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40 TOXICITY OF INDUSTRIAL METALS

reverberatory furnace, with small amounts of iron pyrites or galena. When
cooled by passage thirough & serics of brick chambers, the oxide condenscs as
a crude product 1o be purilied by re-sublimation (Ruchanan, 196)).

Arseoic can also be prepared from mispickel by heating in carthenware
retorts and distilling off the arsenic condensed on sheet iron in the neck of
the retort. 1 can also be oblained, fres from oxide, by reducing pure As,O,
with zirconium. .

PROPERTIES

In its stable form arsenic is a stecl-gray, brittle, crystalline metaitoid. It
exhibits aliotropy, the two other forms usually distinguished being yellow
and bluck respectively. It forms three oxidead—the trioxide, As,O, (the most
sbundant commercial source of arsenical compounds); the pealoxide, As,0,
(the primary material for many arsenical {aséeticides); and the tetroxide,
As,0, Atomic number, 18; atomic weight, 74-91; specific gravily, 5-73
(yellow allotrope 3-7, black allotrape 4-7 ; ihmshold limit value 0-5 mg. per
c.m.). '

PROPERTIES OF ARSENIC TRIOXIDE (THE PRINCIPAL
COMPQOUND)

The crude arsenic trioxide dust obtained by sublimation during smelting
of arsenic-containing ores consists of approximaicly 97 per cent of As,0O,,
its principal impurity being antimony trivxide. Pinto and McGill (1953)
stated that the particle size of over 23 per cent of the dust is over §-5p. R is
only slightly solubic in waier but soluble in atkaline and acid solutions. Tt was
stated by Schwartze ($922) that ihe toxicity of arsenic Irioxide was inversely
proportional to the particle size, the oral L.D.¢, for the rat varying between
75 and 500 mg. of arscnic per kg. according to the size.

Other inorganic compeunds of arsenic include arsenic chloride, (** butter of

_ arsenic "}, a colourless oily liquid used chicily in the manufacture of pharma-

ceulicals; arsenites, arsenates and sulphur compounds, The arsenite salls iq
which the acid corresponds to nrscnious and arsenic acids, whils of the alkali
salts, sodium meta-aiscnate, which is readily soluble in water, is the most
widely used. Of the arsenates, those of lead, calcium and magnesium are
mainly used as spray inscclicides, and in recent years magnesium arsenate
has been found of value in the munulacture of fluorescent famps.

The sulphur compounds, AsS, (orpiment) and realgar {As,0,) have
been largely supplanted ns plgments by kead chromes, and as a depilatory
realgathas beea generally yeplaced by sedium soiphide.

Arsenical pigments—copper orsenile (Schecle's Green) aq-.l copper uceto
arsenite (Schweinfurte Green) were formenly widely used ns pigments in wait-
paper, calice printing and as wood preservatives, bug their use for these pus-
poses is now much diminished, partly on account of the liberation of the toxic
gas dimciby! arsine by the action of moulds.

Orpanlc compounds of srsenfc,—The arsphenamines—Salvarsan an_d
Neosalvarsan—derived from diarsenobenzens, are best known for their
therapeutic effects ip protozoal discases, which were first demonsirated
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following the discovery that atoxyl (sodium arsenilate) had (his property,
but they have now been largely supplanied by antibiotics.

ESTIMATION OF ARSENIC

In cstimating trace amounts of arsenic in biotogicat or industrial material,
it must be rendered soluble, Therealter, there are several very well-known
chemical tests—Reinsch, Marsh and Guizeit—described in detail in standard
worlcs. on analytical clicmisiry, and more concisely by Duchanan (1961).
Estimation by radioactivation was first described by Smakes and Pate (£952)
and adapted by Lenihan and Smith (1958). The sample to be irradiated is
placed in an atomic pile, then converted into arsine, which is absorbed in a
solution of mercury chioride and examined by a Geiger counter, Estimation
by ncutron activation analysis is described by Krishnan, S. S. ef af. (1966).

INDUSTRIAL USES
Arscnic is used industrially for the folfowing purposcs.

(1) In the manufacture of insccicides, weed killers and fungicides
(usually in the form of polassium arsenite), and as a wood preservative.

{2) In glass manulacture as a bronzing or decolorizing addition, and in
the production of opal glass and cnamels, particularly in the majolica
fndustry in Italy (Dechigi, 1936).

(3) As an addition to alloys in amounts of 0-3-0-5 per cent to increase
hardening and l:eat resistance.

{4) Tn the manufacture of arsenical organic compounds for therapeutic
use.

MAXIMUM ALLOWABLE CONCENTRATION

) The MAC recommended by the American Conference of Governmental

Industriat Hygicnists in 1962 and not since revised is as follows:
Arsenic (dust) 0-5 me. pere.m.
Arsine 0-05 p.p.m, (0-2 mg. perc.m.).

METABOLISM

Although arsenic is not an essentinf clement of human metabolism, it is,
owing to its wide dislribution in nature, constanlly taken into the hnman
body in very small quantitics, and is thercfore regarded by most authoritics
as & normal constituent of the body,

Following the publication of a serics of papers by Gautier (1899), clalming
that amounts varying from 0-413 {0 076 my. per 100 g. were preseat in the
nornt manunary glands, thyroid gland, thymaus gland, hair, skin and bones,
and the denial of this claim by a Commiltee of the French Academy, wide
conlroversy was aroused, particularly Irom the medico-legil experts, but as
lhe result of n large series of examinations by Myers and Corawall (1925)
It appears to be generally agreed that such sma¥f amounts as those postulated
by Gautier can bo regarded as “ normat ",  According to Glaister (1934)
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42 . TOXICITY OF INDUSTRIAL METALS

* races of arsenic less than one part per 5 million paits of viscera shoukd bo
ignored ',

DISERIBUTION AND STORAGE OF AUSORUBED ARSENIC

Abowt four-fifihs of the amount of nrsenic nbx‘urb.cd is §turcd and wiahfl
dGtrbuied in the Gssucs, including tie Hver, nbdominal viscern, bone, skin,
and pacticularly the huie and nuds, whero il may be detected nany months

after it has disappeared fvom the urine and faeces, B
Delernunation of ihe sale of absorption of arscnic has bccq facilitaled by
the modern use of radioactive tracers. By expusing lhc'luur toa l}ux of
thermal neutrons, the arsenic Is rendered radioaclive, and its locajization, as
a fruction of length of the hair determined {Grilfon and Bnrlgaud. 1951},
Arsenic was found in the hair in considerable amount in chemical workers

manufacturing a solution of sodium arsonite (Hill and Faning, 1948)—108, -

8S and 64 p.p.m. in 3 categorics of apm rrsons as comparcd‘:nilh.l:l
p.p.m. in controls. Goldblait and Gold 1956) suggested that * a kind
of equilibrium is reached in the hair which Is independent of the amount of
arsenic passing through the body as indicated by the markedly diffcrent
inary excretion ', .
un]::l ?case of subacuie poisoning of several weeks® duration, Heyndrickx
(1955} found the greatest amount of arsenic in the proximal § cm. and from

_ onc-tenth to one-twenticth less in the more distal parts of the hair, a finding

which he considercd to suggest that the duration of the intake had been
Jonger than the case history indicated.

The blood of normal women, according to Guthmann and Grass (I?J]).
contains 20~100 pg. of arsenic per 100 g., and since they found a consider-
able increase during menstrualion and the early months of pregnancy, _tiu:r
concluded that arsenic scems 10 have a direct relationship Lo growing tlissuc
and cell prolifecation. In women with carcinoma therc was an_averags

ncrease of 43 per cent over thatd of the tnlermensiruat novimal value.  Jo rals,
“about 80 per cent of the arsenic Tn ihe Llood &s concenlzaled in the red
corpuscles, X

Cows' milk contalns amounts of arscnic varying between 32 nnd 60pg. per

L. (Hove ¢f af., 1938). \

EXCRETION

Arsenic Is excreted slowly, some appearing in the uring and, to a smaller
exient, in the facces within 24 hours, but a large proportion of the amount
absorbed is stored in the tissues and climinated at varying intervals of time.

The normal value of urinary arscaic for persons wilh no known exposure

has been variously calculated as 8014 mg. per L. {Webster, 1941); 0-017 mg.
of As,0, per 100 mi. (Watcous and McCaughey, 1945) ; and 0-13 mg.
per L. (Pinto and McGill, 1953). According to Grollman (3958) lllncrc is
praclicully ne difference in the urinary arsenic conteat of adults and clnh}ren.
_ The urinary arscnic of workers exposcd to arscnic may show waich higher
values than non-exposcd persons.  Pinlc and McGill found Tevels ol an

average ol 0-82 mg. per L. as compared with 0-13 _lor the controls, but
stated that evidence of systemic poisoning is rare cven with a level of 4-5 mg,
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per L., indicating that auch more arseuic can go theoogh the han budy
without ciusing illoess than has been previowsly realiced,  Orestane and
Abbute (1937) believe Hut the amount of arsenic eliminated in the ueine is
independent of the dose so long as Lhis is tolerated.

With regard o lead arsenate, it uppears from the investigations of Fairliall
et al. (1918, 1941, 1943) thal this compound is broken down in the body wilth
subscquent excretion of most of the arsenic by the kidoey, and accarding to
Gerin (1957} the arscnic disappears frony the urine more rapidly than the
lead. . F:airlwu's findings indicated furthermore that in the presence of lead,
arsenic is climinaled more intensively and that the arsenate radical cither
decreases the absorption or increases the excretion of lead while soluble
arsenales decrease the lead storage.

TOXICOLOGY

In acute poisoning arsenic is a geaeral protoplasmic poison acting upon
various ferment processes, especially the phosphatases {Oclkers, 1937,
lcading to diminished oxidation and tissue respiration. It has also
a p;!ralyin: action on smooth muscle and thus acts as a vascular poison,
lc:u_img 1o haemorrhage (MNonnenbruch e al, 1936). In the cell, the
toxic eflect i3 exerted on the chromosomes, particularly—according 1o
Bucher (1940)—as a blockage of the mitotic metaphase, a property which it
shares with colchicum. It is believed by some authoritics that the immediate
eliccts on the gastro-intestinal mucons membrane are due to increased per-
meability of the capillarics.

In i_udus_try,_acmipoisonin {rom solid arsenic_is rare ; subacute and
chronic potsoning usually ariscs from exposure to arscuic-conlaming dust and

fume. The most dangerous arsenical con ound, not used as such but
occurring as the result of accident, is arsue, or hy rogen arsenile, a powcerlul

hacmotylic agent,

ARSENICAL POISONING IN ANIMALS

Agule.—A wide varimion of toxicity has been reported in vacious animal
specics and even in steaing of the samc specics 3 both 1he particle size and
the amount of impurity have been found 16 inlluence the L.D. ,, duse.  From
!hc investigations of Yarrison er af, (1958) it appears that the sirzin variation
is less marked in the mouse thaa in other animals. They also found that
solutions of arsenic trioxide are many times more toxic than the dry powder,
and that the high purity compound was Icss irritant to the gastro-intestinal
tract than ll.w crude sample, possibly on account of the presence of impuritics
such. as antimony. Gastro-intestinal damage, as evideaced by scvere con-
vulsions and retching, and haemorrhage of the stomach and intestines was a
marked feature of the crude arsenic irioxide, while the puie preparation
caused much less discomfort and only slight reddening of the gastric smucosa,
'l:!w ultimats L.D. ;,, however, was less for the pure than the crude prepara-
tion {39-4 mg. of arsenic per kg. as compareid with 42-9). In the liver, latty
degeneration, ccli necrosis and reparative changes following acute injury by
arseaic have been observed (Rissing, 1941).
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46 TOXICITY OF INDUSTRIAL MITALS

Ansenic trichforide (AsC)) u Houid evaporating with emission of dense
white fumes, causes 1 severe cosjunctival reaclion with chemosis nd necrotic
corneal lesivns {Ulnde, 1946).

(e} Arsine. Tn a case reported by Dernehl, Stead and Nau (1944), intense

irntation of the eyes, wath palpebral ocdents, vceurred ia o metal welinery

whare fume was accidentally generated, Arsing was thought to be the most

active ageni it stibine and sulpliur hydrides were also present,

{3 Organic Arsenleals. The exireme foxicily (o the cyes of some trivalent
organic compounds is duc, according to Duke Blder (1954) to their rapid
tinkage with the sulphydryl groups In protcins and cnzymes cssential for
carbohydrate metabolism, a view slso held by Dixon and Needham (1946).
The most virulent is Lewisite {chiorovinyldichloroarsine), once intended but
noet used for chemical warfare,

Cliranic.—The chronic symptoms observed in workers exposed to arsenic
and itls compounds are rclaied chiefly to the skin, mucous membranes,
gastro-intestinal and nervous systems, aad in a few cascs disorders of ihe
circulalory system and the liver have been recorded. German observers
have described many of these manifesiations from the use of arsenic as an
insecticide, particufarly in wine dressers (Dorfe and Ziegler, 1930; Schorn-
dorl¥, 1938; von Pein, 1940; 'von Pein end Daurhenn, 1943} though it has
been suggested that the arsenic poisoning of wine dressers is not due so much
te inhialation or skin contact, but as the result of ingestion of contaminated
wine.

The question of a poteantial carcinogenic action of arsenic on organs other
than e skin has Geen much debaicd, The recorded cascs of carcinoma of

the lung, larynx, viscera, and nuliple tumours of the skin or viscera, or

both, assacialed with cironic absorplion of arscnic are strongly suggesiive

of such a relationship, bul some © adjuvant fucior ™ in the metabolism or

hormone balance of the suflerer or in the susceplibility of the allccied fissucs

appears 1o be also concerned.

SYMPTOMS OF CIIRONIC INDUSTRIAL POISONING

SKIN LESIONS

Lesions of the skin In association with industrial exposure (o urseaic were
deseribed as long ago as 1728 by Henckel (the so-called Hiitien-Kritze),
During the nincleenth century many cases of crythenuitous, pustular, or cven
ulcerative or gangrenous lesions were described, chicfly from the manufacture
or use of Schweinfurter Green but adso of other arsenical mnterinls,

Vipne (1930), describing the catancous lesions occurring during the manue
facture of insecticides, considered that the most hazardous compounds in this
sespect were arsenic trioxide and Paris Green;  sodiuny arsenite, however,
has also been found potent in producing skin lesions of very varied character.

- Leoncini (1933) described ulceration of lhe hands and feet, scrofum and

perincum from its use as o vermin killer, and 'l‘:unpuni. !1935) reported
erythema, papules and ulcerations from its use as an insecticide. .
‘Che inorganic arsenical compounds have been regarded by the majority of

- obscrvers as primary cufancous irritants, not sensitizers. Schwarlz ef al.
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U947} classificd arsenic disulphide, sodinm prscuate and wisenite and
pobissivm arsenMe us prinsuy iitants, but aba designated aisenical com-
poumls in general s the grincipal sensitizers met with in imdusiry ™,
Lolnwjuist (1951), while unable 1o express @ opinion on the seusitizing
capacity of gvery individuad inorganic wrsenical compowd, found it the
trivxide and pentoxide were definilely able to produce scusitivity; he coa-
sidered that this capacily was shared to a large extent by olibwr compounds
of acsenic, the sensilization being dependent 1o some degree on Ihe intensity
of the exposuse.

The question as to whether inorganic arsenical compounds can produce
sensilivity to organic compounds has been discussed by Junes (1940). On
the basis of two cascs—workers in an arsenic mine, who showed skin
reactions tl years later following an injection of neoarsphenamince—Jones
sugpesied that previous industrial poisoning may provide the mechanism for
faler sensitizalion 1o organic arscnicals.

Nature of the skin lesions,—Acite and subacute dermatitis is more common
than the chronic or subchronic types.  In the initial stages, which may arise
in less than a week or only after years of employment, erythema, associated
wilh burning and ilching, is sometimes most intense around the follicles,
giving the skin a spotted appearance; when occurring on the face, uccom-
panicd by sweiling, this may disappear without further development or may
be lollowed by papilar and vesicular ernptions.

Pustular folliculitis may be accompanied by marked scrous discharge,
especinily in aveas exposcd Lo rubbing or chafing, resulting in the formation
of crusts. In some cascs these lesions heat within a week leaving only slight
pigmentation and desquamation; in others the skin becomes lichenilied and
liable to form new foci of inflammaltion even after cessition of exposuie.

In the cases described in great detail by [lolmquist (1951} where the
exposure was rclated to the metallurgical working of copper ore in smelling
works in Sweden, the dermatitis was mainly localized o the aveas of greatest
cxposure—the face, neck, forcarms, wrists and hands. 1t alse occurred on
the scrotum and thighs, the upper parl of the chest and back and the lower
legs. Recurrences in employees removed to departments with o lesser risk
of cxposure to arsenic suggested that some of the lesions were due to sensi-
tization; this was supporicd by the esulls of patch tests, in which ccrema-
tous reiclions were produced by arsenical compounds, .

A less gowle but very promincnt feature of shin lesions due Lo arsenic is
hyperkeratosts, olica accompanicd by hyperhidrosis, especially of the palms
nnd solcs.  Under the name hyperkeratosis, Watrous and McCaughey (1945)
included cracking skin, thickness and dryness of skin, and warts. A ditfuse
branny desquamation of the skin of the trunk and cxtremities with dark,
deeply pignteated areas has alvo been described {Ueyman et of., 1956) and
has been likened 10 that of Addison's discase.

A cass of arsenical melanosiz in a glass worker who nlso suffered from
silicosis was described by Gitje (1951).  In some arcas the pigmentation
allernated with depigmentation (* rain-drop ™ pigmentation); in others,
especiatly the hands and feet, it showed a stripcd appearance. It was
nssumed that the inhaled silica-containing dust also contiained arsenic. The
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nature und causation of lhe mefanusis has been investigated by severd
observers diting from Wyss (1890) and Gaus {§9135) enwards.

Osborne (1925}, summarizing his own lindings and comparing them with
those of the carlier observers, with whom he agiced on the whole, concluded
that the pigment contained no arsenic but lipoids and melanin derived from
cell metabolism, not from the * products of brokendown bloed *, and that
it arose chicfly in the corium and o a lesser exlent in the cpidermis, by an
indircct action of arsenic on the mother substance of melanin.

Duchanan {1961) remarks that meldnosis is certainly an indication of
systemic absorption of arsenic, genceslly over a lengthy period, and not the
result of Jocal action.

Fhe nafls.—The prescnce of whits strlae in the lingernails, described by
Mees {1919) has come 10 be regarded ag alinost a diagnostic accompaniment
of arsenical polyncuritis. Mees observed this broad white band on sl the
fingernails of 3 cascs of attempled muyder or suicide by arsenic and stated
that its presence in association with polyneuritis was conflirmatory of the
diagnosis of arsenical poisoning; it was still distinct long nfier the dis-
sppearance of arsenic from the urine. In the cascs of Heyman ef al. (1956),
all of those who had had symptoms of arsenical intoxication for 6 weeks or
more, showed this phcnomenon; it was not present in 4 patients observed
for less than that time. These anthoritics believe that an approximatc
estimation of the exposure to arsenic could be made from the distance of the
lines from the base of the nail; but there was no evidence that the actual
growth of the nail was retarded by arsenical necuropathy. In 1 patient the
time of migration of the lincs to the free edge of the nail was § months (the
approximate time for the nail 1o grow from (he mairix to the free edge in
normal persons), Nevertheless, cxamination of 2 other patients with Mees'
lines showed no arsenic in the hair or urine, Indicating that thesc bands are
not pathognomonic of arsenical intoxication.

Cancer of the skin—The association_of arsenic with skin cancer was
reporied by Hutchinson {1887), in relation to the internal administration of
arsenic over Joug periods, and hus been conlinmed by many authoniics since
that time, especilly from Fowler's solution (Arhelper and Kremen, 1951)
and other arsenical sedicinal prepacations (Sommers and McManus, 1953),

Skin cancer from external confact wilh arsenic-contaming subslances _in
industry hias been relatively rarcly reported; Leiich and Kennaway (1922),
though ey lad succceded in_ producing a typical squamons-cell carcinon-a

In animals by the external application of potassium arseaite in alcohal, stiled

hat only two stances were on record up (0 ahitt tune which could reasonab.y

be attribtaed Lo cmployment with anenic 3 bolly were workmen dealing wih

¥ sheep dip.

=T the senies of cases of skin cancer recorded by Svmmers and McManus

' (1953}, most were ussotiated with e medicinal use ol arsenic; onlyr2 Were
occupational it origit,one of tiese had wsed Tead arsenate during his wo &
15 14 clectrophster and hud shown multiple feratoscy of the Tonwds Tor § years
belore biopsics of u tesion of the Thumb showed hyperkeratosis and epithichal

hyperplasia,__following ampulaiion ai mvasive epideomold earcinumiz wilg

—foundy to be present.
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Neubauer (8947} collected 143 published cases of arsenical_cpithiclioma
{ollowing “mcdication with_arsenic_{or diseases_of the slin {psoniais was
_predonunant) and other conditions. _the moit comman form was again
Fowler's_solution_{poiassiom_arsenite | per cent caleulited as As.0W).

Arsenic irioxide was also given as pills; Donovan's solution wis a com-

pination of the iodides ol arsenic and mercury.

_Nuture_of the _carclnomatons lesivns.—Among _the varying lypes of
grscticatToeer of Tlic skin, epithclioma developing on the site of keratosces
{the * Futchinson type*} is the commonest. The keratolic lesions may
have existed for many years before they begin to uaderpo malignant change

lo_cpithelioma, usually of the squamous Lype.  Such lesions have also been

recorded as developing in patches of psorasis, and cven in normal skin.

The association ol arsenic with mwltiple epithcliomatoses, somctimes of
basal-cell ype and of a low-grade mafignancy, and with a chronic *pre-

cancerous dermatitis ” (Bowen's disease), described by Uowen in 1912, 1s

still under discussion by dermaiologists.

MUCOUS MEMBIRANES

Dermatitis of the face and eyelids is sometimes accompinied by con-
junctivitis, with redness, swelling and pain. Two cases of severe kerato-
conjunclivitis were described by Paufique and Bonamour (1946) following
exposure to calciom arscnate as an insccticide. In onc case corncal
anacsthesia was accompanied by a corneal ulcer.  There may also be irrita-
tion of the nose and pharynx, causing acute or chronic rhinilis, and of 1he
bronchial passages.

Perforation of the nasal seplum was described by Davis (1917 and by
Dunlap (1921} in workers employcd in copper smelting.  The actwval perfora-
lion is in most cases preceded by slight epistaxis, some irritation of the nose,
and the formation of crusts owing fo the resuftant obstruction to nasal
bereathing, pharyagitis and possibly low-grade laryngitis, The perforation
develops fromt a white slightly clevated arca about § mm. in diameter
followed by necrosis on both sides of he septum, when the cartilage dis-
appears from dystrophy. It was suggested by Dunlap that the arsenic-
containing dust breathed into the nose and coming inlo contact wilh the
moist membrane forms arsenious acid, which causes necrosis of the seplal
mucosa, and by Pinto and McGill (195} who observed sinular cascs in their
workers exposed {o assenic trioxide, that the farge particles (ovee 5-5 )
which form n substantial part of the dust, readily impinge on the seplum,

GASTRO-INTESTINAL DISTURBANCE

Frue gastro-cnteritis is nat n common occurrence in industrial chronic
arsenical poisoning, Pinto and McGill {195) found only one case among
their workers with arsenic trioxide, but digestive disturbance, as shown by
nitnsea and vomiling, is occasionally reported. A cise deseribed by Mayers
{1954) in which severe gastro-inlestinal symploans were predoninant was
unusunl in that it apparently remained undiagnoscd for more than 20 yeurs
in spite of numerous admissions to liospital for disorders suggestive of

erbingl
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arsenicat poisoning. ‘The man's cxpusire Lo arsenic in the form ol Paviy
Green powder il been heivy and included the possibility of inhalation,
Ingestion, and skin absorption. ‘Fhe gustro-lntestinal disturbance began
scon after he slarted work, with acute colic and hacmatemesis.  1le was
found to have a penetrating gastric nlcer which healed but returned when he
sesumed work and disappeared onty when exposure ceased entirely. During
his 20 ycars of marc or less lntermittent exposurc he lad vepestied attacks of
exfolialive dermalitis] these ulso dissppeured when expusure ecused bud
Left permancat trophic skin changes with discoloration.  Other symploms
characteristic of arsenical poisoning were also prescat—conjunclivitis, upper
respiratory irritation and polyncuritis—and death was finally duc to cardio-
vascular degeneration, .

PERIPIICRAL NEURITIS

The sympioms of peripheral neuritis following exposure to arsenical com-
pounds in industry, though infrequent, are identical with those recorded as
due 10 ingestion (Kelynack ef al., 1900) and others. Unlike the peripherel
neuritis of kead poisoning, in which pain and disturbance of sensibility are

" - usually absent, arsenical polyncuritis is accompanicd by pain, with burning

and tenderness in the aflected limbs, and difficulty in walking. These
symptoins were present in the cases described by Heyman ef al. (1956), 7 of
which were said 1o be due to direct contact with arsenate sprays or duss.
Some of the cases had an initial stage In which the symptoms were those of
acule poisoning—nauses, vomiting and diarchoca—but in the 7 industrial
workers the onsct was gradual, with devclopinent of sensory disturbances in
the extremitics—numbness, tingling and ** pins and necdles “—fotlowed by
scvere sysumetrical weakness in the feet and Yegs.  As in the cascs described
by Hassin (1930), high levels of arsenic were found in the hair and also in
the urine—2-5 mg. per 100 g. In the hair, and 0-1-6 mg. in a 24-hour speci-
men of usine.  In Hassin’s cases, where the source of the arsenical poisoning
was nol delermined, the diagnosis was confirmed also by the presenco of
* Mces® lines ** on lhe nails,

" The difliculty in distinguishing between the polyncuritis of lead poisoning
and that of arscaic is emphasized by a case recorded by Barbier of a4l (1942).
The polyncuritic symptoms were at first diagnosed as duc to lead poisening,
‘siice e man had used lead arsenale as an insccticide spray. The out-
standing fealure of this cnse was motor weakness of the hands and difficuity
in walking; the diagnosis of arsenical polyneuritis rested chiclly on the
evidence of an inilial gastro-intestinal disturbance and the presence of Mces®
bands on the nails; there was no hyperkeratosis and no tingling or numb-
ness of the hands and fect.

THHE LIVER : ] .

Tnvolvement of the liver, with jaundice, sometimes ascites, was noted in
early obscrvations us a sequcla of rrsenical medication,  H wichinson {1BB7),
for example, described liver injury rescmbling cirvhosis following arsenical
treatment of chronic eczema.  Onc of the first recards of cirrhosis from the
industrial usc of arsenic was that of Porle and Zicgler (1930) in wine drussers,
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lh_uuuh. ns nlr_s:mly renmarked, as in that of many successive ehservations on
witte dressers in Gernuny, the ingestion of srsenic-contiminated wing is now
hcl;cv_cxl lo pln.y.n more important paet than the achual cxposure o the
fu's-.znwu.l mseciicides,  Tlarren and Velalein ($943) stated 1hat the increase
in liver injury among cploycey in tho wine industry since the intraduction
of arsenic spraying was to be Ligely nttributed 1o the eilect of arsenic, and
lhal»llus_m}ury was degenerative in charicier, reparabls in some cascs. but
leading finadly to cirrhosis, On the basis of the Takata-Ara rc'acliou.lhcy
I'_oum! l_h'.u 70 per cent of the workers examined showed a variable degree of
liver injucy tlfough only 36 per cent showed a definite cicrhosis.  Juv a Gital
case W.Ilh ascites » special fenture was Lhe presence of discrele parenchymal
necrosis with rf:paralive conneclive tissue formation. They conceded, how-
cver, that lhc_ influencs of ingested alcohol could not be enlircty cxc.ludcd.
This reservation applics also to the supplemental toxic action of nicotine
phosplgolrus_ and metabolic disturbance in similar observalions by Gcrmal;
authorities in the carly years of this cenlury.

DISORDERS OF THE IEART AND CIRCULATION

The subjective and clinical evidence for & primary cardiac Injury i i
wor!n_:rs is not very dchinile, but the clcctrogardiog—aph has rcjv::l;?l zl;)sﬁz:'(-:
nulnl{cs stmilar to those observed in animals fed on subtoxic amounts of
arsenic (Bulzcngv:-.igcr. 1940 and 1949; Hadjolof, 1940 and 1957).

Among 216 wine dressers using arscnical insecticides, Bulzengeiger found
55, who showed other sympioms of chronic arsenical poisoning, to have an
abnormal clectrocardiogram indicaling a toxic myocardial cﬂ'c'ct. Among
these were 36 whosc myocardial injury was severe, and some of them were
suffering also from peripheral disturbances indicative of endo-angiitis—pan-
grene of the exgrcmilics. atrophic acrodermatitis and other less scvere
symptoms of_ peripheral damage.  Butzengeiger deseribed ithe endo-angiitis
as indistinguishable from severe arteriosclerasis or endo-angiitis obliterans,

TITE CARCINOGENIC ACTION OF ARSENIC

_Examplqs of cancer of (he skin in patignis receiving arsenical medication and
i arsenic workers having external contact with srsenical compounds have
alr.cady be_cn described, and there seems little doubl that carcinomas of the
skin do arise especially on the sites of arsenical Keralosis,  The evidence for

arsenical cancer of other orpans Is not so wiversally accepicd, cspecially with
regard to occupational exposure,

.'I‘hc view lorimerly held that the high incidence of lung cancer among the
miners of Schm.:cbcrg and Joachimsial were due to arsenic has been more or
less discarded in favour of radiciuctivity as the carcinogenic agent, parily
because of the abscnce of characteristic arsenical skin changes.  1lucper
(1942) stated that * the possibility of n causal relbation between the inlintadion

of arsenic dust und the developiment of pulioaary alignancy may be cone
ceded but the probability of its velalionship is smalk ™,

In a chinical and experimental study by Perry of of. (1948) among workers
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in a factory manulfacturing a solution of sodium arsenate, despite the previous
finding by 111l and Faning (1918) in the same [actocy that en a stalistical
basis there was a greater tendency for arscnic workers to dic ol cancer than

Tor_other_groups, radiographic examination did not_reyeal 31

| beonchogeuic carcioma.  More recent investigalions by Roth {1956, 1957)
and Braun (1938) do, however, show a definitcly higher incidence among wine

dressers in Germany. Roth found 10 cases of bronchial carcinoma among
10 workers wilh arscnical skin lesions,  Braun, compaing the incidence of
Pronchial cancer in 1hose suflering from arsenical dennatoses during the
years 1951-1957 wilh that beiween 1839 and 1952 found a greatly incrensed
incidence in the later years. Out of 16 of an average age of 52 years, all

showing keratosis and some also melanosts, pre-malipnant or mahignant skin

changes, 9 had inoperable bronchial carcinoma,

Tumours ol other organs, mast lrequently in association with arsenical
cancers of tlic skin, have also beenr degcribed, nelably by Sonuners and

McManus (1953) in their review ol 1§ cases of viscerad cancer reporied in

yarious countrics up to (hat year, Among these, of which only § were

industrial workers, there were 7 cases of pulmonary tumour, 3 of the mouth
and tongue, 3 of the urcler and bladder, 2 of the breast, 2 of the ocsophagus,
1 of the stomach and 1 of the cervix uteri. Oaly 6 of these had associated
cancer of the skin, In their own serics of 27 cascs, of which only 2 were
occupational, many had not only multiple skin cancers, bul also, among 3
who were submiticd to autopsy, 4 had separate internal cancers of the
bladder, prbstale, cesophagus, colon, kidney and chest wall; in 3 cascs the
growths were multipie.

Roth {1956} also noled 5 cases of malignant Jiver tumour and one of
oesophaceal cancer associated with Tiver currhosis, and in Draun’s serics
there was 1 casc of carcinoma of tlie bile ducts also associaled with cirrhosis
of the tiver, and 1 ol a suspected sarcoma of the cervical lymph glands.

Rossct (1958) has recorded a case of mulliple infernal carcinomas in 4 man
who more than 20 years previously had used lead arsenate to spray potalocs,
and had at that time developed keralotic lesions on the palms of his hands.
The tatent period of development of malignant tmours of possibie arscaical

origin_is_long—13-~50 years according 1o Sommers and hchlunus {1951),
13-22 years in (he expericnce of Roth (1956) aud Braun {1958).

The most dispuicd pomit ia the probiem of 1he polential carcinogenicity
of arsenic appears o be whether il is 4 direct agent, or whether it is dependent
on other factors such as tissue susceplibility, skin sensilivity, photosensitivity,
or other external or internal mctabolic cffccis.  On this point it docs nol
scem possible at present o argive at a direct conclusion,  Even Goldbiatl
and Goldblatt (1956) in their admirable review of industrial carcinogenesis,
and willy their extremcly wide expericace of the subjeet, can only siy that
* the arsenical compound which produces no tumous in a workman is not
a cactcinogen for him until he, in a given tissue, brings about a meeling
between a cell in the appropriaie stale and the campound in n sullicient
conceatration , . . and . . . from the very few cases of occupalional arsenical
cancer hitherto reported it may be considered that a combination of appro-

priate slaic and sulficient concentsation is rarc ™, '
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ARSINE
fkrsine_ (arscniurclfcd hydrogen; hydrogen arsenide; Asll} is pot an
industrial product in the c;onomic sense, but an accidental cvolution when-
ever nascent hydrogen is liberaled in the proximity of trivalent arsenic,

PROPERTIES

Arsine is a colourless inflammable gas with a slight parlic-like odour,
depositing arscnic on exposure to light and moisture {threshold limit value .
for an 8-hour working day, 0-05 p.p.m.}. Concentrations of 3-10 p.p.m. will
produce slight symptoms afler scveral hours’ cxposure and 16-30 p.p.m,
are dangerous according to Doig (1958). )

OCCURRENCE
Since arsenic is present as a contaminant of many ores—zine, lead, copper,
antimony, gold, silver and tin—lhe formation of arsine occurs most fre-
quently in the metatiurgic indusiry, particularly from the aclion of acid on

arsenic-bearing metal. It may also occur where the hydrogea ion is formed

by hydrolysis, as ir the rcaction of molsture with calcium arsenide present

as an impurity in ferrosilicon (Hake, 1910); in the process of wetting of
alumiinium and phosphate dross {Nau, 1948; Spolyar and Harger, 1950)
in lead refining (Wills, 1948; Banik, 1956); and in the purification of tin
(Macaulay and Stanley, 1956). In this Jast process reports from those of
Legge (1924} onwards had previously recorded 30 cases of arsine poisoning
with 12 dcaths. Its occurrence has also been described during cyanide
extraction of gold (Bulmer ef al, 1940); in the process of leaching of zinc
{McKinslry and Hickes, 1957); very frequently in the cicaning out of
{urnaces and tanks (Wills, 1948; Hamiilon and IMardy, 1949; Troisi,
1958); and even from mishandling of arsenical insecticides {Mohacek and
Stajduhar, 1951).

TOXICOLOGY

The Mial effects of arsine were first reported in 1815, when Gehlen, a chemist,
dicd from inhaling it in his luboratory. 1t is a powerful hacmolytic poison
with buth acute and also chrosic exposuce, i the acute form the mos tality
rate is high., Muchiberger ef al. (1928) stated that 20 percent of 215 cases of
poisoning occurring sinco {815 Liad been futal; Spolyar and Vasger (1950)
_estimaded a morinlity of 12 among 30 cases recorded belween 1923 and 1944,
while during the yecars 1945-1946, 13 cascs, 4 of them latal—a mortality
of 3 per cent—wers recorded in the Annual Reports of the Chicl Jnspecior
of Factorics.

ACUTE POISONING

The oulstanding inilial features of acule arsine poisoning arc malaise,
abdominat cramps, nausea and vomiting, and a red staining of the conjunc~
tiva ; Ihls pigmentation, according to Macaulay nnd Stankey (1950), is not




