








Lung function, atopy, specific hypersensitivity, and smoking of workers

higher FEVy loss for PT+ves than PT-ves. The
total number of PT+ves reverting to PT-ves are
too small for statistical comparison but the FEV,
loss is relatively similar to that of the other two main
groups.

EFFECT OF ATOPY
After the SDIA recommendations in 1969,9 no new
atopic employees (as defined) were placed in
enzyme detergent manufacturing areas, but this pol-
icy did not come into operation until two years after
enzyme production had started. Atopics with symp-
toms were removed, and so the number of atopics
was fewer than would be expected. There was no
difference in lung function between the groups.

In a population that includes subjects excluded
from the lung function analysis (because of
insufficient lung function data) the effects of atopy
and level of exposure on conversion to -skin test
positivity have been analysed; the results are shown
in table 4. A significantly higher percentage of atop-
ics (particularly in factory A where initial dust
exposure levels were high) became sensitised com-
pared with non-atopics, but the average time taken
to become postive was similar, except at Factory A,
where non-atopics took significantly longer to
become PT+. Between factories A, B, and C there
is a substantial difference in the overall time taken
to reach positivity, with Factory C workers being
sensitised in half the time taken at factories A and B.

In factory C significantly more subjects in the
maximum exposure areas converted to PT+ve, and
did so in a significantly shorter time. These trends
are also present in factory B atopics. There are,
however, anomalies between the maximum and
medium groupings in factories A and B. This may
result from the low enzyme dust levels from 1972
onwards which gave similar exposures to these
groups.

EFFECT OF SMOKING
Smokers were classified by the MRC questionnaire,
but in practice it was found that the most important
factor was whether an employee smoked or not dur-
ing the period covered by the lung function meas-
urements. Smokers have a greater FEV, loss than
non-smokers and the differences are statistically
significant for factory C (table 5).
At the three factories the smoking habits of 2714

subjects were known. The relative conversion rates
to skin test positivity to enzymes were determined
for the smokers and non-smokers and a higher per-
centage of smokers than non-smokers became skin
test positive to the enzyme.

EFFECT ON WORKERS WHO HAVE EXPERIENCED
RESPIRATORY HYPERSENSITIVITY (E CASES)
A total of 126 E cases was recognised and sufficient
lung function data were collected on 106; the results
of the statistical analyses are shown in table 6. In the
post 1972 analysis the loss of FEV, is not
significantly different from the results given in table
1. The base sizes, however, are small and it could be
argued, on the basis of the large error terms, that
workers with good FEV, were balancing workers
with poor FEV,. For this reason it became necessary
to investigate the individual rather than the group
average since the concern is for workers with a large
decrease in lung function.
The clinical data on the post 1972 group of 78

individuals have been carefully studied. None had
chest radiograph changes suggestive of lung disease
or damage due to their occupation and all appeared
to make a satisfactory clinical recovery from their
respiratory symptoms after their removal from
enzyme exposure. Forty seven are smokers and 23
non-smokers; six stopped smoking during the survey
period and the smoking habits of two are unknown.
Of the 27 subjects who had a substantially greater

Table 4 Effect ofatopicity and exposure levels on conversion to PT+ve

Exposure level Factory A Factory B Factory C

No % PT+ Avtime No % PT+ Av time No % PT+ Avtime
(years) (years) (years)

Non-atopics
Exposure level:
Maximum 80 18 6-3 118 24 2-8 503 29 1-5
Medium 111 23 3-6 65 14 1-9 405 3 3-0
Minimum 317 6 4-4 186 12 4 0 451 3 2-9

Totals 508 13 4-4 369 18 2-9 1359 13 1-7

Atopics
Exposure level:
Maximum 14 57 2-1 12 42 1-7 70 63 1-3
Medium 40 73 2-6 27 37 4-7 71 11 2-2
Minimum 78 22 3-8 51 16 3-0 114 8 2-9

Totals 132 43 3-0 90 26 2-9 255 24 1-7
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Table 5 Effect ofsmoking

FEVy change per year (mllyear)

Longitudinal analysis Lateral analysis

Post 1972

No FEV, SE No FEVI SE

Non-smokers
Factory A 257 -28 4 200 -48 3
Factory B 125 -34 5 129 -65 4
Factory C 202 -47 3 432 -48 1
Smokers
Factory A 353 -35 5 302 -50 3
Factory B 302 -43 4 352 -56 3
Factory C 444 -56 2 637 -51 1

fall in FEV, than their group average, 20 are smok- effects of urbanisation.'5 This study appears to
ers, six non-smokers, and the smoking habit of one confirm that average lung function is better in the
is unknown. In this group of 27 there are 16 who south east than in the north west of England.
experienced further respiratory symptoms (cough, Measurements of FEV, loss by other investigators
wheeze, tightness of chest). These include seven give values from 20 to 60 ml/year.'4 16-22 If the
who suffered bronchitis or asthma before exposure whole population at the three factories in this study
to enzymes. Those with further symptoms could be is combined, on the lateral survey a value of 51 ml/
related to episodes of bronchitis, contact with other year loss is obtained, on the longitudinal survey, 39
irritants (nail varnish, smoke, cold, some powders), ml/year.
and further accidental or at the time unrecognised There is no universally accepted standard for the
exposure to enzyme. Three subjects had no other change in FEV, with age for urban industrial popu-
apparent clinical cause than enzymes to associate lations. The subject has recently been reviewed by
with their loss of lung function. Glindmeyer, who compares the figures given in 16

different surveys, the FEV, change varying in these
Discussion from 23 to 36 ml/year loss.23 Examination of the

circumstances of these surveys shows several factors
In this study of the effect on lung function of work- that could give conflicting results-small survey
ing in the detergent industry those at the factory numbers, ill-defined populations, and ethnic differ-
located in south eastern England have significantly ences. These surveys were all cross sectional (lat-
better lung function values than those at the two eral).
factories in the industrial north on the longitudinal The survey groups that comprise populations
analysis and were numerically better in the lateral most nearly like that under discussion (men living in
analysis. This result supports other data. Within the industrialised areas of the United Kingdom and
United Kingdom the prevalence and mortality rates France) are those of Lowe2' and Kauffmann22
from chronic obstructive pulmonary disease tend to (neither was cited by Glindmeyer). Lowe studied
be higher in the north and west compared with the two groups of south Wales steelworkers, only men
south and east even when allowance is made for the with normal chests being admitted, and gives figures

Table 6 Effect on E cases

Total pre and post FEV, change per year (mllyear)
1972

Longitudinal analysis Lateral analysis

Post 1972

No FEV, SE No FEV, SE

E cases
Factory A 38 38 -25 13 36 -66 12
Factory B 26 21 -43 7 22 -69 14
Factory C 42 19 -38 12 32 -43 11
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of 41 ml and 42 ml for the loss in FEV1/year.
Kauffmann studied Parisian factory workers bet-
ween the ages of 30 to 54 and found the loss of
FEV, per year to be in the range of 44 to 60 ml. This
estimate was based on measurements made between
1960 and 1972 and this survey and the results are
closest to ours.
One explanation for the large differences between

our study and other surveys (except the very recent
study by Kauffmann) concerns the inclusion of
young men. Many cross sectional surveys include
men under 25 in the analysis of FEV1 against age
and height. Cotes states that the decline in male lung
function is not properly established until after the
age of 25.'4 We also find that men younger than 25
exhibit variable behaviour, usually a rise in FEV,
followed by a plateau before the final decline. The
inclusion of young men in the analysis will therefore
reduce the calculated FEVy loss. For example, in the
case of factory C the inclusion of 228 men younger
than 25 into the lateral analysis reduced the FEV,
loss from 50 ml to 45 ml/year, bringing the results
closer to Lowe, who includes men under 25.
The large differences between the results from the

lateral survey compared with the results from other
workers must also be viewed in the light of the
industry's experience in taking lung function meas-

urements over 11 years. The observations of sub-
jects' lung function have been made on regularly
calibrated Vitalographs and the testing procedures
are affected by many types of variation. Experience
has shown that obtaining consistent results is
difficult. Analysis of our early results indicated a

need for a standardised test procedure. This was

adopted throughout the industry and the effect has
been to reduce variation to the point where two
longitudinal analyses are appropriate, one covering
the early part of the data and the other the data
since 1972 (when the procedure became fully effec-
tive). The measurement error, with a standard
deviation of about 200 ml, will usually be higher
than the yearly change in FEV, that is being esti-
mated.
Careful quality control of the data is therefore

essential; this is particularly important for lateral
(cross sectional) surveys, where transient sources of
bias can have a pronounced effect on the calculated
results.
The possibility that the lung function of the surviv-

ing population at the factories could have been
affected by the normal turnover of workers was
investigated. The analyses of survivors versus leav-
ers show that leavers tended to have a better lung
function than survivors but the difference was small.
There was a significant number of workers with poor
lung function as a result of dust exposure among

those who left the industry.
The effect on lung function of the degree of

exposure to enzymes and sensitivity to enzymes as
determined by a positive result to the skin test shows
no adverse trends. In our study the lung function of
atopics is no different from non-atopics but a much
higher percentage of atopics became prick test posi-
tive to enzymes. The increased susceptibility of atop-
ics to the enzymes used in detergent powders would
be expected but this did not appear to have a
measurable effect on their lung function.
The large reduction in enzyme dust levels coin-

cided with a drop in the rate of conversion of those
atopics still exposed post 1969 to a percentage equi-
valent to the post 1969 non-atopics. The time taken
to become skin test positive to enzymes did not dif-
fer between atopics and non-atopics. With the low-
ering of enzyme dust levels through the 1970s, by
enzyme encapsulation, and better industrial hygiene
measures, the percentage rate of conversion to skin
test positive of newly employed non-atopics was
reduced significantly but, for those who became sen-
sitised, the time taken was still about the same.
These results are supported by conversion versus
exposure levels.
The adverse effect on sensitisation and lung func-

tion of smoking confirms the findings of other inves-
tigations.24 25 An FEV, loss of 50 to 100 ml/year has
been shown for smokers26 and a higher percentage
of smokers became skin test positive to the enzyme
than non-smokers.25
The lung function of the 20 E cases who are also

smokers has not returned to its expected level. It is
not possible to determine if the loss is caused by
enzymes or smoking. Smoking status could account
for their relative rate of loss and this could be due to
respiratory obstruction which does not (initially)
produce symptoms.27 Only three E cases (one at fac-
tory A and two at factory C) were identified whose
lung function had not returned to its previous level
for no other reason than enzymes.
The total percentage of E cases was 4-5% but this

slightly overestimates occupational asthma caused
by detergent enzymes. The percentage rates of
occupational asthma caused by other prescribed
allergenic agents28 were investigated. Published
reports give widely variable figures for the percen-
tage of the population affected by these industrial
allergens. Some well known allergens such as epoxy
resin curing agents and isocyanates appear to have
no well documented figures for the percentage of
workers affected. Other allergens with firm
documentation are those affecting flour and grain
handlers (43% of workers),29 animal laboratory
workers (14%),30 solder makers (22%),3' and
platinum workers (60%).32 Detergent enzyme
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appears a less potent allergen by comparison with
these other prescribed industrial allergens.
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