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The stady of poisoning from arsenic trioxide and copper aceto-
arsenite (Paris green) in industry is Lurgely a sludy of. skin lesions,
and these run all the way from inflammation, with or without ulce‘m-
tion. to scleroderma, melanoderma, warts, and a slowly developing

cancerous degeneration which usually has a fairly benign course and

Solid Arsenic Componnds 129

copper works in Montana the ores contain a high proportion of
arsenie, which is volatilized in the furnaces and carriod in the flues to
.be deposited in the bag-house and tunnels as white arscnic. Some-
times in Colomdg_s_mciling_gorks as much as 60 per cent of the flue
dust is arsenie trioxide. This dust must be shovelad into trucks and

oes not give rise to_metastases. (3ee page .} Loss of hair and

s in the nails are common. Some interesting cases have
g:f: :";;1(:::3 tsltile to the handling of paper flyed wilh arsez:fc green,
as, for instange, one reported by Ayres ( 82) inihe {cfre'ma?l a_pap:::
works. This was a case of scleroderma, with arsenic in the urine. 1
similar case in the out-paticat clinic at the Massa_chusetts G::n:l:m
Hospital was traced to arsenic-containing paper wh@h was pasted on
sk¥h°:k[fit:£ure of generalized,' arsenical paisoning from solid arsc;m_:,
as seen in exceptional cases in industry, ravely is sew.:re;jNeura gic -
-paias and multiple neuritis with motor palsy, slight in degree, are

characteristic of these cases. The palsy is likely to affect the long ex- -

tensors of fingers and toes, as does lead, but it is distinguished fr:m
the latter by the severe neuralgic pains and by the lenger.z?i' tlowx;:o ::
multiple, symmelrical neuritis. A very rare form of in l;;a n plc:o o
ing involving the optic ncrve was reported by _Moieen (' 38), w! &
scribed a case of skin lesions and double optic atrophy in a man using
snjcal insccticides. _
wﬂf 135 paticnts baving arsenic poisoning by‘sohd compou;;i; :‘fl
srsenic, dicussed b LB (O o peighoral neurit of the 1o
r muscular cramps, i
:me?::{:r:ll had lesions of the skin, in 8 of whom thea:e were l:eratos&:
or cpithelioma. Legge spenk; of cﬁ ca:cs of epileptiform seizures,
ifestation of such poisoning. »
m?Is‘l::::suis: T:or:rn;er, a general oonsI::nsus that serlous cases of lllj]l:?
{rom white arscnic or Paris grcen are oxiremely rare in _uu.!ustfy. m:
hard to explain the difference hetween industrial m:scmca ‘I?OISI‘.;II u:
and nonindustrial, but thero is o diference and it is nofcc 'm‘a the
industrial countries. With hydrogen arsenide gas, the story 1s qu

different. The lack of serious symploms in industrianl arsenic ptlnsomn[...
- - - FE
. I not to be cxplalned on tho ground of stighit exposure, for in the geea

sincling works of the West, tho lead works in Colnrladu, and ﬂg

T D10 PRI 01 R o W TR ™ T et cns SE ) 10 P IE A 50 11 e £ 1p e oo

|
)

transported for a second sublimation, after which the product, almost
Jure, must be handled and packed; yet the men carrying on this work

almost never show any but Yocal effects on skin and mucous men.

i _branes. Years ago, in 1912, a case of generalized polyneuritis came to
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light in a Montenegrin working in a western smelter when the arsenic
content of the ore was high. There used to be also occasionally among
Paris-green packers cases with gastrointestinal symptoms and neu-
ralgia and even one fatal case with fatty degeneration of the liver
come to light.

-Arsenic is given ns the cause of 6 cases of poisoning and one death

in England in 1924, all the subjects being employed in making or han-’

diing sheep dip. One man, 44 years of age, suffered from epithelioma
of the left side of the face, after employment in contact with arsenic

for twenty-six years. The others had ulceration of the septum, dark

pigmentation of the skin around the neck and axillag, and irritation of
the skin. The Listory of the fatal case is scanty, we are told only that
there was swelling of the eyelids, intense vomiting, and that arsenic
was found in the organs. :

Among the unusual sources of arscnic poisoning ave: in glass manu-
facture the emptying of sacks of white arsenic, adding it to the glass
mixture; the stitching of window shades dyed with arsenie green; the
mixing of arsenic with enamel for iron bathtubs, shot-blasting such
enamel from defeclive ware {Australia); the handling of hides and
bird skins that have been treated with white arsenic,

Of course it is impossible in these industrics to protect the nostrils
aud throat entirely fram arsenic without putting cach worker into a
protective pressure mask, which is not always practicable. Iowever,
the skin and oyes cun he proteciod agalnst tho dust and every cilont
should be made la da this; otherwise there will be painfal uleeration,
especially of the skin of tho seretum, tho lips, and tie nestrils,

Lead nnd Calcium Arsenate, A great deal of study has been de-
voted of late to the toxio action of the arsenates, lead an ealcium,
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Indusirial Toxicology

In medicelegul cases. The early symploms are those of anoxemia; the
fater symptoms are largely those caused by the ctfort of the body to
excrcte the debris of red cells which clog the liver and kidueys
(Stadelmann [1122}). Thus tho acute symptoms will be followed in
four to six hours by the passage of dark urine or bloody urine, and
this is often the first symptom that alarms the victim. Later, in twenty-
. four to forty-cight hours, jaundice appears, and a blood count shows
a loss of red cells which may fall below two million. As the disease pro-
gresses, jaundico deepens and the urine grows scantier until just
beforo death there is complete suppression {Jones [574]). The British
industrial physicians report these cases under the head of toxic jaun-
dice. Arsenic can always be detected in the urine and may continuc to
ba excreted for many weeks after the acute symptoms have disap-
peared {Wignall [1245]). The anemia is likely to persist even longer.
:_The sourcoe of this dasigerous gas is always some process in industry
* - which causes the Tormation of nascent hydrogen in the presence of
' Tarsenic; in other words, a process which reproduces the conditions of
Marsh's test for the detection of arsenic, and there are many industrial

Marsh's test, zinc dust and hydrochloric acid are used for the produe-
tion of hydrogen. That is the way hydrogen is produced for filling
baHoons, and many cases of poisoning have occurred in such work be-
. cause zinc is very commonly contaminated with arsenic; in fact it i
"1 difficult to get arsenic-frce zine, Lead-burners who use an oxyhydro-
./ gen flame may have to produco their own hydrogen, and then they
“: % ran this same vlsk. Most of the iron, lead, and antimony used in indus-
- v try is Yikely to be contaminated with avsenie, as is also commercial
_ _sulphuic acid mada by the ordimuy chamber process und the hydro-
chloric acid which is made [row it. In the production of auitine dyes
_»and coal-tar drugs, one of the most important processes is reduction
by means of nascent hydrogen, which is produced from iron dust or

~: zine dust and hydrochloric acid, and here there s always a risk that
"¢ arsine may be formed. Five severe eases of this forin of poisoning
_ oceurred in a New Jersey plant making dye intesinediates duving the
* First World War, In ono of these the body of the victim was bropzed

. toa mahogany color, according to the physician’s report.
i’/ . The most frequent causo of poisonin From arsine in this country is
% The most frequent causo of polsoning d
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the cleaning out of tanks and tank cars that have contained a heavy

heid, cither hydrochloric or sulphwric. Strong acid does not attack iron

Fyren o om0 ) IS e 1T vob il
or steel ks, hut weak acid doces. Thevelore there is uo trouble while
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the tank is full, but when it is emptied and {lushed out with water,
weak acid is left in the residue which is called “sludge,” and when lh;
laborer or lead-burner goes in to dip out the sludge or to make repairs
ll:f.z ftrsine formed by the action of the weak acid on the :1rsz:nic-u:cm|-l
taining iron rises and poisons him. Three men in a plant in New Jersey
were sent into an acid tank to make repairs after it had been sup-
posedly well-flushed out. There was, however, about a bucketful of
residue lcft at the bottom and this contained enough arsine to poison
l!?e. men, two of whom died. In some cascs it was the galvanized iron
dipper that was responsible, and accordingly the great chemieal
works in Germany prohibit the use of zinc-covered vessels and make
the men wear gas-masks while they work.

There is a general belief in industry that pickling meta), i.e., treat-

. ing it in tanks of sulphuric or hydrochloric acid, hot or cold, is un-

healthful work, and it scems probabte that small amounts of arsine
formed from time to time in such tanks may be responsible for this
Mue!x_lberger, Losvenhait, and O'Malley (856) describe a case of
arsenical poisoning, with multiple neuritis, in a man cmployed in
pickling iron and steel. Legge reported 7 cases in 1902, the acid con-
taining 0.035 per cent of arsenic or 350 parts per million. In the Navy
Yard at Puget Sound two men were severcly poisoned by the arsine

. evolved from a pickling tank. One died after thirtcen days® exposure;

the other had nephritis and anemia. The man who died was in a coma
for four days, wilh anuria, hemoglobin under 40 per cent, red cells

. about one million, brownish pigment in the skin, edema of the lungs,

aud albumin and bleod in the urine. The acid in the tank was usedl

. over and over again so that the content of arscnic rose from 0.0005

per cent to 0.65 per cent, .
The samo sort of accident is possible in the charging and the form-

: Ing departnents in storage batlery manufacture, whers Jead antimony
grids are immersed in wenk sulpliurie acid. Epidemics of poisouing

with arsino occurred duzing the First World War in two Italian sub-

« mavines and one English, and in cach the gas was traced to the sior-
. sge balteries. It was found that tho acid had caten into the lead anti-
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Industrial Toxlcology

exposures of lwo, cight, and thivteen yours respectively. Tho ru:;fult ln
Wie man with ouly two years’ exposare was complete Lealing with no
defonmity; in lhe ono with cight yewrs', recovery but Juss of oll 1eeth of
the Jower jaw and part of the lelt mandible with some facial de-
formity. The third case and tho ono slowest to devclop was much
more serius. In this man the upper jaw as well as tho Jower was in-
volved, with Yoss of o large portion of the palate bone and the forma-
tiou of fistulous tracts leading from the mouth to the nose and nasal
accessory sinuscs. At the time of writing, eightecn months after the
onsct, the condition was still active, ¥
Heimann discusses methods of protection against the fumes of
yellow (or white) phosphorus. The red allotrope does not seem to be
poisonous. Since yellow phosphorus hurns when exposed to the air, it
is always handled under water and is transported from ono receptacle
t6 another in liquid molten form under water. At this stage small par-
ticles will separate from the flowing mass, rise to the surface and vola- »
tilize {or burn}. Local exhausts must be provided wherever this may
occur. . .
' A still more recent industry which carries with it the danger of chos-

" phorus poisoning is the electrothermal process for the production of
elemental phosphorus to be used in the preparation of phosphatc fer- -
tilizer. Fleming Miller, and Swayne (327), of the Tennessee Valley
Authority, attempted to determino the threshold of physiologic toler-
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. banes of anlmals given phosphorus by injection under the skin, The

: work bench, to chew gum or eat an appls, or put a fiuger in the mouth,

ance when white phosphorus, or its suboxides, arc administered in
small doses over a long period. They found significant changes in the

' Phosphorus L3

Lad hud a donlad exaaniuntlon within oue wonth of the onset of the dis-
case and had been pronounced normal,

The match now madue is the salety matel, for which nosphous red
phosphiorus is used, and the “strike anywhere” match, made with the
sesquisulphido of phosphorus; neither of these has the poisonous
properties of white phosphorus. In a French mateh factory Nicolas
and his collengues {878) found that there was a great deal of skin dis-
case due to the handling of phosphorus sesquisulphide. There was a
rapidly developing erythema wilh formation of vesicles or pustules
asccompanicd by severe subjective sensations and, sometimes, by con-
junctivitis. Greasy skins were most susceptible. An eruption was pro-
duced in volunteers by the use of the paste and alsa the powder. A
wash of potasslum permanganate and sodium bicarbonate caused

. prompt recovery.

Cases of phosphorus poisoning, however, have been reported from

" other industries, chielly in the production of phiosphorus, in the chemn-

ical industry, in the manufacture of phosplior bronze, and in making
lights for miners’ lamps. In Great Britain miost of the cases of phos-
phorus necrosis coming to the knowledge of the Factory Inspection
Department have occurred in persons employed in the production of
phosphorus. Copper ores sometimes carry phosphorus.

A rare source of phosphorus poisoning is the accidental formation
of phosphoretied hydrogen (phosphine, PIi,), in the production of
scetylene gas from carbide for use in antogcnous welding. Several
cases have been reported from Germany! from this source and it is

Jimit of tolerauce seemed to lie betwea 0.05 mg. of phosphorqs per
kilogram of body weight and 0.8 mg. given daily, i

The practical impassibility of providing complete protection against
the action of phosphorus is scen in the faclory inspectors” reports from
Euglish and German match factories when yellow pliosphorus was
used. Warkers had to be forbidden to keep a glass of water on the

or plck the tecth; but in spite of the efforls of sanitary engjacers,
physicians, and denlists, cases persisted in appearing. i
. Tt is notewerthy that all three of the victims reported by Hemany
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of course possible that cases have occurred in this country but have
not been recognized because it is a poison unfamiliar to American

physicians. There is anothier source of poisoning fron phosphorettcd

hydrogen which may or may not bo of occupational character, that is

the eseapo of PH from ferrosilicon in the same way that the formation
. wud cscape of Aslly occurs. Either or both of these gases may be

formed, but in tho larger number of instances it is the latter that has

been hold rosponsiblo, Only analysis of tho fumes would settie this

question, although the absence of a hemolytic action would point to

phospliorus. )

1 Thiele. Zentralbl, £, Cewesbehyg. D: 94, 1621,
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