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Occupational Chemicals Tested for Teratogenicity

K. Hemonnhy

Testitas, or Gooap senal 10, 0 1y e

Summary. brerature was sunvovad concsrmne the teratiaigical testing of
chemicals. to which Lirge numbers of workers are occupationally exposcd.
They nictude metals, plastics monamers and additines, sohents, and other
orgime dienneals, The eleci e doses used i the studies were compaied (o
the potental esposures in the occupatonal environment as regadate! by
hygiemie standards, In hght of the animal expermmenia, the 11V for some
argame chenncals, particubar s Tor acn lomitnbe, methaersbate esters, sivrene.
carbou disalfide. chlorotorm, merhnbone ehlonde. toluene and sy lene. appear-
ed 100 hugh to provide absoluie sarety tor pregnant worhers  Fhe medunimsans
of teratagenests and the vabdiny o the wnmgl evpernments were albso con-
sidered

Key sords: Teratogenic testing - Oucupationad chenucals - Extrapolanon o
humans - TEVS - Pregnant workers

Epidemiological studies from several cotntries have indicited dilerences w the
incidence of congentd madlormuanons by parental social cass (Leck 1977) and
by parental occupation {Fednck 1976: Brerhedal and Lund 1978 Occupational
Mortality 1978: Enchson et ab. 1979, Hemuinke et al. 1980). Such ditlerences
may be acvounted For by a number of social and oceupanonal factors. However,
w a mudtivaniate analyss on the Hwooation ol the materngl occupation with
malformations in the oltspring. carned out w Finland. o number of social Dictors
were controlled, and a significant sssocutton still renianed between the maternal
occupation 1 ndustry and maltarmanons an the oflspring (Hemminky et al,
1981). Specilic occupational agents hive abvo been imphcated s teratogens m
epidemiological studies (Hemminkr ¢t al. 1979). In view of such resuits and the
variecty ol harmtul chemicals used in the workmg environment, the possible
relationship ol the occupationil eaposures 10 tertogemcity in the offspring
deserves further eaploration.

Epidemiologival methads have certain limitihons which call tor the use of
experimental methods 10 provide additional cvaluation on the teratogenic
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propernes ol chemicals, The hnutatons of the eprdennolomcal methods i the
nestigation ol occupational nshs nclude dithzulties i the wenabication of
sufficiently exposed popuhitans, rehabiliny of the exposure data, meompleleness
ol registration, bus by the confounding factors, and the pe thoe nature ot the
miornution obtained. ’

Severa) hundred chenncals have been tested tor teratogemicty i experimental
amimals (Shephard 19760, In tus paper, T will review the teratotemoty tess
carried out with compounds 0 which large numbers of workers are exposed
occupationally. Previoushy, occupauonal chenieals have heen sunvesed only
shortly (Wikson 1977h. Zeuthen Hedam 1978). However. ot on medicines and
pesticides will not be assessed as comprehensive reviews on these topies are
available (Wilson 1977, by The deses used n the il tests are compared to
the possible human exposures as revulated by by grene standards, Additonally,
mechanisi of termageniciny . dosesresponse relationships, and the geovral valid-
ity of the animal tests in relation to humans are shortly considured,

Dose-Response Relationships

The weratogenic respanses are thought ta foltaw a dose-response relationship i
ustrated in Fig. | (Wilson 1973 The actual shape of the dose-response cunve
depends on whether the mallormutions are scored per live fetuses or per
implantations, as the increasing concentrations of Jorcign conipounds always
confer embryotosicny and fetal deathy, In most teratogenie systems it is thoagnt
that a threshald dose giving o serosrespanse can be determined. This s ie
contrast to mutagenic responses i peneral. where amy dose may conler 2
probabiluy of mutation (Auerbach 1976). Tt is conceivuble that mutagenie
propertics of chemicals on the germ eells may cause malformations (Harbison
1978: Hemminki et al. 1979}, In such cases, the dose-response relationships may
resemble those of mutagenic responses in general.

Validity of Animal Tests

The application of animal tests in the 1esting ol teratogeme compounds implies
that a qualitative correlation exists between the teratogenic propertics of
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Occupational Teratowens

Table L. Amimal tests with compopnds thousht 1o be feratopen,
o man

Compound Man® \nlm Woress”

Specics Quwcome

Chick, mouse =
Chich, rat +
Androgens Several -

Alcohol(ism)
Aminoptenin

Cytostatic drugs

w Busulfan . KRt

« Chlerambul Rat

Rat. mouse

Dicthy Isribestral R
Duphieny v duntoan
Halothane Rat

Mo, muonbes
Mercury Rut. mouse
Polychlorinated bipheny ks Hog. rt
Thalidomde - Several

Warfann + Maouse, rabba -

* Human evidence as discissed by Wilson (1977a.b), + + =
established. + = suspecied

* Data as collecied trons the catalogne of Shephard (1976)

* Reduced litter size (Wilon 1977h)

chemicals in experimental animals and i man. This appears 1o be lirgely true as
reviewed by several authors (Wilson 1973: Fraser 1977). One and perhaps the
only way to validate the qualitative correlations-between man and animals s to
investigate the outcome of the animal testing results with compounds found 1o be
teratogenic in man. Such a comparison is presented in Table 1. The human data
were based on the evaluations of Wilson (1977a.b). The animal testing dita were
collected from Shephard (1976). OF 13 chemicals considered to be teratogenic to
man, all but one (warfarin) have been found to be positive in one or more
experimental animals, Two negative eaperiments have been carried out with
warfarin, applving doscs up to 100 times the effective human dose. The data
suggest a reasonably good qualitative correlation between experimental results
and data in humans.

The qualitative correlation between experimental and human data are not
particularly helpful for practical risk evaluations. as very high doses of almost

. any compound are likely to be elfective (Fig. 1). Thus, it would be desirable 1o

establish quantitative correlations between the experimental and human data.
Unfortunately, no dose-response data are available from human studies. making
the quantitative analysis rather arbitrary. It is particularly difficult cven 10

_esumalc the true human risk of malformations in a given exposure. because some

data ‘on the reported teratogenicity of medicines are derived from case reporis.
frequently failing to state the denominator (i.c.. how many pregnancics were
obsen'cd) Allowing for such crrors. the literature on the teratogenic propertics of
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(Pelhonen 1979). 4. C = cxytachrome P-a50-lmhed ensvmes o amimals and man, 8. D = v to- :
chrome -34%-Dimked enzvmes i amimabs and man, respectinedy, Note the carby actvany of , ;
- evtochrome P-450-linhed enzymes 0 muan 3
&
3 = chenucals i humans and i evpertmental animads was aneissed in quanttatine
i E terms (Table 2). The reported dails dose (mg/hg body wi) i bumans was
o d ,_"-“:; 2 compared 10 the doses applied 1w ammal studies, The observed risk 1 the treated :
- e & humans wus indicated, s available in the onigmal reports, It may be assumed thin 4
.: _i- _".-'. ?_, the animal experiments reporied relate to nshs in the linear portion of the dose- . :
Z response curve (Fig. 1), The most eatensive data were available for thalidomide. i
) 2 The human cmbryo appearcd 1o by as sensitive s the most sensttive animal ey
H £ species, chick, rabbit. cat, and monkey, but the human wus about 50 times more fo
o 2 sensitive than the common laboratory animabs. rat and mouse. [n cach case (75}
= = certain inbread strains were used and 1t s possible that the strains as well as
v z'; species differ in their sensitivity. Relatively complete data were also available for s :
o P aminopterin, diphenylhydantoin. and halothane, il halothane is assumed to be o+
Tz s . the elfective teratogen in operation rooms, Man appeared 10 be more sensitive to ~d :
! £ % aminoplerin and halothane than rat, while the sensitivity of man 1o diphenyl- g;
' = hydantoin appeared to be roughly equal to mouse and monhey. The data on the
2 other drugs and chemicals did not allow exact evaluation on the species differ-
: 5 ences. The enly observation 10 be made suggested the humans described in the
. = case reports were generally exposed to lower or much lower concentrations.than >
‘3 o E those used in the animal experiments. As a conclusion. the limited data suggest : K
i 2 , = that maun appears 10 be at least as sensitive. if nof more sensitive, to the terato- x :
§ b S genic eftects of chemicals as compared 1o the experimental animals, i
! 3 2 The biological basis for the dilferential species sensitivity may depend, among, CEr B
i = - other parameters, on the feto-placental transfer of the chemicais (Mirkin 1973: Lo 4
! ‘
i -
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Teratogenicity Tests on Indusivial Chemiculs

Ay atnl Kt

The literature on chepucal tested for ersogematy was sunesed tor the
compounds that are i extensie dustrial wse, Only those compounds tor which ]
some positive results are ivarlable. were teported. For sume compounds, several
test resilts have been reported. and 0 those cases anby one or a tew sllustrative
reports have been considered. The reports seere dnted in Tables 3-6 giving the
species, doses. etfects noted, reterences, and the ¢slculated humian daily intake for
women workmg at TLY concentranons, The doses were calvubsted as mg/ky
boady wi, as given in g single injection or by gavage. e whalatuon concentriations
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are indicated speaticalls. The hunan doses are caleilated assaming a TLV
(OSHA 1974) concentranion of the chemical, person (30 kg by weighty inhahng
10 m" of air durimy the working day and absorbing 53077 ol the dase. Al the para-
meters are rough estimations of the true exposure. The outcome of the testing s
indicated as M (= nuformations) tor the major milformations deseribed given as
per cent of the live fetuses, In some cases. particularly when low cancentrations of
chemicals were used, "minor skeletal™ malformations or delayed ossification were
réported. In the tables such lindings are stated specsically. In 4 lew ¢ases no
! ‘ malformations were noted but instead embryotonieny (embryonic deaths) was ‘

! found. Such findings are also indicated in the tables.
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) Several metitls have been tested for eratogenicity in experimental animals
P . (Table 3). Aluminium chloride has been shown 1o cause malformations at
o . relatively high doses 40-200 mg/Zhg. Several tests have been carried out with
: arsenittes. Four ditTerent tests are histed in Table 3. coch conducted with ditterent
1 species. The doses range from less than 6 o 45mg/kg. In the chick. prowth
‘ } inhibition was reported. while in the mammals the indicated concentration
7 ’ - caused a high frequency of malformations. The daily human dose for persons
18 working at TLV would umount to about 0.05mg/kg, fur below the effective
experimental dose. Cadmium salts have been tested in several species. In the {
g injections, the teratogenic doses have been 2-6 mp/kg. The TLV concentration
would lead 10 a toa} daily dose of 0.01 mg/kg in the humans. Chromium salis
have been tested in the chick (< 1.2 mg/kg) and in the hamster (15 mg/kg). both
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| aprecies \.\hnhmn-' mallormittons, The dads Yasan oveupationa] dose woudd be

far Jess. about D01 me/hy Cobalt and vopper have only exlnbited weak terato-
EERIC propertics at congentrations tar higher than the caleal, tted huaran exposures
at TLV, Several tests have been conducted with Jead salis and orgame lead
compounds. The concentritionsy used have satsed o hugh incidence ol mal-
“formations, and the safety evaluution i ditticalt as the results may apply o the
extreme right-hand portion of the dosc-responé curve (Fig. 1). Several test results
are available on the teratogeniony of organic mercury derivatives, which are
relatively potent teratogens as compired 1o many other metals. An acute
occupational exposure would amount 1o a far lower datly dose. However,
mercury is known to secumulate in the fetal tissues, particularly an the brain
(Yang et al, 1972). and a chroni¢ occupational exposure may result in tissue
coircentrations much higher than those predictable after an acute exposure. Three
nichel salts have been tested for teratogenicits. Nicke) carbony) appeared 1o bea
particularly potent teritogen as & trasient 15 mun exposie 10 0.3 ml/Vin the ar
caused malformation. particularly eye malformation in 285 of the rat fetuses,
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Plastics Monomers and Additives

The production of plastis monomers hias increased markedly dunng the past
decades and taday the most widely used monomers. ethene and vinly chloride, are
among the major orgiic compounds produced. The plastics monomers are
reactive because of their chemical application i forming large polywmers. Plastics
production. has created new occupational safety problems which hase been
objects of intense tonicologicl research in recent years,

Several plastics moenomers have been tested for mallormations m experi-
mental animads (Table 4), Aervionitrile was tested in the rat using an oral dose of
35 mgske and an inhalation dose of $0ppm for 6h. Both types of exposures
camed malformations. The TLV for acry lonitrile is so high (40 ppm) that the daily
expostre of the Workers may be as high as the one used in the aminial experiment,
Only one published report an the teratogenic properties of ¢poay resina has been

““found.’ In this report an undefined dose caused fetotoxicity. NIOSH (1978) has
ulcrud to:an, unpubhxh;d study on'tbe teratogenicity of pheny! glyeidyl ether,
,\‘\\hu.h isa compnmm i some epoxy resins. The reault of this study was reported
"o be negative, Methy lseryiate esers are wsed in industry, as well as in deatistry
and mx.dncm; for prosthetic devices and artilicial eyves. Methacrylates were tested
in the rat wuh a large concentration range and found 1o be teratogenic. The test
. concentration® covered the pou.mml extent of eaposure in the workplaces,
Phthalate’ esters are common additives in plastics producis., and they may account
for a large propottion of the weight of the products. Phihalate esters have been
found to be teratogenic to chick and rat embryos. '

© Styrene is one of the major monomers produced in the plastics indwsiry. In

_industrial hygiene styrene is of special importance as it is used in the reinforced
;. plastics industry, where exposures are frequently high. Styrene is teratogenic to
. the chick embryo. 1t has produced minor skeletal mallormations (ealled variants
< by the amhon) in rats and rabbits when exposed to 300-600 ppm by inhalation,
ln mnu .md hamsu.n. ﬁ.wm\\cuv was obsurud at concmlmuons ol 250 and
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Solvenrs

Sohenty are a group o} orgame compounds. to ®lnch Lirge numbers of employees
are heavily exposed in many 1y pes of industries, Literature on the termtogemeny
of the industrial solvents i luboratory animats was compiled m Table 5. Benzene
was tound to be positive ur the mouse atter a large myected doses Minor sheletal
malformations were observed in an inhalation exposure to 500 ppm. These doses
are higher than the evpected human exposures at TLV. Carbon disullide, a
solvent extensively used 0 the viseose rayon sndustey, wis tound to produce
mallormations at i relatnely low dose of () my/m' mothe rar. Chloroform,
previomsly used even in amesthetics. wis found to be terntogenic i rits at a
100 ppm concentration. i concentration onfy twice as high as the TLV of OSHA
(1974). Dimethy] formamide, dimethy ! sulfoade. and propylene glycol have been
tested it vers high concentrations.

Chlorinated hydrocarbons make a lirge group of industriad solvents, which
have been of concern because of the carcinogenic propertics of some denivatives
in this series. Methylene chlonide, 1.1 1-trichlorocthane. 1.1.2-trichloroethanc,
trichlorogthylene. and tetrachloroethylene were lound 1o cause maltormitions in
chick embryos, Methylene chloride. thrichloroethyicne, and tetrachlorocthylene
were tested tn mammals, and a weak teratogenic activity wins noted at relatively
high doses, Toluene and aylene are among the most widely used industrial
solvents, and the expasures in painting and printing are gquite high Minor skeletal
defects were noted in rats eaposed to totuene and aylene at 1500 und 1.000 mg/m}
respectively,

Other Organic Compotnls

© This section includes a number of compounds with large but versatile use. For

most of these compounds no industrial standards have been set. Aminoazo-

~benzene and other azo dyes. used on a large scale. have produced malformaltion
" in mice and rats. Detergents have a kurge application as washing powder and as
~industrial emulsifiers. Some detergents, such as alkylbenzene sulphonaie, aleohol

sulphate. olefin sulphonate, and Triton, were found to cause maiformations or
minor defects at high doses. 7,12-Dimethylbens(ajunthracene, one representative
of a large group of polyeyclic aromatic hydrocirbons, was found.to be a potent
1eratogen in the rat. Ethylenethiourea is used in the rubber industry and itis also
a degradation product of the ethylencbisthiocarbamate group of fungicides. It
was found to be teratogenic in rats at a dose of 40 me/kg. Halothane caused
skeletal malformations in rats inhaling it at 0.8% concentration. Hydrazine is

* cdmmonly used as an oxygen trapping agent in water containers. It was found to

be teritogenic in the chick. Pentachlorobenzenc is usd as fire retardant and

. fungicide, A dose of 200mg/kg of pentachlorobensenc causd skeletal mal-
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"+ Occupational Terutogens 203
fors ations in the rat, 2.3.7 8- Tetrachlorodibenzo-p-ioan {TCDD) s a common
contamnant in commercial pofvehloninated phenoly and chlorinated pesticides.
such as 2,4.5-T. TCDD is an extremely potent teratogen producing malforma-
tions at a dose of 0.006 mgskg. Tetrachlorophenol was tested tor teratogenicity in ¢
the rat, and fetotonicity and delayed ossification were observed with a dose of
30mg/kg. The preparations were assayed for TCDID contamination (<0.05 ppm).
and the authors concluded that the observed effects were mainly due to tetra-
chlorophenol. The two thiuram compounds. turam and disulfiram, are used in
the cubber industry, thiram also as a pesticide and disulfiram as a medicine. They
were shown to be teratogenic to several species at fugh doses,

Conclusions

The most hygienic standards and norms have been established 10 protect most of
the workers from acute toxicity of industrial exposures, Teratopenic propertices of
industrial compounds have not been an important factor influencing the setting
-of the hygicnic stundards, This is understandable as very few '«:pidcmiological
studies are available to show an association between a parental occupational
exposure and malfotmations in the offspring. Moreover, the power of the animal
tests has not been firmly established.

The present analysis suggested, based on the fimited data available in the
literature, that the human embryo is at least as sensitive as the embryos of the
common laboratory animals. However, the thalhidomide studics appeir to jusuly
even more conscrvative safety factors as the human embryo was about 50 times
more sensitive 10 this drug than the rat and mouse embryo. Other factors that

. should be taken into account in the sewting of hygienic standards are the
metabolic heterogeneity of the human populations and the chronie exposure of

“the humans. The mectabolic heterogeneity implies that the sensitivity of the
individuals may vary extensively. Thus, hygicnic standards attempting to provide

* ahsolute safety have to take such variation into account. Chronic exposure of the
" humans may lead to the accumulation of the compound and the short-term
animal ¢xperiment cannot predict the levels attained.

‘;. " The review of the teratogenicity tests indicated that the effective concentration
' of the metals in animal tests generally exceeded the culculated human exposures
by about 100 times or more. By contrast, many organic compounds had generally
such high TLV values that they probably do not guarantee the safety of the
developing human embryo exposed in utero. Particularly, the present standards
;ﬁbf' acrylonitrile, methacrylate esters, styrene, carbon disulflide, chloroform,
zgme!hylene chloride, and possibly of toluene and xylene may not provide an
,fabsolulc safety of the human embryo. as extrapolated from the results of the
f'ammal experiments” Even though the extrapolation from animal tests is com-
“pounded by uncertainties, the revision of the hygienic standards concerning the

pregnam worker appcnrs justifiable in such cases.
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