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The firzt historical observation of an occupational cancer dates
back to the sixteenth century: it was the so-called “mountain diseass"
an miners of Joachimisthal, which, only three hundred years later was
nown &s pulmcnary carcainoma, and which, only in the thirixes, was
recognized as due to radroactive pollution present in those mines,

Since then, up to a few years ago, the policy has been ofter the
samc; that 18 "let us waxt and see" 1f an agent present in the work-—
placc a5 carcinogenic or not. Which means, 1T 2t produces carcer on
man, on the basis of an epidemiolosarcal evidence, of course validated
by & statistical analysis.

s 15 not any more the time of the polacy of "let us wait and
sge", I% must be ratuer the starting of a new, more correct, social
and scientific approach.

The reasons why occupataonal oncogenesis, which nowadays 15 mainly
ardustrial orcogenesis, need & new anproach which cannot anymore be
delayed, are the following.

Firs+, It has been estimated that from 80 to 90% of the tumours an
human beings depends on causes present in the occupational and
genersel envarorment, and that, therefore, cancer must be largely
considered an ecological disease.

Second, The oncogenic rask has been vrogressively ancreasang in the
last century, in relation to situations depending on industrmal
trends (table 1). lNowadays the major problem is represented by
the multitude of the products of synthetic industry, which are un-
knovn to anamal and human proloplasm, znd on whose effects we are
therefore fully ignorent,

Third, Factories, that is the work~places, represent in the present
situation the crucial area: in fact, the most exposed population

laives there, and from therc the new chemical compounds are spread
1n the general environment as consumers goods and pollution,
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Pourth, There are at present ¢lear-cut facts ind knowledge on genera)
oncogenesis vhose significance 1s self-explanatory (table 2).

On the basis of these facts, 1t emerges that the only rezal memsur:
to prevent industrial oncogenesis xS to adentify the potentially oneg
genac agents, before workers and the whole mankind are exposed to
them, In other words the iime has come to predact the oncogenmice rislk,
so preventing the exposure of human beings to 1t.

Are there nowadays available tools for this purpose? We believe g3,

It is a faet that the four most amportant cases of envaronmental
and occupational tumours, discovered in the last years, have been in-
] directly or darectly predicted in some way, experamentally,

The fairst 1s the case of the clear-cell-adenocarcinoma of the vagi~
na in adolescence, found in girls born from mothers treated during
pregnancy with synthetic nonsiercid estrogen therapy, If we go back,
in 1938, Lacassagne (1) already reported that he had produced mammary
carcinomas in mice treated with stilbestrol and 1n the following years
1t was shown, by several scientists, that the same hormone was produ-
cing a variety of tunours in hormone dependent and non~-dependent tis~
sues, among difslerent experimentel animal species (2).

Adtoum

The second 1s the casg of pulmonary carcinomas among WOorkers expo-
sed to bis{chloromethyl)sther, The discovery of this new type of occu
pational tumour came together with experimental evidence produced by
Van Duuren, in 1968 (3), and by Laskin, an 1971 (4), showang respeci-
avely that, vwhen injected subcutaneously into rats, or applied to the
; skan of mice, the compournd was producing subcutaneous fibrosarcomas
; and skin carcinomas, and when inhaled by rats it induced sguamous
cell carcinomas of the lung,

The third and most evident example 1s the history of vinyl chlom-
de carcinogemacaty (5, 6, 7, 8, 9, 10).

Experimental bio-assays on the carcinogenic potential of this com-—
pound have provided information on:

- 118 oncogemc effects,
- the target organs and the type of tumours,
~ the sti1ll effective dose levels,

Following our early observation on the dysplastic changes produced
by vinyl ckloride on the cells of the respiratery tract in exposed
vorkers, and the early results of Viola (11, 12) that rats exrosed to
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30,000 prm of vanyl chloride devcloped carcanomas of the Zymbal seba-—
ccous gland of the external ear duct, we started an 1971 a project of
integrated experiments to study the biologacal effects of vinyl chlory
ie, 1n order to predict 1is cancerogenic risk,

A series of 17 experiments have been started in sequence,

The data of the crucial experiments are now being presented in the
tables 3“"50

when administered by inhalation, vinyl chloride produced on rats
zymbal glond carcinomas, nephroblastomas, angiosarcomas of laver and
of other sites, subcutaneous angiomas, skin carcinomas, hepatomas,
brain neuroblastomas and mammary carcinomas, The compound chows car-
cinogenic effects down to the dose level of 50 ppnm,

In mice vanyl chloraide produces pulmonary tumours, mammary Carcino-
rmas, liver angrosarcomas, other vascular tumours of different sates
and types, and epithelial tumours of the skin, being effective in the
specaes also at the level of 50 ppm,

In hamsters the monomer induces liver angiosarcomas, melanomas,
forestomach papillomas, acanthomas and trachoepatheliomas, and it
seems to anticapate the onset of lymphomas,being the latency time 48
weelks 1n the treated amamals and 82 weeks in contrels,

Vinyl chloride is active also vhen given by oral administration,
producang in rats some of the tumours observed following inh2latory
exposure (table 6),

loreover tumours correlated to vanyl chlorade exposure have been
observed on offsprings borm from nothers exposed during pregnancy to
high dose levels of the monomer in the air (table 7).

Before the end of 1972, a short time afiter it was known that vanyl
chloride was inducaing in rats not only Zymbal gland tumours, but also
nephroblastomes and liver angosarcomas, these resulis were also made
knovn to several interested industries, and then were communicated
at an international meeting in April 1973, This informz2taon promoted
the clanical observation which in December 1973, for the first taime,
identaified a laver angiosarcoma in a worker of a U,S.A, factory pro-
ducang VC-PVC as occapationa2l in origan. Since ther epidemiologacal
investigations have led to the discovery of nearly 45 laver angiosar
comas among workers of VC~PVC andustriees an the U.S5.,A, and several
Duropear countries, Liost of ihese tumours arose before 1973 (the
farst known case dates from 1961), but i1n absence of experimental
data, they were not linted to the occupzticnal exposure, and as a
natter of faci, they were olten not properly diagnosed.
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Vanyl chloride has caused n one or more of the threc amamal spc-
cies usel in our experanernts, 211 sypes of tumours, whach at presen:,
on the vasie of availnnle epidemirclosreal evadence, are correlates
to occupational exposure, 1.¢, liver a2ngiosarconas, brawn and lurg 4.
mours, lymphomas, leulemize and hepatomas {table £),

There are rov going on, 1n our lsboratories, several experiments -
better assess the degree of rask from e:posure to vanyl chlorade in
relatron to doses and length of treatment,

Ve are siudying the effcet of a short exposurc (100 hours varicu~,
distributed in time) to high doses of V¢ on rais (table ),

The potential oncogenic effecis of exposure tc 5C ppm of the rono.
mer by anhalation as now furtherly investigated (table 10),

A further experiment studies the effects of vinyl chloride by inhe
lation at doscs below 50 ppm, tha+t 1s 25, 10, 5 and 1 ppm (tables 11
and 12),

Fanally, a feov months ago, an experiment started to determine ihe
effects of low doses of vinyl chloride by oral adminisiration (tz2ble

13).

The fourth example of the predictave value of experimenial bio-
assays 1s represented by the carcinogenicity of chromium pagmernts.

In 196C we started a2 program of anvestigation on the canceragenic
rask from exposure o severazl ainorgonac compounds and pigments, A
series of severial of the compounds under situdies, with the available
results, 15 given in the folloving table (iable 14),

The results dealing with lead-chromale pigments and 1cad-molybdoe-
num chromate pigments were made known an Apral 1573 (5-13).

Data published a few months ago (14) and on going epademiolomenl

investigations andicate and excessive incidence of bronchial cercang
mas among workers producing chromium pigments.

On the basis of the present evidence 11 may be concluded that car
cinogenicity bio-assays, if properly docne, have a high predictive
value,

Therefore, they carmot be any more delayed.

Up to the rcecent past too little importance has becen given o pre-
dictive bro-assays, for many reasons, among which there were:
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scopticasm on their validaty, based upon past results;

fatalistic acceptance of the situation because of the huge number
of newly produced compounds;

4) complication of elzborate itestings,

—r

PRy

As regards scepiicism, we thank that time has come to critically
review methods and results of past experiments which, nowadays, may
ge thougnt to have been inadequate.

As regaxds the large pnumber of compourds, 2t may be true that there
cre already millions of newly produced chemicals, dbut the once which
.rgently need to be iested, mainly because of their widespread daffu-
sion, actually number in the hundreds,

Concerring complacations in verforming elaborate testings, 1t may
ve itrue that the more experimental iests on animals can reproduce the
conditions of human exposure, the more relevant they are in man, It
should be pointed out, however, that agents to be examined should
<ollow & rattern of tests which progress in degree of precision, so
as to falter out and exposSe the most dangerous,

In our opinion the future policy for the prevention of the occups-
tional as well of the environnental oncogenesis, are the following:
1) priority to experimental bio-assays for the scrutiny of conpounds

already produced and widespread and for the compounds to be still

produced on a large scale;

2) basic studies to anvesiigate the potentiality of exverimenial mo-
dels in determining the oncogemic risk with particular emphasic on
easy and repad tests which, however, should be carefully and crity
cally cvaluated; and

J) the study wath prover long term bio-assays already validated, of
the riost important arnd widespread compounds, whose effects are
81211 unimovm, following a list of priorities determined by all
the interested social parties,

On thas line in our Institute we are now studying severa™ eonnovrnds,
among which styrene, acryloniitrile and vinylidene chloride., The plans
of these experiments are given in the tables 15, 16, 17,

Cngoing experiments performed an our Institute on the cariinogenie
potentzal of drugs have shovn 1in last weeks that & drug wadely used 1in
tumour chemotherapy and also in the proghylaxis of neoplastic recurren
¢y, namely adriamicine, .5 2 poienti carcanogen (iable 18},

Coneluding, occunational oncogenesis shovld not any more be consi-
dered a limted medical problem,but a wider screntaific and sociclc one,
for whose control we look forward to the collaboratior of all the inig
rested pariies of sociefy: screntific community, urions, industrics
and governments,
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SIMMARY

There 1s need for a new active approach to the problem of occupational carcino~
gepesis. It 1s no longer acceptable to adept a "walt and see" attitude since:

1. evidence suggests that cancer 1s an "ecological® disease:

2. the carcinogenic risk has been i1ncreasirg as industrialisation increased;

3. factory workers are the most exposed populstion and hazards spread from the
work~place to the general population as consumer goods and pollution. It is necessary,
and possible, to identify potential carcinogens before workers and the general popu-
lation are exposed,

That predictive experiments could be done, 18 exemplified by the hastory of
stilboestrol, bis(chloramethyl}ether, vinyl chloride and chramun pigments, all of
which were reported carcincgenic 1n animal tests before any epidemiological resulis
were available. Unfortunately, these results were received with scepticism because
the test methods were thought to be inadequate.

It is necessary to develop the future policy of prevention by:

1. establishing a priority for testing compounds already produced and widesoread
in occurence and those about to be produced on a large scale;

2. establishing experimental models for determining carcinogenic rask, especially
raprd screening tests;

3. study of the more important campounds by long-term biocassays.

Full details are gaven of the testing of vinyl chloride wonomer and preliminarv
results are tabulated for tests on styrene, acrylonitrile and vinylidene chlaride.

RESUME

Une nouvelle approche active du probldme de la cancérogendse vrofessionnelle est
nécessaire. Adopter une attitude d'expectative n'est plus acceptable poar les raisons
suivantes:

1. des risques conduisent & penser que le cancer est une maladie "@oologique"; \
2. le risque cancErogdne n'a cessf de croftre avec l'industrialisation;
3. les travailleurs des usines sont la population la plus exposle et leg rismes
se propagent du lieu de travail & la population génfrale comme les biens de consama-
tion et la pollution. Il est nfcessaire, et possible, d'identifier les cancérogénes
potentiels avant que les travailleurs ct la population en génfral ne soient exposss.

La possibilité d'effectuer des expériences A valeur prédictive est montre par
les exemples du stilboestrol, du bis (chlorom&thyl)éther, du chlorure de vinvle et
des sels de chrome, substances que les tests effectu®s sur les animaux ont signalies
camme cancérogénes avant toute Stude épidémiologique. Malheureusement, ces résultats ,
ont &t€ accueillis avec scepticisme parce qu'on estimait les méthodes d'expfirimeatatac
insuffisantes.

I) umporte, pour la future politique de prévention, de preidre les mesures suivan-
tesy

1. donner la priorité & 1'expfiramentation des camosfs d5)R oroduits et largerent
répandus et de ceux qua sont sur le point d'8tre produits & grande échelle; -
2. &lahorer des mod@les expérimentaux permettant de déterminer le risque cancéro-
géne, Epreuves de détection rapide notamment ;
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3. Studier les camposés les plus umportants au moyen d‘&preuves biologiques
Tongue duréc.

11 est donné des résultats sur l'expdrimentation du chlorure de vinyle moncmére
jos résultats préliminaires sont mis en tableaux pour des tests sur le styrdne,
\zrylonitrale et le chlorure de vinylidane.
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Table 1

CAUSES OF INCREASED ONCOGENIC RISK IN HUMAN ENVIRONMENT

I - Concentration of oncogenic agents already
present in the surface of the Earth,

II - Surfacing of cncogeni¢ agents from the
depth of the Barth,

IIT - Production of new potentimlly oncogenic
compounds by chemical and petrochemicsl
ndustry,

Table 2

KNOWLEDGE AND FACTS WHICH MAKE URGENT A NEY APPROACH
TO THE PROBLEM OF INDUSTRIAL ONCOGENESIS

II

Iv

VI

— The potentially oncogenic agents in human envaironment
are progressively increasipg.

- Different oncogenic agents may have mdditive effects,

IIT - Changes produced by oncogenic agents are largely

arreversable,

- Oncogenic agents may exert their effects on diafferent
organs and tassues and widely affect the target

organs,

~ A large part of the natural history of tumours take
place without any climically and sometimes otherwise
detectable pathological changes,

- Cancer 18 not 2 reversidble disease,
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Teble 3
Sxperiments BT and B2 1 3rpogure by inkslation to ¥C im miy, &% 30,000, 10,008, 6,000, 2,500, 300, 230, %0 ppm.,
& hre. aslly, 5 daye weekly, for 52 weeks,
Reaulte after 135 weeks {end of the esvariasmis).

. 3 = ATDIALS VITH TUMOURS »
astonas orrcomey Te3n ney|ammar 5
e e e Il i e e e 5
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¥C 6,000 T2 60 1 |12 62 % 7 £5 13 22 10 3 (g 3 : 1 )] - 8 {q} 31
VC 2,500 pym.) M 59 2 3 1 3 s 130 14 1 22 8 3 (n ] 1 2 3 1 3 () B
ve Y70!) PPl 67 58 T 79 + 17 83 7 |12 1 |2 0s 1 ] 3 - 1 3 (a8} 22
C 250 .| 67 53 - - - 6 { 10 8¢ 4 7 10 2 (1 - 4 - - 1 2 (1) 16
Ve 50 ppe.| 64 5% -1 - - 1 2 118 1 2 13% 1 (m 1 1 - - 2_ 7 () 10
¥o_treatment 68 56 - - - - - = - - ~ - - — - - - 10 {v) [3 N
Total s | 415 6 | - - 26| - - [ - - I 2 " T s s [ 206
2) Alive animals wfter 24 weaks, when the first tumour (e IZyobal ginad careinoma) was cbmsrved, The Percantages are referred 1o the £orTected munber.
3 ."“- io Laver, lung, apleen and bratn.
s to lung,

+) 1 lung sugiossrooes,

f) ) wtrabdomanal angiowarcoma (next to 1iwer}; 1 anglomrcoms of the Liper | Amonn:au of the nose,

¢) ! angiomrcone in guboutanecue fibrowing angiome. | Oseifying parwiriculsr 1 {next to liver).

M) 1 oscifying cngliossraoua of necks 2 intrwbdonina)l engiosarcoass {1 next to apleen and 1 naxt ¢ ovary).

4} 1 angromartosa of uterus; 1 lung angiossreomk,

1) 1 intrebdeminal angioparcoma (next o splesn): 1 in ossitying

®) 1 intrabdomankl daffused anglosarcoms,

n) Severnl cases :{ branet fibrosdernomas, mArenl and Pituitary wisours {geaerslly sdencmse) have not been con8idsred, since their dletributicn $n the Aiffersnt
Eroups 4oes not vary.

0) 7 Zywba) glant ) 1 slam ! 2 paonary oa
11 forestorach pspillomas; ! brmin neurcblastoma; 1 mn-nu #2and carcinons.

$) 2 fyabal ginnd ndemosno; | ovarian cystosdencoarcinoms; 1 nwrneu--.

) 4 Iymbul £land sdenonas, 2 hepatic and | peritoneal

r) 1 Zychol Kland sdcmoms; 2 ependymouna,

8) 1 pulmensry fibro-arcomn; 2 lymphomac,

%) 1 2ymbal Fland agresru, 3 1yt phems,

3 Syvbal @dm4 slevowns, 3 subcutanesus epzisperacitomn, ) uterine stepazarcincmas {1 with seroomstous tosponent),

2 v thoma of : - 3 2 oman

i a.n‘:;:;':‘:g%omcm'y‘%x ;xnrahh:\.amazmlgmnno:h? pers nanv;; flbroln xum 2 vierine (1 with t)

2] 3eversl anna'e with 2 or mére ‘ueniim,

1 hepatic wngioms] 1 hepatoss; 1 overian angtowAt
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e,

2 oa st | Wigasicoum of
1 angiocrcoan 1n BabCatenecus nbnun‘ un.u, Y oneifying She 11ps; 1 angiosaraces of the Soms.

ol-i!yin. poreuricular angresarcoss; 1 iatreddeninal anglomare
B) 1 essitrizg mgae of ack; 2 €1 Bext to apleen ont ) next to overy) oSt faxt % L),
i ::¢ o-:;nn:lo uterus; 1 Jung magiosarcoms, :
ar,

L2 ‘trm“ 2 “g:::cm (mext to splesn); ! wntrathopacio onsifying sngromrcome,
2) Seversl cases of hrosst fidresdencits, ndrenal TAIY REBOV] enons eonsidersd Tent

) Pl iy y ead pituy: rs (generally ad ¢} bave Dot deen 24 » @ince their distradution 15 the & ffe;

o) 7 lyndal gland 1 ekin 4 Dana

)2" yooul : n”u”;" : u cat 1 ‘l.;‘r 32 *ry ! hepotic angloma; 1 hepstoms; 1 ovarisn angiome
b yaval glemd
Q) 4 Lymoal gland uamn ! nmue and 1 paritoceal b it

angiomse; 1 wal:
T) 1 Lysbal glond edenome, 2 eperdymosas. = “ﬂ” £iam sasmormrmineas.
%) ¥ pulmenary n»m-n-.. 2 lymphomas,
t; 1 Zywbnl glazd sderoms; 1 lynph-&.
W) 3} ymbal glend 4 Somm.
» ) uterine sdenccarcinomaa (1 with se: tou:

v) ; ;n;:_:ﬁ:-‘:::mmnunal » .“n.n h! mbeuurm-  Tibrassracma; 2 p-rnq-n:l ‘nn% :‘":n:mmt).
2] Sevoral anmais with 2 or more tumours, o e - B

ase 0925000

1}

Tablc 4

Experiment BT4 ; Expomure by innelation to VC in sir ot 10,000, 6,000, 2,500, 509, 270, 30 ppn., for 4 hre, dally, 3 days wesMy, for 30 wasks,
Depults sfter 81 weeks (end of the wxperiment).

umum FRINALS VITH FUROURS
2RAPS zata2 S:::rz:) Ling aTm-' ll-try(:;rcu_- Liver an- "ll-a;llr t\;;l: B{%ﬁ:{.::}f (?1
v anjfor yire | the tkin ol
TREADENT oo |del | 9| dgfm| % .| 9%2:“ . ¥o, ¥, o, %o.
{merks)
ve m,?m;&-. o | o) 60 | z2 | 28 | 50 35 |0 % 13 47 3 L] 9 (&) 3 (w) 2 {r) »
.\'.G_é..?ﬁrm 0] o) so | 26 ) 28] s¢ ] 0] 8 128 bS] 5 3_fa 6 (n) s (o) 9
xe 2,360 o 30 | 30 Zﬂ—{ﬂ 0] 53] 101571 & g 43 L] k3l 122 (1) 3 (o) 2 (v 3
Y S0 wpp. ) 0] 0] 60 | 201 29 f o8 | 36 | 66 33 7 12 X 1 8 (g) 1 (p) 1 {uw) 43
3 spp. | 30| 30} 60 | 29| 201 88 | 33 | 7 [} 1wl b1 kAl 22 _(n) 2 {g) 3 (v U]
ve opee | 30| 30| 60 | 27| 0] 5| 2 35 st 2 | 43 1 LRI CY) - JECY] 18
Xo 80 1 701 20 | 67 | 1et 8| 61 s - - = = Q) - 1 EL I
2018 260 | 250 §{ %10 {230 | 241 | 411 | 1B¢ - - | & | - - 17 84 15 20 220

a) ALive amimale arfter 16 weske, whes the firtt tumour (a mamary carcirms) was ouserved. The percentages are referred ta the carrecteld pumber,
b} AlshomBs, oome of wH1Gh UNAOrEOLNE WE11ENART trasferaation,

o) In fwales, Adenocarcinesas [requantly with Wress of squomous aetaplesia.

4) 3 subcutanecur arfiowas, 4 liver fibroangiomes; 1 heart fibroanglosa; 1 ose3tying um:nenmu angions,

(1] 2 2aver ang: s 4 Liver 1 yenal 1 fyywus angioms,
£) ) wubcutancoun srgiecarconas; 1 subsutansous sngiowa; 3 ltver . 2 3 2 renal angd 1 lung angioma,
&) 2 subcvianeous angromreomast 1 sJbcataneols uhn-ux-:, 1 subeu ton angions, 4 lxver nbmmu-v 1 :uv-r "T g ingrabdomanal angie-
1 2 reral s ) Sas i oUl AT TiDTORRFIONA; 1 af th g bibroangaooe, ) long angiosa.

A) ) subrutsneous mngiomm, 6 lyver b7 . 10 liver 12 4n N 1 unnln u‘am; 1 scrotal angiona, ! lung angicma,
1) 1 subcussgous A\ £ab: 2 2 liver £ 3 liver 1 in g4 Y]

1 ovarian unun 1 sntratnerseic fibroangioss, ) angiows of the uunc:lpul.r fas pad,
1) 1 sngiosercoma of uierus,
#) 2 squomous carcinesan; | invasive scanthonas,
a) 5 squamous sarcinoaas; | Scanthems.
o} t 12
$) 1 scanthoma,
4) | srin sdenccarcinsaa, 1 dasnlioms
£) 1 Zymbe) gland mtsmosa; 1 10:-:;‘«-:5 plpnxu-.
)1 h papilloma; § Hardurian glend adenoma; 1 lywphoma.
4} 1 Zarestomsth plm.umx 1 ;mua alnd Bixed Tumour.
u) 1 Zysbal glard saeroma,
v} 1 2Zyrbal pland ndecom; 1 Leydig celie Tumour; 1 lywpbomwa,
w) 1 paretid glund sdenoenreinoms,
¥} 1 mibcutsheove leionyosarcome: ! mdenoss Of colon; 'V ovarian carcinomaj 1 leicayosarcoma ef uterue) 3 lymphomm.

Z) Seversl cames with 2 OF mere TWmUrE,
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Table 5

Experiment BT3 . Expasurs by inhalation %o VC in air st 10,000, 6,000, 2,500,
500, 250, 50 ppa,, 4 hrs, daily, 5 days weekly, for 30 weeks,
Besulic after 105 weeks,

S - ANIMALS WITH TUNOURS
OROUF3  |icoLDEN HAMSTERS) | liver |inoorrive phepriermeil KoL (1 IR
AND ang108ar-{Liomas and | Melanomae | Lymphomms | &P and for .
coxas | haseliomde ‘W:‘)‘ mite Lg)
TREADENT  Jrotad | survavars (2) !
Ho. Ko, Yo, Ne. Fo, No, Ne,
1
VC_ 10,000 ppa. 35 - - 6 1 ~ 4 2 (&) [
I
e 6,000 ppm, | 3 - ! 2 2 2 1 7 (4) 10
j3§1
ve 2,500 ppe.j 33 = - ! - ! 10 3_tel 12
ve 500 ppa, | 33 - 2 ) - 1 7 2 (1) 12
v
ve 250 ppe, R - - 3 - 1 2 - [
vi
vC 50 .1 3 - - [3 1 " A - 10
Ro treatsent 70 ) b 2 -~ 2 - - 5
Total 268 1 3 23 4 8 34 14 %9
a} Jeveral cesee with acAnthosis and come undergoing malignant treaforyation,
b) Pepillomas, acantlomas, some of which urdergoing malignant trsaformsaticn.
¢) ¥ mibcutunesus angione; 1 gail-blsddar sdenccarcinoms,
d) 2 nupatodnsy 2 liver fibroang.omas; 2 liver anglomas; 1 biliducte adenocayeinoma,
s} 1 hepatoms; 1 liver fibroaygioms; ? liver angioms.
f) 1 mbcutaneous angiook; ? bronchial carcinoma,
&) Sevaral amamals with 2 ' r moTe tumours,
fable &
Experiment BTIt : Exposuie by ingestion {stommch tube) to ¥C in olive oxl,
8% 50.00, 15,65, 3.)} ag/Kg body weight, once dmily,
4=5 days weekly, for S2 weeks,
Besulty s{ter 84 weeks,
cxo0es ARDUALS ARDMALS WITH TUMOURS
A¥D lﬁmcu:—:gz,m Zymnsl gland | Rephrosia- Angiosircomss 01:;3- :::_ye Total
A carcinomas | stomas viver | OMHier | e (b)
TREATWER? Tote] Survavors —gites
1vor No. Mo, o, Ko, No. Fe.
1
Y€ 50.00 ng/Rg 8c 25 - - B 1 (a} 3 () "
Il
vC 16.65 mg/Xgl 80 33 1 1 5 - - 7
111
Vo 3.33 ag/¥e| BO 39 - - - - - -
v
o trd ggin 80 kil - - - - - -
Totald 320 1M 1 1 1 1 3 18
2) 1 thyrus angaosarcosa.
) Severa) casas of bresst fibroadencmsa, sirenal and pitultAry tumours (generslly sdenomas) have
not been considersd, ince their distrabution in the dafferent groups does not vary.
c) 1 wamtary carcinoma, 2 forestooach papillomas,
d} V mnimal with 2 tumours,
140
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Table T
joeid R i) Ixparament BT5 1 Exposuie by inhalaticn to VO in air at 10,000 and 5,000 pom,
4 ‘ of breeders, 4 hro. émlly, for 1 week (frem 12th to 18 th dey
of pregnancy).
i Regulis efter 143 weoks (and of the experiment).
H TUNOURS
ﬁj ‘
ro::;v;::lcn Other type : s ANTMALS WITH TUMOURS
epithe TEALS
"8 } tumoura ::c/” r?‘;] E CROUFS (SPRAGUE-DAWLEY RATS)| zymwn) glamd | Nephroble~ anglosarcomas Other type
(v) £ H AND cArcnoman stonas Laver Oger ":%:’ Total
——— i UER Total Survivors sites
Ra. No, ko, ‘ 1REATIGHT No, ¥o. No, Ro. No, No,
4 ¥ 1
2 (o) ‘___1 ,¢ 10,000 P, 30 - 1 - - i (e} 2 (@) 3
T ! Brecd ers
7 1) 10 S
B N
£,000 . 30 - - - - - - -
10 3_t(e) 2 Vcbn;“"pw
R 2a2L
1 z_n -
12 ¥c 10,000 PPR. LU - 3 1 - 2 (v) 2 (s) [
2 offsprings
- 5 v
4 Ve 6,000 ppm. 32 - 1 - - 2 (o) 4 (f) &
= 10 0£{BpTINELE
= = 5 Potal 146 - 5 1 - 5 8 17
34 14 5 L
a) 3 intrabdominal angiosarcoma,
n, b) 1 subcutanecus &ngLIOAATCORA} 1 apgiosarcoma of the leg.
" ' ¢) 1 subcutanecus angiosarcoss; 1 intrebdominal angiosercoss,
¢) 1 liver fibroanpoms; 1 liver angioma,
‘arcinoms, ¢) 1 Iymbsl gland fibrossrcoma, 1 ovarian 1eiomyosarcoms,
£) 1 Zymbal gland sderoms; 4 sxin carciposaj ' subcutapscus Tihroangiomay 1 mampary carcinosa,
€ in olive o1l,
ence dafly, table 8
PUMOURS PRCSENTLY CGRRELATED TO VO E£XPOSURL (BY IRHALATION}, OF EXPERIDSENTAL HODERTS AND KAX
TUMOURS TUROURS
recomas Other 1type Angiosar| Tunours] Tumours] Lymoho-{ AR 0SR L) Nephro-[Sebacoous| Sanamous) Lasta Hepa{Fore—
o &: z
Other &nd/ar Total - o |comas of of of |mas anajcorns |blasto-jeutuncous! tumours | ry to~ |otomach
witen s1te  (b) Upecaon iy sver braan Jung {leuke= |and an~ |mas carcino~ {of epu- |carci jmas |pacillg
Ne. fio. Ro nARE gicnas LU dermis | nOmMAS m8s and
= of other scantho
3 rnn
1 (s} 3 {e) 11 (4)
Rat + + « * + + {+} + +
- - .
- - - liquze + * + + + - -
Hemster + (+) +) {+) . (+) +
! 3 18
ereed
(genars1ly adenomas) hove
does not vary, Ban + (+) {+) {+) {+)
141
i
i
——r —— ™ .

RSV0033720




o nrs

fable

9

. _

Exporiment 5T10 3 Bure by inhalation t¢ VO for 100 irs,, follow: differsnt schedules
%ﬁﬁ_}‘-fur 59 waeka, - e )

GRFOATS
ARD
TREAIVF

1
YC 1 1=,

1
Ko treat

Totnl

|

0005763 8sB

ANDALS ARTEALS WITH TUMOURS
GROUPS
(SPRAGUE-DAMLEY | Zymbal glans | Nephrobla | AREIOSArcomSs | giper type
ARD BATS) CATCInOmAS atomse Laver | Other and for Total
S1ten alte
TREATMENT Totel Survavors
Ko, Na, Ro. Ro, Ne, Ko,
1
e 10 . 120 [} - - - -
And oae e ‘ + 4
1T
e 6,000 ppa, 120 85 3 - - - 1 (b) 4
l.hdaan /Sn
111
NC 10,000 ppm, 120 89 4 - - - - 4
1he/adw/25w
v
[vC 6,000 ypm, 120 85 - - - 1 (a) - 1
Ihd /4 dw /25w
v
ve 10,000 pmm, 120 96 2 - - - 1 (e) 3
4ht /1dw /25w
vl
vC 6,000 ppu. 120 q7 - - - - 1 (4) 1
| _4b/14w/25m
VII
— 243 180 - - - - - -
o tal 963 116 13 - - 1 3 17
a) 1 subcutaneous sngiosarcome,
%) 1 lymphoma,
e) 1 subcutansous angiopericitossrcoms,
1) 1 lyzphomn, .
Table 10
Experiment B?S ¢ Exposurc by ankelation to VC in air et 50 ppx,, 4 hrs, daily,
S days waerly, for 52 wesks,
Reeul ts after 59 weeks,
f ARIMALS ANIRALS ¥ITH PUNOURS
GROUPS {SPRAGUZ-DANLEY RATS) | yubel siand | Naphrovlg | Augioearcomss | gther type
oo curcincmns atomms { Liver | Cther &:(ar Total
TREATIENT 20wl | Survivers 2ites *
Bo. Mo, o, Ko, Ko, Ro,
1
Ve SO ppe. 300 218 1 - - - - 1
pod
o Aremtasnt 100 ket - - - - - -
Toted 400 288 ] - - - - [}
142
e -

S
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? Table 11
» Tollowing different schedules, ;
S WITH TUMOUHRS o) f Exparimont BIY5 @ %ghguari :; Ln:nzﬁio:ezl\;c :rl.;;, utkzs, 10, 5, 1 ppm,,
ey e amyly, ays ’ weska,
Angiosarconse Other type Ecgulte after 46 weeks,
Liver | Other and/for Total
#31tes s1te
Tor f To. Fo. No, r ANIEALS ANIKALS WITH TOMOURS
- . . E CROUPS ‘”“‘gns“'“’,‘““ 2ymbal gland | Hephroble- | AUEiomercamas | Otner trpe
4 ARD earcinomas stomas Laver ottzr 'f:(:" Total
B3 %08
PUENT Total | Survivors
- - 1 (v) 4 TREX Ko. No, Ro, No, Ho. No.
I
- - - 4 Ve 2% pym, 120 110 = - - - - .
ped
¥¢ 10 ppam, 120 1m - - - - - _
- 1 (») - 1 T
Ve 5 PRz, 120 113 - - - - - -
- - 1 (e} 3 pad
v t ppa. 120 12 - - - - - -
- - v
1ot ' o treatment 120 97 - - - - - -
- - ~ Total 500 543 - - - - = .
s ! 3 17
‘Table 12
%+ %0 ppm,, 4 hrs, amily,
Experiment BT17 ; Bxposure by :shalation to ¥C in smar st 1 ppm,, 4 bhrs, daily,
9 days meskly, for 52 ,ecks.
Reguits after 46 weeka,
UYTH TUXOURS
Jgoesrcomas | Other type ANDUALS ANDEALS WITH TUMOURS
r Other aod /or Totad CHOUPS WISTAR RATS csarcomas Other type
eitss aite ¢ ! bc::} glond “'::”n‘" Iiver Other and/or Total
Ll L Fo o Total | Swurvive witea site
. » . re
TREAYMERY »o, ¥o. ne, Ko, Mo, ¥o.
e -~ 1 1
e 1 ppm, 120 96 - - - - - -
- - - od
¥o treatment 130 89 - - - - - -
- - 1 Total 250 185 - - - - - .
) 143
1
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Table 13

Experiment BT27 : Exposurs by ingestion (stomach tube) to VC in olive o1l,

at 1, 0.3, 0.03 mg/Kg body weight, once dmily, 4~5 days
weekly, for 104 weeks,
Resgults after 21 weeks,

ANIMALS ANIMALS WITH TUNOURS
GROUPS (SPMG?&;?)‘“EY Zywbel gland | Rephroblg | Anguosarcomas | Other type
\) carcinomas stomas Liver | Other and/or |Totel
81t
TREATVENT  |Total | Survavors Sites -
Ke. No. Ko, No. No, No.
I
ve 1 ng/Kg/ow| 158 147 - - - - - -
i1 .
VC 0.3 mg/kg/ow| 159 145 - - - - - -
111
Ve 0,03 mg/Kg/bw| 163 147 - - - - - -
Control Ivl
on ¢ 0llve
o1l 159 148 - - - - - -
Total 638 587 - - - - - -
Hable 14
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€ 0.03 mg/Xg/bw] 163 147
Con trol IVl , - -
P oidve | 1s9 148 )
ITotal 635 587 -

Sri

Toble 14

4 ra e A ——————

Experiments 3012 and BT200% : Ireatwents ) suboutansous injectaon of 30 mg of the compount xn 3 cc of N0,

Amamals (1) Ended ongoing
5,-:,::. (Sprague-Dawley Tats) Tumours {sarcomas at the s1te of injectiom) Exp;:mentu n:?:::e:::r‘
Fo,of animalns}aversge latency (weeks) (weekn

Treatwment Total | Burvavors |Io.N o lams (voeks) Histolegy typs )

I Chromite 40 - - - - +33
s

R Rensirosum EE 5 N el I
III Chromaum Rhabdomy ¢ sarconas

allumen 40 - 8 72 and fibrosarcomAs 37
IV Chromausm yellow ReAbdomy o sarcoman

{Lead chromate) 40 - 26 40 and fibrosarcomas 150
v Chrogium orange Ehabdomyosarcoaas

(Lead chromate) 40 - 27 47 and fibrosarcomas 150
v d enum N
B ‘:;‘:z: :hr“::x:ge Rhabd omyosarcomas

sulphate and 40 - 36 32 end fibropsccomes n7

_Eolybdate]
VII cCmdmium yellow Rhabd omycsarconas N

{Cadnium sulphide) 40 - 6 L and fibrosarcomms 43
VIII Iren yellow Rhavdomyosarcomas

(Irvnyondc) 40 - 1 n and fibromarcomas 125
IX Iron red

(Iron oxide) 40 - - - - 134
X Control 140 - ~ - - 127
XI Taitamium oxde 120 116 - - - 35
XII Zinc chromate 80 8o - - - )

(1) 50% males, 50% females
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Table 15 .
PLAN OF 7HE EXPERIMENTS ON THE BIOLOGICAL EFFECTS OF STYRENE
sz Species N°'°£ m':l' Treatment Veexs
and egs | Groups at e from
eriments
t t Lengtk | eq.
?"E:m Total J 9 Route Dome Stopped [Ongoang (wevee) start
1104 Rats by €0 30 30 j Inhalation 100 ppmn + 44 44
(13)
1T 60 o | 30 . 200 ppm . 4 44
111 60 10 30 - 100 ppan + 4 4
v 60 30 30 " 50 ppm + 44 44
v 60 30 30 . 25 ppm * 4 24
Untreated
VI 120 §0 | 60 | (controls) - 44
Total 420 210 210
~ 2!
; BT102 Rats 1 80 40 40 | Ingestion oigvm an - 37 17
(13)
3! 80 | 40 | 40 . o0 Be/Kg 1 . oy owm
117 80 40 0 " control: :Hva . 37 37
Total 240 120 |20
trabdominall 50 wg n
BTY03 1:-“; 1 80 s | 40 |* 1:31::%10:1! olave oil (x 4) * 38
13 120121V
11 80 40 | 40 . control: ™ + 38
Totel 160 80 80
(=
e BT104 Rate 1 80 40 | a0 |1 Ruboutaneous |50 mg an olive “ 38
(1)
[V} control: olave
! 3 7 80 40 | 40 - ot + 3 t
-~ Total 160 80 80
. © e | i [ oe0 | 490 Jsoo | [ Y N [ o
[ - - - - - - ————— T T ¥
-] 3
( . Table 16

A
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asa 8925000

— iy I
10 4 intrabdominel| 50 g o
BTi03 ’:?;; I 80 40 | 40 injections  |olave il ix 4) N 38
controlsolive
11 80 40 | 40 " o2l . )
Total 160 80 80
BT 1 sube
04 l::;; 1 1) 40 40 g”‘g"’;g;we 221"3 in olive . »
I 80 a0 40 . control: gHve . »
Total 160 8o | 80
20TAL | JE 450 |40 | [ i ] | ] ]
Tavl. 16
PLAK QF THE DXPERTMENTS O THE BICLOGICAL EFFECTS OF ACRYLOXITRILE
Species No, of ammals Treataent Woeks
Bpenamte | 3 | oroupe |———TE220 T |
(neexs) Total Q Route Dose Stopped | ongoing (waoks)| mtart
201 l(h’c; b9 62 32 30 | Inhalation 40 ppe + 35 35
12
11 60 30 3o M 20 ppa + 35 35
pasd 60 30 30 " 10 pya + 35 »
v 60 30 30 " S e + 35 35
= v 60 30 30 |[Ontrested (controls)| - 35
~
Total | 302 152 | 150
1202 me |1 108 8 | 47 |Imgestien (1) 20.34/%g 1n + 61 3
R}
1
I 80 40 20 » controls g]ii" R s 15
Total 189 8 87
Br2o3 1(1:;; 1 82 42 | 40 |Ingestaon (2) 3,28/% an + 2 21
pod 158 g2 | 76 . controly olive " 21 21
Total 240 124 { 116
o | N ENEREY | [ [ [ [ |

(1) 3=5 tinea weckly
(2) 3 times weekly
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Table 17
PLAY OF THE EXPERIMENTS ON THE BIOLOGICAL EPPECTS OF VINYLIDENS CHLORIDE
Speci Ro, of animsals
.:;c.;: ot tArt Preatment Wesks
Experimenta | U0 Groups d To from
. weeks) TotA 9 Route Doae Stopped { Omgoing {mﬂ‘e u." 8 ztart
; BRAOY Rats I 120 60} 60| Inhalataon 150 ppm + 21 21
\ (16} 11 60 30| 30 » 100 ppm + 21 21
' ety 60f 301 0 - 50 prm + 21 21
bad 60 30 30 » 25 prm + 21 21
v 60 30 X - 10 ppm + 21 2
vi 200 100| 100 | Untreatea (controls)| - 21
' Total 560 | 280] 280
'
N B1T402 Nice I 120 &0 60 | Inhelation 2oo_p;n - 2 deys 21
! 8) I1 60 30 0 M 100 ppm + 2 days 21
111 60 30 30 . 50 ppm 4 deys 21
f | e v 80 30 x . 25 ppm + 21 21
! = Loy _ iy 20 | 120] 120 . 25 ppm + 19 19
! vi 601 30! * 10 ppa N 23 21
| VII 200 100} 100 | Untreated (controls)) ~ 21
otal 800 400 400
BT403 Rats 3 100{ 50| 50 Ingestion ]?135/;‘{1”‘ A 32 »
{9)
u wo | | s - 19,2820 N 2 2
‘ in
g 111 100 50| 50 » ERZN + 32 32
° v 200 | 100] 100 v contralsolave + 32 32
w
; Total 500 { 2s0{ 250
o ‘ BT404 Ln-t- {9) [I 100 l SOJ 50 ilngutnn gig“ X in . 21 21
1 o BT4C5 Chanese |1 &0 K'e] 30 | Inhalstion 2 ppm + 11 13
! b4 ’(*;;;*"" n 35 0 18| 17 |Unirested (comtrols)] - 3 i
- 2481 95 42y — - ’ '
b 1 l
‘ TOTAL 1 2,095 |1.025 1,07 | ]
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Experiment BT1001 ¢ Ireatmsnt: 1 subcutaneous injection of 2 mg of Adriamicine

P Ll WA Bt olive oil M > > ¢
- 10
11 0| sof 50 29 ze/ke an + 32 32 !
111 00} S5o0| so0 . 110858 1n + 12 32
™ 200 [ 00| 100 " sontreliglive + 32 32
total | 500 | e2s0| 250
31404 Rate (9) | I 100 [ 50| 50 [ newataon IR [« [ 2 [ =
BT405 cnanene |1 60] 0] 30 ramalation 25 ppm + 13 13 !
28) I 35 18 1T } Untreated {controls)| - 13
total o5 | ] a7 1
207AL 1 T 12,055 |1.028 [s.027 | I H ] I 1 I
Table 18 \

an i cc of olive oal,
Results : after 38 weeks,

GROUPS ANTMALS TUMOURS AVERAGE LATERCY TIME
AND (SPRAGUE~DAWLEY RATS) {1 (weeks)
TREATMERT Sex | Number c;)mr;:fjed Survivors Yo, % tﬁx:x: Average
I 9 42 42 35 14 35 19 3
Adriemicine 2 mg o 40 40 30 12 30 25 32
o Q 40 40 34 - - - -
Control: gﬁve o 20 39 0 - - N "
Total ‘X3 162 161 129 26

(1) At the site of injection.

e A mm
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