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1. Premises

The Scenario
Cancer is the most serious health problem 01 our time for numerous reasons. In

industrialized countries, it is the cause of about 30% of overall morta1ity. Il is the main cause of
death for the under-60 age groop. Il is the only major pathology that shows an increase in !be
incidence of mortality. It is largely due to environmental factors and represents the pathological
marker of an altaed relationship between humans and models of socio-economic-industrial
development with consequent alterations in the natural environment and changes in lifestyle.
Furthennore, il most be considered' tbat, because of the long latency lime of the neoplasias, the
present epidemiological situation reflects the risk burdea of many years ago; and, therefore, the
present heavier can:inogenic environmental potential wiU be reflected in a hither incidence of the
diseases within the next decades.

The presenl and prospective impact of cancer is clcarly quantificd in lhe data of the Cancer
Registry of the Province of Bologna (a typical area of 8J industrializcd Wesle!1l country), which
show: (1) the perccnt of mortality due IO cancer, referred IO as mortality due IO other causes, in the
entire province and in the chief IOwn, in the years, 1986, 1987, and 1988 (see graphs I and 2); and
(2) the relative cumulative mora1ity due to malignant tlllllOrs, cardiovascular diseases, and other
causes arnong maJes and females in 1987 (see Tables ! and 2).

The scenario is aggrava1ed by!he fact that tbe balance of the last 40 years' investments in
clinica! (mainly Iberapeutical) contro! of caneer has not met the expectancies. Based on
epidemiological <ÙIla and trends (Bailar and Smith,!986), and on current clinical observations and
investigations, it must be conduded !hat the projects aimed at improving the past traditional
therapies have beea large!y a failnre.

In this context the control of the environmenla1 carcinogenic barden (Le., primary
prevention) may be the more effcetive strategy of control.

The Relevance oflN Carcinogenic Emironmental Burden
Epidemiological data on geographical variations IIld historical lrends of cancer, on cancer

among migrants, and the results of defined population groups (mainly occupational), integrated
with experimental infonnation, indicate that cancer mUSI be considered main1y an environmenta1
disease. 1t has beea evalualed thal aboul 90% of alI mafignant tumors are due to environmenta1
causes.

Since the beginning of!be industrial era, and mainly after World War n, the environrnenta1
carcinogenic ageDlS and faclors have been increasing in number and quantity. Many minerals,
synthetic (new) industrial products, fuels, goods. pollutaDlS, and waste may be per se, or may be
contaminated with, agents that interaet and modify animai (and therefore homan) cells, may be
pOlentially carcinogenic, and may entail additive and I11IIltiplicative pathologicaVcarcinogenic
effects.

The effects of carcinogenic agents are to a large extent irreversible, cumulative, and
increase with tbe increment of!be dose. Moreover, recent data (published during tbe penod elapsed
between the meeting and the editing or this report and Yotich deserve further efforts of research)
seem lo indicate that cellular modificanon, which are at t!Ie origin of cancer. may be transmitted
with germinal cells lo the desceodants. Gardner et al. (1990) have ShOWD an mease of leukemias
in the children of faJhers who had worked at nuclear power plants before the lime of conception.
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Graph l. Cancer RegJstry ofBologna and Province. Mortallty due to mallgnant tumours and ali othercauses In 1966. 1967 and
1966. &mongot maleo and femalea. In the Province or Bologna: %
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Graph 2_ Cancer Regtstry ofBologna and Province. Mortallly due to mallgnant tumours and ali othercauses In 1986. 1987 and
1988. amongst males and females. In the MunlclpaUty of Boloana: %
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Table 1. Cancer Regtatry oCBologna and ProvInce. CumulaUve morta1lty due lo mallgnanl lumoura. cardloclrculalory dlseases
and allothercauses. al var10us ages. amongsl males.1n the ProvInce oCBologna. In 1987: N.. % (relaled lo the lota!
cumulaUve mortallty al the same ages)

AGE MORrAUIY 1987 (N.. %)

MAUGNANr 11JMOURS CARD1OCIRCUlATORY· 01HER CAUSES AlLCAUSES
DlSEASES

N. % N. % N. % N. %

4 1 3.85 O 0.00 25 96.15 26 100.00
9 l 3.33 O 0.00 29 96.67 30 100.00

14 2 5.41 O 0.00 35 94.59 37 100.00
19 3 4.69 3 4.69 58 90.62 64 100.00
24 3 2.97 5 4.95 93 92.08 101 100.00
29 6 4.11 7 4.79 133 91.10 146 100.00
34 9 4.97 12 6.63 160 88.40 181 100.00
39 23 9.62 19 7.95 197 82.43 239 100.00
44 39 13.18 30 10.13 227 76.69 296 100.00
49 81 20.20 56 13.96 264 65.84 401 100.00
ll4 1M 27.42 107 19.18 298 53.40 558 100.00
59 304 34.82 208 23.83 361 41.35 873 100.00
64 566 39.41 393 27.37 477 33.22 1436 100.00
69 815 40.59 598 29.78 595 29.63 2008 100.00
74 1138 40.79 900 32.26 752 26.95 2790 100.00
79 1451 38.29 1325 34.97 1013 26.74 3789 100.00

.... 84 1655 36.23 1697 37.15 1216 26.62 4568 100.00
85+ rrotal) 1768 33.66 2086 39.72 1398 26.62 6262 100.00
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Table 2. Can~r Reglstry ofBologna and ProvInce. Cumulatlve mortallty due to ma1Ignant tumours. cardlocIrcuIatory dlseases
and ali otber causes. at varlous ages. amongst females. tn tbe ProvIn~ ofBoIogna. tn 1987: N•• % (related to tbe tota!
c:umulaUve morta1lty at tbe lame &ies)

AGE MORrAUlY 1987 (N•• %)

MALlGNANr TIlMOURS CARDIOCIRCUIATORY O1lIERCAUSES AlLCAUSES
;;;'
!:l.

DISEASES ..,
C>

N. % N. % N. % N. % Q"
~

4 3 14.29 O 0.00 18 85.71 21 100.00 '"9 3 13.04 O 0.00 20 88.96 23 100.00 i.
14 3 10.71 O 0.00 25 89.29 28 100.00 ~

19 5 14.71 O 0.00 29 85.29 34 100.00 ~
24 6 14.29 1 2.38 35 83.33 42 100.00 ::;
29 9 15.26 I 1.69 49 83.05 59 100.00 Ei'-34 19 23.17 I 1.22 62 7:1.61 62 100.00

~39 33 29.73 4 3.60 74 66.67 111 100.00 ::.
44 57 37.25 IO 6.54 86 56.21 153 100.00 ~49 92 42.40 16 7.37 109 50.23 217 100.00
54 140 46.05 31 10.20 133 43.75 304 100.00 ~
59 240 50.85 56 11.86 176 37.29 472 100.00

,...
64 388 51.32 125 16.54 243 32.14 756 100.00 :"

69 548 49.68 234 21.22 321 29.10 1103 100.00 ~
74 717 44.18 444 27.36 462 28.46 1623 100.00 '"79 962 39.51 839 34.45 634 26.04 2435 100.00 jS;
84 1138 33.52 1424 41.94 833 24.54 3395 100.00 ...
85+ (rotai) 1313 26.99 2388 49.10 1163 23.91 4864 100.00 ~...
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Table 3. PotenUaliUes and IImlts oC epldemlologlcal studlea In Ident1fylng and quant1fylng tbe caretnogenlc rtsk

I. In contrast lo studles In otber blolOglcalsystema. epldemIology d\rectly evaluates tbe response (rtsks oCcancer) oCpopulatlons
to vartous envtronmental exposurea. However epldem1ologlcal etudlee bave tbe llmlte wblch are hereln detel1ed.

2. The evIdenee oCenvIronrnental carclnogenlc hazards Is usually demonstl'ated from groups oCpcople w1tb high. or Intermedlate
level oCexposure; at lowexposure levelslt may bedlfficult. slnee tbe assoctatlons between tbe studled r1sk and cancer Is usually
less pronounced and may bave a1ternaUve explanaUons.

3. For tbe quantlllcauon oCan envlronrnental carclnogenlc hazard a Iarge number oChuman subJects Is nceded. partJcularlywhen
tbe leve! of exposure Is low.

4. When tbe envtronrnental carclnogenlc huard lnvolvee compI"" exposure (IO a vartety oCagente) It may be dl1llcult to implicate
speclllc caretnogenle agents.

5. The tlme oClatency (pertod elapsed between tbe start oCexposure and onset oC tbe dlseasel oC caneer In humansls long (usual1y
20 years and more): tbereCore tbe epldemlologlcal studie. aIIOW on1y delayed IdenUJIcaUon of tbe caretnogenlc rtsks.

Il. For tb. evaI....Uon of tbe t;ype md oC tbe level oC tbc oaretn0llenJc exposure. tbe tnformatlon often rellea on tbe memory oC tbe
slngle exposed aubJects. or oC tbelr CamI1y members. and/or on tbe personal blatortea eoUeeted In tbe ollnlaal reoorde. n.••e
IIOUroee ma)' ptO\'lde data. wb10h mq ",_...1\ anadeq....te (or tmpreoIM) for the IdenUOcauon IU1d quanUlloaUon or th. rt8k.

CONCLtlSIONS: epldemlology dlrectly evaluatea tbe cancer rtsk In an exposed populatlon. However It Is a metbod oC 1Imlted
power. often w1tb llmlto oCfeaslbUlty. whlch CrequentJy provldeslmpreclseor borderline results. and whleh aIIows on1y delayed
InConnatlon lo be used Cor prtmary preventlon.
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Table 4. Potentlalltles and 1lmI15 of short-term tes15 In IdenUfytng carctnogenlc agen15

l. Short·term tests are rapld and Inexpenslve (compared 10 otber methodolOgles used to IdenUfy caneer rtska).

2. Short-tenn tesls may provlde usefu\lnfonnaUon on tbe mechanisms ofacUon ofenvlronmenlal carclnogens. partlcu\arly w1tb
reCerence to tbelr genotoxlclty.

3. The levelofcorrespondencybetween tbe genotoxlclty (determlned w1tb tbe leot on Salmonella and w1tb otber3 complernentaJy
.hort..tenn te.tal and earelnogenlclty (determJned wlth Joncatenn bloa••aya on rata and mlce). on the buia or atudlea
condueted by tbe US Natlonal ToxIcology Program (1'rrPl. Is not satlsfaetory:
Al out of 70 agents shown to be carclnogen In more !han One anlmal specles and/or In more !han One tlssue (a1so In a slngte

specles), only 70% gave posltlve resul15 w1tb tbe test on Sa1monella:
B) out of 45 agen15 shown to be carclnogenlc In a olngle specles and In a slngle tlssue, only 39% gave posltlve results w1tb

tbe test on Salmonella:
Cl out of 83 agen15 not shown to be carclnogen. 30% were positive w1tb tbe test on Sa1moneJla:
DJ tbe use of otber short-term t..15 In Vltro. to complernent tbe one on Salmonella. dld not contrtbute 10 notably tmprove tbe

.ceu...."Y or the ....ull. provtded by the tut on Sa1moncU. alone lI\ahby and Tennant. 1988).

4. The short-Ierm tests are of llmlted value Cor quanUfytng tbc carclnogenlc rlsks.

CONCWSIONS: to expand tbc usc of short-tcrm tcsts In order to \tmlt tbc use and/or to reduce tbc protocol of long-term
bloassays In rodents. would sharply Ilmlt tbc posslbUlty of IdenUfytng tbc carclnogcnlc agents and of quanUfytng tbelr rlsk
levels.
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Table 5. PotenUalJUes and 1ImIts of long-tenn carelnogenlelty bloassays on expertmental anlmals. usuaJIy rodents. and more
frequently rats and mJee

l. Long-tenn carclnogentclty btoassays provlde 1nfonnaUon whteh alI0W8 tbe predteUon of tbo c:arelnollentc effoct<l on humano.

2. Pracucalty. all tbe agents whteh have been shown te be carelnogente ln humana bave aIso been demonstrated to be
earelnogenle In expertmental anlmals.

3. For tbe D1l\Iol1ty or tbe envtronmental agents whtch bave been demonstrated te be carcJnogente In expertmental anIma!s. at
pre.ent tbere I. no epldemJologleal evtdence of carelnogentctty In humano. for tbe foUowtng reason: tbere are no. or no
adequate. epldemJologlea! InvesttgaUons. However Il must be stressed that at present tbere 15 no agent sbown to be
earclnogente In anImaIs. whtch has been demonstrated non carelnollente In humano. on tbo base. ofadequate opldemlologlca!
lnveaugaUolUl.

4. When perfonned adequately. and more speelJlcally when ali tbe expertmental condlUons are Idoneous. eontroUed and
measured. tbe long-tenn earclnogenlelty bloassays may provlde IndleaUons aIso on tbe degree of tbe rlsb (quanUtaUve I1sk
assessment) and on tbe Iarget organs.

5. Long-tenn earelnogenlelty bloassays ean prOvlde 1nfonnaUon In 3-4 years. about l/IO of tbe pertod requlred by an
epldemJologicallnvesugaUon.

6. Long-tenn carelnogenlclty bloassays may eonsUtute a valld tool te assess tbe syncarelnogenle effects of tbe most frequent
muluple exposures.

1. However In tbe present sltuaUon tmportant 1ImItaUons on tbe uso oflong-tenn carclnogente bloassays. are due to tbe fact that
tbe expertment<l too onen are planned and conductad In non·approprtalo way. and perfonned by 8clenUsts w1tbout a spee1Jlc
knowledge on tbe biologica! bases and on tbe mechanlsms of earelnogenesls.



Table 6. Envlronrnental agenta for whlch tbe expertmental demonstratlon of carclnogenlclty preceded tbe epldemlologlcal
evldence

,

AII_nilt

Aflatoxlns (natura! contamlnants of food)

4-Amlnoblphenyl (lndustrlal compoundl

Bls(chlorometbyl)elher (lndustrlal compoundl

Vlnyl ehloride (lndustrlal eompoundl

DletbylsWboestrol (drog and feed additive for edlble
anlmais) and estragens In genera! (drog)

Mustard gas (war gas)

Melphalan (anUblasUe drog)

Target organ In humans

Uver

Bladder

Luna:

Uver. braln. and lprobablyl lung. emolymphoreUcu1ar Uaeuea,
gastro -Intestlnal traet

Breast. uteros (endometrlum). vagina

Lung,pharynx,larynx
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Table 7. Metbodologlcal and blologlcal prerequJsltes lo be consldered for tbe p1annlng of long-tenn carclnogenlcltybloassays.
a1med at provldlng more complete and predlcUve results on tbe elfects on humans

\. Tbe anJma1s exposed lo carctnogenlc agents are prone lo develop ma1nIy tboae tumoura whlch art.... also spontaneously. also
w1tb a low Inddenceand at a iateeage. For long-term carctnogenldty bloassaya one must use anJma1s w1tb a range ofexpected
tumoura whJch are Wl slml1ar Wl posslble for type and Inddence lo tbe ones observed In humans. Tbe use of anIma1s w1tb
an _salveJy low or high Incldenee or some tumoUr1l (po.rtleularly the most Important one. or the human patholollY) sbould
be avolded.

2. Tbe experImentai exposure should reproduce. as much as posslble. tbe human s!tuaUon.

3. Tbe range of tbe tested doses should Include tbe maxlmun tolerated dose (In order lo funy evaluate tbe potenUai carclnogenlc
elTects of tbe agent under study). but also doses whleh are In tbe order of magnltude of tbe one. lo whlch humans have been
and/or are h1sloncally expo.ed.

4. Tbe anJma1s must be kept under control untU spontaneous deatb. In order lO allow. to tbe posslble extent. tbe development
of alliatent neoplasUc potenUalIUes. To truncate an experlment when tbe most commonly used rodents (rats and mlce) are
about 2 years of age. Is equlvalent lo truncaUng an epldemiologlcallnvesugaUon at 60 years ofage In humans (slnee 3 years
or age ln rata and mtce correapond to about 90 years ln humans).

L
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5. Tbe oncolOglcal patbology In antma1s must be Interpreted. descnbed. and classllled w1tb tbe same cntena and tbe same
termlnology used In cllnJcaI patbology.
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Table 8. Sampllng statlstlcal esumate of avaJlable data allowtng rlsk assessment. for 1 selected universo of cheml-
cal compounds (US Natlonal Academy of SCIences. 1984)

Compounds % dJstrlhutlon of the compounda followlng the degree of
knowledge aIlowtng health rlsk assessment

Category N./category ++++(1) +++(1) ++(1) +(1) -(l)

Pestlcldes and Inerllngredlents 3.350 lO 24 2 26 38
of peaUclde fonnulatlona

CosmeUc Ingredlents 3.410 2 14 lO 18 56

Drugs and exclplents used In 1.815 18 18 3 36 25
drug fonnu1atlons

Food addltlves 8.621 5 14 l 34 46

Chemlcals 1n commerce: 12.860 O l 11 O 18
at 1e35t 500 tns/year

Chemicals in commerce: 13.911 O 12 12 O 16
less !han 500 tns/year

Chemlcals tn commerce: 21.152 O lO 8 O 82
proclucUon unknown or Inacceaalble

Total .llU2.:i ~

(l) ++++ =complete health hazard assessment posstble; +++ = partlal health hazard assessment posslble; ++ =mlntmal toxlclty
InformaUon avatlable; + = some toxlclty Informatlon avatlable (but below mlnlmat): • = no toxlclty Informatlon
avatlable
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Table 9. Results or the long-tenn carcInogenJclty bloassays In rodents
perfonned by the US Nauonal Toxtcology Program (NrP) (1990) on
295 agents (nearlya1l or Industrial OI1gIn)

Results Agents

N. %

<i
"."
~

~
00
r-

1. Clear evtdence or carcInogenicity at least
In l test system

2. Umlted evtdence or carcInogenlclty at least
In l test system

3. No evidence or carclnogenlclty In alI
test systems

TtltaI test compounds

138

50

\07

29lS

46.7

17.0

36.3

100.0



Table lO. Ust of compounds whlch have been aubmltted to earcJnogenlclty bloassaya at the BenUvogUo (B11 Laboratorles. of
the Bologna InsUtute of Oncology

(pari 1)

Test compounds/mJxtures/complex products Test
anImala

Route of
exposure (1)

Powerofthe
bloassaya (2)

Reau1ts (3)
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Table IO. Ust of compounds whlch have been subrnJtled lo carctnogenletty bloassays at tbe Benttvogllo 1B11 Laboratorie., of
the Bologna In.Ulule of Oncology

(part 2)

TeSi compounds/rnJxtUfes/complex products Test Route of Poweroftbe
anlmals exposute (l) bloassays (2)

Category Type

CHLORINATED Metbylene chloride Ral Inh,lng A
SOLVENTS Mouoe

Carbon tetrathloride Ral Ing P

Metbylchloroform Rat Ing P

Trichloroetbylene Ral Inh, Inll Q
Mouae

Tetrachloroethylene Ral 1"lI P

Reaults (3)

+

(+)

+

+

(+)

•

CHEMICAL Dlchloroethane Rat Inh Q
INTERMEDIATES Mouae

-.;
o: PHENYLS BlghenU • Rat lng Q Ne
'- lphenU-oxlde:::,g
~

1i6



Table lO. Ust ofcompound. whIch bave been submltted to carclnogenJclty bloassays at the BentivogliO lB11 Laboratortes. of
the Bologna In.Utute of Oncololl' :~

(part 3)

-!'..'

Test compound./mlxturee/complex producta TeIIt Route of Powerolthe
anlmals exposure (I) bloassaya (2)

Category Type

AIDEHYDES Formaldehyde Rat Ing O
Acetaldehyde Rat Ing O

TANNINS

PROPELlAJIITS

Vartous products
(lI typesl

Tr1chlorofluoro­
methane (FCHl

Dlchlorodlfluoro­
methane (FC121

Clùorodlfluoro­
methane (FC221

Rat

Rat
Mouse

Rat
Moose

Rat
Mouse

Se

Inh

Inh

Inh

p

O

O

O

Results 131

++

NC

NC
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Table IO. Ust of compounds whlch bave been submitted lo carclnogenldty bloassaya at the BenUvogllo lB11 Laboralortes. or
the Bologna lnsUlute or Oncology

(part 41

Test compounds/mlxtures/complex products Test Route or Powuorthe
antmaJs exposure (1) bloassays (2)

~: Categ01Y Type..

FUELS Ught gasoline Rat lng A

Gasoline Rat lng A

Kerosene Rat lng A

Diesel olI Rat lng A

Results (3)

++

++

++

++

AROMATIC Benzene Rat lnh.lng O +++
HYDROCARBONS Mouse

Toluene Rat lng A ++

Xylenes Rat lng A +
Ethylbenzene Rat lng A +

....; 1.2.4-Trlmelhyl- Rat Ing A +

'" benzene
l:'-"~-
~
N
00



~,

4t

Table IO. u.t or compound. whlch bave been submitted to carclnogenlclty blo....ays at the Bentlvogl1o lBn Laboratori... or
the Bologna InsUtute or Oncology

(part 5)

Test compounds/mlxtures/comp)ex products Test Route or Powerorthe Reaults (3)
anImals exposure (I) bloassa)'S (2)

Category -rype

NON AROMATIC FUELS Trtmethy\pentane Rat Inll A NC
COMPONENTS OR rIMP)
ADOrnvES

MethYI-ter-bu~l- Rat Ing A NC ;;'ether (MTBE
"

E~-ter-bu~t Rat lng A NC
;S.

'"e et lETB l ~
Methyl-aicohol Rat Ing A NC Cl

'"Ethyl-aicohol Rat lng A NC
...-'"à
"COMBUsnON Automobile exhausts Rat Se P · §:

PRODUcrs (CP) 14 types) Mouse ::t:
CP or dome.Uc Rat Se P + ~

heaUng wlth 011 Mouse :::-
?

CP or 011 energy plant Rat Se P · ~
Mouse :-

;:-I
CP or carbon energy Rat Se P ·

~plant IlnclUdlnf Mouse
uhe.) 13 types '"

Weldlng fumes Rat Se P · .?
(18 types) -:8

Ashes rrom waste Rat Se P NC -
Inclneratot (4 types) 00

'"



,
'"

Table IO. UsI or compounda whlch bave been aubmllted to carclnogenJclty bloaaae,ya alth. B.nUvogUo lBTl Laboratorl••; ol
the Bologna Inalltute or oncology

(part 61

TesI compounda/Dlbl:turea/complcx producla Test Routc or Power orlhe
anIma1a exposure (II bloasaaya (21

eategory Type

PltSTICIDES "5ertna1" (4) Rat Ing O
Mouse

"Oalben" (5) Ral 1"lI O
MOU80

"Ctd1al" (6) Rat lng g
Mouse

"Mancozeb" (7) Ral lng Q
,
•

Reaulla (31

!+l

Ne

'""l:
'i!

j
~

(4) N·(3.5-<1lcb1orophenyl)·5-m.thvl·5-carbclollY·I·3_~ln·:;t"'-<llon.
(Il) Melhyl·:;t· (N'pfienylacetyl'N·I~.ll.dlmethylphenyl)amln0JPropanoate
(6) Phenthoale
171 EthyleneblsdJlh1ocaroamale
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Table lO. Ust of compounds whJch have been aubmJtted lo carclnogenldty bloassays al the BenUvogllo nm Labon.torles. of
the Bologna [nsUtute of Oncology

(part 7l

Test compounda/mtxtures/complex producta Test Route of Powerofthe
antmaIa . expoeure (1) bloassays (2)

CategOlY Type

ANI1Bù\S11C DRUGS Adrlamycbl Rat Se A

EplrubleJn Rat 8t! A

IdarubleJn Rat Se A

Tamoxlfen Rat 1ng O

Hydroxyphen~ Rat Ing P
retblamJde

OTHERDRUGS

SOFTDRlNKS

Vltamln A

Vltamln e
Vltamln E

Dl1Terent
1413'Pes)

Rat

Rat

Rat

Rat

Ing

1ng

Ing

Ing

o
O

O

O

Relulta (3)

+++

+++

+++

NO

Ne

Ne
NC

NC

NC

(;i
'"'i
'"5-
;;-
~
::;
;s'-
I
~
:'"

~

'"O;-:g-
00

'"
- - ----------- .

".'



"..... Table lO. Ust or eompounds whleh bave been submltted lo carctnogeruclty bloassays at the BenUvogllo lBn Laboralorles. or
the Bologna Instltute or Oncology

(part 8)

Test compounds/mtxtures/eomplex produets

Cate,ory '1)'pe

Test
antma1s

Route or
exposure (1)

Powerorthe
bloauays (2)

Results (3)

++

(+)

+++

+++
+++

+++

NCA

A

A

A
A

A

A

A

A

Se
Se

Se

Ing. Se

Se

Se

Se

Se

Se

Rat
Rat

Rat

Rat

Rat

RatLead molYbdate.
ehroma{e and
sulpbate

Iron oxIde

Magneslum oxIde

TItanlum oxlde

Arsente trloxIde Rat

Cadmlum eompounds Rat

Trlvalent ehromlum Rat
compounds (7 types)

Hexavalent chromlum
compounds
Lead chromate
Zlne ehromate

METALS

-:
"..
'I!

!
HALOOII:NI!I

Vanadtum eompoundl Rat
(3 types)

Sodlum hypoeh1onte Rat

se

Ing

A

g NC

,...
'"00



~•

Table IO. Ust of compounds whlch have been submltted to carclnogen1clty bloassays at tbe BenUvogllo (B11 Laboratorles. of
tbe Bologna InsUtute of Oncology

(part 9)

Test compounds/rn1Jctures/complex products Test Route of Poweroftbe Reaults (3)
anJmaIs exposure (1) bloassays (2)

Category Type

F1BROUS AND NON Asbestos
~F1BROUS PARl1CLES Cnx:ldoUte Rat Ip. lpI. se A +++

ChrysoUle Rat lp. Ipl. Ile g +++/part Ne ~.
(6 types) Mouse c

Amoslte Rat (p A +++ è
AntbophyWte Rat Ip A +++ ""'"'
Indus~ modlfled Rat Ip. lpI o _/part Ne '""cbryso e (4 types) Mouse ...-
Asbestos cement Rat lp. Ipt. se A +++ ~

S
Wollastonlte Rat Ip. Ipl. se A - ...

[
Rock-wool (4 types) Rat lp. Ipl A + :x:...
Ceramlc nbers '"Rat Ip. IpI A +++ ii-(FIberfrax)

PO~erIC nbers Rat lp. Ipl. se A ~
( types) , '!.

." .'
SWca (2 types) Rat Ip. se A NC ~
Alumlna Rat Ip. Ipl. se A NC '"?-
Tale (pure) Rat Ip. Se A NC -~
Tale (industriai) Rat Ip. Ipl. se A ++ "-

00
-.I



'.

Table IO.· Ust oC compounds whlch bave been submltted lo carctnogenlclty blOllSll8.YS at the BenUvogilo tBn Laboratorlea, oC
the Bologna lnsUtute oC Oncology

(part IO)

Test compounda/mIxture8/complex producta Test
animala

Route or
exposure (I)

Power ofthe
bloassays (2)

Resulta (3)

-'

'"~'-.g
~
00
00

Category Type

KaoUn Rat Ip, Se A NC

Bentonite Rat Ip, Ipl A NC

Erlonlte Rat lp, (pl, Se (;) +++
Moule

Other natura! Rat lp, (pl. Se A Ne
zeolltes (12 types)

Industriai zeolltes Rat lp. (pl, Se, Itr A NC
(used In fuel,
petrolchemlstry
and deter~en'if
Industrles (I typea)

•



Table lO. Ust of compounds whJch have been submJtted to earctnogenlclty bloassays at the BenUvogllo lBn Laboratories. of
the Bologna InsUtute of Oncology

(part III

,:.~.

calegOI)' 1)Ipe

Test
antmals

Route of
exposure (I)

Power ofthe
bloassays (2)

Resu1ta (3)

(I) lnh- lnhaJaUon; Inl! • IngesUon~ • subcutaneous InJetUon: JW, • IntrapleurallnjecUon:
!J;l • Intraper1toneaflnJetUon: lmll1 • subcutaneous ImplanlaUon: 1lI:. lntratracheal lnstJ11aUon;
Ii: • transplacental route

(2) p • pUot; A • adequate; g • adequate and worth for quanUlaUve risk assessment

(3) - • negaUve; (+) =borderllne resulta: + • weak carclnogen: ++ • intermedia! potency earclnogen:
+++ • strong earclnogen levaluaUon lIm1ted to the resulta In the tested expertmentill condIUons);
Ne - nol)'C1 compleled (the blophaoe Is ongolng or tho h1stopsthology Is under way. or the eIaboraUon
and analysls of ilie dala are In course)

SOUD MATERIALS Vlta1Ilum (dlsks)

C&rbon ldlsksl

PlasUc of varlous
types (dlsks)
ACryuc reelna

(4 types)

Tenon

Rat ImpI A ++
Mouse

Rat ImpI A ++

Ral lmpl A ++

Rat ImpI A ++

<;i
'" :.
::;' .'

"c
~
e
~
::-
~
::;
ti'-~
""
~

~
:'"

~
""?--'O
'O....
00
'O



':..

Table II. Expertment on the carclllogenlcltyoffonlzlng radJaUona (wIth partleu1ar regard lo low dosesl perfonned
at the BenUvogllo Laboratortes lBn. or the Bologna lnsUtute or Oncology (l I

'I)'pe

Gamma radlatlons

131 J

Testantmal

Rat

Rat

Route of exposure

Extemal

Ip (metabolicI

Power of the bloassays

o
g

Results

ongolng

ongolng

-.:

"~'-:::,.-~
~

(l) Bee the legends of Table lO



Table 12. Results or the long-tenn carclnogenlclty bloassays or dlfTerent types or
asbestos. by IntraperitoneallnJection on Sprague-Dawley rats

·,. ,

CrocldoUte (UICC) 25

Amoslte (UICC) 25

Anthophyl1lte (UICC) 25

Chrysotile (Rhodesla. mCC) 25

Chrysotile (Canada. mCC) 25

Chrysotile (CalifOrnia) 25

Water (controls) O

Test material Dose
(mg)

AnImai bearing
peritoneal mesothellomaa (1)

%

97.5

90.0

82.5

82.5

80.0-75.0

72.5

~

"§"
g
'"5--
~
~
§:

~
~
;;,...
:"

~
'"è>.

i (I) At the histologlcal examtnatlon

J --
-:8-
'"



.
" Table 13. Results or the long-tenn carclnogenlclty bloassays or chrysotlle, by In­

traperttoneal InJeetlon on sprague-Oawley rata: dose-response study

Test materla1 Dose
(mgl

An1mal beanng
perltoneal mesotheliomas (l)

%

•

"'
ChIysotlle (Canada, VICC) 25

ChIysotlle (Canada. VICC) lO

chtysotlle (Canada. VICCI 5

ChIysotlle (Canada, VICC) l

Water (controls) O

<:i.. (I) At gross exarntnatlon.".g
~
Na-

80.0-75.0

70.0

70.0



Table 14. Results of tbe long-tenn carclnogenlclty bloassays of chrysotlle. by In­
traperltoneall11lectlon on Swlss mlce: dose-response study

,

Chrysotlle (Canada. VICC) 25 17.5

Chrysotlle (Canada. VICC) lO 15.0

Chrysotlle (Canada. VICC) 5

Chrysotlle (Canada. VICC) l

Water (controls) O

(l) At gross examtnatlon

Test materlal DOlle
(mg)

AnIma1 bearlng
perltoneal mesotbeliomas (1)

%

è"
"§'
g
~
;;-
~
:;
ti"-
~
;;:
:-
:"

~

~....
:8-
~

._-----~.----_.



Table 15. Available results 00 the completed long-tenn carclnogenIclty
bloassays In rodents perfonned by the Bentivoglio (Bi) Labo­
ratortes. oC the Bologna Instltute oC Oncology

.....

~...
~­, ..
'il
$l

~

èJ.

. ~

Results

l. Stroog carclnogens

2. IotennedlaI potency carclnogens

3. Weak carclnogens

4. Borderllne results

5. Negative results

6. TotaI compouods for which
reeults are aval1able

Agents

N. %

23 21.10

27 24.77

lO 9.18

7 6.42

42 38.53

109 100.00


