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izh exposures. § :; : JDead crsemce, approximately Ph(AsO.),, with 492 per cent lead and 33. 5
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! cent arsenic, is likewise a dense, white powder. Its specific gravity is 5.85.
-3 Tt is probable that the arsenic exposure from lead arsenate and lead arsenite - -
.need not be seriously considered because of the relatxvely grea.ter ha.za.rd of the
'Iead content of these msect.lcxdes. o CAREE it
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igure, Many Acute effects. Acute or subacube mdustm.l pomomng from mgesuon., skm
Mists up to o cont.s.ct, or inhalation of arsenical dusts is not common. Symptoms include gastro--
I significant intestinal disturbances, irritation of the nose and conjunctiva, skin eruptions, and
! inflaroration, Laryngms, bronchitis, and huskiness of the voice can result from
‘mmen prefer _relatively brief, massive doses of arsenicels by inhalation. Systemically, arsenic -
ious arsenic - relaxes the capillaries* and increases their permeability, simulating inflammation,
covered by “and this dilation introduces changes in the cxrculauon that, cause disturbances i in - )
effective, as ;orgu.mc function, . - .
I I[P Chronic effects.  After chromc exposure to arsenic compounds perforahon
AR - of the nassl septum is a common occurrence, ss well as irritation, and oceasionally
R .. =} ulceraticn, of the skin Pigmentation also may be produced. Peripheral neuritis®
d arsenious .=~ is said to occur in less than 5 per cent of the cases, tremors in 10 per cent, gastric
imarphous, "~ -] symptoms in one third, and rashes in the majority of cases of chronic poisoning. - ;
Crystalline © ™1 Loss of nails aud bair may result. Carcinoms of the lung is said to have been R
and 115 g, 217 produced experimentally in animals with arsenic compounds, but Do evidence o
ore soluble has been presented to indicate such occurrence among burman beings irom mdus-
T E] male.mosures. ' A Joee al
" Pﬂ‘ unt © “uf . Small amounts of arsenic are thought to have a beneﬁcu.l effect in h'eatmg
]euketmas, anemnias, and skin diseases. Arsenic in organic forms is used in the -
isa 'Whlte : .| treatment. of syphilis: for example, Mapharsen or the arsphenamines. Arsenis .~
ST % 7. ]: was formerly used extensively, even indiscriminately, a3 an alterative and tonic. :~
» or Pms i .~ .1 in all kinds of blood disturbances. Small amounts of arsenic have been found to -~~~ -
tion. of 3 % “have s beﬁcxal eﬁect upon amma.ls, upeeu.lly am:nals on a diet containing : i
S A u]emml RS . . ._.; amtes i e E
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Wpowdu 3 7o' 1), M, Hubbard, Ind. Eng.. C‘hm.. Andl. Ed., 13, 018’ mu) _;_‘_ wl el
*E Bambach, Ind. Eng, Chem,, Anal, Bd, 14, 265 (1942).-
<, Sollmann, A Manual of Pharmscology. 6th ed., Saunders, PhllldllPlﬂl. 19-“. -
*T. Legge, Industrial Maladiss. Oxford Univ. Press, Lopdon, 1934 * .
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568 - FRANE A. PATTY

5. Abaorpdon, Ratention, and Ezeretion

Arsenic may be absorbed industrially by inhalation, ingestion, and th:ouc:;:' -
the skin, It is largely eliminated in the urige, sorme in the feces, hair, epitheliun. -
(0215, and possibly small amounts in the exhaled breath. Excretion is slo-r,
requinng up to ten days alter an acute absorption; sometimes more than a yesr
after prolonged absorption. After subcutaneous injection of potassium arsenite’.
buman heings, and all animala except rats, showed very small amounts of arsenis -
in the blood” and no evidence of accumulation in rapidly growing tissubs. Arsenic:
is retained and stored in all the tissues, the boges, and especially the hair, It iz
said that the arsenic content of long bair, in relation to that of close-eroppec . .
hair, can be used to give an indication of the time and extent of absorptiod:.

Arsenic content of the hair several years after death haa been prmented a..-
mdence of nonmdu.stnal anemc pouomng.
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this scale a mark can be chosen to indicate excessive exposure will require
further study. Eunkele® cousiders amounts above 0.1 mg. arsenic per liter of

. but reports results as high as.1.5 mg. per liter of urine and 120 micrograns per=
gram of hair. Young and Ricel® were unable to distinguish hetween internally and =~
externally depos:ted arsenic in the hau- And questxon the valua of tests for arsemr
in the hair. .
" .Inisolated mstancu, men expoaed to up to 0.8 mg. per cuhm meter memcals
(computed 2s arsenic trioxide) in the atmosphers, during the menufacture of :#

‘arsphenamine and relsted compounds over an exiended penod excreted fiom 1,»1'

_ to & mg. arsenic (eomputed as the tnonde) per liter of urmc, and exhxbtted m.mo: Y
' symptoms of srsamc po:somng“ ’ :
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ARSENIC, PHOSPHORUS, SELENTUM, SULFUR, TELLURITM . 369

7. Mazimun Permissibla Coneantrations

Maximum permissible coneentrationa that vary from 0.15 to 3.0 mg. per
cubic meter of air have been proposed. The higher limit may permit excessive
amounts, but the lower limit appears unnecessarily severe and too low to be of
practical value from an engineering standpoint. A value on the order of 1 to 2
mg. per cubic meter appears more logical, but the problem requires further study.

i T
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A.rsme, AsH;, 18 a L as that mulu whenever nascent hyd.roggn is formed n

an agid, alkallne, ar neutral solution contmmn;__:.\rsemc.

1. Industrial Exposures..’ "% . . = L e e ey T
Exposu.re to arsine gaa may result from the act:on of acxda on metals con-
taining arsenie, from the use of impure sulfuric acid made from pyrites containing
arsenic, or from the use of hydrochloric acid made from impure sulfuric acid that
contained arsenic. Arsine poisoning has resulted from slushing out steel tanks
that had previously contained a commercial grade of sulfuric acid, the diluted
acid acting upon the metal tank to generate hydrogen, which combined with
arsenic impurities in the acid. Arsine may arise from the pickling of any metal
containing arsenic; it has been formed from the action of water on metallic
arsenides or hot dross containing arsenic and aluminum. Arsine may oceur as an
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impurity in acetylene and present an exposure either in its manufacturs or use.

It may oceur in soldering, etching, lead plating, electrolysis of arsenious solutions,
by the action of moisture on ferrosilicon ar from the use of impure or inhibited
acids'? for scale removal, It has not been a hazard associated with the manu-

facture, maintenance, or use of lead storage batteries in the United States Where .

arsenic-fres lead and sulfuric acid are used.
2. Physical and Chemicel Properties

Arsine, AsH,, is a colorless gas with a shght.ly obnoxious odor somewhat'
resembling garlic. It is 2.7 times as heavy as air. It boils at —-53° C. and decom- -

poses at 230°, It is soluble in water to the ex-tent of about 20 volumu in 100

_volumes at 20° C. It is inflammable. : )
1 mg/L <= 313 ppm. and 1 pp.m..<=319 mg./cu.m. AsH, (orq..307mg.

As; or == 405 mg. As,0,) at 25° C,, TBOmm.
3. Determination in ‘the Atmosphere -

Arsige can be collected by acmbbmg ti:e nﬁnoaﬁhm t.hmugh normnl mtncA

acid and estimated by the Gutzeit method? or other means, If 1 p.pum. arsine is

considered the maximum permissible concentration, 2 to 4 liters of air makes a
conveniently sized sample, but it is desirable to collect an excess and use an
aliquot. Qualitative .and almqumutat:ve tests? with either silver mtut.a ar-

e - -‘,.
s

"G 8 HawliuklndE.B.Iﬂ. Ouupctwnnl M’ld.. 1, (1948).
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570 FRANEK A, PATIY

S ) mercuric chloridel® test papers are of some use. The reaction is obszeured bv-—'
- = B - _hydrogen s sulfide, phosphine, and stibine. Hydrogen suifide ¢an be readiiy Aitered .t -.
out with lead acetate paper, while stibine 20d phospainz Dave a comparanla order -, k
of toxicity to arsine so tnat or cooirol purposes this simple test may give userul - -

information, especially 1f the colors are compared with freshly prepared stondards
_obtained with gas—air mixtures of known compositions.

4. Physialogival Response

LR

»
]
L

Acuts effects. It is thought that arsine first combmes with the hemoglobm *‘
in the blood corpuscles'* in some manner, and soon thereafter hemolysiz of the-
cells oceurs, resulting in the destruction of the cella and solution of the hemoglobin 7.
in the serum. More arsenic has been demonstrated in the corpuscles than in tha-
serum. During the ensuing anemia the blood count falla rapidly and hemoglobin i fe
excreted in the urine. Within a few days destruction of the red cells may progress .

- to the point where death cccurs from anoxemis, and may be considared a form -—'
of chemical asphyxia. It is said that death frequently occurs from pulmona.n' -
edema’® resulting either from primary irritation or secondary to failure of the:
circulation. Symptoms are similar to those observed in other forms of anoxemia:
headache, weakness, vertigo, and nausea. Pain in the kidneys and liver develops,*
and the kidneys may be blocked. Jaundice, both from disintegration of red bloed -
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cysnotic psllor to create a peculiar bronze tint of the skin. The ﬂntom of
arsenig noisoving (as onnosed to those of arsine) mey be present in addizion to -

-t} pd

the ones described, Death may oceur 2 to 9 days following exposure or, 1L due t0 ~z :

nephritis from arsenic, may be delayed. Racovery, even from savere poisoning, is
possible in the majority of instances where tha cause is recog;mzed earlyl® a.nd
prompt measures taken. PR

TA.BLE 1 -
Phyriclogical Revponss o Various Conesnirations of Arsingts
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Conora ration.
N Respanse i P
Maximum concentration allowable for prolonged exposrd. ..viieecriirnansroaaasn -
Slight symptoms after exposure of ssveral hours............. .
BMaximum concentration that cag be inhaled 1 he, without serious consequences. . ..
Dmmdhrwotaotooomn..............................-........ 16-60
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L Clmma cﬂacu In prolonged urposuro to low concentratxons of arsine the-
L aymptoms beu- more relation to eﬂeets prodnced by dusts md fumu of memc

N Rt & i "Dlpt-Sd.Iad.Rnnreh (Landan),Luﬂat Ne. 9 (1339). T _
‘ T L R © -7 WP Flwy and ¥, Zeruik, ScAddlichs Gase. Sprioger, Bcrlm.lm.
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compounds, and albumen may appear along with hemoglobin in the urine, Pro-
longed exposure of animals to low concentrations of arsine' produced a com-
pensated destruction of red blood cells, which gradually deteriorated to a sta-
tionary level of anemia. There was little injury to other organs. Chronic arsine
poisoning!® occurred in a group of nine men exposed several months to undeter-
nined smounts of arsine in the cyanide extraction of gold. These men complained
of headache, weakness, nausea, and vomiting, the attacks increasing in frequency
and severity, Puffiness of face and eyelids, tingling sensation in the toes, lumbar
and epigastrie pains, garlic-like odor of the breath, and change of complexion
were also common symptoms. The red blood cells were markedly reduced, eight
of nine cases having lows of 0.4 to 2.4 million per cubi¢c millimeter. The arsenic
content, of the urine ranged from 0.3 to 3.3 mg. per liter (0.37 to 4.3 mg. As,0;).
The maximum arsenic excretions in the urine of seven of the nine men ranged
from 1.0 to 3.3 mg. As per liter, with an averzge of 2 mg, per liter. Three months
later one man was excreting slightly above 1 mg. per liter, one 0.4 mg. per liter,
and the others were approaching normal levels. All of the men recovered.

ARSENIC, PHOSPHORUS, SELENIUM, SULFUR, TELLURIUM
!

5. Absorption and Exzcretion

Arsine is absorbed through the lungs, and the arsenic is largely excreted
through the kidneys. The arsenic content of the urine is indicative of the extent
of exposure when other possible sources of As have been considered.

6. Maximum Permissible Concentration and Warning Propertias

The maximum issible concentration of arsine in the atmosphere has
frequently been placed at 1 p p.m. This is equivalent {0 3.2 mg. arsenic per cubic
meter of air. A figure of !/; p.p.m. (1.8 mg./per cubic meter) would appear to be
a more Jogical limit. The odor of this concentration of arsine is easily noticeable,
but does not constitute a satisfactory warning. The inflammable properties of the
gas present no hazard of interest to industrial hygienists because concentrations
in the infammable range do pot occur in industry.

. ARSENIC TRICHLORIDE

Arsenic trichloride, AsCl;, is an oily liquid boiling at 130.2° C. It is said to
have been tried experimentally in mosquito-control work, and has been considered
for use as an itritant war gas, It fumes when exposed to the air, and decomposes
in an excess of water, Industrial exposures, except in ita manufacture, are im-
probable. Its property of decomposition in moist, warm air makes it more effective
in the lungs than on the upper respiratory tract. In addition to its strong, irritant
action are, of course, the effects of arsenic. ‘

M. Xiese, Arch. sxptl. Path. Pharmakol., 158, 337 (1937),

*F. M. R. Bulmer, H. E. Rothwall, 8. 5. Pollack, and D. W, Stewart, J, Ind. Hyg.
Tozicol, 22, 111 (1040).
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ABSENIC, PHOSPHORUS, SELENIUM, SULFUB, TELLURIUM 573

Jesths may result from daily doses on the order of 0.8 mg. per kilogram when
injected subcutaneously. There sre no published data on maximum permissible
Jimits for man, but from experience with animala it appears advisable to limit
exposures to about 1 mg. per cubic meter of air where the length of exposure is
6 or 8 hours per day for prolonged periods. The odor of such a concentration of
phosphorus vapor, though it can be smelled upon entering, does not give adequate

warning, . _— IR
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PHOSPHINE . - .ol .+ “oi i
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Phosphine, PH;, molecular
nascent hydrogen is formed in a solutlon contaimng phosphorus. It may oceur

g
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u 3 4
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during the manulacture of phospborus, irom the action of water on metallic
phosphides, from the action of moisture on ferrosiliconr containing phosphorus,
and in fact may frequently accompany arsine because arsenic and phosphorus

often occur together as impurities of metals. Phosphine also occurs as an impurity v

of acetylene. -l . .

1. Physical and Chemical Properties L

Phosphins is a cclorless gas with a foul odor slightly resembling decayed
fish. It is 1.17 times as heavy a3 air. Its melting point is —133.5° C. and its boil-
ing point is —87.4°. Twenty-six volumes of the gas are soluble in 100 volurmnes
of water at 17° C. Phosphine ignites spontaneously in the air.

2. Determination in the Atmosphaere o o

Phosphine can be determined in the same manner as arsine, and the two gases
occurring together may be absorbed by scrubbing through bromine water, and
the combined arsenic and phosphorus determined in an aliquot after expelling the
bromine. The Denigés®® (molybdenum blue) method is satisfactory. Phosphine-
also can be estimated by exposing mercuric chloride test paper to a measured
volume of phosphine—air mixture and comparing the resultant color with similarly
prepared standards. Also see method given under determination of phosphorus.

- T Aol

1mg/l. = 719 pp.m. and 1 ppm <= 1.39 mg./eum. a4 25° C, 760 mm. - RS

Lot Ama R

N St

3. Physiological R-ponu

Acute effects. Phosphige differs in its sction from that of arsine in that it

does not hemolyze the red blood cells. Early symptoms of poisoning are a feeling
of coldness and a pain in the region of the diaphragm. Dyspnes, weakness, vertigo,

bronchitis, edema, coavulsions, and death may result from exposurs to phosphine, -

M. B. Jucobe, dnalytical Chemistry of Industrisl Poisons, Hosards, and Solvents. ~
Laterscience, New York, 1941, A e el
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