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Mortality of iron miners in Lorraine (France):
relations between lung function and respiratory
symptoms and subsequent mortality
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Abstract
An increased mortality from lung and stom-
ach cancer was found in previous studies on
Lorraine iron miners. A detailed analysis,
however, was not possible due to the lack of
data for survivors. In this study the cohort
included 1178 workers selected at random
from all the 5300 working miners aged
between 35 and 55 at the start of the follow up
period, which ranged from 1975 to 1985.
Occupational exposures and tobacco con-
sumption, lung function tests, and respiratory
symptoms were assessed for each subject in
1975, 1980, and 1985. This study confirmed the
excess of lung cancer (standardised mortality
ratio (SMR) = 389, p < 0.001) and of stomach
cancer (SMR = 273, p < 0.05). There was no
excess of lung cancer in non-smokers and
moderate smokers (<20 pack-years) or the
miners who worked only at the surface or
underground for less than 20 years. A signifi-
cant excess (SMR = 349, p < 0.001) was found
in moderate smokers when they worked
underground for between 20 and 29 years.
Heavy smokers (over 30 pack-years) or sub-
jects who worked underground for more than
30 years experienced a high risk: SMR = 478
(p < 0-001) for moderate smokers who worked
underground for over 30 years; 588 (p < 0.001)
for heavy smokers who worked underground
for between 20 and 29 years; and 877 (p <
0.001) for heavy smokers who worked under-
ground for over 30 years. This showed an
interaction between smoking and occupational
exposure. The excess mortality from lung
cancer was because there were some subjects
who died young (from 45 years old).

Comparison with the results of a previous
study showed that additional hazards pro-
duced by diesel engines and explosives
increased the mortality from lung cancer. The
SMR was higher than 400 (p < 0-001) from 45
years old instead of from 56 years. A relation
was found between a decrease in vital capacity
(VC), forced expiratory volume in one second
(FEV1) and of FEVJIVC and mortality from all
causes and from lung cancer in heavy smokers
or men who had worked underground for
more than 20 years. Respiratory symptoms
were related to mortality from lung cancer
among smokers (moderate and heavy) who
worked underground for more than 20 years.
It is considered that the risk of lung cancer in
the Lorraine iron miners was mainly due to
dust, diesel engines, and explosives although
the role of low exposure to radon daughters
could not be totally excluded.

(British Journal of Industrial Medicine 1993;50:1017-1031)

Investigations conducted in many countries
reported an excess of mortality from lung cancer
among iron ore miners.'-25 Only a few studies
showed an increased risk of stomach cancer.17 1920
Iron ore miners are exposed to several occuptional
hazards but these were generally not measured in
detail. As in uranium mines,4 26 27 some authors
attributed much of the risk of lung cancer to radon
daughters even if the dose was low.134-8 Other
investigators however, suspected dust and other
hazards.'O'4 16-19 Chen et al indicated that it has not
been possible to evaluate the relative roles of dust
and of radon daughters due to an overlap of expo-
sure to both hazards.2' There were also other haz-
ards produced by machinery and explosives
(polycyclic aromatic hydrocarbons, diesel fuel, CO,
NO., SO2, etc) and smoking. Interaction between
smoking and occupational exposure was investi-
gated by several researchers.4 28 29 Despite many
other studies conducted on mice and hamsters,
the effects of various hazards have not been totally
elucidated.
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In France, the iron ore miners of Lorraine have
been investigated by several researchers.12-20 A
study by Mur et al'6 reported a significant excess of
mortality from lung cancer 2-2 times higher than
expected in reference to French male mortality. In
1975, Pham et al conducted a study on 1178 min-
ers selected at random from among 5300 working
miners aged between 35 and 55.11-13 The cohort
was re-examined in 1980 and in 1985 with the
same protocol including an interview about respira-
tory symptoms and occupational exposure during
working life, and lung function tests. This cohort
showed for the 1975-80 period an increased death
rate for lung cancer (13 observed deaths, standard-
ised mortality ratio, (SMR) 351, p < 0 05) and for
stomach cancer (three observed deaths, SMR 375,
NS) in reference to the French male population.
The number of deaths that occurred, however, was
small. The present study analysed mortality of the
same cohort with a longer follow up period (from 1
January 1975 to 31 December 1985). Interaction
between occupational exposure and smoking was
examined. As in other studies3537 we also analysed
the relations between lung function, respiratory
symptoms in 1975, and subsequent mortality dur-
ing the observation period.

Materials and methods
The cohort consisted of 1178 workers selected at
random from all the 5300 working miners aged
between 35 and 55 who had worked in the iron ore
mines of Lorraine for more than five years and who
had normal pulmonary x ray films and no chronic
cardiovascular diseases." All the subjects attended
a medical examination at the mine's occupational
health centre. The protocol included an interview
with the standard respiratory questionnaire for the
study of chronic bronchitis and pulmonary emphy-
sema of the European Steel and Coal Commission
of the EC,38 and lung function tests with a water
sealed 8 1 bell spirograph (Boulitte type N).'5 The
tests included three to five measures of vital capac-
ity (VC), three forced expiratory tests for determi-
nation of forced expiratory volume in one second
(FEV1). Only the highest values were considered.
The predicted values were those recommended by
the EC for spirometry.39

Chronic bronchitis and asthma were defined
according to the American Thoracic Society.40
Tobacco consumption was measured in pack-years
independently at each medical examination (1975,
1980, and 1985). This work, however, took into
consideration that assessed in 1975 only but
tobacco consumptions measured at the three times
did not greatly differ due to an effective anti-
smoking campaign conducted since 1975. Non-
smokers were subjects who had never smoked. Due
to the small numbers ex-smokers and current

smokers were grouped together.
The protocol also included a standardised ques-

tionnaire on occupational exposure during the
workers' careers (particularly for different jobs
underground) and measurements of various haz-
ards in some workplaces (total and respirable dusts
(diameter < 5 pm), NO., CO), temperature, and
humidity). Methods of measurement of hazards
and results were provided by Pham et al."1 1215
Amounts of radioactivity due to radon daughters
were known from an analysis made in these mines
during a research programme on radioactivity in
non-uranium bearing mines in Europe.4'

In 1980 and 1985 the subjects were invited to
attend a similar medical examination at the mine's
occupational health centre. The follow up was con-
ducted by the mine medical officer. The protocol
was conducted by the same medical team from our
laboratory.

In this study, subjects who were less than 35
years old or more than 55 years old were excluded
as were those whose lung function was not assessed
in 1975 (39 men (3-3%)). Also, 41 workers were
lost to follow up in 1980. They were consequently
excluded from this study. Finally, the study cohort
included 1098 miners. By 1985, we had lost con-
tact with 78 subjects; these workers were included
in the study only for the period 1975-80. The fol-
low up was from 1 January 1975 to 31 December
1985. During this period, 97 deaths occurred
(8 8%). Causes of deaths were established from
hospital records or attending medical practitioners
and for a few cases from relatives. Only the main
cause of death was considered. It was coded
according to the 9th revision of the International
Classification of Diseases.42

OCCUPATIONAL EXPOSURE
Occupational exposure was expressed in terms of
the total duration of work underground during
working life. It was assessed at each medical exami-
nation (1975, 1980, and 1985). This was with
regard to measurements of various hazards in dif-
ferent workplaces which were carried out only at
the start of the follow up. Calculation of the
SMRs43 took into account evolution of the duration
of work underground during the follow up period.
For dead subjects we did not know occupational
exposure between the last medical examination and
the time of death. Thus the duration of work
underground was slightly underestimated for these
miners (2-5 years on average because the duration
between two successive medical examinations was
five years).

STATISTICAL METHODS
Mortality analysis was carried out with the
SMR(%)43 with reference to the French male
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population." The SMRs were calculated for five
year age groups for each year of the follow up. To
assess the risk of one group compared with another
we calculated the relative risk and its 95% confi-
dence interval (95% CI). The relative risk was
defined by the ratio of SMRs when they were sig-
nificant. This method should be valid because the
subjects of different groups had similar ages. All
the statistical tests were carried out with a first
order risk of 0 05 excluding the non-responses.
When numbers were small we have also indicated
the values of the SMRs not significantly different
from 100% when p < 0a10 (values significant for
unilateral test).

Analyses of the relations between lung function
and the presence of a respiratory symptom in 1975
and subsequent mortality were made with the
SMRs. We also calculated sensibility, specificity,
Youden index (equal to sensibility + specificity -
1), and predictive values of a decrease in a lung
function index or of the presence of a respiratory
symptom.4546 The calculations of the SMRs were
carried out with a program written in our labora-
tory. The other statistical analyses were done with
FoxPro47 and SPSS48 programs.

Results
The study sample consisted of 1098 miners (table
1). At the start of the investigation (1975) 88-2%
of them were aged more than 40 and 68-3% of the
miners had already worked underground for more
than 20 years. At the end of the follow up, most of
the subjects were retired.'8 The frequency of smok-
ers was close to that in the French male population
(82-9 % v about 80%49).
During the 11 year follow up period, 97 deaths

occurred and the date of death was unknown for
eight of them. They were excluded in the calcula-
tion of the SMRs. Thus the overall SMR calculated

Table 1 Distribution (%) of the 1098 miners studied
according to age, tobacco consumption, and duration of work
underground at the start of thefollow up (1975)

Age:
35-39 11-7
40-44 34-1
45-49 33.3
50-54 18-9
> 55 1*9

Smoking (No of pack-years):
Non-smokers 16-9
Smokers:

1-9 10-2
10-19 24-9
20-29 30-2
30 17-8

Duration of work underground (y):
Surface only 13-0
1-19 18-8

20-29 58-7
>30 9-6

with 89 deaths would be underestimated by 8/97 =
8-2%. The cause of death was unknown for four
deaths only. Table 2 shows the distribution of dead
miners according to age at death, duration of work
underground at the time of death, and smoking.
Lung cancer was the most common (34 0%) cause
of death.
The eight deaths not taken into account were

distributed among several causes of death.
Mortality from lung cancer was little affected
because among the 33 deaths from this cause the
date of death of only one case was unknown (1/33
= 3 0%). By contrast, mortality from cardiovascu-
lar diseases was underestimated by 2/16 (12-5%).
In terms of occupational exposure, the eight deaths
were distributed in various exposure groups: three
miners who worked at the surface only, two who
worked underground for between 20 and 29 years,
and three for more than 30 years.

Table 3 shows that the overall mortality of the
cohort was similar to that of the French male popu-
lation (SMR = 90, NS). This value would be close
to 100% when the eight deaths (8/97 = 8 2%) with
an unknown date of death were taken into account.
The miners who worked underground for less than
20 years had a low mortality from all causes (SMR
= 74, NS, p < 0-10). Only the miners who worked
underground for over 30 years had a higher mor-
tality than expected (SMR = 120) but it too was
not significant.
A significantly increased death rate was found

for lung cancer (SMR = 389, p < 0.001). It
increased with the duration of work underground
(SMR 0 for subjects who worked only at the sur-
face, and SMR 181 (NS), 423 (p < 0-001), and
625 (p < 0-001) for those who worked under-
ground for less than 20 years, between 20 and 29
years, and more than 30 years) (table 3). Miners
who worked underground for less than 20 years
had an increased death rate from lung cancer
(SMR = 181, NS), stomach cancer (SMR = 482,
NS, p < 0 10), and cirrhosis of the liver and alco-
holism (SMR = 259, NS, p < 0-IO). The excess
number of deaths from these causes was, however,
noted only among smokers of more than 20 pack-
years: SMRs 381 (p < 0 05) for lung cancer, 997
(p < 0-01) for stomach cancer, and 569 for cirrho-
sis of the liver and alcoholism (p < 0-001) (table 4).

Although the number of deaths from some
causes was small, our results indicate that the mean
age at death was lower for lung cancer than for
stomach cancer (53 (SD 4) v 55 (SD 5) years).
The age at death of miners who worked under-
ground for between 20 and 29 years and of those
who worked for more than 30 years was similar.
Hence, the difference in the SMRs was due to the
difference between the number of deaths that
occurred (table 3).
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Table 2 Distribution ofdead subjects according to age at death, duration ofwork underground at death, and smoking

Duration ofwork
underground at - Smoking at 1975

Age at death (y) death (y) (No ofpack-years)
Observed

Cause of death No of Date Non-
(ICD-9) deaths >44 45-49 50-54 >55 unknown 0 1-19 20-29 >30 smokers 1-9 10-19 20-29 ,30
All causes 97 3 21 30 35 8 14 12 35 36 5 2 19 35 36
Cancer all sites

(140-239) 55 1 13 16 23 2 6 4 21 24 2 - 9 20 24
Lung (162) 33 1 6 13 12 1 1 2 15 15 1 - 8 9 15
Upper respiratory
and alimentary
tract cancer
(140-149, 161) 5 - 2 1 2 - 2 1 2 - - - - 3 2
Stomach (151) 4 - 1 - 3 - 1 1 1 1 - - - 2 2

Cardiovascular
diseases
(390-459) 16 1 4 2 7 2 4 2 5 5 1 1 2 5 7

Cirrhosis of liver,
alcoholism
(571-0-3,5) 11 1 2 6 1 1 1 3 5 2 2 - 1 6 2

Accidents, other
violence
(E800-999) 5 - 1 3 - 1 1 - 2 2 - - 4 1 -

Other causes 6 - 1 3 2 - 1 3 2 - - - 3 2 1
Unknown causes 4 - - - 2 2 1 - - 3 - 1 - 1 2

Subjects who worked only at the surface experi- 30 years, in heavy smokers ( 20 pack-years) who
enced an excess of deaths from upper respiratory worked underground for any duration and in mod-
and alimentary tract cancer (SMR = 197, NS) and erate smokers (one to 19 pack-years) who worked
for stomach cancer (SMR = 469, NS, p < 0 10) underground for more than 20 years. It seemed
(table 3). These causes showed an excess in smok- that there was a dose-effect relation and an interac-
ers of more than 20 pack-years only (SMR = 402 tion between the two factors. Also, the results
(p < 0 05) and 954 (p < 0 01) respectively obtained supported a multiplicative model between
(table 4)). these factors when the duration of work under-

Table 5 attempts to elucidate the respective roles ground was more than 20 years.
of occupational exposure and smoking in lung can- Table 6 presents the value of the SMRs accord-
cer. An excess of lung cancer was noted only in ing to the duration of work underground and age.
subjects who worked underground for more than At the start of the follow up 45-8% of the subjects

Table 3 Mortality according to duration ofwork underground

Total Surface only 1-19y 20-29y >30y
Cause of death
(ICD-9) 0 (A) SMR 0 (A) SMR 0 (A) SMR 0 (A) SMR 0 (A) SMR

All causes 89 53 (5) 90 11 55 (4) 81 12 52 (4) 88 33 52 (5) 74t 33 54 (4) 120
Cancer, all sites

(140-239) 53 54 (4) 151** 5 57 (3) 101 4 52 (3) 84 20 53 (5) 130 24 54 (4) 237***
Lung (162) 32 53 (4) 389*** - - (1-17) 2 51 (3) 181 15 53 (5) 423*** 15 54 (3) 625***
Upper respiratory
and alimentary
tract cancer
(140-149, 161) 5 54 (4) 66 2 55 (1) 197 1 50 100 2 53 (7) 59 - - (2-19)
Stomach (151) 4 55(5) 273* 1 58 469t 1 55 482t 1 59 155 1 48 252

Cardiovascular
diseases
(390-459) 14 53 (6) 64tf 3 55 (7) 95 2 53 (2) 65 5 48 (6) 52 4 57 (1) 67

Cirrhosis of liver
and alcoholism
(571-0-3,5) 10 51 (5) 118 1 56 88 3 49(7) 259t 4 51 (4) 103 2 52 (4) 87

Accidents and
other violence
(E800-999) 4 49 (3) 29** 1 51 59 - - (1-18) 2 48 (3) 30t 1 51 28

*p<0-05; **p < 0-001; ***p < 0-001;tO-05 p < 001.
The eight deaths having the date of death unknown (8-2%) were excluded. 0 = Number of observed deaths. When 0 is zero, the
number of expected deaths is given in parentheses; (A) = Mean (SD) age at death (y).
t This value would equal 78 if the deaths having the date of death unknown were taken into account.
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Table 4 Mortality according to duration of work underground and smoking

Cause of death
(ICD-9)

All causes:
Non-smokers
Smokers:

1-19 pack-years
> 20 pack-years

Cancer, all sites (140-239):
Non-smokers
Smokers:

1-19 pack-years
> 20 pack-years

Lung cancer (162):
Non-smokers
Smokers:

1-19 pack-years
> 20 pack-years

Upper respiratory and alimentary
tract cancer (140-149, 161):
Non-smokers
Smokers:

1-19 pack-years
> 20 pack-years

Stomach cancer (151):
Non-smokers
Smokers:

1-19 pack-years
> 20 pack-years

Cardiovascular diseases (390-459):
Non-smokers
Smokers:

1-19 pack-years
> 20 pack-years

Cirrhosis of liver, alcoholism
(571-0-3,5):
Non-smokers
Smokers:

1-19 pack-years
> 20 pack-years

Total Surface only 1-19y 20-29y ,30y

0 SMR 0 SMR 0 SMR 0 (SMR 0 SMR

5 31** 1

19 56* 2
65 134* 8

23 - (1-83) 1 15 3 63

51 3 55 6 40* 8 83
121 9 143 26 114 22 173**

2 35 - (1-08) - (0 60) - (2-29) 2 112

9 76 -

42 241*** 5
(1 43) - (1 19) 4 80 5 141
207t 4 179 16 200** 17 356***

74 - (0-25) - (0 14) - (0 53) 1 235

8 289*** -

23 560*** -

- (1-25) -

- (2-62) -

5 134 2

- (0-24) -

- (0-49) -

4 545*** 1

(0-34) - (045) 4 349** 4 478***
(0-57) 2 381* 11 588*** 10 877***

(0 23) - (0-13) - (0-51) - (0-39)

(0 29) - (0-41) - (1-12) - (0-79)
402* 1 219 2 113 - (1-02)

(0-05) - (003) - (0 10) - (0 07)

(0-06) - (0 08) - (0-21) - (0-14)
954** 1 997** 1 296 1 526t

28 - (069) - (0 39) - (1-46)

3 40 1 109 1
10 91 2 129 1

2 143 1

1 34 -

7 169 -

82 - (3 20)t 1
68 5 99 2

94

48
70

394 - (0-16) 1 170 - (0 40)

(0 33) - (0 47) - (1-29) 1
(0 56) 3 569*** 3 150 1

82
94

*p<0-05; **p < 0-01; ***p < 0-001; tO-05 p < 0-10.
The eight deaths having the date of death unknown (8-2%) were excluded.
O = Number of observed deaths. When 0 is zero, the number of expected deaths is given in parentheses.

were aged between 35 and 44 (table 1). This age the beginning of the follow up. From 45 years the
group had a lower than expected mortality from all SMR for lung cancer reached 427 (p < 0 001) and
causes. We think that this was due to selection at it decreased to 320 for the 55-66 age group. Due
hiring and a possible healthy worker effect before to this excess of lung cancer, the overall mortality

Table 5 Interaction ofsmoking and duration of work underground for lung cancer (ICD-9 = 162)

Duration ofwork underground Relative risk (95% CI)

1-19 20-29 > 30
Total Surface only (1) (2) (3) (2)1(1) (3)1(1) (3)1(2)

SMR:
Non-smokers (4) 74 - - - 235 -

Smokers:
1-19 pack-years (5) 289*** - - 349** 478*** - - 1-37

(0-3-6-7)
20 pack-years (6) 560*** - 381* 588*** 877*** 1-54 2 30 1-49

(0 3-10) (0-5-15) (0 6-3 9)
Relative risk: (5)/(4) 3 91t - - - 203t
Relative risk: (6)/(4) 757t - - - 3.73t
Relative risk (95% CI): (6)/(5) 1-94 - - 168 1-83

(0 8-4 8) (0-5-6-4) (0-5-7-1)

*p<005; **p < 0-01; ***p < 0001.
tThese figures seemed interesting, but they were calculated with non-significant SMRs (for non-smokers, in line (4)).
Relative risk = ratio of SMRs.
Although all the relative risks given in this table were not significant due to small numbers, interaction between duration of work
underground and tobacco consumption showed that the smokers of 1-19 pack-years who worked underground for between 20 and 29
had an SMR of 349. In an additive model, the smokers of more than 20 pack-years who worked underground for over 30 years would
have an SMR = 349 + (478 - 349) + (588 - 349) = 717. In a multiplicative model, this last group would have an SMR = 349 x 1-37
x 1-68 = 803. Although the two values were close, the value found (877) supported a multiplicative model.
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Table 6 Mortalityfrom all causes and thatfrom lung cancer (ICD-9 = 162) according to duration ofwork underground and
to age

Total Surface only 1-19y 20-29y >30y

0 SMR 0 SMR 0 SMR 0 SMR 0 SMR

All causes
Age at death (y):

35-44 3 41 - (0 69) 1 74 2 42 - (0 40)
45-49 21 99 1 49 3 125 10 96 7 120
50-54 30 92 3 77 5 136 12 87 10 100
55-66 35 92 7 106 3 50 9 63 16 158t

Lung cancer (ICD-9 = 162)
Age at death (y):

35-44 1 357 - (0 03) - (0 05) 1 500t - (0 02)
45-49 6 427*** - (0-13) 1 645* 3 443*** 2 513**
50-54 13 469*** - (0-32) 1 331 5 434*** 7 802***
55-66 12 320*** - (0-65) - (0 57) 6 429*** 6 583***

*p<0-05; **p < 0-01; ***p < 0001;tO-05 p <0-10.
The eight deaths having the date of death unknown (8-2%) were excluded.
O = Number of observed deaths. When 0 is zero, the number of expected deaths is given in parentheses.

was close to that expected from 45 years old (when were investigated recently by Pham et al.'8 In our
we took into account the eight subjects who had an analysis, we considered only three indices-
unknown date of death), in the calculations. namely, VC, FEV,, and FEV,/VC. Table 7 shows
We examined whether a decrease in a lung func- the values of the SMRs for subjects having all the

tion index at the start of follow up was related to three indices normal and for those having one
subsequent mortality for all causes and for lung index decreased. The value of an index was con-
cancer. Lung function and respiratory symptoms sidered as normal or decreased if it was either

Table 7 Mortality from all causes andfrom lung cancerfor different durations of work underground and the value of lung
function at the start of the follow up (1975)

Total Surface only 1-19y ,20y

0 SMR 0 SMR 0 SMR 0 SMR

Non-smokers:
VC, FEV,, and FEV/VC normal (a)
VC decreased (b)
FEV, decreased (b)
FEV,VC decreased (b)

Smokers 1-19 pack-years:
VC, FEV,, and FEV,IVC normal (a)
VC decreased (b)
FEV, decreased (b)
FEV,/VC decreased (b)

Smokers ) 20 pack-years:
VC, FEV,, and FEV,/VC normal (a)
VC decreased (b)
FEV, decreased (b)
FEV,/VC decreased (b)

Non-smokers:
VC, FEV,, and FEV,/VC normal (a)
VC decreased (b)
FEV, decreased (b)
FEV,/VC decreased (b)

Smokers 1-19 pack-years:
VC, FEV,, and FEV,/VC normal (a)
VC decreased (b)
FEV, decreased (b)
FEV,NC decreased (b)

Smokers > 20 pack-years:
VC, FEV,, and FEV,/VC normal (a)
VC decreased (b)
FEV, decreased (b)
FEV,/VC decreased (b)

All causes

4 41t 1 57 - (1-02) 3 43
- (3-59)t - (0-76) - (0-40) - (2-42)
- (3-06)t - (0-27) - (0-39) - (2-40)

1 26 - (0-59) - (0-47) 1 37

9 63 1 61 1
6 62 - (1 09) 1
7 74 - (0-35) 2
6 44* 1 72 2

14 90 4 145 1
32 172** 2 103 5
36 183*** 4 313* 6
40 167** 3 112 7

Lung cancer (ICD-9 = 162)

61 7 63
50 5 75
97 5 71
70 3 32*

57 9 81
173 25 182**
213t 26 167**
225* 30 165**

- (0-79) - (0-15) - (0-08) - (0-57)
- (0-30) - (0-07) - (0-03) - (0 20)
- (0-26) - (0-02) - (0 03) - (0 21)

1 320 - (0-05) - (0-03) 1 432

4 348** - (0-14) - (0-13)
3 366* - (0-10) - (0-17)
2 251 - (0-03) - (0-17)
2 184 - (0-12) - (0-23)

4 452***
3 540**
2 331t
2 262

4 304* - (0-23) - (0-14) 4 426**
13 815*** - (0-17) 1 408 12 1018***
14 830*** - (0 11) 2 852*** 12 893***
15 739*** - (0-24) 1 387 14 911***

*p<0-05; **p <0-01; ***p < 0-001;tO-05 < p < 0-10.
The eight deaths having the date of death unknown (8-2%). were excluded.
O = Number of observed deaths. When 0 is zero, the number of expected deaths is given in parentheses.
(a) Higher than predicted value for the three indices simultaneously; (b) lower than predicted value.
As some subjects had several indices decreased simultaneously the sum of all 0 was higher than the total number of deaths for all the
cohort (89).
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Mortality of iron miners in Lorraine (France): relations with lungfunction and respiratory symptoms

Table 8 Mortality from all causes according to duration of work underground and the presence of a respiratory symptom at the
start of the follow up (1975)

Total Surface only 1-l9y ,20y

0 SMR 0 SMR 0 SMR 0 SMR

Non-smokers:
Subjects without symptoms 3 30* - (2-32) - (1-21) 3 46
Cough only - (0-22) - - - (0-15) - (0 07)
Coughandphlegm - (1-54) - - - (0-16) - (1-38)
Chronic bronchitis 1 49 - (0-31) - (0.13) 1 63
Wheezing 1 53 1 212 - (0-16) - (1-23)
Asthma (0 73) - - - - - (073)
No of acute pulmonary episodes = 1-2 - (1-84) - (0-22) - (0-13) - (1-50)
No of acute pulmonary episodes 3 2 294 1 455t - (007) 1 257
Dyspnoea stage 1-2 1 39 1 4063*** - (0 20) - (2 30)
Dyspnoea stage ) 3 - -

Smokers 1-19 pack-years:
Subjects without symptoms 4 33* 1 39 - (2-26) 3 41
Cough only 2 77 - (0 03) 2 234 - (1-72)
Cough and phlegm 4 89 - (0-10) - (0-71) 4 108
Chronic bronchitis 7 77 6 92 - (0-22) 1 41
Wheezing 7 74 1 (0 54) 1 (1-04) 5 63
Asthma 1 55 - - - (0-17) 1 61
No of acute pulmonary episodes = 1-2 2 41 - (0-34) - (0 82) 2 54
No of acute pulmonary episodes 3 1 42 - (026) - (0-15) 1 50
Dyspnoea stage 1-2 6 80 - (0 28) 2 185 4 65
Dyspnoea stage 3 1 68 - - - - 1 68

Smokers ) 20 pack-years:
Subjects without symptoms 17 137 6 155 2 88 9 144
Cough only 9 180t 2 452* 1 146 6 155
Cough and phlegm 6 73 - (0 74) - (1-07) 6 94
Chronic bronchitis 24 141t - (1-04) 3 186 21 146t
Wheezing 22 129 1 84 3 197 18 126
Asthma 4 108 - (0-26) - (0 54) 4 138
No of acute pulmonary episodes= 1-2 9 137 - (0-12) 2 257 7 124
No of acute pulmonary episodes >3 5 132 - - 1 164 4 126
Dyspnoea stage 1-2 22 169* 1 172 2 409* 19 159*
Dyspnoea stage 3 2 59 - (0 35) 1 402 1 36

Footnotes as for table 7.

higher or lower than the predicted value. 18
Calculations were also carried out with other
thresholds-namely, 70%, 80%, and 90% of the
predicted value. The limit of 100% of predicted
seemed to be the most appropriate because most of
the miners still had a higher value than that pre-
dicted during the follow up period.18 Among non-
smokers and smokers of less than 20 pack-years the
death rate for all causes did not differ between
workers who had a decreased lung function index
and those having all the three indices normal.
Heavy smokers () 20 pack years) with normal
lung function had an increased SMR (equal to 90,
NS) compared with the other subjects but it did
not exceed the expected value. Among these smok-
ers the SMR equalled about 170 (p < 0 01) for
miners who had one of the three indices VC, FEVI,
or FEV,/VC reduced. This excess was not found
for miners who worked only at the surface except
for those having decreased FEVI.
The increase in mortality was also found in

moderate smokers (1-19 pack-years) who had
worked underground for more than 20 years irres-
pective of lung function index. Among heavy smok-
ers an excess of lung cancer was also noted in
miners who worked underground for less than 20
years. Nevertheless, among those who worked

underground for more than 20 years, the SMR was
about twice as high for subjects having a reduced
lung function index (900, p < 0-001) compared
with those having the three functional values
normal (426, p < 0-01).

Table 8 shows the SMRs for all causes for men
who had a respiratory symptom and those who had
none at the start of the follow up. Among moderate
and heavy smokers, those with a respiratory symp-
tom had an SMR similar to that of symptom free
workers. The values of the SMRs were however,
generally much higher for heavy than for moderate
smokers, but a significant excess of overall mortal-
ity was found only for heavy smokers with stage
1-2 dyspnoea. By contrast, the risk of lung cancer
was as a whole clearly higher for men having a res-
piratory symptom than for symptom free subjects
(table 9). Due to the small numbers it was not con-
sidered suitable to compare the values of the SMRs
for various symptoms.

Table 10 presents the values of sensibility, speci-
ficity, predictive value of a positive (defined by a
decrease in a lung function index or the presence of
a respiratory symptom at the start of follow up) or
negative test for subsequent mortality from all
causes and for that from lung cancer. This analysis
was not strictly valid because at the start of the fol-
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Table 9 Mortalityfrom lung cancer (ICD-9 = 162) according to duration of work underground and the presence ofa
respiratory symptom at the start of the follow up (1975)

Total Surface only 1-19y >20y

0 SMR 0 SMR 0 SMR 0 SMR

Non-smokers:
Subjects without symptoms 1 121 - (0 19) - (0 09) 1 185
Cough only - (0 02) - -

Cough and phlegm - (0-12) - -

Chronic bronchitis - (0-17) - -

Wheezing - (0-15) - -

Asthma - (0 06) - -

No of acute pulmonary episodes = 1-2 - (0-15) - -

No of acute pulmonary episodes > 3 - (0-06) - -

Dyspnoea stage 1-2 - (0 21) - -

Dyspnoea stage > 3 - - - -

Smokers 1-19 pack-years:
Subjects without symptoms 1 105 - (0-22) - (0-18) 1 178
Cough only - (0-21) - -

Cough and phlegm 3 853*** - (0 01) - (0 06) 3 1044**
Chronic bronchitis 3 376* - (0 05) - (0*09) 3 454**
Wheezing 3 368* - (0 05) - (0-13) 3 477**
Asthma 1 642* - - - (0 01) 1 705*
No of acute pulmonary episodes = 1-2 1 246 - (0 03) - (0.07) 1 325
No of acute pulmonary episodes )3 1 492t - (0 02) - (0 01) 1 591*
Dyspnoea stage 1-2 2 319t - (0 03) - (0 09) 2 392*
Dyspnoea stage 3 1 833* - - - - - 833*

Smokers > 20 pack-years:
Subjects without symptoms 2 191 - (0 34) - (0 19) 2 383*
Cough only 4 941*** - (0-04) 1 1745*** 3 902***
Cough and phlegm 3 437** - (0 06) - (0 09) 3 563***
Chronic bronchitis 9 620*** - (0-09) - (0-14) 9 737***
Wheezing 11 758*** - (0 10) 1 753* 10 823***
Asthma 1 307 - (0 02) - (0-05) 1 393
No of acute pulmonary episodes = 1-2 5 3602*** - (0 01) - (0 06) 5 4263***
No of acute pulmonary episodes )3 1 309 - - - (0 05) 1 367
Dyspnoea stage 1-2 8 712*** - (0 05) 1 2653*** 7 675***
Dyspnoea stage > 3 - (0 29)

Footnotes as for table 7.

low up some subjects could have already had a
symptomatic lung cancer. These subjects, however,
would be few. Indeed, in the study cohort the
deaths from lung cancer that occurred during the
first two and three years of the follow up period
were 9 1% and 15 2% whereas the life expectancy
of a person with symptomatic lung cancer is short.
The risk of developing distant metastasis in
patients with non-metastatic primary adenocarci-
noma of the lung treated in 10 French cancer insti-
tutes from 1980 to 1984 was 37% at the end of the
first year after diagnosis and 68% at the end of five
years.50 Crude survival for subjects with non-small
cell carcinoma is 57% for one year, 36% for two
years, and 21% for three years.5'

For mortality from all causes a decrease in a lung
function index had a sensibility of about 43-2% for
VC and 50 5% for FEVN/VC. The last had a
specificity lower than the other indices (59-6% v
about 70%). In terms of respiratory symptoms,
only chronic bronchitis, wheezing, and dyspnoea
stage > 1 had a sensibility higher than 30%; their
specificity was similar to that of VC and FEV,
(about 70%). For all the lung function indices and
all the respiratory symptoms considered, the pre-
dictive value of a negative test was close to 90%.

The predictive value of a positive test varied
between 6% and 13%. The Youden index was
15-8% for FEV,, 14-0% for VC, and 9-6% for
FEV,/VC. It was lower than 5% for all the respira-
tory symptoms except for dyspnoea stage > 1
(about 10%).
For lung cancer the sensibility of the three

indices of lung function was slightly higher than
their respective value for all causes, but their speci-
ficity was similar. In terms of respiratory symptoms
sensibility and specificity for lung cancer were simi-
lar to those for all causes except for wheezing,
which had an increased sensibility (43 7% v
32-6%). Predictive value of a negative test equalled
about 97% for all these indices. The predictive
value of a positive test varied between 2% and 5%.
The Youden index was about 20% for VC and
FEV, and 15-4% for FEV,IVC. This index was
15-5 for wheezing, 10-9% for chronic bronchitis,
and 8>1% for stage > 1 dyspnoea. The other respi-
ratory symptoms had a value of less than 6%. We
did not carry out this analysis for miners having the
highest risk of lung cancer only (smokers and men
who worked underground for more than 20 years)
because they already represented most of the
cohort members.
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Mortality of iron miners in Lorraine (France): relations with lungfunction and respiratory symptoms

Table 10 Sensibility, specificity, and predictive values ofa decrease in a lungffunction index or of the presence ofa respiratory
symptom at the start of the follow up (1975) for mortality from all causes and thatfrom lung cancer

Sensibility Specificity Youden PVP PVN
(N) (%) index (%) (%)

All causes
Lung function:
VC decreased (a) 43-2 70-8 14-0 12-3 92-9
FEVI decreased (a) 45-3 70 5 15-8 12-8 93-1
FEV,/VC decreased (a) 50-5 59-6 9-6 10-7 92-7

Respiratory symptom:
Cough only 12-6 92-3 4 9 13-5 91-7
Cough and phlegm 11-6 84-3 -4-1 6-6 90 9
Chronic bronchitis 34-7 73 9 8-6 11-3 92-2
Wheezing 32-6 71-8 4-4 9 9 91-8
Asthma 6-3 94 7 1.0 10-2 91-4
No of acute pulmonary episodes s1 22-1 80-7 2-8 V-4- 91-6
No of acute pulmonary episodes )3 8-4 94 0 2-4 11-8 91-5
Dyspnoea stage > 1 35-8 74-4 10-2 11-8 92-4

Lung cancer (ICD-9 = 162)
Lung function:
VC decreased (a) 50-0 70-1 20-1 4-8 97.9
FEV, decreased (a) 50-0 69-7 19-7 4-7 97.9
FEVN/VC decreased (a) 56-2 59-2 15-4 4-0 97-8

Respiratory symptom:
Cough only 12-5 92-0 4-5 4-5 97-2
Cough and phlegm 18 7 84-8 3-5 3-6 97-2
Chronic bronchitis 37-5 73-4 10 9 4-1 97 5
Wheezing 43-7 71-8 15-5 4-5 97.7
Asthma 6-2 94-6 0-8 3-4 97-1
No of acute pulmonary episodes 1 25-0 80-6 5-6 3-8 97-3
No of acute pulmonary episodes 3 6-2 64-3 -29-5 2-9 93-6
Dyspnoea stage > 1 34-4 73-7 8-1 3-8 97 4

*p<0-05; ** p < 0-01; ***p < 0-001;tO-05 p < 0-10.
The eight deaths with the date of death unknown were included. PVP = predictive value of a positive test (a decrease in a lung function
index or the presence of a respiratory symptom); PVN = a negative test.
(a) Lower than the predicted value.

Discussion
The cohort studied included at the first examina-
tion (1975) only the subjects having normal pul-
monary x ray films and no chronic cardiovascular
disease. This bias could explain the low mortality
from cardiovascular diseases. Unfortunately, it was
not possible to estimate this bias. It seemed, how-
ever, to have little importance with regard to mor-
tality from all causes. Data for lung cancer was only
slightly inaccurate because among the 33 deaths
from this cause, the date of death was unknown for
one case only (1/33 = 3 0%). In terms of occupa-
tional exposure, the eight deaths of unknown date
were distributed among various groups.
The 41 subjects who were lost to follow up since

1980- and who were excluded in this study did not
represent an important bias. Indeed, their age,
tobacco consumption, and duration of work under-
ground in 1975 were close to those of the other
miners.
The fact that for the 97 dead subjects we had

not taken into account the occupational exposure
between their last medical examination and their
date of death in calculation of the SMRs would not
greatly modify the results obtained because the
total duration of work underground was weakly
underestimated (2-5 years on an average). More-
over, many people had retired since 1980.
The frequency of smokers in the study cohort at

the first examination (83 1%) was slightly higher
than that in the French male population (about
80% in 1982).49 With the method of Axelson and
Steenland"2 and assuming a risk of lung cancer for
non-smokers and 10 for smokers (these values were
close to the values generally expected53) the relative
risk of the study cohort was 1 03 compared with
the French male population. In our study we only
considered the tobacco consumption until 1975. In
fact, a detailed analysis showed that the total con-
sumption did not greatly change during the follow
up period due to an effective antismoking com-
paign conducted since 1975. Furthermore, because
in this study people were grouped in large cate-
gories (never having smoked, smokers of 1 to 19,
and smokers of more than 20 pack-years) nearly all
of the subjects remained in the same group during
the whole 11 years.

This study confirmed an increased death rate
for lung cancer (SMR = 389, p < 0-05) and for
stomach cancer (SMR = 273, p < 0 05).

ROLE OF GEOGRAPHIC FACTORS AND THE CHOICE OF
STANDARD POPULATION t
The choice of the standard population is linked to
available statistics. Numerous investigators have
emphasised the importance of geographic factors.
Indeed, the population of an area could have,
among other things, an excess mortality due to
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ethnic factors, lifestyle, dietary habits, and air
pollution.

Lorraine had 2-33 million inhabitants (with 1 16
million men) in 1975.54 The Lorraine ore mines
and the Lorraine coal mines covered large areas in
the two administrative divisions of Meurthe-et-
Moselle (729 315 inhabitants with 356 775 men)
and Moselle (one million inhabitants with 506 125
men). There were also industrial platforms produc-
ing air pollution. These areas had an increased risk
of lung cancer (SMRs 146 and 159 (p < 0 01) with
reference to the French male population) in the
1971-8 period.54 Furthermore, an excess of stom-
ach cancer was also noted (SMRs = 111 (p < 0 05)
and 117 (p < 0 01)). Therefore, it would be suit-
able to choose the population of these administra-
tive divisions as the standard population.
None the less, the choice was not easy. The

population of the coalmine district exposed to a
fairly high air pollution produced by the industrial
platforms of Carling64 showed a lung cancer mor-
tality (1G40) lower than that of Moselle for the
1980-4 period.55 Also, although the most polluted
township64 experienced the highest risk of lung can-
cer, the various townships of this district had a very
different SMR (between <0-80 and > 1 25 with
reference to the population of Moselle) even
though this area is not large. By contrast, the vari-
ous iron mine districts showed a homogeneous
mortality from lung cancer.

In this study, however, we preferred the French
male population for five reasons: (1) SMRs for
various districts probably included other workers
exposed to some hazards also related to lung
cancer; (2) the excess of lung cancer was low
compared with that found in the study; (3) there
are several other factors that could also play a
part, in particular the socio-occupational category.
Desplanques reported that unskilled workmen have
a life expectancy lower than other workers and
there is a correlation between life expectancy and
the SMR65; (4) the comparison between various
exposure groups in the study cohort would elimi-
nate the different bias; and (5) it allows comparison
with the results of other studies on the same areas
that also used the French male population as the
standard population.

SELECTION AT HIRING AND THE HEALTHY WORKER
EFFECT
The low mortality found for subjects aged less than
45 supported the hypothesis that selection at hiring
and a possible healthy'worker effect (until the start
of the follow up (1975)) could play a part.
Moreover, despite the high excess of lung cancers
and of stomach cancers, the overall mortality did
not exceed the expected (even if the eight deaths
with date of death unknown were included). The

overall SMR would equal 71 (p < 0 01) if we
assumed that the SMRs for lung cancer and for
stomach cancer equalled 100% and if the eight
deaths above were taken into account.

COMPETING RISK
The miners studied had an increased risk for lung
and stomach cancers only. The distributions of age
at death from various causes for the cohort studied
were totally different from those for the French
male population. In our cohort, lung cancer out-
weighed all the other causes except for stomach
cancer (table 2). In the French male population,
cardiovascular diseases were more frequent than
lung cancer. Also, the frequency of upper respira-
tory and alimentary tract cancer was appreciable
compared with that of lung cancer (about 2/3 until
35 years old, and similar for the 40-54 year age
group. Then more lung cancers appeared in the
55-59 year old group44). This phenomenon could
be explained if the risk of upper respiratory and ali-
mentary tract cancer due mainly to smoking only
(and possibly to alcohol consumption) was pre-
dominated by that of lung cancer caused by the
cumulative effects of occupational hazards and
smoking.

LATENCY TIME AND THE MINERS MOST AT RISK
FROM LUNG CANCER
The study cohort seemed appropriate because it
showed at what ages an increased risk was found
for various causes. An increasing death rate for
lung cancer was found from 45 years old and per-
sisted after 55 years of age. The excess mortality
was found mainly in the miners who began working
life young.

There were some subjects who died quite young,
a finding reported in several investigations.'6 266"9
The correlations between lung function and res-
piratory symptoms and subsequent mortality
seemed to show that the subjects who started work
young would be the least resistant or the most
exposed. The interpretation was difficult due to a
great variation in the amount of exposure between
various employments as emphasised by Pham et
all' and Amandus et al.70 Edling reported that if an
increased risk of lung cancer was noted for smokers
and non-smokers,3 the heaviest smoking iron min-
ers died earlier and had a slightly shorter induction
latency period for the development of this cancer.

Moreover, this hypothesis was reinforced by the
fact that the excess death rate for lung cancer
decreased to half after reaching its maximum in
miners aged between 45 and 6516 although the
smokers of more than 20 pack-years who worked
underground for more than 20 years were still
numerous among people older than 65 years.
Desplanques, comparing mortality of various
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socioeconomic categories in the French population,
reported a similar finding: the differences in life
expectancy between the various categories were
higher at 35 years old (36 1 years for all the French
population, between 40 9 years for teachers, and
32*9 years for unskilled workmen) than at 60 years
old (16-0 years for the French population, between
18&6 years for teachers, and 144 years for unskilled
workmen).65
Numerous investigations have documented the

effect of pulmonary function and of respiratory
symptoms on different causes of death.35-377' This
study suggested that an impairment of lung func-
tion (VC, FEVI, or FEV1/VC) could give an indica-
tion of lung cancer and result in an early treatment.
Moreover, when lung function could not be mea-
sured, a respiratory symptom, in particular wheez-
ing, also represented a good index. Screening of
subjects at risk raises a genetic problem and the use
of biochemical and biological markers.'47273

Alternatively what would be the variation in the
death rate for other causes when compared with
that of lung cancer. Mur et al found that the pro-
portionate mortality ratio (PMR) for cirrhosis of
the liver was at a maximum (1-37, NS) for the
40-49 age group, then it decreased to 0 59 (NS)
for the 50-59 age group, and finally increased
again to 1 16 (NS) for the 60-69 age group; it
reached a second maximum of 1-82 (p < 0 05) for
those 70-79 years old. These authors found a sig-
nificantly increased mortality from stomach cancer
for the 40-49 age class only (PMR = 327).

ROLE OF ADDITIONAL HAZARDS PRODUCED BY
DIESEL ENGINES AND EXPLOSIVES
Diesel engines and explosives" have been used in
the mine from about 1970. Several investigators
showed a relation between prolonged exposure to
polycyclic aromatic hydrocarbons, fuel, NO., CO,
SO2 and lung function, respiratory symptoms (par-
ticularly chronic cough, chronic phlegm, dyspnoea,
and wheeze), and mortality.597475 To estimate their
role we compared the results reported by Mur
et alt6 for the 1960-76 period and those of our
study for the 1975-85 period.
Mur et al found that lung cancer in the 1970-6

period had an SMR of about 200 (NS) for subjects
aged between 26 and 55, 431 (p < 0-05) for the
56-65 age group, and 239 (p < 0-05) for men older
than 66. In our study, we found SMRs of 427 (p <
0-001), 469 (p < 0-001) and 320 (p < 0-001) for
45-49, 50-54 and 55-66 year old groups. Thus
subjects in our study died younger. There was also
an increased mortality from stomach cancer. Our
study showed an SMR of 273 (p < 0-05) whereas
Mur et al found no excess (PMR = 94 for 1960-76
period although a significant PMR (327, p < 0 05)
was noted for the 40-49 age group).

ROLE OF SMOKING AND OCCUPATIONAL EXPOSURE
This study reported an interaction with smoking.
Also, the results presented in table 5 supported a
multiplicative relative risk model between tobacco
consumption and duration of work underground
when this was more than 20 years. This was
expected because there are many hazards in the
two factors. These findings also indicated a thresh-
old value.76

In analyses where smoking was taken into
account (tables 4 to 9), the values of the SMRs for
non-smokers were underestimated because in the
standard population used here about 80% of sub-
jects were smokers.49 The values of the SMRs for
smokers were slightly overestimated (1 2 according
to the method of Axelson and Steerland.52). We
were tempted to estimate this bias for non-smokers
but numbers were too small. Furthermore, no
excess of lung cancers was found for smokers of
less than 20 pack-years who worked underground
for less than 20 years.

ROLE OF VARIOUS HAZARDS
Iron ore miners have been exposed to multiple
occupational hazards: dusts, radon daughters, fer-
ric oxide, polycyclic aromatic hydrocarbons, diesel
fumes, NO,,, CO, SO2, etc. Furthermore, there are
also other factors such as smoking, alcohol con-
sumption, and air pollution at home.
The effects of some of these hazards have been

studied in mice and hamsters. Some authors
reported that ferric oxide and silica, combined or
not with benzo(a)pyrene, were carcinogens.2 31-34
Studies in animals could give useful information.
Possible interaction between different hazards-for
example, between smoking and occupational expo-
sure, however, could greatly change the risk.428
Also, the time span was reduced in animal investi-
gations. Thus when a constituent was not found to
be a carcinogen in an animal study, its effect on
humans could not automatically be ruled out.

Like Mur et al 16 we do not think that ferric oxide
has a role. Indeed, in a retrospective study on
10 403 iron ore (haematite) miners in the United
States, Lawler et at20 noted no excess of lung can-
cer (SMR 100 and 88 for underground and surface
workers) when there was no significant radon expo-
sure, a strict smoking prohibition underground, an
aggressive silicosis control programme, and no
diesel fuel underground. These authors found a
significantly increased mortality from stomach can-
cer (SMR 167 and 181 for underground and sur-
face workers) in reference to United States white
men. Nevertheless, this excess disappeared when
the appropriate county death rate was used as a ref-
erence, except for Finnish born miners.

Comparison with the results of other studies was
interesting. The frequencies of various causes of
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death reported by Chen et a12' in iron ore
(haematite) miners in China (of 490 dead under-
ground miners, 42% were from silicosis and silico-
tuberculosis, 20% from cancer including 5-9% for
lung cancer) were different from those in our study
(all cancers 56-7%, lung cancer 34 0%). They
found an increased death rate for lung cancer simi-
lar to that of our study (SMR 370 v 389). Jobs with
heavy exposure to dust and radon daughters
showed an SMR of 420. As in our study, they also
noted that the risk increased with the amount of
dust exposure among current smokers, and no
excess of lung cancer existed in unexposed workers
(SMR 120). On the contrary, they did not find an
excess of stomach cancer in underground miners.
These differences could be explained by the fact
that the hazards, the ore constituents, and the work
conditions would be-different between different
mines. On the other hand, the age of the cohort
studied, the personal factors like smoking, race,
lifestyle, and the subjects' age at first employment
could also play a part. This was shown by
Amandus et al77 in a study on 760 patients with
silicosis in North Carolina.

Kinlen and Willows analysed mortality of 1947
Cumbrian iron ore miners over the period 1939-82
in reference to men in England and Wales with
similar social class and living mainly in rural areas.
They found a significant excess of deaths from
tuberculosis, respiratory diseases, and lung cancer.9
The role of radon daughters has been studied by

many researchers.-5 27 28 78 79 Woodward et a126 inves-
tigated 2574 former uranium mine workers from
the Radium Hill mine, which operated in eastern
South Australia from 1952 to 1961. They found a
significant SMR for lung cancer (194) with refer-
ence to the Australian national population. Howe
et al 27 reported an excess of lung cancer deaths (65
observed v 34 expected, p < 10-s) among 8487
workers employed between 1948 and 1980 at a
uranium mine in Canada. Edling3 found an
increased risk of lung cancer among iron miners
(smokers and non-smokers) and he attributed this
excess to radon daughters. Radford and Renard
reported 50 deaths observed v 12-8 expected in
1415 Swedish iron miners exposed to short lived
radon daughters at doses close to the currently
accepted occupational limit.4 The increased risk
was close to that of our study (SMR = 389,
p < 0-001) but they attributed the risk to radon
daughters.
To examine the role of exposure to dust, it is

interesting to enlarge the comparison to coal min-
ers, especially as there were also, in the same area
of Lorraine, collieries having a workforce of 23 000
people in 1987. Indeed, iron miners and coal min-
ers have been exposed to dust, silica, and radon
daughters although the ores are different. Coal

miners also had an increased mortality from lung
and stomach cancer.8 83 Ames and Gamble stated
that "the data suggest a reverse relation to that pos-
tulated, namely, that airway obstruction may be a
precondition for stomach cancer and normal pul-
monary function a precondition for lung cancer."84
Miller and Jacobsen studied 25 000 British coal
miners over a 22 year period ending in 1980, and
found a lung cancer mortality about 5-5 times
higher in smokers than in lifelong non-smokers.85
This figure was close to that found in our study
(SMR 289 and 560 for smokers of 1-19 and for
those of more than 20 pack-years). A risk of
leukaemia for coal miners (often attributed to
prolonged exposure to electrical and magnetic
fields) was noted by several researchers.86 We did
not find this.
The role of dust has been suspected because an

association between silicosis and pneumoconiosis
and mortality from lung cancer was found in iron,
coal, and metal miners.221 23-25 87-93 This association
was not found, however, by Miller and Jacobsen, in
British coal miners.85 It seems that, for miners, this
association was due to the fact that these diseases
were related to the same hazards. Carta et al94 and
Amandus et a177 noted that patients with silicosis
could also have an increased death rate from other
causes (tuberculosis, pneumonia, bronchitis,
emphysema, asthma). An effect of exposure to
radon daughters could not be ruled out in these
studies.
The effects of polycyclic aromatic hydrocarbons,

and prolonged exposure to fuel, NO., CO, and
SO2, have also been investigated. These hazards are
not generally isolated and are often associated with
dust. The role of polycyclic aromatic hydrocarbons
in lung cancer has been studied in various popula-
tions, in particular in coke oven workers95 and
chimney sweeps.96 In our current study, the haz-
ards produced by diesel engines and explosives
seemed to have a role in lung cancer.
Chen et a121 indicated that it has not been poss-

ible to evaluate the respective roles of dust and of
radon daughters due to an overlap of exposure to
these hazards. Like Amandus and Costello93 we
think that a confounding role of radon daughters
could not be ruled out. Although radon daughters
should have only a modest role for Lorraine iron
miners because: (1) The amount of exposure to
radiation was low. Measurements by the European
Steel and Coal Community showed radioactivity of
0 03 WL (working level) in workplaces and 0 07
WL in normal air reversion (the limit for instanta-
neous exposure recommended is 0 3 WL).4'
Several studies showed only a small risk for a low
exposure. For example, Schuttmann studied the
natural radiation exposure in the German
Democratic Republic and attributed only about
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10% of lung cancers to this exposure.79 Battista
et al investigated 1899 subjects of a pyrites mine in
central Italy with radon exposure ranging from
0-12 to 0-36 WL in work areas (most values were

around 0-2 WL) and noted an SMR for lung can-

cer of 137 (NS).' This excess of deaths was small
compared with that reported in our study (SMR =

389, p < 0 001); (2) contrary to the report of
Edling3 we did not find a risk of lung cancer in
non-smokers or among men who worked only at

the surface, although the number of subjects was

small. Furthermore, an increased risk was found in
smokers of one to 19 pack-years when they worked
underground for more than 20 years only; (3) it
seemed to be established that iron miners have a

risk of silicosis and pneumoconiosis (diseases
defined in terms of silica or dust deposition in the
lung), some respiratory symptoms, and decreases
in lung functions that are related to dust, silica,
polycyclic aromatic hydrocarbons, fuel, NO, CO,
and SO2. These diseases and disorders were found
to be linked to mortality from lung cancer and
therefore lung cancer is probably due to the same

hazards.77
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