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Loss of pulmonary elastic recoil in workers formerly exposed to proteolytic enzyme (alcalase)
in the detergent industry. Sixty-seven workers in the detergent industry whose exposure
to proteolytic enzyme ceased in 1969 have been examined clinically and functionally. By com-
parison with 42 lightly and moderately exposed subjects, 13 heavily exposed subjects showed
significant loss of pulmonary elastic recoil as evidenced by increased lung volumes and
increased pulmonary compliance, but there were no differences in airways resistance or other
parameters of lung function. No difference was found between the two groups in relation to
symptoms on exposure, current exercise tolerance, skin reactivity to the proteolytic enzyme
alcalase, trypsin inhibitor capacity, and other features. An increased clinical grade of breath-
lessness was associated with evidence of airways obstruction, but not of altered elastic recoil.
Comparison of the data on lung mechanics with results obtained in 1970 suggests that partial
recovery of pulmonary elastic recoil may have occurred in some cases. It is also suggested
that diminished elastic recoil, in the absence of impairment of transfer factor at rest, may
reflect altered physical properties of the lung fibre network without loss of effective surface area
available for gas exchange.

A survey of 98 workers in the detergent industry in
1969 indicated the presence of asthmatic symptoms
in 50% of the workforce during periods of exposure
to the proteolytic enzyme alcalase derived from
B. subtilis, but tests of ventilatory capacity and
transfer factor in these employees showed no
evidence of loss of lung function (Mitchell and
Gandevia, 1971a). Subsequent bronchial challenge
tests with doses less than those likely to be en-
countered in a day's work confirmed the occurrence
of asthmatic symptoms in some subjects, with or
without manifest skin reactivity, and also revealed
a virtually asymptomatic pulmonary reaction
characterized by diffuse fine rales and interpreted as
occurring in small airways (Mitchell and Gandevia,
1971b). In 1970, detailed studies of lung mechanics
in 37 subjects, selected on the basis of degree of

exposure, demonstrated significant loss ofpulmonary
elastic recoil in the group classified as heavily
exposed by comparison with those lightly exposed
(Mitchell, 1976; Gandevia and Mitchell, 1973).

Alcalase has not been used in the detergent
industry in Australia since 1969. Re-investigation
of all available employees or ex-employees was
undertaken three years later as part of an agreement
made in 1969 between management and trade unions.

Subjects and methods
The present series comprises 67 subjects (60 men and
seven women). Of the 98 workers studied in 1969, all of
the 49 still employed at the factory agreed to re-investi-
gation. Attempts were made to contact all past em-
ployees; of 26 who could be located, 20 'replied and 18
consented to further studies. The inevitable selection is
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not epidemiologically ideal, but review of all the inform-
ation available, including the results of the three previous
studies, reveals no evidence of any bias in the subjects
accepting re-investigation which might influence the
interpretation of the present results.

Estimates made in 1969 of the severity of exposure
were available for 64 subjects. These assessments, which
took into account known place and type of work and the
environmental enzyme levels measured after some initial
improvement in dust control (Simson and Simpson,
1971), were as follows:

1. Heavily exposed: those subjects who had handled
the pure commercial enzyme in its original finely
divided dusty form, or who had worked in adjacent
areas known to have had high environmental levels.
2. Moderately exposed: those subjects heavily exposed
to the end product, in which the enzyme is diluted,
usually at the packeting machines or in the reclaiming
process.
3. Lightly exposed: those subjects lightly exposed only
to the final product, working usually on the packeting
machines or in the store.
Three subjects with little exposure and normal lung

function have been excluded from most comparisons
because data from the 1969 survey were not complete.
Answers to questions put in 1969 concerning respiratory

symptoms (nasal symptoms, cough, sputum, wheeze,
chest tightness, and shortness of breath) during or after
exposure to enzymes (Mitchell and Gandevia, 1971a)
were available for 52 subjects (46 men and six women)
and were grouped as follows:

1. Symptoms on minimal exposure-13 men, 1 woman
2. Symptoms on moderate exposure-7 men, 2 women
3. Symptoms on heavy exposure only-10 men
4. No symptoms on heavy exposure- 0 men, 2 women
5. No symptoms but no heavy exposure-6 men,

1 woman.
Employees were studied over a period of one week at

the factory site in a portable laboratory unit designed for
occupational surveys. Ex-employees were brought to the
hospital and studied in the same laboratory during the
next three months.

Questionnaire
All subjects answered a standard questionnaire on
respiratory symptoms. Subjects were considered to have
dyspnoea if they answered 'Yes' to the question 'Do you
get short of breath on exertion more easily than others
of your age?' None of the subjects answering in the
affirmative to the question 'Have you ever had asthma ?',
had asthma at the time of the study. Allergic rhinitis was
regarded as present when the answer 'Yes' was given to
'Do you get hay fever?' or 'Have you ever been told by
your doctor that there were polyps in your nose?'

All participants were questioned concerning smoking
habit. Non-smokers had never smoked cigarettes
regularly, ex-smokers had ceased smoking more than
three months before the study, and smokers were smoking
cigarettes regularly within three months of the survey.
No subject regularly smoked a pipe or cigars.

Physical examination
Auscultation of the lung bases was carried out and a
requested cough was graded loose (productive) or dry

(Hall and Gandevia, 1971). Rales were considered to be
present if discontinuous crackling sounds were heard,
whether or not they were transient on repeated deep
breaths; good agreement was found between two
observers although the results are analysed only in terms
of the findings of one (AWM).

Skin tests
As an index of atopic status, prick tests were carried out
to common allergens of known potency consisting of
grass pollens, house dust, Aspergillus, and cat and dog
hair (Commonwealth Serum Laboratories). A score was
given according to the total number of '+'s obtained for
the common allergens (alcalase excluded) using the
following grading:
- no palpable wheal
+ palpable wheal less than 2 mm in diameter
+ + palpable wheal between 2 and 4 mm in diameter
+ + + palpable wheal greater than 4mm in diameter.
Subjects were also classified as reactive on skin tests

if they had a + + or greater reaction to one or more of
the common allergens and as non-reactive if no reaction
of this size was obtained. Alcalase for prick testing was
prepared by adding 0 5 mg dry powdered enzyme supplied
by Lever Bros. to 0 5 ml water to produce a concentration
of 1 mg/ml (Pepys et al., 1969).

Respiratory function
Ventilatory capacity Forced expiratory volume in one
second (FEV1) was measured with the subject seated
using a 9-litre Collins spirometer. Values were corrected
to BTPS.

Single breath carbon monoxide diffusing capacity (transfer
factor) This was performed using the method of
Ogilvie et al. (1957), as modified by Cotes (1968). A
Resparameter Mark IV (P K Morgan) was used with a
washout volume of 700 ml, alveolar sample of 600 ml,
and a breath-holding time of 10 s. Gas analysis was by
gas chromatography. Inspired gas consisted of 5% neon,
0-4o% carbon monoxide, 21% oxygen, and the balance
nitrogen. Alveolar volume, transfer factor (DLCO), and
diffusion constant (Kco) were calculated (Cotes, 1968).

Lung volumes and flow-volume curves Inspiratory vital
capacity (VC) was that measured at the time of estimation
of diffusing capacity (corrected to BTPS). The functional
residual capacity (FRC), inspiratory capacity and flow-
volume curves were measured in a volume displacement
body plethysmograph (Emerson) as described by Mead
(1960). Mouth pressure was measured with a Statham
differential strain gauge (Model PM 131 TC) and box
volume with a Krogh spirometer corrected by a box
pressure signal for phase and amplitude distortion.
Flow-volume curves were recorded on a storage oscillo-
scope screen using a Fleisch pneumotachograph No. 4
connected to a Statham transducer PM 97. Flow was
later measured at 50% of total lung capacity (V max
50% TLC).

Pulmonary compliance Oesophageal pressure measure-
ments were made by the technique of Milic-Emili et al.
(1964a and b). Volume change was measured in the body
plethysmograph. In accordance with the technique of
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160 A. W. Musk andB. Gandevia

Finucane and Colebatch (1969), five separate static-
deflation volume-transpulmonary pressure curves were
performed on each subject. Each curve was recorded
directly on to the storage oscilloscope screen, photo-
graphed and subsequently measured, the points from the
five separate deflations being transferred on to a single
volume-pressure diagram. Pulmonary compliance (CL
stat) was taken at the slope of the curve over the litre
above functional residual capacity. The lung volume at
transpulmonary pressure of 10 cm H20 (VL 10 cm H20)
was read from the curve. Transpulmonary pressure at
TLC and transpulmonary pressure (relaxed) at TLC
were taken as the means of the three highest values for
these measurements. Static tidal compliance (CL stat
tidal) was measured by interruption during tidal breath-
ing, the volume-pressure points being similarly recorded
and analysed.

Pulmonary resistance (RL) This was measured during
tidal breathing using a method of electrical subtraction
(Mead and Whittenberger, 1953).
Of the 64 subjects (excluding the three with incomplete

1969 data) in whom measurements of ventilatory and
diffusing capacities were made, four subjects would not
enter the body plethysmograph, and in eight the oeso-
phageal balloon was not passed because the subject
refused or the attempt failed. In one subject the recordings
of oesophageal pressure were considered technically
unsatisfactory, For comparison of results between
exposure groups, lung volume results were therefore
available in 60 subjects and lung mechanics in 51.

Trypsin-inhibitor capacity
This was estimated using benzoyl-arginine-p-nitroanili
as substrate (Erlanger, Kokowsky, and Cohen, 1961) on
subjects as a group, with control sera from patients w:

known deficiency.

Chest radiographs
Standard posterior-anterior and lateral radiographs
62 subjects revealed no material abnormalities, and su

minor changes as were noted (for example, promine
bronchial walls) were unrelated to severity of exposure.

Results

No differences in the results of lung function tez
were found between the light and moderate exposu

groups in this or in the previous follow-up surv

(Mitchell, 1976; Gandevia and Mitchell, 1973), ai

on both occasions the mean values for those lighl
or moderately exposed fell within the normal rang

established in this laboratory. These two grou

have therefore been combined for comparison wi
the heavily exposed group.

Table 1 sets out the general characteristics of bo
exposure groups.

Clinical features
A history of asthma or vasomotor rhinitis occurri

with similar frequency in both exposure groul

TABLE 1
GENERAL CHARACTERISTICS

All subjects Male smokers

Characteristics Exposure Exposure

Light/moderate Heavy Light/moderate Heavy

Sex
male .. .. .. 42 16 31 9
female .. .. .. .. . . .. 6 3

Age (years) .. .. .. .. .. .. .. 38-2 433 392 40 9
(8-8) (9 0) (9.4) (7 8)

Height (cm) .. .. .. .. .. .. 171 2 174 9 173-2 173*9
(7'7) (3*7) (6 9) (4 0)

Smoking habit
non-smokers .. .. .. .. .. .. 8 1 -
ex-smokers .. .. .. .. .. .. 6 6
smokers .. .. .. .. .. .. 34 9 31 9

cigarettes per week .. .. .. .. .. 130 9 140 0 128-2 140*0
(72.9) (66-8) (72.9) (66*8)

packet-years .. .. .. .. .. 8364 9044 8614 9044
History of
asthma .. .. 9 3 6 0
vasomotor rhinitis .. .. .. .. .. 14 2 6 0
asthma and/or rhinitis .. .. .. .. 17 3 10 0

Dyspnoea
more short of breath than others of own age .. 17 7 10 3

Physical signs
loose cough on request .. .. .. .. .. 22 9 17 6
rAles on auscultation .. .. .. .. .. 23 10 17 4

Standard deviation of mean values in parentheses. Other figures indicate number of subjects
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The prevalence of dyspnoea, loose cough, and rales
was also similar.

Skin reactivity
The number of subjects with positive skin tests to
alcalase and other inhalants was not significantly
different in the two exposure groups (Table 2). In
the absence of further exposure, apparent changes
in skin reactivity had occurred in either direction in
8% of 46 subjects tested in 1969 and 1972.

Symptoms on exposure
No differences were found between the subjects
with or without a recorded history of symptoms on
occupational exposure in 1969, either in terms of
other clinical features or in relation to the results of
any of the lung function tests.

Current dyspnoea
A history of cough and sputum (P < 0-05), 'asthma'
(P < 0 05) and the presence of a loose cough on
request (P < 0 01) were significantly more frequent
in the 26 admitting to current dyspnoea than in the
41 subjects with normal exercise tolerance. Lung
function results for the men complaining ofdyspnoea
were significantly different from the men with a
presumably normal exercise tolerance in indices of
airways obstruction, namely FEV1, FEV1/VC(Y%),
V max 50% TLC, and RL (Table 3, in which the
results have been standardized for age and height).
No significant differences were demonstrable be-
tween these two symptom groups in relation to any
of the indices of pulmonary elastic recoil.

Lung function tests
The results of lung function tests are shown in
Table 4. Significantly higher values in the heavily
exposed group were found for TLC, CL stat, CL
stat tidal, and VL 10 cm H20. Transpulmonary
pressures at TLC were less in the heavily exposed
group but the differences were not significant. The
Figure shows the mean curves for the two groups.

Kco was lower, but not significantly so, in the
heavily exposed group, but this reflects a greater
alveolar volume in this group. Because of the
different mean ages and heights between the exposure
groups (Table 1) all results were standardized to the
average age and height of the series on the basis of a
linear regression derived from all the data for each
test (Snedcor and Cochran, 1967). Comparison
then revealed that the difference in TLC between the
groups was no longer statistically significant but the
other differences remained.
When non-smokers, ex-smokers, and women are

excluded comparison of standardized or unstan-
dardized data between exposure groups with similar
smoking habits confirms the changes found for the
unmodified groups. Total lung capacity again
emerged as significantly greater in the heavily
exposed group.

In both comparisons, FEV1, RL, and V max 50%
TLC are similar in the two exposure groups.

Comparison of 1969 and 1972 results
For those subjects who were included in the func-
tional studies in 1969 and 1972 there has been an
overall change in results (Table 5). Although the
mean changes are of greater magnitude in the
heavily exposed, they are significant only in the
lightly and moderately exposed for CL stat and lung
volume at transpulmonary pressure 10 cm H20.
The trend in both groups is consistent with an in-
crease in elastic recoil, in that there is a decrease in
TLC and in lung volume at a transpulmonary
pressure of 10 cm H20, a decrease in CL stat, and
an increase in transpulmonary pressure (relaxed) at
TLC. Analysis of results for individuals reflects a
similar internal consistency. Of the 21 subjects on
whom all these indices were available for both 1969
and 1972, nine (five lightly or moderately exposed
and four heavily exposed) showed the changes of
increased recoil and one (heavily exposed) showed
changes of decreased elastic recoil. The remaining
11 showed inconsistent but small changes.

ILE 2
SKIN REACTIVITY

All subjects Male smokers

Reactivity Exposure Exposure

Light/moderate Heavy Light/moderate Heavy

Alcalase skin test positive .. .. .. .. .. 25 13 19 8
Reactions to common allergens
oneormoreskin testsgraded++ or+++ .. 10 5 7 2

Skin test score* .. .. .. .. .. .. 25 0-88 0-78 1-48
(1 87) (1*41) (1*72) (1P88)

*Mean score with standard deviation in parentheses
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162 A. W. Musk and B. Gandevia

TABLE 3
CURRENT DYSPNOEA*

Test Dyspnoea No dyspnoea

FEV1 (litres) .. .. 2-85 ± 0-69t 3 40 + 0 59
(22) (38)

VC (litres) .. .. 4-33 083 4-57 ± 0-69
(22) (38)

FEV./VC (%) .. .. 66-4 ± 11-3t 73-7 ± 6-9
(22) (38)

Vmax 50% TLC .. 128 + 122 2-38 ± 1-11
(litre per s) (21) (36)

RL (cm H,O litre per s) 4-56 ± 3-53$ 2-28 ± 0-89
(16) (32)

DLco (ml/min per mmHg) 26-27 ± 4-98 27-42 ± 4-96
(22) (38)

CL stat (1/cm per H,O) 0-376 ± 0-166 0-352 ±: 0-116
(16) (32)

CL stat tidal .. .. 0-238 ± 0 094 0-235 ± 0-060
(1/cm per H,O) (16) (32)

Lung volume at trans-
pulmonary pressure 10
cm H,O (litres) .. .. 5-41 1-17 5-17 ± 0 74

(16) (32)
Transpulmonary pressure
(relaxed) at TLC (cm
HUO) .. .. .. 22-91 + 4-55 25*39 ± 5 90

(16) (32)
TLC (litres) .. .. 6-88 ± 1P06 6&55 + 0 73

(21) (36)

Male subjects only; age and height corrected data
Statistical significance of difference between groups:
t=P <0-005 $=P <0001

Trypsin-inhibitor capacity In three subjects (two
lightly or moderately exposed and one heavily
exposed) trypsin-inhibitor capacity was markedly
reduced but not absent. A further 10 subjects (six
lightly or moderately exposed and four heavily
exposed) showed an intermediate reduction in
activity. As a group the subjects with decreased
antitrypsin activity could not be distinguished from
those with normal activity either clinically or by
pulmonary function tests; one individual with inter-
mediate antitrypsin activity showed changes of
decreased pulmonary elastic recoil, but none of those
with markedly reduced activity.

Discussion
Compared with a group of lightly and moderately
exposed workers, subjects formerly heavily exposed
to alcalase show loss of pulmonary elastic recoil but
no differences in airway function or transfer factor.
The present findings in all available employees
therefore confirm results previously obtained in a
series of subjects selected specifically on the basis of
exposure (Gandevia and Mitchell, 1973). Neither
study reveals any indication that factors other than
severity of exposure (such as exposure, skin sen-

sitivity, respiratory symptoms and signs, or trypsin-
inhibitory capacity) are related to this altered
pattern of functional behaviour.
The heavily exposed workers could not be

differentiated from lightly or moderately exposed
workers on the basis of current symptoms of
dyspnoea on exertion, physical signs of a productive
cough or rales on auscultation of the chest, skin
reactivity to alcalase or common respiratory aller-
gens, or respiratory symptoms during the period of
exposure some years ago. Tests of ventilatory
capacity, diffusing capacity, and pulmonary resis-
tance also show no differences, indicating the failure
of these tests to reflect an alteration in elastic recoil
(Knudson et al., 1973). Weill, Wadell, and Ziskind
(1971) also found no differences between heavily and
lightly exposed subjects in these aspects of lung
function. The failure of symptoms on exposure to be
correlated with loss of pulmonary elastic recoil is
not unexpected, partly because symptomatic re-
actions are likely to reflect reactions in medium-
sized bronchi, and partly because virtually asymp-
tomatic acute reactions, occurring probably in small
airways, have been observed in the course of
provocation tests (Mitchell and Gandevia, 1971b)*
and during occupational exposure.

Loss of elastic recoil may be secondary to bron-
chial obstruction (Finucane and Colebatch, 1969;
Colebatch, Finucane, and Smith, 1973; Gelb et al.,
1973) but this is an unlikely explanation for the
present results. Subjects with loss of elastic recoil as
a result of bronchial disease have had severe and
persisting airway obstruction (Finucane and Cole-
batch, 1969) indicated by a reduction in FEV1, VC,
and airway conductance. None of our subjects had
airway obstruction of a severity comparable with
that found in some asthmatic subjects (Colebatch
et al., 1973) nor had they suffered clinical syndromes
of comparable severity in the past, except perhaps
in a few instances for short periods before they
stopped using enzymes in 1969. In any case, bron-
chial obstruction associated with increased TLC and
decreased transpulmonary pressure at TLC tends
to decrease rather than increase lung compliance as
a result of early exclusion of some lung units
(Finucane and Colebatch, 1969).
The volume-pressure characteristics of the lungs

in the group of workers heavily exposed to alcalase
deviate from the group moderately or lightly ex-
posed in the same direction as the abnormality
found in animals with papain-induced experimental
emphysema (Pushpakom et al., 1970; Caldwell,
1972) or inhuman subjects with structuralemphysema
(Finucane and Colebatch, 1969; Colebatch et al.,
1973). In experimental emphysema the steady-state

*We should like to stress that we do not advocate challenge
tests with active enzyme preparations
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TABLE 4
RESULTS OF RESPIRATORY FUNCTION TESTS

All subjects Male smokers

Test Exposure Exposure

Light/moderate Heavy Light/moderate Heavy

FEV, (litres) .. .. .. .. 3-16 + 0-87 3-24 0-76 3-25 ± 0-87 3-46 ± 0-76
(48) (16) (31) (9)

VC (litres) .. .. .. .. 4-34 ± 094 4-74 ± 0-80 445 090 4-98 ± 0-80
(48) (16) (31) (9)

V max 50% TLC (litre per s) .. 2-01 1-44 1-84 + 1-47 2 05 + 1-48 2-04 ± 1-51
(45) (15) (30) (9)

TLC (litres) .. .. .. .. 39 ± 0-87 7-26 + 1-41* 656 i 0-71 7 30 ± 099t
(45) (15) (30) (9)

DLco (ml/min per mmHg) .. .. 2691 ± 6-24 25 60 ± 5 09 26-88 + 4-94 26-64 + 4-88
(48) (16) (31) (9)

CL stat (1/cm per H0) .. .. 0-314 + 0-103 0 453 ± 0-179t 0-324 + 0 100 0 503 + 0-180O
(37) (14) (23) (9)

CL stat tidal (1/cm per H0) .. 0-215 ± 0-066 0-274 i 0-068* 0-213 + 0-060 0-278 ± 0-069t
(37) (14) (23) (9)

VL 10 cm H,O (litres) .. 4-89 + 0-88 588 ± 1-21t 5 03 + 0 75 6-01 + 0-96t
(37) (14) (23) (9)

Transpulmonary pressure at TLC .. 3458 ± 10 11 30-28 ± 8-54 35 76 + 8-78 31-00 ± 9-72
(cm H.0) (37) (14) (22) (9)

Transpulmonary pressure (relaxed) at
TLC (cm H,O) .. .. .. 2532 ± 6-83 22-44 ± 4-96 26-17 + 6-18 23-23 + 5 69

(37) (14) (23) (9)
RL (cm H,Q/litre per s) .. 2-73 ± 3-15 3-82 ± 3-15 2-68 + 2-10 3-37 ± 1-69

(36) (14) (23) (9)

Mean values + 1 standard deviation. Unstandardized results. Figures in parentheses indicate number of subjects.
Statistical significance between groups: *P < 0-01 tP < 0 05 tP < 0-005
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FIGURE. Mean static deflation volume-pressure curves
from total lung capcity to residual volume in nine subjects
heavily exposed to alcalase and 31 lightly and moder-
ately exposed (men only, non-smokers and ex-smokers
excluded). Interrupted curve indicates normal curve for
10 subjects (Colebatch et al., 1973). Horizontal lines show
the standard error of the mean for each transpulmonary
pressure measurement and vertical line the standard
error of the mean for lung volume at transpulmonary
pressure of 10 cm H20.

TABLE 5
COMPARISON OF 1970 AND 1972 RESULTS

Test Light/moderate
exposure

Heavy
exposure

FEV, (litres) .. .. -0-14 + 0 52 -0-29 + 0-69
(22) (11)

VC (litres) .. .. -040 ± 0 62 -0-55 + 048
(22) (1 1)

Static deflation compliance -0 079 ± -0-158 +
(1/cm H,O) 0-1 14t 0 273

(17) (10)
Transpulmonary pressure +3-74 + 5-16 +3 07 ± 4-28

(relaxed) at TLC .. (15) (9)
(cm H0)

Lung volume at transpul-
monary pressure 10 cm
H,O (litres) .. .. -0-55 + 0 90t -0 80 + 0 92

(17) (10)
TLC (litres) .. .. -032 ± 0 80 -0 48 + 1-24

(21) (11)

*Mean differences between 1969 and 1972 results + 1 stan-
dard deviation.
Numbers in parentheses are number of subjects tested
tStatistical significance of change between 1970 and 1972 in
direction of increased elastic recoil (single-tailed Student's
t test) P < 0 05
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carbon monoxide diffusing capacity is decreased
.(Pushpakom et al., 1970) and in human subjects
with emphysema the single breath carbon monoxide
diffusing capacity is diminished (Ogilvie et al., 1957;
Gelb et al., 1973; Bates, 1958; Bedell and Ostiguy,
1967). In this investigation the transfer factor of the
lung was the same in the lightly or moderately
exposed and in the heavily exposed, but the differ-
ences in elastic recoil measurements between the two
groups are not of the same magnitude as those found
between clinical emphysema andnormality(Finucane
and Colebatch, 1969). It is thus unlikely that in our
cases there is widespread destruction of alveolar
septa with loss of pulmonary capillaries, but the
fibre network may still have been affected; focal
emphysema may be produced experimentally by
alcalase (Goldring et al., 1972). This may serve as a
possible explanation for our finding, if it is accepted
that measurement of transfer factor at rest may not
be sufficiently sensitive to reflect relatively small
changes in effective surface area; a current project
is directed towards the study of this problem.
Gandevia and Mitchell (1973) found evidence in

two subjects heavily exposed to alcalase of progres-
sive loss of elastic recoil between 1969 and 1970,
after exposure had ceased. A third subject showed
no change after a period of months. Except in one
subject, the present investigation does not provide
evidence for further loss of pulmonary elastic recoil
after enzyme exposure had ceased. Systematic
variations between the 1969 and 1972 results may
have occurred from the use of the nitrogen washout
technique for the estimation ofFRC in 1969, and the
use of different equipment and personnel. These
factors will not account for the observed increase in
elastic recoil because internally consistent changes
were found in two independent measurements
(volume and pressure), and because the magnitude
of the change would require inconceivably large
systematic errors in calibration, beyond the recorded
day-to-day calibration variations. Furthermore, the
plethysmographic method of deriving TLC is likely
to give a result larger than the nitrogen washout
method (Tierney and Nadel, 1962), the reverse of the
observed change between the two studies. The
evidence is therefore against a progressive loss of
elastic recoil in the two and a half years since last
exposure to proteolytic enzymes, and more sugges-
tive of its restoration, although individual cases may
deteriorate. No clinical or functional evidence to
suggest interstitial disease has emerged from this
study or from the initial survey (Gandevia and
Mitchell, 1973).
The observed loss of elastic recoil in the heavily

exposed group cannot be responsible for limitation
of exercise tolerance, and the symptom of undue
breathlessness on exertion was in fact described
with equal frequency in both exposure groups. On

the other hand, this symptom was significantly
associated with clinical and functional evidence of
disordered airway function. In the present context,
the clinical and medico-legal importance of dimin-
ished elastic recoil may lie not so much in the
possible development of advanced (clinical) emphy-
sema as in its facilitation of the effect of a broncho-
constrictor agent. In cases of asthma, initiated by
occupational exposure to alcalase, confirmed by
skin and bronchial sensitivity tests, and recurring
after cessation of exposure, this mechanism may be
contributory.
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Dr V. Kalyanasundaram, Mr P. Owen, and Mrs R.
Tester for their assistance in conducting the survey, and
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