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1.
A GRUaRAT OVelivInd QF S11.IC0STS

Siliconin is nn oceunntional diseame. IL is one of tis S Wit
coniosers, a Jenceric groun of lung diseases associated wi dusty

occunations, and ia not an infectious disease. Pneuaoconiosis
is an ‘avbreviated version ©f the lerwm pneunonohoniosis - meaning
Tdusted lung' - coined Ly the Gerwan patholegist F.A. Zenker in
1855, Whe srecific lung disease silicosis, derived from the
Tatin word, 'silex', meaning a flint was delineated by Visconti
in 1370. This disease is caused by free silica dust inhaled by
men or animals.

Anart from asthmatics ngat dusts inhaled by men or animals are
innocucus o them and produce only pigmentation or slipht chronic
inflasatory reactions. IHowever certain forws of mineral dust,
:nich are non-toxic in tne ordinary sense of thne word, are
fibrogenic. This means that if they are inhaled continucusly
over lony periods tney are capaodle of nenetrating to the deep
lung tissue and provoling the production of fibrous tissue -

that is prroduce fibrosis - with conmequent impairment cof lung
function. Lxrosure to these dusta is almost sxclusively occupa-
tional and the nmanifestation of resultant dincases vary accerding
to tiue tyre of irritant., Inhalation of dust from silica, coal,
asbestos and other silicates, and berryllius leads to the )
develorment ¢f silicosis, ceal workers' mneumoconicsin, asbestosis
and silicatosis, and berylliosis respectively. IMixed dust
ppeuneconionsis can result from inhaling normalily inert dust
admixed with small amounts of silica. Tin dust and barium dust
can cause stannosis and baritesis; but these are benign forns

cf nneumoconiosis, They nroduce rngiological changes without
fibrosis. ’ '

Dust direases of the lungs hoave beer traced far back In history
and it has been msugpested that paleolithic flint misers died cof
the oldest occurational disense, milicosis, As industrialisation
nrogressed it was realised that numerous kinds of dusts vrovoked
lung diseases aad these vere given gravhic names according to
the kind of cccupntion or trade invelved. For instance 'grinders?
rot! and T"owotier's rot' were both classical forms of silicosis.
But tne situation wan nuzzling because of the widesnread
incidence of pulmenary tuberculosis - long-recognised as a diseasa
of the marxet place, synonhymous with- clivilisation and increasingly
endend¢c in the overcrowded working and living cenditicns of the
industrialising 19th century Burope. 'Miners' ththisis vas the
irecnact term arrlied to the disease-striclien zold miners ¢f the
Trannvanl, who in fact had silicosis. Its derivation is under-
standable but at the same time it smust be clearly’n@cﬂﬁhﬁbaii
that in c¢linical and pathological terms this definition of the
disease is imurecise, il not totally meaningless. Fathisis, liks
consumrtion, war the' descrintive sympiom of the wasting avay of
tihe LOdy caused prirncipally by disease of the lungs, notably
tuberculosis.  Lven after 13852, when Dobert Koch identified the
pacillus rearvonsivle for tuberculesis, both dust disersern and
. tubkerculonis continued to be prouped together am censunniion or
pitthilsis, Gradually distinctions were drawn hetween the two
tyues of disense, 'here wns ‘dusat phthisis! or ‘Eubercular "hthisis?
according to whether or not there was occupational dust exnrosure;
and ‘miner's rhtuisin' tecame a term indiscriminately apnlied to - |
many kinds of iniffiWifidther or not silica Qust was presentgrfdotu mukmgens
The tern‘'vittnisis’ toc continued to be loosely used, and could
include many kinds of incavnacitating pulmonary conditions,
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Althrurh their crnses ere @ifferent end the vulmonsry lesions nroduced by =ili-
cosis and tuberculosis are distinetive the tissue resronse of the lures to ‘3
siliea marincles and the tubercl bacillus are =mimilar, This caused’a nrumber:
of doctore, including Yoch, %o designate what is now known as the silieotic no- . -
dule the neseudo-tubercle. This similarity becsame even more oronouncelwhen the | -
two diseases "resented similt anecusly in the same lesion. This led many
authorities to believe that the two diseases were inseparable - that they were
both in fact tuberculosis-— and while silicosis was recognised ag a specific, in-
dustrial diseass, it m-rely altered the course &nd appedrance of tuberculosis.
At the tirn of 1he 20th century, South African doctors did. nct believs that the
mojority of silicotic carmes were tubercular , although an. 'infective! variety!
wags recogni~ed. This was beceuse of the migratory nature of the mining ponu- . -
lation many of whom returned home overseas to die. Their theories about the -
ren-tubercular nature  of silicosis were not wroved, and conbtroversy about the
Girenre montinued to erist,both in South Africe =nd Britain, er-cerning its ~
c~use,Phere w°s dirsgreement as to wherther silicesis cr tubevculsis crme Tirst.
On the whole, however, it was sgreed thot silicoesis could not vresent without
tuberculosis; .the ~lerent of tuberculs:is was always necessarily presernt either
in the aririnosl develomment of the nodule or if had to be sunerad’ed. Thus
the terms silico~tmoerculesis and tuberculo-silicesis were coined.

In 1926 two South Afrienn doctors, P.W.Simson and A.S.Strachan, beger their in-
vertigations and by 1935 had proved ccrnclusively that nndular fibrosis produced
by lung tissue as & simple resvorse %o silicious Just did not necessarily have
to possess an element of tuberculosis in the original develonment of the lesion,
Despite these findings controversy continued to exist about fuberculosis end its
association with niliceosis. An American doctor, Teloy U, Cardner,
belicved that when the two disegames co-existed neither could be
classified as silicosis or tuberculosis. He suisested that it
was a disease entity of its own. As late as 1947 A.G. Hevvleston ,
one of the foremost British authorities on pneunoaconiosis, '
esreclally coal-workers vneumoconiosin, regarded all cases of
courlicated silicosia (vropresdiVE.livrosis) as tuberculous in :
origin, It 1s for theme reasons thal a basic understanding of
sllicosis and tuberculosis is necessary. :

51ilicosis is a men-made disease. TFrom the earlicest times man's
ingenuity in manipulating the products of his environment has
brought him into contact with silica dust. As his technology

and technical skills have evolved s0 his ability to use silica
products has increased. In addition, the develowsent of technical
aids and the use of highepowered macﬂiuery has enabled him to
increase the swneed of his productive output. The remult has been .o
a concomitant increase of silica dust and an increased incidence of silwessis |
on a vorld-vids scale, :

The element silicon {Si) 1s widely distributed in nature. It
comnrines anprovimately 28 per cent of the earta's crust and is
second in abundance to oxygen (Op). Although silicon is found
in »ractically all rocks and many¥ sands, clays and 5011s,it does
not goccur in its uncombined form, It edtner cowdines with
“oxypen to form chemically free silica (810, that is silicon
dioxide) - and this is the cause of silicokis - or with oxygen
nlus other elements to form more complex chaing called silicates;
and anbestos, for instance, is one ol these silicates, It is the
ubiquitous presence of silica minerals and their imnortance in-a
great variety of industries which ¢reate the hemalth hazard of
sliicosis for a great number of workern.

Silica occurs as a wure mineral in a number of crystalline forms,
Of the macrocrystalline forms quartz is by far ihe nost cowmmenlty
encountered, It occurs inter nlia in sand, sandrtone, quartzite
P . i st - . - ¥ .
and certain granite formnﬁ&ous, .fridymite and cristabolite are
N s%mn'ﬂ: Sballonc Silicoc o N

uncomson varietifSafound i méteorites and ceriain voleanic
rocks; while coesite and stishovite are even -rarer types found



in meteorite creters. It is believed that the crystalline
structure veculiar to .$ilieu. accounts for its potential for
lungs damnse.  In its microcrystalline forwm: silico i= found}&rezmgg
in ehplcedony of wirleh true flint is a form. In amorvhous or
eryvtocrystalline forms - that is those with hidden crystals -
silica is found in the gemnstone, the opal, and in diatomaceous
earty vailcn is comormed ¢of minute skeletons of fresh-water or
marine aquatic nlants., ‘The amvhorcus form= of silics are not
regarded ns naviag fibrogenic prorverties, However they may

acquire them if heatedand. melted (alcined), .

Quartz bas srecinl qualities which makes it valuable in a number
of industrien. Its peculinr crystalline structure enables it to
resist {racture or cleavage riving it the reguired industrial
hardness, It 1s ubiquitous and relatively cheap. It is of great
importance in the refracteory industries because ¢f its high
meliing tenperatures, its low co-efficient of expansion and the
inertness of its high temperature forms.,

Here are listed moire of the cccunations in wnich workers are .
exnosed to the narards of silica. Sand, the essentinl ingredient
of concrete and mortar, consists largely of guartz. It is also
used for sand-blanting, glass-grinding and the manufacture of
miccellangoun abrasives, It is interesting to observe that the
use of scowring vowders and abrasive soavs, which conitain fiiat
and guartz, nnn been recehbly discontinued in Britain bescause of
the hazard 1o workgrs in this fisld. Ganister, a variety ofgandshace
. waln B gy Sihia Canteak . . . . - - 4
suale,gﬁuu Feverrgd to in the early medical liternture, is
coxoingd with clay in the constructicon of furnaces, whilst other
forns='\¥iMica are used in iron and steel foundries, Under
these nigh temnerature conditions quartz can be converted into
thie wore dangerous feorms of tridymite or crystabolite,

131ass sand'! or 'notter's fiintt, derived from grinding or
crushing rounded flint rebbles (as are certain abrasives) is
highly sougit after in the manufacture of eoptical glass, china,
earthenvare and other vottery products, such as tiles and ceramics,
This is because of its pure silica content and freedonm from other
inmrurities tiat could stain the products. The dry sgrinding of
thie c¢nlcined redoles creates a meriocus esilicosis risk, as does
dusting off the loose sand from the finished rroduct vhich has
been kiln=fired at very high temperatures. Vitreous silica ¢r
quartz slass, used for nalilng precision instruments, also falls
into this category.

Sandstone and quartzite are used for the manufacture of building
stones, and in rond and railway constructions. The use ¢f sand-
stone nnd granite in atone cuttingg, nolishing and the cleaning
cof wonumental masonry exncses worhkers to high concentrations of
silicn, A haznrd comrounded by the fact that the workers are in
close contact wilh lheir materials, Workers using hizh novered
rongunatic handdrills are exmosed to silica if they should remove
their nrotective clotuing in order t¢ inswnect their woric more
closely. VYorkers are also exvomed to high concentrations of
silica dust in euarrying, tunnelling and mining, Workers who
quarry granite, quarts, sandstone and slate, or who perform a
variety of related tasks, such as rough-hewing the blocks, cuttiag,
snaping and crushing the stone, at the face of the mine or quarry
or in its immediate wvicinity, are exnosed to varied but high
concentrations of silica dust, While wind c¢an be beneficisl to
outdoecr workers, it is not always possible for them to be on the
windward side of the dust-nroduction point or to avoid dust
generated by their fellow workers, It is possible that
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historiecaly buildings in Edinburgh (and the Union Building in
Fretoria) were costly in terms of silicosis of the workers,

Despite mwodern metheds for dust measurement, surnrension and
nrevention, as recéntly as 1956 tunnellers worlting on the vast
hydro-glectric scheme in the Swiss Alns, kaown as Ia Grand Dixence,
vere contractin" silicosis, Vater was used to surpress dust in

the larger tunnels, but dry drilling methods viere used in the
smaller tunnels, ’

It is in the gold mining industry that silicosis is of most
immortance to this study. Gold which is mined os the Witvaters-
rand is embedded in a guartzite matrix containing 60 tc 30 ner
cent guartz, tdning procedures produce airborne dust with nigh
concentrations of silica which in 1955 neasured just under 40
ner ceht.

It wam originally believed that coal mining did not mresent the
hazard of a dannercus pneumoncconiosis, Bubt this vias disrTroved
and in 1943 legislation in Britain awarded conrveasaticn for this
disease. There are two schools of thoupnt about the causation
of this disease, The first school believes that coal by itself
can couse the dana'e, winile the second school maintains that
_danage is caused wien there is an admixturg ef ailica in
1#n1f1crnt quantities, This is found to e, tne case, inter nlia,
of tie Thard- headcr“', who tunnel and branch to re ncn the
anthrcite deposits in South Vales and in Somernef(in South
test anlandl Coal dust by its elf, with small auantities of adwised
silica, does not cause serious damage, although incavncity can
rasult’ from massive devoszitions ¢f dust in the lungs. The
disease however beconas very merious if an infectious element,
such as tuberculosis, im suverimposed.

This discussion on thé possibility of coalworkers contracting
siliconis is relevant to the early reriod of gold mining in the
Transvaal., HMedical authorities realised that many of the Coraisa
tin-ainers may have had silicosis before they arrived in Scutn
Africa, because the incidence of silicosis in Cornmall was high,
However they do not seew to have considered that coal-iiiners too
may nave contracted the diseanse in Buzland nricr te their advent
‘in the Transvaal,
I mbaled

Dust is everywiiere in the atwosvhere of the earih ano,the
reapiratory system of man lhas high?y efficient .:echanisms for
.its elindination, Tie mneneiration of nuartz roci: and the mani-ue-
lation of its wroducts (in an ever increasing nv.ver of indusiries)
leads to the rroduction of dust cloudz, These vary in conceniration
from industry to industry, from mine to mine, nul even in woridng
rlaces (both on the surface and underpground} in » single mine,
It ims ianteresting to cbserve that in desert sani=storus {(as in
some industrial vrocenses) the free silica in the airborne dust
may exceed concentrationz of 60 rer cent., Yet these demert
dwellers and vworkers do not develop niliconis pecause the dust

narticles are coarse and are not inhaled., Frow Luis it is ciear
that in a mine or industrial enterprise only a certain portion
of the total airborne dust constitutes a health hazard,

The toxic fraction of the airborne dust must be able to remain
susrended in the air for a reasonable length of tine and the

dust warticles nmust be sufficiently siall ~-4less than seven microns
in diameter - (a micron is equivalent to T30 oon ©f A nmillimeter)
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so that dust can net only be inhaled but also be retained in the
T, The silieca varticles which nenetrate te the ~lveold in
tne desius of ine lungn, aud which caunse siliconin, nre tioze
of avmwoximately one to three microns in diaseter. It mLould
hiovever be noted that the coarmer fraction of the remswirable
dust sinould not be.overicoked or underrnted in terms of its
damaging wotential, and may be of significance in causing
cnronic broncultis, ~ chronic ovstructive airways diseane.
Tue visoihility of a dust cloud is caused by warticles wmich do
not constitute the resnirable fraction, IHowever, it is iuportant
to realise tiuat the air may be contaminated by varticles less than
ten uicrons in diameter without any evidence of haziness,

A variety of eanvironmental and occupational ahd even biological
difserences nnay aifect each individual's suscentibiliiy to or
relative immunity from occupational disease. There is a great
deal of researcir being conducted at present on epidemiological
lines on the toxic parameter of a dust cloud, using both anlmals
and human volunteers. Many workers have snent a considerable
nunber of years wmorking in dusty occu“atlon,, but hnve died from

- causes other than dust disemses, However dust diseases have

directly cauned the deaths of thousands of other workers.

Individual immunological variations have been ascribed to dust

clenrnnce and denrosition mecuanisms of the resviratory systen

which may explain why soue vorkers in an identical occuhatlon
contract disease whilst their fellow workers do not,

Other factors also need to be explained, The relationshin
vetween dust dosane and host response is immortant., It is not
¢lear, for instance, vunether short periods ol exposure to

intense dust concentraticns are more dangerous than exnosure

to esser dust concenirations over .prolensed periods of tinme.
Individnal natterns of breatuing may be of significance. Certain
stremious jobs cause workers to breathe througn their mouths -
thereby byranring nasal filtration mechanisms; and this nay
affect tre rete nnd concentration of the dust derosiied. “ecent
exverinents ave also Andicated that the nose is a far ore

"effective filter than was treviously thought, and ehidenlological

stuldies i this fie'd are also being ¢onducted, In asseszing
all these variavles, enidenmiological studien must also assess
tiie lenigth and nature of a vorker's previous occunations.

vewerinents irave been undertalien to find out whether the effects
of touacco suoiing, esnecinlly cigoreites, medify the demosition
or clenrance of Gust nnrticles, 'Tobacco smoliing and cnvironmental
nollution nre najor cawses oi ¢hronic obstructive airram disease
such Az chronic bronchiitis and emphysema, Hesearch hias not yet
conclusively siown vhether chronic obstructive airwnysdisease.
will cause an increamse in the number of varticles trawned in

the larger airvays, and hinder their clearance by tobacco-or
auolle=iwmaired cilia of the larger air nasasmes. lary authorities
believe thnt tobncco smoldng is not in tie interests ¢f niners,
Smoking, anart from the risk of causing cancer, can danage the
gurface cell layer of the reswiratory tract and increase the
worier's su*cehtLQLTLty to 1nfect10nnndforcn5mnsa

Of uzreat sipnificance is the result of recent ep;demlOWDglcal
studies conducued over a ten year »eriod. These have siown for
the first fime that long term dust exvosure can contribute to
tho developtient of chronic bronchitis although less =0 than
tovaceo sioiingy  bud this in itself will not necessarily
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he individual to silicosis., There is disagreencont as
ibdonriin hetueen occunationnl dugt er-osure and chironic
I. Vieorter is unconvinced of the connection on tine

tis.
Soutit African pold mines wiile G, Teathart suy ests keeviny an
oven mind on the question.

A grest deal of further emidemiological worik is nceded to define
1

the torie fraction of a dust cloud. ‘Mhiin definition umay well
have o include tie ¢ozrser nnrticle Iraction ol she alrborne
dust ¢loud since this mny be one of the causen of A syecific

dust disease, chronic bronchitis, Wot only mansn, but als

rarticle surface may be more important than microrcovic size,
Thers is also the need for epidemiological studies, over long
reriovs, in tite areas of envirecnmental »ollution nnd the effects
of hunidity., Once all these and other factors iave been exriored,
presous. day dust moasuring devices may have to e wodified oy

dust control engineers to cater for individual resionmes to dust,
vasad on new ¢riteria for the assessient of itn resniradle and tomc
fraciion. :

In tue neried uader discumsion {in tie parer that follows) the
iden zained acceplance that dust particles were resnonsivle

for ailicosis, But it was not until tie 193%0s, when the thernal
nrecivator was used to extract and 1o measure Accurately
guantities, sire nand frequencies of the dust vroduced by the
varioun under;round occcunations, that a real widersinnding of
the counnlexity of the dust-wensurement nrobleuw began to enelrye.

In omler to deterwine the degree of ris't of dinease in the
indusirial environment, insiruments and different nethods have
been devised Lo measure the degree of exrosurc of workers to
renrirable free silica, This is an inrortant asrect of disease
control as it can help establish (and thereby heln winimise)
the relationshin between Lhe environient and the occurrence of
diseane.

Dust mampling instruments include the modified lkonimeter, hased
on the nrinciple of the wodel devised in 1915 by Robert Nelsoa
Kotze, the South African government mining enfineer, This
ingtrument uses a moedified method of imningement, Originally
dust warticles were sucled onto a plate covered with a thin
filn of adhesive, such as petroleum; and the nuiber of
particlen coliecled within a specified time on that 'svob! vas
examlned and calculated with the aid of a microscore, FRendings
taken by this methed, however, were tedious and not always
accurate. Qarticles were frasmented on impingecent causing
roadings to e boo hipgh and thus exarzerating ¢ dust hazard.
wewer tyoes of biph veloecity midget iuringers, iiich can reduce
rarticle fragmentation by the use of wnter or nlcoupl for the
collection of marticles, have improved tlhe konlieterts accuracy,.
But st still eannol efficiently measure vnarticies less than one
micron in diameter, Hever instruments include rodified thermal
»raciyators, the use of electric preciritation and filtration,
and -ernonal gravimeter dust sampléh,the efficacy of which
denends upon the co-oreration ¢f the miner.

Contrel of dust conceniration. is very iwmrertani; but its
supnression is eveh nore 50, and this must rensin the basic
neasure in the ré$RWht‘of sccupational nulmonary dinease., Venti-
lation is of primary imnortance, It nust assist in dust ‘
sunrression, but it also provides workers with comfortable
temrerature and humidity working conditions, ilethods of mining



also riny an iuortant wart in dust aLln"'ant. Surficient
tine munt etr ne after Dlasting beiore niners apre vour L

to return to tie winstiw; fase; nnd Lavvroverents in whe
Tecnudlnuen oF uning ox*10niven,in order to reduce thelr tosdce
dunt fractlon must continue to be exvlored, Similarly
ancitine oy erw;ﬂo; ana methods uining need continunl
medilicntion to reduce the prorortion o5 fine dust vroduced,

Tne une of water, donpite some ¢of its deliciencies, nas long
veen raconhined in the conirol of dust in mines. It suould be
used viersever -onsivle in drilling and other dust nroducing
oecurnbions to 1init dust Jdisnrersion and to suprress slrborne
rarticulate wntier. These include the wetting down of oroken
rocit aftar dlasting, veth berore nnd during transit,

Dust control by tilese means is the main factor in safeguarding
woriera. ievertueless in certain circumstances it may oe
necessary to »rotect the individual furtiher by vroviding him
with sveelalined ¢lothing, particularly a resvirator, While

H, Archibnld clains that advances 1in the design of resnirators
have .ade the. eliicient and comfortable to wear, other writers
taror uoubt on thelr coufort.when vorn for leng n»eriods, The
iurortaince in the vearing of protectiive clothing lies in tie
indivi<dual resonsiivildiy of miners, Tailure to couriy with

e mlavions can exXmone individuales to dust hazards,

Cecunolodceal lurroveaants din .un"chinprj lhiave led Lo ircreased
[V r»uﬁon and dismersion in wmining orocédures, wut belier
Corstraints ¥ Lie onv;lOunonL nnd gobrervance of wodorn mtandards of
Aause censrol aud ventilation by wanpgeuwent and woriers, siould
rensult in vorlers uein; civosed to lowver concentrations of
silicn. Alrceaqy less noxious abrasive naterials linve beean
HULS uﬁuuued, for 0""m“‘e, in sandblasting overations, JAttemnt
hnvc beeu nade uO fingd ““0ﬁqJ1act1c substances witien will nrevent
tiie action of silica in the lungs, Aluminiun rouder unn been
tried, wut not with total success, in Canadian goldmines, in
conjunckion witis tie use of other dust sunnression nmetuods.
AMwainiun delays but does not eliminate the rroduction of
Ailiceonin, ebnter demonstrabes ¢learly that any ﬂro-wylactic
nganure must be 'uniquivocally! successful in rreventing fibrosis,
ainers or industrinl vorke,n vill become lax in- the
at wreveuniion wethods,

5

Fipally, »relininary examinations of anplicants for ennloyrent
s:oqu UQCOﬂo ntandard rrocedure, This neasure would r“event
amen with defective resviratory rhysinues from entering

crous e:“lo"wpﬂ». It would alno helr to detect veriers with
pul.onary tuberculosis vho would both exicse thenselves to
agadicional risia by remnining in dusty occurations and vho

could rossibvly infect thedlr fellow vorlers. ‘

In order o undersitand the dinease ﬁrocewu {(nanely the “nthologpy)
of niliconis it 1 necenmary to have an eleventary understanding
of the anntouy nud “hysiolo;y of the lungs and their deience
mecuanisas,  The lungs wilch are situated within the thorax are
ser nraccu frow eacn other by the heart. Uach lung is enclosed
U} a tuo=layered menvrars, tlie one layer being continuous with
the other, to Joru nn invaginated sac called the mleura. The
inder lining adheres ¢losely to the lung tissue which is called
the lwlg rareachy=a. . The outer lining adheres to a number of
adjacent organs such as the diaphragim and chest wall, etec. The
rain functions of the lungs are tHe exchange of gasss which are

-
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esnential for the life procenses, and the maintenance of the
metavolis of the bLody throush the formntion rud uiilirmation
ol wruy subsinilces hecesnary for a healihy existence.

Tne resmiratory tract consistn of a conducting mone and a
res~iratory zone, The functional unit of resuiration is the
lobule whican comvrises tiny ducts called broucuioles=, each of
viiien ia tuwrn orenm Into a varying nusver of alvaolar ducts
wihich teruinate in minute irregularly shazned covitles known an
thie alveoli or air sacs. Tie alveoli constitute 50 rer cent

tie entire lung volume and the alvecli give the cut surface of
the Tuny ita familiar sdonje-lilke anpearance, Ghiis extraordinarily
large surface arema, where resviration takes vlace, exvlains the
vulnerability of the resriratory zonen of the lun;s to substancens
from ar increasing;ly hostile environnent.

Tinip;: the tubules of the respiratory tragt is n layer of
surrnce o itheliws vhich rests on a bﬁco“ert meshraie comyosed
of a woieln fibro ¢alled collngen, beeclto the eritiielium ia
the noooint muscular aembrane viich plays an inmcoctant nart in
the delence nechianisn ¢f tire resviratory tract because it noves
forei;n material and secretions to the cough centres. Thae
erititelial layer constitutes an imnortant defence nechaninn,

t counints of basn) cells situated on tihe base.oni aemirane and
other coll Lynes are seoid to arime from these. 4he coluunar
cells, noue of widch wnve fine 'halrs! called cilia, Tdne the
uollo resvdratory tusules and have an ioportanc jcfnnco rola,
Cilinted celln,altnouJu thay have novewrent of vavied rate and

ire"“lon, nave the »ronensity for continucus o entum which
vafin foreign nmatter alony the tracheouvonchial tree whence it
is reoooved throush wronchiotracheal secretions and svulun, Tons
of ciliary a%tinn cAn Do CAUney by)to? 1O BROT y irritnnts ﬂ' ¥

Lo e anan e an n.l.-‘rov'" o,l T, sun eanions of sdea dosh .
?'l'.:a:‘b'““‘; S R e R uff'ﬂ c&'re'éq""‘bf extennibility
allomin: the lunga to exvﬂnu and relax as air fills then and is
exrelied. lmohymeun and other dust disenses affect and destroy
tiis elasticity. . .

The davelorrent of the electron microscoie has ennbled a clone

otudy of the alveolnr walls and the identificaticon of alvcoll
cells, Tiere are twe tyren of alveolar surface (enithelial)

cells enlled nnouwocytes tyvre L and ty e 2, " nowocyte type 2

is a larger cel than tyme 1, but is less numeroun. It is

rreoanly tie nource of the surfactant, lining the louver resriratory
tract, iithout surfiactant the alveoli would nrouabdly collarse,

for the alveoll nre devoid of nuscle and cartis:. Surlnctant

in o substance vaich reduces suriace tennion, It tirereby
teutrnlises the difference in surface tension beiveei the alveolar
sraces and canilliarien, “his vrevents the Ylanua and red ©lood
cells weling nulleg into the alveolar avaces and cousing tio nlveold
to col‘n\"e.

rettion nust Alno be made of the free-lying alveolar nacrovha’e
{or vin_ocrte) celln, wiese are found in the alynolar syacen, .
Yor wmany years it vas believed Lthat these 'dunt' cells were
derived from the enitheolianl ceTln, but cn“ta4v “resent day views
held tunt Lney may ve derived from the biood u uncy,en. :
ronocytes in tiie blood and nacronhages (or histifocytes) in the
Lizsunes —ordrsaiailar ﬁtruc»uren and fuactions nud ialons to

the ¢lass of cells called nohonuclear miagocyten, fThese cells
constitute one of the body's defence lines amniunt invading

orgnnisna;  and beth blood monocytes and tissue. huistlocytes are



cannidle ol wagocyionina,

S el nawwane deresses to onsull a

o cyeo asiy of the ¢ell then {ious oui and
arovnd the voriicle encireling and enclosing it. ‘The unmer
voartions of uhe devwverned mart of the ¢ell uewdrane eventuaily
trealny, all the free edges of the wenbrane jeinjy  and within the
cell aim to e found a tiny Phagocytosed marticle encloszd within
a Yittle wesvrane. )

witiiin tne cytonlasia ohe of the 1w“orunnt tiny structures, called
ol;nuelicn, is e lysenonie. Thin in bounded iy a me.virane and
contnins nmany earmymes which heln digest the foreign narticles,

It is velieved thnat the membrane of the ingested varticle fuses
witih tite wewwrane of the lynosone to Torwm a tharosome. Luzyies
are released and thie particle mway Laen be digested or idlled.
ifoviever 1n soueg canes the inpgested naterlal is resistant to the
enzynen and vien the cell dies the former is releansed. This
ocecurs sometimes in the c¢ane ¢f the tubercle bacillus, In other
cases the dnsested naterial may be toxie and will lkill the cell

causing its release This is bhelieved to be the explanation
vhen rnagoeytosis of silicd narticles occurs,

As gzan exchnance is one -0f the imvortant funcitions of the lungs
it is necessary to understand how this occurs, also how the
luncs nre awlied with ory;elated and nut r:en& blood, and
finally how the drainape by the lynmhatic systewm of tle lunes
nelws awsnent tnelr deflences. Venous bLlood carrying carbon
dioxide is surnlied to the lungs by the nunonary artery which
leaven tie rivuh veniricle of the henrt. ‘ftnis plood suwnrly
reaciies the oroncio-nmilmonary segieits of the lungs b“ the
dienotomous hyanches of the'ﬁuﬁmo.a:y artery. 1In llroc+1on and
rine ene vancwlar branciens eventunlly c¢los elJ icilor thone of
tiie bronciial tree nnd ramify to form a tnicl: camillary netuork,
Thils venoun netvori: alone sgrves the alveoli and conrises a
surfree aren avrroxiantely the saune as that of the alveoli,
naxzely 70 to J0 square netres, The blood in these chillnries
abnoruvs oXyren throuﬂh the fine walls of the alveoll ~nd returns
) tirie vaste wroduct of combustion, to the alveoli
nalation Ly tho ~rocess 0f reaniration. xyoennted tlood
i fungns returan Lo the left atrium of the heart by neans
tue ca=iliaries ana branches ¢f tie »ulmonary venous trees,
t in then conveyed to the u11sueq of the whole bedy valch can
tier live ner function without oiyren.

~1ly the Tun;s too murt receive oxygenated blood for tue
nnbvlulou or the wronchl nnd bronchiocles. 1Tuis is wrovided by
the blancunes of the bronciuinl arteries which leave the norta,
e ca~illary nevvori of this source of sunply terninntes at
=enriratery bronchiotes and the alveoll receive only venous

vlood, .

The luns are alno ecuinred witht a wechanism for dfa1n1 e called
the 1; syates,  The ymoliatic nystem consista of n network
ol Limive © wnlled vesnels which coumence vlindly in tue
tinsue rnraces, - Whese are called lymmi carillaries aand are even
riner Llnn blood canillaries, ‘aeir walls however are merreable
to supmtaaces of greatel uoLecular size than vlood ca-illaries,
Thed are cerventle to flulds and wersit the {ree pansare of moblle
rapocytes, such as alveolar nmacrothages, into and out of their
vensels and nodcﬁ. Inside the lymph vessels thers circulates a
¢lear colourlens lwid called Lymnk', These vessels forn nativays
for tue CO1IECu¢01 02 warticulate natter from the tisnue asnaces,.




and ultimntely tiey ennty their contents topetier vwith the
lymi idnto cextain velns, '

ihe lympihr earillaries Jjoin to form lsarper trununy and witidin

an orr:an they usually Lraverse one or ii0re lyiru nodes nefore
entering tue venocus dloocd ~tream, “ue Lynth no'es sre manll,
can-niined UOujcﬂ s atd consint of soanlh selid wannes
iold tinnue nto which the venssels, alow! thelr course,
thelr ¢ontents. Jiunlu the ly. i nodes foreipiu vwodies and
narviculaie natter such as dust, noxious substances, oac»erln ana
nigiro~oranisis are le?ntPﬂ or de“oﬁlted There are tue s
of ly.raatic vesmelsa in the lungs both of whicn larpely nrnla
into the twracheo~broachial lynvh nodes. Thz firnt traverses ithe
surface of tne Lun:;s in the tissue of the rleura, “he braucien

L

of tue second ayssen of lymphatices closely follows the course of
the oronchi and tlood vessels. . ‘

earlier discussed thie toxic narameter of a dust c¢loud, it
ortant also to establish the reasons vhy silica dust cnusas
anoof the lungs, and why the wnapnificent defence
mechniisna of the lungs (some napecin of which are Atill ~oorly
uwnderstood) are able to be. breached, Hotwiths ding the fact
that every man is cnaracterimed by iis oun i:iiividunl usbrella , -
H vhdceil aalies him wore -or less suicentible Lo environuontal
e nroduciing lung diseases) the defence mechaninms of nants
res iratory tract are sinilar in many restects, In tuis annlysis
the e::1asis vwill be vlaced on inhalod na tlc?oﬂ, altnoush the
inhalacion of gnses and the entrance of microvncoerin inbiivic
the luniga' efficacy (to sowme degree) in dealiw; with narticuinie
Takter. . .

Inhaled marticlen nicel wilh formidahle resisbance. The incouing
airiiow contaiuin; varticnlnie matter is mubjecled to turnulence
and suarn directiona) chanses in the ansal rannaes, nharyn and
traciucovronchinil ltree. JTnertial forces and gravitation mlay nn
furortant 1role at this stage. Particles have cheldr oun velosity
and tinis togetiier with nhnnges in the direction ol tiwe air [flow
{in thre nose and at the braaching noints of the larzer air wars
lead to the immaction and devosition of tine larrer varticles,

Ry thense means the resniratory memvrane is protvected from the
denosition of marticles larger than two or three microns in
dinizeter, Theze larger narticles are usually cleared within

tuo to tiiree hiours by the ciliated eritneiium, ‘articles s.aller
than 0,2 to 0,3 microns in diameter o nol a¥vear te ve deronited
and are subsecuently exiialed, Howewver there is rn internedinte
sive ranse of marticles vhldceh 15 able to byprass the aerodynziic
filiration systen and to reach the alweolar re; on, ‘'fnis i
narticularly evident in industrial -rocesse cn nroduce ish
concentrations of dust with a vnrlad .an"e.o’ carblele sizesy

and il is ab thin stnge tunt sravitational forces hojin to oitert
.a nroulnent effoct,

Vithin this nulmonary region varticles uay be i 0lated within

whajocriic cells, alveo?a“ nacronhanes and scay tissue. The |
warticle-laden cells may then Le thnlCHlly trann=orted out of the Lungs
by tihe ciliary nmovemeni, or incorweoratsd into tlhe alveolar or nmall
ailruay walls and eventually reac l‘tho-iymﬁh_qo ens via the rerd
bronchall or nerivascular iymrhatics cr tney iy be totally
dinented in the lungs, '%Jrical trahuhort a;entn anmenr to act
in conjunciion with local detoxification agents or »recessesg
like that of phagocytosis (rarticulariy by the niveolnr macro-

rhages)ywith the result that inhaled foreiga bodies may be liilled,




1.

un o"“'woa or neutralised whilnt tneJ Aprg halnT
: nuﬂ:nlnﬁ wulmonAary sterility 1 rance

: er - vneiher 1t be by ‘efﬂnn¢cnl ,“rleis,
~nenta Anu Lrainsnort ngencioen T uazes cousileratly
lon'er than c111nry clearnnce Iron the tracheobronchial iree.
Theovies nave alsd been rostulated about the mossilbility of
Logal irause roconnen asslatling mwalmonary nterility, nituough
thene ories itave Lot beely conclusively rroved. ilovever, it .
in ignoriant o realise tnat the influence of toide zanes ang
neavy =narticle lomds may diminish ¢hie counetence of e mhinjocytes
Lo iment thio carticles nnd ninder their ability in di'esting
tien.  Simdlerly vhysiological afunﬁe'hc nlrwayq caused by
enideriolosicnal factors such as. tohacco smoie and nltVOQS

exnide a0y inndhit the eificacy of the alveolar macror~aases,
or su:uress otier Jovis of rulmonary defences, The incidence
of a wuide variety of deirinental environmental agencies nny

dter each inulvidual's rersonal irmunity and may »redispese hin
Lo the develo..eiut of curonic ooFurucL;venwuaquisenqo y Vaien
in turn nay n;;ect his imaunity to v silicoais.

Srndle not dincounting individual Loatunity to allicosis it should
be orerved that the reacltion teo silica in the Lungs is ocut of
all -ro-ecreion o the nmount of foreipn waterial srenont, snall
aquantities of silica ﬂ“0nuc¢ng larpe nmounts ¢of fiorous tissue .
A e oF checles hoave eon nrooouided congerniny tne
eounidan, by vl uhe dannge is doile and the rensons vy
qi‘;ca sueuln sti:mlate tris severe biotorical activity in the
aln i conurnst Lo ibts low chemicnl acuivity. Altkousn cany
of the tueorier hnve been discredited, it should alsc we bhorne
in nind that the wneromhape theory (deseribed velow) and vhich
is curreutly nccented uy wany medlcaJ author 1tieu, uay not bve
tne full ex*Lapation of the Tibronenic activity of silica dust.

|.J

For any years Lhe {ibropenic mechaniam of silica was attributed
to its raysical or nechanical rnrowerties, It was believed tuat
the Twmg Linding; was injured by the hardness and shar-ngnn ¢f the
plaeral »nriiclen;  and taroush necianicnal abrasion and laceration
of tue tinsues the way uas “ened for infection, ‘4his ineory wWAS
neld at the cerinning of tite 20th century when the noxtsiily

Dy osln idirst cauned concern on the Witwnlersrand

soid ¥ : werienn coctor, Leroy (. Gardner, wsn cne of th
HEN Al oneientints reavonsivle for dis-roving tids theory.

It vas sbovn that carvorundun and diamond dust, althou;h eaunTIy
ancular and sharo, tld not vossess tie toxicity of silicae It

was also demcusirated that wille non—cryﬂua111nc 1mcr qoun gilica t
1*o‘uce~ fivrosin, ntisiovite, a crystalline form, doan not,

. B
cAl&ou

In 1935 a Britiﬂh doctor, F, Heffernan, suggested that freshly
foactured qunris uad sreater flbrerenic action tuan old quartz,
Tnis theonry van also davalidaled,

A uore norhinileated -hwysical theory - nreviounly rejected -
tiint the vierno-clectrical charfes, which nanifest

n when qu”r“z crystals are supjected tn stirain, are
reSfO.,l sle for tie »ox1c1ty of silica, This theory nns uween
racenily revised vy “he Russians, but nothing definitive hns
evieried fron tiheir invesiipgations,

Fronm 1922 inventisalions were dominated by theories involving the
cnenical wronerties of silica., One of the major theories, later
invalidated, wns the 'S0lubility' or 'Chemical Toxicity Thoory

¥ Silicosis'. Thls theory, suppdrted by prominent investigators

-



12,

including U.E. Gye and W,J. Turdy in 1922, and lnter by
Trofernois Rl Jettle and N.J. Kdng, nnsumed tint ailieic

acid Miberated from nsilicn, esveciatly quartz, wihdch has n With

solubdlity, would "rnuun11y dissolve in the tissue fluids and

vonrtd Rtimuﬁate fibromis, Lut later ing hinms nﬁf, nuongst

cthers, shoved that the sane nuounts of relenﬁo Aitlieie nedd

. ne correlation with the desree. of filrenin -roduced.

: d version of this tueory wan olrouided Y o

2%, Lr, Holt, Avrart from emruasisiiy, cue inrortance

‘of the surface of the milica varticle in the fiwrogenic wrocens,
ilolt alsc contended thnt released silicle acid <oduced sreater
azounts of collagen than other dusts thereby anvavating the
fivrotic mrocens, Howmever lolt was unable to orinlain why L‘*J_cl',n"n:l.t:e,
with ~ low silien folubility, »roduced rore co11"'ﬂn than othar
forum of auartn vith hirgher no?ubili‘ rau0n. ciieixical

Lheord iavolving in "itroéh tissue mod far proved
inter rg but inconciwsive, . Such tneoLle irciude the

Aagrrond n that crrbton dioride, in cenjunction vith olber
coumo.tenth relansed irom guarti? particles, caurer damngs to
the tinnues

Tive e corinents (in vive ) with aninals have been erforred
models to forwulate imunhologzical theories ‘ .
to e Lnin individual sussentivility fo disease, Such theorien
~ostulate that in certnin individuals siliea nliers tue S“ru¢ture
of tie uacromanien in sueh A way thnt allergenn (or foreirn
bodien) are rroduced. ‘“hene in turn combdine wiitn circulating
antibodies to vroduce fibrosis, It is difficult to use aniual
nodels as substitutens for hvnans as their dust riesnes differ
Cire:: tunose of huuniin and their enviroiuaents ave dinsiuilar Lo
the industrial and navitational ones of workers,

~Turroveacnts in tinsune cuiiture lechninuen nnd tne une of the
eleciroa uicroscove. in the study of cell changen iiave led o

rrent wolsht bedins »lnced on the validity of the .ncrominge

thgory nronounderl by ALC, Alliron and his co-vorihers. An earlier
dancri~tion of the dafence mechanisms of the lun;n indicated ithat
inialed rarticlesn widch vonetrn ed and were retnined by the alveolar
resions vere ingestad by aacrorhages in vhich ,Ac; formed a0
nouen,  However, in the cosc of Si7lcn, inatead of the enaynens
o7 tie lynmosones deatroying the »articlern, the imonouen are
tnesnetves dentiroyed or altered as well as the coll menbranes

of tite ™ingonome and lynosoue, The me brane of t..e “uazonoie
avtears wiavle o reiailn intact and to retaln its -arciculate
loni. wuus wien the naclowiane dies it releangn [is conteutn

i i the silien ericle. franly siacrorhasens congreszate in
¢ 10c1, ingert the m"ilien and in turn e :illed, | hus

¢ ‘vereguinite

tue du
it ln‘buc 9eﬁtn o ihe .ncr0?pn$e i hetouen
for the subsgquent fivromis that tales rlace..

hile e najority of imerovhages contoiping aitica are cougie?

ott, the re;aining nacrovitapes remaln eitier in the interstitial
sur~oriting) tissue of the resviratory bronchicoles or uove o tie

iWLeP‘Llu¢ﬂl tinnsue avound the smaller wlood vonn:? and th '

lywintle noden or nodules cleose to the soaller ve ins, ith

tie denin of the ﬂwcrophnﬁes nnd the release of Lleir contenin

A chronle Lnflammatdon is mset u», “THis giinudndon a nealing

reaction, Interstitial cells callsd fiurovlasts, are activat

These foru a netvwori of reticulin - a snbstance closely relate:d

to collaen whleh surrounds the clusterrs of dusi-la3en macroninien.

On naturation the reticulin fivres form collagen, n tyme of prokein
fibrous tissue. Thone {ibrous timsues anrear as couceniric,




usually sy.etricnl, collangenised nhodules around and rear ihe
Carcerien ang roachioles. Oace nodules nave foraced thole 1
3 ooene Ly marenctivin, 1Mo finnd crocaenn
on of thue ecollagen in wnich tue tissue Jiores
a a glansy unlrizyg  and sonetimes asnune an
ation. '"hene collarenised nodulen T4 Jrous
‘nn o dmlets and in the sinnle ntage of nilicosis
: Tive williietres in diaveter, ‘lhey rre often
goey oo wlocs din colowr oving to the nresence ©f carbon dust
devoniled with the silica, fThe fibrotic nodules can caure

dauinse to the blood vessmels and broachioles by ¢reating blood
¢lots or ouliteratin:; the inner pasnaren.¥ Distinctions have

been drawn beiveen simnle (or chronic) silicosin and connlicated
silicosin, Uncommlicated or nimvle silicosis can bve distinguished
vy three lunds of tissue reactions - chronic, accelerated and
diffume., 1In each case, resrectively, ewrosure to silica varies
froa moderate - over a period of twenty years- to accelerated -
vnich shows a concentirated incrense over a rerlod of five to
{ifteen years - to diffuse = which shows a henvy concentration -
over a nerlod of lernn Lhan Iive yenvra. It is important to
reatise that thene timnue conditioﬁﬁfﬁw; nroduced by the presence
of silicn aloire, A theory »roved by the South African doctors
Sionon and ALG, Dirachan, who started their investipations

in e
becoie @l
e n=nuell ¢al

tiie dineasg only irolated nodules are
fovﬂedinnd tive nAay hever profress beyond this strgedd e ndvdual
ol itlohs s silicn, hovever, cnuser their ineranmse

in manber,  In Jouth Africa x-ray exanminations enable tue Jdiagnoses
iniis, uoderate and maried silicosis accowrding to vhether

there are Iever thnn Tifteen, fifteen to thiriy, and icre than
thirty inlets ren ectively, In addition, otiier »ulmonnry

¢ obnstructive alirviass disenne  (inetuding

2 onrly

dinnulesent, sueh a5 chro!

ehrenic wrenchitis and eurthena) are also tallen into aceount in

ratdinn there dinsmortic asmessnents and awvarding commennsation,
It i= interestinng to ousorve tinnt disableaxeat of the latter kind
oam . considered in Lthe dinsnosis or conmensation of silicosis
at the first Internntional. Jilicosin Conference held at
Johnnneshurg in fusust 1930,

hronice Zivreris is umually cncountered in occurntions where the
rrouvortion of silica iu the respiranle dust is lens thren 30 Ter
cent, Conditions »roduced by such formn of nilicosis may crinnie
but need not neceranrily ve fatal, Bowovgr if the nro nriions of
. T ey e R S NS r.ﬂd: ) -
nilica i the dust increane or exronure,Ls helshtened, as in

ncceleratgd . . oand diffuse forms, the diseame iliseli nay
rarvidly cnarte its course. lodulies way nrolilferate anid endnrge

encroncuing wron tie luag rarencayna to form a continuous uass

ol trtony'! IJiuvrous tisnue vidch is emuposed of a nultitude of
co.Tresned noamles,  Uhene usunlly saomear vilaterally, often close
to the rlewrn, snd Luvnriably in the urmegr-lokes, ien 5as

exciuan becones GiiTicult nnd there is innuffi@&gnt ventilation,
or ripal heari straln sucervenes, the condltioninay tecoue fatal,
faea of our vrenent doy imoviledse on accelerated silicosis has
been ovtaired Irom studies of sandblasters.

Cironig siliconis uay hoviever turn into or hecome comnlicated by
rrogresnive mansive [iovronin, tie cause or cauren of whicih liave
not.ved ween xully ervlained, This tywe of lerion is encountered
in otnrer” forms of dust diseases including coal worikers rheunio-
coniosis ann in tue luags of haemati}e rniners, . uebrter sugszesis

N

that eimonure ©o oue or a cowdination of tue following factors

o pargen. ™



renily nas
~ndliconin Wey nie etenticn of silios duedt in
luiin, b-OuCuLn' OJHL“UCLLQW ulth pavtdal e collarney andg
sureradied tuverculosis, lliere ccm‘llcau ilgns are wore co:nion
vilely slilicosis is accelerated or diffuse. "The noaules of
wrogreraive uasaive flirosis, althou ;i slow in evolution, vary
ueﬁt and muider, but are usually wore than 0o nnd o Gnty
atires in QlQECLCP As they incrense in sive, nodulation
uCCDIOu lens waried and rejular and day even dinavuear in the
fivrous nassen watted topetier and containing obliterated blood
vessels and vroncihi . Ovliteration of the bignd suwnly can cause
dentit and alteration of tue iissue, nawely nccronis. The rerult
is thint necrotic material often liquefies and in evatuated
throw;n the broncinus Leaving benind a ragned cavily,

moy lead to its develoweut in a-verson und n

L

!v.nced coner tue lung structures ithy baco.e dintorted.  the
v} jor'tj of {hese mamsive fibrotic structures occumy the uwver
loibas {where dust clearance is noorer) causins then to coniracty
LU fxby may nnso he found in the me:sial and lowmer lobhes ani hiave
bteen ohserved to cross the interlobular fissures, Vrosjressive
mss“ive fibronis is also related to earuysmewmateons changes,  Such
chianen nay be linked to wronchnial ¢n11ure, anrcial Lung collavse
and ob:structive ulnonary dl-ﬂJ1eW6Hh, althou Lirere is a great
deal oi controversy azcut the latter comnlicaticn.

1”r0'1ng of the lunz nirsays is called the ovatructive syndroie
and in tyvical of chronic birouchitis and emriyse.a., In this
connection envion must be nade of the vital car-aciiy of the
lwyn. Vital cavacity is oblained by ashing the vatient te
brentie in naxially and to exnire slowly and conletely. ‘e
tidal volume so obtained is the sum of the insrired and exrired
volivies, TForced vital cawacity is obtained by asizing the
natient to inhnle waximally and then to exhale as raridly and
SLPOH”]Y as ronsible, such exinnled measurements tlhen being
recorded., Poth the vital carncity and the forced exniratory
voluite indicate the ventilatory canacity or suificiency of tie
individual., Fulmenary oobstruction will bve 1nn1cated vy a low |
value for the forced exriratory voluve exrresne:d an o rerceniage
of the vital cannclty., In the first two decadns of the 20th
century silicosis was diapnosed by neasuring crent exwansion,
but confunion existed as to the exact role mlaved by emhysema
in {ie course of tie dineame, [There are many fovns ol enhiy nena}
but the discase is only seriously dirabling wien an ovstructive
eleivant is precent concomitnnt with onsiruction in the oronchial
tree and alveolar rerion. . .

Irritants such an dust, exacerbated by atnmosrheric vollutiox
and tosacco saolzing, cnuse the broncui and bronc ioles to
peco.e narrowed; and taere is danage to the elastic membrare.
On inhnintion tne increaned wessure of air causes the résmwiratory
brouchiicles to dilnte. Adr entry is allowed, wut the lungs have
great difficulty in exmelling air, Thins in turn causes Lthe
dilation and destructicn of the third order of resiratory
broncnioles, alveolar ducts and alvecli, Vhen ysnoes, tint-
is difficulty in breathing, in rresent, as in silicotlc subiects,
the civiratory troacedlal colinpoe.ds dntensified and natients
must  iterally 'squeeze! the nir fron thelr ¢ientn, 'fhe

natient exerts wressure on the chest in ar effori Lo Jorce air
tnrou'n toe flattened alr naasages, nut merely cauzes then to
flatten Turther, and degeneration extends from the unstuproried
bronchioles to some of the cartilagenrous rings of the trachen

and bronchi.




ntoun cunuge Goer not negessarily wean thiat »0 pO”tioud
; Ta1 roave offected ainilarly, and dn obntructive oo Thyneua
| o tO vornntlon of —ntheolordenl chancen wny e Foun
LnnJ of vaice Lo D oto vecoile wronrassively worne envoginl
the “reseuce oL sive moritions of luny collavse., In tein
cnne i Looedtensive finrosis and Lhere nay be savere

icit ey LR 0unhne as JQ11 as opat;u_tio:
Lronhchiol dnfection in notnaaun1 in the healtuy

55 of A norcal cersony  Lut is an additional factor in the
ueveJon ent of risut Lheart failure in a natient with silicosis,

ia
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e nsuverintosition of tubsrculosis on siliceosis is a conrlex
rroblen widch han been a puzzle for many years. The cause of
thin nsgoclatieon of silicosis with tuberculosis is not yet
clearly understood “ut its istence hns been shoun lereatedly

by yaeiows e idenilolonical, Mntuolo:,ic;ﬂ, ntnthtlcai and in vive
and i o 0 cxrorinenial stwlies.

It was only in the second ualf of the 19th century tunt the
cnuunuxvo bNCL71u=, :“COJRCLGTlUH LuLerculou_u, was dlscovered
Yhe oSt cowwon aite ol tuberculosis is the
ﬁ“f "'leﬂa to or affect any ormon or tisnue of ithe
nndsn is uwsually spread from oile verson Lo the next
ion of erganisus coudued or sneewed inito iie

DUt trenmiidssion way alsn uwe by steols or urine.
viic wnellll are resistant snd sy rewmain wiable
for wonihn iu dunt or on articles of daily use. AL=0 a nerson
viio has bad culonis or nas been exmosed to tie tubesreule
it 0of a flare un of his old tuberculosisa vhen
lica dust for any.length of tima.
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Tne ~ortnl oF eutry of the bacilius is usually the resiratory
tract, e insaled bacllll —roduce lesions of a different ivind
to miticotic nodules and tuierculonis and silicosis uny be
vrenent sivulitarepunly in the lung as sevarnt¢ lesionn, Hovever
when tuberculenin becomes nsmocliates WLLI siliconis -~ nnd this
can gecw i g miv le or conwlicated formm of tie Intier
dimenme = it ¢an be extreuely difficult to identify the tuber.

11o,lc elencus. ven tie tyvicnl silicotic noduwles ~renrnot

; : ;onnlve pAnsive fiprosis, ‘Yhe acdules are

Yoy shov evidence of necronis and
; “uisied from the swrounding inilaamatory
) othe“ hand Lhe characteristic wathole ical
:arcuWOﬁLn‘;'onlflod or ahnent in the emions of

ive Sdve Dibrosim.  Although the tere silico-~tuber-
uLnLUULuud Lo amly o this eondition, courlicnied
is Ao conn LdCLCJ to Le a more accentale teria Loday.,
conteni it iu Lumecriant Lo destroy the porular concent
iganry Ltud ;ﬂ Qw a?" the terulnal featwe of silicosis.-
Resviratory failurSiias U8 Tifst co.mon result of commlicated
niliconis as the miole maliwonary arterial systen is often
extennively demuoned e association of tuberculosis with
siliconis nevertneless still remains a controversial question,
and as U,A. Steele nuggests, it remains 'too frequent to be
coincidentalt, :

4
i

nnue.
fentu;or

It is very imnortant to diagnose silicosis in its errliest’
stares, becaune unless the worker is renoved from exrosure to
free silicn the dinease will pursue its relentless couwrse (in
1tn sinrle or cnuvlicated ;orus} leading to total wuluonary
1ncavac1ty andé/or risint heart failure - but not to cnlicer of the
lunys., 4Ynere is.no srecific treatieny for the disenase; and it
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is doubtful whether the formation of nodules is reversiile,
Ve reooval froa ewronure to free silicn doen noc nogensarilys
ualt the forwation of nodutesn either. ‘Where nive Ny cnmen dn
vihdiel Cronounced noaulés nave veen radiologicall; ounerved
sone’ years after natients had left their dusiy occumnations
with ouly a nlipht desiree of nodulation.

The difficulty vith the clinical features of sidicosin is thnt
the "rinciral symntons dewp’o? late, after the disense in alrendy
wpld, advanced., In chroai¥Pif%ccosis the myurto.n are unually

mild at tie outsei; but dn the advanced stases aad in couriicated
niiiconin, characterised by vrogressive nassive lisvosis, the
major elinical nmanifestations nre moie severs. ihey include
avbnoranl breatilessness (dysmnosa) on effect, countriction ol

tie oronehioles vivich lends to vheezing (bronctos;esn), shoriness
of blenti on lying flatyand cough with or without srvutun, Yie
Tatter condition may be related to a hintory of tobnceco smolking
fron .youth., Other symvtonn mnay inclwde fatipue, indinention,
chent ilns, dindinished chest exnansion and lessened fitness for

yori,

e syambtons will nrobahly te tore severe i¥ the direan

A
Also, the presence of chesl

is cou-licated by tuberculonis.
rains, nisht sveats, cowing- u» blood (hmemortysis) and weinhd

111 provably be indicative of associnled tuuerculosin,
te this liovever, there wry be o radiolosiienl evidence of
tuverculonis, while sifgniiicant radiclo:ical lernions uay
roGuse aeZative tubercuwlosis results in shutus, culiure and
violn;ieal tests, Also in cases of wnonitive s utun (thnt is
vrove:n tuherculosin) treatuent for tuberculosin iy te ineffective
-in the npresence of milicosis, Tuberculosis msee.n to ve declining
i casen of mimrle chronic silicosis -~ and thin is true of the
South Alrican rold nines - vut it still remains high in the
accelernted and difiuse foriis,

It is generally accented today that cironic bronchitin (elinicall i
defined wy curonic cowsh with exrectoration) 1ocuriiynena pue

not courlications of silicosia. 'There is liowever o considerntle
controversy as to wpetluer they constiiute a s ecllic occuvational
disense = chronic oistructive airvways dinease - lated to dnnt
eronure, Sronchicetanlins is exirewnelyr rare ia i »le siliconis
Sut ogenrs freauently in co.dicated rilicosis accoamanied by
Tuns collavee,  roucuiectnsis ds an Laflaumator: coadliion
causin the dilation of Lhe wronchl or uronchiolsg and is
cunyrccerined wyr the cougsring un of a :peat dsna) of wrulent
srutu.  In a hudver of instances, the '01ld kand .iners' were
obmerved Lo cousit un ¢alcified bodien together tit dleood. ' 'Miere
is listle evidence to ~rove thnt other infecticun, much an
mulaganry Thewsolin, ave counlicationns of silicenls unless tiey
surervene as teriinal faeatures, S .

e clindierl synrlous are not definitive iq“s.tnhlinhinﬂ a
Alosonla ef silicosin, 51m11nrly the enrly,ﬁﬁynical exanination
and snrennent includlng measurenent of chest o aunion, chest.
oaldiation and rercunsion and ausculation - the e of the
stellioncera te detect changes in breath soundn.iare nid ares
valuelenn, Alno uenativéluns—funetion- o not

g the rreneince of e dinease, s a deli ive dinpnonen
iconsis can only e piven by histiolosical cnnmiuﬁtios(ggmrpurhwhq
radfole;ical evidence and ewidsuiolonical data (Lncluding faily
ard occu~ational historien)'glny A very immorinnt role in the
diagnesis of tie diseane, Tt was oaly afke Q43 el Dropaies coud be weal

for dejmbor pabiologial dm-fyﬂo‘.ais-- Bofne @ defodbir dnd accomde i s
Coa;fl or\f-g }:m odr:t-ar-ud o Rust mertem Pahdlcgyn allMewgh mdmtn;jq S
G bhietpbal Alld .
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Radiology has its limitations and too much reliance must not be
nlaced on it. Tor ianstasnce,the detection of nodulation may
rrove difficnit in tne presence of chianged nwlaoaary ratterns
esngcially in the case of nrogressive rassive fibrosis, In
porderline cases other forms of pneumoconionis may mimic
siliconis. Huch devends on thne.skill and ernerience of the
rauiologist. Sometimes early milmenary structural changes may
escave notice; while on other occnsions radiological esvidence
may not be confirmed by natholegy. iWhere cccunational history
has nlayed an iwmportant part in establishing diagnosis, values
obtainoed f{rom vericdic dust sampling may be important in indicating
the attendant risks in a given situation.

Commnensantion to the miners with silicosis is a controversial
guestion, Conriderable disagreement exists amongst amedical
authorities as to vhat precisely should be c¢comvensated. In
South Africa, in conitrast t¢ many other countries, legislation
for the award of comvensation for mneumoconiosis and for silicosis
hans from its earliest inception, in 1911, never bteen related
merely te loss of monay wages. The presence -0f the disease
itself and the degree of disability have always been iumcrtant
criteria in awarding compensation, in spite of the édifficulties
in determining and neasuring disability. The most recent
legislation, that of 1962, allcws for payment of compansaticn
solely on the criterion c¢f disability, tne bssis for wnich is

the impairnent of cardio-reswiratory functions. Cpmnrenszation
Alsc is defined to irnclude the diasnosis of any radiotogical
symrtoms of nodulation including prenodular changes, This latter
point is in itsclf controvermsial because in the prenodular stage
it is very difficult to distinguish the deviant from the norumal
lung pattern of a particular individual, Compensation is also
avarded for tuberculosis even thoupgh sputum tests may not be
vositive and radiological evidence may be absent,

Finally the degree of disability is also evaluated. If there is

a loviering of worlking cawacity by 20 per cent, on lunz function
tests, comrensation will be awarded. Although chronic cohstructive
airways dimease 1s closely related to smoking, in South Africa it

is accerted that i7T mervice of a worker is of sufficient duration et
some of the dismability might have been caused by dust, he

will he duly comnensated,

In this pawer the emvhasis has been placed on understanding
silicosls and its manifestations in a wider context than that of
tiue Transvaal zold iaines. There are several reasons for doing so.
Firat, it is inportant to realise that, when the hazards of
siliconsis on the VWitwatersrand were recognised, doctors in the
Transvarl, the majority of whom were of British origin, had to
draw ©a thelr experience and understanding of the wrohlems from
Britain and Zurone, as well as DBritish overseas territories,
rarticularly Australia and Canada, where aumerous ores vere

mined. ' ’

Second, doctors practising in the Transvaal were t¢ nlay a major
role in vringing about an avareness and understanding of the
probiems of silicosis to the wedical world at large., The first
internnational conference on siliconis, organised by the Inter-
nationnl Tshour Cifice at Geneva, was held in Johannesbhurg in
Aupust 1930, Here revrgsentatives of many nations converged to
exchange tnelr views wiih South African experts who had
accomplished s0 much in the field of silicosis, At this

s :

o
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confercnce South African medical and ainlng exverts brought a
wpalth of exverience to bear on the :srouvlem, OF the twenty-nix
varvers reand at the conference, ninetcen were mrasontiaed by Soutlh
Africans who had examined wmany of the aspects of the problen
encountered in the Transvasl,
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