde;’;s ;: p:?ze:?,
rormoblasts. per cent.  Only ono. mysloblast: was seen, but no

Case 2 wes also 14 years old, had worked five ‘
- N five manth -
plained of illuess for only one week. Her history, ph;aicsa’l ii‘:x:;:i

tion, aed the course of the disesse w 2

Cese 1. Her blood counts fell £ ere very similar 45 those of
ro! 1 .

{rom 660 whites to 140; and the m 2,100,000 reda 10 1,150,000

hewoglobin fell from 37 per cen
to 15 per cent. i ¢
Whitea,P:.'i (h“;o The lymphocytes constituted 71 per cent of the

per cent large mononuclears and only 16
polymorphonuclesrs. A platelet count (Pratt’ 10 per ceat
2,500 per cubic ccntimetgr, vab (Fratt’s method) ylelded only

and the bl : ,
1 tube showed no expressiop of scrume OOd sftet standing 48 hours in

Caso 3, a girl of 14

years, bad worked for about three months and
1ad sugemd for two wonths from anorexia, abdominal pain, ::;?t-
n‘x.glau beadache, and one or two fainting spells. She had a much
bighter purpuric eruption then the others and her blood count was

:&035’.)000 reds, 4,400 whites, hemoglobiu 54 per cent, platelets
104,000. Clotting of blood was incomplete, as in the other cases
3he was discharged after six daya. T

The autopsy of Selling’s first

: £ Selling case, made by W. G. MacCall
-{;cwed. hemorrhages in skin, viscera and serous surfaces; pallo:r:t"
' «;. organs; blood pele and watery; muscles a decp red wlor; some
atty degeneration of heart muscle, slighter in liver; bone marrow

f ferour fairly consistent, of a dull achra color, with aberdance of

Vood supply. Smears from the marrow suggeeted. anlasia, showing
o it T J T

7w cells™of any kind, the most pumerous being normgl red
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cclls slightly paler, extrawmely suuny Yewcocytes, chiefly of Iyt phia-
eytic or myeloblastic type, with reduced chromatin.

‘he second antopsy was made by Winternits wha found much the
sanc changes execept in tho bone marrow which was markedly hyper-
plastic, but & deeper, darker red than is usual in hyperplasia; and
smears showed aplasia, altbough not of quite so marked a grade as
in Case.1.

Selling lays stress on three facts: the cases were in youny givls,
the course was essentially chronic, althougb 3o the end the serious
symptoms developed suddenly; and the disease progressed in spite
of withdrawa) from the poison. These features were also true iv
Santesson’s cases and are noted in many of the subsequent reports.

Following Selling's srticlo ¢came a number of reports of similar
poisoning, several of them from the eame industry and the samne
city as his. Thus MeClure (21) in 1916 described a case of purpnra
Lbemorrhagica in a woman 31 years old who had been working in s
Baltimore can factory. She had bleeding from the nose and mouth,
and secondary anemia with black and blue spots over the body, sand
dyspnes. Tho red blood cell count was 1,480,000, white cells 1,1 10,
Lemoglobin 25 per cent, polynuclears 40 per cent, mononuclears 37
per cent, transitionals 15 per cent, no nucleated red blood cells, no
myelocytes, and platelets almost absent. This patient was saved
by tho persistent nse of transfusion ; splenectomy was also performed.
Aftor the 13th transfusion, the red cell count rose to 5,280,000; au
some fourteen weeks later the count wes still 4,270,000. A year
or so later a boy of 17 employed in the same sort of wark wus
treated in the Jobns Hopkine Hospital for purpura hemorthagica
and nosebleed. His blood count was as follows: reds, 2,272,000
b, 59 per cent; white cells 3200, of which 48 per cent were poly-
nuclears, 34 per cent mononuclears, platelets greatly diminished.
He wes given five transfusions in the bospital and improved slowly,
the improvement being very slow in beginning. He was discharged
after two months with a red cell count of 4,030,000 % and while
colls 7800, the platclots still reduced snd the lymphocytosis still
present. 1n that same year, & woman of 57, xlso employed in a can
factory, died in the Johns Hopkins Hospital with bleeding from the
nose, purple spots on the skin, bloody atools, hematuria, hemorrhage
into the ear. At sutopsy, erythroblastic hyperplesia was found snd
myeloblastic aplasia. The red cells were 4,784,000 and bemoglobin
100 per cent, while the white cclls were 5480. The bleeding time
was twenty minutes.

Hogen end Schrader’s (22) three cases, with two deaths, are

* Tn these two casen the bload connt waa still low, after lwo monthis and afier
3% mrnihe, T4 1a till & guestion whether the damage lo_Ihe bone marrow is
perdLént  As is shown laler, animal experimenta point Gabaily to complete

camccsumblae hud ciad adarana R Waelaleaitan b
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also to be credited to Baltimore can manufactura. These occurred
in the apring of 1922 and were reported in detail soon after. I give
only the salient features of the cases.

All were employed in the same can factory and all developed
within loes than four wecks time. They formed part of a force of
58 who worked in the room where the battoms are fastened to the
cans by & rubber cewent thinned with benzene. Tt is in the
craporation of the benzenc by steam heat that the benzene vapors
are formed, and in the factory in question the removal of these
vapors was “lamentably insufficient.”

Cese 1 was & girl of 17 years who was admitted to tke University
of Meryland Hospital Merch 14, 1923, and died five days later.
She had worked only six wecks in the “dope room.” About March
4th she began to fesl weak and loat her appetite, and on the 10th
she had & headache and noticed bluish spots oo arms and legs. By
March 18th her mouth bad become very sore so that she could hardly
ewallow, end the next day she was dizzy end spat blood. At the
hospital she was found to be pale, undernourished, weak; and
purpuric spots wero found on arms and legs. She had shartness of
breath, & hemic murmur over the heart, her mouth was sore, and
there was bleeding from the vagina. Her blood examination on
admission was: red cells, 1,240,000, anisocytosis and poikilocytasis,
hemoglobin 39 per cent, whits cells 600.

Trensfusion of blood was practiced only once, and was followed
by improvement, but on the fifth day after it the patient suddenly
grew worse and died.

Case 2, 2 woman of 25 years, was admitted to the Maryland
General Hospitsl March 7th with & disgnosis of placenta praevia
and- died on the 24th. An attcmpt was made to deliver her and a
mecereted fetus was obtained. No history {s given, aside from the
etatement as to her employment in a can fastory; but it is evident

that there was s hemorrhage from the vagind The blood count was
a9 follows:

Red Cella Hemoglobin White Cells
March 16th......... 1400
“ATthe ... 470,000 199 538
“  20th......... 229, 434
{following
N transfusion)
2Uth........ 00,000 124, 104

A differential white cell count on March 24th showed polynuclears
42 par cent, small mononuclears 56 pe-+mat, large & per cent.

Cara 3. a8 mirl nf 15 venra wanr admitiad tn Rt Taannh’la Wanmisal
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April 9th, with a complaint of biceding from tie vagina and woak-
ness. She bad worked in the can factory five weeks und after
three days sho had & nosebleed. Al the end of the first week, bleed-
ing began from mucous membrancs and she lost her appetite and felt
tired after work. By the end of the sccond week her pallor wes
commented on by her friends. In another week, bleeding began
from (he vagina, which she took to be a menstrual flaw, but it per
sisted till she came to the hospital, and for several days after. She
vomited twice during the first day of this supposed menstruation,
was 80 weak that she was obliged to give up work, suffered from
headache, and her stools were tinged with blood. FPhysical examin.
ation was unimportant except for pallor of skin and mucous men-
branes, weakness, shortness of breath, and a hemiec murmur over the
Leart.

Repeated Llood examinations were made with theso resulta:

Small | Large
Hema- Palyau-
LB .B. N Mono-

Date WwW.B.C. R.B.C. globia Lyemy&I:o- Moo | edeace
1-12:22 950 860,000 16% 52% 8% 38%
4-13-22 1200 930,000 17% 8% +% 1.7
4-14-22 1950 1,544,000 38% 16% 8% 416%
4-15:22 4700 1,985,000 2% 16% 4% 26%
4-18-22 3650 2,184,600 1% 10% 8% 50%

Transfusions were done on April 11th, 13th, and 15th. Her tem-
perature ranged from normal to 102°-103° wihile in the hospital.

This Jast case is at once the most rapidly developing instancs of
chronic benzene poisoning in the hterature and the most remarkable
instance of recovery. Hogan and Schrader’s cases also illustrate the
pecunliar danger of benzene in youth and in pregpancy.®

Th a personal communication the following history came to me of
a death from benzene poisoning in an employee of a can factory;
but this time on the Pacific Const. The victim was & woman, i1
years- 0ld, deseribed as “always skinny and more or lesa sallow-
complected” and with a goitre about the size of an orange. February
1st, 1922, she was put to work at the discharge of the retort where
cans aro lheated efter the ends have been coated with a rubber-
benzene cement to drive off the solvent and dry the cement. She
removed the warm cans and placed them in boxes. A down-suction
draft provided by & fan had been placed bere, and just above it
was a pipe bringing in fresh air. Nevertheless, about March 16th
ghe began to feel ill, was listless, complained of headache, then of

* One of the industrial insurance comparies han sent me & slatement concern.

cofvi e ing a-falel case of chronic hemzene poisoning imys: wignawt woman, 26 years of

age, who aleo worked in & can [uctory,
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uausea, and laier of bleeding from pose and

feirly well in the morning, but es the day \ﬂlr’?'ons(];ﬁe‘::u\::afﬁ
eight-hour dey) she would grow drowsy and at night she would sufier
{rom eevere hendache and pausea. On May 1ith 2 physician. was
called and found her euffering from nosebiced, bleeding front the
gums, utiusually profuse menstruation, and over the legs there was a
heavy rash 4, with here and there purpuric spots. She was taken
to a hospital where examination showed bemoglabin 35 }x;r cont,
red cells 2,512,000, white cells 2,000. By May 24th the hemoglobin

had fallen to 20 per cent, red cells to 1,060,000, and whites to 2,000.

No young red cells were found. The rash had disappeared but

purpuric spots appeared on the back. Transfusion of blood

practiced only twice, as her condition i ' The
exaet date of her death is not given. s canidered bopelest. The

{‘ﬁe rubber industry has contributed cases from many lands.
4 e Austrian factory inspectors’ report for 1911 déieribes two
caths from en unusual iliness in rubber workera characterized by
;lzcugeu::c spots on the body and found to be caused by fumes of

In 1909 the Freuch Ministry of Labor issued s wamin

; to rub
manufacturers against “benzene” fumee which, in s fafto:yr:s‘ib:;
rubber coment to fasten togother rubber fabric and leather, had

given rise to a number of serious accidents. The s i
cases are deseribed as pains in the liver region af;paw:::dl:ngcz
Lleeding from the nose and mouth, T
In 1921 in 2 French automobile factory the use of benzene
rubber coment by eix pereons, in a hot unventilated room, wes the
cause of four cases of purpura hemorrhagica which de'Velol;ed in six
months’ time, and two of the victims died. The history of one of
these, a women, shows that she auffered at,first from hesdache and
dizziness. Sho became strikingly pale, then purpurie spots appeared
l)vcr the }fdy goll]:)wed by acute anemia, fever, end death, within
wo months of the innin i
Revers o & beginning of ber exposure. (Flandin and
The late Dr. T. F. Harrington (24) of the Massachusct,
Lsbor and Industry published in 1)917, the first A.megc?z?ag;:
from rubber works. There were five cases of chronie benzene poi-
souing, all i wen, and three of the men died. All had been using
benzene cement in building auto tires, epplying it by means of a
cloth to the rubber. They would do this about eighteen times during
an eight-bour day. Case 1, 38 years old, had worked eleven months
e soon began to aufler from sevare headache, then he spat bload
from his spongy bleeding gums, and spots like bruises appeared
ou his legs and arms and body. He had to give up work because of

extreme weakness and breath):r:azas on slight exertion. After two

f Jrritation of the skia or inflarnmatian ead ffakio— —.

f‘“\
'\-_.l‘..
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severe noscbleeds, be came to the hospital with a pulse of 124; lis
red cella were 2,800,000, hemoglobin 60 per cent, white cclls 500.
'ransfusion of cight ounces of blood was followed by uncontrollable
nosebleed which recurred daily. 1le had headache, vertigo, restless-
ness, delirium, and loss of power in arms and Jegs. Coma, convul-
sions, and death occurred on the eleventh day afler he entered the
haspital, At this time bis liemoglobin had fallen to 35 per cent,
red cells 1,616,000, white cells 850, of which 62 per cent were swall
mononuclears and 14 per cevt polynuclear.. The second patient
f1ad much the same history, and in pddition heworrbage from the
bowels. He had worked for six to seven months. The third was
more resistant, working for two years before he was severely poi-
soned. His first symptom was the appesrance of red spots au the
skin. At death his red cells had fallen to 944,000. After the
factory had aubstitnted napbtba for benzene they had no further
trouble of this sort. Recently a statement was made to me by an
jnsurance man to the eficct that seventy cases of benzene poisoning
developed in a rubber works and three of them were fatal.

According to Jegge (25), the first known cases of chronic benzene
poisoning in Great Britain oceurred in robler work and came to
light in Jenuary, 1918. Two men, both healthy and young, 29 and
30 years old, were cmployed in spreading balloon fabric with rubber
dissolved in pure erystallizeble benzene.  Formerly coal-tar naphtha,
i.e., a mixture of benzene, toluene, xylene, ete., had Dbeen used.
Both men sickened after sbout three mounthe’ expasure, ane dying a
week after, the other in three weeks, Their clinical bistory was
practically identical, Leginning with malaiso and avemis, followed
by hemorrhages under the skiu and from the mucous membranes,
and later from the nose, gums, and bowels, At autopsy the chief
findings were submucous hemorthages throughout the intestinat
tract and hemorrhages under the endothelium of the heart. In one
case the characteristic changes of aplastic anemia were found in
microscopic examination of the marrow of the long bonea. Esti-
mation of the benzene content of the air in the factory showed that
it coutained &t virious places in that room from 2.1 to 10.5 parts per
10,000 of air.

Two recent cases in German rubber manufacture are, accord-
ing to Briicken (26), the first-instances of chronic benzene paison-
ing poted in that country. They were young women using benzene
rubber cement to fasten together the two halves of rubber balle,
-working in a room kept hot and draftless for fear of injury to the
product. After working about two and @ half years, No. 1, =
woman 22 years old, began to feol ill, found it bLard to climb
stairs, sufiered from headache and somuolence. Six mouths later,
wihien Briicken first saw her, she cumplained 61 violent Leadache,
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tempereiure of 101° I, and a weak, rapid pulse, 100 per minute.
A diagnosis of grippe was made, but while the cough and headache
subsided, fever and rapid heart action peraisted, exhaustion in-
creased, snd her palior was striking. e then elicited a history
of excessivo menstruation, coming on cvery three wecks and lasting
8 to 10 days; and the fact that the lightest blow produced big
black aud blue marks on the skin; while bleeding from tbe gums
was frequent, and occasionally blood came with the stools. A blood
examination showed Hb. 28 per cent (Sahli), very striking leuco-
penis, few platelets, striking anemis, polychromaste and anisocytosis,
but no normoblasts. Bleeding time was very prolonged, the drops
continuing to flow without any diminution for 18 minutes, when the
observation was broken off. Treatment brought about no imprave
ment for some time, temperature persisted at 100-101, bleeding from
gums snd intestines and two periods of excessive menstrual flow
brought great exhaustion, the patient eleeping practically all the
time. At the end of four weeks in bed improvement begar, and at
the end of two months more, convalescence was well established.
The blood counts at the beginning and end were as follows:

Bleed-| New- | Lym- | Noe-
Oalor Plate- Eocalne-
[:4:8 REQ [W3Q ing to- | pbo- | aou
Index Yt | pize | puile | eytes | cleaw| PuiS
Feb, 14 ..4 8% | 106 {1515000 6258 | 24240l temin a8% | a2 | 104 ] ...
April 22 (.J] B1% | LOZ {3,000,000] 2480 | 256,610 Cmin| €99% ! UK %] 1%

The socond case, in & woman 23 years old also employed at this
work for three years, was much less severe. The symptoms were
similar, malaise, frequent headache, bruised spots on slight injury,
menstruation at shortened intervals. Examination sbowed mottling
of the skin of the axm. The blood findings were: Bb. 43 per cent,
slight polycbromatophilia and anisocytosis; differential count of
whites, neutrophils, 47 per cent, lymphoc?es 38 per cent, mononu-
clears 12 per cent, ecsinophils 3 per cen '

Tbe city of Milan, which is the center of the rubber industry in
Italy, has been the socene of serious benzene poisoning among young
women employed in cementing the seams of rubber raincoats, Ac-
cording to Meda (27), in one factory in the winter of 1921 three
women died from this form of industrie]l poisoning and the follow-
ing March a number of cases developed in another factory and four
giris died, with “very severo anemia hemorrhagica of the aplastic
type,” the rest recovering after a fairly long period. Pugliese (10)
says that in the latter factory the air conteined one part of benzene
per thousand. Meda desceribes the factory as being modern in con-
struction, operating for only one year 2nd supposedly beyondecriti-
cism so far as factory hygiem concerned. The best commercial

benzene was usad.

-
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One hundred women, mostly young, were employed in one room
cementing scams with a solution of rubber and benzene and wiping
off the cxeess with pure benzene, cachi having therefore two benzeue
receptacles on her bench. Many of these women had done the work
for several years and no trouble had been experieuced but, either

" becauso of some change in the composition of the commercial benzens,

or perhaps au increase in the density of the vapors (all the Milan
cases occurred in winter), poisoning devcloped. Meda notes that
Lenzene poisoning seems alwaya to appear in sporadic, sudden cpi-
demics, according to the literature. The victims in these factories
were probably predisposed to poisoning by semething which lowered
their resistance and such factors are clilorosis in young girls, tuber-
culosis and pregnancy. Women are certainly far more susceptible

‘than men,

Of the seven severe cases in 1922, four died and threc alowly
recovered. The history of one of these latter is given in detail.
This was & married woman 25 years old, unusually vigorous and
well nourished, who bad done similar work for seven years. She
was, however, pregnant at this time. In February, 1922, she began
to have headache, dizziness, somnolence, nausea, and pain in the
epigastrium which she attributed to a change in the coment, for
she had noficed that it had a different odor. She grew very pale
and thin; she had bleeding from the gums, and finally hemorrhagic
spots over the body. She was now in the cighth month of pregnancy,
she left the factory, had repeated noseblecds before delivery, and
after her delivery which was normal, ehe had an outburst of purpuric
spots and of hemorrhages, with great weakness. She then came
to the hospital with a temperature of 37.6° C.,, pulse 120, amall,
soft and regular, respirations 24. The urine contained albumin,

- indican and & few granular casts and cpithelial cells; the red blood

cells numbered 1,700,000, whites 1,700, hemoglobin 29 (Fleischl),
and there was a2 marked loas of platelets. The Qifferential count
of whites gave polynuclears 54, monounclears 13, lymphocytes 83;
the blood coagulated slowly and without contraction of the clot.
Ten daya later, the red count was only 600,000 and the hemoglobin
down to 15 per cent, but the whites numbered 3,000; there were no
platelets and no youthful forms. The patient then developed 2
pyelonepbritie, with a typical temperature curve, the white cell
count rose to 7,300 and suppursiion was asbundant. Meda emphasizes
this fact and thinks that the suppurative process was favored by tho
lowered resistance of the patient but that it also acted as a stimulant
to the blood-building tissues.

As the temperature fell, the patient passed into & condition of
profound weakness, delirinm or stupor, and the white cell count
fell .to 2,000. Injection of amtoge~ ..z« vaccinec~ cleared up the
pvelitis and vounr bland cells anneared. My tha middla af A
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vecovory bad set in, the red cell count was 8,000,000, the white cells
5,500, with a normal leucocytic formula, the hemoglobin was 60
per cent and there were many platelets. Meda considers that the
striking facts in this history are the vulnerability to benzeme which
is caused by the condition of pregnancy, breaking down the resist-
ance af an unusually vigorous woman who had been exposed to it
for seven years; the lowered resistance to infection brought about
by the benzene poisoning as shown in the infection of the pelvis of
the kidoeys. He emphasizes the fact that the literature of chronic
benzene poisoning consists of single observations on the clinical
history and pathological anatamy of individual cases and that there
is aa yet no comprehensive study of the etiology and prevention of
industrial benzene poisoving.

Puglicse (10) studied these same cases in Milan. He says that
serious cases of poisoning with loss of conscicusness occurred in
workers exposed to two or three parts of benzene in ten thousand of
air. The symptoms in slight cases were heedache, nausea, abdominal
pains, dizziness, sensstions of chilliness and formication, rapid
fatigue, loes of appetite, losa of strength, and breathlessness. Leaions
of the skin consist of dryness or an itching erythema or oczeme,
conjunctivitis, blepharitis, or even keratitie. There may bo a poly-
neuritis, and somelimes a retrobulbar neuritis. In the urine he has
found albumin, casts, droplets of fat, hemoglobin and conjugated

sulpbo bodies. The anemia ma2y continue to increase after the

woman is removed from work,

Two cases of fatal purpure hemorrhagica csused by benzene
fumes were brought before the New York State Workmsan’s Com-
pensation Commission in 1920. The men had been employed on a
machine for coating fabrikoid, which is thus described: the fabrie
ia fed in from the front to en endless traveling apron, which cayries
it over heated pipes. The coating mixturd rung down from a can
suspended above a 4-inch (10 ¢m.) hole i, front, and the whole is
encased in a wooden box. The temperatute inside the machine js
suflicient to volatilize all the solvent. Tha coating mixture consisted
at that time of nitrocellulose, pigment, castor oil, grain aleohol,
benzene, and ethyl acetate. Fumes escaped from the hole in front,
but still rore at the back, whore the hot, coated fabric left the ma-
chine. From cvidence given at the hearing, it scems that nosebloed
among the men in this department was of fairly frequent occurrence,
and that the labor turnover was great. They worked on eight-hour
shifts, sometimes, but “not very often,” sixteen hours. '

Both of the men who died were young and bad always been strong
and vigorous up to the time of their last illness. The first one
worked for about ninc months before he began to have bleeding
from tho gums, snd noticed smal, red blotches on the skiz botween
tho enkles and the knees. Thre¢™iécks later, Murch 21, be bad »
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osebleed. He was teken to the hospital, March 24, and died
fv‘:f'fl: after repeated nosebleeds, bleeding from the mouth, lempefl:*
ml;e over 101° F. and the appearance of purpuric spots all over tie
legn vp to the waist. The sccond man worked for less than six
months, sickened February 17, and died March 9. He had bleen
feeling ill, complaining of the poor ventilation in the shop and of loss
of appetite, and was very pale. Then, ou the night ?}nft of February
17, ho had what one fellow workman called a chill and another »
cox,wnlsion, his nose began to bleed, and the blood oozed from his
gumns. Evidence given by his physician was that from then up to
his death he had continual bleeding from the nose and moutb, bruise-
like blotches appeared on the legs and body, and the temper}a)mrz
ranged from 102° F. to over 104°. In neither case was any loo
examination wade, and the medical detal‘la are very scanty.

The company had made teats of the air around the coatmghql;;
chines; for it was anxioua to prevent the escape of the solvent, ﬁ? i p
it was desirable to recover for use again. Somethxyg less than
per cent was reported to be the highest concentration of beom
found in the asir, and it is evident that the officials considex
this amount too little to cause any anxiety. A personal communica-
tion from Canada informed me of a desth from benzene poisoming
which occurred in a fabrikoid factory, in a man of 50 years. .

Newton (28) of Akvon, Ohio, and Starr {29) of Columbus, Qhio,
have given very valuable data coucerning the early stages of slow
benzene poisoning. Newton examined threc chemists who had been
expased to benzene vapors for about two weeks.  Only ane complained
of ill health, headache, lassitude, anorexia and losa of weight, .nud
then of a sudden attack of pain in the abdomen, nauaea and vomiting
Newton found the pulse snd temperature normal; but there was a
marked leukopenia, 1200 whites, with 33 per cent of them large
wononuclears. The erythrocyte caunt was 5,760,000, but the he’r}::o-
globif, only 80 per cent. He then examined the blood of the other
two and found while counts of 1250 and 1700, and a low red count,
from 3.6 to 4 million. Appropriate treatment resulted in a decided
increase in the white cell count, which shows the value of periodic
examinations of the blood in workers exposed to benzene. -

In this connection it may be noted that Se}lmg {20) examine
the other employecs in the room from which his cases had come, 5
men and 15 girls, and found purpuric spots on the ekio in four, two
men and two girls, none of whom complained of illness. Their
blood showed a slight grade of anemia and a leucocyte count varying
from 3,900 to 5,200 which was somewhat lower than the average
(5,200 to 6,000) for those working iu other parts of the factory.

An investigation made by the late E. B. Starr (29) of the Ohio

. State Pepartment of Health brought to-"';li a new source of benzene

Tanning in induetre tha wea of lhneana anmnane 2 eobenlacnla melll
nnay



e
o

474 INDUSTRIAL POISONS IN THE UNITED STATES

linery establishments. Starr had an unusual opportunity to stud

tho early symptoms of benzens poisoning amongm:;me alygirls whi
were employed in epresding cement on cloth and pasting it on
buckram hat erowns, Tp to eight years ago anch pieces were always
sewed together, then cement wasa intraduced, but it was only in the
fall of 1921 that any trouble from its use was observed, and: then
it was found that o change had been made in August in the cm-
position of the cement. Analysia carried out by the Departmnet
of Health showed the following constituents in the solvent, the per
centages being given by voluma:

Sample A Sample B
QCarbon tetrachlorid ........... 7T0
Bﬂnlenﬂ S mmseprcsgsatasnaataa mpﬁrm&t g‘; u“ru«nt
Carbon dieulpbid ............. Q % « 0054

Twenty-seven of the women eniployed handled cement, and of these
tweaty-two bad definite symptoms, and in sddition two out of the
four who worked near by were somewhet sfected by the fumes

The symptoms consisted in soreness and burning in the throst,

sometimes in the eyes; burning in the epigastrium; nausea; yomit-
ing; froquent uriration; giddiness; slight air hunger; and a feeling
of wealmess. It ia noteworthy that the symptoms usually incressed
during the evening after leaving the factory. Agr itching inflamma-
tion qaver the forearms was sometimes present.  Starr was not able
to elicit any history of disturbance of menstruation and only one
womsr had purpuric spots, which disappeared after a month’s time.
Pulse and besst action seemed normnfe A conspicuous symptom
was burning in the epigastrium with tenderncss on pressure. One
of the women in this group had recently died and benzene poisoning
was suspected but investigation showed that death was due to a
perforating gastric ulcer. Starr, howeve?, calls sitention ta some
experiments of Weiskotten and his colleagues who found in three
animals exposed to benzeve vapors, hemorrhages into the gastric
mucosa and in one of them small uleers. (See also Chassevent end
Gurnier (5), page 478.)

A review of all these instances of chronic benzene poisoning in
industry fails to throw wuch light on the danger limits of benzene
vapor io the air of a working room. The men in the American
fabrikeid factory died after several months’ esposure to air con-
taining, according ‘to the company chemist, something under 50
parts per 1,000. Puglieso found only one part per 1,000 in an
Italinn factory where fatal cstes had occurred, and symptoms of
poisoniug appeared in an atmosphers of 0.2 to 0.3 parts per 1,000.
Legge tells ws thet as little as 0.2 to 1.0 part per 1,000 was pretent

in the ¥nglish balloon..”.. Jory where two men contracted fata) bep- <%+~ -
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zene poisoning. There is need of a great deal of close observation
with analysia of air and probably periodical examinations of the
blood of the men and women employed, before this guestion is
definitely settled.

There are certain vory puzzling features about benzene poisoning
in industry. Some factories use large quantities apparently without
any damage, others have deplorable results from much slighter
gquantities. For instance, I know of one factory employing from 60
to 80 men in an atmosphere heavy with benzens fumes. These men
epread a benzene dopo over wide surfaces, Jeaning over the table
as they work and using the dope lavishly. They then stand the

painted materia] at one end of the room to dry, and the temperature

is kept high to heaten drying. The men have been for two ycars
under the observation of an unusually alert and scientifically trained
physician, yet he has never been able to detect one case of poisoning.

In all the epidemica of benzene purpura in the literature there
havo been some puzzling features. Individual snsceptibility of course
varies tly. Lehmaon, Weiskotten, Drinker and Hurwitz, and
others g:d"ﬂut animala show very different degrees of sensitiveness
to benzene, from & slight leucopenia to complete disappearance of
white cells. Yet this is not enough to explain a sudden outbresk
of poisoning in certain individuals of a group which has been exposed
& long time 1o the fumes, without any increase of exposure. It may
be that closer study of such occurrences may reveal decided altera-
tions in the composition of commercial benzenes, variations unsus-
pected by the purchaser. The women in Dworetsky’s Russian fae-
tory had noticed such a change, as bad also those in the Chio factory
investigated by Starr, and the Italisn women in Meda’s raincoat
worka.

Benzene has an effect on the skin which probably is traceable to
its solvent action on the natural fats of the skin. Painters often
sufier from it and, in & recent report from Germany, the men engaged
in painting agricultural machinery muffered from & painful itching
and burning rash which was traced to the benzene used as 2 sub-
stitute for turpentine and linseed oi). The most widespread trouble
of this sort that I have seen was in a factory making leather nphol-
stery and automobile tops by costing leather with s solution of nitro-
cellnlose in benzene, amy) acetate, and butyl acetate, Of the 60
men employed, not ope had csea Some suffered from severe
furunculosis, others from redness and tiny blebs which sometimes
became infected, dorming amall vlcers. Anointing with an animal
fat before and after work secmed to be the best preventive

Patkology of Chronic Bemzens Poisoning.~Sclling’s cases and
the animal experiments performed by him in confirmation of his
findings led to a long scries of experimental studies on the action of
benzene, partly because of Joranyis' suggestion that its bematoxic
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sction might bo utilized in tho treatment of leukemi
cuuse the direct action of benzene on the blood

: -forming tissues
makes it a uecful agent for the student of blood pathology and of
immunology.

Selling’s "animal ‘experimeits had ‘shown thet benzene is a powers
ful leucotoxin, destroying the white cells of the circulating blood and
the parenchymal cells of the blood-forming organs—bone-marrow.
spleen, lymphatic glands, and the lymph follicles in the appendix—
the myeloid tissue sufferivg more damage than the lymphadenoid

and the polynuclear cells more than the lymphocytes. The erythro-

blastic tisaue of the bone-marrow is destroyed, but the circulating

erythrocytes are injured relatively little, The pathology of benzene
poisoning is essentially an aplastic anemia. No nucleated reds or
abnormal reds are found, platelets are absent or scanty, and there
is polymarphonuclear leucopenia. Selling found that while benzene
destroys - the specific cells of the bone-marrow, causing extreme
aplesig, there ie at the same time an irritant sction, and, for a while,
the two actions go on simultaneously. If the injections are stopped
at & point when the blood-forming organs are almost. wholly aplastic,

regenerative changes begin within a few days and are complete in
ten days to th

normal.

Some of. the work of Weiskotter (30) and his colleagues han a
decided bearing on industrial benzene poisoning, although it was
done in connection with the therapeutic use of benzone. His first
experiments were carried on with subcutaneous injections of ben-
zene in olive oil. A fall in the lencocyte curve occurred and at this
stage the rabbit might die; but if it survived, there was a rise
of leucocytes to the normal level, then a sccondary fall almost always
ns low as the first, sometimes lower; and this was followed by a
sccondary rise if the animal did not die, byt the mottality was as
great during the secondary fall as during the primary. A single
dose of benzene brought about this series Hf reactions. A return
to normal would occur even after a high degree of leucopenie.  This
kad been noted also by Selling who reduced the leucocytes in rabbits
almoet to the vanishing point, yet saw them return to normal count.
Weiskotten (31) has also found that the results of exposure of rab-
bits to benzene vapor are of the same general nature as these pro-
duced by subcutancous injection of olive oil-benzene mixture. Maxi-
mal sublethal dosage canses leucopenia, hemorrhages, and slight
anemia.  After discontinuance of the exposure, the totsl leucaeyte
curve riscs to & permanent gencral level, lower than that existing
before exposure. This relative Jeucopenia is permancnt. The per-
ceatape and sbsolute decrease of the small mononuclears is greater

than that of the pn]ym_{g_‘l_qqrs, and the small mononuclear curve
not riso to its former Vel B

2, partly be-

roo weeks, the blood picture also approaching the .
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Experiments with guinea-pigs made by Foutana (32) showed that
a daill;e injection of lg:.c. peg kilogram for four to ten days reer:;tad
in death with almost complete disappearance of the leucocytes, reduc-
tion of hemoglobin to abont one-tenth, and a fall in the red cell connt
to about 3,000,000, He found that the lymphocytes sm:v\?ed ]opg-
est except in the most rapidly developing cases when this inversion

the lencocytic formula did not occur.
OfThe Yrritant action of benzene noted by Selling, probably accounts
for the findings of several investigators who nsed very small quan-
tities of benzene. Thus Langlois and Desbouis §33) experimenting
with small guantities of benzene administered in vapor form pro-
voked s leucocytosis in guinea-pigs and pigeons, less marked in
rabbits and dogs, lacking in eats. There was also a slighter increase
of the red cells. This result was due to stimulation of blood forma-
tion, not to loss of plasms, and the effect lnsted only two daya after
discontinuance of the exposure, In some cases they observed a
slight diminuticn in the white cells, which they eongndered accidentsl.

Eosinophilis, as the only pathologicsl change in the blood, was
noted in I{xznzmle workers by AgasseLafont and Heim (8). They
examined workmen who had been exposed to commercial benzene
from a few months to aix yesrs and found no change in the blood
cxcept eosinophilia which was present in 80 per cent and appeared
in the early months of exposure, disappoaring soon after exp_osprt;
ceased and bearing no relation to the intensity of the clinica
symptoms. The same thing was found by Simonin (15) in a case
of acute intoxication with fever, eruption, and bronchial catarrh.
There was an enormous eosinophilia, of 25 per cent, en the fifth day,
dropping to 2.5 on the thirteenth. o ab

The hemorrhagic features of benzene poisoning were studie b}'
Duke (84) wha brought about a rapid rise in the platelet count by
injection of benzeme in rabbits, followed by a rapid fall. Wher;
threa doses only wera given, the rise was gradual and did not fal
subsequently below normal; but in animals receiving five doses the
£a]] was marked, and purpura hemorrhagica and severe anemie,
with aplasia of the bone-morrow developed. Fontana (82) n.olcd
a marked fall in platelets in about half of his animals (guinea-piga).

Ylurwitz and Drinker (35), following up the wm:k of S‘ellmg
and of Duke, produced aplasia of the bonemarrow in rahbits by
injecting 2 c.c. of pure benzene per kilo daily. Not only were all
the formed elements of the blond markedly reduced, but also the
factors of blood coagulation, the cireulating prothrombin being con-
siderably less than normal. i .

The fact that Sclling’s experiments show a sclective action of
benzene on the tissnes and cells that are concerned in the produc-
tion of antibodies and in defense aainst infection, Jed .Hcktogn(!))
to investigate its influence on the eourse of infection in animals.
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He found in rabbits & depression of antibody formation, a reduc-
. tion of precipitin and lysin, together with grave lesions in the

marrow, leucopenie, and reduction in the phagocytic power of the
levcocytes.  He concindes that “bonzene may lower the resistance to
infection by reduction (1) of antibody production, (2) of the
number of leucocyles, and (3) of leucocytic activity.” Two years
before, Rusk (36) had found that rabbits, when poisoned witbh ben-
zene, produced hemolysing and precipitins much less efficiently than
normal animals.

Weiskotten (37) made some obeervations in the course of one of
lis series of experiments, which go to confirm the findings of Rusk
and of Hektoen. During deily subcutaneous injections of olive
oil-benzene mixture, in four rabbits, he noticed the development of
active acute infection and in at least two of these it seemed that
infections present before the injections began were “lighted up”
83 & result of the injections. JYn these animals a polymorphonuclear
lencopenia did not appear, in fact there was the unanal leucocytosis
of acute infection and the animals died at the height of their
leucocytosis. Weiskotten concludes that the leucocyte count cannot
bo safely depended upon in conmection with the sdministration
of berzene,

As for organic changes, Chassevent and Garnier (8) found in
the guinea-pig congestion of the peritoneum and of the abdomiual
organg, ecchymoses or ulcerations in the gastric mucess, at the nivesu
along the artery. XKlemperer and Hirschfeld (28) found more or
lcss severe marrow destruction and severe and extensive necrosis of
liver and kidueys. Selling found fatty changes in liver and kidneya,
and hemorrhage into lungs, plenrs, and stomach. Neumsnn (39)
found in rabbits dying within 21 to 33 days afler repeated injec-
tious of benzenewlive oil, hyperemia and pigmentation of the liver;
spleen very hyperemic, aplastic, rich in pigment; marked hypoplasia
of the bone-marrow which was also hyperemic and rich in pigment.
Liko all observers he found a marked varfiation in the lesions in
different animals. Fontana noted diminished volume of the spleen
in all animals dying of chronic benzene poisoning. :

Two more sugpestive observations on benzene deserve mention.
Schiff (40}, working in Heffter's laboratory in Berlin on the nature
of avaphylactic shock, found that sma)l doses of benzene which
caused only a slight leueosytosia would increase sensitivity to an-
aphylaxis toward sheep serum, while large doses, causing leucopenia,
would lower scositivity. Jaffé (41) isolated an N-freo acid from the
urine of dogs and rabbits after feeding them s long time with
benzene, which he identifies with the “Muconsiure” of Rupe and
which has the formula Co11,0,. The amount found is small, repre-
eenting only & fraction of the benzene administcred, as for instance
0.2 mg. in the: @ine after 82 gm. of benzene hed been admic! Teied.
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The urine has the characteristics of carbolic acid urine,—dark,
aimost black in color.

The changes caused by toluene ace far less marked and character-
istic than those of benzene. Hektoen (9) found that the efiect of
toluene in repeated doses of about 1 c.c. per kilo Jessens antibody
output in the earlier stages of antibody production, but under certain
conditions causes prolonged persistence of antibody in the blood.
The &ffect produced by benzene on the white blood cella is absent in
toluene poisoning, and there is no immediate change rs to number,
proportion, or phagocytic activity of these cells. Mary W. Brown,
in Hektoen’s laboratory, found that repeated injections of toluene in
rebbits cause a byperplasia of the myoloid cells of the bone-marrow
and a phagocytosis of leucocytes by the giant cells, without a evinci-
dent increase in the cells of the circulating blood or changes in liver,
spieen or appendix. . o

To summarize briefly: the effect of chronic benzese poisoning
is to cavse a loss of red blood corpuscles, resulting in profound
anemia; a loss of the elements and substancea in the blood which
are concerned in blood clotting, resulting in hemorrhage; and a
loss of white blood cells and of the snbetances in the blood serum
which are concerned in defending the body against bacterial
infection. .

A very valuable report has recently been returned by a special
committee of the National Safety Council which was ap‘pogted in
1923 to study benzene (benzol) poisoning ip industry. Their frat
report has already been mentioned in this chapter, and the manu-
seript of the 1924 report is now at hand, covering the work done in
1924 with the codperation of ths Hood Rubber Company and the
Mpssachusetts State Department of Labor sud Industry. The
Comumittee has cotlected records of 98 cases of benzens poitoning.
15 of them fatal. Of thess, six wers of scute poisoring with four
deaths, 92 were of chronic poisoning with 11 deaths. Iln addition
two firms reported “sovers! cases of illuess.” o

The Committee studied the methods of use of benzene in industry,
of fume rewmoval, aud of the actual concontration iu the air of the
plant and the effect of benzene vapor on the workers as determioed
by symploms snd physical findings, particularly the findiugs in the
bicod. For estimation of the benzene content of the gir they util:
ized activated charcoal prepsred acco:din% to the standard procedure
recommended by the U. S. Bureau of Mines, & method which i
claimed to be (he most accurate one in use for field work, yielding
smounts about 8 to 10 per cent lower than the existing condition.

The benzene-using industries studied fall into two classes. In the
first large amounts are used but in a closed apparatus so that except
through an accident. to the piping system there is no escape of fm?gg_,\}
Tn this group chronic poisoning will probably not occur, but theré'is
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always danger of acute poisoning which may take place with little
warning. Such industries are the production of benzene and metor
frels by distillation of coal and coal tar, and the chemieal .indus-
tries such as oil extraction, dye and dye intermediates, making paints,
varnishcs and stains and varnish and peint removers. The second
group is much more important, for benrene is used as a solvent or
vebicle and as a part of the process the benzene must be removed
by evaporation, sometimes hastened by heat. In this class come:
the rubber industry, meking artificial leather, making sanitary cans,
dry cleaning, and the use of paints, varnish and stains and paint and
varnish removers.

Seventy-eight plants were inspected by field investigators, and in
14 conditions were found satisfactory for an intensive investigation
as outlined above. Five were rubber works, three making artificial
leather, two making sanitary cans, and one each making paint and
varnigl reroover, insulating electric wires, recovering benzene, and
dry cleaning. Twenty-three clinical cases of benzene poisoning had
already been recognized in these plants. A

Eighty-four workers were examined for signs of early benzene
poisoning, the blood count being accepted as the most important

early diagnostic sign. They took as a standard a count of 7,500

white cells and a loss of 25 per cent as probably suggestive of poiscn-
ing. On this basis 13 suspicious cases were revealed, 12 with a
low white count and one whose white count wes only elightly low-
ered but the hemoglobin was far below normal. The tabulation of

these cases show hemoglobin running from 23 per cent to 85 per.

cent, Do less than four being as low as 30 per ceat; red blood
colls, from 800,000 to 5,424,000; white counts from 1,450 to 6,140.
Of the latter, one was between 2,000, end 3,000, five between 3,000
and 4,000, four between 4,000 and 5,000, two botween 5,000 and
6,000, and one between 6,000 and 6,500. The loss was most marked
in the polynuclears.

“It seems to us somewhat significant that out of 84 men employed
in processes involving more or less continucus exposure to benzene
fumes, 13, or about 15 per cent, should have shown & blood picture
strongly suggeslive of benzene poisoning. This would appear to con-
firm the conclusion of our previous report that the benzene hazard
in industry is a real, but not a sensational, one. In one dry cleaning
plant, however, two out of the three men examined showed this con-
dition, and in an electric insulating plant four out of nine were thus
effected.” The physical findings and symptoms were very slight,
28 in Newton's cases, showing that marked changes in the blood cells
may occeur before subjective symptoms begin to appear. Oadly four
out of nine suffered from dizziness, yet that was the most frequent

_Complaint, one hed noschbleed, and six showed pallor. Headache and
%083 of appetite were complained of in two cvg%%): o
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. Cheizgnm, J, W. 6

U

INDUSTRIAL POISONS IN THE UNITED STATES 481

The committee found & distinet relation between exposure to ben
zene fumes and symptoms of carly poisoning. Determination of
the smount of benzene gave values ranging from 28 to 4,140 park
per million. The variations which occur from time to time ir
the same plant, especially in summer with the windows open, an
very great, but as a general thing where an efiicient system of loca
exhaust ventilation was at work less than 200 parts of benzene vapor
per 1nillion of air was found, and no abnormal blood counts were

observed in workrooms provided with efficient local exhaust ventila-
tion.*
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CHAPTER 34
BENZENE DERIVATIVES

DerivaTives oF THE Coar Tae Sxeies

TrE chomistry of this group is complicated and yet it is impos-
sible to undemind the physiological effects of the different com-
pounds without some knowledge of their chemical structure. I
have therefore arranged as uimpl{l‘1 and ll;neﬂy as posaible the essen-

inls of the organic chemistry of the coal tar seriea Lo
thatnu:tm ogf. the Bmm:ey Ring and ils Prmccpcl Derivalives,
Isomeric Forms, Elc—The benzene molecule is for convenience
represented by 2 “ring” or hexagon which, if nnmodified, stands
for C,H,, or

CH
CH

H CH
N
CH

e carbon and hydrogen elements in a graphic formule
g:ua:'ll{ ':}:'itun- out, for ityis understood that all replacements fo
the formation of new compounds take place at the expense of the
hydrogen stoms and that 1o matter how complicated a series o
such replacements may be, the original 8 carbon atoms of the ring
remsin unaltered. To illustrate, the formula for picric acid, trini
trophenol, is usuelly written thus,

HO
NO,
NO,

NQ,

and the unoccupied angles of the hexagon are understood to I:.( ..
taken by the ori i.ul hydrogea a‘t;ms. g
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. Bemene i1s Cel,. Tolucno is methyl-benzene, G,H,CH,. Xylene
is dimethyl benzene, CsH,(CH,);. The graphic formulas are these:

CH,

0 O &

In naphthalene, two benzene riogs are joined directly together, at
the expense of two hydrogen atoms, which results in the formula

CyoH, or
C@ |
|G
AV

Anthracene is three such rings joined together; or G, H,,.

()

) Phenantbrenc has the same number of atoms as anthracene and
its formula is also C, H,, but the throe rings are differently grouped.

Ry

VNS
C

AN

When the hydrogen of the benzene ring is displaced by HO
phenals result: ’
CsH HO, hydroxybenzene, or phenol or carbolic acid.
C.H,(10),, dihydroxybenzene or resorein.
CeHy(HO),, trihydroxybenzene or pyrogallic acid.
C¢H,CH,ILO, hydroxytoluene or cresol.
The introduction of the nitro group into the ring produces nitro
- 7%~ unpounds, such as nitrobenzene, CoHNUj and dinitrobenzene,

INDUSTRIAL POISONS IN THE UNITED STATES 485

CoH((NO,),: nitrotoluene, C,H,CH,NQ,, and trinitrotoluene,
C¢H.CH,; (NO,);; nitronaphthalene, C,,H,NO,, and dinitronaph-
tho], C“}{gHO (NO,),. .

Reduction of a nitro compound changes the NO, radical to NH,
and produces amido compounds. From nitrobenzene comes amido-
benzene or anilin, CH,NH,. From nitrotoluene comes amido-
toluene or toluidin, C¢H,CH,NH,. From nitroxylene comes amido-
xyleie or xylidin, CqH3(CH,),NH,. The reduction may be partial,
as when dinitrobenzene is reduced to vitranilin, thus:

NO, NH,

NO, +to /\ NO,

and this may be further hydrdlyzed to nitrophenol:

HO
(/\>NO,
and then redneed to amidophenol :

HO

NH,

For convenience lie angles of the bLenzene hexagon have been
numbored in the order of the figures on the face of the elock.

When only one hydrogen atomn is replaced by a new atom or
raqaical it is of no importance which of the six 'is replaced, but
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when more than one is substituted, scveral so<alled isomers or
isomeric forrus are produced, bodies which have the same number of
the same atoms, but are differently grouped and differ decidedly
from each other in physical properties and in toxieity. For instance
tbere are three xylenes, or dimethylbenzenes, C,H(CEj),.

CH, CH, CH,
N\ N\ N\
CH, N
wo ()
NS h N/
-CHjy
Orthoxylene. Metaxylene. Paraxylene.
There are three dihydroxybenzenes, C,H,(HO),.
HO HO HO
HO
' HO
" HO

Orthotoluidin,
CH,

VAN
( N\NH,
J

is =n oily liquid at a temperature at which paratoluidin

CH,
N\

NH,
is crvstalline. :

. ,
The profixes commonly used; ortho, meta, and para, vefer, thep,

to the difierent forms which result from the displacement of two of

P

L}
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the hydrogen atoms of the ring. When there are more than two

substitutions, & much greater number of isomeric forme is possible,

and these aro designated by the numbers of the angles, 1-2-3, 1-24,
1-3-5, ete. '

Dinitrophenol 1-2-4 is this:

NO,

1t differs toxicologically from all the other isomers.

When two or more benzene rings are joined, as in oaphthalene,
two mono-substitution products are formed, éccording as the aub
stititing atom or radical is combined with & carbon atom, which i
in direct union with one of the common carbon atoms, or not

These two forms, known as alphe end bets, may be illustrated a:
followa:

HO
)HO
N
Alpha-naphthol. Beta-naphthol.
NH,
. )NH,
Alpha-naphthylamin. Beta-naphthylemin.
'S0,H
( SO,H

Alphs: .. pi.thalene- Beta-naphthalene-r: -~
N [, SRS Y |

anlabhania amid
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pound is bandled. A study of the sickness rceords jn & dye works
would show that the compounds responsible for the greatest amount
of industrial sickness are not necessarily the most toxic, but are
thosec whosc use requires more exposure of the workman to contact
or to fumes. For instance, mononitrobenzene does not give rise to
pearly so much poisoning as dinitrobenzene, yet it is a fluid, while
the latter is a solid, but dinitrobenzene has to be transported much
more anc} handled in the open and therefore it always causea much
more poisoning.

Following is a brief statement of what is known as to the relation
of chemical constitution to physiological action in the eosl-tar or
sromatic series (1). The phenols are hydroxy (HO) derivatives;
carbolic acid is hydroxy-benzene; cresol is hydroxy-toluene; naph-
tho) is hydroxy-naphthalene. The entrance of this hydrozy nuclens
renders the two napbthols, alpha and beta, more irmtating in their
effect than is napbthalene. An inerease in the number of hydroxy
groups increascs toxicity, Thus, pyrogallol, commonly called pyro-
gallic acid, trihydroxybenzene, is more toxic than phens), commonly
called carbolic acid, which- is monohydroxybenzene. The former is
used in a¢ least one plant in the United States to produce gallacya-
nia, but no case of poisoning has as yet been reported here, although
such cases are known to have occurred in Germany. Theoretically,
phenol or hydroxybenzene shoyld. be more toxic than benzene, but as
s matter of fact its use in industry is attended with nothing more
sorious than burns, except in very rare instances in which an acci-
dent has caused an overwhelming exposure.

The entrageo of the nitroso group (NO) and the nitro group
(NO;) inrresse toxicity always, whether they enter the ring or a
side chain, but it is not necessarily true that an increasing number
of NO; groups increases toxicity. For instance, the French experi-
ence duriog the war when they used nittbphenols for explosives,
showed that picric acid, trinitrophenol, wag not nearly so poisonous
0s one of the dinitrophengls.

Reduction of the NO, group to NH,;, as in changing mononitro-
benzeno to anilin, mononitrotoluene to -toluidin, lessens toxicity,
and when these amido compounds are sulphonated they are appar
ently readered harmless. The entrance of the sulphonic group
(30,0} into any benzene derivative remaves ils toxicity, as is
scen also in the eulphonation of phenol. The entrance of COOIL
may have the same efiecet.  Nitrobenzoic acid is hormless, althou
nitrobenzeno is very poisonoua. The acetyl group {(COCH,) makes
neotanilin less poisonous than anilin, and the same is true of the
introduction of an alkyl group such as methyl (CH,), for dimethyl-
anilin i3 less poisorons than anilin, .

Chlorin ert~jing an arcmatic compound changes it vey..ilnle,
aud certainly does not incresse its toxicity. for chlarhansana sasme

- sea3gher .
-hL-“_—‘
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to be less toxic than benzene. There is no rule as to the toxicity
of different isomers, but usually, according to Fracnkel (1), the para
position is moro toxic than the orthe. Practically, parateluidin
secms to causs morc trouble than ortho, and paranitranilin more
trouble than meta, but anims) experiments made by Lewis (2)
ehowed that for rabbits metanitranilin was more toxic than para.
Among the nitrochlorbenzenes, the ortbo isomer seems to be the moat
toxic, mext para, and last meta. Usually paraphedylendiamin is
regarded as worse than meta, but some dye workers belicve the
reverse to be true

Hydroxy Compounds.—FPhenol and the two naphthols, alpha and
beta, are the only ones of this group which are of importance indui-
trially. one of them gives rise to much trouble, in spite of their
decidedly dengerous pature.* They are yeadily and essily absoibed
from any surface, including the unbroken skin, and within the body
they. are partly oxidized, partly excreted in the urine in combine-
tion with sulphuric and glycuronic acids and also unchanged. The
urine of phenol poisoning is dark or “smoky.” The symptoms
caused by the absorption of phenol through the skin—the only form
in which industrial poisoning occurs——come on rapidly. In severe
cases there is great muscular weakness, then loss of consciousness and

"death from respiratory failure, sometimes preceded by mueculer

twitchings or convulsions. Tees severe poisoning causes headache,
dizziness, some excitement and mild delirium, pallor, clammy sweat,
irregular respirations and a small pulse (3).

A fatal case was reported to me by the late Dr. T. F. Harrington
of the Massachusetts State Board of Labor, of & young chemist who
stepped into 8 pool of phenol waste and soaked his leg in it.  Soon
after he began w0 complain of ringing in the ears, dyspuca nnd
dizziness. Then Le became dazed, excited and slmost hysterical.
He was allowed to leave the building in this condition, but evidently
he soon lost consciousness, for the next mormng he waa found dead
on the road. The leg was then greenish black up to the knee.

Two other fatal cases of industrial phenol poisening cume alwo
from the accidental souking of the clothing with this liquid. 'Fliey
were reported to me by Dr. F. G. Patterson, formerly Medieal
Director of the Pennsylvania Department of Tabor. The first wus
that of a workman who was unserewing a cap on a phenol drum
when some of the contents splashed out over him. A fcllow work-
man immediately turned & hose of runing water on him but, accord-
ing to hig statement, the man “became limp almost at once,” col-
lapsed, and was dead when the doctor reached him. The second

* This is becanse in ihie abeenee of an nrcident there is no contact with phenol
on the part of the workoeu. Splashing dropa over the akin ie 3 possible rink. ..
and most factories %iap- a supply of dicohol near st hmnd so that the phendi
may Le washed off immedintelv.’ )
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Tte compounds thus far described are all substitution products
formed by replacement of the hydrogen of the ring. They differ in
chemical and physical properties and in their effect on buman
beings {rom the substitution produéts which are formed by displace-
ment of bydrogen from a side chain, such es the radieal CH,. Thus,
if the hydrogen of the ring in toluens is displaced by NE,, amido-
toluone or teluidin, is formed, while if the replacement takes place
in the CHy radical, we bave benzylamin. A third compound, with
the same elementary composition, results when the replacement is
in the NH, group of smidobenzene, or anilin, and a CH, radical
enters. This last is methyl anilin. These three compounds are
very difierent in action and in properties.

CH, CH, CH.NH, NHCH,

O OmQ O

Toluene. Orthotolnidin.  Benzylamin. Methyl anilin.

This distinction is very important, for the ring fubstitutions have
in general the physiological action of benzene, while many of the
products formed by replacement of hydrogen in the methyl group
act like the alcobols. The following are some instances of these
two kinds of products: *

CH, CH,EO
HO
}
Orthocresol. Benzyl aleohol.
Chlertoluene, formed by chlorin gas in toluene with heat, is
CH,
Cl

* Substitution producly of toluene arc usually called tolyl or toluyk com:
pounds, Toluylendiamin is CHCH,(NH,), Side-chaio producta are calied
benu; .. Jeoealdenye is GHCHO. AR e

[N
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Benzyl chlorid, formed by chlorin gas in toluene with eold, j
CH,CI

3

Bodies similar to benzene snbstitution proaucts may be forme
from smmonia, H,N, by substitution of one of the hydrogen atoms
Anilin is CH{NH,. Diphenylamin is NH {C.Hs)a.

These ammonia substitution products are slightly toxic if at all

An instance of a body which is both a substitution and en add;
tion produet is nitresodimethylanilin

N(CH,),
VAN

(

NO

When en amido compound of the benzene ring is acted on )
nitrous acid, HINQ,, thero results a series of intermediate compount
known as diazo compounds, which contain two nuclei bound togeth:
by—Np—. Diazoamidobenzene is

C.H,
NHC.H)N’

Anilin, para- and meta-phenylendiamin, ete., yield these din:
componnds and the latter unite with other amido compounds or wi
phenols to form azo coloring matters. For instance, the dis:
compound of benzidin acting on alphanaphthylamin and aulpbur
acid forms Congo red. The diazo compounds are not poisonous.

For industrial use the most important derivatives of benzene ar
toluene ere the nitro, amido, diamino, and echlor eompounds; f
these are the so-called intermediates used in the production of co:
tar dyes, drugs, and perfumes, and some of them are also used :
sccelerators in the vulcanization of crude rubber. The danger »
companying their use in industry depends not only on their chen
cal structure, their actnal toxicity, but on their physical structur
solids being less dangercus to handle than fluids, and those th
volatilize raadily being attended with much more danger than tho
which do mot. Another important factor is the way a given co
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case was the result of carclesencss on the part of a man wha had
chiarge of blowing weak phenol into a measuring tauk. Without
locking to seo whether a former charge had been removed from the
tenk, he blew in evother charge.. His fellow workman saw the
tank overflowing, went up to shut the water off, and got his clothes
saturated with 10 per cent phenol. He seemed to be all right, but
was sent to the medical department for treatment and when he
reached there fell unconscious and died. :

The physiological action of the naphthols is similar to that of
phenol, and there is also a destructive action on the blood and an
injurious effect on the kidpey (3). Acute nephritis, even hemor
rhagic, has followed the medicinal application of naphthol to the
skin. Alphanaphthol is said to be more toxic then beta. The nse
of belanaphthol in industry secems to be almost without danger,
except from irritation to the skin. In plants where beta naphthol
is produced the steam is said to be irritating as well as the dust,
but in these same departments cavstic soda gives more trouble than
naphthol. . .

Nitro and Amide Compounds—DPoisoning from the nitro and
amido derivatives produces in genmeral much the same clinical
picture, differing in eome details and with a few striking exceptions.
According to Curschmann (4), there is en important difference
botween the nitro and amido compounds, in that the latter ere simply
blood poisons aad all of the symptoms produced by thera may be
referred to their action on the blood, while the nitro compounds
have in addition a direct sction on the central nervous system. That
this is true, with regard to the mitro compounds, is undisputed, but
Beubner (5) believes that it is true of the smido derivatives of
benzene a3 well‘as of the nitro. Heubner succceded, in bis experi-
ments on rabbits, in producing a narcotic effect, with collapse and

paralysis, before blood changes had had time to take place, and he
believes that not only nitrobenzene, bpt anilin and phenol, exert
a diroct action on the lower centers, those of respiration, vasomotor
control, and heat regulation,

In a light case of poisoning from one of these aromatic com-
pounds, the faco flushes, the man expericnces a gense of fullness and
throbbing in the bead, burning in the throat, tightness in the chest,
and then & violent throbbing headache may come on with dizziness,
roaring in the cars, and some disturbsunce of sight. Tho flushed
face now becomes 1ivid, with bluish lips and tongue, end there is a
sensation of weakness in the kmees, s staggering guit. If prompt
treatment is given; that is, if tho man is removed from all contact
with the poison, which in practice usually mesns haviog him strip

off his clothes and take & full bath, the attack may last only 2 few
hours, and the man iz :'>to return to work on the following day.

Tt camee i on mild a paso g8 this the bluish color of- tho lips and~=—»

o
~
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tongue way persist for several days. In severer cases, the color of
the face is gray-blue, the lips and tongue sre more deeply cyanosed,
tho muscles tremble, the man staggers and feels as if his koees were
caving in. He is nauseated and may vomit and complains of
cramps in the abdomen and of extreme weakness. Sometimes, uau-
ally o few hours after the onset of the attack, consciousness is losc.
The respiralion is shallow and quick; the pulse is small, fluttering
irregulay, and _enormously accelerated; the akin i3 cold, and the
blood preasure is usually low. If come persists, the respil:ation and
pulse grow slower and slower, there ig involuntary defecation and
urination, and convulsions usually come on just before death. It
is & characteristic feature of all these poisons that the attack seldom
takes place while the man is at work, but almost always while he
is on his way home, or even some hours later.

Many studies bave been made of the blood in poisoning from
benzene derivatives, and the changes in acute intoxication seem to
olt:cnr in the following order. Methemoglobin is formed early in
the course of intoxication, and probably coincidentally with it is s
destruction of red blood cells. (Curschmann (4), Lebmann (8)
Mobr (7).) The blood count and the hemoglobin fall. Microscopic
examination eho_ws that the red cells are ltered in size, shape, énd
staining properties. The cells are pale, and there is some frag'mem
tation and polychromatophilia. Early in the attack the blood be-
comes chacolate colored and thicker than normal, and spectroscopic
examination may reveal lines which are said to be those of methemo-
globin (Mohr), or rather, lincs situsted between the methemaglobin
and the oxyhemoglobin, and therefore not quite typieal (Price-
Jones and Boyeotg (8), Brat (9).} If, however, the spectroscopic
test is not made till later in the attack, it is nsually impossible to
detect these lines. Inodeed, Curschmann says that by the time
fi{a::::zm;:d .fully developed methemoglobin can no longer be
_ Tho evidence of the destruction of red corpuscles is su
in a fow days, from the second to the fifth, bl; evidence of?c::g:i
regeneration, and the blood picture then may be very much like
thet of pernicious anemia, with variations in stgining and in size
211:6 with the appearsnce of stippled cells and nucleated cells. Tho

anges in the white cells are not 8o characteristic, but during in
acute attack there is usually s polymorphonuclear leucoeytosis.
Later, as also in chronic poisoning, there is a lessened number of
these cells and a relative inerease of lymphocytes (Hudson (10}).
In the tlower forms of poisoning, the destruction of red cells acts
23 2 stimulus to further cell production on the part of the bome
marrow, aod an increased red cell count may be found. Malden
(11) examined the blood of 13 men employed in an English factory

~ ‘where anilin and nitrobenzene wiicimade.© Six of the 13 bad »a
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high red cell count with a low hemoglobin, end many imperfectly
developed red cells. Loss of hemoglobin ran from 5 to 50 per
cent.  The cells showed great varistions in size, the large pre-
dominating, but more noteworthy- was the appoarance of stippled
cells, which Malden considers quite as characteristic of the early
stages of anilin poisoning as it i3 of lead poisoning. Malden som-
marizes the changes in the blood caused by small repeated doses of
anilin, thus: Red cclls increased in number with loss of hemoglobin;
low color index; degeneration and imperfect regencration of red
celly; increase of lymphocytes, decrease of polymorphonuclear
leucocytes.

Very varying results arc reported from the analysis of the urine
in cases of acute poisoning. Hay (12) produced in himself symp-
toms of intoxication with marked eyanosis, but his urive showed
no abnormality. Sugar and casis are commonly absent in the urine,
althongh there are occasions? instances of roduction of Febling’s
solution. Albumie is usually not found, except perbaps a trace,
in acute.intozication of moderate degree, even when the urine is
a dark brown color. This brown color is very common and is often
the first warning the workman has that he is beginning to experienco
the effects of the poison. A chemist wha once had had a severe
attack of anilin poisoning from drawing a quantity into his mouth
while siphoning, told me that always efter that if he came in contact
with anilin he would notice this change in the color of his urine,
although he might feel no subjective symptoms at all.

In severe poisoning the urive may be a dark brown or the color
of port wine, or & smoky red, and in euch cases methemoglobin or
unchanged bemoglobin or blood pigment, bile pigment, bematopor-
pliyrin may be detected. Albumin can sometimes be demonstrated,
but not always, even in scvere cases {(Mobr), Some obserrers insist
that bile pigment is never found in the usine; others, that bilirubin
csn be detected in the majority of cases. , Mohr found hydrobiliru-
bin frequently after dinitrobenzene and Hlorbenzene poisoning.

No thorough study has as yct been made of the reduction of
Fehling’s solution, althongh the occurrence of this phenomenon is
reported fairly frequently.  Six such cases were described in a per
sonal communication by Dr. Kessler, of Marcus Hook, in men who
had beea working with dinitrobenzene and arilin® Their urine was
dark brown, contained bile piginent, and had reducing properties.
A seventh case was ono of fairly severe poisoning from mononitro-
benzene.  Dr. Sutherland, of the Du Pont Company, who has some
1200 men under his care, says that he finds not infrequently urines
reducing Fehling’s in men who show signs of poisoning from nitra
or amido compounds. Aceording to von Jeksch (13), & substance
which reduces copper sulphate and ie also lmvo-rotatory was found in

* 8ee 1777 1val Poiaoaliig in Making Coal.Tar, Dyes and Dye ‘;sgmedigtel.
Hutl, 250, 1.8, Buresv of Labor Statistios. Anril 1921
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the urive of & man suffering from nitrobenzene poisoning. This
urine smelt strongly of oil of mirbane, and conteined a trace of
sugar and an iucrease of ammonia and acetone.

Neubauer (14) says that in severe anilin poisoning, anilin may
be found unchanged in the urice, but this is rare. Usually it is
changed by oxidation and conjugation to para-amidophenol-sul-
phuric ester. Nitrobenzene and the mitreniline are also cxcreted
8s para-amidophenol, while the reduction product of dinitrophenol,
which appears in the urine after poisoning from this substance, is
anaido-2-nitro4-phenal.

P. A. Davis (15) of Akron examined over one hundred urines of
men in all stages of anilin poisoning, from the early, scute, to the
persistent, chronic. He snmmarizes his findings as follows: specific
gravity, 1005 to 1020; reaction usually acid; a large amount of
urie acid being present ; albumin negative except in extreme anemia;
tests for anilin, snilin radicals, phenol, acetone, negative; diacetic
acid positivo only in severe cases. Nearly all showed traces of
hematin if 24 hour specimens were evaparated. Mieroscopically,
there were large guantities of uric acid erystals, urates and oxalates.
One specimen had discetic acid with a trace of augar, two had in-
volvement of the bladder which improved on change of work and
on treatment. :

In tho early years of the preseat century the physicians attached
to the great color works at ITocchst noticed that workmen in this
plant werc to an unusual degree victims of tumors of the bladder,
gometimes cancerous, sometimmes benign. In 1904 they legan to
ask information from 18 other Germun dye works concerning the
oceurrence of bladder tumors and of inflammation of the bladder,
cystitis; and tho responses to these inquiries brought to light 38
cases, 18 of which werc fatal. This report attracted great atten-
tion and was follored by others from time to time uatil, in 1920,
the pumber of known instances of bladder tumor in German dye
works reached 177,

At a mecting of industria) physicians in Germany in 1913 Leuen-
berger (16) spoke on this subject, pointed out the fact that it wus
undoubtedly an amide, not a nitro body, which must be held respon-
sible for bladder tumor formalion, and urged the pbysicians at-
tached to dye works to talmlate their cases and to discover which were
the dangerous departments and what was the compound eliminated
in the urine that acted as en irritant to the bladder. The answers
to these questions arc now appearing in the Zentrulblall fiir
Gewerbehygiene,

Industrial poisoning frowr these conipounds, especially from the
mnido componnds, is rarcly fatxl. I have records of two cases of
fatal poisoning {rom absorption of nitrobenzene which was spillad
on the clothes, und also of two deaths from anilin poisoning, hut

- -
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of the poisons in question wae not understood and prompt measures
for thoroughly cleansing the skin were not taken. Death is preceded
by coms, incressing paralysis of the heart and respiration, conwul.
sions, and usually by edema of-the lungs. Usually there are no
charecteristic changes in the organs, except in the case of » few
compounds, such, for instance, s trinitrotoluene, which during the
war caysed & number of cases of very characteristic acute yellow
atrophy of the liver. The usual findings consist of slight degenera-
tive changes in liver, heart, and kidneys, sometimes of Pneumonia
or edema of the lungs, or of hemorrhages into the lungs and stomach
and intestines,

The benzene derivatives may be inhaled as fumes or fine dust,
but the most important mode of entrance into the body is through
the skin. Hay (12) experimented on himself, applying to the skin
0.1 gm. of dinitrobenzene in ointment. A few hours afterwards
bis lips turned a vivid blue, his skin a leaden color; his pulse was
120 with high tension; and there was a sénse of follneas and throb-
bing in his head. Curechmann produced fatal poisoning in .cats
by rubbing a few grama of paranitranilin on the akin, and the same
result was obtained with phenylendiamin. Qbservations made on
an extensive scale in British munition works during the war showed
that coutact with such substances as trinitrotoluene and ietry) was
not only the chief cause of poisoning but was responsible for all the
more serious cases (17}, This was confirmed by observatious made
in American munition planta and American dye works (18, 19, 20),

Nevertholess, fumes, especially when mixed with steam, gave rise
to unmistakable absorption of TNT, and scveral instances have
been reported to me of undoubted fume poisoning from anilin and
other compounds in dye works. For instance, & casc of poisoning
occurred on the second story of an anilin reduction building from
the fumes which passed through the oracks in the wooden floor.
The reduction apparatus was very defecfive and it was often neces-
sary to open up the reducers end to empty them, during which time
anilin fumes would escape. In emothor plant, a man who did mnot
come in contact with anilin at all but worked a machine like s
cream separator for separating anilin from water, was taken ili
and wazg under treatment for eight days. The installation of a suc-
tion fan to draw away tho fumes made it possible for him to go
back to his work with no further trouble.

From still another plant eame the history of a man who was sent
to repair pipes in the ceiling above a reducer where wmonochloranilin
was being made from nitrochlorbenzene. Reduction was over and
fumes were rising from the open stcaming reduvcer. After 45 min-
utes the man was overcome by tho fames and had to bo earried
down. e was dangeroualy ill for several days and could not return

ainsmork for aome wecks.  Cases of fume poises [ . also ogen: among
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men engaged in centrifoging (called “wringing” or “spimaing”;
mixed toluidins to sepurate the pars erystals from the oily artho
Even when the centrifuges are out of doors very heavy fumes arc
given off during the process, and it scems that severe poisoning ma
occur without any direct contact,

Although the description given above is typicel of this group o
poisons they differ from one another more or less with regard k&
the prominence of certain symptoms, the degree of toxicity and
in at least one instence (dinitiophenol 1-2-4), there is a decide
divergence from the usual type.

The Nitro Compounds—Mononitrobenzene and meta-dinitroben
zene are very important dys intermediates, and the latter is als
one of the most important of the high explosives. Mononilroben
zene, known as oil of mirbane, is a yellow, oily fluid smelling lik-
pil of bitter almonds, insoluble in water, but readily soluble i
fata Tt passes’easily through the ekin and when spilled or splashe:
on the skin gives rise to rapid scvere intoxication, the blood turain,
chocolate~colored and the urine dark within a few hours after eves
a slight accident of this sort. If the clotbing is soaked with nitrc
benzene, the resulting collapse may be very sudden and severe.

There is the history of & fatal case of nitrobenzene intoxieatio
in ibe records of the Massachusetts General Hospital for July
1916. The patient, an clderly man employed in & seap factory
was carrying a five-gallon can of oil of mirbane, some of which b
scems to hava spilled on Lis trousers. He suddenly staggered an
then collapsed, spilling more of the fluid on himself. It is eviden
from the record that his mirbane-soaked clothing was not removed
but that be was sent to the hospital as he was, practically in .
poultice of nitrobenzene. When he reached there he was uncon
scious, respirations were slow and irregular, his skin was of .
dark gray-blue color, his pupils were small, irregular, and did ne
react to light. The heart, however, was regular with good actio:
until just before death which oscurred an hour after he reache
the hospital, preceded by increasing respiratory failure. Som
blood was withdawn from the vein of the arm before death and |
was chocolatecolored. A similar case of profound cyunosis an
collapse, but not ending in death, occurred in a man who was usiv
a brass polishing mixture which contained nitrobenzene, and wh
epilled it on his overalls and went on working till he suddenl
collapsed,

Dinitrobenzene {(mncta) is & solid which volatilizes alightly ¢
room temporature. By general agreement it is pronounced to be th
most troublesome compound that is used iz coal-tar dye manufactun
This does not mean that it is the most toxic of the intermediate:
for it is not, but that the requirements of manufacture are such the
men 58 Lécessarily brought in contact with it in such a way as t
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make it difficult to protect them, A chronic form of dinitrobenzene
poisoning has been described by the British and the Germans, both
of whom have bad awmple opportunity to cbserve it emong the work-
ers in roburite, a mixture of dinitrobenzene and ammoniom nitrate
much used before the war, and in German munitior plants where
dinitrobenzene was the chief explosive used during the war.
Prosser White (21) describes a severe form of anemia in dinitro-
benzene workers, with dusky yellow skin, jsundiced sclerz, an
appearance of partial asphyxia, wasted muscles, dulled seusibility,
partial paralysis of the hand, defective vision.

Geormar articles, appearing since the wer, emphasize the injurions
action of dinitrobenzene on the optic nerve and on the auditory

nerve. Cords (22) describes four varieties of optic nerve -injury-

ranging from light temporsry -disturbances to the most severe
progressive disorders. The cases in the third group were most numenr-
ous. Iere was found a more or less pronounced pepillitis, fol-
lowed by a temporal paling of the optic disk. In all these was an
edvanced central scotoma with loss of color sense for red and green,

and frequently complete loss of color sense. There was often pro-

nounced contraction of the pupils with inactivity toward light and
accommodation. (See also Reis (23).)

The reports of the German factory inspectors for the war years
show that the principal explosive used was dinitrobenzenc and that
the susceptibility to poisoning from this compound is practically

universal. In Bavaris from 1915 to the end of the war there were -

fully 1000 cases of DNB poisoning and many of the victims had
from two to five attacks. The proportion of cases was greater
emong women than among men, and the propertion for both eexes
inereased with the tightening of the food blockade. In 1916 the
rate was 66 per cent for women, 56.7 per cent for men; in 1918,
119 per cent for women, 100.1 pef ceht for men. Apparently
there were asbout 113 derths from DN'% poisoning. The British
record for TNT is 96 deatha.

In American dye works DNB is often the only substance that
causes real alarm, There is much more exhaustion, depression of
the hicart, than in poisoning from anilin, and the effects of an acute
ettack Jast much longee, dregging on sometimes for days or weeks,
whilz in anilin poisoning a man usually recovers in 48 hours. The
anemia of DNB poisoning may be profound and persistent. Severe
poisoning from a large dose is always the result of an accident or
follows somo unusual picee of work, such a3 tearing out bricks
and rafters in 2n old room once used for the production of DNB.
Sixteen men engaged on this work were poisoned, several of them
remaining unconscions for six or cight bours, and ono baving con-
vulsions at intervals for twelve hours.

-« It js mot only in the produciiChi of DNB, but in its use gs an
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intermediate, especially for reduction o metaphenylendiamin and
to metanitranilin, that the danger occurs. Sometimes moltca DNB
is run out into open pans, and when it is caked men chop up the
cake and shovel the fragments into trucks. In one plent in which
this method was unsed, it was found that no less than 50 per cent
of all the sickness was smong the DNB men, although they num-
bered only 24 in a foree of 1500. In consequence, this method has
been largely abandoned and the hot DNB is now usunally run out to
meet a stream of cold water which grenulatea it or pellets it. How-
ever, shoveling and dumping the pelleted DNB and conveying it in
trucks causes poisoning; for fumes are given off and it is almost
impoasible to avoid skin contact. A history of 27 cases of DNB
poisoning in men engaged in such work showed that the duration
of incapacity was from one to 12.days.

The uitrotoluenes, ortho and para mononitrotoluene, are used to
produce by reduction the important intermediates, «:tho and para
toluidin. During the war dinitrotoluene was produced st a stage
in the manufacture of TNT, and in the dye industry it is used fon
the production of toluylendiamin, None of these is so toxic as the
corresponding benzene derivatives: they act more slowly, snd many
men can handle them with seeming impunity, Their pathology
and symploms, hiowever, are the same. The effects of trimitrotolu-
ene were closely studied during the war and it was found 0 bo a
poison with slow action 1o which sbout cne-third of thoso exposed
were susceptible.  Its action was chiefly on the bone marrow, caus-
ing a great destruction of red blood cells and =2 resulting hematog-
enous jaundice. Therc were 360 notified cases of toxic jaundice
from TNT poisoning among the Britieh munition workers, with 96
deaths, Much less common was an aplastic ancmia of extreme type
without typical degeneration of the liver. Both forms occurred
also in American munition works. Trinitrotoluene is not used in
dye manufacture,* but the literature with regard to it is of great
value because it enables wa to picture the action of similar
compounds which have not been tested on human beings eo thoroughly
as has TNT.

The same thing is true of one of the dinitrophenols which is not
in itself important since it is used only to & limited extent in dye
manufacture, but, like TNT, its physiological uction was tested on
great numbers of human beings during the war, and it is safe to
suppose that the discoveries made with regard to it may prove ta
apply to other nitro derivatives of benzene, Before the war dinitro-
phenol 1-24 wos nat knows to differ in any way from the other

*1 hava been told that a peace-time use for TNT is in making “Cusdu,” s
fuse for dynamitc, and that “INT oil” is added to some kinds of dynatwite. This
oil is removed Ly wringing (rom the producta of. the, fiest etare of ditration of
tolueae~und it haes the oot of nitrobenzenc "sne produces seriope sydtemic
peisoning.
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isomeric forms of this compound, but its manufacture on a large
scale for the favorite explosive of the Freoch, mélizite, a mixture
of picric acid and DNP, revesled a very peculiar and charaeteristic
toxic action on men. Perkins (24) says that scute intoxieation
comes on suddenly, with a gensation of extireme weariness in the
limbs, of painful constriction at the base of the chiest, a burning
thirst, abundant sweat, and an agitation and enxiety which is quite
characteristic. Other very characteristic signs are a dyspnea with
especially difficult inspiration, and scanty urine containing a reduc-
tion product of dinitrophenol. In severer cases death may take
place in a few hours, after & rize of temperature to 104° F. or over,
abundant sweats, intense thirst, contraction of the pupils, and some-
times colic and diarrhea. Excitement and terror are followed by
coms, coavulsions, and death. Temperatures as high as 109.4° F.
have beem recorded, and in gome cases there was p rise of several
degrees after death. Autopsy revealed mo characteristic lesions.

The French experimenters found that the action of DNP 1-24
ia highly specific, quite different from the action of the mononitro-
phenols, except para, which produces similer results, but only in
heavy doses and for a transient period. The same thing is true
of the 1-34 isomer of DNP. The other isomers resemble the nitro
compounds in general, cauring formation of methemoglobin. The
toxic action of DNP 1-2-4 consists in the production of an increased
cellular combustion, oxidation, which has no relation to muscular
work nor to any action on any apecial organ mor to a stimulation
of nerve centers, for it occurs even in cold-blooded animals. The
symptoms are explained as showing an exaggeration of the heat
radiation activities caused by the progressive olevation of the tem-
perature, which, in animals, may rise to 113° F. at death. ’

There were four deaths during the war in the two American fac-
tories which manufactured mélinite for the French. Three men
who were handling dry DNP died within 24 hours after the firat
symptoms occurred. From the meager report obtainable it seemed
that these cases were like those described by the French.  The fourth
died after an illness lasting several days, which was appareatly the
typical toxic jaundice as seen in TNT workers. It is possible that
in this factory the DNP hendled was not the 1-24 jsomer. Ley-
mann (25), in 1902, described threo cases of sudden and scvere
poisoning which developed in a dye works from the dinitrophenol
used in making sulphur black.

The nitrochlorbenzenes are used as intermediates for the produec-
tion of sulphur dyes, cspecially sulpbur black, They are volatile
and very toxie, but it is their irritating action on the skin which
attracts the rost attention and which probably prutects the men
from scvere general poisoning,  Dinitrochlorbenzere, used in the

manufactare of sulrh -~ Ylacks, h~s probebly caused more d§i-ui'iti._',_f’ T
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than any other compound wsed in cosltar dye menufscture. In
one Brooklya plaut, every man employed was more or less affected
in this way, and during the summer months the place had to close
down for lack of Isbor. One of the men described to me the course of
the disease, as follows: it begins with itching behind the knees and
at the bend of the elbow and slong the inner surface of the thighs,
then little red pointa appear over these aress enlarging and coalescing
to form & swollen mass which itches and burns unbearably and

- which is relieved only by prolonged sceking in alkaline water.

Sometimes the face is involved and the eyes swollen shut.

Of the three isomers of nitranilin, two are important—meta and
pare. Xobert (28) and Rambousek (27) both think that parsnits-
anilin is more toxic than mete. Gibbs and Hare (28) confirmed
thie and find ortho more toxic than meta, but Lewis (2), experi-
menting on animals in H. G. Wells’ laboratory, found .meta more
toxic than pera. Both, sccording to Gibhe and Hsre, cause forma-
tion of methemoglobin and laming of the central mervous system
and of the heart. . .

Poranitranidin is the more important of the two in dye manu-
facture, being used not only as an intermediate for sulphur dyes
and for azo dyes, but also with beta naphthol for the producticn
ou the fabric of a bright red dye called para red. The most con-
spicuous action i¢ on thé ekin, for it vauses a very distressing, burn-
ing, itching, eruption, but it is also capable of producing serious and
even fatal systemic poisoning. Bachfeld (29) reported mine cases,
four of which were serious with scanty and very painful micturi-
tion, but with no bleod or albumin in the urine. A fatal cass was
reported from the Germen dye works at Hoechst in & man who had
been working for five hours in peranitranilin dust. Awother oc
curred in an American color works, Thia was in a white man of
27 years who bed been employed for only twelve days in the
psranitranilin department. He is said to have been poisoned by
dust which resulted from an accident in the drying room, perhaps
in tipping over a tray of the powder. The foreman scnt him at
once to the bath house and he tock a bath and remained there for
about an hour. Then he went to the works doctor, but after he
had been in the waiting room about 20 minutes he lost conscionsness
and although given stimulants and artificial respiration by means
of & lung motor, he died, about two end a half Lours after the
accident. .

Metanétranelin is made from dinitrobenzens by reduction, and
poisoning which occurs in such a department may be due to the
DNB. T have one instance, however, of a clear esse of metanitran-
ilin poisoning in 2 young workman who was sent to clean out a tub
in which mctanitranilin bad heen “proccssed.” Scon afterwards
he complained of acute frntai teadache, then he vomited, and then
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fainted away. He was taken to the hospital and the record reads
“vomiting, fainting attacks heedache, rapid heart,. very profound
cyanosis, with lips and mucous membranes almost black.” A simi-
lar case is in the records of the New York Department of Labor.
The man was sent to clean out a munjer in which metanitranilin
had been made. He worked off and on from nire in the évening
until midnight, when he went off for half an bour for supper, and
when he came back he told the forcman that he felt faint and sick
at his stomach, but nevertheless he was told to go back to work.
At half past four in the morning he was found lying on the floor
unconscious and was taken to the hospital, He was deeply eyanosed,
respirations were rapid and shallow, pulse was rapid and of poor
quality. Eight ounces of vemous blood were removed; the color
was dark and coagulated slowly. The man did mot regain con-
sciousness till 6:30 in the evening and his convalescenco wes very
slow.®

Amido Compounds.—The symptoms set up by the amido deriva-
tives of the benzene ring are Jess serious than those cauvsed by bodies
which contain the NO or NO, group, although the eyanosis is deeper.
A case of dinitrobenzene poisoning does not present as alarming
an sppearance as ane of anilin poisoning, but the involvement of
tho ceotral nervous system, the changes in pulse, respiration, and
body temperature, are much more grave; convalescence is also slower.
Usually = case of anilin poisoning does not incapacitate & man for
more than a day or two, although British physicians hold that he
should not be allowed to return to work if his hemoglobin is much
Lelow normal. But after dinitrobenzene poisoning, a workman is
likely to Le ill for a fortnight or more.

The carliest cases of anilin poisoning in American literature are,
so far as I can discover, two reported by Apfelbach (30) of Chicago
in 1918. These men were referred to him by factory inspectors,
nol because they complained of illness, Ybut becanse of the lividity
of their color. Lips and tongue wereja deep blue, but the only
discomfort the men experienced was alight headache, dizziness and
diffculty in swallowing. The first wae a press fceder in a printing
shop who had been using & new non-inflammable roller wash to clean
the ink off press rollers and this proved to contain anilin. The
ather was mixing alpha-naphtbylamin in an open chaser in & paint
and eolor works. Dotk liad methemoglobin in the blood, as shown
liv spactroscope.

Tle next cascs were Birge's (31) published in 1914. Two men

< Varioua nitroso compounds are used as dye interrmediates and also used in
rubler compounding. They scem nlwags Lo be irritatiog to the skin and “nitrosn
itel” {s & common expression in plents making intermedintes. The commitiee

appointed by the American Chemical Society to investigate the newer organic
seclerators used in rubber compounding reparted that para-nitteso-dimethyl.

antlin was < 77 " dve of tr Je eczems, el e

-
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werc using anilia black paint, applying it with a brush and the:
washing the surface with hot suds, work which naturally encourage
ekin absorption. They wero seized with nausea and general weak
ness, Qalpltatton of the heart, then violent headache and vomiting
the skin waa very pale, the lipe blue and they passed dark-colore
urine. In 1915, Hayhurat in the course of a survey of the bealt)
hezards of Obio industry found many cases of anilin poisoning
in the large rubber centers, where it had recently been introducec
es an accclerator of vuleanization and, after the outbreak of the
war shut off the German supply, the production of anilin also hac
bq.;un.. R. V. Luce of Akron and I (32) meade a study of anilir
poisoning in that rubber ¢ity in 1916, and found that the conditior
was fairly common, the victims being known as “the blue baya,”

- from the color of lips and face. In 1917 Lintz { 33) described ¢

cass which came under hie care at the Brooklyn Jewish Hospital.
There was marked cysnosis, great restlessness and pulmonary edeme.
wl‘nch subsided under venesoction, projectilo vomiting, involuntary
micturition and expulsion of dark fluid from the rectum. The
color of the blood was very dark. The systolic pressure was down tc
100, the diastolic was 80. By the ffth day the men was discharged
entirely recovered.

Newton (34), in 1920, described four cases of anilin poisoning
and one of mixed benzene and anilin, in which, added to the symp
toms typical of anilin, there was & benzene lencopenia. The white
count fell from 10,600 when the poisoning began, to 1,440 eome 16
bours later, and then rose to 6,640 after 72 hours. The four cases
of anilin poisoning were in employees of an anilin department.
One was working inside an anilin-reducing apparatns, the second
washed some clothes with anilin, the third and fourth poured
aailin into a receptacle and breathed the fumes. The first case is
the most interesting. This man, 49 years old, climbed into a reducer
on June 26th to clean it out by fushing with a hose. TIn a short
timo he began to fecl dizzy and nauseated and he had & “warm,
sweet taste” iu his mouth. He climbed out at once and went to
the hospital where he did not lose consciousness but was overeome
by mental coufusion and bodily weakness Newton saw him afier
an hour, in collapse, intensely cyanosed, complaining of chilliness,
althongh his temperature wes 101° F. His pulse was wezk, dicrotic,
110; the systolic blood pressurc was 110, diastolic, 60, but after

. a hypodermic injection of camphorated oil it rose to 130 and 5.

The blood was chocolate colored and flowed freely, the red cells
numbered 3,500,000, whitea 10,600, hemoglobin 85 per cent. There
was strangury at first and when urine was obtsined it was dark,
sp. g 1020, acid, ncgative for sagar, albumin and bilee. On June
30th he was still o~nrsed and complaining of headache and - |
blood count had fallen half & million; the pressure was 115 systolic
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wnd G0 diastolic. The cyanosis was still evident on July 7th but
by the 13th it had disappeared and he could be discharged although
lie still was somewhat nervous and sleepless.

This was 2 cesc of moderate sevcrity. More serious poisoning.
ocewrred in an Akron man engaged in experiments in connection
with rubber compournding, work which involved exposure to con-
tact and fumes (32). One morning he went to work at scven feeling
perfectly well in every way, but after about an hour and forty min-
utes he began to have throbbing in the head and increasing nausea
which Le attributed to the July weather and to the poorly ventilated
room. He next noticed palpitation of the heart, and then a violent
headache came ob, increasing in intensity and accompanied by
vertigo. As be said, “I felt as if I had been standing on my head
for a long time and every ounce of blood in my body kad rushed
to my brain” The dizziness increased, and sbout 45 minutes
after the onset of the first symptoms he lost conscipusness. He was
hurriéd to the Hospilal where oxygem and heart stimulants were
administered, but apparently with little effect; for the cyanosis
persisted, the heart action was very feeble for more than 18 hours,
and he did not regein consciousness till the following morning,
¢ period of about 22 hours. A catheterized gpecimen of urine ob-
tained on sdmission showed no abmormality, but a specimen 18
hours later was smoky, with specific gravity 1022, a trace of albumin,
no sugar, but hemoglobin was demonstrated by the Heller test and
the Schénbein-Almen turpentine-guaiac test. Thia hemoglobinuria
persisted for fve days. A blood examination mado on entrance
gave normal findings io 2!l respects except for a slight cosinophilia,
but four days later there were stippled red cells .and some irregu-
larity in the size and shape of the red cells. The hemoglobin was
75 per cent (Sahli). The patient suffered from severe headache
for five days and complained of weakness,and exhaustion some two
weeks Jonger, after which he slowly improved.

Friedlander (35) reported from the Mhnicipal Insane Hospital
in Frankfort a case of acute maniacel delirium in a man who had
loosed a rubber pipe leading into an anilin receptacle and bad re-
ceived a splash in the face and mouth, swallowing about a mouthful.
About four hours later he became delirious and was brought to the
bospital in o strait jacket and deeply cyanosed. The next day
e was rational but excited, and by the third day the cyanosis hed
cleared up, hut he was still restless aud irritable and his heart was
still weak and rapid. By the fourth day his mentality waa normal.
A gomewhal similar history was related to me in an American dye
works. The man was a pipe fitter making repairs in the ceiling over
the anilin reducers. Suddenly be became maniacal and ran gmuck
over the plant, and it was six bours beforc ho came to !nmself.
The. fryerman thought this was an instance of f7 n7oisoning: but

)
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it seemed to me possible that the steam from the reducers carrying
anilin with 3¢t had gradusMy soaked the ceiling and in working
there the man’s hands had become saturated with anilin.

Chronic anilinism was described by Hirt as characterized
disturbances of sepsibility and of the motor nerves, inertie, head-
sche, digestive disorders, skin eruptions, and roaring in the ears.
In the early days of rubber compounding with anjlin just prior
to the wear, workmen in Akron who were exposed to anilin were not
infrequently treated by their physicians for chronic valvular heart
discase with failing compensation, because the eyanosis, the sliered
pulse, the complaint of palpitation of the heart, brestblessness on
exertion, weakness and easy fatigue, and indigeation, all seemed
to point to such a diagnosis. A typical case of this sort came to
my attention in 1914. The man had worked with anilin for nine
months. He complained especially ‘of muscular weakness and
fatigue; palpitation of the heart came on when be had any unusual
exertion, and almost always at the end of the day's work; end he
had irequent headaches while at work, sometimes severe and
sccompanied by nauvsea and dizziness. He was never cyanosed, and
while examination showed a rapid pulse, 94, there was no abnor
mality of the heart. His blood exsmination showed the condition
described by Malden (see page 494); namely, & red cell count of
5,400,000, with only 68 per cent hemoglobix. ’

Davis(15) bas scen men in the rubber industry wlo “secem to
acquire & tolerance for anilin, in that they remain cyanotic for
years without the development of any apparcnt serious symptomsa.
« - . These patients have some blood changes, of course, yet they
feel no ill effects except for a slight tired feeling at the end of the
day’s work. .The body attempts to maintain un cquilibrium between
intake and output of anilin but tlere is 2 surplus amount which is
absorbed and which cavses blood changes Lhat are respomsible for
the marked cyanotic condition.”

It is generally recognized in American anilin plents that long
expoaure to anilin is likely to make the men irritable, hard to get
along with, “grouchy” The foremen say that such men are not
really up to a full day’s work and if they try to push them it only
makes things worse. They ere likely to have a poor sppetite and
complain a good deal of headache. Sowmetimes oezemetous rashes
appear; or pustular eruptions, particularly on covered parts of the
gkin, the scrotum, arm pits, and inguinal regions.

Curschmann (4) lays great stress on a slowly developing form of
poisoning, not only from anilin but even more from solid amido
compounds. 1lc says that in such cases the earliest sign of chironic
poisoning is a loss of hewmoglobin, and therefore blood examinations
are of great nractical importance, becuuso any workma:w<7l5 bas
lost from 14 to 20 per cent of his bemorlohin is fretuer the siak
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of an aento attack of poisoning and should be temporarily suspended
from work. At this stage be may be slightly cyanosed, but typical
mieroscopic chunges in the blood are not found till g later stage.
He had a case of alnost typical neurasthenia and the only thing that
pointed to anilin poisoning wes the loss of bhemoglobin end the
riso in blood pressure, which last he considers a valuable diagnostic
sign. The average blood pressure (Riva-Recci) in 100 workmen
not expased to anilin, Curschmane found 16 be between 110 aad 120,
but in men intoxicated with anilin it ran from 135 to 165. In cases
of pronounced anemiz with cywnosis there may be a rise of 40 in
pressure, and at the seme time the pulse is always slow, down to 48.
1n these cases the urine is brown and there is slight jaundice.

In the foreign literature thero are frequent references to dis-
lurbances of vision in the course of anilin poisoning; as, for instancs,
among the dyers in a Swiss factory as described by Senn (38).
This consisted in a loosening of the epithelial covering of the cornea
followed by inflammation, cloudiness, and consxquent dimmness of
vision. The men were working over vats of steaming anilin black,
containing free anilin, and Senn attributed the trouble to the action
of oxidation products of anilin, the quinones, which cavse painful
snariing of the eyes e that the victim rubs them vigorously and
detaches the surface cells, lcaving the cornea exposed to-further
cauterization.

Very few fatelities have occurred from anilin poisoting, and
those chiefly in the ycars before 1817, when ita manufacture was
still largely experimental in this country. The most recent death
of which 1 have heard took place in a small, poorly managed worka
in New England. On the afternoon of August Tth, 1922, a work-
man was overcome by what was said to be anilin poisoning, while
msaking phenyl 1-8 acid. Xn this process anilin is driven by com-
pressed air from druma to an autoclave, where naphthalene and sul-

.phuric acid are added. The tempersture ig raised to 160° C. and
kept tbere for some 24 hours, then the mixture is pumped to a etill
and the remnant of anilin pot used in the reaction is distilled off
and roturned to the drum, The man who suffered from the fumes
from this process recovered, but the following night the foreman in
charge who was working alone in the room, somehow spilled anilin
on his {rousers and was found st half past three in the morning in
& gemi-conreions condition, from which he never recovered.

The (olwidins, ortho end para, arp considered by some to be more
toxic than anilin, aithough toluenc is much less torxic than benzene.
Treitenfeld (37) found that thay worked very much 2a anilin does,
with the same effect on the centrsl nervous system, but causing
rather less cyanosia. Rambousek says that they act like aniling but
produce raore injury to the uripary eystem, more strangury and

TN

he % da tlgm“doa snilin, and this statemen. i3 confirmed by
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Kessler of (e Anilin Produets Co.  Gibbs and Jlare tested the
three isomners, para, ortho, and meta toluidin, on snimals and found
that all destrox red blood cells, lower the body temperature, _and
lame the spinal cord. The fata] dase per kilogram of body weight
is: for para, 0.1 gm. ; for meta, 0.125 gm. ; and for ortho, 0.208 gm.
Metatoluidin is not used in dye wmanufacture, and experience in
American dye works usually shows that para is more toxic than
ortho, although it is crystalline, while ortho is an oily liquid. Tle
tolniding are often said to give more trouble than anilin, but this
is not necessarily bLeewuse they are mare poisonous, but rather be-
cause no process in conpection with anilin, except repairing and
cleaning apparatus, nocessitates so much exposure to fumes and
conteet &8 docs the centrifuging or “spinning” of the two toluidina.
Friedlinder (35) and Stark (38) have both reported ceses of severe
poisoning with coma, maniacal delirinm, end great prostration,
following the splashing of tolu;din on the skin. Xn both cases there
was scanty, bloody urine passed with agonizing pain.

Very Iiyt’tle is \{'nuen of the actiong:f thl:gx;lidins. bol they are
undoubtedly much less poisonous than anilin and toluidin. The
dismins are well known poisone. Tndeed, toluylendiamin has long
been regarded s 2 typicel blood poison causing extensive destruc-
tion of red blood corpuscles, methemoglobin, severe hematogenous
jaundice with destruction of liver celle. (Stadelmaun (39),
Dragendorif (40).) The two phenylendiamins, mefe and pera,
are very important dye intermediates, and pare is aleo used for
dyeing furs under the trade name of Ursol. Formerly, before its
dangerous nature was discovered, it was used ms a hair dye, snd
scoording to Xnowles (41) wes responsible for not only a de-
matitis but severe symptoms of nervous disturbance, sleeplessness,
dizziness, weakness of the legs, and even epileptiform couvulsions,
coma and death.* According to Blaschko (42) and also Olson
(43), the irritating, effect of hair dyes and fur dyes contain-
ing paraphenylendiamin ia not caused by this compound but by
the presence of a mid-product, quincne dichlordiamin, which is
much more irritating to the skin. Very interesting reports have
beer published lately of the occurrence of attacks of bronchial asthma
in furriers using Ursol, attacks which resemble anaphylaxis (Sece
Qlson (43).)

Hanzlik (44), however, rejects the theory that anaphylaxis is

" A report waa made by & committee appointed by the Rubber Section of the
American Chetnical Society to inquire ints the Loxicily of the organic accelera-
tare of vuleanization {see p. 52¢), and the ome which waa pronounced most
dangerous was pare-phenylendismin. It was said to produce, when iphaled as
dust, symploms of o common cold with aneezing und exireme depression. A
farge dose cpames death with symptoms of plomsdne polsoning, -7 - ‘v the
only refertu.. « ¢uch an effect which I have secn jo the literature, The report
of the cammitise maw ha Canad du Mha Tuodin BAL_ S 4o smco oo - -
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the basis of the asthmatic symptoms which develop in consequence
of expusure o phenylendiamin and its oxidation product, quinone-
diamin. The irritation is the direet result of the inherent chemical
properties of these bodies and is indcpendent of precipilation in
the tissues. Hanzlik found that all the phenylendiamins are toxie
compounds, dimethylparephenylendiomin being the most so, then
dietlyl, then paraphenylendiamin and metaphenylendiamin is
probably the least so. The diethyl and dimethyl compounds are
almorbed through the skin with extraordinary ease, in fact the dose
required for this mode of poisoning is no larger than for poisoning
by hypodermic injection, a property due to their marked volatility
and lipoid solubility. He estimates that about a teaspoonful of
dimethyl-p-phenylendiamin held in the pelm of the band would
be enough to kill an adult man, The vapors alsa may cause death.

The two alkyl compounds are very irritating to the skin, the
others are not or are very slightly so in animal experiments. All

of them stimulate the circulation and respiration, cause fall of body -

temperature, tremors, increased reflex excitability, convulsions,

coma, death, The hypodermic and gastric administration of para- -

phenylendiamin produces in rabbits an edema of the face, nose,
conjunctiva and neck, while wete-phenylendismin causes hydro-
thorax, and therefore it seems probable that the asthma end other
respiratory symptoms which have been observed in workers in the
fur-dye industry are due to divect irritation and bronchisl stimula-
tion and not to anaphylaxis. Paraphenylendismin is wsed as an
tntermediate for sulphur dyes; meta, as an intermcdiate for Bis-
marck brown, Manchester brown, and many azo dyes. It is often
looked on as more dangerous than para, but this may be because it
i3 made by the reduction of dinitrebenzene, snd it is quite possible
that this last is responsible for some of the trouble. Paraplenylen-
diamin, on the other hand, ia made by the reduction of para-amide-
phenol, which is comparatively non-toxie.

Other compounds belonging to this group ske the methyl and ethyl
derivatives of anilin, which are distinctly less poisonous than anilin,

In the early days of American dye manufacture, 1916, two severe

casca of poisoning by dimelhylanilin were reported to the New
York State Depertment of Labor, but auch cases are exceptional.
One of them was caused by direct contact with dimethylanilin,
but the other seems to have beeu caused by fumes. A man of 22
years had been employed for two weeks on the night shift  Onc
night at balf pest len he climbed a ladder to inspect & vat of dye
which was said to be crude violet made from dimethylanilin, phenol.
end other substances. He lifted tbe 13, breathed the fumes, and
faiuted, and the doctor who was suramoned thought ho had {allen
into (ke violet dye, he wss so deeply cyanosed. He did not recover

e
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consciopsness. for eight hours, and then he was takens% 7' hospita: -
A 3B -
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complaining of iwpaird vision, roaring in  the cars, and
intense paln in the abdomen. He was in the bospital for seven
days.

fim'lin hydrochlorid produces exactly the same symplows as
anilin, and there may be a good desl of poisoning in the course of
its production, although the work is usually carricd on in au open
shed ta allow the fumes ta eseape. A fatal case of anilin poisoning
reported by While and Sellers (45) at the Brussels Congress of
Industrial Hygiene in 31910 was in a man who splashed anilin over
himself while mekiug anilin hiydrochlorid and died within 24 hours.
Price-Jones and Boycott (8) used this compound in their snimal
oxperiments and brought about all the blood changes characteristic
of anilin. Sulfanilic acid is produced in the same way by tbe use
of aulphuric instead of hydrochloric acid. The same risks atiend_
its production, but thero is no proof of its toxieity. A very slightly
toxic compound is anthrandic ecid (ortho-smido-benzoic acid)
which is used for lake colors and for the pigment, scarlet B, the
dye used for two-cent postage stamps. Benzaldehyd, or oil of bitter
almonds, is, sccording to Kobert, quite Larmless. .

More or less severe trade dermatitis is caused by pare-amido-
phenol, an imporiant intermediate, especially for sulphur dyes, It
is produced by the reduction of paranitranilin, which is much more
poisonous. The excretion of both nitro and amido derivatives of ben-
zene from the body is preceded Ly their reduction to pars-amido-
phenol, which is found in the urine as en alkaline salt of para-amide-
phenol-ethersulphuric acid.

Frequent cases of dermatitis ar reported from a Ger.man phenyl-
hydrazin plant among the men who wrap the product in clotha for
the filter. An explosion of a distilling kettle full of this com-
pound resulted in the death somo days later of one workmaun and
inflammetion of the eycs of.a large number of others. .

Amidoazotoluene, or scarlet red, is derived from orthotoluidin
and is used in slizarin color manufacture. 1t is kmown to physicians
as a stimulant for tissue growth, useful to hasten healing after
severe burns. T'wo cases arc recorded of cyamosis, dizzincss, heed-
nche, elight fever, rapid puise, and albuminurir after such an appli-
cation of scarlet red.

The naphthalenc derivalives are far lcss ‘toxic than benzene or
tolucne derivatives, es would naturslly be expected. The naphthols,
which bear the same relation to naphthalene as phenal does to ben-
zene, resemble phencl, but are less soluble and less corrosive.
Alphanaphihol is more strongly antiseptic than bets and probably
more poisohovs. The use of befanaphtkol in industry, especially
in msking para reds, scemns to give rise to little if any trouble.
except for itg effect on the skin, aud even the fumes are #=7 s he
irritating to"tne skiz, but the cavatic soda used in producine beta
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uerhthal is much worse in this respect than the beta-naphthol itself.
Nilrusc-Uelanephiiol, formed at onc stage in the production of H
acid, gives rise to dermatitis, as do all the pitroso compounds; while
diwilre-naphthol, or Martius yellow or Manchester yellow, bas the
nsual action of a nitro derivative, but is one of the weaker members
of the group.

The nophthylamins, alphe and beta, arc capable of producing
symptoms characteristic of emido compaunds, although, according
1o the testimony of practical men, alpha never causes severe poison-
ing. Beta-naphthylamin seems to be distinetly more toxic, and

in ono large American plant where there is no trouble at all with the-

alpha corapound the men in the crude naphthionic department wha

come in contact with beta-naphthylaniin suffer not only from cyanosis

but from frequent mieturition, apparently from over-acidity of the
urine.

The pyridins, used in the making of a.nti:raquinone and in othér

processes for indanthrene dyes, are seid to make the men “dapey,”

to give them headache, dizriness, dulling of the intelligence. They
bave also a curious effect on the ekin similar to that which hes been
described in Euglish briquette factories s & result of handling of
tarry substances. The ekin is raw and sensitive as if from sunburmg,
and the mau seffers most after weshing his face and hande and fore.
arms and going out inte the open air.
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