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EXPERIMENTAL CONTRIBUTIONS IN IDENTIFYING

BRAIN POTENTIAL CARCINOGENS IN THE
: ; PETROCHEMICAL INDUSTRY

. O . Cesare Maltoni, Adriano Ciliberti. and Donata Carretti

: Institute of Oncology

K - - Bologna, fialy

: [xTRODUCTION

Data on the correlation between biaws tumors and oxegenous (enviconmenial
" 4 and occupational) agents are scanty. but extremery striking.

: Historically, Dr. Thomas F. MancJyso +.as the first to id>ntiiv an epidamisici-
! cal relationship between industrial employment in a specific industry {rubber} and
: the subsequent development of malignant tumors of the brain: In a series of studies.
. ; including demographic, retrospective. and vohort iongitudinal invesiigations. a
i ' higher risk of death due 1o tumors of the ceniral nervous system among rubber
. workers was established.'
" 8 . Following the experimental results showing that vinyl chloride was producing
; brain tumors {neuroblastomas).’ epidemiological studies demonstrated an ncrease
in brain neoplasias among workers of the vinyl chloride—polyvinyl cnloride
industry,® which was confirmed by many [urther investigations.

Recently a two-fold increase :n bramn tumors in several petrachemical planis
and refineries in Texas, was found by some U.S. epidemiotogicat groups. This find-
ing is stitl under debate {this volume).

So far, only in the case of VC-PVC workers has the direct casval agent been
identified. In both the case of the rubber industry and that of Texas petrochemical
: plants and refineries, workers have been potenuaily evposed to a multitude of
. compounds (several known as humar carcinogens): none of them, however. can at
: present be definitely hnked to the excess of brain tumors.

Theoretically, the experimentai approach to the study of brain environmental
and occupational carcinogenesis may help 1o do the (oflowing:

gy

1. to predict the carcinogenic actson of environmental agents (identificationy;
2. to assess the degree of carcinogenic potential of environmental agents (quantifization),

. in refation to concentration. length of exposure. and so on:

e 3. to provide the basis for the evaluauon of the relauve carcinogenic risk of vanous
agents;

4. to evaluate the possibility of sincarainogenetic effects of exposures 10 differeny car-
anogenic agenls:

5. to help to interpret eprdemioclogical findings showing an increased brain tumor rate
among people exposed to 2 multiude of compounds: nametly, to idenufy the nishy
single agent(s):

6. and finally, to provide basic information on the mechamsms of brain carcsnogenesis by
environmental agents.

The possibility of producing brain tumors in laboratory animals is well known.
Many chemical agents, of ditferent types. {ollowing direct implantation and gencral
administration, may produce different tvpes of tumors in a variety of expenimental
rodents {TABLE 1). Rats, at present. appear to be the most suitable species.

Three industrial compounds, in recent years. have been experimenially shown
to produce brain, and brain-correlated. tumors in rats of different histotypes: these
are bis {chloromethyl) ether, vinyl chloride. und acrylonitrile (TaBLE 2).
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Tamel
EXPERIMENTAL CHEMICALS USED TO PRODUCE EXPERIMENTAL Bram TLvoRs
Experimemal Systems
-
Antmal
Chemical Substances Route Species Tumars
Acomatic hydrocarbons Direct Rats Gliomas
20-Methylcholanihrene implantation Mics Sarcomas
3-Methylcholanthrene Syran
3.4-Benzopyrene hamsters -
[.2-Benzopyrene {Rabbits} *
3489-Dibenzopyrene
1,2.5.6-Dibenzanihracene
1,2.6-Dibenzanthracene
9,10-Dimethyl-1.2-benzanthracene
6.9,10-Trimethyl-1.2-benzanthracene
Derivatives of aromatic hydrocarbons General Rats Gliomas
N-2-Fluorenylacetamide administration
N .N'-2.7-Fluorenyibisacetamide
N-Nutroso compounds General Rats Gliomas
N-Methyl-¥-niirosourea {tMNU) admunistratton Rabbits Sarcomas
N N-Dimethyi- ¥-nitrosourea {DMNU)
NN N'-Trimethyl- N-nitrosourea
(TMNLU)
Ethyl-nitrosourea {ENL)
Triazenes General Rats Gliomas
[-Phenyl-3.3-dimethylinazene adminisiration :
Hydrazines General Rats Gliomas
t.2-Diethylhydrazine administration Sarcomas
Neuro-
esthesio-
epitheliomas
TanLE 2

INDUSTIAL CHEMICALS KNOwx TO PRoDUCE Braiv TUMORS IN EXPERIMENTAL ANEMALS

Antmal

Compounds Route  Species Tumors References

Bis {chloromethyl) ether Inhatauon Rats Neuroesthesio- 7
epitheliomas

¥inyl chloride [nhalation Rats Neuroblastomas 589
(simular to
human medutioblastomas}

Acryloninle inhalation Rats Gliomas mainly 111

{ngestion oligodendroghiomas

OLI 6954
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The INCIDENCE OF BRAIN TUMORS AMONG UNTREATED SPRAGUE-DAWLEY AND WISTAR RATS
AT THE INSTITUTE OF ONcoLouy AND Tumor CrnTeR OF BoroGna (ITaLy)

Tumors*

Ependymomas Gliomas Meningiomas Total

Average Average Averige Average
Latency Latency L.atency Latency
Time Time Time Time
Rat Struin Sex No. No. % (Weehs) No. (Weeks)  No. {(Weeks) , A {Weeks)

Animals

Sprague-
Dawley M 1,384 0.2 90 0 - (Y13 (1] . 6.6 . W04

¥ 1,412 03 1055 ¥ . 813 9 . 171 . 101.3
M&F 2719 02 1010 21 . 104.3 19 . 106.3 . 104.6

Wistar M 1700 : , 1025 X 1190 L1 104.9

* No neuroblastomas were found.

56969 110
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1Y
TasLE 4

THE INCIDENCE OF BRAIN TUMORS AMONG SPRAGUE-DAWLEY RATS, TREATED with
1wt of Ouve Q1L per XG BoDY Wt 8y Gavace. ONCE Daint, 45 Days WEEKLY, FOR

52-57 WEEKS
Tumors®
Ependymomas Gliomas Meningiomas Towd
slg“‘l"‘e’ Average Average Average Average
;:t:’ Latency Latency Latency Latency
Time Time Time Time

Sex No. No. % (Weeks) No. % {Weekst No. % iWeeksy No % {Weeks)

M 325 1 031 1040 09 1020 3 09 1023 7 21 1024
F 2 2 06 9LS 2 06 1142 4 12 1002 8§ 23 10LS
M&F 6% 3 05 957 5 08 1069 7 L1 1011 s 23 10L9

Car

* No neuroblastomas were found.

To achieve the abave-listed finalities. the experimental investigations, aimed at
studying environmental and occupational carcinogenesis. should meet the foliowing
prerequisites:

1. a suitable animal model should be used:

2. the spontaneous background tumongram of the animals employed must be known:

3. the expenimental protocols and procedures must be kept highly standardized for the
different experiments. performed in the same laboratory. In our opinson, 1 order to
obtain natural, worthwhile. and comparable data. one must:

A. keep the animai alive untl spontaneous death:

B. perform. at autopsy. careful gross examunation:

C. trim the organs and mazke hisiclogical secuons in a standard way;

D. make histotogical sectuons, highly representiative of different parts of the bramn,
available; and

E. follow the same histologicat classification of tumors.

This report presents our data on the incidence of brain tumors in rats, lollowing
the treatment with a variety of industrial compounds. given by inhalation and or by
tngestion, at different doses and. in some instances. for different durations and with
different schedules.

. These data have been collected in the framework of a long-term project on
industrial carcinogenesis which was started in 1970 at the Institute of Oncology and
Tumor Center of Bologna. and is still going on.

OLI 6956



TABLE §

THE INCIDENCE OF BRAIN TUMORS AMONG SPRAGUE-DAWLEY RATS EXPOSED BY INHALATION TO VINYL CHLORIDE IN AIR AT VARIOUS
CONCENTRATIONS, From 30,000 1o | peM, 4 Hours Dawny, 5 Davs WEEKLY, For 52 WEEKS* .

Tumors

Neuroblastomas Ependymomas Gliomas Meningiomas Total

Average Average Average Average Average

Vinyl Animals Lalency Latency Latency Latency Lalency
Chiorde _— Time Time Time Time Time

{(ppm) Sex No. No. % (Weeks) No. {(Weeks)  No. (Weeks)  No. {Weeks) No. Y (Weeks)

LX) K00

1.7 #0.0

6.7 650
67.2
66.0

750
K940
820

895
98.2
953
1050
840
95

33 800 O

- Y |
17 wso0 0

67 650

167 072
66.6

540
610
o

#9.5
910
93.2

30,000 M 30
r 0
MF o0

1040000 M 0
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* Age of the atiials ot sturt: 1317 weeks
t No treatinent.
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THE INCIDENCE OF BRAIN TUMORS AMONG SPRAGUE-DAWLEY RATS EXPOSED 8Y INHALATION TO VINYL CHLORIDE iN AIR AT VARIOUS
COonCENTRATIONS, 4 Hours Dairy, 5 Davs WerkLy, FoR 17 WEkks®

Tumors L
Neuroblastomas Ependymomas Gliomas Meningiomas Total
Average Avcrage Averuge Average Averuge
Vinyl Ammals L atency Latency Latency Latency Latency
Chivede Tane Time Time Time Time
(ppmi Sex No. No “a IWeeks) No.o % (Weeks)  No. “  (Weeks) Noo % (Weeks)  No. % (Weeks)
.00 M kD] k] 100 621 0 —_ - 0 - — 0 — — 3 100 621
F 30 6 200 750 (1] - - 0 — - | 33 60.0 7 1) 1)
MF 60 9 150 100 0 — — 0 — — 1 1.7 60.0 10 16.7 [T X
6,000 M 30 3w 3 0 - - 0 — - 0 -— 3 100 ni
F W 9 300 M3 0 - — 0 - — ] - - 9 W T4}
MK 6 12 200 o 0 - 0 — 0 - 12 200 76.6
Y] 250 M 0 4 B 7 0 — N Y . - PR ERTY
t W | 1 760 0 - -— 0 —_ - (1] _ — ] 13 760
MK &) 5 LR} RiX (/] — - 0 - — 0 - - 5 4 RiN
500 M n 0 0 - - ] - - 0 - - 0
¥ L) 0 - 0 - - 1] —_ — 0 — —_ 0 - -
ME 0 0 - I J— - (- — 0o - - 0 - -
250 M k1] ¢ - - 0 — - 0 — - 0 —_ - 0 - -—
F K1) 0o - — 0 - - 0 —_ — [] - - 0 - —
MF W 0 — - T — [ S - o - - 0 - -
50 M » 0o - — 0 — - 0 —_ — 0 - - 0 - —
F » [ —~ 0 —_ — 0 - - 1 3] 1300 1 k% | 1300
g MF &0 0 - — 0 — — 0 — — [} 1.7 1300 ] 1.7 1300
™ Conrolst M 11t ] _ —_ 1 09 1260 ] 09 1000 2 18« Bs3 4 37 .7
r W2 0 — — 0 — B 3 37 817 - 12 7o 4 49 ™o
$ MF 190 0 — — i 0% 1260 4 21 862 3 16 813 | 3 42 ¥4
o Tolal 550
0

* Age of the animals 4t staeh, 12 weeks.

1 No yestment
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Tumons

Gliomas Meningiomas Total

VC Conc Animals Average Average Average Average
Latency Latency Latency Latency

{ppm).
Exposuret  Sex  No. ) X Time No. Time No. Time No % Time

{Weceks) (Weeks) {Weeks) (Weeks)

1023 50 1023

10023
75.5

755
9.5

925
58.0

25 1023

33 75.5
1.7 1060
23 857

50 54.0
50 1037
50 b1

33 665
1.7 1.0
25 83

)2 800
50 770
33 78.0

10,000 M
4x5u$ F
MF

6,000
4x5x3

_-_—— oD

10,000
I x4x2s
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6,000
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18 145
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oL SO

[N -]
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Total 949
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TabLe 8

THE INCIDENCE OF BRAIN Tumors AMONG MALE WisTAR RaTs Exposen By INHALATION TO VINYL CHLORIDE IN AIr AT VARIOUS
CONCENTRATIONS 4 Hours Dainy, 5 Davs WEEKLY, FOR 52 WEEKS*

Tumorst
Neurablastomas Gliomas Meningiomas Total
Averige Average Average Average
Vinyl Lutency Luatency Latency Latency
Chluride Time Time Time Time
Group {ppan) Ammitls No. % (Weeks) No. Y (Weeks) No. L {Weehs) No, Y {Weeks)
5;: | 1000 M 3 1o 820 0 — -- 1 33 65.0 4 [RR) 7.7
2 6,000 b1} 1 1} ka0 k| 10.0 ¥8.3 0 - 4 133 §72
A ] 2,500 k(i) | 3) L) 0 — - 0 — - | 33 6o
4 5k ki) 0 - 0 - - 0 - - 0 - -
3 250 k1) 0 - 0 0 - - 0 -
6 50 Jo 0 - - 0 — - t 33 930 I 1 93.0
7 I 120 0 — -— 5 4.2 107.6 1 oR 100 6 50 1080
8 Controls 170 0 - — 6 is 1025 1 0.6 1190 7 4.1 1049
Total 470

* Age of animals al start. 11-13 weeks.
¥ No ependymomas were found. .
¥ No sreatment

1969 IT0O




120
Conurolsy 170

Total 470
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* Age of smmals ot stast: 11-13 weeks.
t No ependymomas were found,
1+ No treatment.

Tamis 9

THE INCIDENCE OF Bramd Tumons AMONG SERAGUE-DAWLEY RATS Exromens aY [NHALATION Tiy VINYLIDENE CHLORIDE (N AIR
AT 150, 100, 50, 25, Anp 10 rem, 4 Hours DAy, 45 Davs WetkLY, For 52 WEEKs®*

Tumorst

Ependymomas Ghomas Memngiomas

Average Average Average
Vinylidene Animals Lalency Lutency Latency
Chlonde Time Time Time
Group tppm) Sex No. (Weeks) No. (Wexks)  No. {(Weeks)  No.

z
&

i 150

Z
—-_—e ooo
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* Age of the ammals at start 16 weeks
t No newroblasiomas were fuund
1 Mo treatmen,
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TanLE 10

THe INCIDENCE OF BraiN Tumors AMONG SPrAGUE-DAWLEY RATS ExposED sy INHALATION 1O ETHYLENE DICHLORIDE IN Atk AT 250, 150, 50,
10, anD 5 pru, 7 Hours DaiLy, 5§ Davs WeeKLy, For 78 WEEKS®

* Tumorst

Ependymomas Gliomas Meningiomas Total

Average Average Average Average
Ethylenc Animals Latency Latency Latency Latency
Dichloride Time Time Time Time
Group {ppmj} Sex No. % (Wceks) No. {Weeks) No. {Weeks) No. (Wecks)

z
g

1 250-150

o0

90
9
80

90
90
180

o -

%
20

90
%
180

COC NND Ne=-

Controls} 180
180
kL (]

ST Soe NS
-

wiwD SO0 Do DOoOR CSCOC
w

Total 1,080

* Age of the ammals at start: 12 weeks.
1 No neuroblastomas were found
1 No treatment,
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COC NRND = -

Controls}

180
M&F oo

Total 1,080
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wWwe CCC Des oe
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® Age ol the animale at stann 12 mecks
¥ e teadtimat merg foun

HR LSNP SPE

Tamr 1

Tue Incroence o8 Bran TuMmoRS AMONO SPRAGUE-DAWLEY RATS Exrosens Y INHALATION TO ACRYLONITRILE
IN AIR AT 40, 20, 10, AND 5 reM, 4 Hours Daiy, 3 Davs WEEKLY, FOR 52 WEEKS®

»
Tumorst

Gliomas Mcningiomas

Acrylo- Average Average
nitrtle . Latency Latency
Conc _M:_"_':l’,._, Time Time
Group  (ppm) . . % (Weeks) No. (Weeks) No.

6.7 755
33 1080
50 863

13 960
313 210
13 1085

1 40

= b

CO0 OO0 N e =

Controled

- -
=

Totu) k)

* Age of the ammals at start: 12 weeks.
t No neuroblasiomas or ependymomis were found.
$ No trestment.
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TABLE 12

Tot INCIDENCE OF BRAWN TuMORS AMONG SPRAGUE-DAWLEY RATS EXPOSED BY INHALATION TO STYRENE IN AR AT 300,
200, 100, 50, anp 25 Pru, 4 Houms DaiLy, 5 Davs WEEKLY, For 52 Weeks®*

Tumorst
. i ¥
Gliomas Meningiomas Tow!
Average Average Average
Styrene Anumnals Latency Latency Latency
Cone Time Time Time
Group {ppm) Sex No. No. Y% (Weeks) No. % (Weeks) No, % (Weeks)
i 300 M » 0 - — 0 — - 0 - -
F 0 — - 0 - - 0 — -
M&F 60 [1] —_ — 0 — _— )] — —
2 200 M k) 0 - - ] - - 0 —_ —_
F » 0 _— - 0 v - [1) — _
I3 M&F 0 - - ) - - 0 - -
) 100 M » 0 - — 1 33 1200 ] 33 1200
'F ¥ [ —_ -— 3 100 a7 3 100 1
M&F &0 (/] —_ -_ 4 6.7 114.5 4 (%] 114.3
4 30 M 1] 0 — - 0 - - 0 — -
F k1] 0 -— - 0 - —— [\] — —_
M&F 0 0 - — 0 — - g — —
5 25 M 0 1] - _— 1 1) 1320 1 33 1320
F ] 1 33 106.0 (/] — -— 1 p k] 1060
o MkF 0 1 17 1060 1 1.7 1320 2 3} 1190
[ 6 Controls$ M 60 0 _ — ] — —_ 0 —_ —
H F ®w o - - (i - —_ 0 . -
. M&F 120 0 - - o - - 0 — -
0 .
a Total A0
wn - . P —

® Age ok the ammabs ot slart 1) weehs
t No st of epcnady were found

1 Nu trcatment




. ~ - — e s 33 1200
MAF @ o 3 100 127 3 100 u27
- - 4 67 14
‘ so M » o0 - 4 67 143
F » 90 - _ g - - 0 - -
M&F 6 o - o - - 0 - _
L3 25 - - 0 —_ —_
M 3 0 _— _ | 3
M : 0 1 13 106.0 0 _;J IE.O 1 kX 1320
! F 6 | L7 106.0 1 17 1320 ; 33 1060
6 Controls} M @ 0 — _ 13 neo
F © o — 0 - - 0 - -
M&F 120 g _ _ o - - [ — -
Toat 20 - 0 — -
; 'A‘lﬂ of the animals at start: 13 weeks,
! N: :‘;‘::N:::'M“ of ependymomas were found. . X
¢
L
- -~
Tamee 13
THE INCIDENCE OF BRAIN TUMORS AMONG SPRAGUE-DAWLEY RATS EXPMOSED BY INHALATION 1O
PROPYLENE IN AIR AT 5,000, 1,000, ANp 200 prx, 7 Hours DALy, $ DAvs WEEKLY, FOR 104 WEEKS®
e
Tumorst
Gliomus Meningivmis Total
Average Average Averuge
Propylene Ammals Lalency Latency Lutency
Conc i ——— it Time Time Time
Group (ppm) Sex No. No. % (Weeks) No. Y {Wecks) No. Y% (Weeks)
1 5,000 M 120 0 — — 0 e
F 120 0 -_ — [1] —
8 M&F 240 0o — - o -
2 1.000 M 100 0 — - 0 —
¥ L[LV] 0 - - | 10
M&F 20 [ I — ! (X
3 w00 M 0] 0 — - 0 --
F 1) 0 ~ - 0 -
M&F p.L1) 0 - - 0 _
4 Controls} M 120 2 1.7 1085 0 —
F 120 1 OR 180 )] -
M&F 20 y o112 o o —
Toul B%0
. #e of the animals at start 17 weeks.
t No bl or ependy were found.

1 No tresiment.

9%69 IO
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THE INCIDENCE OF BRAIN TUMORS AMONG SPRAGUE-DAWLEY RATS EXPOSED 8Y INHALATION TO
TRICHLOROFLUGROMETHANE IN AIR AT 5,000 aNp 1,000 peM, 4 Hours Dainy, 5 Davs Weekpy, Fox 104 WEEKs*

TABE 14 -

L)

Tumorst

Trichloro-
fluro-
methine Animals
Conc
Group  (ppm) Sex No.
1 5000 M 9%
F %
M&F 180
2 1,000 M 90
¥ LU
M&F 180
3 Controls} M 150
F 150
M&F 300

Total 660

Ependymomas Gliomas Meningiomas Total

Average Average Average Average

Latency Latency Latency Lalency
Time Time Time Time

No. “% (Weeks) No. % (Weeks) No. % (Weeks) No. % (Weeks)

¢ - 0o - [+ 0 -

0 - 0 - — 2 22 900 2 2 2040
0o — - 0 — - 2 Ll WY 2 1 Y
0 — - 222 1295 [N 720 333 103
[ C I {1 3X ) [ R 750 1 $80 3 n K87
1 05 1030 3117 ma 2 LUTH 6 1) .5
1 07 9.0 1 07 840 [ — 2 13 #9.0
0 - - 2 1) 825 0 — - 213 825
1 03 940 3 10 B30 0 - — 4 13 857

* Age of the animals af stare 9 1) weeks.

t No neurablastomus were found

{ No treatment The same control group 1s common for the expenments FC12 and FCI I




-—

M 2 1298

F
: 1 750
M&F , 2 m3

C
onirols} h';f ; ) ‘ 840
150 825
M&F 300 . 83'0

Total 660

BNN Dww NNO

® Age of the ammads at start 9 13 weeks,
¢ N neutoblastamas were found

.
» M veaiment Fhe sané contial group w common for the expeaments FCL2 and FCY

Tase L5

THE INCIDENCE OF BRAIN TUMORS AMONG SPRAGUE-DAWLEY RATS EXPOSED 8Y INHALATION TO DICHLOROD(FHLUORCMETHANE
IN AR AT 5000 AND 1,000 prM, 4 Hours Dany, § Davs WErkLy, For 104 Weeks®

Tumorst

Ependymomas Gliomas Total

Dichloro- Average Average Average
fluoro- Animals Latency Latency Laency

methane ————— Time Time Time
{ppm) Sex No. . {(Wexks) 3 {Weeks) X (Weeks)

1000
9740
HIXEY

5,000 M 90 1090
¥ 9% 910

M&F 10

Lo M % : 0.4

2 ™ . w0

M&F . 978

Controls} M . . #40
F 150 : 83

M&F . I 830

Total 660

LIS
930
978

9.0
825
857

N R e A e

* Age of the animals ut start; 9-13 weeks,
t No neuroblastomas or ingioimas were found.
1 No treatment. The same control group is common for the experiments FC12 and FCVLL
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THE INCIDENCE OF BRAIN TUMORS AMONG SPRAGUE-DAWLEY RaTS EXPoseD By INHALATION TO CHLORODIFLUOROMETHANE IN AIR
AT S000 AND 1,000 prM, 4 Hours Daity, § Days WEEKLY, For 104 WEEKS*

Tumorst
Ependymomas Ghomas Menmngiomas Total
Chlore Averyge Avetage Average Average
diflworo- Animals 1 atency Latency Latency Latency
h Time Time Time Time
Group (ppm) Sex No. No. %  (Weeks) No %  (Weeks) No %  (Weeks) No. % (Weeks)
) 5,000 M a0 (IR - 2 33 S | — . P & T 'Y
& 3 0 T BTV 0 2 3} WS 350 17
~ M&E 120 I 08 %o 2 1y s T L1 W s 42 w4
2 1400 M ol 0 -- Q0 - 1 17 1240 ! "7 1240
I (1] 0 - 1] - - 0 —_ 0 . .-
M&F 10 0 - - 0 - 1 [1} 3 1240 | 1% 1240
3 Controhsd M () 1] — 0 - Q0 - - 0 -
¥ o) 0 — - 0 — — 1 17 136.9 1 1.7 [R11]
M&F 0 0 — - 0 _ — i 08 1360 ] [I}] 1360
Total 360

* Age of anomals at start 8 wecks,
£ No newroblastomas were found
+ No treatment.

(o}
[
(]
)
w
)
0




M 60
F 60

Controlsy M o0
K 60

Total 160

* Age of animals af star: § weeks.
t No neuroblastomas were found.
+ No treaiment.

Dasms 1t

Tt it i Baary Towmms Asimcs SPRAGU E0aminy Rars | amman my Paasinm 1 Vst € srmum v Chine Ch
AT M.00, 1665, A)), 10, 0.3, anp 003 wu/ku Boov Wr, Once Dainy, 4 5 Davs WasLy, s 37 39 Wian®

Tumorst

Ependymomas Ghomas Meningiomas Toual

Vinyl
Chiloride Animals Average Average Average Average
Ingested Latency Latency Latency Latency
imyrkg No. at Time Time Time Time
Group  body wi)  Sex  Stant . e (Weeks) No. % (Weeks) Noo % (Weeks) (Wexks)

1 50.00

M0 59.0
590 . o
1200

1200
920

Z-z E-x

SO oS See
L~

910

1HEo
o
102}

%7
%35
%7

-

L)
9.5

Controls} %0

k4 §,-ez 5_-—.: E'nz Eﬁz
s N RTD T A L

W)

z
H

Tutal

* Agx of amimabs at start HY 1Y weehs
* Nu meurblaslofiias werg found
§ live il

0L69 IT0




Tasik 18

THE INCIDENCE OF BRAIN TuMDRS AMONG SPRAGUE-DAWLEY RATS, EXPOSED BY INGESTION 10 VINYLIDENE CHLORIDE IN Ouve O
AT 20, 10, 5, 0.3 uG/kG Bovy W1, Once DaiLy, 4-5 Davs WeEkLY, toR 52-59 WEEKs®

Vinyhdene
Chlonde Animats
Ingested
(mg/ky No. at
Group  budy wi) Sex Stan

t p-1} M 50

F 50

M&F 100

~ 2 0 M 50
b3 ¥ 50
M&F {3)]

) ] M 50

3 v

M& u

4 03 M 50

F 50

M&F [{L1]

5 Controls} M 175

F 175

M&F 350

Totsl 750

Tumorst
kpendymomas Gliomas Meningiomas Towl
Average Average Average Averige
Latency Lutency Lalency Latency
Time Time Time Time
No. % (Wesks) No. %  (Weeka) Noo %  (Wecks) Noo % (Weceks)
0 — - 0 - - [ J— — 0 — -~
0 - 0 - [ J— - [ —
[\ Q- -- 6 - - 0 - - 0 - ~
0 0 - P20 1o f 20 uio
0 — - 0 - —~ 0 -- - [ S —
0 ~ — [ - t 10 theo 10
t 20 0 0 — - 20 210 2 40 1035
[ — 0 - - 120 10 20 180
1 10 860 [ - 2 20 1195 3 360 W)
o - -— ! 20 800 0
0 -~ 0 - - 0
0 - — I 10 800 0
0 - - 2 8] 1095 2
1 06 870 2 4
i 031 870 4 6

TL69 1770

t Nuo nearublystomay were found
$ Obve anl

® Age of ammats ab a9 U weeks




20 80.0

10 800

Conlrolsg
1 1095
175 : NS
350 : :
- Lt

Tois) 7%

PAEN DCT =

* Age of animals ut start: 9-10 weeks,
t No ncuroblastomas wese found,
{ Olive oul,

R le Y PR

Tame 9.

THe INCIDENCE OF BRAIN TUMORS AMONG SFRAGUE-DAWLEY RATS. EXMUMED BY INGESTION TO ACRVLONITRILE
IN Ouve On AT 3 wa/xc Booy WT, 3 Times WEexLy ror 52 WEEKS

Tumorst
Gliomas Meningiomas

Ependymomas

Average Average Average - Average

Latency Latency Latency Latency
Time Time

Time Time
{Weeks)  No. {Weehs)  No. (Weeks) X {Weehy)

a0 : AT

430 . 410

Controlsg 75 . 10840 3 . . 920
3 . A 1142 . 1047

)50 X ( 1 120 3

20

Toial

* Age of ihe mrumals st start: 10 wecks,
t No newroblastomas were found.
§ Ohve oil.

2L69 IT0
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TanLe 20 ' .

THE INCIDENCE OF BRaiN Tumors AMONG SPRAGUE-DAwLEY RATS, EXPosED 8Y INGESTION 10 STYRENE IN OLivE Ol
AT 250 AnD 50 MG/xG Booy Wr, Once DaiLy, 4-5 Days WeskLy For 52 Weexs®

Tumorst

Ependymomas Gliomas Mecningiomas Tolal

Siyrene
Duse Animals Average Average Average Average
Ingested Latency Latency Latency Latency
(mp/kg No. at Time Tie Time Time
body wi) Sex Stut No. (Weeks) 1 {Wecks) %  (Weeks) . % (Weeks)

2

25 o€ 25 0.0
25 1050 25 1030
25 9.5 25 96.5

- - 25 1060
75 10 1958
37 13 6.2 1168

40
40
0

40
40
30

Controls} 40
: 40
. {H

T 9%0
- - 2.0

SO W S o e

Tolal 240

* Age of the animals i start: 13 weeks.
1 No neurublustomas were found
+ Qlive il
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96.5

2
-
2

1s
2.5

]
2

£

2
-
2

25

-

.1V
AN R e e A -

¢ found.

M

LN W
Controls}
* Age of the animals at stact: 13 weeks,
t No neuroblasiomas wer
{ Olive oil,

3

Total

Maltoni et al.: Experimentat Contributions 237

TasLE 21

THE INCIDENCE OF BRAIN TUMORS AMONG SPRAGLE-DAWLEY Rats, ExPosEn ay [NGESTION
10 STYRENE OXinE IN OUVE OiL aT 250 D 50 MG KG Bopy WT, ONCE DastLy, &5
Days WeekLY, FOR 52 WEEKS®

Meningiomast
Styrene
Oxide Anim Average
Dose als Latency
img/kg No. at Time
Group body wil Sex Start No. % {Weeks)
1 250 M a0 -0 - -
F 40 2 50 129.5
M&F & 2 25 129.5
2 50 M 40 1 s 107.0
F 40 t 5 126.0
M&F 80 2 5 1160
3 Controls$ M 40 1 25 2.0
F 40 0 - —
M&F 80 i 1.3 8L.0

3

Total

* Age of the animals at start: |3 weeks.
t No neurobiasiomas, ependymomas, or gliomas were found.
% Olive oil.

PLaN OF THE STUDIES: MATERIALS AND METHODS

The incidence of brain tumors has been systematically studied in cur Labora-
tory for the foliowing:

|. unireated rats iSprague-Dawiey and Wistar);

2. rats (Sprague-Dawley) treated with vicgin olive oil, which is the vehicle used for the
ingestion igavage) experiments.

3. rats (Sprague-Dawley and. n the case of sinyl chlonde. also Wistar), treated by
ishalation at ditferent doses (and, in the case of vinyl chloride, also for different times
and with different scheduies) with:

vinyl chlonde,

vinylidene chlonde,

ethylene dichlorde,

. acrylomtrile,
styrene.
propylene,

. trichlorofluoromethane (FC 1L

. dichloredifluoromethane {FC 12
chlorodifluoromethane {FC 22);

4. rats (Sprague-Dawleyl. treated by ingestion at different doses with:

FEOMMpON >

A. vinyl chloride,
B. vinylidene chlonde,
C. acrylomtnle,

OLI 6974
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. styrene,
styrene-oxide,
vinylidene fluonde,

. trichloroethylene,

. benzene,

1. ®asbestos {Crocydolitel

J. polyvinyl chlonide {PVC).

LOMmMO

All the supplies of the compounds used were examined in order to determine
whether they meet the required standards.

The concentrations, when the compound was administered by inhalation, were
controlled by continuous gas chromatographic monitonnag..

Treatment was always performed by the same people. This is particudariy im-
portant for gavage, stnce the antmals become accustomed 1o the same operator.

The animal breeds have been routinely empioved in our Laboratory for many
years. {t should be pointed out that, whateser their use. all the animals of our colonv
undergo periodic examination and complete autopsy, giving us extensive infor-
mation concerning their pathology.

The age of the animals in the experiments considered in this report, at the start
of treatment, varied from 1 to (6 weeks.

The animals were kept alive until spontaneous death. Every two weeks. they
were submitted to an examination (or the detection of any gross changes.

Full autopsy was performed on each animal. All the different parts of the body
were explored, and specimens for histoiogy were taken from ali major organs and
any other organ with pathologicai lesions. As far as the bra:n was concerned, careiul
gross examination was made, and all lesions. either superficial or discoversd by
dissecting the organ {after fixation) were measured and described.

The brain was always trimmed in a standard way. and sections were routinely
stained with hematoxylin-eosin and, when necessary. with special techniques.

The criteria for histopathological characterization and classification of brain
tumors were kept standard for all the experiments.

The observed tumors were grouped in four major categories: neuroblastomas
{similar to the human meduiloblastomas}l. ependymomas, gliomas, and mening-
omas.
Gliomas and meningiomas in the original records were also subclassified ac-
cording to histotype. The distribution of the different histotypes in those two cate-
gories of tumors. however. did not seem to be relevant. Most of the gliomas are
oligedendrogliomas.

REsuLTS®

The incidence and the latency time of brain tumors among 2,796 Sprague-
Dawley and 170 Wistar untreated rats in our colony, and among 650 Sprague-
Dawley rats following long-term teeatment with olive oil, by gavage, are given in
Tastes 3 & 4. respectively.

The incidence of these tumors appears to be higher in Wistar rats {whome
number, however, is lower). The treatment with olive oil does not appear to atfext
the onset of brain tumors.

TABLES 5-16 give the results of the expenments studying the effects of the
exposure by inhalation to the following: vinyl chlonde (TasLes 5-8), vinylidene

* The incidence of the wumors is referred to the totai number of animals at start; the tme
of latency as age of the tumor-bearing ammals.

OLI 6575




Academy of Sciences

sed were examined in order 1o determine

und was administered b
phic monitoring.

the same people. This is particularly im-
ne accustomed to the same operator.

ly empioyed in our Laboratory for man;
ver their use, all the animals of our coleny
sete autopsy, giving us extensive infor-

y inhalation, were

ents considered in this report, at the start

antan. s death. Every two weeks, they
etection of any gross changes.
nimal. All the different parts of the bods
¥ were taken from al] major organs and
A& far as the brain was concerned. careful
ons, either superficial or discovered by
asured and described.
andard way, and sections were routinely
wcessary, with special techniques.
racterization and classification of brawn
ments.
four major categories: neurobiastomas
ependymomas, gliomas, and meningi-

u.nm.~ records were also subclassified zc-
e different histotypes in those two cate-
© be relevant. Most of the gliomas are
.ﬂQ

I brain wmors among 2,796 Sprague-
our colony, and among 650 Sprague-
with olive oil, by gavage, are given in

S 1o be higher in Wistar rats (whose
sith olive oil does not appear to affect

*periments studying the effects of the
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¥ total number of animals at start: the time

TaBLE 22

LUORIDE IN OLIVE O
THE INCIDENCE OF BRAIN TUMORS AMONG SPRAGUE-DAWLEY RATS, EXPOSED 8Y INGESTION TO VINYLIDENE F

AT 8.25 aAND 4.12 MG/kG Bopy WT, Once Dairy, 4-5 Davs WeEkLy, For 52 Weexs

Tumorst

Tolal

Gliomas Meningiomas

Ependymomas

Vinylidene

Fluoride
Dosc

Average

Latency
Time
(Weeks)

No. %

Average

Latency
Time

% (Weeks)

No.

Average

Latency
Time

% {(Weeks)

No.

Average

Latency
Time

%  (Wecks)

No. at
Start No.

Animals
(mg/kg
body wt)  Sex

Group

1130
130

28
14

0
0
0

1130

28
4

35
s
70

M
F
M&F

825

239

1160
1160

3]
1.7

1160
1160

13
17

4.12

870
870

33
17

Total

* Age of the animals at start: 13 weeks,
1 No neuroblastomas were found.
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TasLe 23

THE INCIDENCE OF BraiN TUMORS AMONG SPRAGUE-DAwLEY RATS Exposen sy INGESTION
T0 TRICHLOROETHYLENE IN OLIVE OIL AT 250 AnD 50 MG/KG Bopy WT, ONCE DarLy, 4-6
Davs WEEKLY, FOR 52 WeEEKs®

Tumorst

Gliomas Meningiomas Total
Tuchloro-

cthylenc Animals Average Average Average
Dose Latency Latency Latency

(mg/kg No. at Time Time Time

body wi) Sex Start . {Wouks) . (Weeks) No. Y% (Weeks)

250

3y 1o
33 1040
11 1040

13 870

L7 870

Controls}

228 g88 8838

g

Total

* Age of the animaly at start: 13 weeks.
t No neuroblastomas and cpendymomas were found.
$ Ohve il
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:u X Y

: 11} ' LT T

Mar (] t 1.7 1.7 1t

LXUCITIY M MY
" W - -

M&F 60 L7 870

Total 180

bmh
1mn
M0

w0

870

* Age of the animals at start: 13 weeky,

1 Nq ncuroblastomas and cpendymomas were found
1 Olive oil. .

TR T PR CEA AL ) gy e 8

TabLE 24

THEe INCIDENCE OF BRAIN TuMORS AMONG SPRAGUE-DAWLEY RATS EXPOSED BY INGESTION To Benzene N OLivE OiL

AT 250 AND 50 MG/KG Baby WT ONCE DALy, 4-5 Davs WEEKLY, FOR 52 WErks®

Tumorst

Gliomas Meningiomas

Total

Benzene Animals Average Average
Dose e r—— Latency Lalency

(mg/kg No. at Time Time

body wt) Sex Start . % (Weeks) . {(Weehs)

Average
Latency
Time
(Wereks)

35 28 1570 -
35 - - . 1230
0 14 1570 . 1230

30 - - . 1:50

30 - - .
60 D — ) 150

Controlsg 30 - -
. W -
w —

Total 190

1570
1230
140.0

115.0

1150
870

§70

* Age of the ammals at start: 13 weeks.
t No neuroblastomas of ependymomas were found.
$ Olive oil.
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TabBLE 25

THE INCIDENCE OF BRAIN TUMORS AMONG SPRAGUE-DAWLEY RaTs EXPOSED BY INGESTION TO 2 MG OF AsBesTos (CROCYDOLITE)
IN OLIVE O, ONCE Eviery Two WEEKS, FOR 52 WEEKS*

Tumorst

Epcndymomas . Gliomas Meningiomas Total

Animals Average Average Average Average
Latency Latency Latency Latency
No. at Time Time Time Time
Group Sex Start  No. {Weeks) . (Weeks) . (Weeks) . (Weeks)

MH2my M 40 (]
Ashestos F 40 0 . . —
Crocy- M&F 80 0O
dulite)

2) Controls M 75
{olive F ii
uil} M&F 150

Total 230

* Age of the unimals st start; 10 weeks.
t No neuroblastomas were found.



th2my M
Ashestos F
{Crocy- M&F
dolitc)

{2} Controls M 15
(nlive F 15
oil) M&F 150

Total 230

* Age of the animals at start: 10 weeks.
1 No neuroblastomas were found.

TABLE 26

THE INCIDENCE OF BRAIN TUMORS AMONG SPRAGUE-DAWLEY RATs, EXPOSED BY INGESTION TO POLYVINYL CHLORIDE
(2 ma 1N OLive OiL), ONCE Eviry Two WEEKS FOR 52 WEEKS .

Tumorst

Epeadymotaas Gliomas Meningiomas Total

Average Average Average Average
VR Latency Latency Latency Latency
PVC No. at Time Time Time Time

Dase Sex Stant (Weeks) No. (Wecks) X (Weeks) (Weeks)

Animats

4
e
r4
e

20
20
40

2mg
(suspension)

F4
L]

20
20
40

2mg
{emulsion)

k4
pTX aa'r._z =X

-

-

75
5
150

Tolal 230

Controls}

-_—-_ oo Cc oD
o hw CCOC SO0

z

* Age of the animals at stars: 10 weeks.
t No neuroblustomas were found.
$ Olive oil.
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TasLe 27

THE INCIDENCE OF NEUROBLASTOMA 15 SPRAGUE-DawLEY Rats In RELaTiON TO
CONCENTRATION OF ¥iNyL CHLORIDE ADMINISTERED Bt [NHALATION.FOR 32 WEEKS

[ % Animals
with
Neuroblastoma

Vinyl Chlonide
Experiments (ppm)

BT 6 30.000
BT1 10,000
6,000

BT 1, BT 9
BT 15

Controis
BT 1, BT 2,
8T 9, BT 1§

chloride (TaBLE 9, ethylene dichloride (TasLE 191, acrvlonitrile {TaBLe 11). sisrene
(TABLE 12), propylene {TaBLE 13}, trichlorofluoromethane (TaBLe L4k dichlorodi-
fluoromethane (TasLE [5), and chlorodifuoromethane {TABLE 16}

Under our experimental conditions. only two of the above-listed compounds.
given by inhalation, appear to produce brain tumors, namely vinyi chlonde and
acrylonitrile.

Vinyl chloride appears to produce neuroblastomas both in Sprague-Dawles
and Wistar rats, at a concentration of 30,000, 10.000, 6,000, and 2,500 ppm. when
given for 52 weeks, 17 weeks, or less.

Acrylonitrile produces an increase in the incidence of gliomas (ofi-
godendrogliomas) at 40 and 20 ppm.

TaBLES 17-26 present the resuits of the experiments studying the effects of the
exposure by ingestion to the following: vinyl chloride {TaBLE 17), vinylidene chioride
(TABLE 18}, acrylonitrile (TABLE 19). stirene (TaBLE 20%, styrene oxide {TaBLE 21
vinylidene fluoride (TasLE 22), trichloroethylene | TABLE 23). benzene {TasLE 24k
asbestos (Crocydolite} {TasLe 25), and poiyvinyl chlonde {TasiE 26).

Under our experimental conditions none of the above-mentioned compounds.
given by ingestion, seemed to produce brain tumors.

OLI 6981




N

ydemy of Sciences

27

AAGUE-DAWLEY RATS 1N ReLatiov 10
“ISTERED 8Y INHALATION, FOR 52 WEEKS

% Animals
with
Neuroblastoma
M F T
13 - L7
67 16.7 11.7
69 33 51
67 6.7 [ %

£ 10), acrylonitrile (TaBLE 11), styrene
luoromethane (TasLe 14), dichlorodi-
methane (TasLE 16).

¥ two of the above-listed compounds,
n tumors, namely vinyl chloride and

roblastomas both in Sprague-Dawley
), 10,000, 6,000, and 2,500 ppm, when

@ the incidence of gliomas (oli-

xperiments studying the eflects of the
bloride (TaeLz 17), vinylidene chloride
(TABLE 20), styrene oxide (TanLe 211
lene (TaBLE 23), benzene (TasLE 24,
¥l ch!oride {TaBLE 26).

of ' “ove-mentioned compounds.
mors,

|
|

A P 8 i ALl s

R
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ConcLusions aND Discussion

In the reported experiments, two compounds. vinyl chloride and acrylonitrile,
appeared to cause brain tumors, neuroblastomas and gliomas {oligodendrogliomas).
respectively, when given by inhalation.

Such an effect is not seen with vinyl chloride at 500 ppm and below {TasLe 27}
and with acrylonitrile at 10 ppm and below.

In TasLes*28 and 29 the overall incidence of brain tumors (different types and
totals) in Sprague-Dawley rats following exposure, respectively, by inhalation and
ingestion to different industrial compounds. without taking into account con-
centrations and duration and schedule of treatment, is presented.

From TaBLE 28 it appears that when the level of dose and the type of tumor are
not considered, the incidence of brain tumors may be “lowered ” to borderline levels.

Such an “artifact” finding. in our opinion. is extremely important, and it
stresses the point that, in epidemiological investigations 1n humans, reference must
always be made to defined types of tumors and to groups of individuals with the
same level of expasure (homogeneous groups).

Our research in the field of carcinogenesis is now being extended to other”
industrial compounds.

Furthermore, in consideration of the higher responsiveness of embryos and
newborn animals, we are now testing a series of compounds {including some of the
ones considered in this report), by treating the breeders from the [2th day of
pregnancy, and continuing the exposure of offsprings up to adult age.
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OveERaLL INCIDENCE OF BaaiN TUMORS IN Srrague-DAwLey Rats, FOLLOWING THE EXFOSURE BY INHALATION TO IMFFERENT INDUSTRIAL
Comrounps

Tumors

Neuroblasiomas Ependymomas Gliomas Meningiomas

Average Average Average Average
Latency Latency Latency Latency

Time Time Time Time
(Wecks) No. {Weeks)  No. {(Weeks) No. % (Weeks) No.

4
°

Agent

170 1230 . 1047 02 1330 16
74. 9.5 ) 1047 04 $9.7 17
755 1073 ! 104.4 03 9.0 k]

B . 1110 05 1270
95.0 : . 840 11 160
950 . 102.0 08 1197

1550 SN
940 03 970
143 oL 970

$23 . 2.0
114.5 . 106.0
95.2 . 1040

Vinyl
chloride

Vinyhdene
chloride

Dichloro-
cthane

Acrylo-
nitrile

CoC ODOCC OGS W




vessmooe o (wiks] MO, % (Wecks) No. % {weeks)

Vinyl M 780 TOSmo 1 o 0 Te o0 a7 2 02 130 18 20 947 . J
“laride F 780 B 10 M1 2 02 995 4 47 3 04 897 17 22 - g9
MF 1,560 510 755 3 02 1023 10 06 144 5 03 ee0 3 21 %07
Vinylidene M 180 > —~ - 0 - _ 2 M e e 10 3 17 1163
chloride F 180 o - t o5 950 L 05 80 2 11 1160 4 22 1027 :
o — - . : 8 102 . . .
ME o 103 950 3 08 1020 3 08 197 7 19 jo56
Dichloro- M 360 0 - —~ 0 - _ 1 03 1550 o — . 1 03 yss0
ethune F 360 o — - 0 - _ 2 05 %0 1 03 970 3 08 950
MF 720 o -~ - 0 — _ 304 143 1 01 970 4 o5 1100
Acrylo- M 120 o — —~ 0 - 325 823 ) 08 990 4 33 g
nitrile F 120 o — - 0 - 2 LT 15 2 17 1060 4 33 1105
MF 240 6o — — 0 - _ 521 92 3 12 1040 § 33 wess
il S
1.3 1260
- e — 2 13 1260 2 1,
6 — - 0 - 20 127 4 27 1No
rene M 150 - - f 07 1060 3
Sty F 150 o — - g - 1 03 1060 5 17 1180 6 20 1160
MF 300 o — 0 _ 0 —~ — 0 — -
0 — -~ 0 - - ~ 03 1110 1* 03 1O
Propflene M 6 — - o — - o — Z Lot mo 1 o1 uio
F 320 o 0 — — 0 — t
F 640 - - 3
N 0 — - 0 = o~ 2 Uo@s 105 7m0 3 17
Frichloro- M 0 T T U 65 a0 L 05 150 3 17 g0 & 22 9
fuoro- F 12 0 — - t o3 1030 3 08 113 4 Ll :
methane MF 340 0 — - 4 22 1025
o - — o — - 4 22 1028 3T ers
Dichloro- M 180 p _ 0 — —_ Tt 9 o - - 6 17 995
difuoro- F 180 o - _ 0 — —_ 6 17 995 6 — - ’
methune  MF 360 17 8BS 1 08 140 3 25 97
» 6 — — 0 - — 21 T2 17 s 3 25 983
Chioro- M ! 0 — — I 08 90 6 - - 2 1017 6 25 960
" difluoro- F 120 o — - 1 04 9.0 2 08 7S 3 o2 .
A mebane  MF 200 0 07 %66 26 19 1074
3 62 950 13 09  H1kS -
1,384 . 9 06 ML U LS 104}
Controls M , 0 — - 4 03 1055 8 06 $1) ! v &9 17 104
Fooo M 7 02 D 2 07 1043 19 07 106 .
MF 219 0 - - :

$869 110
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OveraLL INGDENCE OF BRAIN Tumonrs 1N SPracue-Dawrey RaTs FouLowing EXrosuRe sy INGEYTION
10 Dhrrerent INDUSTRIAL, CoMrounms

Tumors*
Ependymomas Gliomas Meningiomas Total
Animals Average Average Avcrage Average
~ Lutency Lutency Lutency Latency
& No. al Time Time Time Time
Agent Sex Stat No. % (Weeks) No. % (Weeks) No. % (Weeks) No. % (Weeks)
Vinyl chioride M M5 2 06 1035 5 14 1016 1 03 1200 B 23 j044
F M5 2 06 905 2 06 965 2 06 650 6 17 840
M&LF 90 4 06 970 7 106 1001 3 04 833 14 20 956
Vinylidene M 200 1 05 80 1 05 d00 2 10 160 4 20 993
chioride F 200 0 — @ — 0 - - 1 05 1180 1 05 1140
o M&F 400 | 02 80 | 02 80 3 07 HN6? . 5 12 012
e Acyloniile M 40 0 — — 0 — — 0 — -~ 0 — —
F 0 o - - 1 25 40 0 — — 1 25 430
A M&F 8 o — — 1 13 40 0 — - 1 13 &0
b Styrenc M B0 0 — — 1 12 1060 I 12 900 2 25 980
¥ 0 1 12 B0 0 - - 4 30 1247 5 62 1162
M&F J6b | 06 820 1 06 1060 5 31 1178 T 44 {110




* sbew

. MO % (Weeks) No. % (Wecks) No. % (Wexks) No. % (Weeks)

Vinyl chloride

&

06 1035 4
06 905 0.6
06 970 10 100t

05 860 05 800

a2 800

03 1200 8 23 1044
06 650 & 12 84.0
04 833 14 20 95.6

10 1160
0S5 1180
67 1167

5

Vinylidene

20 9.5
chloride

05 1180
12 1032
Acrylonitrile _ _
25

13 4310

12

06

4
1
5
0
1 25 430
1
2
5
7

COC wew i wWim

L3 430

25 98.0
62 162
44 imo

Styrcne 12 %0

50 1247
it s

g2z =28 BB &

LTI e

Styrene
oxide

1 1
3 3
4 4

Vinylidene
flyoride

- wa
-

Trichloro-
ethylene

Benzene

-

Asbestos
(Crocydolite)

OO Wbl Koo e e

Polyvinyl
chloride

ooe DO DO OO

80

Controlst ;;i

M&F 65

vNw D00 QOO
~NhW SOD SO Nmwm = 200
wew SO0

Lo
-

* No neuroblastomas werc found.
1 Olive oil.




