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ABSTRACT 

Relationships between dust exposure, lung diseases and 

coalniiners' mortality are studied using data relating to 

31,000 miners who constituted more than 90 per cent of 

the working populations in 24 collieries distributed 

throughout the British coalfields. 

Quantitative relationships are described between the 

prevalence of simple pneumoconiosis, its incidence over 

ten years, and individuals' exposures to airborne coal- 

mine dust. 	Some stochastic models of these relation- 

ships are tested and found to be reasonably robust. 

Responses to similar dust doses are not uniform. 

Mortality over 14 to 18 year periods among 17,000 of these 

miners is described. 	The coalminers studied experienced 

relatively fewer deaths than their contemporaries in the 

regions of Britain outside the industry. 	Miners under 

the age of 35 with simple pneumoconiosis had lower 

survival rates than those without pneumoconiosis. 	In 

general, simple pneumoconiosis was not associated with 

increased mortality. 	'liners with categories B or C of 

complicated pneumoconiosis, and those aged 55 or more 

with category A, had higher death rates than those with-

out pneumoconiosis. 

Cigarette smoking was associated with increased prevalence 

of respiratory symptoms, with relatively high mortality 

attributed!... 
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attributed to bronchitis and cardiovascular diseases, and 

with a nearly eight-fold excess of lung cancer deaths 

compared with non-smoking miners. 	Lung cancer death 

rates among those with categories 2 or 3 of simple 

pneumoconiosis or P.M.F. were about half the rates for 

men without pneumoconiosis. 

Simple pneumoconiosis and dust exposure were associated 

with excess cancers of the digestive organs. 

Increasing dust exposure among miners with no radiological 

pneumoconiosis was associated with increasing mortality 

attributed to bronchitis and allied respiratory diseases. 
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"Reason is the enumeration of 

quantities already known; 

imagination is the perception 

of the value of those quantities, 

both separately and as a whole." 

Percy Bysshe Shelley (1821) 

(A Defence of Poetry) 



1. 	INTRODUCTION 

1.1 	Historical background 

The earliest known systematic discussion of mining and 

associated problems is the classic sixteenth century 

treatise by Agricola, De Re Metallica. 	Hunter (1959 9  

p. 29) quotes as follows from that work. 

"If the dust has corrosive qualities, it eats 

away the lungs, and implants consumption in the 

body. 	In the mines of the Carpathian 

Mountains women are found who have married seven 

husbands, all of whom this terrible consumption 

has carried off to a premature death." 

These remarks embody the main elements of the investi-

gations to be reported here: quantitative studies of 

the relationships between exposure to mine dust, respira-

tory diseases and mortality among coalminers. Two 

aspects of Agricola's formulation are particularly 

interesting. 	The first is his initial qualifying 

clause ("If...,") which implies at once that not 

necessarily all mine dusts are associated with the 

disastrous sequelae described. 	The implicit research 

question concerning variations in toxicity of mixed 

dust clouds, depending on their composition, has still 

not been resolved satisfactorily after more than 400 

years/... 
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years (Walton et al, 1976). 	The second point of interest 

is his reference to mortality as the ultimate index to 

occupational health hazards. 

Coalminers' mortality statistics have been a continuing 

object of study, speculation and controversy ever since 

the systematic collection of vital statistics began in 

1839. 	Arlidge (1892), reviewing some of the earliest 

data, wrote "Reflection on the conditions of labour in 

coal-mines ..* suggests much sickness and a high death- 

rate among those engaged in it. 	Statistics, however, do 

not confirm this impression; ..9 coalminers have a 

remarkably low mortality, although in the matter of 

diseases of the respiratory organs their death rate is 

high." Quoting from Ogle's prefatory chapter to the 

supplement of the Forty-fifth Annual Report of the 

Registrar General (1885),. Arlidge noted that with the 

exception of South Wales and Monmouthshire the mortality 

of miners from all causes was below that of the general 

male population. The reverse tendency in South Wales and 

Monmouthshire was attributable entirely to deaths from 

accidents. Ogle had drawn attention to two factors 

which he thought would have contributed to what Arlidge 

clearly considered to be a surprising result. 	The first, 

self-selection of relatively fit men into an industry 

demanding exceptional physical stamina, continues to be 

an/... 



-3- 

an important influence on results from cross-sectional 

occupational mortality studies. 	The second, selection out 

of the industry because "many men who become weakly have to 

abandon this form of labour for lighter work", remains a 

major source of bias in prospective epidemiological studies 

of industrial "survivor" populations and in the interpret-

ation of official cross-sectional mortality statistics. 

Arlidge was unconvinced. Noting the substantial regional 

variations both in death rates among miners and in 

proportional mortality rates he considered that further 

statistics were required to justify a general conclusion 

that miners had relatively low mortality. 

A further major difficulty in interpreting statistics 

purporting to describe cause-specific mortality was stated 

succinctly by Cummins (1933). 	"Behind mortality rates 

lie the diagnoses upon which these rates are based; and 

behind the diagnoses lie the imperfect diagnostic 

facilities at the disposal of busy medical practitioners." 

These words of warning appeared in the Foreword to a 

volume reporting a dedicated survey by Dr. E.M. Williams 

of the health of 100 old Welsh coalminers (Williams, 1933). 

Her report noted that "Pneumoconiosis appeared to be more 

generally distributed throughout the occupational groups 

of coal-miners than had hitherto been thought the case"; 

and she ended with the plea that "Dust preventive measures 

should be rigorously enforced." Thus Dr. Williams and 

her/,,, 
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her sponsors in the Welsh valleys anticipated by several 

years the House of Commons debate in 1936, which led to the 

Medical Research Council's pioneering epidemiological 

investigation of the problem. 

The results of the M.R.C. medical studies were documented 

by Hart and As]ett (1942). 	That famous report includes a 

valuable review of the literature on pneumoconiosis from 

1800 to 1940 (pp. 139-161). 	In the review, references to 

mortality statistics drew attention to the Registrar 

General's Decennial Supplements for 1921 and 1931. 	The 

1921 data had indicated that there was greater respiratory 

mortality among colliers in South Wales than in other 

parts of the country. 	The 1931 data were discussed in 

detail. 	Hart and Aslett (1942, p.  3) drew attention 

particularly to the apparently higher mortality from 

respiratory diseases other than tuberculosis, and cardiac 

diseases, among Welsh anthracite miners, compared with 

their co-nationals working in non-anthracite mines. 	Both 

groups, and indeed their colleagues from England in non-

anthracite mines, showed excess mortality from respiratory 

diseases other than tuberculosis when compared with all 

males in England and Wales. A major conclusion from the 

M.R.C. survey was that abnormalities in the chest x-rays 

of South Wales coalminers were often of a type which did 

not conform to criteria generally accepted as indicating 

classical/... 
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classical silicosis. 	Moreover, this newly defined 

condition was associated "not infrequently" with some 

degree of respiratory disability. 	The N.R.C. demarcation 

of what is now known as coalworkers' simple pneumoconiosis 

had far-reaching consequences. 	The report concluded with 

a call for more research, and this led to the formation 

of the M.R.C. Pneumoconiosis Research Unit (P.R.U.) in 

1945. 

In his Goulstonian lectures, Fletcher (1948) reviewed 

progress of the P.R.U. 	The historical introduction to 

these talks presented an analysis by P.D. Oldham of some 

data from the Registrar General's first four decennial 

supplements in the twentieth century (1900-02; 1910-12; 

1921-23; 19O-32). 	This showed clearly that death 

rates attributed to respiratory diseases other than 

tuberculosis among coalminers aged more than 55 had been 

higher than comparable rates for all occupied and retired 

males since the turn of the century. 	Hart and Aslett 

(1942, p.  141) had commented on the attitude of complacency 

(concerning respiratory diseases of coalminers) among 

certain medical authorities during the first two decades 

of the century. 	They felt that the attitude was probably 

justified in part, because it had been founded on 

insufficient information. 



1.2 	Mortality: an aid to the study of morbidit 

Fletcher's (1948) discussion of the same problem 

illustrated two reasons why studies of miners' mortality 

were considered important then and continue to be so 

regarded now: they are expected to reflect in an 

obvious way miners' occupationally related morbidity, 

particularly the incidence of lung diseases which might 

be attributed to the inhalation of airborne coalmine 

dust. 	Secondly, mortality data may provide insights 

into the aetiology and natural history of specific 

diseases. 	Thus Fletcher (1948) discussed also another 

aspect of Oldham's analysis, that is, the relatively low 

mortality from tuberculosis among coalminers. 	Fletcher 

considered that it was this phenomenon more than any-

thing else that had Ld to the widespread but mistaken 

view that fibrosis of the lung was rare among coalminers. 

A strong association between the occurrence of silicosis 

and deaths from tuberculosis had been well established, 

and this led to a false inference regarding the 

supposedly benign effect of airborne coalmine dust. 

Other examples of how miners' mortality data provide 

stimuli to the study of possible interactions between 

aetiological factors and the occurrence of disease are 

reviews!... 
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reviews of official mortality data by Ashley and Davies 

(1966) and by Ashley (1967). 	Ashley examined published 

death rates attributed to lung cancer in England and Wales 

and noted a deficiency in mining areas. This work led 

Crofton (1969) to compare the deficiency of lung cancer 

deaths in coal-mining areas in England and Wales with the 

experience in the coal-mining areas in Scotland. Among 

men in Scotland there was excess mortality due to lung 

cancer and bronchitis in areas concerned with coal mining. 

In her discussion of these results Crofton suggests that 

they may be connected with the lower prevalence of 

pneumoconiosis in Scotland noted in other studies. 

Reviewing these papers, Enterline and Jacobsen (1972) 

comment that observations of this kind often suggest 

hypotheses for further research, but that they rarely 

permit definitive conclusions. 	This is because it is 

difficult usually to verify that routinely gathered 

mortality data are relevant to the research questions of 

interest. 

Earlier, Goldman (1965) had reported results from a 

National Coal Board mortality survey and from an M.R.C. 

study in South Wales. 	He concluded that the death rate 

from cancer of the lung was appreciably lower for coal-

miners than the national rate for men of comparable age. 

This finding has been challenged more recently by 

Moôney/... 
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Mooney (1975a). Reviewing 300 necropsies of miners with 

pneumoconiosis in South Lancashire he noted that the 

proportion of primary carcinomas of the lung in the Series 

was higher than the corresponding Proportional Mortality 

Rate (P.M.R.) from lung cancer published in the Registrar 

General's Tables. Commenting on this observation 

McLintock (1975) suggested that it would have been 

desirable to compare the smoking habits of the deceased 

with average experience. 	In his reply, Mooney (1975b) 

drew attention to the earlier work by Goldman (1965) which 

had summarised evidence from various surveys, including 

one in a South Lancashire town, showing that coal'' 

smoking habits were not dissimilar to other men's. The 

implicit inference was that this finding could be applied 

reasonably to the miners whose necropsy results had 

started the debate. 	The subtlety of this step in the 

argument was missed by Tucker and Hartley (1975). 

Reporting the discussion in the lay press, the authors 

stated quite erroneously "The St. Helens study appears, 

however, to make the appropriate correction for smoking 

habits," The questions raised by these discussions 

remain unresolved. 

Stomach cancer among coalminers is another condition 

which has elicited interest in the literature. 	Both 

the/ 
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the 1951 and 1961 Decennial Supplements on Occupational 

Mortality show high S.M.R.'s from stomach cancer among 

coa]miners; but a similar excess from this cause is 

reported among their wives (Registrar General, 1957; 1971). 

Ashley (1969) found a positive association between gastric 

cancer deaths and the coal and textile industries. 	This 

author suggests that the association may be related to 

the inhalation of carcinogenic substances followed by the 

swallowing of sputum. 	Matolo et al (1972), who investi- 

gated gastric cancer incidence in three American States, 

suggest that not only coal mining but also extensive use 

of bituminous coal in the home may be causal factors. 

The possibility that stomach cancer deaths may be related 

to the chemical composition of the dust directs attention 

back to Agricola's apparent awareness that not all mine 

dusts are necessarily equally hazardous. 

1.3 	InterDretation of official mortality statistics 

Two well-known texts, by Hill (1961) and by Benjamin 

(1968), discuss the relative merits of various indices 

used to describe mortality. 	The latter author provides 

also an authoritative historical review. Although it 

may be convenient sometimes to distinguish between so-

called descriptive statistics on the one hand, and test 

statistics!... 
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statistics on the other (the latter referring to those 

used in formal tests of hypotheses which lead directly 

to statistical inference), the distinction is in many 

ways more apparent than real. 	The very calculation of 

most descriptive statistics usually implies the desire 

to make some inference. 	Certainly this is so for 

Proportional Mortality Ratios and for Standardised 

Mortality Ratios. 	These statistics embody, in their 

definitions, implicit inferences regarding the frequency 

with which deaths are attributed to different causes, 

and the death rates associated with different causes and 

populations. 	For example, Oldham's analysis of age- 

standardised death rates for coalminers, discussed above 

(Fletcher, 1948), was relevant only in so far as the 

rates could be compar:d with similar data from non-miners. 

Carpenter's (1964) adjustment to calculations of expected 

death rates and S.M.R. 's relevant to a cohort of coal-

miners in a prospective study was designed to make the 

statistics comparable to the Registrar General's cross-

sectional reviews of occupational mortality; and the 

S.M.R.'s were central to the inferences made by Cochrane 

(1964) concerning mortality of coalminers with and with-

out pneumoconiosis. 

Benjamin (1968) discusses in general terms three major 

sources!... 



sources of error in official occupational mortality 

statistics which cause difficulties of interpretation. 

The first is vagueness of description of occupation, both 

in census returns (which are used to establish the 

denominators in ratios summarising mortality) and in the 

death registers (which determine the numerators in these 

statistics). 	The second is the fact that the information 

both at census and at death is supposed to refer to the 

immediately antecedent occupation. 	(Clearly, this could 

be a serious source of bias where men leave an occupation 

before retirement because of health problems arising from 

their work environment. As noted above, this potential 

source of bias had been identified by Dr. Ogle some 90 

years earlier.) 	The third source of difficulty is the 

correlation between occupation and general social 

environment. 	Benjamin (1968) considers that even when 

occupational mortality indices are controlled by 

comparisons with data referring to the wives of men 

studied, results can do no more than establish a prima 

facie case for closer study within the occupation con-

cerned. 

The impact of all these three sources of error on coal- 

miners' mortality statistics is well documented. 	In his 

I.troductory Notes to the Occupational Mortality Tables 

for!... 
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for 1961 (England and Wales) the Registrar General (1971) 

reports on an investigation comparing occupation statements 

at census and at death. He notes that for Occupation 

Order II (Miners and Quarrymen) there were discrepancies 

of two kinds between occupations recorded at census and at 

death. 	The first, changes in occupation units (that is, 

variation in detailed description of occupation within the 

general heading "Miners and Quarrymen"), are ascribed 

primarily to the result of more specific description of 

occupation being advanced for men coded on one occasion in 

Occupation Unit 013 ("miners so described"). 	The second 

kind of discrepancy discussed is of changes in the 

Occupation Order itself, and this is attributed to a net 

movement out of a relatively arduous group of occupations 

during a man's working life. This more arduous 

occupation is reported at death registration, instead of 

the actual last full-time employment which is the 

information sought at death certification. 	Benjamin 

(1968) argues that such misreporting of occupation at 

death may compensate to some degree for a tendency to 

bias upwards the number of deaths attributed to lighter 

occupations; such a bias being implicit in conscientious 

adherence to the convention that the occupation recorded 

at death is that immediately antecedent to death. 

Al... 
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A more detailed study of occupation statements used for 

calculating miners' mortality statistics was made by 

Heasman et a]. (1958). 	These authors identified errors 

which caused misleading inflation of the death rate for 

coalface workers, as compared with rates for workers else-

where underground and workers above ground. They 

concluded that the death rate for all miners in 1955 was 

unlikely to be greater than the national rate for all males. 

However, the Standardised Mortality Ratios for 1951 and 

1961 reported by the Registrar General (1957 0  1971) were, 

for all coalminers, 115 and 114 respectively. 	The 

latter statistic, for 1961, is based on the Registrar 

General's data for Occupation Units 010 - 013. 	Liddell 

(1973) reported a detailed investigation of all deaths 

registered in 1961 of men aged 20 to 64 in mining 

occupations or those thought to have been employed by the 

National Coal Board. 	His results confirmed those reported 

previously by Heasman et al (1958) concerning false 

inflation of faceworkers' mortality. 	The variations 

in S.M.R.'s are shown in Table 1. 



Table 1. 	Off icia11no!t statistics for coilminers 

compared with results from a survey in the 

coal indust 	(Liddell, 1973) 

Occupation Unit 

Registrar General Liddell 

(1971) 	(1973) 

010 Coalmine - facevorkers 

011 Coalmine - other under-
ground workers 

012 Workers above ground 

010, 011, 012 combined 

013 Coalmines - so described 

0109  011 0  012 0  013 combined 

180 	 81 

 

 

124 	- 	179 

129 

62 

114 

111 

Liddell (1973) pointed out that his results (and those of 

Heasman et al) were consistent with intuitive expectations 

on general grounds: the tendency for the fittest men to 

be employed in the most arduous work, at the coalface; 

the tendency for men to move away from the face, elsewhere 

underground, as they got older and less able to cope with 

work at the coalface; the tendency for less fit men to 

obtain employment above ground. Liddell was unable to 

make a reliable estimate from his data of the S.H.R. for 

Occupation Unit 013. However, his substantially lower 

S.M.R. for Occupation Units 0100  011, and 012 combined 



(111%) compared with that to be calculated from the 

Registrar General's data (129%) must give rise to doubt 

concerning the reliability of the Registrar General's over-

all S.M.R. for coalminers which suggests a 14% excess 

mortality compared with all male deaths in the relevant age 

categories. 

1.4 	Coalminers' mortality and social factors 

Benjamin's (1968) third source of difficulty in the inter-

pretation of mortality statistics, the effect of general 

social factors on mortality results apparently associated 

with occupation, has also been subject to particular 

attention as far as coalminers are concerned. 	In a 

characteristically pungent exposition, J.B.S. Haldane (1943) 

discussed the Registrar General's occupational mortality 

statistics for 1931. 	He noted then "You actually find 

that the miner's wives have a death rate of 40 per cent 

above the average, whereas miners as a whole have a death 

rate of only 10 per cent above the average." He added 

"That means that the main cause of excess death rate among 

the miners is to be found not so much in the conditions of 

their work underground, apart from the specially dangerous 

branches of the mining trade, as in their housing 

conditions and low wages and poor standard of health, 

which/,.. 



which is reflected in the high death rate of their wives." 

Thirty years later Hart (1971) returned to the same point, 

emphasising that excess mortality among coalminers "does 

not depend on the occupation environment alone, but on the 

whole social context of mining and ex-mining communities, 

including their past history." 	In a later paper (Hart, 

1972) the same author criticises the Registrar General's 

(1971) decennial supplement on the grounds that insufficient 

data are presented to distinguish between occupational and 

social factors, particularly for coalmining. 	A leading 

article in the Lancet (1974) appealed to the high S.M.R. 

for all miners (Registrar General, 1971) in an argument 

suggesting that a contemporaneous coalminers' wage claim 

should be regarded as "a special case". 	In the 

immediately following sentence the author of the article 

noted that "their wives have a 29 per cent excess" 

(mortality) "showing that social factors, outside the work 

itself but connected with the entire social milieu of coal-

mining, are an important determinant of illness and its 

Outcome." 

Considerations of this kind also influenced the Medical 

Research Council's (1966) assessment of the effect of 

occupation on bronchitis. 	The N.R.C. report appealed, in 

part, to the Registrar General's Decennial Supplement for 

1951/... 



- 17 - 

1951 (Registrar General, 1957). 	These data showed that 

while coalminers had a 35 per cent excess mortality due to 

bronchitis compared with all males, their wives had a 75 

per cent excess mortality attributed to this cause. 	The 

Registrar General (1957) had commented on the marked 

positive gradient of deaths from bronchitis with change in 

social class from professional workers and their wives to 

unskilled manual workers and their wives. The Medical 

Research Council's conclusion was that on the evidence 

available at that time intensity of occupationally related 

dust exposure did not appear to be a very significant 

factor in determining the prevalence of bronchitis among 

coalminers. 	This was challenged subsequently on clinical 

and partly emotional grounds in correspondence published 

by the British Medical Journal. 	It was not until Rae 

et al (1971) and Rogan et al (1973) produced data from 

prospective epidemiological studies among coalminers, in 

which measurements of dust exposures experienced by 

individual men were utilised, that it was established 

unambiguously that exposure to airborne coalmine dust was 

associated both with respiratory symptoms indicative of 

bronchitis and with reduced ventilatory capacity. 

1.5 	Coalminers' mortality and_radiolal 

pneumoconiosis 

Cocrane/. •0 
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Cochrane et al (1964) reported on mortality among 6,474 

Welsh coal miners and ex-miners six years after their 

original medical examinations. Those men whose original 

chest radiographs showed evidence of progressive massive 

fibrosis (P.M.F., also known as "complicated pneumoconiosis") 

had very high mortality. 	For the age group 25-74 at the 

original survey the S.M.R. for men with P.M.F. was 171, as 

compared with an S.M.R. 	127 for men with no radiological 

signs of pneumoconiosis at the original survey. 	The 

S.M.R. for men with simple (as opposed to complicated) 

pneumoconiosis was little different (125) from that for men 

with no radiological changes. 	Results from a subsequent 

follow-up of the same cohort (Cochrane, 1973), 20 years 

after the original medical survey, were analysed in terms 

of age-specific survival rates for men with different 

categories of simple and complicated pneumoconiosis on the 

original X-rays. 	Cochrane found that survival rates for 

the Welsh miners and ex-miners in his survey appeared to 

be independent of the X-ray category of pneumoconiosis 

except for the two more severe categories of P.M.F. (B, and 

C) where survival rates were much reduced. 	However, 

Curry (1973) drew attention to the relatively low survival 

rate for men in Cochrane's 55-64 year age group who had 

the first category of P.M.F. (category A). 	This author, 

and others (Davies, 1973; Campbell et al, 1973) challenged 

Cochrane's/.,. 
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Cochrane's conclusions also on more general, speculative 

grounds. 	The criticisms by Campbell and his colleagues 

hinged partly on the suggestion that the classifications 

of simple pneumoconiosis used by Cochrane, depending on 

the profusion of small rounded opacities visible on the 

X-ray, might not be appropriate for classifying men with 

increasing impairment of lung function. 	Perhaps the 

profusion of small irregular (as opposed to rounded) 

opacities should have been considered; and provision 

for such classification was now included in the 

International Labour Office's Classification of Radio- 

graphs of Pneumoconiosis (I.L.O., 1970). 	Soon after- 

wards Lyons et al (1974) reported that irregular, but not 

rounded opacities were correlated positively with the 

extent of emphysema determined from post-mortem examin- 

ations of lungs from coal miners. 	Emphysema, diffuse 

destruction of alveolar tissue leading to abnormal 

increases in air spaces, is a disabling and sometimes 

fatal disease. Although there is independent evidence 

from the United States supporting Cochrane's conclusions 

concerning miners' mortality (Ortmeyer et al, 1973; 1974) 

the pertinence of the question raised by Campbell and his 

colleagues from the Welsh National School of Medicine is 

not reduced; since it is clear from the report by 

Lainhart et al (1969, p.  48) that in the U.S. studies 

also, only the profusion of rounded small opacities was 

considered when the X-rays were classified for simple 

pneumoconiosis/... 



pneumoconiosis. 

1.6 	Coalminers' disability 

Ryder et al (1970) and Lyons et al (1972) had shown earlier 

that impairment of ventilatory capacity in life and evidence 

of emphysema post-mortem among coalminers seeking compen-

sation for disability were associated with the presence on 

the radiographs of the smallest size of rounded opacities 

(diameters not exceeding 1.5mm). 	These authors had 

suggested that the very small ("punctiform" or "p"-type) 

shadows often occurred in the presence of fine, linear mark-

ings which might be classifiable as irregular opacities. 

Waters et al (1974) therefore considered mortality in a 

random sample of Welsh miners and ex-miners whose X-rays had 

been classified by size of small rounded opacities. 	They 

found no evidence of e:cess mortality among the small number 

of men (19) with p-type shadows on their X-rays. 	Moreover, 

the lung function of these 19 men, measured at survey, was 

if anything better than that of other men with simple pneumo-

coniosis who had been included in the sample. 

Earlier work by the Medical Research Council (Cochrane et al, 

1961) and from the National Coal Board's Pneumoconiosis Field 

Research (Rogan et al, 1961; Ashford et al, 1968) had shown 

little evidence of ventilatory impairment among men with 

simple pneumoconiosis, in general. 	Small reductions in 

levels of Forced Expiratory Volume in 1 second (FEy1) 

with increasing profusion of small rounded opacities 

had been noted, but these differences were trivial 

compared/... 



compared with those associated with the effects of smoking 

and of age. More recently however further analyses by 

Rogan et a]. (1973) considered levels of P.E.V.J  in working 

coalminers with varying degrees of siiiple pneumoconiosis, 

in relation to estimates of their cumulative exposures to 

airborne coalmine dust during their working lives. 	This 

investigation included a multiple regression analysis which 

encompassed other important regressor variables. 	It 

demonstrated a highly significant relationship between 

level of F.L.V.1  and cumulative dust exposure. 	A study 

of residuals from this analysis provided no evidence that 

there was any additional effect on lung function associated 

with radiological changes characteristic of simple 

pneumoconiosis per Se. 	it appeared therefore that such 

small associations as had been observed in the past 

represented indirect expressions of the fact that groups 

defined according to radiological category exhibit 

differences in their mean cumulative dust exposures, thus 

reflecting the relationship between such exposure and 

radiological state (Jacobsen et al, 1970). 	However, the 

high residual variability in the latter relationship 

implies that it is difficult to establish, and even more 

difficult to quantify, the effect of dust exposure on 

lung function through the medium of a dose metameter based 

on radiology. Very similar results have been reported 

subsequently!... 
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subsequently by Hankinson et al (1976) from a study of 

American coalminers. 	Reduction in flow rates at high lung 

volumes correlated significantly with an indirect measure 

of dust exposure - years spent underground; and with this 

factor taken into consideration in a multiple regression 

analysis, no residual effect associated with radiological 

simple pneumoconiosis was detectable. 	In their discussion 

of their results Rogan et al (1973) noted that at higher 

levels of dust exposure (which do not necessarily result in 

radiological abnormalities) the estimated effect of dust 

exposure on ventilatory capacity corresponded to clinically 

important disability. 	Lapp and his colleagues (1974) and 

Morgan (1973; 1974) have emphasised a semantic distinction 

between ventilatory impairment and disability, the latter 

term having medico-legal implications relevant to social 

problems of compensation. 

These considerations are important not only because they 

cast doubt on the implications of Cochrane's (1973) 

conclusion concerning disability. 	They merit attention 

also because they suggest that mortality, particularly 

when associated with lung disease, might be related in a 

clearer way to dust exposure than to radiological category. 

If this is so, then much of the controversy provoked by 

Cochrane's/... 



Cochrane's report might be considered academic. 	One 

major object of the present investigation is to seek to 

establish whether such a relationship between mortality 

and cumulative dust exposure exists, and if it does, to 

quantify it. 	The data used are derived from the National 

Coal Board's Pneumoconiosis Field Research. 

1.7 	The Pneumonoconiosis Field Research 

The Medical Research Council's early work on 

pneumoconiosis (Hart and Aslett, 1942; Bedford et al 1943) 

had been confined to South Wales. 	By 1951, the need to 

extend studies throughout Great Britain was recognised. 

At the invitation of a Government committee representing 

all the interested parties the National Coal Board began a 

major epidemiological study, the Pucumonoconiosis Field 

Research (PSF.R.), in 1953. 	Pay (1957) recorded the 

primary objectives of the study: to establish what kinds 

of dust cause pneurnonoconiosis and to establish what 

environmental conditions should be maintained if mine-

workers are not to be disabled by the dust they breathe. 

Research methods used were first described in detail by 

Fay and Rae (L). 	They can be summarised as follows. 

Twenty-five collieries distributed throughout the coal- 

fields of Great Britain were selected. 	Environmental 

conditions/.,. 
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conditions in these collieries were considered to be 

typical of the variety of underground situations In 

British coal mines at that time. 	The plan was to X-ray 

all miners in these 25 collieries at approximately five- 

year intervals and to correlate results with records of 

the men's cumulative dust exposures. The latter data 

were to be obtained by recording the time spent by each 

man in different occupational groups" and by measuring 

the dust concentrations characteristic of such occupational 

groups. 	Full-time field investigators at each of the 

collieries were responsible for the dust measurements. 

Available dust sampling facilities were allocated so s to 

minimise the average variance of individual exposure 

estimates within particular collieries (Ashford, 1958) 

Industrial histories prior to the start of the research 

were recorded at interviews during the medical surveys. 

The initial medical surveys were completed in 1958, and 

results have been reported by [licks et al (1961). 	In the 

second and subsequent surveys the medical examinations 

were extended to include spirometry (F.E.V., and P.V.C.), 

anthropome try, and the completion of a questionnaire 

concerning respiratory symptoms relevant to chronic 

bronchitis (Rogan et al, 1961). 	The third series of 

medical surveys began in 1963 and were completed in 1968. 

By/... 



FIGURE 1 PROGRESS 	OF THE 	PNEUMOCONIOSIS FIELD 	RESEARCH 

1953. 	 198 1963 1968 1973 

SURVEYS: 	FIRST SECOND THIRD FOURTH FIFTH 

NUMBER OF ) 24 24 24 10 (9; 	SURVE 
COLLIERIESI IN 	PROGRS) 

MEN 	FROM 
ORIGINAL 	1 	31 676 21 850 14 889 3 689 
COHORT 	t 	(ioc) (69%) (47%) (i) 

SURVEYED 

X-RAYS 
AND 	QUESTIONNAIRE  

ON 	INDUSTRIAL 	HISTORY 

PARTICLE 	COUNTS 
RESPIRABLE 
DUST 	CONCENTRATION} !TL!)_ MASS 	CONCENTRATION 
MEASUREMENTS  I MEASUREMENTS > 

RECORDS OF 
ATTENDANCE IN 
OCCUPATIONAL 
GROUPS 

SPIROMETRY (FEy1 , FVC); 
ANTHROPOMETRY; 
QUESTIONNAIRE ON 
RESPIRATORY SYMPTOMS 
AND SMOKING HABITS 
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By this time several of the collieries concerned had closed. 

A fourth round of surveys in 10 of the original collieries 

was completed in 1973. A further series of medical 

examinations (the fifth surveys) are in progress at these 

collieries. 	The development of the study is summarised 

in Figure 1. 

Pursuance of this work over the years has generated many 

problems in the fields of radiology, survey technique, 

sampling strategy, dust physics, chemical analysis of dust 

samples, data processing and statistics. 	The way that 

these problems have been tackled are recorded. 	For 

example, Pearson et al (1965) have discussed the importance 

of consistency in radiographic technique for field surveys. 

Rae (1967) considered the problem of interpreting the 

radiographs. 	Methods used for statistical analysis of 

radiological results have been reviewed by Jacobsen 

(1975a). 	Repeatability of ventilatory tests and the 

validity of interview techniques at survey have been 

studied by Ashford et al (1960) and Morgan et al (1964). 

Techniques used for measuring the airborne dust and the 

attendant problems of physico-chemical analyses have 

been described in many publications. 	This work is 

summarised concisely by Dodgson et al (1971). 

Key reports on results from the Pneumoconiosis Field 

Research/... 
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Research include those from Rogan et al (1961, 1973), 

Ashford et al (1968, 1970) and Jacobsen et al (1970, 1971). 

The latter two papers relate to an interim study of the 

correlation between radiological results and dust exposure. 

The relevant statistical argument is summarised and 

extended in chapter 2 of this thesis. 

1.8 	Some research questions 

Subsequent chapters are devoted to a study of mortality 

among men who were surveyed initially in the period 1953- 

1958. 	The availability of medical and dust exposure data 

relating to these men permits reconsideration of many of 

the controversial issues discussed in earlier sections of 

this chapter. Pertinent research questions include the 

following. 

Are Cochrane's (1973) findings concerning the 

similarity of survival rates for Welsh miners with and 

Without simple Pneumoconiosis valid for nil the British  
coalfields? 

Working miners without pneumoconiosis at the 

inception of a mortality study include some who will 

develop the disease before they die. 	Similarly, miners 

with some degree of simple pneumoconiosis at the start of 

the/... 
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the study include those in whom the disease will progress 

further before death, perhaps to the complicated form of 

the disease, and others who will show no further 

progression. 	Is there a difference in mortality 

experience between those who progress radiologically and 

thnsA whn An rnt? 

Does exposure to respirable coalmine dust reduce 

life expectation in the absence of radiological 

pneumoconiosis? 	Some 80 per cent of working coalminers in 

the age group 55-64 now show no radiological evidence of 

pneumoconiosis (National Coal Board, 1975). 	A quantitat- 

ive answer to the above question is of importance not only 

because of its relevance to the questions raised in section 

1.6, but also because it may indicate whether or not 

current hygiene standards for airborne dust underground 

are adequate. 

Given similar smoking habits, is lung cancer less 

likely to cause death among coalminers with pneumoconiosis 

than among those without the disease? Are regional 

variations in lung cancer mortality among coalminers 

related to the amount of dust exposure or to the composition 

of the dust? Theories about lung cancer among coalminers 

have been discussed above (section 1.2). 	It has been 

reported also that the remission rate after surgery for 

lung! 
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lung cancer is improved among miners with pneumoconiosis 

(Smith, 1959; 1971). 

(v) 	how do radiological signs of pneumoconiosis, levels 

of lung function, tobacco consumption and respiratory 

symptoms of chronic bronchitis affect coalminers' life 

expectation when cumulative exposure to airborne dust is 

treated as a concomitant variable? Following the work by 

Rae et al (1971) and Rogan et al (1973), which demonstrated 

the role of dust exposure in the development of respiratory 

symptoms and reduced lung function, it is of interest now 

to assess the relative contributions of smoking and dust 

exposure to mortality, particularly to deaths nttributed to 

bronchitis on death certificates. 

A multi-factor analysis of the kind implicit in the above 

question night permit an indirect examination of the 

suggestions by Campbell et al (1973) concerning the role 

of dust in the development of emphysema. Their hypothesis 

is, essentially, that airborne dust may damage the lungs 

in two ways. Either inhaled dust particles may accumulate 

in the lungs, leading to radiologically identifiable small 

rounded opacities diagnosable as simple pneumoconiosis. 

(It is known (Cochrane, 1962; McLintock et al, 1971) that 

the probability of developing P.M.F. increases sharply 

with increasing profusion of small rounded opacities, 

particularly!... 
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particularly that classified as category 2 simple 

pneumoconiosis.) 	Or inhaled dust may cause emphysema, 

which would not present as small rounded opacities but 

which would impair lung function and reduce life 

expectation. 	The suggestion was that Cochrane's (1973) 

failure to show a difference in mortality between men with 

and without single pneumoconiosis was due in part to the 

occurrence of dust-related emphysema among the group with 

no simple pneumoconiosis. To examine this suggestion (in 

the absence of post mortem evidence concerning the nature 

of any emphysema that may be present) it would be 

necessary to identify a sub-group of men who exhibit 

symptoms associated with emphysema (reduced lung function; 

breathlessness) but not those associated with chronic 

bronchitis (persistent cough and phlegm) and whose radio-

graphs show no small rounded opacities. The hypothesis 

then predicts firstly that the mortality experience in 

this sub-group should be more severe than that of men 

whose X-rays show small rounded opacities but no P.MIP., 

and who are free from symptoms of chronic bronchitis and 

emphysema. Moreover, if the former group are regarded as 

including men with dust induced emphysema, then the 

hypothesis predicts that a relationship between dust 

exposure and mortality should be more marked in the 

former group than in the latter group. 	Such an analysis 

would!... 
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would, of course, also have to take into account the 

smoking habits of the men concerned, since smoking is known 

to be a major cause of emphysema. 
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2. DUST EXPOSURE AND SIMPLE PNEUMOCONIOSIS 

2.1 	Introductory remarks 

This chapter is devoted to work occasioned by the need to 

introduce new standards for airborne dust in coal mines 

in 1970. 	Results from subsequent statistical analyses 

are recorded. 	Some of this material has been reported 

in the literature; such work is summarised in the 

following text, with frequent references to relevant 

papers which are appended to this thesis. 	Previously 

unpublished results are presented in greater detail in 

sections 2.5 and 2.6. 	Sections 2.8 and 2.9 describe two 

stochastic models of radiological progression. 	The 

adequacy of the models is examined in section 2.10. 

Results are discussed in section 2.11. 

2.2 	Background 

A quantitative correlation between the occurrence of 

radiological abnormalities and airborne coal mine dust 

concentrations was demonstrated by Briscoe and his 

colleagues in the volume by Bedford et al (1943). 

Table XL of that M.R.C. report (p. 86) gives the 

prevalence of X-ray abnormalities ("consolidation") in 

12 Welsh collieries, standardised by length of employ-

ment of the men surveyed, together with mean dust 

concentrations/. 
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concentrations in the collieries as estimated from 

sample surveys conducted during the period when the 

radiological examinations were made. 	It was on the basis 

of this evidence, and the associated information recorded 

by other M.R.C. workers, that soon after nationalisation 

the National Coal Board instituted the first airborne dust 

standards for British coal mines (National Coal Board, 

1949). 	Chamberlain et al (1971) have documented various 

changes in sampling procedures and regional variations in 

standards that occurred subsequently, but these were based 

on pragmatic considerations rather than on any new 

scientific data. 	In acknowledging this important advance 

for occupational hygiene standards, based on M.R.C. 

research, the following qualifications should be noted. 

(1) 	The results on which the standards were based came 

from surveys in the South Wales coalfields only. 

(ii) 	The radiological abnormalities used in the M.R.C. 

correlations were so-called "consolidations", that 

is, advanced stages of the disease which would be 

recognised now as complicated rather than simple 

pneumoconiosis. 	No results were published by 

M.R.C. workers at that time on a possible 

relationship between dust exposure and simple 

pneumoconiosis reticulation" in the nomenclature 

of Hart and Aslett, 1942). 

(iii)/.. 
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Briscoe and his colleagues 

(p. 

 93) commented on 

the difficulty in relating the medical findings, 

which reflected conditions of many 	preceding 

years, to dust measurements made at the time of 

the medical surveys. 

In their contribution to the report 

(p. 

 64) 

Bedford and Warner suggested that dust standards 

should be based on the mass concentration of dust 

not exceeding five microns in size, but they 

noted the practical difficulties in implementing 

such a standard because of the non-availability at 

that time of suitable measuring instruments. 

Their recommendations concerning standards were 

expressed therefore in terms of the number of 

particles per unit volure of sampled air as 

measured by the Thermal Precipitator. To derive 

these recommendations they used the correlations 

observed in their studies between such number count 

concentrations and mass concentrations. 	This was 

recognised, at best, as an approximation to the 

desired standards. 

Emphasising that their recommendations should be 

regarded as provisional standards and that they 

could not be considered to represent "safe working 

conditions", Bedford and Warner (p.  62 of the 

report!. 



- 34 - 

report) recorded specifically that "a clear and 

indisputable specification of such concentrations" 

(i.e., for safe working conditions) "cannot be made 

from the data at our disposal.' 

It was against this background of uncertainty that the 

Pneumoconiosis Field Research declared one of its primary 

aims: "to establish what environmental conditions should 

be maintained if mineworkers are not to be disabled by 

the dust they breathe." 	In the mid 601 s, when new 

developments in dust physics had reached a stage where 

gravimetric sampling instruments underground became a 

practical proposition (Dunmore et al, 1964) the problem 

of determining appropriate new gravimetric standards for 

airborne coalmine dust became urgent (Rogan et al, 1967). 

An interim study of Pneumoconiosis Field Research data was 

started. 

2.3 	Incidence of simple pneumoconiosis and mean dust 

concentrations at collieries 

Jacobsen et al (1970) recorded the design of the interim 

study, reported the main results and indicated how they 

had contributed to decisions on new dust standards which 

were Introduced in 1970. 	Jacobsen et al (1971) presented 

more details of data contributing to the study. 	Some 

iumerical inaccuracies in mean environmental results 

recorded!... 



- 35 - 

recorded in that paper (but not used for the correlation 

studies reported then) hatre been corrected recently by 

Walton et al (1976) 

The essence of the statistical analysis was to correlate 

incidence of the earliest signs of simple pneumoconiosis 

over a ten-year period among coal-face workers in 20 

P.F.R. collieries, with the mean of estimated mass 

concentrations relevant to the whole of the ten-year 

period. The mass concentrations were derived from 

measurements of particle-count concentrations at all 

sampled coal-faces in the collieries concerned. 	Although 

only 18 degrees of freedom were available, the correlation 

was statistically significant (r 	0.87). 	This was the 

result from an unweighted least-squares analysis of an 

angular transformation of the proportion of men develop-

ing category 0/1 or more simple preumoconiosis during a 

ten-year period (Jacobsen et al, 1971). 

The findings were used to determine the likely long-term 

impact of various possible dust standards on the 

incidence of more severe simple pneumoconiosis in all the 

British coalfields. 	Estimated probabilities of 

specified radiological changes at various dust concentrat-

ions were integrated numerically with respect to an 

observed distribution of mass concentrations at coal-

faces throughout the country, as determined in a 1967/68 

National!... 
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National Coal Board survey. 	Similar integrations were 

made for various hypothetical distributions of dust 

concentrations that would result from implementation of 

different standards. 	Thus the likely improvements 

associated with such standards were estimated. 	Details 

of the procedures and the results are recorded in a paper 

by Jacobsen (1972a). 

2.4 	Individuals' responses to dust exposure 

Subsequent analyses of the same data utilised information 

on the exposure of individual men in the collieries 

concerned (as opposed to the 20 mean dust concentrations 

used initially). 	Jacobsen (1913)  reported that maximum 

likelihood estimates of parameters in a logistic equation, 

derived from a regression of more than 1,000 individual 

responses to individual exposures, confirmed the basic 

relationships found earlier. 	Quantitative comparisons 

are made in that paper between the two sets of results. 

Walton et al (1976) report on some of a large number of 

further analyses in which results from 3,154 miners were 

used with the aim of studying possible effects that might 

be associated with the composition of the dust to which 

the men had been exposed. 	Walton and his colleagues 

expressed their results in terms of unweighted least-

squares estimates of parameters of various models in which 

the/ ...  
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the 3,154 binary responses (radiological change/no change) 

were regressed on linear functions of explanatory variables 

(Figure 2). 	Cox (1972) draws attention to difficulties in 

making valid inferences from such analyses. 	By definition, 

the conditions required for the application of normal theory 

to results from least squares analysis cannot hold in this 

situation, since the variance of the assumed binomial 

responses will be a function of the hypothesised explanatory 

variables. 	Moreover, interpretation of the importance of 

estimated parameters is difficult because the linear model 

is unlikoly to be valid for values of the regressor 

variables outside the observed range. 	Direct application 

of the least squares approach to binary responses is the 

basis for discriminant analysis.. 	Valid inferences from 

such analyses require also that the regressor variables are 

distributed normally - a demonstrably false assumption in 

the case under discussion, since distributions of cumulative 

dust exposures among randomly selected groups of coalminers 

are characteristically positively skewed. 	In any case, 

discriminant analysis is of little interest in the present 

situation, since the purpose of the study by Walton et al 

(1976) was to relate the probability of response to the 

regressor variables. 

Halperin et al (1971) compared estimated regression coef-

ficients in logistic equations derived from discriminant 

analyses with results based on maximum likelihood estimates 

of the same parameters. 	These authors showed that if the 

assumptions/... 
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FIGURE 2. 	Incidence of simple pneumoconiosis category 0/1 and higher 

over ten years, and dust exposures during the ten years 

(glum3); 3,154 coal miners. 

X Grouped data from Table 4 of Walton et al (1976). 

Fitted curves 

Ci) 3154 binary responses (y) regressed on individual dust exposures (e) 

and age (a);- unweighted least squares. 

() Logit (y) regressed on (e) and (a); - maximum likelihood. 

(iii) Logit (y) regressed on in(e) and (a); - maximum likelihood. 
(For the above illustrations age has been taken at the mean, 35.5  years.) 

Fitted equations (based on individual responses) 

y = -0.06923 + 0.001684(a) + 0.001203(e) 	 124.5 
Logit (y) = -4.5118 + 0.0249(a) + 0.0136(e) 	97.2 

Logit (y) = -9.3906  + 0.0279(a) + 1.3815 in(e) 	126.2 

with 2 d.f. under H0: no regression. For (i), (regression/residual) 

mean square = (4.035/0.0648) Fi315  'S +X2 . 	For (ii) and (iii), log 

likelihood under H0  = - 821.1. Maximum log likelihoods achieved were 

- 772.5 and - 758.0 respectively. 
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assumptions of normality are violated then the least 

squares estimates of the parameters are asymptotically 

biased. 	Nevertheless, Walton et al (1976) appealed to 

the obvious excellence of fit of their model to the 

observed data grouped according to convenient ranges of 

dust exposures (Figure 2). 	A simple straight line, 

estimated from a binary linear regression of invididual 

responses, clearly corresponded more closely to the grouped 

observations than maximum likelihood estimates of parameters 

in a logistic model. 	The logistic model appeared to demand 

an increasing positive slope at exposures higher than the 

mean of those observed; and the data did not support this 

prediction. 	However, it will be seen also from Figure 2 

that a logistic model, using tic logarithm of exposure as 

the dose metameter achieves an equally satisfactory fit of 

the data to a linear relationship between dose and response. 

Estimated parameters from the latter model (i.e., logits of 

individual responses regressed on log exposures) have the 

desirable properties described by Cox (1970): they are 

statistically "sufficient" statistics and are identical to 

those which would be obtained from legitimately applied 

normal theory to linear models. 

2.5 	Effect of previous dust exposure on the probability 

of subsequent radiological changes 

Table 2 shows the radiological progression observed in an 

approximately 10-year interval among 12,820 miners who 

attended at the initial medical surveys at 24 of the 

P.F.R./... 



Table 2 	Incidence over 10 years of pneumoconiosis (category 1 or higher) 

among 12,820*  men with no pneumoconiosis (category 0) initially 

Years in face or development work prior to first X-ray 

Dust exposure 10 10-20 20-30 30-40 
during 10 
years 	(gh/m )** N x x/N N x x/N N x ,x/N N x x/N 

(%) (%) (%) (%) 

less than 26 2992 52 1.7 489 29 5.9 389 26 6.7 187 21 11.2 

26-48 2063 46 2.2 778 68 8.7 581 84 14.5 202 41 20.3 

48-99 2153 99 4.6 1073 166 15.5 616 140 22.7 147 33 22.4 

99+ 656 72 11.0 319 65 20.4 139 25 18.0 34 14 41.2 

All 7864 269 3.4 2659 328 12.3 1725 275 15.9 570 109 19.1 

* 	Two men had previous exposures greater than 40 years. 	One of them ended the 10-year 
period with category 1 pneumoconiosis; the other remained at category 0. 

** 	Dust exposure units are gram-hours per cubic metre. 50 gh/m3  over 10 years is equivalent 
approximately to a mean concentration of 2.9 mg/m3  over 10 years. 

N = number of men in exposure group; x = number who developed pneumoconiosis (category 1 

or higher) over 10 years. 
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P.F.R. collieries. 	By definition, these men are part 

of a so-called "survivor population" numbering 14,889 

(see Figure 1) who were present at both the first and 

third surveys. 	The men concerned are those whose 

initial radiographs were classified as category 0 on the 

four-point I.L.O. scale. 	The radiological classifi- 

cations were made as follows. All X-rays taken at the 

first surveys were re-examined between five and ten years 

later by at least two doctors working independently. 	If 

their classifications agreed then this was accepted. 

Where there was disagreement the film was re-examined by 

both doctors in consort, and a classification was made on 

the basis of their joint assessment. 	Five doctors were 

involved in these so-called "definitive" classifications. 

Variability between doctors is described by Pay and 

Ashford (1960). 	Films produced ten years later in four 

of the collieries were classified similarly soon after 

the surveys were completed. The classifications of the 

third survey films from men at the other 20 collieries 

were assessments made at the time of survey, for clinical 

purposes, by any one of five doctors in the research 

team. 	The results shown in Table 2 are affected there- 

fore by temporal variations in film-reading habits of 

individual doctors, and to some extent also by variation 

in such habits beteen readers. 	Fay and Ashford (1960) 

and Jacobsen (1975a) have demonstrated that these effects 

are not unimportant. 

Nevertheless/ ... 
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Nevertheless, Table 2 shows clearly both the effects of 

measured dust exposures between surveys on the probability 

of radiological response, and the increase in such proba-

bilities with increasing years' prior exposure to a dusty 

environment. 	It has been suggested (Oldham, 1971; 

Rossiter, 1972) that the existence of the latter phenomenon 

suffices to explain the observed fact that men who exhibit 

some early radiological signs of pneumoconiosis are more 

likely to respond with further changes to a given dust dose 

than men without such radiological signs on their initial X- 

rays. 	It is of interest therefore to examine the prevalence 

(as opposed to the incidence) of simple pneumoconiosis in 

relation to estimates of cumulative exposures to dust 

throughout the working lives of the men concerned. 

2.6 	Prevalence of simple pneumoconiosis and dust exposure 

Rae et al (1971; Table 3) presented results from the P.F.R. 

relating prevalence of the earliest signs of the disease 

(category 0/1 or higher on the 12-point I.L.O. radio-

logical scale) to estimates of cumulative dust exposure 

throughout the men's working lives. 	These data are 

reproduced graphically now in Figure 3. 	The 3,379 men 

considered were a sub-group of the 4,122 10-year face-

worker "survivor population" described by Jacobsen et al 

(1970; 1971)!... 
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FIGURE 3. 	Prevalence of simple pneumoconiosis: category 0/1 and 

higher, and cumulative exposure to dust 

Ae-grous (years) at approximately ten years prior to X-ray: 

25-34 (715 men) 

35-44 (1335 men) 

(i) 	45-54 (1091 men) 

(iv) 	55-59 (238 men). 

(Data from Rae et al (1971), Table III). 
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(1970; 1971). 	The X-rays concerned were those taken at 

the third series of P.F.R. medical surveys, that is, 

approximately 10 years after the initial surveys. 	Each 

film had been classified for the interim study by eight 

doctors working independently, and the results of their 

classifications were averaged as described by Jacobsen 

et a]. (1971). 	Jacobsen (1975a) discusses the rationale 

for this procedure. 

Rae et al (1971) estimated each man's cumulative exposure 

to respirable dust by adding the dust exposure measured 

during the (approximately ten-year) period from the start 

of the study to the third surveys, to an estimate of 

exposure prior to the study. 	The latter figure was 

calculated as the product of the mean annual exposure 

during the five-year interval between the first and 

second surveys, and the number of years spent in "hazardous" 

occupations prior to the first surveys. 	(That information 

had been obtained by interview at the surveys; 'hazardous" 

occupations in this context referred to work at the coal-

face or underground development work at any colliery). 

In Figure 3, the correlation between cumulative dust 

exposure and prevalence is evident for each age-group. 

However it is clear also that the index of dust exposure 

defined is not the sole factor determining prevalence; 

there appears to be an additional, independent effect 

associated!... 
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Table 3 	
Distribution of pneumoconiosis categories for 12019 miners from 24 collieries at the 

first P.F.R. surveys, by estimated dust exposure from starting work to time of survey 

DUST EXPOSURE (gh/m3) 

RANGE 	<10 	-19 	-39 	-59 	-79 	-99 	-124 	
-149 	-199 	-249 	250+ 

MEAN 	 1.9 	14.8 	29.7 	49.7 	70.1 	89.7 	112.2 	137.4 	
173.9 	223.9 	309.3 

897 744 748 624 842 403 441 

93 140 193 .162 298 220 231 

16 41 51 85 129 107 138 

3 6 10 9 24 13 27 

2 13 26 25 60 59 58 

4 9 11 3 27 20 39 

1 2 0 2 3 9 10 

1016 955 1039 910 1383 831 944 

PERCENT 
PREVALENCE *  0.3 	0.3 	1.1 	3.7 	11.7 	22.1 	28.0 	31.4 	

39.1 	51.5 	53.3 

* Category 1 or more 
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associated with age. 	Possible interpretations of this 

finding are discussed in section 2.11.2. 

More numerous P.P.R. data are available. 	Table 3 shows 

the radiological state at the first P.F.R. surveys in 

relation to estimates of prior dust exposures based on 

the information obtained at interviews. 	The radio- 

logical data are not as sophisticated as those used by 

Rae et al (1971); they are first survey "definitive" 

classifications on the four-point scale of simple 

pneumoconiosis, determined in the manner described above. 

The formula used for estimating exposures prior to the 

first surveys also differs from that used by Rae et al 

(1971). 

Exposure data contributing to Table 3 were calculated as 

follows. 	The number of years spent in any one of six 

categories of coalmining activities were extracted for 

each man from the records of the interviews on industrial 

history. 	The categories were (i) development in stone; 

(ii) development in coal; (iii) coal-face coalgetting; 

(iv) coal-face, non-coalgetting; (v) elsewhere under- 

ground; (vi) surface. 	These times (in years and 

fractions of years) were multiplied by the mean 

concentration (mg/m3) for the appropriate occupational 

groups sampled during the first ten years of the 

research. 	The products (g years/rn3) were summed and 

divided/... 
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divided by a constant (1740) to obtain the estimated 

exposure in terms of gh/m3. 	(It has been estimated 

that on average the coalminers concerned worked 

approximately 1740 hours per year in the 1950's). 	The 

formula used by Rae et al (1971) is thought to have 

provided a sensible estimate of previous exposure for 

the men included in their particular sample (a survivor 

population of face-workers during the first ten years of 

the study). 	The method described now as relevant to 

Table 3 has been used by Jacobsen et al (1976) and is 

thought to provide more realistic estimates of exposures 

for the miners studied in general (that is, including 

those who were no longer employed at the collieries 

concerned at the time of the second and subsequent radio- 

logical surveys). 	It must be emphasised however that the 

reliability of dose estimates from epidemiological surveys 

can never be equated with that expected from laboratory 

studies (Jacobsen, 1972b). 	The validity of the exposure 

data used here is discussed further in section 2.11.3.1. 

The 12,109 men contributing to Table 3 are a sub-group 

from 17,785 miners constituting the sample whose mortality 

experience is the subject of later chapters. 	That sample 

was biased deliberately to include a greater proportion 

of men with pneumoconiosis than was found at the first 

P.F.R. surveys. 	The prevalence levels in Table 3 there- 

fore do not correspond to those reported by Hicks et al 

(1961); moreover, results from this sample will also 

generate!... 



PREVAlENCE (%) 

50 	100 	150 	2W 
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FIGURE 4. 	Prevalence of pneumoconiosis: category 1 and higher, 

and mean cumulative dust exposures from start of work 

in the industry to time of X-ray 

)( 	Grouped data: 12,109 men; Table 3. 

® 	Grouped data; approximately 5 years after(1)for 11,799 of 

the same men. 

Fitted curve to earlier data ()() by weighted least squares, using 

empirical logistic transform. 

Fitted e1atiOfl 

z = in (- 
	

= a + a1in), where 

n = number of men in group, 

y = number of men with pneumoconiosis in group, 

x = cumulative dust exposure up to earlier survey (gh/m3), 

a0  = —7.9713, 

a1  = 1.4521 
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generate a biased estimate of the shape of any underlying 

relationship between dust exposure and pneumoconiosis 

prevalence. 

The sub-group (12,109 men) were selected by applying the 

following constraints: their vital status at 31.7.72 was 

known; some exposure data were available for at least 

the first inter-survey interval; records of previous 

industrial history were available and had not been 

classified as 'unreliable" by the fieldworkers who had 

conducted the interviews. 

Table 3 is arranged according to convenient ranges of 

estimated cumulative dust exposures up to the time of 

the first survey. 	The proportion of men whose X-rays 

were classified as other than category 0 is shown as a 

function of the relevant mean dust exposure in Figure 4. 

Also shown in Figure 4 is the prevalence of pneumoconiosis 

among 11,799 of the same men, as determined from X-rays 

taken approximately five years later, at the second 

series of surveys. 	These later radiological results 

are shown in relation to the sums of estimated exposures 

prior to the first survey and the measured exposures 

between the first and second surveys. 	Both sets of 

data recorded in Figure 4 seem to reflect the same 

underlying dose-response relationship. 
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2.7 	Assumptions and approximations 

In the work reported by Jacobsen et al (1970; 1971) a 

number of assumptions were made. 	They were dictated 

largely by the form of the data available at the time that 

interim results were required urgently to guide decisions 

on hygiene standards for coalmines. 	The assumptions can 

be classified into two types. 	Firstly, the application 

of research results to estimate consequences of implementing 

different possible standards required assumptions about the 

likely future distributions of dust concentrations in 

British collieries as a whole. 	Data relevant to this 

question have been reported by Chamberlain et al (1971), and 

the effects of possible deviations from the assumptions made 

are discussed quRntitatively by Jacobsen (1972a). 	Secondly, 

there were assumptions made in the statistical analysis of 

the research data themselves. 

Jacobsen (1972b) considers general problems of methodology 

and statistical inference in an epideniologica]. setting. 	It 

is argued in that paper that usually it is not easy to verify 

that epidemiological data conform with conventional assump-

tions that may be made in their statistical analysis. 

Attention is drawn to the fact that survey data particularly 

those restricted to a survivor population, cannot be regarded 

as a strictly random sample from the population of interest. 

Other difficulties are illustrated by a review of three 

epidemiological studies of the pneumoconioses. 
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Two later papers deal specifically with effects of approxima- 

tions made in some analysis of P.F.R. data. 	Jacobsen (1975a) 

reviews critically various approaches to analysing radiological 

data. 	Variability between film-readers in their X-ray classi- 

fications is considered in detail. 	A numerical example is 

quoted which demonstrates that the slope of a fitted dose-

response curve based on averages of readers' classifications 

(the approach used by Jacobsen et al, 1971) was similar to that 

obtained from pooled data in a more rigorous covariance analysis 

of readers' individual results. 	Jacobsen (1975b) shows further 

that the exposure variable used in the early analyses (the mean 

of dust concentrations at all coalfaces sampled in a colliery 

during a ten-year period) was highly correlated with the mean of 

exposuresactually experienced by individuals working in these 

collieries. 	However, it is shown also that the use of colliery 

mean data for the regression studies gave higher estimates of 

probabilities of radiological change at high dust concentrations 

than were obtained subsequently by the analysis of individual 

responses and exposures. 	Walton et al (1976) affirm the exist- 

ence of as yet unidentified variables associated with different 

collieries which influence the probability of radiological 

change in an important and statistically significant manner. 

Some of the differences between estimated dust-dose related 

probabilities using colliery mean and individual exposure data 

must be attributable to the existence of these colliery-

associated factors. 

2.8 	Temporal extrapolation of radiological results 

The results presented by Jacobsen et al (1971) were 

based!... 
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based on a 10-year period of observation, between the 

first and third medical surveys of the P.F.R. 	More than 

70 per cent of the 4,122 men studied started and ended 

that period with no signs of pneumoconiosis on their X-

ray whatsoever (category 0/- or 0/0 on the 12-point 

radiological scale). 	Only 271 men ended the period with 

radiological abnormalities of a kind usually regarded by 

the Department of Health and Social Security as meriting 

consideration for compensation purposes (category 2/1 or 

higher on the scale). 	This degree of disease severity 

is associated with greatly increased risks of developing 

P.M.F. (Cochrane, 1962; McLintock et al, 1971) and was 

therefore of particular interest to those responsible for 

decisions on dust standards. 	Moreover, it was desired 

also to estimate the likely consequences of exposure to 

particular dust concentrations over periods longer than 

10 years. 	The problem was to extrapolate observed 

radiological progression, as measured on a 12-point 

ordinal scale over 10 years, to estimates of probabili-

ties of radiological progression over a period corres-

ponding approximately to a miner's working life at the 

coalface (35 years). 

The approach used by Jacobsen et al (1970; 1971) was to 

assume that, given particular dust conditions, radio-

logical change can be represented as a simple Markov 

process!... 
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process in discrete time units. 	The radiological changes 

are regarded as multinominal events occurring in successive 

time intervals. 	They are assumed to be dependent on the 

initial radiological state and the dust exposure during 

the interval concerned; but they are assumed to be 

independent of events occurring in preceding intervals. 

Thus, if Arp  represents a radiological transition 

probabi1ity,  matrix over a period p at a dust concentration r, 

then the probabilities of radiological changes occurring 

during whole number multiples of p were taken to be 

r,(n+l)p n 	r,p 	, 	(n = 0,1,...) 	(1) 

In practice, there were available observed 10-year transit-

ion matrices of the form arlO' for various values of r, r 

being the mean dust concentration measured in 20 collieries 

during the relevant 10-year periods. 	Estimates of A r,35 

were obtained as 

r,35 

where J was defined by h2 = r,10 

It was recognised that use of model (1) was only a first 

approximation. 	Kostal (1969; 1970) argued that the 

development of pneumoconiosis cannot be represented by a 

simple Markov chain. 	This conclusion was based on the 

analysis of a mathematical model which postulated "quasi-

stationary" environmental conditions, that is, no 

important/... 
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important variation in exposure levels with time. 	Model (1) 

is more realistic in this respect since at least it represents 

probabilities of radiological change as dependent on the dust 

exposure experienced during the time interval following the 

observation defining the initial state. 	Jacobsen (1975b) 

formulated his critique of (1) as follows. 	Radiological 

transitions during one period were unlikely to be independent 

of whether or not earlier transitions have occurred for at 

least two reasons, even when the events related to identical 

dust exposures for individuals during each of the intervals in 

question. 	On the one hand, dust accumulated but not detected 

radiologically during one period would make it more likely that 

radiological changes will be seen during a subsequent period. 

Presumably the results in Table 2 are, to some extent at least, 

a reflection of this effect. 	On the other hand it may be 

that some individuals are more susceptible to the effects of 

dust than others. 	Less susceptible individuals would 

constitute a higher proportion of the group 'rat risk' during 

a second time period than in a preceding period. 	In 

consequence, the probability that radiological changes occur 

among the risk-group as a whole would tend to be lower for 

the second period. 

Despite these objections the use of (1) was rationalised by 

Jacobsen (1970) as follows. 	The data had shown sub- 

stantially higher probabilities of radiological change over 

the observed ten-year period for men who began the period 

with early signs of radiological abnormalities (see 

for instance Figure 4 in Jacobsen et al 1971). 

It!... 



It was assumed that this reflected the combined effects 

of the two tendencies discussed above. 	Given then that 

the data were known to cover a wide range of exposures 

prior to the initial survey, and that there was no reason 

to suppose that the sample of men being considered was 

biassed with respect to the hypothetical susceptibility 

factor, it was thought likely that a simple Harkov model 

would yield reasonable estimates of the probabilities 

required. 	It was acknowledged however that calculations 

from the data using (1) would tend to overestimate 

probabilities of radiological change for men with 

negligible previous exposure to dust (Jacobsen, 1972a). 

(Prom the occupational hygiene point of view this implied 

that estimated effects of implementing standards tended 

to err on the safe side). 

2.9 	A modified Markov model 

A more realistic model of radiological progression would 

be one that represented the transition probability as 

dependent not only on the initial state and the sub-

sequent dust exposure but as dependent also on the dust-

dose experienced prior to the determination of the 

initial state. 	Inclusion of the latter variable in the 

model would tend to reflect the effects of both factors 

discussed above, as follows. 	Certainly, the amount of 

non,... 
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non-detected dust accumulated in the lung would be 

correlated with previous exposure. 	Variations in 

individual susceptibility would result in different 

responses to such prior dust exposures, and these in 

turn would be reflected in varying initial states, a 

factor already incorporated in the model. 

Jacobsen (1975b) has reported some results using such a 

modified Markov model, in which the dust-dose prior to 

the initial state was approximated by the number of 

years' prior exposure to dust. 	The modified model can 

be written as 

r, (n+l)p mp 

np 

rr.. 
i=mp r,p 1. (2) 

where the left-hand side of (2) is the transition matrix 

over (n+l)p time units at exposure r, given mp time units 

prior exposure to r (m = 0,1...n). 

A numerical example comparing extrapolations using models 

(1) and (2) is given by Jacobsen (1975b), with p = 10 

years, n = 2, m = 0 and 4.0 mg/m3 rK4.5 mg/rn3. 	Ten 

of the 15 estimated probabilities of radiological change 

were higher using (1). 	Only one of the five estimated 

probabilities of no change were lower using (1); 

(Table 4 in Jacobsen, 19751)). 	That is, the modified 

model tended to produce lower estimate of 

probabilities/... 
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probabilities of radiological change than (1). 	A 

result of particular interest was the estimated 

probability over 30 years of developing category 2/1 or 

higher simple pneumoconiosis, given category 0/- or 0/0 

as the initial state. 	Current British coalmine dust 

standards imply that no miner entering the industry since 

1970 will be exposed to a life-time mean dust concentrat- 

ion higher than 4.3 mg/rn3. 	At this concentration the 

two models gave virtually the same estimates of the 

probability of interest (0.0496 from (1) and 0.0493 from 

(2)). 

2.10 Testing the models 

A test of the adequacy of both models can be made by 

comparing predictions from (1) and (2) with observed 

results over the extrapolated interval. 	This is 

attempted now using data from two consecutive intervals 

of approximately Live years each. 

2.10.1 Data 

Results contributing to the following analyses are again 

from a sub-group of the 14,889 men who attended at the 

first and third P.F.R. surveys (Figure 1). 	The radio- 

logical classifications used are the definitive" and 

clinical readings described earlier in section 2.5, and 

the/... 



Table 4 	Distribution of 13,809 men who attended at each of three successive P.F.R. surveys, 

by years' exposure prior to first survey, and ranges of individually experienced mean 

dust concentrations during two successive inter-survey periods (Mean ages in brackets) 

DUST 

CONCENTRATION 

RANGE 

(mg/rn3) 

'4 

PREVIOUS INDUSTRIAL EXPOSURE 

S to 10 years 10 years or more 

-8 8 <4 -8 

1223 	188 	1 
	

3910 	354 	3 

(36.8) (32.0) (28.0) 
	

(43.4) (38.0) (38 .0) 

Less than 5 years 

-8 	>8 

4833 	465 	7 

(34.5) (22.3) (16.7) 

sm 

>8 

	

132 	368 	37 

(27.6) (24.8) (23.8) 

	

27 	96 	36 

(26.0) (24.1) (23.6) 

	

133 	281 	16 

(34.5) (32.0) (31.3) 

	

22 	66 	34 

(31.6) (31.0) (31.8) 

	

527 	754 	42 

(42.1) (39.4) (37.5) 

	

47 	165 	42 

(41.5) (3.6) (38.2) 

= Inter-survey period 
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the same caveats made there concerning variability in 

these measurements.apply now. 

Men were not included in the analyses if any of the three 

X-rays concerned had been classified as showing P.M.F. or 

doubtful shadows possibly indicative of P.M.F. or other 

non-pneumoconiotic abnormality or rheumatoid lung. 

There remained 13,8,09 menwho had attended at all three 

surveys whose radiographs had been classified, whose 

previous industrial history had been recorded, and whose 

inter-survey exposures to dust had been measured and 

calculated. 	Each inter-survey dust exposure was divided 

by the number of hours contributing to the exposure 

calculation to give a mean dust concentration experienced 

by the individual concerned during each of the approxi-

mately five-year intervals between surveys. Table 4 

shows the distribution of these individually experienced 

mean dust concentrations in three groups according to the 

number of years' xlork in dusty conditions prior to the 

first surveys. 

Attention was focussed on the 11,481 men whose moan dust 

exposures fell into the same range at both successive 

inter-survey periods. Matrices of observed radio-

logical changes for those men, over two five-year and one 

ten-year period, are shown in Tables 5a-c. 



SURVEY 3 

2965 	205 19 1 
115 	262 107 5 

31 129 40 
8 23 

SURVEY 3 

3024 	311 54 5 
54 	166 123 8 
2 	21 80 41 

6 15 

SURVEY 3 

462 64 5 
34 81 44 1 

7 41 9 
1 5 

SURVEY 3 

470 85 23 
26 63 39 2 

4 26 8 
3 5 

SURVEY 3 

16 	6 
9 4 

6 	1 

SURVEY 3 

15 	11 4 
1 	3 6 	1 

1 

0 
1 
2 
3 

0 
1 
2 
3 

Table Sc 	INDUSTRIAL EXPOSURE PRIOR TO FIRST SURVEY: 10 YEARS OR MORE 

INTER-SURVEY DUST EXPOSURE RANGE (ing/m3) 

less than or 4-8 
or equal to 4 

CATEGORY --4 0 1 	2 3 0 	1 2 	3 	0 

SURVEY 2 SURVEY 2 

0 3122 257 	15 3 509 	64 5 	 20 
1 67 204 	77 15 22 	87 21 	 2 
2 1 27 	101 13 9 28 	1 
3 1 	7 3 	5 

greater 
than 8 
1 2 3 

SURVEY 2 

8 	2 
4 5 
1 



Table Sb 	INDUSTRIAL EXPOSURE PRIOR TO FIRST SURVEY: 5-10 YEARS 

CATEGORY '- 

'-I 

> 
2 
3 

U) 

INTER-SURVEY DUST EXPOSURE RANGE (mg/rn3) 

less than or 	 4-8 	 greater 
equal to 4 	 than 8 
0 1 2 3 	0 1 2 3 0 1 2 3 

SURVEY 2 	 SURVEY 2 	 SURVEY 2 

	

1161 24 1 	 251 15 3 	24 5 1 

	

3 24 6 	 3 6 3 	 2 2 
1 3 

SURVEY 3 

1121 38 5 
12 30 7 

4 5 1 

SURVEY 3 

232 17 5 
2 13 6 

2 3 1 

SURVEY 3 

19 3 2 
4 3 
1 1 1 

0 

3 
U) 

SURVEY 3 

1127 52 7 
6 18 9 

2 1 1 

SURVEY 3 

233 27 8 
1 5 6 

SURVEY 3 

19 7 4 
1 	2 



Table 5a INDUSTRIAL EXPOSURE PRIOR TO FIRST SURVEY: LESS THAN 5 YEARS 

CATEGORY -4 

St1. 

>-, 1 F.L 

3 
Cl) 

INTER-SURVEY DUST EXPOSURE RANGE (mg/rn3) 

less than or 	 4-8 	 greater 
equal to 4 	 than 8 
0 1 2 3 	0 1 2 3 0 1 2 3 

SURVEY 2 	 - 	SURVEY 2 	 SURVEY 2 

	

4772 30 	 360 1 	 34 1 1 

7 17 4 	 3 3 

	

1 	 1 
2 

SURVEY 3 

	

4721 	55 	3 

	

12 	28 	8 
2 2 

1 

SURVEY 3 

353 10 
1 	2 

1 

SURVEY 3 

26 6 2 
1 
1 

,-4 	0 

SURVEY 3 

4729 67 6 
4 18 6 

1 
1 

SURVEY 3 

351 10 
3 2 1 

1 

SURVEY 3 

26 6 4 

 



Table S 

Radiological transitions (simple pneumoconiosis) 

over two consecutive periods (5 years each) and 

over both (lO years); by period of dust 

exposure prior to the initial survey and inter-

survey exposure range; 11,481 miners from 24 

collieries; 

exposure prior to first survey: less than 5 years; 

exposure prior to first survey: 5-10 years; 

C. exposure prior to firs. survey: 10 years or more. 
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2.10.2 Notation 

Let lirSt be the observed (4 x 4) matrix of radiological 

changes corresponding to dust concentration group r, 

exposure prior to first survey s, and inter-survey period 

t. 

(1 for concentrations less than or equal to 4 mg/rn3; 

) 2 for concentrations greater than 4 but less than 
r1 	 3 or equal to 8 mg/rn 

3 for concentrations greater than 8 mg/m3. 

1 for less than 5 years' exposure prior to first 
survey; 

S 	-,' 2  for at least 5 but less than 10 years' exposure 

prior to first survey; 

3 for 10 or more years' prior exposure. 

for first inter-survey period; 
t= 4 

L2 for second inter-survey period. 

Put 
3 

' 

	

Zr i 	rsi  

M N +N —r2 —r'l r12' 

	

r3 	N3i + Nr22• 

r1 contains the pooled results from the first inter-survey 

periods with no account taken of variations in durations of 

prior exposures. Mr2  and  Mr3 represent the maximum data 

available relevant to conditions defined by s 	2 and s 	3 

respectively!... 
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respectively. 

Let Xrst  be the upper-triangular transition matrix corres-

ponding to Airst  with 

¶0 for j<i 

xij 	 for j>i 

	

(ci - 	for j 
	

(i,j = 0,1,2,3). 

Define 1ru  similarly as the transition matrix corresponding 

to Mru  (u 	1,2,3). 

2.10.3 Predictions 

According to model (1) an estimate of the transition probabil-

ity matrix over 10 years corresponding to dust concentration 

conditions r is given by (Xri)2• 	This is equivalent to the 

approach used by Jacobsen et al (1970; 1971) and leads to a 

predicted distribution of pneumoconiosis after 10 years 

1rrl' 
	 (3) 

where the initial distribution, V 
rp  is the vector of row 

totals of 	Model (1) permits also predictions specific 

to sub-groups characterised by particular periods of prior 

exposure s, by 

	

s r 2, 
	 (4) 

where! 
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where the V rs  are vectors of row totals from N —rsl . 	The —  
sum, over s of (4) corresponds to a further prediction of 

the pneumoconiosis distribution after 10 years for the whole 

group contributing to 

Model (2) offers three ways of estimating transition 

matrices relevant to 10-year periods at dust concentrations 

r. 	The first, based on independent sub-groups, are of the 

form 

Xri1.r(i+1)l 	Ci = 1,2). 	 (5) 

The second utilises data from homogeneous sub-groups defined 

by their exposure prior to the initial survey, and are of 

the form 

Xrilri9 	(i = 1,2,3). 	 (6) 

The third is based on the maximum available data, yielding 

estimates of transition matrices of the form 

x y —ri 1 —r 2 

42Xr3 
 A r 	 (7) 

43432" 

for s 	1, 2 and 3 respectively. 

Pre-multiplication of (5), (6) and (7) by VTt  in each case 

yields corresponding predictions of pneumoconiosis 

distributions after 10 years. 



Model (l)* 

(3) 

	

61 	63.30 

	

29 	23.11 

	

20 	25.59 

	

3**2 	0 

)D.F. 
26 
6 
4 

D.F. 
19 

16 
15 
10 

	

1 	2 

64.59 
22.44 
24.98 
0 

13.93 
(6) 

32.08 
1.96 
1.96 
0 

11.60 
(3) 

19.20 
7.51 
7.29 
0 

0.05 

13.31 (2) 
12.97 
15.73 
0 

2.28 
(2) 

2.09 
(2) 

27.19 
6.18 
2.63 
0 

0.77 
(2) 

15.98 
10.23 
7.79 
0 

Table 6 	Observed and predicted distributions of pneumoconiosis after 10 years; 

c. at mean concentrations greater than 8 mg/ 6 ; (r = 3) 

OBSERVED 
	

PREDICTED 

CATEGORY 

All prior 	 0 
exposure 	 1 
periods pooled 	2 

3 

years' prior 	0 
exposure: 	 1 
- less than 5 	2 
(s=l) 	 3 

- at least 5, 	0 
but less than 	1 
10 (s = 2) 	2 

3 

10 or more 	0 
1 
2 
3 

* 

** 	See footnotes to Table 6a 

Model 	(2) 

(6) (7) 

59.54 59.21 
28.13 29.17 
22.19 21.30 
2.15 2.32 
()58 (3)0O 

26.00 26.54 
5.98 6.25 
4.02 3.21 
0 0 

0.00 0.22 
(2) (2) 

19.01 16.92 
7.00 8.54 
6.99 7.59 
1.00 0.95 

0.28 0.63 

14.53 15.75 
15.15 14.38 
11.18 10.50 
1.15 1.37 

0.29 0.15 
(3) (3) 



CATEGORY 

All prior 
exposure 
periods pooled 

years' prior 
exposure: 

- less than 5 
(s = 1) 

- at least 5, 
but less than 
10 (s = 2) 

- 10 or more 

0 
1 
2 
3 

0 
1. 

0 
1 
2 
3 

0 
1 
2 
3 

(6) 

1021.50 
235 .39 
124.10 
22.02 

17.76 
(9) 

349.84 
15.39 
1.77 
1.00 

1.13 

229 
34.00 
16.87 
1.00 

0.71 
(3) 

442.52 
186.00 
105.46 
20.02 

15.92 
(3) 

(7) 

1020.66 
240.22 
119.73 
22.39 

21.88 
(8) 

343.72 
19.71 
3.57 
1.00 

5.17 

228. 
41.14 
10.77 
0.20 

3.63 
 

448.05 
179.37 
105.39 
21.19 

13.08 
 

Table 6 	 Observed and predicted distributions of pneumoconiosis after 10 years; 

b. at mean concentrations greater than 4 but less than or equal to 8 mg/rn3; Cr = 2) 

OBSERVED PREDICTED 

Model 

(3) 

(1)* 	 Model 	(2 

(4) 	
F(s) 

1084 1038.07 1040.60 
196 244.65 241.78 
106 109.43 109.99 
17 	2  10.84 10.63 

15.31 	22.18 
D.F. (3) (7) 

354 358.84 	335.80 
12 8.16 	25.47 
1 1.00 	 6.73 
1 0 	 0 XL 

234 D.F. 
32 
14 
1 	2 

F . 
496 
152 
91 
15 

D F. 

2.87 

234.16(2)  
32.10 
14.74 
0 

0.005 
 

447.60 
201.52 
94.25 
10.63 

19.31 
 

11.43 
220.86(2 ) 
48.02 
11.96 
0.15 

6.82 
(2) 

* 
** 	See footnotes to Table 6a 



CATEGORY 

0 
1 
2 
3 

D.F. 

o 	4733 
1 	85 
2 	14 
3 	 1 

0 	1133 
1 	72 
2 	17 
3 	 1 

All prior 
exposure 
periods pooled 

years' prior 
exposure: 

- less than 5 
(s = 1) 

- at least 5, 
but less than 
10 (s = 2) 

(3) 

	

8946 	8736.75 

	

655 	792.83 

	

294 	366.86 
71**2 	

69.56 
43.47 

D.F. 	(3) 

Table 6 	Observed and predicted distributions of pneumoconiosis after 10 years; 

a. 	at mean concentrations less than or equal to 4mg/rn3; (r = 1) 

OBSERVED 	 PREDICTED 

Model (l)* 	 H 	
Model (2) 

(6) 	 (7) 

- 10 or more 3080 
498 
263 
69 

D.F. 

(4) 

8753.94 
784 .24 
359.11 
68.72 

64.40 
(8) 

4744.55 
73.90 
12.56 
2.00 

2.36 

1136 
64.71 
21 .58 
0 

1.43 
2872.68(2)  

645.63 
324.97 

.72 
60.61 
(3)  

(5)  

4672.95 
138.66 
19.39 
2.00 

23.54 

1068. 
127.39 
25.78 
1.62 

31.24 
(3)  

8737.95 
785-90 
350.71 
91.44 

47.42 
(9) 

4715.91 
96.49 
18.60 
2.00 

3.07 

1118.13 
81.78 
21.97 
1.12 

2.50 

2903.91 
607.63 
310.14 
88.32 

41.85 
(3) 

8733.70 
799.07 
342 .75 
90.47 

50.33 
(9) 

4706.36 
105.72 
18.91 
2.00 

5.99 

1088 
109.41 
23.41 
1.47 

16.50 

2938.63 ( 3) 
583.94 
300.43 
87.00 

27.84 
(3) 

0 
1 

.F. 
Numbers in brackets refer to definitions in text. 

All values of %.2  are uncorrected for continuity, D.F. = degrees of freedom. 

* 

** 
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2.10.4 Results 

The predictions are compared with the observed distributions 

at the third surveys in Tables 6a, b and c. 	The magnitudes 

of the 2  statistics in the Tables are related inversely to the 

plausibility that the model concerned describes the data. 

For 3 degrees of freedom, values of the statistic less than 

6.25 can be regarded as indicating reasonably good agreement 

between the model and reality. 	This implies an (arbitary) 

election of a 10% significance level to determine important 

discrepancies between observed results and those predicted 

by the models. 	For 9 degrees of freedom values of 

greater than or equal to 14.68 are significant at this level. 

For 2 degrees of freedom the 10% significance level is 

reached for values of the test-statistic greater than or 

equal to 4.60. 

At dust concentrations less than or equal to 8 mg/m3  

(Tables 6a and b) model (1) overestimates probabilities of 

radiological progression. 	In both cases this is due to 

overestimating progression to categories 1 and 2 for men 

with ten years or more prior exposure. 	The predictions 

from (4) for men with less than 10 years' prior exposure 

agree well with the observed results. 

At concentrations higher than 8 mg/m3  (Table Gc) use of 

(3), with only 2 degrees of freedom and relatively small 

numbers, appears to fit the observations. 	However, it 

is/... 



is clear from the analysis of (4) that this result is due 

to some cancellation of errors: for men with less than 

five years' exposure prior to the initial survey, (4) 

predicts only four men in categories 1 and 2 compared with 

10 observed. 	All calculations based on (2) in Table 6c 

correct this underestimate of progression; all of them 

predict distributions close to those observed. 

The effectiveness of (2) for concentrations less than or 

equal to 8 mg/rn (Tables 6a and b) is variable, depending 

again on exposure prior to first survey and on the method 

used to apply the model. 	All serious discrepancies 

involve overestimates of the numbers likely to have 

pneumoconiosis at the end of the 10-year period. 	Again, 

this is due essentially to inflated predictions of 

pneumoconiosis for men with 10 years or more prior exposure. 

For model (2), application of (6) gives, in general, better 

predictions than the alternatives (5) or (7). 	That is to 

say, calculations based on data from one particular group 

of men alone predict subsequent radiological changes in 

that group more accurately than calculations using 

independent estimates of transitions in the second period 

(5), or those based on larger numbers (7). 

The results are summarised further in Table 7 where the 

various predictions of numbers expected to end the period 

in category 2 or 3 are compared. 	The major discrepancies 

are/... 



Table 7 Observed and predicted numbers with pneumoconiosis categories 2 or 3 

after 10 years ; 	by dust concentration group and prior exposure group 

*(Numbers in brackets refer to models defined in text) 

EXPOSURE DUST OBSERVED PREDICTED 
PRIOR TO 

FIRST SURVEY 
CONCENTRATION 

GROUP F-  

(1) *__ 

FAs)(6) 

2 

GROUP (3) (4) (7) 

All Low 365 436 428 44? 433 

Medium 123 120 121 146 142 

High 22 26 25 24 24 

Less than Low 15 15 21 21 21 
5 years Medium 2 1 7 

High 4 2 3 

Between 5 Low .18 22 27 23 25 
and 10 years Medium 15 15 12 18 11 

. High 7 7 8 8 9 

10 years or Low 332 392 398 387 
more Medium 106 105 125 127 

High 11 16 12 12 



MIM 

are seen clearly to be overestimates of pneurnoconiosis 

among men with the longest industrial histories who 

experience the lowest dust concentrations during the ten 

years (s 	3, r 	1). 	Combination of results from all 

three previous history groups shows that there is little 

to choose between (1) and (2) in the lowest and highest 

dust concentration ranges, but that predictions based on 

(1) are more realistic than those based on (2) in the 

concentration range 4 to 8 mg/rn3. 

2.11 	Discussion 

2.11.1 	poaches _to analysingradiol2cal data 

There are differing views on how best to express radio-

logical results for statistical analysis, particularly for 

the study of dose--response relationships. 	OlJham (1971) 

advocates the derivation of scores from the observed 

classifications into categories. 	The scores are to be 

interpreted as a numerical measure of the amount of 

pneumoconiosis on a chest radiograph. 	Oldham shows how a 

particular transformation of observed distributions of 

classifications to categories can produce scores which 

often appear to have the properties of normally distributed 

variables. 	The empirically derived transformation is a 

function of an assumed constant ratio between the amount of 

pneumoconiosis covered by categories 2 and 1 on the 

normalised/ ... 



normalised scale. 	Jacobsen (1975a) shows that this ratio 

is not constant, neither in theory nor practice. 	It varies 

in a marked manner depending on differences between readers 

in their conceptions of the amount of pneumoconiosis 

associated with the categories, and depending on the 

observed distribution of classifications in a particular 

data set. 

The approach used for the analyses reported in this chapter 

avoids some of the difficulties associated with the use of 

radiological scores by confining attention to observed 

proportions of men whose X-rays are classified into 

particular categories. 	Figure 2, for instance, shows 

as ordinate the proportion of men with X-rays classified 

into category 0/1 or higher at the end of a ten-year period, 

among those with X-rays classified initially as category 0/- 

or 0/0. 	Oldham (1971) notes that substantial amounts of 

radiological progression included within the initial category 

may be undetected; "only the most heavily exposed or 

the most susceptible" would exhibit recognisable radio- 

logical changes. 	All three models illustrated in Figure 2 

include age as a (statistically significant) explanatory 

variable in the relevant equations. This variable may be 

regarded, in the present case, as correlated at least 

roughly with the amount of dust exposure experienced prior 

to the initial X-ray. 	It would therefore be expected to 

reflect partially the (unknown and not radiologically 

detectable/... 
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detectable) quantity of pneumoconiosis hypothesised as 

present initially. 	As for susceptibility: one way of 

measuring this is to consider the distribution of doses 

required to elicit a defined response - the tolerance 

distribution. 

2.11.2 Susceptibility and "uniform progression" 

An observed tolerance distribution, such as is implicit 

in Figure 2 for example, may reflect in part, underlying 

biological variations between individuals in their 

susceptibility to dust exposure. 	In addition, the gross- 

ness of the quantum of radiological change defined as 

response and the uncertainty in epidemiologically 

determined dust exposure estimates would be expected to 

add to the variability in the data. 	The relative 

importance of these types of explanations (biological 

susceptibility and measurement errors) has been debated in 

the literature. 	Oldham (1971) used the term "uniform 

progression" to describe a model which generated temporal 

changes in distributions of X-rays to categories under 

assumed uniform conditions of dust exposure and assuming 

the validity of his transformation of radiological class-

ifications into normally distributed scores on a continuous 

scale. 	He demonstrated convincingly that with these 

assumptions, and ignoring possible susceptibility factors, 

a given cohort will exhibit superficially surprising 

changes/... 



- 62 - 

changes in distributions of pneumoconiosis categories 

over a period of time. 

Rossjter (1972) went further. 	He applied the uniform 

progression concept to data published by Jacobsen et al 

(1971), and claimed that the model sufficed to explain 

an observed increase in the proportion of coalminers 

exhibiting radiological changes with increasing radio- 

logical category. 	Jacobsen (1971a) had suggested that 

the increase could be interpreted in a number of ways, 

including a possible reflection of a genuine biological 

effect: "the more dust that is retained, the greater the 

probability of further progression." 	Rossiter (1972) 

however argued that the observed differential probability 

of radiological response depending on starting category 

was more likely to have arisen "Just because of the non- 

equality of the sizes of the categories." 	No real 

population tolerance distribution need then be hypothesised, 

or at most, a uniform distribution only, bounded on the 

left at that dose which is sufficient to provoke the 

earliest visible change on a radiograph. 	The results in 

Table 2 certainly confirm that increasing prior exposure 

(as measured by years' work in dusty conditions) is 

associated with increasing probabilities of subsequent 

radiological change, as would be predicted by the concept 

of a continuum of radiological change. 	The plausibility 

of/... 



of assuming that such a continuum exists has not been 

disputed in the literature; its existence is a necessary 

but not sufficient condition for demonstrating the 

validity of the uniform progression argument. 	The latter 

theory predicts further that at sufficiently high total 

dose levels, all men exposed would exhibit the initial 

quantal response. 	Failure to observe such response 

would have to be attributed to the practical difficulties 

of radiological diagnosis and to possible errors in 

measurements of the dose. 

The prevalence results in Figure 3, Table 3 and Figure 4 

are related to estimates, albeit crude, of cumulative 

dust exposures up to the time that the x-rays were taken. 

The additional effect apparently associated with age in 

Figure 3 might be interpreted as reflecting one or more of 

at least four factors. 

(i) 	Older men may be more susceptible to dust exposure. 

Radiographs of older men may, in general, exhibit 

features which are easily confused with the 

earliest signs of simple pneumoconiosis. 

(iii) 	Increasing length of time during which a given 

dust burden has resided in the lung may increase 

the probability that radiologically detectable 

changes will occur. 

(iv)!... 
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(iv) 	Estimates of exposure prior to the first surveys 

are subject to error; the "age effect' may 

reflect, partially, imperfections in the 

cumulative exposure estimates. 

Reisner and Robock (1976) have reported results from 

epidemiological studies in the Ruhr coalfields which they 

have interpreted as consistent with factors (i) and (iii). 

Factor (ii) is acknowledged by most film-readers as 

potentially important in principle. 	(iv) is almost 

certainly a contributory factor but it seems unlikely that 

it is the whole explanation of the observed results. 

Even if it were, the case for the existence of a real non-

uniform tolerance distribution is not diminished since the 

relationship between proportions of men showing the 

earliest radiological signs and dose is apparent in each 

age-group. 

The curve shown in Figure 4 is the resultant of two 

conflicting sources of bias influencing the pattern 

characteristic of the underlying dose-response relation- 

ship. 	Firstly, the fact that the dust exposure indices 

are subject to random error ensures that the absolute 

value of the estimated regression coefficient relating 

logit response to the dose metameter is smaller than the 

true absolute value. 	In consequence, the rates of 

increase!... 



increase in pneumoconiosis prevalence determined from the 

analysis will all be lower than the true values. 

Curvature is reduced; the diagram is flatter than reality 

requires. 	On the other hand, the sampling method adopted 

to select the men whose responses contribute data to Table 

3 and Figure 4 introduces a bias operating in the contrary 

direction. 	The men concerned are a sub-group from a 

random sample of all miners X-rayed at the first P.F.R. 

surveys. 	(The sampling method is described in section 

3.5.1). 	The odds-ratio (pneumoconiosis/no pneumoconiosis) 

for that sample was arranged to be twice the value 

occurring among all men surveyed. 	The estimate of the 

slope of the straight line relating logit prevalence to log 

dust exposure is unaltered by this, but the curvature in 

Figure 4 is affected as follows. 	At points on the curve 

corresponding to less than 50 per cent (nominal) prevalence, 

the illustrated rates of increase in response are bigger 

than the true values. 	Curvature is increased; the 

diagram is steeper than reality requires. 	Moreover, the 

values shown on the ordinate are all biased upwards: a 

50 per cent prevalence in Figure 4 corresponds to a real 

prevalence of about 33 per cent. 

Neither of these two effects explain the apparent 

reduction in the rate of increase at response levels 

lower than the nominal 50 per cent. Although the 

former!... 



former source of bias ("attenuation") will produce falsely 

low tangents to the curve at all points, the rates of 

change of these tangents should, according to the model, 

all be positive at levels of response below 50 per cent. 

The sampling bias not only tends to compensate for the 

attenuation effect; it implies also that the apparent 

flattening of the curve illustrated in Figure 4 really 

occurs at a true prevalence level nearer to 30 than to SO 

per cent. 

It is remarkable that the two sets of points plotted in 

Figure 4 follow the same fitted curve so closely. 

Consider, for instance, the 831 miners whose estimated 

cumulative dust exposures up to the time of the first 

P.F.R. surveys ranged between 200 and 249 gh/m3  (Table 3 

and Figure 4). 	Forty-nine per cent of them had X-rays 

classified as category 0. 	Yet 28 per cent of the 1,039 

men with about half that nominal dust dose had X-rays 

classified as category 1 or higher; indeed, 61 of them 

had already developed category 2 or more simple 

pneumoconiosis at that time and a further 37 had P.V.F. 

Perhaps the apparent lack of response of the 403 men in 

the higher dust exposure group was due mainly to the fact 

that the dust accumulated in their lungs was just in-

sufficient to result in radiologically detectable changes. 

A uniform progression theory then predicts that response 

among these men some five years later (with, on average, 

25/... 
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25 gh/m3  additional dust exposure during the interval) 

would be higher than that anticipated from the curve 

fitted to the earlier data. 	In fact, the circled point 

corresponding to that datum in Figure 4 lies very close 

to (just below) the curve. 

Representation of radiological response as a quantal 

variable by Jacobsen et al (1970; 1971) was motivated 

primarily by a reluctance to make unnecessary assumptions 

about the nature of the radiological scale. 	Jacobsen 

(1972b) suggested that while variability in responses to 

what are apparently similar dust doses might be explicable 

simply in terms of varying susceptibility to dust, other 

(exogenous) factors might also be important; for example, 

variations in the mineral composition of coal mine dust 

clouds, or random variations in spatial configurations of 

dust particles as they enter the lungs of an individual. 

The use of a logistic transformation by Jacobsen (1973) and 

in the work reported now required no assumption concerning 

the extent to which individual susceptibility contributes 

to the total variability in response. 	Finney (1964) points 

out that a tolerance distribution of the form f(x) = sech2x 

would lead to a logistic model for the probability of 

response as a function of explanatory variables. 	Such a 

tolerance distribution, like others commonly assumed in 

biological work, is symmetrical about the median dose. 

If the detection of the earliest radiological change is 

regarded/... 
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regarded as a quantal variable, then the fact that most 

coal miners never develop pneumoconiosis throughout their 

working lives implies that the corresponding tolerance 

distribution is positively skew, at least over the range 

of cumulative doses likely to be encountered in British 

coal mines. 	If so, this might be reflected in positively 

skewed distributions of classifications to ordered 

categories; and this has been observed in most surveys of 

large and representative groups of miners, as was noted by 

Jacobsen (1971h). 	The improved fit of data from Table 3 

to a logistic model which postulates a linear response to 

the logarithm of the dust dose also supports the suggestion. 

Further, if the existence of an inherently non-uniform 

tolerance distribution in coalworkers' pneumoconiosis is 

accepted, then this raises a question of considerable 

practical importance. 	Is there a biological test which 

might predict the likely susceptibility of an individual 

to subsequent dust exposure? 	Recent advances in the 

science of tissue typing (Bodmer, 1972) place this 

question firmly on the agenda for continuing research. 

2.11.3 Predicting radiological progression 

Three aspects of the data used in this chapter merit 

particular attention when attempting to interpret the 

results reported in section 2.10.4. 
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2.11.3.1 Exposure data 

The way in which the airborne dust was sampled and 

individual dust exposures cumulated has been summarised 

in section 1.7 and is described in greater detail in 

various publications. 	Ashford (1958) discussed the 

statistical basis for the dust sampling scheme. 	Dust 

samples contributing information to the exposure indices 

used in this chapter were all measured using the Thermal 

Precipitator sampling instrument, and concentrations were 

expressed as the number of particles in the size-range 

1-sA6 per cm3  of sampled air. 	Podgson et al (1971) 
report how these measures were converted subsequently to 

mass concentrations of respirable dust (mg/m3). 	The 

same authors describe compositional characteristics of the 

dust sampled. 	Jacobsen (1973) explains how the dust data 

were combined with records of time spent in occupational 

groups within the collieries to derive the estimates of 

individual exposures, and hence the individually 

experienced mean dust concentrations. 	Although the 

resulting indices are probably among the most reliable 

measures of long-term industrial exposures ever accumulated 

for studies of this kind, it has to be recognised that 

some systematic errors in the data will have remained 

undetected. 	The dubiety is unavoidable and inherent in 

the epidemiologica]. approach (Jacobsen, 1972b). 	For 

instance, records of attendance at work in particular 

weeks/... 
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weeks for particular collieries were unavailable from time 

to time for various reasons (e.g.,data-processing errors). 

In such cases records from adjacent periods were used to 

estimate the allocation of individuals' time to occupational 

groups. 	It has not been possible to document fully the 

extent of the resulting approximation. 	A sample check on 

the problem, in 1970, suggested that the time involved was 

less than 2 per cent of the total time worked. 

Moreover, the dust concentration measurements at the 

collieries are certainly subject to sampling error. 

Ashford (1959) has considered how random errors in measure-

ments of dose may affect estimates of parameters defining a 

dose-response relationship. 	In the work under discussion 

now the variability attributable to this factor has not 

been estimated. 	The desire to manipulate sufficiently 

large numbers (for the Markov chain calculations) 

necessitated grouping data into broad categories. 	The 

categories are broad enough to ensure that results 

attributed to them are characteristic of real differcnces 

in exposures. 	(The ratios of mean concentrations to their 

standard errors for any of the nine sub-groups concerned 

in Table 4 ranged from 34 to 132). 	Equally, the width and 

arbitariness of the categories preclude a reliable 

quantitative estimate of radiological change as a function 

of dust exposure. 	The latter purpose is met more 

appropriately by the work summarised earlier (sections 2.3, 

2.4/... 
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2.4, and 2.7). 

Similar arguments apply to the use of the crude groupings 

of exposure periods prior to the first surveys. 	"Years 

of prior exposure" is at best an approximation to the 

information desired, since model (2) specifies exposure 

to a constant dust concentration prior and during the 

period being considered. 	It might be thought that the 

failure of either (1) or (2) to predict observed results 

accurately for some men with long periods of prior 

exposure (S = 3 in Tables ôa and b) could stem from this 

approximation. 	This is unlikely. 	Discrepancies between 

actual prior exposures and those implicitly attributed by 

the approximation would tend to lead to overestimates of 

progression in the highest dust concentration group, or to 

underestimates in the lowest. 	The errors observed are 

primarily overestimates of progression in the two lower 

dust concentration groups. 	The single (statistically 

significant) exception underestimates progression in the 

highest concentration group ( s = 1 for (4) in Table 6c). 

2.11.3.2 Inter-survey interval lengths 

A second possible source of error in the calculations lies 

in the approximation that both inter-survey periods 

represent equal tine intervals. 	In fact, these intervals 

varied between collieries and periods, averaging 5 years 1 

month for the first period and 5 years 9 months for the 

second/... 
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second. 	The mean period from the first to the third 

surveys was thus nearer to 11 rather than 10 years (the 

mean was 10 years 10 months; the standard deviation, 

based on 24 collieries, was 1.5 months). 	The error 

introduced by virtue of the different lengths of inter-

survey periods would tend to lead to underestimation of 

progression in the second period. 	However, the observed 

prediction errors are nearly all overestimations. 

2.11.3.3 Radiological data 

The third problem concerns the reliability of the radio- 

logical classifications themselves. 	There are many 

sources of random and systematic errors in assessments of 

chest X-rays. 	The most important factors include: 

(1) variations between readers in their assessments of the 

same films; (ii) variation by any one reader in his assess-

ment of the same film on repeated viewing; (iii) the 

technical quality of the radiograph. 

Difficulties arising from (i) and (ii) have been eased 

considerably by the widespread use now of standard chest 

X-rays to assist diagnosis. 	Studies by the M.R.C. 

(Fletcher and Oldham, 1949; 1951) led to the sponsorship 

of standard films by the International Labour Office. 

The most recent set of standard films issued are associated 

with the latest version of a classification scheme (ILO, 

1972) which incorporates the 12-point elaborated scale of 

profusion!... 
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profusion of small opacities developed by the National 

Coal Board (Liddel]. and Lindars, 1969) and used in the 

studies reported by Jacobsen et al (1970). 	Data from 

only 4122 miners contributed to the latter work; films 

studied were from the first and third surveys only. 

The classifications used for the analyses reported now are 

the best currently available for the whole group considered. 

Many studies have shown that even with standard films and 

nominally standard procedures, there remains substantial 

variation between and within readers in their classificat-

ions of the same films. 

All first and second survey results recorded in Table 5 are 

based on the 'definitive' classifications described in 

section 2.5; that is, classifications by at least two 

doctors, within a relatively short time interval (not more 

than one year), of individual films from the same men. 

However, only one sixth of the third survey films were 

classified in this way, and even these classifications were 

made some five or six years after the corresponding 

classifications of first and second survey films. 	Most 

of the third survey film classifications were made by one 

doctor only. 	That doctor may or may not have been 

involved in earlier 'definitive" classifications of films 

from the same men. 	These third survey assessments were 

made essentially for clinical purposes. 	The doctor 

concerned will have had available for comparison all 

earlier!.. 
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earlier films from the same man, and he would normally 

take this opportunity if he thought that the third survey 

film suggested any sign of abnormality. 	The radiological 

data used are therefore not ideal for research purposes; 

they are a mixture of independent classifications of 

serial films from the same men and clinical assessments 

which may have been influenced by the appearance of 

earlier films from the same men. 

Liddell and May (1966) and Liddell (1974) have reported 

that when serial films are classified at the same time, 

side-by-side on the viewing box, the variance of 

arbitarily scaled score differences (representing radio-

logical progression) is lower than when the serial films 

are assessed separately. 	This has been used as an 

argument favouring "side-by-side" X-ray classifications 

when the objective is to derive a numerical measure of 

progression over time. 	Liddell (1974) emphasises how- 

ever that the side-by-side reading method will not 

necessarily provide a satisfactory estimate of pneumo-

coniosis prevalence at either of the two points in time 

concerned. 	Oldham (1968) had warned earlier of a 

possible bias in measures of progression obtained from 

side-by-side readings. 	He referred specifically to work 

reported by Wise and Oldham (1963a) where side-by-side 

reading had led to "gross underestimation" of progression. 

Oldham (1968) noted also that a similar tendency was 

present!... 
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present in the results reported by Liddell and May (1966). 

Liddell (1974) records that levels of progression in the 

side-by-side classifications he reports were lower, on 

average, than independent classifications of the same 

films, but he adds that the effect varied between readers; 

in some cases the effect was reversod. 	Amandus et al 

(1973) compared the two reading methods and found that 

side-by-side classifications yielded significantly higher 

mean progression scores than independent classifications. 

Reger et al (1973) have shown that in side-by-side readings 

even the relative positions of films on the viewing box can 

influence readers' classifications: the left-hand position 

(usually assumed to be the one ccatLining the earlier film 

from a pair) attracting systematically lower classifications 

than the right-hand position. 

Evidently, the side-by-side method of classifying serial 

films is associated with bias. 	The direction and magnitude 

of the bias is not predictable in advance. 	This is to be 

expected on general grounds. 	The purpose of side-by side 

classification, as opposed to independent assessments of 

serial films, is to assist the film reader in interpreting 

what he sees on any one film of a pair by allowing him to 

modify his interpretation by what he sees on the other. 

Such classifications are .thus influenced by imponderable 

subjective factors related presumably to a particular 

reader's general clinical and radiological experience. 

Similar/... 
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Similar difficulties occur in other areas of medical 

research involving subjective assessments. 	The well- 

known concept of "double-blind" administration of 

therapy in clinical trials is based on the knowledge that 

such subjective factors may distort seriously estimates 

of effects supposedly associated with treatments under 

investigation (see for instance Mainland, 1963). 

Jacobsen (1965) records a pertinent example. 	Notwith- 

standing conscientious adherence to a double-blind 

protocol in a certain drug trial he was able to demon-

strate that assessments of psychiatric symptom severity 

were influenced significantly by the assessors' hnowledge 

of Previous assessments during the trial, unrelated to the 

particular therapeutic regimen under investigation. 	The 

bias was considered to interfere with estimates of effects 

attributable to therapy. 	Similarly, it is argued now 

that assessments of change in profusion of opacities on 

serial radiographs read side-by-side are not attributable 

reliably to the dust dose experienced during the interval 

concerned. 

Equally important are biazses that can arise because of 

factor (iii) above: the technical quality of the radio- 

graph. 	The type of X-ray equipment, exposure factors, 

positioning of the subject, the subject's body build, 

film processing conditions - all these variables contribute 

to the final appearance of the radiograph. 	Whether the 

film/.. 
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film is unduly dark, white, hazy or otherwise unsatis-

factory may interfere not only with a clinical diagnosis; 

it may affect also the assessments of profusion of small 

opacities in epidemiological studies of pneumoconiosis 

(Fletcher and Oldham, 1949; Lic(el1, 1961; Wise and 

Oldham, 1963b; Pearson et al, 1965; Reger et al, 1972). 

Clearly, if two or more serial film-sets differ systemati-

cally in some feature of radiographic technique then this 

may introduce a bias in the assessments of radiological 

changes between the sets. 	As was the case with side-by- 

side readings, the direction and magnitude of the bias is 

not predictable in advance. 	This is because readers 

differ in what they consider to be "good's quality films, 

and in their interpretations of what is nominally the same 

quality criterion (Liddell, 1961; Reger and Morgan, 1970; 

Washington et al, 1973). 	In the study reported by 

Aniandus et al (1973) an effect on the assessment of 

profusion of small opacities, depending on film quality, 

was similar in side-by-side and in independent readings 

of the same serial films by the same readers. 	It seems 

therefore that a bias arising from variation in film 

quality between serial film sets is not necessarily 

corrected by accepting the bias inherent in side-by-side 

classifications. 

In the present case, some systematic differences between 

the quality of X-rays taken at the three P.F.R. surveys is 

to/ 
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to be expected, although every effort was made to maintain 

consistency in radiographic technique. 	The three series 

of surveys took place over a 15 year period, from 1953 to 

1968. 	It would be surprising if skill in taking chest 

X-rays under difficult field conditions in mobile units 

was not improved as the research progressed. 

The results in Tables S show substantial numbers of men 

among whom the profusion of small opacities appeared to 

be reduced after further exposure to dust. 	To what 

extent is this apparent regression of pneumoconiosis due 

to possible differences in film quality? 	Discussing the 

problem in the context of the P.F.R... Rogan et al (l67) 

noted that independent classifications of serial films was 

likely to give rise to both spurious regression and spurious 

progression, while the side-by-side convention might be 

biassed against reading regression because of possible 

assumptions by readers that pneumoconiosis is always a 

progressive condition. 	Rogan et al (1967) added that 

this assumption may be incorrect. 	Reger et al (1973) 

produced evidence confirmg that film readers partici-

pating in their study were reluctant to record radio-

logical regression when assessing serial films side-by- 

side. 	These authors supested that regression of the 

disease (as determined from their independent classifi-

cations of film-pairs) might he explained by emphysema 

and hyperinflation developing concomitantly with 

pneumoconiosis/... 
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pneumoconiosis. 	The consequent over-distention of the 

lungs might make small opacities appear less profuse. 

Carpenter et al (1956) had postulated this mechanism 

earlier, as a factor possibly contributing to abnormally 

low lung function in older miners and ox-miners with no 

radiological pneumoconiosis. 	Jacobsen et al (1971) used 

side-by-side classifications of 4122 film-pairs. 	Averages 

of eight readers' classifications produced results 

indicating that only 14 of the 4122 miners considered 

regressed radiologically during the (nominal) ten-year 

period concerned. 	None of these 14 regressed by more 

than one category on the 12-point radiological scale. 

Table 5 however suggests that 134 of 11,481 men had less 

pneumoconiosis at the third surveys than at the first; 

that is, the proportion of miners apparently regressing 

radiologically was 3.4 times higher than appeared to be the 

case in the side-by-side readings reported by Jacobsen et al 

(1971). 	Moreover, apparent regressions in Table S occur 

both between the first and second surveys (based on 

independent classifications) and between the second and 

third surveys (based partially on clinical, side-by-side 

assessments) 

2.11.3.4 Plausibility of the Markov models 

The apparent regression of pneumoconiosis in Table S may be 

due to (a) observer variability in film classifications 

(factors! 
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(factors (i) and (ii) above); (b) variation in film 

quality (factor (iii)); (c) a real diminution in the 

profusion of small opacities; or (d) a complex 

combining two or more of (a), (b) and (c). 	Causes (a) 

and (b), as well as other possible sources of error 

discussed above (sections 2.11.3.1 an—_1 2) would all be 

classified by Bmtholoinew (1975) as falling into his 

second category of error sources in prediction from 

Markov chain models, that is, "estimation errors" arising 

from uncertainty in the specification of the transition 

matrices used for the predictions. 	Cause (c) however is 

pertinent to Bartholomew's third error type: "specifi-

cation error", that is, inappropriateness of assumptions 

implicit in the model itself. 	The definitions of X and 

Y in section 2.10.2 do not admit the concept of real 

regression of simple pneumoconiosis. 	Apparent regression 

was treated as 'no progression". 	To that extent results 

in Table 6 cannot reflect reality if radiological regression 

of simple pneumoconiosis is, in fact, a real and important 

factor. 	The most conspicuous deviations in the predictions 

using (1) and (2) from the observed results occur for men 

with exposure times prior to the initial surveys greater 

tan or equal to 10 years (s = 3 in Tables 6a and b) 

These were the sub-groups who displayed the most apparent 

radiological regression. 	Other sections of Table 6 in 

general show reasonable agreement between observed third 

survey distributions of pneumoconiosis and predictions 

using/.. 
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using the Markov models. 	As has been noted, most of 

the discrepancies are over-estimates of progression, and 

this is consistent with the (arbitary) insistence in the 

numerical applications of the models that real radio- 

logical regression cannot occur. 	If it is considered 

that radiological regression of simple pneumoconiosis is 

indeed a real phenomenon then the numerical procedures 

for manipulating observed transition matrices, described 

in section 2.10.2, may be modified easily to permit finite 

probabilities of transitions to lower categories in X and 

I. 

Probability estimates from (7) are based on the largest 

possible numbers of observed classifications, and would 

therefore be expected to exhibit the lowest estimation 

error (in Bartholomew's nomenclature). 	The generally 

poorer agreements with observed results using (7), as 

compared with either (4) or (6), suggests that there are 

real differences between the sub-groups contributing data 

to calculations from (7). 	These differences may be 

associated with colliery factors, bu it seems unlikely 

that this is the main explanation since data from all 

collieries were pooled to define the prior exposure 

categories (Tables 4 and 5). 	Alternatively, the 

observation could be interpreted as supporting evidence 

for the concept of varying susceptibility to dust, 

discussed in section 2.11.2. 	Neither model (1) nor (2) 

incorporate!... 



Table 8 Observed distributions of pneumoconiosis 

at third surveys and those predicted from 

simple Markov chain (Model 3), and 

uniform progression (Oldham, 191) 

DUST 	 CATEGORY 	OBSERVED 
	

PREDICTED 
CONCENTRATION 

MODEL 	UNIFORM 

(3) 	PROGRESSION 

Low 0 8946 8736.8 8920.3 
Cr = 1) 

1 655 792.8 689.0 

2 294 366.9 303.4 

3 71 69.6 53.4 

Medium 0 1084 1038.1 1142.5 
(r=2) 

1 196 244.6 176.9 

2 106 109.4 74.1 

3 17 10.8 9.5 

High 0 61 63.3 40.0 
Cr = 3) 

1 29 23.1 43.0 

2 20 25.6 26.6 

3 2 0 2.3 
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incorporate this factor specifically, and to that extent 

they may be regarded as inadequate for generalising from 

particular samples of colliers to coalminers in general. 

In this connection it is of interest to consider 

predictions that follow from the theory of uniform 

progression. 	Table 8 compares such predictions with 

those from (3). 	Those attributed to uniform progression 

in Table 8 were obtained by assigning numerical scores to 

the observed first and second survey classifications 

(Table 5) as recommended by Oldham (1971). 	The predicted 

third survey distributions were then derived in a manner 

similar to that described by Oldham in his illustrative 

example. 	A constant standard deviation of pneumoconiosis 

scores was assumed for any one of the three concentration 

groups. 	This was estimated by least squares using 

pooled results from both surveys. 	The change in the 

distribution of pneumoconiosis between the first and the 

third surveys was then estimated by doubling the change 

observed between the first and second surveys. 

For the lowest concentration group (r 	1) uniform 

progression predictions are closer to the observed 

results than those from (3). 	Whereas (3) overestimates 

pneumoconiosis at the third survey for concentrations 

between 4 and 8 mg/m3  (r = 2), the uniform progression 

extrapolations underestimate pneumoconiosis, and to a 

greaten... 
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greater extent, particularly in category 2. 	Model (3) 

provided very reasonable predictions for the highest dust 

concentration group (r 	3), although only relatively 

small numbers were available for the calculations. 

Uniform progression arguments overpredict progression 

from category 0 to category 1 in this case. 	For this 

concentration group there were no classifications in 

category 3 at either the first or second surveys (see 

Tabl5). 	In such situations, the ratio between the 

quantity of pneumoconiosis represented by categories 2 

and 1 on a normalised scale becomes infinite, as was 

noted by Jacobsen (1975a). 	Not surprisingly, imposition 

of an arbitary transformation, implying a finite, constant 

ratio, can then produce very misleading results. 

2.11.4 Conclusions 

Notwithstanding the many caveats concerning the data 

(particularly the reliability of the X-ray classifications) 

it is concluded that the results in Tables 6 support the 

idea that temporal changes in pneumoconiosis categories may 

be described by a dust-dose-related Markov process. 	It is 

advantageous to include prior exposure to dust as part of 

the specification of the initial, state, but simplifications 

which ignore this factor may be reasonably robust provided 

that not more than 10 years' prior exposure is involved. 

Regression/.. 



- 84 - 

Regression of simple pneumoconiosis may be a real 

phenomenon. 	If so, it is unlikely to be identifiable 

using side-by-side classifications of serial films. 	If 

results suggest that radiological regressions are 

distinguishable from artefacts conceivably arising from 

variations in radiographic technique, or from reader 

variability, then stochastic models used for extrapolation 

should make provision for this factor. 

There is evidence supporting the suggestion that some 

coalminers are more susceptible to showing radiological 

responses to dust exposure than others. 	No general 

statistical model can legislate a priori for variations 

in associated tolerance distributions between particular 

groups of miners. 	Generalisations from observed data to 

the mining community as a whole should therefore be based, 

as far as possible, on large and representative samples of 

coalminers. 



3. DESIGN AND METHODS FOR A PROSPECTIVE 

MORTALITY STUDY OF COALMINERS 

3.1 	Introductory remarks 

Central to the aims of the P.F.R. has been the desire to 

relate changes in the health of miners to measures 

reflecting environmental conditions during the periods 

when the changes occurred. 	It is natural therefore 

that many of the reports published refer to sub-groups of 

men surveyed initially who were present at the same 

collieries at two or more successive medical surveys 

("survivor populations"). 	Hicks et al (1961) described 

the initial cohort and results from the first surveys. 

In addition, Rogan et al (1961) analysed ventilatory 

capacity and respiratory symptoms in relation to radio-

logical category on a cross-sectional basis for a sub- 

group working at eight of the collieries. 	This work, 

and subsequent larger cross-sectional descriptions 

(Ashford, 1968; 1970) referred not to the original group 

surveyed but to en who attended for t1 second series of 

surveys. The work to be described in the remainder of 

this thesis is the first attempt to follow-up the original 

cohort (Figure 1) irrespective of how long they remained 

at the collieries after the initial surveys. Mortality 

in this cohort will be related to geographical factors, 

environmental/... 
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environmental measurements at the collieries and such 

medical data as are available. 	(The medical status of 

survivors, including those no longer employed in the 

coal industry, is also being investigated currently in a 

series of follow-up examinations). 

3.2 	The cohort 

Hicks and his colleagues (1961) described how a factorial 

design was used originally to select collieries for 

study. 	The aim was to cover the whole range of environ- 

mental conditions in British coal mines which were 

thought to be relevant to the causation of pneumoconiosis. 

Four factors were chosen, each at two levels ("high" and 

"low"): the rank of the coal (related to the carbon 

content of the coal seams), coalface dust concentrations, 

ash content of the coal seams, and sandstone content of 

the roof and floor strata. 

In addition it was desired to include, as fir as possible 

some collieries in each of the major coalfields and to 

choose collieries that were likely to cctitinue production 

for at least 15 ears. 	The theoretic.i requirement of 

16 collieries (to meet the factorial desigr) was thus 

supplemented, and a total of 25 were selected. 	One 

colliery, which closed four years after the initial 

survey, was rnnlaced. 	Another colliery which closed In 

the early years of the research was not replaced. 	Very 
limited/,. 



FIGURE 5. Distribution of 24 collieries included 

in the mortality study 
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limited data relating to the latter have not been used 

in subsequent studies and are not considered further 

here. 	There remained therefore 31,676 men surveyed 

initially. 	They constituted more than 90 per cent of 

the working populations of 24 British collieries whose 

geographical distribution is shown in Figure S. 

Hicks et al (1961) noted that the collieries selected 

were not necessarily representative of their particular 

coalfields and that results from P.F.R. environmental 

surveys carried out during the first five years of the 

project showed that conditions then were different from 

those assumed to be relevant to the original design. 

Certainly the sample of coalminers concerned was not 

random. 	It is not reasonable therefore to regard 

results from the study as sensible point estimates of 

pneumoconiosis prevalence (or other parameters) in 

Britain in 1953 or subsequently. 	However, the main 

objective was to provide quantitative estimates of 

possible relationships between environmental factors and 

associated lung diseases. 	It was more important there- 

fore to cover t1' whole range of possi ly relevant 

environmental factors than it was to reproduce a cross-

sectional sample of the coal industry in the early 

1950's. 	This objective was achieved, because the 

collieries chosen undoubtedly provided a wide range of 

rivironmental conditions. 

commented!... 

(Walton et al (1976) have 
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conmentedwryly: "The P.F.R. collieries were selected 

for their differences, successfully it appears?tt). 

By the same reasoning, results from a study of mortality 

among the miners involved will not be directly or easily 

comparable with the Registrar General's surveys of 

occupational mortality. 	The latter are based on sample 

censuses of the whole population. 	(Liddells (1973) 

cross-sectional study, discussed in section 1.3, was 

designed specifically to provide data which would be 

comparable with official statistics). 	The aim of the 

present work is to investigate some controversial 

questions about relationships between dust exposure, lung 

diseases and miners' mortality. 	The accumulated data 

from the P.F.R. are suited uniquely for this purpose. 

3.3 	Feasibility study 

Following the decision to undertake the mortality survey 

(in November, 1970) a feasibility study was initiated. 

The purpose was methodological only and was defined as 

follows: 

Ci) 	to estimate the proportion of tLe total cohort 

(31,676 men) for whom death or survival at a 

specified date could be established unambiguously 

from National Coal Board (NCB) sources; 

to assess how much environmental and medical data 

would/... 



would be available for sub-groups in the cohort; 

(iii) to test the efficacy of alternative follow-up 

procedures which were being considered. 

A 1. per cent systematic sample was selected from a 

magnetic tape containing records identifying all men 

X-rayed at the initial medical surveys. 	(Those records 

were arranged on the tape in order of a research identi- 

fication number ("X-ray number") within collieries. 	The 

X-ray numbers had been allocated serially to the non as 

they presented themselves for examination at the 

collieries. 	Thus the systematic sample was regarded as 

effectively random and also as representative of all 24 

collieries concerned). 

Co-operation of various N.C.B. Departments was obtained 

readily through the good offices of the Chief Medical 

Officer. 

Within four months from the start of the feasibility 

study it became clear that the methods being used would 

establish vital status easily for about 30 per cent of 

the men. 	More ntensive follow-up pr cedures, still 

using only Coal Board sources of information, were 

expected to increase the percentage traced to about SO 

per cent only. 	At this stage therefore discussions 

were started with the offices of the Registrars General 

f England and Wales and of Scotland, and with the 

Department!... 
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Department of Health and Social Security (D.HS.S.) to 

explore the possibilities of alternative approaches. 

The feasibility study was continued simultaneously. 

The results (as assessed in September 1971) can be 

summarised as follows. 

Effective follow-up had been achieved for only 68 per cent 

of the sample. 	Interrogation of computer files to 

assess the amount of research data available for the 

sample revealed serious gaps in the data systems in 

relation to the cohort of men surveyed initially. 	It 

was concluded, firstly, that a follow-up procedure 

based primarily on information available in the Coal 

Board would be unacceptably slow and would not yield a 

response-rate likely to permit viiid inferences concern- 

ing major research questions. 	The possibility of 

studying a sample of the 31,000 men, as opposed to the 

whole cohort, also had to be considered. 

Secondly, it was clear that a major reorganisation of 

research data systems was necessary so that all existing 

information relating to the cohort would be readily 

accessible. 

3.4 	Alternative follow-up methods 

There are three major files with information on vital 

S atus of individuals resident in Great Britain. 	The 

first!... 
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first two are the National Health Service Central 

Registers (N..S.C.R.). 	These are controlled in 

England and Wales by the Office of Population Censuses 

and Surveys (O.P.C.S., formerly the Office of the 

Registrar General). 	A separate N.H.S.C.R. is maintained 

for residents in Scotland under tht control of the 

Scottish General Register Office. 	The unique identifi- 

cation for each record on the file is the N.H.S. number 

accorded to each person registered with a doctor under 

the National Health Service. 	If the N.H.S. number is 

not known then records may still be traced in these files, 

but with greater difficulty, given full surname and 

first names, date of birth and area where the person is 

resident. 	Surnames and initials alone are, in general, 

insufficient for identification, even when dates of 

birth are known. 	Determination of deceased individuals 

using these files leads to easy identification of cause 

of death, since the O.P.C.S. are responsible also for 

filing death certificates, and copies of such certifi- 

cates are available on request. 	(Farmer and Cross 

(1973) give further details about the N.A.S. number and 

its usefulness £ r epidemiologica]. rescarch). 

The other source of information on vital status is the 

Records Branch of the D.H.S.S. 	These records are, of 

course, confined to adults who are part of the National 

:Isurance scheme. 	The unique identification of each 

record!... 
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record in these files is the National Insurance (N.?) 

number, not the N.H.S. number. 	No thesaurus is 

currently available linking N.H.S. and N.I. numbers. 

Vital status may be determined indirectly from these 

files as fol1c -s. 	Persons recorded as current contri- 

butors to the scheme may be assumed to be alive. 	Persons 

who have contributed to the scheme and are retired (men 

aged over 65) will be in receipt of the retirement 

pension and may be taken as alive. 	Reports of death for 

persons previously in the scheme are normally confirmed 

by the Department, by inspection of death certificates. 

3.5 	Design and pr.codures adopted 

3.5.1 	The sample 

Having regard to resources available, and the desire to 

produce useful information in the shortest possible time, 

I decided to pursue the study on a sample of the cohort. 

(This decision was taken without prejudice to possibly 

following-up all 31,76 men at a later date). 	It was 

proposed to estahi sh the vital status for the sample 

on a fixed date (31st July, 1972 was elected subsequently) 

and to -obtain co ies of death certificates for those 

deceased. 	The sample consisted of 

(a) all men whose X-rays at the first 

surveys were classified as showing 

some/... 
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some signs of pneumoconiosis, 	 3,645 

+(b) (approximately) half of the 

remainder 	 14,140 

17,785 

The total is equivalent to 56 per cent of the cohort. 

X-ray classifications used to differentiate between 

groups (a) and (b) were made either at the time of the 

initial surveys (for those who were not surveyed a 

second time) or approximately five years after the 

second surveys (the "definitive" readings described in 

sections 2.5 and 2.11.3.3). 	Part (b) of the sample was 

selected as follows. 	The total cohort (including the 

3,645 sampled for part (a)) were divided into 288 strata 

corresponding to 12 five-year age groups within the 24 

collieries. 	The proportions of the total cohort in 

each stratum were multiplied by half the number of men 

with negative initial X-rays (i.e., 14,016) to determine 

the number to be selected randomly from the corresponding 

stratum of men with negative initial X-rays. 	(These 

numbers were always rounded up; hence the 124 in excess 

of the theoretical 14,016). 

The sampling method was designed to provide 

the maximum number of men with pneumoconiosis for 

a maximum follow-up period; 

representation of colliery environmental conditions 

approximately/... 



Table 9 Distribution of sample (traced and untraced) by colliery and age at first surveys  

COLLIERY 

-24 

25 

-29 

30 

-34 

AGE-GROUP 

35 
-39 

AT 

40 
-44 

FIRST 	SURVEYS 

45 	50 

-49 	-54 

55 
-59 

60 
-64 

65+ Total 

_______ 

TIME (years) 

FROM 1st 

SURVEYS TO 

31.7.72 

S 101 35 31 32 37 52 59 39 35 24 445 18.7 

i 133 47 80 61 65 68 59 39 41 21 614 17.4 

P 126 90 105 86 77 63 53 40 34 57 731 18.4 

O 106 64 72 68 97 109 120 103 67 45 851 18.1 

Z 112 68 91 87 100 88 97 77 60 24 804 16.4 

O 77 23 42 37 44 62 55 49 31 14 .434 17.1 

T 112 59 94 132 140 185 142 137 81 15 1097 17.2 

Y 135 76 96 104 232 170 136 94 77 2 1122 17.7 

M 167 60 82 67 103 127 111 67 50 20 854 17.8 

K 113 64 100 95 116 102 120 87 61 29 887 16.2 

X 136 69 91 62 84 100 127 107 68 27 871 16.7 

G 116 96 120 78 113 90 83 65 56 27 844 17.8 

A 121 36 70 44 45 40 32 28 15 4 435 16.1 

Q 131 68 86 66 79 75 63 42 33 6 649 18.1 

N 90 35 53 72 68 97 123 88 45 13 684 14.2 

C 115 55 91 64 115 134 143 112 80 47 956 17.2 

L 100 41 53 66 72 115 105 113 87 36 788 17.4 

W 47 47 76 80 87 79 64 38 31 8 557 16.7 

E 30 37 71 55 62 85 62 60 45 17 524 18.7 

H 59 23 47 53 76 66 67 65 48 15 519 16.2 

I 51 42 47 45 71 58 50 36 28 8 436 18.2 

F 73 45 102 104 115 105 116 89 60 37 846 16.4 

V 139 68 119 155 144 152 121 60 81 34 1073 18.4 

B 107 64 78 75 91 94 100 42 48 18 717 17.1 

I 	2497 1312 1897 1788 2233 2316 2208 1677 1262 548 17738 
Total 
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approximately in proportion to the original 

research design; and 

(iii) reproduction of the age distribution of the 

cohort among men with negative initial X-rays. 

During the course of subsequent data processing it was 

discovered that 47 of the persons included in the sample 

were not coa].miners working at the collieries. 	(They 

were ancillary staff who happened to be present at the 

time the X-ray units were operating and who accepted the 

offer to have a chest X-ray taken). 	The distribution of 

the remaining sample (17,738 coalminers) by age at first 

survey and by colliery is shown in Table 9. 	Also shown 

are the follow-up periods, which range from 14.2 to 18.7 

years. 

3.5.2 	Follow-up method 

Identification information available for the whole 

sample was surnames and dates of birth. 	Full forenames 

were known for only a small proportion and initials, 

where available, were not necessarily complete. 	N.I.  

numbers had been confirmed for most men (97 per cent) but 

no N.H.S. numbers were available. 	Thus the information 

available was insufficient for effective searches by the 

o.p.C.s. 

Concomitant!... 
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Concomitant with the planning of the mortality study 

reported here the Pneumoconiosis Field Research was 

engaged in preparations for another study in collaboration 

with the D.H.S.S. (involving post mortem examination of 

lungs from deceased miners). 	This required identifi- 

cation of all individuals who had been X-rayed, at one 

time or another, during the course of the research. 	It 

was necessary to establish which of these men were still 

alive at the time that the autopsy study began. Arrange-

ments were made to provide all available identification 

data (including N.I. numbers) for 48,350 men, on index 

cards, to the Records Branch of the D.H.S.S. 	Records 

Branch annotated these cards manually with corrections 

(spelling of names, dates of birth), with full-forenames, 

and rith classification into one of four categories: 

"Dead", "Alive", "Vital status uncertain" and "Not traced", 

The latter category refers to men for whom the identifi-

cation information provided wa not sufficient for 

effective searches. 	Reported dates of death were also 

provided by the D.H.S.S. where appropriate. 	The major 

part of these searches was conducted during July 1972, 

though some searches continued during subsequent months. 

During the latter half of 1972 and during 1973 the 

information obtained from the D.H.S.S. was edited 

manually and transferred to punch 

cards!... 



cards for appropriate amendment of research computer 

files. 	For the purposes of the mortality study the plan 

was then to produce cards, in a format convenient to the 

O.P.C.S. and the Scottish Register Office, with up-dated 

information for all men in the mortality study sample 

who had not been declared "Alive" by the D.H.S.S. 	The 

production of such cards began during the autumn of 1973 

and continued during 1974. 	Intensive efforts were made 

to supplement identification data (using N.C.B. sources) 

for men untraced by the D.H.S.S. and further searches 

were carried out based on the improved data. 

The D.H.S.S. reported 12,815 men as alive. 	In order to 

verify the accuracy of assuming that all these men were 

inded alive at the (arbitrarily) chosen end-point of 

the study, 31 July 1972, a 5 per cent age stratified 

sample of these 12,815 men was taken, and searchrs were 

requested for them through the N.H.S.C.R. 

Arrangements were made for the provision of copies 

of death certificates (or certified entries in death 

registers) for all men confirmed as deceased by the 

N.H.S.C.R. 	These certificates were used also to amend 

earlier records of dates of birth where necessary. 	The 

Chief Medical Statistician of the O.P.C.S. kindly agreed 

to provide codings of "underlying cause of death" accord-

ing to the International Classification of Diseases 

(I.C.D.). 	The provision of such codings as made by 

0 .P.C.S./. . 



FIGURE 6. Follow-up procedures and results 

X-ray results from let P.F.R. surveys 

in 24 collieries 

31,676 records 

SAMPLE 
100 % with category 1+ 	3,645 

50 % with category 0 	14,140 

Total 	 17,785 

17,738 coalminers 	 47 non- coaltuiners 

DHSS searches 

(July 1972) 

"Alive" 	 "Dead", "Uncertain" 	 RESULTS 
12,815 	 or "Unidentified" 

4,923 
	 Untraced 	Dead 	Alive 

.. 420 
OPCS searches 	 3,880 

...e.. 623 

L1  Assumed alive 1 	 .... 12,175 

r 
Sample check 	

I 
opcs searches

640 (s%) 	 L....  ......... ......... 628 

TOTALS 	 429 3,883 13,426 
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O.P.C.S. nosologists was particularly valuable since 

this facilitated valid comparisons with published 

official statistics and with results of the study reported 

by Cochrane (1973) (who also used codings provided by the 

O.PC.S. - Personal Communication). 

3.6 	Follow-up results 

The follo• up achieved by 31 January 1975 is shown in 

Figure 6. 

Two c'2 the 3,883 deceased were reported by the 0.P.C.S. 

as having died abroad and no death certificate or cause 

of death was available for these men. 	The highpropor- 

tion of deaths (22 per cent) over the 14 to 19-year 

follow-up period arises because the sampling procedure 

adopted assured the inclusion of a disproportionately 

large number of older men. 	(All men with pneumoconiosis 

at the first surveys were included, and 50 per cent of 

the remainder). 

Less than 0.5 per cent (3/640) of the sample of records 

relating to men reported as "alive" by the D.H.SS. were 

shown subsequently to have died before 31.7.72. 	(In all 

three cases the deaths occurred some years before 1972). 

The number of deaths erroneously classified as alive at 

censoring date is therefore estimated as 58 (3 x 12,175/ 

640). 	Ninety five per cent confidence limits for this 

estimate are 20 and 168. 	(The confidence limits have 

been/... 



Table 10 	Distribution of 429 men lost to follow-up, by information 
received from 

Records Branch of the Department of Health and Social 

Security (D.H.S.S.), and 

Office of Population Censuses and Surveys (0.P.C.S.) 

(b) 	0.P.C.S. 	REPORT (a) D.H.S.S. REPORT 

"DEAD" "ALIVE" VSU* NT* Totals 

Embarked 7 17 24 

Dead - no details 1 2 3 

No current N.H.S. 3 3 2 8 
registration - 

No trace in 2 10 13 41 66 
Executive Council 
register 

No 	trace 	(i.e., 20 15 23 235 293 
birth registration 
not traced) 

"Dead" - mistaken 18 11 29 
identity** 

"Alive" - mistaken 
identity* * 1 6 

Totals 46 35 57 291 429 

* 	"VSU": Doubtful identification; vital status uncertain; 

"NT": 	Not traced 

** "Mistaken identity" classification based on information not available 
to 	O.P.C.S. 
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been calculated on the assumption that the hypergeo-

metrically distributed number of identified misclassi- 

fications can be regarded in this case as effectively a 

Poisson variable. 	The limits were calculated using a 

normal approximation to the Poisson distribution). 	By 

a similar argument, successful follow-up in this study 

is estimated as 96.3 per cent; 95 per cent confidence 

limits are 95.3 per cent and 96.8 per cent. 

Table 10 descrihs information obtained from the D.H.SSSS 

and the 0,PUC.S. conce:ning the 429 men regarded as un- 

traced for the purposes of this study. 	Both authorities 

agreed that they were unable to trace more than half of 

them (235 men). 	This was due primarily to inadequate 

identification information available in the research files. 

A further 35 men have been regarded as untraced although 

information was offered by the 0.P.C.S.; in each of these 

cases it was apparent by inspection that the information 

provided (death certificates for 29 and confirmation of 

survival for 6) related to individuals other than the 

coalminers in question but who had similar names and 

dates of birth (e.g., women). 	In three other cases the 

O.P.C.S. were able to confirm death but were unable to 

provide either date or cause of death. 	Twenty-four men 

were known to have left the country ("embarked") and 

survival at 31.7.72 could not be confirmed. 

The age distributions of the survivor, deceased and 

untraced! 



Table 12 Distribution of men lost to follow-up, by colliery and radiological 
category at first surveys 

RADIOLOGICAL CATEGORY AT 1st SURVEY TOTAL 

% OF 
Region Colliery Simple PMF SAMPLE 

- pneumoconiosis 

0 1 	2 	3 A B 	C 

Scotland S 3 3 0.7 
J 5 5 0.8 
P 13 1 1 15 2.0 
0 11 5 	1 2 19 2.2 

Northern Z 2 1 3 0.4 
D 5 1 6 1.4 
T 13 2 	1 	1 3 20 1.8 
Y 7 2 	1 10 0.9 
M 5 1 	2 8 0.9 

E & W K 10 1 11 1.2 
Ridings X 11 3 	1 	1 16 1.8 

C 32 5 	1 2 40 4.7 

N. Western A 8 8 1.8 

N. Midland Q 6 6 0.9 

Midland N 3 3 0.4 
C 22 1 23 2.4 

N. Wales L 32 9 	7 	1 1 50 6.3 

S. Wales W 14 9 	6 1 30 5.4 
E 13 2 	1 2 1 19 3.6 
H 23 5 	1 29 5.6 
I 12 3 1 16 3.7 
F 22 6 	2 3 1 34 4.0 
V 19 3 	1 3 1 27 2.5 

S. Eastern B 24 4 28 3.9 

All 315 60 	24 	7 18 4 	1 429 2.4 



Table 11 Distributions by age at first survey of miners 

deceased, alive and untraced at 31.7.72 

(Percentage distributions in brackets) 

Age-rouD at first surveys 

20 -24 -29 -34 -39 -44 -49 -54 -59 -64 65+ Total 

Dead 26 18 40 103 131 300 484 755 812 809 405 3883 

(0.7) (0.5) (1.0) (2.7) (3.4) (7.7) (12.5) (19.4) (20.9) (20.8) (10.4) (100.0) 

Alive 1348 1055 1243 1762 1622 1905 1792 1397 803 389 110 13426 

(10.0) (7.9) (9.3) (13.1) (12.1) (14.2) (13.3) (10.4) (6.0) (2.9) (0.8) (100.0) 

Untraced 26 24 29 32 35 28 40 56 62 64 33 429 

(6.1) (5.6) (6.8) (7.5) (8.2) (6.5) (9.3) (13.1) (14.5) (14.9) (7.7) (100.0) 

Total 1400 1097 1312 1897 1788 2233 2316 2208 1677 1262 548 17738 

(7.9) (6.2) (7.4) (10.7) (10.1) (12.6) (13.1) (12.4) (9.5) (7.1) (3.1) (100.0) 



untraced groups are compared in Table 11. 	As expeced, 

a disproportionate number of men not traced were in the 

older age groups: 37 per cent of these men were aged 55 

years or more at the time of the initial surveys, as 

compared with 19  per cent of those wiose vital status 

was confirmed. 	Most of the untracec group left the 

collieries coiicerned soon after the initial surveys. 

Table 12 shows the distribution of untraced men by colliery 

and by radiological status as assessed from X-rays taken at 

the initial surveys. 	There were some untraced men in each 

of the collieries, the proportion ranging from 0.6 per cent 

to 6.3 per cent. 	A strong regional bias is evident: all 

the seven Welsh collieries included in the study are among 

the nine where the percentage untraced was 3.0 or more. 

Both the age and regional bias implies that the sample of 

traced men is likely to be biased also with respect to 

radiological category at the first surveys. 	Table 13 

shows the imbalance. 

Table 13 Numbers of men with and without radiological 

abnornizities at first surveys in traced and 
wttrace groups 

	

Cate ry 0 	Pneumoconiosis 	 Total 
(all categories) 

Traced 	13,786 (80%) 	3,523 (20%) 	17,309 (100%) 
Untraced 	315 (7391) 	 114 (27%) 	 429 (1001) 



Table 14 Summary of research data available for 17,309 traced men 

DATA AVAILABLE RADIOGRAPHS AT SURVEYS: 

1 1 & 2 1,2 & 	3 1,2,3 & 	4 Other 
combinations 

X-rays (XR) only 3283 3 

XR + Industrial History (IH) 1578 7 4 2 

XR + IH + B1  12 4164 6 1 13 

XR + III + E1  + E2  1 11 3956 1 160 

XR + IH + E1  + B2  + B3  1734 2053 133 

flj + some exposure data 12 58 2 60 

Some exposure data; 	no IH 39 2 2 12 

Totals 4925 4242 5702 2057 383 

Questionnaire and lung 4084 5652 2035 2 

function data at second 
surveys 

* 	E 	= some exposure data for i 
th  inter-survey period (i = 	1,2,3) 

Totals 

3286 

1591 

4196 

4129 

3920 

132 

55 

17309 

11773 
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These biases reinforce the earlier warning that the men 

being studied are not an appropriate sample for 

comparisons with official mortality statistics. 	The 

death rates among the traced men cannot be regarded as 

typical of those pertinent to coalminers in general or 

indeed to the defined cohort. 	Radiology however is an 

important aspect in several of the research questions to 

be studied (section 1.8). 	For this reason, the sample 

chosen was biased deliberately to include a disproportion- 

ate number of men with pneumoconiosis. 	This objective 

has been realised, more or less, by virtue of the high 

percentage traced. 

3.7 	Data available for traced men 

Concurrently with the follow-up, research records 

accumulated over 17 years were re-organised, verified 

and edited. 	Many detailed problems were resolved by 

close consultation with members of the field research 

teams who conducted the surveys. The type and the 

quantity of information available for traced men is 

summarised in Table 14. 

By definition, at least one X-ray (taken at the first 

surveys) is available for all 17,309 men. 	Nearly 70 per 

cent (12,046 men) attended also at the second surveys 

approximately five years later. 

The/... 
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The work on the follow-up was already well advanced when 

it was discovered that most of the industrial history 

data for men who attended at the first surveys only had 

been destroyed many years earlier. 	(That decision had 

been taken at a time when data processing facilities 

were severely restricted and priority wa being directed 

to analysis of results from sub-groups attending at least 

two medical surveys. 	Some associated records of 

attendance at work, necessary for dust exposure calcu- 

lations, were abandoned at the same tune). 	Thus there 

are no research records, other than initial radio-

logical category, for nearly 3,300 men. 

Industrial histories and exposure data relating to at 

least the first inter-survey periods are available for 

71% of the sample (12,245 men), and this group includes 

1,965 men who had died by 31.7.72. 	The industrial 

history records for 136 of these 12,245 men had been 

endorsed as "unreliable" by research staff who con- 

ducted the interviews at the collieries. 	Prevalence 

of pneumoconiosis, in relation to estimates of dust 

exposure up to the time of the first surveys for the 

remaining 12,109 men has been discussed in chapter 2 

(Table 3 and Figure 4). 

3.8 	Variation in follow-up period 

Although a fixed date (31.7.72) was chosen as the end of 

the!... 



FIGURE 7. Follow-up results, showing periods of follow-up by colliery and region, with risk-sets 

and numbers of deaths available for analysis at 14, 16, 17 and 18 years after first surveys 

TEARS1 	FOLLOW-UP 

REGION 	
14 16 17 18 

Scotland I J 0 	P 	S 

-1-  - I  ---
Northern 

D 	T 

----I 

 T 	14 

East and and West Ridings K I U 

North Western 
£ 

I I Q 
North Midland 

I -- I .--  - 	--- 	-- 
Midland 

North Wales 

South Wales II 1' 	W I 	V 	E 

South Eastern 

RK-S7 	17,309 16,62a 11,840 4,604 

PFATIVI IN 	2,640 3067 1.100 
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the follow-up period, the time intervals over which 

survival is bting studied vary between collieries, as 

has been noted above (Table 9). 	(This is because of 

the way in which the P.F.R. medical surveys were 

conducted: two field teams working simultaneously over 

the north and south of Great Britain, visiting each 

colliery in turn). 	In consequence, all inferences 

that follow in connection with follow-up periods greater 

than 14 years have to be qualified by noting that the 

reduced risk-sets for such periods are specific to 

certain collieries. 	In other words, if the length of 

the follow-up period is regarded as a factor possibly 

influencing results then this factor is confounded with 

other possible colliery associated factors. 

The variation in the regional distribution of the risk- 

sets with follow-up period is shown in Figure 7. 	The 

regional grouping of collieries in Figure 7 (and else-

where in this report) corresponds to the area classifi-

cation ("Standard Regions") defined in the Decennial 

Supplement on Occupational Mortality for 1961 (Registrar 

General, 1971; p.7). 	It will be seen that the 

distortion in the regional representation is relatively 

mild up to and including the 17th year of the study; 

only one region (N. Western) is wholly unrepresented at 

that point. 	Even at the 18th year there is fortuitous 

balance between Scottish and Welsh collieries, but most 

of the important English coalfields then no longer 

contribute!... 
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contribute data. 

Results relevant to a 16-year study period offer an 

attractive focal point for analyses: the risk-set at 

that time is reduced by only 4 per cent of the original 

17,309, and the number of deaths available for study is 

at a maximum. 

3.9 	Statistical methods 

3.9.1 	Conventional epidemiological indices of mortalit 

The essence of mortality studies is to make comparisons 

of incidence of deaths between different groups. 	For 

such comparisons to be valid it is necessary always to 

allow for inevitable differences in age-distributions 

between groups. 	Various approaches to the problem are 

available; all are dependent on assumptions which may be 

more or loss appropriate in a particular situation. 	If 

the age-specific probabilities of death are small and the 

corresponding risk-sets large then the so-called 

"indirect" method for age-standardisation is convenient, 

and provides indices of relative mortality whose 

variances may be approximated easily under certain circum-

stances. 

Indirect standardisation requires calculation of the 

number of deaths that would be expected in a group, X, 

if that group had experienced age-specific death rates 

characteristic/.., 
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characteristic of some other ("standard") group, S. with 

whom it is desired to make a comparison. 	Thus, if d 

are the number of deaths among ri  persons at risk in the 

th age-group of the sample X; and D1  are the correspond-

ing deaths among R persons in the group S, then the 

expected number of deaths is (rDi/R). 	The ratio of 

the observed to the expected number of deaths provides an 

index of relative mortality adjusted for differences in 

age distributions between X and S. 	This quotient is 

known as the Standardised Mortality Ratio 

S.M.R. 'Zd/Z(rD/R), 	 (8) 

where the summations are over the age-groups. (The dummy 

variable and limits of summations will be omitted when 

there is no ambiguity). 

The Registrars General use this approach to summarise 

mortality in different occupational groups. 	For the 

1961 Decennial Supplement on occupational mortality 

(Registrar General, 1971) the standardgroup S, was all 

men (England and Wales) between the ages of 15 and 64. 

Yule (1934) pointed out that in this type of situation 

the variance of the numerator of (8) was likely to be 

much greater than the denominator. 	In fact, for a 

particular relatively short time period and a given 

occupational group X, the denominator might be regarded 

effectively as a fixed constant K. 	K is the expected 

number of deaths in X under the null hypothesis that 

the!... 
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the true age-specific probabilities of death in X and S 

are the same. 	If that hypothesis is true ther the 

variance of (8) can bc approximated by 

 

K2  

It can be argued that if the hypothesis is not true then 

a better estimate of the variance of (8) would be 

obtained by taking d1/r1, rather than D/Ri, as the 

estimated probability of death in the i th  age-group of X. 

This leads to 

 

K2  

as an estimate of the variance of an S.M.R. 

Yule (1934) noted also that provided the age-specific 

probabilities of death are small (as they would be for 

age-groups between 15 and 65 years) then the d can be 

regarded reasonably as Poisson variables. 	Formula (10) 

th'n reduces to the convenient approximation 

Ve(SsM•Rs) 	(S.M.R.)2/id. 	(11) 

In the above arguments it has been assumed throughout 

that the deaths concerned are statistically independent 

events. 	Clearly, this assumption is not sensible when 

cons idering/... 



considering deaths linked by a common precipitating 

event, such as an epidemic of a communicable disease or, 

say, a disaster in a coal mine 

The alternative "direct" method for age-standardisation 

requires calculation of the number of deaths that ould 

be expected in the standard population, S, if the age- 

specific death rates observed for X had occurred. 	The 

ratio of this number to those actually occurring in S is 

known as the Comparative Mortality Figure (or sometimes 

as the Comparative Mortality Index): 

C.M.F. 	(Rd/r)/TD. 	 (12) 

In the Registrar General's occupational mortality surveys, 

d for a particular group X, is normally a small fraction 

of the total number of deaths. 	Yule (1934) showed that 

in practice the variance of D, and its covariance with 

the numerator of (12) made relatively small contributions 

to the overall variance of a C.M.F. 	On this basis, that 

variance can be approximated by 

i[DR_D/rIj 
	

(13) 

()2 

or by 

2R2(r_d)/r31 ; 	 (14) 

(ED) 2 

where again, (13) anticipates that the null hypothesis 

of interest is true. 
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If the d are assumed to be Poisson variables then the 

argument leadirtg to (13) gives 

V 	(C.M.F.) 	(DR/r) e(1) 	
...5D)2 

 

while the analogue of (14) using the Poi:-'son assumption 

is 

V (2)  (C.M.F.) 
 

Neither (15) nor (16) have the simple form of (11), and 

this is one reason why the S.M.R. is often preferred as 

an index of relative mortality. 

Hand calculation of the S.M.R. for large numbers of 

occupational groups (with the same standard population, 

S) is also far simpler than calculation of the correspond- 

ing C.M.F.'s. 	This factor was not unimportant prior to 

the invention of electronic computers. 	The 1931 

Decennial Supplement (Registrar General, 1938) compared 

the two indices. 	For men aged between. 20 and 65 years 

the S.M.R. and the C.M.F. (both expressed as percentages) 

differed by less than one (percentage) unit for 64 of 88 

occupational groups studied. 	Less than five per cent 

of the paired values differed by five or more (percentage) 

units. 	There were bigger and more frequent discrepancies 

when/... 



when considering the mortality experience of single women 

over the same age-range. 	In general, serious divergencies 

between a C.M.F. and an S.M.R. (when both are based on the 

same standard population, S) indicate that there are 

important differences in relative age-specific death rates 

depending on age. 	Thus the magnitude of a divergence from 

unity in the ratio of an S.M.R. to a C.M.F is a useful 

index to possible pitfalls in the interpretation of either 

the S.M.R. or the C.M.F. on its own. 

For large-scale cross-sectional population studies of the 

kind carried out by the Registrar General, the results from 

the comparison based on the 1931 data suggested that there 

was little to be lost in the way of information and much to 

be gained in convenience by confining attention to the 

S.M.R. 	The 1951 and 1961 Supplements on Occupational 

Mortality (Registrar General, 1957; 1971) no longer used 

the C.M.F. 	Deaths in various occupational groups were 

summarised as S.MR.'s for the age-range 20 to 64 years using 

the 1951 results, and 15 to 64 years in the 1971 results. 

In both reports, cause-specific mortality in the age-range 

65 to 74 years was summarised as a Proportional Mortality 

Ratio (P.M.R.), defined as 

c1. lid. 

P.M. R. 	 (17) 

i c 	iT 
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where dic, Dic refer to the number of deaths attributed 

to cause C in the i th  age-groups of X and S respectively, 

and the subscript T denotes deaths from all causes. 

(The formula (17) can of course be applied to any desired 

age-range, by varying definition of the range of the 

dummy variable i. Moreover, the symbol T can be used to 

denote any specified grout:.. of causes, rather than all 

causes). 

3.9.2 	Multiple comparisons of mortality in prospective 
studies 

The S.M.R. was designed to be a convenient index of 

relative mortality for large-scale, cross-sectional 

general population studies. 	Notwithstanding some 

difficulties of interpretation discussed in section 1.3, 

S.M.R.'s have often provided helpful pointers to social 

and industrial health problems meriting further investi- 

gation. 	Use of formula (8) for ad-hoc, prospective 

studies raises new problems of interpretation which have 

attracted increasing attention in recent years 

(Miettinen, 1)72; Redmond and Breslin, 175; Gaffey, 

1976; McMichael, 1976). 

For studies of the kind under consideration now, 

multiple comparisons between various sub-groups, Xj  

(j 	1,2  ...) are of interest, not just a series of 

comparisons with the same standard group S. 	In this 

situation/... 
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situation use of formula (8) is particularly hazardous. 

The ratio of any two S.M.R.'s is a function of the age- 

specific death rates in the standard group S. 	A 

comparison between two groups X1  and X2  can thus be 

influenced c1tically by the choice of that standard or 

"control" group. 	A possibl3 solution to this problem 

is to take S as the aggregate of the Xj. 	This approach 

is attractive bect..ise it avoids the subjectivity in 

selecting an external control group, and because it 

leads to more easily interpretable descriptive 

statistics summarising the contrasts between Xj. How-

ever, there are then further difficulties in attempting 

to assess the statistical significance of any dLferences 

that are found. 	d may now be an appreciable fraction 

of D, so that it would no longer be reasonable to 

ignore the covariance between the numerator and 

denominator of (8); variance estimates from either (9) 

or (10) are unreliable. 	By the same token, values of 

(8) based on data from any two groups X1, X2  are 

certainly not independent, and there may be non-trivial 

correlations between them. 	The sum of the two corres- 

ponding variance estimates is then not necessarily a 

"safe" estimate of the variance of the difference 

between the statistics. 	Significance tests based on 

such simplifications may give misleadir results. 

Moreover, the ag_pec jfjc  probabilities of death in 

sub/. 



sub-groups involved in prospective studies may be quite 

large and the corresponding risk-sets relatively small, 

depending on the initial age-distributions and on the 

length of the follow-up. 	The Poisson assumption, used 

for the attractive simplification (11), may then be 

inappropriate and lead to a not negligibie loss of power 

for differentiating between real and chance effects. 

The direct method of standardisation presents fewer 

difficulties in this respect. 	The ratio of two C.M.F.'s 

is independent of the death rates in whatever standard 

group S is chosen. The R1, contributing to the numerator 

and denominator of such a ratio can be regarded as 

arbitary weighting factors, and the quotient itself can 

be iterpreted simply as the ratio of the weighted 

averages of the two sets of age-specific death rats 

concerned. 	To test the hypothesis that the age-specific 

probabilities of death in X1  and X2  are the same it is 

enough to test whetter the logarithm of the ratio of the 

observed C.M.F.'s differs significa:tly from zero. 	The 

variance of this logarithm ay be approximated by 

Ve  Flog (C.M.F.i/i.M.F.9)j.__ Ve(CsMsFi) V0(C.M.F.2) 

2 	
(18) 

(C.M.F.1)2 + 
	

(C.M.F.2) 

provided that the covariance between the weighted average 

age-specific death rates can be regarded as negligible in 

relation/... 
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relation to the sum of their variances. 

Either (13), (14), (15) or (16) may be selected to 

estimate the variances of the C.MF. t5 depending on 

which formula seems most appropriate for a particular 

Situation. 

For studies of the kind being considered here it seems 

therefore that there are advantage: in operating with 

the C.M.F. rather than with the S.M.R. 

An alternative approach to comparing the mortality 

experience in independent groups X and S is to consider 

a weighted avera,e of relative risks in the various age-

groups, where the relative risk in the i th  age-group is 

estimated by 

d1  (R - D) 
(19) 

	

D11 	1
jr. - d.) 

that is, the ratio of the odds-ratios (deceased/ 

survivors) in X and S. 

Mane1 and Flaenszel (1959) suggest a weighted summary 

relative risk as a measure of the average relative risk 

- S.R.R. = 	d)/(r + R). 
	 (20) 

	

JJ(r - 	+ R) 

To test for consistent departures from unity (in the same 

direction) among the va'ius R.R.1  these authors propose 



- 113 - 

a corrected chi-square statistic with one degree of 

freedom 

Jfd -E(d)J 
	

(21) 

lYe (d) 

where E(d) • r(dj + Dj)/(ri + Ri), and  Ve(di) - 

rjRj(di + Di)(rj - d1  + R - Dj)/[(ri + Ri)2(ri + R1  - i)j 

Clearly, (20) and (21) can be used to compare the 

relative risks in two groups X1  and X2  quite independently 

of S. 

Mantel and Haenszel (1959) extend their argument to 

comparisons involving more than two groups. They discuss 

the problem of correlations between terms contributing to 

the numerator of (21) in this situation; describe an 

adjustment to (21) which takes this into account when 

three groups are involved; and they propose an approxi-

mation for the case when there are more than three groups. 

Redmond et al (1972) have used these methods to study 

mortality associated with different diseases among 

workers employed on coke ovens. 	Sub-categories 

considered in this case included age-groups, manufactur-

ing plants, and duration of exposure to carcinogenic 

fumes associated with coke ovens. 

3.9.3 Procedures adopted 

Consideration of the separate research questions listed 
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in section 1.8 required selection of appropriate (and 

mainly overlapping) portions from the total sample of 

traced men, depending on what data were available (Table 

14). 	The resulting selections are referred to now as 

study samples. 	In each case, the study samples were 

divided into sub-groups according to the levels of 

factors under consideration. 	Statistics analogous to 

(8) and (12) were calculated for each sub-group, using 

the pooled results from the sub-groups contributLr to 

the study sample as the "standard" data. Separate 

calculations were made from results at 14, 16, 17 and 18 

years after the initial surveys. Ten age-groups were 

used in each case, based on age at first survey (-24, 

25-29 1, 30-34, 	.. 60-64, 65+). 

In the remainder of this report it will be convenient to 

refer to results of such calculations from (8) and (12) 

as SMR and CMF respectively (without the abbreviating 

full-stops). 	The asterisks are intended to emphasis. 

that SMR* and  CMF*  are not to be confused with standard-

ised statistics derived from the Registrar Generals' data 

for coalminers. 	(There are some comparisons with 

official statistics, in chapter 4. 	Restrictions on the 

validity of such comparisons are discussed at that point). 

In some cases the above calculations were supplemented by 

the production of survivorship tables, for graphical 

analyses/... 
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analyses. 

Preliminary studies of results were made then by 

inspecting trends in these statistics over the 

relevant factor levels at each of the four follow-

up periods defined; 

considering variations in such trends between 

follow-up periods as possible indicators of 

regional differences or "length of follow-up" 

effects; and 

by examining discrepancies between the SMR*  and 

the CMP* calculated from the same data. Such 

discr.ies were interpreted as indicators of 

age-dependent variations in relative mortality 

within sub-groups, which were studied fur-q,.ciar  

where necessary by considering the age-specific 

death rates concerned. 

Approximate tests of significance were made in some cases 

as a guide to the interpretation of these preliminary 

analyses. 	The results from these tests were taken into 

consideration when selecting and preparing data for 

more complex analyses by methods to be described. 

3.9.4 An example: cigarette smoking, bronchitic 
symptoms and lung cancer 

3.9.4.1/... 
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3.9.4.1 	The problem 

Part of the data collected for the present study are 

suitable for re-examining a finding reported by 

Rimington (1971). 	These data re presented now to 

illustrate the general approach used in preliminary 

scrutiny of results reported in subsequent sections. 

Rimington described a follow-up of over 21,000 men who 

had participated in a mass radiography survey. 	The incidence 

of lung cancer over periods varying between 36 and 56 

months was higher among those cigarette smokers who 

reported persistent sputum production at the initial 

survey than among those who denied having this symptom 

of chronic bronchitis. 

3.9.4.2 Data 

In the P.F.R.,respiratory symptom questionnaires were 

applied for the first time during the second series of 

medical surveys. 	The questionnaire is reproduced in 

Appendix 1. Of the 12,046 traced men who attended at 

the second surveys (Table 14) a study-sample was selected. 

Criteria for inclusion in the study sample were framed so 

as to permit investigation of various questions of 

interest. 	The criteria were 

(i) 	replies to the P.F.R. questionnaire on respiratory 

symptoms and smoking habits as determined at the 

second!... 



second surveys were to be available; 

industrial history (prior to first surveys) and 

dust exposure data during the first inter-survey 

periods were to be availalie; 

no radiological assessment of P.M.F. or of 

doubtful shadows possibly indicative of P.M.P. 

was to have been recorded in the research 

computer files. 

There were 11,056 men fulfilling these criteria. 	Their 

replies to the respiratory symptoms questionnaire were 

used to classify them into six smoking groups and four 

symptom groups defined in Appendix 1. 

For the present example attention is confined to 7,111 

non-smokers and cigarette smokers in symptom groups 1 

and 2. 	They were distributed as follows. 

SYMPTOM GROUP 	 SMOKING GROUP 

Non-smokers Cigarettes only 

No persistent cough 

and phlegm OR breath- 

lessness 	 1,209 	 4 1,139 

Persistent cough and 

phlegm, but no breath- 

lessness 	 160 	 13,603 



Table 15 Lung cancer deaths among 7,111 men who survived at 

least up to the second P.F.R. surveys; by smoking 

habits and reports of persistent cough and phlegm 

but no breathlessness at time of second surveys 

YEARS FROM 

FIRST SURVEY 

SYMPTOMS 

14 

YES NO 

16 

YES NO 

17 

YES NO 

18 

YES NO 

RISK SET: r 1603 4139 1514 4072 814 3319 179 1159 

EtJD 

OBSERVED DEATHS: Yd 22 31 29 41 18 46 4 15 

"EXPECTED" 	DEATHS: Z(rD/R) 11.9 23.2 16.3 32.9 12.0 35.4 2.7 12.6 

cn RISK SET: r 160 1209 153 1183 68 909 29 379 

OBSERVED DEATHS: 5d 0 1 0 2 0 2 0 1 

0 z 
* 

"EXPECTED" 	DEATHS: rD/R) 1.2 6.7 1.6 9.4 1.0 9.2 0.5 3.6 

* 	"Expected" deaths calculated from rates applicable to parent study-sample: 

5jR = 11,056 (Appendix 2) 
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3.9.4.3 	Results 

The number of deaths attributed to lung cancer on death 

certiicates among these 7,111 men are shown in Appendix 

2 in relation to age at first surey. Also shown in 

Appendix 2 are the corresponding numbers of deaths 

attributed to lung cancer among all 11 0056 men 

contributing to the parent study sample. The age-

specific results in Appendix 2 are presented in relation 

to the four periods from date of first survey discussed 

in section 3.8, that is, 14, 16 9  17 and 18 years. 	It is 

convenient to maintain the arrangement of data in the 

way described in Figure 7, but it should be noted that 

for this particular study sample the real "follow-up 

periods" are approximately five years less than the time 

from the initial survey; by definition, all 11,056 men 

had survived up to the second surveys. 

The data from Appendix 2 are summarised firstly in Table 

15. 	It is clear immediately that the incidence of lung 

cancer deaths is dramatically higher among the cigarette-

smoking coalminers studied than among their non-smoking 

colleagues, irrespective of symptom group or length of 

follow-up. 	The result is, of course, consistent with 

numerous surveys throughout the world, including 

Rimington's, and it will be studied further in a later 

section. 

The/... 



Table 16 Lung cancer deaths among 5,742 cigarette-smoking men 

who survived at least up to the second P.F.R. surveys 

*5jj.Jflary of age-standardised statistics in relation to 

parent study sample: ZR = 11,056 (Appendix 2) 

YEARS FROM 

FIRST SURVEY 

SYMPTOMS** 

14 

Y N Y 

16 

N Y 

17 

N Y 

18 

N 

SMR* 1.85 1.34 1.78 1.24 1.50 1.30 1.48 1.20 

CMF* 1.88 1.32 1.81 1.27 1.50 1.34 1.39 1.20 

SMR*/CMF* 0.98 1.02 0.98 0.98 1.00 0.97 1.06 1.00 

Ratio of SMRs*  (YIN) 1.38 1.44 1.15 1.23 

Ratio of CMFs 	(Y/N) 1.42 1.43 1.12 1.16 

** Y: reports of persistent cough and phlegm but no breathlessness 

N: denial of persistent cough and phlegm or breathlessness 
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The data for cigarette smokers with and without the 

defined respiratory symptoms are summarised further now 

in Table 16. There is a tendency for both summary 

statistics (SMR and CMF*)  to decrease with length of 

follow-up, and this is evident fc: both symptom groups. 

The apparent reduction in excess lung cancer risk with 

length of follow-up might be interpreted as indicating 

regional variation in the hazard (because the follow-up 

periods are confounded with regional distributions of 

risk-sets). 	Alternatively, it may be simply a 

reflection of the ageing of the cohort (the longer the 

follow-up period, the more likely it is that cigarette 

smokers at risk will die from causes other than lung 

cancer). Whatever the explanation (and of course the 

apparent trend might be due to sampling variation) the 

indices shown in Table 16 draw attention to a feature of 

the results meriting further study. 

The fact that both summary statistics show similar 

average excess mortality for cigarette smokers is a re-

assurance that the excess occurs in more than just one 

or two particular age-groups. 	However, any quantitative 

statements about age-specific hazards would require 

reference to the basic data themselves (Appendix 2). 

The primary purpose of displaying both CMF* and SMR 

statistics for each follow-up period is to assist the 

detection of gross anomalies during the preliminary 

scrutiny of the data; - "to arouse suspicions" 

(Finney/... 
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(Finney, 1975). 

The same purpose is served by considering the contrast 

between the two symptom groups in terms of both average 

statistics. 	If attention is now focussed on results at 

16 years after the first surveys (for the reasons stated 

in th last paragraph of section 3.8) then this step is 

taken with an awareness that at later follow-up points 

the difference between cigarette smokers with and with-

out symptoms is in the same direction, but smaller. 

At 16 years aftei the first survey, and assuming the 

validity of the Poisson asstinption, (11) gives a variance 

estimate of the difference in SMR*?s  as 0.1466. 	The 

variance estimate based on (10) is 0.1418. 	The standard 

ised differences in SMR*s  are 1.41 and 1.39 respectively 

f the latter are regarded as approximately standardised-

normal variates then the probability of their occurrence 

under a null hypothesis is about 0.16. 	A test of 

significance on the difference in the logarithms of the 

CMF*?s, using (18), (and (14) to estimate the variances) 

gives 1.42 as the approximately normally distributed 

test statistic. 	The associated probability under 11 is 

virtually the same (about 0.155) as those quoted above. 

The Summarised Relative Risk (20) comparing the two 

symptom groups directly is 1.44. 	The associated 

corrected . (21) with one degree of freedom is 1.787; 

the probability of occurrence under H0  is about 0.18. 

3.9.4.4/... 
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3.9.4.4 Discussion 

The test on the difference in SMR's, and that on the 

ratio of CMF*iS, both ignore covariances between standard- 

ised statistics from the two sym1  toni groups. 	This is 

not so for the test based on (21) since in this case (20) 

and (21) are functions only of data from the mutually 

exclusive symptom groups. 	For this reason the slightly 

higher significance level from the latter test should be 

regarded as the better estimate of the true probability 

of chance occurrence. 

The data support a conclusion that over an approximately 

11 year period, the incidence of deaths attributed to 

lung cancer among cigarette-smoking coalminers who 

reported certain symptoms indicative of chronic 

bronchitis is about 44 per cent higher than among their 

cigarette-smoking colleagues without these symptoms. 

The excess appears to be significant at the 20 per cent 

level, but the result might have arisen by chance about 

15 times in 100. The data do not support extrapolation 

of this finding to longer follow-up periods; 	indeed 

there is some evidence suggesting that the apparent 

effect is then reduced. 

It is interesting to note that, using the same data thid 

ignoring differences in age-distributions between those 

with and without symptoms, the crude relative risk is 

1.92/... 
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1.92 and the associated value of 2 with one degree of 

freedom is 6.65 (P<0.01). 	Evidently there were 

differences in the age-distributions between men with 

and without symptoms, as can be vlerified from Appendix 2. 

There were more older men among those with symptoms; 

38 per cent were aged 50 years or more at the time of 

the first surveys, as compared with 25 per cent of those 

without symptoms. 	The crude, non-age-standardised 

relative risk is falsely inflated. 

Rimington's data give a crude relative risk equal to 

1.97. 	The associated corrected )2  with one degree of 

freedom is 405 (0.04<PO.0s). 	Rimington thought 

there might be an age-associated bias. 	He therefore 

quoted also age-standardised incidence rates using the 

direct method, with a hypothetical "standard" population 

distributed uniformly over 5-year age-groups. The 

ratio of the age-standardised rates is reduced to 1.74; 

no significance level is quoted in the paper. 

When comparing Rimington's results with those presented 

above it should be noted that definitions of "persistent 

sputum production" differed. 	In Riinington's study, men 

were classified as having the symptom if they replied 

Positively to the question "Do you ever bring up or cugh 

p phlegm from your chest?" (emphasis added) and if they 

then admitted to having this symptom "on most days of 

the year". 	Classification into symptom group 1 for the 

present/,.. 
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present analysis required acknowledgement of both 

coughing and bringing up phlegm "on most days for as 

much as three months of the year", and such classifi-

cation specifically excluded bre'thlessness (Appendix 1). 

The exclusion was made because breathlessness was not 

considered to be a symptom specific to chronic upper-

airways disease as such; it might be indicative of the 

presence of emphysema which often occurs together with, 

or as a complication of, chronic bronchitis. 	Efcts 

associated with breathlessness (both in the presence 

of persistent cough and sputum production and on its 

own) are considered in a later section. 	For the 

present discussion the difference in symptom definition 

should be noted since this may have contributed to the 

lower estimate of age-adjusted relative risk among the 

coalininers. 	The difference in follow-up periods might 

also have acted in the same direction. 

A further difference in methodology requires consider- 

ation. 	Rimington positively eliminated lung cancer 

from his risk-set in his initial radiological examin- 

ation. 	The data from the P.P.R. surveys are not as 

definitive. 	However, the exclusion of men with P.M.F. 

or "doubtful shadows" from the study sample approximates 

closely to the desired assurance that no persons 

included had radiological evidence of lung cancer 

initially. 	Such evidence would usually have resulted 

in a referal for further investigation, with a note 

"query!... 
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"query lung cancer", and the data sheet would have been 

marked accordingly. 	In any case, the prognosis for 

lung cancer is so poor that the length of the follow-up 

period ensures that any error arising from this source 

will have been small. 	Eighty-five men had been 

excluded from the study sample because their X-rays at 

the third surveys showed doubtful shadows. 	Two of 

these men died subsequently with lung cancer as the 

underlying cause. 

I have argued elsewhere (Jacobsen, l9721) that because 

of inevitable constraints on materials and methods, 

significance tests in an epidemiological setting 

cannot be interpreted in the same strict quantitative 

manner that would be justified in considering results 

from a carefully designed laboratory experiment. 	Never- 

theless, it seems that this survey of coalminers supports 

Rimington's main conclusion that cigarette smokers who 

develop symptoms of chronic bronchitis "run a higher 

risk of developing lung cancer" than those without those 

symptoms. 	In both studies, the statistical significance 

of the excess hazard is not as impressive as is suggested 

by the crude data, unadjusted for differences in age-

distributions. 

3.9.5 Explanatory variables in the analysis of survival 
data; Cox's model 

The preceding example has illustrated that relatively 

simple!... 
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simple methods, using analogues of conventional indices 

of mortality, may go a long way towards extracting 

information necessary for statistical inference. 	However, 

there are limitations to these me-hods because they depend 

on the ability to group data sensibly according to levels 

of factors, or hypothesised explanatory variables of 

interest. 	Restrictions include the following. 

Ci) 	Inferences are not unique to the data but re 

conditioned by the grouping rules employed. 

Grouping data according to measurements made on a 

continuous scale (e.g., age on a time scale) 

involves some loss of information. 	In special 

cases the information lost may be important. 

Simultaneous consideration of hypothesised 

effects of several variables and their inter-

actions may become difficult or impossible if 

repeated division of the data into sub-groups 

leaves small numbers in the relevant risk-sets. 

Analysis of grouped data in relation to 

explanatory variables requires that particular 

groups are associated uniquely with specified 

values, mean values, or ranges of values, of the 

explanatory variables concerned. 	As noted by 

Enterline (1976), this requirement may be 

particularly troublesome in prospective studies 

which/... 
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which attempt to relate mortality to cumulative 

exposure to an environmental insult, if measure-

ment of the cumulative dose overlaps the period 

of follow-up. The dose-levels associated with 

survivors are those measured to the and of the 

study period; the dose levels attributed to 

those who die are measured to some time before 

the and of the study. 	This tends to generate a 

spurious negative correlation between mortality 

and a dose-metameter relevant to grouped data 

(or individuals). 

Cox (1972) has proposed a model which admits regression-

like arguments into the analysis of survival data. This 

method of analysis appears to be the only one described 

in the literature which can, in principle, solve problem 

(iv) above. 	Cox writes his model as follows. 

'0(t) exP[h(!))] 	 (22) 

where the left-hand side is a general hazard expressed as 

a function of time t, and a vector of explanatory 

variables)  z 	h( ) is a function of the explanatory 

variables and unknown constants /3. )0(t) represents the 

unknown hazard function when z - 0. The relative hazard 

for any two sets of conditions Al  and &2  is then 

exP{ hf(zi_z2)1?. 

Cox shows that if there are data giving individual 

failure!... 
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failure times (times of death in the present application) 

and corresponding values of the variables z, then 

can be estimated. The estimation procedure depends on 

maximising the likelihood function derived from specifi-

cations of the system at each instant, t, when a death 

occurs; that is, the likelihood of death is expressed 

"conditionally" on the data relating to the risk-sets 

as they exist at each t. 	In a later paper, Cox (1975) 

shows that this "conditional likelihood" is a special 

case of a "partial likelihood", defined as one factor in 

the full likelihood function. 	In the present case, the 

partial likelihood factor contains all the information 

about the parameters of interest, the/3 . 	The other 

factor in the likelihood is dependent on >0(t), and this 

is regarded here as a nuisance parameter of no intrinsic 

interest. 

Cox (1975) elaborates his earlier (1972) appeal to 

large-sample asymptotic arguments to justify the 

estimation of the variances of the /3  from (-1) times the 

observed value of the second derivative of the log 

partial liktihood. This permits tests of hypotheses 
A 	 A 

about the estimated coefficients , by taking /31frej as 

(approximately) a standardised normal variate. 

A novel feature in Cox's model is that z may include 

time-dependent variables. 	In consequence, time-dependent 

variation in the relative hazard may be incorporated into 

the/... 



- 128 - 

the model. 	Meshalkin ar Vgan (1972) give an example 

of such an application. 	The lack of restrictions on z 

may be exploited further as follows. 	If the value of a 

particular z' for an individual, itself varies with time 

(for example, if z' is an individual's cumulative dust 

exposure) then these varying values may be used when 

maximising the pi;tia1 likelihood with respect to 

Required only is knowledge of the values of z' for every 

individual in the risk-set at each instant when a death 

occurs; and problem (iv) is solved in principle. 

There are computing problems in tae application of (22) 

to large data sets, particularly when more than two 

explanatory variables are involved. 	In the work 

reported now, analyses using (22) were made selectively, 

following preliminary studies of the kind described in 

sections 3.9.3 and 3.9.4. 	The computer program used was 

kindly maJ. available by Dr. J.L. Cutler of the World 

Health Organisation, Geneva. 	The program makes provision 

for estimating the function h(z) in (22) when that 

function is specified as  

k3 	 (23) 

where 0p4; 1'q5; 1p+q5; and s is the survival 

time from the start of the study. 	The origin of the 

time scale for each individual is his date of birth. 

The/.. 
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The above specifications restrict the number of 

explanatory variables to five, and ensure that the 

hypothesised effect of at least one of them is considered 

as possibly varying with time of follow-up. 

Experience with the program showed that for up to 1,000 

in the initial risk-set, satisfactory convergence was 

obtained usually after three or four iterations. 	For 

initial risk-sets greater than l,i)O the computing time 

increased steeply (and not linearly). 	Therefore, in 

some of the following analyses, risk-sets greatly in 

excess of 1,000 were divided into sub-groups by strati-

fied systematic sampling, and results from the sub-groups 

were analysed separately. 
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4. REGIONAL VARIATIONS IN CAUSE-SPECIFIC MORTALITY 

4.1 	Nomenclature, definitions and conventions 

The Registrars General base their reports on the "under-

lying cause of death" as recorded on death certificates. 

The same convention is adopted here. 	Causes are grouped 

according to definitions in the International Statistical 

Classification of Diseases, Injuries, and Causes of 

Deaths (I.C.D.) produced by the World Health Organisation 

(W.H.O.). 	Deaths recorded in the present study occurred 

in the period 1953-1972. 	This presents a problem of 

definition and nomenclature, since the I.C.D. system was 

revised twice during the period. 	The seventh revisi. 

(W.H.O., 1957) was used to classify all deaths that 

occurred during the LO years 1st January 1958 to 31st 

December 1967. The eighth revision took effect there-

after (W.H.O., 1969). 

The individual causes and cause-groups selected for 

separate study in the present work had not, in fact, 

altered their numeric designations with the introduction 

of the seventh revision. 	With the eighth revision how- 

ever there were changes affecting the cause-groups of 

interest. 	It was necessary therefore to effect an 

approximate correspondence between rubrics relevant to 

the seventh and eighth revisions for the causes and 

cause/... 
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cause-groups chosen. 	The convention adopted is defined 

in Appendix 3. 	The same Appendix defines the 

nomenclature that will be used in this report to describe 

the causes, and shows the number of death certificates 

classified within each group. 

There were 178 death certificates attributed to 

accidents, poisonings and violence ("external causes", 

I.C.D. 800-999); no cause was known for two confirmed 

deaths. 	For brevity, the remaining 3,703 deaths will 

be referred to henceforth as having been attributed to 

"non-violent" causes. 

Confirmations of deaths occurring in Scotland were 

provided by the Registrar General for Scotland in the 

form of manuscript copies of entries in the death 

register. 	These coied entries were sent for coding 

to the 0.P.C.S. noso1.gists who had coded the English and 

Welsh certificates. 	Since this work was carried out 

during 1973/74 it was convenient to use the 8th revision 

of the I.C.D. throughout. 	Thus all deaths occurring in 

Scotland, including those with date of death prior to 1st 

January 1968, were coded according to the 8th revision. 

It will be convenient henceforth to express summary 

mortality ratios as percentages. 	"Expected" numbers of 

deaths will be presented rounded to the nearest "one- 

tenth of a man". 	This will assist summations of 

individual/... 
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individual values shown, but it should be noted that in 

general, results quoted in the Tables and text that 

follow are rounded from those calculated. 	Totals do not 

therefore necessarily agree with summations of individual 

values shown. 

Unless stated otherwise, variances of statistics based 

on (8) will be estimated from (11); variances of 

statistics based on (12) will be estimated from (14). 

4.2 	Some comparisons with official statistics 

It has been emphasised (sections 3.2 and 3.6) that the 

sample of coalminers being studied is not necessarily 

typical of British coalminers as a whole, and that 

comparisons with official mortality statistics must 

therefore be made with caution. 	Firstly, the choice of 

collieries in 1953 w neither random nor was it designed 

to produce a sample of men representative of the geo- 

graphical distribution of miners at that time. 	Secondly, 

the sampling scheme chosen as appropriate for the pursuit 

of the main objectives of the mortality study, generated 

an age and pneumoconiosis distribution atypical of the 

original P.F.R. cohort. 	Thirdly, the mortality profile 

emerging from this study refers to a 19-year period 

during which the number of men employed in the coal 

industry was reduced by nearly two thirds. 	In contrast, 

official reports on coalminers' mortality are essentially 

cr0551... 



Table 17 Deaths (all causes), by region 

REGION COLLIERIES DEATHS (ALL CAUSES) S.M.R. 

* 
OBSERVED "EXPECTED" 

Scotland S,J,P,O 682 793.50 86 

Northern Z,D,T,Y,M 967 1147.95 84 

E. & W. Ridings K,X,G 510 679.15 75 

N. Western A 63 63.29 100 

N. Midlands Q 104 130.45 80 

Midland N,C 340 448.73 76 

N. Wales L 208 222.53 93 

S. Wales W,E,H,I,P,V 885 1091.42 81 

S. Eastern B 124 151.41 82 

England and Wales 3201 3934.94 81 

All collieries 3883 4728.43 82 

* Indirect standardisation based on age-and calendar-year-specific rates for all 

men within regions, published by the Registrars General for Scotland and for 

England and Wales for the period 1953-1972. 
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cross-sectional studies based on deaths occurring during 

relatively short (five-year) periods. 

Nevertheless, it will be of interest to try to place the 

main results from this study (to be described in 

subsequent chapters) into the wider perspective of 

mortality among British men in general. 

There were 18 per cent fewer deaths among the 17,309 

traced men than would be expected from published death 

rates for all men over the period of the strdy (Table 17). 

The "expected" number of deaths for each region in Table 

17 have been calculated from the published statistics 
* 

relevant to the region and the calendar years concerned. 

None of the individual regions show excess deaths. 	The 

highest S.M.R., 100 per cent, is for the single South 

Lancashire colliery in the North Western region. 

Fortuitously, the most recent Supplement on Occupational 

Mortality in England and Wales (Registrar General, 1971) 

reports on deaths occurring during a five-year period 

centred on 1961; and this is very close to the calendar 

mid-point of the present follow-up. 	It is of interest 

therefore to verify that the age-specific death rates 

among/... 

* 
The computer program used for calculating the number 

of man-years at risk was kindly made available through 
the courtesy of Dr. A.J. Ftx and his former colleagues 
at the Employment Medical Advisory Service. 



Table 18 Deaths (all causes) observed at ages 15-64 years 

over whole study period (1953-1972) in England, 

Wales and Scotland 

** 
AGE-GROUP D E A T H S S.M.R. 

AT DEATH (%) 

OBSERVED 
* 

"EXPECTED" 

15-24 13 16.5 79 

25-34 35 53.6 65 

35-44 133 155.7 85 

45-54 433 541.9 80 

55-64 1187 1555.0 76 

15-64 1801 2322.6 78 

* 
Indirect standardisation based on age-specific rates 

for English and Welsh coalminers, 1959-63 (Registrar 

General, 1971); "coalminers" here defined as Occupation 

Units (010, 011, 012, 013) combined. 

** 
Based on age at 30th June of year of death. 
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among coalminers being considered now are indeed lower 

than those attributed to coalminers in England and Wales 

over the years 1959-63 (as is implicit in Table 17) 

Table 18 shows the number of deaths observed at ages 

15-64 years, and those "expected" on the basis of 

published age-specific rates for English and Welsh 

coalminers during 1959-63 (Registrar General, 1971). 

These figures confirm that the sample being studied 

(including Scottish miners) experienced death rates some 

22 per cent lower, on average, than those reported for 

English and Welsh coalminers in the 1961 ;upp1enen. 

Table 19 shows that the proportion of deaths attributed 

to respiratory diseases in this study, at ages 15-64 

years, was very similar to the published figure for all 

men in England and Wales in the period 1959-63. 	The 

proportion of deaths attributed to cardiovascular 

diseases was a little higher. 	In the four Scottish 

collieries, 121 of 258 deaths at ages 15-64 (47 per cent) 

were classified in this cause-group, compared with 45 

per cent in the English and Welsh collieries and 42 per 

cent among all men in England and Wales (1959-63). 

The difference between the sample being studied and the 

official data for Miners and Quarryinen in England and 

Wales is explored further in Table 20, 	This shows 

observed, and "expected" ieaths for selected cause-

groups based on the published age-specific rates for 

Miners/... 



Table 21 Lung cancer proportional mortality in Scottish, English and Welsh 

collieries; compared with experience of Miners arid Quarrymen, 

England and Wales, 1959-63. 	(Registrar General, 1971) 

LUNG CANCER DEATHS P.M.R. 	(1) 

(ALL CAUSES) 
AGE-GROUP AT 

DEATH* 15-64 65-74 75+ 15-64 65-74 15-74 

Miners & Quarrymen; 1634 1239 
100 100 100 England & Wales; 

1959-63 (19505) (20508)  

P.F.R. 

4 Scottish collieries 38 22 8 
176 130 155 

(258) (280) (144)  

13 English collieries 102 76 15 
119 152 134 

(1023) (830) (283) 

7 Welsh collieries 32 21 3 
76 80 79 

(502) (437) (126)  

20 English & Welsh 134 97 18 
collieries 105 127 115 

(1525) (1267) (409) 

All 	24 P.F.R. 172 119 26 
collieries 115 127 122 

(1783) (1547) 553 

* From age of death on death certificates; not age at 30th June in year of 

death (Tables 18 and 19). 



Table 20 Deaths observed (d) for selected cause-groups at 

ages 15-74 years, Scotland, England and Wales 

Age-group Stomach Cancer Lung Cancer Bronchitis & Emphysema All causes 

at death** * 
d E d E d E d E 

15-24 0 0.0 0 0.0 0 0.0 13 16.5 

25-34 0 0.6 2 1.2 0 0.3 35 54.8 

35-44 6 4.6 9 10.0 2 4.3 133 157.0 

45-54 20 28.9 45 43.1 22 40.2 433 544.8 

55-64 58 78.0 117 145.7 110 198.3 1187 1558.7 

15-64 84 112.2 173 200.0 134 243.2 1801 2331.9 

S.M.R. 	(%) 75 86 55 77 

d 
* 

D d D d D d D 

65-74 55 824 116 1239 172 2727 1519 20508 

P.M.R. 	(%) 90 126 85 100 

* B = "expected deaths" based on rates for Occupation Order II (Miners and Quarrymen), 

England and Wales, 1959-63 (Registrar General, 1971). 	D = number of deaths in 
Occupation Order II. 	P.M.R. = Proportional Mortality Ratio (equation 17). 

** Based on age at 30th June of year of death. 



Table 19 Percentage distributions of deaths in three broad cause groups; 

at ages 15-64, 65-74 and 75+ 

AGE CAUSE GROUP NUMBER OF 

AT DEATHS 

DEATH CARDIOVASCULAR RESPIRATORY REMAINDER (ALL CAUSES) 

4 Scottish 15-64 47* 26 27 258 
Collieries 

65-74 47 37 16 280 

75+ 42 38 20 144 

20 English 15-64 45 25 30 1525 
& Welsh 
Collieries 

65-74 49 32 19 1267 

75+ 50 31 19 409 

All 24 15-64 45 25 30 1783 
Collieries 

All men;
** 

 15-64 42 26 33 459955 
England & 
Wales; 
1959-63 

* Figures are percentages (to the nearest l) of the number of deaths (all 

causes) shown in the last column. 

** Registrar General (1971) - Table 7a. 
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Miners and Quarrymen (Registrar General, 1971). 	In each 

case, the ratio of observed to "expected" deaths at ages 

15-64 years is less than unity. 

Conspicuously different from the general pattern in Table 

20 is the high P.M.R. for lung cancer (126 per cent). 

This is investigated further in Table 21. 	Shown there 

are the age-at-death distributions of all recorded lung 

cancer deaths at the Scottish, English and Welsh 

collieries studied. 	The proportional mortality 

comparisons are again based on the published statistics 

for Miners and Quarrymen in England and Wales only. 	In 

the 15-64 year age-group, the P.M.R. for English and 

Welsh collieries is raised marginally (105); in the 

65-74 year age-group the P.M.R. is 127. 	Both these 

figures are (weighted) averages of results from the 

thirteen English and seven Welsh collieries, and they 

hide a very substantial difference between the experience 

of the miners in the two countries. Among the Welsh 

miners, 5.6 per cent of the 939 deaths recorded at ages 

15-74 were attributed to lung cancer; among the English 

miners, 9.6 per cent of the deaths in this age-range 

were attributed to lung cancer. 

It has to be emphasised again that the comparisons in 

Tables 20 and 21 are with Miners and Quarrymen from 

England and Wales, not with all men; and that the deaths 

studied occurred over a much longer period than the five 

years/... 
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years considered by the Registrar General. 	The results 

suggest then that the published low lung cancer S.M.R. 

for Miners and Quarrymen, comparing them with all men in 

England and Wales (80 per cent at ages 15-64) and the 

corresponding P.M.R. (70 per cent at ages 15-64 and at 

65-74) are equally the resultant of very low lung cancer 

death rates among Welsh miners and more usual rates among 

English miners. 	The differences in proportional 

mortality from lung cancer between Scotland, England and 

Wales found in this study (Table 21) appear to be 

consistent with the observations by Ashley (1966) and 

Crofton (1969). 	(These reports have been mentioned in 

section 1.2). 

In summary, it can be said that the men included in this 

study experienced relatively fewer deaths than their 

contemporaries in the various regions of Britain outside 

the coalmining industry (Table 17). 	The proportion of 

deaths attributed to respiratory diseases was no greater 

than that observed among all men in England and Wales 

during a five-year period in the middle of the 19-year 

study period (Table 19). 	This implies either that the 

sample is seriously atypical of English and Welsh 

coalminers (Tables 18 and 20), or that the official 

statistics for coalminers in England and Wales are 

biased, or that both these factors have oprated to 

produce! 
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produce a very substantial discrepancy. 

4.3 	Colliery differences 

4.3.1 Purpose of the comparisons 

The purpose of this section is restricted. 	Data are 

presented to help identify any marked differences in 

mortality between collieries. 	This is necessary because 

subsequent analyses, aimed at examining specific 

hypotheses about dust exposure, lung disease and 

mortality will be based, to some extent, on pooled data 

from various collieries. 	If there are colliery-specific 

factors which affect mortality, and if these factors are 

unrelated to the environmental and medical data available, 

then this could lead to misleading inferences about the 

main variables being considered. 

Table 22 and Appendix 4 show results from individual 

collieries in this spirit and with this limited purpose. 

With one exception, no tests of significance on results 

from individual collieries will be atteu,ted. 	It 

would not be valid to select particularly high or low 

values from Appendix 4 and then test these for statistical 

significance by any of the methods discussed in section 

3.9. 	In general, the realised value of a random variable 

selected because it is an extreme value wi1.1 be associated 

with a higher probability of chance occurence than that 

relevant/... 



relevant to one selected independently of the realised 

value. The matter is complicated further in the present 

case because the highest and the lowest observed values 

of a set of statistics calculated from (8) or (12) are 

always negatively correlated. 	Equation (18) for 

instance would therefore always underestimate the 

variance of a test statistic formed from the extrema of 

(12), and thus increase further the probability of 

wrongly declaring an observed difference "statistically 

significant". 	In any case, a posteriori tests on colliery 

differences have low priority in the work presented here. 

A priori hypotheses exist in abundance; they have been 

discussed in Cha' ter 1, particularly in section 1.8. 

The exception will be colliery A, the single colliery in 

South Lancashire. 	Mortality from lung cancer at this 

colliery will be of special interest because Mooney's 

(1975a) report of excess lung cancer among coalminers was 

specific to this area. 	Otherwise, tests of significance 

will be confined to seeking answers to the general 

question: is there evidence that the dispersion of 

results between collieries is other than random? The 

test statistic to be used will be the summation of deaths 

[(observed- "expected 2,  "expe cted'i,  where the "expected" 

deaths are the denominators of the relevant SMRs. 

Under the null hypothesis this statistic is distributed 

approximately as 12  with 23 degrees of freelom. 

4.3.2/... 



Table 22 Deaths from all non-violent causes, by colliery and geographical region 

SMR and CMF*  based on risk-set for all collieries (R - 17,309) 

Standard errors (SE) for SMR from equation (11) 

SE for CMF*  from equation (14) 

NUMBER OF 14-YEAR FOLLOW-UP 

REGION COLLIERY NON-VIOLENT DEATHS 

TOTAL 	14-YEAR SMR CMF 

- FOLLOW-UP (%) SE** SE**  

S 120 	72 98 12 99 10 

.3 124 	88 108 12 108 9 

P 158 	107 108 10 111 9 

0 252 	157 104 8 103 7 

Scotland 105 5 104 4 

Z 144 	115 94 9 93 7 

V 109 	86 127 14 126 10 

T 263 	190 111 8 108 7 

Y 226 	159 104 8 108 6 

177 	110 94 9 95 7 

Northern 105 4 104 3 

K 165 	129 95 8 96 7 

I 184 	143 100 8 99 7 

G 135 	82 74 8 74 7 

E. & W. Ridings 91 5 91 4 

N. Western A 58 	50 126 18 128 12 

N. Midland Q 100 	61 85 11 90 9 

N 112 	112 98 9 97 8 

C 210 	148 85 7 85 6 	- 
Midland 90 6 91 5 

N. Wales L 203 	150 106 9 104 7 

W 101 	70 104 12 100 10 

B 149 	84 98 11 100 9 

H 105 	81 95 11 94 8 

I 93 	65 110 14 108 11 

F 171 	139 104 9 104 7 

V 228 	156 104 8 103 7 
S. Wales 102 4 102 3 

S. Eastern B 116 	86 93 10 92 8 

All collieries 3,703 	2,640 100 2 100 2 
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4.3.2 General comparisons 

For the comparison between collieries, results at 14 years 

after the initial surveys are used (since all collieries 

provide data at this point). 	Table 22 sunimarises 

mortality from non-violent causes at each colliery in 

relation to the overall experience from all the collieries. 

The Table illustrates firstly that in this case the SMR* 

and CMF*  show a very similar pattern: the maximum 

absolute difference between the statistics is five 

(percentage) units. 	The slightly lower standard errors 

for the CMF*s  (using a binomial rather than a Poisson 

assumption) are seen to be trivial in general. 	Possible 

exceptions are tL two collieries with the highest 

relative mortality, D and A. 	For the latter, the 

coefficient of variation of the SMR is 14 per cent while 

that for the CMF*  is 8 per cent. 

In general, the results in Table 22 are consistent with 

a purely random scatter of values of the SMR ( 223  - 27.5; 

P ) 0.2). 

Appendix 4 shows colliery results for nine selected 

causes and cause-groups. 	The summary statistic displayed 

is the CMF*,  with its standard error below it in brackets. 

Corresponding values of the SMR*  can be calculated from 

the superior figures, showing the number of deaths 

observed and "expected". 	In the last section of 

Appendix!... 
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Appendix 4, the colliery results are grouped according to 

regions. 

There are significant differences between collieries in 

the numbers of deaths attributed to pneumoconiosis, lung 

cancer, and respiratory diseases in general. 	The 

probability that the dispersion of mortality attributed 

to bronchitis might have arisen by chance is between 10 

and 15 per cent. 

The CMF*s  for pneumoconiosis and lung cancer are shown 

graphically in Figure 8. 	Of the 12 collieries in the 

three quadrants showing values greater than 100 for either 

disease, four with high figures for pneumoconiosis have 

low figures for lung cancer; three of these collieries 

are from South Wales, and the fourth is Scottish. 	There 

are four English and one Scottish colliery with relatively 

high mortality attributed to lung cancer a, less than 

average pneumoconiosis deaths. 	Three other collieries 

fall in the top-right quadrant of Figure 8, indicating 

MF* values greater than 100 for both diseases. 	One of 

the latter, the Scottish colliery S, had a CMF*  for lung 

cancer close to the average (103) but nearly twice the 

average figure for pneumoconiosis (198). 	These results 

are consistent in a general way with the regional 

variation shown previously in Table 21 and discussed in 

section 4.2. 	However, two of the four Sc;.ttish 

collieries/... 



SMR* (SE) 

z 
CMF* (SE) 

z 
PMR* 

223 (79) 

1.56 (P<0.12) 

245 (89) 

2.42 (PcZ0.02) 

182 

201 	(67) 

1.51 (P0.14) 

220 	(75) 

2.27 (P(0.025) 

181 

Table 23 Lung cancer mortality at colliery A 

YEARS' 	FOLLOW-UP: 

DEATHS: OBSERVED 

14 

"EXPECTED" OBSERVED 

16 

"EXPECTED" 

-54 3 2.0 3 2.6 

AGE-GROUP 

55-59 3 0.9 4 1.1 

AT FIRST 

60+ 2 0.7 2 0.8 

SURVEY 

All ages 8 3.6 9 4.5 

SUMMARY STATISTICS 

*Notes  

Summary statistics relate to a "standard" population consisting of traced 

men from all collieries, using equations (8), (12) and (17) for SMR*, CMF* 

and PMR*  respectively. 

SE = standard errors, based on (11) for SMR*,  and (14) for CMF*. 

z are approximately standardised normal variates, referring to the 

differences (SMR*-100), and the log (CMF*/100), respectively. 
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collieries, P and 0, had less than the average lung 

cancer mortality found in this study (CMF 	93 and 75 

respectively), and one other (S) was very close to the 

average (CMF* - 103). 	Ti'' single Scottish colliery 

where there is evidence of excess lung cancer relative 

to all collieries studied is J (CMF* • 228). 

4.3.3 Lung cancer and pneumoconiosis mortality at 
colliery A 

Colliery A is conspicuous as the outlier in Figure 8, 

with a high CMF*  for both pneumoconiosis (227) and for 

lung cancer (245). 	The corresponding SMR*s  are also 

high (223 and 201 respectively), but the number of deaths 

involved, over 14 years, is small (6 attributed to 

pneumoconiosis and 8 to lung cancer). 	Colliery A. now 

closed, was relatively small. 	The number of men 

included in the sample for the mortality study was 435, 

compared with 739 per colliery, on average. 	Eight men 

were not traced, leaving 427 in the risk-set. 	The 

length of the follow-up for this colliery was 16 years. 

Table 23 shows further details of lung cancer mortality 

at 14 and 16 years after the first survey. 	The 

difference between the SMR*  and CMF*  statistics, noted 

above, is seen to arise from some non-uniformity with 

age in the apparent excess hazard; the major discrepancy 

between observed and "expected" deaths occurs at ages 

greater!. 



Table 24 Pneumoconiosis mortality at colliery A 

YEARS' FOLLOW-UP: 

DEATHS: OBSERVED 

14 

"EXPECTED" OBSERVED 

16 

"EXPECTED" 

-54 2 0.9 3 1.0 

AGE-GROUP 

55-59 4 0.7 5 0.8 

AT FIRST 

60+ 0 0.8 0 0.9 

SURVEY 

All ages 6 2.3 8 2.7 

SUMMARY STATISTICS 

SMR* (SE) 

z 

MF* (SE) 

z 

PMR 

264 	(108) 

1.52 (P(O.13) 

227 	(88) 

2.08 (P(0.04) 

187 

298 	(105) 

1.88 (P<0.07) 

248 	(82) 

2.67 (P<O.Ol 

229 

* See notes with Table 23. 
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greater than 54 years, particularly at ages 55-59. 	All 

summary statistics reflect the higher than average number 

of deaths attributed to lung cancer, with possibly a 

diminution of the excess :t 16 years' follow-up. 	The 

conservative test on the significance of the high SMR*s 

suggests a probability of chance occurrence less than 

0.15 in any case. 	Both CMF*s  appear to be significantly 

different from 100, certainly at the 5 per cent level. 

Table 24 shows a similar picture regarding ie deaths 

attributed to pneumoconiosis, except that the excess 

hazard becomes more pronounced at 16 years' follow-up. 

In this case the CMF*  statistics are lower than the 

corresponding S. *, but the statistical significance of 

the raised CMF*s  are again more convincing. 

Previously published radiological and environmental data 

from colliery A are not inconsistent with high pneumo- 

coniosis mortality there. 	Table 25 makes some 

comparisons with colliery F, in South Wales, which also 

experienced high pneumoconiosis mortality but less than 

average lung cancer mortality. 

The mean coal face rspirable dust concentration at 

colliery A during the first 10 years of the field 

research was high (7.2 mg/m3) compared with overall mean 

of the 20 collieries described by Jacobsen et al (1971). 

It was second Only to colliery F in this rtspect, and 

correspondingly/... 



Table 25 Some comparisons between collieries A and F 

COLLIERY 

A 

SOURCE: this study 

CMF* 	 Lung cancer 	 220 	60 

AT 16 

YEARS' 	 Pneumoconiosis 	 248 	141 

FOLLOW-UP 	Non-violent causes 	115 	102 

F 

ALL 24 COLLIERIES 

100 

100 

100 

SOURCE: 	Jacobsen et al 	(1971) 20 P.F.R. COLLIERIES 

MEAN 	 Coalface respirable 7.2 8.2 4.1 (mean) 
dust concentration 

ENVIRONMENTAL 

DATA DURING 

FIRST TEN 	% non-coal 19 20 36 (mean) 

YEARS OF 

THE P.F.R. 	% quartz 1.2 2.3 4.1 (mean) 

% carbon in coal seams 87.8 91.9 86.8 (mean) 

13.8 23.3 16.4 (mean) 

13.95 (median) 

10 YEAR INCIDENCE OF SIMPLE 25.0 26.2 7.3 (overall 
incidence) 

PNEUMOCONIOSIS (Category 0/1+) AMONG 

COALFACE WORKERS (%)  

SOURCE: 	unpublished P.F.R. data 24 COLLIERIES SURVEYED 

SMOKING 	% non-smokers 24.5 23.0 21.4 (weighted 
mean) 

HABITS AT 

2nd P.F.R. 	Mean number of 15.8 15.7 14.4 (weighted 
cigarette mean) 
equivalents*** 
smoked by smokers 

* 	100 = All traced men. 

** M.N.I. = Mass-Number Index; units are mg/m3  of respirable dust per 1,000 
particles 1 to 511n/cm. 

*** One ounce of tobacco taken as equivalent to 30 cigarettes. 
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correspondingly A was second also to F in the incidence 

of simple pneumoconiosis during the period. 	Both 

collieries A and F had relatively low non-coal and 

quartz in the mixed respirthle dust sampled. 	The ratio 

of the mass of respirable dust (as measured by the M.R.E. 

gravimetric sampler) to the number of particles in the 

respirable range, was lower for colliery A than for F, 

but close to the median of all 20 colliery values 

determined. 

Smoking habits among men at both collieries at the time 

of the second P.F.R. surveys were similar, and did not 

differ seriously from those recorded at all collieries 

surveyed. 

It seems therefore that if the relatively high lung cancer 

mortality observed at colliery A is not a statistical 

artefact (and Table 23 suggests that this 	improbable) 

then the phenomenon is consistent with Mooney's report of 

high lung cancer incidence among coalminers with 

pneumoconiosis in that area. 	Mooney (1975a) suggested 

that the effect might be associated with the particle 

size of the coal dust, and in a later letter (1975b) 

implied that the non-coal mineral content of the dust 

might play a part. 	It is difficult to reconcile such 

hypotheses with the data shown in Table 25. 	Collieries 

A and F are sidlar in terms of the enviro nental 

information!. . 
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information available. 

It is recognised that the data on smoking habits in 

Table 25 are not specific to the risk-sets whose 

mortality experiences are ;ummarised in the superior 

part of the Table. 	The smoking data refer to a larger 

group of men who worked in the collieries concerned 

during the period of the follow-up. 	(Only a fraction 

of the men in the risk-sets attended at the second 

surveys, when smoking habits were recorded :ir the first 

time). 	Nevertheless, it seems unlikely that the 

substantial apparent difference between collieries A and 

F in lung cancer mortality could be explained on these 

grounds. 

The significance levels found (Table 23) certainly 

Justify further work aimed at verifying the apparent 

trend. 	The best way of doing this is to embrace the 

whole first-survey-cohort into the mortality study and to 

extend the follow-up period. 

4.3.4' Variations between collieries in mortality 

attributed to pneumoconiosis, bronchitis and 
respiratory diseases in general 

Figure 8 showed that two of the four Scottish collieries 

were among those with higher than average death rates 

attributed to pneumoconiosis. 	Four of th Welsh 

collieries had less than average CMF*s  for this cause. 

Figure!... 
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Table 26 Number of deaths (d) attributed to pneumoconiosis, and bronchitis, 

and percentage (%) of all deaths; for Scotland, England, Wales 

UNDERLYING 

CAUSE OF 

DEATH d 

SCOTLAND 

(%) d 

ENGLAND 

(%) d 

WALES 

(%) 

Pneumoconiosis 80 (11.7) 75 (3.6) 61 (5.6) 

Bronchitis 44 (6.5) 205 (9.7) 127 (11.6) 

Remainder 558 (81.8) 1828 (86.7) 905 (82.8) 

All causes 682 (100) 2108 (100) 1093 (100) 

Ratio: 

(pneumoconiosis/bronchitis) 1.82 0.37 0.48 
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Figure 9 shows that three of the latter (H, V and L) had 

higher than average mortality attributed to bronchitis; 

but none of the Scottish collieries were unusual in this 

respect. 	The fractions of all deaths over the whole 

study period attributed te pneumoconiosis on the one hand, 

and to bronchitis on the other, differed between Scotland, 

England and Wales in a curious fashion, as is indicated 

in Table 26. 	The difference is discussed In the 

following paragraphs. 

The ratio of the number of death certificates with 

pneumoconiosis recorded as the underlying cause to the 

number with bronchitis as the underlying cause, was 

nearly four timel higher in Scotland than it was in 

Wales (Table 26) 	In this respect the results from 

the English collieries were closer to the Welsh 

experience. 	This is an unexpected finding; in general, 

dust levels and pneumoconiosis prevalence 	re been 

lower in the Scottish than in the Welsh coalfields during 

the last 25 years. 	The anomaly might perhaps be 

explained, at least partially, by variations in prevalence 

of pneumoconiosis at the first P.F.R. surveys between the 

samples of miners studied here. 	The distribution of 

pneumoconiosis categories, by colliery, is recorded in 

Appendix S. 	Figures lOa, b and c show colliery CMF*s  

(at 14 years' follow-up) in relation to the ratio of the 

numbers of mer in the samples with and wit tout 

pneumoconiosis/... 
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* 
pneurnoconiosis (all categories) at the first surveys. 

Figure lOa shows that the variation in the CMF*s  for 

pneumoconiosis in the four Scottish collieries is 

consistent with the varia ons In the prevalence of the 

disease in the sample at the first surveys. 	No clear 

pattern is evident for the English collieries, but there 

is a very crude correlation among the seven Welsh 

collieries. 	Four of them, with odds-ratios between 0.32 

and 0.37, had fewer than average deaths attihuted to 

pneumoconiosis; the other three, with odds-ratios 

between 0.54 and 0.64, all had values of the CMF*  greater 

than 130. 	A somewhat clearer relationship is seen for 

the Welsh collie 'les when considering the proportion with 

pneumoconiosis z.Long all those who died during the follow- 

up period (Figure ha). 	However, it is clear that the 

disproportionately high number of Scottish death 

registrations attributed to pneumoconiosis is not to be 

explained in terms of differences between the countries 

in numbers with radiological abnormalities diagnosed at 

the initial surveys. 

Colliery variations in deaths attributed to bronchitis 

are!... 

* 
The odds-ratio in the sample, rather than the 

prevalence rate, Is used in Figures lOa, b and c because 
it is easier to convert this value into the approximate 
prevalence rate among all men X-rayed at the first 
surveys. 	The formula for the prevalence n the 
collieries at the first surveys is PREVALEiSCE (%) - 
100x/(x + 2), where x is the odds-ratio shown on the 
abscissae in Figures 10. 	See notes with Appendix S. 
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Table 27 Deaths coded as pneumoconiosis, and bronchitis, 

by other morbid condition mentioned on death 

certificate; for Scotland, England, Wales 

UNDERLYING 	 OTHER* CONDITIONS MENTIONED 

CAUSE OF 	 ON CERTIFICATE 

DEATH 

Pneumoconiosis I Bronchitis 	Other 

SCOTLAND Pneumoconiosis 8 
9 63 

Bronchitis 3 3 38 

Remainder 63 29 466 

ENGLAND Pneumoconiosis 6 15 54 

Bronchitis 30 8 167 

Remainder 108 116 1604 

WALES Pneumoconiosis 9 6 46 

Bronchitis 20 4 103 

Remainder 43 48 814 

* where the "other condition" is the same as the underlying cause this 

indicates that no other condition was mentioned. 



- 147 - 

are considered similarly in Figures lOb and llb. 	For 

the Scottish collieries there is an apparent reversal of 

the trend illustrated in Figures lOa and ha; that is, 

an increasing deficiency of deaths attributed to 

bronchitis in those collieries with more pneumoconiosis 

initially in the risk-sets. 	Figures lOc and lic do not 

indicate any relationship between colliery CMF*s  for 

respiratory diseases and prevalence of pneumoconiosis at 

the collieries, either in the total risk-sets or among 

those who died. 	The differences in proport..onal 

mortality demonstrated in Table 26 thus remain unexplained. 

Another possibility is that the differences shown in Table 

26 are artefacts arising from the convention used for 

coding "cause of death" on the certificates (section 4.1). 

Perhaps the Welsh deaths with bronchitis recorded as 

"underlying cause" included a substantial proportion with 

pneumoconiosis noted as antecedent cause, 	as a 
* 

contributory morbid condition. 	A similar tendency (but 

in the opposite direction in Scotland might have given 

rise to the disproportion. 	Table 27 shows the effect of 

the convention used. 	The prortions of death certifi- 

cates coded for pneumoconiosis which also mentioned 

bronchitis was similar in Scotland and Wales (11 and 10 

per cent respectively) but higher in England (20 per cent). 

However!. 

* 
There is proision on each certificate f.r the 

nomination of other significant conditions contributing 
to death, but not related to the disease or condition 
musing it". 



Table 28 Number of references to pneumoconiosis, and bronchitis 

on death certificates; Scotland, England, Wales 

NUMBER OF CERTIFICATES WITH 

ANY MENTION OF: 

pneumoconiosis 

bronchitis 

SCOTLAND I ENGLAND. I WALES 

	

146 	213 	124 

	

82 	1 	336 	1 	181 

Ratio: 

(pneumoconiosis/bronchitis) 	1.78 	0.63 	0.69 
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However, the proportion of death certificates coded for 

bronchitis which also mentioned pneumoconiosis, was 

higher in Wales and in England (15  and 16 per cent 

respectively) than in Sco and (7 per cent). 	This goes 

part of the way to resolving the enigma, as is shown in 

Table 28. 	English and Welsh "proportional mortality" 

for bronchitis and pneumoconiosis is now seen to be very 

sii1ar. 	(The quotation marks are used because the 

figures for pneumoconiosis and bronchitis in Table 28 

are not mutually exclusive). 	The disproportion between 

Scotland and Wales in the ratios (pneumoconiosis/ 

bronchitis) deaths is reduced by about one third, from 

1.82/0.48 	3.79 (Table 26), to 1.78/0.69 - 2.58 (Table 
* 

There still remains unexplained high mortality from 

pneumoconiosis and low mortality from bronchitis in the 

Scottish collieries S and 0 (Figure 9). 	£he CMF*  for 

respiratory deaths in general is close to the average 

for colliery S (95), but high for collieries 0 and J (130 

and/... 

* 
Table 28 adjusts also for another possible artefact 

arising from the coding of all Scottish death registrat-
ions according to the 8th revision of the I.C.D. (see 
section 4.1). 	Acute bronchitis was included as 
"bronchitis" when coded according to the 7th revision 
(I.C.D. 500), but not when coded according to the 8th 
revision (I.C.D. 466). 	There were nine deaths 
attributed to acute bronchitis in the tot.:.' of 3,883 
recorded. 	0r1y five of them were coded a:.cording to 
the 7th revision. 	Therefore this cannot have been a 
serious disturbing factor even for the results shown in 
Table 26. 
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and 128 respectively; Figure lOc). 	For colliery 0, the 

latter excess arises from the relatively large number of 

deaths attributed to pneumoconioss. 	Colliery J had an 

unusually high incidence of lung cancer deaths (CMF* - 228; 

Figure 8). 

S, on the southern edge of the Ayrshire coalfield, is now 

closed. 	It is situated near a small market town in an 

essentially rural area. 

0, also closed, is in Lanarkshire, near Shotts. 	Manned 

by a relatively isolated uining community some seven miles 

from a large steel works, this colliery was an underground 

complex approached from two surface points separated by 

several miles, i bleak, rural surroundings. 

Colliery J is in East Fife, near Kirkcaldy. 	This is a 

heavily industrialised area which included a large 

concentration of linoleum manufacture durg most of the 

period considered in this report. 

4.4 	Summary of findin2s 

The mortality experience of coalminers aged 15-64 years 

from 24 British collieries included in the Pneumoconiosis 

Field Research compares favourably with that of all men 

in Scotland, England and Wales over a 14 to 18 year 

follow-up period (S.M.R. = 82). 

Welsh coalminers studied had relatively low mortality 

attributed/... 



- 150 - 

attributed to lung cancer compared with the English and 

Scottish miners. 

Men from one colliery in an indus rial area on the East 

coast of Scotland had an uusually high incidence of 

lung cancer deaths. 

Limited data from a single colliery in South Lancashire 

sug:est a high lung cancer incidence relative to results 

from all 17,309 British coalminers involved in this 

study. 	The finding is consistent with an independent 

report of excess lung cancer among coalniners with 

pneumoconiosis in this area. 	The probability that the 

result found in his study is due to random variation is 

fiir1y low (cert inly less than 15 per cent, and possibly 

nearer 3 per cent.), and it is concluded that the 

coincidence justifies further investigation. 

There are significant variations between ccllieries in 

the numbers of deaths attributed to respiratory diseases 

in general. 	Some of this variation is attributable to 

lung cancer mortality, as noted above. 	Additionally, 

for Scottish and Welsh collieries, there are fairly clear 

but not wholly consistent variations in the numbers of 

deaths attributed to pneumoconiosis, depending on the 

prevalence of the disease in the groups of miners 

studied. 

There are further differences between the Scottish and 

the/... 
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and the other British collieries studied in the 

proportion of death certificates where pneumoconiosis 

rather than bronchitis was specifi.ed as the underlying 

cause of death. 	This is xplicab1e partially in terms 

of a tendency for certifying doctors in England and 

Wales to mention pneumoconiosis on death certificates 

which specify bronchitis as the underlying cause, more 

freuently than Scottish doctors. 	However, there 

remains an unexplained difference between Sc- tland and 

other parts of Britain in this respect. 	The proprtion 

of death certificates which mentioned pneumoconiosis was 

about twice as high in Scotland (21 per cent) as compared 

with similar fra tions in England (10 per cent) or Wales 

(11 per cent). 	Conversely, the proportion of death 

certificates which mentioned bronchitis was rather lower 

in Scotland (12 per cent) than it was in England (16 

per cent) or Wales (17 per cent). 



Table 29 Mortality (non-violent causes) over 14 

years; in relation to radiological 

category at first survey 

*R = 17,309 traced men 

SE = standard error 

RADIOLOGICAL 

CATEGORY 

RISK-SET DEATHS SMR* 

(SE) 

CMF* 

(SE) 

0 13786 1801 100 100 
(2) (2) 

1 1902 411 96 95 
(5) (4) 

2 808 169 92 100 
(7) (9) 

3 136 38 113 121 
(18) (19) 

A 396 109 105 105 
(10) (9) 

B,C 281 112 130 144 
(12) (14) 

1,2,3 2846 618 96 97 
(4) (3) 

All 17309 2640 100 100 
(2) (2) 
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S. 	PNEUMOCONIOSIS, DUST EXPOSURE, AND MORTALITY 

5.1 	Radiological category and general mortality 

The mortality (non-violent causes) among all 17 0309 traced 

men over a 14-year follow-up period is summarised in Table 

29 in relation to pneumoconiosis categories of X-rays 

taken at the start of the period. 	The film classifi- 

cations used have been described and discussed in sections 

2.5 and 2.11.3.3. 	At 14 years' follow-up there are only 

trivial differences in average mortality between groups 

with X-rays classified in categories 0, 1 and 2. 	There 

is no ambiguity about the increased hazard for men with 

categories B or C of P.M.F. (SMR* 	130; CMF* 	144), but 

the .lightly higher indices of average mortality for 

categories 3 and A (compared with 0, 1 and 2) are not 

statistically significant. 

Table 30a compares age-specific survival rates over 14 

years with results from Cochrane's 20-year follow-up of 

miners and ex-miners in the Rhondda Fach (Table 30b). 

To facilitate the comparison, Table 30a is based on all 

deaths other than those due to industrial accidents. 

Survival rates in the present study, based on results from 

all the British coalfields, show a very similar pattern to 

those found by Cochrane in South Wales. 	There is no 

general decline in survival rates, consistent over all 

age groups, with increasing radiological category of 

simple pneumoconiosis; nor is there a clear-cut 

difference/... 



 

 

 
 

 

 

 
 

 
 

Table 30c Comparison of trends in age-specific 

survival rates in Tables 30a and b 

P.F.R. 

Cochrane (1973) 

ALGEBRAIC SIGN OF DIFFERENCE 

(PNEUMOCONIOSIS SURVIVAL RATE 

- CATEGORY 0 SURVIVAL RATE) 

AGE-GROUP FOR CATEGORIES: 

AT FIRST 

SURVEY 1 	2 	3 A B,C 

15-34 - 	- 	(-) (+) (+) 

25-34 + 	- 	- + - 

35-44 - 	- 	+ - (-) 

45-54 + 	+ 	+ + - 
+ 	+ 	+ + 

55-64 + 	+ 	- - - 

65+ - 	- 	(-)  
65-74  



a. 	P.F.R.; 15-34 

all British 35-44 

coalfields; 45-54 

Number at risk 55-64 

= 	17,309 
65+ 

(80) 

96.6 

84.0 

42.2 

(17) 

(100) 

89.4 

82.1 

54.1 

33.3 

(100) 

(87) 

65.2 

45.1 

(23) 

	

98.2 
	

97.5 
	

93.8 

	

93.7 
	

93.3 
	

93.4 

	

81.1 
	

81.7 
	

83.4 

	

56.1 
	

60.3 
	

62.0 

	

36.1 
	

32.1 
	

31.7 

Tables 30a and b Mortality related to pneumoconiosis category, omitting deaths due to industrial accidents 

P.F.R.: percentage surviving 14 years 

Cochrane (1973): percentage surviving 20 years 

AGE-GROUP 
	

RADIOLOGICAL CATEGORY AT FIRST SURVEYS 

AT INITIAL 

SURVEYS 
	

0 
	

1 
	

2 
	

3 
	

A 
	

B,C 

b. COCHRANE; 	25-34 
	

95 
	

96 
	

94 
	

90 
	

96 
	

81 

Rhondda Bach; 	35-44 
	

81 
	

75 
	

76 
	

78 
	

75 
	

47 

Number at risk 	45-54 
	

50 
	

54 
	

55 
	

67 
	

53 
	

29 

= 5,666 	 55-64 
	

22 
	

25 
	

24 
	

30 
	

15 
	

12 

	

**6574 	20 
	

18 
	

16 
	

12 
	

24 
	

12 

**percentage  surviving 15 years. 	Numbersin parentheses refer to groups with fewer than 25 subjects. 
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difference between category 0 and category A of P.M.F. 

These conclusions refer to the average results over all 

age groups. 

There are further similarities between the two studies 

in patterns within age groups, as is indicated in Table 

30c. 	Of the 25 contrasts between survival rates for 

men with and without pneumoconiosis, 19 are in the same 

direction for both studies. 	The coincidence is unlikely 

to be due to chance (P = 0.0073). 	Both studies show 

reduced survival rates among men who had already developed 

category 2 or 3 simple pneumoconiosis before reaching the 

age of 35 years. 	Cochrane's data show the same trend 

for all three categories of simple pneumoconiosis among 

men aged 35-44 years; the present study shows this only 

for men in categories 1 and 2 in that age group. 	Both 

studies show favourable mortality among men in the 45-54 

age group for all categories other than P.M.F. B or C. 

Both studies show a tendency for simple pneumoconiosis 

and P.M.F. category A to be associated with reduced 

survival rates in the two older age groups (although 

Cochrane's miners with category A in the 65-75 year age 

group demonstrated the opposite tendency). 

Survival data, at 14, 16, 17 and 18 years' follow-up are 

recorded in Appendix 6 and are summarised in Table 31. 

This shows that the tendency for the youngest men with 

simple pneumoconiosis to have reduced survival rates 

(compared with their peers without radiological abnormalities) 

is evident at each of the follow-up periods considered. 

Similarly!... 



Table 31 Percentage surviving 14, 16, 17 and 18 years, omitting 

deaths due to external causes; all traced men 

Data from Appendix 6 

Numbers in parentheses refer to groups with fewer than 
25 subjects. 

FIRST SURVEY YEARS' FOLLOW-UP 

AGE-GROUP 	CATEGORY 14 16 17 18 

-34 	0 98.9 98.3 98.0 97.6 
1,2,3 96.7 96.2 94.3 91.1 
A (100) (100) (100) (100) 
B,C (100) (100) (100) (67) 

35-44 	0 94.1 91.5 89.3 88.2 
1,2,3 93.6 91.9 89.4 85.6 
A 89.4 85.1 83.6 81.3 
B,C 79.3 72.4 (62) (50) 

45-54 	0 81.6 76.5 73.9 69.9 
1,2,3 82.8 76.9 73.6 70.0 
A 82.1 76.1 72.5 62.9 
B,C 71.2 61.1 59.2 56.1 

55-64 	0 56.7 47.7 42.3 36.3 
1,2,3 60.1 50.7 44.3 32.1 
A 55.0 42.1 35.1 (19) 
B,C 47.4 38.9 35.1 (25) 

65+ 	 0 36.6 27.6 22.0 15.5 
1,2,3 31.8 21.6 12.5 14.1 
A 33.3 20.7 (14)  
B,C (28) (22) (30)  



Similarly, Table 31 confirms that category A of P.M.F. is 

associated with a reduced probability of survival for men 

aged 55 years or more. 	Also shown clearly are the very 

similar mortality experiences for all men in the 45-54 

year age group, except those with categories B and C. 

5.2 	Radiological category and cause-specific mortality 

Table 32 shows average mortality for selected cause groups 

at 16 years' follow-up. 	The risk-set (16,628 men) 

excludes 681 men from colliery N for which there are data 

from a 14 year follow-up only. 	(The patterns shown in 

Table 32 are similar to those occurring at 14 years after 

the initial surveys). 

5.2.1 ResDiratory diseases 

Mortality attributed to pneumoconiosis increases 

systematically with increase in radiological category at 

the start of the study. 	This is despite certain regional 

variations in the relationship between initial prevalence 

of pneumoconiosis at individual collieries and mortality 

attributed to this cause (Figure ba; section 4.3.4). 

Deaths attributed to bronchitis follow an opposite trend, 

decreasing in frequency with increase in radiological 

category. 	These results have to be interpreted with 

caution in the light of data shown in Table 27 and 

summarised further now in Table 33. 



Table 33 Deaths coded as pneumoconiosis, and bronchitis, by other 

morbid condition mentioned on death certificates 

UNDERLYING CAUSE OF DEATH 

Pneumoconiosis 

OTHER CONDITION MENTIONED 
ON CERTIFICATE 

Pneumoconiosis 	Bronchitis 	Other Total 

23 	 30 	 163 216 	(5.6%) 

Bronchitis 53 15 308 376 	(9.7%) 

Remainder 214 193 2884 3291 	(84.8%) 

290 238 3355 3883 	(100%) Total 
(7.5%) (6.1%) (86.4%) 



Table 32 Mortality at 16 years' follow-up 

CMF* (and its standard error in brackets), by radiological category at first survey, 

for selected cause-groups, all traced men (R = 17,309) 

RADIOLOGICAL BRONCHITIS PNEUMOCONIOSIS LUNG STOMACH CANCER OF CORONARY CARDIOVASCULAR RESPIRATORY NON- 

CATEGORY AT CANCER CANCER DIGESTIVE HEART DISEASES DISEASES VIOLENT 

FIRST SURVEY ORGANS DISEASE CAUSES 

0 104 27 107 86 90 107 107 88 99 

(7) (5) (8) (10) (7) (5) (3) (3) (2) 

1 91 105 108 112 122 87 91 97 95 

(13) (19) (17) (23) (17) (7) (5) (8) (4) 

2 88 187 60 234 175 100 95 97 100 

(19) (37)  (49) (30)  (14) (11) (8) 

3 46 259 61 155 167 91 112 95 106 

(31) (95) (42) (85) (64) (23) (31) (24) (16) 

1,2,3 89 136 93 151 139 89 91 98 96 

(10) (17) (13) (21) (14) (6) (15) (6) (3) 

A 125 379 42 80 56 85 79 169 108 

(31) (69) (21) (46) (25) (15) (12) (19) (8) 

B,C 58 1205 52 35 56 62 69 306 142 

(22) (50) (24) (25) (23) (15) (17) (10) (12) 



Pneumoconiosis, bronchitis, or both these conditions were 

mentioned on 999 death certifications, that is, on just 

over a quarter of the 3,883 considered. 	However, only 

592 of these certificates named either disease as the 

underlying cause. 	Thus it is more than usually hazardous 

here to interpret variations in certifications of under-

lying cause as indicating corresponding variations in 

morbidity or pathology. 	The difficulty is compounded 

by the earlier observation (section 3.4.4) that there are 

fairly large geographical differences concerning which of 

these two respiratory diseases is designated as under-

lying cause when both are judged to have contributed to 

death. 

Lung cancer mortality is reduced among men with simple 

pneumoconiosis categories 2 and 3. 	The average death 

rate attributed to lung cancer among men with P.M.F. 

initially was about half that recorded among those with 

category 0. 

The conflicting patterns of pneumoconiosis, bronchitis 

and lung cancer death rates associated with the presence 

of simple pneumoconiosis contributes to very similar 

average statistics for respiratory diseases as a whole. 

However, this is not so for the groups with P.M.F. 

Their very high death rates attributed to pneumoconiosis 

is reflected also in high mortality for respiratory 

diseases in general. 



5.2.2 Cancers of the digestive organs 

The number of deaths attributed to stomach cancer was 

significantly higher among men with simple pneumoconiosis 

than among those whose X-rays were classified as category 

0 initially. 	The ratio of the (directly) standardised 

death rates is 1.76. 	Mortality attributed to all 

cancers of the digestive organs shows the same effect, 

and increases systematically through categories 0, 1, 2 

and 3. 	Men with P.M.F. had relatively few deaths 

attributed to cancers of the digestive organs; the 

directly standardised death rates were less than half 

the figure found for men with simple pneumoconiosis. 

5.2.3 Cardiovascular diseases 

There is no evidence that men with pneumoconiosis are 

more likely to have coronary heart diseases recorded as 

the underlying cause of death. 	In fact., the rather 

higher death rates attributed to this cause-group among 

men with X-rays classified as category C) initially 

(CMF* 	107) differs significantly from the experience of 

men with simple pneumoconiosis for whom the CMF*  was 89 

(P(0.02). 	A similar gradient is evident for cardio- 

vascular diseases in general, and men with P.M.F. had an 

even more favourable mortality experience in this respect. 
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5.3 	Cumulative dust exposure to time of first survey, 

and subsequent mortality 

5.3.1 The problem 

This section seeks to determine whether there is a 

relationship between estimates of cumulative dust 

exposures up to the initial surveys (rather than the 

appearance of the radiographs at that time) and subsequent 

mortality. 

5.3.2 Data 

The exposure estimates for each individual were calculated 

in the manner described in section 2.6, that is, the time 

spent prior to the first surveys in each of six categories 

of coalinining activities were multiplied by mean concentrat-

ions corresponding to these categories, as determined 

during approximately ten years following the first surveys 

in the colliery where the man was workirg. 	Industrial 

history information was available for 13,968 men (Table 14). 

Two hundred and ten of these records had been endorsed as 

"unreliable" by the interviewer at time of survey. 	(This 

may have been because of language difficulties with some 

miners from abroad, obvious memory gaps among older miners, 

or seriously non-consistent responses to the questions). 

Data from the remaining 13,758 men constituting the present 

study!... 
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Table 34 Mortality at 14 years after initial surveys, by selected cause-groups, 

and estimates of dust exposure up to time of first surveys 
(continued) 

d = number of deaths observed; 

E* = number of deaths 'expected', (equation 8); 

CMF* = from equation (12); 

(SE) = standard error of CMF*  (equation 14) 

R 	13,758 

DUST EXPOSURE 

(gh/m3) -19 20-79 80-149 150+ 

RISK SET 3502 3458 3226 3572 

d E* d E* d E* d E* 

CMF* CMF* CMF* CMF* 

(SE) (SE) (SE) (SE) 

CANCERS OF 9 17.2 19 24.3 41 41.6 73 58.8 

THE DIGESTIVE 51 77 98 118 

ORGANS (18) (19) (15) (14) 

CARDIOVASCULAR 106 92.3 127 126.1 233 224.7 305 327.9 

DISEASES 115 100 106 90 

(11) (9) (7) (5) 

RESPIRATORY 34 53.7 63 73.0 153 134.8 205 193.6 

DISEASES 56 88 112 108 

(10) (11) (9) (8) 

NON-VIOLENT 178 187.8 243 257.2 486 457.2 653 657.8 

CAUSES 92 96 107 105 

(6) (5) (4) (8) 



Table 34 Mortality at 14 years after initial surveys, by selected cause-groups, 

and estimates of dust exposure up to time of first surveys 

d = number of deaths observed; 

= number of deaths 'expected', (equation 8); 

CMF* 	from equation (12) 

(SE) 	standard error of CMF*  (equation 14) 

R • 13,758 

DUST EXPOSURE 

(gh/m3) -19 20-79 80-149 150+ 

RISK SET 3502 3458 3226 3572 

d E* d E* d E* d 
CMF* CMF* CMF* 

(SE) (SE) (SE) (SE) 

BRONCHITIS 8 15.4 22 21.0 39 42.6 74 63.9 

51 105 93 118 

(18) (23) (15) (14) 

PNEUMOCONIOSIS 1 12.3 6 16.0 46 33.6 5.7 48.1 

6 40 133 123 

(6) (17) (19) (16) 

LUNG CANCER 17 15.7 23 23.1 44 35.4 40 49.7 

94 103 123 76 

(24) (23) (18) (12) 

STOMACH CANCER 2 8.6 14 12.1 19 21.7 39 31.6 

19 116 85 118 

(14) - (33) (19) (19) 



* 
study-sample were divided into four roughly equal-sized 

groups corresponding to increasing ranges of cumulative 

dust exposures: up to 19 gh/m3  (3,502 men), 20 to 79 

gh/m3  (3,458 men), 80 to 149 gh/m3  (3,226 men), and 

exposure exceeding 149 gh/m3  (3,572 men). 	Of course, 

the age distributions of these four sub-groups are very 

different, as is demonstrated in Figure 12. 	The median 

ages are 24, 34 0  42 and 47 years respectively. 	However, 

both the groups embracing the extremes of dust exposures, 

included some men in the opposite extremes of the age 

ranges. 	(There were 191 men aged 55 years or more In 

the lowest exposure group; there were 128 men aged less 

thah 35 in the highest dust exposure group). 

5.3.3 Results 

Mortality over 14 years attributed to eight cause-groups 

is described in Table 34. 	In view of the differences 

in the age distributions between the sub-groups, possible 

discrepancies between CMF*  and  SMR*  statistics are of 

particular interest here. 	The differences were not 

greater than five percentage units for 28 of the 32 pairs 

of values calculated for Table 34. 	There were two 

differences/... 

* 
The prevalence of pneumoconiosis in a sub-group 

from this study-sample has been described in relation to 
the same exposure estimates used now (Table 3 and Figure 
4). 
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differences equal to six units and one of seven units. 

The biggest discrepancy was for lung cancer deaths in 

the lowest dust exposure group where the CMF*  is 94 and 

the SMR* is 108. 

The CMF*  are illustrated in Figure 13. 	The horizontal 

spacing of the grouped results is approximately propor-

tional, to the differences between the mean values of the 

corresponding exposure estimates. 

For all non-violent causes, the ratio of the mean CMF* 

from the two highest dust exposure groups to that from 

the lowest is 1.15. 	This is seen to be the resultant of 

opposite tendencies for two major cause-groups which 

between them account for 79 per cent of all non-violent 

deaths: a negative gradient with dust exposure for 

cardiovascular diseases and a positive gradient for 

respiratory diseases. 	The latter cause-group is 

analysed further in Table 34. 	Eighty-three per cent of 

death certificates grouped under respiratory diseases 

designated either bronchitis or pneumoconiosis or lung 

cancer as the underlying cause. 	The negative correlation 

between bronchitis and pneumoconiosis summary statistics 

calculated from data grouped by initial radiological 

category (Table 32) is now reversed: both appear to 

increase with increasing dust exposure up to time of X-ray. 

An afparent increase in the lung cancer CMF*  over the first 

three!... 
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three dust exposure groups is reversed sharply in the 

highest dust exposure group, where the CMF*  (76) is even 

lower than in the lowest dust exposure group (94). 

A sharp (approximately five-fold) increase in stomach 

cancer mortality is evident for men with dust exposures 

higher than 19 gh/m3. 	An increase in CMF*  for all 

cancers of the digestive organs appears to be almost 

linear with the means of the dust exposure estimates. 

5.3.4 Statistical significance of results 

Some approximate tests of significance have been made 

on the ratio of the CMF*?S  derived from the group with 

the highest dust exposures to those from the lowest. 

Variance estimates, from (18), disregard the covariance 

term arising from the fact that both numerators and 

denominators of the test statistics are functions of 

the same numbers at risk in various age-groups of the 

whole study sample. 	For bronchitis and for cancers of 

the digestive organs the elevated standardised death 

rates associated with the highest dust exposure group are 

both significant at the five per cent level (standardised 

noraal deviates are 2.26 and 2.29 respectively; P<0.03). 

As for the opposing trends for cardiovascular and 

respiratory diseases: it is not sensible to consider 

these in the same way, since the number of deaths in 

these two major groupings are almost certain to be 

negatively!... 
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negatively correlated to some degree given any random 

grouping of results. 	Suffice it say that the dispropor- 

tion, summarised in Table 35, is not likely to be due to 

chance 	corrected for continuity, 	11.28; P<'O.00l). 

Strictly speaking, this result might be interpreted as 

indicating that exposure to airborne dust reduces the 

incidence of deaths attributed to cardiovascular diseases, 

or that exposure to airborne dust increases the incidence 

of deaths attributed to respiratory diseases. 	The latter 

formulation seems more reasonable. 

Table 35 Numbers of deaths attributed to cardiovascular 

and respiratory diseases among men in the lowest 

and highest ranges of cumulative dust exposures 
up- to  first surveys 

DUST EXPOSURE RANGE 

Lowest 	 Highest 

CARDIOVASCULAR 	 106 (60%) 
DISEASES 	 I 

305 (47%) 

RESPIRATORY 	 34 (19%) 	 205 (31%) 
DISEASES 

ALL NON-VIOLENT 	 178 (100%) 	 653 (100%) 
CAUSES 
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Table 36 	Mortality at 16 years after initial surveys by initial cateo 

and ranges of estimated prior dust exposures 
(continued) 

Definitions of symbols as for Appendix 4 

R - 13,375 

RADIOLOGICAL 
CATEGORY 

DUST EXPOSURE PRIOR TO FIRST SURVEYS (gh/m3) 

-19 20-79 80-149 150+ 

RISK-SETS 0 3394 3223 2289 1802 

1,2,3 11 176 767 1239 

d E* d E* d E* d 
CMF* CMF* CMF* CMF* 
(SE) (SE) (SE) (SE) 

RESPIRATORY 50 69.3 70 89.6 127 122.4 123 134.6 
DISEASES 0 64 78 104 91 

(9) (9) (9) (8) 

0 0.8 11 9.0 47 49.0 81 88.6 
1,2,3 117 92 92 

(35) (13) (11) 

NON-VIOLENT 230 239.2 304 311.9 418 410.6 455 444.4 
0 94 - 99 102 107 

(5) (5) (4) (8) 

2 

10 

(60)** 

2.8 

. 1,2,3 
29 

92 

(15) 

30.2 159 

100 

(7) 

160.7 271 

90  

(5) 

295.1 

** Standard error calculated from (13) 



Table 36 Mortality at 16 years after initial surveys by initial category 

and ranges of estimated prior dust exposures 

(continued) 
Definitions of symbols as for Appendix 4 

R = 13,375 

RADIOLOGICAL DUST EXPOSURE PRIOR TO FIRST SURVEYS (gh/in3) 
CATEGORY 

-19 20-79 80-149 150+ 

RISK-SETS 0 3394 3223 2289 1802 

1,2,3 11 176 767 1239 

d E* d E* d E* d E* 

CMF* CMF* CMF* CMF* 

(SE) (SE) (SE) (SE) 

CANCERS OF THE 11 20.2 23 27.3 35 35.0 40 36.8 
DIGESTIVE ORGANS 0 54 84 99 102 

(17) (19) (17) (16) 

0 0.3 2 2.5 18 13.5 37 24.8 
1,2,3 72 133 145 

(50) (l) (23) 

CARDIOVASCULAR 139 120.6 172 156.8 193 205.2 251 223.4 
DISEASES 0 116 111 94 110 

(9) (8) (6) (7) 

0 1.4 12 15.1 83 79.7 119 148.1 
1,2,3 78 109 78 

(22) (11) (7) 
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Table 36 	Mortality at 16 years after initial surveys by initial cate2o 

(continued) 
and ranges of estimated prior 

Definitions of symbols as 

dust exposures 

for Appendix 4 
R 13,375 

RADIOLOGICAL 
CATEGORY 

DUST EXPOSURE PRIOR TO FIRST SURVEYS (gh/in3) 

-19 20-79 80-149 150+ 

RISK-SETS 	 0 3394 3223 2289 1802 

1,2,3 11 176 767 1239 

d E* d E* dE* d E* 
CMF* CMF* CMF* CMF* 

(SE) (SE) (SE) (SE) 

LUNG CANCER 25 20.8 24 29.2 45 34.0 40 35.2 
0 108 87 131 110 

(23) (20) (19) (18) 

0 0.2 4 2.4 10 12.6 14 23.5 
1,2,3 157 77 55 

(81) (24) (15) 

STOMACH CANCER 

0 

3 

26 

10.3 14 	 14.0 

106 

17 	 18.4 

92 

22 

105 

19.8 

(15) (31) (22) (23) 

0 0.1 2 

136 

1.3 10 

132 

7.1 
1,2,3 

20 

144 

13.4 

'- --- - 
(94) (42) (32) 
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Table 36 	Mortality at 16 years after initial surveys by initial category  

and ranges of estimated prior dust exposures 

Definitions of symbols as for Appendix 4 

R 13,375 

RADIOLOGICAL 
CATEGORY 

DUST EXPOSURE PRIOR TO FIRST SURVEYS (gh/m3) 

-19 20-79 80-149 150+ 

RISK-SETS. 	 0 3394 3223 2289 1802 

1,2,3 11 176 767 1239 

d E* d E* d E* d E* 
CMF* CMF* CMF* CMF* 
(SE) (SE) (SE) 

57 

(SE) 

45.2 
BRONCHITIS 13 	 20.4 25 	 26.5 43 	 39.3 

O 57 92 110 128 
(16) (19) (16) (17) 

O 0.2 3 2.8 7 15.9 32 29.6 
1,2,3 107 44 109 

(64) (17) (19) 

PNEUMOCONIOSIS 1 14.0 4 16.6 13 26.2 7 29.6 
0 5 26 51 23 

(16) (14) (9) 

3 2.0 0 	 0.2 23 11.2 18 19.5 
1,2,3 132 196 91 

(75) (40) (21) 



5.4 	Radiological category, cumulative dust exposure at 

time of first survey, and mortality 

5.4.1 The problem 

To what extent are the effects, apparently associated 

with dust exposure (Table 34), independent of those 

apparently associated with radiological category (Table 

32)? 

5.4.2 Data 

The risk-set contributing to Table 34 numbered 13,758 men. 

The number of deaths from non-violent causes at 14 years' 

follow-up was 1,560. 	At 16 years' follow-up the risk-set 

was reduced by less than three per cent, to 13,375, but 

the number of non-violent deaths increased by nearly 30 

per cent, to 2,022. 	Therefore the study-sample chosen 

to investigate the problem defined above was taken as 

the 13,375 men, from 23 collieries, at 16 years' follow-

up. 

5.4.3 Results 

Table 36 shows results in the format used for Table 34, 

separately for those with category 0 and for those with 

simple pneumoconiosis initially. 	The number in the 

study-sample with P.M.F. initially was small (474) and 

these men were distributed unevenly over the dust 

exposure!... 
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exposure ranges (23 per cent in the range 80-149 gh/m3  

and 74 per cent with exposures higher than 149 gh/m3). 

Figure 14 illustrates trends in CMF*s  for some cause 

groups. 	Mean dust exposures for the risk-sets are 

plotted on a logarithmic scale. 	Results from 11 men 

with simple pneumoconiosis in the lowest dust exposure 

group have been omitted from the graphs. 

Figures 14a and b show that the opposite trends in 

pneumoconiosis and bronchitis mortality with increasing 

initial radiological category (Table 32, section 5.2.1) 

is due entirely to results from men with simple pneumo- 

coniosis initially. 	Among men with category 0, mortality 

attributed to bronchitis increases with increasing dust 

exposure. 	The apparent linear increase in the CMF*  with 

log dust exposure is unlikely to be due to chance. 	(The 

ratio of CMF*?s  for the highest and lowest dust exposure 

groups is 2.245. 	The corresponding standardised normal 

variate is 2.618; P<O.Ol). 	Also the pneumoconiosis 

cMF*ts for men with category 0 appear to increase slightly 

with increasing prior dust exposure, but this trend is 

overshadowed by the very much higher average pneumoconiosis 

mortality among men with radiologically detectable 

abnoriaalities at the first surveys. 	For the latter group 

there is no obvious relationship between either bronchitis 

or pneumoconiosis CMF*Is  and dust exposures up to the 

first surveys. 

The / 
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The reduced lung cancer mortality for men with simple and 

complicated pneumoconiosis could be described either as 

an effect associated with increasing severity of radio-

logically detectable abnormalities (Table 32) or perhaps 

as one associated with increasing dust exposure (Table 

36 and Figure 14c). 	Figure 14c does not suggest a 

protective effect of dust exposure among men with 

category 0, and this might be interpreted as an 

indication that the lower lung cancer mortality among men 

with pneumoconiosis is more likely to be associated with 

the profusion and extent of radiologically identifiable 

effects of dust exposure, rather than with the quantity of 

inhaled dust itself. 	To verify this suggestion using 

present methods would require further subdivision of men 

with simple pneumoconiosis in each dust exposure group into 

those with category 1, category 2, and category 3. 	The 

numbers involved are too small for an effective analysis 

along these lines. 

On the other hand, Figure 14d suggests that higher 

mortality certified as arising from cancers of the 

digestive organs is associated with increasing airborne 

dust exposure, even when the effects of the dust exposure 
are/... 
* 	

The lung cancer CMF*  for all men uith P.M.F. in the 
present study-sample (not shown in Table 36) was 42 with 
a standard error = 20. 	On average, dust exposures for 
men with P.M.F. initially were higher than those for men 
with simple pneumoconiosis. 	This is implicit in Table 3 
(Chapter 2) and has been verified. 	Mean prior dust 
exposure estimates for categories 0 to C were 79, 172 0  195, 
196, 203, 213 and 229 gh/m3 respectively, for men 
contributing to Table 3. 
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are not not detectable radiologically. 	Among men with 

category 0 the association is statistically significant 

(ratio of highest to lowest CMF* 	1.89; P<O.011). 

Although at 16 years' follow-up the overall CMF*  for men 

with simple pneumoconiosis is appreciably and significantly 

higher than that for men with category 0 (ratio of CMF*?s 

- 1.52; P<O.011), it is not clear that the apparently 

increased hazard for those with simple pneumoconiosis in 

the two highest dust exposure ranges represents an 

additional effect associated with simple pneumoconiosis as 

such. 	The regression of the three CMF*Is  for men with 

simple pneumoconiosis on log dust exposure (Figure 14d) is 

not convincing (t1  - 1.823, by weighted least squares; 

P)O.30), nor is the ratio of CMF*?s  for men with and with-

out simple pneumoconiosis with the highest dust exposures 

significantly different from unity (0.10(P<0.15) . 	The 

very reduced mortality from cancers of the digestive 

organs among men with P.M.F. (Table 32) also suggests 

that the effect shown in Table 32 and Figure 14d is 

associated with exposure to dust rather than with the 

radiologically detectable effects of the dust. 

5.5 	Radiological changes, cumulative dust exposure, 

smoking habits, and mortality in Scotland, England 

and- Wales 

5.5.1 The problem!... 



5.5.1 The problem 

The preceding analyses have suggested various associations 

between exposure to airborne coalmine dust, radiological 

effects and subsequent mortality attributed to bronchitis, 

lung cancer and to cancers of the digestive organs. 	Some 

of these effects may be confounded partially with regional 

variations in mortality and in diagnostic habits discussed 

in Chapter 4. 	Moreover, no account has been taken so far 

of possible variations in smoking habits between the groups 

studied, and this may be important particularly in the case 

of deaths attributed to bronchitis and lung cancer. 	To 

what extent is it reasonable to generalise from the results 

described? 

In the preceding analyses, the estimated cumulative dust 

exposure up to time of first survey was hypothesised as an 

index of the probability of death in the ensuing period. 

Variable exposures to dust among those in the risk-set at 

times following the first surveys were not considered. 

Would consideration of these additional exposures up to 

time of death alter the relationships found? 

Following Cochrane (1973), the radiological classifications 

used in the preceding analyses have been those relevant to 

the start of the study period. 	Given a particular initial 

X-ray classification, is there a difference in mortality 

between those who show subsequent radiological changes and 

those/. 
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those who do note? 

5.5.2 	Data 

5.5.2.1 The study-sample 

The following criteria were imposed to select a study- 

sample. 	Men were included only if each of the following 

was available: 

industrial history information that had not been 

endorsed as"unreliable"; 

some exposure data relevant to the interval between 

the first and second surveys; 

classification of the X-ray taken at the second 

survey; 

data on smoking habits from second or third survey 

records. 	Men with P.M.F. or doubtful shadows 

possibly indicating P.M.F. on any X-ray were 

excluded from the study-sample. 

There were 11,254 men meeting these criteria. 

5.5.2.2 Radiological data 

The radiological data from the first and second surveys 

were used to classify each man into the dichotomy 

"progression"/"no progression" (P/NP), defined as follows. 



Table 37 Distribution of 11,254 men included in a study sample for analyses of mortality using Cox's model, by 

country, initial category, progression category; and 

country, smoking category 

 
SCOTLAND ENGLAND WALES 

1st Survey Category 0 1 0 1 0 1 

PROGRESSION 	P 49 33 309 286 152 175 

CATEGORY 	NP 1571 125 5151 833 2029 541 

1620 158 5460 1119 2181 716 
TOTALS 

1778 6579 2897 

 

SMOKERS 1390 5235 2219 

EX-SMOKERS 90 514 208 

NON-SMOKERS 298 830 470 



2nd X-RAY CLASSIFICATION 

' 
N: 

1st X-RAY 	1 NP NP P 	P 

CLASSIFICATION 	2 NP NP NP 	P 

3 NP NP NP 	NP 

5.5.2.3 Smoking habits 

Information on smoking habits at the second surveys (or, 

in a few cases where these date were missing, at the third 

surveys) were used to classify each man as a "smoker", 

"ex-smoker" or "non-smoker". 	Definitions were based on 

those described in Appendix 1, as follows. 

APPENDIX 1 SMOKING GROUP 

"smoker" 	: 2, 3, 4, 5 

"ex-smoker" : 6 

"non-smoker": 1 

The numbers of men falling into these various categories 

are shown in Table 37 in relation to the country where the 

colliery concerned was situated. 

5.5.3 The model 

A general hazard function in the form of (22) was assumed. 

The function of explanatory variables, (23) , was specified 

as/... 
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as follows. 

h 	
(? + 
	+ jz2)(l 

- 	)S + 13 

+ /(z4  - 140) + /35(z3) (z4  - 140) 	 (24) 

where z1, z2  are dummy variables defining the three smoking 

categories; z3  is a dummy variable distinguishing between 

"progressors" and "non-progressors"; z4  and s are time-

dependent variables to be defined. 

For the purpose of this analysis, the smoking habit as 

defined was taken as constant for any one individual from 

second survey to death or censoring (31.7.72). 	The 

variable z3 relates only to an approximately five-year 

interval between first and second surveys. 	It is a 

constant for an individual if random errors in the film 

classifications are here disregarded. 

The variable z4  in (24) represents an approximation to 

the cumulative dust exposure for an individual in the 

risk-set up to the time that a death occurs. 	Thus for 

any one individual in the risk-set, a separate estimate 

of z4  was made corresponding to each death occurring in 

that risk-set. 	The estimates were made as follows. 

A death at age t in the study-sample is associated with a 

risk-set consisting of all individuals in the study-sample 

who had not died before age t during the study period 

(from second surveys to 31.7.72). 	Consider any one 

individual!... 
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individual in the risk-set. 	The value of s for that 

individual was defined as t-t1, where t1  is his age at the 

second survey. 	Let E0  be the estimate of his exposure 

prior to the first survey (as used in the earlier part of 

this chapter). 	Let E1  be his measured exposure during 

the 1th interval between surveys (i - ., 2, 3). 

If the individual was aged t during the second 

inter-survey interval, or if he was aged precisely t at 

the time of the third surveys, then his cumulative exposure 

was approximated by 

Z
4 
 =E 	1 o +E. 	 (25) 

If the individual was aged t in the third inter-

survey interval, then his cumulative exposure was taken as 

Z
4 
 = E o 	1 	2 	3 	3 + E + E + E (T/T ), 	 (26) 

where T3  is the time contributing to E3, T = Min (T3, T5), 

and T5  is the time from the third survey to the time that 

he was aged t. 

Thus for an individual surviving to 31.7.72 there could be, 

in principle, d separate estimates of Z4  where d is the 

total number of deaths in the study-sample. 	The 

approximations (25) and (26) are known to be in error 

when an individual left the research colliery before age t. 

Note however that in all cases, z4  includes a measured 

exposure during at least the first inter-survey interval, 

and/... 



Table 38 Estimates of mortality hazards relative to (a) no smoking; 	(b) no exposure; 	(c) no progression 

(continued) 
RELATIVE HAZARDS 	ASSOCIATED WITH 

(a) (a) (b) (b) (c) 
CATEGORY NUMBER SMOKING INTERRUPTED EXPOSURE TO 260 gh/m3  PROGRESSION, 
AT FIRST OF SMOKING given 260 gh/m3  
SURVEY DEAThS (ex-smokers) No Progression Progression exposure 

SCOTLAND 0 29 2.76 0.04 0.35 1.82 3.17 

c ENGLAND 0 77 76* 18 0.94 1.25 1.84 
1,2,3 19 3704 3249 1.09 0.01* 0.31 

U WALES 0 19 3.19 0.04 1.59 0.88 1.65 

BRITAIN 0 125 4.16* 2.08 1.04 1.07 1.69 
1,2,3 31 72 32 O.95t 0.01 

SCOTLAND 0 15 0.73 0.69 0.21 20.94 13.65 

0 E-ENGLAND 0 52 0.84 0.21 0.85 1.98 0.85 U) cn 1,2,3 24 0.46 0.22 0.88 3.04 1.18 

WALES 0 28 0.58 0.86 1.39 0.08 0.12 
z 0 1,2,3 16 0.71 1.94 0.85 16.41* 0.44 
0 

BRITAIN 0 95 0.70 0.73 1.17 0.94 0.76 
1,2,3 45 0.54 0.83 0.87 5•35* 1.01* 

Significance of departures from unity 
* 	P<0.05 

0.05 K P< 0.10 



Table 38 Estimates of mortality hazards relative to 	(a) no smoking; 	(b) no exposure; 	(c) no progression 

RELATIVE HAZARDS 	ASSOCIATED WITH 
(a) (a) (b) (b) (c) 

CATEGORY NUMBER SMOKING INTERRUPTED EXPOSURE TO 260 gh/m3  PROGRESSION, 
AT FIRST OF SMOKING given 260 gh/m3  
SURVEY DEATHS (ex-smokers) No Progression Progression exposure 

SCOTLAND 0 256 1.52* 1.06 0.63 1.68 1.64 
1,2,3 71 1.04 0.19 1.17 0.98 0.65 z 

ENGLAND 0 693 1.60* 0.89 0.87 1.08 1.32 
1,2,3 216 1.69* 1.19 1.02 0.99 0.82 

WALES 0 299 1.57* 1.38 0.98 0.52 0.79 
1,2,3 135 1,58 1.81 0.89 0.89 1.49 

BRITAIN 0 1248 1.57* 1 	()ç 0  9 fl 	QZ I 	in  

1,2,3 422 1.49* 1:27 0:97 0:95 - 0:94 

SCOTLAND 	0 23 4.47 0.08 5.78 0.00 0.00 

ENGLAND 	0 63 0.66 0.91 1.21 3.52 0.47 
1,2,3 20 2.41 3.93 1.86 0.23 0.36 

WALES 	 0 33 4.68 4.51 2.01 7.88 0.50 
1,2,3 15 73 74 2.84 0.12 1.56 

BRITAIN 	0 119 1.07 1.19 1.57* 3.93t 0.36 
1,2,3 37 3.64 5.24 2.18t 0.16 0.61 

Significance of departures from unity 
* 	P<O:0s 

0.05<P< 0.10 t 



and an estimate of exposure prior to the first survey. 

Time units used in all these calculations were months. 

Four separate analyses were made for each of the six sub-

samples indicated in Table 37, using deaths attributed to 

(a) non-violent causes, (b) bronchitis, (c) lung cancer, 

and (d) cancers of the digestive organs. 	Coefficients in 

(24) were estimated by maximum likelihood and are represented 

in what follows by lower case b1  (i 	0, 1,..5). 

5.5.4 	Results 

5.5.4.1 Physical interpretation of the model 

Appendix 7 records values of the estimated coefficients 

and corresponding standardised normal variates. 	All 

estimates b5  were less than 2 x 10 , so that there is no 

evidence of an interaction between the effects of smoking 

and length of follow-up. 	A convenient way of presenting 

the results is to express them as "relative hazards" 

associated with effects implicit in the model (24) 

Results from analyses involving at least 15 deaths are 

expressed in this form in Table 38. 	Interpretation of 

the ratios shown in Table 38 differs from the interpre- 

tation!... 

* 	
It would have been more sensible to put s 	t. 	This 

is what was intended when the model was specified. 	Such 
a definition might have yielded non-trivial values of b, 
reflecting a possible cumulative effect of tobacco consumed. 
The definition used, s = t - t1, was an error. 



interpretation of the other mortality indices described 

previously (CMF*  and SMR) . 	Use of the word "relative" 

in this context refers to particular levels of a factor 

(or factors) under consideration, not to the overall 

mortality experience of the study-sample involved. 	The 

estimates of relative hazards are derived from the results 

as follows. 

The hazard for smokers, relative to non-smokers is 

estimated by exp(b1). 

The hazard for ex-smokers, relative to non-smokers is 

estimated by exp(b2). 

The hazard for men who did not progress radiologically (NP) 

and who were exposed to La  gh/m3, relative to the hazard 

experienced by similar men exposed to Lb  gh/m3  is estimated 

by 

ĥ [z, - (Ea_Eb)113 = 01 = exp Fb 4 ('a-Eb)j.  

The hazard for men who did progress radiologically (P) and 

who were exposed to La  gh/mm3, relative to the hazard 

experienced by similar men exposed to Eb  gh/m3  is estimated 

by 

^[z4 = (Ea_Eb) Z3 	ii 	
exp 

I 
 (b4+b5)(Ea-Eb)1- 

The hazard for men who were exposed to E gh/m3  and who 

progressed radiologically (P) , relative to that experienced 

by men exposed to the same dust burden but who did not 

progress!... 



progress (NP) is estimated by 

h(z1-lIz4E) 	exp[b5(E-140) + b3]. 

Note that separate analyses were made for men with 

category 0 and for men with simple pneumoconiosis at the 

first surveys, in each of the three countries. 	The 

results therefore provided no basis for comparing effects 

of initial category as such, nor do they permit overall 

comparisons of hazards for the three countries. 	Infer- 

ences are therefore restricted to assessing possible 

effects of the variables within each sub-group; but 

differences between these effects as estimated from the 

separate analyses may be interpreted as interactions 

between sub-groups and the factors concerned. 	For the 

presentation in Table 38, Eb  was taken as zero; Ea  and E 

were both put equal to 260 gh/m3, that is, the cumulative 

exposure associated approximately with a working-life at 

the coalface (35 years) at a long term mean dust concentrat-

ion equal to the maximum consistent with current airborne 

dust standards for coalmines (4.3 mg/rn3). 

Also/...  

* 
Such contrasts have been explored in previous sections 

and in chapter 4. 	The constant term in the equation fitted 
to (24), Lb-  140(bA  + b1 )] , is not to be interpreted as a 
function of°the sub- groups underlying hazard. 	It is 
introduced only for computational convenience to compensate 
for non-orthogonalities in the realised values of z. 
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Also shown are estimates of relative hazards for Scotland, 

England and Wales combined. 	These are analogous to 

results from pooled data in Table 36 and Figure 14, and 

have to be interpreted in the light of possible differences 

in effects between countries. 	Results are based on the 

mean of coefficients from separate analyses weighted by 

the reciprocals of the corresponding estimated variances 

Some of the estimated effects in Table 38, particularly 

those based on small numbers of deaths, are very imprecise 

(as is evident from Appendix 7). 	The statistical 

significance of departures from unity in the relative 

hazards shown are therefore indicated. 	Note that the 

presence of an asterisk in one and not the other column 

headed (b) implies that there is a significant interaction 

between dust exposure and the binary variable reflecting 

radiological progression (z3). 

5.5.4.2 Smoking habits 

The smoking categories were introduced here as concomitant 

variables, to provide better estimates of effects 

associated with dust exposure and radiological progression. 

The importance of smoking is clear. 	As expected, the 

effect is marked for lung cancer deaths and, rather more 

variably, for bronchitis. 	These effects are reflected in 

a statistically significant excess hazard for smokers when 

considering 1... 



considering all non-violent deaths. 

Results for ex-smokers are variable. 	The prognosis for 

an ex-smoker would be expected to depend on the age at 

which he stopped smoking, his reasons for stopping, and 

the the stage reached in any smoking-related disease that 

may be present. 	Indeed, this group was defined separately 

from non-smokers to avoid confusion arising from possibly 

conflicting effects of such factors. 

5.5.4.3 Bronchitis 

Each of the estimated relative hazards among men in 

Scotland, England and Wales who did not show radiological 

changes during the first inter-survey interval (NP) 

indicates an increase in bronchitis mortality with 

increasing dust exposure. 	None of the gradients reach 

the five per cent level of significance, but the result 

for Welsh miners with category 0 initially approaches it 

(relative hazard 	2.01; P0.07). 	The corresponding 

estimate for Welsh miners with category 0 initially who 

did show radiological changes is higher (7.88) but not 

significantly so. 	The patterns of response among Welsh 

and English miners are similar and are reflected in the 

pooled results for Britain in Table 38. 	Here also, the 

relative hazard associated with exposure to 260 gh/m3  

coalmine dust for miners who had no pneumoconiosis at 

either the first or second surveys (1.6) is significant 

at/... 
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at the seven per cent level. 

The variable estimates of the dust exposure effecton 

bronchitis mortality among men with simple pneumoconiosis 

initially is consistent with the absence of a gradient for 

this group in Figure 14a. 	In general however the apparent 

effect of dust exposure among men with no pneumoconiosis 

which emerges from this analysis is less impressive than 

the regression of CMF*s  illustrated in Figure 14a. 	The 

most obvious explanation for the discrepancy is the non-

equivalence of the models implicit in the two analyses. 

Figure 14a suggests that the mortality hazard is proportional 

to the logarithm of the cumulative dust exposure, and this 

is not reflected in (24). 	Work continues on the 

application of (22) to the data, using other forms for 

the function of explanatory variables. 

5.5.4.4 Lung cancer 

There is a statistically significant interaction between 

progression (P/NP) and dust exposure on lung cancer 

mortality among English miners with simple pneumoconiosis 

(b5  in Appendix 7; P<O.04). 	One way of expressing 

this result is to state that the effect of dust exposure 

on lung cancer mortality differs, depending on whether or 

not a man progresses radiologically. 	An equivalent and 

equally!... 
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equally valid expression of the result is to say that the 

influence of radiological progression on lung cancer 

mortality depends on the level of cumulative dust exposure 

experienced. 	The latter formulation directs attention to 

the fact that progression of simple pneumoconiosis is more 

likely to occur during the first inter-survey interval if 

the prior exposure (E0) and the exposure during the interval 

(E1) are relatively high (see Table 2, and discussion in 

section 2.5). 	Both E and E1  are major contributors to 

the cumulative exposure z4. 	The absence of any advantag- 

eous effect of dust exposure among those English miners 

with simple pneumoconiosis who did not progress during the 

interval in question supports the earlier suggestion 

(section 5.4.3) that the reduced lung cancer incidence 

among men with pneumoconiosis (Table 32) is more likely to 

be explicable in terms of the presence of pathology 

associated with radiological pneumoconiosis, rather than 

as a consequence of dust exposure per Se. 

Superficially, the variations in regional results in Table 

38 appear not wholly consistent with this interpretation. 

However, these variations are all easily attributable to 

chance. 	They cannot be regarded reasonably as evidence 

of real differences in response to dust exposure between 

miners who did and did not progress radiologically. 

5.5.4.5 Cancers of the digestive organs!... 



5.5.4.5 Cancers of the digestive organs 

Results from the analysis based on (24) indicate that in 

general there is little or no relation between dust 

exposure and mortality attributed to cancers of the 

digestive organs among men who did not progress radio-

logically over the first five years of the study (Table 

38). 	This is so irrespective of whether or not there 

was evidence of simple pneumoconiosis at the first 

surveys. 	The contrary tendency in Wales among men with 

category 0 initially is not statistically significant 

(P>0.4). 	Only in Wales is there a convincing inter- 

action between progression and dust exposure (b5). 	This 

implies that the apparent increasing hazard with increasing 

dust exposure among the English and (the relatively few) 

Scottish miners who did show radiological changes is also 

of dubious statistical significance. 	Even in Wales, an 

unambiguous relationship is evident only among men who 

had simple pneumoconiosis initially and who progressed 

subsequently. 

As with the analysis of bronchitis mortality, the 

results appear to conflict with those evident from Table 

36 and Figure 14d. 	The fairly clear increase in dust- 

related hazard for men with no pneumoconiosis which was 

illustrated in Figure 14d is not confirmed, while the 

less convincing regression for men with simple pneumocon-

iosis from the earlier analysis now appears statistically 

significant!... 



significant, but only in a sub-group of the Welsh miners. 

Agin, the explanation may be no more complicated than 

that suggested above for bronchitis: the CMF*  for cancers 

of the digestive organs among men with no pneumoconiosis 

appears to be related linearly to the logarithm of the 

dust exposure. 

There are other reasons why there may be differences 

between results from the two types of analyses, and they 

are implicit in the questions recorded in section 5.5.1. 

They are: the inclusion of smoking habit as a concomitant 

variable in (24); the possibility that there are real 

differences in the apparent effect of dust exposure on 

mortality depending on geographical location and whether 

or not an individual shows radiological changes; the 

adjustment of the exposure estimate; and the difference 

in length of follow-up. 	Further consideration of these 

questions requires appropriate adjustment to the form of 

the exposure variable in (24). 

5.6 	Summary of findincs 

In general, the presence of simple pneumoconiosis among 

coalminers considered here, from all British coalfields, 

is not associated with reduced survival rates when 

compared with the experience of miners with/pneumoconiosis. 

This confirms Cochrane's (1973) report from South Wales. 

However, mortality was raised among miners who had 

developed!... 



developed simple pneumoconiosis before the age of 35, 

aiuog miners aged 55 or more with category A of P.M.F., 

and among those with categories B or C of P.M.F. (Tables 

29, 30 and 31). 

Increasing radiological evidence of simple pneumoconiosis 

was associated with increasing mortality attributed to 

pneumoconiosis but decreasing mortality attributed to 

bronchitis (Table 32). 	Men with category 0 at the start 

of the study who had high prior exposure to dust had 

relatively high bronchitis mortality (Table 36). 	The 

hazard for such men appears to be related linearly to the 

logarithm of the dust dose (Figure 14a). 

Lung cancer mortality among men with categories 2 or 3 

of simple pneumoconiosis was only just over half of that 

for men with no pneumoconiosis. 	Directly standardised 

lung cancer death rates for men with P.M.F. were even 

lower, at about 44 per cent of the corresponding figure for 

men with category 0 (Table 32). 	High dust exposures 

among men with category 0 were not associated with reduced 

lung cancer mortality (Figure 14c), and the average 

mortality attributed to this cause for men with category 0 

was similar to the average for men with category 1 (Table 

32) 

Mortality attributed to stomach cancer was nearly 60 per 

cent higher among men with simple pneumoconiosis than 

among/.• 
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among those with X-rays classified in category 0; a 

similar excess for men with simple pneumoconiosis was 

recorded for all cancers of the digestive organs. 	This 

finding does not extend to men with P.M.F., who had 

relatively low mortality certified as due to cancers of 

the digestive organs (Table 32). 

The incidence of deaths attributed to cancers of the 

digestive organs among men with X-rays classified as 

category 0 increased linearly with the logarithm of 

estimated exposure to dust prior to the start of the 

study (Figure 14d). 	The effect of dust exposure on 

mortality attributed to this cause appeared to be 

particularly marked among Welsh miners with radiological 

evidence of progression of simple pneumoconiosis during 

the first five years of the study (Tabler38). 

Inclusion of smoking as a concomitant variable in an 

analysis of results on a regional basis confirms that the 

habit is related to relatively high death rates, 

particularly those associated with lung cancer and 

bronchitis. 	Estimates of the Effect of dust exposure on 

mortality attributed to bronchitis and to cancers of the 

digestive organs, using this approach to the data, are 

variable, imprecise and not wholly consistent with 

analyses of standardised death rates reported above 

(Tables38). 	A possible reason for the apparent dis- 

crepancies is an inappropriate formulation of the dust 

exposure variable in the mathematical statement of the 

model. 	This suggestion is being studied in continuing 

work. 



SMOKING 

GROUP 

 Non-smokers 

 Cigarettes 

 Pipe 

 Mixed 

S. 'Smokers' 

6. Ex-smokers 

Total 

% OF STUDY-

SAMPLE 

Table 39 Distribution of study sample by smoking and respiratory symptom groups 

1 

SYMPTOM GROUP* 

2 	3 4 	- 

TOTAL 

1579 

% OF 

STUDY- 

SAMPLE 

14.3 
1209 	160 	133 	77 

4139 1603 1217 309 7268 65.7 

442 132 189 62 825 7.5 

126 50 40 16 232 2.1 

252 46 57 10 365 3.3 

500 103 117 67 787 7.1 

6668 2094 1753 541 11056 100.0 

60.3 18.9 15.9 4.9 100.0 

* Symptom Groups (for details see Appendix 1) 

No persistent cough and phlegm, and no 

breathlessness 

Persistent cough and phlegm, and no 

breathlessness 

Persistent cough and phlegm and 

breathlessness 

Breathlessness and no persistent cough and 

phlegm 
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6. 	SMOKING, DUST EXPOSURE, 

RESPIRATORY IMPAIRMENT AND MORTALITY 

This chapter describes how tobacco and dust-induced 

impairments of health are reflected in the occurrence of 

respiratory symptoms, reduced lung function and mortality. 

6.1 	Description of study-sample 

Analyses are based on the study-sample introduced for the 

example quoted in chapter 3. 	Criteria for inclusion in 

the study-sample are detailed there (section 3.9.4.2). 

The men concerned were divided into six smoking groups and 

four symptom groups defined in Appendix 1. 

The distribution of men by smoking and symptom groups is 

shown in Table 39. 	Two thirds of the 11,056 miners involved 

were cigarette smokers at the time of the second surveys; 

seven per cent were ex-smokers; 14 per cent were non- 

smokers. 	In addition there were 1,422 men (13 per cent) 

who were either pipe smokers, or who smoked both pipe and 

cigarettes, or who smoked tobacco in some form not 

specified in the recorded data. 

Sixty per cent of these miners reported no respiratory 

symptoms severe enough to be classified either as 

persistent cough and phlegm or as breathlessness (walking 

slower than other people on level ground because of a 

chest!... 



Table 40 Percentage age distributions of four symptom groups in study sample 

AGE-GROUP 
AT FIRST 

SURVEYS 

-24 

1 

SYMPTOM 

2 

GROUP 

3 4 

STUDY-
SAMPLE 

17.8 	8.5 	0.7 	0.6 12.5 

-34 25.3 20.3 6.2 7.4 20.4 

-44 27.6 31.5 20.8 20.1 26.9 

-54 22.2 30.6 46.9 46.4 28.9 

-64 6.9 9.1 25.0 24.6 11.1 

65+ 0.2 0 0.5 0.9 0.2 

NUMBER IN 6668 2094 1753 541 11056 
GROUP 



Table 41 Percentage distribution of symptoms within smoking groups 

SYMPTOM 

GROUP 

1. 

ry 

SMOKING GROUPS 

1. 	2,3,4,5. 	6. 

	

NON-SMOKERS I SMOKERS 	EX-SMOKERS 

76.6 	 57.1 	63.5 

10.1 	 21.1 	13.1 

8.4 	17.3 	 14.9 

4.9 	 4.6 	 8.5 

All 

(Number in 
smoking group) 

100.0 	100.0 	100.0 

(1579) 	1 (8690) 1 (787) 
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chest condition). 	Nineteen per cent admitted to some 

symptoms characteristic of chronic bronchitis (persistent 

cough and phlegm) but denied breathlessness. 	Sixteen 

per cent reported persistent cough and phlegm and breath- 

lessness. 	A further five per cent (541 men) responded 

positively to the question on breathlessness but denied 

persistent cough and phlegm. 

Age distributions within sub-groups are recorded in 

Appendix 8 and are summarised, for the symptom groups, in 

Table 40. 	There were greater proportions of older men 

among smokers, and among those with any kind of symptoms. 

Symptoms of persistent cough and phlegm, with or without 

breathlessness, occurred more frequently among smokers 

than among either non-smokers or ex-smokers (Table 41). 

Admission of breathlessness and denial of persistent 

cough and phlegm (symptom group 4) was no more prevalent 

among smokers (4.6 per cent) than among non-smokers (4.9 

per cent), and indeed was less than the figure for the 

(relatively few) ex-smokers. 	Symptom group 4 was defined 

to try to meet an objective described on page 29: to 

isolate a sub-group complaining of symptoms associated 

with emphysema, but without the most common symptom of 

chronic bronchitis. 	Breathlessness, in the absence of 

cough and phlegm, occurs commonly also among asthmatics, 

so that symptom group 4 might be expected to include some 

men with this condition. 	Table 42 shows that reports 

of/... 



Table 42 Positive responses to question on wheezing in four symptom groups 

SYMPTOM GROUP 	 1 	2 	 3 	4 
NUMBER IN GROUP 	6668 	2094 	1753 	541 

'YES' TO 

QUESTION 	Number 	405 	719 	1393 	329 
6* 	 6.1 	34.3 	79.5 	60.8 

* "Do you ever have wheezing or whistling in your chest? - I 

don't mean only when you have a cold." - see Appendix 1. 
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of wheezing (a positive response to question 6 on the 

questionnaire) was much more common among men who were 

breathless (symptom groups 3 and 4) than among others 

(symptom groups 1 and 2). 	However, wheezing, a symptom 

often associated with asthma, occurred less frequently in 

symptom group 4 (61 per cent) than in symptom group 3 

(80 per cent) . 	Ex-smokers are likely to include a sub- 

group who have stopped the habit because they suffer from 

respiratory disease. 	The relatively high proportion of 

ex-smokers classified into symptom group 4 (Table 41) 

suggests that the occurrence of breathlessness without 

persistent cough and phlegm may indicate the presence of 

such disease more clearly than the occurrence of both 

breathlessness and persistent cough and phlegm. 

6.2 	Smoking, respiratory symptoms and mortality 

Mortality at 16 years after the initial surveys is detailed in 

Appendix 9 for each of the smoking/symptom group combinations. 

Results, for five cause groups, are summarised as CMF*?s  for 

non-smokers, cigarette smokers, and for smoking groups 3,4,5 

and 6 combinedin Table 43•* 

6.2.1/... 

* 
No particular biological significance is claimed for 

this combination, although all the men concerned had smoked 
tobacco at one time or another. 	The main purpose of the 
arrangement is to differentiate between these men and others 
who fall into two relatively clearly defined groups: non-
smokers and cigarette smokers at the time of the second 
surveys. 	Note that this grouping is not the same as that 
used in chapter S. 



Table 43 (continued) 

e, CMF*: Cardiovascular diseases 

SMOKI 

f. CMF*: non-violent causes 

I 	GROUP 

SYMPTOM 

GROUP 

1 

3 

4 

ALL 

1 	 2 	(3,4,5,6) 	ALL 

NON-S. 	CIG. S. 	OTHERS 

54 	102 	 76 	86 

(10) 	(7) 	(9) 	(5) 

94 106 80 101 

(30) (10) (17) (8) 

69 137 93 125 

(25) (11) (12) (9) 

90 127 73 113 

(39) (19) (17) (15) 

63 113 86 100 

(8) (5) (7) (4) 

1 

NON-S. 

2 

CIG. 	S. 

(3,4,5,6) 

OTHERS 

ALL 

51 91 73 79 

(7) (5) (6) (3) 

84 107 87 101 

 (7) (12) (6) 

115 135 134 134 

 (7) (16) (6) 

87 129 76 111 

(25) (13) (15) (10) 

70 110 90 100 

(6) (3) (5) (2) 



Table 43 (continued) 

c. 	CMF*:  Lung cancer d. 	CMF*:  Respiratory diseases 

S  0 K 	N G G R 0 U P 

SYMPTOM 1 2 (314,5,6) ALL 1 2 (3,4,5,6) ALL 

GROUP NON-S. GIG. 	S. OTHERS NON-S. CIG. S. 	OTHERS 

1 17 127 41 83 20 78 44 58 

(12) (21) (17) (12) (9) (10) (10) (6) 

2 0 181 59 146 34 112 73 98 

(34) (34) (26) (23) (16) (24) (12) 

3 12 125 169 112 174 172 241 178 

(12) (24) (116) (21) (54) (17) (59) (43) 

4 0 80 0 45 57 131 56 101 

(42) (25) (38) (30) (23) (58) 

ALL 18 139 49 100 54 117 83 100 

(11) (14) (14) (9) (11) (7) (10) (15) 



1 

NON-S. 

2 

CIG. 	S. 

(3,4,5,6) 

OTHERS 

ALL 

1183 4072 1285 6540 

153 1514 308 1975 

122 1143 386 1651 

77 307 155 539 

1535 7036 2134 10705 

1 

NON-S. 
2 

CIG. 	S. 

(3,4,5,6) 

OTHERS 

ALL 

0 50 35 34 

(14) (14) (8) 

44 53 108 64 

(43) (17) (48) (16) 

285 215 336 235 

(119) (31) (112) (27) 

87 144 134 136 

(84) (53) (59) (39) 

56 	105 	115 	100 

(20) 	(12) 	(18) 	(9) 

SYMPTOM 

GROUP 

1 

2 

3 

4 

ALL 

Table 45 Mortality at 16 years after initial surveys, by 

symptom and smoking groups; five cause-groups 

(Standard errors of CMF*s  in brackets) 

a. Distribution of risk-sets 	 b. CMF*: Bronchitis 

SMOKING GROUP 
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6.2.1 Cigarette smokin 

On average, cigarette smokers experienced higher death 

rates than non-smokers for each of the five cause groups 

considered. 	Table 44 shows the increased risk of death 

for cigarette smokers over an (approximately) 11-year 

follow-up period. 

Table 44 Ratios of directly standardised death rates for 

cigarette smokers and non-smokers; data from 
T'..t.1 	A'2 

Bronchitis 	 1.88 

Lung cancer 	 7.72 

Respiratory diseases 	2.17 

Cardiovascular diseases 1.79 

All non-violent causes 	1.57 

For respiratory diseases in general and for all non- 

violent deaths, 	the contrast between cigarette smokers 

and non-smokers is most marked among those with no 

symptoms amounting to persistent cough and phlegm or 

breathlessness (symptom group 1; Tables 43d and 43f). 

For this sub-group the ratios of the CMF*ts  (cigarette 

smokers to non-smokers) reached 3.90 (respiratory 

diseases) and 1.78 (all non-violent causes). 	For lung 

cancer however, the cigarette smoking effect is highest 

in/...  
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in symptom group 3 (ratio of CMF*?s, cigarette smokers 

to non-smokers, • 10.41). 	This result supplements the 

earlier analysis (section 3.9.4), where the contrast 

between cigarette smokers and non-smokers was restricted 

to those with and without persistent cough and phlegm 

but no breathlessness (symptom groups 1 and 2). 

6.2.2. Symptoms 

The highest overall mortality (all non-violent causes) 

occurred among men in symptom group 3, irrespective of 

smoking habits. 	The contrast between the symptom 

groups (all smoking groups combined) is summarised in 

Table 45, where the results for those without symptoms 

are taken arbitarily as unity. 

Table 45 Ratios of directly standardised death rates for 

symptom groups (symptom group 1 1.00); data 

from Table 43 

SYMPTOM GROUP 

Bronchitis 

Lung cancer 

Respiratory diseases 

Cardiovascular diseases 

All non-violent causes 

2 3 4 

1.88 6.91 4.00 

1.68 1.29 0.52 

1.69 3.07 1.74 

1.17 1.45 1.31 

1.28 1.70 1.41 



Table 46 Lung cancer mortality among cigarette 

smokers; CMF*  at varying times after 

initial surveys; Scotland, England, 

(Standard error of CMF*  in brackets) 

Scotland 

England 

Wales 

Britain 

YEARS AFTER INITIAL SURVEYS 

14 16 17 18 

174 182 214 193 

(55) (47) (45) (49) 

174 	167 
	

155 	129** 

(25) 	(21) 
	

(21) 	(56) 

69 	69 
	

76 	73 

(22) 	(18) 
	

(22) 	(24) 

142 	139 
	

141 	125 

(16) 	(14) 
	

(15) 	(23) 

one colliery; number of deaths (d) = 5; 

risk-set (r) = 328 
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With the exception of the relatively low lung cancer 

mortality in symptom group 4, all the results show the 

same pattern: increasing mortality from symptom group 1 

to 2 to 4 to 3. 

The association between symptoms and smoking (Tables 39 

and 41) implies that smokers who complain of persistent 

cough and phlegm and breathlessness are at greatest risk. 

This is verifiable directly from Table 43f. 	Cigarette 

smokers in symptom group 3 had more than two and a half 

times the mortality of non-smokers in symptom group 1 

(ratio of CMF*?s • 2.65). 	However, non-smokers with 

bronchitic symptoms and breathiessuess also have a 

poorer prognosis than those without symptoms (ratio of 

CMF*?s 	2.25). 

6.2.3 Smoking and lung cancer: reduction in hazard with 

follow-up period or regional variation? 

The discussion in section 3.9.4.3 drew attention to a 

tendency for the excess lung cancer mortality among 

cigarette smokers to decrease with length of follow-up 

(Table 16). 	It was suggested that the apparent trend 

merited further study. 

The results in Table 16 were based on the experience of 

cigarette smokers in symptom groups 1 and 2 only. 	As 

noted in section 3.8, apparent "follow-up effects" are 

confounded with regional variations in the risk-sets. 

Table!... 
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Table 46 shows results for all cigarette smokers at 14, 

16, 17 and 18 years after the first surveys, separately 

for Scotland, England and Wales. 	The results for 

cigarette smokers overall do not display the suspected 

systematic trend. 	The reduction in the CMF*  at 18 years 

after the first surveys is seen to be attributable 

mainly to the results from Scotland and England; but 

the English results are derived from one colliery only 

(Q, see Figure 7), and the risk-set was correspondingly 

small (328 men). 

Figure 15  displays the same data (cigarette smokers only) 

by symptom group, separately for Scotland, England and 

Wales. 	In Scotland and England, symptom group 2 shows 

the trend first noted in chapter 3, at least up to the 

17th year after the initial surveys. 	In both cases 

however, results from cigarette smokers in symptom group 

3 (cough and phlegm and breathlessness) show the 

opposite tendency. 	In general, Figure 15 does not 

confirm that there is a decrease in the lung cancer hazard 

for cigarette smokers with length of follow-up; nor is 

there a systematic regional effect of this kind over all 

symptom groups. 	Table 46 and Figure 15 support the 

suggestion in section 3.9.4.3, that "the apparent trend 

might be due to sampling variation." 

6.2.4/... 
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6.2.4 Respiratory symptoms and mortality in Scotland, 

England and Wales 

Figure 15 draws attention to another aspect of the data 

not considered previously. 	Among the English and Welsh 

cigarette-smoking miners, the lung cancer hazard was 

highest among those with persistent cough and phlegm but 

no breathlessness at the second surveys (symptom group 2). 

The results from Scotland however suggest that the 

highest lung cancer risk occurs among men with both 

persistent cough and phlegm and breathlessness (symptom 

group 3). 	Indeed, as far as lung cancer mortality is 

concerned, Scots with persistent ccugh and phlegm only, 

fared marginally better than those without symptoms 

(group 1). 	This symptom-related difference between the 

countries did not extend to mortality from respiratory 

diseases in general, as is shown in Table 47. 

Table 47 Mortality attributed to respiratory diseases at 

16 years after initial surveys, by symptom 

group, for Scotland, England and Wales 

CMF* (and standard errors). 	R = 10,705 

SYMPTOM GROUP 

1 2 3 4 

Scotland 	76 114 246 72 
(17) (44) (50) (41) 

England 	61 123 187 90 
(8) (21) (22) (29) 

Wales 	 42 	 76 	 ill 	125 
(11) 	(22) 	(20) 	(35) 

V 
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The highest CMF*  in Table 47 is that for Scottish 

miners in symptom group 3 (CMF* 	246). 	It differs 

significantly from the corresponding figure for Wales 

(CMF* = 111; t = 2.92, P<0.005). 

6.3 	An indirect examination of an hypothesis about 

emphysema in coalminers 

6.3.1 The problem 

The problem was introduced in chapter 1 (section 1.6 and 

1.8 (v)). 	Suppose that exposure to coalmine dust may 

cause emphysema among men whose X-rays exhibit no radio-

logical signs of small rounded opacities characteristic 

of simple pneumoconiosis. 	Comparisons of lung function 

or mortality between men with and without simple 

pneumoconiosis might then show little difference, or 

might indeed show a worse experience for men with no 

radiological abnormalities, even if simple pneumoconiosis 

as such is associated with some reduction in ventilatory 

capacity and life expectation. 	The loss of ventilatory 

capacity and increased mortality associated with emphysema 

might well equal or exceed, on average, any pathological 

effects attributable to the condition diagnosed radio-

logically as "simple pneumoconiosis". 

A rigorous test of this hypothesis is difficult. 	Emphysema 

is often accompanied by other chronic non-specific obstruct-

lye airways disease, and all these conditions may give rise to 

similar!. 
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similar clinical signs (breathlessness and reduced 

ventilatory capacity). 	Radiological diagnosis of 

emphysema is possible only in certain advanced stages of 

the disease, and even then such evidence may be incon- 

clusive on its own. 	Only examination of lungs post 

mortem can identify clearly the destruction of lung 

tissue and the abnormally enlarged air spaces character- 

istic of the disease. 	Given such pathological evidence, 

Inferences regarding the cause of the condition may still 

be controversial. 	Reviewing the problem, Reid (1972) 

noted that the centriacinar type of emphysema had come to 

be associated with the accumulation of industrial dust, 

particularly coalmine dust. 	Her own view was that the 

available evidence was inconclusive. 	She specifically 

qualified her description of anatomical types of emphysema 

with the remark that they were "without any pathogenetic 

implication." 

Reid (1972) commented also that several studies had failed 

to show a correlation between the presence of emphysema 

assessed pathologically and the amount of dust accumulated 

within the lung. 	However, failure to demonstrate such a 

correlation cannot be regarded as a refutation of the 

suggestion that inhalation of airborne coalmine dust may 

cause emphysema. 	Muir (1972) has calculated that a coal- 

miner working under dusty conditions may receive a total 

alveolar dust insult in the order of one kilogram during 

a working life. 	He added that "despite this high figure 

it/... 
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it is unusual to find more than about 40g of dust in the 

lungs of miners on post mortem examination". 	Muir (1972) 

concluded that either the alveolar clearance mechanism 

in the human lung is very efficient, or the initial rate 

of particle deposition is much lower than that usually 

assumed. 	There is little quantitative information about 

variability of normal alveolar clearance rates in man, 

and no studies are known to this writer on how clearance 

rates in man may be affected by the presence of emphysema. 

An alternative, indirect approach to 	the problem was 

suggested in chapter 1. 	If exposure to airborne dust 

can cause emphysema in the absence of radiological 

pneumoconiosis then one might expect that mortality among 

men with emphysema but no radiological pneumoconiosis 

would be correlated with their dust exposure. Moreover, 

if the presence of dust-induced emphysema among men with 

category 0 is an important factor in determining that 

there is little difference between the general mortality 

of men with and without simple pneumoconiosis (Cochrane, 

1973, and this study section 5.1), then it would be 

expected that any correlation between dust exposure and 

mortality existing among men with simple pneumoconiosis 

but no emphysema, would be less marked than the hypothes-

ised correlation among men with emphysema but no 

pneumoconiosis. 

6.3.2 Data/... 
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Table 48 Characteristics of two sub-groups from the 

study-sample described in Table 39 

SUB GROUP A B 

SYMPTOM GROUP 1 4 

RADIOLOGICAL CATEGORY 1,2 or 3 0 
AT 2nd SURVEY 

NUMBER OF MEN 799 347 

MEAN AGE AT 2nd SURVEYS (YEARS) 50.3 53.1 

GEOGRAPHICAL 	
Scotland 6.8 17.3 

DISTRIBUTION 	England 66.2 46.1 
(°) 	 Wales 27.0 36.6 

NON-SMOKERS (%) 16.8 14.7 

CIGARETTE SMOKERS (%) 61.8 55.0 

POSITIVE RESPONSE TO 10.5 60.5 
QUESTION ON WHEEZING (%) 

MEAN DUST EXPOSURE TO 194 137 
2nd SURVEYS (gh/m3) 
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6.3.2 Data 

Symptom group 1 (Table 39) included 799 men with simple 

pneumoconiosis at the time of the second surveys. 	Of 

these X-rays, 560 were classified in category 1, 213 in 

category 2, and 26 in category 3. 	These men are 

designated as sub-group A in what follows. 	Of the 541 

men in symptom group 4, 347 had X-rays classified as 

category 0. 	These men are referred to now as sub-group 

B. 

Table 48 compares some characteristics of the sub-groups. 

Men in sub-group B were three years older on average but, 

as might be expected, their mean dust exposure up to the 

second surveys was lower than the figure for sub-group A. 

Those with simple pneumoconiosis (A) had experienced 

about 42 per cent more exposure to dust on average than 

the sub-group without pneumoconiosis (B). 	The substantial 

difference in mean exposures is reflected in a systematic 

difference in the dust exposure distributions in the 

groups (Figure 16). 

The percentages of non-smokers in the sub-groups were 

similar (slightly lower for B) but there were fewer current 

cigarette smokers (at second surveys) in B (55 per cent) 

than in A (62 per cent). 	This is due partly to a 

higher proportion of ex-smokers in the breathless group, 

B, (12 per cent, as compared with 9 per cent in A; cf. 

Table 41)/... 

- 
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Table 41). 

Both groups included some men from each of the 24 

collieries in this study. 	There were about 10 per cent 

more Scottish miners and 10 per cent more Welsh miners 

in B than in A. 

By definition, both A and B exclude men with the most 

common symptom of chronic bronchitis (persistent cough 

and phlegm); but symptom group 4 in general (Table 42) 

and sub-group B in particular (Table 48), included a 

high proportion of men who complained of wheezing (0 per 

cent in B; 10 per cent in A). 	Wheezing is a sign of 

obstructive airways disease. 	It has to be noted there- 

fore that the symptomological definitions of A and B have 

not excluded the presence of such conditions in either 

sub-group. 	Emphysema in general is also associated with 

wheezing. 	If therefore a provisional designation of 

sub-group B as "one likely to include a greater proportion 

of men with emphysema than A" is accepted, then the 

question of whether or not such emphysema is related to 

the men's dust exposure should be clarified by comparing 

relationships between dust exposure and emphysema- 

related mortality in the sub-groups. 

6.3.3 Mortality in two sub-groups 

Table 49 compares mortality in A and B at 16 years after 

the!... 



Table 49 Mortality at 16 years after initial surveys in two sub-

groups defined in Table 48 

d = number of deaths 

CMF* based on 11,056 men in the parent study-sample 

(Table 39) 

CAUSE GROUP 	 SUB-GROUP 	RATIO 	t 
A B OFCMF*s  

(B/A) 

Bronchitis d 4 11 
CMF* 34 135 

Lung cancer d 11 3 
CMF* 94 59 

Pneumoconiosis d 2 
CMF* 68 51 

Respiratory diseases d 18 21 
CMF* 55 110 

All non-violent causes d 92 82 
CMF* 73 122 

3.97 	2.40 

0.63 	-0.67 

0.75 	-0.24 

2.00 	2.13 

1.67 	3.44 

** t statistic, based on equation (18), tests significance of 

departures from unity in the ratios of the CMF*s. 



- 195- 

the initial surveys. 	This corresponds to an approximately 

11-year follow-up period. 	Sub-group B experienced more 

severe mortality attributed to bronchitis, to respiratory 

diseases in general, and to all non-violent causes. 	In 

each case the contrast between the groups is statistically 

significant. 	Pneumoconiosis and lung cancer mortality 

was lower in B than in A, but no statistical significance 

can be attached to either of these differences. 

The higher mortality attributed to bronchitis in B 

(ratio of CMF*ts 	4) is numerically equal to the 

contrast between all men in the two symptom groups 

concerned, irrespective of radiological status (Table 45). 

For respiratory diseases and all non-violent causes the 

contrast between B and A is rather more marked than that 

between the whole of symptom groups 4 and 1 in Table 45. 

6.3.4 Dust exposure, cigarette smoking and mortality in 

two sub-groups 

6.3.4.1 Available data 

Analyses based on Cox's model (22) were used to examine 

the primary question of interest: is there a more clearly 

defined relationship between dust exposure and mortality 

in sub-group B than in A? The numbers available for 

study were restricted a little further by excluding six 

men from A and six men from B whose industrial history 

records!... 
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records had been endorsed as unreliable. 	The number of 

deaths contributing to those analyses was increased 

beyond those recorded in Table 49 to all those occurring 

up to 31.7.72. 	The quantity of available data is 

described in Table 50. 

Table 50 Numbers available for study by Cox's reczression 

model, in two sub-groups 

SUB-GROUP 

A 	 B 
NUMBER IN RISK-SET 
AT SECOND SURVEYS 	 793 	 341 

DEATHS UP TO 31.7.72 

Non-violent causes 	 122 	 97 

Respiratory diseases 	 28 	 24 

Bronchitis 
	

4 	 14 

6.3.4.2 Models 

As earlier (section 5.5.3) the functional description of 

the hypothesised relationship was expressed in a form 

suitable for incorporation in (23). 	It has tG be 

conceded at once that this imposes unnecessary constraints 

on the full exploitation of (22), which is quite general 

concerning the nature of the function of explanatory 

variables, h. 	The computer program geared to the 

expression (23) was used because it was available, had 

been!... 
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been tested, and had been shown to produce sensible 

results. 	Work continues on computational methods 

capable of fitting relatively large data sets to a wider 

class of functions h. 	In the meantime, several variants 

of (23) were tried, bearing in mind the observations on 

previously described analyses (see comment in second 

paragraph of section 5.5.4.3, page 175). 	The results 

of these experiments are summarised briefly in Appendix 

10. 	The same Appendix shows estimates of coefficients 

from analyses based on two of the models postulated, (27) 

and (28): 

h 	(3 +!ll + 32x2) (1_5)S + 	- 100) ; 	(27) 

h 	= 
	

(?o + fl ]x1 
+ /S'2x2)(l_1$5)S + /1og(.'c3/1oo). 	(28) 

x1, x2  are dummy variables defining smoking habits at the 

time of the second surveys as follows: 

x 	x2  

non-smokers 	 0 	0 

cigarette smokers 	1 	0 

others 	 0 	1 

x3  is identical to the exposure variable z defined by 

(25) and (26) in section 5.5.3; (the symbols x are used 

here for the explanatory variables to avoid confusion 

with the different definition of smoking groups in the 

earlier/,.. 



Table 51 Estimates of mortality hazards in two sub-groups relative to 

no smoking; 

no exposure (for model 27) ; 1 gh/m (for model 28) 

MODEL SUB-GROUP RELATIVE HAZARDS RATIO 

ASSOCIATED WITH: OF 

(a) 	 (a) 	 (b) EXPOSURE 

Cigarette 	Other 	Exposure HAZARDS AT 

smoking 	tobacco 	to 260 gh/m3  

consumption 	260 gh/m3  (B/A) 

(27) A 2.0* 1.0 0.7 

z 0.7 
P1 

0 44 B 1.4 0.7 0.5* 

(28) A 2.0* 1.0 0.5 

0.6 

B 1.4 0.7 0.3* 

(27) A 7.6* 2.4 0.0 
4.0* 

41 B 2.3 1.4 1.4 

.. 	' (28) A 7.3t 2.5 O.l 
cm 25.8t 

B 2.3 1.5 2.5 

(27) A [148] [55:1 Lo. 11 

B 2.1 2.5 

(28) A [1481 [5 51 [o.o 	t 
[8641* 

B 2.1 2.8 8.8 

Significance of departures from unity 

* p< 0.05 

.t 0.05 (P0.10 
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earlier analyses). 	s retains its previous definition: 

t - t1, (section 5.5.3). 

6.3.4.3 Results 

Table 51 shows results in a form analogous to that 

adopted in Table 38, and the interpretation of these 

statistics is also similar (section 5.5.4.1). 

For convenience, estimates of relative hazards in Table 

51 are quoted "correct" to one decimal place, except for 

the analysis of bronchitis mortality in sub-group A where 

there were only four deaths. 	Special attention is drawn 

to the consequent unreliability of corresponding estimates 

by enclosing them in square brackets. 	In general, 

precision of estimates is low (see Appendix 10). 

Statistically significant departures from unity at the 

five and ten per cent levels are indicated in Table 51. 

Increased mortality among cigarette smokers is duly 

reflected in all relevant estimates, but the Live per 

cent level of significance is reached only where there 

are larger numbers of deaths (respiratory diseases and 

all non-violent causes in A). 	Results for the mixed 

group of pipe smokers, other smokers and ex-smokers are 

variable and inconclusive, as might be expected from the 

heterogeneous composition of the group. 

Mortality from all non-violent causes is correlated 

negatively!... 
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negatively with dust exposure. 	Both models (27) and (28) 

suggest that this effect is significant at the five per 

cent level in sub-group B. 	A similar negative 

correlation between respiratory disease mortality and 

dust exposure is indicated for sub-group A (P <0.10), but 

results from B here suggest an opposite effect: an 

increase in deaths attributed to respiratory diseases 

with increasing dust exposure. 	Results from the four 

bronchitis deaths in A are quoted only to complete the 

comparison of dust exposure effects between sub-groups. 

This (rather than estimation of relative hazards within 

sub-groups) is the main purpose of the present analysis, 

and the findings are represented by the statistics in the 

last column of Table 51. 

A positive relationship between dust exposure and 

mortality attributed to respiratory diseases in general 

and bronchitis in particular is more clearly identifiable 

in B than it is in A. The difference between the sub-

groups in this respect is significant at least at the 10 

per cent level. 	Two of the comparisons suggest 

significance at the five per cent level. 

6.3.4.4 Discussion 

The paucity of data, and the limitations of the models 

used to express the function of explanatory variables, 

enjoin particular caution in drawing conclusions from the 

results!... 



results in Table 51. 	An analysis based on only 14 

bronchitis deaths in one group and four in the other 

would, on its own, hardly justify any generalisation. 

But the apparent contrast in the relationship between 

dust exposure and mortality attributed to bronchitis 

among men with and without simple pneumoconiosis has 

been noted previously in these data (Table 36 and 

Figure 14a). 	This referred to a much larger group, 

more deaths, a longer follow-up period, less reliable 

exposure data, and the analysis made no provision for 

possibly disturbing effects of variations in smoking 

habits between groups. 	The corresponding results in 

Table 38, which are adjusted for differences in smoking 

habits, are not entirely consistent with those in Figure 

14a, as was noted in section 5.5.4.3: a positive 

association between dust exposure and bronchitis mortality 

was indicated in Table 38 in some sub-groups without 

simple pneumoconiosis and in some with the disease. 

The restriction in the present section to data from men 

characterised by particular responses to the respiratory 

symptoms questionnaire was an attempt to reduce the effect 

of what now appears to be a real relationship between 

dust-related chronic obstructive airways disease and 

mortality attributed to bronchitis. 	The weakness of 

this stratagem, because of the dubiety arising from the 

excess reports of wheezing in B, has been noted above 

(section 6.3.2.)!... 
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(section 6.3.2). 

The term "bronchitis mortality" has been used in this 

report to describe death certificates which include 

mention of emphysema in many cases (Appendix 3). 	If 

these deaths occurred before January 1968 (in England and 

Wales) then they specifically exclude those thought by 

the certifying doctor to be due to asthma (7th revision 

of the I.C.D.). 	The 8th revision rubrics specified 

under "bronchitis" in Appendix 3 includes asthma (I.C.D. 

493), but there was only one certificate thus coded among 

all 3,883 recorded, and it was not included in either A 

or B. 	On the other hand, the 7th revision codes used 

exclude emphysema "without mention of bronchitis", while 

the 8th revision code makes no such exclusion from the 

general heading "Emphysema (lung or pulmonary)" - (I.C.D. 

492, 8th revision). 	There were 14 deaths classified as 

"emphysema without mention of bronchitis" (I.C.D. 527, 

7th revision) among the 3,883 recorded in this study. 

None of them refer to men included in the risk-sets 

considered here (Table SO). 	Thus their omission from 

the "bronchitis mortality" classification will not have 

affected the results. 

Yet death certification data on their own are not 

definitive evidence of cause of death. 	It seems 

reasonable to assume that a proportion, possibly a 

majority, of the "bronchitis" and "respiratory disease" 

deaths!... 
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deaths in B were either caused by emphysema, or that 

this disease was a contributory factor; but no inference 

from results in Table 51 can be as specific to emphysema 

as is demanded by the essentially patho- anatomical nature 

of the original question. 

It remains a fact however that the occurrence of these 

deaths among men without pneuntoconiosis, who did not have 

the most common symptom of chronic bronchitis but who had 

complained of breathlessness, appears to be related more 

clearly to dust exposure than the occurrence of similar 

events in a sub-group with simple pneumoconiosis but no 

bronchitic symptoms or breathlessness. 	The results have 

failed to contradict the suggestion which the analysis 

was designed specifically to refute. 

Mortality from all non-violent causes was significantly 

higher in B than in A (Table 49), but in neither group 

was this overall mortality correlated positively with 

dust exposure. 	The significant negative correlation 

between dust exposure and all non-violent mortality in 

B (Table 51) suggests that the other major cause of 

fatalities, cardiovascular diseases, is less rather than 

more prevalent among miners who have experienced 

relatively high dust exposures. 	This is consistent in 

a general way with results in Tables 34, 36 and 38, and 

it will be discussed further in chapter 7. 	At this 

point it should be noted that the result does not 

contradict!... 
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contradict the inference invited by the positive 

relationship between dust exposure and respiratory 

disease mortality in B. 	On the contrary, it reinforces 

the main conclusion: that an important difference 

between sub-groups A and B is the occurrence of dust-

related respiratory disease in B. 

6.4 	Smoking, dust exposure and pulmonary function 

6.4.1 The problem 

Rogan et al (1973) used P.F.R. data to demonstrate a 

reduction in F.E.V.1  with increasing levels of cumulative 

dust exposure among individual miners surviving to the 

third surveys. 	One of the criticisms that has been made 

of the statistical analysis in that paper concerns the 

method used to standardize for smoking habits (Cochrane, 

1976). 	Results from non-smokers and cigarette smokers 

were pooled and fitted to a model in which the smoking 

effect was represented by the number of cigarettes smoked 

per day (zero for non-smokers). 	Rogan et al (1973) 

reported that there was no significant interaction between 

this smoking variable and the measure of dust exposure. 

It has been suggested nevertheless (by Dr. T.J. Cole) 

that in analyses of lung function, smokers and non-smokers 

should be regarded as two distinct populations. 	Repre- 

sentation of smoking as a quasi-continuous variable could 

lead to misleading estimates of the relative importance of 

effects!... 
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effects of smoking and of dust exposure on pulmonary 

function. 	To what extent would analysis of the same 

data, separately for smokers and non-smokers, lead to 

different estimates of the effects of dust exposure and of 

smoking? 

6.4.2 Data 

The data are from the 20 collieries included in the 

interim study summarised in section 2.3. 	Rogan et al 

(1973) confined attention to 3,581 miners aged between 25 

and 64 years at the third surveys. 	All were coalface 

workers at the time of the first and second surveys, and 

were at the face or elsewhere underground at the time of 

the third surveys. 	Ex-smokers and men with P.M.F. were 

not included. 	Measurements of F.E.V.1  used were made at 

the third surveys by means of a modified Gaensler spiro- 

meter. 	Four serial readings were taken for each man. 

Analyses were based on the mean of the second, third and 

fourth expirations. 	Cumulative dust exposures up to the 

time of the third surveys were taken as the sum of the 

measured inter-survey exposures (E1  + E) plus an 

estimate of exposure prior to the first surveys (E based 

on the industrial history records. 	The smoking histories 

were obtained from the respiratory symptom questionnaire 

(Appendix 1)!... 

* 	E' as used by Rae at al (1971) and Rogan et al (1973) 
is desc?ibed on page 41. 	It is not identical to Eo as 
used in earlier sections of this thesis; see pages 42/43. 



(Appendix 1). 

6.4.3 Models 

Rogan et al (1973) discussed results from fitting the 

data to multiple linear regression models of the form 

Y 	where Y F.E.V 1  and X included dust exposure 

and concomitant variables. 	These authors recorded that 

they had found significant interactions between dust 

exposure and age, and between height and age. 	They noted 

specifically that there was no evidence of an interaction 

between dust exposure and the number of cigarettes smoked 

per day. 	The effect of the age/dust interaction was to 

reduce the predicted loss of F.E.V.1  associated with dust 

exposure at higher ages, and was small nuniericaily  in the 

region of the mean age of the group studied. 	The effect 

of the age/height interaction was even smaller.* 	Rogan 

et al therefore presented in detail only the results from 

an additive model in which the interactions were disregarded. 

In the re-analysis of the same data, to be reported now, 

the same additive model was used, but with the omission of 

the smoking variable. 	Separate regression equations were 

fitted to results from 3,038 smokers and 543 non-smokers. 

The explanatory variables included are listed in Table 52 

with/,,, 

* 	Some aspects of the age/height interaction have been 
discussed elsewhere (Cole, 1975; Jacobsen, 1975c). 



Table 52 Multiple regression analyses of F.E.V. 	543 non-smoking 

and 3038 smoking coalface workers 

REGRESSION COEFFICIENTS 

(and their standard errors) 

VARIABLE MEAN 

(all men) non- 	smokers 	all men 

smokers 	 (Rogan et al, 1973) 

Number of 13 -4.586 

cigarettes/day - - (1.098) 

Dust exposure 175 -0.688 -0.545 -0.572 

(gh/m3) (0.174) (0.077) (0.071) 

Age 47 -34.794 -49.040 -47.112 

(years) (2.793) (1.284) (1.170) 

Height 170 34.239 31.309 30.618 

(cm) (6.272) (2.705) (2.490) 

Sitting height 90 13.394 7.912 8.575 

(em) (12.544) (5.175) (4.808) 

Weight 72 -4.104 3.521 3.418 

(kg) (2.679) (1.134) (1.029) 

Fitted constant (ml) L1790 L901 -840 

Residual S.D. 	(ml) 555 560 562* 

Degrees of freedom J 	537 3032 3574 

* Rogan et al 	(1973) quoted the residual variance, but referred to it 
in error as the residual standard deviation. 
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with the estimated regression coefficients. 	Correspond- 

ing estimates from the earlier analysis of the pooled data 

are also quoted in Table 52, for comparison. 

6.4.4 Results 

Of the concomitant variables, height and age are dominant 

in all analyses. 	Sitting height makes only a small and 

not statistically significant contribution. 	Body weight 

contributes positively and significantly to F.E.V.1  in 

the analysis of results from smokers, but negatively (and 

not significantly) to results from the less numerous non- 

smokers. 	The estimated reduction in F.E.V.1  with 

increasing age is more severe among smokers, amounting to 

an additional and statistically significant loss of 14 nil 

per year for smokers (P<0.0001). 

The regression coefficients for the effects of dust exposure 

in the two analyses are statistically indistinguishable 

(standard error of difference = 0.190, t 	0.75). 	The 

weighted mean coefficient is -0.568 ml per gh/m3, and is 

virtually the same as the coefficient from the analysis by 

Rogan et al (1973) who quoted it as -0.6 ml per gh/m3. 

This is equivalent to a loss of 150 ml F.E.V.1  for a 

cumulative exposure to 260 gh/m3. 

The predicted F.E.V.1  for non-smokers at the mean values 

of the explanatory variables for all 3,581 men (shown in 

Table/... 
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Table 52) is 3,120 ml. 	The corresponding prediction for 

smokers is 2,930 ml. 	Incorporation of the weighted mean 

dust exposure coefficient into the two equations suggests 

that at age 47 years, smoking is associated with a 221 ml 

loss of F.E.V.1. 	As noted above, the results show 

that the difference in F.E.V.1  between smokers and non- 

smokers will widen with increasing age. 	Thus at age 65, 

the smoking associated decrement in F.E.V.1  is estimated 

as 477 nil - more than twice the effect estimated at age 47 

years. 

6.4.5 Discussion 

The earlier analysis of the combined data for smokers and 

non-smokers implied that smoking 15 cigarettes per day 

(the mean number smoked by the smokers) was associated 

with a loss of 69 nil in F.E.V.1. 	This is less than one 

third of the difference between non-smokers and smokers that 

emerges from the separate analysis of results from the two 

groups at age 47, and only about 14 per cent of the 

estimated smoking effect at age 65 years. 	It is clear 

therefore that Cole was right: pooling results from 

smokers and non-smokers gave a misleading impression of the 

"smoking effect" when this is expressed as the reduction in 

F.E.V.1  associated with the average number of cigarettes 

smoked per day. 

An important contributing factor to the discrepancy is the 

physiologically!... 



physiologically substantial (and highly significant) 

difference in estimated effects of age on F.E.V.1  between 

smokers and non-smokers that emerges now. 	The regression 

coefficient estimated from the pooled data (-47 ml/year) 

is of course similar to the figure for smokers (-49 ml/year), 

since 85 per cent of the combined group were smokers. 	The 

striking interaction between age and smoking apparent now 

is similar to that found by Lowe and Khosla (1972) among 

ex-miners and non-miners employed in the steel industry. 

It was not conspicuous when Rogan's data were analysed in 

terms of the number of cigarettes smoked per day. 	An 

interaction between this smoking variable and age was 

observed in the earlier work, but its effect was small. 

The regression coefficient for the interaction term was 

-0.227 ml per year per cigarette per day; that is, an 

additional reduction in 	of about 34 ml with each 

ten-year increase in age for miners smoking 15 cigarettes 

per day on average. 	The statistical significance of this 

effect was not entirely convincing (t = 1.814, 0.06< P< 0.07). 

Moreover, the estimated coefficient for dust 

exposure in that analysis was almost identical to that 

obtained using the model without the interaction term 

(-0.573 ml per gh/m3  as compared with -0.572 ml per gh/m3). 

Since the latter issue (the effect of dust exposure on 

F.E.V.1) was the central point of interest at the time, 

only the results from the additive model were reported by 

Rogan/... 
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Rogan et al*. 

The estimated effect of dust exposure is the same which-

ever approach is used to summarise the influence of smoking. 

The statement by Rogan and his colleagues that "there was 

no evidence of an interaction between cigarette smoking 

and dust exposure" is confirmed. 	Irrespective of whether 

a coalininer smokes, exposure to airborne dust may be 

expected to reduce his F.E.V.1  beyond the level it would 

have been had he not been exposed to dust. 

In his reply to a discussion on his paper, Cole (1975) 

expressed doubts about the validity of including age-

correlated variables like dust exposure in multiple 

regression analyses of the kind being considered. 

Certainly, cumulative dust exposure and age are correlated. 

The correlation coefficient between these variables among 

the 3,581 men involved in the analyses described was 0.294, 

a value unlikely to have interfered seriously with attempts 

to estimate the effects of both variables using the method 

of multiple regression. 

Cochrane (1976) raised another question concerning the 

work reported originally by Rogan et al (1973). 	He 

suggested that the study should be repeated on a regional 

basis and that it should include ex-miners. 	Tracing ex- 

miners!. 

* 
Table ] and Figures 1 and 2 in the 1973 paper recorded 

mean results from grouped data. 	These indicate the inter- 
action between age and smoking, now quantified formally in 
Table 52. 
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miners involved previously in the P.F.R. and persuading 

them to co-operate in medical follow-up examinations is 

indeed "very difficult and very hard work", as was noted 

by Cochrane. 	(Many of the collieries have closed and 

surviving miners and ex-miners have been dispersed). 

Nevertheless, the P.F.R. have been engaged on just such a 

project during the last two years. 	Results will be 

reported in due course. 	Professor Cochrane's regret 

that "younger epidemiologists seem unwilling" to adopt 

this approach is thus not apposite to the National Coal 

Board's Pneumoconiosis Field Research. 

The request for a repetition of the study on a regional 

basis should be easier to meet. 	One of the objects in 

defining criteria for the study-sample described in Table 

39 was to provide the basis for an analysis of this kind. 

The results are not reported here because (at a very late 

stage in the preparation of this thesis) there arose doubts 

concerning the validity of some of the crude lung function 

data involved.* The suspected inaccuracies are unlikely 

to affect the question being discussed now (the relation-

ship between cumulative dust exposure and lung function in 

* 
These were collected during the second series of 

P.F.R. surveys, and do not affect the data reported by 
Rogan et al (1973), which were based on the third series 
of surveys. 	I am greatly obliged to Mr. M.D. Attfield 
who identified the problem during the course of other 
studies, and drew it to my attention while this thesis was 
being typed. 
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a cross-sectional study of working coalminers), but I have 

decided to withhold the results obtained (including the 

portion where there is no reason to suspect their 

validity) until the problem has been resolved entirely. 

None of the data examined contradict the findings reported 

in Table 52 concerning the effect of dust exposure. 

In the meantime, it can be stated that the reanalysis of 

data reported by Rogan and his colleagues in 1973 has not 

altered the main conclusion from their paper. 	Within the 

limitations of a study based on a doubly "selected" group 

(face workers only, and a "survivor" population over a 15-

year period) the results imply that exposure over a work-

ing life to the maximum long term mean dust concentration 

consistent with current British standards might result in 

a 150 ml reduction of F.E.V.1. 	This is small compared 

with the effect of ageing over that working life, and the 

effect of smoking as portrayed in Table 52. 

Rogan and his colleagues qualified their conclusion with 

the following statement. 

"...it must be accepted that higher levels of 

dust exposure resulting from failure to implement 

the current' (dust) 'tandard are associated with 

clinically important disability. 	This is seen 

clearly in the results reported now, since some 

10 per cent of the coalface workers considered 

had/... 
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had exposures in excess of 440 gh/m3  while still 

working underground," (at the time of the third 

surveys) "and such exposures are associated with 

reductions in F.E.V. 1  of 250 ml or higher." 

The pertinence of this qualification also remains Un-

affected by the above reanalysis. 

6.5 Sunnnary of findings 

Cigarette smoking was associated with increasing prevalence 

of bronchitic symptoms (persistent cough and phlegm) and 

breathlessness among more than 11,000 of the coalminers 

being studied (Table 39). 	Mortality among cigarette 

smokers was 57 per cent higher than among non-smokers. 

The cigarette smokers had a nearly 8-fold excess of lung 

cancer deaths; mortality attri1uted to bronchitis, to 

respiratory diseases in general, and to cardiovascular 

diseases also reflected the excess hazard, being in the 

order of twice the corresponding risks for non-smokers 

(Table 44). 

With the exception of lung cancer deaths, the highest 

mortality occurred among men who had symptoms of 

persistent cough and phlegm, and who complained of 

breathlessness. 	This was so both for cigarette smokers 

and non-smokers (Table 43) and was particularly marked 

for respiratory disease mortality among the Scottish 

miners/..,  
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miners studied (Table 47). 

A reanalysis of previously published data, relating to a 

survivor population consisting of 3,581 coalface workers, 

shows that the difference between standardised levels of 

F.E.V.1  for non-smokers and smokers is bigger than was 

implicit in the earlier analysis. 	The difference is 

dependent on age, amounting to about 200 ml deficit for 

smokers at age 45 and to 480 ml at age 65. 	A previously 

published association between cumulative dust exposure 

and loss of F.E.V.1  is confirmed, both among smokers and 

non-smokers. 	The effect is estimated as approximately 

150 ml reduction in F.E.V.1  for the maximum working life 

exposure consistent with current British dust standards 

(Table 52). 

Mortality attributed to bronchitis and to respiratory 

diseases in general in a sub-group with no radiological 

pneumoconiosis, no symptoms of persistent cough and phlegm, 

but who complained of breathlessness, was correlated 

positively with estimates of the men's cumulative exposure 

to dust up to time of death. 	A comparable analysis of 

mortality in another sub-group with simple pneumoconiosis, 

but no symptoms of persistent cough and phlegm or of 

breathlessness, did not show the association with dust 

exposure. 
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7. 	GENERAL DISCUSSION 

7.1 	The validity of P.F.R. data 

The samples of data discussed in the preceding chapters 

have been sub-portions of material relating to some 31,000 

coalminers from 24 collieries throughout Britain, which 

were surveyed during the period 1953-58. 	The collieries 

were not selected randomly. 	The response rates in the 

voluntary medical examinations were 90 per cent or higher 

in each colliery, but was never 100 per cent. 	As has 

been emphasised repeatedly in the text, neither the 

pneumoconiosis prevalence data (derivable from Appendix S 

and Table 12) nor the mortality study purport to he cross-

sectional epidemiological descriptions of the British coal 

industry in the 1950's or later. 	The pneumoconiosis 

incidence results, discussed in chapter 2, refer toa sub-

group who remained in the same collieries for at least a 

ten-year period and whose X-rays at the first surveys 

were classified as category 0. 	Difficulties in making 

valid inferences from such data have been mentioned in 

the foregoing text and are discussed in more detail in a 

paper appended (Jacobsen, 1972b). 	Ex-miners were not 

included in the original surveys, and although the 

mortality data include deaths of men who left the 

collieries at any time after the first surveys, the 

corresponding/... 
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corresponding follow-up examinations of survivors from the 

same cohort, who left the collieries, are not yet complete. 

It may be asked: "is it possible to maize any useful 

generalisation from such data?" My answer is "yes", 

provided that possible biases, and their likely direction 

are kept constantly in mind; that there is always a 

willingness to subject the data to reanalysis as new 

information becomes available (Jacobsen 1975b) , or 

critical suggestions are made (section 6.4); andthat 

conclusions drawn are not formulated dogmatically but are 

qualified with the doubts advocated by Cochrane (1976). 

The justification for this view rests largely on the co-

existence of the medical data with dust exposure measure- 

ments relating to the individual miners studied. 	The 

reliability of the exposures has been discussed in 

section 2.11.3.1. 	It is recognised that they too are 

subject to random error and that there may be some un- 

detected residual biases. 	Nevertheless, these measure- 

ments have been based on a carefully planned and executed 

dust sampling programme effected close to the men at 

their places of work. 	They constituted an essential part 

of the whole research scheme; they were not extracts from 

routinely gathered figures collected by sources separated 

from the research centre. 	These measurements have been 

integrated with records of the number of shifts worked by 

each man in the sampled work places, since the project 

began!... 
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began. 

The estimates of exposures prior to the first surveys are 

less reliable. 	Firstly, they are derived partly from 

information obtained at interviews (repeated interviews 

in many cases, at serial surveys) and are therefore 

subject to errors arising from lapses of memory, particu- 

larly among the older miners. 	Secondly, the conversion 

of these historical records into exposure units is based 

on an unverifiable (and only partially realistic*) 

assumption concerning the approximate equivalence of mean 

dust concentrations measured during the first decade of 

the project to mean concentrations at similar work places 

prior to the first surveys. 

In the light of these qualifications, the correlation 

demonstrated in Table 3 and Figure 4 is impressive. 

True, the radiological responses shown there are not 

random samples from the theoretical population of 

responses associated with the various dust exposures 

considered; but it should be emphasised that the radio-

logical measurements were made quite independently of the 

dust exposure estimates. 

Figures 2, 3, and 4 show data grouped according to 

individual!... 

* 
In some cases the time involved had been spent 

partially in collieries other than those included in the 
project itself. 
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individual dust exposures of miners from all the research 

collieries. 	Is it justifiable to combine data from 

different collieries in this way? 	Cochrane (1976) argues 

that "within-area-comparisons" of mortality or ventilatory 

function are essential. 	He illustrates his point in his 

Figure 3 which shows no regression of mean levels of 

indirect maximum breathing capacity between radiological 

categories within either of two random samples of miners 

and ex-miners (from Wales and Derbyshire), but a substan-

tial difference between the mean levels for the two 

geographically separated samples. 	He warns that "many 

possible correlations between X-ray category and pulmonary 

function may be obtained by combining these populations in 

various proportions." 

The interim study of pneumoconiosis incidence summarised 

in section 2.3 (and described in greater detail in 

appended papers) wqf based on colliery mean data. Thus 

the colliery mean dust concentrations used were confounded 

totally with other possible colliery associated factors. 

Recognising this, the analyses were repeated as soon as 

individual exposures within collieries had been calculated. 

Comparisons between the two types of analyses are made in 

two papers (Jacobsen, 1973 and 1975b). 	Figure 1 in the 

latter report demonstrates the overlapping individually 

experienced mean concentrations, between collieries with 

very!... 



very different mean coalface concentrations during the 

ten years concerned. 	For example, the range of 

individually experienced mean concentrations in the 

colliery with the highest mean coalface concentration 

(8.2 mg/rn3) extended from 1.5 to 16.1 ing/m3. 	The range 

of individuals' mean concentrations during the ten years 

in three collieries which each averaged 1.6 mg/m3  coal- 

face concentration, extended from 0.2 to 3.9 rng/rn. 	In 

these circumstances it seems unlikely that the correla-

tions between the pooled individual exposures and (a) 

radiological results (Figures 2, 3, and 4); (b) respira-

tory symptoms (Rae et al, 1971); and (c) pulmonary 

function (Rogan et al, 1973, and Table 52) are to be 

explained in terms of spurious effects of the kind 

feared by Cochrane. 	It seems not unreasonable to suggest 

that the results indicate (a) that the probability of 

developing radiological signs of simple pneumoconiosis 

increases systematically with increasing exposure to air-

borne coalmine dust; (b) that the probability of develop-

ing respiratory symptoms associated with chronic bronchitis 

increases systematically with increasing exposure to air-

borne coalmine dust; and (c) that the probability of 

suffering a loss in breathing capacity increases systemati-

cally with increasing exposure to airborne coalmine dust. 

However, the existence of additional colliery or regionally 

associated factors is recognised (Walton et al 1976) and 

this!... 
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this requires further study. 

There is a certain circularity in the argument that the 

goodness of fit illustrated in Figures 2 and 4 vindicates 

to some extent the quality of both the exposure and the 

radiological data, since this argument presupposes that 

the association seen is not spurious. 	But these results 

have not been generated in a theoretical vacuum. 	They 

are backed by equally impressive relationships between 

the profusion of opacities seen on radiographs and the 

quantity of dust found post mortem in the lungs of coal-

miners (Casswell et al, 1971; Rossiter, 1972a; Liddell, 

1972). 

Problems concerning the reliability of the radiological 

classifications have been discussed earlier in the text 

(section 2.11.3.3) and elsewhere (Rae, 1967; Jacobsen, 

1975a). 	X-ray films are permanent records. 	They can 

be reassessed by different reading methods and different 

readers. 	Large scale experiments in radiology are in 

progress using these films. 	The results will eventually 

provide opportunities for verifying the stability of part 

of the data contributing to studies reported here. 

The text of the respiratory symptoms questionnaire 

reproduced in Appendix 1 contains minor modifications to 

that used originally at some of the collieries, and a 

fairly important change in the instructions for its 

application!... 
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application. 	The original P.F.R. questionnaire, which 

was similar to but more concise than the Medical Research 

Council questionnaire (Medical Research Council, 1961), 

was reproduced as an appendix to the paper by Rogan et al 

(1961). 	The changes were introduced in the light of 

experience at the first few surveys where it was applied 

and as a result of ad-hoc trials of repeatability and 

comparability, some of which have been reported*  (Ashford 

et al, 1960; Morgan et al, 1964; Holland et al, 1966). 

They do not affect the symptom groupings used here 

(Appendix 1), but they may affect the reliability of data 

recorded separately for smoking group 4 (mixed smoking 

habits). 	Data relating to this group are contained only 

in Appendix 9 and Table 39 of the thesis. 

The more important change in the method of application of 

the questionnaire was to withdraw the license implicit in 

the earlier instructions for supplementary explanatory 

remarks by the person applying the questionnaire ("...but 

if you do not understand a question then ask me about it" 

- Rogan et al 1961). 	Non-medical staff applying the 

questionnaire!... 

* 
The effect of the textual modifications was to reduce 

ambiguities in the earlier wording concerning what was 
meant by cough (or phlegm) "during the rest of the day" 
(the insertion of the qualifying "just" into Q. 2 and Q. 4); 
the addition of the explanatory "because of your chest" to 
the question on breathlessness (Q. 6); and more detailed 
requests for information about the amount and type of 
smoking (Q. 8a, b and c; the original questionnaire simply 
recorded the number of cigarettes per day or ounces of 
tobacco per week). 
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questionnaire were instructed later to adhere strictly to 

the protocol described under "Additional Questioning". 

The change implies an improvement in scientific quality 

of the data (a reduction in the chance that the results 

are influenced by non-controllable subjective factors) 

but it is felt that the results obtained as a whole 

remain valid epidemiological measurements of the prevalence 

of the various symptoms concerned. 	Comparisons of 

results with those from other studies, using different 

questionnaires, must however be made with caution, as was 

emphasised by Holland et al (1966) and in section 3.9.4.4. 

7.2 	The mortality follow-u 

The percentage of nominally "traced" men in the sample 

taken for the mortality study (96.3 per cent) was not as 

high as had been hoped. 	The disproportionately high 

number of older men with pneumoconiosis among those not 

traced (Tables 11 and 13) implies that the comparisons 

of mortality in relation to radiological categories in 

Tables 29, 30 and 31 are biased. 	Table 53 indicates 

extreme possibilities of magnitudes and directions of the 

error, in terms of ratios of crude death rates. 
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Table 53 Ratios of crude death rates, relative to category 

0; observed, and for two extreme hypothetical 

cases 

OBSERVED 

CASE 1: all untraced 
men died 

CASE 2: all untraced 
men survived 

CATEGORY 

(1,2,3) 	A 	(B,C) 

	

1.66 	2.11 	3.05 

	

1.61 	2.04 	2.73 

	

1.65 	2.06 	3.07 

Case 1 is more likely to be nearer the truth than case 2. 

The effect on the ratios of standardised death rates have 

not been calculated but are likely to be less than those 

shown. 

The proportion of traced men among those aged less than 35 

years (98.1 per cent) was rather higher than the correspond- 

ing figure for the older men (97.4 per cent). 	The finding 

of reduced survival rates among men who developed simple 

pneumoconiosis before the age of 35 is therefore affected 

to an even smaller degree by the imperfect follow-up. 

Certainly the difference among younger men (Table 31) is 

unlikely to be due to chance. 	(At 14 years' follow-up 

for instance, the survival rates in this age group for men 

with and without simple pneumoconiosis were 207/ 2 I,t = 96.7 

per cent, and 	 98.9 per cent respectively. 

corrected!... 
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corrected for continuity 	5*(, 	P<0.02). 	Dairies 

(1973) drew attention to the same trend in Cochrane's 

(1973) results*,  and the general similarity of the pattern 

shown by the two studies has been noted above (Table 30c). 

This suggests that the reduced survival rates for men 

developing simple pneumoconiosis before the age of 35 is 

not a "non-response" artefact. 

Less tractable to analysis is the effect of acceptance of 

most D.H.S.S. "alive" classifications as survivors. 	The 

estimated error, from the sample check, was small when 

expressed as a percentage, but the result implies that 

some 60 deaths may have been classified wrongly as 

survivors. 	The upper 95 per cent confidence limit for 

this estimate reaches 168, so that the total number of 

"missed" deaths in the whole sample, under the above hypo-

thetical case 1, might perhaps be in the order of 500 to 

600. 	This puts into question the validity of the 

comparison of overall mortality in the study with 

published statistics for all men (Tables 17, 18 and 20). 

The remarkably low S.M.R. for all traced men (82) is 

almost certainly an exaggeration of the real situation. 
Tt/.. 
* 

Davies' suggestion as to why this might have occurred 
- unequal distribution of chronic bronchitis among miners 
with and without simple pneumoconiosis - is not supported 
by P.F.R. data, as was explained by D.C.F. Muir in a talk 
to the Thoracic Society in March 1975. 	The details will 
be published. 	Table 3 of the paper by Jacobsen et al (1976) 
also argues against the hypothesis. 
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It is desirable to reiterate once more the earlier 

warnings that this study was not designed to provide a 

comparison with official statistics on coalminers or the 

general population. 	Liddell's (1973) data are more 

appropriate. 

The proportional mortality comparisons are less affected 

by the above qualifications. 	Moreover, the magnitude of 

the difference between the S.M.R. found here for the age 

group 15-64 (78; Table 18) compared with the correspond-

ing published S.M.R. (114; Table 1) can only be inter-

preted as supporting, in a general way at least, Liddell's 

findings. 	The kind of errors in official occupational 

mortality data, discussed in chapter 1 and documented by 

Alderson (1972), .appear to have inflated official 

standardised mortality statistics for coalminers in 

England and Wales over the past 25 years. 	The contraction 

in manpower in the industry during the last two decades i 

likely to make the problem worse rather than better in the 

immediate future. 	The Decennial Supplement on Occupational 

Mortality for 1971, now being prepared by the Registrar 

General, will be based on risk groups determined from the 

1971 census. 	It is to be expected that a substantial 

proportion of the deaths contributing to the numerators of 

cause-specific S.M.R.'s for coalminers will relate to men 

who were no longer employed in the industry at time of 

death!... 



- 225 - 

death. 

7.3 	Cause of death 

The reader (and my typist) may forgive me for having 

referred monotonously to "mortality attributed" to 

specific causes. 	This pedantic style has been used in 

the foregoing text in recognition of Cununins' (1933) 

warning, quoted on page 3. 	Results in Tables 26, 27, 28 

and 33 underline the need for caution in this respect. 

The convention adopted throughout this report to describe 

cause-specific mortality refers to the coding of "under-

lying cause of death" as recorded by the certifying 

doctor. 	The limited exploration here (in the above 

mentioned Tables) of how "multiple coding" would affect 

results (i.e., how attention to "other significant 

conditions contributing to death" would alter cause-

specific summary statistics) has not resolved entirely an 

anomolous difference between Scotland and the rest of 

Britain concerning the frequency with which pneumoconiosis, 

rather than bronchitis, is mentioned on death certificates 

(Table 28). 	Further investigation is required to 

determine whether the higher relative frequency of 

pneumoconiosis diagnoses in Scotland indicates a real 

difference in aetiology of respiratory disease among 

Scottish miners, or whether it reflects different certify-

ing conventions, possibly influenced by differences in 

medical/... 
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medical training. 	References to terminal malignancies 

are, unfortunately, less ambiguous, but even here it is 

possible that a miner suffering from say, severe chronic 

bronchitis, may die from lung cancer. 	There may or may 

not be mention of bronchitis on the death certificate, 

depending on the clinical judgement and certifying 

convention of the physician concerned. 	Also the 

presence of say stomach cancer in a patient who meets 

with a fatal industrial accident would not be reflected in 

the stomach cancer mortality statistics according to the 

convention adopted here or by the Registrars General. 

7.4 	Emphysema? 

The difficulty of extrapolating from cause-specific 

mortality data to inferences about underlying morbidity 

is particularly relevant to the attempted examination of 

an hypothesis about emphysema among coalminers in section 

6.3. 	Some trouble was taken in the discussion of those 

results to rule out the most likely nosological artefacts 

that might interfere with the argument. 	Yet it is clear 

that on its own the evidence presented cannot be regarded 

as conclusive. 

Recent controversy about emphysema among coalminers in 

general (rather than shotfirers in particular) was 

stimulated by the papers mentioned on page 20 (Ryder et al, 

1970/... 
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1970; Lyons et al, 1972). 	But the idea that coalminers 

may suffer from this disease as a consequence of their 

working environment is not new. 	Higgins et al (1956), 

discussing the lower ventilatory capacity of miners (in 

Leigh, Lancashire) without simple pneumoconiosis, compared 

to those with early signs of the disease, referred to 

similar findings in earlier M.R.C. work (Gilson and 

colleagues, 1955). 	Higgins et al, noted that in the 

Leigh data, the effect of simple pneumoconiosis on 

ventilatory capacity was not great, and they commented 

that their results supported the conclusions of earlier 

workers who had found that disability in coalminers was 

related more closely to "emphysema" than to fibrosis. 

The same results, and those from the parallel Rhondda 

Fach surveys were discussed further by Carpenter et al 

(1956). 	These authors remarked on the consistency of 

the observation, in no less than six N.R.C. surveys, that 

older men without pneulnoconiosis had lower ventilatory 

capacity than their contemporaries with category 1 simple 

pneumoconiosis. 	They noted further that the exclusion of 

bronchiticst?* from their data did not alter the contrast 

between these two radiologically defined groups. 	They 

concluded!... 

* 
Defined as persistent cough and/or sputum, or chest 

illness with cough and sputum during the previous three 
ye ars. 
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concluded that it seemed possible "that mining does in 

some ways accelerate, to a marked extent in some 

individuals, the normal decline in ventilatory capacity 

which occurs with age ... What this process is will perhaps 

be better understood when the underlying changes causing 

emphysema are elucidated." 

Leathart (1959) investigated the mechanical properties 

of the lungs of coalminers and of out-patients who had 

never worked underground. 	He concluded that the results 

of his physiological tests indicated that there were some 

cases where the reductions in ventilatory capacity could 

not be explained in terms of airways obstruction. 	This 

occurred particularly frequently in elderly coalminers 

without pneumoconiosis and in those with P.M.F. and was 

"consistent with the presence of emphysema in all those 

men who have a reduction of ventilatory ability, whether 

pneumoconiosis can be demonstrated on the radiograph or 

not." 

Morgan and Lapp (1976) review the formidable criticisms 

in the correspondence columns British Medical Journal that 

greeted the publication by Ryder and his colleagues of 

their 1970 paper. 	The autopsy cases studied were a 

selected group, that is, men with simple or complicated 

pneumoconiosis in life; therefore the findings were not 

suitable for generalising about the coalmining community 

as/... 
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as a whole. 	(Ryder et al had made it clear in the 

summary of their paper that their results referred to coal-

miners "both with simple and with complicated pneumoconiosis."  

Unfortunately, an accompanying Leading Article in the same 

issue of the journal was less precise, referring to the 

work as having compared 'emphysema found postmortem in 

247 miners with that in 247 controls from the same area.") 

The presence of P.M.F. cases in the series reported by 

Ryder and colleagues made it difficult to interpret the 

reported association between emphysema counts and reduced 

lung function in life as a causal relationship, since the 

massive fibrosis itself leads to reduced ventilatory 

capacity. 	Morgan and Lapp refer also to the subsequent 

work by Waters et al (1974), summarised on page 20, which 

failed to substantiate the forecast by Ryder et al that 

"emphysema and impairment of ventilation are more likely 

to be associated with p-type (radiological) changes." 

American work (Seaton et al, 1972) is also cited to show 

that p-type shadows were not associated significantly 

with reduced F.E.V.1. 	Morgan and Lapp conclude that 

't the present time there is no evidence that simple 

pneumoconiosis or coalinining per se leads to the develop-

ment of disabling emphysema in the absence of P.M.F." 

The results reported in section 6.3 suggest that this dis-

missal of the hypothesis in relation to "coalinining per Se" 

is premature. 	There is now some evidence that mortality 

attributed!... 
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attributed to respiratory disease among coalminers with 

no pneumoconiosis is related to airborne coalmine dust 

exposure. 	The nature of the respiratory disease (or 

diseases) cannot be determined from the available data, 

but emphysema is one which should be considered. 

7.5 	Mortality and radiological category 

There is remarkable similarity between Cochrane's (1973) 

results on mortality and radiological category in 

miners and ex-miners from the Rhondda Fach, and those 

found here using pooled data referring to working miners 

from Scotland, England and Wales. 	The similarity extends 

to coincidence of variations in age-specific mortality 

patterns which are unlikely to be due to chance. 	Neither 

study shows any general association between simple 

pneumoconiosis and excess mortality. 	Both studies show 

higher mortality for men with categories B or C of P.M.F. 

for those in older age-groups with category A, and for 

young men who develop simple pneumoconiosis before the 

age of 35. 

The latter group will include a greater proportion who 

are likely to develop the higher stages of simple 

pneumoconiosis during the remainder of their working 

lives, so that on average the probability of developing 

P.M.F. at a relatively early age will also be higher than 

in other age-groups. 	It was of interest therefore to 

try!... 
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try to assess whether men who develop radiological 

changes of simple pneumoconiosis over a given period are 

at greater overall mortality risk than others whose 

radiological status remains constant over the same period. 

Results in Table 38 provide no convincing evidence of a 

difference. 	Of the six assessments of the hypothesised 

"Progression" effect shown there (corresponding to those 

with category 0 and those with simple pneumoconiosis 

initially, separately for Scotland, England and Wales) 

three show higher relative hazards for "progressors" and 

three show lower. 	There is no systematic pattern in 

the results; none of them are statistically significant 

individually; and no effect is detectable when results 

from Scotland, England and Wales are combined. 

The statistical method used to examine the problem is 

relatively novel (Cox, 1972) but sound, both in theory 

(Cox, 1972; 1975) and practice (Meshalkin and Kagan, 

1972; Crowley and Hu, 1974). 	If therefore there really 

is an effect which the analysis has failed to detect, 

then this is more likely to be due to either a too 

restricted formulation of the biological concept of 

interest, or to inadequate data. 	As things stand, the 

absence of any evidence supporting the hypothesis must 

be recorded. 

7.6 	Mortality and dust exposure/... 
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7.6 	Mortality and dust exnosure 

A major objective of this study was to determine whether 

there was a closer relationship between mortality and dust 

exposure than between mortality and radiological category. 

As far as general mortality is concerned the answer seems 

to be "no". Variations in CMF*s  with dust-exposure-

ranges in Tables 34 and 36 are small, and show no pattern 

indicating an association. 	The more rigorous analysis, 

using the regression model (Table 38) confirms this 

conclusion. 

However, there is a clear indication of increasing 

mortality attributed to bronchitis with increasing dust 

exposure among men with no pneumoconiosis. 	The 

corresponding analysis using the regression model, which 

takes into account variations in smoking habits among the 

men studied, suggests that there are regional variations 

in the effect, but on the whole the positive association 

is apparent. 	The excess dust-associated relative 

mortality hazard for men whose radiographs were classified 

as category 0 at both first and second surveys (the 

weighted mean result for all Britain) is significant at 

the five per cent level. 	Two of the other three sub- 

groups considered in this way show the same tendency, with 

probabilities of chance occurrence between five and ten 

per cent. 	Bearing in mind the previously discussed 

caveats!... 
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caveats concerning the interpretation of "cause-specific 

mortalityt1 , it seems reasonable to conclude as follows: 

increasing dust exposure appears to be associated with 

increasing mortality attributed to bronchitis and allied 

respiratory diseases among coalminers who have not 

necessarily developed radiological pneumoconiosis. 

7.7 	Stomach cancer 

Winkeistein and Kantor (1969) found excess stomach cancer 

mortality among older white men and women in American 

states with high levels of suspended particulate air 

pollution. 	Earlier Stocks (1960) had shown a similar 

association in England and Wales, and the same author 

used the Registrar General's data to demonstrate excess 

stomach cancer mortality among non-miners in six out of 

nine coal mining areas in England and Wales; and higher 

mortality from this cause among the minors in particular, 

in each of the nine areas studied (Stocks, 1962). 

References were made in chapter 1 to other reports with 

similar findings. 	The suggestion has been that exposure 

to suspended particulate matter, whether it be occupational 

exposure or not, is associated with the incidence of 

gastric cancer. 	The present study supports the suggestion, 

indicating a dose-response type of relationship between 

airborne coalmine dust exposure and death from cancers of 

the digestive organs among the miners studied. 	The 

relationship!... 



relationship with dust exposure was less clear-cut when 

considering the smaller number of deaths attributed 

specifically to stomach cancer (I.C.D. 151), but there is 

little doubt about the excess incidence of stomach 

cancers among miners with simple pneumoconiosis compared 

to those with no pneumoconiosis in this survey. 

It was argued in section 5.4 that the results illustrated 

in Figure 14d suggest that the excess hazard is associated 

with exposure to dust, rather than with the presence of 

simple pneumoconiosis as such. 	This is consistent with 

the very low gastric cancer mortality among the men with 

P.M.?., who are at substantially greater risk of death 

from respiratory diseases, and with the observations 

discussed above of excess gastric cancer among miners wives 

and among non-miners who may be exposed to dust. 	The 

analysis using the regression model was not wholly 

consistent with this generalisation. 	It appeared that 

the effect of dust exposure is less marked, or absent, in 

miners who showed no radiological progression during the 

five years between the first and second surveys. 	It is 

suspected that at least some of the apparent differences 

between the two analyses (Tables 36 and 38) are 

attributable to imperfections in the formulation of the 

mathematical model used in the regression analysis. 

Further work is required on this aspect of the problem 

and on the question of regional variations in the effect, 

suggested!... 
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suggested by some of the results in Table 38. 

7.8 	Lung cancer 

There was less lung cancer incidence among miners with 

either simple or complicated pneumoconiosis than there was 

among thcwawithout pneumoconiosis. 	Results from the 

English miners with simple pneumoconiosis suggest that 

for these men the hazard decreases with increasing dust 

exposure (Table 38), but no such protective effect is 

seen among men with no pneumoconiosis. 	These results 

go some way to explain previous reports of lower lung 

cancer mortality among coalminers in general, and in 

coalmining communities in England and Wales (Goldman, 

1965; Ashley, 1967; Liddell, 1973). 	However, the 

very high excess lung cancer mortality among the cigarette-

smoking coalminers studied, compared with their non-

smoking colleagues, makes it abundantly clear that neither 

coalmining as such, nor exposure to dust can be regarded 

as an effective protection from the disease. 

Some regional variations in lung cancer mortality are 

demonstrated in Table 21 and in Appendix 4. 	The results 

suggest a tendency for incidence of the disease to 

decline from the north to the south of Britain. 	However, 

the relatively high figure for Scotland is attributable 

wholly to results from one of the four. Scottish collieries 

studied!... 
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studied. 	The other three had lung cancer death rates 

at or below the average of rates found in the study as a 

whole. 	This result conflicts with Crofton's (1969) 

report of high lung cancer mortality generally in Scottish 

areas concerned with coalmining. 

The particularly high lung cancer incidence in a single, 

small colliery in South Lancashire has been discussed in 

detail in section 4.3.3. 	The coincidence of this finding 

with Mooney's report of excess lung cancer in that area 

urges further study. 	One factor that ought to be 

considered in such an investigation is variability in 

underground concentrations of radon daughters. 	Limited 

information available to me at present concerning radon 

daughter levels in the collieries studied here (Duggan 

et al, 1968; Dr. T.L. Ogden, personal communication) were 

not sufficient to justify any conclusion. 

7.9 	Conclusions 

"Parts of the paper are controversial; 

these are not put forward in any 

dogmatic spirit." 	D.R. Cox (1958) 

The aim of this work has been to supplement existing 

knowledge concerning relationships between dust exposure, 

lung diseases and coalminers' mortality. 	The absence 

of a "control" group is conspicuous. 	Some comparisons 

have been made with mortality in the general population 

and/... 
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and with official statistics for coalininers in England and 

Wales. 	Notwithstanding the repeated qualifications 

concerning the reliability of these comparisons, it seems 

that the coalminers studied had no worse mortality 

experience than other men outside the industry, and there 

are strong indications that in some regions of Britain 

their average standardised death rates were lower than 

those applicable to the general population. 	This 

finding, although consistent with conclusions by Heasnian 

et al (1958), and more in line with Liddell's (1973) 

investigation than with official statistics, is the 

single serious discrepancy between results reported here 

and those found by Cochrane (1973) in the Rhondda Fach. 

Cochrane's miners and ex-miners over the age of 45 in 

1950-51 had substantially lower survival rates than non- 

miners in that valley. 	This was true also for miners 

with pneumoconiosis in the 35-44 year age-group, and is 

duly reflected the high summary SM.R.'s from these data 

published more recently (Cochrane, 1976). 	The latter 

result implies that the difference between miners and 

non-miners in Cochrane's study is not due to abnormal 

longevity of the non-miners in the Rhondda Fach (in 1950-

51), but rather to the abnormally low life expectation of 

the particular sample of miners and ex-miners surveyed 

at!... 
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at that time. 	How then is the apparently normal, or 

better than normal, general mortality in the P.F.R. data 

to be reconciled with the results indicating high 

pneumoconiosis death rates, and excess dust-related 

mortality attributed to bronchitis and to gastric cancers? 

Reviewing statistics of coalminers' mortality, Morgan and 

Lapp (1976) conclude that in both Britain and the United 

States at the present time, coalminers have a normal life 

expectancy, and that excess deaths due to complicated 

pneumoconiosis are counterbalanced,. by the lower death 

rates from lung cancer and coronary artery disease. 

Results reported here appear to support this conclusion. 

Proportions of deaths attributed to respiratory and to 

cardiovascular diseases in the age-range 15-64 years 

among the miners studied were very similar to the 

corresponding proportions among all men in England and 

Wales who died in the period 1959-63 (Table 19). 	But, 

as noted in section 5.3.3, an increase in respiratory 

disease mortality with increasing dust exposure was 

counterbalanced by an opposite tendency in the case of 

cardiovascular!... 

* 
This was referred to by Campbell and colleagues (1973) 

as a "cohort phenomenon" in the Rhondda Fach data. 	It is 
difficult to see how the existence of this phenomenon would 
affect Cochrane's main conclusion, now supported (with 
some qualifications) by a much larger sample from a totally 
different cohort. 	The conclusion was that "survival rates 
for miners and ex-miners appear independent of X-ray 
category of pneumoconiosis except for category B or C." 



cardiovascular disease. 	The net effect (all non-violent 

causes) was a very small positive gradient with dust 

exposure in Table 34, which was not confirmed by the more 

detailed analysis recorded in Table 38. 	As noted on 

page 2, Arlidge (1892) was puzzled by essentially the 

same conundrum, 	flow could it be that an occupational 

group working in such arduous conditions should have low 

mortality compared with the rest of the population? 

I believe that the answer may have been given by Dr. Ogle 

(1885) in his letter to the Registrar General. 	It seems 

sensible to suppose that there is an important element of 

selection operating in the recruitment of staff into an 

industry like coalmining. 	Since 1947, pre-employment 

medical examinations of all potential entrants under 18 

years of age has been required by law. 	Some two to three 

per cent of the juvenile applicants are considered unfit 

and are rejected for mining employment. 	A further eight 

to ten per cent are judged fit for restricted employment 

only and are directed accordingly. 	Reporting a reduction 

in the proportion of juveniles not passed as Lit for any 

mining employment in the period 1957-62, the Coal Board's 

Chief Medical Officer commented as follows. 	"A growing 

awareness of the standards of medical examination among 

school leavers in mining areas and their doctors, and a 

close and friendly co-operation with Youth Employment 

Officers have probably both played their part in deterring 

the/... 
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the more obviously unsuitable boys from seeking mining 

employmentt? (National Coal Board, 1962).* 	A similar 

proportion of adult applicants (two to three per cent) are 

rejected for any mining employment. 	The fraction 

diverted to restricted employment tends to be rather 

higher than for juveniles, averaging fifteen per cent 

during the past decade (National Coal Board Medical 

Service Annual Reports). 

As noted by Ogle,, premature resignations from an industry 

because of inability to cope with the physical demands of 

the work will tend to ensure that the residual numbers in 

the older age groups also compare favourably in terms of 

general health and physique with their contemporaries in 

the general population. 	This is one reason why Cochrane 

and others have emphasised the importance of including ex-

miners in their surveys of coalmining areas. 

Concentration on internal comparisons in epidemiological 

studies of working populations focuses attention on 

possible effects of the working environment within the 

exposed!... 

* 	
This screening process seems to be effective. 	In 

the periodic medical re-examinations of young persons the 
numbers considered unfit for work have been counted in 
single figures for many years; those recommended for 
alternative employment are nermally less than one per cent 
of the total number seen each year. 	McLintock (1971) 
reported that youngsters leaving the industry within five 
years from recruitment did not differ significantly in 
terms of height and weight from their contemporary 
recruits who had stayed in the industry. 	Differences in 
ventilatory capacity between "stayers" and "leavers" 
varied considerably between the coalfields studied. 
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exposed population: morbidity and mortality are assessed 

in relation to a standard of health that the men concerned 

might have expected to enjoy in the absence of the 

suspected occupational hazard. 	This argument is the main 

rationale for the design of the study reported here. 

Cochrane (1976) explained that the designs of the M.R.C. 

surveys in the 1950's were arranged to allow a test of the 

hypothesis that miners and ex-iiiners with simple pneumo-

coniosis had more pulmonary disability and higher mortality 

than those with category 0. 	In other words, the basis 

of the internal comparison was the standard of a normal 

radiograph. 	Cochrane concludes that on present evidence 

the simplest hypothesis is that simple pneumoconiosis 

neither shortens life nor causes disability. 	Results 

reported here are consistent with this conclusion. 	So 

are those reported in 1973 by Rogan et al, who showed 

that having taken the effect of dust exposure into 

account, there was no residual effect on ventilatory 

function attributable to radiological categories of simple 

pneumoconiosis. 

The major research questions influencing the design of 

the P.F.R. were different. 	A primary aim was to 

quantify relationships between dust exposure and its 

effect on health, and thus t0  establish what environ-

mental conditions should be maintained if mineworkers 

are not to he disabled by the dust they breath" (Fay, 1957). 

In/...  
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In other words, the basis of this internal comparison was 

the standard of a theoretical zero exposure. 	With this 

in mind, Rogan et a]. (1973) considered the relationship 

between dust exposure and lung function, and drew the 

conclusions discussed in section 6.4.4. 	In doing so, 

these authors vindicated an earlier conjecture by Cochrane 

(1966) who wrote "It is, I think, possible that if we 

could measure dust dosage more accurately then the 

correlation with respiratory symptoms and ventilatory 

function would be much more exact." 

However, Cochrane (1976) was unconvinced by the results 

from the analysis, for the reasons discussed earlier 

(Sections 6.4.1 and 7.1). 	Cochrane also found it diffi- 

cult to reconcile the reported relation between increas-

ing dust exposure and decreasing lung function with 

"strong correlations found between category and other 

measures of dust, between F.E.V. and mortality, and the 

lack of relationship between category and F.E.V. and 

mortality. 	At best such an effect (if it exists) must be 

very small indeed." 

This type of reasoning in epidemiology has been 

questioned recently (Jacobsen, 1976). 	Implicit in the 

argument is an assumption of deterministic relations 

between variables. 	The assumption is not usually 

appropriate when considering random variables in general, 

and human responses in particular. 	It is not clear 

whether!... 
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whether Cochrane's reference to "strong correlations" 

means here the absolute magnitude of correlation 

coefficients based on individual responses or the 

improbability of their occurring by chance. 	In either 

case, a "strong correlation" does not necessarily imply a 

big "effect". 	Conversely, a big effect (for example, a 

steep slope for a regression line) does not necessarily 

imply a high absolute value of the correlation coefficient 

or relatively low residual variability. 

There is no argument but that both simple and complicated 

pneumoconiosis are caused by inhalation of coalmine dust. 

It is agreed also that the probability of developing the 

disabling, complicated form of the disease is increased in 

the presence of more pronounced degrees of simple 

pneumoconiosis. 	The reports from Rae et al (1971) and 

Rogan et al (1973) have, I believe, shown the link between 

dust exposure and respiratory symptoms in younger miners, 

and between dust exposure and reductions in miners' lung 

function. 	The work reported in this thesis indicates 

that the latter relationships are reflected in an 

association between dust exposure and mortality attributed 

to bronchitis. 	A dust-related hazard of developing 

gastric cancer has been demonstrated. 	These findings 

lead me to the conclusion that Dr. Williams' exhortation, 

quoted on page 3, is as valid now as it was in 1933: 

"Dust preventive measures Mould be rigorously enforced." 
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APPENDIX I 

INSTITUTE OF OCCUPATIONAL MEDICINE 

PNEUMOCONIOSIS FIELD RESEARCH 

INSTRUCTIONS FOR PANDA 11 

A PERSONAL DATA 

Date of birth 	Month 	January—December = 01-12 

Enter code for the month with leading zero for January—September 

Year 	Enter the last two digits of the year (i.e. tens and units) 

B RESPIRATORY SYMPTOMS QUESTIONNAIRE 

Qi, 2, 3 and 4 If YES enter 	'Y', 	if NO enter 	IN' 

Qia, 2a, 3a and 4a If answer to previous question is NO then leave blank, 
otherwise enter 	'Y' 	for YES and 	'N' 	for NO 

Q5, 6 and 7 If YES enter 	'Y', 	if NO enter 	'N' 

Q8 If YES enter 'Y' 	and ask Qs. 8a-8d, 	leaving Q8e blank 
If NO enter 	'N' 	and ask Q8e, 	leaving Qs. 8a-8d blank 

Q8a Enter 'C' 	for 	Cigarettes only 

'F' 	for Pipe only 

'B 	for Cigarettes and Pipe 

Q8b and 8c Enter number of cigarettes with leading zero 

if less than 10 or 	100' 	if none 

QSd Enter 	'X' 	for 	ounce only, 	otherwise enter the 

number of ounces or '0' 	for none 

Q8e Enter 	'Y' 	for YES and 'N' 	for NO 

Q9 Enter 	'Y' 	for YES and 'N' 	for NO 

Q9a If answer to Q9 is NO leave blank, otherwise enter 
for Asthma 

for Bronchitis 

for Cold 

for Bronchitis and Asthma 

'F' 	for 	Influenza 

'5' 	for some other chest 	illness 

'X' 	for chest 	injury (not 	regarded as chest illness). 
Do not amend answer to Q9 

C & D ANTHROPOMEIRIC DATA AND VENTILATORY FUNCTION 

Enter leading zeros where appropriate 

ADDITIONAL QUESTIONING 

If difficulty is experienced in obtaining 'YES' or 'NO' apply the following: 

'1 know this is difficult but please try to answer 'YES' or 'NO' 
I will repeat the question" 

If the answer is again equivocal, record 'NO' 



— 263 — 

PANDA 	11 
COLLIERY LETTER 

A PERSONAL DATA 

NAME 	- 	_____.._ 	 X.Rriv NUMBER 	2 

if F 

B RESPIRATORY SYMPTOMS QUESTIONNAIRE 	
ATC OF BIRTH (MONTH & YEAR) 	6 1 1 1 9 

PREAMBLE: 	1 am going to ask you some questions about your chest - about cough and spit, for 

example. Please try to answer 'Yes' or 	'No'. Your answers will be treated confidentially. 

COUGH 

Q. 1 Do you cough when you get up or first thing in the morning? 	... ... tO 

Q,la Do you cough like this on most days for as much as 3 months in the year? 	 ...... ... II 

Q. 2 Do you cough during the rest of the day? - I don't mean just at the end of your shift ... 12 

Q.2a Do you cough like this on most days for as much as 3 months in the year? 	...... ... Is 

PHLEGM 

Q. S Do you bring up phlegm when you get up or first thing in the morning'... 	... 	... ... 	... 14 

Q.3a Do you bring up phlegm like this on most days for as much as 3 months In the year? ... ... 	... IS 

Q. 4 Do you bring up phlegm during the rest of the day? - I don't mean just at the end of your shift. 	... ii 

Q.4a Do you bring up phlegm like this on most days for as much as 3 months In the year? ... ... 	... L  17 

IRE AT XL ES S NE SS 
Q. 5 1 Do you have to walk slower than other people on level ground because of your chest?... ... 	... lB 

WHEEZING 

Q. 6 1 Do you ever have wheezing or whistling in your chest? - I don't mean only when you have a cold. 	J-119  

WEATHER 

Q. 7 IDoes the weather affect your chest? 	 ............ 	... 	... ... 	... [1120 

SHORING 

Q. 8 Do you smoke? 	(If 'Yes'. Q.85-8d 	If 'No', Q.Re) 	... 	............... ... SI 

Q.8a Do you smoke cigarettes, a pipe or both? 	(Record C, P or B) 	...... 	 ... ... 	... 22 

Q.8b How many cigarettes do you smoke per day on Mondays to Fridays? 	 ... ...23

E 

 24 

Q.8c How many cigarettes do you smoke per day on Saturdays and Sundays 	......... ... 	85 26 

Q.Sd How many ounces of tobacco do you smoke per week? 	(Record in ounces. x • h) 	... ... 	... 27 

Q.8e Have you ever smoked as much as one cigarette per day for one year? 	 ... ... 	... 29 

CHEST ILLNESSES 

Q. 9 In the last 3 years have you had a chest illness that has kept you off work for more than a week?.. • 29 

Q.9a If 'Yes, what did your doctor say it was? 	.................. ... 	... 30 

(AAathe.; 	BBronchitia; 	CCold; 	DBronchitie & A.thwa; 	FInfI,.nsa; 	SSome ether chest Illness 
X • Net • chant illness) 

C ANTHROPOMETRIC DATA 
Height (cms) si 33 

Sitting Height (cms) 34 36 

Weight (kgma) 37 39 

o VENTILATORY FUNCTION 	 I F.E.V. 40 42 

Second Blow 
P.V.C. 43 45 

F.E.V. 46 48 
Third Blow 	.. 

P.V.C. 49 St 

f F.E.V. 54

Fourth Blow 
 :,I 57 
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APPENDIX 1 

Definitions 

Smoking groups 

1. Non-smokers Never smoked as much as one 

cigarette per day for one 

year. 	(No ? to both 

questions 8 and 8e) 

Cigarette-smokers 
	

("C" to question 8a) 

Pipe-smokers 
	

("P" to question 8a) 

Mixed smoking habits 
	

('SB" to question 8a) 

S. Smokers 	 Type unrecorded. 	("Yes" to 

question 8; reply to question 

8a not recorded) 

6. Ex-smokers 	 ("No' to question 8 AND "Yes" 

to question 8e) 

Symptom groups 

1. No persistent cough and ("No" to question 2a, AND 

phlegm, and no 	 "No" to question 4a, AND 

breathlessness 	 "No" to question 5) 
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Persistent cough and phlegm, ("Yes" to questions 2a AND 

and no breathlessness 	4a; AND "No" to question 5). 

Persistent cough and phlegm ("Yes" to questions 2a AND 

and breathlessness 	 4a AND 5). 

Breathlessness, and no 
	

("No" to questions 2a AND 4a; 

persistent cough and phlegm AND "Yes" to question 5) 
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APPENDIX 2 

Risk-sets (R) and deaths (E)) attributed to carcinoma of 

the lung, bronchus and trachea (lCD 162,163) in a study 

sample consisting of 11,056 miners who survived up to the 

second P.F.R. surveys; and risk-sets (r) and lung cancer 

deaths (d) in four sub-groups defined in section 3.9.4.2. 

SG1 and SG2 are symptom groups defined in Appendix 1. 

(In these tables, blanks indicate zero) 



a. 	14 years after first surveys 
	

APPENDIX 2 

Age 

group 

PARENT 

STUDY-SAMPLE 

R_ 	D 

NON-SMOKERS 

SG1 	 SG2 

r 	d 	r 	d 

CIGARETTE SMOKERS 

SG1 	 SG2 

r 	 d 	r 	 d 

-24 1381 	1 330 31 780 	1 138 

25-29 894 	1 132 7 461 134 

30-34 1364 	4 139 16 689 	3 210 	1 

35-39 1299 	5 109 22 576 	4 225 	1 

40-44 1676 	9 180 30 603 	5 286 	1 

45-49 1634 	20 157 	1 18 470 	6 255 	8 

50-54 1561 	19 94 18 346 	6 239 	5 

55-59 1078 	24 57 18 191 	5 109 	6 

60-64 144 	3 9 0 21 	1 7 

65+ 25 	0 2 0 2 	0 

Total 11056 	86 1209 	1 160 	0 4139 	31 1603 	22 



b. 	16 years after first surveys 
	

APPENDIX 2 

Age 

group 

PARENT 

STUDY-SAMPLE 

R 	D r 

NON-SMOKERS 

SG1 	 SG2 

d 	r 	d r 

CIGARETTE SMOKERS 

SG1 	 SG2 

d 	r d 

-24 1344 1 324 29 767 1 127 

25-29 880 2 131 7 457 128 1 

30-34 1330 5 137 16 677 3 198 2 

35-39 1262 7 108 22 569 5 209 1 

40-44 1632 17 .174 1 28 593 9 279 2 

45-49 1575 24 152 1 17 463 6 238 9 

50-54 1474 28 89 16 336 8 224 7 

55-59 1039 31 57 18 187 8 104 7 

60-64 144 3 9 0 21 1 7 

65+ 25 2 0 2 

Total 10705 118 1183 2 153 	0 4072 41 1514 29 

00 



C. 	17 years after first surveys 

Age 
group 

PARENT 
STUDY-SAMPLE 

R 	D 

NON-SMOKERS 

SG1 	 SG2 
r 	d 	r 	d 

CIGARETTE SMOKERS 

SG1 	 SG2 

r 	d 	r 	d 

-24 1005 	1 264 13 608 	1 54 

25-29 651 	3 95 3 383 	2 60 	1 

30-34 924 	3 97 4 521 	2 90 	1 

35-39 900 	8 80 6 465 	6 111 	1 

40-44 1182 	20 137 	1 12 498 	11 143 	2 

45-49 1166 	21 121 	1 11 393 	7 144 

50-54 1066 	24 62 10 277 	8 147 	4 

55-59 754 	25 42 9 151 	8 58 	3 

60-64 143 	3 9 21 	1 7 

65+ 25 2 2 

Total 7816 	108 909 	2 68 	0 3319 	46 814 	18 



d. 	18 years after first surveys 

PARENT 	 NON-SMOKERS 
	

CIGARETTE SMOKERS 

STUDY-SAMPLE 

Age 

group R 	D 

SG1 

r 	d 

SG2 

r 	d 

SG1 

r 	 d 

SG2 

r 	d 

-24 387 109 5 215 13 

25-29 271 	1 46 2 133 	1 14 

30-34 378 	2 43 3 187 	2 23 

35-39 369 	4 34 1 181 	2 25 	1 

40-44 419 	4 55 3 152 	2 33 	1 

45-49 401 	8 44 	1 6 137 	2 26 	2 

50-54 381 	13 27 5 97 	3 29 

55-59 253 	8 14 4 44 	3 10 

60-64 108 	2 6 12 6 

65+ 20 1 1 

Total 2987 	42 379 	1 29 	0 1159 	15 179 	4 



APPENDIX 3 Nomenclature and definitions of underlying causes of death in 

terms of the International Classification of diseases (I.C.D.) 

NOMENCLATURE 	 I.C.D. 	 RUBRICS 	 NUMBER OF DEATHS 

USED IN THIS REPORT 	 Deaths before 1.1.68 	Deaths from 1.1.68 

(Figures on the left are 

6th & 7th revisions 	8th revision 	mutually exclusive) 

TB, 	respiratory, with occupational lung disease 001 010 28 

TB, 	respiratory; 	other 002-008 012 6 

TB, non-respiratory 010-019 013-019 2 

Stomach cancer 151 151 154 

Cancers of the digestive organs 150-159 150-159 

Lrng cancer 162,163 162,163 317 

Lóulcemia 204 204 8 

All cancers 140-205 140-205 

Coronary heart disease 420-450 420-450 

Cardiovascular diseases 330-334; 400-468 390-45a 

Bronchitis 500-502 490-493 376 

Pneumoconiosis 523,524 515,516 216 

Respiratory diseases 001-008; 	160-165; 010-012; 160-163 
470-527 460-519 

Stomach ulcer 540 531 10 

Industrial accidents 910-916 916-921; 	923; 925; 
927-929 55 

EXTERNAL 800-999 800-999 

NONVIOLENT 001-799 001-799 

ALL CAUSES 

' 	Includes two deaths with unknown cause, 

318 

826 

1283 

1825 

1135 

180* 

3703 

3883 
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Appendix 4 Mortality at 14 years after initial surveys 

by selected cause-groups, collieries and 

regions: all traced men (R = 17,309) 

Results are displayed as follows: 

d 	 E* 

CMF * 

(SE) 

where 	d 	= number of deaths observed; 

= number •of deaths "expected", using age-

specific rates for all men at risk (R = 17,309); 

CMF*, 	from equation (12), based on age-distribution 

of all men at risk; 

	

SE 	= standard error of the CMF*  in the superior 

position, estimated from (14) 

( =Z(d - E*) '/E*, where the summations are over 24 
23 

collieries in each case. 	Under a null hypothesis 

of random dispersion of the 24 differences (d - E*) 

this statistic is distributed approximately as chi-

squared with 23 degrees of freedom. 



APPENDIX 4 

COLLIERY BRONCHITIS 

4 	 E 

CMP. 

(SE) 

PNEUMOCONIOSIS 

4 	 E 

CMF° 

(SE) 

LUNG CANCER 

4 	 E 

CI.1F 

(SE) 

STOMACH CANCER 

4 	 E 

CHP 

(SE) 

CANCERS OF 
THE DIGESTIVE 

ORGANS 

4 	 E 

cMP 

(SE) 

ALl. 	AM.CK 

a 
cxr 
(SE) 

S 4 7.3 10 4.7 6 5.9 6 3.1 6 6.6 13 
80 

57 198 
(61) 

103 
(41) 

202 
(84) (40) (22) 

J $ 

(28) 

$.O S 5.1 15 6.8 1 3.5 
s 

7.4 23 
126 

100 87 
(37) 

228 
(58) 

25 
(25) (26) (25) 

$ 

(35) 

e.9 5 6.4 1 1.7 7 4.1 10 9.0 23 2 
107 P 

101 46 93 
(36) 

185 
(75) 

135 
(45) (24) 

(36) (25) 

0 7 15.3 37 9.7 9 12.4 S 6.5 9 
63 

13.5 25 
72  

48 376 
(57) 

75 
(25) 

16 
(34) (21) (14) 

E 13 

(18) 

12.4 1 7.6 10 10.3 4 5.3 S 
76 

11.0 26 
93 

103 12 
(12) 

95 
(30) 

83 
(41) (27) (17)  

D 6 

(28) 

6.9 1 4.2 17 5.8 4 
143 

2.9 9 
146 

6.1 31 
200 

83 24 
(24) 

295 
(70) (71) (48) (34) 

1 19 

(33) 

17.7 21 10.4 18 15.0 8 7.4 17 
100 

15.4 47 
118 

111 193 
(48) 

133 
(32) 

98 
(34) (24) 

(17) 

1 25 

(26) 

15.9 5 9.1 13 13.7 5 7.0 16 
94 

14.3 36 
CS 

131 46 
(21) 

82 
(23) 

65 
(28) (24) 

(3.4) 

N 10 

(27) 

11.1 2 7.1 8 10.0 6 5.3 12 
118 

10.8 30 
114 

84 27 
(19) 

81 
(7$) 

123 
(50) (33) (20) 

1 13. 

(26) 

13.7 2 8.4 9 11.5 2 6.0 14 
112 

12.3 26 
64 

60 24 
(11) 

79 
(26) 

36 
(25) (30) (16) 

(24) 

CORONARY 	CARDIOVASCULAR 	RESPIRATORY 	
ALL CAUSES 

	

HEART 	 DISEASES 	 DISEASES 

DISEASE 

4 	 B' 4 	 E 4 	 V 4 	 V 

	

CMF 	
cI4P 

	

(SE) 	 (SE) 	 (SE) 	 (SE) 

.4 24 
98 	 103 	 gs 	 96 24.5 35 	 35.4 22 	 22.3 74 	 77.2 

	

(20) 	 (17) 	 (19) 	 (10) 

.7 27 
101 	 101 	 128 	 107 27.5 40 	39.2 31 	 24.6 92 	 86.8 

	

(18) 	 (15) 	 (22) 	 (9) 

.3 31 	 32.2 52 	 47.1 26 	 29.5 114 	105.4 

100 	 113 	 87 	 111 

	

(18) 	 (16) 	 (17) 	 (9) 

.0 44 	 $1.4 68 	 73.5 61 	 46.3 165 	159.2 $ 

88 	 96 	 130 	 103 

	

(13) 	 (11) 	 (15) 	 (7) 
-4 

43 	 41.9 63 	 59.1 30 	 37.1 120 	129.2 .I 

	

102 	 106 	
92 

	

(15) 	 (12) 	 (14) 	 (7) 	 8 

5.5 28 	 23.3 39 	 32.9 26 	 20.7 91 
126 	

71.9 

	

119 	 117 	 124  

	

(21) 	 (17) 	 (23) 	 (10) 

	

9.6 63 
102 	 g7 	 126 58.9 84 	52.8 66 	 52.1 191 	180.2 

	

(13) 	 (10) 	 (15) 	
107 

 (7) 

54.2 72 	 73.1 51 	 46.4 h6l 	162.1 

	

86 	 85 	 153 	 106 6.5 	52 

	

(11) 	 (9) 	 (12) 	 (6) 

	

7.3 41 
101 	 94 	 96 	 101 40.4 53 	 $6.4 30 	 35.2 125 	124.4 

	

(15) 	 (3.2) 	 (15) 	 (7) 

	

11.2 59126 46.9 72 109 	
97 66.1 33 	41.3 39 	144.1 

	

(15) 	 (12) 	 (13) 	 (1) 



APPENDIX 4 (continued) 

COLLIERY 

d 

BRONCHITIS 

E 

CMF . 
(SE) 

PNEUMOCONIOSIS 

d 

04F 

(55) 

d 

LUNG CANCER 

E 

o4p 

(55) 

4 

STOMACH CANCER 

E 

CUP  

(SE) 

CANCERS OF 
THE DIGESTIVE 

ORGANS 

4 	 * 
CMF 

(SE) 

d 

ALL CANCERS 

E 

049 
(SE) 

d 

CORONARY 
HEART 

DISEASE 

CMr 

(SE) 

V 

CARDIOVASCULAR 
DISEASES 

4 	 E 

CMP 

(SE) 

RESPIRATORY 
DISEASES 

4 	 E 

C) 

(SE) 

ALL CAUSES 

d 	

2. 

04P 
(SE) 

1 19 14.7 6 8.9 15 12.0 6 6.1 18 12.6 40 32.0 38 49.1 56 69.2 49 43.6 132 150.4 

131 68 129 100 144 125 74 
(12) 

79 
(10) 

113 
(15) 

100 
(6) 

(29) (28) (32) (40) (33) (19) 

C $ 10.9 4 6.8 $ 4.8 7 10.0 23 25.4 26 37.7 39 53.3 22 33.5 85 117.6 

77 
(27) 

57 
(27) 

89 
(31) 

59 
(33) 

69 
(26) 

92 
(18) 

67 
(13) 

72 
(11) 

67 
(14) 

73 
(7) 

A 6 3.8 6 2.3 8 3.6 1 1.7 3 3.6 15 9.4 14 14.0 19 19.2 22 11.8 55 43.5 

164 227 245 60 58 179 93 99 188 128 

(62) (88) (99) (41) (24) (22) (37) (12) 

Q 7 7.1 1 4.2 4 6.3 2 3.2 8 6.6 16 16.9 19 24.9 32 34.4 15 21.3 64 76.8 

91 24 61 98 135 97 77 
(17) 

104 
(15) 

66 
(16) 

89 
(8) 

(34) (24) (30) (72) (49) (25) 

N S 11.9 7 6.9 17 9.8 5 5.1 9 10.3 32 26.2 35 40.1 46 $5.8 40 34.6 117 120.4 

72 92 178 93 85 120 81 
(15) 

82 
(12) 

116 
(17) 

97 
(8) 

(26) (35) (43) (43) (29) (21) 

C 12 17.6 7 11.0 7 14.3 4 7.8 7 18.9 24 39.0 59 58.8 83 83.5 35 53.0 158 151.8 

69 
(20) 

61 
(23) 

48 
(18) (24) (16) 

59 
(12) 

103 
(13) 

100 
(10) 

65 
(51) 

86 
(6) 

L 17 14.7 2 9.1 10 11.7 10 5.9 15 12.4 34 31.6 51 48.2 79 68.6 38 43.7 154 148.3 

111 
(29) 

23 
(16) 

82 
(26) 

145 
(45) 

135 
(32) 

102 
(17) 

103 
(14) 

113 
(11) 

87 
(14) 

102 
(7) 

5 0 0.6 7 3.9 4 5.9 3 3.0 7 6.3 16 16.0 30 33.5 41 32.3 15 20.0 72 71.3 

160 68 68 92 83 126 
(21) 

128 
(18) 

73 
(19) 

97 
(10) (60) (33) (39) (35) (21) 

B 11 8.7 $ 5.4 2 7.3 4 3.6 6 7.7 14 19.6 2$ 29.4 40 41.4 26 26.2 90 90.1 
131 150 31 111 82 76 96 97 103 103 

(39) (52) (21) (55) (33) (20) (17) (14) (19) (9) 

H 15 8.9 2 5.4 3 7.3 4 3.6 6 7.6 10 19.4 28 29.5 44 4j.4 23 26.3 85 $9•0 
163 41 139 108 77 so 90 107 83 93 
(40) (29) (23) 	- (53) (31) (11) (16) (14) (16) (7) 

1 6 5.9 2 3.6 5 5.1 4 2.6 S 5.4 15 13.7 23 20.4 30 28.4 21 17.8 70 62.4 
91 48 100 143 92 106 116 

(22) 
108 
(17) 

112 
(23) 

110 
(10) (37) (34) (44) (71) (37) (26) 



APPENDIX 4 (continued) 

COLLIERY BRONCHITIS WEUS4OCONIOSIS LUNG CANCER SYO1ACH CANCER CANCER OP ALL CANCERS CORONARY 
HEART 

CARDIOVASCULAR 
DISEASES 

RESPIRATORY 
DISEASES 

ALL 
CAUSES 

THE DIGESTIVE DISEASE ORGANS 
s• a E d 1 4 

a v d E a E a E° a E. d E d 
CMFI cMP 04F 

CMF CMF OP CMP CMF 
(SE) (SE) 

(SE) (SE) (SE) (SE) (SE) (SE) (SE) (SE) 

F 11 13.3 11 8.3 7 11.2 7 5.9 12 12.2 25 30.7 62 46.0 80 65.1 38 
95 

40.5 146 
104 

141.3 

84 132 65 126 102 82 134 
(16) 1) 

122 
(15) (7) 

(25) (39) (24) (47) (29) (16) 

V 23 14.7 8 9.2 9 12.6 7 6.6 16 14.0 30 34.9 55 51.0 
104 

71.9 
104 

449 
. 

166 
101 

158.4 

156 77 76 123 116 86 107 
(14) (11) (15) (7) 

(32) (27) (26) (47) (29) (16) 

1 12 9.2 3 5.5 12 7.9 7 4.2 12 8.6 32 21.7 21 32.0 33 
72 

44.5 33 
127 

27.5 92 
93 

98.1 

140 56 161 157 126 143 as 
(15) (12) (20) (8) 

(39) (33) (46) (60) (36) (24) 

41  2 30.37 138.70 62.30 19.85 19.41 48.00 22.77 
P>0.2 

21.84 
P)0.2 

42.66 
P<0.01 0.1S<P<O.19 

28.75 

23 P<0.14 P3.0001 P(0.0001 P>0.20 P)0.20 PO.002 

REGION 

Scotland 27 39.5 57 25.8 37 32.8 19 17.3 30 36 .5 84 91.4 126 135.6 196 195.8 140 122.7 445 
104 

428.6 

70 213 120 110 83 93 94 101 114 
() () (14) (28) (20) (26) (15) (10) (8) (7) 

Northern 73 64.6 30 38.5 66 84.7 27 27.9 62 $7.5 170 146.8 227 219.8 311 304.9 203 191.5 701 668.0 

111 74 122 96 106 116 1)2 101 105 104 
(3) 

(13) (14) (15) (19) (14) (7) (6) (5) (7) 

E. 	1 W. 38 39.4 12 24.1 32 32.7 11 16.8 39 • 34.9 89 88.6 129 133.7 167 188.6 104 118.3 376 412.1 

Ridings 96 50 97 67 112 100 92 88 87 91 
(4) 

(15) (14) (17) (20) (18) (10) (8) (6) (8) 

Midland 20 29.6 14 17.9 24 24.0 9 12.6 16 25.8 56 65.2 99.0 129 139.6 75 87.5 275 302.1 

66 78 97 69 61 84 96 93 as 91 
(5) 

(15) (21) (20) (23) (15) (11) (9) (8) (9) 

S. Wales 66 $8.2 38 35.7 30 49.3 29 25.4 52 53.1 110 134.4 226 199.9 310 280.5 170 17S.6 629 613.4 

114 105 60 113 97 81 114 111 97 102 
(3) 

(14) (17) (11) (21) (13) (8) (7) (6) (7) 

All 266 163 223 115 239 606 907 1276 800 

T;~-7;7 
Collieries 100 100 100 30') 100 100 100 100 300 

(6) (8) (7) 
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Appendix 5 Survivors (s) and deaths (d) up to 31.7.72, by 

colliery and radiological category at first 

surveys 

NOTES 

The distributions of traced men shown here result from 

the sampling scheme described in section 3.5.1. 	This 

means that the odds-ratios Ipneumoconiosis (all ca.tegories)/ 

no pneumoconiosis (category O)J calculated from this Appendix 

are (approximately) twice the values of odds-ratics for men 

X-rayed during the initial 	surveys. 	(The approximation 

arises because untraced men are not included here and because 

there was some bias in the distribution of men not traced; 

see Tables 12 and 13, and section 3.6). 

The prevalence of pneumoconiosis a; determined at the 

first survey at any colliery can be evaluated from the data 

recorded in this Appendix and Table 12. 

Example: colliery L; (with the highest percentage untraced) 

No pneumoconiosis 	Pneumoconiosis 

(Catggory 0) 	 (All categories) 

Died 	 121 	 87 

Survived 	 421 	 109 

Untraced 	 32 	 18 

Sampled 	 574 	 214 



- 277 - 

Odds-ratio as shown in Figure 10: (87 + 109)/(121 + 421) 

- 0.362. 

Approximate odds-ratio at first survey: 	(0.362) = 0.181. 

Approximate prevalence at first survey: 0.1811(1 + 0.181) 

* 15.3 per cent. 

Prevalence at first survey: 214/[214 + 2(574)r 	15.7 per 

cent. 

3. Prevalence rates thus calculated do not necessarily 

agree with those quoted by Rogan (1960) and by Hicks et al 

(1961), for the following reasons. 

There were small deviations in the numbers of men 

sampled from those required theoretically by the sampling 

scheme; see section 3.5.1. 

Radiological classifications used in this report are, 

in the main, those described as "definitive' in section 2.5. 

Data quoted by Rogan (1960) and by Hicks et al (1961) were 

based on classifications made soon after the initial surveys. 

These classifications have been used here only for 4,925 men 

who did not attend at the second surveys (Table 14). 	This 

is the main reason for discrepancies with previously 

published results. 	The radiological classifications used 

here are discussed in section 2.11.3.3. 
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Appendix 5 Survivors (s) and deaths (d), by colliery, 
and radiological category at first surveys 

COLLIERY 

S 

0 

S 

d 

SIMPLE 

1 
S 

PNEUMOCONIOSIS 

2 

$ 

d 	d 

3 
S 

d 

A 

S 

d 

P.M.F. 

B 
S 

d 

C 
S 

d 
301 	13 	4 	1 0 	0 	0 

83 22 10 1 6 1 0 

3 461 15 4 0 1 0 0 
• 101 13 6 2 2 3 1 

P 540 4 1 0 2 3 0 

147 13 3 0 2 1 0 

0 506 37 10 6 3 3 2 

164 45 28 10 11 7 0 

Z 620 28 1 0 1 0 0 

127 20 2 0 2 0 0 

D 299 14 1 0 0 0 0 

93 15 3 1 0 2 0 

T 584 116 63 8 23 9 2 

181 38 21 3 16 7 6 

Y 631 119 64 19 28 10 4 

129 52 30 5 16 4 1 

535 75 26 6 8 3 0 

135 46 5 1 3 1 2 

K 553 88 46 4 9 1 0 

128 29 • 11 1 5 1 0 

X 563 64 23 3 7 1 0 

120 38 17 1 7 8 3 

G 613 36 10 2 1 1 0 

109 19 5 0 5 3 0 
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Appendix 5 (continued) 

COLLIERY SIMPLE PNEUMOCONIOSIS P.M.F. 
0 1 2 3 A B C 

S S S $ S. S S 

d d d d d d d 
A 304 34 18 3 2 3 0 

44 7 5 4 0 3 0 

Q 500 34 3 0 1 1 0 
85 16 0 2 0 0 1 

N 447 72 32 2 8 2 1 
74 24 9 2 5 2 1 

C 644 47 11 2 3 3 0 
203 12 3 . 0 2 3 0 

L 421 67 26 3 11 1 1 
121 35 28 7 10 6 1 

W 284 64 41 8 19 8 0 
54 16 14 1 8 8 2 

E 243 57 22 1 11 14 0 
83 25 15 1 11 13 9 

H 296 46 20 0 10 7 1 
73 18 3 1 10 4 1 

I 242 43 17 2 12 5 1 
73 13 5 0 4 2 1 

P 392 108 57 9 41 22 5 
106 26 10 2 13 17 4 

V 631 85 42 6 32 9 2 
147 39 14 4 16 16 3 

B 504 40 13 1 3 2 2 
92 15 6 1 6 4 0 

ALL 

11114 	1306 	555 	86 	236 	108 	21 
2672 	596 	253 	50 	160 	116 	36 
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APPENDIX 6 

Mortality due to non-violent causes at 

14, 16,17 and 18 years' follow-up, by 

age, and radiological category at 

first surveys 

r 	number at risk at first surveys, 

number of survivors; 

d 	number of deaths attributed to non-violent causes. 



APPENDIX b 	(a) CATEGORY 0 AT FIRST SURVEY 

YEARS FOLLOW-UP 
AGE-GROUP p i i 
AT FIRST I 14 16 I 17 I 18 

SURVEY I I I I 
I 	r 
I 

s d I 	r 
I 

s d I 	r s d 	I r s d 

-24 1 	2442 
I 

2408 10 I 	2353 2318 13 
I 
I 	1712 1681 

I 
13 	I 672 662 3 

25-29 I 	1237 
I 

1220 13 
I 
I 	1202 
I 

1176 20 I 	878 855 
I 

18 	I 377 363 10 

30-34 I 	1687 
I 

1627 38 I 	1636 1558 53 
I 
I 	1158 1093 

I 
44 	I 476 447 23 

35-39 I 	1457 
I 

1391 59 
I 
I 	1396 1307 78 I 	997 913 

I 
75 	I 421 375 42 

40-44 I 	1687 
I 

1552 125 
I 
I 	1635 1446 179 

I 
I 	1199 1032 

I 
159 	I 453 391 60 

45-49 I 	1634 1397 222 
I 
I 	1566 1267 283 

I 
I 	1179 928 237 	I 439 335 97 

50-54 
I 
I 	1492 
I 

1129 349 
I 
I 	1412 983 410 

I 
I 	1013 672 

I 
327 	I 366 220 142 

55-59 I 	1054 
I 

643 398 
I 
I 	1005 533 460 

I 
I 	702 340 

I 
355 	I 247 104 138 

60-b4 I 	760 
I 

371 377 
I 
I 	732 282 435 

I 
I 	519 169 

I 
340 	I 182 48 129 

65+ I 	336 
1 

121 210 
I 
I 	328 
1 

89 234 
I 
I 	244 
1 

53 
I 

188 	I 
1 

112 18 93 



APPENU1X 6 	(b) CATEGORY 1 AT FIRST SURVEY 

YEARS FOLLOW-UP 
A('E-GROUP 	I I I I 
AT FIRST 	I 14 t 16 I 11 I 18 

SURVEY 	I I I I 
I r s d 	I. r s d I 	r s d 	I r s d 

-24 	I 
I 

4 4 01 4 4 0l 2 2 0 	I 0 0 0 

25-29 	I 
I 

37 37 
I 

0 	I 37 37 0 
I 
I 	21 20 

I 
1 	I 11 11 0 

30-34 	I 121 117 
I 

3 	I 119 115 4 
I 
I 	61 58 

I 
3 	I 31 27 4. 

35-39 	I 178 168 
I 

9 	I 168 159 8 
I 
I 	102 96 5 	I 39 36 2 

40-44 	I 
I 

286 264 
I 

22 	I 276 245 31 
I 
I 	182 155 27 	1 61 47 14 

45-49 	I 332 293 
I 

37 	I 317 268 48 
I 
I 	230 192 

I 
37 	I 69 52 17 

I 
50-54 	I 

I 
349 262 

I 
83 	I 324 216 104 

I 
I 	230 143 83 	I 77 53 24 

55-59 	I 289 205 
I 

84 	I 268 168 100 
I 
I 	178 97 

I 
80 	I 57 24 32 

60-64 	I 222 103 
I 

116 	I 210 80 127 
I 
I 	154 52 

I 
100 	I 68 20 46 

I 
65+ 	I 

1 
84 27 

I 
57 	I 

1 
83 18 65 

I 
I 	60 
1 

7 
I 

53 	I 
1 

33 3 30 

00 



APPENDIX 6 (c) CATEGORY 2 AT FIRST SURVEY 

YEARS FOLLOW-UP 
AGE-GROUP I $ I 
AT FIRST 	I 14 I 16 I 17 

SURVEY 	I 
I r s d I 	r s d I 	r s d 
I 

-24 	I 
I 

0 0 0 
I 
I 	0 .0 01 

I 
0 0 0 

25-29 	I 
I 

7 6 1 
I 
I 	7 6 1 

I 
I 	4 3 1 

30-34 	I 41 39 2 I 	41 39 2 
I 
I 	15 15 0 

35-39 	I 
I 

60 57 3 I 	59 56 3 I 	35 33 2 

40-44 	I 
I 

138 128 10 
I 
I 	133 
I 

121 12 I 	84 73 	. 11 

45-49 	I 157 143 14 I 	169 129 20 1 	96 79 17 

50-54 	I 
I 

163 124 38 I 	150 104 45 I 	95 60 35 

55-59 	I 
I 

126 88 35 
I 
I 	117 65 49 

I 
I 	87 43 41 

60-64 	I 
I 

75 36 39 
$ 
I 	73 28 45 

I 
I 	54 20 34 

65+ 	I 
1 

41 13 27 
I 
I 	38 
1 

8 29 
I 
I 	29 
1 

4 24 

18 

r s d 

0 0 0 

3 3 0 

9 9 0 

14 14 0 

21 17 4 

28 23 5 

38 21 17 

31 6 24 

17 4 13 

13 2 11 



APPENDIX 6 (d) CATEGORY 3 AT FIRST SURVEY 

YEARS FOLLOW-UP 
AGE-GROUP 	I I I I 
AT FIRST 	I 14 1 16 $ 17 1 18 
SURVEY 	I 

I s d 
I 
I 	r s d 

I 
I 	r s 

I 
d 	i r s d 

r 

-24 	I 0 0 01 0 0 0 I 	0 0 01 0 0 0 

25-29 	I 1 1 01 
I 

1 1 03 
I 

1 1 01 
I 

1 1 0 

30-34 	I 4 3 ii 
I 

4 3 11 
I 

1 0 11 1 0 1 
I 

35-39 	I 10 10 01 
I 

10 10 0 
I 
I 	6 6 0 	I 

I 
2 2 0 

40-44 	I 19 18 0 
I 
I 	19 1$ 0 

I 
I 	17 16 0 	I 

I 
3 3 0 

I 
45-49 	I 26 23 3 

I 
t 	26 21 5 

I 
I 	17 14 3 	1 

I 
2 2 0 

I 
50-543 24 119 5 

I 
I 	22 17 5 

I 
I 	is ii 4 	I 6 3 3 

55-59 	I 31 18 12 I 	29 15 13 I 	20 
I 

9 10 	1 
I 

9 5 4 
I 

60-64 	I 15 1 13 
I 
I 	15 1 13 I 	14 0 13 	I 

I 
7 0 6 

I 
65. 	I 

I 
6 1 41 

I 
6 

3 
1 41 

I 
4 

I 
0 41 

I 
3 0 3 



APPENDIX 6 (e) CATEGORY A AT FIRST SURVEY 

YEARS FOLLOW-UP 
AGE-GROUP 	I I I I 
AT FIRST 	I 14 I 16 I 11 I 18 

SURVEY 	'I I I I 
s d 

I r s d I 	r s .d r s d r 

-24 	I 0 0 01 0 0 0 I 	0 0 01 0 0 0 

25-29 	I 1 1 01 1 1 01 1 
I 

1 01 1 1 0 
I 

30-34 	I 9 9 01 
I 

9 9 01 5 5 01 
I 

5 5 0 

35-39 	I 40 39 1 
I 
I 	40 38 2 

I 
I 	21 20 1 	I 

I 
17 16 1 

40-44 	I 54 45 9 
I 
I 	54 42 12 

I 
I 	34 26 8 	I 

I 
15 10 5 

45-49 	I 78 66 12 
I 
I 	73 58 15 

I 
I 	51 40 11 	I 21 15 6 

50-54 	I 62 49 13 
I 
I 	61 44 17 

I 
I 	40 26 . 14 	I 

I 
14 7 7 

I 
55-59 	I 55 33 21 

I 
'I 	51 27 23 

I 
I 	29 
I 

15 13 	I 7 2 5 
I 

60-64 	I 67 33 33 
$ 
I 	65 21 43 I 	47 11 35 	I 15 2 12 

I 
65. 	I 

I 
30 10 20 

I 
I 	29 
$ 

6 23 
I 
I 	21 
I 

3 18 	I 
I 

16 3 13 



APPENDIX 6 (f) CATEGORY 8+C AT FIRST SURVEY 

YEARS FOLLOW-UP 0 

1 
AGE-GROUP 	I I I 

17 I 18 1 
AT FIRST 	I 14 1 16 I 

I .1. 
SURVEY 	I I I 

s d 	I r s d 	.1 
I r  s d r s d I 	r 

-24 	I 1 1 0 I 	1 1 0 I 	0 0 0 	I, 
I 

0 0 0 	I 

I 
25-29 	I 0 0 01 

I 
.0 0 0 

I 
I 	0 
I 

0 0 	I 
I 

0 0 01 
I 

I 
30-34 	I 3 3 01 

I 
3 3 0 I 	3 

I 
3 01 

I 
3 2 11 

I 

35-39 	I 8 7 	. 1 
I 
I 	8 7 1 I 	4 3 1 	I 

I 
3 2 1 	I 

40-44 	I 21 16 5 
I 
I 	21 14 7 

I 
I 	9 5 4 	I 

I 
5 2 3 	I 

I 
45-49 	I 49 33 16 

I 
I 	48 29 19 

I 
I 	39 21 18 	I 23 12 11 	1 

50-54 	I 62 46 16 I 	60 37 23 I 	37 24 13 	I 
I 

18 11 7 	I 

I 
55-59 	I 60 35 24 

I 
I 	58 28 29 

I 
I 	35 15 20 	I 

I 
15 5 10 	I 

I . 
I 

60-64 	I 59 20 37 
.1 
I 	58 16 

. 	•0 

40 I 	39 11 28 	I 
I 

21 
. 

6 17 	I 
I 

I 
65+ 	I 

1 
18 5 13 

I 
I 	18 
1 

4 14 
I 
I 	10 
1 

3 7 	I 
1 

6 2 4 	I 
1 



- 287 - 

APPENDIX 7 

Results from analyses of mortality using Cox's 

regression model 

This appendix gives detailed results from analyses 

described in section 5.5.ard summarised in Table 38. 

There are eight sheets of Tables. 	The first four (A7.1 

to A7.4) refer to analyses of deaths attributed to four 

cause-groups and were used to estimate relative hazards 

for Table 38. 	Each sheet contains three sets of results 

based on data from Scottish, Lnglish and Welsh collieries 

respectively. 	Each set from one country records 

estimates of coefficients (h) in model (24), their 

estivated variances V(b), and the corresponding approxi-

mately normally distributed test statistics (Z). 

Results for Scotland and Wales were each obtained from 

single analyses utilising all the available and relevant 

data (Table 37). 	The variance estimates of (b4  + b5) 

were taken as 

V(b4) + V(b5) + 2COV(b4,b5), 

where the individual terms in the above expression are 

(-1) times the appropriate elements from the matrix of 

second derivatives of the log partial likelihood (see 

page 127). 

Data from men with category 0 in the English collieries 
were divided into three 

(exhaustive!... 
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(exhaustive) systematic samples taken from a magnetic 

tape containing the records in (arbitary) X-ray number 

order within collieries. 	Separate analyses were per- 

formed on these samples of data, and the results are shown 

in Tables A7.5 to A7.8. 	The values of b corresponding to 

results from English collieries in iU1cs A7.1 to A7.4• are 

weighted means, using the reciprocals of the estimated 

variances from the separate analyses as weights. 	In 

these cases, the sums "(b4 + b5)" shown in Tables A7.1 to 

A7.4 (required to evaluate the expression 
A  

- EJI z. 	1/, - see pare .72) were taken as a 

the sum of the weighted means, whose variances were 

estimated by 

L- TTb,br .) 
V(t) + V(b!) + 2VS4)V(5) 	

. 
' 	 I 

( 	\T(h4.)V(b5.) 

where h43, h5  refer to estimates from Vie 
5th  systematic 

samples (j = 1,2,3) 

V(h) = 
3 

and 	 w1 	1/V(b1 ) 

(i = 4,5). 

Estimates of relative hazards for Britain (Table 38) were 

calculated!... 



-  2°°  - 1., 

calculated in a similar way, using weighted mean coeffi-

cients from five separate analyses in each case (one from 

the Scottish, three from the English and one from the 

Welsh data). 
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A7.1 
BRONCHITIS b V(b) Z 

Scotland 
Category 0 

zi 1.49701050 .105000E01 1.465 
A -2.57434370 15 03000 E 02 - 0.664 
z3 -2.98467250 . 529 0000 E 01 -1.29.0  
zti. 0.006594JO .343600E-04 1.134  
M -003670439 .610400E-03 -1.480 
z4+z5 -0.03010019 .577760E-03 -1.252 
Categories 1,2,3 

A 663270090 0 L293000E02 1.012 
A 0.40401310 2043000E03 0.028 
z3 5084)06480 2714000E02 1.123 
zL -0.10165471 506300E-02 -1.420 
V 0.10136533 .918500E-02 1.058 
z4+z5 -0.00028938 .226400E-02 -0.006 

England 
Category 0 

zi -0.35766863 1529057E00 -0.915 
A -0.00236006 . 3181508E00 -0.154 
Z3 -1.24689472 8139802E00 -1.382 
zL 0.00073789 162781E-05 0.578 
z5 0.00407111 457922E-04 0.602 
z4+z5 0.00180890 441677E-0 0.724 
Category 1,2,3 

zi. 0.87835860 1069000E01. 0.850 
A 1.36758050 .1337000E01 1.183 
A -0.04305557 7319000E00 -0.050 
zL 0.00236400 .744GOOE-05 0.866 
zS -0.00793152 .800100E-0 -0.802 
z4+z -0.00561753 .720310E-04 -0.558 

Wales 
Category 0 

zi 1.54248520 .1026000E01 1.523 
A 1.50737380 . 132t000E01 1.310 
z3 -1.32710270 .1006000E01 -0.939 

0.00255646 .205600E-05 1.853 
z5 0.00522401 .318900E-04 0.925 
z4+z5 0.00788136 301440E-04 1.135 

Categories 1,2,3 

zi 4,29228780 .1148000E02 1.267 
A 4.30003450 11014.000E02 1.241 
z3 1.93497750 1408000E01 1.631 
zi 0.00398120 .976000E-05 1.27' 
M -0.01210088 ,610700E-04 -1.560 
z4+z5 -0.00820963 .526160E-04 -1.132 
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A7.2 
LUNG CANCER 

b 	 V(b) 	 Z 
Scotland 
Category 0 

zi 1.011401170 .514147000E00 1.375 
z2 -3.28110180 .1172000E02 -0.052 
Z3 0.382741473 .1187000E01 0.351 
z14 -0.001403029 .281500E-014 -0.760 
z5 0.00631-439 .396800E-03 0.317 

0. 00228411 .370450E-03 0.119 

Categories 1,2,3 

z1 14.361081430 21424000E02 0.886 
z2 -0.04121414714 . 6812000E02 -0.005 
z3 -1.60872040 .60714000E01 -0.509 
z14 -0.00040754 .205300E-03 -0.035 
z5 -0.030302000 . 1412000 E - 02 -0.472 
z14+z5 -0.03080033 ,391900E-02 -0.1492 

England 
Category 0 

zl 4.32008813 2890640E01 2.546 
12 2.88717333 3565024E01 1.529 
z3 0.47045933 1622000E00 1.100 

-0.0002220G .169283E-05 -0.171 
z5 0.00106717 .190961E-04 0.21414 
z.4+z5 0.00034510 .175207E-04 0.202 

Categories 1,2,3 

z]. 8.21712220 .5639000E03 0.346 

z2 8.08608060 .5643090E03 0.3140 
z3 1.01454160 . 33147000E00 1.7514 
z14 0.00031870 917700E-05 0.105 
z5 -0.01802786 .736800E-014 -2.100 
z4+z5 -0.01770916 ,660630E-04 -2.179 

Wales 
Category 0 

zl 1.15863230 .1061000EO1 1.125 
z2 -3.109882140 11462000E02 -0.8-1-3 
z3 .0.77502951 .8693000E00 0.832 
z4 0.00176856 .1455900E-05 0.827 
15 -0.00227700 .367100E-014 -0.376 
z14+z5 -0.0005081414 .324030E-014 -0.089 

Categories 1,2,3  

3.92569070 
z2 14.88062290 
Z3 0,9683761C 
z14 -0,002014506 
z5 -0,01558619 
z14+z5 -0.017631214 

	

.3188000E02 	0.605 

	

.3262000E02 	0.855 

	

.1718000E01 	0.739 

	

.326Li00E-04 	-0.358 

	

.15G000E-03 	-1.2148 
129600E-03 	-1.5149 
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A7.3 
CANCERS OF THE DIGESTIVE ORGANS 	

V(b) 	 Z 

Scotland 	 -- 
Category 0 

zl -0.31007057 04357000E00 -0.470 
z2-0.36863113 .1351000E01 -0.317 
z3 0.47573608 0 1535000E01 0.384 
z -0.005916900 L 89 800 E - 0 t -0.845 
Z5 0.01752599 818700E-03 0.513 
z4+z5 0.01160901 772220'E-03 0.11.18 

Categories 1,2,3 

z]. -0.51400995 1610000E01 -0.11.05 
z2 -11.71550660 .8076000E02 -0.525 
Z3 -2.37868690 .1156000E02 -0,811.7 
z4 0.00113116 .321000E-03 0.063 
z5 -0. 0560E70t . 311.0000E-02 -0.940 
z4+z5 -0.05491587 .324760E-02 -0.964 

England 
Category 0 

zl -0.180126113 .2333491.E00 -0.373 
z2 -1.55678575 .4206795E01 -0.750 
z3 -0.4110751 .5615873E00 -0.587 
z11. 0,0003311.00 .22237t.E-05 0.22t 
z5 0,00227251. .89651E-0 0.326 
z4+z5 0.00261263 468935E0 0.382 

Categories 1,2,3 

zl -0.7751131.0 .2293000E00 -1.619 
z2 -1.49759200 .1169000E01 -1.385 
z3 -0.11.1596872 .4907000E00 -0.504 
z4 -0.0001 9L22 .771800E-05 -0.178 
z5 0.001 7302!4 ,i80800E-04 1.083 
z4+z5 0.00424501 .115311.0E-04 1.211.5 

Wales 
Category 0 

zi -0.5436031-1.2 2213000E00 -1.156 
z2 -0.111.971030 .5011.1000E00 -0.211 
Z3 -0.11151554 .1135000E01 -0.105 
Z4 0.00125708 261900E-05 0.777 
15 -0.01067506 .114500E-03 -0,998 
z1.+z5 -0.00941798 1798 .1122L1.9E-03 -0.889 

Categories 1,2,3 
-0.33898193 4536000E00 -0.503 

z2 0.66182914 ,7182000E00 0.781 
z3 -2.1911.59250 .2011.2000E01 -1.536 
ZL1. -000001611.3 ,9147200E-05 -0.200 
z5 0.0112911.71.1. ,327300E-04 1,071.1. 
z4+z5 0.01067831 .236440E-014 2.196 



A7.4 - 293 - 
NON-VIOLENT CAUSES 

Scotland 
zl 	Cat. 0 0.41903031 0 306300E-01 2.105 
z2 0.06111090 .112000E00 0.182 
Z3 0.0370078 1096000E00 0.112 

-0.00178358 .301000E-05 -1.028 
Z5 0,00375751 .4211.00E-04 0.570 
z4+z5 0.00197305 .391920E-04 0.315 

Cat. 1,2,3 

Z1 0.03359L;42 .1343000c"00 0.1:05 
z2 -1.6724870 .1001000E91 -1.503 
z3 -0.34555751 ,2261000E00 -0.727 
zL 0.00050296 .206G00E-04 0.133 

-0.00067065 ,130600E-03 -00057 
+z5 -0.00007760 .1190040E-03-0.007 

England 
Cat. 0 

zi 0.46900851 222721E-01 3J49 
z2 -0.11701332 452594E-01 -0.550 
Z3 0.17342330 .244745E-01 1..09 
z14 -0.00053351 ,173855E-05 -1.80 
z5 0.00083305 203867E-05 0.486 
z4+z5 0.00020954 .277967E-05 0. 	80 

Cat. 1,2,3 

zi 0.52214032 .613600E-01 2.08 
z2 0,17451185 .1184000E30 0.507 
z3 -0.18763214 ,542800E-01 -0.05 
z4 0.03007285 755200E-06 0.084 
Z5 -0.00011n-,48 .3149001-7-05 -0.667 
z4+z5 -0,00004663 245000E-05 -0.30 

Wales 
Cat. 0 

zi 0.44061470 .309500E-01 2.40 
z2 0.31095505 .776300E-01 1.148 
z3 0.06410503 933600E-01 0.210 
z4 -0.00007274 258000E-06 -0.143 
Z5 -0.00244711 445000E-05 -1. 160 
z4+z5 -0.00251985 .421700E-05 -1.227 

Cat. 1,2,3 

zi 0.45705998 .934500E-01 1.495 
z2 0059458447 .1530000E00 1.520 
z3 0,40147086 ,1153000E90 1.177 

-0.00044207 116900E-05 -0.400 
z5 -0.00000923 ,304600E-05 -0,005 
z4+z5 0.00045130 .239300E050.265 
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A7.5 
BRONCHITIS 	ENGLAND CATEGORY 0 

	
3 SAMPLES 

b 

z]. 	 -0.62008965 
z2 	 0.1314937 
z3 	 -1.31506060 
z4 	 0.00076727 
z5 	 0.01196220 
z4+z5 	 0.01272947  

I Zj. 0.0 8 4 0 66 0 9 ou 	0 

z2 0.84761190 
t 	r?,,-rr- .L. 	rUOjU 
0.00110436 

Z5 0.00532063 
z4+z5 0.00642504 

V(b) 	 z 

04083000E00 -0.084 
.5937000E00 0.171 
.3979000E01 -0.910 
.498800E-05 0.344 
.156300E-03 0.955 
.152010E-03 1.032 

	

.1058000E01 	0.860 

	

.1503000E01 	0.691 

	

.1067000E01 	-0.895 

	

.522000E-05 	0.483 

	

.727400E-04 	0.624 

	

.676280E-04 	0.781 

zi -0.51079500 
z2 -1.36046500 
z3 -0.93390000 
z4 0.00039553 
z5 -0.03534479 
z4+z5 -0.03494026 

	

.3176000E00 	-0.922 

	

.1265000E01 	-1.210 

	

.2133000r01 	-0.630 

	

.449900E-05 	0.186 

	

.53900E-03 	-1.463 

	

.578105E-03 	-1.454 
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A7.6 
LUNG CANCER 	ENGLAND CATEGORY 0 	3 SAMPLES 

b V(b) Z 

zi 4,26 0054990 .7889000E01 1.520 
Z '? 3.832C4C70 .8357000F.01 1.3'.3 
z3 0,611921L2 04307000F00 0.933 
zL -0.00042257 .501400E-05 -0.139 
z5 -0.02497542 .232100 'E-03  -1. (339 
z+z5 -002539805 .22837E-03 -1 • 	ull 

zi 4.36093210 .8473fl0flE01 1.498 
z2 3.2462fl050 44000101 1056 
z3 -0.01115743 .6445000E-00 -0.014 
z 4 -0 	0  L 	10 Cl .6053001"-05 -1 • 52,2 
z5 0.00922323 341)200E-01 
z4+z5 0.00510442 .273230E-04 0.977 

zi 4.3677 003550 9835000E01 1.309 
z2 0.02373415 .12)22000E02 0.00(3 
z3 0.67735749 .43(3.000000 1.025 
zL 0.00220428 .404100E-05 1.097 
z5 -0. 0057GG3; .535800E-04 -? 0. iu,no 
zL+z5 



- 296 - 

A7.7 
CANCERS OF THE DIGESTIVE ORGANS 	ENGLAND CATEGORY 0 

3 SAMPLES 

b V(b) Z 

zi 4.24910260 0 1419000E02 1.128 

z2 525012970 .14371)00E02 1.335 

z3 -0.80 00150D7  235 11)1)0 E 0 1 -0.527 
—0.0009 012L .712100'1-05  —00333 

z5 0.005139231 .151400E-03 0 0463 

z4+Z5 0.00479107 .14813E-03 0.398 

zi —0.13273900 57213000E00 —0.175 

z2 -4.2937(0)220  129 1 00 1) F. 0 2 -i.195 
z3 —0.25433279 .1273000E01 —0225 
zL —0.00212897 851000E-05 —0.730 

z5 0.0000059 .160300E-03 0.003 

z4+z5 —0.00208838 152750E-03 —0.169 

Z1 —0.34009926 0 L 0510 0 1) F. 0 0 —0.534 

z2 —4.4J315620 0 1103000E02 —1.333 

Z3 —0.42332584 1775000E01 —Q•33 
zL 0.03274816-  .521500-05 1.203 

Z5 0.00114279 .131600-05 0.1Oc) 

z4+z5 0.00389094 0 126773E-03 0.340 
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A7. 8 
NON-VIOLENT CAUSES 
	

ENGLAND CATEGORY 0 	3 SAMPLES 

b V(b) Z 

zi 0,54037452 .721500F.-01 2.012 
z2 0.03205052 .1447000E00 0.084 
z3 -0,17014974 .788400E-01 -0.606 
z4 -0.00097245 .542300E-06 -1.321 
z5 0.00280954 .769600E-05 1,013 
z4+z5 0.00183709 .717730E-05 0,686 

zi 070354241 ,767600E-01 2.539 
z2 0.28593683 .1226000E00 0.817 
z3 0,42627529 .6318OOE-01 1.698 
z4 0.00024751 .508700:-06 0.347 
Z5 -0.00453676 114600E-04 -1.340 z4+z5 -0.00428025 ,110059E-04 -1,293 

zi 0.24669850 .555200E-01 1.047 
z2 -0.73130304 .1423000E00 -1.039 
z3 0.20126730.800900E-01 0,708 
z4 -00000073O .514000E-06 -1.264 
z5 0.00255330 0812400E-05 0.896 
z4+z5 0.00164600 .766790E-05 0,594 



Appendix 8 Age distribution of study-sample discussed in chapter 6 

(Symptom and smoking groups are defined in Appendix 1) 

SYMPTOM 

GROUP 

SMOKING 

GROUP 

24 29 

AGE 

-34 

GROUP 

-39 -44 

AT 	FIRST 

-49 -54 -59 

SURVEYS 

-64 65+ Total 

1 1 330 132 139 109 180 157 94 57 9 2 1209 
2 780 461 689 576 603 470 346 191 21 2 4139 
3,4,5 96 78 88 175 174 201 207 207 157 25 8 1320 	Is" 

00 

2 1 31 7 16 22 30 18 18 18 0 0 160 

2 138 134 210 225 286 255 239 109 7 0 1603 

3,4,5,6 9 23 36 44 52 47 63 52 5 0 331 

3 1 0 5 8 12 12 19 35 32 10 0 133 

2 9 25 54 84 203 256 342 226 16 2 1217 

3,4,5,6 3 4 12 10 43 70 101 125 29 6 403 

4 1 1 3 6 7 11 15 13 16 3 2 77 

2 2 9 15 28 43 79 65 55 12 1 309 

3,4,5,6 0 3 4 8 12 41 38 40 7 2 155 

STUDY SAMPLE 1381 894 1364 1299 1676 1634 1561 1078 144 25 11056 



- 299 - 

Appendix 9 

Mortality at 16 years after initial surveys, 

by smoking and symptom groups 

Notes 

I. Symptom and smoking groups are defined in Appendix 1. 

2. d = number of deaths observed. 

E* = number of deaths "expected" using age-specific 

rates for all men in the study sample (Table 39) for 

whom the follow-up period was 16 years or more 

(R = 10,705). 

Distribution of risk-sets by symptom and smoking 

groups at 16 years after initial surveys are shown in 

Table 43a. 



APPENDIX 9 

SMOKING GROUP 
SYMPTOM .1 2 3 4 5 6 

GROUP d E d E* d E* d E* d E* d 
U)  

0 9.2 14 30.8 4 7.6 1 2.4 1 1.6 0 6.3 
b-I 1 
b-I 

U 2 1 1.6 10 16.9 3 2.1 1 0.9 0 0.5 1 1.4 
3 6 3.0 48 23.3 11 5.0 2 1.1 5 1.6 8 2.8 
4 1 1.5 8 6.3 0 1.6 0 0.4 0 0.2 5 1.6 
1 2 9.4 41 329 4 6.3 0 1.9 1 1.9 1 5.7 
2 0 1.6 29 16.3 1 1.7 1 0.8 0 0.5 1 1.3 

0.4 
U 

3 1 2.1 27 19.0 0 3.7 0 0.8 4 1.0 1 2.1 
4 0 1.2 4 5.0 0 1.2 0 0.3 0 0.2 0 1.2 

1 5 24.7 68 84.3 • 12 19.6 5 5.9 2 4.9 1 16.0 
2 2 4.4 49 43.5 5 5.2 2 2.2 0 1.3 2 3.6 

U) 3 12 7.3 99 57.1 18 12.6 4 2.7 10 4.0 11 6.9 
43 4.0 19 15.4 1 4.0 0 1.0 0 0.6 5 3.7 
1 26 52.0 185 180.1 32 40.3 10 11.7 12 10.3 18 33.5 

Dc 2 9 9.4 98 92.6 9 10.4 4 4.7 3 2.7 5 7.8 
UIL 

3 10 14.2 153 118.8 33 25.3 6 5.3 7 7.1 14 13.8 
4 6 7.9 41 31.0 11 8.1 2 2.2 0 1.2 4 7.4 

t-1  z 
1 48 98.1 316 337.6 62 76.0 18 22.5 22 19,8 29 62.8 1) 

Or.0 2 15 17.3 186 173.3 16 19.9 8 8.6 6 5.2 12 14.2 
3 33 27.4 295 221.6 63 47.8 12 10.1 23 14.7 30 26.0 z  
4 13 15.2 76 59.0 14 15.4 2 4.0 0 2.4 • 4__14.1 
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APPENDIX 10 Attempts to fit mortality results from two 

sub-groups to Cox's regression model, using 

a function of explanatory variables in the 

form of equation (23) 

Cox's model (22) imposes no restrictions on the form of 

the function h(z) although it is natural to think of h 

as monotonic. 	Required only is that each explanatory 

variable z is multiplied by a coefficient/ . 	Given 

some evidence of increasing relative hazard with 

increasing dust exposure (Figures 13 and 14) it seemed 

reasonable, as a first approximation, to consider 

specifications of h which included terms in z or log z. 

Results from such analyses are discussed in sections 

5.5.4, and 6.3.4.2-3. 	The table with this appendix 

records estimates of coefficients and their standard 

errors using (27) and (28) on data described in Table 

50. 	These results are expressed as relative hazards in 

Table 51. 

Figures 14a and d however suggest that both (27) and (28) 

may be gross oversimplifications of the real situation. 

The approximate linearity between CMF*fs  and log dust 

exposure illustrated there implies that the data correspond 

more closely to a function h which includes a term of the 

form 1og( 0  + 	1og z), where z here represents dust 

exposure. 	This type of model cannot be studied using 

(23)1... 



- 302 - 

Even ifPO   is assumed small relative to 	and is 

ignored, (23) provides no means for estimating 

An alternative approach to the data is to regard the 

logarithmic relationship in Figure 14 as indicating 

simply that the first derivative of the relative hazard 

function with respect to dust exposure approaches zero 

at moderately high cumulative exposure. 	This has an 

inunediate and sensible physical interpretation in terms 

of individual susceptibility to dust. 	The idea can be 

expressed as follows. 	"Miners susceptible to the 

effects of dust will be more likely to develop disease 

with increasing exposure, and consequently their chances 

of premature death will be increased. 	Others, less 

susceptible, will survive in the industry and will 

tolerate relatively high exposures with no ill effects." 

Several attempts were made to incorporate this concept 

within the form of (23) by including terms of the form, 

(z) 
	

where - 	where f(z) was put equal to z or to log z, 

s was taken as t (age at death) in one case, and as z in 

another; and where z was defined by (25) and (26). 

None of these experiments were successful. 	Iterative 

estimates of the constants diverged. 	It is not clear 

whether this is because the models are inappropriate for 

the data or whether it is primarily a computational 

difficulty. 	Work continues on the problem. 
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APPENDIX 10: Table 

Estimates of coefficients (b1) and their 

standard errors (SE) for models (27) and 

(28); (section 6.3.4.2) 

Notes 

All estimates are results from four iterations, 

with zero as initial values. 	Significant figures 

shown are restricted to the number justified by 

the change in the estimate between the third and 

the fourth iterations. 

Values of b3  for model (27) are shown multiplied 

by 100. 

Values of b5  were all less than 10 6. 	They have 

been disregarded. 



DUST iXPOSUR, LUNG DISSFS, 

COAIINiRS' MORTALITY 

irratum 

Page 304, Appendix 10: Table 

The section for 	RESPIRATORY DISEASES 

=—GROUP A 

MODEL (28) 

should read as follows: 

i I 	b1 	ss(b1) 

I I 	1.99 	1.02 

2 I 	0.91 	1.09 

3 1 	- 0.417 	0.244 
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Appendix 10: Table 

SUB-GROUP MODEL (27) MODEL (28) 

j b SE(b1) b1  SE(b1) 

A 1 0.709 0.299 0.703 0.299 

2 -0.050 0.346 -0.033 0.346 

3 -0.127 0.094 -0.140 0.148 

B 1 0.362 0.309 0.321 0.308 

2 -0.343 0.349 -0.417 0.356 

3 -0.241 0.105 -0.218 0.095 

A 1 2.03 1.02 1.99 0.91 

2 0.87 1.09 -0.417 0.244 

3 -0.396 0.204 -0.221 2.655 

B 1 0.820 0.755 0.840 0.755 

2 0.360 0.804 0.406 0.808 

3 0.137 0.170 0.167 0.233 

A 1 5 6 5 7 

2 4 7 4 7 

3 -0.946 0.630 -0.823 0.496 

B 1 0.726 1.070 0.747 1.070 

2 0.922 1.083 1.024 1.085 

3 0.326 0.197 0.391 0.323 

z 

ZL 
0 z 
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(Reprinted from Nature, Vol. 227, No. 5257, pp. 445-447, August 1, 1970) 

New Dust Standards for British Cod Mines 
There has been a pressing need to revise standards for permitted 
concentrations of dust in the atmosphere of coal mines. The National 
Coal Board's Pneumoconiosis Field Research, based on regular medical 
surveys of miners, began in 1952 and has led to the recommendation 
that there should be no more than 8 mg/m3  of dust in the return 
air leaving the coalface. This has been approved by the National 
Joint Pneumoconiosis Committee of the Ministry of Technology, 
and the new standards came into operation on April I this year. 

by 

M. JACOBSEN 
S. RAE 
W. H. WALTON 
J. M. ROGAN 

Institute of Occupational Medicine, 
Edinburgh EH8 9SU 

Tux control of pneumoconiosis in British coal mines is 
based on three measures, dust suppression, dust measure-
ment and medical supervision of the miners. Dust 
production is inherent in all methods of mining. If dust 
disease of the lung is to be kept under control and, if 
possible, gradually eliminated, then the production of 
respirable dust in the underground environment must 
not exceed safe levels. All major coal-producing countries 
have set dust standards which should not be exceeded, 
but the effectiveness of those standards is uncertain. The 
only scientific basis for dust standards is the relationship 
between dust conditions observed during a sufficiently 
long period of years and the development and progression 
of pneumoconiosis, which we shall discuss in this article. 
Our data derive from the National Coal Board's Pneu-
moconiosis Field Research'-'. 

Plan of Research 
This research began in 1952 with the broad aim, "to 

determine how much and what kinds of dust cause 
pneumoconiosis and to establish what environmental 
conditions should be maintained if mineworkers are not 
to be disabled by the dust they breathe"4. Twenty-five 
collieries distributed throughout the coalfields were 
selected for study. Collectively their underground 
conditions constituted a representative sample of British 
collieries as a whole. It was planned to establish a 
cumulative record of dust exposure for each man em-
ployed at these collieries, about 30,000 at any one time, 
to X-ray this population at regular intervals and then 
to demonstrate the relationship between dust exposure 
and the development of pneumoconiosis. There would, 
of course, be no relaxation of dust suppression at these 
collieries. 

Techniques 
Medical surveys were carried out at the collieries in 

sequence at intervals of five years. The first survey 
consisted of chest radiographs only—later tests of lung 
function and a questionnaire of respiratory symptoms 
were added. Every effort was made to ensure that the 
chest radiographs were of consistently high quality. As 
far as possible the same time of year was chosen for 
successive surveys at each colliery to avoid seasonal 
effects. The International Labour Office (ILO) classifica-
tion of simple pneumoconiosis' which sub-divides the 
appearance of simple pneumoconiosis according to a four 
point scale of increasing abnormality was used at the time 
of the surveys. In the study reported here the films were 
re-read using the National Coal Board (NCB) elaboration 
of the ILO classification devised by Liddell'. The  

relationship between the two classifications is shown in 
Table 1. 

The response of the miners to dusts of varying quality 
and composition was measured as the amount of radio-
logical change apparent in the chest radiographs obtained 
on the first and third surveys, that is during 10 years of 
observation. 

Eight medical workers (including S. R.) who had special 
experience in the radiological interpretation of pneumo-
coniosis assessed the pairs of films which were read 
side by side with the temporal order known. A change 
from any one point on the scale to the next higher point 
was considered one step of progression. 

Research staff stationed at the collieries carried out a 
continuous programme of airborne dust sampling and 
other environmental measurements. It was not, of 
course, practicable to monitor the individual dust exposure 
of every man every day, and so a stratified random 
sampling procedure was used. The number of shifts 
sampled yearly at each colliery—between fifty and 250—
depended on several factors, such as the size of the 
colliery population and the particular organization of 
work underground. In every case sampling continued 
throughout the working shift and included the period of 
travel between the bottom of the shaft and the work 
place. 

Although informed scientific opinion'.' would have 
preferred a gravimetric (mass) sampling method, no 
suitable instruments were originally available and the 
standard thermal precipitator', which involves a micro-
scopical count of the number of particles in the size range 
1-5 [Lm, was used. (The standards in force within the 
industry were also based on a number count of particles 
in the 1-5 rm range.) The proportion of non-coal mineral 
particles was evaluated and size distribution counts were 
made on one randomly selected sample in each shift. 

While the research was in progress reliable gravimetric 
sampling instruments were developed" (Fig. 1) which 
had a device, such as an elutriator, to exclude coarse non-
respirable particles from the sample taken. The aero-
dynamic process of particle selection resembles that of the 
human respiratory tract more closely than the selection of 
particles in a defined size range observed under the 
microscope. Samples are weighed and their composition 
can be analysed. 

Table 1. CLASSIFICATIONS OF PNEUMOCONIOSIS 

ILO 	 0 	1 	 2 	 8 
NCB elaboration -'------- -'---- --------- 

of ILO 	0/- 0/0 0/1 1/0 1/1 1/2 211  2/2 2/3 3/2 8/3 3/4 



Conversion of the dust counts obtained by thermal 
precipitator to an estimated gravimetric equivalent 
began in 1965. Trials were set up at each colliery in 
which thermal precipitators and NCB—MRE gravimetric 
dust samplers type 113A10  were operated side by side and 
the results were compared. The first results showed that 
the ratio between the two measurements was very variable 
from one colliery to another, varying between 78 and 382 
mg/m3/thousand particles/em", with a mean of 16'4. 
Thus the ratio could not be reliably estimated from the 
number concentration, size distribution and other data 
available from the thermal precipitator sampling. The 
relationship was therefore studied experimentally for 
the various classes of mining operation within each 
colliery and the results were applied to earlier thermal 
precipitator measurements made in similar conditions so as 
to derive the corresponding mass concentrations. The 
relationship between number and mass was reasonably 
stable in each particular operation. The gravimetric 
samples were also analysed for ash, quartz, kaolin and 
mica, iron and soluble carbonates. 

Analysis of Results 
By 1967 three medical surveys had been completed at 

twenty of the twenty-five collieries. At this juncture we 

T 

Parallel plate elutriator 

Glass fibre or membrane filter 

Filter 
clip 

Motor 

Smoothing  
reservoir ROTAME 

	

/ 	\ / 	
Terylene backing filter 

	

Adjustable crank 	Valves Pump 

Fig. 1. The MPE gravimetric sampler; (a) exterior, and (b) diagram of 
interior. Developed at the National Coal Board's Mining Research 
Establishment, this instrument has been used for routine dust sampling in 
British coal mines since April 1070. The design is based on particle 
selection principles which simulate the behaviour of the human respira-
tory tract in a dust cloud. Respirable dust collected is weighed. The 
instrument used previously necessitated a count of the number of 
particles in a defined size range deposited on a microscope slide. The 
mass concentration of respirable dust is considered to be the best index 
to the health hazard underground, and this measure is now used to 

monitor compliance with new dust standards. 

decided to begin an extensive analysis of our data rather 
than wait until the remaining collieries had been surveyed. 

Because workers at the coalface are most at risk and 
because their dust exposure had been characterized in 
most detail, a sub-population was selected for study. 
This comprised men who had been employed at the coal-
face when all three surveys were carried out (the FFF 
group), together with those employed at the coalface at 
the time of the first and second surveys and elsewhere 
underground at the time of the third survey (the FFE 
group). In all, this was 4,122 men. 

We considered each colliery individually, and related 
the dust dosage, expressed as a moan coalface dust con-
centration for the ten years between the first and third 
medical surveys, to the response, expressed as the total 
amount of radiological progression among the workers at 
the coalface of that colliery. The first stage in our 
analysis revealed a significant overall correlation between 
the number of steps of progression per million shifts 
worked at the face in each colliery and the mean mass of 
dust (r=0-80), as well as the mean mass of the coal 
fraction in the dust (r=0.82). A much lower coefficient 
of correlation (r = 0.44) was obtained when concentrations 
of dust were expressed as particles/em. Thus the con-
version to mass units by means of the mass/number 
indices substantially improved the correlation between the 
measure of environmental hazard and the radiological 
response. Variations in regression coefficients depending 
on differences between readers and differences between the 
FFF and FFE groups were not statistically significant. 

Further analyses led to the fitting of relationships 
between the proportion of men who progressed from three 
different classifications, 0/0, 0/1 and 1/0, at the first 
survey and a group of three environmental variables, 
namely the mean concentration of dust, the mean mass 
of quartz in the dust and the mean percentage of quartz 
in the dust. These analyses were based on results from 
91 per cent of the 4,122 men in the study, and yielded 
multiple correlation coefficients of 087, 072 and 052 
respectively for the three different initial classifications. 
Similar treatment of results from the other 9 per cent of 
the population, whose first films were classified below and 
above the range 0/0 to 1/0, yielded much lower correlation 
coefficients. 

The proportions of men progressing, as well as the rate 
of increase in such proportions relative to dust concentra-
tion, were significantly lower among those whose films 
from the first medical survey showed no signs of pneu. 
moconiosis. 

Estimates of probabilities of men progressing from s 
given starting point to another point on the radiological 
scale, in given mean dust conditions during ten years 
were derived from the fitted equations and the observed 
marginal distributions of abnormality at the last inedica. 
survey. The results constituted the elements of twent3 
transition matrices (one for each colliery) from whici 
Markov chain calculations provided estimates of prob,  
abilities that men without pneumoconiosis (category 0/0 
cross the boundary between ILO category 0 and 1 01 

that between categories 1 and 2 during a thirty-five yea 
working life at the coalface. These probabilities (Figs 
2a and b) are of particular interest as there is genera 
agreement that the likelihood of becoming disabled i: 
greatly increased if the condition progresses beyon 
category 2. Furthermore, they have an immediati 
bearing on the control of pneumoconiosis, for there i 
rarely, if ever, significant progression if the subject i: 
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Fig. 2. Probabilities of contracting simple pneumocouiosis (a) category i/O or greater, and (b) 
category 2/1 or greater, after 35 years exposure to dust, starting from category 0/0. Relationships 
are derived from observed initial and final categories of pneunioconiosis after 10 years exposure in 
twenty collieries with different mean dust concentrations. Fitted curves are based on arc-sin trans-
formations of estimates from Markov chain calculations. Transition matrices were obtained from 
multiple regression equations and observed distributions of radiological classifications. Ninety-five 
per cent confidence limits refer to the probability estimates, not to the variability associated with the 
measurements of dust concentration in the research. They are based on the assumption that the 
probabilities are distributed binomially, and reflect the uncertainty of radiological response to given 
specific dust concentrations, resulting from difficulties of X-ray classification and differences in response 

between individuals. - - -, Extrapolated; ' 	, 95 per cent confidence limits. 

emoveci from the dusty environment at an early stage 
f the disease. Caution should be exercised in applying 
he results to groups exposed to concentrations outside 
he observed range, 1'2 to 8'2 mg/ml of respirable dust. 
t should also be noted that a few young men, experiencing 
bnorrnaily rapid progression between the first and second 
sedical surveys, were advised to move away from the 
oalface. Thus our probability estimates may be slightly 
versanguine if applied to a coal mining industry which 
Las no system of medical supervision. 

The results from this study did not show that the effect 
f the quartz content of the dust at the concentrations 
ncountered (08-7'8 per cent colliery mean concentra-
ions) was statistically significant at a conventionally 
ccepted level (P_0'3). Certain trends were, however, 
bserved and these will he used as a guide in the next stage 
f the analyses. 

;tandards for British Coal Mines 
The foregoing probability estimates can be translated 

rito dust standards for coal mines, irrespective of the 
nethod of mining, by relating the colliery mean concentra-
ions used in our analysis to dust measurements obtained 
y the most appropriate routine system of sampling. 
t is, of course, unrealistic to establish a standard which is 

severe that it cannot be met with contemporary 
echniques of dust suppression. 

In British coal mines the most convenient place at which 
sample coalfaces is a fixed point in the return roadway. 

['here the ventilating current of air has picked up dust in 
ts passage along the face and the concentration on average 
xceeds the coalface mean concentration as measured in 
his study by a factor of 14. If this standard is to 
epresent a maximum concentration the relationship 
)etween the dust concentration on the dustiest face and 
he mean face concentration for the whole colliery has 

also to be considered—the former exceeds the latter by a 
factor of 132. Taking these factors into account, the 
National Coal Board recommended a standard for 
coalfaces of 8 mg/ml based on average concentrations 
throughout the working shift. This corresponds to a 
figure of 43 mg/m3  on Fig. 2a and b. As no quantitative 
conclusions concerning the relative hazards of coal and 
stone dusts had emerged at this stage a standard of 
3 Mg/M3  for work in stone was recommended. This 
simply maintains the differential in the earlier standards 
for coal and stone dust. These recommendations 
were accepted by the Ministry of Technology. 

Application of previous standards together with periodic 
medical examination has effected a marked reduction in 
pneumoconiosis in the coal mining population12. The 

new standards should make it possible to intensify this 
trend. Meanwhile we shall continue research, both 
epidemiological and experimental, on the relationship 
between pneumoconiosis and dust, based on men's 
individual exposure. 
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THE RELATION BETWEEN PNEUMOCONfOSIS AND 

DUST-EXPOSURE IN BRITISH COAL MINES 

M. JACOBSEN, S. RAE, W. H. WALTON and J. M. ROGAN 

Institute of Occupational Medicine, Edinburgh, Scotland 

Abstract -Results from the National Coal Board's Pneumoconiosis Field 
Research are reported. A study has been made of a cohort of 4122 face workers 
covering a 10-year period of observation. The findings have been used as a basis 
for the definition of new British dust standards in terms of the mass concentration 
of respirable dust. 

INTRODUCTION 

FIVE years ago at the second symposium on Inhaled Particles and Vapours ROGAN 
et al. (1967) presented an interim review of progress in the National Coal Board's 
Pneumoconiosis Field Research (P.F.R.). The research had been conceived in 1951. 
Detailed planning began in 1952, and in 1953 the medical survey teams started their 
work in the field. The 25 collieries up and down the country selected for the research 
were visited at five-year intervals, and the medical examinations included a full-size 
chest X-ray of every man working in the pits who agreed to participate. At the time 
when the interim review was made the second round of surveys had been completed 
and work on the third round was continuing. The environmental conditions in the 
25 pits had been characterized by the full-time field-investigators, and data relating 
to the first inter-survey period, that is up to the time of the second medical survey, 
were summarized in that report. Progress that had been made in the development of 
sampling instruments was reviewed, and in another paper at the same symposium 
HAMILTON et al. (1967) described the results of preliminary studies with new portable 
gravimetric dust samplers. At that time British dust standards were expressed in 
terms of the number of particles, in a defined size-range, per unit volume of air. 
Progress in the development of new sampling instruments made it likely that new 
standards would be required in terms of the mass concentration of respirable dust. 
In their discussion ROGAN et al. (1967) emphasized the need for early guidance from 
the P.F.R. on this question of gravimetric standards. Attempts to correlate informa-
tion on radiological progression of pneumoconiosis in the first inter-survey period 
with the corresponding environmental data were reported, but the correlations were 
poor. The authors focused attention on a number of factors thought to be contribu-
ting to the apparently low correlations and indicated what steps were being taken to 
overcome the problems. 

In 1969 the P.F.R. reported to the National Joint Pneumoconiosis Committee 
(N.J.P.C.) of the Ministry of Technology on the results of a special analysis of their 
data. The main findings have been summarized by JACOBSEN et al. (1970). The results 

903 
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from this study were used by the National Coal Board (N.C.B.) in their preparation 
of recommendations for new dust standards in terms of mass concentrations.* These 
recommendations were accepted by the N.J.P.C. in September 1969 and the new 
standards came into operation in April 1970. 

In the present paper we will discuss how the P.F.R. approached some of the 
problems defined by ROGAN et al. (1967), and present some further results that have 
emerged since the recommendatiQns were made to the N.J.P.C. 

SELECTION OF SAMPLE 

The decision to begin the special study was taken in 1967. At that time the third 
medical survey had been completed at 20 collieries only. ROGAN et al. (1967) had 
anticipated that cohort analyses would be required in order to produce convincing 
correlations. In their Figures 3 and 4 they had demonstrated, by reference to early 
results from one colliery, that on average the highest dust exposures were experienced 
by men who had worked longest at the coal-face. Furthermore, for such men the 
distribution of exposures about the mean was approximately symmetrical and the 
range was wide enough to include most of the exposures found for other men. Pro-
gression of disease during the first inter-survey period was most marked among men 
who had worked at the face at the first survey and elsewhere underground at the 
second. The next highest progression was recorded for men who had worked at the 
face at both surveys. These were the main considerations which determined the 
definition of the sample of men for special study. Only those who had been examined 
at all three medical surveys at the 20 pits and who had not been exposed to noxious 
dust outside the colliery during inter-survey periods were considered. From among 
such men, those who had worked at the face at all three surveys (2997 men) and 
those who had worked at the face at the first two surveys and elsewhere underground 
at the third survey (1125 men) were included in the final sample. There were 426 other 
men who would have been included by the above criteria but who were excluded 
because of poor quality X-ray films (26) or incomplete records (400). Table I gives the 
age distribution of the 4122 men studied. 

Calculation of their individual dust exposures has been completed recently and 
these are shown in Figure 1, expressed as gram-hours per cubic metre. 

TABLE I. AGE DISTRIBUTION OF MEN STUDIED, AT THIRD MEDICAL SURVEY 

Age (years) 

25-29 —34 —39 —44 —49 —54 —59 60+ Total 

88 268 541 819 743 735 573 355 4122 

RADIOLOGICAL ASSESSMENT OF PROGRESSSION 

RAE (1967) reviewed problems in the radiological assessment of pneumoconiosis as 
seen in the P.F.R., and in their discussion of earlier analyses ROGAN et al. (1967) 
mentioned three factors concerned with the radiological data which were likely to 

* Throughout this paper mass concentrations of airborne dust refer to the respirable fraction 
(HAMILTON & WALTON, 1961) as measured using the N.C.B./M.R.E. Dust Sampler Type 113A 
(DUNMORE et al., 1964). 



The Relation between Pneumoconiosis and Dust-Exposure in British Coat Mines 	905 

have made correlations with dust concentrations more difficult. Firstly, progression 
of the disease during a single five-year inter-survey period was relatively small. The 
two inter-survey periods in the study being reported now cover a ten-year interval 
approximately and provide a correspondingly increased range of data. 

PERCENT FREUENCY 

10 

10 20 30 48 50 60 70 80 90 100 120 
	

>125 
DUST EXPOSURE lghIm3l 

Fiouia 1. Percentage frequency distribution of dust exposures of 4122 face workers, integrated 
over ten years. 

Secondly, the International Labour Organization's classification of simple pneumo-
coniosis (INTERNATIONAL LABOUR ORGANIZATION, 1953) which was used by ROGAN 
et al. (1967) to categorize films was a relatively crude instrument for measuring pro-
gression. The four categories on that scale provided only three inter-category 
boundaries and only movements across these three boundaries could be used as an 
index of progression. Movements within a category of abnormality were not identified. 
During the course of the research the N.C.B.'s Medical Service had been working on 
an elaboration of the I.L.O. classification for use in the Board's Periodic X-ray 
Scheme (P.X.R.) (LIDDELL & MAY, 1966). This "N.C.B. elaboration" divides each 
of the four categories defined by the standard I.L.O. films into three sub-divisions, 
thus providing 12 categories for classification of films and 11 boundaries over which 
progression might be assessed. Comprehensive trials of the use of the elaboration, 
involving both P.X.R. and P.F.R. film readers, have been reported by LIDDELL & 
LINDARS (1969) and these showed the elaboration to be a valid and improved tool 
for classifying radiographs of men with pneumoconiosis. The principle of the 12-point 
scale has been embodied in I.L.O.'s Extended 1968 Classification (INTERNATIONAL 
LABOUR ORGANIZATION, 1970). 

Pilot trials by P.F.R. film readers (RAE, 1970) indicated that using the elaboration, 
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progression over the ten-year period of interest could be read effectively by con-
sidering only the films made at the first and last surveys. From the point of view of 
assessing progression little was to be gained by reading the intermediate film from 
the second survey. For these reasons the N.C.B. elaboration was used to re-assess 
each of the 4122 pairs of films spanning the ten-year periods, by eight film readers 
in the Board's Medical Service. Each reader read every film. The film readers worked 
independently and the order in which film-pairs were presented to them was arranged 
according to a statistical design so that possible temporal variation in reading 
standards during the course of the exercise would not bias the results. 

Thirdly, ROGAN et al. (1967) commented on the fairly substantial proportion of 
apparent regression of simple pneumoconiosis shown in their results. While not 
ruling out the possibility that regression of the disease may be a real phenomenon, 
they drew attention to the fact that independent reading of films from a pair, which 
was the procedure adopted to provide the data they recorded, was likely to give rise 
to more random reading error and more spurious regression than the convention of 
reading pairs of films from the same man side-by-side. On the other hand the side-by- 
side reading method also has serious disadvantages. These arise from a possible 
subjective bias in reading which may tend to mask real regression where it occurs and 
may also affect in other ways the amount of progression read. These matters have 
been debated in the literature (LIDDELL & MAY. 1966; OLDHAM, 1968) and it is clear 
that while a format statistical approach based on the principles of experimental design 
favours the independent and randomized reading of films, factors such as possible 
variation in radiographic technique between two series of films and intra-observer 
variation in reading standards over even short periods of time make the side-by-side 
approach attractive. 

Time did not permit the reading of all film-pairs by all readers and both methods, 
but a series of pilot trials were carried out in which the two different approaches, and 
some variants, were compared using P.F.R. films and P.F.R. readers (RAE & MORGAN, 

1970). The conclusions reached were that the amount of progression assessed using 
the independent-randomized and side-by-side procedures was very similar, but that 
independent-randomized readings were associated with substantially increased intra-
and inter-reader variability. On this basis the decision was made to read film-pairs 
side-by-side, with temporal order known. 

Table II shows the results from the film readings using the N.C.B. elaboration. In 
order to construct Table II, results from each reader were treated as scores on a 
12-point scale and the scores were summed. The figures in the Table are based on 
mean scores rounded to the nearest integer. Where the mean score fell exactly midway 
between two points on the scale a random procedure was used to round up or down. 

The 8 x 2 x 4122 = 65 952 film classifications have been studied in detail. They 
provide 56 comparisons between readers classifying sets of 4122 films. Overall, 
readers agreed in their classification 72% of the time. The poorest agreement recorded 
was 59% of the total possible; the best was 82%. 

CONVERSION OF PARTICLE-COUNT CONCENTRATIONS 
INTO MASS UNITS 

The instrument used for measuring dust concentrations when the research began 
was the Standard Thermal Precipitator (S.T.P.), (WATSON, 1936-37). Samples collected 
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TABLE H. "SIDE-BY-SIDE" CLASSIFICATION OF PAIRS OF FILMS FROM 4122 FACE WORKERS INTO N.C.B. 
ELABORATION OF I.L.O. CLASSIFICATION, BY EIGHT FILM READERS 

(INTERVAL BETWEEN FILMS: APPROXIMATELY 10 YEARS) 

Classification of film from first survey 
Third 
survey 0/— 0/0 0/1 I/O Ill 1/2 2/I 2/2 2/3 3/2 3/3 3/4 

Total 

0/- 5 5 

0/0 6 2927 5 2938 

0/1 176 233 2 411 

1/0 30 99 105 1 235 

1/1 12 29 58 46 1 146 

1/2 6 14 24 28 42 2 116 

2/1 5 5 10 24 31 28 1 104 

2/2 1 6 3 4 8 23 32 2 79 

2/3 1 2 2 9 19 21 54 

3/2 1 2 4 8 14 29 

3/3 1 2 2 5 

3/4 0 

Total 11 3157 391 204 106 86 62 56 31 16 2 0 4122 

were examined microscopically, and the number of particles in the size range 1-5 jm 
per cm-' of sampled air was recorded routinely up to the third medical surveys at all 
pits. The method of sampling in the research and its relation to the procedure used 
by the N.C.B. for routine dust sampling is discussed by CHAMBERLAIN et al. (1971). 
In the research, size distribution counts were made on one representative sample 
collected in the course of each shift covered by the sampling programme. R0GAN 

et al. (1967) describe how a factor fi, the coefficient in an equation relating the 
frequency of occurrence of particles to their diameters, may be used to obtain a 
theoretical conversion of a particle-count concentration to an equivalent mass 
concentration. Such conversions were made with their data relating to the first inter-
survey period but the correlations between the radiographic results and the estimates 
of mass concentrations were no better than those found using particle-count con-
centrations. 

Preliminary results from field studies in which S.T.P. and M.R.E. gravimetric 
samplers (DUNMORE et al., 1964) were used side-by-side were mentioned by ROGAN 

et al. (1967). These trials were continued until experimentally derived conversion 
factors, mass-number indices, were available for the main types of mining operation 
within each colliery defined in the research sampling programme. The mass-number 
indices were adjusted for differences between overlap corrections (ASHFORD et al., 

1963) made on S.T.P. concentrations measured in the P.F.R. field routine and those 
required on S.T.P. samples taken during the course of the comparative instrument 
trials. With the assumption that the relationship between mass and number con-
centrations had varied only randomly during the course of the research it was felt 
that conversion of the accumulated S.T.P. data using the adjusted mass-number 
indices would give a better estimate of true mass concentrations than had been 
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possible using the P factors. The differences between the results from these two 
approaches to estimating mass concentrations are discussed in another paper to this 
symposium (DODGSON et al., 1971). 

ESTIMATION OF DUST EXPOSURES 

The research strategy was designed to provide data in the form of cumulative 
exposures for each man in the 25 pits (FAY & RAE, 1959). Throughout the years, 
detailed records have been kept of the time spent by each man in the occupational 
groups defined by the dust sampling programme. The formidable task of integrating 
this information with dust concentrations collected over the years was delayed 
inevitably by the necessity to complete the overlap corrections mentioned above and 
by the decision to convert from number to mass concentrations. The exposure data 
shown in Figure 1 were not available when the statistical analysis of results began but 
it had been possible to complete calculations of mean mass-number indices for each 
of the 20 pits included in the study. The mean S.T.P. concentrations for all face 
occupational groups sampled between the first and third medical surveys were also 
available and thus estimates of mean concentrations, in mass units, were calculated 
for each colliery. 

These were the 20 mass concentrations used in the analyses described below. 
Results from more recent work show that although some men spent a significant 
proportion of their working time away from the coal face, these concentrations, based 
on face occupational groups only, do correlate extremely well with the mean dust 
exposures of the men concerned (r = 094; see Figure 2). The exposures were calcu- 

MEAN DUST 
CONCENTRATION ( mq/rn3 ) 

0 20 40 60 80 100 120 140 160 180 
MEAN DUST EXPOSURE (gh/m3  ) 

FIGURE 2. Colliery mean dust concentrations (based on face occupational groups) and mean 
dust exposures for 4122 face workers in 20 collieries. 
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lated from the detailed records of attendance within all occupational groups, including 
those away from the face. The mean of all 3464 occupational group concentrations 
contributing to the exposure calculations was 386 mg/m3 ; the mean of the 20 mass 
concentrations based on face occupational groups alone was 4 14 Mg/M3. 

CORRELATION OF RADIOLOGICAL AND ENVIRONMENTAL 

DATA 

Other Environmental Variables 

Environmental data available for the correlation studies included also, for each pit, 
values of the mean percentage carbon in the coal, the mean percentage non-coal 
particles in the dust and an estimate of the mean percentage quartz in the dust. The 
mean percentage non-coal data were obtained from results of microscope counts on 
face samples in the routine field work. Quartz analyses had been made on bulked 
samples collected in the course of the comparative ttials leading to the derivation of 
the mass-number indices. On the assumption that the quartz content of the ash from 
these samples was similar to the quartz content in the non-coal fraction of routine 
samples collected earlier it was possible to estimate the percentage quartz associated 
with the colliery mean dust concentrations. These matters are discussed further in the 
paper by DODGSON et al. (1971). 

Preliminary Correlations 

In most of the pilot trials referred to above (RAE, 1970; RAE & MORGAN, 1970) 
progression data had been expressed in the form of progression scores on the N.C.B. 
elaboration. A movement from one category on the scale to the next higher was 
counted as a progression score of unity; movement upwards across two boundaries 
on the scale was counted as 2, and so on. Thus it was convenient to make an initial 
study of each reader's progression readings using these scores. The results from each 
colliery were expressed as the total number of steps of progression in a colliery per 
million shifts at the face worked by the men concerned (PIT). This aggregate index of 
progression for each colliery was then related to colliery mean environmental data in 
various combinations. Statistically significant correlations between PIT and mean 
mass of dust were obtained from each reader's results. By treating PIT as a continuous 
variable it was possible to compare readers' results using a conventional analysis of 
covariance. The analysis showed that one reader read very much more progression 
overall than his colleagues, but the eight slopes relating PIT to mean dust concentra-
tions did not differ significantly. The latter finding was particularly important since 
it showed that notwithstanding fairly substantial differences in the total amounts of 
progression recorded, the readers were consistent in their independently arrived at 
assessments of how the radiologically defined hazard to health increases with increasing 
exposure to dust. Such a conclusion provides the justification for pooling results from 
all eight readers in order to produce a "best" estimate of the relationship. Figure 3 
shows the pooled results together with the fitted slope. The correlation coefficient for 
the 20 points based on all readers' results was 080— a value very unlikely to be due 
to chance. 

A similar analysis was made to compare results from 2997 men who had worked 
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at the face at the time of all three medical surveys with results from the other 1125 men 
who had been elsewhere underground at the time of the third survey. Again, the 
fitted slopes (this time based on the pooled progression readings from all readers) 
were very similar. The mean progression score for the group that was still working 
at the face at the third survey was marginally lower than that from the other group. 
This result is consistent with findings of ROGAN et al. (1967) in their analysis of data 

from the first inter-survey period. 

PROGRESSION (P/T) 

MEAN DUST CONCENTRATION (mg/rn3) 

FIGURE 3. Relation between total steps of progression on NCB elaboration of ILO classification 
per million shifts worked at the coal face, and mean dust concentrations in 20 collieries. 
Progression parameter based on mean results from 8 film readers. Line fitted by method of 

Least Squares. 

Quartz 

The estimates of quartz concentrations used in these analyses correlated poorly 
with the radiological results. Although an effect was identified and allowances were 
made for it in subsequent analyses described below, the variability in results (P 	03) 

did not justify formal quantification of a quartz factor. 
The relatively poor correlation was not altogether surprising since it was known 

that concentrations of quartz in dust were very variable and high concentrations, 
where they occurred, were likely to have affected relatively few of the 4122 men. If 
an effect due to quartz was present then it was likely to have been obscured when 
mean data were being considered. 

A more useful assessment of the role of quartz is likely to require consideration of 
exposures of individual men. Such studies are in progress using P.F.R. data. The 
quartz concentrations being used are based on more recently completed laboratory 
analyses of bulked samples from the routine sampling programme, as opposed to the 
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estimated concentrations based on limited sampling in the course of the comparative 
instrument trials. Early results show that contrary to what has been demonstrated in 
Figure 2 for total respirable dust, the mean quartz concentrations used in this study 
were poor estimates of the mean exposures experienced by the men. Thus it is hoped 
that the continuing analyses will provide clearer guidance on the relationship between 
quartz in dust and the progression of simple pneumoconfosis. 

The non-quartz mineral content of the dust, calculated (by difference) from the 
data on percentage quartz and the proportion of non-coal particles, was, of course, 
related inversely to the quartz content as estimated. The difficulties described above 
concerning estimates of quartz concentrations thus apply equally to the non-quartz 
mineral fraction. Data now being studied include results from laboratory analyses 
of kaolin and mica in bulked samples from the routine environmental monitoring. 

Coal Rank 

An apparently greater hazard associated with high-rank (anthracite) coals mined 
in South Wales, as opposed to coal mined elsewhere, has been noted by previous 
workers. Early (unpublished) efforts to correlate P.F.R. radiological data with 
particle-count dust concentrations appeared to be consistent with this observation 
in that some improvement in the correlation was observed when S.T.P. data were 
corrected for differences in carbon content. This finding was confirmed when dust 
concentrations used in the present study were expressed as particle-counts. However, 
when the concentrations were expressed in mass units using the mass-number indices, 
corrections for coal rank based on the carbon content of the dust did not improve 
the correlation. It thus appears that what was previously thought to be an effect 
associated with type or rank of coal is adequately comprehended by measuring the 
concentration of respirable dust in mass, as opposed to particle-count units. This 
vindication of the repeatedly expressed view that the mass of respirable dust is the 
best index to the health hazard (MAvROG0RDATO. 1939-40; BEDFORD & WARNER, 

1943; HAMILTON & WALTON, 1961; ORENSTEIN, 1960) is illustrated dramatically by 
comparison of results from the five collieries in South Wales with those from the 
other 15 collieries. Of the men with no signs of dust retention at the beginning of the 
ten-year period the percentage showing evidence of radiological progression on the 
N.C.B. elaboration averaged l49% for the five pits in South Wales and 75% for 
the other 15 pits. Yet the mean particle-count concentrations were lower for the 
Welsh pits (212 particles/cm3) than for the others (284 particles/cm3). After conversion 
to mass concentrations the situation was reversed, with mean concentrations 
527 mg/m3  and 376 Mg/M3  respectively. 

RISKS OF CONTRACTING PNEUMOCONIOSIS 

The standard way in which risks are quantified from observed data is by expressing 
the frequency of an observed event as a proportion of the total number of events 
possible. In the present context the event of interest is progression of simple pneumo-
coniosis. More particularly it is necessary to show how such risks, or probabilities, 
vary under different environmental conditions. The radiological results from each pit 
together with the colliery mean environmental data provide a basis for a probability 
study of this kind. 
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Consideration of the summarized results from all pits in Table II provides strong 
evidence that the probability of progression on the N.C.B. elaboration depends to a 
large extent on the initial state of the man at risk as reflected in the classification of 
the earlier film, quite apart from the dust concentrations to which the man was 
exposed during the ten-year period of this study. This effect is demonstrated in 
Table Ill. 

TABLE III. COMPARISON OF RESULTS FROM MEN WITH AND WITHOUT EVIDENCE OF OPACITIES ON 
FIRST FILM 

Median Mean dust Mean quartz 

Classification of first film 
Number age 

or 	(Pent) 
at 

third survey 
exposure exposure 

men 
(years) (g him') (g hl-3) 

0/— or 00 	Prgressors 236 	(8) 44 960 226 
Others 2932 	(92) 43 658 1-72  

0/1 or 	Progressors 417 	(44) 50 925 1-76 
greater 	Others 537 	(56) 51 809 164 

All men 4122 44 722 174 

There were 3168 men whose earlier X-rays were classified as 0/— or 0/0; 236, that 
is 7%, of these men progressed over the ten years. Among the other 954 men whose 
earlier films showed at least some signs of dust retention (category 0/I and higher) 417, 
that is 44%, progressed. This disproportion is very unlikely to be due to chance and 
recently obtained data confirm that it is not due to differences in dust exposures of the 
individuals concerned in the ten-year period under consideration. 

WISE & OLDHAM (1963) have reported a similar differential probability of pro-
gression depending on starting category; these authors used the 4-point I.L.O. 
classification of pneumoconiosis. It is tempting to speculate on possible reasons for 
the effect noted. Analysis showed that the age distributions of men who progressed 
and those who did not were essentially similar. A possible explanation is that some 
men are inherently more susceptible to the effect of dust than others. If this is so then 
the search for an index which might identify susceptible men early in their working 
lives is of prime importance. Continuing analyses of P.F.R. data may assist in this 
matter. 

Table IV shows the main medical and environmental data for each pit. (The 
exposure results were not available when the analysis reported now was made.) 

When the percentages of men progressing from three different starting categories 
were related to the mean colliery dust concentrations, the statistically fitted curves 
shown in Figure 4 were obtained. The estimated mean mass concentrations of quartz 
as well as the proportion of total respirable dust represented by the quartz fraction 
were included in the fitted multiple regression equations. For illustrative purposes 
the quartz fraction has been held constant at 5% in Figure 4. The lower slope of the 
curve corresponding to progression from category 0/0 differed significantly from 
slopes corresponding to progression from points higher on the elaborated scale. This 
suggests that not only did men who began the research with some evidence of dust in 
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their lungs show more progression overall but their apparent susceptibility to varying 
dust concentrations also increased as the dust concentrations increased. 

The overall statistical "fit" of the data to the curves shown in Figure 4 was good - 
multiple correlation coefficients were 087, 0-72 and 0-52 for starting categories 0/0, 
0/1 and 1/0 respectively. Attempts to fit similar relationship using results from the 
remaining 9% of the men, who started higher up the scale (category 1/1 and higher), 
were less successful. This was due partly to the fact that much smaller numbers were 

TABLE IV. PROGRESSION, ENVIRONMENTAL AND EXPOSURE DATA FOR COHORT OF 4122 FACE WORKERS 

OVER APPROXIMATELY TEN YEARS BETWEEN FIRST AND THIRD MEDICAL SURVEYS 

N 
'/ Progressing Mean environmental data Mean exposures 

ber 
from category 

Coalfield Colliery of 
Non- %M / N I 

Dust Dustt Quartzt 

men 010 0/I I/O Carbon coal Quartz • 
conc.t 

(mg/ml) (g h/rn1 ) (g h/rn3) 

Scottish SC! 234 0-0 00 00 84-1 36 43 78 160 30-0 049 
SC2 319 1-0 56 33-3 85-4 42 5-5 9-3 1-60 31-4 0-78 
SC4 129 0-8 0-0 0-0 820 62 58 10-6 120 20-3 0-43 
SC5 254 1-7 12-5 1000 82-6 43 3-0 8-4 3-40 46-0 238 

Northumber- NH! 113 00 20-0 0-0 840 43 3-0 8-3 1-60 33-2 0-00 
land 

Cumberland Cl 261 82 40-9 31-6 869 44 6-8 13-9 440 68-6 1-50 

Durham Dl 293 37 250 30-0 86-3 35 3-4 17-3 5-00 87-3 1-37 
D2 281 18-9 48-6 579 89-7 33 5-9 13-7 4-80 832 207 

Yorkshire Yl 268 38 36-8 454 85-3 43 6-2 12-3 2-60 48-7 1-82 
Y2 160 17-8 600 750 85-2 51 7-8 16-5 4-50 71-9 2-40 

Lancashire Li 80 250 61-5 75-0 878 19 12 13-8 7-20 172-1 1-60 

North Wales NW1 196 142 17-9 35-0 84-9 39 6-9 140 5-90 94-6 3-11 

Notts. NTI 291 103 368 66-7 81-1 51 5-1 13-9 5-90 135-7 5-00 

Warwick WI 215 27 37-5 429 81-8 42 42 12-6 2-50 39-1 1-43 

South Wales SWA1 99 197 647 50-0 940 31 3-2 38-2 500 750 1-54 
(Anthracite) SWA2 76 2-7 308 22-2 927 19 0-8 234 445 596 155 

South Wales SWS1 161 14-5 462 76-5 91-2 18 2-2 17-1 3-60 58-7 1-21 
(Steam coal) SWS3 146 26-2 657 600 91-9 20 2-3 23-3 820 148-1 179 

South Wales SWB1 335 11-4 444 46-2 90-6 28 2-8 284 5-10 98-1 2-17 
(Bituminous) 

Kent Ki 211 4-3 20-0 33-3 88-6 32 2-0 24-9 420 70-1 188 

All Collieries 4122 7-3 39-1 47-6 86-8 36 4-1 16-4 414 72-2 1-74 

* M.N.I.: Units for mass-number indices are Mg/M3t  per 1000 particles I to 5 urn/cm3. 
t Respirable fraction. 
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involved, and also to the related fact that increasing numbers of collieries (with 
lower mean dust concentrations) contributed no information at all, since no men in 
these collieries started the research with advanced signs of simple pneumoconiosis. 
The three equations fitted provide the most reliable estimates so far obtained from 
the data of the probability of progressing from three different starting categories, 
under varying mean dust concentrations, over a ten-year period. 

Pr I x ) 

60 

50 

20 

= 1/0 

/ x0/1 

=0/0 

10F  

0 	1 	2 	3 	4 	5 	6 	7 
MEAN OUST CONCENTRATION I mg/0) 

FIGURE 4. Pr(x) = Percentage of men progressing in ten years from point (x) on the NCB 
elaboration, with 50/  quartz in dust. 

(Fitted lines from multiple regressions using angular transformations of proportions progressing.) 

The task of assessing risks associated with varying dust concentrations can be made 
more specific by reference to the classical work reported by COCHRANE (1962). That 
epidemiological study of Welsh miners showed that the risk of developing complicated 
pneumoconiosis (P.M.F.) is increased substantially when men show evidence of 
I.L.O. category 2 simple pneumoconiosis. On the N.C.B. elaboration, classification 
in category 2/1 is the first evidence that a man has entered that part of the abnormality 
continuum defined by I.L.O. category 2 (LIDDELL & LINDARS, 1969). Attention was 
focused therefore on estimating the probability that men who show no evidence of 
simple pneumoconiosis (category 0/0) progress to category 2/1 or higher. Figure 5 
shows such probabilities for varying mean dust concentrations over a 35-year period 
of exposure. The manner in which the results from this study were extrapolated to 
provide these estimates is summarized briefly by JACOBSEN et al. (1970) and further 
details will be published. The curve shown in Figure 5 is defined by the equation 

= sin2  (00704x - 0.1201) 	 (1) 

where P211  = probability of progressing from category 0/0 to category 2/1 or higher 
in 35 years, and 

x = mean respirable dust concentration (MC, M3). 
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NEW DUST STANDARDS 

The recommendations for new dust standards that the N.C.B. made to the National 
Joint Pneumoconiosis Committee were determined by consideration of at least five 
different kinds of information. Firstly, there were the probability estimates from the 
P.F.R. described above. Secondly, it was necessary to consider the relationship 
between the kind of dust measurements used in the P.F.R. and those used for routine 

dust control. CHAMBERLAIN et al. (1971) describe how these relationships were 

established by the P.F.R. Thirdly, information on the kind of dust levels obtaining 
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FIGURE 5. Probability that a man starting with no pneumoconiosis (category 0/0) is classified 
into category 2/1 or higher after 35 years exposure to different mean dust concentrations. 

in all British pits was required. The Board's Scientific Control organization had 
collected extensive data on mass concentraiions in the course of comparative trials 
of the M.R.E. Gravimetric Sampler and the S.T.P. (CHAMBERLAIN et al., 1971). This 

information was used to assess the likely impact of the adoption of various possible 
standards on the general level of dust concentrations in British pits. By combining 
these data with results from the P.F.R. study of a cohort of face workers it was 
possible to make corresponding estimates of likely long-term effects on the prevalence 
of pneumoconiosis. Fourthly, the degree of dust control attainable with current 
technology and under British mining conditions was relevant. This information was 
available from the mechanical, ventilation and dust suppression engineers in the pits 
and from the research staff in the Board's Mining Research and Development 
Establishment. Fifthly, the Board's latest information on prevalence and progression 
of pneumoconiosis (NATIONAL COAL BOARD, 1969a), determined the essential medical 

background to the decisions that had to be made. 
The 8 Mg/M3 standard for coal faces which was chosen (NATIONAL COAL BOARD, 

1969b; CHAMBERLAIN et al., 197 1) refers to a maximum face concentration of respirable 
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dust measured in the return airway during the whole working shift using the 
N.C.B./M.R.E. Dust Sampler Type 113A (DUNMORE et al., 1964). The Board believe 
this standard to be attainable but they are under no illusions concerning the difficulty 
of ensuring that all faces in all pits maintain concentrations below the maximum. In 
some coalfields there are serious technical problems in dust suppression which must 
be overcome. The change to gravimetric sampling will make it easier to identify 
places where the need for action is most urgent. 

The investigations described by CHAMBERLAIN et at. (1971) indicate that in a colliery 
where the 8 Mg/M3  standard is just being met, the long-term colliery mean concentra-
tion as measured in the P.F.R. would be approximately 43 Mg/M3.  Reference to 
Figure 5 and equation (1) shows that if a man with no initial evidence of dust 
retention were exposed to such a mean concentration over a 35-year period, he would 
stand a 34 	chance of ending his working-life with I.L.O. category 2 simple 
pneumoconiosis. Consideration of all the information avaiiable suggests that as the 
legacy of past high exposures is removed from the epidemiological picture by the 
retirement of older men, and given effective implementation of the new standard, 
prevalence of pneumoconiosis in Great Britain should be reduced at an accelerated 
rate. It is estimated that over a period of 35 years current prevalence of the disease 
should be at least halved. Regular medical supervision of men, particularly where 
there are early signs of dust retention, is a practical measure which should materially 
improve these theoretical statistical expectations. The Board's Periodic X-ray Scheme 
is well placed to provide the kind of information required for the control of pneumo-
coniosis in the pits (MCLINTOCK, 1969). 

The new standard for work in stone is 3 mg/m3, NATIONAL COAL BOARD (1969b). 

This maintains the differential between coal and stone that obtained in the earlier 
particle-count standards and is subject to review when the continuing analyses of 
P.F.R. data produce reliable quantitative estimates of the effect of quartz and other 
non-coal minerals. The field research itself continues in 10 pits, and the wider range 
of medical and environmental data being gathered should deepen understanding of 
the remaining problems. 
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DISCUSSION 

C. E. ROSSITER: Our work, in collaboration with S.M.R.E., Sheffield, shows that the width of 
sub-category 0/0 is much greater than that for any of the other sub-categories up to 3/2 in terms of 
the dust content of the lung. In other words, we would expect a greater increase in dust would be 
needed to progress out of sub-category 0/0 than to progress out of other sub-categories. This is in 
line with the results you give in Table III and in Figure 4. 

Have you any evidence on this? Did those people in 0/0 whose radiographs were read by some 
readers as 0/I progress in your terms more than those whose radiographs were read by all 8 readers 

as 00? 
Dr. ROGAN: Mr. Jacobsen has been dealing with the detailed statistical analysis so I shall ask him 

to reply. 
Mr. JAcoBsEN: The apparent differential probability of progression for diIfercnt starting categories 

can be interpreted in a number of ways. The simplest approach is to regard it as a reflection of a 

genuine biological effect: the marc dust that iN retained. the greater the probability of further pro-
gression for a given dust exposure. However, it is possible that the aparent difference illustrated in 
Figure 4 is an artefact. Only colliery mean dust concentrations were available when we mad-, this 

analysis. Thus it could be that by chance men in pits with higher mean dust concentrations, who 
started the research with some radiological evidence of pneumoconiosis, were exposed to greater 
dust concentrations over the ten years than other men in those pits. Alternatively, it may be that the 
cumulative effect of dust exposure is non-linear with respect to the scale of radiological abnormality 
used. This latter suggestion is consistent with the post-mortem results Mr. Rossiter has mentioned. 
We have not sub-classified men with initial category 0/0 according to whether some film readers 
categorized their films higher on the scale. We think that the various possible explanations of the 
observed differential probability of progression can be explored most fruitfully by continuing analyses 
of men's individual exposures during the research, and by studying records of their industrial histories 
before the research began. It would be premature to draw conclusions before these analyses are 
further advanced. 

A. M. COETZEE: Two problems arise for a man working in a dusty environment. Firstly, the 
probability of pneumocontt"ts after a lifetime in a variable dust level. This is covered in Figure 5. 

Secondly, the probability of pneumoconiosis at a relatively constant dust level after a variable period 
of time. Have you investigated this? 

Dr. ROGAN: No, but clearly it would be possible to calculate probabilities after variable periods 

from our data. 
M. T. R. REtSNJER: First of all t want to say that the results of the investigations of the Pneumo-

coniosis Field Research are most impressive. They are of particular interest to us in West Germany, 
as we carried out similar investigations and are now able to draw comparisons between both. It is 
surprising that your research workers and ours found such a good agreement in assessing the 
pneumoconiosis risk according to the dust exposure, although we used different data to start with 
and also different methods of analysis. I will not go into details here, as this would anticipate some 
of the contents of my following paper (p. 921). 

I wish to make only one point now. You show in Table III that miners advanced to a higher degree 
of pneumoconiosis much more frequently (44%) if they already had pulmonary changes (classified 
as 0/I and higher) at the beginning of the ten-year period. Pulmonary changes developed in many 
fewer cases (8%) with miners, whose X-ray photos initially showed no pulmonary changes (classified 
as 0/-.- or 0/0) although in both cases nearly the same dust exposure was given in the ten years under 
observation. However, the miners with pulmonary changes at the beginning were about seven years 
older on the average and had thus been exposed to dust for an accordingly longer period. 

There are thus two explanations for the much higher frequency of progressive pulmonary changes 
in this group: the residence-effect of earlier dust depositions, and the increasing risk in cases of higher 
dust exposure to what is usually shown by a sigmoid curve of a dose-response relationship. This has 
been also confirmed by the results of our studies. 

H. BREUR: I would like to ask two questions concerning Figure 5: 
(I) Does the mean concentration value given in the paper refer only to the actual working time 

in the coalface or to the entire working hours of the miners concerned? 
(2) On how many shifts per annum did you base your calculation of the pneumoconiosis risk? 

Dr. ROGAN: The figure 4 3 mg/m3  refers to the working shift measured from portal to portal. Did 
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SYNOPSIS 

THE methods used by the National Coal Board's Pneumo-
coniosis Field Research are reviewed briefly. Records of 
exposure to airborne coal mine dust, and radiographic evi-
dence of pneumoconiosis have been accumulated since 1953 
for miners employed in 25 collieries distributed throughout 
the British coalfields. An interim analysis of results from 
4 122 coalface workers after a 10-year period of observation 
in 20 of these pits was begun in 1967 and provided the basis 
for gravimetric dust standards which were introduced in 
Great Britain in April 1970. 

The research results were expressed in the form of proba-
bilities of contracting varying degrees of pneumoconiosis 
after 35 years' exposure to different mean mass concentra-
tions of respirable dust. The results were combined with 
information concerning the distribution of mass concentra-
tions in Great Britain during 1967/68. It is estimated that 
effective implementation of the new 8 mg/m:1  maximum 
allowable concentration for longwall faces would, in the 
dustiest pits, reduce the long-term risk of contracting 
pneumoconiosis category 2 or higher from about 38 to 3,',,/; 
and that the incidence over 35 years of category 2 pneumo-
coniosis among all face workers starting the period without 
the disease would be reduced from 4 to 2. These estimates 
are based on the assumption that in future the concentration at 
the dustiest face in a colliery will continue to be, on average, 
32 	higher than the mean of all face concentrations in that 
colliery. Possible deviations from this assumption are 
discussed quantitatively. 

1. INTRODUCTION 

When in 1948 the National Coal Board (NCB) intro-
duced standards for approved dust conditions under-
ground, they were intended initially to protect men who 
had some degree of pneumoconiosis and who wished to 
remain in the industry. Soon afterwards the NCB accepted a 
recommendation from the National Joint Pneumoconiosis 
Committee to aim for the attainment of "approved dust 
conditions" at all underground working places. (The 
appropriate Government Department, the NCB, the 
Trade Unions, the Institution of Mining Engineers and the 
Medical Research Council are represented on the National 
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Joint Pneumoconiosis Committee and on its sub-commit-
tees concerned with dust prevention, sampling and research 
into pneumocon,osis.) Although it was recognized that the 
mass of respirable dust was likely to be the best index of the 
health hazard, the standards were defined in terms of the 
number of particles in the size range 1-5 Lrn per cm3  of 
sampled air. This was because in 1948 no reliable instru-
ments were available for sampling selectively the mass of 
the line respirable fraction of airborne dust. Far reaching 
changes in the nature of the British coal industry during the 
ensuing 21 years were accompanied by major developments 
in dust suppression, sampling instrumentation, medical 
care for men employed in the industry and research into 
the relationship between concentrations of respirable air-
borne dust and the hazard to health. in April 1970 new 
standards for airborne dust were introduced for British 
coal mines in terms of the mass concentration of respirable 
dust [I]. The newly developed NCB/MRE gravimetric 
sampler [2] is now used routinely to monitor airborne dust 
in all British pits, and the amended sampling procedures 
require an increased sampling frequency at longwall faces 
and drivages. Interim results from the NCB's Pneumo-
coniosis Field Research (PER) provided the basis for the 
new standards. The present paper reviews the development 
of the PER, and describes how risks of contracting 
pneumoconiosis were linked with varying dust concen-
trations and how the expected impact of the new standard 
was assessed. 

2. AIMS AND METHODS OF THE PNEUMO- 
CONIOSIS FIELD RESEARCH 

When the PER began in 1952 two main aims were 
defined. The first was to establish what kinds of dust cause 
pneumoconiosis; the second was to establish what environ-
mental conditions should be maintained if mineworkers 
are not to be disabled by the dust they breathe [3]. These 
aims could be realized only by observing the incidence 
and progression of the disease in a representative sample 
of British miners and by characterizing the environment 
in which the men were working. Intensified dust suppres-
sion activity in all British pits followed the introduction of 
dust standards in 1948 (and of course there could be no 
question of relaxing these efforts in any pits included in the 
research). Inconsequence, a reduction in the previous high 
incidence of pneumoconiosis and its rate of progression 
was to be anticipated. This factor, coupled with the know-
ledge that radiological changes indicative of pneumo-
coniosis when they are present occur only after many years 
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exposure to respirable coal dust, determined that the 
research had to be conceived as a long-term study. At 
least a ten-year period of observation was likely to be 
necessary before radiological changes might be sufficient 
to permit correlation with dust exposure. 

Environmental conditions in 25 pits selected for study 
were typical of the variety of underground situations in 
British coal mines. The general research strategy has been 
described in detail elsewhere [4]. Essentially the plan was 
to X-ray all men in the 25 pits at five-yearly intervals and 
to correlate the radiological progression results with 
records of cumulative dust exposures. Two medical survey 
teams equipped with mobile X-ray units operated in 
different parts of the country and visited each of the pits 
in turn. Full-size chest radiographs were made of all those 
who presented themselves and more than 90% of men in 
each colliery participated voluntarily. Some 32 000 men 
were involved at any one time. 

Measures of the inter-medical survey dust exposures 
experienced by all men were obtained by recording the time 
spent by each man in different "occupational groups" and 
by measuring the dust concentrations characteristic ol such 
occupational groups. The instrument used was the Stan- 
dard Thermal Precipitator [5]. The number of particles 
in the size range 1-5 ,um was counted using a microscope, 
and the concentrations were expressed as particles per cm a 

of sampled air. Dust sampling methods used in the research 
are discussed more fully in references [6], [7] and [8]. 

3. INTERIM RESULTS 

On completion of the second round of radiological 
surveys a review was made of progress to date [9]. Atten-
tion was focussed on a number of factors thought to be 
contributing to the apparently low correlation between 
radiological change and measures of exposure, and the 
steps being taken to overcome these problems were out-
lined. The review emphasized also that the time was fast 
approaching when the PFR would be called upon to give 
guidance on the second of its main research objectives: the 
determination of new dust standards. This was becoming a 
matter of urgency because of the progress that had been 
made in the development of new gravimetric sampling 
instruments. The mass of respirable dust was considered 
to be a better index to the health hazard than the number 
of particles in the respirable range [6, 10, II, 12] and the 
developments in instrumentation indicated that the use 
of gravimetric samplers for routine dust monitoring would 
soon be practicable. 

By 1967 the third round of medical surveys had been 
completed in 20 of the PFR collieries. A decision was 
made to begin a study of results from these pits, covering 
a ten-year period of observation, with the aim of defining 
new standards in gravimetric terms. Attention was focussed 
on 4 122 men who had been working at the face at all three 
medical surveys, or at least at the first two and had then 
moved to work elsewhere underground. Such men were 
known to be at greatest risk [9]. 

Pairs of X-rays, spanning a ten-year period, from the 
4 122 men included in the study were examined by eight 
medical specialists in the radiology of pneumoconiosis. 
Details of the radiological procedures are described else-
where [13]. Calculation of the cumulative individual dust 
exposures for the 4 122 men had not been completed at 
the time when statistical analyses began. However, the 
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mean concentrations (in particle count units) of all face 
occupational groups sampled over the ten years in the 
collieries concerned were available, and from these data 
20 colliery mean concentrations were calculated. A series 
o' special sampling trials had been completed at all PFR 
pits in which routine sampling instruments were compared 
side-by-side with the NCB/MRE gravimetric dust samplers 
type 113A. From the results of these trials mean ratios of 
mass to number concentrations were derived for each 
colliery [7]. Using these ratios it was possible to obtain an 
estimate of the mean mass concentrations for each of the 
20 collieries in the study. Later analyses [13] showed that 
the colliery mean mass concentrations were good estimates 
of the average of individual men's cumulative exposures 
in the pits concerned. 

Statistical analyses demonstrated a highly significant 
correlation between progression of simple pneumoconiosis 
in the 20 pits over 10 years and the colliery mean mass 
concentrations. Estimates of probabilities, that men who 
begin a 35-year period with no radiological evidence of dust 
retention end that period with varying degrees of simple 
pneumoconiosis, were derived from the data, and were 
expressed as functions of the long-term mean mass con-
centrations of respirable dust over the 35 years [14]. These 
probabilities may be interpreted as measures of risks that 
would be experienced by a man who spends a 35-year 
working life at the coalface and who experiences a particLi-
lar overall mean concentration as measured in the research; 
the man is assumed to have no radiological appearance of 
simple pneumoconiosis at the start of that period. Alter-
natively, the probabilities may be regarded as the expected 
proportions of men in a particular colliery who will end a 
35-year period at the coalface with a specified degree of 
simple pneumoconiosis; the relevant dust concentration 
is then the long-term mean concentration in the colliery 
concerned as measured in the research, and all the men 
being considered will have begun the period with no radio-
logical evidence of simple pneumoconiosis. 

The estimates of risks of contracting pneurnoconiosis in 
relation to different dust concentrations which were 
developed from this study provided the essential objective 
background for the decisions that had to be made concern-
ing new standards, but before these decisions could be made 
it was necessary to consider the implications of the research 
results in the light of dust conditions prevailing in British 
pits. 

4. APPLICATION OF RESEARCH RESULTS TO 
CONDITIONS IN BRITISH PITS 

4.1 	Risks of contracting pneumoconiosis 

During 1967 and 1968 the NCB's Scientific Control 
organization had conducted trials of the NCB/MRE 
gravimetric sampler in anticipation of its introduction as 
the instrument for routine control purposes. Data from 
these trials were made available to the research for study 
in relation to the probability results. Fig. I shows the 
percentage frequency distribution of time averaged mass 
concentrations at I 237 production shifts on longwall faces 
measured during these trials. One hundred and thirty-four 
collieries were involved and Fig. 2 shows the distribution 
of the corresponding 134 colliery mean concentrations. 
These limited results were the only available estimates of 
mass concentrations in British pits at the time when recom-
mendations concerning new gravimetric standards were 
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required. Nevertheless, they were reasonably representa-
tive of concentrations in all but two of the British coalfields 
(Yorkshire and South Midlands) and later results, obtained 
just prior to the implementation of the new standards, 
revealed a distribution of concentrations very similar to 
that found some two years earlier. 

Before these data could be interpreted in terms of the 
probabilities derived from the PFR, two adjustments were 
necessary in order to correct for differences between samp-
ling methods used for routine control purposes and those 
used in the research. The sampling strategy and dust 
measurements in the PFR were designed to give the best 
possible estimate of the airborne dust concentrations to 
which men were exposed during the whole of the time that 
they were working underground. Sampling was carried out 
close to a representative workman in an occupational 
group, from his arrival at pit bottom to his return there at 
the end of the shift. On the other hand routine sampling of 
dust in British pits for the purpose of maintaining com-
pliance with dust standards is carried Out in a fixed position 
in the return roadway from the face where the accumula-
tion of dust tends to be maximal, and it covers only the 
period when the men are at the working place. Studies 
have been made [8] which show that, on average, concen-
trations measured in this way exceed the concentrations 
as measured in the PFR by 4O/. Thus the mean of a large 
number of concentrations measured by the routine 
sampling procedure may be divided by the factor 14 in  
order to obtain an estimate of the concentration that would 
have been obtained using the research sampling method. 
The upper abscissae in Figs. 1 and 2 show such estimates 
of equivalent research concentrations. 

The second adjustment relates to the fact that in Great 
Britain dust standards are defined in terms of a level which 
the mean of several shift results for a particular face must 
not exceed, while the research results were expressed in 
terms of colliery mean concentrations. Investigation of the 
distribution of face concentrations within British collieries 
[8] suggested that on average the concentration at the 
dustiest face in a colliery exceeds the colliery mean concen-
tration by 32'/".,'. The new standards introduced in April 
1970 specify that concentrations at longwall faces are not 
to exceed 8 mg/m as measured in the return airway 
throughout the working shift [15]. By the above arguments 
it would be expected that in a colliery where the worst face 
just meets the standard the colliery mean concentration 
would be 8/132 = 61 mg/m:1  (measured in the return 
airway). This concentration corresponds approximately 
to 61/14 = 43 mg/m3  as measured by the research 
sampling method. 

In most of the discussions leading to the formulation 
of the new dust standards attention was focused on the 
long-term probability of reaching category 2 of the Inter-
national Labour Office's (ILO) classification of simple 
pneumoconiosis, since it is known that this radiological 
state is associated with a considerably increased chance of 
developing the seriously disabling disease Progressive 
Massive Fibrosis [16, 171. 

Only 79 of the 134 collieries contributing to Fig. 2 had 
mean concentrations less than 61 mg/rn measured in the 
return airway (and this is the figure envisaged as the maxi-
mum colliery mean concentration given successful imle-
mentation of the standard). If dust concentrations in these 
collieries are not permitted to increase, then it may be 
inferred from the research results that the long term  

probability of reaching ILO category 2 or higher will not 
exceed 3.40/  even in the dustiest of these 79 pits. The 
highest concentration contributing to Fig. 2 was 190 
mg/ni measured in the return airway, but this was based 
Oil one shift result only. The next highest mean was 155 
mg/nn based on 24 shift measurements. By a similar argu-
ment, if the kind of dust concentrations typified by these 
24 results are allowed to persist indefinitely then the long-
term probability of reaching ILO category 2 or higher for 
face workers in these conditions is estimated from the 
research results as 375°/. 

Thus a dust suppression campaign designed to achieve 
compliance with the new standard for longwall faces can be 
regarded as a practical engineering measure for realizing 
a ten-fold reduction (based on the 1967/68 position) in the 
long-term risk associated with work in the dustiest pits: 
from 37-5 ",,',per cent to 34//. The quest for this substan-
tial advance in occupational hygiene represents a formid-
able challenge to mining engineers. 

There are at least four aspects of these calculations 
which deserve attention in relation to the likely reliability 
of the predictions. Firstly, it must be remembered that the 
research results are statistical expectations based on 
responses from groups of men. The response of any indi-
vidual man will be subject to considerable variation about 
these average results and that is why the comparison has to 
be made in terms of probabilities. 

Secondly, there is reason to believe that the probabilities 
derived from the research results tend to overestimate the 
true risks for young men starting a working life at the face. 
The data used in the study included results from 3 168 men 
with no visible sign of dust retention on the earlier film; 
yet some of these films were from men who had been ex-
posed previously to varying concentrations of respirable 
coal dust. Independent evidence [18] shows that even where 
the X-rays show no sign of dust retention, lungs of coal 
miners examined post-mortem are associated with a wide 
range of dust mass. It may be inferred that some of the 
3 168 men whose earlier films showed no radiological evi-
dence of dust retention nevertheless had varying amounts 
of dust accumulated in their lungs. Thus the risk that the 
disease progresses further imong such men (as estimated 
in the research) will tend to be higher than the risks associ-
ated with young men who have had negligible Previous 
exposure to airborne coal dust. 

Thirdly, the expectation that effective implementation 
of the standard is associated with a 340/  maximum pro-
bability of contracting simple pneumoconiosis ILO 
category 2 is dependent on the assumption that the ratio 
between the routine method of dust sampling in the future 
and that used by the research in the past will vary only 
randomly about an average value of 14. The continuing 
validity of this assumption needs to be confirmed by further 
research in PFR pits. 

Fourthly, the concept of a limiting 34 	probability 
associated with 35 years' work in the dustiest collieries 
complying with the new standard is dependent on the 
applicability of the assumed ratio between the concentra-
tion at the dustiest face in a colliery and the mean concen-
tration over all faces in that colliery, that is the factor 132. 
It is possible that for some men this average relationship 
may not be applicable: they may, by chance, be exposed 
to the maximum concentration (8 mg/m) for prolonged 
periods and may thus experience a long-term mean con-
centration measured in the return airway in excess of 
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61 mg/rn 3. Moreover it is possible that as intensified dust 
suppression in the dustier collieries takes effect the colliery 
mean concentration would be higher than (8/1-32) = 61 
mg/ m , although no faces in the colliery concerned exceed 
the standard of 8 mg/m3; the risks associated with such a 
situation would be higher than 3-4",'. This might be the 
case if faces which had previously had a wide spread of 
concentrations above 8 mg/rn 3  are all improved to con-
centrations just below 8 mg/ml. The maximum possible 
risk for men working in such a colliery (assuming that all 
faces do meet the standard) can be estimated from the 
research relationship as a 77 ° probability of reaching 
ILO category 2 simple pneumoconiosis.* The nature of 
variations in the applicability of the factor I 32 is being 
studied as results from routine gravimetric sampling 
become available. 

Table I summarizes the hoped-for improvements result-
ing from implementation of the new standards. If the factor 
132 continues to hold when all faces meet the standard 
then the risks quoted as relevant to colliery mean concen-
trations will apply. Also shown in Table 1 are the more 
extreme risks that might be experienced by men exposed 
consistently to concentrations at the dustiest face. These 
latter estimates are not corrected by the factor 132. It 
Should be noted that both comparisons refer to risks under 
the dustiest conditions; the majority of miners would not 
be exposed to these long-term concentrations. 

Table I. Estimated effects of the new standard on men 
working in the dustiest conditions 

Comparison of probabilities given: 

continuation of conditions found in 134 collieries during 
1967 and 1968; 

implementation of new standard for longwail faces. 

PROBABILITIES () 

of contracting simple 
p n  urn o con i Os I S 

after 35 years' face 
work in dustiest con-
ditions, for men with 
00 initial evidence of 

dust retention 

Simple 
pneumoconiosls 

	

ILO 	ILO  
or /U'/!CI• or hilier 

Long-term expo- 	A: 155 mg/rn 	81 	38 
sure to mean con- 	B: 61 mg/m l 	13 	3 
centration at dust-
iest collieries 

Long-term expo- 	A: 20 mg/rn3 	99 	60 
sure to concentra- 	B: 8mg/rn 3 	25 	8 
tion at dustiest 
faces 

* For this calculation the colliery mean concentration, as 
measured in the return airway, is assumed to be 8 mg/rn 3. 
The mean concentration (as measured in the research) for 
most face-workers over a long period IS then estimated as 
8/14 = 57 mg/ml, which is associated with the 77 per cent 
probability quoted. 

4.2 Incidence of pneumoconiosis 

An alternative and useful way of assessing the likely 
impact of the new standards is to consider how their 
implementation would be expected to affect the occurrence 
of the disease over Great Britain as a whole. In order to 
examine the relative long-term effects of different possible 
standards, it is convenient to confine attention to all hypo-
thetical body of young men starting work at the coalfaces 
throughout the British coalfields and to consider the 
expected incidence of simple pneulTloconiosiS ill this group 
over a 35-year period. Such predictions have been made 
using two similar but separate approaches. 

The first utilized the information shown in Fig. 1 
concerning the distribution of shift concentrations in 
1967/68. it was argued that if the conditions giving rise to 
that distribution were to continue indefinitely then the 
results shown might be regarded reasonably as characteris-
tic of long-term mean results from individual faces. 
Direct application of the probability results to this distribu-
tion (adjusting only by the factor I 4 to correct for differ-
ences in sampling position and period of sampling) then 
gives an estimate of the disease incidence over 35 years if 
the situation observed in 1967/68 were to remain essentially 
unaltered for that time. It is assumed that the group of 
men being considered are distributed over the coalfields 
in a manner which mimics the observed distribution of 
concentrations shown in Fig. 1. If it is assumed further 
that implementation of a particular standard would mean 
that places previously exceeding the maximum allowable 
concentration would then have concentrations just below 
that maximum, then a similar application of the proba-
bility results to the changed distribution provides an esti-
mate of long-term incidence, givell effective implementation 
of the standard. (The shape of the distribution for those 
faces originally below the standard is assumed to remain 
unchanged). 

In this manner a series of predictions of incidence were 
made corresponding to different possible new standards. 
They are shown graphically in Fig. 3 as filled squares and 
circles plotted against tile upper abscissa, and correspond-
ing to the incidence of pneumoconiosis ILO 1 or higher 
and ILO 2 or higher respectively. The open squares and 
circles in Fig. 3 show the results from similar calculations 
based on Fig. 2, that is the distribution of colliery mean 
concentrations. These points are plotted against the lower 
abscissa, that is maximum colliery mean concentrations as 
measured in the return airway. In order to relate these 
colliery mean concentrations to the corresponding con-
centration at the dustiest face, they have to be multiplied 
by the factor 132 as discussed above; and this further step 
is illustrated by the upper abscissa in Fig. 3. The legi-
tinlacy of relating the open squares and circles to the upper 
abscissa is, of course, again dependent on the continuing 
validity of the factor 132 relating the mean of all face 
concentrations in a colliery to the concentration at the 
dustiest face in that colliery. The difference between the 

This was effected by numerical integration of discrete sections 
of the distribution with respect to corresponding probabilities 
obtained fronl the equations which were derived from the 
research results. The equations concerned are: 

P3 . = sin' (0lIO6x-0i058), 
and P2 = 5iIl (00704x — 01201) 

where P1 , P2., are the probabilities of progressing to ILO 
category I or higher and ILO category 2 or higher respectively, 
after 35 years exposure to a mean respirable dust concentration 
of x mg/111. 
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results represented by the open and filled symbols in 
Fig. 3 is thus a direct reflection of the difference between 
assuming, on the one hand, that the previously observed 
distributions of face concentrations about colliery means 
Will continue in the future (i.e. as concentrations at the 
dustiest faces are reduced to meet the standard, so concen-
trations at all other faces are reduced proportionately), 
and on the other hand assuming that the only changes will 
be that faces previously above the 8 mg/m" standard will, 
in the future, just meet the standard. 

It will he seen from Fig. 3 that although these two 
approaches result in substantially different estimates at 
the higher concentrations, the gap between them narrows 
With reducing concentrations. More important is the fact 
that both approaches clearly indicate the order of magni-
tude of the gains to be expected by implementation of 
the new standard, and these results are summarized in 
Table 2. On the assumption that the factor 132 will con-
tinue to be relevant, it is estimated that incidence of 
category 2 or higher pneumoconiosis would be halved 
(from 4°/ to 2). If this assumption proves to be un-
founded and an increasing proportion of faces only just 
meet the standard, then it is estimated that incidence would 
be reduced from 8% to 30  Thus while Table I indicates 
ho implementation of the new standard is expected to 
reduce long-term risks to men \\ orking  in the dustiest 
conditions, Table 2 records estimates of the expected 
reduced incidence of the disease among all face workers. 

Table 2. Estimated effects of the new standard on the 
incidence of pneumoconiosis among all face workers 

Comparison of incidence given: 
continuation of conditions found in 134 collieries during 

1967 and 1968; 
implementation of new standard for longwall faces. 

Percentage of all face 
workers in UK starting 
a 35-year period with 
no evidence of dust 
retention expected to 
end the period with 
simple pneumoconiosis 

ILO] 	1L02 
or higher or higher 

Based on Figure 2, and A: 	13 	4 
assuming that concentrations 	B: 	6 	2 
at dustiest faces will continue 
to be 32 higher than colliery 
mean concentrations 

Based on Figure 1 	 A: 	21 
Face concentrations previ- B: 	12 
ously greater than 8 mg/m 3  
just meet the 8 mg/m standard 

Both methods of estimating incidence (Table 2 and 
Fig. 3) require the additional assumption that the distri-
bution of concentrations in Figs. 1 and 2 below the 
defined maximum will not change. This implies that dust 
concentrations would not be permitted to rise even to 
values below the standard in these places where low con-
centrations were recorded in the past. The NCB have 
decided to pursue a policy directed to this end, and in an 
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era of intensive mechanization this decision itself makes 
increasing demands on dust suppression activity. 

The application of standards in order to guide dust 
suppression is only one of the ways used by the NCB to 
protect its employees from the hazards associated with 
airborne dust. Periodic medical examinations \vith radio-
graphy [19] have been made routinely in all British coal-
fields since 1959 and the prophylactic monitoring effect 
of the Periodic X-ray Scheme may be expected to reduce 
considerably the risks to individuals and groups of 
men as recorded in Tables I and 2. Nevertheless, the calcu-
lations described above show the relative risks associated 
With different situations, and these considerations played 
an important part in the decisions leading to the standard. 

5. THE ROLE OF THE ENGINEERS 

The foregoing discussion demonstrates how interim 
results from the PFR were applied in order to provide an 
objective framework within which practical decisions might 
be made. The approach used, that of defining a long-term 
colliery mean concentration shich is not to be exceeded and 
expressing this in terms of a maximum concentration for 
individual faces, was particularly suited to the form in 
which the research data were available when the analysis 
was made: colliery mean concentrations oer ten years. 
The strategy adopted reflected also considerable experience 
over 20 years of dust monitoring in British pits. The fact 
that this procedure was particularly suitable for British 
conditions early in 1970 does not necessarily imply that it 
is optimal under other mining conditions or at other times. 
Alternative approaches to the problem have been described 
[20, 21, 221. 

The adoption of the current standards by the NCB in 
April 1970 represents an important advance in the Board's 
efforts to safeguard the health of miners. The importance 
of the standards lies, firstly, in the fact that the risks asso-
ciated with their implementation (or with their neglect) 
have been quantified. Secondly, because they have been 
expressed in mass units which best reflect 'he threat to 
health, they focus attention more clearly on those places 
where the need for dust suppression is greatest. Thirdly, 
the decision that the concentration at individual faces 
must not exceed 8 mg/m:1  has been made with full regard 
to what is technically possible under British conditions in 
the current state of engineering knowledge. In principle, no 
health risks are "acceptable" in any working environment; 
but unrealizable dicta, to the effect that coal is to he won 
without generating respirable airborne dust, contribute 
nothing to solving th problem of pneumoconiosis. 
Consideration of Figs. I and 2 demonstrates the enormity 
of the task that has been set: Tables 1 and 2 point to the 
substantial reward being sought. 

Thirty-two years ago the following statement was 
attributed to Sir Robert Kotze [1 0]: 

"Mining engineers do not ask the medical side to tell 
them how to protect miners from airborne dust: mining 
engineers know more about that than the medical side. 
They do ask the medical side to give them a standard of 
safety in concentration of airborne dust at which to aim." 

The Medical Service of the NCB has supplemented its 
central task of daily care for the health of miners [23] by 
timely presentation of interim results from its long-term 
field research. A heavy responsibility now rests with the 
engineers. 
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DISCUSSION 

Allan Grierson (The Chairman): Whilst I am aware of the 
fact that all -5 tL particles are physiologically harmful, I 
seem to recall being taught as a student that the harmful 
affect of dust particles to some extent increased as the 
size of the particles decreased. What provision, if any, is 
made in the new gravimetric standard for particle size 
distribution, or are 6 mg/m:' of 4 Ic particles considered to 
be equivalent in effect to 6 mg/m" of 2 o particles? 

M. Jacobsen (Author): The NCB/MRE gravimetric 
sampler now used for control purposes in British pits 
operates on the principle that 50`1'0 of particles with less 
than 5 micron nominal diameters are retained. The particle 

selection curve of this instrument is similar to that recom-
mended by the Medical Research Council [2]; the sampler 
simulates, so to speak, the behaviour of the human 
respiratory tract in a dust cloud. It is now thought that it is 
the total mass of coal dust particles in the respirable range 
rather than the size of such particles which is the critical 
factor relating to the health hazard [12]. The new sampler 
permits direct measurement of this mass and that is why 
it is a big advance on the earlier particle counting proce-
dures. 

A. Grierson: The elutriator simulates as nearly as can be 
the filtering effect of the upper respiratory tract, but how 
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effective is the MRDE equipment in this coarse filtering 
process? 

J. M. Rogan (London): Highly effective. The MRDE 
equipment enabled us to achieve a significant relationship 
between dust in the mining environment and the develop-
ment of pneumoconiosis. 

A. Grierson: How skilled does one have to be to use the 
equipment correctly? Is the gravimetric sampler as easy to 
use as the konimeter and thermal precipitator? 

J. M. Rogan: The equipment is comparatively easy to use, 
easier than the long-running thermal precipitator. With 
the same sampling staff, many more samples can be taken. 

A. Grierson: The assessment of samples is much quicker, I 
presume. 

J. Carver (London): May I comment on the I 32 factor? 
in 1967, there were 1 260 faces which produced an average 
of 205 tons per machine-shift from 702 powered support 
faces and 558 normal support faces. In 1970, there were 
849 faces which produced 287 tons per machine-shift, an 
increase of 40 per machine-shift and from a third fewer 
faces. This increase means that most if not all mines are 
producing more coal per machine-shift and the Board 
must wish for this trend to continue because of the high 
capital investment involved in any one face. 

This means that the ratio of the dustiest face to the mean 
can he much less than 132. 1 know of mechanized one-face 
mines which are producing up to 10000 tons per week 
from one face and the necessary development headings. 
In this case there is no 132 factor. I submit that the factor 
is one, and 1 ask the author whether he would agree in these 
cases that the approval standard should be six and not 
eight mg/m? 

As output is concentrated on fewer faces, in my view the 
1 32 ratio becomes meaningless because one can make it 
whatever one likes. Supposing one had a mine with three 
faces, two high production faces producing up to 10000 
tons a week and one spare face which, in order to maintain 
good strata control conditions, worked only one or two 
shears per day. The ratio of the dustiest face to the mean 
could quite easily be 1 32 and the main hazard would be 
on the main production faces where there would be far 
more manpower and a far greater dust concentration. 
But the approval standard for the mine is based not on the 
dustiest faces but on the one that is just ticking over because 
of the 132 factor. 

The author has made the point that we must move from 
the right of the graphs to the left if the figures which he has 
postulated are to be achieved. From the figures that I have 
given of the reduction in the number of faces, the increase 
in output and the number of unapproved faces at present, 
the indications are that faces may become dustier and not 
less dusty as the author has postulated if we are to reach 
the objective. Would he comment on this? 

M. Jacobsen: It is true that if the hoped-for results are to be 
achieved as a result of implementing the new standard, 
then the assumed relationship between the dustiest face in a 
colliery and the colliery mean (the factor 1321 must be 
shown to remain valid. Although there may have been a 

reduction in the number of faces being worked in collieries 
during the past period, recent re-examination of the distri-
bution of concentrations within collieries does not suggest 
that there has been any major change in the factor I 32 
which is, of course, an average relationship. The NCB has 
undertaken to keep this matter under review. However, in 
my view, the important parameter which has to be moni-
tored is the change in mean concentrations in the pits 
over reasonably long periods. If the mean concentration 
in a colliery is, say, IS mg/ml and the dustiest face has a 
concentration of 20 mg/m, then the factor 132 can be 
said to be valid; but so what? The effectiveness of the 
standard will be determined, in the first place, by consider-
ing colliery mean dust concentrations actually achieved, 
not by arguments concerning the validity of the factor 132. 
In the second place, the new standards will be judged by 
the radiological changes that occur among the men. 

J. Carver: You say "so what ?" Human nature being what 
it is, if a manager has a face running at 75 or 79 he claims 
that he is approved, while a man who is unfortunately on 
the other side of the scale, 81, is not approved. The 
difference here is marginal and yet one man can claim 
approved conditions. If there was no 132 factor and the 
approval limit was six, he would have to do something 
about it. 

This brings me to another point. What are your views 
on A B C D classification in which say, D = 8 mg/ni, 
C = 6; B - 4; A -: 2? This classification would enable 
one to note the trend and one could always strive to get 
to the next lower classification. 

M. Jacobsen: I am not convinced that the kind of classi-
fication suggested by Mr Carver would be helpful under 
present circumstances. This is because I believe that there 
are two essential prerequisites for reducing dust concentra-
tions. The first is management's determination to reduce 
the concentrations. The second is the availability of 
engineering and technical ingenuity to achieve this object. 
Revised classification schemes are irrelevant to both these 
requirements in my view. The existing system of classifica-
tion of faces is by no means perfect and when the present 
interim standards are reviewed this question will, no doubt, 
be reconsidered carefully. 

J. M. Rogan: Alphabetical classification seems to have no 
advantage over a simple statement of the actual dust level in 
milligrams. The colliery manager will get regular reports on 
a monthly basis telling him exactly what the levels in the 
various working places have been. Under the Coal Mines 
Act he is obliged to minimize the dust. Even if the level is 
4 mg, he should of course endeavour to reduce it to 3 mg 
and so on. 

The 132 factor seems reasonably well based; its validity 
must of course be subject to regular reviews in the light 
of continuing field measurements made specifically for this 
purpose. Continuing argument about it could readily 
distract attention from the great advance represented by 
the new gravinietnic standards. 

The relationship between particle counts and mass of 
dust varies greatly in the PFR collieries. The previous 
particle counts bore only a vague relation to pneumo-
coniosis, whereas the relationship between mass and 
disease is close. 
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A. Grierson: Does this I 32 factor exist in oilier countries, 
and if it does not, how does our standard compare with 
those reached elsewhere, say, in Poland or Russia? 

M. Jacobsen: the factor I 32 relates to conditions found in 
British coalmines only. It was used in order to derive a 
standard applicable to British conditions from the PFR 
results. We believe that the research results do have a 
general validity in that they quantify risks of contracting 
pneumoconiosis in terms of varying long-term concentra-
tions of respirable coal dust. For instance, a recent paper 
[22] argues from the basic probability relationships found 
in the PFR in order to support a model of comparative 
risks in US mining conditions. This model does not require 
the assumptions implicit in the factor I 32. On the other 
hand it does, implicitly, appeal to a rather more funda-
mental and unsubstantiated assumption: that the medical 
hazard is dependent strictly on the cumulative mass of a 
critical dose of dust and that it is independent of the time 
period during which that dose is accumulated. It can be 
argued from the PFR results that this assumption is 
unlikely to be justified. 

A comprehensive comparison of mine dust standards in 
various countries has been compiled by my colleague Mr 
Walton [20]. 

E. K. Watson (1-lerne Bay): The ILO classification confuses 
me a hit; for instance, this 0123 classification. Could one 
say that a man was category 1/2 and 'tas suffering from 
10 	disability? 

J. S. McLintock (London): The criterion adopted for the 
diagnosis of pneumoconiosis for State compensation pur-
poses is a lower limit of Category 2 simple pneumoconiosis 
on a chest radiograph, coupled of course with a history of 
dust exposure. The Pneumoconiosis Medical Panel, after 
assessing the radiological degree of pneumoconiosis, 
goes on to tests of lung function and exercise tolerance. The 
percentage disability is calculated from all the data, not 
from the chest radiograph alone. 

It should he appreciated that if the radiograph shows 
Category 2 pneumoconiosis the Panel will award a I0 
pension, even if the physiological results show no dis-
ability. Conversely if other conditions, which might affect 
or be affected by the pneumoconiosis, are present, they 
must be taken into account when determining the level of 
pension awarded. 

E. K. Watson: about 20 years ago I had to do a year and a 
half with the PFR unit in Wales. I am trying to remember 
what the incidence throughout the country was but F 
remember that in South Wales there were incidence rates 
in the order of 18 to 25 ,, whereas in Durham they were 
down to 6%. In those days, rightly or wrongly, this was the 
arbitrary standard. It was felt then that it was necessary 
to put South Wales on a footing by itself because of some 
inherent characteristic of the dust which seemed to produce 
a greater incidence of pneumoconiosis. I also remember 
going to a colliery in the West of Scotland where the 
incidence of pneumoconiosis was about 24"/. This was a 
colliery which was absolutely sopping wet, in which air-
borne dust was virtually non-existent on the gravimetric 
basis being put forward here. 

I have a feeling that while the system of gravimctric 
sampling has a lot to offer, the standards are very low. I  

would have thought that if two milligrams is an absolutely 
safe standard and six milligrams will give its that, why do 
we not make the arbitrary limit six milligrams instead of 
eight? 
M. Jacobsen: The fact that the incidence of pneumo-
coniosis has been known to be higher in South Wales than 
in Scotland while dust concentrations, measured in particle 
count units, were not correspondingly higher in South 
Wales has been an anomaly which in the past has led to 
speculation that a special hazard might be associated with 
high-rank (anthracite) coal found in Wales. When the 
PFR mean dust concentrations described in the paper were 
expressed as particles/cm and correlated with the radio-
logical results, the degree of correlation was, indeed, 
increased by the introduction of a rank correction factor 
(based on the percentage of carbon in the coal seams). 
However, after converting the mean particle-count con-
centrations into mass units, using the correction factors I 
have mentioned [7], the correlation with radiological 
results was improved to a similar extent, and consideration 
of coal rank did not then improve the correlation further. 
The Welsh pits contributing to the analyses showed much 
higher progression than those in Scotland; yet their dust 
concentrations in particles/cm3  were lower than those in 
Scotland. This situation was reversed after conversion to 
mass units: the Welsh pits had higher concentrations, as 
might be expected [13]. Thus it appears that what was 
previously thought to be an effect associated with the type 
or rank of coal is adequately comprehended by measuring 
the concentration of respirable dust in mass, as opposed to 
particle-count units. This is a vindication of the repeatedly 
expressed view that the mass of respirable dust is the best 
index to the health hazard [tO, 11, 12]. The introduction of 
gravirnetric sampling instruments is thus an important 
advance in occupational hygiene in its own right: it 
focuses the attention of dust suppression engineers on 
those places where the need is greatest. 

The National Joint Pneumoconiosis Committee accepted 
the NCB's recommendation to set the standard for longwall 
faces as a maximum concentration of 8 mg/m3. I feel that 
this was a wise decision since I consider it better to present 
engineers responsible for dust suppression with a standard 
which, while difficult, is considered to be attainable, rather 
then demanding idealistically low concentrations which 
are unattainable in practice. To demand the impossible 
is to run the risk of sabotaging further efforts at dust 
suppression. 

P. C. Weekes (London): I share the great concern that 
other speakers obviously have for the results we are getting, 
but we have done a tremendous amount towards reducing 
the make of dust in spite of the increases in mechanization 
that have taken place in recent years. Like Mr Carver and 
Mr Watson, I am in favour of management by objectives. 
However, the system has failed in some of our largest 
industries because the objectives that have been set have 
been completely unrealistic. It generally has an adverse 
effect on effort when you set unrealistic targets. Our eight 
milligrams may not be the precisely correct figure, but 
let Its get 90 	to 95' of our faces approved for a start 
before we begin tightening tip even further. 

A few weeks ago I asked some senior Russian mining 
engineers about their dust suppression standards. They 
said that their standards were extremely demanding, but 
readily admitted that although they aimed at the target 
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they didn't often hit it. The Americans have set themselves 
a target that only 28 mines out of 2 800 have yet attained. 
We have a difficult but practical standard at the moment 
and I strongly advocate this continuing common sense 
approach to the problem. 

W. L. G. Nash (London): Could the author tell us what was 
the basis of selection of the original 24 pits? 

J. M. Rogan: When we selected the 25 pits we gave careful 
consideration to the factors which we thought might be 
important in the production of pneumoconiosis. In all of 
them we had a range. First was the quantity of dust. We 
took in very dusty pits and those with little dust and the 
whole range in between. The rank of coal was the next 

factoi.' We took pits with very high rank, mostly in South 
Wales, pits with very low rank, and the range of rank in 
between was also represented. The third factor was 
mineral content. We selected pits with high mineral content 
in the airborne dust, pits with a very low mineral content 
and pits representing the intermediate range. Lastly, the 
quartz content of the strata was similarly represented. 
The collieries were fitted into a Latin square design but 
this became somewhat irrelevant in the light of continuing 
observations owing to changes in various factors. What 
remains valid is the fact that the selected collieries collec-
tively represent the whole range of environmental condi-
tions in British coalfields. 

Mr Carver proposed a vote of thanks to the author. 

() The Institution of Mining Engineers, 1972 
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Evidence of Dose-response Relation in Pneumoconiosis (2) 

by M. Jacobsen 

Institute of Occupational Medicine, Edinburgh 

Introduction 

For many years the study of dose-response relation-
ships has been a standard tool in experimental 
psychology, pharmacology and toxicology. Profes-
sor Finney (Finney, 1964) has drawn attention 
to an early application in the field of meteorology. 
He cites Noah's experiments with the dove after 
the flood in order to illustrate three fundamental 
components in dose-response studies: a biological 
response (the plucking of an olive leaf) to a stimulus 
(depth of water) in a living subject (the dove). In 
more recent uses of the method subjects have been 
bacteria, as in the microbiological assay of the 
potency of an antibiotic; experimental animals 
participating in psychological studies or in drug 
toxicity tests; and sometimes patients responding 
positively or with side-effects in clinical drug trials. 
Relationships between the dose of inhaled dust and 
pathological responses in the lungs of experi-
mental animals are well established. (There are 
several detailed reports in Walton, 1971.) 

These examples (with the exception of that from 
Genesis) have more in common than the three 
basic elements mentioned above: subject, stimulus 
and response. They have in common also the 
Feature of control by the experimenter, in a labora-
tory setting, of choice of subjects, stimulus and 
xperimental design. This common factor is 

important because, to a large extent, the value of 
close-response studies depends on the ability to 
quantify validity and precision concerning con-
lusions. Well-known statistical methods necessary 

For these quantitative statements (Finney, 1964) 
rely heavily on the assumption that control over 
the experimental situation is possible and that it 
it is being exercised in the appropriate manner. 
Special problems arise when such control is not 
possible or when circumstances restrict the degree 
Df control. 

Characteristic of epidemiology are the con-
;traints on material and methods determined by  

circumstances in the field. The freedom of the 
laboratory worker to plan and control variations 
in the stimulus and to allocate subjects randomly 
to groups exposed to the same stimulus is often 
severely curtailed in an epidemiological survey. 

This paper discusses recent reports of three 
epidemiological studies of dose-response relation-
ships in pneumoconoises, with special reference to 
the problems of methodology and inference in-
herent in the abandonment of the clinical or 
laboratory setting. All three studies are long-
term and continuing. All the reports are interim, 
not final. All conclude with quantitative state-
ments relating the dose of inhaled dust to the risk 
of developing radiologically defined pneumo-
coniosis. They are concerned with silicosis among 
European gold miners in South Africa (Beadle, 
1971), coalworkers' pneumoconiosis in the Ruhr 
coalfield (Reisner, 1971) and in Great Britain 
(Jacobsen, Rae, Walton and Rogan, 1971). Table 
1 compares the three studies under the headings 
suggested above: subjects, stimulus and response. 

Subjects 

The South African study began in 1959. The 
choice of subjects was determined to a large 
extent by the fact that medical and working 
histories of all European underground workers 
had been accumulated over many years. In 
epidemiological terms this is a prospective study of 
a cohort of men who started work between 
January, 1934 and December, 1938, and who had 
completed at least 3,000 shifts by 1959; the 
cohort was, of course, defined retrospectively. 

The availability of subjects for the German 
study was made possible by the fact that certain 
mining companies have maintained records since 
1954 of cumulative dust exposures for men at 
their pits. The main analysis concerns 5,371 men 

88 



EVIDENCE OF DOSE-RESPONSE RELATION IN PNEUMOCONIOSIS (2) 
	

89 

TABLE I 

THREE EPIDEMIOLOGICAL STUDIES OF THE DOSE-RESPONSE RELATIONSHIP IN PNEUMOCONIOSIS 

(1) (2) (3) 
Study (Beadle, 1971) (Reisner, 1971) (Jacobsen, Rae, Walton and Rogan, 

1971) 
South Africa Germany Britain 

SUBJECTS 1,187 European underground gold 5,371 coal miners from 10 pits in 4,122 coal face workers from 20 
miners who started work be- the Ruhr coalfield with no radio- British pits some of whom had 
tween 1934 and 1938. logical changes in the lungs at varying degrees of simple pneu- 

the start of a 10-year period of moconiosis at the start of a 10- 
observation. year period of observation. 

STIMULUS Exposure 	to 	respirable 	dust 	in Exposure to respirable dust over 10 Exposure to respirable dust in 
terms of: years in terms of the sum of 120 terms of 20 colliery mean dust 

number of shifts worked in 5 monthly records of: concentrations calculated from 
occupational groups, and (number of shifts worked) 	>< average face-occupational group 

estimates of mean dust levels (dust 	concentration 	at 	work results measured throughout a 
in these groups, place). 10-year period. 

RESPONSE Onset of radiologically defined sili- Extent of radiologically determined Radiological changes in pairs of 
cosis as determined by one radio- pulmonary changes over 10 years X-rays over 10 years as deter- 
logist. as determined by various works mined by 8 independent readings 

doctors, of films by 8 radiologists. 

who began a ten-year period without radiological 
evidence of pneumoconiosis and who were still 
working at the end of the period. Some data 
were used also from men who had been exposed 
for a shorter period but for whom it was known 
that unrecorded earlier exposure to respirable 
dust was less than for the main group. In essence 
this is a prospective study of a cohort defined 
retrospectively as being part of a so-called "survivor 
population". The men had worked in ten mines 
considered representative of the Ruhr district 
where records of exposure were available. 

In the British study a sub-group was chosen 
from some 32,000 men working in pits covered 
by the National Coal Board's Pneumoconiosis 
Field Research. In this case the criteria for selec-
tion were determined by whether a man's pre-
dominant occupation had been at the coal face 
over a ten-year period during which systematic 
medical and environmental measurements had 
been made in all the 20 collieries concerned. 
Earlier analyses (Rogan, Rae and Walton, 1967) 
had suggested that radiological changes were most 
likely to be detectable among such men. Again, 
this is a prospective study of a survivor population; 
but in contrast to the German study, the sampling 
frame from which the cohort was selected was  

determined at the inception of the research, that 
is at the start of the period of observation in order 
to ensure that the full range of environmental 
factors likely to affect response was represented in 
the pits concerned (Fay and Rae, 1959). 

These summaries illustrate the difficulties of 
interpretation that must arise from epidemiological 
data. Finney (1947) writes: "The reactions of 
separate members of a batch (of insects) to the 
stimulus of a particular dose are not always 
independent; a correlation of response may result 
from incomplete randomness of selection of the 
batch, or alternatively from unsatisfactory control 
of experimental conditions causing the number 
responding to be seriously affected by some factor 
other than dose". These warnings must be ever 
in the mind of the conscientious epidemiologist. 
The constraints imposed by the realities of work 
in the field restrict severely the degree to which 
random methods can be used in selecting subjects. 
There may be unknown factors influencing the 
response of groups of men from particular pits 
which may distort the shape of the true dose-
response relationship and decrease the precision 
of estimates made from the data. Results from 
"survivor populations" in particular must always 
be treated with caution since by definition members 
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)f such groups have in common their ability to 
ontinue working despite the dust dose they have 
eceived—a factor not unlikely to be correlated 
vith their tolerance of the stimulus. 

Yet the choice of subjects from "survivor 
opulations" goes some way to meet further advice 
rom Professor Finney in a later paragraph from 
he same chapter where he states "it is usually 
)referable to have several batches (of subjects) of 
noderate size than to have two or three large 
mes, in order that a wide range of doses may be 
ested and an idea of the dose-response relationship 
)btamed". In both the German and British 
tudies choice of subjects from survivor popula-
ions was calculated to ensure a wide range of 
ikely exposures. In the South African study also 
here was the requirement that all men included 
hould have worked at least 3,000 shifts, thus 
nsuring the inclusion of a reasonable proportion 

men with relatively high exposures. But 
aution in interpretation of apparent relationships 
md extra diligent searches for insight into inter-
orrelations and biases that may occur in his data 
s the sine qua non for the epidemiologist. 

timuIus 

\lthough the three studies were concerned with 
he same stimulus—exposure to respirable air-
orne dust—the methods used for estimating 
hese quantities differed widely. 

In South Africa special underground dust 
ampling surveys were arranged in order to 
tharacterise the mean dust concentrations associ-
tted with five broad occupational groups. The 
urveys were made over a three-year period in 20 
nines representative of varying geological con-
litions occurring in the South African gold fields. 
[he number of shifts worked by men being studied 
n each of the occupational groups was known 
rom routine records and thus an index of exposure 
vas calculable for each man. 

In the Ruhr, individuals' ivonthly exposure 
ecords, in terms of average dust concentrations 
mnd the number of shifts worked, permitted firstly, 
lirect estimation of cumulative exposure over a 
en-year period for each man. In addition the 
nonthly data were used to derive an index reflecting 
'ariations in the distributions of monthly exposures 
)etween men with similar cumulative exposures. 

This index was used to explore the hypothesis 
that response might be affected by the time period 
over which particular concentrations of dust were 
experienced—that is, a so-called "peak exposure 
effect". 

In the British research, records had been accumu-
lated of the number of shifts worked by each man 
during a ten-year period in different occupational 
groups. The dust concentrations in these groups 
were characterised by full-time field investigators 
conducting on-going dust sampling programmes. 
However, at the time that the interim analysis was 
made, calculations of individual cumulative expo-
sure from these data had not been completed. 
Instead colliery mean concentrations based on all 
coal face occupational groups were calculated. 
They were converted from the particle-count units 
in which they had been measured into mass con-
centration units, by means of factors derived from 
results of simultaneous sampling instrument trials 
in each of the 20 collieries involved. 

The wide gulf between laboratory and field 
research methodology is nowhere more evident 
than in the measurement of the stimulus. The 
laboratory experimenter may control, with any 
desired degree of precision, the concentration in a 
dust chamber housing an animal he has selected 
randomly from a group. Not only is the epidemio-
logist restricted in his choice of subjects, not only 
is it impossible ethically to manipulate for research 
purposes the dust concentrations experienced, in 
practice even the measurement of dust concen-
trations presents a multitude of difficulties in 
sampling, instrumentation and organisation. In 
both the German and South African studies, 
working histories for exposure calculations had to 
be extracted from routine records which had been 
collected for purposes other than research. Of 
course, unknown random errors and even biases 
may be associated with such a procedure. The 
epidemiologist accepts this fact and has to consider 
carefully the extent to which they may affect con-
clusions. Additional work may be necessary in 
order to justify approximations that are necessary. 
For instance, supplementary studies were made 
by the South African team from which it was 
concluded that dust concentrations recorded 
during their three-year sampling surveys were 
"fairly representative of the conditions to which 
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members of the selected cohort had been exposed 
over most of their working careers". (Beadle, 
Harris, Sluis-Cremer, 1970). 

In this respect the British researchers were in a 
fortunate position. The accumulation of the 
exposure data had been planned in advance 
precisely for the purpose of deriving a dose-
response relationship. Dust sampling programmes 
had been designed statistically in order to minimise 
average variability of exposure estimates. The 
records of attendance had been gathered as part 
of an integrated research programme. Yet even 
here the realities of the situation required that 
estimates of mass as opposed to particle-count 
dust concentrations had to be made retrospectively, 
on the basis of results from supplementary trials 
which began 12 years after the research had started. 

All these circumstances are far removed from 
careful replications of essentially identical doses 
given to test animals or micro-organisms in the 
laboratory. Ashford (1959) has shown that under 
certain restricted conditions random errors in 
measurements of the dose do not affect certain 
statistics derived from the dose-response relation-
ship, although the variance of inferred relationships 
is increased. It is necessary to bear in mind that 
this mathematical conclusion is relevant only to 
random errors of measurement of the applied 
stimulus. No statistical corrections are possible 
for systematic errors, or biases, whose direction and 
magnitude are unknown. 

Response 

Radiology was used as the basis of response 
measurements in all three studies. Methods of 
recording these responses varied. 

Annual X-ray plates for all men in the South 
African study were examined by one experienced 
radiologist, and the year in which radiological 
evidence of silicosis was first apparent (M on the 
I.L.O. (1959) classification) was noted. These 
assessments were repeated by the same radio-
logist after an interval of four years. Where 
relatively serious discrepancies concerning year of 
attack were observed, the plates were re-assessed a 
third time with the help of another radiologist, 
and a final decision was made. Thus the response 
in this study was expressed as the presence or 
absence of radiological evidence of silicosis in 
men who had been classified according to the  

number of shifts worked in five major occupational 
groups. 

In the German study radiological evidence of 
pulmonary changes was taken from clinical assess-
ments of X-rays by works doctors. The results 
were expressed in terms of the 1930 Johannesburg 
classification of pneumoconiosis. 

X-rays of men in the British study had been made 
at five-year intervals by mobile units of the Pneumo-
coniosis Field Research. Special attention had 
been paid to the problem of consistency in radio-
graphic technique, and a series of trials was made 
before the interim study of British results began in 
order to determine the most suitable method of 
film reading. As a result eight doctors, experienced 
in the radiology of pneumoconiosis, each classified 
every one of the 4,122 film-pairs, covering a ten-
year period, from men in the study. Classifications 
were made according to the 12-point N.C.B. 
elaboration of the ILO four-point classification. 
The design of this film-reading exercise was based 
on statistical principles which ensured that possible 
temporal variations in readers' film-reading stand-
ards would not bias results. In this study, there-
fore, the response was expressed as the amount of 
radiological change over ten years on a 12-point 
scale, among men who began the period with 
varying degrees of simple coalworkers' pneumo-
coniosis. 

The following question is sometimes raised: 
"What is the point of arranging sophisticated 
statistical controls on the measurement of response 
when you know that your estimates of the stimulus 
are subject to considerable error (random or 
otherwise) and when in any case the selection of 
subjects does not conform with the usual statistical 
principles of randomisation?" The answer to this 
question is the same as that invited by the man who 
asks, "Why should I bother to stop smoking 
cigarettes when in any case I am quite likely to die 
by virtue of a road accident or even by industrial 
pollution of the air I breathe?" The answer is 
based on an argument from the laws of probability: 
the chance that either one of two independent 
events will occur is greater than the chance that 
only one of them occurs (unless that event is a 
certainty). Just as this consideration requires a 
rational individual to stop smoking cigarettes, so it 
requires the epidemiologist to make every effort to 
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educe the chances of random error or bias in his 
.ssessment of response to a stimulus that he is 
inable to measure with precision. 

nalyses of Results 

The general approaches to the three analyses 
vere basically similar but they differed in their 
letailed developments. 

All three statisticians grouped the subjects in 
wo-way tables. In the South African study the 
ubjects were classified according to (1) average 
lust levels and (2) number of shifts worked. The 
thhr miners were classified according to (1) various 
anges of dust exposure, and (2) the radiological 
tate at the end of the ten-year period. The men 
n the British study group were grouped according 
o (I) the ten-year mean dust concentration 
Lssociated with the colliery in which they had 
vorked, and (2) the sub-category of simple pneu-
noconiosis present at the start of the ten-year 
eriod. These tabular arrangements were then 
Ised to investigate the hypothesised dose-response 
elationship by considering the proportions of 
ubjects in different dosage groups to whom some 
adiologically defined event had occurred. 

P, Cent w)th Si(co,k 

For the gold miners the event was the presence of 
radiological evidence of silicosis; for the German 
study it was the presence of a specific degree of 
pulmonary change over the ten-year period; for 
the British it was the event that some evidence 
of radiological change over the ten-year period 
had been recorded. In each case the tables 
demonstrated an increase in biological response 
with increasing dose. This is illustrated in 
Figures 1, 2 and 3. 
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FIG. 2 

Dose-response among Ruhr coal miners, from Reisner, 
1971. 
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FIG. 1 
Dose-response among European gold miners, from 

Beadle, Harris and Sluis-Cremer, 1970. 

FIG. 3 

Dose-response among British coal miners, from 
Jacobsen, Rae, Walton and Rogan, 1971. (Fitted 
curve by weighted Least Squares using angular trans-

formation.) 
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From this point onwards the statistical treatments 
diverged into various techniques of data descrip-
tion, hypothesis testing and extrapolation. An 
adaptation of the concept of life tables was used 
on the South African data in order to compare 
results and risks for sub-groups in the cohort 
using "survivorship curves". Relative risks for 
men engaged on production as opposed to other 
miners, for different geographical areas, and for 
different ages at entry to the industry were assessed 
using this method. 

Reisner (1971) estimated exposures prior to the 
start of record keeping for older men in his cohort, 
and used these results to extrapolate his dose-
response curve beyond the maximum exposure 
observed during the ten years of the study. By 
this means he derived mean dust concentrations 
consistent with restricting long-term risks of 
pulmonary changes to particular levels. 

The British workers exploited the greater amount 
of radiological information in their data, arising 
from their use of the 12-point scale of abnormality, 
in order to extrapolate the radiological changes 
observed over a ten-year period to changes likely 
to occur over a 35-year period. These predictions 
were used as a basis for the introduction of gravi-
metric dust standards in British coal mines in 
1970. The likely effects of implementing the 
standards have been expressed in terms of long-
term risks for men working in the dustiest condi-
tions and also as the expected incidence of ILO 
category 2 simple pneumoconiosis over a 35-year 
period (Jacobsen, 1972). 

Statistical Considerations 

It is perhaps no coincidence that all three statis-
ticians began by expressing the responses as 
binary, or quantal variates, and summarised the 
results as percentages responding in appropriate 
sub-groups. The many caveats enumerated above 
concerning studies of this kind suggest that rela-
tively simple, unsophisticated methods of analysis 
are desirable, at least in the first instance, in order 
to reveal the essential message that may be con-
tained in the data. 

Mathematical transformations of both dose and 
response measurements are quite proper in order 
to achieve homogeneity of variance and linearity in 
sections of the dose response curves. Axiomatic  

statements concerning mathematical continuity 
and monotonic properties are not only appropriate 
but well-nigh essential if conventional methods of 
analysis are to be used. In exploiting these tricks 
of his trade the statistician must always explain 
carefully to his non-mathematically orientated 
colleagues precisely what physico-medical features 
are implicit in his models, so that they may be 
subjected to informed criticism and comment. 

For instance, it has been suggested that different 
men may have inherently different biological 
"susceptibilities" or tolerances to the effect of 
inhaled dust. There are various hypotheses con-
cerning the physiological mechanism underlying 
this susceptibility concept. Some of these hypo-
theses suggest that tolerances to a similar dust dose 
among a group of miners might be distributed in 
a Gaussian fashion. If this is so, and if the 
responses are expressed in quantal form, then the 
probit transformation is a suitable tool for statis-
tical analysis of the data, as has been suggested by 
Ashford and his colleagues (Ashford, Fay and 
Smith, 1965). However it should be remembered 
that a model of normally distributed tolerances is 
not necessarily the correct explanation for the 
observed variability in responses to what are, 
apparently, similar stimuli. It may be that there 
are compositional factors in the dust whose 
presence in certain proportions affects the proba-
bility of response to a given dust dose. 

Or it could be visualised that the ability of a lung 
to tolerate a given dust dose (i.e., no radiologically 
detectable retention) depends essentially on the 
spatial distribution of macrophages relative to the 
distribution of inhaled dust particles. Variations 
between individuals in parameters defining this 
relationship are quite possibly inherently skewed 
and non-Gaussian. Neither the probit trans-
formation (for quantal data) nor normalising 
transformations of radiological scores are neces-
sarily suitable for investigating physico-chemical 
and physiological models of this kind. 

Verifying the Dose-response Relationship 

For the reasons discussed in earlier sections of this 
paper it may not be easy to test conformity of 
epidemiological data with assumptions under-
lying statistical methods used in the analysis. 
Rigorous tests of validity, as would be used in a 
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bio-assay, are not likely to be possible. Tests of 
statistical significance cannot be interpreted in the 
same strict, quantitative manner that would be 
justified in considering results from a carefully 
designed laboratory experiment. Genuine limits of 
confidence may be wider than formal statistical 
procedures suggest. The sceptical researcher may 
justifiably require probabilities of chance occur-
rence much lower than the conventional 5 per cent 
before he is convinced that he has evidence of a 
real effect. 

There are at least two ways in which verification 
may be sought for epidemiological findings, not-
withstanding these difficulties. The first is to 
encourage similar surveys by other workers in 
different physical circumstances. If basically 
similar results are obtained independently then 
common sense demands that greater credence 
may be placed in the concordant conclusions. 
Thus Reisner (1971) comments on the similarity 
of results found in the German and British studies 
although the kinds of data and methods of analysis 
were very different. 

The second approach to verifying an epidemio-
logically determined dose-response relationship in 
the industrial context follows naturally from the 
objectives of the work itself. Not only the 
researchers but also the miners exposed to respir-
able airborne dust will be convinced if the experts 
in engineering, occupational hygiene and medicine 
can combine to effect a sufficiently substantial 
reduction in dust concentrations so that the 
predicted drop in biological response may be 
observed. This is admittedly a technically difficult, 
expensive and time-consuming verification of the 
dose-response relationship; but it is by far the 
most satisfying. 
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PROGRESSION OF COAL WORKERS' PNEUMOCONIOSIS IN  BIN 

IN RELATION TO ENVIRONI€NTAL CONDITIONS  

UNDERGROUND  

N. Jacobsen 

Summary 

The British National Coal Board's Pneumoconiosis Field Research 
began in 1952. Medical surveys, including chest X-rays, have been made at 
5-year intervals in each of 25 collieries representative of conditions in 

all the British co
alfields. The airborne dust concentrations in which men 

worked have been characterised throughout by research investigators 

stationed at the collieries. 

An interim analysis of results from 4122 coalface workers after a 
10-year period of observation in 20 of the collieries was published in 
1970. Twenty colliery mean coalface concentrations were correlated with 
radiological data and the results were used to assess the likely effect of 
the gravimetric dust standard that was introduced in British coal mines in 
1970. it was estimated that implementation of the standard would limit the 

long-tern risk of c
ontracting pnenmoconiOSis (category 2 on the Internation-

al Labour Organisation's classification) to about 3 7. in the dustiest pits. 
The incidence of new cases of pne.snoconiOSi5 along all face workers would 

also be reduced substantially. 

Recent analyses of individual men's dust exposures confirm the 
basic relationships between risks of radiological progression over 10 years 
and environmental conditions, in particular, the earlier finding that 
risks of further radiological progression are higher for men who already 
show evidence of dust retention on their X-rays is upheld. However it is 
evident that the analyses based on colliery mean concentrations tended to 
overestimate risks for individual men exposed to higher concentrations 

(greater than 5 mg/n3), and u
nderestimate risks for men exposed to lower 

concentrations. 

Analysis of existing data continues while the field research is 
now concentrated at ten pits. New projects have been started. The life 
expectation of coal miners is being studied in relation to environmental 
conditions. The pathological appearances of lungs from deceased men in the 

research population is also being investigated. 



- 78 - 

Introduction 

When an occupational hazard to health has been identified the first 

step is to provide protection for the workers concerned in the light of 

knowledge available at the time. A further step that should be taken is to 

arrange for periodic monitoring of the health of men at risk so that the 

effectiveness of protective measures may be assessed. At the same time it 

is wise to begin or continue studies designed to increase understanding 

concerning the hazardous situation so that the protective measures taken 

may be refined in the light of new knowledge. All these three steps were 

taken by the British National Coal Board following nationalisation of the 

industry in 1947, in order to deal with the problem of coal workers' 

pneumoconiosis. 

In 1949 standards were introduced for approved dust conditions 

underground. They were based on Medical Research Council surveys in the 

Welsh coalfield (1), and the intention was to offer employment to known 

cases of pneumoconiosis in dust conditions which would not cause their 

health to deteriorate. Additional dust suppression measures which were 

introduced at about the same time were intended to achieve "approved dust 

conditions" at all working places underground. Since 1955 all new entrants 

to British coal mines have been given a full-size chest X-ray on entry, and 

in 1959 there began the periodic monitoring of X-ray appearances among men 

employed in the mines. Some 87 7 of the men take advantage of this Pen-

odic X-ray Scheme (2). Results are used to give confidential medical 

advice to the miners and to construct an index reflecting the effectiveness 

of protective measures in individual pits during thq five-year periods 

between X-ray surveys. 

The dust standards and sampling procedures were adjusted on a 

number of occasions (3) in the light of experience and new knowledge. A 

major development took place in 1970 when it became possible to introduce 

gravimetric samplers as the standard equipment for routine dust monitoring 

in all British collieries. Interim results from the National Coal Board's 

Pneumoconiosis Field Research (PFR) were used in order to define appropri-

ate new dust standards, in mass concentration units (4). 

The present paper refers briefly to the methods used in the 
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Pneumoconiosis Field Research. Recent findings are reported and compared 

with results from earlier analyses. 

The Pneumoconiosis Field Research 

This study began in 1952. Details of the aims and methods have 

been published elsewhere (5) but they can be summarised as follows. Medi-

cal survey teams, equipped with mobile X-ray units, visited each of 25 

collieries at five-year intervals. The collieries were representative of 

the range of environmental conditions found in the British coalfields. At 

each survey full size chest X-rays were taken of more than 90 7. of the men 

working in the pits and the men's previous iniustrial histories were re-

corded. At the second and subsequent round of surveys simple tests of 

lung function were made and a questionnaire concerning respiratory symptoms 

was completed. Since the start of the study full-time field investigators 

have been stationed at the research pits in order to monitor the dust con-

centrations to which men were exposed. 

A review of progress was made after the first round of medical 

surveys had been completed (6). Problems that had arisen in the work were 

discussed in order to assess what further action was necessary to obtain 

answers to the main research questions. These questions may be formulated 

as follows 

Can changes in the appearance of chest X-rays be correlated 

convincingly with estimates of airborne dust to which men have 

been exposed ? 

How does the risk of developing pneumoconiosis increase with 

increasing dust exposure ? Is the risk directly proportional 

to the exposure or is the relationship non-linear ? 

What kinds of dust cause pneumoconiosis ? How does the compo-

sition of the dust affect the medical hazard ? 

How can research findings be used in order to refine operational 

dust standards ? 
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First results from a 10-year period of observation 

An interim study of results began in 1967, after a 10-year period 

of observation had been completed in 20 of the research collieries. Results 

have been reported (7). X-ray changes in 4122 pairs of films spanning a 

10_year period were assessed by each of eight doctors experienced in the 

radiology of pneumoconiosis. The radiological data were expressed as a 

total progression score for each pit, using a 12-point scale for the classi-

fication of the films (8). The results were correlated with 20 colliery 

mean coal-face dust concentrations. 

The 4122 men whose films were included in the study had been 

working at the coal face either at the time of all three me4ical surveys, 

or at least at the first two and had then moved to work elsewhere under-

ground during the second 5-year inter-survey period. The colliery mean coal 

face concentrations which were used as an exposure index in that analysis 

were 
calculated as the average of all coal face (portal to portal) shift 

concentrations that had been sampled in the ten years between the first and 

third medical surveys. These concentrations had been measured using the 

Standard Thermal Precipitator. The colliery mean concentrations were 

converted from particle-Count concentrations into mass concentrations by 

means of conversion factors which had been established from the results of 

trials using the Standard Thermal Precipitator and the ME gravimetriC dust 

sampler side-by-side in the main types of mining operations in each colliery 

(9). 

The correlation of radiological progression with colliery mean 

particle-count concentrations was poor and not statistically significant 

(r = 0.44). The correlation of radiological progression with derived mean 

mass concentrations was highly significant (r 	0.80). 

Thus answers were beginning to emerge to the first of the research 

questions listed above. It was possible to obtain a convincing correlation 

between X-ray change and indices of dust exposure given a sufficiently long 

period of observation, a suitable scale for classification of X-rays, 

careful radiological procedures and provided that the respirable fraction 

of the dust to which men had been exposed was expressed in mass concentration 

units. 
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An important aspect of these results was the successful use of 

score-differences in order to summarise X-ray changes in each colliery. 

The scores were based on film classifications using the 12-point NCB elabo-

ration of the 4-point ILO (International Labour Organisation) classifi-

cation of simple pneumoconiosis (8). (The principle of the 12-point scale 

has been incorporated in the ILO's Extended 1968 classification (10)). 

Similar score-differences are used in the construction of colliery "Pro-

gression Indices" for all British pits, as part of the National Coal 

Board's Periodic X-ray Scheme. The highly significant correlation with 

mean du3t concentrations observed in the research thus demonstrates that 

the routine radiological monitor (the Progression Index) is related 

directly to dust conditions in the periods immediately preceding radio- 

logical surveys. 

Further analysis of the results began to provide some of the 

answers to the second of the questions listed above. For men who began 

the ten year period of observation with no opacities detectable on their 

X-rays (category 0/0 on the elaborated scale) the relationship between the 

percentage of men shoving radiological changes and colliery mean concen-

trations appeared to be curvilinear over the range of mean concentrations 

measured in the ten years (1.2 to 8.2 mg/m
3), rising more steeply at 

higher concentrations. For men who began the period with films classified 

as category 0/1 (one step higher on the 12-point scale) the mean percentage 

progressing and the mean slope of the curve were both strikingly higher, 

while the curvature was reduced over the same range of mean concentrations. 

For men whose initial X-rays were one point higher on the scale (category 

i/o) the relationship was almost linear over the range of mean concen-

trations being considered, but the mean percentage progressing was again 

increased. These curves, based on colliery mean concentrations, were illus-

trated as Figure 4 in reference (7). They provided a first estimate of 

risks associated with ten-year exposures to respirable airborne coal dust. 

Individual exposures 

Calculations of 10-year exposures experienced by each of the 4122 

men involved in the study were completed subsequently. Records had been 
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kept for all men in the research pits of the number of shifts worked in 

different "occupational groups" The mean dust concentrations (in par-

tidles per 
cm3)a5s0ated with these groups were known from the results of 

the research sampling programme. These results were converted into mass 

units using the conversion factors referred to above (9). The number of 

shifts worked were converted into hours, depending on shift length in 

the period and area concerned, and individual's cumulative exposures over 

the ten years were computed by summing the products of estimated mass 

concentrations in occupational groups and the number of hours worked in 

them. 

The exposure units are the product of time and mass concentration. 

They were expressed as gram-hours per cubic metre (ghlm3) and are analogous 

to the exposure units ( E K.S.) used in German epidemiological studies (11). 

The wide range of the exposures has been illustrated in an earlier report 

(7) where it was shown that the mean of exposures within collieries corre-

lated well with the colliery mean concentrations used in the first analyses. 

Further studies have been made since then. Table 1 shows the 

distribution of individual exposures for three sub-groups corresponding to 

different initial categories of simple pneumoconiosis. Also shown are the 

percentages of men who progressed radiologically during the ten years, in 

relation to the various dust exposure groups. It is clear immediately that 

the results in Table I confirm the main finding based on colliery mean 

concentrations : the risk of radiological change increases systematically 

with increasing 10-year dust exposure. 

How do these later results compare quantitatively with earlier 

estimates of risks calculated from colliery mean concentrations ? Are the 

earlier conclusions concerning the different shapes of the dose-response 

curves, depending on ini.tial category of pneumoconiosis, upheld when 

considering individual exposures ? These questions are answered most 

conveniently by expressing individual dust exposures (ghlm3) as mean 

concentrations experienced by individual men over 10 years (mg/n3), that 

is 



Mean concentration = Individual's l0-year exp 

for an individual 	Total time contributing to 
exposure calculation 

= :Vtt  I 

where t is the time spent in different occupational groups, and the 
C's 

are the mean concentrations associated with different occupational groups. 

Figures 1, 2 and 3 show the percentages of men who progressed from 

three starting categories in relation to 1 mg/m3 
 ranges of mean concen-

trations experienced. For comparison, the percentages progressing in each 

of the 20 collieries are also marked in these illustrations (o), in re-

lation to the 20 colliery mean concentrations used in the earlier analyses, 

Figures 4, 5 and 6 show the results of fitting curves both to the 

colliery mean data and to mean concentrations experienced by individuals. 

The curves showing the relation between percentage progressing and colliery 

mean concentrations (broken lines) are based on the same equations which 

were used to illustrate the earlier analyses (7). The curves estimating 

the probability of progression in relation to individual mean concen-

trations (continuous lines) are based on logistic equations (12) which 

were fitted using the method of Maximum Likelihood. The statistical 

methods used are described in an Appendix. 

The following conclusions may be drawn from the detailed analysis 

of these results 

The statistically significant positive correlation between 

radiological signs of pneumoconiosis and exposure to airborne 

coal dust, which was inferred initially by consideration of 20 

colliery mean dust mass concentrations, is confirmed using 

many hundreds of individual exposure estimates. 

The earlier conclusion, concerning higher risks for men who 

begin a period of exposure with some signs of dust on their 

X-rays (categories 0/1 and i/o) is upheld by the analysis of 

results from individuals. The more rapid increase in these 

risks with increasing dust concentration for men who start 

with categories O/l and 1/0 (compared with men who start with 
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category 0/0) is also confirmed. 

The more recent analyses of individual exposures show that for 

all three starting categories the risk of progression rises less 

steeply with increasing dust concentration than was suggested 

by the earlier analysis of colliery mean concentrations. Thus 

the earlier work tended to overestimate probabilities of pro-

gression at higher dust concentrations; while for starting 

categories 0/1 and 1/0 the earlier analyses tended to under-

estimate probabilities at low concentrations. 

Near the average exposure observed in this study (equivalent 

to about 4 to 5 mg/m3 over ten years) both sets of analyses 

yield similar probability estimates. 

These conclusions thus indicate firstly, that the general relationships 

inferred from the interim analysis of colliery mean concentrations were 

reasonable approximations to the relationships between radiological re-

sults and individual exposures. Secondly, they show that from the point 

of view of occupational hygiene the earlier estimates tended to err on 

the safe side, attributing higher rather than lower risks to mining situ-

ations with high dust concentrations. 

Assessing the effects of dust standards 

The latter point is of considerable importance because the earlier 

results were used to assess the likely long-term effects of the gravirnetric 

dust standards that were introduced in 1970 for British coal mines. Two 

steps were necessary for this assessment. The first was to extrapolate the 

results from the 10-year period of observation in order to estimate likely 

effects of different mean dust concentrations over a longer period. This 

was achieved by a statistical method described elsewhere (13). The results 

were expressed as risks of developing simple pneumoconiosis category 2 or 

higher on the ILO four-point classification after a 35-year working life at 

a coal face. 

The second problem was to translate these estimates, (based on data 

which had been gathered using a dust sampling strategy appropriate for epi- 
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demiological research) into estimates that would correspond to dust concen-

trations as measured in the National Coal Board's routine dust sampling 

programme. The details of this work have also been reported (3). 

The current British dust standard specifies that the mean of any 

three consecutive monthly evaluations in the return airway from any coal 

face, using the MRE gravimetric dust sampler type 113A, shall not exceed 

8mg/rn3  (14). It was estimated that if the standard is achieved then the 

long-term mean concentration over all faces in a colliery will not exceed 

4.3 mg/m3 as measured in the research. This in turn implied that the 

probability of reaching ILO category 2 or higher would not exceed 3.4 7.. 

The expected incidence, over 35 years, of ILO category 2 pneumoconiosis 

among all face workers starting the period without the disease would be 

at least halved, as compared with the expectation prior to the introduction 

of the graviznetric standard in 1970 (15). 

Continuing research 

The effect of varying composition of the dust, particularly the 

quartz content, is still being investigated. Nevertheless it is possible 

to say from the results available now that under conditions existing in 

British coalfields the most important single variable determining the 

incidence of simple pneumoconiosis is the cumulative mass of the respirable 

fraction of all airborne dust to which individuals are exposed. 

Work is continuing also on more specific quantification of risks 

for men who have varying initial degrees of simple pneumoconiosis; on the 

distribution of dust concentrations within British pits and how this 

affects occupational hygiene strategy; on the occurrence of different 

types of opacities on miners' X-rays (p, q, r) particularly in relation to 

subsequent development of complicated pneumoconiosis (PNF); and on the 

relationsips between exposure to airborne dust, pulmonary function and 

respiratory symptoms. 

The accumulated data from the 1st 20 years of the Pneumoconiosis 

Field Research provide a valuable basis for two new studies which have 

begun recently. The first concerns the life expectation of coal miners; 

the second is a pathological study of lungs from the population of miners 

who have worked in 24 of the 25 pits covered by the first ten years of the 



research, so that results may be related to the medical and environmental 

information that is available. It is hoped also to link this work with 

further medical investigations of men who have left the pits during the 

course of the research. Success in this latter project would be of great 

scientific importance since it would provide information that can never be 

obtained from studies of so-called "survivor populations". 

At the same time more intensive medical and environmental investi-

gations are continuing in 10 of the original 25 research collieries; the 

extended programme of dust sampling is being conducted with gravimetric 

instruments. The new data are expected to complement existing knowledge 

and deepen understanding of the remaining problems. 
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Table 1. 	 Distribution of ten-year dust exposures 

Dust exposure (gh/m3) 
All  
men 

Starting category of simple 8.5 - 	25.0 - 	50.0 - 	75.0 - 	100.0 - 	125.0 - 	150.0 - 	- 	200.0 - 
pneumoconiosis*  

1175.0 

24.9 	499 	74.9 	999 	124.9 	149.9 	174.9 	199.9 	308.5 

0/- and 0/0 	N 266 1118 687 507 276 139 87 45 43 3168 

P 0.8 2.6 9.0 11.8 12.0 12.9 11.5 26.7 23.3 7.4 

0/1 	 N 12 80 89 84 38 28 17 16 7 371 

P 8.3 26.3 34.8 41.7 39.5 35.7 64.7 75.0 28.6 37.2 

lIo 	 N 7 29 45 51 26 17 3 2 4 184 

28.6 44.8 42.2 33.3 53.8 1 	70.6 _____ _78............ ......_ 45.7 

number of men 
percent progressing 

* 	Based on averaged scores from 8 film-readings 
Excluding men whose earlier or later films were recorded as showing evidence of rheumatoid lung 

or PMT by any one of the 8 film readers. 
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Percentages of men progressing over 10 years from three starting categories of simple pneumoco- 
niosis in relation to 

colliery mean coalface dust concentrations 

T 1 mg/m,  ranges of individual 10-year dust concentrations calculated from individual expo-
sures. (The number of men in each concentration range, n, is shown.) 
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Estimated probabilities of progression over 10 years from three starting categories of simple 
pneUmOCoflhottS in relation to 

- - - colliery mean coalface dust concentrations 

- mean individual concentrations calculated from in 

exposures. (See Appendix) 

PROBABILITY OF 
PROGRESSION 

FROM CATEGORIES (0/ and 0/01 

(%) 

- 	Mean dust concefltta60 1mg/mI 



Appendix 

Statistical methods used to fit curves 

shown in Figures 4, 5 and 6 

1. Colliery mean dust concentrationa 

The broken lines in Figures 4, 5 and 6 are based on the same 

equations that were used to illustrate the interim results shown in 

Figure 4 of reference (7). These equations were fitted using the method 

of Least Squares in which the regressand was, in each case, 

y = 2 arc sin 

where p = proportion of men in each colliery who progressed radio- 

logically over ten years. The regressor variables were 

c = colliery mean coalface dust concentrations (mg/m3) 

q = colliery rnl percentage quartz in dust, 

cq/100 = colliery mean quartz mass in the dust (mg/m3). 

The values of the fitted coefficients, and their standard errors, are 

shown in Table Al. 

Table Al Results from analyses of 20 colliery mean 

dust concentrations 

Starting category of pneumoconiosis 

0/0 	 0/1 	 1/0 

Number of men 3157 391 204 
involved 

Mean 	y 0.540 1.165 1.395 

Fitted 	 c 0.185 0.184 0.137 
coefficients (0.053) (0.126) (0.213) 
(and their 
standard 	q 0.066 - 0.027 - 0.078 
errors) (0.062) (0.146) (0.247) 

cq/lOO - 0.735 0.637 1.935 
(1.274) (2.958) (5.025) 

Multiple correlation 
coefficient 0.87 0.72 0.52 

Degrees of freedom 16 16 16 
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In no case did the variables q or cq contribute significantly 

to the fitted equations. The mean percentage quartz data used for these 

analyses was 4.1 7. Putting this value into fitted equations gives, 

for starting category 0/0 : 	y = - 0.107 + 0.155c; 

for starting category 0/1 y = -0.302 + 0.210c; 

for starting category 1/0 : 	y = 0.517 + 0.216c. 

The curves shown in Figures 4, 5 and 6 (broken lines) correspond to the 

above three equations. 

2. Individual's mean dust concentrations 

Analyses of mean dust concentrations experienced by individuals 

have been made using a logistic model. It is asssned that if 9 re-

presents the probability of progression over ten years then the logarithm 

of the "odds ratio" 

Y = log
e  

NO f (x) 
- 

where f (x) is a function of regressor variables. 

The continuous curves in Figures 4, 5 and 6 are based on the model 

Y 8 + 

where x 	individual's mean dust concentration over ten years (mg/m3). 

The parameters go  and 91  were estimated using the method of Maximum 

Likelihood. These estimates are shown in Table A2. 
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Table A2. 

Number of 
observations 

Maximum Likelihood 
estimates 	 0 
(and their standard 

errors) 

Results from analyses of mean dust 
concentrations experienced by indi- 

viduals 

Starting category of pneumoconiosis 

0!- and 

0/0 0/1 1/0 

1052* 371 184 

- 3.5343 - 1.2890 - 0.7984 
(0.2366) (0.2441) (0.3522) 

	

0.2294 	0.1623 	0.1324 

	

(0.0411) 	(0.0457) 	(0.0678) 

* Because of the computational difficulty of solving large numbers 

of maximum likelihood equations simultaneously, a one-in-three 

sample (1052 men) of the 3168 whose initial X-ray categories were 

0!- or 0/0 was used for this analysis. The sample was effective-

ly random, and similar results were obtained from the other two 

one-in-three samples. 

_. Excluding men whose earlier or later films were recorded as showing 

evidence of rheumatoid lung or PMF by any one of eight film readers. 
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EFFECTS OF SOME APPROXIMATIONS IN ANALYSES 
OF RADIOLOGICAL RES1ONE TO COALINE DUST EXPOSURE 

JACOBSEN 

Institute of Occupational Medicine, Ec1inhugh, United Kingdom 

ABSTRACT 

Problems of cvnalysinq incomplete epldeiiiolegicaZ data to 

provide guidance on coalmine dust standards are consld'red. An 

interim analysis of results from a Zongi tudina 1 study in British 

mines had provided estimates of probabilities of dove loping var-

ious degrees of coatworkeps ' pneumoconiosis following exposure 
to different concentrations of respirable dust. 	These dose 

response relationships were used to guide decisions on dust 

standards. 	Data which became available subsequently have per- 

mitted quantitative assessmcnte of how certain seprex ima tions 

used for the interim analysis affected results. 

Averages or dust concentrations at coalfaces sampled in a 
coZ liery during a ton year period proved to he good estimates 

of average cumulative dust exposures of face workers in the col- 
lieries. 	However, re-grouping data according to men's l'2diV- 

dual dust exposures showed that attribution of a single (mean) 

dust-dose to men working in the same colliery introduced a bias 

into the analysis. 	Risks associated with high dust concentra- 

tions had been overestimated; at lower concentrations they had 

5een underestimated, to a lesser extent. 	A simplified stochastic 

iodel of radiological progression was used in the interim analysis 

o permit temporal extrapolation of results. 	This took no for- 

al account of variations in dust exposure prior to the research. 
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Later calcu!ations give more gariable results, but provide no 

evidence- of serious bias arising from the simpZifing assumption. 

An earlier finding concerning higher risks of 2'adiologicczl es- 

pence to dust among men with pneumoconiosis is confirmed. 	The 

practical importance of this observation is discussed. 
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1 • 

lJro of ith.tho1(3gIoa1 data ai a guide to deci E6.cas on roiib:1e 

).e'c38 for rD1utnta proeuppoce relevance of 3tUf1y 1GZ&1Ia to th 

OZ irt and the vea of valid nethlology. }?von rjlea tee 

eo::itLticnu Axe liwA l, diffievlti~:s aria if specifte not on ia rjti.rd 

before an op c'nio1c4eal itdy Ic 	lDtc and 	k.den i 

iruz the Incolplot ata. ¶-he pLausibility of au'ttou U.Ml to 

itoxpot the, da tiny rout pxtly on in?orjtCjd valvoezn 	nt 

on the 	t1te .1Tloblo; but inho:cnt lu this situatiwi ia t: 

oppotun.ty to r4oty tie effcoe of apprrz Yinono as 	&a 	ca 

ich rae thi cave in tbe period leadir,g to the Iatrc1uet1on of 

ravInt:ci etd or airborne duct in Jitioh co.elLiirier: in l97O. 

An Interii aiia)ye e of rosults from. Ic Ltudt ni fitwilly in the ?dno 

prcvidod eetimitoe of probabil-itiec of developing va.oun daee of 

cro:dere' 

 

P'letuloccutoLd.L fril1ow-Ing oxponuro to diIeent 

ooncentrtion of xavpll rabl duat (Jacobon 0t81 1:111 ) 	Jpplica. 

of Vela raeite to conditlone n British oo.binucj, to neee likely 

o'ortn of &.f±eront poe$ble du&t etmda:rth3, required n nui2bcr of 

optional ninptiorui. The data Justifying then have been deecii.bd 

by Chanberlain et al f2]. Consequences of poeeible deviations froa 

condition aind have been diocuseod quentitativo].y by Ja been 131 
The pennt p1ior in ccncornec with none other appr netiona ioh 

oe ncaeeay to teri'oe the probability s tioncpn thiinnlveo. 

2. 	Rear&i oius and itiod 

The Pnninoionicsie Field Receu'eh bc.gaxi n 1952 with two in ei2 

to ontablieb hat in of duet cause pneoccuiociu and to detornine 

vb.at a iroinnta1 cditIone should. ho maintained if n1n-orkxre are ne 

c be diiab1d by the duet they breathe. The reeh degn h.%r. bea 

deeoxibed fiJ.ly by Pay and Pao [4). In oceenee the plan ai to inb 

f1-aie cheat X.rnyc of all siorking ninere in 25 co11ieris at five—

ycer intorTaj.r. About 30 000 non were involTod at any one tiro and the 

response rate van coneictently higher than 90 percent s, The collieriee 

wore reloeted from all the Britinh coalfields to provide a rept-eeantativo 

range of 	onaontal conditions that might prove to he important in the 

dovelopnent of puounoconiosin. Rooearch inveatigatore stationed 
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poraitLy at V_,3 collieries carried out a atatitically designed 

pIograno of d'wt sampling close to the crknon in defined occupatical 

groups. Records wore accumulated of the tine eperAt by each man in those 

groups and occupational histories prior to the reuaa.rch were corap-i].od by 

intorviev for all ien surveyed. in this way it wma hoped to establish a 

quantitative relationship betteen radio1ogic1 eppearaness and 

irdividualsl dust exposures. 

3. 
3.1 	j!itv 

The first Bzi ish coalmine,  dust standrdj had bnen expressed in 

torais of the mzr of particles in the eize rrulga I to 5 jii par c 3  of 

sampled air and were measured using the Stand9rd Thesal Precipitator. 

Nov dust samp]J-nS inetrunentn hal been davelopod by the i•to 19606 which 

neas'Ared the nasa concentration of repirabie dust. 11h3.0 was tc 

preferred z&easuro of the medical haiard (Bedford tad Warner [5j 

Hamilton and Walton [61)  whose use for routine aoniterin ox' duet lords 

had been postponed only by the oariir nonaailahility of suitsblo 

nampling instrmto 	The da.ieion by the iaticna1 Coal. Board to 

Introiuoe graviutric aampU.ng uaerground by 170 deteisivad the 

objective of the interiri study !thiah began in 1967:  a relAtUrzhip, 

betoen radiological pue 	oaiosia and naas conoeniantione of atrboro 

duet was required urgently to guide the neceuary dodsIorie on 

appropriate new dust standards. 

3.2 Data 	L oy 

These are described and discnaaed in det.dl by Jacobsen 2jl [7]. 

The essentials are euzzax4ised below. 

3.2.1 
	

Sgiqal  

Pairs of I-rays of 4 122 coalface workaro employed in 20 of the 

research collieries were claatdfied for pnetoconioeia by eight doctors 

ox-perioncod in the radiology of pneumoconiosis. Each Tdr of X—rays 

represented the start and end of a ten—year period of dust sampling in 

the collieries concerned. Every doetor ozaained all paIrs. Both filna 

from a pair were classified at the eano tdss using the 12—point scale of 

abrornality now incorporated in the International labour Organisation's 

iaislfIcation of pneucconiosis (ILO [8]). The eight classifications 

of each film were averaged as described by Jacobsen otn1 hi. 
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3.2.2 1vintal 

The ieri dust concentration over all coalface occupational groups 

sampled over the ten-year period wan available for each of the 20 

collierics included in the special study. The concentrationa ve:es 

ezpreseed in the unite in vh4-eh they had been measured, that i.e 

particle /cm3. These 20 colliery mean concentrations vro converted 

into nasa OCrICGUtr&tiQn units (ag/n3) using aeparato factors for cach 

colliory the factori had been determined experionta1ly from the 

results of simultaneous eanpling inatuent triilc in each collit.rj,  

The titatiuticsl axalysee described by Jacobsen ot PI [71 tho:ad 

that radiological changes over ten years vere correlated with the 20 

colliery ucan nasa concentrations (r . 0.87) and the results wore used to 

etizaste ricks of developing al.sple 	ceoniosis ovcx pordode loer 

than tan years. 

4 	feeta of some aijairiticms 

4.1 anducenu8ofcoa1eeaanp UP-9 of 	 led 

The moan concentration of all coalfaces sampled in a colliery rae 

taken to he an etigiate of the mean cxpoBure for the sanple of eo'lfae 

workers in the 	iicr- 	Soon after the or1inal 	.lysis had been 

reported, calculatiomo of man's individual expceuree over the ten years 

were o)uDloted. it transpired that the colliery mean coalface 

concantrations used in the interim analysts correlated voll (r 0.94) 

with the mean dust oxpocur-es of the nan atudiod a]thouh the latter ero 

calculated from detailed records of individual attendance in occupational 

group, including some groups away from the coalface. Thus it: could a 

concluded that the positive corralatica between radiological results and 

neasures of airborco dust found earlter wee not an artofact axi sing from 

reliance on rea-ults fros all coalfaces sampled as oppoeoci to the 

individue]Jy tirae..veightorl ccncenintiono in groupe where the men bad Leon 

working. Notuithstanding this reassurance, a deviation fran linearity 

in the re].atienchip between the two sets of mean data augeated a 

pooatble bias. Fig. 1 shows the relationship between colliery moan 

resultr and the mean of concentrations experienced by individuals in 

those collieries. Th.O figure demonstrates what was not obvious from 

an ear)-tor analysis by Jacobsen eta]. 	A bias in variability about 

the theoretical straight line which would represent a 1 1 relationship 



216 

18 evident I.n Pie, I at Icwor aa xell a3 at h1&ir rcntraiitc.. Thua 

to 

 

data r1 in -.I;ha interim analysis app"rs to 	ot only 

unde Cd du3t levels experieaced by individluals at rlt!'ely Iih 

ConCOTt?atiO18 but alro to kve over tiiiatod th 

cc ice ).atlCu3. 

M?an Concentrations Experienced 
By tncvic!uats  

13 

o 0 1 2 3 4 5 6 7 8 

Colliery Mean C0,31faca Dust Concentrations 

(mg/rn3) 

Pig. I 

is 	a coliiei 

colliery wean coalface dust OI1L1ii2. 

- --- - - -RANGE-- 	- - - 
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4,2 

Tie vithir-co1Liery 'criaility in Fg. 1 is s3en to be an 

incrcaing function of the colliery nean concentrations-, the bigbet 

range of individuals' nean concentrations in one colliery Vaa f-,-ow 2.1 to 

16.1 ng/n3. The effect of this vareton on the cetinatoi t yesr 1000- 

response relationship hee been drcoribad by Jacobsen [91 	It is 

coreietent with the bias evident in Pig. I but the ovcr i;int1on of 

lever concentrations was soon to relate nuly to a ninoity of the rmjn 

studied who began the ten-year period with some rRdiOlO4Cal evidewc. of 

piO-AiOE3iO. Not discussed provlously is the question of hOw  the 

reviied ton-year dose.- esponse ralatiornthips affect temporal 

extrapolations of reaulta whitch wore made in the original ana).yeio. 

Jacobsen eta]. [1 ,7J h-ad produced oatiataa of dose-related riok of 

devuloping category 2 or higher simple pneutocoeioeiø over a 35.-year 

working life at the coalface. These ettiatos have been used to 

dotcrrAne the likely long-terii effects of dust tteedard.-3 both il,  th W 

(Johren [3]) and in the USA (ioylo [to]). 	Table I conpsrca eina.cs 

of ripks over 35 years. Those relating to coiecntrationa onpcud 

by incU ithtals ava been calciJ.atod in the seine nny as that ' 3d in the 
earlier  analysis of colliery ein coalface concontrat1ons but results 

from the snae  4  122 mon concerned have been ro ronped c'ding to 

convenient ranges of individusily ox-TeLleaovd moan oncontratcjia. 

In the middle roeriora of the concentrations ieranced the cetiaasteg are 

siritlar. The biae 	.sing frcma calculations based on colliery moan thot 

C0nti-atiQaZ3 affects mainly the estimated risks at higher concentrat.1cLa.  

This is ecn more clearly from Fig. 2 whore anooth c-urvee have been fitted 

to the rvsulte (ntng the angular traiwfornation of tinated. 

probabilities). At 4 a-s/n3  the two cur7es give the sane brobability 

etite. At tj mg/1,13  the &ff onco enounta to 0.03 probability unit. 

4,3 
r.olionl_results 

4.3.1 
I third possible source of bias in the previously published results 

a.ses fron some assumptions used to produce the 35-year--risk 	dictions 

from data relevant to 10-year periods. The model depicts changes in the 
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Table I. 	Eatinates of probabilitiea of developing category 2 

or higher simple pneumoconiosis during a 35-year 
working life under various dust conditions 

using colliery moan dust concentrations 

using mean concentrations experienced 

by individual men in the collieries. 

a. b. 

Men grouped according Men grouped according 
to collieries . 	to individual exposures 

Colliery Iluaber Mean dust Probability Dust concentration Number 
of icon conc. estimates (mg/n5) of non 

(mg/rn3) a • 	b. Mean 	Range 

S 129 1.2 0 	0 1.10 	0.5-1.5 348 
P 113 1.6 0 	0 1.72 	-2.0 42? 
0 319 1.6 0 	0.0080 2.21 	-2.5 510 
P 234 1.6 0 
C 215 2.5 0.0036 	0.040 2.68 	-3.0 430 
0 263 2.6 0.0069 	0.0270 3.20 	- - 3 . 5 301 
J 254 3.4 0.0074. 	0.0354 3.70 	-4.0 350 
I 161 3.6 0.0077 

B 211 4.2 0.0212 
N 261 4.4 0.0420 	0.9141 4.18 	--4.5 355 
E 76 4.4 0.0185 	0.0486 4.71 	-5.0 291 
X 160 4.5 0.484 
T 231 4.8 0.0509 
lI 99 5.0 0.0448 	0.0331 5.19 	_5,5 25 
Y 293 5.0 0.054 
7 335 5.1 0.0456 

L. 196 5.9 0.1107 	0.0373 5.91 	-6.5 335 

Q 291 5.9 0.1000 

A 80 7.2 0.1428 	0,0394 6.95 	-7.5 127 

F 146 8.2 0.2095 	0.1608 9.47 	 7.5 105 

Total 	4122 	 4122 
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0. 24 

0.20 

016 

0.12 

0.08 

0.04 

0 

1 2 3 4 5 6 7 8 9 10 

Mean Dust Concentration  

Figs  2. 	Bias_arisin from use of coUJery mean data asetistes 

of inc1ivjduI_exposures. Fitted curves to estinatos of 

probabilities of developing category 2 or higher ample 

pneumoconiosis during 35 years at various mean dust 

concentrations. (Data from Table i) 

- 	 colliery mean data 

-- I!ean concentrations experienced 

by individuals 
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12 ordered X-ray clasaificitions as a random pr000a3 in 1icreta t1ae 

waite. Table II shows, for example, the froqieaciee of obecci Changes 

over 10 years among the 355 men 1ieto1 in Table I aa having axperionced 

moan duet eonoentratiQnf3 betesn 4.() and 4.5 mg/a3  during that period. 

Table II. 	Matrix of transitions over 10 years for 355 

coalface workers exposed to mean dust 

concrntrations from 4.0 but loss Uian 

4.5 xng/m. 

RADIOLOGICAL 	CLASSIFICATION 

INITIAL 

0/- 

o/o 
o/i 
1/0 

i/i 

1/2 

2/1 

21'2 

2/3 

3/2 

3/3 

FINAL 

D/- 0/0 a/i 1/0 1/1 1/2 2/1 2/2 2/3 3/2 3/3 311- 

2 

/1

2  

214 	25 	6 	I 	I 

19 	11 	4 	2 	1 

	

10 	5 	4 	2 

	

1 	8 	1 	3 

5 	4 3 

5 2 1 

3 I 	1 

2 

3 

Total 

247 

38 

23 

15 

13 

8 

5 

2 

3 

Total I 1 	216 	44 	23 	18 	12 	16 	10 	5 	5 
	

355 

If the nunk>era in each cell are divided by the correspomdiri rev total 

than the resulting array may be regarded as an estiaate of a matrix of 

raneitiom probabilities for the relevant time period. By hypothesis, 

particular tranition probabilities are functions of dust exposure 

during the relevant transition poi-Lod. The validity of the hypothesis 
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can b tett'.d iig oriorved data ctrong evidence condtent with it q 

for ton—year priods, was prothiaed by J.coben etJ [ IJ and again by 

Jacobson [ j0 Aaaua now that for a CiVen duet expoanro during a 1rIod 

transition prohabilitie are independent of earlier duct exposure. With 

this a upticn antinatos of tanitic'n FOb&.b1aiio5 for iitegrnl 

multiplce of the observed time porion are possible by in'. a 

}iorkov-chain prdure. For a 20yca period the 10yoar Yxitrin i 

soyartd; for a 30.year perioCi it is cv-1x-)z1 r and no on, 	iizç if the 

asnuaptton iz valid thtn tran ii I-ion prchabtlities re1eveat to half an 

observed time period can be c tiiatod by fkning a &mitahly ntruet&rod 

matrix which when s'j1tip1id by itnelt çive a product equal to the 

original natri 

4-3,2 Effe-ot of' the aciL~virtion 

StatistzLcal independence of radjolojieal transition probabilith' a 

dtxoing consceotive periode with similar dust -,q~,--pcmures is, at firat 

sight- s an unxtiasonable aaannpticn for at lea--,t t-o 	ons 	Or the one 

hand it can be aruod that bec.anee 	iollcel changoo ar eiaio 

with acctreulation of duet in the lurge the probability of no tra7t!on 

during a second period ia likely te be )owr than in the pecing 

period; the dust accu ul ed bvt not detected radiologi fly, thu,ing 

the first period wi 11 pre.-di aposo ia&vidua1s to showing radiological 

changes on the dr Uieatory scale during the second penioct0 On the 

other hand it ny b that none indivdneJ.s are inherently loan 

susceptible to the developrent of radiological changes than othora 

Probabilities of no nhang during the cccoa'J. period will then be hier 

than in the precoding poricd, since the llkiqothecised less Sunceptible 

iniividuais re more Likely to conitithte the group at risk during the 

second period. Pot -ithatanding those two objectionn the o.eaiption 

war nade fo the interim analyoic. 	It wan itionaliaed by appealing 

firstly- to the substantial observed duff enees in rishe of rodiologlca]. 

change depending on the initial category. This factor presumably 

reflects the conbinod effects of the t'.mo opposite tcnienciea and podbly 

others. Given then that the data available covered a wide range of 

proviouFt exposures it was thought likely that a simple Markcv nodel would 

yield reasonable estimates of the probabilities required. 

Subsequent examination of the results has confirvied that 

probabilities of no radiological change over a ten—year period for a 
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given dunt expoenre tend to decrease ulth increasing  praviou3 dust  

oxpoaro 	Table III for eeiple ehowri reeulte fornub-groups totalling 

308 of the 355 nan coneidered in Table 11. it iill b-c seer for instance 

that the percentages of man who nhozod no radiological Ch_rnp from the 

to loweat catcgoriee combined decreacea from 63/77 = 68 porcoat for non 

ith lone than ten wars' re.otn e onra to 42/53 79 percent foe 

men with previcue oxpoenrea ranging froa 20 to 30 yearn. The oerrod 

prcportdonn progrceoin rndioloically show the expected trend with 

Inc a.iItg previcue erpocuren, ao do the prevalonce5 in the threeveto 

of otertng catogoriet. Sieilar trends were evident for other groups 

expod to d 'forcet concentrations of duet d'ning the ton yearn. 

In 1xmncip2e, exrapolatiozt of x-ea'JltO beyond ten years sho-&.d be 

more reliable if differences dopothing on previous ovpeeurc are taken 

into auoount. Table IV shows the nat7-ix product [Al obtained by 

succre multiplication of trar3ition ci 	eezTenponding to the 

three ub.groupe defined in Table III. ALo shocn for e "ariei in 

IB .1, obtained by cubing the an 	 thtxin corTeeponding to 	pcoled reenits 

from Ll 355 ieoa (Table II). The latter caication, which rairen 

the arpvoiimation un-at for the inter-in 	is henod on reoulte 

fron oil non expood to 4 to 4.5 ng/m3  over ten year 	iciuding 47 non 

whose previone exponure to airborne duet exceeded 30 yoau. Unin the 

cinpLU'ied riodol 	4 of the 5 probabilities of no radlol ice]. cheugo 

are lover than when previoua opoouree are keken into acnt. For this  

rant of duet coneoctrnttona ten of the 15 poneible yr-o1:LabJA1d?'.!es of 

change were o-verostin'ted ueing the oispliuying 	zeption. !uialogoue 

ccieore of ranulte from nan who experienced other rnsen of thuit 

conoentiatione during the ten yearn cave variable reouJ.e (rablo v), 

The enenpie in Tablo IV concerning _-iska for nen axponod to duet 

concent:rat!one tuea 4 and 4.5 m/a3  is of -articular interest Locunee 

tlie coixcer4tratLcu range correspondo to the u drain conelotent with 

application of the current British coalmine duct etaudrde. 

5. JJt2; 
Serious problono of public health nowadays engender a continuous 

roneareh effort, oven if this  work in conducted by different research 

group rather then one. Opportunitien for reviews of available 

ncienific evidence concerning health hazaxdo prenont thosnelvee. Such 

opportunities should be taken, 



INITIAL FIkUb STATE 

STATE 

Total 

68 7 1 1 o/-.&o/o 77 98 

0/i 

1/0 

1/1 1 1 2 2 

1/2 
' 	/1 

Total 

0/.-&O/0 92 6 3 101 70 

o/i 7 3 2 	1 13 10 

1/0 3 3 6 5 

i/i 2 2 2 

1/2 2 2 

Total 129 100 

42 8 2 1 53 53 

0/1 5 2 2 16 16 

1/0 4 4 	1 l 10 10 

1/1  5 	1 6 6 

1/2 2 3 5 5 

___________ 0 0 10 

Total 100 100 

less than 10; 

10 hut less 

than 20; 

20, but loss 

than ;o. 
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n1;].e Ill. 	Fkitriees of transitions over 10 years for 

308 coalface workers exposed to mean dust 

concentration,-,  from 4.0 hut less than 

4.5 mg/s13; by years of previous exposure 

to dust. 

Years of previous 
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Table IV. 	Estimated transition matrices for a 30-year 

exposure to dust concentrations frc.n 4,0 

but less than 4.5 

A 	obtained from the product of 

matrices based on data in Table III 

B 	obtained by cubing the matrix based on 

data in Table H. 

,6375 .1940 0866 .0210 .0116 .0493 

.2356 .2572 .0962 .0337 .3774 

.2000 .2000 .0500 .5500 
[ij 

= .4167 .0833 .5000 

.2000 .8000 

.6540 .1437 .0439 .0457 .0231 .0496 

.1250 .1908 2156 .1151 .3543 

[B] .0422 .2107 .1130 .5041 

.3318 .C667 .5995 

.0569 .9431 

-.0165 0503 .0027 -0247 -.0115 -.0003 

.1106 .8672 -.1191 -.0814 .0231 

.1178 -.0107 -.0630 -.0441 

.0849 .0146 -.0995 

.1431 -.1431 

0 

-4 
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A i.i'ijor 1eieon to be learnt from the reaulte reported is i-hut 

inrencten based on grouped svrien of eiwironmental data may give 

general uNanoe ca the fori of a do -reeponee reintionehi PD but 

quantitative tieatoc nsy be ixiased. Careful oaaiinatiOn cay indicate 

the direction in thtOh the biac is likely to operate, in the present 

case the indicatioaa we that the effeot of the bias woc)d be to 

overestimate rather than nnderentimate risks to health. 	error 

incurred due to wie of th sinplif3'lflg as unpdon to ortrclite 	suite 

is relatively mesH0 Cubing a metri.x which represents a voithtcei aqeraie 

of three sub-matrices (arid one other)ave a.s sapectad a fairly good 

approria'tJon to the product of the three sub-natxdces. 	1.ioroc;ver, the 

approninate treneiticn matrices were based on larger nirnii3r,13 of 

observatiQne and therefore gAve estimates of tnniticn probabilities 

with relatively icuer variances. This is reflected In the better 

corroiritton of theue rro blities with incenaiiig duet coucentrat-lons 

(Table v). 
Dieonaiu ef bothFlU  an 	in Table IV damenstrao hIgher 

prohabilitioe of furthr rad±oitan1 change for men who begin a -erio 

with X-rLys  classified in categories ether men the two .ko','ot 	The: 

phenomenon was notad in earlier analyses (Jaeobeer ci- al 

jac.otes 	j) end io nou confee 	it has been euggestod bi Oldkan 

[li] and Rossiter [12'j that the --higher risks for men with tnoumoconiosic 

initially may be due entirely to the nature of tho scale o riMlo4cal 

abnornality; no more sophisticated' hypoths etc is roqaired to expindn 

the observed resulta. 	This auent in no usy diminirhee the praet:Ica). 

importance of the observation, 	So long as the 12-point soa]c is used to 

record radiological ahnonaiity so long can claeoification into 

categories other than the loweot be 	arded. as an indem of irinxsascd 

risk. A thist standard designed to restrict long-tern rinks for new  

entrants to the iMustry with no pnsucioconioeic will demonstrably he 

assoelated eith mwth higher ricks for older men rho already show some. 

early signs of the direaea. t'b' hationa). Coal oerdc regulac X-ray 

surveys of all Rritiah miners [13]  thus automatically constitute a 

medical screening programme; this supplements routine dust sampling 

designed to ensure compliance with the standard. 
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Table V. 	gtimates of probabilities of developing category 2 

or higher simple pneumoconiosis durfrg 30 years' 

exposure to various dust concentrations 

by sitple Markov chain calculation 

using infornation on previous 

expoirc to dust. 

I. 	 b. 
Simple Narkov 	initial state au-ented 

chain 	 by yeara L:ceviowqoxpouos 

to dust 

	

Range of thut 
	

N Can (13 st 
	

Probability Mean dust 
	11 

	

coacentration 	concdn trat ion 
	'.3iirnatos 	co.icentatLon 

(uig/n3) 
	 ,-, 

0.5-1.5 

-2.0 

-300 

05 

-4.0 

4.1 

-5,0 

--) r ,,, 

-.6.5 

-7.5 

S 

31.8 

427 

510 
430 
301 
350 
355 
291 
243 
335 
227 
305 

1.10 

1,72 

2,21 

2•63 

3,20 

3.70 

4.16 

4.71 

5.19 

5,91 

6.95 

9047 

a. 

.0000 

(000 

0087 

40195 

026 

0496 

.0331 

.0254 

.0220 

.0256 
Ii 41 

b. 

.0000 

.0000 

0000 

40000! 
.O.i54 

00073 

0493 
.0243 
0091 
0300 
0675 

.1552 

1.12 

1.72 
2,21 

2,63 

3.21 

3.71 
4.17 
4.71 
5.19 
5.91 
6.95 
9,49 

256 

336 
417 
351 
254 

307 

257 
213 
291 
1 98 
251 

Total 
	4122 
	 3479.  

N = number of non whose results over 10 years 

contributed to probability estimates 
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I &'i grtgtu1 to the nany rescarcNiro who have conducted this 

project during the lnt 22 yoaro and to tho miners who tlttnteerod tbfr 

ccoperati,$poiia). think are duo to my colleagues at the Inctituto 

of Occupational 1edic.inø p 	c1a!dy >. M.D. Atftold, E1d to tho 
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DISCUSSION 

SCFILIPKOTER (Federal Republic of Germany) 

Your country's 10-year programme was very carefully planned 
and car ned out with precision. 	You found a correlation bet- 
ween dust amounts and pneumoconiosis frequency. 	Could you 
answer the follcwing three questions? 

Did you find that the starting age of the workers had any 
S I qn i. f Ac ance? 

Did you find a high dust concentration effect (dust peaks) 
in the first years of employment? 

Did you find that quartz concentration and mines waste were 
of importance in the development of pneumoconiosis? 

JACOBSEN (U.K.) 

1. 	In so far as age at survey or starting age are reflections 
of lengths of previous exposures, there is an effect, as is 
demonstrated in Table III of the paper. 	We have no evi- 
dence of any independent biological ageing effect on the 
radiological results. 
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We have not studied our data systematically for a possible 
"peak concentration" effect. 	Reisrior (1971) has reported 
such an effect among coalminers in the Ruhr, although this 
was relatively small compared with the effect of cumulative 
dust exposure. 	Rogan et al (1973) have reported an inter- 
action between acre and dust exposure on pulmonary function 
(FE\'10) among the same cohort of miners considered in my 
paper, and this interaction is consistent with Reisncr • s 
observation. 

We are currently analysing our data to determine whether 
and to what extent the quartz content of the dust affected 
results, 

e f crc n Ce s 

EISNEl3, M.T.R. (1971). 	In Inhaled Particles III, Ed: 
T. H. Walton, pp 971 	931. 	Unwin, Old Poking, Surrey, England. 

OGAN, J.M. r ATTETELD, M.D., J1\CODSEN, M., RAE, S., WALKER, D.D. 
nd WALTON, W.H. (1973) Brit. J. Industr. Mod., 30, 217 -- 226. 

TOPPS (Canada) 

Were particle size distribution measurements of the coal 
lust in the various mines made? What was the relationship 
)etween the particle size and the gravimetric measurements? 

IACOI3SLN (U.K.) 

Parti ci e size measurements were made on dust samples cal lee- 
ed during the first] 0-year periods of observation. 	The con- 
enLratons of airborne dust from these samples had been expressed 
.s the number of particles in the size-- ranue 1 - 5 nq /m of samul cci 
Jr. 	Unfortunately, as reported by Hogan et al (.96 1.) , attempts 
o use estimated parameters from the observed particle size di 
rihutions in order to derive corresponding mass conccnLrations 
ere not successful. 	This is why a series of field trials were 
onduct:.ecl to determine experimentally the relationship between 
article-count concentrations and mass concentrations in each of 
he 24 collieries involved in the study (reference (2) in the 
aper) 

e fe r a nc e 

OGAN, J.M. , RAE, S. and WALTON, W.H. (1967) in Inhaled Particles 
nd Vapours _IT, Ed: C.N. Davies, pp. 493 - 508. 	Perqanion, 
xford, England. 
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SUMMARY 

Methods of handling data arranged in ordered categories are reviewed in 
the context of radiological classifications of simple pneumoconiosis. 
Assumptions required for analyses of proportions, of scores corresponding 
to the natural numbers and of Normalized scores are discussed critically. 
Temporal extrapolation of changes in ordered classifications is considered 
using a Markov model. 

Keywords: ORDINAL SCALES; NORMAL SCORES; SCORES; SUBJECTIVE RESPONSES; 

OBSERVER VARIATION; X-RAY CATEGORIES; PNEUMOCONIOSIS; DUST IN 

LUNGS; EPIDEMIOLOGY; MARKOV CHAIN 

1. INTRODUCTION 

THE examination of chest X-rays plays an important part in the diagnosis of lung 
dust disease among men with histories of occupational dust exposure. Experts will 
recognize shadows which are characteristic of pneumoconiosis and in most cases they 
will be able to distinguish these shadows from other pathology that may be present. 
In this paper the word "abnormality" refers to radiological evidence characteristic 
of pneumoconiosis; conversely, "normal", with lower case n, means the absence of 
such radiological evidence. "Normal" refers to the properties of the Gaussian 
distribution. Presented with a number of X-rays the doctor will be able to classify 
them into the dichotomy: normal/abnormal. The abnormalities may be classified 
into different types. Large shadows indicating massive fibrosis of the lung may be 
distinguished from small opacities, and the small opacities may be sub-classified 
further according to their shape and size. If the large shadows are excluded from 
consideration then films showing small opacities of various types (simple 
pneumoconiosis) may be arranged into two or three groups corresponding to increasing 
abnormality. Statistical problems arise when results of chest X-rays are required for 
epidemiological purposes. Such investigations may be designed to assess the prevalence 
or incidence rates of pneumoconiosis in defined groups of men; they may be aimed 
at providing a numerical index of relative amounts of radiological changes associated 
with different work-places during a particular time interval; they may constitute the 
raw material for a response metameter in dose-response studies; or they may be 
regarded as one of many biological measures in research on the aetiology and natural 
history of lung-dust diseases. The most appropriate form of statistical analysis will 
be determined by the epidemiological aims and design of the study. One major 
problem is common to all such investigations: observer variability in film classifi-
cations. 

229 
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when the dose metarneter is subject to random errors, and he describes how ordered 
radiological classifications may be treated as multinomial or semi-quantal responses. 

Ashford notes that his method of analysis depends on the validity of a relatively 
large number of other assumptions—including the assumption that for a given value 

TABLE 1 

Regressions using individual readers' classifications, the mean regression line and the 
line based on averaged classifications 

Reader Mean y Slope 

1 0317 0082 
2 0316 0083 
3 0356 0078 
4 0,414 0085 
5 0294 0085 
6 0339 0057 
7 0224 0067 
8 0233 0027 

Mean 0312 0070 

Averaged 0261 0072 
classifications 

Regressand: y = arc sin 	where p = proportion of men showing defined radiological 
change over 10 years in 20 collieries. 

Regressor: x = colliery mean dust concentration (Mg/M3). 

Covariance analysis 

Source 	 d.f. 	Mean squares 	Variance ratio 

Overall regression 1 2745 293 
Residual between collieries 18 0094 67 

(due to 3r) 
Between slopes 7 0028 20 
Between intercepts 7 0079 56 
Residual within collieries 126 0014 

(due to e) 

414 mg/M3; (x—)2  = 690744 

of the dose metameter the radiological response is distributed Normally. Jacobsen 
(1972a) discusses characteristic constraints on materials and methods in epidemiology 
which often make it difficult to verify that data conform with assumptions underlying 
statistical methods that may be used. Special attention is drawn to the necessity for 
caution in interpreting results from "survivor populations" in epidemiological 
studies. Members of such groups have in common their ability to continue working 
despite the dust dose they have received—a factor not unlikely to be correlated with 
their tolerance of the stimulus. 
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the batch but independent of the relevant dust concentration. This problem can be 
overcome by considering a conventional covariance model with an additional error 
term, IT1, specific to observations at thejth level of the regressor variable x2 . The model 
can be written as 

(1) 

where Yij  = arc sin Jp; pij  = proportion of men in colliery j judged as showing the 
defined radiological change by film-reader i; x j  = mean dust concentration in the 
jth colliery based on measurements in that colliery during the 10 years; , cei , gi are 
constants. If it is assumed that the s 	N(0, o);" N(0, o); coy (ir, Trf) = 

77 

cov(e 1,E 1) = cov(7r1,E) = 0 (i = 1, 2, ...,k; j = 1, 2, ...,n; ii'; jj'); then least 
squares estimates of q, the ai and the gi  are the same as those that would be obtained 
from an analysis based on a model omitting ir1 from (1). (It may be convenient 
computationally to obtain the estimate of the residual variance a from the regressions 
of Z on x, where Z = Y-31, and 9 = 	1y12/k.) Hussain (1969) has generalized 
this approach to covariance analysis. 

Results and appropriate tests of hypotheses concerning the slopes and intercepts 
of the eight regression lines are shown in Table 1. The statistical significance of a 
relationship between X-ray changes and dust concentrations, reported earlier by 
Jacobsen et al. (1971), is confirmed unambiguously but using the modified definition 
of radiological change among an independent group of men (F118  = 293). Readers' 
estimates of mean probabilities over the whole range of dust concentrations differ 
markedly, but variations in estimates of /3 are relatively moderate, just approaching 
significance at the 5 per cent level. The analysis quantifies the confidence (in the 
context of hypothetical replications of classifications by the same film readers) 
associated with the acceptance of a mean slope (95 per cent limits are ± 13 per cent 
of the mean slope). 

This and earlier analyses by Jacobsen et al. (1971) relied on a number of 
assumptions. They were necessitated by the form of the data available at the time 
that interim results were required urgently to assist decision making on hygiene 
standards for coalmines (Jacobsen et al., 1970). More sophisticated approaches to 
estimating the dose-response relationship of interest would have been preferable. 
Jacobsen (1975) discusses in detail, in the light of data that became available later, 
some effects of assumptions that were made in the early analyses. For instance, the 
use of colliery mean concentrations as the regressor, instead of the dust dose 
experienced by individuals, was shown to have introduced a bias into the estimated 
slope: on the whole, probabilities of radiological change had been overestimated as a 
result of the approximation. The bias was due primarily to the movements of men 
in a colliery between working places with differing dust concentrations. This under-
lines the difficulty noted by Kostal (1970, p.  53) of attempting mathematical 
descriptions of pneumoconiosis progression without reference to environmental 
factors. Evidently the assumption of what Kostal calls "quasi-stationary environ-
mental conditions" in particular collieries over 10-year periods can be misleading in 
practice. Even mean concentrations calculated from men's individual exposures are, 
in fact, random variables rather than fixed dose metameters, since individuals' 
cumulative exposures over particular periods were calculated by summing the 
products of sample mean dust concentrations relevant to occupational groups 
within collieries and the time spent by individuals in those groups (Jacobsen, 1973). 
Ashford (1959a) considers the problem of analysing dose-response relationships 
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when the dose metameter is subject to random errors, and he describes how ordered 
radiological classifications may be treated as multinomial or semi-quantal responses. 

Ashford notes that his method of analysis depends on the validity of a relatively 
large number of other assumptions—including the assumption that for a given value 

TABLE 1 

Regressions using individual readers' classifications, the mean regression line and the 
line based on averaged classifications 

Reader Mean y Slope 

I 0317 0082 
2 0316 0083 
3 0356 0078 
4 0414 0085 
5 0294 0085 
6 0339 0057 
7 0224 0067 
8 0233 0027 

Mean 0312 0070 

Averaged 0261 0072 
classifications 

Regressand: y = arc sin ..Jp, where p = proportion of men showing defined radiological 
change over 10 years in 20 collieries. 

Regressor: x = colliery mean dust concentration (mg/m3). 

Covariance analysis 

Source 	 d. f. 	Mean squares 	Variance ratio 

Overall regression 1 2745 293 
Residual between collieries 18 0094 67 

(due to ir) 
Between slopes 7 0028 20 
Between intercepts 7 0079 56 
Residual within collieries 126 0014 

(due to e) 

= 414 mg/m3; (x—S)2  = 690744 

of the dose metameter the radiological response is distributed Normally. Jacobsen 
(1972a) discusses characteristic constraints on materials and methods in epidemiology 
which often make it difficult to verify that data conform with assumptions underlying 
statistical methods that may be used. Special attention is drawn to the necessity for 
caution in interpreting results from "survivor populations" in epidemiological 
studies. Members of such groups have in common their ability to continue working 
despite the dust dose they have received—a factor not unlikely to be correlated with 
their tolerance of the stimulus. 
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Cox (1970, P.  103) shows how a logistic model can be applied to the multinomial 
situation. An example of the use of the linear logistic equation to radiological data 
expressed as a binary response is given by Jacobsen (1973). Ashford and Smith (1964) 
used radiological data summarized as a binary variable to illustrate models which 
reflect the joint action of various simultaneous environmental insults. That such 
models may be useful is apparent from the results in Table 1. Evidently there were 
systematic differences between collieries which were not accounted for by the variations 
in the single regressor considered (F18126  = 6.7). 

3. AVERAGING CLASSIFICATIONS 

An alternative approach to handling results from different film-readers might be 
to first seek some "average" classification for each film, and then use these classi-
fications for the subsequent analysis. One way in which such an average classi-
fication might be found is to note that the classifications represent arbitrary sections 
of what is essentially a continuum of radiological abnormality. Standard films help 
each reader in forming his subjective view of how that continuum might be divided 
to correspond to the various categories; and implicit in the process of film classi-
fication is the concept that in the mind of the reader there are three points on the 
continuum representing the boundaries between the four categories. Although a 
reader's view of the relative positions of his boundaries is not known, his view of how 
many of the boundaries are exceeded by the abnormality he sees on a particular film 
is known precisely. We may count the number of such crossed boundaries as assessed 
by different readers, take their mean, and thus obtain an average classification. 
Using this approach to the data described in Table 1 gives a single fitted curve similar 
to the mean regression line based on eight separate regressions (Fig. 1). Summarizing 
radiological classifications in this way is convenient for many purposes but it involves 
a loss of information concerning variability between film-readers. The estimate 
of residual variability about the regression line embraces the variation between 
readers and is based on fewer degrees of freedom that that obtained from the 
covariance analysis shown in Table 1. It seems reasonable to require that the degree 
of variation between readers should always be considered first so that the confidence 
associated with average results can be quantified. 

The method described for obtaining average classifications is equivalent to 
assigning the numbers 0, 1, 2 and 3 to the ordered categories, and then averaging these 
assignments. This is one of the ways in which scores are sometimes allocated to 
ordered categories. Nevertheless, a formal distinction should be made between 
assigning scores using the natural numbers and the method described for averaging 
categories. In the analysis described above no use was made of the scores other than 
to assign a film to a category. "Fractional" categories were not admissible, the mean 
number of boundaries crossed being rounded to the nearest integer. Where the mean 
number fell exactly halfway between two integers a random procedure was used to 
round up or down. 

4. NORMALIZING TRANSFORMATIONS 

Discussing scoring methods for categorized data Kendall and Stuart (1967, 
Vol. 2, p.  567) suggest that if it is desired to impose a Normal metric on the data then 
one can assign scores to categories which correspond to the proportions observed in 
sampling from a Normal distribution. They comment that by putting "information" 
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into the data in this way, distributional assumptions are necessary, and that they may 
lead us astray if they are incorrect. 

Ashford (1959b) used this approach to categorized radiological data in order to 
investigate the extent and effect of observer variability. He made the not unreasonable 

Colliery mean dust concentration (mg/m) 

FIG. 1. Least-squares estimates of probabilities of radiological change over 10 years 
given some evidence of initial dust retention: Oij (1 = 1.....8 film-readers; j = I.....20 
collieries). (Three collieries had mean concentrations 16 mg/m3, two had 50 mg/m3  and 
two had 59 Mg/M3.) — — — — —, Mean slope and intercept; 	curve fitted to average 

classifications. 

assumption that the distribution of errors in assessing the true amount of abnormality 
displayed on a film was Gaussian; but he noted that his model required also the 
further assumption that the true distribution of abnormality among representative 
groups of men (complete colliery populations in his case) was also Normal. For 
convenience, and without loss of generality, Ashford located the origin of his 
abnormality scale at the boundary between categories 0 and 1, and scaled his unit of 
abnormality to be equivalent to the distance covered by category 1. The cumulative 
distribution of any set of classified films, when referred to the standardized Normal 
distribution, then defines uniquely the position on the scale of the boundary between 
categories 2 and 3. He called this point c, and calculated its value for 18 sets of 
X-rays, obtained from the working populations of 18 collieries. These values varied 
between 137 and 260. 



QUANTIFYING RADIOLOGICAL CHANGES 	 235 

Ashford posed the question: can values of a calculated from his different batches 
of films be regarded as estimates of a single quantity which is independent of the 
particular batch of films? The question can be re-phrased conveniently in a more 
general form so that it is independent of the location of the origin and of the unit 
length of the scale, as follows. If z0, z1  and z2  are the standardized Normal deviates 
corresponding to the cumulative proportions in categories 0, 1 and 2 respectively in 
a particular batch of films, then the ratio of the abnormality (as measured on the 
Normalized scale) covered by category 2 to that covered by category 1 is 

r= 2 . 	 (2) 
Z1 -Z0 

Ashford's suggestion was that the values of r from several batches of films may be 
estimates of a parameter p, and he satisfied himself that for his particular set of 18 
film-batches this hypothesis was reasonable. His Maximum Likelihood estimate of 
p was 1i2. 

Soon afterwards Rivers and Wise (1960) independently arrived at a similar con-
clusion using a different approach which did not require the assumption that the 
true distribution of abnormality was Normal. Appealing only to the existence of an 
underlying continuum of abnormality reflected in the ordered classifications they 
argued that there must exist a continuous function defining the distribution of 
abnormality in a group of X-rays. Starting with continuous smooth curves fitted to 
the histograms of observed frequencies of classifications into the four categories they 
defined an arbitrary scale with equal intervals corresponding to the categories. In 
principle it was possible then to transform this arbitrary scale so that the observed 
distributions of abnormality would be Gaussian. Rivers and Wise (1960) found a 
formula which appeared to achieve this object for the data with which they were 
concerned. The scale transformation implied a value of r equal to 137, that is, some 
22 per cent higher than the value used by Ashford. 

Wise and Oldham (1963a) have claimed that the Rivers/Wise formula turns all 
the distributions of X-ray categories of simple pneumoconiosis for coal-face workers 
in one pit into Normal ones. The transformation was said to be successful also for 
results from sub-groups of coalminers within a pit, and in a later paper Oldham (197 1) 
gives examples of even more general applications, in foundry workers' simple 
pneumoconiosis and in asbestosis. In both the latter cases the severity of the simple 
pneumoconiosis is determined radiologically by reference to the profusion of small 
opacities (just as in coalworkers' pneumoconiosis), and the same classification system 
is used (International Labour Office, 1972). 

5. THE PROPERTIES AND DISTRIBUTION OF r 
The ratio r is a random variable. It is a non-linear function of three random 

variables whose values depend on the distribution of abnormality in a particular set 
of film classifications. In principle r can vary from zero to + cc. The distribution of 
r has been investigated using Monte Carlo methods. Following Rivers and Wise 
(1960) the continuous function describing the hypothesized true distribution of 
abnormality was regarded as unknown, so that no prior assumptions were appropriate 
concerning the nature of the discrete distribution of classifications to categories. 
Simulated values of r can, however, be generated without such assumptions by 
operating on the three variables contributing to the ratio; their distribution functions 
are known by definition. Fig. 2 shows the distribution of 1,000 values of r each 
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generated by selecting randomly and sequentially values z0, z1  and z2  from the 
standardized Normal distribution so that in each case z0 <z1<z2. The distribution 
is very positively skew with the sample median less than unity (0.7). In most 
radiological surveys of dust exposed workers the modal frequency occurs in 

Frequency 

FIG. 2. Frequency distribution of simulated values of r = (z2 —z1)/(z1 —z0); z0 -.-'N(O, I); 
zo  < Zi < Z2. 

category 0. The adoption of a constraint on the simulation to reflect this reality 
requires the imposition of a truncated Normal distribution on z0. Fig. 3 shows that 
under these conditions the shapes of the distributions of r remain stable as do the 
median values. 

In practice, values of r calculated from sub-groups in some 66,000 film classi-
fications have been found to vary between 031 and +, depending on the collieries 
to which the films related and the film-reader who made the classifications. Table 2 
shows these results with some others. Parts (i) and (ii) of Table 2 show the variation 
in values of r calculated from different readers' classifications of the same two film-
sets. Confounded in the "within reader" variability are effects possibly associated with 
real differences in abnormality between the two sets of 4,122 films, and also with 
the method used for the film-readings. (Although the second set of X-rays were 
made 10 years after the first, in the film readings each reader inspected both films from 
a pair side-by-side on the viewing box. Reger etal. (1973) discuss how the simultaneous 
classification of serial films from the same man influences the classifications and 
estimates of variability associated with the classifications.) However, it is obvious 
by inspection that the predominant source of variability is between readers. 

The between reader variability can be interpreted at least partly as reflecting 
readers' differing conceptions of the ranges of abnormality associated with the 
standard films defining the categories. This in turn will influence the readers' assess-
ments of the distribution of abnormality between categories in the films under 
examination. A negative correlation between values of r and measures of abnormality 
on the appropriate Normalized scales, shown in Fig. 4, may be a reflection of this 
phenomenon. The statistic r is in any case a decreasing function of the proportion of 
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FIG. 3. Frequency distributions of simulated values of r, with z0  chosen from truncated 
standardized Normal distributions; z0  < z1  < z2. 

-4 	 - 	 -- 
r =zr4zo-z,) 

FIG. 4. Eight readers' determination of r from 2 film-batches (4,122 films per batch), 
in relation to mean abnormality on readers' Normalized scales. •, first film-batch; 

, second film, made 10 years later of the same 4,122 men. 
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TABLE 2 

Distributions of X-ray classifications and values of r 

Percentage of films below category 

1 	2 	3 	r 

(i) Pneumoconiosis Field Research 	Reader: 1 7795 9515 9932 091 
Eight film readers' classifications 2 8950 9529 9973 264 

of films from 4,122 coalminers: 3 9122 9556 9964 282 
first set of films 4 8362 9474 9845 084 

5 9071 9680 9939 124 
6 8384 9321 9939 202 
7 8438 9706 9981 113 
8 8644 9459 9840 1-06 

(ii) As for (i): 	 Reader: I 7103 9136 9820 091 
Second set of films, made 10 years 2 8501 9287 9959 274 

later 3 8603 9282 9915 243 
4 7935 9117 9757 1-17 
5 8738 9474 9903 1.51 
6 7950 9049 9910 217 
7 7722 9486 9973 130 
8 8290 9306 9977 099 

(iii) "Averages" (see Section 3 of text) 	No. of films: 80 8375 9750 10000 cc 
of 8 readers' classifications of 211 9573 9810 10000 cc 
films from 20 collieries. 215 9488 9907 10000 cc 
First set of films; results based 113 9823 10000 cc 
on the same 8 x 4,122 film 76 6579 8684 10000 cc 
classifications presented in 146 6849 8904 9795 109 
part (i) 268 9478 9963 100:00 cc 

161 5963 8261 9752 147 
254 9803 9961 10000 cc 
196 7908 97.45 99.49 0•54 
261 8314 9770 10000 cc 
319 9655 9937 9960 035 
234 9872 10000 cc 
291 9725 9966 10000 cc 
129 9612 10000 cc 
281 75.44 9181 9822 1.01 
335 7373 8925 9970 249 

99 8384 9293 10000 cc 
160 8813 9938 10000 cc 
293 7679 9249 9898 124 



As for (iii): 
Second set of films made 10 years 

later 

McLintock et al. (1971); Table I 
Single classifications of films from 

8 coalfields; reader effect 
confounded with coalfield effect 

No. of fl/ins: 	80 
211 
215 
113 

76 
146 
268 
161 
254 
196 
261 
319 
234 
291 
129 
281 
335 
99 

160 
293 

No. offlirns:  33,393 
65,204 
81,823 
23,007 
67,798 
23,549 
37,630 

3,493 
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TABLE 2 (corn'.) 

Percentage of films below category 

1 	2 	3 	r 

6750 9125 10000 m 
9384 9810 10000 w 
9209 9814 9953 077 
9823 10000 00 

6053 8421 10000 m 
5000 7877 9589 118 
9179 9813 9963 086 
5031 7764 9627 136 
9764 9961 10000 m 
7449 9286 9949 137 
7931 9349 9885 109 
9592 9937 9969 031 
9872 10000 00 

9416 9863 10000 m 
9&12 10000 00 

6370 8541 9786 138 
6776 8507 9940 255 
6970 8990 9899 138 
7500 9500 9938 088 
7372 9147 9829 102 

9691 9894 9989 173 
8761 9774 9981 104 
8982 9652 9978 191 
9127 9642 9947 169 
9500 9850 9983 146 
92'13 9687 9944 151 
7938 9390 9876 096 
89'98 9542 9926 184 

(vi) Oldham (1971) Foundry workers: 
2,164 films; 6,492 classifications 

Coal miners: 
233 films; 2,563 classifications 

Asbestos workers: 
600 films; 3,600 classifications 

Dockyard workers: 
406 films; 1,624 classifications  

8378 95.33 9957 137 

3199 5224 7967 148 

9842 9940 9980 101 

9009 9822 9988 115 
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films not classified as normal even when the abnormal films are divided arbitrarily 
into three equal groups, or are allocated arbitrarily to categories 1, 2 and 3 in the 
ratios 3 2 : 1. These relationships are illustrated in Fig. 5, which emphasizes again 
the sensitivity of r to readers' different conceptions of that part of the scale covered 

28r 

2-4k-- 

2-01-- 	 . 

l-2 

L 
U 	 • 	• 

0 	 0-I 	 0-2 	 0-3 
PA 

Fin. 5. Eight readers' determination of r in relation to the proportion of films 

	

classified as abnormal, PA = 1 —(z0 ). 	, Relationship between r and p when PA 
is divided arbitrarily into three equal sized groups; - - -, relationship between r and 
when p is divided arbitrarily into three groups of "increasing abnormality" with ratios 
of number of films 3 :2 : 1. 

by categories 1, 2 and 3. Given the same proportion of films in category 0, but quite 
different (arbitrary) distributions of abnormal films to categories 1, 2 and 3, differences 
in r are seen to be moderate (i 0.2). The much wider range of r associated with 
different readers is interpretable only as differences in their conceptions of the amount 
of abnormality associated with the categories. This highlights a problem anticipated 
by Wise and Oldham (1963a, p. 126). If there were three standard films defining the 
abnormality characteristic of boundaries between categories, then values of r produced 
by different readers using the standard films might reasonably be regarded as estimates 
of a constant p, where p would be interpreted as a function of both the scale of 
abnormality defined by the standard films and the real distribution of abnormality 
in the particular films concerned. The use of standard films to illustrate abnormality 
"typical" of categories undermines attempts to transform the ordered classifications 
into measurements on a universally applicable interval scale. 

Real variations in abnormality distributions between different groups of men 
constitute a further major difficulty in the search for a universally applicable estimate 
of p. The results in parts (iii) and (iv) of Table 2 are based on "average" classifications 
from the same eight film-readers so that the variations shown are interpretable as 
real differences between collieries. The finite values of r range from 031 to 255. 
The infinite values of r, generated by collieries where no films were classified into 
category 3, are predictable in principle from (2) and illustrate the disappearance of 
the scaling problem. Choice of any arbitrary origin and unit is sufficient to Normalize 
classifications into three categories, if that is what is wanted. Certainly there is then 
no need for a "transformation" such as that used by Lloyd Davies et al. (1973). 
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One of the largest set of published X-ray classifications of simple pneumoconiosis 
refers to some 336,000 British coalminers surveyed over a 5-year period (McLintock 
etal., 1971). The value of r generated by the overall distribution is 132. The regional 
variation in the statistic, shown in part (v) of Table 2, may reflect both real differences 
in abnormality distributions between coalfields and differences between film-readers 
responsible for the surveys in the individual coalfields. 

The values of r obtained from data quoted by Oldham (1971) (part (vi) of Table 2) 
range from 101 to 148, although the ratio assumed in the analyses he reports was 
137. A major advantage noted by Oldham is that the numerical score obtained on the 
quasi-interval scale facilitates parametric analyses of radiological response to dust 
exposure. "The magnitude of the response, not merely the probability of the response, 
can be related to various measures of dust exposure" (Oldham, 1971); and he claims 
that tests of different hypotheses about the dose-response relationship are thereby 
made more sensitive. It is not clear, however, why approximately Normal scores, 
obtained by assuming r = 137, are to be preferred to an exact Normal metric which 
could be generated for each separate data set by noting the value of r actually 
realized. Uncritical use of any assumed value of the ratio is not without its dangers. 
Statistical procedures which depend on the assumed Normality of the derived scores 
may mislead in cases where the realized value of r deviates substantially from that 
assumed and this could detract from the increased sensitivity claimed for analyses 
based on the transformation. Oldham advocates plotting derived scores on Normal 
probability paper in order to verify that the scores are indeed distributed approxi-
mately Normally; but with only one degree of freedom it seems that quite marked 
non-linearity in the graph may be acceptable to some users of the technique (Wise 
and Oldham, 1963a, Fig. 8; Rossiter, 1972a, Fig. 1). 

6. THE ELABORATED SCALE OF CATEGORIES 
The variability between readers in their classifications of the same films and in the 

values of r based on their classifications suggests that we might turn to the readers for 
information on how they classify films in order to deepen understanding concerning 
the distributions of abnormality that they report. For instance, how do they make the 
decision that a particular film resembles one standard film more than it does the 
other? As noted earlier, the standard films do not characterize boundaries, but they 
refer to "typical" pictures of abnormality. A subjective feeling of resemblance is 
considerably more difficult to define than a concept of "greater than" or "less than". 

Liddell (1963) reported on an experiment in which film-readers were asked to 
record not only the classification but also whether an adjacent category had been 
considered as a serious alternative during the examination. The hypothesis was that 
such hesitation in classification into the four categories might be interpreted as 
indicative of more (or less) abnormality than was apparent on the standard films. 
Promising results from this experiment had to be qualified because the films studied 
were, on the whole, regarded by the readers as showing "good" technical radio-
graphic technique. It was at least feasible that readers' hesitation during classification 
might, in general, reflect difficulties arising from imperfections in radiographic 
technique as much as real variations in abnormality within the four categories. 
Various studies have demonstrated that the technical quality of a chest X-ray may 
affect its classification for abnormality (Fletcher and Oldham, 1949; Liddell, 1961; 
Wise and Oldham, 1963b; Pearson etal., 1965; Reger et al., 1972) but results have not 
been consistent with respect to how different technical imperfections affect the 

10 
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classifications. Differing definitions of what constitutes "good" film quality obfuscate 
inter-study comparisons (Pearson et al., 1965) and indeed they influence dramatically 
any one reader's assessments of the same film (Washington et al., 1973). Differences 
between readers in their subjective interpretations of what is nominally the same 
quality criterion confuses the issue further (Liddell, 1961; Reger and Morgan, 1970; 
Washington et al., 1973). Notwithstanding these difficulties Liddell and Lindars 
(1969) showed that the 4-point ordinal scale could be extended usefully into a 12-point 
ordinal scale simply by noting whether or not an adjacent main category was con-
sidered seriously before the final classification was made. Film quality (as assessed 
by the readers in that study) appeared to have little effect on the choice of sub-
category except that the lowest sub-category was elected preferentially for good 
quality films. Subsequent research has demonstrated that classifications into the 
12 sub-categories produce results which correlate with exposure to airborne coalmine 
dust (Jacobsen et al., 1970) and with dust found in the lungs of coalminers post 
mortem (Casswell et al., 1971; Liddell, 1972). Liddell's 12 ordered categories have 
now been incorporated in the International Classification of Radiographs of 
Pneumoconioses (International Labour Office, 1972). The symbols used to identify 
the categories are shown in the first column of Table 3. Oldham (1971) has referred 

TABLE 3 

Pooled percentage distribution of 8 classifications of 4,122 films, and scores on 
Normalized scalet 

Sub-category 

Percentage of 
films in 

sub-category 
(n = 32,976) 

Normalized 
score 

Boundary of 
sub-category 

on Normalized 
scale 

Relative width 
of sub-category 
on Normalized 

scale 

0/— 288 0 cc 
0•97 

0/0 7710 503 1000 
783 

0/1 598 812 87 
843 

1/0 3.9 862 57 
882 

1/1 483 919 11-6 
962 

1/2 1'32 977 44 
992 

2/1 1.18 1006 49 
1026 

2/2 229 1073 160 
1136 

2/3 050 1157 70 
1184 

3/2 029 1215 66 
1229 

3/3 041 12'93 296 
1433 

3/4 003 1496 cc 

r Using equation (3); origin set arbitrarily at score for sub-category 0/—. 
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to this as a major advance in the efficient use of the information obtainable on the 
radiograph; and so it is. It seems clear that the new information made available in 
practice is a result of Liddell's success in persuading the film-readers to provide the 
information. It is difficult to see how mathematical transformations and axiomatic 
statements about the continuity of the distribution of abnormality can provide new 
information, although they may be of help in analysing the information. Oldham 
(1971) disagrees; he considers that what he calls the "postulate of continuity" of the 
distribution represents new knowledge. 

Methods available for handling radiological data expressed as classifications into 
the 12 ordered categories are no different, in principle, from those discussed given 4 
ordered categories. If Normalized scores are required then the principle described 
by Kendall and Stuart (1967, Vol. 2, p.  573) may be applied. A score for the ith 
category can be taken as the mean value of the deviates in the relevant sections of the 
standardized Normal distribution 

constant f bi 
s1 	 texp(—t2/2)dt, 	 (3) 

J1 	Ja 

where pi  is the proportion of classifications in the ith category; a1  and b1  are the 
Normal deviates corresponding to cumulative proportions up to and including Pi—i 
and pi  respectively. Snell (1964) describes a scoring procedure for ordered categorized 
data based on an assumption that the underlying distribution is logistic. 

The transformation advocated by Wise and Oldham has also been used for assigning 
approximately Normal scores to the 12 categories. The particular value r = 137, 
implicit in the transformation, is assumed; but the relative positions of sub-category 
boundaries on the transformed scale are determined directly from the data being 
analysed, using the appropriate deviates of the cumulative Normal distribution. 
The scores for the 10 non-terminal sub-categories are taken as the mid-points between 
relevant boundaries on the transformed scale. Scores for the terminal categories are 
taken as the Normal deviates corresponding to half the proportions of classifications 
in those categories. The scores are then weighted by numbers inversely proportional 
to the width of sub-categories (Oldham, 1971). The procedure is analogous to but 
not identical with that required by (3). 

7. NORMALIZED VERSUS INTEGER SCORES 

Rossiter (1972a) used this approach in a study of the relationship between radio-
logical appearances during life and post mortem measurements of dust retained in the 
lungs of coalminers. He found a high correlation between the radiological scores and 
the post ,nortem results. Analysing the same data Liddell (1972) used radiological 
scores corresponding to the sequence of natural numbers which he assigned to the 
12 ordered categories (Liddell calls this a "notional scale of abnormality"). Liddell 
also reported a high correlation between the lung-dust data and his radiological scores. 
He commented that departures from linearity in the relationships he found were not 
marked and that no transformation of his integer scores appeared necessary. This 
conclusion contrasts with Rossiter's (1972a) observation that his Normalized radio-
logical scores were not related linearly to the dust contents of the lungs. If Rossiter's 
axiom, that "the radiological score should be linearly related to the dust contents of 
the lungs" is accepted, then it appears that no advantage accrued from his trans-
formation of the radiological data into Normalized scores. It can be shown from 

10* 
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his data (Rossiter, 1972a, Table 5) that a more linear relationship would have been 
obtained if simple integer scores had been used; and this is consistent with Liddell's 
analysis. 

Also of interest in this context are the results of Rossiter's efforts to remove the 
non-linearity in the relationship he found. He derived revised scores by adjusting the 
original scores according to their deviation from the hypothesized linear relationship 
with lung dust. The shape of the curve which he reported relating the original to the 
revised scores (Rossiter's Fig. 5) is very similar to that illustrated in Fig. 6 of the 
present paper. The abscissa in Fig. 6 is Liddell's notional scale of categories. The 
ordinate is the scale of strictly Normalized scores with the origin set arbitrarily at 

Normalized score 
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Fro. 6. Normalized and integer scores from 32,976 film classifications (Table 3). Inset: 
Rossiter's (1972a) original and revised scores. 

the value corresponding to the lowest category (0/—). The scores were calculated from 
the pooled distribution of 8 x 4,122 film classifications (Table 3) using equation (3). 
The abscissa and ordinate in Rossiter's Fig. 5 represent his revised and original scores 
respectively. Since the scale of Rossiter's abscissa reflects the requirements of a 
linear multiple regression relationship between radiological appearances and patho-
logical results the similarity in shapes shown in Fig. 6 suggests that Liddell's notional 
scale based on integer scores may be a better representation of pathological reality 
than the Normalized scores. 

Table 3 shows also that more films were placed in the middle sub-categories 
(0/0, 1/1, 2/2 and 3/3) of the four main categories than in the corresponding adjacent 
sub-categories. The same phenomenon has been observed in other studies (Liddell, 
1963; Liddell and Lindars, 1969; Rossiter, 1972a; Morgan et al., 1974) and of course 
it is reflected in the relative "widths" of the sub-categories on the Normalized scale. 
Continuity of the underlying distribution of abnormality among chest X-rays of 
dust-exposed workers is a reasonable axiom, but a multi-modal continuous distribution 
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seems improbable. It seems more likely that the "mid-category peak-effect" is a 
psychological artefact attributable to the fact that films are classified according to 
their resemblance to standards characteristic of mid-categories. Mid-categories are 
favoured by positive visual suggestion, and readers may be exhibiting a subconscious 
reluctance to demonstrate the doubt which is implicit in the election of non-central 
sub-categories. 

Liddell (1972) discusses the method used by the National Coal Board to monitor 
radiological changes over 5-year periods among samples of men from each of the 
British coal mines. The notional scale is used. Difference-scores for individual men 
are calculated to represent the radiological change over the period. The sum of the 
difference scores for any one colliery is divided by the number of film-pairs examined, 
and the quotient is taken as an index of radiological progression for the colliery 
concerned during the relevant period. On the face of it no distributional assumptions 
are necessary in order to regard the Progression Index as a rank-order statistic which 
should correlate with the rank-order of dustiness in different collieries during the 
relevant period. Yet Oldham (1968) pointed to possible difficulties of interpretation 
if the initial distributions of men to categories differ between collieries. Wise and 
Oldham (1963a) had noted earlier that there was real and systematic variation in the 
amounts of progression between groups of men with differing initial degrees of 
pneumoconiosis. Jacobsen et al. (1971) reported a similar effect and this is not 
attributable to differences between individuals' dust exposures during the periods 
concerned (Jacobsen, 1973). It appears that, under similar dust conditions over the 
same time periods, men with no radiological evidence of pneumoconiosis (categories 
0/— or 0/0) are less likely to show subsequent radiological changes than men with 
initial X-rays classified higher on the scale. Relatively high radiological progression 
in a colliery where many men start a 5-year period with pneumoconiosis may there-
fore not be a reliable index of relative dustiness over the period. Oldham (1971) and 
Rossiter (1972b) suggest that this phenomenon would arise simply because there may 
be a relatively wide range of real abnormality which is not detectable radiologically; 
all films from men thus affected would be classified in the two lowest sub-categories. 
Jacobsen (1972b) notes the implication that probability calculations based on results 
from men with no radiologically detectable abnormality, but varying prior dust 
exposures, will tend to overestimate risks for men with negligible previous dust 
exposure. In a later paper (Jacobsen, 1975) an important corollary is emphasized: 
a dust standard designed to restrict long-term risks for young men starting their 
working lives with no pneumoconiosis will demonstrably be associated with much 
higher risks for older men who already show some early signs of the disease. 

Nevertheless, Liddell (1972) verified that in practice the Progression Index, based 
on integer score differences, correlated with measured dust concentrations over 
5-year periods in 24 collieries. A similar high correlation between an analogous 
index and measured dust concentrations has been demonstrated when both are 
based on 10-year periods (Jacobsen et al., 1971). 

8. RADIOLOGICAL PROGRESSION AS A DUST-DOSE DEPENDENT MARKOV PROCESS 

Changes in radiological classifications among a specific group of men in a 
particular time interval can be displayed in the form of a matrix of transitions from 
one ordered category to another. A first approximation to the probabilities of 
various radiological changes over twice the observed period, given the same distri-
bution of dust concentrations, can be found from the square of the matrix if it is 
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assumed that the probability of a particular change occurring in the second period is 
independent of the transition state over the first. The assumption is that for given 
dust conditions radiological change can be represented as a Markov process in 
discrete time; this permits temporal extrapolation of observed results. Calculations 
of this kind have been made with radiological classifications from 20 collieries each 
characterized by different mean dust concentrations over 10 years. The results were 
used to assess likely long-term effects of adopting different airborne dust standards 
in coal mines (Jacobsen, 1972b). Kostal (1969) showed analytically that if the 
development of pneumoconiosis is regarded as a real stochastic process in time 
(where t is the total time spent in dusty occupations, with no regard to variations in 
exposures during t) then this process cannot be represented adequately by a simple 
Markov chain. Jacobsen (1975) discusses two possible (conflicting) tendencies which 
suggest that transitions during one period are unlikely to be independent of whether 
or not earlier transitions have occurred, even when the events relate to identical dust 
exposures for individuals during each of the intervals in question. On the one hand, 
dust accumulated but not detected radiologically during one period will predispose 
individuals to showing radiological changes, on the classificatory scale, during a 
subsequent period. Probabilities of no transition in the second period will thus be 
lower than for the earlier period although dust exposures remain constant. On the 
other hand, it may be that some men are inherently less susceptible to the development 
of radiological changes than others. Probabilities of no change during the second 
period will then be higher than in the preceding period, since the hypothesized less 
susceptible individuals are more likely to constitute the group "at risk" during sub-
sequent periods. The first factor will be a function of earlier dust exposure; the 
second will be reflected in a differential response to a given prior dust exposure. 

Cox and Miller (1965, p.  18) advise that the main method for dealing with a non-
Markov process is to redefine the state space so that the Markov property does hold. 
Jacobsen (1975) records results obtained by redefining the radiological transition 
states to encompass also the time spent in dusty occupations prior to the initial 
X-ray. The effect of previous dust exposure on the estimated transition probabilities 
was substantiated unambiguously. However, the error incurred by virtue of the 
earlier simplification which ignored the previous dust exposures was small, on average, 
over the range of dust concentrations investigated. This is attributed to the fact that 
the earlier calculations were based on matrices describing results from heterogeneous 
groups with varying exposures prior to the dust measurements defining their 
particular transition matrices. Manipulation of such matrices, which are equivalent 
to weighted averages of sub-matrices specific to prior dust exposure, gave acceptable 
approximations to the products of the sub-matrices. The redefined system describes 
radiological progression as dependent on previous exposure, initial category and 
ensuing dust exposure. The assumption that the Markov property holds under these 
conditions is plausible. A sensitive test would be to compare temporal extra-
polations using the model with independent observed results over the extrapolated 
time interval. Such calculations have yet to be made from the data. Chatfield (1973) 
reviews methods for significance testing in this situation. 

9. Cociusioi' 
There are various useful ways of handling data arranged in ordered categories 

when the ordering is based on subjective assessments. The procedure to be adopted 
for any particular analysis will depend largely on the specific questions which are 
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being asked from the data. If the focus of attention is the production of standard 
epidemiological indices to describe and compare different populations then little 
more is required than the enumeration of frequencies in defined categories; even such 
simple statistics can be used constructively to relate risks to hypothesized causal 
factors. If emphasis is placed on production of test statistics for hypothesis testing 
then the derivation of scores which have the properties of Normally distributed 
variables may be of value; and these scores may also reflect helpfully the continuity 
of the scale underlying the measurement of interest, although the measurements 
themselves are only discrete classifications. If the objective is to rank populations 
according to changes in classifications over defined time intervals then differences in 
scores based on the sequence of natural numbers may be at least sufficient. If it is 
required to make temporal extrapolations from observed results then the adoption of 
more or less sophisticated stochastic models can be useful. Whatever form of analysis 
is chosen it is prudent to review the assumptions that inevitably have to be made, 
whenever such a review is possible. Cox (1968) has suggested that 

"in applied mathematics a necessary discipline is the constant asking of such 
questions as: what does this quantity mean and how in principle should it be 
measured; what does this assumption mean and how in principle should it be 
tested ?" 

Application of these ideas to classifications of X-rays and to scores based on the 
classifications directs attention back to a fundamental weakness in the way that 
X-ray categories have been defined. The adherence to standard films said to be 
"typical" of categories unnecessarily compounds ambiguity in the interpretation of 
classifications and increases uncertainty in results. An outstanding contribution to 
the search for an answer to the question: "What do these classifications mean?" 
would be for radiologists to agree on standard films which define the boundaries 
between the four major categories of abnormality. Such a reform would itself assist 
clarification of the relevance of various assumptions used in the analysis of radio- 
logical data. Ultimately the data themselves must be used to test the appropriateness 
of assumptions made. 
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ie recommendation that Popper's philosophy of science should be adopted by epidemiologists is disputed. 
aference is made to other authors who have shown that the most constructive elements in Popper's ideas have 
ten advocated by earlier philosophers and have been used in epidemiology without abandoning inductive 
asoning. It is argued that Popper's denigration of inductive methods is particularly harmful to epidemiology. 
ductive reasoning and statistical inference play a key role in the science; it is suggested that unfamiliarity with 
ese ideas contributes to widespread misunderstanding of the function of epidemiology. Attention is drawn to 
common fallacy involving correlations between three random variables. The prevalence of the fallacy may be 
lated to confusion between deductive and inductive logic. 

I a recent paper (1) Dr. Carol Buck protests that 
tidemiologists should not be regarded, by them- 
Ives or by others, as data-gathering adjuncts to 
e medical-scientific community. She argues that 
eative epidemiology requires the formulation of 
futable hypotheses and that epidemiologists 
ould involve themselves more in the "exciting 
ocess of scientific deduction". Her view is that 
e achievement of these laudable objectives would 
promoted if epidemiologists were to adopt the 
as of Karl Popper. Yet Dr. Buck herself and 

ivies (2) refer to some of Popper's predecessors 
io understood and emphasized the importance 
attempting to refute scientific hypotheses. Dr. 

ivies asks 'why pick on Popper?' 
A major distinguishing feature in Popper's 
ilosophy is his insistence that his ideas are 
rectiy opposed to all attempts to operate with 

ideas of inductive logic' (3). Dr. Buck accepts 
s view enthusiastically. I agree with Dr. Davies. 
is is not a helpful way to free epidemiologists 
m the misunderstanding that their task is merely 
'gather data from which other scientists will 

lid hypotheses' (I). On the contrary, I have 
ued elsewhere (4) that because good medical 
ctice relies heavily on the deductive art of 

.gnosis, many physicians appear to have great 
liculty in appreciating the rules and discipline of 
demiological research, since here the inductive 
thod of reasoning is paramount. Unfamiliarity 
h inductive reasoning is one of the barriers ob-
icting an understanding of the role of statistical 

Institute of Occupational Medicine, Roxburgh Place, 
iburgh EH8 9SU, Scotland. 

inference in epidemiology; and statistical inference 
lies at the heart of epidemiology. Why? Because 
epidemiology is concerned largely with the study of 
observations which are subject to random fluctua-
tions. 

Dr. Buck warns against 'an excessive recourse to 
statistical devices for tidying up epidemiological 
data'. It is useful to draw the attention of epidemio-
logists to Cox's objection to equating statistical 
inference with data summarization (5). Cox reminds 
us that in statistical inference 'an essential element 
is the uncertainty involved in passing from the 
observations to the underlying population'. In 
Cox's formulation it is the element of uncertainty 
which makes the inference statistical; the direction 
of the argument, from the observations to the 
(statistical) population sampled, is characteristic 
of the inductive method. Note that if this inductive 
step is taken with a proper regard to the logic 
underlying (for instance) a test of statistical signifi-
cance (the logic includes its restricted relevance to 
the population sampled), then the induction leads 
naturally to what Dr. Buck calls the 'deductively 
more powerful' reason for replication in epidemio-
logy: to identify circumstances under which a 
previously observed association does not exist. 

In common with some other epidemiologists Dr. 
Buck appears to regard applied statistics essentially 
as a set of numerical 'devices'. However, in epidemi-
ology as elsewhere, the application of probability 
theory to real data embraces more than signifi-
cance testing, standardization and data summariza-
tion. For instance, an increasingly important part 
of modern epidemiology is directed to determining 
the relationship between the dose of a suspected or 
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known environmental pollutant and the degree of 
response in human populations. The solution to 
this quantitative problem requires, among oilier 
things, statistical point estimation (of the regression 
coefficient for instance) and interval estimation. 
The latter may involve controversial inferences 
about the distribution of the unknown regression 
coefficient being estimated or the interval con-
taining the estimate itself, at a fixed probability 
level. The fact that significance testing may be 
relatively unimportant in such situations, and that it 
may be difficult to force the pertinent research 
questions into a formal hypothesis implying a 
refutable prediction, does not convince me that this 
activity therefore lies outside the boundary of 
science. Of course, once the dose-response rela-
tionship has been estimated then this provides the 
basis for subsequent predictions which are refutable 
in principle. Indeed I have suggested two ways 
whereby such epidemiologically derived predictions 
can be tested in practice (6). The important point 
to note however is that the initial estimation of the 
dose-response relationship requires inductive argu-
ments of statistical inference, from the sample to 
the population parameters of interest. Deductions 
and hypotheses follow. 

The discussion in the two preceding paragraphs 
illustrates Fisher's point that 'deductive arguments 
are, in fact, often only stages in an inductive 
process' (7). Popper (3) would be unmoved by these 
considerations. He distinguishes between inductive 
processes, which he relegates to the realm 'psy-
chology of knowledge', and the deductive method, 
which he considers as part of the 'logic of know-
ledge'. He then asserts that he is concerned only 
with the latter. ('There is no need even to mention 
induction.') Even if this view is acceptable to one 
who is dedicated specifically to the search for a 
wholly abstract theory of knowledge, it is difficult 
to see why Dr. Buck commends it to epidemiolo-
gists who are involved directly in the practice of an 
empirical science which leans heavily on inductive 
methods. 

For her 'exercise in Popperian epidemiology' 
Dr. Buck (I) reformulates the 'infectious hypothe- 
sis' concerning cancer of the uterine cervix. Her 
hypothesis asserts, inter alia, a negative correlation 
between the risk of cervical cancer and progesterone 
levels. Dr. Buck then proceeds to discuss testable 
predictions from the hypothesis. One of them states 

'A history of repeated spontaneous abortion 
should be associated with cervical cancer, 
because susceptibility to abortion is to some 
extent related to low levels of progesterone.' 

This prediction does not follow from the hypothesi 
(quite apart from the careful caveats made by DI 
Buck herself). Let X, Y and Z represent the randor 
variables of cervical cancer incidence, progesteron 
level and spontaneous abortion incidence respe 
tively; let r11., r, and r1  be the correlatio 
coefficients between XV. ZY and XZ. Dr. Buck' 
prediction can be written as 

'if r . 	[I] 
and r<0 J 
then r 5>O'. 	[2] 

The assertion [2] is a non-sequitur not uncon 
mon among epidemiologists. The difficulty seen 
to be connected with confusion between deducti 
and inductive methods of argument. Only tF 
simplest algebra or common (deductive) sen 
suffices to show that 

f x=a0-Fa1y - [3] 
and z=bo+b1y, J 

where x, y and z are real variables; a, b are cot 
stants; and a1, b1  are non-zero; 

then x=c0+c1z, 	[4] 

where c1  =a1/b1  0. Moreover, if a1  and b1  has 
the same algebraic sign, then c1>0. Now it is em 
to write down linear regression models [5] en 
bodying the left-hand sides of the inequalities 
and [2], and they look deceptively similar 1 
equations [3] and [4]. 

E(Xy)=c o-Fc i  y 
E(Z),)= 0± 1 y '.  [5] 
E(Xz)=yQ+yl  zJ 

If oc, and ft are known to be negative it does n 
follow that y, is positive. 

Why is the deductive algebraic syllogism of 
and [4] not applicable to the models [5]? Becau 
the models refer to random systems; they are n 
simple linear equations. The coefficient Vt  is 
unknown population parameter. It may be es 
mated from appropriate data using inducti 
statistical arguments. The degree of uncertainty 
the estimate would be related to the variance of t 
random variable X. (In reality, we cannot 'kno 
that a, and j3 are both negative; but, given enou 
data, and using inductive arguments, we may ha 
great confidence that this is true.) 

The argument from [I] to [2] is false; but it C 
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)e shown that there are conditions constraining 
to be positive when r15  and r. have the same 

ilgebraic sign. The inequalities 

l>r1r5 >0 	 [6] 
(r-1)]>0 	[7] 

ire sufficient conditions to satisfy [2]. The necessary 
ondition for r15 <0, given [6], is that the left-hand 
ide of [7]<O. Thus if r 5  and r51. both exceed 
+-./05r071 (or are both less than —0.71) then 

However, there may be a wide range of 
aired values (r1 , r5 ) with the same algebraic 
ign and r15  0. For example, if r=-08 and 
,=-0-4, then non-positive values of r 5  may 
w as low as —02299; certainly r.,z  may be zero. 
)r, if r1 =r5 =0•5, then 	may be as low as 
—05. 

For those who prefer a non-theoretical refutation 
f the assertion hypothesising that 'the inequality 
2] follows logically from [1]' it is sufficient to find 
ny data set where the assertion is contradicted. 
he contrived data below meet the purpose. 

X y 

0 4 6 
1 	5 	1 
2 0 4 
4 6 2 
5 	1 	5 
6 2 0 

r15 =r51=-029, r 5=-043. 

Fisher (7) has remarked on a 'tendency to 
ipose on inductive thought the conventions 
nd preconceptions appropriate only to deductive  

reasoning.' Popper states (3): 'Believers in proba-
bility logic may try to meet my criticism' (of induc- 
tive methods) 'by asserting that it springs from a 
mentality which is "tied to the framework of 
classical logic", and which is therefore incapable of 
following the methods of reasoning employed by 
probability logic. Ifreely admit that I am incapable 
of following these methods of reasoning.' The con-
cluding admission is deplorable even if it was 
intended facetiously. 

I agree with Dr. Buck that epidemiology would 
benefit if more of the data gathering were preceded 
by the formulation of hypotheses whose relevance 
to science will have been deduced from previously 
established knowledge. The element of deduction 
in the formulation of the hypotheses does not make 
induction irrelevant, any more than the essential 
inductive inferences from observed data negate 
the importance of prior and subsequent deductions. 
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ABSTRACT 

The attack rate of simple pneumoconiosis in 2723 British coal-miners is considered in relation 
to the men's duet exeonuras end smoking hinite. 	A complementary analysis is preentad, 
using less ereciro radiological data, of prevalence end attack rates in an indrendent group 
of olnara. 	One of tanalyses suggests that, at high dust caposures, smoking may be 
asocistOd with an mc: cocci rink of develoning pneun000niosie; but the most scacitivo 
statistical test used reveals that the arncent effect sight well be due to chance factors 
(p not lass than 0.09). 	The possibility is investigated that the net observed effect is the 
resultant of conflicting tendencies in sub-'--ours chamacterined by their reseonses to 
questions on phlegm production. 	There is no evidence to seaport this hypothcst. 	It is 
cncluded that the main variable determining the development of sin-le pnetenoccniosin is 
exposure to airborne dust, and that this effect is not modified appreciably by whothar or not 
conleiners snake. 

L1i'RCDIJCTION 

A quantitative relationship between the develorm-snt of staple inau.ocoa!asis and measured 
e'<poaures to rosotmeble airborne cotkarnc dust wee resorted five years ngo (j;.cOgs:.:1 et al. 1971). 
In the discuasfo.s of these results EPPOY (1971) caked another smoking history influenced the slope of 
the probability curve. 	The uestaon tic.ultte formulation of four hypotheses concerning possible 
interactions between irLhOCU cceLino dust an] tobacco saohe, cc follows. 

S ot gg' 	r.00 	c 1 or 	'ir1oirn 
io r c ti bcrn-~ 	 ar'~ mor.~ 11"Iv to  

those who in rota eke. 	if this were the case then the cseres tiea might ce exnle .tnod by a 
poteetsatlag nctaon of two insults: coalmine dust and tobacco eache. 	Alternatively, such arl effect 
night be attributable to reduced activity of the cilia among smokers. 	Cons-onucatial delayed 
clearance of inhaled dust rrticles night result- ir. an increased alveolar burden. 

ono 	.o r 	1tw airb,0 	 ha 	oo llaoo 1 itodv 10- u 
This might be the case if hyporaecretien of ovitiza associated with smoking 	 mm increases the eeoeation of 
inhaled coal duct particles in the bronchi and thus prevents thea from reaching the alveoli. 

(i) 	Two ara000_of ther:echoeinos hwmmotheaied under (im) and (c) occur but thl net observed 
effect, on av-arse, is c::nll ai'aifmctivelvmmero. 

RAE etal. (1971) have pruasated data u]iich permit a preliminary osr.nination of the probles. 	In 
their Table II these authors desonairatad a hither prevalence of persistent ccmagh and inlegn 
(determined by questionnaire responses) among sen with at least the earliest radiological signs of 
pneun000riosis. 	These results can be re-arranged as in Table 1 below. 	The numbers shown in Table 1 
are percentages of ran with pneumoconiosis as defined. 

Prevalence of pneunoconiceis among all 2675 machers (30.29) was very similar to the figure for 
the 704 non-stickers (29.). 	The higher prevalence of CT aaor.g oen who resorted syanteocs (smokers 
and non-smokers, in all age grouse) is, of course, the mirror image of the result retorted previously 
by RAE et al. (15q1 ): more syaptocs amog sea with C]-:P. 	Bowever, the ro-arrangea-stit of inc figures 
shows that ar.msng the 1251 men who reported synctoiss. CWP prevalence was lower for smokers in each age-. 
group. 	This observation night perhaps be regarded as consistent with: the rechanian hypothssiaad 
under (c) above, in that men with cough and peristant phlegm associated with saokir.p may be protected 
from developing radiologoal signs of ClIP to cone degree, when compared with non-seekers who resort 
these symptons. 	(In tho latter group the cyiptoris oust be attributable to a canoe or causes other 
than caching, including occupational dust etrostre. 

There are at least three reasons why the indications from Table 1 cannot be regarded as 
conclusive. 	Firstly, in that Table, no account has been taken of the nest imac.rtant variable likely 
to affect variations in pneuaaccniosas prevalence: differences in cumulative dust exposures. 
Secondly, there is sabignity concerning the rolevance of the clesstficctionm into th smoker and non- 
smoker grasps. 	Those caanifirnticns tare hen mcI en resorts of 5r0:inm habits at inc time that the 
radioloe-ienl cv-rriys were made; no account was taken of variations in the number of cagarettes being 
smoked, and ox-smokers were included in the "mr..mkera' grone. 	Lastly, there is a similar difficulty 
concerning claccafinatiun of ama acccrdinm to symPtoms. 	For their or.alysas, R/T et at. (1971 
excluded one sub-group uho rnpiiad cnconnmstnntl:- to musntioao on symptons at two cancccutrvc surveys, 
but they included another mecn grour. 	Further analyses are resorted now with :hoe dafficulties in 
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mind. 	The data are fran the Rational Coal Board's Pneumoconiosis Field Research. 

2. ATTACK RATE OF CliP OVER 10 YEARS 

Results reported in this section are beset on further analses of data relating to 4122 coal- 
miners described by JLCOBSE at -al. (1971) and RAE et ml. (1971). 	Those authors provide details or 
how the sample was selected and on how the data were collected. 	The ±naediately relevant inforciation 
is given below. 
2.1 Ran studied. 

The Ll(lfl snlcctd, for study were from 20 British collieries in each of which three medical surveys 

had been made at aperoxiratoly five-year intervals. 	All men had worked at the coalface at the start 
and end of five-year periods between the first and second surveys, and had worked either at the coal- 
face or elsewhere underground at the third surveys (after a further five-year period). 	For the 
present study of snaking in relation to simple ancualoconiosis, results were excluded from men for whom 
there was any evidence of the presence of complicated pneumoconiosis. 

2.2 Radiological olassifinations 
hast X-rays had been taken for each man at all three surveys. Film-pairs covering ten-year 

periods between the first and third surveys were classified for tnoumoconiosis using the elaboration 
the I.L.O. (1959) classification dascrabed by 1tDDELL and LIRDARR (1959). 	Each fila-air was 
examined by eight doctors experienced in the rad±elo; of pneumoconiosis. 	Film readers worked 
independently and examined both fiLea from a pair site-by-side on the viewing box witn temporal order 
known. 	The ojyilt classifications of each film for simple pneuaoconioais (small rounded opacities 
only) were avaragod ma described by JACOIidEN at al. 0971 ). 
2.3 Siroking habits nd phlaraereductin 

At the second and third radical surveys a nuestionnaire or respiratory symptoms and smoking 
habits was coaaleted for all sen in the sample. 	The questionnaire is siai2ar to that recormoncied by 
the Radical hesear 	oun ah Council. 	Details of its validity and reproducibility have been documented by 
RAE et al. (1971). 

lor the present analyacs results were used only from men who peelded conaistent].y at both the 
second and third sarvoys to the auoseicns: 'Do you roke?" and "Dcv you ever specad aar.cu.chasccio 

gmrerte per dfop one year?" . 'Seekers" were dafined as those area answered Don LiiVll to the tired 
question on both occasions. 	"Du-snokero" were defined as those who responded regatively to both 
questicris on both occasions. 

The questionnaire includes questions on cough Snd phlegm. A preliminary analysis of the data 
showed that 59 cf the oorrlr.iners questioned may report either vereistent couth ("on nct days for cia 
much as three months in the year") and deny persistent phlegm, or thy may report pore irtent ahlegm 
and deny persistent Coughing. 	It must be remanoered that the replies to the qweztioneu! re refer to 
the rcspcmdontn' conceptions of cough and phlegm rather than to clinically defined entities. 	The 
present nvescigaeioIl is concerned inter alto with evaluation of evidence, from replies to a 
questionnaire, concerning effects aosaaoly associated with sputum production as such. 	For thic 
reason replies to questions on coughing were ignored and concentration was focussed on replies to 
questions dealin;t specifically with phlegm. 	There were four such questions, and they follow earlier 
questions concerning caughiar. 

Q-3. 	Do eabren_rg 	inn you gmt a or I -" 	ij~ 	 Q.3a.D 	0 1 
bring or - ___t 	f"r 	cna 	o" 	Jw' 	r' 	 , ou b' 	ia 

Lnl 	dir 	 - 1 don't - 	S 	rioce 	-I id't 	 "-a av 
bring up rhlogm lace this on rest dnv for Ca 	',11 anmeatha in to-i year?" 	(Questions 3a and 4a 
were asked only if there was a positive reply to the relevant pceceding question.) 

"Persistent hlogm" at any one survey was defined as a nositive resronme to question 4a. 	(Done 
men realist positively to cuantien 4a and negatively to question 3a.) 
2.4 Dust exroa'cro 

Daring the 10-year period between the first and third medical surveys airborne dust measurements 
had been made close to randomly selected man in occarnaticnsl groups. 	The measure ents were mode 
using the Standard Th--1 dreciatoator 	n concentrations for occanaio'nl groups over ten years 
were exnresscd as Dartelea per cubic centimetre see were convertecCcibsCttlently to mass concentration 
units (r-6/1,3) as dsscrabad by JACcBSEII at al. (1971) and DODGSSi at al. (9i). 	For all men in the 
collieries concerned racords had been kept of the number of shifts roared in the occurational grours 
defined by too dust sampling pro3-ar.me. 	The number of shifts worked were converted into hours. 
depending on the shift length in the period and area concerned. 	Individuals' curulative exposures to 
dust over 10 years were conputc-d by sucaining the products of estimated mass concentrations in 
Occupational groups and the nurabsr of hours worked in them. 	The exsoauro units c-i-are expressed as 
gram-hours per cubic ractre (gb/si) of sampled air: they are equivalent to tino weighted cumulative 
mass concentrations of dust osrticlos in the "reapirable size range" defined by 1' dical Research 
Council criteria (Ni:::LTO:: and hILTON, 1951 ). 
2.5 Results 

Among the 4122 men for whom data were available 954 had averaged radiological claesificatiens 
higher than category o/o on the earlier film; a further 432 replied inconsistently at the second and 
third surveys to the iuestioms on smoking; a further 13 had at least cne X-ray whore one or more film 
reader diagnosed rheumatoid lung or eonalicated paeunceonicsis or both. 	Results from these 1399 men 
were not included in the analyses that follow. 

Table 2 shows attack rates of CliP over 4,-n 
earlier X-rnyn were classified as eteor o26 

	among 235 ornor:er and 308 non-smokers whose 
these n"'r inr'ec t'd tot' they pro-e-d 'ro'-' c 	O/t 

Iverapa cltti icatiors of X—rays from five of 

abnormality duriny the ten yearn. Tho five "t 	f 	
0 c 	 o o. h.. ip--o,t scale of 

analyses that follow. All other "attacks" wore novesents from 	 nonP 
the 

atncksinthe 
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At duet exposures up to 60 gh/a3 (equivalent aerroxinately to a mean exposure to 3.4 mg/0 over 
ten years) there was little difference between smokers and non-seekers. 	At higher dust exposures (60 
to 150 gh/m) however, attack rates were hifller for sookor. 	Further analyses were made to 
investigate the statistical significance of the observed differences and to compare attack rates in 
smaller sub-groups who differed in their reports concerning phlegm production. 	Thin aerroach permits 
consideration of hypothesis d: that a possible increased risk of developing C.-,T as a result of 
inhaling tobacco smoke may he counterbalanced partially by reductions in the amount of inhaled dust 
reaching the alveoli, as a result of the expectoration frequently ossocie ted with amokinr. 

Table 3 shows the nu,-.hers of men who developed CWP among smokers €ncl aen-seokers in relation to 
their reports of phlegm production at each of two medical surveys. 	Thu influence of variations in 
dust exposure on the observed results is reflected in the numbers of attacks "expected' in each sub- 
group. 	These numbers have been calculated from an equation (i ) described in en appendix. 	The 
statistical modal embraces the influence of age at the initial survey (reflecting to some degree 
earlier dust exposure), exposure to mixed rospirable coal mine duet during the ten-year inter-survey 
period, and the exposure over the same period to certain mineral components is the duet. 	The 
variables considered have each been shown to influence the erobability of developing C%"?. 	The form 
in which they appear in the equation represents the most satisfactory explanation of the observed data 
when compared with many variants of the same basic model. 	The expected numbers in each sub-group 
were calculated by summing the individual estimates of probabilities within each sub-group. 

Among the 2335 smokers considered, 168 developed CiP during tan years as compared with the 161 
expected on the basis of the equation which takes into account the ages and dust exposures of the men 
concerned. 	In contract, 22 of the 388 non-smokers developed CAT, while equation (1) predicts 29. 
The net difference between smokers and non-smokers unexrlined by the osuation 	- - 	= 143 
would ha expected to have arisen by chance with a prebubilit:;  of about 13 ( 	2.33). 	An 
alternative and perhaps morn sensitive teat of the oparently increased risk for smokers can he made 
by re-fitting the data to an equation which includes a banary variable differsatiatiug between smokers 
and non-smokers (equation (2) in the arumnix). 	The utatistical significance of the smoking effect 
is then increased further to about i9 ( 	- 2.84). 	If all variables in equation (2) are taken as 
the mean values observed for those 2723 minors then, for a non-smoker, the nrobabiljty of an attack of 
CWP isestiaatod as 4.1. 	The corresponding probability for a smoker is entinatei as 

The observed effect apparently associated with smoking may be the resultant of two or more 
conflicting tendencies as suggested by hypothesis 6. 	If so. this might explain the equivocal 
stotisLical significance of the observed crooking effect in the group sorashole. 	Such conflicting 
tendencies right bn reflected in discraanciea between observed and es-acted attacks in one or more 
sub-groups. 	Those discrepancies are expressed conveniently as standardised scan residuals shown in 
Table 3 and defined in the appendix. 	If the di.screrancioo are due simply to random variation then 
these statistics are equivalent apprcxom.ate?y to standardised Normal variates: 9 	of such values 
would lie in the range ( - 1.96, 	1.96). 	The results chow no convincing evidence of reel 
differences between the attacks observed and those expected ir.any of thu sub-grours. 	Probabilities 
of chance occurrence range from about 13' for sub-group 7 to 86 for sub-group 6. 

Equation (3) in the aproridix shows ths,  result of a further analysis which ans undertaken to 
inveetigete the nature reaL stattstical significance of the apparently increased attack rate nasag 
smokers as a whole. 	At both the second and third surveys, miners had be-on asked how early cigarettes 
they smoked per day. 	For two of the collieries concerned these data were ircormlete with respect to 

the second surveys. 	The number smoked per day at tie tine of the later (third) surveys were used 
therefore to see whether the apparent smoking effect increased with increasing tobacco ccnsriroption. 
Expressed in this way, sacking aereared to have no noticeable effect on the attack rate of C??. 	The 
fitted equation (3) was statistically indistinguishable from equation (i) which includes no variable 
reflecting smoking habits ( X2 = 0.06). 

3. 	CWF PREVAL8?CF AlTO ATTACK RATES Iii 

ANOTHER GROUP OF COALI-aNdRs 

3.1 lien studied 
In tea of the collieries studied by the Pneurroconiosis Field Research a series of fourth medical 

surveys were completed approximately five years after the third surveys. 	The following analyses 
relate to a sub-group of men who were X-rayed on at least three occasions (at the second, third and 
fourth surveys) who replied consistently to tae questions on smoking at all these three surveys and 

	

for whom there was no radiological evidence of complicated pneumoconiosis at any survey. 	Ken whose 
results contributed to the analyses described in section 2 were excluded. 
3.2 Padiologcal_cissaiiicrtticas 

Film classifications available for men considered refer to the four major categories of C?? only 
(ILO, 1959). 	Results from F-rays made at the second and fourth surveys are used here. 	All films 
made at the second surveys were classified seen after the surveys by any one of four medical officers 
in the research team. 	The films were then examined again, independently, within fare years of the 
original readings by at least one other doctor in the tame. 	̀,̀ here clasaificaticns agreed, this was 
taken as "definitive'. 	there there was disaroreerent, the films concerned were re-examined in concert 
by at leant three of the readers. 	After discussion, an agreed classification was obtained in each 
case. 	Films cads at tho fourth surveys were classified for clinical pureo.sem soon after the surveys 
by any one of five medical officers, of whom only one had participated in the classification of the 
second survey files. 	In all cases, earlier X-r,yo from the same man were available for inspection 
when these clinical assessments were made. 
3.3 Smoking habits and phlegm oroduetien 

The eerie respiratory ayrptors questionnrire used at the second and third surveys was atolied 
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again at the fourth surveys. 	"Smokers and "non-smokers" wore defined on the basis of consistent 
replies at all three surveys to the questions recorded in section 2.3. 	'Persistent phlegm" at any 
one survcy was defined in the sane way as for the preceding analysis. 
3.4 Dust esnosures 

For each of the ron considered here there was available (a) a duet enposure during the period 
between the third and fourth surveys based on measurements of mass concentrations in occupational 
groups (using the URD Gravireetric Dangler, Type 113-0 and the time worhod in those groups; (b) a 
similar figure for the period between second and third surveys, based on particle count concentrations 
converted to tease concentration units (see section 2.3, shave); (a) an exposure for at least part of 
the period between tUre first and second surveys, 'eased on similar data as used for (b); (d) an 
estimate of exrosure from the tine that a roan joined the industry up to the time that research 
measurements relevant to hare began. 	The latter estimate- were based on detailed records of 
occupational histories from which the number of years spent in any one of six broad categories of 
canlsining activities were extracted. 	The exposures (d) were calculated as the product of these 
times and the means of concentrations measured in occunational groups corresmondin.g to the relevant 
cntegor±es during the first ten years of the research. 	Attack rates of Cl? during the 10-year 
periods betweon the second and fourth surveys were analysed in relation to the sum of (a) and (b 
Prevalence rates at the Iourth surveys were analysed in relation to the sum (a) + (b) + (c) + (d 
3.5 Results 
3.5.1 Prevalence of c'p 

There were 2689 sun who replied consistently to the questions on srooking at the second, third and 
fourth surveys, for wires there was no radiological evidence of complicated uneuxooconiosis and for whom 
records were avail: Pie for crlcuirti'sg dust exosuron. 	The batten row of Table 4 hoi's the 
prevalence of Cap anoag sr:oi:ers cnd rion-anokora in two broad cunule tire dust exposure enoups. 	Those 
groups correspond aprroxiaately to the numbers of teen with less and with rears than the median 
cumulative dust exposure estimated from the time that they started work in the coal industry up to the 
time of the fourth ned: cal surveys. 	Thu median of these estimates 15 roughly twice the value 
calculated for the ton-year period between the iirnt and third reodical surreys - sea Table 2. 	The 
higher prevalence snonep smokers (24.5) as compared with non-smokers (21 .) in the high dust exposure 
group is not statistically significant P > 0.4). 

Only five percent of the men reported phlegm production at all three surveys, and nanny all of 
then: wore s -rol:ers. 	iio'rever, 933 men (35) reported phlegm at least at one of the three surreys, and 
it appears from Table 4 that those non had, on the rOrole, a higher prevalence of CUd' then moo who 
denied producing ::hlcgn at all three surveys. 	Fig. 1 shows that at least some of tho difference can 
be attributed to different roan cumulative duct exposures between sub-geua. 	Ilevertireloos, it will 
be seen that in the high duat orrosure grout, men who sometimes reported phlegm had concioerably 
higher prevalence than man who denied prcducir.g phlegm, although the en tiaretod mean dust exposures an 

the latter groups were only marginally lower. 	bhntevcr the explanation for this result there is 
certainly no evidence fron Fig. 1 of any difference in prevalence between smokers and non-smokers 
depending on whether or not they report ahlegn. 
3.5.2 Attck rate of CUP 

Among 2488  men whose X-rays were classified as category 0 at the second surveys, 125 (5.05) 
developed CUP during the ensuing ten years. 	Table P shows the attach rates for smokers and non- 
smokers. 	The small differences between smokers and non-anchors are of no statistical significance. 
The pattern of results by reports of phlegm production: is similar to that obsprved for prevalence :.t 
the fourth surveys (Table 4). 

4. 	DISCUSSION 

The results reported in sections 2 and 3 are intended to complement one another. 	The 
sophistication of radiological data quoted in section 2 (averages of 6 raniers' clasui,firations on a 
12-point scale) justifies the use of fairly elaborate statistical methods to suantify the relationship 
between radiological response and dust exposure, and this permits detailedex
concerning on of hypotheses 
concerning possible effects of smoking en the development of CUP. A deficiency in these data is that 
the information on snowing history is restricted to one five-year period. 	To be convincing, any 
conclusions b--sod on these results should be consistent, in a general reap,arith the pattere which 
emerges from the independent data set with lass reliable radiological classifications, but more 
information both on Smoking habits and duat erases-arc. 

The analysis of attack rate in section 2 appears to sugeest that smoli=s may be at greater risk 
of developing CU? than non-smokers. 	The effect was seen only at higher dust exposures. 	The 
probability that the result is due Simply to random variaticn is high ( 	0.09) and :.ould not 
normally he regarded as convincing in epidaaiolog:cnl situations fraught with possibilities of 
unidentifiable biases that night distort results from formal probability calculations. 	Tho failure 
to demonstrate a don:- and significant overall effect of saokrng is not due to conflicting pattenas of 
response depending on whether or not sacking is accompanied by persistent exteectoratien,. nor is it 
attributable to the use of the dichotomy saoer/nen_snoJ5er to summarise smoking habits. 	Indeed, the 
n-all result obtained when crooking is expressed as the number of cigarettes sno•:cd per day (equac:cn 3) 
reduces further the plausibility of the weak evidence suggesting that smokers are mere likely to 
develop ClIP (unless it is surposed that smoking as such, irrespective of the quantity of tobacco 
smoked, increases the probability of developing CUP, or that a susceptibility to CUT is associated in 
some way with a craving for nicotine). 	The analysis of independent data in section 3 also sheets no 
effect attributable to snoRing (see Fig. 1). 
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There reacinc Only the curiously suggestive picture revealed h the re-arranyorent, in Table 1 
of results reaortod previously by HAF et al. (1971): non-smokers who reported persistent cough and 
phlegm had higher prevalence of C'P than smokers with the sane symptoms. The contrast between this 
result and these reported in section 2 arrears particularly puszlinp since the analyses reported in 
section 2 are based on a sub-sat of the data considered by RAE et al. (1971). 	Fig. 2 resolves the 
enigma. 	Shown there are the prevalences in various nub-groups defined in Table 1 plotted against the 
aeaa cumulative dust exposures of the sub-groups concerned. 	(These cuzeulativo exposuras have been 
calculated in trecisely the sane 'say as that described by lIAR at ci. , 1971.) 	Inset in Pig. 2 are the 
sane data plotted ugatast thr age-grouse defined is. Ie.ble 1. 	In so far as the age of a coalminor may 
be regarded as a crude indicator of his duet exposure the results in Table 1 right be taken to suggest 
that there may be real differences in the dose-response curves. 	However, the mean dust exoosures 
actually relevant to the various sub-groups, shorn in Fig. 2, demonstrate that such a conclusion would 
be wrong. 	It is clear that the differences are due to variations of dust az-osures between sub-gxns. 

The use of ago as an indirect asasure of dust exposure is thus shown to be potentially misleading in 
investigations concerned with 	riaons of dose-response relationships. 

It is concluded that there is no convincing evidence that smoking affects the probability of 
developing radiolcgical signs of r;. 	RODAN et el. (1973), who shored that exposure to airborne dust 
reduces ventilatory function, were unable to doronatrate a potontiatiag interaction between dust 
exposure and aaoi:irg. 	The sane authors pointed out that the results rscorted by RAT ot al. (1971) 
are equally inconatetent 'sath the suggestion (hIuE:TE, 1971 ) that coalisine dust and tobacco smoke 
potentiate each other in their individual tendencies to produce symptoms indicative of chronic 
bronchitis. 	It coerce therefore that while sacking rust be regarded as deietrioua to the health of 
coalminers as it is to others, there is no reason to believe that the habit influences t'_c equally 
undesirable effects of inhaling airborne conlina dust. 

APPENDIX 

The model used for the analysis described in section 2 was the linear logistic equation 

V = log () = 00 +:~Caixi 

whore P = probability of radiological change; -i are explanatory variables; and the a's are 
constants to be ostisatad. 	For the analyses reported here the constants 'sore estimated from the data 
iteratively, using the method of sxatm likelihood. 

Table 6 shone the anans sod ranges of variables contributing to the equations quoted in the 
paper, the catiuntcd constants in the equations and corresnonding 't' statistics. 	The latter were 
calculated as the ratioa of the estimates () to their approximate standard errors. 

It will be noted that the approximate values of I associated with the coefficients for kaolin and 
mica exposures are of dubious statistical significance. 	Nevertheless, inclusion of this variable 
together with it.- interaction with quarts exposure yields significantly incrasced values of the 1eg 
likelihood when coaparad cri.th  those obtained iron oliarnateve r:ouols involving other combinations of 
exposure variables. 	These matters are discussed further in another :Js?er to this Tyacesiure ('Lo'cN ci 
ml. 1975). 	The nnolymis in Tdble 2 of the presunt Paper is concerned essentially with a study of 
residuals; equation (i) was used because it provided the most satisfactory 'fit' of the data to the 
logistic model. 

The standardised mean residuals for sub-groups, shown in Table 3, were calculated as 

r 

where P is a binary variable taking the values 0 for no radiological change and 1 for some radiological 
change over tea years; P is the estimate of P from (1) for an individual; and the surratjen is over 
the a individuals in the sub-group concerned. 

Tests for ianroveaents in fit as a result of aiding smoking variebles to (1 ) were made using the 
statistic - 2 (> -X.), where X1 , /\ j are the log likelihoods associated with oruations (i) and (j) respectively (j = 2, 3). 	Under the iiull hypothesis of no improvement in fit this statistic is 
distributed as 

A detailed exposition of the logistic model and its applications is given by CCX(1970). 
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TABLE 1 • PBBCBITLCLI OF 	T WITH AT LEAST THH EARLISST 010115 OF Pom:ocoiriosis (cATEGoRy o/i 
OR HIGIIFE) IN THOSE WITH AND FITIIOUT SYNPTO:.S (PERSISTF:I:T COUGH AND PHLEGN), BY ACE 
AND sgoI:I1:G HABIT; R PJIGENNDT OF DATA FLOP TABLE II BY RAE et al. (1971)*. 

Symptoms 
25-34 

344 4554 5559 

Notfea Ns I IT  S Sj_jrs s S 
NO 9.4 8.0 21.4 24.2 39.3 40.8 44.4 41.1 

(io) (305) (210) (633) (191) (1os) (36) (73) 

YES 25.0 
(24) 

12.0 
(167) 

30.1 
(42) 

31.6 
(45°) 

60.0 

I 	(45) 
45.7 
(451) 

61.1 
(io) 

51.4 
(111) 

PS - non i.e1:ern; S = sr.ohers 

(The figures in brackote are the nue±erz of men to whom the recorder percentages relate, e.g. 
9.46 of 130 non ar.oizing men with no syaptoan aged between 25 and 34 years had pnoua000niosis.) 

* A typographical tranaposition error occur,,, in Table II of RAN at al. (1971 ). 	The ierCentege of 
men aith "bronchitis' among 703 seokorn wit:: no pnounoccnoais in the 35-44 year sge-.group is 
39.1, rot 31.9 an printed. 	Reulte in Tab1c,  1 above are based on the correct firnn. 

TABLE 2. 	ATTACK RTB OF CKP OVFH 10 YEARS () BY 
DUST EXIODJRE AND F.CNi1N1 1NL1TS. 

(number of non in group in brricheto) 

10-year dust exposure (ph/rn3). 

- 20 	- 40 	- 60 	- CO 	- 100 - 150 - 200 260 	All 

Smokers 	0.9 	1.7 	o.0 	7.9 	14.2 	11.4 	1.I 	76.9 	7.2 
(110) 	(630) 	(504) 	(33) 	(201) 	(2 96 

	

(93) 	(24) 	(2335) 

Ron-Smokers 	0.0 	1.9 	.2 	4. 	4.0 	0.1 	31.3 	23.1 	5.7 
(13) 	(ioo) 	(ci) 	(6s) 	(50) 	(39) 	(is) 	(13) 	(3e) 
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TABLE 3. ATTACKS OF 01fF BY SKOXIEG HABITS 
AND REPORTS OF PERSISTfPT PHLFOK 
AT TdO CONNECUTPJE SURITEIS. 

Sub-group 1 2 	3 	4 5 6 '/ 8 

(2nd surveys Yes Yes No No 
Persistent 
phiefa 

3rd surveys Yes No Yes No 

Smokers No Yes 	No 	Ye No Yes No Yen 

Number of men 
in sub-groum 12 189 	14 	147 33 314 329 1685 

Attacks of CKP 

Observed 1 13 	0 	9 4 25 17 121 

pected 2'( 14.8 	1.4 	10.7 2.3 25.6 22.9 109.6 
Standardised 
mean - 1.29 - 0.51 	- 1.18 	- 0.57 1.46 - 0.18 - 	1.52 	0.61 
residuals 

TABLE 4. PNDTALTd:CS OF C1T (5), 	CATNOORY 1 OR HILLEL, AT 
FOURTH NJRVdYS, By N5IJTJTIVE DUST  
RHPORTS OF PHLEGM A:rD DI:0UIG HABITH. 

Cumulative 	dust exposure 

Low (. 120 gh/e0) High ( 	, 120 gh/ui3) 
PS S ITS S 

No phiagu at any 2.7 2.3 17.3 20.5 
of three surveys (264) (875) (104) (513) 

Variable reports 5.7 4.1 26.9 26.9 
of phlegm (35) (364) (52) (360) 

Phlegm at all 100.0 2.0 60.0 43.1 
three surveys () (51) (5) 5.) 

All men 3.3 2.8 21.7 2.5 
(300) (1290) (161) (938) 

(Figures in brackets are the number of men in the group 
concerned. S = smokers; 	US = non-smokers.) 
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TABLE 5. 	LTTAOK RATS OF CUP (v), CAT500RY 1 OR HISRSR, 
OVER T-'-. YJRS 	0 	1 OS or 
riiisoo AND sc::i:u:ios. 

Duct eaposure Over 13 years 

Low (<40 gb/1,3) High (>/40 gb/n3) 

MS 	3 OS S 

No phlcpra at any 2.3 	2.5 4.0 4.5 
of throc surveys (177) 	(644) (175) (662) 

Variable reports 10.0 	5.9 10.2 8.4 
of phlum (30) 	(306) (49) (344) 

Phloa at all 75.0 	7.0 0.0 15,4 
three curvcys (4) 	(57) (1 ) () 

All men 47 	3,8 5.3 6.2 
(211) 	(looT) (225) (1045) 

(Figures in brackets are the nunhor of acm in the group 
concerned. S = aoo:ers; 	OS = non-cookers,) 

TABLE 6. 	REOBJLTS FRO,,' P100105 LOGISTIC EuATIoI:s. 

Variable Units Nean Rn6e dquation (1 ) iution (2) Equation (3) 

A a a a t 
* 

Mixed dust gb/rn3  67,3 (6.7,309.2) 0.0164 8.22 0.0163 8.36 0.0165 0.22 

Quartz dust gb/a3  2.53 (0.23,14.04) 0.1686 2.15 0.1625 2.06 0.1683 2.14 

Kaolin & Mica gb/a3 10.53 (1,47,68.68) 0.0036 0.17 0.0029 0.14 0.0037 0.18 

(Quartz) 2 
x(Kaolin & Mica) (gb/a3) 45.46 (0.05,1141.09) - 0.0044 2.02 -0.0043 1.97-0.0044 2.02 

Age at first ourvoy years 35.5 (16.0, 	55.0) 0.0297 3.23 0.0269 3.12 0.0298 3.23 

Sacking Dur 0.8575 (0, 	i) - - 0.4039 1,52 - - 
No. of 
cigarettes 13.6 (0, 	55.5) - - - - 0.0025 0.27 

Constant (a0) 
per day - 5.2r76 -5.5e01 -5.2665 

Log likelihood (A) - 637.93 - 636.51 - 637.89 

posures refer to 10 years botweca first and third medical surveys. 
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Fig. 1. 	Prevalence (category 1+); data from Tc1a 4..  
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fig. 2. 	Relation between prevalence (category 0/1+) and mean dust oxposure. 
Inset: the same prevaeflces by age group; data from Table 1. 


