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Carcinogenic Implications of the Lack of Tremolite
in UICC Reference Chrysotile

Arthur L. Frank, Mo, Pap,” Ronald K, Dodson, rhD, and M. Clenn Witliams, »s

Using light and electron microscopy enalysis,
dispersive x-ray analysis, an aliquot of UICC ¢l

as well as clectron diffraction, and energy-
aotile B was analyzed with special attention

ghven o any tremolise consamination. Polarized light microscopy, with fts limit of detection of
approximately I son when using dispersion sumning, revealed chrysonle as the ondy fibrous
asbestos componens. Analytical elecrron microscopy at 333,000X of more than 20,000
consecurive fibers showed only the mbular morphology characteristic of chrysotile. These
Jindings highlight that when this somple way used for exposure disease induced in animal
models correlatey with chrysorile-induced pathology, and does not support an explanarton

based on the "amphibole kypothesis, ™ Thus,

chrysotile shouid be considered as having the

biologic ability 1 produse cancers, including mesotheliomas, based on the extensive use of
this material as a standard reference maserial AmL ). Ind Med 34:314-317, 1998.
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INTRODUCTION

Few now argue abour the aarcipogenicity of asbestos:
disagreements exist ing other issues, such as if
asbestosis is needed bcfote# lung cancerican be atributed to
2sbestos [Churg ec al., 1984] Some of these controversia)
issues have been addressed elsewhere by Frank [1994).

Another arca of controversy has been over the ability of
chrysotile to produce lung cancer and mesothelioms, In spitc
of much evidence to the contrary, some still hold 1o the view
that chrysotile does not cause these diseases. Cantral W this
belief bas been whar has besn called the “amphibole
bypothesis” [Wagner. 1986; McDonald & al., 1989]. Other
proponents of the “amphibole hypothesis™ imchude Case
{1991}, Dunnigan [1928]), Mossman and Gee [19893, and
Mossman et al. [1990). Cemain policy questions may be
influsnesd by the claimed lack of chrysotile's ability 1o
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Gause disease. The fact that there is no practical method by
which tremolite could be removed fromchryso-
tle should make this a nonissuc, bur perhaps Titigadon-
related mattars have kept this controversy alive. One should
recal) that some bave advocated mat only cettain fiber types,
such a5 gemolite in chrysotile, play the singular role, or
disproportionate share, in producing discase, especially
cancer [(hurg er al,, 1984; Wagner, 1986], but other daw
have shown this th be untenable [Bégin et al., 1992: Srayper
et al. 1996]. Karjalaincn er af [ 1954] have provided
cvidence of the ability of anthophyllite to produce mesothe-
lioma, also negating the view that limited the Sber ypes
responsible o crocidolite and, perhaps, araosite. Few popu-
lations have ever beso identified in which anly chrysotile
exposure had taken place, bur Mancusa [1928] documentcd
mesotheliomas among such workers in the United Seates.,

One possible reason for the conclusion that chrysotile
does not canse mesothelioma may be that tremolite, 23 &
contamingor of some asbestos samples, is more readily
redined in lung tissue than chrysotile [Churg et al,, 1984].
Although tissue analysis has been usefyl for some issucs,
given the differences berween amphibole and chrysotile
persintence in vivo, ths conclusien tha: the fibers remaining
caused diseasc is fraught with diffic
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Cancer and Lack of Tremoilte in Reference Chrysotile

The study reported here was undertiken 0 evaluate
spectfically the fibrous materials in UICC chrysotile B and
to derermine whether a statement could be made regarding
the ability of chrysotile o produce mesotheliomas. The work
does not look at the issue of the 3% of nonfibrous marerials
reported by Kohysma et al. [1996] While the scienrific
literature 15 replete with refecences to tremolite contamina-
dont of chrysoile, it is by inference rathar than by direct
measurement. There have beea 0o reports of specific searches
for wemolite in standard specimens priof to 1996 [Frank et
al,, 199€; Kohyama ¢t al., 1996]; more recendy, there has
been a further report of the chemical composition of UTCC
specimens [Bowes and Farrow, 1997).

The most widely used standardized preparations of
asbestos arc those of the International Union Against
Cancer, bemer known by thelr Prench language initials,
UKCC, from the Union International Contre le Caacer
Timbrell and Readall [1971/1972] reviewed their prepara-
ton, snd Timbrodl [1970) publisked on its charscrerization.
but did not use some of the technifues more recently
available for detailed and specific fber-type analysis. There
are five samples, one each of crocidolite, amogite, and
anthophyllite, and two of chrysodle, one from Zimbabwe
(then Rhodcsia) called chrysotile A zod the other 2 mixture
from eight Canadian mines, called chrysotile B. '

These reference samples have long been used for in
vivo and in vitro experiments. Among the ralevant iy vivo
experinents central to this paper is aa inhalation cxperiment
conducted by Wagner ¢t al. [1974] that produced lung
cancers and mesotheliomas and obe reposting mesothelic-
mas after intraplewral inoculation [Wagner e al, 1973].
Others have made use of these materials in an amempr to
understand mechanistic aspects of asbestosrelmed disease
[Frank, 1980; Wade ct al., 1976, 1979).

It is this finding of mesothelioma following UICC
chrysotile B inhalation and moculation that is of special
relevance to this paper. We have been unable to Jocate any
specific repart of temolite contamination of this material,
and we arc not aware of a systemanc search for tremolite,
using both ligt and analytical elecwron [microscopy] The
present report documents the findings of soch 4 detailed
evalustion of this spesific specimen and extends the work of
Kohyama et al. (1996) and Bowes and Famow (1997), as
well a5 our earlier report (Prank et al, 1996].

MATERIALS AND METHODS

Aliquots of UICC chrysotle B obtained from the
Pneumoceoniosis Rescarch Unit (PRU), Johannesburg, were
used. A representative sample was cbiained by combining

" 10 separate subsamples. The combined sample was reducad

in size by chopping in [itered (0.14mm pore) deiomized
water. The homogeneous suspension was collected on 2
polycarbonats Rlter with 0.1-um pores. The filler wes dried
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and carbon coated, znd extraction replicas were prepared on
200-mesh grids for electron microscopic examination. The
replicss were examined st 330,000 (33,000X direct mag-
nification X 10X optical magnification) in a JEOL 100CX
malytical clecron microscope. ‘The analysis comsisted of
three phases.

Firnt, 500 randaoroly selected fibers were idcntificd as
chrysotile by morphology and electron diffraction (ED).
X-ray enerpy-dispersive spectroscopy (XEDS) was usad for
additional confirnadon. Next, 20,000 additional consecu-
live fbers were examined for morphology during Jinexr
scans across five grids. The electron beam intensity and
diameter were limited © permit observadon of the typical
mbular morphology, and of any subseqoent characteristic
beam sensitivity. All fibers were determined to be chrysotile.
ED and XEDS were used 10 musolve sny questonable
mosphology. The data were never consistent with those
obtained from a NIST SRM 1867 tremolite achestos stan.
dard.

Pruring the third phase of elecron microscopic analysis,
50 fibers, purposefully sclected ar lower magnificarion
becanse of their ““armphibole-like™ shape, were sought out;
all gave chrysotile electron diffraction paremns,

Polarized light microscopy technigues were used 1o
examine an additional 10-mg aliguot A Leitz Laborator Lux
12 POL microscope with a 100-W light sonrce was used.
Dispersion staining was performed at 100X and 150X,
while extinction angie. sign of elongaton, and bright field
microscopy were done at 100400,

Extinction angles were measared with a rotary stage
scale and an ocular graticule calibrated with nylon (bright)
and anthophylliv asbestos fibers, The stared refractive
indices of te oils (1.550 and 1605, Cargile) were confirmed
with a Fisher refractometer. Room temperarure was main-
tained #125°C = 1°C,

Fibers that had 3 high possibility of being tremolite, on
the basis of one or another of the buttcry of observations,
were inividually eliminated based on the complest arcay of
tests run with polarizing light microscopy. The[tesis]included
refractive index. fype of extincion (uadulose), sign of
elongation, morphology. and color.

RESULTS

No tremolite fibers were identificd in the UICC chryso-
tie B standard among more than 20,000 fibers evaluated by
innsmission elecaon microscopy or in @ 10-mg aliquot
evaluated by polarized light microscopy technigues.

DISCUSSION

. These results, using the same siandard reference mate-
nl repored o praduce mesotheliomas, led 1o the conclu-
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mmns. The linkage of asimal dsta and e dealled analysis of
ﬂ:especiﬁcqumenmpluuom for this conclusion This
ﬁndin;islnkeepiuudthlbewmloﬂhecﬁdmu
reviewed by Smyner et al. (1996] and, to & lesser extent by
Dement [199]}).

As noted abave, oo systematic eXamination of possible
wemehite conteat of chrysotile was found in the published
litcratze. Wagner (1986] alloded w0 work thy was o be
mdﬂukmbyl’ooleyinap!nmphm began with the
words “Our view thy chrysofile, if uacontaminated, i
probably a materig) casing lile disease, . ™ hos 0 owr
Imowledge never beeq reported {n print,

Othes, noo-tTICC, chrysotile laboratory test materials
have ajso not been 8 containing tremolite. Specifi-
cally, tests of rwo National Instirute of Envirommeata) Health
Sciences chrysotile maresials from California and Quebec
cpond:cpme:mnfmnoﬁze[Campbdl et al,

There are at Jeast 1w policy implications tegarding this
fding. The firsr is public policy regarding asbestos iy
Public buildings, Chrysotile has been the majoy form of
asbesto; ysed in buildings and should be considersd a5 a
poteatially significant public healdth hazard in tha selting
{Nicholson, 1991). In Grear Britain, the amphiboics and

lle have heen regulated at different levels, while i
they are considered as one. The public’s
tirw best smedbymducdnnofﬁlmupomm
the most stringent 2mirs possible. Significantly, France has
recently exiended its 1977 Fmitations on the nge of xshestos
and its 1987 ban on its use for building interiors to 4 totaf ban
maﬂmasoflsbawosasoflmuuy 1, 1997. The Bridsh
have considered adding their own ban in 1998,

Similarly, the second issue abso depends on an under.
standing of theof chrysotile. There has becn 27
effort to move ahesios use from the developed worid 1o
dsveloping covmrics (Frank, 1993). Although production
and use move, knowledge tboi hazards and appropriaie
safeguards do not geoendly move in parallel, putting
thousands of previcusly upexposed workers a1 risk. In
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The lack of temolite in oge of the best characrerized
and most widely used chrysotilc standards does not support
te amphibole hypothesis. The hazards of chrysotile must be
fully recognized, snd we question considening its risk to
bealth as “a material causing litde discase™ [Wagper, 1986).
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