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INTROOOCJlON 
There is a diocussioo in 1be Fedenl RqiiNk of Germany 1hat 1be 
aw:r.,ge level of respirable wst in 1be uo:lergroond ooal mine •­
on,pne bas kl be n:wcm ir oioi111ili11g 1be risk c{ alllw<nm;' 

px, 1111 <• 11• RS (CWP). Now il was offered a level d 2 ~. 
a wlue having been in bee in 1be U.S. silK:e I:\, o I ta 1972.1 

To dde1111i1e an adeqtate level, emmive Sludies ..xu:ditq; *> 1be 
pd:bn d CWP caus:d by 1esp,:aHe rm! mire cut in dqe 1b1 e 
m W1D1S '100gi¥OC lmllns have been 1113ml. This relwa1 re­
l'M:ell ooal lllllk and li:ecµ:D::y of CWP II dilll's cb­
scribed as a ga.,gi.qhl:.al er "mine efh:t"--was often 111••· 101 
in 1be last ~ years. li,14.18,!9,3),21.12 In Gmnan =di m 
px,nnocmioses cylOOJJ<Uly of wst and 1be allXIDC d chst ex­
posure m animals was CXlenSively slUdied. The deleL p 1e • of 
po,wmam:" ilic" ..,__,,.,_ • ........ _..,_..,. • px,1110111-:u: --..""""""' n""""' imr.is'¥"' d illliCil! bas 
not been immigaled *> 1be same extm. 11erefure il aeem *> 
be e,rp,tiert *' ~ 1be 11D ailedrd by 1be pl}'SOll6 canying 
cu regu1ar medical anveys of an inion in Germany *' emma1e 
1be risk of develqing pem,xmiooc al •• • Ii tililies in chest Jlldio. 
grains in relaticn *' lime unde2gtamd. 

MJrrERIAL 
The uaJity c{ inion wh> left 1be mine as WOOl2S in 19lll (gimp 
l) er 1985 {gil'.llp 2) ml< part in this btgifndinal llllldy. G.rup 
l and group 2 were pooled *> 1am a lhird lllUdy group (gimp 
3). The lllUdy llVWS fin1her sef :ti ii bias silK:e an inion wlJ> 
turned oft" were inc:brled in 1be inve,rigalim Table I gives infur­
matim m 1be lllUdy groups. The IIJllilec of 1be retired gives 
WOOi2S in 1be whole lllUdy group {gil'.llp 3) 81JXJll"Cs *' 9S2 per­
SIXIS. S48 inion left in l9lll, ~ turned oft" in 1985. 

Table I 

The inion cner 1be lllUdy willl 1be liegi1111i11g of 1heir lime 
unde2gtamd. T.me of inve,rigalim ends widl 1be last medical 
survey. In Table I aDDJlative oose.vldion lime and mean lime of 
oose.vldion per persm by lllUdy group are peseued. Obserwlim 
lime includes time uo:lergroond and subsrqnett lime m surlaoo. 
In 1be whole lllUdy group {gil'.llp 3) 41 inion were cxamko1 in 
medical anveys after Ibey finished \\Uk unde2gtamd. They (XD­

lmlle 403 yms d oose.vldion lime wring 1heir 11Jbsrq- lime 
m surlaoo *> 1be 1Dal aDDJ)oove oose.vldion lime of 7556 years. 
<i63 inion turned oft" widl an indiviwal lime uo:lergroond Jess 
1ban five years. 11eir cnuibulioo *' 1Dal QDJIJ)ative oose.vldion 
lime d 1be whole lllUdy group a.mn1S *> 539 years. 'Ileieftte 
1be aw:r.,ge oose.vldion time per persm wh> turned oft" widl .. 
indivwal lime IDbgiwoi kss Ihm five )'3ll was pt 0.81 years. 
The UllJl(ql c{ milns wh> ..aml • km five )\311 UDbgiwlll 
{gil'.llp 3b) a.nµises 289 perSIXIS and a,ver.; 'll.9% of 1be 1Dal 
ODDJlative oose.vldion lime {gil'.llp 3a). 0n 1M13ge every miner 
d this subgmJp is <Dlel'Yed fir 24.3 )'C!ll'. 

As a whole S261 full si2e pu,lair "'""1ir chest iali.:giap:,, am­
pising 5.S l3diogiap:t, m aw:r.,ge per persm are lam! imo ac­
mu.t. 3187 mdiograp>, are anem,d widl dl09e wining• km 
5 )'C!llS uo:lergroond • an aw:r.,ge wlue d 11.0 mdiograp>, per 
p:mn (I'aHe I). Fir.t whmn d 1be iali.:gi4fs ml< pa,e wring 
medical survey, a fin1ber me by a sranl piysician ('siw-by-<iide 
medm'1) • ,de kmwledge c{ uo:lergroond lime, bah ..xu:ditq; 
*> UOdassiliaiim c{ l9ll),IO 11:g4--J1elbl by 1be '!UIP}'ing 9'l 
d otaulw:d films *> Il.O Ill d Hauptvemand der gewerlfthen 
Bcn11jg,16ibs.hdb:t e. v.· Final whmn was 1bo111i10J by j;itt 
e, 0111i1 ,., n, perdy wilb a lhird p,ysician in case d disogu:rmat. 
F<r IICYcil cases 1be first Jlldiogiapl was wlued >00. 1besr per­

Infitnm..c m Sludy Groups: - gmup l: an nm:rs wh> n:lin>I as '1WDflll 
in 19ID; group 2: an inion wh> retired as W0012S in 1985; 

group 3: group l and group 2 pooled 

SIXIS were £? in 1be lllUdy and 1be grading linearly i.ier­
pdared. The results m ham shJw ncidrr jllrpl ncr 
regressioos. 

Aanm14; *> 1be SlreS.S..irainm bah pii81WciS mist 
be defined as precisely as pmsiblr. The strain part is cx­
acdy cbamined by a great IIJllilec of dcilie=mmed 
mdiograpb widl m;pc,d *> adl:gaimtittL Slress is perdy 
described mber precisely in 1be n:faea:es widl infunna.. 
tm alxu wst cpniity, an.td1nn, inlluou: and relci>­
tm lime. Fmdu m Cllp(bllll' periods are refem:d 
-,_2.8.9.11 The dD d this lllUdy do not give exact infir­
llldlioo m chst quamries (1esp,:aHe cut a:n.tm.n.u} aal 
aclual IIJllilec d sbifls. In 1be infmnatkn of uo:lergroond 
)'C!llS *"" variables are ~ if not precisely defined. 
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The SIUdy was designfd as a cmort Sllldy. In a dassicaJ design of 
a prospective SIUdy 1he SIUdy groops are defined as cooorts fured 
in respect lo caJenlar time or age.6 This design was rn practica­
ble wilh reganl to wr dara be.sis. The funning of a fual cmort re­
(Jlires a survey of ail ~ of me or™' years between 1950 
and 1955 in mler to amwer 1he lpJCStiom about 1he devdopme,it 
of plCIJOXJC(ITI(J!CS, Canpere dara from this period were rn avail­
able. Thaef<Xe 1he SIUdy groops were funned as dynami: cdn1s 
in respect 1o caJenlar time and age.12 Admis.sibiJity ailerioo was 
relirement in a fured calendar year (l9ro or 1985). No fu11ber 
selection was made. All miring workers have had DO synµoms 
and preliminmy stres.s at 1he beginning of 1he SIUdy. 

The ™' turning-off groops (198l'l985} are showing diffeiem:s in 
regard lo calendar time and age. Figure I infunns about time at 
risk in cle10.Jence on age. TDDe is dassitied no imervals ofm> 
years a.xuding to Ille 111ea11 mvaI c:l medical survey. The curves 
do Ill only distinguish in 1he maximum but also in 1he distriru­
tion. The curves reflect 1he dynalllic of 1he cmort in respect lo 
age. In Figure2 lbe time m risk is alsodispayedbutin clqemn: 
on caJenlar time. The 'duee elephants' show a break m lbe same 
time in 1973, 1he period of 1he 'oil crises' (additional employ­
ment). Here as well, 1he curves show 1he etfect of 1he dynalllic 
cmort in respect to caleodar time. The diffeiaus between grwp 
I and grwp 2 are rn exmnined in this SIUdy fu11ber on. 

The SIUdy groops are tran.sfutmed no cooorts fured in respect 1o 
observation time.12 The miners mer wi1h 1he beginning of 1heir 
wmc undergrwoo. 1n Ille main SIUdy 11:mlinm is 1he last medical 
survey ID1lil Ibey finished mining umergrwoo. 
PrevaJous and incidence densitie<15 of all categOties of CWP 
are computed for each SIUdy grwp and for each two-year inler­
wl of time umergrwoo. Imernds are closed on 1he left side and 
q,en on 1he right. ConfJdeoce inlervals for 1he prevalence pro­
portions (binomial dislribution) are detenniml. 5 The median 
(wi1h upper 95% confidence limit23j and 1he 95di cenlile of 
coalworkers' simple poeumoconioric (CWSP) are comptted in 
relation lo time Ulldergrwnd. Calculation of anmdam,e ob,en,a­
tion time, caudidaJe time, 15 and rates are dme by PERSON­
YEARS 1.2, a R>RTRAN progimn for cmort SIUdy analysis.• 
For estimation of risk &'>'10Ciated wi1h vmying time Ulldergrwnd 
cwnulative incidences are computed using 1he density lllfthod.12 
In most figures time Ulldergrwnd is limited lo a period of O to 
32 years to present reJiable dala only. 

RES<ILTS 
Prevalence of CWSP 
Figure 3 shows 1he relation between prevalence proportions of 
category Oil or more, 1/0 or more and 1/l or more CWSP and 
time Ulldergrwnd for Ille whole SIUdy grwp (grwp 3). In Ille in­
terval of 28 1o 30 years Ulldergrwnd Ille prevalence of CWSP .?: 
1/1 is 15.5%. The 95% confidence interval for this value spans 
from 9.7% lo 22.7% and is based on Ille data of 129 pascm. The 
curves are radad syill, a,.; ally WIit al 1111,mity hd an! ill:rease 
progressively wilh time umergrwm igooring smalJer fhJClnarions 

Figure 4 shows 1he median wilh ils upper 95 % confidence limit 
and 1he 95th cenlile of CWSP (prevalent cases) for 1he whole 
grwp (Sllldy grwp 3) in relation 1o time Ulldergrwnd. The me­
dian is OIO for 1he whole time period peseuted and never 
slalisooilly diffemJt fum OIO on 1he 5% level during 1he ual 
time of observation. The upper confidence limit of 1he median 
is OIO for 1he period fum O lo 30 years umergrwoo. In 1he last 
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presented interval fum 30 1o 32 years Ulldergrwnd 1he upper 
confidence limit n:aches Oil. The 95th centile of CWSP is 0/0 
in 1he period fum O lo 14 years Ulldergrwnd and changes pro­
fusion category after that point every 3.5 years on 1he average. 
The .95 fi:actile readrs profusion category 2/1 in Ille mval from 
28 1o 30 years Ulldergrwnd. 

Incidence of CWSP 
Cumulative observation time and caudidaJe time for profusion 
categOties of CWSP in relation lo time umergrwm are peseuted 
in Figure 5. The curves refer lo all miners in 1he whole grwp 
(Sllldy grwp 3) who wmced Ulldergrwnd for at least 5 years. 
Thaefore Ille curves are cel.SOIOO at 1he left. The mnnittai wlues 
are: 1020 years (673 years) of cwnulative observation time in 
1he inlerwl fum O lo 2 years (2 lo 4 years) Ulldergrwnd. The 
1op curve shows 1he decline of anmaJarive observation time due 
lo loss of cases in respect lo time Ulldergrwnd. The lower curves 
(lop down) 1qxesem amdidate time for profusion category 1/1, 
1/0 and Oil of CWSP respectively. The curves rank inva-se wi1h 
aboonnali1y level. The 1op curve showing cwnulative observa­
tion time is equivalent to 1he curve of caudidaJe time for profu­
sion category 3/ + because DO incidence of 3/ + happened dur­
ing time undergrwoo. Candidate time as propottion of anudarive 
observation time decreases monotonrusly fur 1he three presettted 
caregories of CWSP in 1he interval from O lo 32 years 
Ulldergrwnd. Moreover 1he decline of relative caudidaJe time is 
ranked wi1h category of CWSP. 

Figure 6 presems 1he incidence density (lilliliher of iocident cases 
per 100,<XXJ years of randidale time) of CWSP categoty Oil, 1/0, 
1/1 and 2/2 respectively related lo time Ulldergrwnd. The data 
ooocem 1he whole grwp (Sllldy grwp 3). Although 1here is a 
lot of fhr111arim inCteasing IRnls of ilrilence densities of CWSP 
are shown gen,rally. The rate of profusion categoty 2/2 amoonts 
lo 500/ (100,<XXJ years) after about 30 years mining Ulldergrwnd. 

For as~: mueot of risk onmJJarive incidences are given in Figure 
7 for Ille whole grwp (Sllldy grwp 3). The risk of developing 
categoty Oil, 1/0, 1/1, or 2/2 (stnting categocy 0/0) iir;reases 
wi1h time Ulldergrwnd. Moreover 1he incline of 1he curves is in­
aeasing WIit time 1lllle.-grwoo in gaual. The curves rank dearly 
wi1h CWSP category. The risk of developing category 2/2 after 
28 lo 30 years wmcing Ulldergrwnd amoonts lo 2. 7%. The 
annnJarive incidence of CWSP categoty Ill is 16.6% fur 1he 
interval from 28 lo 30 years Ulldergrwnd. The prevalence pro­
porrim of categoty .?: l/1 for 1he same interval of time 
Ulldergrwnd was lwnd lo be 15.5% (95% confidence interval 
spans from 9.6% lo 22.7%). Similar relations between cmmaJative 
incidences and correspooding prewlences were derermined fur 
olber categoties of CWSP. TI1e1ef<Xe Ille eslimatim of risk given 
by 1he anmaJarive incidences seem lo be reliable. 
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Figwe I. OJmJbme ~ time by l'M>yalr i1*:rwls of age. 
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Figure 2. Omudalive observation time by ~year intervals of 
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Figure 3. Prevabre pqulm of CWSP (pamm) m nw pd,d 
groups of miners (all miners who mired as won= in 
lCJlll er 1985} by~ mrwJs of time ID.bgrwm. 

Figure 4. Median with upper 95% cxmfideD:e limit aol 9511, a:n­
tile of CWSP (Jrofusm) m 1"'I pd,d grtX¥ of Dims 
(all miners who left 1he mine as v.u1a:,s in 1911) er 
1985} by ~year iliavals of time UDbground. 
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Figure S. ODJJdalive ohavatioo time aol avxtida!e time fir 
CWSP (profusicn) in nw pooed g,wps of miners (all 
Dims who mired as -...nm, m l9lll or 198S) by~ 
year intervals of time undergrwoo. 
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Figure 6.Incidence density ofCWSP (profusion) in two pooled 
groups of miners (all miners who retired as workers 
in 1980 or 198S) by two-year intervals of time 
undergrwoo. 
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Figure 7. Cwnulative incideoce of CWSP (profusion) in two 
pooled groups of miners (all miners who left 1he mine 
as workers in 1980 or 198S) by ~year intervals of 
time undergrwoo. 

DISCUSSION 
Prevalence of CWSP 
The prevalence proportioos !woo in wr study agree with results 
given in reports of British aol American studies in general. 
Hurley et al.9 !woo a prevalence fur category ,2:: 2/1 CWSP 
of 1.2% (1.3% respectively) in an investigation of 46S (4S6) 
British miners who worked 2S (30) yems undergroond. From 
1he study's data wttespc •ding pn:valences of 1.8% (S.4%) are 
yielded. For a comparison of 1he results it is necessary to take 
into accoont that 1he selection procedure used in sampling 1he 
British study group ''may have led to a preferential inclusion 
of healthier man. •'9 Attfield et al.1 dtk.mined a prevalence pro­
pol1ion of3.0% (1.4%) fur category CWSP ,2:: 1/1 (CWSP ,2:: 
2/1 respectively) after about 20 yems undergrwoo in an in­
vestigation of a not systrrnaticaUy sampled group of 12S2 U.S. 
miners. 

Recent German studies on prevalence of CWP peifutmed by 
Ulmer et al.7.24.25.26.27.JO presented results not corre­
sponding to d!ose of Ibis study. Ulmer et al. described 1he 
development of CWP in 1rm1s of "averaged catego,:ies" in rela­
tion to age taken as an indirect measure nf time undergroond. 
They reported an "averaged category" of lfl or 2/1 CWSP 
after aboot 30 yems mining unde!ground. The llledian nf CWSP 
in Ibis study is 0/0 after 30 yems undergrwnd aol is sigoif. ar•Jy 
less 1han Oil. Whether these diffetaus may be due to selec­
tion bias or e.g., "mine effecls" is still Wider discus.sion. 
Ophoff'7 in a study based on 218 se!edrd German miners re-



ported an "averaged category" of about Oil after 20 years 
imdergroum. Reisner et al. 1s.19.21 al.so pe,:fum:ecl several sludies 
more than ren years ago. The authors's ptesemcd a prevalence of 
about 9% for CWSP ~ 2/1 after 20 years imdergroum. It is, 
however, very difficult to compare these results with the fuxl­
ings of this study, beclme the dX3 mdiograpl.s were ru dassitied 
acconling to the Il..0-51llndard, while Reisner et al. tried to over­
com, this problem by a translation mxn the former classificalinn 
into ILO-stamards, a procedure which leaves a kt of uocel1aiily. 

Incidence of CWP 
The risk of British coal miners to develq, CWSP was described 
by Jacobsen et al.9-11.28 The given tSiilPlles of risk vacy substan­
tially due to a "mine effect." For a mean dust cuu:unatioo be­
tween 2.5 and 4.5 mglm3 the average risk of develq,ing CWSP 
~ Oil in ren years worl<ing lllldergroum was foond to be in the 
range of 2 to 10%. Attfield et al.' studied U.S. coal miners. An 
estimate of risk of develq,ing categmy Oil or more in about ren 
years of 1.9% was foond here. The mean dust coocenlralioo was 
reported as 2.5 mglm3 or less. Our ass ssa., • of risk by rurm­
lative incidences agree with the findings in this study. For the 
\\irle study g,:wp (groop 3) a rum.I1ative irt::i\» • e fir dew.loping 
categay Oil after 10 years imdergroum of 1.9% was compm1. 

Reisner et al. 1s c,,Jarlmed estimates of risk of develq,ing CWSP 
~ LO (''tramlaed" cm,gory, cf. 3.1) in 35 >"""' uooezgrwoi c:i 
5 1o 50%. The vamioo is we 1o a "mire elht." The a:c1csµnl­
ing cumulative i.ridence foond in wr study is rt% (groop 3). 

In wr study we observed just one case of progn:ssive massive 
fibrosis (PMF): one miner develcp,d a huge q,ocity of type A 
during time lllldergroum. Large opacities of type B or C did ru 
occur. The one incident case conespouls to an i.ridence density 
of 14/(100,000 a). Hurley et al.8 described a mean rate of PMF 
in British miners of l!ll/(100,000 a). The rate was O in one mine. 

Implications 
This study shows 1hat the study design cho;en produced valid 
results corrpllllble 1D 1hose of 00.... ailus. The podim c:i miners 
worl<ing more than 30 years imdergroum is too small to estimate 
exact risk of development of CWP yet. Therefore a study is 
plam:ecl about all miners having worked more than 20 years 
lllldergroum selected mxn the taaiity of miners who turned off 
in 1973, 1974, 1975, 1976, 1m, I9!ll, and 1985. Moreover, 
calendar time will be taken into aa:ount as a covariable. In the 
future, analysis will be extenderl to the development of shape­
siz.e. La1er the aspect of stress shall be determined more precise­
ly to estimate the risk in relation to the respirab1e dust cooceulia­
tioo in order to attrirute to the discussion on dust level. We hope 
to estimate the risk of CWP by using this med!od more adeq11a1ely 
and by this help to minimi7.e 1hat risk in the future. 
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