
British Journal of Industrial Medicine 1992;49:316-325

Lung function in retired coke oven plant workers
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Q T Pham

Abstract
Lung function was studied in 354 coke oven
plant workers in the Lorraine collieries
(Houilleres du Bassin de Lorraine, France)
who retired between 1963 and 1982 and were
still alive on 1 January 1988. A spirometric
examination was performed on 68-4% of them
in the occupational health service. Occupa-
tional exposure to respiratory hazards
throughout their career was retraced for each
subject. No adverse effect of occupational
exposure on ventilatory function was found.
Ventilatory function was, however negatively
linked with smoking and with the presence ofa
respiratory symptom or discrete abnormal-
ities visible on pulmonary x ray films. The
functional values were mostly slightly lower
than predicted values and the most reduced
index was the mean expiratory flow, FEF2,75%.
The decrease in forced expiratory volume in
one second (FEV,) was often parallel to that in
forced vital capacity (FVC), but it was more
pronounced for subjects who had worked
underground, for smokers of more than 30
pack-years, and for subjects having a res-
piratory symptom. Pulmonary function in-
dices were probably overestimated because of
the exclusion of deceased subjects and the bias
of the participants.

The Houilleres du Bassin de Lorraine (HBL)
(Lorraine collieries) have two coke oven plants,
which started production in 1911 and 1955. The
effect ofoccupational hazards on ventilatory function
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has been studied in this kind of industry and in other
occupational sectors.'-6 Almost all of these studies,
however, dealt with subjects who were still active
(the studies by Bates et all and Soutar et al'5 16 are
exceptions), and there has been little research concer-
ning retired workers. Therefore, we know little ofthe
long term effect of occupational exposure on health,
especially after retirement. Moreover, mortality
from respiratory disease in the elderly may be linked
to impairment of lung function.4
The aim of this work was to study the long term

effect of occupational exposure on lung function in
retired coke oven workers from the HBL. This work
is part of a study on mortality and morbidity in
survivors.'7 It continues a previous study carried out
in 1983 on mortality which showed an excess of
mortality from lung cancer (standardised mortality
ratio (SMR) = 2 51) with reference to the French
male population.'8

Material and methods
The study sample consisted of all the male workers
from the two coke oven plants who had retired
between 1 January 1963 and 31 December 1982 (536
subjects) and who were still alive on 1 January 1988
(354 subjects). They were born between 1902 and
1935. Executives were excluded from the study.
The subjects were asked to attend a medical

examination at the firm's occupational health centre.
The protocol included a standard questionnaire,
conducted by the occupational physician, concerning
diseases treated or followed up for more than five
years (cardiovascular, respiratory, digestive, infec-
tious, and psychiatric diseases, traumas, cancers,
etc), the questionnaire for the study of chronic
bronchitis and pulmonary emphysema of the
European Steel and Coal Commission (ECSC) ofthe
EC,'9 and the notion of "regular overconsumption"
of alcoholic drink. Because of low numbers we did
not distinguish between smokers and ex-smokers.
The respiratory symptoms taken into account were
chronic bronchitis defined by a daily cough and
phlegm for three consecutive months each year over a
period of two years, wheezing or chest noises heard
daily, day and night, and dyspnoea classified into five
stages.
To be aware of the respiratory symptoms in the

period nearing retirement we sought information
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about cough and phlegm (considered separately)
observed for more than 10 years. For the subjects
who participated in this study, the mean duration
between the date of their retirement and the time of
the study was 11 -6 (SD 4-4) years.
The protocol also included an electrocardiogram at

rest, pulmonary radiography, and lung function
tests. The radiographs were read at random by two
physicians who were qualified to read the pulmonary
films according to the 1980 International Labour
Office (ILO) international classification. The
measurements of lung function consisted of three
forced expiration tests with a Vitalograph spiro-
meter. The measurements were made in a standing
position with an oral tip. The forced vital capacity
(FVC), the forced expired volume in one second
(FEVy), and the mean expiratory flow FEF2,,75% were
calculated using the criteria of the American
Thoracic Society.2' Theoretical or predicted values
were calculated using equations proposed by the
ESCC.21

OCCUPATIONAL EXPOSURES
For each subject, the job history was retraced to
define his occupational exposure during his working
life, notably his exposure to dust, gas, and fumes due
to the coal coking process, which contain polycyclic
aromatic hydrocarbons.22 23 The reconstitution of job
history involved not only the jobs held in the coke
oven plants, but also other jobs in the Charbonnages
de France Group and in other companies, especially
underground work, work in thermal power stations,
the carbochemical sector, etc. It was compiled from
the company's administrative files and occupational
health files, and also with the cooperation of the coke
oven plant foremen. The information thus gathered
was confirmed by the subjects during their examina-
tion.
Each subject's job history was broken down into a

succession of occupations for each of which were
defined: the date ofthe beginning and the end ofeach
occupation, the job itself, the work place (on or near
the coke ovens, the washing plant, the workshops,
underground, the thermal power station, etc) and the
occupational nuisances-for example, the dust, gas
and fumes produced by the coke ovens, coal dust,
other particles, paint, welding, gas, smoke, benzol,
phenol, sulphates, pitch, and tar.
The analysis of the jobs held during their careers

showed that almost all of the subjects had one
dominant job. This led us to define six types of
homogenous exposure with each subject being clas-
sified in the exposure group that corresponded to the
longest period of exposure when this period equalled
or exceeded five years. The six were:

(1) Constant presence on the coke ovens (noted
ovens): support setter, shield setter, oven regulator,

door cleaner, column cleaner, and tar cleaning tube
operator.

(2) Activity near the ovens and intermittent
presence on the ovens (noted N ovens): pusher
machine operator, stamper, switch operator, coke
car, maintenance personnel on the ovens, fitters.

(3) Exposure in repair and maintenance workshops
(noted workshops).

(4) Exposure to byproducts (noted byprod) in the
oven gas treatment sector: benzol, phenol, sulphates,
pitch, tars, etc.

(5) Underground work in coalmines (noted under-
ground);

(6) Non- or slightly exposed (noted non-exp):
administrative personnel, timekeeper, maintenance
personnel who did not come into direct contact with
the ovens, coal mixing work, porters, etc.

STATISTICAL METHODS USED
The statistical analysis consisted mainly of compar-
ing each exposed group with the non-exposed group.
The effects of smoking and of respiratory symptoms
were also studied. The comparison of the subject's
age and body height was made using the method of
analysis of variance for one factor.242' Smoking was
defined according to the number of pack-years,
differentiating between three groups of smokers-
namely, 1-20, 21-30, and >30 pack-years. The
comparisons of smoking and of the presence of
abnormalities visible on the pulmonary x ray films
between each exposed group and the non-exposed
group were made using the x2 independence test or
Fisher's exact probability test.2'
The method of analysis of variance was used to

compare the values of ventilatory indices between
each exposed group and the non-exposed group,
between the non-smokers and each category of
smokers, and between subjects who had and those
who did not have a respiratory symptom. To take into
account the subject's age and body height, the
analyses also refer to the value of those indices
expressed as a percentage of the theoretical or
predicted value.
To estimate the share of various factors on the

ventilatory indices, we used the multiple linear
regression method with a step down procedure and
calculated the multiple correlation coefficient r. For
each lung function index, the comparison ofthe slope
of the regression line according to age between
occupational exposure groups and between the
smoker groups was made using the method of
analysis of covariance.'426 In this analysis, smoking
and dyspnoea were considered as quantitative vari-
ables. For the other respiratory symptoms, the
presence of abnormalities on the chest x ray films,
and the occupational exposure groups, we have
defined indicator variables with the value 0 or 1.

All the statistical tests were conducted with a first
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order risk of 5% excluding the non-responses. The
different statistical analyses were made using the
Logist program."

Results
Among the 354 subjects contacted 242 (68 4%)
attended a medical examination despite their age
handicap that often made it necessary for them to be
accompanied. The study sample finally included 231
subjects because 11 subjects were excluded due to
lack of cooperation in the lung function tests.
Of the 112 subjects who did not participate in this

study, 98 participated in the aforementioned enquiry
on morbidity by completing a questionnaire sent by
post. The number of subjects who refused to par-

ticipate and those we lost contact with was small; five
and nine subjects respectively. Subjects who had a
spirometric examination were 2-3 years younger than
the other subjects, but their occupational exposure
and smoking were similar to subjects who did not
undergo the examination; the prevalence of various
diseases was also similar, except for diseases of the
digestive system (20-7% v 8-2%, p < 0-01).'7 Bias of
the participants is therefore weak.
The figure shows that almost half of the subjects

(45 9%) were aged between 60 and 64 and about one
third (30 3%) between 65 and 69. The mean age was
65-9 (SD 5-0). Table 1 shows the profile of different
occupational exposure groups. Long exposure to
several types ofexposure was rare. The total duration
of exposure to occupational hazards was 17 5 years
for the underground group and about 23 years for the
other exposed groups. It was only 1-4 years for the
non-exposed group.
The age of non-exposed subjects (66-6 (SD 5 2)

years) was close to that of each exposed group except
the underground group (64-0 (SD 51) years;
p < 0 05); this difference is explained by the fact that
subjects who had worked underground retired earlier
than subjects who had worked on the surface. The
mean height was 1 68 (SD 0 07) m. It was possible to
determine smoking for 92-6% of subjects; 90 7% of
them were smokers or ex-smokers and 55-6%
smoked more than 20 pack-years. Smoking did not
differ significantly between each exposed group and
the non-exposed group.

Table 1 Profile of different exposure groups

Group

Non-exp Ovens N ovens Workshops Byprod Underground Total

No of subjects 46 30 67 34 17 37 231

Age (mean (SD) (y)) 66-6 (5 2) 65-8 (5-7) 65-4 (4-1) 67 2 (4 9) 67-5 (5-1) 64-0 (5-1)* 65-9 (5 0)

Height (mean (SD) (m)) 1-68 (0 07) 1-66 (0-06) 1-69 (0 06) 1-68 (0-07) 1 70 (0 06) 1 68 (0 07) 1 68 (0 07)

Smoking (No of pack-years (% of subjects)):
Non-smokers 10-9 16 7 6-0 2-9 17 7 5-4 8 7
1-20 39 1 16-7 32-8 412 29-4 297 325

21-30 15-2 30-0 16-4 14-7 17-6 27 0 19-5
> 30 30 4 26-7 37-3 35-3 29-4 27 0 32 0
Unknown 4-3 10-0 7-5 59 59 108 74

Duration of different types of exposure (mean (SD) (y)):
Ovens 0-1 (0 6) 13-5 (6-1) 0-4 (1 1) - - 0-2 (0 7) 1-9 (5 0)
N ovens 0 2 (0 7) 3-3 (6-1) 18-0 (7 2) 0-2 (0 8) - 0-2 (1-0) 5-7 (9 1)
Workshops 02 (07) 2-8 (67) 2-7 (66) 21-1 (97) 20 (47) 04 (12) 45 (91)
Byprod - 0-3 (1 0) 0-2 (1-0) 0 7 (2 7) 19-1 (7-9) 004 (0 2) 1 6 (5 5)
Underground 0 9 (1-5) 3-9 (7-3) 2-1 (4-6) 1-1 (2-2) 2-0 (2 8) 16 6 (6-4) 4 3 (7 2)

All types combined 1-4 (1-8) 23-8 (8-2) 23-4 (7 9) 23-1 (9-9) 23 1 (9 1) 17 5 (6 6) 18 0 (11-3)

Presence of discrete abnormalities on the pulmonary x ray films (% of subjects):t
27-3 (33) 20-0 (15) 17 2 (41) 22-2 (18) 32 0 (25) 14 3 (14) 22 6 (146)

tThe examinations could only be conducted on 146 subjects (63 2%). The number of subjects who had a radiological examination is in parentheses.
Comparison of means, comparison of frequencies, and homogeneity test between each exposed group and the non-exposed group (except for the duration
of exposure where the difference is obvious).
*p < 0 05.
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Table 2 Values of ventilatory indices in relation to different risk factors

FVC (1) FEV, (1) FEV,/FVC (%) FEFZ75s% (lls)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Occupational exposure:
Non-exp (46) 3-20 (0-83) 2-32 (0-80) 70-8 (11-5) 1-79 (0-93)
Ovens (30) 3-32 (0-81) 2-46 (0-72) 73-7 (9-0) 2-19 (1-06)
N ovens(67) 338 (0-73) 2-47 (0-67) 72-6 (10-6) 2-11 (1-07)
Workshops (34) 3-45 (0-75) 2-64 (0-69) 76-4 (7.6)* 2-31 (1 13)*
Byprod (17) 3-59 (0-87) 2-68 (0-82) 73-8 (8-0) 2-30 (1-17)
Underground (37) 3-29 (0-75) 2-37 (0-65) 71-6 (7-8) 1-93 (0-87)

Smoking (No of pack-years):
Non-smokers (20) 3-45 (0-84) 2-61 (0-74) 75-1 (8-6) 2-31 (1-18)
1-20 (75) 3-45 (0-87) 2-60 (0-81) 74-2 (9-3) 2-30 (1-21)

21-30(45) 3-33 (0-77) 2-39 (0-70) 70-8 (11-4) 2-00 (0-96)
> 30 (74) 3-18 (0-69) 2-26 (0-61)* 70-9 (9-5) 1-70 (0o76)**
Unknown (17) 3-53 (0-59) 2-78 (0-56) 78-5 (5-2) 2-57 (0-82)

Correlationcoefficientt -0-15 -0-21 -0-16 -0-24

Respiratory symptoms
Cough:$
None (203) 3-39 (0-76) 2-51 (0-70) 73-5 (9-4) 2-13 (1-04)
> 10 years (28) 3-02 (0 88)* 2-12 (0-82)** 68-1 (11 2)** 1-64 (0 97)*

Phlegm::
None (210) 3-40 (0-77) 2-51 (0-71) 73-4 (9-1) 2-13 (1-06)
)10 years (21) 2-84 (0 70)** 1-98 (0-71)** 67-6 (13 6)** 1-53 (0 74)*

Wheezing:
None(185) 3-42 (0-78) 2-54 (0-72) 73-8 (9-6) 2-19 (1-09)
Day and night (46) 3-07 (0 72)** 2-14 (0-65)*** 69-2 (9-8)** 1-60 (0 70)***

Chronic bronchitis:
None/suspect (158) 3-48 (0-73) 2-61 (0-67) 74-6 (8-2) 2-26 (1-06)
Yes (70) 3-07 (0 84)*** 2-15 (0 75)*** 69-1 (11 9)*** 1-67 (0-89)***

Dyspnoea at effort:
Stage 0(107) 3-55 (0-69) 2-70 (0-67) 75-7 (8-6) 2-39 (1 10)
Stage 1(31) 3-58 (0-67) 2-66 (0-55) 74-1 (6-1) 2-18 (0-95)
Stage 2(70) 3-09 (0-83) 2-22 (0-70) 71-3 (9-0) 1-77 (0-93)
Stage >3 (23) 2-88 (0-80) 1-84 (0-68) 63-1 (14-0) 1-34 (0-63)

Correlationcoefficientt -0-31 -0-39 -0-37 -0-34

Presence of discrete abnormalities on the pulmonary x ray films:
None (113) 3-55 (0-76) 2-66 (0-69) 74-6 (8-5) 2-26 (1-03)
Yes (33) 3-10 (0-83)** 2-20 (0 81)** 69-5 (12 71)** 1-76 (1 06)*

The number of subjects is in parentheses.
Comparison of means between each exposed group and the non-exposed group, each group of smokers and the non-smokers, and subjects
who had a respiratory symptom or discrete abnormalities on the pulmonary x ray films with the other subjects, except for dyspnoea.
*p < 0-05; **p < 0-01; ***p < 0-001.
tOnly values significantly different to zero are given.
tFor 10 years or more.

The presence of discrete abnormalities (interstitial
syndrome type and accentuation of the frame) was
noted on 22-6% of the 146 chest x ray films taken,
whereas 0/1 density or pneumoconiotic images were
not detected. The frequency of these abnormalities
did not differ significantly between the non-exposed
group and each exposed group.
The functional parameters can be analysed using

values expressed as the percentage of the predicted
values, but our analyses were made firstly on actual
values because the predicted values were not gen-
erally determined on populations of the same -ageas
the study population. Table 2 shows the value of
pulmonary parameters in relation to occupational
exposure, smoking, respiratory symptoms, and the

presence of discrete abnormalities on the pulmonary
x ray films. Unexpectedly, the non-exposed subjects
had the lowest values for all the indices (FVC, FEV1,
FEVI/FVC, and FEF25 75%), the difference being
significant for subjects from the workshops and for
FEVI/FVC and FEF2,75% only.
The functional parameters decreased with smok-

ing: the correlation coefficient was about -0-15 for
EVC and FEV,/FVC, and -0-20 for FEV, and
FEF,175%; Non-smokers and smokers of 1 to 20 pack-
years had similar values, however. The difference
was significant only between non-smokers and
smokers of more than 30 pack-years for FEV, and
FEF25.75%.

Respiratory symptoms were frequent for those
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Table 3 Values FCV (% pr), FEV, (% pr), FEV,/FCV (% pr), and FEF25_.7% (% pr) according to different riskfactors

FVC (% pr) FEV, (% pr) FEV,/FVC (% pr) FEF2,75% (% pr)Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Occupational exposure:
Non-exp (46) 86 (21) 85 (28) 97 (16) 71 (37)Ovens (30) 91 (21) 91 (26) 100 (12) 86 (42)N ovens(67) 87 (16) 86 (21) 98 (14) 77 (38)Workshops (34) 92 (14) 96 (17) 104 (10)* 90 (31)*Byprod (17) 93 (22) 94 (25) 101 (11) 85 (37)Underground (37) 87 (17) 84 (20) 96 (10) 71 (29)

Smoking (No of pack-years):
Non-smokers (20) 93 (20) 96 (25) 103 (12) 89 (38)1-20 (75) 89 (19) 91 (25) 101 (12) 85 (39)21-30 (45) 90 (20) 88 (26) 96 (15) 77 (39)> 30 (74) 85 (17) 82 (20)* 96 (13)* 65 (29)**Unknown (17) 92 (14) 97 (18) 106 (8) 95 (31)Correlation coefficientt -0 14 -0 21 -0 17 -0-24

Respiratory symptoms
Cough:+
None (203) 89 (18) 89 (22) 100 (12) 80 (36)) 10 years (28) 84 (23) 80 (31) 93 (15)** 66 (38)

Phlegm:'
None (210) 89 (18) 90 (23) 100 (12) 80 (37)> 10 years (21) 79 (18)* 75 (25)** 92 (18)** 61 (28)*

Wheezing:
None (185) 90 (18) 91 (23) 100 (13) 82 (37)Day and night (46) 83 (17)* 79 (23)** 94 (14)* 65 (31)**

Chronic bronchitis:
None/suspect (158) 91 (17) 92 (21) 101 (11) 84 (36)Yes (70) 84 (20)** 80 (27)*** 94 (16)*** 68 (37)**

Dyspnoea at effort:
Stage 0 (107) 94 (17) 97 (21) 103 (12) 91 (37)Stage 1(31) 92 (14) 92 (18) 100 (8) 80 (35)Stage 2 (70) 83 (19) 81 (23) 97 (12) 69 (33)Stage >3 (23) 73 (17) 63 (20) 86 (18) 48 (19)Correlation coefficientt -0-36 -0A44 -0-36 -0 37

Presence of discrete abnormalities on the pulmonary x ray films:
None (113) 95 (17) 96 (22) 101 (12) 86 (35)Yes (33) 81 (20)*** 78 (28)*** 94 (17)** 66 (42)**

The number of subjects is in parentheses; values significantly different from 100% are given in bold.
Comparison of means between each exposed group and the non-exposed group, each group of smokers and the non-smokers, and subjectswho had a respiratory symptom or discrete abnormalities on the pulmonary x ray films with the other subjects, except for dyspnoea.0p--()05; **p < 0 01; ***p < 0 001.
tOnfli\Xlues significantly different to zero are given.
'For 10 years or more.

seen at the time of the medical examination (wheez-
ing, chronic bronchitis, and dyspnoea stage > 1) and
for those that appeared over 10 years (cough and
phlegm)-that is, a period nearing retirement.'7 The
subjects who suffered from coughing, phlegm,
wheezing, or chronic bronchitis had all functional
values lower than those of the other subjects. In
comparison with subjects who did not have any ofthe
considered symptoms the decreases were 10% for
FVC, 15% for FEVy, 7% for FEVI/FVC, and greater
than 20% for FEF2,75%.

For dyspnoea, the value of these indices decreased
progressively with the stage of the symptom; the
correlation coefficients were approximately -0 30
for FVC and FEF2,75%, and -0-38 for FEV, and
FEVI/FVC. The functional values of stage 1 subjects

were none the less close to those for stage 0 subjects.
Dyspnoea stage > 2, which concerned almost a third
of the subjects, had a similar effect to that of
coughing, wheezing, and chronic bronchitis.
Subjects showing discrete abnormalities on the pul-
monary x ray films also had functional values sig-
nificantly less than the other subjects.
Table 3 shows the results of the analysis of the

values expressed as the percentage of the predicted
values. The values ofFVC (% predicted (pr)), FEV,
(% pr), and FEF,175% (% pr) were generally lower
than 100%. The non-exposed, N ovens, and under-
ground groups had the lowest values. The FEF, 75%
was the most reduced index. The FEV, had a relative
decrease often parallel to that of the FVC, but more
pronounced for subjects who had worked under-
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Table 4 Equation of linear regression of ventilatory indices in relation to age, height, occupational exposure, smoking and respiratory
symptoms

Regression coefficients

Height Work- Smoking
Explained variable Age (y) (m) Non-exp shops Byprod (pack-years) Symptom Constant r

FCV (1):
Asymptomatic subjects (75) (-0 030) 4 5 - - - (-0 0074) -1P91 0 52
Symptoms not taken into account -0-044 4-7 - (0 24) (0-35) -0-006k -1-66 0 54
Cough (> 10 years) -0-044 4-7 - (0 24) (0 35) -0-0061 - -1-66 0 54
Phlegm ( > 10 years) -01039 4-7 - - -0-0066 -0-43 -1-73 0 54
Wheezing -0-038 4-8 - - - -0 0059 -0 24 -2-02 0 53
Chronic bronchitis -0 035 4-7 - - -0-0058 -0-24 -1 93 0 54
Dyspnoea at effort -0-041 4-8 - (0-28) - -0-0051 -0-21 -1-65 0-61

FEV, (1):
Asymptomatic subjects -0 040 4-2 - (0-27) - -0-0012 -1-56 0-63
Symptoms not taken into account -0-046 3-6 - 0-34 0 34 -0-0081 -0-39 0-54
Cough (> 10 years) -0)045 3.5 - 0-32 0-32 -010085 (0 24) -0-22 0 55
Phlegm (> 10 years) 0-0045 3.4 - 0-33 (0 30) -0-0086 -0-38 -0-21 0'56
Wheezing -01044 3-5 - 0-32 (0-31) -0-0079 -0-25 -0-46 0 56
Chronic bronchitis -01041 3-4 - 0 30 (0-28) -0-0078 -0-24 -0 40 0-56
Dyspnoea at effort - 0144 3-6 - (0 20) (0 29) -0-0071 -0-22 -0 35 0-64

FEV,/FCV (%):
Asymptomatic subjects -0-46 - - 4-0 - -0-17 109-7 0 50
Symptoms not taken into account -0-45 - - 5-3 - -0-094 103-6 0-32
Cough (>10 years) -0 43 - - 4-9 - -0-10 -4-6 103-0 0-36
Phlegm (> 10 years) -0 43 - - 5 1 - -0-10 -5-2 103-0 0-36
Wheezing -0-42 - - 50 - -0-091 (-3-1) 102'1 0-35
Chronic bronchitis -0-37 - - 4-7 - -0-087 -3-8 99-6 0-37
Dyspnoea at effort -0-42 - - 3-6 - -0 081 -2-6 104-9 0-45

FEF25,75% (1/S):
Asymptomatic subjects (-0 048) 6-5 - - - -0-022 -4-74 0 58
Symptoms not taken into account -0 055 3-6 -0-33 (0 34) - -0-015 - 0 47
Cough (> 10 years) -0 055 3-6 -0 33 (0 34) - -0'015 - - 0'47
Phlegm (> 10 years) -0 054 3.4 (-0 32) (0 33) - -0-015 -0-46 0-32 0'49
Wheezing -0'047 3.4 -0 40 - - -0'014 -0-43 - 0-49
Chronic bronchitis -0-051 3-2 -0-43 - - -0-014 -0-35 0-53 0-49
Dyspnoea at effort -0'051 3-6 -0-35 - - -0-013 -0-27 0-13 0 55

The analysis concerns 214 subjects. Only regression coefficients significantly different to zero are supplied: normal type p < 0-05; italic type p < 0-01; bold
type p < 0 001; parentheses 005 < p < 0-10.
For all functional indices, when all symptoms are taken into account simultaneously, only dyspnoea has a regression coefficient significantly different from
zero.

ground, smokers of more than 20 pack-years, and
subjects having a respiratory symptom.
Because functional indices are related to age and

height of subject and to-the previous risk factors, the
multiple regression method was used to estimate
their respective role. A linear model with no interac-
tion was chosen because the regression coefficient of
age did not differ significantly between the non-
exposed group and each exposed group, between all
of the exposure groups, and between the smoker
groups. Moreover, no significant interaction was
found between occupational exposure and smoking
(table 4). In table 4 we also give the value of the
regression coefficients significantly different from
zero at a risk of 10%.
When we only considered age, height, occu-

pational exposure, and smoking, the multiple
correlation coefficient was about 0 50 for FVC,
FEV, and FEF25, 5%, and 0-32 for FEV,/FVC. The
regression coefficients of age for FVC, FEVy, FEVy/
FVC, and FEF2, 5% were respectively -0-044,

-0-046, -0*45, and -0055. These values were
greater in absolute terms than those in ESCC
formulae that define predicted values as:
FVC pr (1) = -0-026 age (y) + 5-757 height (m)

-4.345
FEV, pr (1) = -0-029 age (y) + 4-301 height (m)

+ 2-492
FEVI/FVC pr (%) = -0-179 age (y) + 87-21
FEF2,,75, pr (1/s) = -0-043 age (y) + 1-944

height (m) -2-699
The difference was only significant (unilateral test)

for FVC (p < 0 05), FEV, (p < 0-02), and FEVy/
FVC (p < 0 02). Asymptomatic subjects could be
considered as a reference group; the regression
coefficients of age also were higher in absolute value
than those in ESCC formulae but the difference was
not significant for any ventilatory indices.
Smoking had a significant effect on all functional

values. For example, a smoker of 20 pack-years had a
lower value compared with a non-smoker: 0-12 1 for
FVC,0-16 1 forFEV,, 1-9% for FEV,/FVC, and 0 30
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Table S Equation of linear regression of ventilatory indices in relation to age, height, occupational exposure, smoking, and the
presence of discrete abnormalities on the pulmonary x rayfilms

Regression coefficients

Height Smoking Radiological
Explained variable Age (y) (m) Workshops Ovens (pack-years) abnormalities Constant r

FCV (1) - 55 (0 36) - (-0 0063) -0 47 -5 53 0-56
FEV, (1) - 45 0-48 - -0 0099 -0 41 -4-67 0-58
FEV,/FCV(%) - - 6-5 - -0-13 -4-7 76-3 0-38
FEF25,75% (l/s) (-0 034) 4-6 0-76 - -0-017 -0 40 -2-89 053

FCV (% pr)t 9-89 - (-0-16) -121 97-0 0 35
FEV, (% pr)t 16 9 - -0 35 -15 5 101-1 0-44
FEV,/FCV (% pr)t 8-8 - -0 18 -6-5 103-4 0 39
FEF2575%(% pr)t 307 240 -056 -15-5 88-7 0-47

The analysis concerns 132 subjects. Only regression coefficients significantly different from zero are supplied: normal type p < 0 05; italic
type p < 0-01; bold type p < 0-001; parentheses 0 05 < p < 0-10.
tIn regression model, age and height are not naturally taken into account.

1/s for FEF2, 75% In this study, no adverse effect of
occupational exposure was seen.
When taking into account each respiratory symp-

tom separately, coughing for more than 10 years
only significantly influenced FEV,/FVC (a decrease
of 4-6%). Wheezing influenced FVC, FEVI, and
FEV2, 75% with respective losses of 0-24 1, 0-26 1, and
0 43 1/s. Chronic bronchitis had the equivalent effect
of wheezing on FVC, FEV, and FEF2,75%; however,
it also influenced FEV,/FVC (loss of 3 8%). Dysp-
noea had an effect on all functional indices; each
change in stage reduced the values of FVC, FEVy,
FEV,/FVC, and FEF2575%/, respectively by 0-21 1,
0-22 1, 2-6%, and 0-27 1/s. When taking into con-
sideration all respiratory symptoms, only dyspnoea
had a regression coefficient significantly different
from zero; indeed most of the subjects with res-
piratory symptoms also had dyspnoea stage > 1.
The presence of discrete abnormalities on the

pulmonary x ray films was also associated with
pulmonary function: the values of FVC, FEV,
FEVI/FVC, and FEF25,75% were reduced by 0-47 1,
0-411, 4 7%, and 0 40 1/s respectively (table 5).
The analysis of parameters as a percentage of

the predicted values-namely, FVC (%pr), FEV,
(%pr), FEV,/FVC (%pr), and FEF2,75% (%pr)
(tables 5 and 6) gave results similar to those obtained
with the actual values.

Discussion
This study required much effort to trace subjects
who had left the company for several years; some had
changed address or region, and some had returned to
their native country. None the less, almost all the
subjects were traced, thanks to direct collaboration
between the Occupational Health Services, the com-
panys' personnel management, the Regional Union
for Miners' Social Security, the general practition-
ers, and the hospital physicians. In spite of the
distance and the age handicap (often requiring the

subject to be accompanied by amember ofthe family)
68-4% ofthe subjects contacted attended the medical
examination. The reconstitution of each subject's
job history enabled us to define his occupational
exposure during his working life.
On the whole an effect ofoccupational exposure on

ventilatory function was not found, but subjects from
the workshops showed slightly better values than
those from the other exposure groups. Unexpec-
tedly, non-exposed subjects showed an FEF2575%
0-40 1 lower than the other groups (according to the
regression model), but we did not find any differences
for FVC, FEV, and FEV,/FVC. These results raise
several hypotheses. The first is the healthy worker
effect,'2"2 which was noted by Soutar and Hurley'5 in
a study on coalminers and ex-coalminers. The second
is due to the exclusion of dead subjects. Their
frequency in relation to the original cohort'8 varied
between the exposure groups (non-exposed (43%),
ovens (26%), N ovens (34%), workshops (25%),
byprod (43%), underground (29%)). The third is the
bias ofthe participants, which should none the less be
minimal because the prevalence of different diseases
did not vary significantly between these subjects and
the other subjects except for diseases of the digestive
system and ischaemic cardiopathies.'7 Moreover, the
proportion of participants did not differ sigificantly
between the non-exposed group (69-6%) and each of
the exposed groups (ovens (71-7%), N ovens
(64 8%), workshcps (80 0%), byprod (73 9%),
underground (76 9%)).
On the other hand, the subjects studied were

exposed to atmospheric pollution at their workplace
and sometimes at their home, which was often near
the Carling or Marienau industrial platforms.28 An
epidemiological study on children between 9 and 12
years old in schools situated near the most exposed
zone in comparison with children from nearby "non
polluted" zones showed no significant difference in
ventilatory function between the two groups, but a
negative effect of parental smoking and coal fired
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Table 6 Equation of linear regression for FCV (% pr), FEV, (% pr), FEV,/FCV (% pr), and FEF2,,,,., (% pr ill
relation to occupational exposure, smoking, and respiratory symptoms

Regression coefficients

Smoking
Explained variable Workshops (pack-years) Symptom Constant r

FCV (% pr):
Asymptomatic subjects (75) - (-0 19) 98-8 (0 20)
Symptoms not taken into account - -0-15 92-1 0 14
Cough ( >10 years) - -0 15 - 92-1 0 14
Phlegm ( > 10 years) - -0-16 -115 93 5 0.23
Wheezing - -0 14 -6-9 93 4 0.21
Chronic bronchitis - -0-14 -6-7 94 0 0 22
Dyspnoea at effort - (-0-13) -5-8 98-0 0 39

FEV, (% pr):
Asymptomatic subjects - -0-38 106-9 0 33
Symptoms not taken into account 9 9 -0-28 93-4 0 25
Cough (> 10 years) 9-2 -0 30 (-8-7) 94-9 0-28
Phlegm (> 10 years) 9-3 -0 30 -15-5 95 3 0-32
Wheezing 9-2 -0-28 -9-7 95 3 0 30
Chronic bronchitis (8-7) -0-27 - 9-7 96-3 0-32
Dyspnoea at effort - -0-24 -8-6 103-4 0-48

FEV,/FCV (% pr):
Asymptomatic subjects 5 3 -0-24 108-0 0-45
Symptoms not taken into account 7-0 -0-13 100-7 0 25
Cough (>10 years) 6-5 -0-14 -6-4 101-8 0 30
Phlegm(> 10 years) 6-7 -0-14 -7.4 101-6 0 30
Wheezing 7-0 -013 (-4-0) 101-5 0-28
Chronic bronchitis 6-3 -0-12 -5-0 102-2 0-31
Dyspnoea at effort (4 7) -0 11 -3-5 104-5 0 40

FEF2515% (% pr):
Asymptomatic subjects - -0-76 112-3 0 39
Symptoms not taken into account - -0-48 89-4 0-24
Cough (>10 years) - -0-51 -15 4 92-0 0-27
Phlegrn (> 10 years) - -0-51 -20 9 92-0 0-29
Wheezing - -0-47 -15 2 92-4 0-29
Chronic bronchitis - -0-47 -13 5 93-2 0-29
Dyspnoea at effort - -0-44 -10 9 100-4 0-42

The analysis concerns 214 subjects. Only regression coefficients significantly different from zero are supplied: normal type p < 0 05; italic
typep < 001; bold type p < 0001; parentheses 005 < p < 0-10.
For all functional indices, when all symptoms are taken into account simultaneously, only dyspnoea has a regression coefficient
significantly different from zero.

central heating was found.' 3 The nature, the degree
of pollution in the air, and the duration of exposure,
however, differed between these children and the
subjects studied.
The FEV, had a relative decrease often similar to

that ofthe FVC but was more pronounced in subjects
who had worked underground, smokers ofmore than
30 pack-years, and subjects with a respiratory symp-
tom or discrete abnormalities on the pulmonary x ray
films. The interpretation of a decrease of the FEV1J
FVC not taking account of a possible decrease in
FVC can lead to errors because a normal value may
conceal a simultaneous decrease of the FEV1 and
FVC.' The FEF23-75% was the most reduced index.
This phenomenon was also seen by Meyer-Bisch et
al"' and by numerous other authors in farmers
exposed notably to weedkillers, pesticides, and
dust.3" This seems to confirm the hypothesis from
Prefaut et al2 who think that in the course of
obstructive diseases, the lesions are predominant in
the small bronchi, which represent only a small

fraction of the total bronchial resistance. The
presence of a respiratory symptom or discrete radio-
logical abnormalities were associated with the ven-
tilatory indices. Such results have also been seen by
other authors,7"0 1 15 22 who studied FVC and FEV, in
particular. Likewise, the role of smoking is indis-
putable for all the functional indices,' 14 21 3340 we note
moreover a dose relation effect.
For all the occupational exposure groups, the

values of FVC, FEV, and FEF2,-75% were reduced
compared with the predicted values. The regression
coefficients of age for FVC, FEVI, FEV,/FVC, and
FEF2,-75% were also more pronounced than their
theoretical values given in the ESCC formulae, but
the difference was only significant for FCV, FEVI,
and FEV,/FVC. This observation should be modu-
lated, however, by the fact that the decrease could be
accelerated by age.'2 2 41 42

So, we wondered ifthe theoretical values proposed
by the ESCC were too high for the elderly. From
among the large number of works quoted by
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Quanjer,2" except for an oversight on our part, only
that of Ericsson and Irnell'3 concerned a population
(56 men aged between 51 and 71 years) ofan age fairly
similar to that of our population (56 to 81 years). For
FVC and FEV, these authors obtained -0 043 and
-0-045 for the regression coefficients of age respec-
tively. These values were almost identical to those in
the present study (- 0044 and - 0-046 respectively).
For FEV,/FVC the value of the coefficient obtained
by Ericsson and Irnell' was intermediate between
that of the ESCC (-0-179) and our study (-0 45).
For FEF,,7,%/ the reference values are few. Prefaut

et al 3 published mean values determined on a sample
of 190 male subjects aged between 6 and 91 and in
good health. Comparison with these values is
problematic because in this population the subjects
over 50 years were few, although smokers of more
than 30 pack-years, and subjects with coughing or
spitting for more than 10 years, wheezing, chronic
bronchitis, or dyspnoea stage > 3 had values lower
than the limits proposed.
Due to the lack of studies on populations of the

same age, the conclusions should be prudent. Never-
theless we estimate that the study population had
reduced functional values in relation to the normal
values. Moreover, it is likely that the results presen-
ted are overestimated for the two reasons already
mentioned. The first is due to the exclusion of dead
subjects. Bates et al,1 in a longitudinal study on 397
coalminers from the same region, Lorraine, who
became part of the study eight years before taking
their retirement, had shown that the value of FVC
and FEV, measured at the first examination were
lower, and their annual decrease greater, in sub-
sequently dead subjects than in living subjects; in
smokers and non-smokers alike. The second reason is
the bias of the participants. Although the frequency
of different diseases in these subjects did not differ
from that of the non-participants, the participants
were 2-3 years younger,"7 and we cannot assume that
their lung function was similar. It is unlikely that this
bias should greatly influence the comparative results
between each exposed group and the non-exposed
group as the proportion of participants in each
exposure group in the original population'8 was
similar.

Because there are few studies concerning coke
oven plants, we have enlarged the comparison to
other occupational sectors. Firstly, for studies
carried out in the same region of Lorraine (this
eliminates the problems of different ethnic groups),
Bates et al' found an annual decrease of 0-040 1 for
FVC and 0-048 1 for FEV, in non-smoking survivors
during the period after their retirement (mean age at
retirement 55 4 years). These were almost identical
to those of the regression coefficients of age in the
present study (-0 044 and -0-046 respectively).
Also they found values ofFVC and FEV, inferior to

their predicted value for all groups considered (alive
or dead, smokers or non-sMnokers).

In a longitudinal study over five years of 871 iron
ore miners aged between 35 and 55 years, Pham
et al 4 found a more pronounced decrease in pulmon-
ary function in underground miners who were still
active in comparison with those who had retired.
Nevertheless, contrary to our study, the values of
FVC and FEV, were slightly superior to their
predicted values.
Kauffmann et al6 studied ageing over 12 years in

556 men, aged between 30 and 54 years at the
beginning of the study (1960), who came from
companies in the Paris region. They showed that
after adjustment for age, smoking, and the FEV,
value, the annual decrease- of the last was 0 044 1 for
subjects non-exposed or exposed to a slight concen-
tration of dust or only to gas, around 0 053 1 for
subjects exposed to heat or a large concentration of
dust, and 0-060 1 for those exposed to heat and a high
concentration of dust and gas. We found that the
change with age of the FEV, in the least exposed
subjects was similar to the regression coefficient of
age in our study (-0-046; the effects of occupational
exposure and smoking being eliminated), despite the
selection bias as previously mentioned.

Soutar and Hurley'5 looked for a relation between
dust exposure and respiratory function in 1867 coal
miners and 2192 ex-coal miners (the subjects were
examined in 1950 and seen again 22 years later).
These authors found an annual decrease of 0-042 1
and 0-041 1 for FVC and FEV, respectively. These
values are similar to those of Bates et al' and the
regression coefficients of age in our population. For
FEVI/FVC Soutar and Hurley found an annual
decrease of 0-19% whereas in our subjects, the age
regression coefficient was -0 45% . They found that
smokers and ex-smokers had similar values. Soutar
and Hurley'5 also noted an association, as did Love
and Miller,8 between exposure to dust and the
decrease of the FEVy. They estimated a loss of FEV,
of 0-23 1 for an exposure of 300 gh/m'. In view of the
importance of the effects of smoking and different
diseases, the effect of occupational exposure can be
concealed by these factors.

Conclusion
Although occupational exposure to respiratory
hazards during their working life was retraced for
each subject, no adverse effect of this exposure on
ventilatory function was found. Smoking, the
presence of a respiratory symptom, or discrete
abnormalities on the pulmonary x ray films were
found to be negatively linked to ventilatory function.
On the whole the function values were slightly
reduced in comparison with the normal values. The
FEF25-75% was the most reduced index. The decrease
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in FEV1 was often similar to that in FVC, but more

pronounced for subjects who had worked under-
ground, smokers of more than 30 pack-years, and
subjects, having a respiratory symptom. Ventilatory
indices were probably overestimated because of the
exclusion of deceased subjects and the bias of the
participants.
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