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Background South Africa has, unigquely, mined, transported, and vsed crocidolite, amosite,
and chrysotile. A mullicenter case-contre! study was done in South Africa to examine the
details of ashestos exposure in cases and conirols, and to calculate relative risks for level of
certainty of asbestos exposure, nature of exposure (e.g.. environmental, occuhational} and
fiber type. .
Bethods Cases and controls (one cancer and one medical per case) were callected by six
study centers from referral fospitals, and expesure information was collecied by interviewing
cases and condrols in Life, )

Results One hurdred and beenty-ihrec cases were accepied into the study. None had purely
chrysotile cxposure. Twenty-three cases had mined Cape crocidolite; three hod mined
amasite; and three Transvaal crocidelite plus amasite. A minimum of 22 of the cases had
exclusively environmental exposure, 20 were fram the NV Cape crocidolite mining arca, The
refative risks associaied with environmenial exposure in the NW Cape (crocidalite} were
larger than for enviromnental cxpasure in the NE Transvaal {amositc and crocidolite): 21.9
vs. 2.0 and 50.9 vs. 12.0 for the cancer control and medical cantrol datasets. respectively.
Conclusions The results confinn the impartance of cnvironmental cxposuee in the Cape
cracidohic mining area, the selative paucity of cases tinked 1o amosite, the rariey of chivsotite
cases and ate consistert with a fiber gradicnt in mesotheliomagenic potential for South
African ashestos with crocidolite > amosite > chrysonle. Am. 1 Ind. Med. 35:213-222,
1999, & 1999 Wiley-Liss, Inc,
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INTRODUCTION

South Africa has, uniquely, mined, transponed and used
crocidolite, amosite, and cuysotile, the three main commer-
ciab varicnes of asbestos, 1t is, (s, no surprise that
mesotheliorma rates are relatively high [Zwi et al, 1989].
Somewhat surprising, though, is the paucity of local epide-
nticdogic studics of this discase — many questions abous
stigsithicloreis in Suath Africa remato unanswered, among
them e refatve contribution each variety of asbestos
madies w the case load: e extent and nawre of asbesios
CcApUsLIY ih o fepresentative group of cases (Tor instance, te

rupoition of cmses with purely covironmental expasuce);
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and the relative risks associated with the different fiber types
and cxposurc selings.

These questions are of more than local iaterest. The
amphibole hypothesis, which has it that amphiboles are the
oaly asbestos which cause mesothelioma, is topical and
controversial {Stayner et al., 1996; Smith and Wright, 1996].
and South Afldican asbestos has been exported to many
countrics, ‘

The data reported hete are from a Sowth African
multicenter case-contro} study. The major objectives of the
study were o examine asbestos exposure in detail in South
African cases and 10 calculate relative risks for level of
certainly of asbestos exposure {ie., definitc, probable,
possible, and unlikely}, for category of exposure (e.g-
occupational and environmental) and for fiber type. Nonas-
bestos agents and mesothelioma and the possible protective
effect of consumption of vegetables on the development of
mesothelioma were also studied; these results are reported
elsewhere,

MATERIALS AND METHODS

This multicenter casecontrol study of mesothclioma
used a secondary base of refemral hospitals for cascs and
contrels and collected exposure informalion prospectively:
cases and controls were interviewed in-lifc by trained
intervicwers using a standard questionnaire,

Study Centers and Research Teams

The study was conducted in the six major industrial
cemers of South Africa. and cach centes included all
hospitals within 50 km of the city center. Greater Bloemfon-
tein, Cape Town, Durban, Johannesburg, Kimbericy, Pon
Elizabethi, and Prctoria were selected as- study centers
because they are the major industrial cities and are geographi-
cally located so that their tertiary hospitals scrve much of
South Africa, including the ashes10s mining regions (without
being in an asbestos mining district itself). Durban was later
abandoned as a study cenler as it did nol operate success-
fully. A rescarch tcam cemprising a coordinator and 1wo
inlenviewers, belween them fiuent tn English and the predomi-
nant vernaculars, was cstablished in each study cenier. Each
tcam was trained using a detailed interactive instruction
mapual as pre-rcading folowed by a day-long traming
session. Interviewers were blind 10 case-control status of
subjects and did not know that (he primary research gues-
1ions cuncerned ashestos and mesothchoma, Research teams
aperated for about §6 months, from late 1988 through carly
1990 {The relatively shod duration Tor case collection was
to prevent declining motivalion of rescarchers likely 1o
occwr aver an cxtended study penod ) Motivation was
maintained through regubir contuct, a newsbetien, and prac-
e intervigws when long periods hetween cases acrumed.

AT . .

Cases

Our intention was to include all cases treated or
diagnosed ia the study centers over the study period. To
achizve this, all pathologists, oncologists, cardiothoracic
surgeons, and respiratary physicians registered in the study
ceniers were invited by mail and telephone (o refer new
cascs to the rcsearch teams. In addition, (o ercourage
participation, key practitioners most likely to encounter
cases (for instance, heads of wnits in large hospitals or

_ prectitioners with a known interest in the condition) were

visited by rescarch teams. All of these medical practitioners
were reminded regularly of the study and were sent brighdy
colored reminder cards at intervals for display in their rooms,

To reduce diagnostic misclassification {increase the true
positive raic), cases were entered into the study only if a
specialist pathologist diagnosed Taesothelioma, the histo-
logic diagnasis was supparted on review by 2 member of the
South Alrican Asbestos Tumour Reference Panel (a pancl of
cxperienced specialist pathologists established 1o standard-
ize the histelogic diagoosis of mesothelioma). and immuno-
histochemical staining sepponied the diagnosis with a mini-
mum requirement of negative staining for carcinodmbrionic
antipen (CEA). )

Controls

Two contrals. onc with a wmedical condition and the
other with cancer, were sclected for cach case. Cases and
controls were matched on the hospital in which the case was
imerviewed. skin color, pender. and approximate age (within
5 ycas). General exclusion ¢ritenia for both medical and
cancer conlrols were that they should net have asbestos-
related discase or 2o undiagnosed condition (i.c., diagnostic
investigation incompletc). Controls with lung. plevral, or
peritoncal malignancy were excluded. as were patients
disoricnted for time, place, or person and individuals with
conditions of the central nervous system (Lo avoid selection
of conrols with discasc-rclated memory deficits). To in-
crease the likelihood that cases and controls were from the
same population base with the same referval dynamics and
pressuees into the souree hospital, controls were limited ta
patienits with a serious condition likely 1o wamant similar
medical referral pressurcs as patiems with the signs and
sympoms of mesothehioma. Referral hospitals ofien serve
the primary medical care and secondary levet needs of the
focal community as well as providing weniary level services.
To avoid misreprescntation sheaugh selection of these pa-
tients with relatively minor conditions anlik e mesothelioma
casex). shin cancer pativots were eachluded as were all
medical pativats with fewer than Bive - patiens dayvs (for the
current adeisston).



Exposure Information

Exposure information was oblained dircctly from cases
and controls by (i) the administration of a strectured
questionnaire alter obtaining written informed consent; and
(2) the examination of sputum samples for coated Gbers.

The questionnaire

A dewailed questionnaire on residential and occupational
history and domestic exposures was adwinistersd in the
preferred language of the subject in a standard mannee by the
interviewers. To reduce interviewer bias, questions were
largely closed-ended or tightly structured, thus allowing
little interpretation by the interviewer even if casefcontrol
status was inadvertently known. Some open-ended questions
were asked toward the end of the interview to promote
completeness of information. The questionnaire included 2
residential history (town and magisterial district), tme spent
near dockyards, mines, mills, ashestos using factories, stores
of asbestos. parcnts” occupation, domestic and Ieisure time
exposure lo dust, 2 complete occupational history with
detailed questioning on ashestos ¢xposurc, and questions on
diet and tobacco smoking. Two corpanents of the guestion-
naire were developed as “memory jogpers™ to aid recall of
panticularly important potentiat sources of asbestos expo-
sure. Onc section enumerated districts in which asbestos had
been mined and the other listed important industrics, occupa-
tions, and activities with a known risk: of asbestos exposure.
The industry and accupation lists were compited by collat
ing information from ilirce sources: literalure, consultation
with caperienced oocupational healih practitioners, amd the
patient database of the Occupationat Medicine Chinie of the
Mational Centre {or Occupational Heakh {NCOH}. Geacrul
references [Health and Safety Commission, 1979ab:
Michaels and Chissick, t979; Parmeggiani, 1983; Nicholson
¢t al., 1982] were consulted to compile an inilial lisi. To this
was added the important exposure scitings reporied by
patients who had atended the c¢linic — patients were
cross-filed by exposure category and these were used, The
list was then reflined by 1wo expericnced occupational
medicine practitioners and 1wo expericnced occupational
hygicnists who together produced the hinal 3t primary
memory joggers or occupational risk scitings {Appendix).

Nondifferential recal! bias favoning greater recall by
cases is theorctically possible if cases have been questioned
repeatcdly prior to the study interview, or il an advantage
{c.g.. compensauon} is confemed dwough a pasitive history.
Ta reduce this biss, cases were fmtérvicwed 25 soon s the
dizgnosis was suspected (829 of cases had their first
exposure history tekea by an interviewer for this study’ and
subjects were not told that the study related 1o ashestos
specifically. but rather explored a varicty of discases and
expasores, o plicine cases and controds in the same

I
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position regarding possible work-relatedness and compensa-
tion.

Coated fibers in sputum

The validity of exposurc data derived from question-
naires is affected by failur= to recall or recognize past
exposure. in an attempt to identify some of the “failures™ in
this study, spontancous sputum samples {i.c., sputem samples
not induced by inhalation of acrosol) were collected from
subjects for evaluation of coated fibers. {The tenm coated
fibers is used synonymously with femruginous bodies) An
attempt was made 0 callect two sputum samples from each
study subject, the first after complction of the questionnaire
and, in an attempt to collect 2 24-hr sample, a container was
Teft with the subject for post-collection in a prepaid enve-
lopc. Sputum cxamination was done at the NCOH by
experienced technicians blind to case—control status using a
standard technique [Smith and Naylor, 1972].

Asbestos Exposure Categories

Subjects were grouped by probability of exposurc to
asbestos {exposure class), the fikely fiber type, and the
nature of this exposure (.., occupational or environmen-
tal}. ;

Exposure classes

Table 1 shows the criteria for allocation of subjects to
one of dehinite, probable, possihle, or unlikely asbestos
expasure class.

The magisienial districts of South Africa were divided
inta five groups: NW Cape (Cape crocidolite mining); NE
Transvaal {amositc and/or Transvaal crocidolite mining); E
Transvaal (chrysotife mining). “Qther™ disticts {ntinor
asbestos deposits — anthophillite, chrysotile, or remolite
mincd in a small locality for a short period it some districts);
and nonasbestos districts (no asbestos deposits). The period
spent in any of the asbesios districts was recorded for each
subject using the questionnaire data, {Note: the boundaries
and names of South Africa’s provinces have changed but the
old names have been retzined in this anticle for concordance
with previous litcralure. NW Cape is now Nonhern Cape
Province and North West Province, NE Trassvaal is the
Noriliern Province, and E Transvaal is Mpumalanga.)

Living “near™ an asbestos mine or mill was not
restricted 10 a specified distance, since it is well known that
cxiensive =rcas around mines and mills were contaminated,
particularly én the NW Cape [Marchand, 1991] and NI:
Transvasl [Felix et al, 1994} “High nsk’™ occupalions or
activitics are those listed in the Appendix in which ashestos
cxp-nsurg was thaughit o be probabile even il the subjeet did
not actulby secall experare, TACOE T M OE RS U and
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TABLE ). Criteria lor Allocating Cases and Conlrols to Asbestos
Dprasure Classes

Defwite

1. Direct or indirect oocupational expasure cepocied.

2. Comac! with asbestos while spendmg time in an asbestos mining district
{ourtact included playing on tiifings dumps; Eving near 2 mine of mi,
parent working i a mine of mill; ashestos fiber contaminating wack or
domestic envitoament),

3. Domestic exposare reporied.

Probatle

1. Worked in “High risk" eccupational oc activity without recall of eccupa-
tional expasee,

2. Speit 12 monttss of longer in an asheslos mining district of NW Cape, NE
Trasvaal, or € Transvaal withoct reported covsiact with ashestos.,

3. Covesiderd winked with ashestos products in the fesidence.

Possible

1. Worked in 3 “Risk’” occupation withous recall of pcoupational exposure.

2. Speat less than 12 manths in KW Cape, KE Transvaal, o T Transvaal
drstrict withoul recall of contact.

3. Demestic use ol asbestas cement products of heating panels.

£, Lived of wocked it an asbestos cement strctwe.

S Lived or warked within 1 km of a dockyar. . .bestos product manutac-
turing faclocy.

6 Uncestain direct of inditect occupalional expasure reporied.

Unkely
Ho reeali o! exposure.

No "“Risk™ or ""High risk™ occupalion or activives
Lived in “Ciher distics withad reported comact

“ A were falbeled “ifigh risk” while the rest of 1 (excluding
sugar-canc)-and 2 were labeled “Risk™ eccupatons o
acuvitics.

Other districts mined asbestos in limited quantities in a
smatl section of the distact, often for only a relatively short
period. Consequently, asbesios exposure was considered
unlikely mercly as a result of residence in other
districts — reponied contact with asbestos, however, led 1o a
classification of “Definitely eaposed.™ .

Fiber type

Whether asbestos exposure had occurred exclusively to
a single fiber type could not be determined confidently in
many subjects. [For example, asbestos cement product uscrs
(chrysatile plus amphibole or only chrysetile i more recent
dmes), and those with possible exposure in 2 risk occupation
or residence in a number of NE Transvaal mimng disricts
(amosite andfor Transvaal crocideiite). Tor this reason,
fiber-specific odds ratio calculations were Nimited 1o three
situations:

T Phstactspectfic risks — sulijects wilh ashestas exponure
exclusively in the NW Cape (Cape crocidotue). RNiZ

Transvaal (amosite and/or Transvaal crocidolite), or E
Transvaal (chrysotilc) were used for these analyses.

2. Thasc in whom crocidolite exposure had occurred even if
this was not neeessarily limited (o crocidolite., Subjects in
this category were those who had spent time in the NW
Cape (residence, mining crocidolite, transporting crocido-
lite, ete.), who repornied exposure in the manufacture of
battery casings or large diameter water pipes and those
who reponted crocidolite cxposuce (for example, blue
asbestos mining or milling).

3. Workers with expaosure exclusively in asbestos mining or
mining-related work.

Nature

Nature of exposure was. categorized as occupational,
environmental, domestic, or incidental. Direct occupational
was use at work by the subjett while “Endirect™ was
cxposure due to the use of asbestos by coworkers; “High
risk” and “Risk”™ actvities are shown in the Appendix,
“Environmental-mining” was exposurc duc 10 contamina-
lion of the general eavironment by asbestos mining, milling,
and relaied activities, while “Environmental-other™ expo-
surc arose from living within a kilometer of an asbesios-
using factory, store of asbestos, or dockyard, Domestic
cxposure accurred at home due either 1o contaminaied
warkclathes (Domestic-clothes) or work with asbestos prod-
ucts (Domcestic-use), which included hobbies and the servie-
ing of motor vehicles™ brakes. Incidental exposure was use
ol asbestos cemem parden furniture, spending time in
asbestos cement structures, and use of ashesios heating
pancls.

Data Management and Analysis

All data were coded blind to the casc-control status of
the subject by thie principral rescarcher, and subsequent
allocation to exposure classes, fiber types, and natsre of
exposure was done wilthout knowledge of diagnosis or
sputum results. Questionnaires were double-punched and
the datasess were compared and comected by refeming to the
original questonnaire.

Univariate and bivariate statistical analysis was done
with the assistance of the Epiinfo VersionS sofiware pro-
gram [ Dean et al, 199G]. Conditional lopistic regression was
used 10 calculate odds ratios ¢OR) and 95% confidence
tntervals {(Cly vsing the EGRET Software Package [Egret,
1991 ). The cases and cancer controls and cuses and medical
contruls were treated a5 two separate datasels, unless
atherwise staed, and niiching was retsined in snalysis. In
some snalyses. medical and cancer controls were pooled
with a view to examining the effect of greater power on the
effect estnines and their confidence miervals, on the
asswnpsee e the twa scts of conttaly did nat represent

L.
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different populations. In these pooled analyses, matching
was also refained to produce tripless of one case and two
controls and conditional logistic regression was used (o
calculate ORs. Odds ratios and 95% CI were calculated for
class and nature of asbestos exposure and occupation-
specific ratios were calculated for Cape crocidolite miners
and for workers who had had contact with asbestos insula-
tion material and for workers using asbestos cement.

RESULTS

One hundred and twenty-three cascs were accepted inte
the stedy; tumor site, sex, and mean age are shown by study
center in Table I1. Onc hundred and nineteen cancer controls
and 103 medical controls were available for analysis. Since
there were £23 cases, the datasets were four cancer and 20
medical contrals shon, This arose in the cancer control
dataset because of inapprapriste conirols being selected
(e.g., not matched by age, hospital, or skin color, or diseasc
not a cancer) and in 19 medical contcols because medical
controls were not interviewed in the Bloemlontein region
and this could not be reciificd before the study team was
disrupted. The remaining medical control had 2 pleural
effusion and was therefore excluded as mesotheliomz was
possible.

Table 1! shows the subjects by exposure class. There
was no signilicant difference i exposure class between the
twa sets of controls.

The natuce of asbestos cxposure (as explained above) is
shiown (or ¢ases and controls in Table V. Only three cases
were catcgonized TNone” — these three pilus the two cases
categorized “"Other” district only make up the “Unlikely™
class of Table 11i. The 1w controb groups were very sirailar
in their distribulion of nature of exposure. Twenly -{wa cases

(17.9%) had exclusively cnvironmental exposure in one of -

the three main asbestos mining regions: 20 in the NW Cape,
ane in the NE Transvaal, and one m bothy the E Transvaal
(369 months) and the NE Trangvaal {3 months). Two casces
had “Domestic-use™ as the major source of expasure: one
buil his own house and cut asbestos ceilings and the other
was expased while her husband insulated their house. An
inspection of the house revealed asbestas fagging on water
pipes between the roof and cciling, The lagging material was
examined by X-ray diffractometry and found 1o be 0.5-1%
chirysolile and 0.5-2% cither amasite or crocidolite (per-
sonal communication, RSI du Toit. NCOH, 1989). This
womaa had another possible source of exposure as she had
warked as u pay cherh and visited consticting iies Tup abwout
30 mitn per week for many years.

Table V presens cases and conrols erouped inta four
mujor occupatiomal exposure cotegories. Twenty-cight sub-
jects had worked on Cape crocidobite nunes, Two of these
onnes are unknown (Beeshioel and Roddies — bath were
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TABLE It Characleristics of Mesothelioma b Case-Coatrol Study in
South Aftica (958-1990 : -

Site* Sex Age

Pleura  Petitoncum Make  Fomale  $4can (50§

Johanoesburgn = 48 A4 3 43 5 558(13)
fretoian = 21 2 1 15 6 £8.2 {11}
Kanbertey 0 = 22 Fail 2 6 6 526(12)
Bloemfonteinn =18 13 1 16 3 523 (10)
Cape Towa n = 1§ 10 0 ] 1 s89(1%)
PotBizspethn =3 3 ¢ 3 9 a3
TOYAL (%) 1504 7 10283 21(tH S5S4{1Y
*Exchxdes pericandion: Johaaneshurg = § case.

TABLE Il. Mesothelioma Cases and Controls by Exposure Olass,*
Sauth Alrica 1986-199) .

Cases Cancee controls Medical controls
Glass n %) n{%] n (%}
Defintte 94 (75) 24 {70) 20(19)
Probatie 14011y 16 (33) 15015
qusihle 1Z{0) 33(33) T3
Unlikely 514 40 {34} 35 (34}
Total 123 18 103
~Sce Tavie |

named by controls. It is notable that no subject had warked
at a chrysotile minc.

A proportion of the cases and the controls had had no
asbestos exposure other than that which may have occurred
due 1o living in or visiting an ashestos mining district or
from occupational or other contact with the district-specific
asbestos while spending time in the panticular district. In
these individuals, asbestos fiber type could be confidently
identificd, as the exposure had been exclusively in the
mining district to the asbestos mined in the district, These
individuals are presented in Table V1 by case-control status.
The subjects presented in Table VI include all those with
occupational mining-related cxposure shown in Table V
{n = 35) plus 57 other subjects whose only asbestos
exposure was distnici-specific while working, tesiding. or
spending time in an identified mining district. No case
reponted E Transvaal cxclusive exposure.

Table VI prescats ORs and 95% Cls for cases matched
with 3 cancer and a medical contred {ic.. 122 matching) and
for cancer and medical controls sepantely (1:1 maiching}.
In the 1:2 matching, only 103 tnplets were available for
analysis since campicte (nplets could not be formed unless
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TABLE IV. Hature of Ashestos Expasure in Mesotfwelioma Cases
and Controls, South Africa, 1583-1930

Women Cancer Medical
Cases (=27 controls  controls
Kature Ll a (%} r{%) ~  n(%j-
Octupational
Dhrect 63 {51} 143 18{15) 14 {14)
indirect im 1{5) IRks) a0
“High risk” Q Q 1y 44
~Risk"™ 2] 0 2309) 19 (18}
Uncertain 214 L] (1 33}
Ervimomental
Mining 208 1507 15013 12013
Otheer Y 0 I{25 2{2)
+ncertain occupational 403 1S 1 212}
+"flisk” B(6) 0 12 (10} B (8
“COther” district onty Favd] 1(5) 20 1y
Domestic '
Clothes G Li] ]
Use 2 1{5) 1n 0
Incidenal ¢ 20 2(2}
Nong 32 +(5) 38 {32) 33 (3%
TOTAL 123 21 i34 i03
TABLE V. Major Categories of Occupational Asbeslos Exposure
i Soulh African Hesothelioma Cases
Aslbestos cemenl
Mining and relaled work” ——————
T Guilding Insulation
CC TC A TL+« A Cc produck Pipes work
Casesin =123 23 1 3 3 Q 10 ? 22
Cancer controls
n =13 2 00 0 ¢ a 0 4
Medical controts
=103} 100 0 1 5 o 6

C = Cape erecidolde, IC = Transvaal wrondoite, A = Amose, Cr = (uinysolde

| OTE itk = Trarovad Blue Astesios; A mine = Peoge: TC 4 A mincs = Malshikane

abriel, Coco and Makapeng Mafele). Luceme patete].
CC mines = Bremy, Cape Bloee Asbesios, CBM, KCB_ Koegas, Kwhuman, Pombrel, Rines,
wiitzbank, Begshock, Roddhes

hoth 2 medical controf {n = 103) and a cancer congrol fn =
119]) were available.

The ORs incressed as class of asbestos exposure
increased from possible ta definite exposure, but the pos-
sibfe and probable classes were similar for the cancer and
medical control combined datasel and for the medical
conurols alone, ORx fon only three cacporics of naure of
asbestos exposure are preseated in 1he table, naumely, Oceu-

TABLE WI. Sulijects With Asbeslas Exposure Exclusively in South
African Asbestos Mining Districts

Cases . Cancer controls $eedical controbs
Regioa a (%) syt n (%)
K W Cape 44 (35) 1 o
K £ Transvaal 7 (6} (Y] L{4}
E Transvaal 0 (36 2@
“COther” 2 3@ 20

Humbyer of extes o= 123, Cancer Contrat == 119, fridical contrels = 103,
“Percent of sk cases & controts.

TABLE VIL. OR for Mesothelioma Azcording to Class and Nalture
of Asbestas Exposure®

-

Cancer aad
medicalt Cancer controfs Medical eoetrols

Asbestas
cxpose OR 95%C! O/ Ly ] OR 95%Cl
Pyssidle 44 09~205 17 0482 9 053087
Probable 55 14725 75 1.7-37 105 1.2-89
Befinle 587 140-246 40E 9.2-109 1045 10.6-1026
Mature®

Oceupational BOG 157-414 459 §0-262 389 97-1828
Enviconmentat 196 3.7-105 122 2.2-670 151 337949
“Risk™ pocupa-

tion 158 249-843 33 05202 23 04-139
Gccupational

Mining CC B55 145505 1605 11-2339 1454 11.2-1855
frsulabion 764 344406 1633 112-2374 €731 83-9E
Ashesles

tement 277 49154 138 2.3-83 436 3948
Lavironmenta®

MY Cape 27 -1 219 471024 509 1.2-360
HE Transvaal 127 19-847 1 02N 120 1.2-t17
Crocidofite

<2montts 207 28-151 56 08379 3¢ 23492
any 721 145365 579 M990 681 Bo-s578
L4 = Cape crocitolite,

Wase bewed of exposure = unlkely exposyre dass.

Wceuptbonal = detd o inchiecl ootupationyd expasere depdnisd by subecl, Emacon-
memal = Bme wpenl in 2 mwing disticl M only souiCe of eypostee, Aish ocoupation =
worked m1 3 “Risk” ocouipation, associated with expasare bet po recall

1 2 Malohmg with c2sc and a Mot ples 3 Cances gonlrol.

patianal (shown in Table IV as direcl ar indireet Qecupa-
tienad), Pnvironmental (Table 1V Envirenmenta) mining)
and "Risk™ occupation. ORs could notbe culculated for the
other categones due 10 the small number of cases in these
categories (Table 1V), Working in a “Risk™ occupation
without recall of cxpusure was significanily associated with
mesothelioma only in the dutaset with both medical and



cancer controls — the other analyses produced a lower 95%

Cl of less than L. It is notable that waorking with asbestos -

cement {relative 10 no asbestos cxposure) was strongly
associated with mesothelioma in all three datasets. There
were no exclusively E Transvaal cases; ORs could not,
therefore, be calculated. Even short contact with crocidolite
(<2 months) was associated with a fairly substantial relative
risk of mesothelioma in the cancer 4 medical control dataset
{OR = 20.7) and in the medical controf dataset (OR = 31.9).

DISCUSSION -

This study confirms the importance of environmental
exposure in the crocidolite mining area of the NW Cape
{now Northem Capc Province), the relative paucity of
diagnosed cases linked 1o amasite, and the rarity of chryso-
tile cases. Resulis arc consistent with the view that there is a
fiber gradient in mesotheliomagenic polential for South
Alrican asbestas with crocidolite > amosite > chrysotile.
o the main, limitations of this study relate 10 represen-
wivencess of cases and possible misclassification ol ¢xpo-
sure, The number of cases who should have entered the
study s not known, but indirect evidence suggests that
ascertainment of diagnosed cases was reasonable: the only
incidence study in South Africa [Zwi ¢t al,, 1989] repistered
109 cases per year on average for 1980-1984. (This was for
the whole of South Africa and histologic confirmation of the
diagnosis was not necessary.) More imporanty, there is
evidence that the 123 cases who entered our study misrepre-
senled South African cases in some respects. Fifty-five
percent of the cases were white, yet this group makes up
anly about 209 ol South Africa’s population. Poorer access
te bealth care by black Sowth Africans is a likely explanation
[Zwict al., 1989}, but the effect of this undemenrrsentation
of biack subjects is unknown. No study lcam was success-
Tully established in Durban {KwaZulu-Natal Province), but
Durban has a2 major harbor which exported asbestos (mainly
chrysotile). The proportion of cases collected in Kimberely
(1%/123) was not as Jarge as expected, given the historic
imponance of this region. A proportion of suspect cases was
diagnosed clinically and not confirmed by pleurat biopsy:
they were thus not included in the study. In summary,
although it cannat be quantified, it is possible that this series
of cases underrepresents cases with environmental exposuare
ta Cape crocidotite and those with harbor-relaled exposure.

A number of strategics were adopled in this siudy (o
lienit misclassification of exposure. A variety of indicators
suggest that this was successful: the bigh rate of reponed
2sbeSOS expasure 1 cases points la good detection of
vapased  subjects; no subject classified in the ualikely
Uspasure class had coated fitkers 10 the sputum. and 19 af the
0 subjects with coated fibers were classed definiie o
peubable — the remaining subject, classed possible, had
serhoed g CRISK T occupation for 38 years: the very similar
CApusure peoftles in the 1wo sty of controls militates againy
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marked bias in exposure classification. The similar ORs (or
the possiblc and probable cxposure classes, particularly in
the medical controls (seen in Table Vi) suggest a lack of
distinction between possibly and probably exposed. Ons
cxplanation for the poor disunction may be the 12Z-month
boundary used to separate possible and probable exposure
consequent on spending time in an ashestos mining district
(Table I). '

Environmental Cases

The large proporiion of cases with purely environmen-
tal exposure is unique 1o South Africa Australia is the only
other counury to have mined crocidolite in significant
armnounts and it has maintained a mesothelioma surveillance
program since 1979, Ferguson et al. {1987] presented
exposure data on 726 cases collected from 1/1/1980
1273171985, Environment) exposure had occuned in 43 of
these cases (6%) and in only six of these (less than 1%) was
environmental exposure due to residence in an asbestos
mining region {Wiltcnoom, the crocidolite district). This is
about one case per year — 2 sharp contrast to the findings of
this study. Other mining countries do not report environmen-

tal mesothelioma to any extent; for example, McDonald and -

McDonald {1980) examined the exposure historics of 480
cases of mesethelioma in the USA and Canada. Meighbor-
hood cxpasure (i.c., exposure recorded as exclusively resi-
dence within 20 miles of a chrysotile mine) was found in one
USA case and in none of the Canadian cases.

Fiber-Specific Data: Relative
Imporiance of the NW Cape and Paucity
of Chrysotile Cases

kn ali study centers the majority of cases who had spent
time in an asbestos mining district had done 50 in the NW
Cape. The majority of cases who had mined asbestos had
mined NW Cape crocidolite (Table V) and the majority of
cascs with asbestos exposure exclusively in an asbestos
mining district had this exposure in the N'W Cape (Table V1).
Of the 22 cases with only environmental exposure, 20 (91%)
were exposed in the NW Cape.

Besides a greater mesotheliomagenic potential of NW
Cape crocidolite, explanations for this preponderance of
cases with NW Cape mining district experience are: thesc
districts mined much more a5bestos than the other districts:
the nature of the mining operitions led 1o contamination of a
much larger area; and they generated much more dust, thus
¢xpusing more peaple 10 more gust.

The first suggestion is the casicst to examine. As shown
it Tahle VI it was only in aboul 1960 that crocidoline
production cxceeded thit of amuosite, and amosite and
chrysatile prexfuction was subsianaal throughout the 19605
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TABLE' VL Asbesios Production and Estimaled Number of Miners
by Fiber Type South Alvica 19407975

Bebestos production’ 1940-1355 ia Kiletoas, 1960-1875 In metric kiatocs

1940 1945 1950 1935 1960 1970

1975
Cape trocidolits 7 g 15 35 71 137 165
Aetvsita "8 17 42 50 62 97 es
Chaoysatie a7 3 g
Haber of asbestos miners (% of all asbestos miners)
1560 1870 1975
Cape Crocidolile® 12.000-14 600
Amasitet 7.000
Chrysotle* 2600 (17N 1,200 1,500

*Sowce of dirta, 1940-1955 Webter, 1973, 1900-1975 Harl_ 1984.
Source of dala Felx ¢f &, 1994
“Sourceof data, du Ton, 1993,

and carly to mid 1970s. {Given the long latent penod for
mesothefioma, more recent data are not of rcal interest.)
Twenty-scven, 53, and 100 metnic kilotons of chirysotile
were produced in 1960, 1970, and 1973, respectively [Har,
1988).

It is true that NW Cape crocidalite mining took place
over a wide peapraphic ares, but extensive contamination af
the NE Transvaal bias been well documented fFelix et at.,
1994]: palluiion by asbestos of surrounding villages and the
environs was extensive (for example, 2t least nine mills
operated in the Mafefe district, cach with a large asbestos
wasle dump), and discase due to cnvironmenta! exposure
was cormmon in nuning arcas (for example, 38% of 611
randomly selected adults from Mafefe had a history of
cnvironmental asbestos expaswre and 34% of these 389
individuals had pleural disease). E Transvaal (naw Mpum-
alanga) chrysotile communities have not been studied; the
extent of environmental poltwtion experdenced by these
communities and of asbestos-related discase in them is aot
known,

Dust levels in and around NE Transvaal mines and mills
were very high (dust counts taken in the Penge mill
remained well above 12 ibersiml until aficr the second half
of ehe 1970s) [Felix et al., 1994}, Published studics of fiber
Ievels in E Transvaal chrysotilc mincs arc sparse; the only
readily available data are from Slade’s thesis (1931}, The
thesis provides convincing evidence of uncontretied dust
icvels {the concuntration of dust in the aunosphere was such
that obhjects were rendered indistinguishable at a distance of
afew yards) and of high discase rates {of 10K} chrysotile suill
waorkers examined, 74 had an abuomal Niading consistent
winh ashestosis floelix evat | 1454]).

Given the contamination of mining regions in the NE
Transvaal and that the NW Cape is a sparsely populated
segion, it is untenable that the preponderance of NW Cape
cases can be cxplained wercly by a preponderance of
individuals exposed in the NW Cape.

ORs could not be calculated for cases exposed to only
chrysotile, since no such cases were identified, but Table VI
shows larger relative risks for environmental expasure in the
NW Cape than in the NE Transvaal. The large relative risks
associated with Cape crocidolite mining, insulation work,
and work with asbestos cement products is noetable. The
asbestos fiber type to which subjects were exposed in the
laiter two work situations cannot be determined with confi-
dence from the questionraire information.

Paucity of Chrysotiie {ases

No case with a history of chrysotile mining cntered the
study, nor did a case with exclusively enviconmental expo-
sure [o cheysotile. Although no case could be said to have
had good cvidence of exclusively chrysatife occupational
expasure, (wo reporied contact with this material, and little
if any work with amphibales. Onc of these speft 369 months
in chrysotile mining districts and 3 months at an asbestos
minc in the NE Transvaal — he had amphiboles isolated
from pleural biopsy tissue. The other case is intriguing:
despile repeated questioning for clinical and compensation
purposes, the only histatical source of asbestos cxposurc
was 1o chrysotile, whick began only 4 years prior ta
diagnosis. This is a very short latent period and does not Jend
itsell 1o eausal incrpretation. An amphibole, probably
tremolite, was seen in pleural material examined by scan-
ning electron microscopy: this may have been a contaminant
of the chrysotile 10 which she was exposed.

This absence of South African chirysotile cases is not an
isolated finding. Mesothelioma cases from South African
chrysotile mines have nat been recorded [Wagner, 1986].

One explanation for the absence of exclusively chryso-
tife cases is thal production and use of the material in Sauth
Alrica was so limited tlal the small number of exposed
individuals has resulicd in a paucity of cases. This seems
unlikely, a5 is shown in Table VIII, Hari [1988] estimates
chrysolile production al about 30% of total asbestos produc-
tion by the end of the 1970s. In the cary 1960s, production
was closer o 20% {Hart. 1988]. Substantial numbers of
iiners worked in chrysotile production: from the 1930s 1o
nud- 1980, roaghly 1,000 10 2 I wadkers were employed
in cheysotife mining at any onc 1ime (peesonal communica-
tions. du Toit, NCOIL 1991 RJT 16.27). and alvaa 2,600 in
1960, which wus 17% of asbestos miners. I seems unlikely
from these duta that scarcity of cxposed warkers 18 an
adequate vaplananon fac the absence af cascs. Adeguate
dust comtrol an clrysatile mines during the 19503, 1964)s,
and BI0x b amother possible ccason, but this is intuitively



unconvincing. it is notable from Table VIIT that the cstimates
of chrysotile miners are dispropodionatcly small eclative to
the tonnage mined and amphibole miners, Diflerent mining
techniques may be one explanation.

There are suggestive data that Southern Afican chryso-
file contains refatively licle wemolite [Rees ot al,, 1992],
which may be an explanation for the paucity of chrysotile
cases in the region. These data are preliminary, as they are
based largely on a small study of lung fiber content of four
ex-minces with asbestos-related discase and asbestas mining
cxposure exclusively in chrysofile mines. Confirmatory
studics are required. ' .

In summary, the great preponderance of crocidolite
cases followed by amosite and then chrysotile cases (in this
study, no convincing case was identified) is conststent with
the view that there is a fiber gradient in mesotheliomagenic
potential (crocidolite > amosite > chrysoile). This South
African expenience of 2 preponderance of crocidolite cases
without convincing chrysotile cases may not be shared in
countries with different asbesios mining and usape profiles
{Smith and Wright, 1996} Roggli and colleagues [1993]
used scanaing electron microscopy to examine fiber type in
94 cases of mesothclioma; amosite was identificd in 81% of
samiples, chirysotile in 219, and crocidolne wnonly 1%, The
authors conclude thal the results do not support the notion
that most mesotheliomas in the United Statcs are duc to
crocidatiie asbestos. The country of origin of the chrysatile
might be 2 deverminant of the relative contnbution of cach
fiber type to country-specific case-loads. Lippman [£994]
has summarized the mesotliclioma yields in ral inhalation
studics and found them 10 be highly dependent on fiber type.
The perceniage of mesatheliomas was §.6% (17109 rns) for
Zimbabwean chirysoule, 2.5% (13520} (or the various
amphiboles as a group, and 4.7% (9/193) far Quebec
chrysotile, Supporting this view ol a greater nisk of mesothe-
liora following chrysotile exposure are reports of mesothe-
lioma in cases whose lungs conwin chrysotile but no
amphiboles [Langer and McCaughey, 1982; Moringa ot at..
1989 Mzlioni ct al.. 1990; Rogers ot al., 1991). A numberof
recently published studies of almost exclusively chrysotiie-
exposed warkers have shown high rsks of mesothelioma.
Raffti and collcagues [1993) reponed on 269 men heavily
exposed 10 ashestos and almost exclusively Lo chrysotile.
The relative ask for mesothelioma was 22.73 for workers
wha had been employed at the facility for 20 or mare yeurs.
Thus, findings in South Africa may need 1o he generatized o
other settings with caution. ‘
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Memory “joggers” Read Qut to Study Subjects .

1. Have you ever been invelved in any of the Tollowing?
A. Insulation work ’

. Working with furnaces

. Manufacturing asbestos cement products

. Working with boilers

Woearing heat protective clothing

> Sclling asbestos

. Construction stic work:

. Denolishing buildings

. Working in a faciory using asbestos

. Working lor the navy/Merchant mavy

- Repainng/servicing motor vehicles more than gnee a

ronth

Helping manufaciurc asbestos-containing articles

- Waorking in a power station

- Working with the manufaciure of baueries

. Working in the plastic industry

Using asbestos rope or asbestos gaskets

. Working in the rubber industry

Manufacwaring brake linings or clutch plates

Transporting asbestos

Working for a railway company

. Insulation of hot water pipes

Working with steam locormotives (lrain engings)

W. Working with sugar-cane .

T OmmDOE

<cToHLPOsOZ I

2, Didyoueverworkasa.. ..., . 7
. Boiler maker
. Fitter and/or tumer
. Stevedore
. Marinefcivil engincer
. Plumber/plumber’s assistant
Welder/welder’s assistant
. Building carpenter/building carpenter's assistant
. Electncianfelectnician’s assistant
. Paint manufaciurer

OnEmInmE>
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