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Table 1 Characteristics of the survey population (n = 79)

Age (years):
ean

Standard deviation
Height (cm):

Mean

Standard deviation
Smoking habits:

Smokers

Non-smokers
Duration of employment in the processing
area (years):

Mean

Standard deviation
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Table 2  Years of exposure in the processing area (n = 79)

Years No
<5 31
6-10 35
11-15 9
>15 4

Table 3 Smoking habits of the survey population

Smokers  Non-smokers
(n=60) (n=19)
Age (years):
Mean 40-1 404
Standard deviation 70 56
Height (cm):
Mean 1710 169-7
Standard deviation 6-0 56
No of years exposed in processing area:
<5 25 [3
>5 35 13

Table 4 Duration of exposure of survey population

Exposed Exposed
<5 years > 5 years
(n=31) (n=48)
Age (years):
ean 397 40-5
Standard deviation 71 63
Height (cm):
Mean 168-1 172-1
Standard deviation 54 57
Smoking habits:
Smokers 25 35
Non-smokers 6 13

duration of exposure are shown in tables 3 and 4.

Abnormal lung function was found in only two
cases. A 43 year old man, a smoker, who had worked
for nine years as a milling operator, had a FEV,/FVC
ratio of 0-55 at the beginning and at the end of the
shift. A 39 year old man, a smoker, who had worked
for four years as a compounder had an FEV,/FVC
ratio of 0-74 at the beginning and 0-59 at the end of
the shift.
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The mean values of FVC, FEV,, and FEF,5_ s,
were analysed for changes over the shift; as is clearly
shown in table 5, the means at the end of the shift
were lower than at the beginning for each of the three
shifts. All the differences were statistically significant
(p <0-01) except for the FEV, values of the night
shift (table 6).

Comparison of the results in smokers and non-
smokers, and in the groups having less or more than
five years exposure, respectively, showed no
significant differences.

As already mentioned, the respiratory tests were
carried out on Tuesdays and Wednesdays. Control
tests carried out on other working days showed no
significant difference from the pattern obtained on
Tuesdays and Wednesdays.

As may be seen in tables 7 and 8, the only statisti-
cally significant difference between the smokers and
non-smokers was in the decrease of the FEF,5_ 50,
immediately before and after the shift. The smokers
who had been exposed had a greater reduction in
FEV,s_ s, at the beginning and end of the shift than
non-smokers irrespective of the duration of exposure
(table 9).

Within the group of non-smokers and the group of
smokers the FVC and FEV, of those exposed for
more than five years were reduced to a greater degree
than those exposed for less than five years; none of
these differences was statistically significant.

Discussion

In our investigation we found no evidence of chronic
obstructive pulmonary disease and in most of the sub-
jects no significant decline in FEV, was observed.
Only one of the 79 individuals showed moderate
obstruction, as measured by the FEV,/FVC ratio,
which was 0-55; there was no variation over the shift.
Previous studies have shown that rubber processing
workers with an exposure period of over 10 years had
a significant decrease of the ratio FEV,/FVC com-
pared with the controls.!® *° In our study only nine of
the 79 subjects had been employed for more than 10
years in the processing area so the lack of evidence of
chronic obstructive disease did not surprise us
because of the relative smallness of this group.

Measurement of lung function before and after a
working shift forms the basis of testing for
occupational asthma. In our study only one man
showed a decline in the FEV,/FVC ratio over the
shift. This might point to a low incidence of symp-
tomatic asthma, but we have to take into account the
possibility of a selective process by which asthma sub-
jects are removed from this type of worksite at an
early stage in their disease and therefore before the
period of our study.
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Table 5 Ventilatory function on each of the three workshifts
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Early shift (n = 30)

Late shift (n = 29) Night shift (n = 18)

Beginning End Beginning End Beginning End

FVC (I):

Mean 513 494 5-30 470 4-82 4-36

Standard deviation 0-63 0-72 0-69 0-78 0-70 0-65
FEV

Mean 4-18 4-04 439 3-82 391 3-82

Standard deviation 0-59 0-66 0-56 0-69 0-54 0-68
FEF (I/s):

Mean 391 3-81 3-93 3-37 3-50 3-00

Standard deviation 023 0-25 0-37 0-28 0-26 0-19

Table 6 Changes in ventilatory function on each of the workshifts, preshift readings subtracted from postshift

Early shift (n = 30)

Late shift (n = 29) Night shift (n = 18)

FVC (I):
Mean differences —0-171
SD of differences 0-216
t 6-980*

FEV (I):

Mean differences —0-144
SD of differences 0-270
t 4-621*

FEF (I/s):

Mean differences —0-250
SD of differences 0-460
t 4-397*

_ 0689 —0-528
AT 6330°
3 4
6812+ 2050
0658 —0-588
T o02e Gaiee

SD = Standard deviation.
t = Student’s test for paired samples.
*Significant at the 1% level.

Table 7  Ventilatory function by duration of exposure

Exposed <5y  Exposed >5y

Ventilatory function (n=30) (n=47) t
FVC (% predicted):

Beginning of shift 111 + 14 104 + 14 NS

End of shift 106 + 14 100 + 14 NS
FEV, (% predicted):

Beginning of shift 111 +18 108 + 19 NS

End of shift 107 + 18 104 + 17 NS
FEFzs 7159, (6 predicted):

Beginning of shift 97 + 29 89 + 30 NS

End of shift 90 + 27 82+29 NS

The ventilatory functions are given as mean percen
(+ SD) from the predicted according to Morris et al.
t = Student’s independent ¢ test.

&c differences

Table 8 Ventilatory function in smokers and non-smokers

Previous studies on other workers have shown a
circadian variation in ventilatory capacity in shift
workers.2%2! In our study we observed a decrease in
all the lung function tests during each shift. The
decrease was smaller during the early shift than dur-
ing the two other shifts. From our preliminary data
we can predict that, in a challenge test where the indi-
vidual is used as his own control, a change of 1-:3%,
1-8%, and 2-:8% in the initial values of FVC, FEV,,
and FEF,;_s.,, respectively, permits us to say with
confidence that it was the challenge that caused the
variation. Since any difference between the mean val-
ues measured at the beginning and the end of the shift
was greater than the intrasubject variability, these

Ventilatory function Smokers (n = 58) Non-smokers (n = 19) t
FVC (% predicted):
Beginning of shift 1059 + 14-8 108-3 + 14-4 —0-54 (NS)
End of shift 1019 + 144 1049 + 12-7 —0-71 (NS)
FEV, (% predicted):
Beginning of shift 1066 + 18:6 116:3 + 17-7 —1-76 (NS)
End of shift 1031 + 173 1123+ 173 —1-77 (NS)
FEF 4 _ 15, (% predicted):
Beginning of shift 86-8 + 26-9 115-8 + 27-6 —-3-73*
End of shift 80-5 + 249 107-1 + 249 —3-50*

t = Student’s independent ¢ test.
*Significant at 1% level.
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Table 9 FEF of the smokers and non-smokers by duration of exposure
Ventilatory function <Syrs >5 yrs
FEF ;5 _ ;54, (% predicted): Smoker Non-smoker t Smoker Non-smoker t
Beginning of shift 82-4 + 247 128 + 353 * 899 + 28-4 112-6 + 26-2 *
End of shift 751 + 20-6 122-7 + 441 * 84-2 + 272 103-2 + 221 *

*Significant at 5% level.

results are significant. These differences cannot be
attributed to circadian variation: the lung capacity
was also reduced on the early shift during which the
circadian rhythm causes variations in the opposite
direction.?® " 22 These results are thought to support
the hypothesis that there are acute adverse effects
over an eight hour shift.

A decrement in ventilatory function over the work-
shift has been observed in workers exposed to other
types of atmospheric contaminants, such as coal min-
ers,?3 cotton workers,2* and workers exposed simul-
taneously to jute and hemp,?® to chlorine and
hydrochloric acid,?® and to benzene and ben-
zaldehyde.2® We cannot identify the agent or agents
affecting the lung of the rubber processing workers we
examined because they have been exposed to a great
variety of substances. While the lung function tests
were being carried out, three or more compounding
lines were simultaneously producing the different
compounds needed for the manufacture of the several
types of tyres made at the factory. It is impossible to
investigate each of the numerous ingredients and the
products resulting from their interaction.

To study the possibility of a chronic effect due to
exposure at the work site, the results of the pul-
monary function tests obtained at the beginning of
each shift were compared with normal values. To con-
sider the effect of tobacco, we preferred to use an
equation derived from data from a population of
healthy non-smokers than one derived from data
from a population including smokers. For this reason
we chose the equation of Morris et al'S rather than
that of the European Coal and Steel Community,’
even though this may raise doubts about the validity
of using predictive lung function equations from sub-
jects living in another continent. The individuals
examined by Morris et al'® had been exposed to rela-
tively little atmospheric pollution, however, whereas
those subjects studied by the CECA?” had been con-
siderably exposed to occupational air contaminants;
our workers were more like Morris’s subjects in this
respect.

Taking the non-smokers, the FVC, FEV,, and
FEF,; _4s,, were smaller in those exposed for more
than five years than in those exposed for five years or
less. The same was true for the FVC and FEV, in the
smokers; none of these differences was statistically

significant, however. Moreover, within each exposure
group, the pulmonary function of the smokers was
lower than that of the non-smokers, but the only
significant difference was found for the FEF,5_ s,
values. None of the values, however, was ever below
70% of the predicted values so it seems logical to sup-
pose that no chronic lung damage has occurred in our
workers.

Other studies of pulmonary ventilatory capacity in
rubber processing workers have been performed by
Osman et al'® in Egypt and by Fine and Peters!® in
the United States. Fine and Peters examined 52 work-
men, all smokers, selected from three tyre factories.
They concluded that exposure to airborne substances
in the processing area affects pulmonary function and
causes a decrease in the FEV,/FVC ratio and a drop
in the value of FEF,,. Abnormal values were
recorded in 15 workers exposed for more than 10
years (mean value 164 years), whereas the values
measured in 37 workers exposed for less than 10 years
(mean value 3-2 years) were not statistically different
from the controls. These results are in good agree-
ment with our findings since most of the workers we
studied had been exposed less than 10 years (mean
value 6-8 years). To make a better comparison, how-
ever, a full knowledge of the climatic conditions to
which the American workers had been exposed would
be required; unfortunately these data are lacking in
Fine’s paper.
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