








Follow-up of beryllium workers

changes, though both men were asymptomatic at the
time of diagnosis. In case 1 the results of the clinical
and routine biochemical examination were negative.
Case 2 gave a history of dermatitis and had a slightly
raised serum gammaglobulin concentration; a few
rales were heard on auscultation of the chest. He gave
a history of haemoptysis for which no cause was
found. Case 3 also had typical features at the time of
assessment and, while no evidence was found at
necropsy of residual beryllium disease the diagnosis
was not seriously in doubt. Case 4 had typical small
opacities on the chest radiograph for which there was
no obvious alternative cause and a somewhat reduced
transfer factor but was at the time and remained
asymptomatic. Case 5 was classified as normal in
1963; however, a routine chest radiograph in 1965
first showed the small opacities present in subsequent
films. One man had borderline radiographic
abnormality at first examination but was classified as

normal and remained asymptomatic despite continu-
ing employment in the factory. He is not considered
further. None of these men could recall any accident
or other occasion when they were exposed to a high
concentration of beryllium. Two men from among
the 17 who did recall such episodes reported sick and
experienced symptoms including pronounced
shortening of breath and had patchy consolidation of
the lung radiographically; these findings were

consistent with acute beryllium pneumonitis. Both
men had normal findings in 1963. No association
could be detected between smoking habits and
chronic beryllium disease.
The follow-up studies in 1973 and 1977 did not find

any new cases. Two further men (cases 6 and 7),
however, developed the typical features of subacute
beryllium disease respectively in 1976 and 1981. Both

17

men had worked in the factory for the whole of the
period under review. In case 6 the test results up to
and including 1974 were completely normal. The
patient recalled an episode of high exposure in 1953
and developed symptoms after a beryllium patch test
(not done by the investigators) in the autumn of 1976.
Case 7 was asymptomatic and had normal lung
function in 1977 but the chest radiograph showed
simple pneumoconiosis. The symptoms developed
after withdrawal from exposure.

All the men identified as possibly having beryllium
disease had been exposed to beryllium oxide or
hydroxide. Cases 1, 2, 6, and 7 were exposed to
beryllium oxide in the slip-casting bay; cases 3 and 5
were exposed to beryllium hydroxide. Case 4, a fitter,
had worked throughout the plant. The estimated
exposure of these men compared with others over the
period up to 1960, when most of them left the factory
(figs 1-3) varied over a wide range. It was slight for
cases 3, 4, and 7, intermediate for cases 1 and 2, and
high for cases 5 and 6. The corresponding indices for
men who worked only in the slip-casting bay are
shown in fig 4.

LUNG FUNCTION; RELATION TO THE ESTIMATED
EXPOSURE TO BERYLLIUM

Cross-sectional data
The results of the assessment of the lung function
made in 1963 have been examined in relation to the
age and stature of the men and to their estimated
exposure to beryllium. The average results for the
different exposure groups are given in table 4, which
also shows expected values for healthy men of a mean
age and stature similar to that of the subjects in
exposure grade 0. The more heavily exposed subjects

Table 4 Details ofsubjects and mean values for indices oflungfunction subdivided by grade ofexposure: the reference
values arefor subjects ofthe mean age and stature ofthose in grade 0

Grade ofexposure Reference
valuet

0 1 2 3

No of subjects 17 29 66 17
Age (years) 48-4 43-7 42 3 40 4
Stature (cm) 175-5 175 5 175-4 174 0
Body mass (kg) 75 1 71-0 74-8 75 3
Forced expiratory volume (1) 3-22 3-29 3-49 3 52 3-46
Forced vital capacity (1) 4 31 4-55 4 76 4 60 4-48
Total lung capacity (1) 6-22 6-68 6 91 6-37 6-77
Functional residual capacity (1) 3 11 3-66 3-47 3-00 3-71
Residualvolume(1) 1 88 2-25 2-10 1-91 1-69
Transfer factor (mmol min-'kPa-') 9 70 9 95 10-35 10-21 10-0
I/Dm(kPammol-'Imin)* 690 7-11 6-11 6-20 6-4
I/Vc(l-') 18 54 16 82 17 98 14-66 11-62
Exercise ventilation (1 min-') 40-0 31-0 33.3 33.4 35
Expiratory compliance (1 kPa-') 2-42 2-77 2-67 2 50 2-7

*For definitions see methods.
t From reference 8.
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Fig 4 Distribution of 19 workers in slip-casting bay with
respect to three indices ofexposure to beryllium. The
exposure groups ofcases 1 and2 are indicated by arrows. See
also figs 1-3.

were on average younger. The tests showed that the
lung function of the defined population was that
expected for the general population; there was no

evidence for a decline in lung function with increasing
exposure, but this analysis does not allow for the
differences in age between the groups. The relation
of the lung function to the estimated exposure to
beryllium was assessed by multiple regression
analysis; the regressors were age, stature, body mass,
the exposure indices, whether or not the subjects
were current smokers, and an interaction term

reflecting the possibility that the decline in function
with age might be greater in the smokers. The results
are summarised in table 5. The expected relationships
of lung function to stature and to age are shown,
though in three instances the deterioration with age is
apparent only in the smokers. For the latter the
accelerated decline is superimposed on initially
superior function which is in line with expectation.
Some of the variability between subjects is also
related to body mass; for the residual volume and the
expiratory reserve volume the association is a nega-
tive one, but the inspiratory capacity (IC) and the Kco
(transfer factor per litre of lung volume) show a
positive association.
The effect of exposure was obtained after allow-

ing for all these factors. Increased exposure was

associated with a relatively large vital capacity and
tidal volume during exercise (Vt130); there was no
significant association with any other index. For the
19 men whose work was located entirely in the slip-
casting bay the static compliance of the lung on

expiration standardised for age and stature was found
to be negatively correlated with exposure as
estimated by the total and integrated dose indices
(table 6, figs 5 and 6).
Longitudinal data
The changes in lung function for the defined
population over the 10 years were regressed on
stature, body mass, and age in 1963, the estimated
exposure to beryllium, and whether or not the subject
smoked (table 7). The forced vital capacity declined
faster in the older subjects, forced expiratory volume
declined faster in smokers than in non-smokers, and
significant associations with estimated exposure were

obtained for the forced expiratory volume and for the
tidal volume at a constant minute volume during
exercise. In both instances the decline with age was
less for the subjects having the higher exposures to
beryllium.

Table 5 Summary of results ofmultiple regression analysis oflungfunction on age, stature (St), body mass (M), exposure
(Exp), and smoking (S)

Index Significant partial correlations (p = 0 05)

No Age St M Exp S Age x S

FEV 129 - +
FVC 129 - + +
FEV% 129 - +
IC 122 + + + -
ERV 122 + -
RV 122 + + t
TLC 122 + + -
Tlco,sb 116 + + + -
VE,ex 95
Vt,30 95 +

t Positive if body mass omitted. + Correlation positive. - Correlation negative.
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0
Not included in regression analysis

Cex= -0 025x total dose. 0-320
coefficient of variation= 22%

0

0 0

y=64 * * *
x=l

Table 7 Changes over 10 years in 79 subjects

Index Change Factors affecting
Body mass +0 37 kg (NS)
Stature -0- 025 m
FEV, -0 034 1, a-' Smoking, exposure (+)
FVC -0-0301, a-' Age in 1963
VC +0-021 1, a-'
RV +0-0161, a-'
KCO -0-008 SI, a-'
'VE,ex +0- 13 1 min', a-'
fC,ex +0 66 min-', a-'
Vt3, +0 007 1, a-' (NS) Exposure (+)

NS = Not significant; SI mmol min-' kPa-' 1-'.

Discussion
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Fig 5 Relation oflung compliance to total dose ofberyllium
for 16 men who worked only in slip-casting bay. Case I is
indicated by the arrow. Compliance was not obtainedfor
case 2.
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Fig 6 Relation oflung compliance to integrated dose of
beryllium for 16 men who worked only in slip-casting bay.
Case I is indicated by the arrow. Compliance was not
obtainedfor case 2.

The present study was directed to assessing the
adequacy of the current beryllium hygiene standards
for protecting workers from beryllium disease; a
subsidiary aim was to find out if complete lung
function tests will detect the effects of beryllium
exposure before there is evidence of clinical or
radiographic abnormality. The realisation of these
aims depended on there being evidence of pulmonary
damage due to beryllium among the defined
population. In the event there were four definite
clinical cases (1, 2, 6, and 7), one highly probable case
(3), and two cases of radiographic abnormality (4 and
5). Case 6 differed from the others in having a much
bigger and more protracted exposure, and the disease
appeared after the performance of a beryllium patch
test, which may have been a contributory factor.9
Cases 1 and 2 were found to have impaired lung
function and radiographic abnormality some months
after they had left the factory. The previous chest
radiographs and the routine periodic clinical
assessments, which for case 2 were conducted with
particular care on account of his having had
dermatitis, suggested that the disease developed soon
after withdrawal from exposure. In case 3 symptoms
developed during exposure and were ameliorated by
steroid treatment in high dosage. The treatment
probably contributed to the fatal outcome; it may also
have led to the reversal and disappearance of the
pulmonary pathology.

Table 6 Regression coefficients oflungfunction on age, stature and one ofthree indices ofexposureformen whose work in
the factory was confined to the slip-casting bay

Age (a) Stature (cm) Exposure index

(1) (2) (3)
FEV, (ml, n = 19) -26 NS - 1 - 50 - 23
TLC(ml,n = 19) NS 111 14 381 12
T1(molmin-', kPa-', n = 18) NS NS 0 -307 -106
CE(mlkPa-', n = 15) NS NS -10 -240* - 42*

*p = 0 05.
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The men who worked in the slip-casting bay
showed a significant negative correlation between the
estimated exposure to beryllium and the distensibility
of the lung. This was the only evidence that lung
function abnormality might precede radiographic
abnormality. A decrease in lung compliance,
however, was not a consistent feature of
deterioration in cases studied clinically (paper in
preparation), the association was not apparent in the
follow-up study, and none of the men with a low
compliance subsequently developed the disease, thus
the finding was probably a chance association. By
contrast there were two cases with isolated
radiographic abnormality as well as four in whom
both the chest radiograph and the lung function were
abnormal. These and related observations suggest
that while the lung function may contribute to
diagnosis and management of suspected clinical cases
it is much less useful than radiography for routine
surveillance.
The evidence on beryllium hygiene conditions

relates to environmental concentrations of beryllium
oxide as no personal monitoring was carried out. The
dust measurements were reproducible, and we are
satisfied that every effort was made to see that they
were representative of conditions in the factory: they
were not directed to specific sources of dust
production.
The average environmental concentration of

beryllium, expressed as beryllium oxide, over the
study period was usually below and never exceeded
the AICGH threshold limit value (TLV). In some
localities the total concentration of particles was
higher due to the presence of dusts not containing
beryllium; in addition in some instances the actual
concentrations of oxide were considerably less than
those reported owing to the presence of other
constituents of beryllium ore. In the slip-casting bay,
however, the exposure was due entirely to beryllium
oxides, and of the 19 men who worked there
continuously, two developed the disease soon after
moving to other jobs. Thus the present TLV as
related to the geometric mean concentrations
obtained by static environmental sampling does not
protect fully against berylliosis. Use of the geometric
mean concentration minimises the contribution of the
occasional high exposure in favour of those that occur
most frequently, but this was probably not a source of
error since only two cases of acute berylliosis due to
high concentrations of beryllium occurred, and these
men, and others similarly exposed, did not develop
chronic beryllium disease over the period of the
study. The use of personal monitoring might have led
to a different result, but the readings would have
needed to be on average five times higher than those
actually recorded to produce an exposure above the

TLV, and for particles in the respirable range this
seems unlikely.
The present threshold limit was proposed at a time

when there was no direct evidence on which to base it;
in addition the techniques for control of the
environmental concentrations were relatively
unsophisticated and lower concentrations difficult to
achieve. Now there is both evidence and the means to
achieve lower concentrations of environmental
beryllium oxide so there is a strong case for the
threshold being reviewed. When this is done,
however, the criteria need to take into account the
factors that influence the initial development of the
disease. In particular it is desirable to know if there is
a dose-response relationship such as would provide a
definition of risk and permit choice as to what risk is
acceptable. The present results are ambiguous on this
point; for those up to 1963 there is no significant
relationship unless case 6 is included, but this is not
appropriate for the reasons given above. In addition
the dust figures are possibly slightly misleading to the
extent that not all the material identified
spectrographically as beryllium is in a biologically
active form. This limitation does not apply to the
slip-casting bay, but only 19 men had a pure
exposure. Cases 1 and 2 were among the top 25% of
exposures when this was estimated as integrated
dose, but not as total dose or months of exposure. If,
as seems intuitively likely, the former index is the
most appropriate then a relationship to dose is
probable though not proved.

Evidence from earlier studies on man as well as
animal experiments suggests a role for trigger factors;
these include pregnancy, withdrawal from
exposure'°0" and the performance of a beryllium
patch test. The latter two procedures could have been
precipitating factors in the present series. There is
also a possible role for individual susceptibility,
though the level of exposure at which it occurs and the
associated immunological traits are not known. More
information on the latter including immunological
studies now in progress might permit the prior
identification of those who are at special risk. In its
absence there is need to look more closely at the
unpublished evidence on dose-response relationships
and to suggest guidelines for a lower threshold;
however, at the present time what this should be can
only be established by guesswork.

We are greatly indebted to the management and
employees of the Consolidated Beryllium Co factory
at Milford Haven for their co-operation in the study
over many years, including in particular Mr P R
Evans who provided much of the information for the
indices of exposure and Mr E J Hannaford who
arranged time off for personnel to attend for
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assessment. Dr Harold Davies, HM Inspector of
Factories, introduced the problem to us, Dr H L
Hardy encouraged us to tackle it, and Dr Leighton
Davies, works medical officer, contributed whole-
heartedly and disinterestedly to its solution. We are
also indebted to colleagues at the Pneumoconiosis
Unit for their help including Mr W G Clarke, Miss S
Latham, Mr W P Audsley, Dr H Cockburn, Dr A T
Axford, Miss A Davies, Mrs C John, Mr M J
Saunders, Mrs C Bevan, Miss J M Dabbs, Dr P C
Elmes, Dr A E Cockcroft, Miss M Gregory, and
many others.

Part of the work was supported by a commission to
the Medical Research Council from the Department
of Employment.

Requests for reprints to: Dr J E Cotes, University
Department of Occupational Health, 21 Claremont Place,
Newcastle upon Tyne NE2 4AA.
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