off as unrecoverable. In Chapler nine, estimates of the size of this burden are calculated.

Lewiz and Jeebhay argue that to avoid having to write off the costs of occupetional disease as

emt ok oot b in peaemsesalina ovoctome for mining and Aoaor-omimiag svatame shaald b
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sonsolidated, so that sufficient resources can be provided to pay compensation that is owed to

ex-mineworkers.i? Such consolidation would, however, vioiate the environmental principie

that the polluter should pay. Cross subsidisation of wining would, furthermore, remove the
financial incentlves (o correet the problem of hazardous mine enviranments. Edich er al argue

that the prevention of cccupational disease is an implicit funiction of workers” compensation, '’
An inefficient system of medical surveillance and compensation hinders disease prevention

because:

“"Ona of the most effective disincantives to hazacdous wotking conditons is employer rosl Failurc

to compenaate pecLpational diseans means Lhat the full cosla ara nal bome by the smployers ... The
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bome by the individual and frequenily by public secior medicsl facllities. Tho coonomic link
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Inadeguate ceporting of occupational disesse also threatens the aclarial foundation of the
corapensation fund, considering that it can lead to inadequate provision being made 10 cater

for the true exient of the problem This thesis will prove that there has been considerzble
i 2% of compensation are, therefore,

the rate of drewdown on the compensation

not an accurate basis from which to caleulale o

funds. ﬁ.’hitem states that annual reporns from the MBOD show that

between one and a half and four thousand men were certified as having silicosis compensable
under the ODMWA. He notes that the prevalence of compensable pneumoconiosis from the
Thamaga study is 52.6 per 1000 ex-mineworkers. While comments that the resulis from
Thamaga suggest that {£ two million men” have worked in the South African gold mines since
1973, it can be estimated that 0§ 200 compensable silicosis cases were not repotted o the

Ditector of the MBOD. If half of these men are siill alive and each were lo claim R340 000,

thiz would represent 8 Iia : -
and the potential unpaid liability as extrapolated from the resuits of this study will be

) ved st with the knowledge that 1353 00O novices have been recruited
This dencminator eatimate was armi engegements nince 1973,

gince 1973 pnd thers have been 376 P00 ro-4
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examined later in this thesis.

In the preceding sections the concept of the burden of disease has been extended to include
the impact thereof on the economic and social viability of bouseholds and communilies. One
mechanism for keeping down the cost of labour involves the externalising of the cosis of

reproducing labour, bur by doing this
and economic principle that the pelluter should pay. The pext section will examine the
economic and social effects st & household level of extemnalising the cosis of occupational

dizeaze.

4.4 Costing the burden of occupational disease
_ Externalising occupational disease from the mining industry can be seen to have various shorl

and long-term benefils and disadvantages for different sectors of sociely. There are levels on

which the extemnalising of cosis can be thought of as having been beneficiat to South African

society, Low expenditure on dust reduction and dust levies for the Compensation Fund, both
contribute Lo a lower cost of gold production. The benefits of this lowered cost of production
are passed on to shareholders who reinvest the funds, The beneflls of a profitable mining
industry are felt by the state in terms of incoming tax revenue, All members of South African
society benefit from atale expendliure made possible by taxation, aithough it must be noted in
thm contex that many labour sending areas are not in South Africa and hence do not share in

inat both the historical amd current cost of

the effects of externdlising the cost of disesse,

eccupational disease compensation and alse
without adequate compensation, to the labour sending areas.

There is a growing body of literalure which examines the cost of disease at various societal
levels. This literature can be broadly divided into that dealing with the lopic within a

gualitative analytical framework and that examining the problem quantitatively.

4.4.1 Gualltativa assessment of the cost of disease

_ Andreoni argues that society is made up of individuals linked together by bonds of family,
village, tribe, et 2% The economic viabitity of each worker |5 linked to that of other members
Y I T E— 4 ths ronssauences of disease for the economic viability of the

individual, have a series of down-siream effects through the household o the broader

cammunity and ultimately to state organisations financed theough the fiscus. While there is

4



general recognitlon of the tremendous impact of diseaze on households and communidas,
there have been few successful attempts to document this impact. Moreover, 1he conslderable
amount of attention paid lo the effects of disease at the level of the individual, may have led to

...... r alls I.. cmruiman mF tho oraeat rdfF saslimae AF the somruanityr realirgie nf diznooa ot
[malﬂ_.l u.'r' TLLE S ¥ 1LY LFE Wik TFLELON Dbl b Wi LA OSSN SMAEEER ] e 4 RAMALT GRS A TmRGLrECL =Y

the level of the household, rather than ar the level of the individual, allows for insights into
sarial progesses and the larger picture of dynamics that lead 1w impeverishment of households

1

When & worlier Is diseased, the primary lavel at which this is felt, is within the family. This

- ]
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f1¢ is recognised in the ODMWA, which provides for the compensation of widows and
dependants of those found to have occupationsl disease at autopsy. In a S0Ci0-ECONDMIC
stiling, such as the Transkei, where there are very limited job opportunities for women and
where men are highly dependent on the mining industry as a source of employment, the

consequences of mining disease on the welfare of all members of the househodd ¢an be

considerable. Rural health research in developing countries has tended to focus on studies of
hildren, both having been identified as vulnerable groups.

However, in labour sending areas with high rates of accupational dizease, it mighl be more

apprapriate [0 focus on the heaiil o { breadwinners, sines this impacts on the vishility of the

family as a whole. One of the key sources of vulnezability for women and children, is heavy
dependence on male breadwinners who, iR wm, aré vulnerable to disease and injury M the

workplace and then face & consequent loss of eamings.

of dependency on physicel labour as & source of H“I-"lf’ﬂ“‘“' even a relatively minor degree

l. -F""'I-. e o T LT T
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of disability eant be a major impediment 10 emplaym

"the body in the poar m'spﬂﬁﬂﬂlﬂ yninsured sanat, I 1hiy agsel is devalusd or rined, from

being an assed it becomes & tiabiliLy Lhat has (o be fed, clothed, housad and weated A livel|hood is

destroyed and 8 houtehald ia made parmananlly poocer."

It was noted in chapler two thal there has heen very Hitle work on the social and economic

R bust Mk cmven AF bha Tam
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_ impact of oocupationegl disease in South African ex
a1 peed ta be considered in order v understand the irmpact of this disease, have arisen out of

ountries. Corbetl comments that chronic disease in: an
ncome and aften tolal loss ol emnployment.

ac 1 sther
Wa.llv--

]

econamigally active person can result in loss of

75



This logs of income ingludes both loss of the carrent wages and alsn oss of polential future
&aminga.“ Thus, chronic dizease can adversely affect dependency ratios of a household,
Disease in a breadwinner not only reduces incorme but alse requires diversion of time amd

financial resources on the part of other family members into caring for the sick person. That

producing activity. In a peasant society, loss of labour power to care-giving can result in
ccduced seli-sufficiency with regard to food. Foster argues that this Joss of iaboor is highiy
defeterious where maize {(he staple crop in the Transkei) is grown because maize production
has peak periods demanding high labour input, A shortage of labour at these peak periods can

2
adversely affect the harvest.
ot oo Eoal o dlaatr i addition tn lnog oFf sorrent Ao . fiture sarninoe and
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agpriculturgl labour, there are also other financial lmp-lia.:aticm.-a.23 Older children are often igken
oul of school, either to care for the sick person or to reduce pressure on the domestic budget.

This is often accompanied by & diversion of moneys into medical treatment, and transpornt
455(13 are gone, the chronically incapacitated hoosehold becormes deeply indebted, Foster has
argued, in relation ta the households caring for people with AIDS [n Zambia, that the sale of
assets results in households being very vulncrable to futwre shocks such as drought,
Therefore, the opporiunity cost of disablement of a breadwinner 15 & factor greater than the

sunt o} lost eamtngs.

ndv of the impact of onchocerciasis on the work c¢epacity of

Ur

.

breadwinners and has shown that the subsequent negative impact of disease on the nuiritional
status, health anwd life expeclancy of young, developing households, is considerable.*! Pryer
undertook a study of houssholds with & chronically sick breadwinner in Bangladesh.” She
concluded that children in such households were at three times greater risk of malnutrition

Lan ey tem hniematal A weidele

than those without a sick breadwinner, Furthermeore, Pryer has shown that i
an incapacitated breadwinnar not only the young children but most members of the houwsehold
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_ were malnourlshed. She advocates recrientation of emphasis by development agencies
mandated to improve the health of women and children, towards services for all household

. . L Loassmabalde with o dieshlad hraadwinnoer affests 1the neesant
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and the long-term future health of individuzls because of social and biological processes.
Barker and Osmond argue that poverty experienced in childhood can be manifested in the



causes and Hming of deaihs 60 years later.®® Pryer is in favour of the development of
community-based insurance and credit schemes 0 ease the financial burden incurred by
sicknesg-induced logg of income. Pryer alzo highlights the dependency of women and chlldren
i her study group on male good health and eaming capacity. She argues for an expansion of

programmes aimed at promoling economic independence for women.

The literature ¢ited above shows that occupational disease in 2 breadwinner can have negative
consequences for individuals, households and the broader community, Classical epidemiology
tias failed to adequately agsess how women and children and the broader community can be
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taken into account when assessing heallh putcomes.

is study documents the impact of munng i -mi . thei

families and the Libode communaity. In previous chapéers, it has been argued that Libode is a

_ commwnity in which there are few economic opportunities for wotmen and there i3 &

consequent dependence on male breadwinners. Male breadwinners in Libode have low levels

.n.! lhg mitine |nr||.|-ﬂr}r and as 1

_____ o E oy 1 tioc
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of education and limited econtmic opportu utside o
resull, are highly dependent on micing s a source of employment. Previous chapters have

argued that mineworkers are very vulnerable to occupatlonal disease and injury.
C:}nsequenﬂy, the viability of many hougeholds in Libode is precarious. Subsequent chaplers
will assess (he social and economic consequences of the loss of labour power, the reduction

in income, and the diversion of time and financial resources of Qiher family members Mo

caning for the ex-mineworkers who have developed accupational lung disease,

4.4.2 Quantitative assessment of the cost of dissaas
The impact of oceupational disease n Transkeian breadwinners {5 largely hidden at the

national tevel as mining wages are low relative (o wages for other industrial workers and even

in-service workers do not contribute a significant amount of personal income ax revenue. The

reduction ip life expectaney is not expressed either on the revenus side as lost contributions o

an rlalamn e Pl‘ie

ihl".' HWHE, or 0N the Mpendﬁu‘fe side a8 Ciaiivs ool

die before they are eligible to claim. Where costs are evident is in the industry and national
health budgets for, notably, disability grants and iuberculesis trealment facilities and

[ESOUICER (stafl, laboratory, drugs, eic.)-

ntries have attemnpted to quantify the cost of occupational



causes and timing of deaths 60 years later.®™ Pryer is in favour of the development of
community-based insurance and credit schemes o oase the financial burden incurred by
sickness-induced losz of income. Pryer alsp highlights the dependency of women and childre

in her sludy group on male good health and eaming capacily. She argues for an expansion of

programmes aimed ab promoting economic independence for women.
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The literature cited above showa that occupational disease in a breadwinner can have negalive
consequences for individuals, households and the broader cormmunity. Classical epidemiclogy
has failed 1o adequately assess how women and children and the brogder community can be
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taken into accouni when assessing health oulcomes.

ig study docurments the impact of mining relaied lung dise orkers, their

families and the Libgde community. In previous chapters, it has been argued that Libode is a

~ community in which there are faew economic opportunilies for women and there iz a

consequent dependence on male breadwinners. Male breadwinners in Libode have low levels

of education and limited economic opportunities outs
result, ar¢ highly dependent on mining a5 A sQurce of employment. Previous chapters have
argued that mineworkers are very vulnerable 1o cccupational disease and injury.
Consequently, the visbility of many households in Libede is precaricus. Subsequent chapters

will assess (he social and economic consequences of the loss of labour power, the reduction

in income, and the diversion of time and financial resources of other family members inlo

caring for the ex-mineworkers who have developed occupational lung disegse.

4.4.2 Quantitative assessment of the cost of disease
The impact of occupational disease in Transkeian breadwinners ia fargeiy hidden at the
national level a5 minlng wages are low relative (o wages for ¢ther industrial workers and even

in-setvice worksrs do not contribute A significant amount of perzonal income tax revenue. The
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reduction in life expectancy is not expressed either on the revenue side as lost contributions to

ihe fiscus, or on the expendituze side as clains on the pension syst

arotam
MRy

die before they are eligible to claim. Where costs are evident iz in the industry and national
health budgets for, notably, disability granls and tuberculosis treaiment facilities and

resources (staff, Jaboratory, drugs, et

f countries have attempied to quantify the cost of occupational



disgase and accidenis in relation to Gross Domestic Product {(GDE). Andreoni argues:

“Orpeupational sccidenis and disease ara costly, For the community a5 8 whole, they sepressn a

burden which |3 constantly grawing and which affects the standard of living of everyene, 1o the

poml thel one can well ask whether the money spent peying Tor them wonld net be berler uaed in

financing the afforta of 81l these who ihroughowt the world, are devating their kngwledge end their

This is one good
cost of employment accidents and occupational diseases. The results of research and the
statistical data published in many countries, especially indusirialised ones, provide a certain
amount of information which, however, shows how difficult it is to draw up a precise list of

the numerous elamenis which make up this cost. While soime of these elements can be

isolated and quantified easily, others are much more difficuft to perceive accurately.

1 o_ w1 b an . - J;.._ sl o rat :a-. mE ommmbe o mm i lraan 1 dicanc o & A
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GDP for several developed countries but he does not distinguish costs of accidents and

accupational disease. The cost ratio (o GDF varies from 1.2 per cent for the USA (1977, to

2.0 per cent for ltaly {1980) and 3.3 per cent for France (1977).%

A 1994 study by the British Health and Safety Executive {HSE) examined the cost of

has
occupational disease and injury to the British economy.” In tudy, the costs 1o employers,

and also the cosis o society of oecupailonal disease, are listed and quantified. The key costs

lo employers are the payment of compensation levies; costs of medical treatment provided by
the employer; adminiatrative costs; medical and compensation services provided by the
employer: loss of output {due 10 absence of sick workers); additlonal costs of maintaining

culput when workers are absent;, costs of hiring and training new workers to replace those
lost because of disease; penalties payable for delays in meeting contractuat obligations; and
loss of goodwill and reputation with the workforce, customers and the local community. The

had previously been thought because earlier studies had failed 1o take account of societal

cosls, which include the Toss of resources {notebly labour and capitai), ioss of future labour

services from the victims, and loss of well-being due to pain, grief, and suffering caused by
wa death, and dizablement. The HSE report siales:

78



“the ovarall cost g the Brittsh economy of all work aceidents (including avoidabla non.injury
sccidents] events] and work-related il] health is estdmaiad b be beiween & and 12 hillion poainde,

This i3 squivalent to batween 1 par cent and 2 per cent of weal Gross Domestic Product .. The

Lotal cost 1o sockety ag 8 whole, Including the egtlmate made for 1033 of welfare rasultiong frem pain,

grief, and suffering of indiv|duel victims and their famiies |s estimated at batween 11 Hllkon and

16 bllton pounds, This i3 equivalent to betwean 2 par cant and 3 per cant af tatal Gros Domeai]e

Froduct, or 4 typleal years economle growth. Ilnags sccownte for shout 4 1o 5 billion poundy of
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While one must be cautious about direct exirapalation from a Britlsh modet o a South
African economic and {ndustrial kealth context, one can use this model 10 tentatively assess
the effect on the national economy of occupational disease ardd accldents. South Africa’s 1996

This suggests that cccupational health and safety costs have a major effect on the national
economy. The HSE model provides a method of estimating figures for the cost of

uccupminnal disease, This model can be applied to occupational lung disease in the South

-onomy item|sed in the HSE report and

g the cosis to th

Adfrican anld rmnlm:r indu=

assurning a work force of 350 000, the values shown in Table 4.1 are o
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Tahle 4.1 Diract, internalised costs of occupational lung diseaze to South African

gold mining industry at current prices and assuming a total warkforce of 350,000 msn
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Emph;.],rm contribution 1o Contribution of gold mine employers to 38, 009784
cumpensatmn fund’ Compensation Fund
Surveiliance * Annua? periodical examination 140,000 000
Loss of output during periodical exam.’ 131,250 000
Madical treatment provided by Tuberculosis’
employer
Bospltalization 16,710 000
Cosis of deugs for treatment 4,116 Q00
Costs of WMDR Thb Geatment” 1,960 000
Costs of DOTS siaff salaries’ 1,050 000
Pn and OAD
Case finding and reponting to MBOD® 1,020 000
Ioss of output for men with Th Salary remuneration 20,790 0
Production lossses' 120,960 000

Toial cosis
Taotal costs per worker
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Notes

1. Based on conirtbution from April 1990 io
2. Estimated cost R400 per person

3. Assuming 2 per cenl annual incidence

4, Assuming 30 per cent of incident cases are hospitatised for an average of 17 days at R3(0)

arch 1997

per day
5. Assuming gix moiths of treatment at R600 per course
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8 Includmg J{ rays, medmul staff claim adm:mslmtmn at R150 per patient assuming 1 per
cent incidence of Pnand OAD respectively

0. Assuming 54 days off work on average at B55 per day in salary

10, Assuming R320 per day for 54 days off work on average

11. Salary costs at R55 per day and production loss at R32() per day
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The HSE model also provides for a caleulation of todal socletal losses due o occupational

apply the HEE method

- h _

Applying the relatonship between cost (o emplayers and cost t
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model (which ranged between 0.54 and 0.65) the total cost would be between R723 million
and R780 million per year. [n 1996, gold mining contribuled 4 per cent of lotal GDP which
was approximately R20 billion, hence costs of occupational lung disease constitute between
3.6 per cent and 4.4 per cont of gold minlng's contribution 10 GDF in 1996, South Afrea’s
total GDP for 1996 was R482 billion, hence costs of occupational lung disease in gold mining
represent between 0.15 per cent and (.16 per cent of tota! GDP for 1975,

It has been noted above that application of the HSE model is hampered by the very limited
data avallable o calculate societal cosis of occupational disease for South African mine
labour sending areas, In an attempt to obtain information on the sacial and economic costs of
ooccupational disease, a questionnalre was administered to those Libode random sample study
subjects who were found to be eligible for compensation by the Medical Bureau for

Occupational Diseases. These data witi be presented in chapter nine.

4.5 Conclusion
This chapter has laid the theoretical groondwork upon for [ater chapters, in which quantiiative

models based on disease prevalence data for the study area, will be built. While the dirsct,

internalised costs of occupaiional lung disease 1o the mining industry



conisidecable, it has also been demonstrated that much of the burden is being carried by the
rural households. It has been argued that morbidity and premature mertality among
breadwinners due to mining-related occupational lung disease has substantially reduced the
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anlad lniedhalde and conrbuted tn the oversl] |
ecled housenclds, and coninbubsd io the pverall mmpo

sending communities such as Libode.

The large legacy of unpaid compensation has been touched upon and it has been noied that

the failure 10 pay compensation has been both a contributory factor to and the result of an
inefficient system of medical surveillance, because one of the most effecive disineentives o
hazardous working conditions is emplayer cost. In the South African gold mining industry,
the economic link between hazard and disease has been weakened to the point of being
useless. [nternalising the costs of disease would almeost certginly resull in measures being

taken 1o reduce dust levels, with a concomitant reduction in disease incidence and, therefore, a
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CHAPTER 5
Dust and Occupational Disease in the South African

™ H— -

iy

5.1 Introduction
Dust is defined by the Internailonal Labour Organisation as "an aerosol composed of solid

inanimare particles™.’ [n mining, the mechanical dizintegration of matter that results in dust is
generated predominantly during the breaking up and transportation of rock. The first section

of this chapter will analyse the four factors which determine the nature of the he
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arising from exposure to dust, assess available evidence conceming to dust levels on South
African gold mines and set cut the legal framework pertaining to dust comirel. The segond

section of this chapter will discuss the pathogeneals, clinical manifesiations and epidemiology

nf thn Lo mesienatioonal Aispaces arizioe from silica dust exposure on the South African E‘ﬂld
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mines

5.2 The health risk posed by dust
The key dust-generating activities in mining are drilling, blasting and mechanical loading,

The extent to which dust inhaled during minework poses a heaith rizk, 18 determined by four
intertinked factors: particle size, mineralogical composition, concentration, and duration of

2
—  EeXpOsure.

In order for dust ko create & risk in terms of cecupational lung disease, it musi be deposiled in

the lung alveoli. There are a range of pulmonary defence mechanisms which prevent this from
happening and as & result, not all dust that is inhaled is hazardous to health. Pacticles of
varying sizes lodge in different regions of the lungs according to their acrodynamic size,
Large particles are captured by the muccus-covered surfaces of the nose and are expelled

region of the lungs, pose a health risk. Such particles are associated with pneumoconiosis. It

would seem that the important size range which resulis in deposition in the alveolar region of

the lungs is between 0.4 and 7.0um and this is referred to as the respirable dust range.
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distribution of panicle sizez depogited in alveoli in relation o total inhaled dust wili
correspond with the curves initiatly suggested by the British Medical Research Couneil in
1952, Thiz standard was subseguently adopted by the International Conference on

insis hald in Johanneshourg o 10504 In terms af this curve, dust-measuring
channesburg o 1705 In s ofF We Curve, dust-measunng

trq

equipment has been developed to collect particles within the range 1um 1o 7pum.

The mineral composition of dust particles varies by mine type and not all respicable dust

causes reaction in lung tissue. In gold mines, the key health hazard in dust is biologically
o crystalline silica, a compound of silicon and oxygen. % Silica is the most abundant
mineral on Earth, comprising 28 per cent of the Earth's crust. II accurs in a tetrahedron form
made up of a central atom of silicon connected Lo four oxygen atoms, each of which is, in
turn, connected to a silivon atom. The apatial arrangement of the silicon atoms determines the
different forms of silfca. The commonest form of crystailing silica is quartz. The high rate of

silicosiz peculiar to the
silica content of the reef formations. Hnizdo reporis that in South African gold mines, about

60-80 per cent of virgin rock is silica and approximately 30 per cent of respicable mine dust is

frae silica. [t should be noted that there can be variations in guanz concentration of respirable
righle concentrations of quartz in the ore body.” The implications of this
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variability for occupational medicine and occupaticnal hygiens surveillance on South African

gold mines, will be discussed laler in this chapler.

The concentration of dust particles is an important determinant of health hazard. Threshold
_ Limnit Values {TLV) have been set for the safe conceniration of sirbome dust and are a time-

walghted average cancentration for an 8-hour day and a 40-hour week and to which workers
TLVs are pubtished by the American Conference of Government Industrial Hygienists and
are based on knowledge acquired from arimal experimentation and through indusirial
epidemiclogy. The current TLY fot respirable silica is 0.1 mg/m’.* The South African limit
for respirable silica dust in the mining indusicy is legislated 10 be 0.] mg/m?,

It is difficult to establish precise relalionships belween exposure to silica dust and the

. I e ..L........_- —
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TLY standard of 0.1mgfm’ but other studies suggest that the long tatency period between
expasure and disease may have lead to an over-estimate of safe TLY levels.”'? There is a

growing body of evidence to suggest that sillcosis progresses for many years after the
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cessation of silica exposure. A study of retired, white South African gold miners found that
the risk of developing silicosis increased from 0.5 per cemt al a cumulallve exposure of
0. lmgfm years of silica o 27 per cent at 3mgém’ years and 82 per cent at 15mg/m’ years,

at the dust contains 30 per cent gilica 1! A ¢.+|1i‘:| of rlmr]'! certificatae for South

T W LR, !Il L= AR TFELEw-ia i mawwTw

exposure of Img/m” years 1o 58 per cent at 3 mgim” years." The data provided by Hnizdo et
al indicate that there Is & substantially lower risk of silicosis at dust levels beiow 2 rng.rm

than was found in the Colorado and South Dakota studies. One possible explanation for these
differences and also for differences involving the Libode data from the present investigation,

will be discussed ln chapter seven. These surveys veveal the need for lietime foliow-up 1o
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Institute for Cecupational Safety and Health (NJQSH) has recomnmended that TLY should be
adjusted to 0.05 mghm®,"

All of the above work was based on the assumplion that if one was expoged to 0.1mgim’ for a
tandard working year then the cumulative exposure would be 0.1mg/m® years, However, the

concept of a standard working year is problematic, given that we know that there is wide
variability, with very high pesk concentrations of dust within a shift.” There are also
variations in the quartz concentration of respirable dust because of the vatigtion in Ihe
concentration of guartz in the ore body.'® Furthermore, studies undertaken in experimental

the amount of a partu:ular substance in the lung} exceeds a given threshold and that fhe rate of
clearance associated with such an overload is slower than that of normal pulmonary
clearance.' ™% Hence, the notion of a standard working year may not provide pseful data

development af silicosis.

of the Mine Health and Safety Act, Act 2%, 1996, which was rought forward from the
tinerals Act Act 50, 1991, which was, i wen, brought forward from the Mines and Works

Act, Act 27, 1956 {vaﬂ{:usl]r amended}, restricts underground risk work to 48 hours per week
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Secondly, TLY international standards are based on & normal respiraticn rate rather than on
the increased resplration rate tha! is associated with exireames of depth (and associated heat)
of the Souwth gold Africen mines. The depth amd heat is Jikely to cause an increase in the

il aiinie mamimnmenmmis fF Dot A fmones oo 1A e i merrmr Loarwn Froe dwbdd raderses dimsbh oo d Ao
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the setting of the TLV3.*!

Duration of exposure has been shown to be a key factor in determining the degree of health
hazard. Beadle corrglated dust samples, work histories and medical data in a cohort of white
South African workers who started employment between 1934 and 1938.% There was no
known history of occupational dust exposura outside the gold mines and the mineworkers had

silicosls and duration of exposure. These dan suggest that after after 3000 shifis
{approximately 10 years), there is a risk of silicosis of 2 per cent and after 9000 shifis (i.e.

approximately 30 years), there is a cumulative risk of silicosia of 40 per cent.” Hnizdo has

vhearusntlyv irgad Paadla's Airet meacursmanis to cormalate d xpogure to a set of x-rays

subsequently Beadle's dust measyr orrelate dust expo X -Fays

taken from & more extensive cohort of workers with a longer follow up period.** Beadle's data
and Hnizdo's data are consistent with each other {as would be expected given that they use
the same dust data). However, the Hoizdo study shows a higher cumulative risk of diseage.
Hnizdo suggests that at 0.5mg/m’, the cumulative risk of silicosis after 10 years is 5 per cent

and afier 30 years, it is 80 per cent, The higher cumutative risk in Hnizdo's surveys iz
probably due o the longer laiency period from first exposure o manifestation of
radiologically evident disease (this cobort having been followed for a langer time}. Hnizdo
reports an average latency period of 36 years, wherezs Beadle followed up for 30 yeats. on

ed dizeaze that was

3
B

iologically apparent in 1965.

The above dara are somewhat compromised by (he fact that information on current dust levels

for underground air that is represeniative of South African gold mines, a3 well as details

satisfactory in a range of ways, The raport of

the Leon Commizsion points out that data relating to dust levels:

wetill relics heavily o the original studies carried owt by Beadle and arplifled and comemented on
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by Du Tail, Hoizdo and King and ciled in evidanes 16 the Commisgion by Whits and Ln,gm""

Such data must be treated with caulion, becauze they rely on a study that is almost 30 years
old and on an untested assuenption thal dust levels have not changed in this time period.

chapters have shown that legally enforced job reservation excluded black workers from all but

the dustiest jobs, but in using Beadle's dats, thete is an untealed assumplion that exposure to

dust did not and does not differ by race; that there is na genetic variability in the ways in
which black and white workers respond to silica; and that thers ia no variability periaining 1o
the prevalence of other diseases that may inleract with pneumccnicsis (2.5, Wberculosis)
armong the (wo groups. Furthenmore, the jobs done by mineworkers in South Africa, have
been determined largely by race, Different jobs will resuit in exposure Lo different processes.

This may result in exposure to differing levels of toxicity, Castranova ef al.® have shown that

freshly generated dust containing cryseiline silica witl exhibit increased wxicily in lung celis
compared with aged dust. It is thought that this increased toxicity is due to the recent creation

lion of surface free radicals. Thus, workers engaged in different processes, who

will come into contact with dust of more o jess tecent creation, may be at difierent risk of
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pertaining to the Libode study group and mmparisnrm of this group with earlier studies of

white Soulh African mineworkers will be made.

It ¢can be argued that the key reason that there is such a heavy relignce on Beadle’s data is that

~ all subsequent measurements of dust levels have been carried out for the putposa of

delermining a Risk Rating in terms of the Occupational Diseazes in Mines and Works Act

daTnL rrrra s rm ™ i Th_al k 1o lodad bnpr mermomnaie

{ODMWA). The Risk Rating & calculated by averaging gravimetric samples col
statistically selected personnel.” This is an averaging process which cannot detect any peaks
in dust concentrations. Such a method cannot be effective in identifying specific, high,
personal, occupational or workplace dust tevels. Furthermore, these measurements have been
carried out under the supervision of mine management and are used only to calculals an air

qualily index for the whole mine which is, in turn, used to determine the average risk for the
entire mine. The raw data are not in the public domain and it is difficult to evaluate the

A recent report in the Jowrnal of the Mine Vennlation Soviety of South Africa stales that the

resufls of the dust sampling progranme:



“have not yielded results that are meaningful for risk caleulations nor for equitable rigks.
Furtherrmore, the resulis are not meaningful for dust control in the workplace, for evalualing
control measures, hid for idendifying individuals, workplaces or operalions with unsatisfaciory

oxposure or dust levels, The reports submitted by the mines to the DME ar also unsalistactory for

epidemiologicat research or studiss, mainly due to the fact thal they art generated with réspect 1o

YACHHIS l'l.'lill'lll-l,s aciivities and no

A recent acluarial report on the ODMWA Compensation Fund scught 1o assess the iink
between cumulative sxposure to dust (i.e. the theoreiical basis of the risk levy system) and the
actual claim pattems of mineworkees.”? The average risk index {weighted by the mmber of
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1979 to 1993 and also the average cost of occupational disease claims (weighted by the
number of risk shifts worcked} was calculated. This study found that there was no statistically
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significant link between compensable disease benefit payments (sven after excluding
berculoals) and sverage risk indices, The authors of the report stated that!
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*glibough curulitlve expodure to karmful concentrations of epecific sirborme pardculates i3 &

significant cawse of non mbercubosis compensalabie diseaes, the current sysiem of gravimeiric

garnpling does nod eccurately reflect the celailve level of risk. ‘The megswremant proctas must ba
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measurement, risk assessment and levy implementation does not provide an incentlve for
mining companies to improve working conditions.

Chiven the lack of alternative sources of data (and in view of their Limitations discussed above)
the Risk Rating data kepl by the South Africen Govetmment Mining Engineer merit

consideration.

Peadle’s work. Hnizdo amplifies and comments on the data provided by Beadle and indicates

that underground air representative of deep-level South African gold mines, conlaina .33-

1_3Smgfm3 total dust and 0.23-0.97 nn;g:"ma tespirable dust, with the silica content of respirable
wst ranging from 20-62 per cent e, 0.05-0.4 mg.l"mj. The average respirable dust

e e

conceniralion 0 which the miners (white) are exposed in high dust cccupations, is 0.48
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mg/n’; in medium dust occupations, 0.30mg/m?; and tow dust occupations, 0.20mg/m®.

Trends in dust levels delermine the extent 1o which the health hazard is increasing or
decreasing. White notes that dust conirol measures resulted in a significant reduction of

result of this reduction, the number of deaths per thousand miners had declined markedly,”
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per 1000 workers
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Figure 5.1 Daaths due to occupational lung diseass per 1000 South African goid
mineworkers, 1920-1080

Source: Leger, JP: 1995,

The debate as to whether dust levels have risen, fallen or have remained stallc over the past 30

scientifically provable date. In 1969, Beadle stated that there was no evidence for 2 reduction

N b T !1"11

in underground dust levels on South African gold mires in the peried since 1538,™ This may
still be the case, because a recent autopsy survey, based on data for the period 1%75-1991,
shows no statistically signiflcant trend in the prevalence of silicosis due to Tactors other than

increasing age and years of service. This stasis indicates that the dust levels on South African
gold mines have remained unchanged during the 17 years of the study.> Hnizdo considers

that dust levels have dropped slightly since 1970 and auributes this to the establishment of a

compensation fund into which each mine contibutes a levy based on dust levels™

COnversely,
submissions compiled in termas of the risk assessment requirements of the ODMWA for the

period 1064 - 1982 It was concluded that since 1964, dust levels have dropped on South



African mines bul that in the lae 19705, conditions underground deteriorated. The report
singles out tips, loading boxes and stopes as the key areas where deterioration in dust
conditions has taken place. The paper is somewhat unhelpful as it does nol state how the dust

gontrol was implemented or whet the ressons for the subsequent deterioration were,

" g

It must be noted that all of the Sowth African dyst dats described sbove were collected vaing

konimetric sampling techniques. Konimetric sampling invelves taking small, oon-

representaiive air samples by way of hand-held devices loaded with 2 glass stide which has
been pre-treated with vaseline xylol. A plunger is released and air is sucked at high velocity
and impinged onto the slide. Ignition and emersion treaiment is used to remove waler-borne
salts and catbon paricles from the slide, which is then examined under a microscope and (he
number of particles per millimetre are counted. Gravimetric sampling involves a filler inserted
into a eartridge which has a separator eyclene n order (o ensure thai only respirable paticles

Gravimelric sampling measures dust exposure over an gight-hour working shift. The (ileer is

weighed before and after the shift and dust is measured in texms of mg per cubic metre.”’

Konimetric sampling was abandoned internationally in the 19705 in favour of gravimetric
sampling, which provides a shift-long representative evaluation of dust levels, Konimetrie
sampling was abandoned in South Africa in 1992, Early versions of gravimerric devices were
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underground temperature and pressure varlations. Gravimetric pumps have now been

designed to withstand the South African mining environmeni.

&
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No reliable conversion exisls for changing konimetric measuring unils into gravimelric

measuring units,” Konimetric data are measured in terms of the number of particles per mm

and thus cannot be converted into mg,n’m’. Burthermore, the sampling stralegies are not

comparable {konimetric sampling straiegies are hased on poic

strategies are based on shift-long exposures). The continued use of the konimetes in Scuth

avir eamceaemlaetr measd o
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Altice until 1992, makes it difficult to compare Soulh African conditions with those in other

mining countries. [t also makes it difficult to compare current conditions with those in earlier

Konimetric techniques have been criticised for several reazons. Beadle comments that:

“when sampding 8 high concenradon of fine dust the konimeter will have a low efficiency and the

A



reoorded results will ba significantly [ower then ihe eorresponding theomel precipitalor count.
When sampling 8 low concentration of coarge particles the konlmetsr will appear io have & high

afficiency and will sometimas give a higher count thaa that given by the termal precipitator,” **

Thus, a konimeter may not measure the concentration of small respirable particles accurately,

Beadle notes that ' resulls cbtained with the konimeter may therefore be very migleading, and

-
-

two konimeters were used simultanecusly, side by side, the results would differ significantly.
He also found thai the ratio beiween ithe two konimeiers varied in an unprediciabie way. Felix
has noted that in Department of Mines dusl surveys, four spal samples were taken in each

work place and the average recarded.™

The above data show that Sowth Africa (the world's largest gold producer in the 1970s,

ouldated konimetric dust sampling methods long after the rest of the world had moved o

gravimelric techniques.

Glven the above, in order 1o identify high-risk groups and to evaluate the efficacy of currenl
dust control measures, there i5 a need for a new ‘Beadle study', namely, an industry-wide

survey of incidence and prevalence of eccupational lung diseass In retation o dust exposure.

workers using gravimetric dusi-measuring ools.

Earlier in this chapler, several studies which analysed the relationshipr berween exposure o

silica and the development of silicosis, were quoted and evaluated. Hnizdo's survey of retired
while South African gold miners, which indicated that the cumulative rizk of developing

silicosis was 0.5 per cent at a cumulative exposure of Img/m’, was cormpared with a study of

at & cumulative exposure of 1mg/m’, Given that the South African data were collected using
konimetric meihods and the Amerlcan data were obtained by means of gravimeiric

techniques, it is not ciear how comparable such studies really are.

5.3 Legislation

Dust levels in the mining industry were until recently, regulated by the Minerals Act [Act 50,
1991) and the ODMWA. The Minerals Act was intended to conteol dust and the purpose of

o



the ODMWA was to protect the health of mineworkers through medical surveillance, to set
risk ratings based on dust measurements, amnd to legislate for the collection of a dust levy on
the basis of the risk rating. These rwo Acts represented an artificial separation of medical
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from occupalional hyglene has resulied in a failure to implement effective engineering

solutions aimed at dust reduction.

The Mine Health and Safety Act {MHSA), Act 29 of 1996, is a recent piece of legislalion
(resulting from the recommendations of the 1993 Commizsion of Inquiry into Safety and
Health in the Mining Industry) which i intended to provide iripartite systems and institutions
o promote employer, employee and state participation in health and safety issues, 30 as to
provide for effective dust monitoring, inspection and control systems. The tripartite body that
drafted the MHSA envisaged 1hat it would considerably reduce the scope of the Minerals Act

J-mElRLT

{which would then regulate only occupational disgase surveillance and compensation services

for former mineworkersj.

The MHS A represents a major departure from the Minerals Act and the ODMWA. Lewis and
Jeebhay argue thal:

"up unti] now, the mining industry and previons governmants have paid only 1p sarvice (0 the

health, welfan, and working condilions of this enormous and vilal group of workers. It is tharefore

The MHSA has the polential to substantially alter the culture and politics of heallh and safery
in the mining industry. However, by late 1998, new regulations for the MHSA were still being
drafted, in a lengthy tripanite process, and as such the regulations (hat were In place for the

detail how the purposes of an Act are to be achieved. Without new regulations, much of the
spirit of the MHSA remains legislative intention without a mechanism (@ stipulate

performance and sanction nov-performance. The MHSA is an ambitions attempt to develop a
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new culture of health and safety and which places onerous duties on employer, employee and
atate bodies 10 achieve this worthwhile end. However, it is & maker of congem that this [5 a
major challenge to Ihe parties to give effect o its intention. The sirengths and weaknesses of

the ODMWA have been dizcussed in detail in a previous chapler, This chapler will deal

largely with the Minerals Act and the MHSA.

= e

The MHSA ends an 85-year-old legal regime goveming

Afcican mining industry which has for many years lagged far behind comparable regimes in
Europe, North America, and Australasia. The MHSA seeks for the first time in the history of
South African mining disease legislation, to link medical records 1o exposure records and in
s0 doing, to ensure thal environmental medifications are made in response to the medical and
cccupational hyglene surveillance. In Chapter 1, Section 12, of the MHSA, it is noted that

qualified occupational hygienists must be engaged by each mine in ortler o measure exposure

“that they provide information that the manager can use in determining measurgs 1o eliminats,

contral and minimise the heaith risks and hazards (0 which empioyess are or may be

exposed”,

The emphasis on envirormental modification in the MHSA contrasts with whal was contained

in the Minerals Act, which was exiensively criticised for its emphasis on personal protective

mdmmarie e asklouad swadne o nirplline 1tha amoinl af dust
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present in mines,

The MHSA i5 als0 innovative in that if decrees ihat a record of hazardous work must be kept

by the manager of each mine and that armual health and safery reports are also to be compiled
by each mine. These reports are to include statistics compiled by an occupational health

practitioner and an cceupational hygienist, giving an analysis of employee health data based
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on the records of medical surveiilance, exit medicals an
with the provisions of the Minecals Act, which required only the submission of dust
measutemenis (which were converted into a risk rating and a financial levy) and no associated

health statistics. This change is to be welcomed in view of the faci that South Africa has had a

add eminiem rdueter for aver 4 canli and even thowgh dust management mechanisms and
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regulations have been in place for most of (hat lime, the prevalence of occupational lung

diszase indicates that these measures have been inefiective.



Furihermore, the MHSA establishes representative, tripartite institutions to promote health
and o provide for monitoring systems 1o improve mine bealth and safely, The worker
participation that is snshrined within the MHSA represents a significant change in attitudes. Tt

moribund, Risk Cnmmxttee. despite the Chamber of Mines representation on this committee
since its inception in 1973, Altered employer-employee power relatione are refiected in the

workets 10 leave a dangerous workplace. It is to be hoped that greater accesa to information
will allow employees and their represeniatives to participaie in 8 more meaningful way in

processes to imprave the health and safety of the working environment.

Later in this chapter, the burden of occupational lung disease will be evaluzated on the basis of

exisling research. The burden of pneumoconiosis and tuberculosis in the gold mining

pecupational lung disease shows thal current practices are not safe and that this is indicative

of the nead to monitor disease prevalence as well as exposure levels, in order (0 ensute that

there is adequate occupalional health control.

What follows is an overview of the palhugenesls, clinical manifestations, rediclogy.
spiromelry and epidemiclogy of the diseases primarily associated with gold mining in South

Africa. The conditions considersd
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5.4 Pneumoconiosis

Pneumpconiosis can be defined as the umul

reaction to its presence.” The name pneumoconiosis means “dust-containing lung” and is
derived from the Germman word ‘pneumonokeniosis’, 8 term coined by the pathologist
Fredrich von Zenker in 1866. *

down in the defence mechanisms of the lung, penetration of [ung tissue by padicles and

e

resuitant uepm;mon oi fibrotic tissie, Puimonary fibrosis is saccompanied by a decreasé  ine

lung's aerating surface area and the clinical outcome is dyspnoea (shortness of breath}, cough
and, ultimarely, heart failure. Inhalation of dust from silica, coal, asbestos and other siticates,

leads to the development of silicosis, coal worker's pneumoconiosis, asbestosis, and
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silicatosis respectively.

5.4.1 ldentification of pneumoconiosis

Pneumoconiosis is conveniently delactsd on X-ray fHim

Classification of Radiographs of Pneumoconioses, developed by the International Labour
Crganisation {ILO}. In the USA, radmgraphs are nfﬂclally interpreted by "B readers’ who

Standard filmg published by the ILO are compared with fllms being read.

This interpretative systert initially requires a reader to evaluate whether the film is nocmal or
abnormal. If the film is abnormal, the reader must state whether the changes are consistent
with preumoconiosis, The reader then tates the abnormal opacities by size, shaps and
profusion. Rounded opacitles are classified a8 7o g, or r. The p opacities are those of up ta 1.5

recorded az 0,1,2, or 3. Progressive Massive Fibrosls (PMF) lesions appear as confluent
masses of greater than 10 mm in diameter. These are classified by the ILO as A (10-50mm), B

{apacities larger and mote numercus than A, bur not exceeding the equivalent of one third of
ong lung ol and C {the combined area of the apacity mags exceeds the equivalent of one third of

r o e

ore lung). Pleural changes are graded as 1o thickness, extent and the presence of calcification.
Finally, there are 22 designations which allow the interpreter to indicate the presence of uther
abnormalities, such as distortion of the hilar struciures or discazes such as cancer and
emphysema.“ Simple silicosis manifests as discrete, rounded nodules, iocaled predominanly

in the upper lung Zones. As the diseds :
masses, resulting in gross distortion and displacement of the mediastinal and hilar structures,

The JLO refersnce standards are a valuable epidemiclogical tool because they allow for
standardised epldemiological research and as such, have been important in establishing
exposure-response relationships in the workplace. However, the ILO reference siandards are
not without problems in certain contexts. Indeed, they are difficult 10 use in countries such as

South Africa, where there is a very high prevalence of tuberculosis, and where many silicorics
haye both diseases. The problem is that the reference slandards deal with pneumoconiosis in

_ the ahsence of tuberculosis. This issue will be returned io later in this thesis, Furthenmom,

Epler has shown that while there is a l'Elﬂti\’El}’ good correlation belween lung pathology

- |.l...,.. Tatrelbne mo—faintmer Boweal. LF == | P
at tne IMELIGT PPOLFLLLAILHL IEYELY) MA-TdyY LNl

findings and ILO readings of chest rad iogra



may not reveal early pulmonary changes resulting from dust expﬂsure.“’ A study of the
correlation between radiclogical and pathological diagnosis of silicosis in a eohort of whiie
South African gold mineworkers revealed that many study subjecis had silicotic nodules

found at necropsy which had not detected radiclogicatly.” Subsequent research on the same

cohort has shown that only 34 per cent of 719 study subjects found to have silicosis at
necropsy had been diagnosed radiologically (although this cohort had been for annual

high resoiution chesi iomography scans provide more information ihan raditional chesi flims.
There is not yet a widely accepted, standardised method of classifylng CT scans although
several suggestions have been made.”"* These imaging lechniques are currently prohibitively
expensive for hospilals based in rural mine labour sending communities but in the fulure, they

oo meirial enlo in rliﬂrrr_lou!ghl__ no nneumoaconiozi from oharculosis,
lil-'f T Wl WA IEES JALPRLr ANJ WEEAFTFIE S Yy g8 r-

including pneumoconiosis, tuberculosis and emphysema. Lung function tests ¢can be used o
obiain several measures of lung function including the vital capacity (VC) during a slow vital
capcity movement, the forced vital capacity (FVC) ducing forced, rapid expiration and the
forced sgpiratory volume in one second (FEV,). The ratio of FEV, 1o FYC can be an

Ei e e wra

important index of airflow. Lung function sbnomnalities can be either obatructive, restriclive

or both. Conditions which fimit airflow cause a reduction of FEY islative

reduction being an indicator of an obsiructive disease pattern, In the case of a perzon wirth
emphysema, the Total Lung Capacity (TLC) is well preserved but FEV, Is decreased because
of a foss of elasticity in the Jungs, whereas the YC is better preserved. Conditions in which
there is shrinkage of the lungs {iLe. a reduction in TLC) cauge a veduction in the FEV, and the

FVC in equal proportions {as is the case with both luberculosis and silicosis). This is

indicative of a restrictive disease pattern. Simple silicosis In the lower grades of profusion

opacities develop.

5.4.3 Silicosls
Bt an s 1o pha mamvmranoct Foem of nnaamoeanine s e South _.ﬂpf’:!t'gi_,s'1 The high aravalanoe of
WGHHCDEIS I3 L% LRTRIARLEERT E TR0 W FRL i il i i T b e E -8 AW S Pt Tww w
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silicosis relative to the other pneumoconioses reflects both the large numbers of people
employed in risk work within the Scuth African gold mining industry and the toxicity of free

crystalline silica. The incidence of silicosis is directly related to the amount of exposure o
silica dust and prevention of silicosiz depends entirely on prevenling pecple from inhallng

dust.™ Unlike 3ome other occupational diseases, such as obstructive airways disease, there is
no evidence to suggest that tobacco smoking or environmental poliutants are aseociated with

]

silicosis, since there is no effecilve treatrnent for silicotic lesions,

The pathogenesis of silicosis is complex and incompletely understoad, Nevertheless, thers has

been much progress in recent years in identifying the evenis which ocewr in lung cells
following the inhalation of silica. Thesze advances in knowledge have come from research in
which cell cultures were exposed (o guantz, 2nd also from animal experimentation. However,

process of exposure that is somewhat different to those which occur when humans are

exposed in a dusty workplace,

A3 has been stated above, the physical features of inhaled silica determine the tissue response
in that the pactictes must be small enough to reach the glveoli and alse because the potency of
the partmle is greater if it has recently been fractured. It has been proposed that the inhalgtion

are thaught 10 attract ferric ions and, together, result in the formation of a silicato-iron

complex, lron in the silicato-iron complex is thought to mediate an glectron exchange when it

is reduced to the ferrous state, This electron exchange results in the production of an hydroxyl
radical which is 2 potent oxidant and this, in turn, is thought to cause lipid peroxidation of cell
membranes, The generation of oxidants initiated by inhalation of the silica sets off a cascade
of events which leads o alieration of macrophage function, activation of humoral and

immune systems and, ultimately, the collagen deposition and pulmonary parenchymal damage

known as silcosis. *

The key diagnostic features of sitlcosis are a history of silica exposure in conjunction with a

adineeanh that reveals silicotic nodules amd an ebsence of other conditions which

might mimic silicosis.™
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There are different types of silicosis: clasgic, accelerdle



distinguished in terms of the degree of airbome dust concentration and length of exposure to
the crystalline silica required to induce them, the speed with which they manifesl and the
degree bo which lung tissue i replaced by fibrotic nodules.

5.4.4 Classic sllicosis
Classle silicosis 13 wsually the result of low o moderale silica dust exposurs over a

and progressive massive fibrosis (PMF).

[n simple silicasis, fibrotic scar tissue develops atowly around the inhaled silica dust in the
lungs. These Fibrotic nodules gradually replace lung tisswe and can cause permanent lung
damage. The nodules are seen in greatest profusion in the apical and posterior regions of the
upper and lower lobes of the lurgs. The degree of pulmonary damage i5 determined by the

Most of the medical literature indicates that patients with simple silicosis are generally

. . - P . . ')
thought to have little or no impeirment of tung function, ™ although™some studies™* have

shown a high prevalence of a restrictive paitern (FVC < 80 per cent of predicted). Obstructive
impaimment is rare in patients with simple silicosis. Dyspnoea on physical exertion is the maoat

common feature of silicosis but is found more often in asseciation with large radiographic

n ellicnmeia 81 Meennlinalad cilimneie (oretsnea of laros
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opacitiest has been associated with obsiruction, mixed obstruction and restriction or pur

i’

restriclion.

The major risk in relation to simple silicosls is Increased susceptibility 1o mycobaclerial
infections, especially tuberculosis, 263 & grudy of silicotic and non-silicotic copper miness in
the then Naorthern Rhodesia in 1960, found that the incidence of tuberculosis was 30 times
higher in the silicotic miners ihan in the non-si
amongst Danish factory workecs™ and the other in Souh African gald miners,% have revealed

that workers with chronic silicosis have a three-fold increase in the incidence of berculosis

when compared with 2 group without silicesis, matched for exposure and age. The incidence

Lesrnlosis inerenses in direct mermvﬂiﬂﬂ ta the ggvg;i!}r of the silicaziz a2nd the rick

el P ramde Hew " oin
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ratio for those with an [ILO small opacity profusion code of 3/3 is comparable with the
increased risk for HIV-infected subjects.¥ However, even the earliest silicotic changes camy

an increased risk of tuberculosis.®® Hnizdo and Murray undertook a study of the risk of
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tubarculosis relative o silicosis and silica exposure and found that even a negligible degree of
silicoais (< 5 nodules at necropsy) was associated with an increased risk when compared with
mineworkers without silicosis. This result seems to suggest that the effect of silica dust rather
than those few silicotic nodules, i3 causing the increased risk. This topic will be retumed to

later in this chapter.

e ot s aambirn Fiheonis
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mass of confluent lesions. PMF develops in 20-30 per cent of subjects with simple silicosia.
The factors known to cause the progressicn of simple silicesis w PMF are higher cumylative

:D k-] 1
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dust exposurs, younger age at onset of prevmoconiosis, and continued dust axposure in the
presence of simple pneumoconiosis, In advanced PMF, the fibrous masses may disiort the
shape of the lungs. Several studies have shown that PMF causes significant respiratory
impaimment (restricted lung velume, decreascd pulmonary compliance and a decrease in gas

~ irensfer).” PMF is characterised by dyspnoea, sputum production and cough and increases the

risk of wberculesls which causes a rapid worsening of symptoms and accelerstes the decline

of lung function. Evidence from a Canadian study o

simple silicosis does not affect life expectancy but that PMF may do so.’' One cannot
extrapolate directly from the Canadian context o that of South Africa, given the peucity of
South African data on life expectancy and silicosis and the very high prevalence of

tubereulosis in South Africa, which well may reduce life expectancy for all silicotica.

develops 5-10 years after initial exposure. Clinical autoimmune conditions soch as
scteroderma (persistent hardening and contraction of the body’s connective tissue} are aiso

associated with accelerated silicosis, ~ although it occurs in mineworkers without the presence

Acute silicosis is the result of exposure to very high concentrations of silica dust and
can develop within a period of 1-5 years after initial exposure. The lung iz

consolidated, grey-white in colour and does not contain the nodules and 1esions that are found
in classic silicosis. The alveolar spaces are filled with acidophillc fluid containing

macrophages. Acule silicosia resulls in rapid death by respiratory failure. The key symptoms
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of acceleraled and acule silicosis are dyspmoen, restriction of lung veolume and impairment of
the diffusing capacity of the lungs. Accelerated and acute silicosis weare common on the
Witwaterarand in the eardy 20th Century. However, the prevalence of both conditions has

denoned markedly dus o the in 'Fm'gﬂ working conditions and lower dust levels in many

industrial countries.” As has previously been noted, the incidence of ruberculosis is higher in

those with silicosis as compared with similarly aged, silica-exposed workers without allicosis.

acceleraled silicosis.

As was discussed in Chapter ong, there is no effective way of reversing the course of silicosis
and prevention is through the elimination of hazardous conditions. The clinical approach to
people with silicosis is aimed at the amelioration of symptoms and the reduction of risk of

relaled disorders.

5.4.7 Transkei sllicosis
Transkei silicosis is a domestically-acquired pneumoconiosis. Palmer noted thal this condition

is found predominantly in women and is thought to be associated with inhalation of silica

penerated from grinding stones during the grinding of com and the use of biomass fuels {cow

EEIL‘SI I]Il.ﬁi AdWrE &-l b L] hal

dung) in poorly ventifated homes.™ Cin the basis of the observation that grinding of com is
not an activity urdertaken by men in the Eastem Cape Province, that all persons in rural
Transkei (whether migrant mineworkers or not) are subjsct to the same exposure to biomass
fuels and also after perusal of the case studies that Palmer presents, it seams unlikely thal this

condition contributes i silicosis prevalence in former mineworkers. Grobbelaar colned the

name “Hut Lung® to describe this condition.™ In & survey based on the radiological and
pathophysiclogical changss in the lungs of 235 cases, Grobbelaar found that most women were

asymptomatlc but that radiclegical findings ranged from a miliary tuberculosis to extensive
fibrosis.

Giiven the cultural aversion lo corn grinding in men from the Eastern Cape, Transkei silicosis

can be excluded as a possible cause of disease in the Sludy group used for this thesis.

~ 5.4.8 Tuberculosis

Tuberculogis is an infeclious disease contracted primarily through inhalation of sirberne

droplets containing tubercle bacilli. The micro-organisms gre exhaled by people with aciive
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