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PARTICULATE MATERIALS
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Summary. Different types of natural, commercial and modified asbestos fibres
were tested in a highly standardized manner by peritoneal injection into rats and

mice in order to assess their carcinogenicity.

Differences in mesotheliomatogenic effect were found between the various

materials tested. Of particular interest is the finding that treatment of the fibres
with phosphorus oxychloride and heating to 300°C markedly reduces the
carcinogenicity of chrysotile fibres.

Introduction

A systematic and integrated study involving long-term experimental bioassays on
particulate materials was started in January 1981 at the Bologna Institute of Oncology
and is still in progress. The study covers a variety of fibrous and non-fibrous, natural
and man-made materials, present in the occupational and/or general environment.
Some of the materials studied are of major industrial importance.

The study is aimed at:

identifying new potentially carcinogenic materials;

assessing, in quantitative terms, the level of carcinogenic risk of a given
material, and comparing the risks represented by different materials (assess-
ment of the relative carcinogenic risk);

helping to predict the target organs;

defining the role in carcinogenesis of the physical and chemical characteristics
of the test compounds.

determining the role of different biological and experimental factors affecting
the neoplastic response and, consequently, shedding some light on the
pathogenesis of the possible oncogenic effects;

helping to reconstruct the natural history of the tumours which may be
induced by the test compounds.

Information on test materials and animals and the experimental procedures is
given in Table I. In view of the aims of the study, the experimental conditions are
strictly standardized.
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Table 1. Test materials, animals, methad of treatment and experimental procedure

Test materials

Different types of natural, modified natural apd man-made materials including: crocidolite (UICQC),
chrysotile (Canada, UICC), chrysotile (Rhodesia, UICC). chrysotile (California), amosite (UICC),
anthophyllite (UICC), commercial chrysotiles (3 samples), modified chrysotiles (4 types), asbestos-cement,
crystalline silica, amorphous silica, alumina, wollastonite, talc (2 samples), kaolin, bentonite, natural
zeolites (13 minerals), man-made zeolites (20 types), rock wool (4 samples), carbon fibres, synthetic fibres (2
types).

Test animals

Groups aof 40-100 (20-50 males and 20-50 femal€s), 6- 8-week-old Sprague-Dawley rats. For erionite and

" modified chrysotiles, also groups of 40 (20 maleSfand 20 females) 8-week-old Swiss mice. A total of 10 760

rats and 900 mice have been tested. ;(

Method of treatment

Intraperitoneal (i.pe.)(for all materials apart from carbon fibres), mtrapleura! (i.pl.) and subcutaneous (s.c.)
{for most of the materials) injection, and mgesnon (gavage) and intratracheal instillation (in the case of
detergent 4A zeolite). A

Experimental procedure

The animals are kept under observation (body wéight and clinical controls) until they die naturally or until 2
years from the beginning of the experiments. All animals undergo complete autopsy and systematic
histopathological examination.

A summary of the experimental work so far completed or in progress is given in
Table 2.

In this paper the most recent results are presented of the bioassays of several types
of natural, commercial and modified agbestos, administered as a single intraperitoneal
(1.pe.) injection, to rats and, in a few ij)stances, to mice.

The modified asbestos consisted of Canadian chrysotile of different fibre lengths
and from different sources, treated with phosphorus oxychloride and heated at 300°C.
This type of treatment was used in o_fder to bring about physicochemical changes
which might reduce the carcinogenicity of the natural material.

In rats, the peritoneum proved to be more responsive than the pleura to the
mesotheliomatogenic effect of asbestos; this is the opposite of what is observed with

~ erionite (Table 3).

The complete final resuits of the basw experiments on the effects of the asbestos
materials studied in rats at a single dose of 25 mg, are available. Data on the effects of
some forms of modified asbestos, as single administered doses of 10, 5 or | mg, torats
and mice, and of 25 mg to mice, are preliminary and based solely on gross
examination, since the experiments were started only 76 weeks ago.
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Table 2. Summary of experimental work so far completed or in progress

Materials

Injection

=]
o

i.pl.

s.C.

Ingestion and
intratracheal
instillation

Crocidolite (UICC)

Chrysotile (Canada, UICC)
Chrysotile (Rhodesia, UICC)
Chrysotile (California)
Amosite (UICC)
Anthophyllite (UICC)
Commercial chrysotiles (3 types)?
Modified chrysotiles (4 types)?
Asbestos-cement

Crystalline silica

Amorphous silica

Alumina

Wollastonite

Talc (2 samples)

Kaolin

Bentonite

Natural zeolites (13 minerals)
Man-made A zeolites (2 types)
Man-made X zeolite
Man-made Z zeolite (17 types)
Rock wool (4 samples)
Carbon fibres?

Synthetic fibres (2 types)
Water (controls)

B T i S T N S S N N U R,

+

I I 2 S + 4 4+

+ +

+ k4

+ 4+ 4+ +

+ 4 +

9Experiments still in progress
blmplantation.

Table 3. Final results of tests on crocidolite, chrysotile (Canada) and sedimentary

erionite?
Material Peritoneal mesotheliomas Pleural mesotheliomas
B Tumour-bearing  Average latency Tumour-bearing  Average latency
animals time (weeks) animals time (weeks)
No. % No. %
Crocidolite  _ 39 97.5 59.5 18 450 104.8
Chrysotile (Canada) 32 80.0 92.2 26 65.0 1111
Sedimentary erionite 20 50.0 106.1 35 87.5 64.2
Water (controls) 1} - - 0 - -

9Sprague-Dawley rats (20 males and 20 females) were given a single intraperitoneal and intrapleural
injection of the material (25 mg in I ml of water) and kept under observation for their full lifespan.
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Materials and methods

The asbestos materials, obtained from Mount Sinai School of Medicine (New
York, USA) (natural asbestos), Associazione Cemento-Amianto (Balangero, Italy)
(asbestos-cement) and CERA M-SNA (Canada)(commercial and modified asbestos),
were injected into the peritoneal cavity of 8-week-old Sprague-Dawley rats and Swiss
mice. Groups of 40 animals (20 males and 20 females) were used for each species,
material and dose level.

The animals were examined 3 times daily for general behaviour and were weighed

and examined for gross changes every 2 weeks.
m Inexperiment BT 2101 (Table 4), the animals were kept under observation for their
full lifespan. In experiment BT 2106 (Table 5), the animals were kept for up to 104
weeks, at which time the survivors were sacrificed. Experiments BT 2111 (Table 6) and
BT 2112 (Table 7) will also be terminated at 104 weeks.

Table 4. Final results of tests on various types of natural asbestos and
asbestos-cement (experiment BT 2101)7

Material Peritoneal mesotheliomas
Tumour-bearing Average latency
animals time (weeks)
No. %

Crocidolite (UICC) 39 97.5 59.5

Chrysotile (Canada, UICC) 32 80.0 92.2

Chrysotile (Rhodesia, UICC) 33 82.5 89.7

Chrysotile (California) 29 72.5 85.3

Amosite (UICC) 36 90.0 66.7

Anthophyllite (UICC) 35 82.5 733

Asbestos-cement 21 52.5 99.7

Water (controls) 0 - -

4Sprague-Dawley rats (20 males and 20 females) were given a single intraperitoneal injection
of the material (25 mg in 1 mg of water) and Kept under observation for their full lifespan.

A complete autopsy is performed on all animals, whether dying naturally or
sacrificed. A histopathological examination is carried out on the peritoneum (site of
injection), brain, thymus, lungs, liver, spleen, kidneys, adrenals, stomach, uterus.
gonads, mesenteric, mediastinal and subcutaneous lymph-nodes, and all pathological
organs and tissues.

The strictly standardized experimental conditions and procedures allow quanti-
tative comparisons between different groups in the same experiment and between
different experiments.
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Table S. Final results of tests on various types of chrysotile and other non-asbestos

fibres (experiment BT 2106)4

Material Treatment Peritoneal mesotheliomas
Code Type Tumour-bearing Average
animals latency time
(weeks)
No. %

Chr | Paperbestos § - 33 82.5 78.3
-100 M + 200 M®

Chr 2 Paperbestos 5 POCI; + 300°C 17 42.5 88.6
- 100 M + 200 M®

Chr3 Paperbestos § - 17 425 87.5
~100 M+ 200 M
from asbestos-latex
paperb

Chrd4 Paperbestos 5 POCI; + 300°C i5 375 94.7
- 100 M + 200 M
from asbestos-latex
paperb

Chr s . Short chrysotile 7 - 29 72.5 76.4
(by water fractionation
of Paperbestos 5)1’

Chr 6 Short chrysotile 7 POCI, + 300°C 3 7.5 97.6
(by water fractionation
of Paperbestos 5)°

Chr7 Chrysotile (Canada, - 30 75.0 76.1
UICC)

Chrg Chrysotile (Canada, POCI, + 300°C 20 50.0 90.0
UICC)

9 Rock-wool fibres - 3 7.5 79.8
10 Kevlar fibres - 0 - -
11 Water (controls) - 0 - -

9Sprague-Dawley rats (20 males and 20 females) were givenasingle intraperitoneal injection of one material
(25 mg in 1 ml of water) and kept under observation for 104 weeks.

bSupplied by IRDA.
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ther non-asbestos Table 6. Gross findings after 76 weeks in tests on various types of chrysotile and other

non-ashestos fibres (experiment BT 2111)¢

iomas

Material Treatment Dose Peritoneal mesotheliomas
(mg)
Averagel Code Type Tumour-bearing Average
latency time animals latency
— (weeks) time
No. % (weeks)
78.3
Chr S Short chrysotile 7 - 10 i 27.5 57.0
(by water fractionation 5 4 10.0 59.7
88.6 of Paperbestos 5)” 1 0 - -
87.5 Chr 6 Short chrysotile 7 POCI, + 300°C 10 0 - -
(by water fractionation 3 0 - -
of Paperbestos Dl 1 0 - -
Chr7 Chrysotile - 10 14 35.0 61.6
94.7 (Canada, UICC) 5 11 21.5 60.3
i 0 - -
Chr8 Chrysotile POCI; + 300°C 10 3 7.5 61.0
(Canada, UICC) 5 1 2.5 67.0
76.4 i I 25 640
9 Fiberfrax - 10 5 12.5 65.2
5 0 - -
97.6 X 0 ] )
10 Kevlar fibres - 10 0 - -
76.1 5 o - -
i 0 - -
90.0 11 Water (controls) - 0 ~ 0 - -
79.8 . S prague-Dawley rats (20 males and 20 females) were given a single intraperitoneal injection of the material

(in I ml of water) and kept under observation for 104 weeks.

bSupplied by IRDA.

The bioassays of experiment BT 2106 (the first on modified asbestos) were
performed in such a way that the nature of the materials tested was disclosed only
when the biological data had already been obtained.

section of one material
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Table 7. Gross findings after 76 weeks in tests on various types of chrysotile

{experiment BT 2112)4

Malioni & Minardi

Material Treatment Dose Peritoneal mesotheliomas
(mg)
Code Type Tumour-bearing  Average
animals latency
- time
No. % (weeks)
Chr§ Short chrysotile 7 - 25 6 15.0 65.7
(by water fractionation 10 3 1.5 64.7
of Paperbestos 5)° 5 1 2.5 71.0
1 0 - -
Chré Short chrysotile 7 POCI; +300°C 25 0 - -
(by water fractionation 10 0 - -
of Paperbestos S)b 5 0 - -
I 0 - -
Chr7 Chrysotile - 25 6 15.0 58.5
(Canada, UICC) 10 5 12.5 61.0
S 0 - -
1 0 - -
Chr 8 Chrysotile POCI, + 300°C 25 3 7.5 70.0
(Canada, UICC) 10 1 2.5 56.0
5 0 - -
1 0 - -
1 Water (controls) - 0 0 - -

“Swiss mice (20 males and 20 females) were given a single intraperitoneal injection of the

material (in 1 m! of water) and kept under observation for 104 weeks.

b Supplied by IRDA.

Results

The results of the experiments are presented in Tables 4-7.

The bioassays of different naturai asbestos fibres and of asbestos-cement, at a dose
of 25 mg, show that the mesotheliomatogenic effect (evaluated on the basis of the
incidence and latency time of tumours) of the materials tested decreases (Table 4) in

the order:
(1) crocidolite;
(2) amosite;
(3) anthophyllite;
(4) chrysotiles;
(5) asbestos-cement.
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The chemical and heat treatment of asbestos fibres, tested at a dose of 25 mg,
markedly reduces the carcinogenicity of ‘short chrysotile 7" and to a lesser extent
‘Paperbestos 5', while that of ‘UICC Canada chrysotile’ is reduced still less. The
carcinogenic potency of fibres from ‘asbestos-latex-paper’ is lower than that for
‘Paperbestos 5 and seems little affected by the chemical and heat treatment. These
results may be due to the insulating effect of latex (Table 5). .

The reduction in carcinogenic potency of ‘short chrysotile 7' and also of ‘UICC
Canada chrysotile’seems also to be confirmed at the present stage of the study by the
preliminary incomplete results of experiments BT 2111 and BT 2112, in which the
materials are being tested at various doses on rats and mice (Tables 6 and 7).

Conclusions

The data reported here seem to indicate that experimental long-term bioassays
may be used as a tool for quantifying the carcinogenic potency of particulate materials
and, in the present case, specifically of different types of asbestos.

The findings presented may provide the basis for further analytical studies aimed
at clarifying the possible mechanisms of asbestos carcinogenesis. They are also of
technological interest; however, at present, it is difficult to predict their implications
for the asbestos industry and, in general, for the manufacture and use of other fibres.
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Exp. Pathol. 820120 152 (1987}

VED Gustay Fischer Verlag Jena

by Medizinisehes Institut fur Umwelthveione an der Universitit Disseldorf, D - 4000 Disseldorf;
2y Stadtisehes Krankenhaus, D - 5200 Hildesheim;

H Institut fir Experimentelle Pathologie, Medizinische Hoclischule Hannover, 13 - 3000 Hannover 61

(‘arcinogenicity studies on fibres, metal compounds,
and some other dusts in rats

By I Parrby UL Ziesbhy, Fodl Reoeeente Fo Here?, 1L Krxst®) and Ul Monr®)

Address for corvospondewer s Prof, Deo B Porr, Medizinisches Tustitut fir Umwelthyeiene an der
Universitat Diisseldorf, Aul"m Hennekamp S0, D - Jo0t Disseldorf, F.R (G,

Kev wards: vareinogenivity: metal compounds; dust: mineral fibres: vitreous fibres: plastic fibres;
heavy metals: alass micrafibres: ashestos: attapuleite: erionite: wollastonite: cadmimm: nickel:
ferrie oxides: corundum: titaninm dioxide: chrysotile s erocidolite: quartz: benzota)pyrence: polyvinyl-
chlotide: polyvinvipyridine-N-oxide: wood dust: inhalation experiments: intratracheal instillation:
intrapetitoneal injection

Negpary

Abaur 30 dusts were examined on their earcinogenicity in rats mainly after intraperi-
taneal injection and some after intratracheal instillation. In the i.p. test, very low doses
hetween 0.03 and 0.5 me ashestos led to tumour incidences of about 20 to 80°,. Polyvinyl-
pyridine-X-oxide pralonged the tumour latency after injection of actinolite. 60 mg atta-
pulgite from three sources with short fibre lengths were not shown to be carcinogenic but an
attapuleite =ample with longer fibres had a moderate cffect. Relatively thick rock and
coramic fibres (median = Lgm) induced tfumours, but slag and wollastonite fibres did
not. prabably because of their better solubility. Intratracheal instillations of glass micro-
{ibres (20 0.5 mey led to lung tumours in 35 ol 34 rats (0 in control). The carcinogenic
poteney of an inorganic fibre depends on its size and persistency. and possibly also on other
properties, especially on the surface,

Nickel powder. nickel oxide. nickel subsulfide and cadmium sullide were all found to
he carcinogenic in the two tests. Cadmiwm chloride and cadmium oxide could only he
administered in very low doxes hecause of their high acute toxicity. A high amount of magne-
tite (13 15 me i.tr. led ta an unexpeeted lung tamour incidence of G4,

The i.p. test in rats proved to be very sensitive for detecting the carcinogenie potency of
non-aeute toxic natural and man-made mineral dusts as well as metal compounds, This
means that, if a high dose of ane of these dusts does not induce tumours in this test. no suspi-
cion of carcinogenie pateney can be ~ubstantiated.

[iepadarlinn

When in 1972 73 the first experimental results on the tumour-indueing effect not only of
asbestas hut alzo of other fibrous dusts were published, the results ~trongly supported the
ofd hypothesis that the elongated ~hape ol ashestox particles may be the cause of their
carcinogenicity (Noginaxy 19380 Lixzevenr and WenLer 1940 Sraxtox and Weexen
tar2: Pore and Fricoricas 10720 Waazer et al. 19735 Mareover the question was raised
of @ pussible earcinogenic effect of nan-ashestos fibres in humans, espeeially of man-made
mineral tibres, heeause their production has risen steadily since the fitties. \s a consequence.
epidemivlagic ~tudies an the man-made mineral fibre industry were carried out over the
st e vears, The pesudi~ were reviewed recently by Sapacer (1996 and Do (14860, They
~apport the By pothiesis thet man-gade mineral tibres o < as presentin the workplacee atn-

Dhedie aived ta Trg A1 o apvi ~ an tite aceasion of his goeh birthday

:- 124
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~phere of early ~lag wool rock wouol productivn - wmay have plaved a role in the cansatioy
of lung cancer. ) )

Up to now, in inhalation experiments with very fine man-made mineral fibres el
microfibres 100 and 104). no ~tatistically significant twmour rates have been detected
(L1 Bovrraxt 186 Gonosreiy 1984 MeCoxyiern et al. L984: Murune ot al. LIRG: Syayig
etal, 19860 Waaaer et al. Bdan The strong carcinogen. erucidolite. has similarly pro-
duced only a low tumanr rare in inhalation experiments. Therefore, this rest model cannat
e considered ag sensitive Tor careinogenie fibres. The positive results with chrysotile wore
whserved after exposure to higher {ibre coneentrations (Daves stal. L9780 Davis ecal,
1uRG: MeCoxyiELL ot al. 1984 Waaxer ot al, L84al, Moreyver it was demonstrated, that
after a period of two years the pamber of ehrysotile fibres deposited in rl_u- rat .llllllif can
increase more than tenfold by splitting (BeLLMWN eral. 14986), However, Clll's mu.mplu:utlun
cannot happen with erocidolite and vitreouws fihres. Most carcinageniciry studies \\'1.th mineral
filires in laboratory animals were carvied out by means of intrapleural v intraperitoneal ad-
ministration. By these routes of application. a higch number of fibres can beeome active in
the serosal tissue which is obviously very suseeptible to fibre-related carcinogenic stimu-
lation. This high seusitivity exists also in hwmans sinee the relation of lung carcinomas to
mesotheliomas in ashestos worker< amounts on average to about 3 to 1, altheuch after
hnhalation contact of fibres with the theracie or abdominal serosa should be much more ditfi-
eult than with the bronchial epitheliun, N ) ' .

The experimental results should lead to a generally valid definition of carcinogenic
tibres, Thiz aim iz not vet reached. On the one hand there is a general consensus tlmt_ lcngtl.l,
diameter and hio-persistence represent the mast important eriteria for the ('iLI‘(‘lll()&(O‘lllC
putency of mineral fibres (Staxrox etal. 198[: Waaxer 1986; Daves 1986G: Pore 19871,
On the other hand, the relationship between the degree of these three vh‘a,mctvrlstws.a:n(l
the expected tumour incidence ix not zufficiently known. There s 2 continnous transition
from the nou-carcinogenicity of fibres which are too short, too thick. or teo soluble to the
maximum possible carcinogenic potencey of fibres which have the “ideal” sizc_a,nd are per-
stent enough, However, it ix an open question at which point the threshold is located l)u-
tween fibrex which are too short, too thick or too short-lived in the tissue and fibres which
are sufficient]y long, thin and persistent regarding their carcinogenic poteney for humans,
l-'urthcrmurc,-fnr regulations, we need not only the distinetion between carcinogenic and
non-carcinogenic fibres but alse criteria for a grading of careinogenie potency.

For many vears there has been the theory that the surlace properties of fibrex are the
decisive agents for the tumour induction (Braxox and Javraxn [1483: Boxxear etal.

1986, b Craptey 1971 CRaneky and Lasuarr 1973 Dexzieax 1984 Fisner et al.
1985: Laxcer and NoLax 1985; Mossyax 1983). This theory is mainly based on the results
af fn vifro testing where altered dust surfaces were seen to influence certain evtotoxice effects.
But there are significant differences between a evtotuxic reaction (o oitro and tumour
induction 7p riva, Often, goad parallels were found between results from carcinogenicity
testx and same fp cdee tests (DAVES et all 19801 Nevertheless. up to now /o ribro tosts
have nat been able tu provide reliable statements on fibre carcinogenicity (WaeNer et al
14851, .

Recent results after combined njectian of ashosts and the antisilicatie effective sub-
~tanee pabvvipylpyridine-Nenxide indicate that the surface properties .uf zlsl)e.stl).\' [i_l){':-\
might not anly be important for jrs evtatoxicity 0 edeo but alzo for its carcinogenicity
(Parreral, 19050

Siuee the earcinagenic poteney of Tibres is eomposed of. at least. their leneth. di;lmt-tn-r
and durabifity, and as the speetram of fibre dimensions in a <ingle ~ample i wide Py,
it i~ very difficult to explaii & particular tuntowr rate wxing only ane speeitie parameter, Witk
thewe difficultios alwavs in mind, we are going ta de<eribe @ number of re<ults \\'Ili(_-h nay
add ~ome pieces o the puzzle. The experiments were carried out -l\'vl'.thl- last 15 yeurs
aied anly sowe of thew bave already heen publishied, although not with all the detail

now deseribed,
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A Turther question conteerns the relation of the carcinogenic effect of fibres to chemically
carcinagenic substances in the applied test syztems. For comparizon. a numboer of carcino-
genie, non-careinogenic and questionable carcinogenic substances were tested on their
carcinogenieity alter intraperitoncal injection and intratracheal instillation. In this context,
additional carcinagenicity studies with somne nickel and cadmivm compounds are desirable
hecause up to now there is no consensus un their carcinogenic potential. Of course. numerous
reparts on nickel carcinogenesiz have heen published in vartons reviows (LARC L9976 Raveni
and Sewannir TRTD Sexpervax R Sexperyay (9841 Nickel powder and nickel
oxide have heen known to be chemical carcinogens for a long time. But recently. following
a review of the epidemiologic and experimental vesultz, it was proposed to classify these
twa substances as non-careinogenic for humans and animals (Loxusvearr et al, 1984), Cad-
mium is also suspected to be carcinogenic in the relevant compounds cadmium oxide and
cadminm sulfide. since inhalation of relatively low coucentrations of cadminm ehlaride
induced lung tunours in rats (TagoN gL ot all TURG),

o widen the basis of comparizon, further dusts were inefuded in the study e.e. cornndum,
titanium dioxide, ferric oxides. palyvinylehloride, and wood dust,

Malerials and Method<

1. Labaratory animals and animal keeping

In maost ol the experiments female Wistar rats (Wistar-WU Kilegg) from the breeding
farme S, Ivanovax (KiBBlege, Mlgiin, FLR.GO were used and only in experiments no. 10 and
12 Sprague-Dawlev SIV 50 rats fram the <ame breeding farm. Before cach experiment
the animals were randomty allocated to plastic cages an wood granule bedding (*“T-grab™,
Buntenbach, Solingen. IF.R.G. and numbered maostly 8 [0 to a cage at the start. As
male rats grow much bigger than female rats and need more space, in only one experiment
(nu. 7) male rats were alxo used.

The animals were maintained under conventional conditions and these could be jm-
proved in the late T0ies. A standard pelieted faboratory dier (RMH-TM. Fa. Hope-Farms
Wuaerden, XLy and water were given ad libitum,

The weight af the animals was determined befure the <tart of the experinient and the
average age of the groups was calenlated according to tables of the breeding fanm. The
average age of the animals is given for each experiment in the tables of results,

2 Substances used

[eme of the dusts or chemieals adminiztered were bhought from manufacturers ar their
agencies and used in the condition delivered. Many materials, especially the man-made
mineral wools. were delivered frony manulacturers ayr ageneies ar other persons and prepared for
the animal experiments by cutting and milling, Sametimes the milled dust was fractionated
by ~edimentation. Thi< work and the measurement of the filve size< imentioned anly as
median values in tables T and 30 was perfurmed in several fabarstaries, especially by Dy,
Beruyaxy and beo Menee (Fraunhofer Tnstitut fir Toxikologie und Aerosallorschone,
Hannover, Vo Rt br, Frigopricns Medizinizehes fostitat fir Umwelthyveiene an der
Universitit Ditseldort, F.R.Go, Dirs Répeiareroer (lostitnt fiir Arbeit~- und Suzial-
medizin der Universitit Giefien. F. R.Gac and De, Seerxy (Fraunhafer Institut fie Um-
weltehemie und Okotoxikalogie, Schmallenhere-Graf<ehait. F
were deseribed by Rexpan 14701 and T 1970y,
Aetivedite, FRLAL Origin: A diabas gquarey near Schmallenbers, V.R.GL Preparation:
Droseepay amethad ~ee Spepxy et al, 19780 Measurement of Tilre <ize<: D,
I, Moenie.

Medopaddde | fquapiog |,

it The VLOC samples

JELLMANY

Origin auinewn: @ sl voek wis sditzined om the Mineralien-
soutar Bown, FLRGL Preparation: Dr, Frisseiens, The maeroseapically fibrons sienetare
was nindy destroved Syomitling inoan agioe ball il N pace o this sample had giready
e wsed in anarher experimgent Parey e gl BTG

i
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Muthophaliite, LCC = Origin: Finland.

Mtagndyile, Caceres. - Origin: Torrejon de Rubio Caceres, Spain. Preparation of a very
fine fraction crelerence No. 82 1) by IL Pizerat (Université P. of M. Curie, Paris, Irance).
Measurement of fibre sizes: RODELRPERGER et al. (19871,

Attapulgite, CGeapqin, — Origin: Georgia, T.S.A. Delivered under the name “Pharmasorh
collaidal”™ Trom Chemie-Mineralien KG, Bremen. F.R.G.. and a product of Ingelthard Mine-
rals & Chemicals Corporation. Edison, N, J.. TS\ Measurement of fibre sizes: RoprLs-
PERGER ¢t al. (18T

Atapulycle, Lelyga, -~ Origin: Lebrija, Spain. Delivered with the label *Polvo {abrica”™

fram Tulza 3., Madrid. Spain. Aecording to the analysis of RGnELspERGER ct al. (1987)

the rample was identified as attapulgite with high probability. It wa< used in the condition
ohtained. Measuronent of fibre sizes: Ronerspercir et al (LURT).

MAbtagadgite. Mopmaiven. - Origin: Mormoiron, France. The sample used wax the drug
“gastropulgite”™ which contains 83° attapulgite and &5 produced by Beaufour, Dreux,
Franee, The tibre sizes measured came from a sample “Gastropulgite 50 which is produced
under licenee of Beaulour by Schwabe, Karlsruhe, F.R.G. Measurement of fibre sizes:
RoneLsreraer o al. (14875,

Basall waol. - Producer: Griinzweig -~ Hartmann und Glasfaser AG. Ludwigzhafen,
F LG, Preparation: Dr. Sperxy (nethod see Sperxy et al. 1979y Measurement of fibre
sizes: De. Beeesasx, Dre. Mone,

Bowzagaypyeeae, = Delivered fram Fluka AG. New-Chn, FF.R.G Code-No, 12780, Purity
0t

LBruwede, MytOH ). — This mineral ix the granular form of maguesium hydroxide (fibrous
form: see nemaliter, Preparation: Dr. FRiepricus (Frigoricis 1974,

Cadmicwm efdoride (CdCly - [Ty0). — Delivered from Merck, Darmstadt, I°.R.G. Purity 99,
Cadmeium oride, — Delivered from Merck, Darmstadt, F.R.G. Parity not indicated.
Cadpiwm sulfide, - Delivered from Mdrich-Chemie Gubll & Co. KG. Steinheim, F.R.(n
]’urit)‘ a9, qui e

Coranic wool, Fiberfrar, — Producer: Carborundum. Thiszeldorf, IF.R.G. Delivered from
Hooker Werke GmbH & Co. KG. Weil, I R.G. Preparation: Dr. SrvrNy (method see Sevrxy
ot al. 19749hy. Measurement of fibre sizes: Dr, Beniywaxy Dr, Mueuwe.

Cepamir wool, AN, = Producer: Manville Corporation. Denver Co. UlS.AL Delivered from
Gassler. Hambure, FLR.GL Preparation: Dr. Seerxy. Measurement of fibre sizes: Dr. Birwe-
sany B Meitie,

Cluysotile, Calideia. Origin: Calilornia, U.S AL The material was prepared for the produc-
tion af asbestas paper. The sample used was obtained from Dr. Rosock, Ashest-Institat,
Newh. F RGO Measurement of fibre sizes: Meune et al. 14986,

Chrysatile, U1TCC A0 = Origin: Zimbabwe (ormerly  Rhodesia), Measurement of fibre
sizess FRigDRICS CRITR),

Chensoide, U1CC AL [TCKrenled, The standard sample was boiled in 1 N HC for S
The maenesiin cantent prabably was leached almest completely. The loss of weight amount-
od ta 46, The Tibiees were shortened and partially split up.

Clasalde, UJCC A willed, The standard sample wa< dry milled in an agate bail mill
far 4 o Measurement of fibre sizest Frizpmens (19750 .\ part of this sample wis wsed
B larger dosos i other experiments (Porr et al, (U722, 1076,

Chee B - origin: Canada, Measurement of particle ~izes; Toispiin (E700 I has o be
underlined that the results af measurement of the twisted ehrysatile fibres are rather doubtiul.
Fxtensive treatwent with whreasound bmmogenizes the suspension and changes the fibre
nuwnther by ~plitting ot vie bandles,

Clased e, ULCC [ andlbod, The standard sample was dey milied in oo aate badl il
tar 3.0 L Measarerent o fibre <izest T Bisaoex Do Muenne,
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Cornpdw,  The alumininm oxide dust was delivered from Maschinen- und Scehleifmittel-
werke, Offenbach. F.R.G,

Cpacidulile, Squllh Afriea. - Origin: South Mrica dike UICC eracidolite but tibre leneths
greatert, Preparation: Dr. Rexpaer, Johannesburg, South Africa, Measurement al fibre
szes: Moenee et al, 1986,

FErimite, Oveqoa. - Origin: Oregon, U000 The dust sample was supplied by Dr. Waaxer,
Vedical Besearell Comneil Pnewmoconiosi< Pnit. Penacth. Wales, UL KL as representative
of the material wsed by himin his experimenss (Weaxer et al. 19555 Measurement of fibre
szes: D ROpEisreragR,

Friopite, Tarkeq,  Origin: Karain, Turkey, A small rock of the fibrous material was sent
from Dr. Bagis, Ankara to Dr. Seerxy and prepared by Dr. Sperxy. Measurement of
fibro size<: Dr. Beneyoaxy Dro Moeire,

veFercée aride hydrate, - The extremely short fibrous material waz obtained from a praducer
of tapes, Fstimation of the fihre <izes according to a microphatograph with a magnification
ol 1:50.000.

se-Ferrie gwide hydrate (1), = The fibrous material was ahtained fram a producer of tapes,
Measurement of Tibre zizes: Dr. Mrnue.

s-Forsie oride hydrate (2). = The fibrous material was obtained from a producer of tapes,
fstimation of the fibre sizes aecording ta @ microphotograph with a magnification of 1:50,000.
Glass fibres, 100 Pew. - Producer: Manville Corporation. Denver, Co, US.A The dust
sample was =upplied by Mr. SkroMore, Medical Researeh Couneil Pneumaconiosis 1 nit,
Penarth. Wales, U, K., as representative af the material used in hiz animal experiments

S(\WaaxniR et al, 1984y, Measurement of fibre sizes: Dr. SPURNY,

(lags fibreg, 100,01, & V. - Producer: Manville Corporation. Delivered {ram Lehmann
& Vasso Hamburg, FLR.G. After cutting with seissors, the fibres were ground in a knife
will for 20 min. 1t is not known whether thiz sample has the same chemical composition
as 100 Pen mentioned above., Measurenment of fihre sizes: Dr. Sprryy.

Glass fibres, 10471974, Producer: Manville Corporation. Delivered from Lehmann & Voss
in 1974 (no turther data). The chemical composition was analyzed with proton induced N-ray
emission by 15, Boxsers v und Dr. F-W. Rienrer, University of Marburg (published in BriL-
aaxy of al. 198617 this analvsis vielded about the xame composition a= reported by Manville
Corporation for the glass fibre Tempstran ¥ Glass Eleetrical Alkalifree. After cutting with
<eizsars the woal was ground in distilled water in an acate mill for I h (charge 1) or 2 L
teharee 21 and then dried at 80°C, Meazurement of fibre sizes: Dr. Spvrxy. These samples
were alzo uged in ather experiments (Porr et al. 1980, 1984a, 1984h).

Glass fébres 104 1974, H Ol or NaOIf -treafed. -— 500 mg of the fibres (see abave) were incubat-
ed in 20ml 14N HCHor 1.4 N NaOH for 2 or 24 h in 2 magnetie stirrer at room tempera-
ture. After 10 min centrifuging at 1,200 . ¢ they were filtered through Nueleopore filters
(pore diameter 0.1 gmi, The sediment was wazhed twice with 20 mt distitled water in cach
case. the residue filtered and the fibres dried at 30°C for 16 h. The centrifnged particles
and the particles an the filter were then weighed. The loxs in weight 2 and 24 h after treat-
ment with HCL amounted to 25 and 337, respectively. after treatment with NaoOll to
1.7 and 6897, and after treatment with distifled water to .77, (Pore et al. 19841, Meas-
urement of fibre sizes: De. SprRNy.

Class fibres, 104475, - Producer: Manville Corporation. Type: Tempstran 475, Delivered
from Lelimaan & Veszo AMter eutring with seis<ors. the waal wag eround in a knife mifl
for 30 min. Measurement of {ibre ~izes: Mo et al, 19<6, )

Class [ibres, 100475, HOMealed, — The tibres mentioned hefuye were treated for 24 h
with L4 X HCLas deseribed fur glit=s fibres 104 1971 The lass in weicht amounted to 0.5
<Fhe resistance of Tempstran 473 is el larger than that of the elas< {ibres 104 1974 yien-
ttoned aboven
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Gluss [ihres, 06, Praducer: Manville Corparation, Delivered from Sehleieher und Seliill
Dasael. UG, Preparation aud measurement of tibre sizes: Dr. Frispricis, The material
wa also used Jor other <tudies (Port and Frigpricas 19720 Porr et al. 1476,

(ilass filaments, [N 50~ The cendlessi textile fibre was delivered from Gewetex, Ditsseldort,
F.R.G. Preparation and measurement of fibre sizes: Dr. Fricoriens, The variation i
fibre dianeters was in a limited range: 10, 33 0m 90, < 4.2 m. Lenath: 100

o, 4O 7 0o (FrRIEDRICHS TITNY,

Glass fdawend<. BN 5 apd 7. - These (endlessi textile fibres were obitained from Klgekner
& Selott, Doromuand, 19 RGL Preparation and measurement of {ibre sizes: Dr. Frigoricus,
I these sanptes the diameter variations were in a limited range: 305 100, .7 L8 m,
a0, - G B T 107, < 68 pm. Y00, D Rbam, Length xS 100, 2o,
G0, - R0 e T 100 23 an 907 -2 102 g (FrispRICHS 19TR),

Gluss (qrapulur ).~ Pieces of glass milled to a fine dust, Preparation: Dr, Frigpricns,
Keelur tTrademark for aramide fibresy. - Producer: B, 1. du Pont de Nemours and Cone

pany. Newark, Delaware, US AL Lt wits not poxsible (o make a suspension with separated
fibre~ from the flaky material. The suspension ol sample (11 for experiment 13 was prepared
by ultrazonic treatment only, For sample (21 uzed in experiment 15 an attempt was mado
to get finer fibres and better suspension by dreving. milling and ultrazonic treatment. This
diflicult preparation was carried out hy Dr. Spvrxy. However. the suspension injected
war not llumoegeneous like that of mineral fibres.

Mugnetiio, Delivered under the name “Ferroso Ferrie Oxide™ from Research Organic
Inerganic Chemical Corporation. Bellville, N.J., U.S.\ and obtained trom Dr. Opee-
pagsrER. University of Rochester, N Y. The particles are very small and cannot he measured
hy light microscopy.

Newalde, MgOH,. - This mineral i the {ibrous form of magnesium hydroxide. 1t was abtain-
ed fram the Mineralienkontor. Bonno F.R.G. (hmpurity with chrysotile possible.) Prepara-
tion and measurement of fibre sizes: Dr. Frizoricus (Frigpricns 19781,

Niekel aride (Ni(O). — Delivered from AMdrich-Chewie GmbiL & Co. KG. Steinheim. F.R.G.
Purity 9049«

Nielel pawder. -~ Delivered from Inco Metals Company. Missisauga, Ontario. Canada ta
Dr. Mvnee, Purity not indicated.

Nickel sulpadfide (NigS,1 — Delivered from Inco Metals Company. Mizsisauga. Ontario,
Canada. Purity not indicated.

Palapcapylone, The fibrous dust was obtained ready milled by Rhodia A Freiburg
im Breisgau. F ARG Measurement ol fibre sizes: Dr. Beresaxy De, MenLe.
Polyrivglehloride, — Produced by Chemisehe Werke Hitls, Marl, F.R.GL Particle size<
o, 0 20 o Measurement: Dr, Bernyaxx Dr. Mene.

2Ly iwglpyridine-N-oride «PVYNOy - Produced by Baver AL Wuppertal, F.R.GL as
a 27 ~alutian probably in distifted water (Cliarge V3504 for silicosis research in the sixties,

Quactz DRE < Origin: Darentrup, F.RG The “Gronad Produet Noo 127 Gn share: DQ12y
with & size distribution of <7 60gm was delivered from Dérentrup Sand- und Tonwerke
Guhll ol Dédrentrup. X -~ S gam size fraction was prepared Irom this material by centrifugal
separation in-air (Rogoex 19731 The fine dust was obtained from Steinkoldenberghau-
versing Fasen, FLRGL This quartz ~peeimen has often heen used by German institutes in-
valved fu silicosis research.

Reed o soevder. = Praduced in Sweden, Prepared for animal inhalation ~tadies ot the
Medical Researell Council Pnewmaoconiosis Unit. Peparth, Wales, UK (Waaxine et al,
19sdn N ~ample was obtained from Mr. Skimyonris One part was waed in it~ delivered form,
anather was fractionated by Dreo Seepxy v obtain o sanple with finer {ibres onetliad
SeerNY et alo 19 by Measurenient ol fibre <jzes: Do Speryy,
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Nlag wool. RIT, — Produced by Rheinstabl. Gelsenkirehen, IF.R.G. Preparation and measure-
ment of fibre <izes: Dr, FRigpricus (FRIEDRICHS 19781,
Sl woal Z1, - Produced by Zimmermaan, Sprockhgvel 2. F.R.G. Preparation and measure-
ment of fibre sizes: Dro Frigpricus (Frigpricus 1978),

Tituniwm divoide, - Delivered Tfrom Degussa. Frankfurt, F.R.GL signed P25, The ervstal
farin i~ anatas,

Veoleawiv sash, S{Celods, Obtained fram Dr. Raase. Cniversity of California. Davis
Califurnia. U850\, ]

Wallastande, = Grigin: India. A\ dust <ample with relatively large particles signed D-L

wits abtained from Osthoff-Petrasch KG. Hamburg, F.R.G. Preparation of a fine fraction
by Dr. Sverxy. Measurement of fibre sizes: Dr. Berpmaxx Dr. Menwe,

Waad dast. hoeeh, - Signed  Buchenmehl GroBe 007, Delivered from “briider schulte™,
Olzhere, I R.GL Conmmercially used for bread baking. Particle sizes about 10 -100 g,

3. Methad of administration

The dusts were dizpersed in 0.9, NaCl solution with wltrazound. mast of them for about
[ --3 min, The intraperitoneal injections were given without anacesthesia. the intratracheal
instillations under ('O, anaesthesin, The animals received 0.3 ml per itr. instillation and
waostly 2 ml per i.p. injeetion, Only 0.8 or | ml wax injected intraperitoneally in the verv
vaung rats in experiments 7. L1, 13, and in those groups of experiment 15 which received
only @ very small amount of asbestos, I nore than one i.p. injection was given, it was done
weekly. The 10 to 20 i.tr. instillations were also applied weekly. The large amounts of rela-
tively thick glass filaments in experiments 4 and 5 were inoculated in 4 ml saline by laparo-
tomix in nembutal anaesthesia.

Paolveinvipyridine-N-oxide (PVNOY was applied in experiments 13 (table Iy and (5
(table 3). Three groups received actinolite ip. suspended in T ml PVNO-zolution (29, ur
04", Two of these groups were not further treated: one group was additionally i.p. in-
jeeted four times with t ml 29, P¥YNO-selution 4. 8 12, and 16 manths later. The ather
group~ in experiment 3. labelled “PVXO separately™. received [ ml PYNO salution intra-
peritaneally five times: ane day before the ip. injection of asbestos and after 4. 8. 12,
and 6 manths,

4. Method of examination

The animals died spontaneously or were killed when in a bad health condition, In same
experiments. the surviving animals were sacrificed about 2.0 vears after treatment. Pust
martem examination was made of the abdominal cavity of rats injected intraperitoneally,
Part~ of twimoars or organs with suspected tumour tissue were fixed in formalin (5,1 far
hiztological examination. In the intratracheal experiments the lungs and tracheas were
wholly fixed in formalin for histological tumour evaluation. The number of rats examined
disted in tablex | =4 includes all autopsied rats and does nat include those animals lost
through cannibalism or during anaesthesia. The percentage of dead rats does not comprise
rat> lo~t during anaesthesia hut it does include thase lost through cannibalism,

Rexalis

Table 1 lists in chronolagical order the results of 13 experiments using the intraperiton-
eal test, AH rats with sarcoma. mesothelioma or carcinoma of the abdominal cavity were
caunted as tumour-hearing rats. The most frequent diagnoses were sarcomas as in previous
experiments (Porr et al, 19762 Seperer et al 1497305 only a few carcinomas were found.
These three tumour-types could nat always he differentiated with certainty histologically:
~ametinges two tamour-types oceurred together, Sinee 5 107, of the control group ~howed
malignant tumars of the uterus part of them with metastases. rats with malignant uterine
tweurs were pot caunted as twmowr-hearing rats, Thus it is pussible that a tumeur was
elassified as a spuntanecus urerine tumour even though it was indueed by the ubstance
adinistered and vecarred aceidentally along<ide with @ malignant neaplasm of the uterus,

Exp Pathol, 32019552 1355
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12 of the uterus: pereentage of tats examined

Mt v

NI
Atfwals with ssucoma, musothelioma or vare

Ienl

Vet

'
.

o1 204 rats injected intrapericaneally with saline alone. 5 ¢ 25,0 had malignant
twmours in the abdominal cavity aother than uterine twmonrs (3 sarcomas, | mesothelioma.
Vearcinaman, In 394 rats injected with titaniunt dioxide or corundun. £ neoplasins (=3.84,,)
wiere fouted (R areapas, Gomesothieliomas, U earcinomar Several other tumour-types that
aceurred occasionally in both the contral and the test groups were also considered as spon-
tanvou~ and were not included in the pereentage of the tumour-hearing animals. Among
those tigured are adenonrs, angivnas, librewas, myautas, malignane [vmphomas and others,

The typical tumowrs caused by fibres were aceampanied by hemorrlagic aseites, Tn
~ute eitses, 2 hemarrhagie aseites was fonnd but no twmear, Maeroscopically. a few ani-
mal~ ~howed only a ~ingle fumour, Quite often there were several neaplasins that mostly
originated {rom the upper abdominal serosa, especiallye fram the omentum majus and omen-
tunt minus, Inmany cases, the primary tumour had spread diffusely within the abdomiual
cavity ~a that the visceral and parietal peritaneunm was covered with gumersus minute
metastases often nunibering mare than a hundred.

The interval hetween injection and death of the first twmaue-hearing animal and the
averaue survival tinee of the tumonr-bearing animmals depended an the type of dust applied.
aud the douxe and the age of the rats at the beginning of the experiment. The 7th experiment
lad thie shortest lateney period of 17 weeks, Tn this experiment. S-week-ald female and male
rat~ were injected intraperitoneally with the relatively high dose of {0 e glass Tibres, A
very lang lateney period was observed after the injection of 0.3 mg actinolite in PYNO-
soflutiom: the first tumour-bearing animal died after 45 weeks. Nevertheless. a tumour inci-
denee of A8+, was still reached.

Ineraperitoneal injection of high doses of non-carcinagenic dusts can lead to inflammatory
reactions with more or less distinet wdhesions ol abdominal organs. The degree of these
alterations again depended an the type of dust, the dose and the age of the rats. For the
experittental graup< shown in table 3. a quantification ix given which will be explained
fater in the text. Supplementary to table |0 anly a Tew important findings concerning the
degree of adhesion in some experimental groups <hould he mentioned. After correct intra-
peritoneal injection o NaCl-~olution no irritant or inflammatery veaction oceurs. But
in non-anaesthetized rats, a puneture of the intestines with the injection needle cannot
always be avoided and may subsequently lead to adhesive inflammation, Even after in-
jeeting of small amounts, non-soluhle dusts with @ <pecific colour. such as titanium dioxide.
corundum ar ferric uxide. can he seen deposited on the peritoncwm and especially on both
sides of the amentum najus,

Ouly i eertain eases does the degree af adhesion inerease with the tumour rate, This
happens with carcinogenic fibres in @ medium range of doses. After injeetion of high doses
sote of the animals died fram the adhesions hefore a twmour could develop. Tn the low-
dose experiments teas than g per rat with a weieht of more than 150 ¢ or after the in-
jeetioy af greater amounts of very short fibres, many animals 2howed sueh minor changes
af the peritonewm that they could hardly he detected macroscapicalls or nat at all. In
spite al this the tumour incidences afrer injection of 0.25 me te 0.3 g actinolite, ehrysatile,
cracidalite or erionite were hetween 50 and 20 cexperintent 13 in tabile U experinent
15 ir table 3o On the wther hand. the injection of relatively thiek glass flaments with dia-
mevers ol 5 and Tyon led to elearly visible adhesions of the abdominal argans<. while a timonr
indieing effect cald not he proved rexperintent 2,

Fibrosis caused by quarez texperiment 2o senifieantly differed in it wmacroscapic view
fraas the <uperficially ~preading fibrosis caused by wataral and man-made mineral fibres
as vell as by metal campounds texperinent o Ater the injection of quartz, numerans
Nad-iles of ane to ~ceveral millimetres in dianieter conld be <een, expecially in the amentum
wmiaias. The abdominal organs wsuallv did e grow tagetier,

A mentioned Qg the chapter “salstanees ased 7000 was vor possible 1o pradiee o hatna-
wereais sispension of Kevlar fibres, Theretare, these tilires were wore likelyv 1o neear i
cin o~ in the peritoneal cavity than were the atlier dusts cexperiments 13 and 13,

Esp. Pathol,



I those groups where the ~urvival Gime was not shortened by the toxiclty or tumaur-
inducing effect of the given ~ubstanee, 200 of the animals died 80 to 100 weeks from the
~tart uf the experiment: H0° <urvived hetween 100 to 120 weeks and 20, up to about
i week~ s far as ~survival times are coneerned it has to be borne in mind that the natural
vaint «f death was often not awaited Tar when the animals were in a bad condition. Mast
af the experiments were terminated after about twa-and-a-half vears. n ~ome groups mare
than 200 af the rat~ were <till alive after that period. Sinee the animals were not kept
under SPE-conditions. the survival timesare affected to o greater or lesser extent by infec-
tians, Furthermure, it has to be cansidered that the Sprague-Dawley rat which was uwed
in esperiments 1 and 12 has a lower life expectaney than the Wistar rat,

Tuble 2 shows the twwour rates and survival times after intraperitoneal injection af
~ome mickel and cadmiv compounds, The doses injected were chosen after exanining
the acute toxicity: they appeared ta be the maxinm tolerable amounts, Moderate to
strang adhesions of the abdominal organs were ubserved in all graups,

Table 3 shows the preliminary results of a ~till uneompleted intraperitoneal vxperiment
2% onths from outset. Although at this point many rats in several groups were still alive,
the tumour rates already give interesting information on certain questions, For each graup
in thiv experiment not enly the tumour incidence i~ given but alzo the degree of adhesions
of the abdominal organs. To make a hetter zurvey and to quantify the adhesions, the great
variety which was vizible macroscopically had to be sunimarized and simplified. We classi-
fied the adhesions into the following erades:

Grade 00 No adhesions of abdominal oreans.

trade 1: Only punctual or very narrow adhesions up to about 10 num® They are mostly
found between the omentum majus and the liver or intestines. Sometimes the omentum
ix not extended normally. but slightly shrunken. Thix is prabably due to a minimal local
fihrosis. ‘

Grade 2 2 Adhesions over small areas between 10 and 100 mm?2. Theyv mostly affect the omen-
tum and liver, the liver and diaphragm ar the spleen and stomach, and less often the intesti-
nes, There are extensive adhesions between the amentunt and stomach, The mesenterium
may also he lightly deformed.

Crade 5: Adhesions of mare than e Al abdominal organs are clearly distinguishable
and. except for the omentum. only <lightly deformed.

Grade 4 Ndhesiops aver large arveas with severe deformation of wore than one abdeminal
ardan.

Grade 3 The adhesions and deformatian of the organs are tuo strong to allow their separation
in the zection.

Grades 4 and 5 did nat acceur in experiment 15 (table 21. They have been observed in
ratz alter injeetion of 30 mg or mare of asbestos or other carresponding fibres (Porr et al.
176 Similarly strong adhiesiins alsa accurred after injection of 10 my glass fibrex into
SGeweek-old ratsexperiment 7L The adhesians of the abdominal organs develop within the
first weeks after intraperitoneal injection of the dusts, If in the later course of the experiment
a tumour spreads in the abdamen. this erowth also frequently leads to adhesions, Thus
the origingd degree of adhesion cannot be judeed correctly. The degree of adhesian after in-
traperitencal infection of [ of chryeatile has therefore been put inte ¢ yzin this aronp
R ol the rats showed tuwomours,

Table 4+ shaws the results after intratracheal instillation of erocidolite and glass {ibres,
henzovopyrene and ~ame metal campounds. A~ in the ipo test with metal compounds.
the dases applied were chosen alter examining the acute taxicity (loss in weight, mortality s,
The difference in the acute toxicity of cadinium oxide and cadmivm ~ulfide was nat as hizh
as after Ly injeetion, St it ean be estimated in vhe relation of | ta 20,

P40 M Parhol, 32 07 7
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The dustz wlhich were examined Por their careinogenicity can be divided into 6 groups:
theashestas 20 ather natural mineral fibres, (31 man-made mineral fibres, (41 plastic fibres.
ey metal compaunds and (61 other granular dusts. The results will be diseussed in the given
order. However. because of the Jarge number of dusts applied. the wide explanations of
their biolagical activities and the numerous connections to ather studies can only he dis-
etsred hriefly,

1. e s

The experiments with ashestes have produced findings on the Yollowing pueints: dose
re<ponse-refationships in very low dose ranges. significance of length and durability of fibres
tor their carcinogenic poteney and effects of the prolonged latency period tur tumour indue-
tion by VN,

Exen 0,00 me actinelite or chrysatile U1CC B had a clear carcinogenie effect atter i.p.
injection texperiment (51 This is the maximunm amount of airborne chrysotile which is per-
witted in 1o at the workplace in the F.R.G. (TR -~ Teehnische Richtkonzentration = tech-
pical guiding concentrationr. Certainly, the dose response-relationship found with the
i.p. test cannot he extrapolated to the lung of humats: however, the results confirm in prin-
ciple the hypothesis that there iz no threshold for the carcinogenicity of ashestos down
to an extremely low dose range, Mter i.p. injection of 0.0 mg actinolite or chrysotile, no
adhesions were observed macroseopically. A histologically detectable fibrosis should there-
fure be extremely small. 1t is not comnon to call =ueh a small. macrozcopically undetectable
fibrosiz a xear. 1T such minor tissue alterations canse a tumour to develop with a relatively
high probability. many other dusts should also have Ied to tumour development while they
in fact only induced inacroscopically detectable adhesions and fihrosis but no tumaurs. These
observations contradict Kusenxer's hypothesis (1986). Accarding to this a sear is always
the necessary morphologic base for the twinour development caused by asbestos, Should
a fundamental difference exist between @ minor fibrosis indueed by ashestos and the fibrosis
induced by non-carcinogenic dusts and how could this be substantiated ? Already Davis
(1ady stated that “‘the corvect diagnosis ol early asbestosis remains one of the greatest
problems for pathologista™,

Botrox et al. (1984) also found tumours after Lp. injeetion of very small amounts of
chrysatile and cracidolite. But mostly much higher doses were applied in serasal tests, e
Hmg (Whaexer etal, 1973 Waaxyker et all 19841 or 40 me (Sraxtox et al, L1977, 18R]
ar up to 100 me (Popr ot al. 1972, 19762 Scuever et al. 1973). The strang fibrosiz which is
caused by large amounts of ashestos has encowraged Kusenxer (19861 to vevive the scar
hvpathesis developed about 20 vears ago (Lixzsacit and WepLer L9EL) At that time, it
appeared a plawsible explanation Tar vases of lung carcinoma that were accompanied by
severe ashestos indueed fibrosis. Large anounts of fibres sharten the tumonr latencey up to a
certain degree, Gn the other hand by cansing ~evere fibrasiz they also zhurten the animal
wr lran fife-<pan and therehy reduce the twinour incidence tee table 1. experiment 71,

It i~ remarkable that ne tumours were ohzerved after ip. injection of 50 mg ¢round
chresatile UTCC B with very ~hort fibres (507 - 2 05Gunn cexperiment i However. in
thi~ experiment. the average survival time of the rats was wreatly reduced by an infection:
pevertheless. in another graup tumowrs were found in 674, of the animals after injeetion of
actinalite, T earlior studies, 100 mg of illed chrysotile U1CC A had indueed tumaurs in 40
or 32 of therats Popr e al, 19020 197060 A that time iChad already been discussed whether
tie few remeining strangly caveinneenie Jong {ihres ur the prepanderanee of <iglitly carei-
noenie shart fibres are responsible tar the etfeet. We <till have ne elear answer 1o this,

10 nre of the same sanple did not led to timours in experiment 4,

P esperimment 150 a Cadifarnian clivesatile (Calideia e wis nseds whiel Tad e goeviausly
gz s sssed i animal testss Tie hatraseritonead infection of 00 e did ot ~lw g clear
carcinoectie etfeer. Perbaps the Calitarsian chresotile is Jeos doaable tan the tvo UG
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chrysotile samples, MLk et al. (1986) alsv did not find tumours after inhalation of Calidria
chrysatile,

We must turn to the cell biologists for an answer to the question how long fibres must
persist in the hronchial wall or in the serosal tissue to alter the cells sufficiently for trans-
farmation into tumour cells without the further presence of fibres. Former chrysotile fibres
which have lost their magnesium content through acid treatment can be regarded as a
pratotype Lar fibres with very low durability in rivo, Within one week, i.p. injection of 25 mg
of these fibres led to the death of most animals, possibly beeause of an observed kidney
damage: all animals given 6 mg survived and did not develop tumours (experiment 1j.,
The halt-life of acid-treated chrysotile fibres in rat lungs was only 2 days after intratracheal
instillation (Berraany et al. 1486). Such magnesium-free fibres anly consist of amorphous
silic acid which easily dizintegrates in the hody: this has already been recognized by Beger
(L9330 iu his remarkable study. although he disposed of only simple instruments, MoNcHarx
et al, 11981} found a reduced carcinogenice effect of chrysotile dependent of the intensity
af the acid treatment. The authors did not interpret this effect as a consequence of a de-
creased durability but coneluded that. in connection with fibre surface properties, mague-
sium plays an important role in twmour induction.

The inhibitory effect of PYNO on experimental silicosis was first desceribed by Sciivire-
KitER and Brockiravs (L9601, Tests were performed to establish whether PYXNO also inhib-
its the development of ashestosiz and tumours induced by asbestos, The tumour induction
time in two experiments was significantly prolonged when actinolite was injected together
with a 2%, PVXO-solution (experiments {3 and (5}, A separate injection of PYNO did not
lead to inhibition. It has to be clarified whether PVNO neutralizes a carcinogenie agent
on the surface of actinolite fibres by adsorption. or whether some side effect. present only
under experimental conditions. prolongs the tumour development. Mayhe the polymeric
substance leads to the formation of fibre aggregates in the abdominal cavity, <o that during
the first vear of the experiment the fibres are not distributed normally in the tissue. The tumour-
igenic potency of chrysotile was not affected by PVNOQ, possibly because the fibres split
up in the hody. as demonstrated by BeLuyaxx et al. (1986).

20 Natural mineral fibres ather than axhestos

The carcinogenic effect of erionite was first deseribed in inhabitants of a region in Turkey.
where this fibrous zeolite oceurs naturally and was formerly used for house building (Baris
ot al. 1978y, These fibres not only induced tumours after intraperitoneal injection in mice
and intrapleural injection in rats (Svzrky W82, WaaNER et al. 1985). After inhalation, they
also caused mesotheliomas in 27 out of 28 rats, while inhalation exposure to crocidolite
with similar fibre size distribution led to a tumour (squamous cell earcinomaj in only 1L
of 28 rats (WAGNER et al. L983). In experiments L0 and L1, Turkish erionite was injected
and in experiment 13 an erionite sample from Oregon, which Dr. WaGxer had also used. The
re-ult~ correspond to what can be expected from the dose and fibre size. So far, there i
na explanation for the unique mezothelioma-inducing effect praduced in the inhalation
experiment of WaaxeR et al, (11800,

We could confirm the carcinagenic ¢ffect of nemalite (experiments 3 and 6y using =everal
do~es of the same material dezeribed earlier (Povr et al, 1976). Granular magnesium hydroxide.
mineralogically signed brucite. did nat induce any tumours (experiment 31,

Attapulgite ¢ palygorscites fram four zources was examined. Three samples (experiment 9y
had no carcinagenic effect, the fourth with longer fibres (experiment 13) had moderate effect
in relation tu the applied dose. Harvey et al. (1984 found /e rifro strong evtotoxicity and
Nemalytie activity in a sample from Georgia, U8\ Theretore, different mechanisms ol
evtatoXic and careinugenie effects can be assumed.

The vnly wollastenite sample examined had @ median diameter of L1 em and this wa-
ciearly bigger than the other natural fibres, Despite the high dose of 100 me, no tumounrs
anpeared during tie fiest twao vears of the experinent, There were no severe adhesions either,
Comparing the result with pock il ceramie fivres of a similar size which are discussed later
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i, the effect of the tested wollastonite fibres is much smaller or even zero. Prabably wolla-
stonite has a low durability én #ive: taken 50 mg of the fibres tested in the animal experiment,
107, dissolved after 24 hin 0.99, buffered saline (p[L 7.41 2t 37°C. The lack of carcinogenicity
of 100 me fibraus gypum after i.p. injection has alzo been explained by its high solubility
(Porr and FrRiepRicts 1972y,

S0 Mup-wade weiueral filires

Sinee 189720 alasz “micrafibres™ with nedian dimeters of <0300 have heen well
known to be carcinogenic after intrapleural and intraperitoneal administration. They are
produced in various chemical compositions, These dilferences eould be important for thei
carcinagenic poteney as well as their sizes. The treatment of zample 104475 with acid did
not reduce the twnour rate obtained by 2 mg. On the contrary. it even seems to have in-
creased it (experiment 131, This inerease might be accidental. But in eomparison with other
results. it <eems more likely that the tumour rate for untreated fibres is too law, The reac-
tion to HCLtreated F-glass fibros tvpe 104 1974 was quite different. The fibres lost 3393
of their weight by the 24 b HCl-treatment. Thix loxs mainly invelved aluminium oxide
and caleiuny oxide. vach of which makes up 15 =20, of E-glass (BeLoyaxy ot al. 19861, The
carcinogenicity of these fibres was strongly reduced and. in comparison with the control
group. not statiztically significantly increased {experiments 10 and L1). \lso. the hali-life
in the e was clearly shortened (BELLMANN et al. 1986). 1t was surprizing that after 2 h
of HOtreatment the weight loss already amounted to 250, while the decrease in carcino-
aenieite was much lesz significant.

After treatment of elass fibres 10471974 with NaOHH. there was only an initial prolonga-
tign of the tumour latency. A general inhibition could not he detected.

The administration of glass {ilaments with diameters of about 3. 5 and 7 gm did not lead
to increased tumour rates (experiments 2. 4. 5). Beeause of their thickness, the actual number
of fibres wa< small despite the great mass, and {ibre-induced tumours were therefore unlikely
to oceur. An increased tumour rate corld only have been expeeted if the glass ilaments E83
(experiment ) were at least as effective as ceramic or basalt fibres (table 3).

As stated earlier (Porr etal. 19801 Sprague-Dawlev rats may be more sensitive to
the carcinogenie effect of glass fibres in the Lp. test than Wistar rats, but the difference
does not appear to be significant. We prefer Wistar rats {or the Lp. test, becanse they are
thinner than Sprague-Dawley rats: therefare it ix easier to diagnose ascites or abdominal
tumaurs in the animals when they are still alive.

The intratracheal in~tillation of 20 0.0 mg glazs microfibres 104 475 induced lung
tuwmours in 5 of 34 rat<ctable 41 This 15, tumour incidence is not very high hut statistieallv
significant. expecially with regard to the zero-tumour-tate of non-dusted Wistar rats which
also was found in other long term experiments (HeiNrtcu et al. 1986Ga. b: Mewie et al.
19861 The re<ult confirms earlier ones obtained after instillation of 8 - | me alass fibres
104 1974 in Syrian golden hamsters (Porr et al. 14984hy In that experiment two samples
with different lengths were administered (they were also used in experiments 7 and 104,
OF 136 animals instilled with the longer fibres, 5 hamsters with lung carcinomas and 37
with mesotheliomas were found: the shorter fibres induced 6 lung carcinamas and 26 meso-
theliomas in 152 ham=ters, The high mesothelioma rate can be explained by the high amount
of fibves which reached the pleura immediately after instillation. U1CC erocidalite which
contains relatively shore fibres induced Tune earcinomas in @ and mesatheliomas in < of 142
lam-ter~, The twmonr fateney was rather long: nearbe all tumour-bearing animal< survived
for U greriod of DS pmemths atter the first fustiflation: abont 300, lived for Tonser than 1w
veurs. The warphologicd asprore of the indueed mesotheliomas were deseriinsd by Mann
et al sy,

Da il experiinoy' cor Feron etal v nsters received 260 g aof slaes
wieratiires which resalred i e areer Blasnmatiat and a <hort sarvival time, The experi-
ment s seep tiddeed alveaiy atter S0 weeks without showing an nereased timane rage
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either with glass Tibres wr with crocidolite, The shart life-span of the animals can explain
the negative results,

While the very fine glass mierofibres are only produced in small amounts. the eommon
isolating waoals from s<lag, elass, rock or aluminium silicate (ceramic) are used in areat qual-
tities. Their median diameter is several times as wide as that of microlibres. The thinner
fibres from the waals were enriched far the animal experiments: the median diameter of
the injeeted fibres was between W48 and 2.6 gm. Therefore one needs a much larger mass
than with ieralibres to achieve the =ame pumber of fibres. For example. a evlindric fibre
with a diameter of 15 g and a length of Hgm o = edian of the slag woal ZI i experiment
31 has 300 times the mass of g {ibre with 018 an X 52 am o median of glass fibres 104 475
in experiment 131 Consequently, a zero effect of the slag wool sample in camparizan with
glass fibres 104 475 cannot he proven with the given dose,

The interpretation af the results on slag wool (Porr etal, t84ar also has ta be revised,
sinee an re-eximination of the fibre sizes & median dizmeter of 1.3 gm instead of the carlier
measured 0.1 was found. Thus, the munber of fibres quoted in the experiment was
acain too small o anticipate a carcinogenic effect in comparisun with slass microfibres
100 or 104

Nevertheleas, lag woul zecins to be less dangerous than vock or ceramic wools, If are
compares the median sizes deseribed in the experiments, the number of iujected fihres
per animal does not differ too much. Rock wool, basalt wool and the two ceramic woals
(experiments 12 and 151 show a clear carcinogenic effect in contrast to the two slag wool
samples (experiment 31 For a tinal interpretation we have to wait for the rexults of a planued
verification and re-evaluation of the data on fibre sizes. In any ease. it is remarkable that
all four rack and ceramie wool samples induced tumours, Perhaps the refatively high pereent-
age ol very lang fibres (>~20my caused this unexpected effect. Davis et al. (14984 found
ane adenaua and three carcinamas in 48 Wistar rats alter inhalation of ceramic fibres
and tumours in the abdaminal cavity in 8 of 32 rate after i.p. injection of 25 me af the fibres.

Finally. the very short Terric oxide hydrate fibres used in the production of tapes shuuld
alzo be mentioned. The fibre tested in experinent  shows a statistically significant inereased
tumour rate compared to ather groups, But in view of the high injected dose the effect has
to be regarded ax very small. Furthermaore. it i< not certain whether the effect was caused by
the very low carcinogenicity of the very short f{ibres or by a chemical effect of the ferric
compound. In an carlier i.p. test on 2 ferric oxides. no twmourz were detected (Povr et al.
19761, Reeent evaluation of ferric oxides gave nu evidenee Tor their carcinogenivity (Hexsen-
LR TU8L: Storizarer 1930, but the findings an magnetite¢table 1), which will he digeus-ed
later. again raise this question.

£, Plastic fibyes

A twmnonr indaeing effect has nat been Tound <o Tar. But the interlacing of plastic filires
i< mueh higher and their capacity for suspensions in water nieh smadler than that of mineral
fibres, We nst therefore make allowanee for different conditions 1o erra. and these fas ogr-
able result~ ~hould he judged with caution,

g, Metal caupanged <

The intraperitencal experiment with nickel and eadimimn eompaunds was designed 14
examwine the earcinogenic effect of wmaximum tolerable deces, Cadminm oxide was Found
tec he ppare tia o 100 phines ax acotely toxie as cadminm ~alfide. Nickel axide wias mueli jea
taxic than uickel wowder and nicke] ~abadfide, With the exeeption of cadminm o<ide,
witich could cnls Ine given i very low doses, high tmeanr rates were found with <ot latenes
periods cexperiment 14 table 20 Theretare ane ean <till expeet inereased tuony rates
after injection af dases 200 ta 50 tiges Jower than tise ones qpplied lere, Running <tadies
with dower duses will zive aare detinite pesalte e vetive earelnogenic poteneas
Vieese i aifer vicked compseauds, Thew will mage eesithe o candusrian with the panicoe
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nickel compaunds 1o Fischer rats. Cadmium rulfide also induced local sarcomas in rats
after L, and <l injection (Kazaxrzis and Havsery 19661,

Al three nickel-comtaining dusts cansed lung twmours after intratracheal instillation
(table 1. Inorelation to the duse, nickel subsulfide had the strangest effect, nickel powder
a ~lightlv smaller one while nickel vxide wa~ eloacly the least effective,

Ninee cadmiwm sulfide has a considerably lower acute toxicity than cadmium ehloride
and cadmium oxide it could be dosed mueh higher and. depending on the duse level, led
to lung twmours (table 41 The highest doze of 10 me cadmium in cadmium sulfide caused
varly death of ~ome animals. The tumour rate therefore appears to be too low. Aso. after
inhalation. eadmium sulfide seems to induce lung twmours in rats (OLprees and GLASER
L9861 but not in hamsters and mice (Heixrieu et al. LY86Ge).

Mozt urprising was the high lung tumour rate of 6995 after 15 intratracheal instillations
of L3 meg each of very fine geanular magnetite. This raizes the question of whether an un-
specific reaction of the rat lung to the large surface of the particles led to the tumours. This
pos<ibility i< diseussed for the inhalation ol high concentrations of TiO, (Lek etal. 1985).
But in contrast to other lerric oxides. magnetite could also have a chemicallv carcinogenic
oifeet.

6. Dther gramidar dusts

A~ non-earcinogenic control dustz we took corundum (experiments 6, 91, titanium di-
oxide texperiments 9100 HL 130 150 alass powder (experiments 2, 51 and voleanie ash (ex-
periment 121, The tumour rates were hetween 0 and about 104, Besides the above-mentioned
metal compounds quartz was the ounly non-fibrous mineral dust which had a low twumour
inducing effeet alter i.p. injection of a higher dose (40 mg, experiment 21, Hornaxp of al,
(1us61 found lung twmours in rats after inhalation of quartz dust, Grori et al. (1986)
after intratracheal instillation, and Waexer and Berry (1969) alter intrapleural administra-
tion,

Palyvinylehloride (PVU) was injected in a very high dose (5 <100 mg)., but the preliminary
result cexperiment 15) shows no elear carcinogenie effect. Since the density of PVC is low,
the animals received a high dust velume. In addition to a chemical carcinogenic effect.
foreign body-induced tumours eould he expected from the high mass which was deposited
in clumps (OpeexuriMer et al. 19482 Braxo 1986), The low tumour rate found after i.p.
injection of bigh masses of granular dusts indicates that the carcinageniciey of {ibres cannat
be explained by a simple foreign bhody effect.

Beoch and vak dusts are known to induee careinomas in the nose in humans. In experi-
ment 15 we tried to assess whether the ip. test is sensitive fur the unknown careinogenic
agent. The preliminary results (gable 31 do not reveal an existing ensitivity.

Copeba~ions

The fength and durability of fibres are of great signiticance for their carcinogenic potency.
It ~hauld be ee-examined how far this also applies to the diameter heecause the effect ot
relatively thick rock and ceramic libres was unexpectedly strong. Further possible explans-
tinnt= could be surface properties or an especially strong carcinegeniciey of very long fibres
¢ ~20pans, which have been quite numersus i the samples used. .\ second measurement
w ~everal ab thue used fibre satples i necessary for o better evaluation of the relation he-
tween fibre dimenstans and carcinogenic effect. The available data of the fibre size distribu-
tiaps wee ot comparable in all cases because measurements were carried out at ditferent
times wsine different methads and by different working graups,

Tie intraperitane d tost in rats is ensy feasible and i proved to be very sensitive for de-
tecting the carcinogenic elffeet af durable natural and man-made wineral fibres as well we
et campoands with low acite taxieity, Thi~ means that. it a high dose of ane of tlee
dusi~ dues not indtee tumenrs i this test. pa suspivion of careinogenic potenev worth
mentioning can be sub-tantiated, Maybe the present examples are tao Tew to e cortain
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that thisix true for every negative result, hut this seems to be highly probable. An important
step would he to establish a simple test method that exeludes with @ high probability false
negative resalts for @ certain group of substances. It i> more difficult to deduce whether
a carcinagonic poteney resulting from the ip. test in prineiple applies al=o to the fung after
inhalation of the dusts. and whether the ubserved erder of carcinogenie potency is also trans-
ferable to the tung. As discussed in detail, there exist substantial differences with clear
advantages and disadvantages for cach hetween the inhalation test and the ip. test (Porr
19<be, The inhalation test simuplates realistic exposure conditions but is apen to the great
ri-k of vielding false negative resulis (e, some negative ar weak positive inhalation stadies
with crocidalitern, The ip. test has o high <ensitivite ot carcinogeniv fibres and metal com-
pountds but it cannot simulate the selection of particles which aceurs physiologically alter
inhalation by deposition in different parts of the airways and by the clearance nechanizms,
While these influences can be estimated more ar less precizely, itis more difficult to measure
the difference in the carcinagenic respanse of the hronchial epithelivm and the serosa, This
puint needs further research,
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