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Mesatbelloma kas not been found in South African chrysotile misers and millers despite
decades of prodncing about 109 000 tons of the mineral per year. One possible cxplanation
for the scarclty or absencs of the cancer may be a relafive lack of contaminating Sbrous
tremolite, an amphibele that variably accurs with chrysotlle ores. The Shre content in the
fongs of nine former ehrysotile mine workere was ascertasined by transmission eleetron
miicroscopy. Despite falrly long service in most cases (median 9.5 yr; range 32-4 y7r) the
concentraifons of chrysotile fibres were relotively Inw: only two cases exceeded 1.14 milllon
fibree/g dried lung. Tremolite fbre levels were even lower: Ioss than 1 million fbres/g dried
lung in all but ons case, Tremolite fibre concontrations exceeded those of chrysnme i only
two cascs. These results support the contention that South Afvican chrysotile is not heavily
contaminated by tremolite. © 2001 British Occupational Hyglene bodcry Publlsbcd by

Elsevier Science Ltd. All rights reseyved
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INFRODUCTION

Chrysutile mining began In the tastorn Trapsvaal
region of South Africa, now Mpumalanga Provioce,
in about 1920. Africen Chrysotilc Asbestos (ACA),
the most significant mine and mill, started in 1937
near Msanti. ACA hns boen by far the largest oper-
ation but over the decades many smaller mines pro-
duced the fibre, Today, ACA ir the only active mine,
but Stella and Kaapsche Hoop extract small amounts
of asbestos from lailings dumps. From 1975 to 1992
chrysotile production was near |00 000 tomns per
anoum (Hareington and McGlashan, 1998), with
ACA's contributiop well over 95% in later yenrs.
From 1992 ACA’s oupit has declined quitc dramati-
cally from 10] 892 to the 20 00D tons capected in
2000. Stella and Kaspsche Hoop now contribute only
a couple of tong per apnum. {Personal communi-
cativn. Hart P, Jobannesburg 2000]. The number of
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employees on chrysotile mincs was aboot 2600 in the
19603 and then seitled around 1500 -2000 from 1975
o the mid-1990s {Rees e al,, 1992). ACA's falling
production in laer years led w reduced Iabour needs:
IR} in 1990; 1720 in 1994; 1131 in 1996; and 254
cmployees now. [Personal communication. Hart P,
Johannesburg 2000).

South African rcscarch on asbestos induced dis-
cases and fibre concentrations has concentrated on the
amphiboles with surprisingly little work on South
African chrysotile: in the past fow decades there has
been no scientific publication on disease rates and
fibre caposure in chrysotile mincs. Of interest is thai
mesetheliomna has not been found in miners and mil-
lers of the South Afiican fibre. Far example, no cases

with exclusively chrysotile exposure were identified

during 8 case-control study involving 123 cases of
mesothelioma selecied without prior knowledge of
asbestos exposure (Rees ef gf., 1999). The study did
enrol 24 crocidofite, 3 amosite and 3 mixcd amosie
and crocidolite mine workers. It may be thut a relative
peucity of remolite in South African chrysotile is the
explanation for the scarcity or sbscnce of chrysotile
mesotheliomas. The biopersistent amphibole, tremo-
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fite, varinbly contaminaies chrysotile orcs, and may
explain the gencsis of mesothelioma. The easc for the
hypothesis that the contaminating’ tremolite vather
than clrysotile is the cause of the cancer has been
summarised by Churg (1994) and MeDonald and
McDonald (1997), afthough this view is not univer-
sally held (Landrigan ef @f., 1999). Litlle is knows
about the tremolite content of South Afriean chryso-
tile ore. The indusiry has not deteomined the remolits
content [ Hart, Personal communication Johennes-
burg 2000], but preliminary work by South Afica’s
National Ceatre for Occupational Health (NCOH)
supgests that it is low. Tremolite fibres werp sought
in the lupgs of four individuals with yervice
exceeding 20 years on chrysotile nyincs (Rees ef of,,
1992). Fibres most likely to be tremolite were not
observed under optical microscopy, but scanning
electron microscopy (SEM) demonstvated tremolite in
two. Theso fibres were scenty, one fibee appearing in
approximately 20 fields at 1000 tdmes magnification.
In §992, the NCOHY examined 20 rock samples, two
bulk samples of dust from the mill and seven samples
of airborne fibicy from ACA (RSY du Toit, NCOH,

Johannesburg, ROT 4.13.16 1592). Xuay diffmctome-

try revealed tremolite in one of the rock samples and
ponsible tremalite in the bulk dust samples. No tramo-
lite was found under phnse conirast microscopy of the
airhome sarmples, but under SEM one fibre was found
in one sample from the mill and one fibre in a sample
taken wnderground (out of 100 fibrex exumined onc
was trcmolite).

The paucity of chrysotile mecsothelinma cases and
the prcliminary data on tremolite in chrysorile orcs
and in the lungs of miners Was the motivation for this
study which aimed to characterise ihe fibre content of
the hungs of South African chrysotile mine workers
and examine the chrysotilc:tremolite ratio.

MATERIALS AND METHODS

South African miners bave a stanstory right to an
aufopsy exambnotion of the candio-respiratory organs
for compensation. pusposes. All of the autopsics are
done at the National Centre for Occupational Health
{(NCOH), Johsnnesburg, and the organs are reccivod
with an occupntipnal history of varfable comprehon-
sivencss. This means- thot doccased miipare with a
particular exposure can be identified. Fov this study,
over & period of 18 months, decsased chirysotile mine
workers were selected, resulting in the formalin fixed
hings from wine chrysotile mine workers being svail-
sble for smdy. The fungs were examined macro-
scopically and microscopically by a pathologist
Tissue samples from the upper, middle and lower
zones of each Jung were izken and pooled. They wers
stnt 10 the University of Wales for fbre coumting
aod anafysis,

The tirsue samples werc piepared for cxamination
by cxtracting their dust content’ utilising a sfandard
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preparation procedure and instrumentation 1echnique
(Mitba and Poolcy, 1993) thet is recognised by the
Imtoynationad Agency for Research on Cancer.

The instrumem employed was a Philips 4007 anu-
Iytical tranzmission electron microscope (ATEM) fit-
ted with sn cocrgy dispersive X-ray acalysis sysem,
This ATEM is capable of resolving and providing
analysis of sll paniculates detected.

The analyyis of tho tissus specimen was performed
so thar all fibrous particles detected were analysed
and rccorded. The definition of 8 fibre employed for
analytical purposes in the examination was any par-
ticle. with a 3:] axial ratio and parallel sides with no
winirmwn fength.

RESULTS

A to1al of 343 fibres wrre analysed in the nine
cases, and the average defection level was calculated
as B) 000 fibres/g dry Jung tissue.

The fevels of tramolite found in the lungs of these
chrysotile minc workers were unremarkable, ax
shown in Table 1, desplie fairly long sefvice in most,
Caso 6 was a boilcomaker, sn occupation associated
with asbestos wse, so some of the lung fibre burden
wmasy be accounied for by non-mining work. Case 9
was n despatch clerk with offices ncar the mills; the
absence of direct oceupational exposure may caplain
the non derection of fibres.

Thero was a suggestive associglion between tremo-
lite concentrations and duration of work at ACA. Two

cases, 1 and 3, bod wmdorground asbestos exposurs.

only at ACA. Case 1 had 11 yr of cxposure versus
the 4 yr of case 3, and had double the fremolite con-
centration. Similatly, in the ACA beavy duty drivers,
cases 2 and 5, the sremolils concentration was higher
in the driver with the longer scrvice: 18 and B yr
respectively.

Tables | and 2 show that there way no obvious
relation between durstion of chrysotile mine work and
chrysotile fibre concentrations in the lung of these
cases — differential clearance ol chrysotile frorn the
lung and their varied occupations may panly explain
this. Tremolite fbres made up a fairly low proportion
of the toia) fibic concentration and were not Mimer-
ous, vnder | million fibres/g of drizd lung in alf bt
Case ] {Table 2). Tremolitc fibre conccntrations
excecded those of chrysotile in only Cases 2 and 5.

DISCUSSION

The main findings of this study are the relatively
fow fibre content in the fuags of the nine mine work-
ers and the low levels of both chrysotile snd tremo-
lite.

Ths laboratory that Jid the fibre analyses has cocam-
ined hungs of control subjects without known asbestos
cxposure or asbesios rclated diseases. Controls, taken
from seversl different arcas in diffcrent counmtrics,
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Tabls 2. Fibre concentrations (milllons/g dvicd Iung) by ashestos type in ninc South Afiican chrysaiile mine workerns

Case Toal fibre Chrysotil Amnait Crocidokte Tremolite Tremolire/chrysntile
§ 104 720 WD ND 1.86 0.26
2 4.08 0.i8 0.i8 0.18 0.96 53
3 49.% 48.2 ND ND 0.04 8
4 21 814 0.06 ND B.94 .65
s 2.29 Npe AR ND D.44 -
6 32 1.0} 0235 0.1 0.9 .89
7 2.39 007 ND ND B8.07 3

8 1.03 036 . i3 ND 0.4 028
g - 0.67 .03 ni6 ND ND L]
Mcan' 3.35 0.69 0.14 6.13 0.33 048
*ND=Not detectad

bCGeomaric mean

inchuding rural ones, have shown a erocidolits range
and an amosite range Srom undetectable to 1 million
Ebres/g drled huog, and a chrysotile range from unde-
tectable to 50 million fitges/g dried lung (Bdward o/
al, 1996). One of these sets of conwols was 33
women with no known history of exposure to dupts,
and no mesothelioms or fung cancer, The geometric
mean {and range) for wremolite was 0.02 (0-0.8)
million fibres/g of dried lung, and for chrysotile 4.4
{0~20.1) million fibres/g dried tung (Dawson of of.,
1993). The fbrc concentrations found in the longs of
the South African chrysotile workers were thus rels-
tvely low.

Capudian chrysotile miners and millers usually

have a much higher concentration of tremolite fibres

than found in this group of South Afiican chrysotile
mine workers. Becklake has sumumarised the work of
Churg and collecagues on chrysotile miners and mil-
lers {Beckiaks, 1994): six wminers and millers without
disezse had a geometric mean 6f 2 and 9 clrysotlle
and tremolite fibres/g of lung tissue vegpectively: snd
23 with asbestosis 30 and 140 million fibres. Patients
with mesothelioma secking compensation In Quebee
have geomcwric mean lung concenirations of wremofite
fibres well above our subjects: §2 Asbhestos Township
cases had tremolite concentrations of 2,2 million and
8.1 million for fibres >5 and <5 um respectively; and
11 Thetford Mines cascs had concentrations of 8:4
million and 57.6 million. As in many othcr studics
the concentrations of tremolite for excoeded those of
chrysotile (Iuficne ef al., 1996). The preponderancs
of tremolite over chrysotile fibres js usval in Cenadian
chrysotile miners (Churg, 1994).

The difficuldcs in interlnboratory comparisony of
lung fibre levels arc prot¢an 83 many factors have to
be considercd (Gibbs and Pooley, 1996). Neverthe.
Icss, it {5 striking that in this scrics of ¢lnysotlle mine

" workers the tremolite concentration was well below
thiat usually reposted and the tremolite:chrysotile ratio
exceeded one in only one ¢ase. This tremolite chryso-
tile refation contrasts with thet found by the same lab-
oratery in the emly smdies™n Canadian chrysotile
miners (Poolsy, 1976); of 20~cases of asbesiosis

-

examined efght had ttemolite as the only amphibole
and in five of the eight tremolite exceeded chrysotile.
In 11 of the 20 cages, amphibolc Sbhreg wero mere
numerous thaa chrysotile.

Some of our subjects were not miners {e.g. heavy
duty drivers and a despatch clerk) and most did not
have asbestos wlated diseasc (thus lowering the
expested fibre copcaneationy), It is vnfortunate that
we do not have dsta on the asbestos levels in the ACA
mmine and mill in the 1980s and 50s when most of our
subjects were exposed, but their lung fibro contenta
suggeyt that fibre lovels wese relmtively Tow. The tnan-
agement of ACA mine has stated that fibre levels
werse consistently below 1 fibie per md in the 1980s
and 50s, and provided average fibro levels (personal
sampling) for the stope, mill and mill sumrounding for
19841999 (pervonal commuuication P Han Johmn-
esburg, 2000), The stepe averago ranged from 0.17
to 0.54 fibres/m}; the mill average was 0.17-0.7; and
the mill surrounding 0.5- 0.89 Hbres/mi, OFf interest is
thet afthough fibre levels were low in genersl, in the
lungs of cases I and 3, with the highcst chrysotile
fibres counts of 7.2 snd 48.2 million fibres/p dry lung,
the tremolite:chrysotile ratio was 0.26 and 0 respect-
ively. Despite the Jimitation of examining cases likely
10 have had moderats or low exposure, these resully
support the contention that South African chrysotile
is not heavily contaminated with tremolite,

Lung fibre concentrations in South African chryso-
tile miners or millers with mesothclioma, if these
cases cxist, would add to our undemtanding of the
role of tremolite in the genesis of mesotheliomg,
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