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leavers, between those who were reassessed
and the men who eluded follow up."9 In the
event the only selection at entry was self selec-
tion as the same medical criteria were applied
to all apprentices independent of trade. The
leavers included a higher proportion ofWCBs
than of other tradesmen and more of the men
with respiratory symptoms. Among the
leavers the lapses similarly included more
WCBs, more smokers, and more of the men
with symptoms. Thus to some extent the bias
introduced by the retention in the yard of rela-
tively asymptomatic workers was mirrored by
the follow up being similarly biased in favour
of the more asymptomatic leavers. Possibly
for this reason the initial results for dynamic
spirometry and lung volumes were consistent
between the several groups. A different pat-
tern was found for transfer factor, which was
significantly better in the leavers who were
reassessed compared with the lapses. When
subdivided by trade, however, the mean trans-
fer factor standardized for age and stature, for
the lapses amongst the WCBs was not signifi-
cantly different from that for the WCBs who
were followed up (respectively 11-97 and
12-05 mmol minm ' kPa '). There was a similar
pattern for the other tradesmen. Thus the
possible selection bias with respect to respira-
tory symptoms did not extend to the initial
lung function.
The hypothesis that selection bias on

account of symptoms could have influenced
the decline in lung function was tested by
extending the analysis of AFEV, and APEF
(table 6) to also include symptoms; the men
with symptoms experienced an enhanced
deterioration, but the association was inde-
pendent of trade. Thus whereas bias due to
selection factors could not be ruled out its
occurrence seems unlikely to have contributed
to the differences in lung ftmction between
the WCBs and other tradesmen.
The present workers in cohort 1 were

selected on account of their youth and of hav-
ing only worked in the industry after the intro-
duction of exhaust ventilation and other
hygiene measures. After 1978 the working
environment was subject to continuous moni-
toring, which mostly indicated good standards
of control where exhaust ventilation was used
correctly. Thus it was not expected that the
men's respiratory systems at the time of entry
to the study would have been materially
affected by industrial fumes. In the event, the
prevalence of respiratory symptoms was influ-
enced by the WCBs including a higher pro-
portion of smokers than the other tradesmen.
Also, both in non-smokers and in smokers
stratified by the amount smoked, trade as a
WCB was independently associated with
increased chronic cough, phlegm, and
wheeze. Overall, the WCBs who smoked had
a disproportionately increased prevalence of
chronic cough. The occurrence of symptoms
was associated with a greater degree of airflow
limitation compared with that attributable to
smoking and trade. On entry to the study and
independent of smoking, however, trade as a
WCB was associated with a relatively low

peak expiratory flow and other evidence of
mild respiratory impairment; among subjects
with a normal FEV,%, the welders who were
also smokers exhibited an extended mean
transit time. Thus at the time of admission to
the study the WCBs already exhibited minor
respiratory impairment compared with the
other tradesmen. This was probably due to
exposure to fumes, and not to differences
introduced at initial recruitment to the yard,2
or to selection for study of other tradesmen
with above average respiratory health; how-
ever, the proportion of refusals among the
electricians was not recorded.
The longitudinal analysis was complicated

by several factors: these included the high lev-
els of redundancy and the loss to follow up of
men who left the industry and subsequently
moved away from the area. The possible
effects of these factors have been discussed
earlier. A proportion ofWCBs continued their
trade outside the shipbuilding industry. They
were classified as WCBs no longer in the slip-
yard (hence for the analysis summarised in
table 6, T = 0), as in such circumstances only
very minor lung damage can be attributed to
welding fumes.20 21 Any effect from such expo-
sures would have been in the direction of
underestimation of both the damage to the
lungs from shipyard welding, and the
improvement from giving it up.
Many men changed their smoking habits

more than once during the period of follow
up. This was allowed for by defining as a
smoker anyone who was smoking at any time
during the period of follow up. Men who were
ex-smokers throughout were included with
the non-smokers. Some men who were made
redundant seemed to vegetate and put on
weight whereas others took up physical exer-
cise, sport, or weight training. Any of these
activities could have led to changes in fat and
muscle and in consequence might have influ-
enced lung function3 2; the changes were
allowed for by including in the initial analysis
separate terms for changes in body fat and
muscle. The use of these terms, however, did
not materially increase the proportion of vari-
ance explained by the regressions compared
with ABMI.
The study was made over the period in life

when lung function is normally in transition
from improving as a result of physical growth
and maturation to deteriorating due to expo-
sure to tobacco smoke, wear and tear, and
other components of ageing.23 These factors
affect the different lung function indices in
sequence so that for most of the present work-
ers the FEV was deteriorating throughout the
period of observation (AFEV, negative in
table 1) whereas FVC and PEF were increas-
ing (AFVC and APEF on average positive).
With few exceptions, increasing age exerted a
deleterious effect; this was represented by a
positive coefficient on age in the equation
describing AMTT,,1.VC (table 6), and a nega-
tive coefficient for most other indices. Hence
for most indices, the relation of change in
lung function to age was curvilinear (see figs).
The effects of smoking, trade, and work in the

40

 group.bmj.com on February 15, 2012 - Published by oem.bmj.comDownloaded from 



Respiratory health ofyoung shipyard workers

shipyard were superimposed on these basic
patterns.

Over the period of follow up the likelihood
of developing respiratory symptoms was
mainly linked to smoking, but trade as WCBs
influenced the onset of productive cough. The
analysis of factors associated with loss of
symptoms was weak on account of the small
numbers of men who both initially had
chronic cough and or phlegm and were fol-
lowed up. The numbers were greater for
wheeze and here continuing to work in the
shipyard had a favourable influence: this para-
dox was probably due to self selection but a
contributory factor could have been a progres-
sive improvement in the working environment
over the period of the study.
The longitudinal changes in lung function

showed a less ambiguous pattern. Welders
and caulker/burners who continued to work in
the shipyard on average exhibited evidence for
additional narrowing of all classes of airway
compared with other tradesmen or WCBs
who left the shipbuilding industry. For indices
that are believed to mainly reflect the calibre
of medium and small airways including
AFEV1, AFEF7,5 85%Fvc, and changes in transit
time indices, AFN area, the fume related nar-
rowing was independent of smoking. For
welders in the shipyard protection was pro-
vided by exhaust ventilation when it was used
100% of the time. For PEF, which is influ-
enced by the calibre of the larger airways, and
also the inspiratory capacity, the adverse effect
on WCBs was apparently confined to the
smokers; 100% use of exhaust ventilation did
not provide protection. This result was
obtained in the relatively asymptomatic
WCBs who continued to work in the ship-
yard. No evidence was obtained to support
the hypothesis that the more symptomatic
men who left the industry might have fared
worse had they remained but, as pointed out
earlier, any error would have been in the
direction of underestimating the effect of con-
tinued work as WCBs.
On leaving the industry the more sympto-

matic WCBs who left seemed not to lose their
symptoms. With the exception of AFEVI and
AFVC in leavers who had previously
defaulted on their exhaust ventilation, the
lung function improved compared with their
peers who remained in the industry. On aver-
age, by the end of the period of follow up lung
function was on a par with that of the other
tradesmen (table 5). This result is different
from that of the older ex-WCBs studied previ-
ously whose lung function continued to deteri-
orate4 but to what extent the difference
reflected the duration or the intensity of the
exposure could not be determined. The longi-
tudinal results for the 181 men in cohort 2
whose initial ages (29-47 years) were interme-
diate between those for the men in the present
and the previous studies suggested that in
their case the adverse effects ofWCBs were in
some respects irreversible (unpublished data).
Thus as with smoking, there is probably a
continuum of effect to which both duration
and intensity contribute. In the case of the

present smokers, atopy also seemed to be
important but the evidence for atopy con-
tributing to the changes associated with
WCBs was insubstantial. It was slightly
stronger when results for cohorts 1 and 2 were
combined. Then on cross sectional analysis,
the atopic WCBs who remained in the yard
had a reduced FEV, and PEF compared with
other tradesmen in the yard. Whereas the dif-
ference was seen for both the initial and final
results separately the longitudinal changes
were, however, mainly independent of atopy.
This result differed from that obtained previ-
ously for older men.4 The reason is unclear
but it could be related to the high prevalence of
atopy among cohort 1 and to the present but
not the previous result for WCBs being largely
independent of that of smoking.
The relative magnitudes of the effects of

work as WCBs and of smoking are contained
in their respective contributions to the total
variance explained by the multiple regression
equations and in the size of the relevant par-
meters. These features can be compared
directly from those indices where both effects
were present without there being significant
interaction between them; the relevant indices
were AFEVI, AFEF5 -85%, and AMT'T'S%FvC
(table 6 and fig 1). For all these indices the
term T.SY accounted for rather more of the
variance than the term Sm, and the associated
coefficients were significantly larger. Similarly
amongst WCBs, the average change in APEF
associated with smoking was less than the
change associated with discontinuing work in
the shipyard (fig 4). Thus on average, expo-
sure to fumes for WCBs during a working
week was at least as harmful to the lung air-
ways as smoking 18 6 cigarettes per day.

Conclusions and implications
In the present study of shipyard workers who
were predominantly in the 20-30 year age
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Figure 4 Annual change in PEF in young shipyard
WCBs showing the effect ofemployment and smoking 20
cigarettes/day, based on the equation:
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where Tcld is tobacco consumption/day (g).
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group, work as a WCB was associated with
excess respiratory symptoms and with
changes in lung function suggestive of nar-
rowing of all classes of airways. The effects
were largely independent of smoking. They
were equivalent to smoking an average of 18 6
cigarettes per day and for the caulker/burners,
were reversed after discontinuing exposure.
Among welders the effect of the fumes was
greatest in those who admitted to not using
their exhaust ventilation at all times; such
men experienced a work related deterioration
in FEV,, which did not improve during the
period of follow up (on average 4-0 years)
after leaving the shipyard. For regular users
who continued in the shipyard, the present
levels of respiratory protection were probably
effective in reducing or even eliminating the
respiratory effects of welding fumes on FEV,;
however the confidence limits of the estimates
were too wide for accurate estimation of any
residual impairment. The protection provided
by exhaust ventilation was less complete when
assessed in terms of PEF, but again the
changes were reversible, unlike in the inter-
mittent users of exhaust ventilation, among
whom there was no evidence for full recovery.
The shipyard welders had been required to
use personally directed local exhaust ventila-
tion throughout their employment, although
its regular use did not of itself guarantee that
the exhaust hose was placed in the optimal
position or that the suction was adequate;
indeed some men volunteered that these fea-
tures were suboptimal. The results of the
hygiene monitoring and related findings were
reported as indicating that the environmental
control usually conformed to the current
occupational exposure standards when the
equipment was used correctly. In the absence
of exposure data for individual men the ade-
quacy of the standards could not be assessed.
The present results showed a need for stricter
application of existing measures for control-
ling fumes, and accurate monitoring of respi-
ratory symptoms and function to establish
whether or not the control was adequate. In
addition, further attempts should be made to
discourage smoking. The monitoring should
be by questionnaire and longitudinal mea-
surement of both FEV and PEF as these
indices measure different aspects of the
response. Other indices from the FN curve
and the transit time analysis of spirograms
provided mainly confirmatory information
whereas transfer factor and most of the lung
volume measurements were uninformative.
For the purposes of monitoring, the equip-
ment should be calibrated regularly and the
technicians should have been trained to the
high technical standards required for longitu-
dinal studies.
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