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Conciusion
’I'Hm EXISTS a continuing need to have 2
-oordinated, objective appraisal of radia-
tion hazards to develop a definition satis-
factery to health officers in government and
industry and to legal authorities. Having de-
fined a “hazard,” appropriate controls can be
more clearly spelled out on the degree of
competency of the supervising personnel

In the Field of Toxicology

HERBERT E STOKINGER, Ph.D.
Occupational Health Program
US. Public Health Service
Washington, D.C.

IN THE BRIEF space allotted to review recent
developments in the field of industrial
toxicology, those subjects have been selected
that appear to be of interest, either because
of the unique character of their response or
their indications of importance to industrial
health. In the vast field from which to
choose it is obvious that other selections
might have been made equally as well.

New Hazardous Compounds =
CBYIAMDE, CH.=CH-CONH,, a chemical
intermediate of great potential useful-
ness for the formration of polymers and
copolymers, piasticizers, dispersants and
other purposes, has the unusual property of

being imsidiousiy neurotoxic at relatively

low levels of intake while at the same time
showing unremarkable toxicity from acute
doses (oral LD30, 170 mg/kg).! Acryiamide
is taxicologically remarkable in other ways.

1. It shows practically no species Tzriz
tion; effective doses for the cat, dcg, zad
rat were essentially the same.

2. Its physiologic effects are produced
equally «eadily by any route, oral, skin or
eye.

3. A definite quantity of acrylamide will
produce the characteristic central npervous
system syndrome of disturbed gzit, postural
tremors, visual and auditory hallucinations
and muscular atrophy, irrespectve of the
dosage schedule used.

4. There is an anamnestic response, in
that following cure, lesser amounts of
acrylamide recall the syndrome. Forturately
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the effects are reversibie, aithough in severs
cases recovery may require years (in man).
No threshold limit defining the level for safe
exposure has yet been set.

Acrylamide represents an interesting
demonstration of our current inability to
predict the grave physiologic consequences
from chemical structure; the closely related
amide, propionamide (CH;CE.CONH.,), is
used as an .animal feed supplement. Here,
again, is another strildng case of the addi-
tion of a second double bond in the molecule
to form a conjugated system with confer-
ence of remarkable toxicity. Another weil--
known example is the 44-{old greater toxici-
ty of crotonaidehyde compared with its
saturated anaiogue butyraldenyde (Skog,
Acta Pharm. Tox 6, 299, 1850). Less well
known, but equally striking is the highly
lacrimatory power of conjugated unsatur-
ated nitrocompounds such as 1 nitroiso-
butylene compared with the unsaturated but
not conjugated isomer, l-nitroisobutyl-Z-ene
which has no marked lacrimatory powers.
The potent irritating capacity of the di-
isocyanates discussed beiow are other ex- .
amples of the effects of conjugated unsatur-
ated compounds. Examples could be multi-

- plied almost endlessly.

As a new group of monomeric substances
used in foam rubber, lacquers and for other
purposes, the aromatic diisocyanates, es-
pecially 2, 4-diisocyanotoiuene (TDI), 1,
S5-diisocyanonapnthalene, 2and 1, 4-di-
isocyanobenzene present interesting toxico-
logic properties. Although extremely ibert
in polymeric forms, and possessing a very
low oral toxicity 1-8 g kg,” these aromatic
isocyanates, particularly the naphthalene
derivative, are exceedingiy irritadng to
tho uppes tospirmatory tract producing hise
tologic czanges in animals at 0.09 ppm and
death at 1| ppm upon repeated inhaiation ex-
posures. Man also responds at exceedingiy
low concentrations with evidences of allergic
sensitivity such as asthma a: air levels well

iow 1 ppm. Peculiarly sensitive individu-
ais may show responses below 0.1 ppm,
which is below the odor threshold of toluene
diisocyanate for many individuals.

A level of 0.5 ppm of TDI produces throat
irritation. The tentative thresnoid Lrmit has
been set for TDI at 0.1 ppm. In our present
state of knowledge it is believed that the
upper respiratory tract is first involved
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the isocyanates, puimonary edema ocsurming
only at far sigher TDI concentrations. All
evidence to dats indicates no other type of
systemic involvement from the isoc}'ana’ges
if the respiratory tract itself is free of in-
voivement. Maisture greatly reduces the
toxicity of 1. 4=diisocyanobenzene presum-
ably by hydrolysis and destruction of the
unsaturated conjugated system.

Three boron hydrides, diborane, peata-
borane and decaborane have received con-
siderable toxicologic and phbarmacologic
study.>8 Used as high-energy fuels these
borapes are highly hazardous by all practi-
cal routes of entry into the body.

Diborane (B.H.), a gas at room tempera-
ture (b.p. —~92.5C) differs from the others
ip toxicoiogic action in possessing no neuro=
toxic properties presumably because of its
ease of hydroiysis; it is however, acutely,
subacuteiy and chronically injurious to the
lunge, producing congestion, edema. and
hemorrhage in higher doses and in the kid-
neys it leads to the production of tubular
casts. The threshold limit of expasure- has
been tentatively set at 0.1 ppm; this is con-
siderably below its odor threshoid of from
2+ ppm.

Pentaborane (E.H,) is the most nazard—
oug of the three boranes. This liquid, (b.p
58C) whose vapor in a two-hour exposure at
14 ppm resuits in immediate death of mice,.
at lower concentrations, produces symptoms
of weakness and tremors indicative of
central nervous system invoivement but
without the lung invoiverzent seen with di-
borane, Cumulative eiffects are seen with
low repeated doses. Skin absorption is a
pousible contribution to the over-all toxicity.
On the basis of hazard from the vapor and
its severely toxic effects, a tentative thresh-

.old Jimir has heen set for this compound of
.00 _mam. Np medical preventive or thera-

peutic efective agent for this compound has
yet been developed; complete protection is
aforded by ainine gas-masks or a2 mask
cartridge iayered with soda lime, silica gel
and activated carbon.’

Decaboruse {ByoH,,) presents a toxicity
picturs =iziiar to, bat siightly less than that
of pentaborane but as it is a2 solid, it pre-
sents less of 2 hazard than pentaborane; ac-
cordingly its temtative threshold limit has
been set at 0.05 ppm. The cardiovascular

It is recognized that the boranes are but
additional exampies of noometal hydrides
such as phosphine, arsine, stbine, hydrogen
suifide, etc., which are characterized by
their exquisite toxicity.

Although ozone is by no means & new
compound, two factors have been shown to
have remarkable effects on modifving its
taxicity, exercise and pre-exposure. Exercise
during exposure to ozone has been shown by
the- research work at Occupational Health
Field Headquarters, U.S.P.H.S. to enbance
markedly the toxic effects of ozone; simul-
taneous, intermittent exercise during 2 6-
hour exposure to otherwise noa-injurious
concentrations of ozone (around 1 ppm by
vol.) proved lethal to rats and mice. On the
otber hand, pre-exposure to the same non-
injurious levels of ozone, without exercise,
resulted in a rapid development of tolerance
to multilethal doses of ozone that persisted
for at least four weeks. The tolerance which
developed within 24 hours, protected the

lungs from the pulmonary edema and -

hemorrhage common to letha] exposures but
did not abolish the characteristic spasmodie
breathing or the narcosis.

New Indusirial Cancarigens.

ERE is a tendency to belittle the carcino-
genic potentiality of many substances on
the basis that carcinogenicity in animals is
no proof for carcinogenicity in man. It
wouid seem a more reasonable view to re-
gard all such compounds at [east potentially
carcinogenic in man.

Sufficient wurk on beryilium now seems
to have _been done in one laboratery (Sara-
nac), at lesst, by Vorwald, Schepers and
Scheel’ to establish beryllium as a carcine-
gen in the rat. Inhalation of beryllium sui-
fate for several months (six) produceu
eveatually what was interpreted as an
adenocarcinoma of the lung. The cancer has
been successfully transplanted subcutane-
ously in rats, whence it metastasized to the
lung and the lymph nodes of the mediasti-
num. Inhalation of beryllium phosphor
(13% Be) produced in three to six mooths
lesions in the lungs which appeared to be
squamous cell carcinoma The beryllium
cancer has not been produced by other
workers although it is not rat-strain de-
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pendent in the hands of the Saranac workers.

Alkaline phosphatase inhibition appears to.

be the first step in the physiologic process
leading to tissue changes. It is believed that
the Be(OCH)*, a2 form through which all
beryllium compounds pass in the fluids of
the body, initiates the reaction. The lack of
success of other workers elsewhere to- re-
produce beryilium cancer is still disturbing,
however.

Doll’®* has found that the ipcidence of
lung cancer among 105 English asbestos
workers employed more than 20 years was
tenfold that in the pormal population.
Cartier!! gtudying over a nine-year period
4000 asbestos miners in Canada, involving

_ 128 cases of asbestosis, 40 of them with
autopsies, found six of these have bron-
chogenic carcinoma. Sevea cases of lung
cancer were found among asbestos miners
with no asbestosis. .

With suech rsiatively small numbers of

cases one must be extremely cautious in
drawing the conciusion of a causal relation-
ship between exposure d the disease,
Snegire® and Lombard'® several years ago
pointed out in a study of lunyg cancer in ar-
senic plants invoiving similarly small num-
bers of cases that cancer deaths in any
decade could have by chance been either far
less than in the population as 2 whole or
several times more than found in the plant
The question to resoive then in the asbestos
exposures, is whether a 10-foid grester in-
cidence of lung cancer is large encugh to be
significant when dealing with small samples
of this sort. Before a final decision is
-reached it would seem well to wait unHl a
maore impressive number of cases has been
documented. Morecver it seems to this

. author that the question of the nature of
the ashestos in different localities and the
associated minerals such as chromium and

" fickel, bath recognized cancerigens, seem
to have been too little considered. Asbestss
is a fbrous farm of several diferent species
of minerals, a point comruonly disregarded.

Hydrocarben Products of Combustian
(CABCINOGENIC hydrocarbons have now been
shown to be present among the exhaust
products of diesel and gasoline engines !3
and in the air of Englishi¢ and American
cities.!® These products have been shown
furthermore to produce sidn turors in mice
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Although these Sndings were made in
nection with community air poilu
studies, diesel and gasoline engines are u
in many industrial operations. Eficient ¢
innocuous operation of a diesel engine r
an atmospheric poliution view has e
" pointed out as possible, moreover, with
costly engine redesigm.!3 The fact that !
rean lung c¢ancer has not yet been proven
arise from the inhalation of these hydroc:
bon products should not act as a deterre
to an active program to reduce the air c
tamination of working aress from !
source. Recent figures on lung and bronex
cancer from smokers and nomsmokers
urban {Liverpeool) and rural aressit sk
defnitely an urban “factor.” The benzg
rene content of the air of urban arezs =
eight to 11 times greater than in the ru:
areas, a ratio swwhich corresponds with <
estimated rmortality ratic ameng =c
smokers in these areas, Although the ccus
relation seems tenable, it should not
considered proven, as a considerabie par
the evidence rests on the statemests of
widows of the deceased as to their smokir
habits.
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Bladder and Skin Cancar

T HAS NOW been repeatedly found that

amino diphenyl produces carcinorma ¢
the urinary bladder of dogs fed ihis sui
stance,i71? the last of these confirming
ports being that of Deichmann in 1858. Tk
cancer was predominantly squamous
type and was produced from total dcse
ranging f{rom 30g (English workers) ¢
113g, 3 to 10 g-'kg (American workers). T2
British investigators consider 4-amiz
dipheay] as a more efective bladder car
cinogen thap either benzidine or 2.ace:y
aminofiuorene, and at least as potent a
beta naphthylamine,

A resurvey of the British chemical dye iz
dustry?® produced statistical evidence tha:
bladder tumors are associated with the
manufacture of the dyes auramine or ma-
genta, (aminodipbenyl and aminotriphenyi-
methane dyes (but do not necessarily arise
from contact with the fnished dyes them-
selves. Aniline, however, has been dedniteiy
exciuded as a causative agent in biadder
tumors. at lezst in the British chemisal in-
dustTy over tae years 1910-18952.

Straight-run distiflates®? and higher boii-




Industmal Jygiens Quarterly

ing point fractions of catalytically cracked
petrofeum= may contain numerous carcino-
genic hydrocarbons. A relationship between
exposure to these substances and high in-
cidence of oceupational skin diseases other
than cancer has been regorted® and tests in
apimals with cutting oils have implicated
them as possible carcinogenie agents. More
recently cutting oils with a sulfonated min-
eral-oil base bave been connected definitely
with squamous cell carcinoma of the skin
among Canadian metal cutters.?t Six cases
of skin cancer and one case of papilloma
have been reported among workers with an
average exposure period of about 20 years.
Although most of the lesions appeared on
the forearms, one case involved the scrotum
of a worker on whom oil spiashed continunale
ly in the region of his lower abdomen, giv~
ing a clear definition to the relation between
exposure and response from this type of oil
On the other hand, no skin cancer or pre-
cancerous manifestations have appeared to
date among a group of 180 shale-oil workers
in this country studied over a period of the
past six years.™® The group will remain
under continued observation, hows;:er.

Tozic Thermal Decampesition Products
'I'"HZ TOXICITY of the degradation products
of a large npumber and variety of plas-
tics, synthetic hydraulic and lubricating
fiuids and fire extinguishants has been de-
termined chiely by Treog and associates.®®
The importance of the studies is the finding
that the over-all toxicity of the thermally
degraded products from each substance was
greater by a large factor than the sub-
stances from whichi they originated. The
substances studied thus far include Teflon,
Kel-F, Fluorolube FS, (all Buorc or fluoro~
chicrp-organic polymers), silicones, Gafite,
(a chiorinated methacrylate), a parzdnic
h¢drocarpon lubricating oil, Skydrel, Py-
draul F-9, Arochlor 1242, tricresyl phos-
phate, adipate and sebacate esters and
Freon F13Bl. In 2 few instances the toxic
factors bave been partly identified. As
might be expected, the amount nature and
toxieity of the products was dependent upon
the temperature of decomposition; in gen-
eral, greater toxicity was experisnced with
ineressing decomposition temperatures un-

. tl 2 maximum was reached at a temperature

characteristic of the substance. Tempera-

B
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tures above 3500°F generally produced the
more important amounts of taxic products
from most poiymers. The hazards of the de-
composition products of the synthetic lubri-
cants and bydraulic fluids are no grester
then those from the common lubricating
oils; 2 man would pot stay voluntarily in the
presence "of significant concentrations of
these products. Another interesting finding
was a marked decrease in toxicity of the
thermal decomposition products of Freen
F13Bl in the presence of moisture. The
mechanism by which this is brought about
is being studied.

Trichloroethylene Exposurs Problem
Txm is probably no industrial soivent on
wihich there is currently more discussion
on the proper level for worker exposure than
trichloroethylene. Some indication of the
lack of agreement may be seen in the widely
different threshold limit values in use in
America, (200 ppm); Eczgland, ICI (400
ppm) ; Russia (9 ppm); Italy, Parmegiani
(100 ppm). Abhirark and Friberg in
Sweden, on the basis of trichioroacetic acid
excretion values would prefer an average
daily expecsure to trichiorvethylene of no
more than 30 ppm.*¥ Several possible rea-
sons for these widely dissimilar values come
to mind.

1. Trichloroethyiene may contair appreci-
able and difering quantities of higaly toxic
impurities, ’

2. Differing methods used for sampling
and analysis for trichlorcethylene.

3. Differing means of appraising efects
of exposure to trichlorcethyiene.

4. National idicsyncracies of dietary
habits, metaboiism, differing genetic origin
and worker age groups.

The probiem kas importance that irans.
cends that of the proper level for trickioro-
ethyiene; it invoives also the more genera]
question whether safe leveis set for one
country are appropriate for another in all
instances. To date it is not possible to de-
cide this definitely because, with the excep-
tion of Russia, most thresboid limit values
in use in foreign countries have been tzaken
{rom values used in the United States. Oniy
recently bas 3 beginning been made in de-
veloping vaiues in other countries. Because
of the geperal importzncs of the guestion,
efforts were made to elicit passibie causes of
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the diference from a number of foreign in-
vestigators familiar with trichlorvethylene
exposures.

The consensus of the foreign investiga-
tors, Ahimark (Sweden), Trubaut (France),
Grandjean  (Switzerland) and Soucek

(Czechosjovakia) in answer to the above

four questions, was that neither impurities
in the trichlorcethylene nor faults in sam-

pling and analysis of the air are believed to

aceount for the differences. They believe
rather that their more thorough medieal
evaluation, especially neurologic examina-
tion, tend to account for their appraisal of
trichioroethylene as 2 more severe hazard
to health than considered elsewhere. An-

swers to the more difficuit fourth question

of the role of national idiosyncracies were
either not forthcoming or were admitted
not to have been studied. The question may
bave an important bearing on the problem,
however. Evidences of geography or na-
tional differences affecting metabolism of
an industrial agent have been obtained from
~ a comparison of vanadium ore workers in
Peru and in America 3

Measurable changes in ﬁngemaxl cystine
occurred in Peruvian workers at.urinary
levels above 10ng/l whereas levels greater
than 30ug/! were required before changes
of similar magnitude were found. among
U. S. vanadium workers. In defense of
the U. S. position of 200 ppm thresh-
old limit for trichlorvethylene may be-
cited the unbelievably low air values ob-
tained by the European workers in the area
of trichloroethylene degreasers (Grand-
jean),™ the use of trichioroacetic acid as 2
means of evaluating safe exposure levels
tAnimark)=* and the lack of objectve evi-
dence in the U. S. of injury among tri-
¢hlorcethyliene workers chronically exposed
over a‘'period of many years. Further ex-
plorarion, both medical and toxicologic is
needed to clarify this important question.
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