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In Jinng worker~. the pneumoconioses are usually 

idcntific_c~ ,in:I cl,'agnoscd by cl~est rndiogra~hy. The 
lw•a ,l\·,11l,1hk cl.Ila for exploring the c1uest1ons ad­

drr~~ecl at this seminar that are relevant to pneumoco­
nio~is come from s111dics of coal workers· pneumoco­
niosi~ (C\VP). My remarks therefore focus on x-ray 
~urn-illancc of workers exposed to coal-mine dust. 
nicsc ob~cn·ations are generally relevant to the screen­
ing .u1d surveillance of workers exposed to mineral 

dum. 

THE TEST 

A systematic method of recognizing and classif)-ing the 
chest x-rays of people who ha\'e been expo-;ed to mineral 
dm1. which is clislributcd and periodically revised by the 
In1crnational Labour Organisation (ILO). is the ILO 
Classification of Radiographs for the Pneumoconioses.1 

This method of x-ray interpretation is used most com­
monl r in organized programs of medical surYeillance. 
Exposure to mineral dust causes either small-rounded. 
irregular, or lar~e opacities. In order to apply the !LO 
system, a n.:ack-r compares the chest x-ray of a worker 
wuh so-callc.:cl standard films ghing examples of abnor­
malities. Rl'ack·rs report the sizes, shapes, and profusion 
of the op.1ri1ics. Profusion is rated on a I 2-poinr scale 
(0/-.0/0,U/ 1.1 / 0, I/ I. I /2,2/ 1,2/2,2/3,3/2.3/3,3/ + ). 
If no abnorm,11 opacities are c,ident. the film is classi­
fied as 0/ 11 Thl' dividing line bet\\'een films that proba­
bly do nor ha\'<: abnormalities due to exposure to dust 
from thost· that probably do is between 0/1 and 1/0: 
I/O indicate, that the reader thought the film might be 
normal hu1 concluded that it was abnormal. This ap­
proach to clL"tl'rmining the presence or absence of an 
;ibnonnalit,· i, different from use of a blood tcst to de­
termine a l~·vcl of lead or the presence of antibodies. A 
!CSt using a chest x-rar and a classification S)'Stem t~ _de­
termine the presence or absence of a lung cou<liuon 
(pncumoc:oniosis) is influenced by a combination of 
factors related co the film. the reader, and the method 
of r"co . 1· d • h . 1·1t1·cs Recognition . " 1 < 1ng an reporung a norrn,1 · . 
of p,1 . . . 1 . -·11glc discrete eumocon1os1s does not I c )' on ,\ st · . 
n1c,t,;urcnu:nt but reflccl.S a combination of skills. ;llll-

1udes and kn •I d f 
' OI\ e ge O the reader. the technical ade-

quacy of the radiograpl . I . h d . 1. anc a met o for cons1stentlv 
aod accurately reporting and recording the film . ' 

THE DISEASE 

The pneun:ioconioscs are diseases of the lungs resulting 
from rearnons of the lungs 10 inhaled, retained dust. 
There arc three major pneumoconioses: asbestosis , 
caused br exposure to ac;bestos; silicosis. cau.sed b\· ex­
posure to Cl"}·.-,ialline silica (quart.7.): and coal workers' 
pneumoconiosis (C\\'P), caused by exposure to coal­
mine dust, a mixed dust that includes coal. silica. and a 
variety of other elements. £.xposure to coal-mine dust 
can result in either chronic or simple CWP. progrc:ssi\'C: 
mac;si\·e fibrosis, or both. A person \,ith this condition 
usually has diminished life expectancy and a substan­
tially impaired ability to pursue normal life. People: ,,ith 
CWP \,ithout progressi\·e massi\'e fibrosis sometimes 
have substantial impaim1ent and somelimc:s do noL 
People exposed to coal-mme dust arc also at increased 
risk for emphysema and bronchitis. \,ith \"al)ing le\'els 
of ain,iays obstruction. In addition. depending on the 
silica content of the coal-mine dust. they may ha,·e 
acute, accelerated. or chronic silicosis. People exposed 
to coal-mine dust mav ha\·e emphysema \\ith or \,ithout 
CWP. Although progressi\'e massi\'e fibrosis can occur 
in the absence of simple CWP. people who ha\'e CWP of­
ten ha\'e concurrent bronchitis and emphysema. 

The relationship between coal-mine dust or silica ex­
posure and disease (a catego(1' 1/0 or higher ( L~O-r ! 
chest x-ray] is not alwars straightforward. The likeli­
hood of ha\'ing a Cltegory· 1/0+ film or worst· depends 
on the extent of exposure, so the more exposure, the 
greater the likelihood the x-ray ~,~II be categorized ~ 
J/0+ . In addition. the older mcll\1duals are. the more 
likely it is that their x-rays will be positi\'c ~or th~ s.·une 
Je\'el of exposure. The intensity and ciurat101? ol c~po­
surc. the l;ttency. and the post-exposure pcnocl of ob­
servation influence the likelihood of ::m abnonnal ~hest 
x-ray in ways that ha\'e not been completely quanulicd. 
People with the s;1mc cumulati\'e exposure O\'cr a short 
period may ha\'c different k\'(~ls of ch~s~ x-ray a~1_10r-

· li'ties from those exposed on~r .in extt:ncicd pcnocl. 
Ill.I · 1 · h '\ 
Very intense exposure. especially_ to ~lust w1tl_1 :' :1g_ . s1 -
ica content. can create subst,un1al ,1bnonn,,ltt). t:xpo­
surc for a tonger duration :\la lower k\'cl may ha,·c a \css 

dramatic result. 



SELECTION PRACTICES 
· \" till' ll"l' . . . . . . . l hi, 'l'l\\lll,11" \\, ·' . 

01ll' ,if the ,s,ul·, c\1,, w,,_,l l .11 _l . f ·kns lt1 the 
l . . I •,lJll•' f1\I ,,·kt:"lhll\ () \\Ill . . . I 

,,f nw, i, .1 t, . :-- . I . ti\ . -\nwrilans wit ' 
C' . ·I ·, ·111l k~1- .\\lllll. l • t· n it,·d ;,t:lll''· I l l • ' · . • . . " Th is lq~is-

. T \. ,,. ,, ,. 11 irtt·d .1 kw H .11 ~ •1:--0 · · 
D1,.1b1 1uc, · , 1. • · • . • ·T .. lh· prohibit clis-
l.1tilm .lllrl rt·l.lll'<l n·g-11bt111ns ~pc.:t i. 't' .. if di,alJilitY. 
..:ri111111a1i,m for t·mpl1"·11w111 i1n l lc.: ),\SI'- i . I \l ·a 

The- \llll'll(.\ll' ,,i1h l)is.1bili1in :\ct n·qull'_('<\ ~,'· . .'f 
· ·k . . , ith -1 d1sah1 11, 1 

wnrkpl:ln· ;!C(l)l11nHlCl,\ll' ,\ \\'01 _c.: I \ • . . r .' ct . I 
pC1~~ibk. but it pc.:•nnits c:xdus1011 ''.f . an l~H- ,~ i - \'.'~ 

worker on the b.1..,1s of ~pt'cilic st·ns1t_l\·1t\'. \\ h1k . ~ ,~ 

b·1· ... - r ·kr~ lll a mc:clic:1lh' cktt·nmnahk condmon 
a I I" ( • · · f- s,­
thal ~Teet,:; a m;.iJor lift- function. the ckhm11on o su . 

·h·1· - . th. l'11'1t"<l St \tt's is ch-;11,·n \'l'I"\ n;urowh. cepll I It\' Ill l . ' . . • • . . . . . . • . . .. · . 
For exampk. suscep11b1ht, m:1y b1.· specalic -~~11:-111\11) to 

a p:micubr alkr~t:11 that results in_ asthma. ~ he conc~pl 
of on·r:ill . u~c:ptibilitY ancl gencuc cktcrn_rn1ants of lll­
creast·d ri~k are not taken into consider,\l1on . The fac1 
that one wod-.er may tx· al greater risk (e.g .. due to 
atopic ~lallls rather than becalm of., specific allergy) 
than a co-worker does not mean that an employer can 

choosl' to discaimin,uc. 
'.\kdical 1:xaminations associated ,,·ith hiring arc 

called -pre-placement examin,11io11s. - Gcncrnlly. a deci­
sion tn hire 1s made independently of tht· nwclical ex­
amination. '.\tedical examinations can be uo;ed lo deter­
mine the appropriate plan: within an cntcrpri-;e where 
a worker can worl,. or whether spcciric accommodations 
must be offered. I understand that what is called a su,;­
ceptibility scheme in the introduction 10 1hese pro­
ceeding~ is 1d1a1 we would refer 10 as a risk-\'ariahility 
schcmc. Rather than focusing on issues of su~cep1ihility 
"ith1n the worker. we should indeed alwa}S be cono;icl­
ering risk \'ariabili~· and iLs importance. 

MEDICAL SCREENING AND SURVEILLANCE 

The term -medical !.crecning- refers 10 testing for pre­
sumpti1·e identification of a disca.s<.· sufficient!}' early 
that an a1·ailable inter\'cntion can bcnefi1 1hc worker 

and reduce monality or morbidil)'- There arc ;1 ,·ariety 
of considerations in medical screening, including the 

need to t.arg<:t appropria1c. scrcrnable dise,L'K.'s, prm·ide 
rea.,onahle tcm. han· adcqua1c pcrsonnd and facilities, 

perform the rest.,; at a frequ<"ncy appropriate for some 
reasonable ~-icld, and ~cl the right normal and abnor­

mal end-points. Beneficial actions should follow abnor­
mal test rcsulLo;; tht:\e should include co11firrnarion of 

the 1esr. norif)ing the workt:r of the abnormali1y, and 
treatment. 

~fed,cal screening fornses on the health of the i11di­

\'idut1l. \\11ile rhe term "medical scn·<:11i111( is used \\'ith 
some consistency. rhe 1nm Mmc:dical , 11 n C'illance M is 

used in \arious ways. At rhis st:minar, s<mH.: panicipanL-, 
usc_thetc:rm -medical sun·c:illann:- for the pcri,,dic ex­
ammauon of an individual's health over lime . 01hcrs 

.. ·rioclic hl'alth rxaminatio11." "Survt•ll 
cal\ that a JH .. . 1 1 1 an{c-
. 11-. l . ,1th 1n1r1>oscs 111c uc ('S llH· pcrinc1•1 tor pu > It H • . . . . . c cri1. 

. . · l\'sis •lllcl rt'pon111g of 111l01 lllill1on rel1.:· .. 
kcuon. ,tn,, · · · • . . . . . . . \,111 1 

I I r . tltl' t>lll'\>OSl'S of p1 l \ l lll1011. M l'<hc·il 
lU hl',l t l 01 . _ . . . .. , • ~\Ir . 

. 11 . 'llt·i--,lh· Ill\'< ,ln·s us<. oft ht s,lllll tcsL,; as n, .. 1 \'(.'I an< L' gl • . , (. 

' • 1 ·,ncl -,!so the colkctton of rcsulL,; o-r,,t ical scrt'l'lllll~ • · · . . · ,., tp 
. . I l'L'l>mtin••. Surn·11l,mu· thus focttse~, anal\'st·s . . me :, . - 111 

I. 11 f J><>t>tihtinm ancl not only 1hat of the: inc·i·i thl' )l';l l l II • . . 

.- 1 . 1 ~kdical surn-illilllCl' has a , ·;mety of ~0;1Js and 
\I( \I,\ . 1 · I . 1· 

· cliicl·,11 (T tnckmg trc11c s 111 < 1sease inc·, purpo.;cs. Ill :, .' . .. .. . . _ · 

I I )l·•·nknre m 1)(1p11latu1ns. 1.111k111g the: lln-< cncc ;m< I ... • . . . 
f l)l·c>l>lt•i11 o; in order to set pnon11cs for pr,,. 

ponance o · . . _ _ . . . . . ' 
· , •. 11-111·1111 ·,bout new ha:1,u ch 01 1clt:nttf)·11111 \'{'l\tlOll: t ., r, • . i:, 

I. 1·011 , •it risk from old h.11.mls; and looktng at thr popu ,I 1 ·" · . . 
erfc:cti\·c:nc,;s of prt•\'l'llllOll d1ons. 

Fi ,me l c•i\'t's .m t:Xillllpk h 0111 thl' x-ray sun·cillancl· 
g ::, . l S ·rt progr.un of coal worl-t·rs in the L1111tt.·< tatcs. ~e r.11t1 

of abnonn,11 chc~, x-r;1~~ icll'nllfkcl ht:twccn 191) and 
1988an·an-;rngcdbyminingtcnurl'. Between 1971,md 
1981l. there was a progrrssin· n·duction in CWP. proba­
hl\' hecau,e of thl' rontrol,; on du.,, kH•l,; instituted in 

1969. Rcclmtinn-; in cli,e,1,t· ;m· ·'P(Mrt'llt aft~r a l,\IClll 

period ,incl a ... pt'opk 1·xpn~l'cl unclt-1 ol'.ll'r co~1Chtio11.s 
began to l'l'llrt'. 1\llcr 1lw dt·nt·a.,t· 111 cl1st·ase 111 l 9Hh, 
there was a lnellinp; off or i11crc:Lst·. ,111cl then a return 

to reduced rall'S thcn:after. 
Concepts of scret:ning and .survcill.111u· rcOccl a lin­

ear concept of health a11d clisl'ast· <fig me:!) . Fxpo~urt 
occurs at a lime of "h<".1lth ... .-\11 i11divicl11al thl'll goes 

throu~h .1 pn:-,~mp10111,11i< ~t.1gl', when disease might 
h<" cli,;con·rc::cl })\ thl' propl'r ll·st. Suhseq11e11tl~. there is 
o\<.·11 d1c;l';t,t· . rc.;11hmJ.; in rc·r11,Tn. impairme11t. or 

cll'ath Pnm;in pr<:\l'llll<1IJ i~ the pn.:lcrrccl method. in· 
tern1pting the path of exposure to the indi,idual. 

«> 
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Figure I-Prevalence of cot._,gory I or t1ioher cool workers pr.e~ 
conios,s (CWP) identilloCJ ;,, tho Coal wo;l<ors ' x-roy SuNeii!onc0/:; 
gram since 1970 by tenure ,n cool min,ng Tf1e numbers of m,r:e 781_ 
om,nea CJu11ng cacn round were 7/.4'l6 (1970-73). 115.386 <1973~ 67e 
58 29-1 (1979-8/J 25.154 (1982-80) . /3 920 (1987-91). ond 1 · 
( 1992-95) r,om Althou.se (unpublished data) -=-~---------~===~----s a . 'HOQr.•1 
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ure Fur, 

ahilir;· and ,, __ 
tnal t • P pulatir,n \-ariahT . 1_•+,-------t-----.((._Recovary 

- fmi,a1rrnent 
I C\t r<'.,uJr., cuuJcJ he r , It~. bur people will1 nor-

~ tc: w,,r1c1 i, no, id..-.1 •rhc iqingui,hcd. Unfnnunatel}· 
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Figure 2-Noturol histOly of disease 

1ty1 ... .. f''i .. . • 
. '> C<Jrrt·cth- ide ·r . t-n,1t11uy of a tcst-irs abil-

llon . · nr, ' Pt<>plc -· h • 
. -and lls specific.it,· . \\Jl a di,ease or condi-

\Vlfhour lht con-' . . . -,t, ab1li1,· ro prc,·ent tho.,. 
<llllr,n frrun f->t-• s.._ 

are ~ascd on sc1mewhat . . in_g labelled ahnormal-
what is normal and ·h .trb,tr,in· determinauons of 
ra -1- \\ at i, n,11 \\- 1 ys; I \\'(.' choo\e t . II l re~ard to chest x-

, · 0 say that ()rtl · . • 
ra} ts abnormal ti . ' a carc.gorv 2 chesr x-. . icn \\·e \qi( b . . . . 

scn:<'11ing is a secondary prevention st~ 
· · . 1 ,ucgy, an ar-

it•Jllf)I at t:arlr 1den11ficat1on of individ 1 1 

lion of the dise· . L e insensnn·e lo recoll"ni-
. asc 'JIii h1rrhl . . .Ii " 

people who ha,· . " ' speci 1c. because few 
. ua s w lo ma 

h:I\C ht'en changed br their exposure ... tau· h Y 
· · " mew en 1h • 

consequence of exposure can be blunted .1 • c 

c a ca1cgorv '> h . 
sencc of oth d' - c es1 x-ra\ (in the ab-

er isease) do not h . . . 
malic,· due lo exp a,e s1gn1ficant abnor-

·1 ·1· f Ii II · · so ul.lt tlte poss1 H 11y u u rec.o,..ery 1s increased or ti l"k 1. . . . . . Jc I e 1hood 
of Hnp,11rm('lll or death dm11n1shccl. 

Screening and surn.·illancc programs d 
. . , . . .. . . . . arc con ucted 
in ,1 g1:nc1,d context. which includes not 1 ., . 
. · . · · on r u1e indi-

11dual and exposure m the work emiro · b . . . . nment Lil also 
\:tnous legal. pohucal. social and econ . . . . · om1c concerns. 
In add1t1on. there 1s acth·c inter.act· be . . ion nreen the 
choKcs and actions of a worker and tile 1 . . • u umatc results 
nf an~· screening or sur,..cillance prof7ratn " . J 

. :-, 101 l 1e pur-
po~es of prnenuon. Such programs can either be dis-
abling or enable a range of actions tl1at pennits im­
pron·d pre\·encion. 

PREVENTION STRATEGIES 

Disease pre\'e 1r· · II . 1 ion 1s ac1ua v a cvchcal svstem in which 
1he 111 · ' , • 
I 0st important element is often the anticipation 

t lat a prob! . . 0 t rn may exist. nee problems occur tltey 
mus1 be n11irll . - · 

'r ~ recognized and e,-aluated and a control 
S[f'il[err-v n . I d o, Ht-;t )C eveloped and implemented. That 
control stnt. . ·I ld . . 

I • t !Z' s 1ou first focus on engineenng con-
tras bu1 c- I 
. • •111 )c: supplemented b)' medical screening of 

I\Orkers to . . . . . 
• < nsu, c: the adequacr of control. An ongoing 

C\'aluar,0 t· 1 . 11 n t 1c: adequacy of control measures can in-
101\'e bo I l 
I ti 1<:,ilth and hazard surYcillance. If tl10se data 

s l0\1· th I 
sh I a, t it· problem is not under control, efforts 

ou cl be ·t · J · 
1 s 11 11u aced to improve the control measures. 
1 goes 1 ,· I . . . 

pro · \ 11 10111 saying that screening and surveillance 
tr !grains do not prevent disease. Monitoring and con­
l'eo _of exposure are the critical issues in disease pre-

n11on. 

ANAL Ysrs OF TEST RESULTS 
As llotcd • - -
Jun _ earlier, the commonest test usl'd to rccogruze 
rad? dise,L~c among coal mi11ers i.'i con\'cntfonaJ chest 

Pr iography. The conventional chest x-rn}' defines the 
esenc 
1'} e or absence of CWP. 

Penck ac~aory of a test, in this case the chest x-ray, d<." 
a I ls 011 Its sensitivity and specificity. In an ideal world, 

esr Wo Id . I I d' fro u comµletdy separate chose w111 t 1c 1scas_e 
ni those without. There would Lie individual van-
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. ' · o-;ure to dtm. 
. _nie concep1 of acrura . in . 

tJnty ands ·fi • C} corporates issues of sensi­
both h . ~CJ ic11r. r\ stud\' of asbestos \rnrkcrs for \\·horn 

c est x-r.1\'S and hi . 
insight into th · . 0 f>S' samples '"ere a\'ailable gi\"es 

e accurac\' of the che . . . . 
Pnellltloco · · · st x-ra,· m recognizing nios1.s. The sr11d . b" I . . 

b . ~ s11 ~ccL~ 1ad been exposed to 
as estos and were u d . r n ergomg open-<:hes1 operations 

is.sue \\'a., examined for th • . . 
br . c presence or absence of fi-

os,s. and Ulesc results were compared "ith x-ra, fil 
e\'aluated b 11 JLO I ms • . y le ~-stem for the presence or absence 
o~ fibrosis. ?£ 138 workers \\ith pathologicalh· decer­
mmed fibrosis. 113 had fibrosis on lheir x-r.l\-s and 25 did 
n~l- Of l11e latter. 23 had moderate or se,·e~e fibrosis. In 
this study. x-ra~· was abom 80% sensiti,·c to moderate to 
SC\'cre pal11ologically confirmed fibrosis.!! 

In another s1udr of coal workers 90-30C"'. of . • - , 0 X·r.l\'S 
e\'a.lua1ed in the ILO S\·sccm did nae reflect moder.He ~r 
se\'~re mac_ules_ (the hallmark ofCWP) found on path er 
logic exammauon. Furthermore. in the absence of mac­
ules, 20% of the x-rays \\"ere read as shm\ing some de­
gree of abnormality. In that studv. chest x-rav was about 
80% specific and 80% sensiti,·e_ 1· · 

An x-ra~· may pro,ide a false-negati,·e resulc bec.:iuse 
of technique; e.g .. an O\'crf~- powerful x-ra\· beam will 
wash out details and make disease recognici~n difficulL 
An unskilled reader may not recognize abnom1alit\' if, 
for example. the subject is fat: passage of the x-r..1~· b~am 
through the fat of the chest can create an appear.ince 
similar co fibrosis; or the reader mav incorrectl\' :it-, . 
tribute all abnormalities to chest fat 

A stud)' of a cohort of blue-collar workers who re­
ported no occupational dust exposure but h::id chest x­
rars is directly relevant to the question of specificity of 
this technique. Three readers who were unaware of the 
purpose of the smdr but were trained in rcc.:ognizing the 
pncumoconioses read the films. Two readers made rel­
atirelr consistent findings. shm,ing 1hat 0.5-1 % of the 
x-rays of ,rnrkcrs up 10 rhc age of abouc 50 were abnor­
mal, ghing a specific it\' of about 99%. For workers aged 
50--59, there was .1hou1 97% specificity.~ The issue of 
inter-reader \'ariabilit}' is illustrated hy the different rt­
suits of the third rcaclc-r-an ~outlier.~ 

Also rcle,~mt is a large study of readers who C\'aluated 
l .000 or more comparable but not identical fl\ms from 
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RELEVANCE 
Table l shows the moddc:ci lifetime risks for simple 
CWP. c:u~ori(·s 1 .u,d :!. and progn·ssi,·e mas..c.i,·e librt: 
sis after 1..•xpo~ure:- to dust ;\t ,-a,iom lc,·els. Tht'Sl' condi­

tion:- .m: t>xpo~ure-rclatc:d. and peopk who haw pro­
gressin· massin• fibrosis h.1n- diminished lik expectancy 
~d sub~1::i.ntial impainnent for an extended time before 
death . So. we should consider 1..he ,-alue of x-ray screen­
ing for identi~ing those people who may be al increased 
ruk of pro~t'S..'-in· massive fibrosis. Table 2 shows the 
probabilit\' of h;l\ing progressi,·e ma.55i,·c fibrosis after 
detection of catcgor\' l C\\l'. al \'arious ages after a life­
time of work in the mines. For example, if a ,,·orker has 
a c:uegor'\' l x-r.i,· at age 23, he ,,ill ha\'e a 7.6% proba­
bilit'" ofh;ning progressi\'e ma.ssi\'e fibrosis by age 58 and 
a 15.'.?<1 probabilit\' b\' age iS. Similarly. a categor)' I x­
ray at age 33 ,,ill confer a 13.1 % probability of progre~ 
si\'e massi,·e fibrosis by the age of 68. The modeling is 
based on carefully obser\'ed le\'els of exposure and re­
sponses in British coal pits O\'er 25-30 years. The same 
data can be used to model the risk for progrcs.c.i\'e mas-­
si\'e fibrosis in 1.he absence of a category l x-ray. Table 3 
shows an absolute risk of 0.7% al 2 mg/m'.! of exposure 

Table 1 Predicted prevalences (numbe,s) of simple cool 
workers' pneumoconlosis (CWP) and progressive massive 
fibrosis CPMF) among United States coal mlne,s at age 65 
after exposure to respirable cool-mine dusf over a 45-year 
working lifetime 

No of Coses/ 1.0CO 

Coc!-mir,e Dust Cool-mine Dust Cool-mine Dust 
Ciseose Concen:rotion Concentro11on Concentration 
Coregory 05 mg/ml 1.0mg/ml 20mg/m3 

CWP2: 1 48 l19 341 
CWP 2: 2 20 58 230 
PMr 13 36 155 

Source· Atffield end SebcoSo (high-ronk bituminous cool). 

Table 2 Probabilities of having progressive massive fibrosis 
(PMF) at ages 58, 68, and 78, given a category 1 x·roy at age 
23-38' 

Age ct. Which 
Cotogory I Dolecled 
(Years) 

Preo,cted 't with PMF at Age 

23 
28 
33 
38 

58 Years 

7.6 
83 
8.4 
7.8 

68Yeors 

11.0 
124 
13. I 
132 

·~e:cgo oxposu1e to dust up to oge 58 "' 2 mg/ml 
rco H1Jney Of'.d Moc:Loren.1 

78 Years 

152 
17 3 
18.7 
19.5 

Tobie 3 Risks of progressive massive fibrosis at age sa. glvel'\ 

exposure lo 2 mg/ml coal dust 

At>solute risk on starting work at age 18 O. 7 l~ 

Relative risk fOf those with category 1 at age: 
10.7% 
11 .7% 
11.8% 
11 .0% 

23 
28 
33 
38 

Source· HU1ley and MocLoren.1 

to coal-mine dusl through a working lifetime: however, 
a miner with an ahnormal chest x-ray has a relative risk 
lhat is more than IO Limes the baseline risk. With a chest 
x-ray showing ~implc pncumoconiosis, the risk for pr~ 
gres.c;i\'e ma.c;sive fibrosic; increases massi,·ely. 

In many jurisdictions. compensation issues result 
from ha,ing an abnormal chest x-ray. In the United 
States. there is a presumption of total disability if a 
miner has progressi\'e massi\'e fibrosis. and the miner is 
entitled to a disability award. Therefore, screening has 
some legal rcle,-a11ee . 

The concept of 11ml or nerrssity concerns whether the 
right test is used to identify the right condi1.ions. As 
noted earlier. although the chest x-ray defines thC' pres­
ence of CWP. coal miners have a ,·ariety of other lung 
diseases resulting from their exposure. BOlh smoking 
and non-<;moking du<;t--l.'xposccl <.:oal miners have a sub­
stantial risk of airn·,,n ohstruttion. They have increased 
rates of emphyst-ma. bronchitis. ;md airw-ays obstruction 
that cannot be clelcrmined by chest x-ray. These are 
exposurc-rc:latccl phenomena resulting in substantial 

impainnents. 

"NEED /NECESSITY" 

The question of need or necessity is thus whether other 
tests are a,·ailablc that can give the same information. 
Basically, the answer is no: there are no other tests, since 
the disease is defined by the test. 

CONSEQUENCES 

T~ble ·l !s relevant to one of the key questions asked .tt 
this seminar: Is there a preven1ive intervention that can 
be mack after the finding of an abnormal chest x-ra)' 
tha1 \\'_ill clirmnish the probability of progressive m;1ssivc 
fibrm1s over a lifetime. Jr, with periodic x-ray screening, 
CWP category I is c.lelectecl ;u agl' '.!8, and al thal poinl 
~xpo,;ure to cluq is diminished l>v half. Lhc risk that a 
~niner will h,m.: pro~r<:!->siH: massi,;· lihrw,is by lhc age of 
:>8 decreases from 9.1% 10 8 .6% . l,!:,ing lhis strategy. 14:3 
people_ would h,l\'C to be 1cstcd in order lo prcvenl one 
GL'ie of progrt:~~in· ma,;si\'t· fihrnsi s. 

ff cxpo~ui:(_' is s1oppccl comple1ely after such a chcsl ,:· 
my r~·~ult, II t') the risk ot progres~ivc massive fibrosis di;il 
ts h(._'111~ 111ndl'lccl 011 the basis of the ac:cumul,1ted e)(· 
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c1,,,1 11 p to the age at which the first . 1 . re to I . a >nor-
1io~11 . 1 ·tl'' ·wcl . As s wwn in Tahlc 5 thcrc 1•5 . r ·c. rs < t • . ' a suh-
,u;tli _) .- .. ~ fnr progressive massive fibrosis over 

11;,1 11. • • • a con-
i'•'n i·rctinH' without adchttonal exposure. In f: . 
. 1,t·cl I f <> act, 1f 

1111 • j, rt'd11n:d rum " mg lo Oat the time a 
JcJStl rt . , cate-

r'I 1 •.r.iv j-. found (for example ,f the ahnorrnar . 
111· X . . lly IS 

g( • . t ;Wt' ~J. and exposure 1s stopped at that £loi t) 
st•Cll ,1 ,., 1 ~ o, . k ' n , 
· . "till rnorc t 1an a~ m ns 1or progn·ssive m· • 1irrc Is ~ . ·· • ac;s1ve 
1 _., IJ\ ;l"C 58. In order to save one miner from I 
ri1iro~1, ,.,_ . . . . .. . 1av-

r0,,rcssl\·c rnass1\e fibrosis, 'b rnmcrs will h· 
111~ p n . ave 

[l,, 1cd and transferred (exposure stopped) 
ht•cn . . · 

As the prevalence of disease m a population de-

creases. the ~flicicncy o_f such approaches plummclS. 
\\ith 3 n·r,· h1gl_1 popul~trnn prc:alcnce of abnonnality, 
such scri:ening rs effective; but wtth succes.,;ful control of 

r~posure. resulting in lower levels of disease, the bene-
01 of screening diminishes. 

The consequences of x-ray screening are predictable: 

Someone falsel)1 labelled abnormal has, e .g., dimin­
ished work opportunities. Programs can be designed, 
however. 10 minimi1.c the ad\'crse consequences and in­

crease the probability of benefit. These require ade­
quate resources, screening at the right frequency, set­
ting appropriate cut-off points that result in a 
.mmcicntly sensitive test, considering the level of risk 
due to the test, ensuring that workers perceive the test 
as of some \'alue, and determining that reasonable ac­
tions will be taken after an abnormal test result. Such 
actions can include modification of the workplace, ed­

ucational efforts. medical treatment, and notification. 
Since screening programs generally in\'Ol\'e \'ery sensi­
tive tcsLc;, a tcc;t to confirm the le\'el of abnormality is of­

ten important. Examined workers must be notified di­
rect!)' of their test resu)Lc;, and there should be 

aggregate notification of employees and employers. In 

Table 4 Effect on risk for progressive massive fibrosis (PMF) 
Ol lronsler from o job with exposure to 2 mg/m3 coal dust to 
one With exposure to 1 mg/ml 

¾ea1whlch 
Category I Coses of PMF at Age 58 No of Miners Tested to 
~, 1~~ --.:..:. eo CYea·s) No Transfer Transfer Prevenl One Case O nv, 

23 
28 
33 
38 

7.6 
9.3 
9.5 
9.2 

6.7 
8.6 
9.1 
9.0 

111 
143 
250 
500 

Tobie S E osls (PMF> 
of I ffect on risk for progressive massive fibr 
e ransfer from a Job with exposure to 2 mg/m3 to one with 
~Posure to 0 

~--=----------------Qoa1whlch 
Coiegory 1 Coses of PMF al Age 58 No 01 Mine,s Teste<:l to 

Do1ec, -------- f PMF 
~ass) No Transfer Transfer Prevent One Cose 0 

23 45 
28 7.6 5.4 67 
33 9.3 7.8 I 
38 95 8 6 11 

· . 200 
------~9~.2~-~8~.7 ______ _ 
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order for ,urveill 
. ancc efforts l,._ 

mu~t he high ltYtl f . 10 •.x: successful there 
lt:ction, accurate a\ <,I -~aru~ipation , adequate d;ta col-
• c- • na >sis, d1\~ · . · . 
111,ormatum a d ff . minauon of appropriate 
h ' n <· CCll\'e inrt . · . 

~ ould medical . · r.enuon . In no mst.ance 
screening be d 

posurc control. use as a substitute for ex-

CONCLUSIONS 

A few lesson be . · s can dcnved from th f . . 
to detect CWP Fi . . . . . e case o screening 
h . irst, it is cnucallv import.ant to match 

t e target to the t Th · est e chest X· ra\' mav be a r ._ 
ate for screening for C\\'P b . · · PP opn 
tri h • ut 10 mam developed coun-

es l ~ test is not nece~rily the ~st or onh· test for 
pr_e\'entmg lung disease among people exposed to coal­
mme dust The overall disease burden ma,· include 
more ob · • · · · s~c~,e atn\'clys disease than pneumoconiosis, 
although this 1s not necessarih· the case in some coun­
tries where _there are extreme I}' high le,·els of exposure. 
Therefore, 11 may be appropriate 10 perform pulmonary 
function testing as well as x-rays in the health sur,eil­
la~c: of coal miners. Second, screening efficiency di­
mm1shes \\ith successful prevention: the lower the pop­
ulation pre\'alence, the more workers must be screened 
to identify an abnormal worker. ~evertheless. some test­
ing strategies that may not be justifiable on the b:isis of 
the individual may be justifiable on the basis of public 
health sun·eillance. For example, :way screening of in­
dividual miners exposed to low le,·els of dust benefits 
relati\'e~• few of them because most do not ha,·e abnor­
malities. Ther do benefit from ha,ing the assurance that 
the x-rar is nonnal. AJso, in our aggregate efforts to con­
trol lung disease in miners, manr benefit from the iden­
tification of trends and of places for imem'.ntions. A 
third lesson is therefore that the public health impor­
tance of sun·eillance may exceed the indhidual benefit 

of screening. . 
Variability is a ke)' issue in screening. We tend to think 

100 simplistically about a test result's b~ing a -red light­
or a -green light." The results arc subject to la~r:i~ory 
\'ariation, indhidual variability. and day-to-dap.lflauon, 
such as in blood counts. In pulmona~· fonction tests, 

there is population variability .'rn~- there are ranges ~f 
aJ \\'e often ignore ,-anab1h~· and confuse drs-nonn . M _ 

crete and continuous variables. An ·abnorma_I or nor-
mal" result is considered to be a discre~e ,-anable_or at 
least a discrete categorization of a conunuous ~:n_able. 
The choice determines the scnsithity and spcc1ftc1cy_of 
the test. The inter-relationships between groups and m­
di\iduals, sur\'eillancc, indi\'idual health. and type of 
screening or sun·cillance program, and the ~XU:,\~ola-
. f infonnation clcri\'ed for groups to the m<l1ndual 

uon ° ·d d ·n order to 
. all critical issues that must be cons1 ere I 

,\red 1a11d ecreening and sun·dllance programs. They 
llll Cl'S • > \l f 
must be e\'·aluated in the context of an o,·era systet~l o 

re\'ention. There is no absolute answer on any ot the 
~ey quest.ions: It is neither right nor wrong to do a 



scn·c ninl! 1c,.1 ,,r en cn)!.l)!t' 111 lw.,lth suncill.111n· or ,l 

rn•g-r.lll; ,11' pcnorli~· hl·,1\th ,l"l'''lll l' lll II,, '.111h· h,· l'.11-
<frr,t.\lldin!.! the (l\l'l',tll .ippw.1ch h• pn.'\l'l\llOII 1h.1t ,Ill 

infomwd cicn~i1m t".lll he m.1rlc ;1hP11t the usefolness of 

;111 ind1nrlu.ll :-crl't'lllll~ pr.Ktin-
'.\h· b.,1 point,~ th;i1 1hcn· .trt' bc.·11c-r and wor~ wavs of 

t"n•!a"in~ 111 am sur h prnt:r:un . .-\ nwclir.d testing pro­

~~n~,-i;h no notifi cati1,n .'a testtng program wi_th a11 ex­
cell~nl tc-st and no1ifica1ion but no dkcllH' lllll'l'\'l'll­

tion ; or focusin;,! sokh on the indi,iclu.11 ;md failing to 

focu~ o n impro~·t·d protection or e:-.:posure controls: any 
of the~ pr.ictiet·s c.111 limit the usl'f ulncss of what would 
othen,ist> be conceptualh· good and ~cil'ntifically use­
ful. '.\bintaining a clear pre\'Cntion focus can 1mprm·e 
the benefit and n.·ducc the adn·rse consequences of any 
practice. 
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