
British Journal of Industrial Medicine 1991;48:221-228

The characteristics of respiratory ill health of wool
textile workers

R G Love, M Muirhead, H P R Collins, C A Soutar

Abstract
The relations of lung function and chest
radiographic appearances with exposure to
inspirable dust were examined in 634 workers
in five wool textile mills in west Yorkshire,
randomly selected to represent fully the range
of current exposures to wool mill dust. Most of
these workers could be categorised into three
large sex and ethnic groups; European men,
Asian men, and Asian women. Exposures to
inspirable dust had been measured at a
previous survey and time spent in current job,
and in the industry were used as surrogates for
lifetime cumulative exposures. Chest radio-
graphs were interpreted on the International
Labour Office (ILO) scale by three medically
qualified readers, and the results combined.
Profusions of small opacities of 0/1 on the ILO
scale, or greater, were present in only 6% ofthe
population, and were not positively associated
with current exposure to wool mill dust, or
duration of exposure. In general, statistically
significant relations between exposure and
lung function indices were not found, with the
exception of an inverse relation between the
forced expiratory volumelforced vital
capacity ratio and dust concentration in
European women. A suggestive but not statis-
tically significant inverse relation between
FVC and current dust concentration was seen
in Asian men. Substantial differences were
found between mills in mean values of lung
function variables after adjustment for other
factors but these were not apparently related
to the differences in dust concentrations be-
tween these mills. Dyeworkers and wool
scourers (mostly European men in relatively
dust free jobs) on average experienced an FEV,
251 ml lower than other workers when age,
height, smoking habits, and occupational fac-
tors had been taken into account. Twenty four

per cent of the workforce responded to
intracutaneous application of one or more
common allergens (weal diameter at least 4
mm), only 12 (7 9%) of these responding to
wool extracts. Atopic subjects did not appear to
have an increased susceptibility to the effects
ofinspirable wool dust on lung function. These
studies suggest that exposure to wool mill dust
may cause functional impairment in some
workers but there is little indication from these
data of frequent or severe dust related func-
tional deficits. More detailed estimates of
cumulative dust exposure by reconstruction of
exposure histories might clarify associations
between exposure to dust and lung function.
The chest radiographic findings provide no
evidence that exposure to wool mill dust is
related to lung fibrosis.

Previous studies of wool textile workers reported by
ourselves' and by others2' have indicated that
respiratory symptoms are more prevalent in those
workers exposed to airborne wool dust than in those
who are not. Only Zuskin et al6 and more recently
Ozesmi et a17 have reported the results of lung
function tests in wool textile workers. Zuskin et al
noted that Vm=,.50 (an indicator of airflow obstruction)
fell significantly among carders and spinners during
a work shift and also that those with more than 10
years of exposure had a significantly lower preshift
Vn,50. A study of Turkish carpet weavers showed
that reduction in maximum mid-expiratory flow
(MMF, another similar indicator) was significantly
related to the number ofyears of exposure7 but it was
not clear whether allowance had been made for age.
Also, these workers found that MMF was reduced
compared with a control group after four hours of
work on Monday but not on Tuesday. The presence
of high airborne dust concentrations and bacterial
endotoxin contamination of the dusts led these
authors to conclude that a byssinotic condition,
indistinguishable from that found in cotton workers,
was present.
Our study of west Yorkshire wool textile workers8

showed that high exposures existed (greater than 10
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mg m3 inspirable dust, some much greater) in some
jobs in the industry and that frequencies of symp-
toms of chronic bronchitis, wheeze, breathlessness,
rhinitis, and conjunctivitis were associated with
current exposure.
We have now carried out a cross sectional

epidemiological study to determine the relations
between lung functional and chest radiographic
abnormalities and exposure to wool textile mill dusts
and to ascertain the relation of atopy with dust
concentration, job characteristics, symptoms, and
abnormality of lung function.

Methods
The effects of wool dust on lung function and
radiographs have been examined in a sample of the
2151 workers from 15 mills studied previously.' Five
mills were selected because some of the occupational
groups represented in them were associated with
average exposures to inspirable dust which were at
the higher end of the range.
Four of the five selected mills were carpet yarn

mills (Nos 11, 13, 14, and 15) and the other (No 4)
produced worsted "tops" (balls of combed wool). At
the previous survey 103, 292, 230, 222, and 257
employees respectively had taken part at these mills.
A study group of 748 subjects was selected by
stratified random sampling; about half from the high
exposure occupational groups and half from other
occupational groups. Eighty three, 151, 213, 102, and
199 employees in these groups were invited to
participate at mills 1, 13, 14, 15, and 4 respectively.
The following measurements were carried out in

two mobile laboratories sited at each mill: (1) full
size chest x ray film; (2) skin prick tests using
common allergens and wool extracts; (3) lung func-
tion including forced expiratory manoeuvres and
carbon monoxide single breath transfer factor. Most
staff were seen during normal working hours (9.00
am-5.00 pm) and permanent night shift workers
during the early part of their shift (7.00 pm-mid-
night). Personal information included name, date of
birth, occupation, and smoking habit.

LUNG FUNCTION TESTS
Spirometry
Three technically satisfactory forced expiratory
manoeuvres were performed, if possible, by each
subject into a Morgan M8 dry rolling seal spirometer
(PK Morgan, Chatham). The volume signal was
passed through a flow volume differentiator and
the volume and flow signals were displayed in real
time on a fast response XY recorder (Rikadenki
RW 201-T) and through a microprocessor to allow
selected indices to be calculated and printed out
immediately. Forced expiratory volume in one
second (FEVI) and forced vital capacity (FVC) were

recorded. Peak expiratory flow (PEF), maximum
expiratory flow at 50% and 25% of remaining vital
capacity (Vm,50 and Vm,25), forced expiratory time,
and mean transit time were also recorded in this way,
but were not reported in this study. The FEV,/FVC
ratio was derived subsequently. Up to six attempts
were allowed in which to achieve three acceptable
forced expiratory manoeuvres. If only one or two
attempts were satisfactory, these were recorded. The
best flow volume curve was selected for analysis on
the basis of technical correctness, a clearly maximum
effort (peaked not rounded peak flow point), largest
FVC, and largest FEV1 if more than one curve had
the same maximum FVC.

Transfer factor
Duplicate measurements (three ifnecessary) ofsingle
breath carbon monoxide transfer factor were made
using an automated spirometer system (Morgan
TTB) according to the method of Meade et al.9
The average of two technically satisfactory efforts
was used for analysis of transfer factor (TLCO),
alveolar volume (VA) and the transfer coefficient
Kco = TLCO/VA. Height and weight were also
recorded in a standard manner.

CHEST RADIOGRAPHY
Full size postero-anterior radiographs were taken
and any abnormalities reported. Subsequently these
films were batched randomly into four groups and
read for epidemiological purposes by three doctors
(courtesy of British Coal Radiological Services) and
five non-medically qualified members of a trained
film reading panel.'0 Each reader classified the
films according to the International Labour Office
classification ofradiographs ofpneumoconiosis" and
noted any other abnormalities. Results based on the
doctors' classifications only are reported here. A
combined score of profusion of small opacities was
used to classify each radiograph, based on the mode
of the readings of the medical panel (classified as
either "0/0" or "0/1 or greater"). Small opacities
were classified as rounded or irregular according to
that reader's opinion of predominant shape. A
majority verdict was used to give a combined clas-
sification of rounded or irregular small opacities,
which were classified as ambiguous in shape if, for
example, one reader recorded rounded, another
irregular, and the third 0/0 profusion.

SKIN PRICK TESTS
Intracutaneous prick test solutions to common aller-
gens (house dust, house dust mite (D pteronyssinus),
grass pollens, sheep wool (untreated) and white wool
(treated) as well as a control solution) were obtained
from Bencard. A drop of each (coded) solution was
applied to the flexor surface of the forearm in a
predetermined order by one person in one
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laboratory. A disposable sterile HMB Allergogen
needle (HMB Medical Concepts Ltd) was pressed
through each drop onto the skin and excess solution
was removed. After 15 minutes the weal diameter (if
present) was measured by a second operator "blind"
in the other laboratory to the nearest millimetre by
means of a special gauge (Bencard) and recorded.
Atopy was defined as the presence of a weal to any

allergenic solution of4mm or greater in diameter, as
long as the control solution did not produce a weal of
1 mm or greater. No reactions to any solution or
reactions to all solutions including the control were
classified as negative.

DUST EXPOSURES
Dust sampling methods have been described in detail
elsewhere.8 Briefly, personal inspirable dust
samplers were worn by representative workers of
different processes within each mill for several hours
during a shift, until sufficient samples had been
collected to characterise the current dust concentra-
tions experienced by the workforce of each mill.
Detailed occupational histories were also obtained
from all workers. Jobs in each mill, where similar
dust concentrations and processes occurred, were
combined to form 16 occupational groups, to which
average inspirable concentrations were assigned,
based on the measurements made at the mill con-
cerned. These represented current exposure to
inspirable dust. Because it was considered unrealistic
to estimate employees' lifetime cumulative dust
exposures without further investigations, cumulative
exposure to dust in the current job only was explored
as a further index of exposure (most workers had
spent their time in the industry in either the current
or the current plus one other job).

DATA ANALYSIS
Cross tabulations were constructed to examine the
level of agreement within and between the medical
and the non-medical panels in the classification of
chest radiographs; the prevalence of small opacities
according to independent factors, such as age, smok-
ing habit, mill, etc, was also examined using cross
tabulations. Graphs and tables were used to display
any apparent relation between indices of lung
function and occupational and non-occupational
factors. The BMDP package"2 was used for formal
investigation of these relations using standard
multiple regression methods. Factors were generally
entered in the order: age, height, weight, smoking,
age-smoking interaction, mill, and log dust concen-
tration and were included irrespective of statistical
significance. Numbers of hours worked a week, time
in the industry, and cumulative exposure to dust in
the current job were also investigated where
appropriate.

Results
CHARACTERISTICS OF THE STUDY POPULATION
Six hundred and thirty four subjects attended for
survey, representing 89% ofthose sampled who were
still employed at the mill at the time of survey. Thirty
refused to take part and the remainder were ill or
otherwise unavailable. Language and technical dif-
ficulties with the lung function tests reduced the
numbers with complete data. Six hundred and
twenty six had chest radiographs taken. Eight of the
women were either thought to be pregnant, or had
had a recent (chest) radiograph and did not have
radiographs taken.
The average age of those examined was 41-6 years,

75 4% were men and 24-6% were women; 68-0%
were European, 28 5% were ofAsian and 3-5% were
of West Indian origin. Overall 52 1% were current
smokers, 31 4% non-smokers, and 16 6% ex-smok-
ers. Figure 1 shows the distribution ofinspirable dust
concentrations to which these workers were exposed.
The European women tended to be exposed to dust
concentrations at either the low or the high parts of
the range but this was not sufficiently pronounced for
separate high and low exposure groups to be formed
for analysis.

CHEST RADIOGRAPHIC ABNORMALITIES
The radiographs of 626 men and women were
classified. Most films were classified by each
reader as category 0/0, the proportion of radiographs
classified by different readers as showing category
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Figure 2 Percentages offilms classified as category 0/1 +
and category 1/1 + (majority score verdict) in relation to
dust concentration in present job.

0/1 or more ranging from 5% to 11 %. The readers
classified 2 2%, 3 0% and 1 1% of the films as

category 1 / 1 or more. Agreement on the 12 point ILO
scale between pairs of medical readers ranged from
87% to 91%, reflecting the high proportion of films
classified as category 0/0 by each reader.

Prevalence of small opacities (based on majority
readings) was greater in older than in younger

workers, greater in men (7-4% with category 0/1 or

greater) than in women (1 -3%), greater in Europeans
(7 3%) than in Asians (2 8%), and greater in smokers
(9%) than in non-smokers (1-5%). Although the

prevalence of category 0/1 or greater at the mills
ranged from 4 to 13% for these readers, these
differences did not correspond to average differences
in dust concentrations between mills. No obvious
relation was seen between prevalence of small
opacities category 0/1 or more and dust concentra-
tion or time worked in current job or with time in
industry. If anything, an inverse relation was

apparent with dust concentration (fig 2). An apparent
inverse relation was also seen for workers with
category 1/1 or more.
The shape of small opacities (rounded or irregular

according to the ILO classification") was also asses-

sed by the readers. Small irregular opacities (SIO)
were more commonly seen (19 cases) than small
rounded opacities (8 cases), 10 being ambiguous. No
strongly suggestive relations with other factors were
found, including cumulative exposure to dust in the
current job.

LUNG FUNCTION
The lung function of 610 people was investigated in
three major subgroups, 286 European men, 145
European women, and 179 Asian men. Only 24 were
not included in these subgroups. These were two
Asian women and 22 men and women ofWest Indian
origin. As these groups are too small for detailed
analysis, their data are not further described. Data
from 19 Asian men were missing for one or more

Table 1 Mean anthropometric and occupational data for main population subgroups (SD in parentheses)

Mill No Smoking group

4 11 13 14 15 All Non Current Ex

European men:
No in group 90 22 62 72 40 286 62 165 59
Age (y) 46-3 (14 3) 39-2 (14-7) 43-5 (12-0) 40 4 (12 5) 44-3 (11-5) 43-4 (13 2) 38-7 (12 5) 43-1(13-5) 49-0 (11-0)
Height (cm) 172-2 (6-8) 173-3 (6-5) 171-9 (6 2) 173-0 (6 5) 172-7 (7-6) 172-5 (6-6) 174-3 (6 5) 172-2 (6 8) 171-3 (6-0)
Weight (kg) 76-4 (10-3) 74-5 (10-9) 75-8 (12-1) 76-0 (12-0) 73-8 (10-7) 75-6 (11-2) 76-8 (10-8) 75-5 (11-2) 77-7 (11-3)
Dust conc (mg m-3) 5-8* 1-2 1-5 0-7 2-5 2-0 2-2 2-0 19
Duration of working
week (h) 59-6(11-6) 44-1 (8-1) 57-7 (89) 48-2 (6-1) 54-7 (54) 54-5(10-3) 54-6(10-7) 544 (10-2) 54-4(10-3)

European women:
No in group 11 20 49 60 5 145 52 72 21
Age (y) 48-0 (8 4) 34-2 (9-5) 41-2 (9-5) 38-7 (10-1) 42-4 (7:9) 39-8 (10-1) 39-7 (10-6) 39-4 (10-1) 41-2 (8-8)
Height (cm) 162-1 (7-1) 163-2 (5 8) 158-4 (5 6) 160-8 (6-6) 164-4 (3-4) 160-5 (6 3) 160-5 (5 9) 160-4 (6-9) 161-0 (5-7)
Weight (kg) 66-5 (8-0) 64-6 (12-2) 63-4 (14-9) 63-8 (9-3) 63-2 (4-0) 63-9 (11-6) 67-0 (12-0) 61-8 (11-2) 63-5 (11-2)
Dust conc (mg mi') 3-4 23-3 7-1 3-2 0-7 5-2 2-7 8-6 4-9
Duration of working
week (h) 39-9 (11-3) 35-8 (4 6) 40-0 (10-9) 40 5 (5-9) 39-2 (8-6) 39-2 (8 4) 39-1 (8 7) 39-6 (8-2) 41-0 (8 4)

Asian men:
No in group 60 16 12 49 42 179 72 84 23
Age(y) 41-6(11-5) 33-5 (96) 41-1 (88) 40-0(10-3) 41-0(10-2) 40-3(10-7) 38-1 (99) 40-2(10-4) 47-4(11-5)
Height (cm) 170-7 (6-2) 167-5 (3 3) 172-2 (7-4) 171-2 (6-0) 169-5 (6-8) 170-3 (6-2) 170-0 (6 3) 171-6 (5 4) 167-1 (7 5)
Weight (kg) 71-5 (11-0) 65-0 (8-8) 74-5 (12-0) 70-7 (10-3) 69-9 (9 7) 70 5 (10-5) 71-8 (9-4) 69-5 (11-4) 69-9 (10-1)
Dust conc (mg m-3) 7-1 1-3 2-0 0-6 0 9 1-8 1-8 1-9 1-3
Duration of working
week (h) 72-2 (7-4) 46-4 (2-4) 61-5 (6-7) 51-1 (5-6) 60-0 (7 2) 60 6 (11-4) 60 0 (12-0) 60-8 (11-2) 61-3 (10-5)

*Dust concentrations are geometric means.
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Table 2 Coefficients from regression equations of indices of lungfunction

Interceptsfor smoking groups Age slopesfor smoking groups MillNo
Index of Height Weight Loglungfunction Non Current Ex Non Current Ex (cm) (kg) 11 13 14 15 dust conc

European men:
FEV, (1) -1-975 -2 012 -2-026 -0.039* -0-043 -0-042 0-041* 0005 -0-056 0-050 -0-096 0-184 0-008FVC (1) -5-661 -5-299 -5 152 -0-026* -0 034 -0-036 0-066* 0-002 -0-164 -0-036 -0 165 0 209 0 004FEV,/FVC
(%) 118-284 115-313 112-789 -0-372* -0-433 -0-344 -0-177 0-071 1-359 2-287 1-453 1-323 0-102TLCO(ml min7'
mm Hg-') 7-626 7-317 13-820 -0-200* -0-291* -0-335 -0164* 0-086* 1-085 0-574 -0 598 -0 301 -0 075

European women:
FEV, (1) -0-106 0-103 0-185 -0-024* -0.033* -0 019 0-026* -0{001 -0.392* -0 150 -0.278* -0 117 -0-011FVC (1) -2-766 -2-237 -2 904 -0-016* -0-031 -0-040 0-046* -0-006 -0-394 0-009 -0-139 -0-082 0-022FEV,/FVC
(%) 135-665 130803 148-267 -0-331* -0-285 -0-654 -0-273* 0-115 -2-754 -4.914* -5043* -1 786 -0-784*TLcO(ml minf'
mm Hg-') 3-830 5-186 5-626 -0-078 -0-203* -0-163 -0-121* -0-082* 1 086 0 555 0-699 -2-284 0-124

Asian men:
FEV, (1) -2-645 -1 919 -1-738 -0-010 -0-031* -0-036* 0.037* -0 001 0-128 -0-022 -0-071 -0-050 -0 062FVC (1) -5-325 -4-732 -4-980 -0 007 -0-024* -0-020 0.058* -0-004 0-137 0-140 -0 279 -0 131 -0 091FEV,/FVC
(%) 218-820 128-297 139-801 -0-111 -0-284 -0-542* -0-263* 0-064 1*025 2-426 4-457 4-503 0-333TLco(ml min'
mmHg-') -5405 -3-925 -5-630 -0-078 -0-174 -0-102 0-172* 0-173* -1-197 -2-394 -1663 -2461 0-693

*t > 2-0 (p < 0-05). Age slopes for current and ex-smokers are indicated * if they differ significantly from those for non-smokers. Coefficients for mills are
indicated * when they are significantly different from mill 4 but when they differ significantly from one another this is indicated in the text.To calculatelung function values for an individual worker, for example, FEV,/FVC ratio of a non-smoking European woman from mill 4, aged 40, 160cm tall, and exposed to 25 mg/m-' dust, FEV,/FVC = 135-665 -(0-331 x 40)- (0-273 x 160)- (0 784 x log, 25)= 76-2%. For workers in other categories(sex, smoking, and mill) the appropriate coefficient should be applied including the mill coefficiebt (mill 4 is zero).

spirometric indices, mainly because of language
difficulties, and a further 331 men have been
excluded from analyses of TLCO for similar reasons.
Table 1 gives details of anthropometric and other

data according to mill and smoking habit. Few
women and Asian men (less than 20 subjects) worked
at some mills. Considerable differences occurred
between groups in the average number of hours
worked each week and in mean dust concentration at
each mill, reflecting an association between sex,
ethnic origin, and occupation. Some jobs associated
with high dust concentrations are carried out almost
exclusively either by men or by women. On average
women worked fewer hours each week than the men
and Asian men overall worked six hours a week
longer than European men.
By contrast with the other subgroups female

smokers experienced much higher dust concentra-
tions (8-6 mg m-3 on average) than female non-
smokers (2-7 mg m-'). This strong association be-
tween smoking habit and dust concentration makes it
difficult to distinguish any effects of dust from those
ofsmoking in this subgroup. Dust concentrations for
Asian men were on average similar to those of
European men at each mill but concentrations at
mills 11 and 13 showed particularly large differences
between men and women.
The average values for lung function are close to

predicted normal values'3 (not shown). No major
differences were found between mills but female

smokers tended to have lower FEV,, FEVJ/FVC
ratio, and TLCO than non-smokers and Asian ex-
smokers had lower FEV, and FVC than the other
smoking groups, probably because ofgreater age and
shorter stature (table 1).
The results of a stepwise regression analysis of

lung function from each subgroup are presented
briefly here, and are available in greater detail
elsewhere.'4 After allowing for age, height, and
weight, smokers tended to show greater losses oflung
function with age, although this was statistically
significant only for Asian men (table 2). Differences
in lung function between mills were apparent after
adjusting for other factors, although these did not
correspond to differences between mills in average
dust concentrations.

After allowing for these factors, FEVI/FVC ratio
among European women was found to be inversely
related to dust concentration in current job. The
estimated effect on the logarithmic scale predicted an
FEVI/FVC ratio of 78-7% in a 40 year old non-
smoking woman 160 cm tall and not exposed to dust
at mill 4, a ratio of76-9% in a similar woman exposed
to 10 mg/m' inspirable dust, and a ratio of76-2% in a
woman exposed to 25 mg/m' of inspirable dust (15%
of the workforce experienced exposures higher than
this). Table 3 describes the associated losses more
fully. The FEV, of these women was negatively
related to dust concentration (estimates of FEV,
corresponding to the examples above are 3 094 1,
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Table 3 Estimated loss ofFEV,/FVC ratio* in European
women associated with exposure to selected inspirable dust
concentrations (logarithmic relation)

Dust concentration (nmg m'3)

1 5 10 20 25 50

Loss of
FEV,/FVC(%) 0 1 26 1-81 2-35 2-52 3 07

*Relative to someone exposed to a dust concentration of 1 mg m-'.

3 069 1, and 3 059 1 respectively), but this relation
could easily have arisen by chance; FVC and TLCO
were positively related to dust concentration but the
relation was not statistically significant.

In other groups, lung function was not related to
dust concentration at the conventional 5% level of
statistical significance, and the coefficients were

often positive. A negative association between FVC
in Asian men and logarithmic dust concentration was
statistically significant at the 10% level. This
estimated effect predicted an FVC of 3-675 1 in a 40
year old non-smoking man 170 cm tall not exposed to
dust at mill 4 and FVCs of 3-465 1 and 3 382 1 in a
similar man exposed to 10 and 25 mgm3 ofinspirable
dust respectively. No clear evidence was found that
effects of dust were more or less pronounced in
younger compared with older subjects. In European
men FEV, and FEVI/FVC were associated with only
one occupational factor, number ofhours worked per
week, increasing by 9 ml and 0 23% per hour
worked. No associations were found between lung
function and cumulative dust exposure in current
job.

LUNG FUNCTION IN SPECIAL GROUPS

Wool textile workers with abnormal lungfunction
Data on FEV, from the three principal subgroups
were used to define the predicted values adjusted for
age and height for the members of the subgroup. We
have selected those subjects whose lung function was

two or more standard deviations below predicted
values and have compared them with the rest of the
population (table 4). In European men and women
these unusual subjects tended to be older and dust
concentration in current jobs also tended to be lower
than other subjects. These unusual subjects had
worked similar or slightly longer times in their
current jobs than others. Unusual Asian men showed
the inverse relation being younger, experiencing
greater dust concentrations, and having spent less
time in current job. No clear conclusions could be
drawn about the relations between work and unusual
lung function.

Overall nine out of 19 (47%) with unusual FEV,
were current smokers, a slightly lower proportion
than within the normal group (53%). Eight out ofthe
18 abnormal subjects (44%) who had skin prick tests
were atopic compared with only 23% of the remain-
der. The unusual group worked in only three of the
mills, nine at mill 4, and five each at mills 13 and 14,
but were distributed evenly between different
occupational groups.

Dyers and scourers

During the course of the analysis of respiratory
symptoms in wool textile workers reported
previously' it was apparent that the occupational
group (consisting of mostly European men) in the
essentially wet processes of dyeing and scouring,
experienced an increased risk of taking time off work
because of chest illnesses. The unadjusted lung
function measurements indicated that an unusually
high proportion of this group had lower than expec-
ted FEVI when judged by conventional clinical
standards.
We therefore investigated further this

occupational group, who were exposed to dust con-
centrations not greater than 4-4 mg mn'. Thirty one
workers (28 European men, one European woman,
two Asian men) in the group had attended for survey;
we have examined the possible effect of working in

Table 4 Characteristics (mean (SEM)) of 19 men and women whQse FEV, was more than two residual standard deviations
below the predicted normalfor their group (unusual). Characteristics for the rest of the population are also shown (others)

European men European women Asian men

Unusual Others Unusual Others Unusual Others

No 9 277 5 140 5 174
Smokers (%) 67 57 40 50 20 48
Age (y) 49 7 (5-1) 43 2 (0 8) 48.3 (3-7) 39-5 (0 9) 34-8 (2-1) 40 4 (0-8)
Height (cm) 174 8 (2-5) 172.4 (0 4) 160 0 (5 3) 160 5 (0 5) 171 6 (1 6) 170 3 (0 5)
Weight (kg) 81 1 (4-9) 75 5 (0-7) 60 8 (3 6) 64 0 (1 0) 75-0 (2-5) 70 4 (0-8)
Hours worked/week 54-5 (5 2) 54 5 (0-6) 39-1 (4-8) 39 6 (0-7) 62-4 (5-1) 60 5 (0-9)
Years in current job 7-8 (2-1) 7-7 (0-3) 10-1 (3-2) 8-1 (0 4) 4-4 (1 2) 6 4 (0 3)
Log dust conc 0-66 (0 27) 0 70 (0 08) 0-88 (0 98) 1 68 (0 15) 1-42 (0-71) 0 55 (0 09)
FEV, (1) 1 80 (0-28) 3 60 (0 05) 1 67 (0 19) 2 78 (0-04) 2-02 (0-06) 3 12 (0 05)
FVC (1) 3-52 (0 35) 4 83 (0 06) 2 69 (0 25) 3-50 (0-04) 3 19 (0 08) 3 90 (0 05)
FEV,/FVC(%) 51 1 (5 6) 74 8 (0-6) 62 4 (4 9) 79 6 (0 5) 63-2 (1-8) 80 1 (0 5)
TLCO (mlmin-'mm Hg-') 26 8 (3 6) 31 6 (0-4) 21 3 (2-2) 24-2 (0 4) 33-8 (1-9) 30 2 (0 4)
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Table 5 Mean residual FEV, (SEM) for atopic and non-atopic subjects

Group Atopic subjects Non-atopic subjects Approximate 95% confidence intervalt

European
men -0-154 (00345) 0057 (0-0379) (-0-314 to -0 108)
women -0-039 (0-099) (21)* 0-009 (0-0315) (122)* (-0-255 to 0-159)

Asian men -0-053 (0-082) (41)* 0-042 (0 040) (117)* (-0-277 to 0087)

*Number of subjects in each group.
tCalculated as the difference between estimated regression coefficient + 2 SE of that difference. Where confidence intervals do not
contain 0, the difference between atopic and non-atopic subjects is significant at around 5% (for example, European men, difference =
-0-211±0-103).

this occupational group among the 28 European men
only.
A further regression model was derived in which

an additional (dummy) variable was inserted to
separate the effect ofbeing a dyer or scourer from the
rest of the study population. The FEV1 was adjusted
for age, height, smoking, and hours worked each
week (all statistically significant effects). The con-
tribution of interaction terms (of this additional
variable) with age, height, smoking, dust concentra-
tion, cumulative exposure, and years in current job
was also investigated but found to be not significant.
After adjustment for the above factors and mill
differences, a deficit of 251 ml of FEV, was found in
this occupational group compared with others (p <
0-05).

ATOPY AND LUNG FUNCTION
Six hundred and twenty four out of 634 attending for
survey agreed to have an intracutaneous prick test
performed (98-4%). One hundred and fifty two
(24 4%) produced a positive result on the defined
criteria, including three to wool extract alone and
another nine to wool and at least one other antigen.
As no significant unadjusted lung function dif-

ferences were found between atopic and non-atopic
subjects for the three subgroups, further analysis was
carried out by the introduction of atopic or non-
atopic state into the best fitting regression model for
FEV, having adjusted for age and physique. Table 5
shows the mean residual FEV, after adjustment for
age, height, weight, and smoking habits.
Only among European men was there a statistically

significant difference between atopic and non-atopic
subjects (confidence intervals do not include zero),
atopic subjects having on average an FEV, 211 ml
lower than non-atopics in this group. The differences
within the two other groups, although not statis-
tically significant, were in the same direction.
Because dust concentration was only associated with
a lung function deficit (FEV,/FVC ratio) in
European women a comparison of the relation be-
tween FEVI/FVC ratio and log dust concentration in
European women who were either atopic or non-
atopic was made. This was not able, however, to
establish whether there was or was not a significant

difference between them, principally because of the
small number of atopic subjects (21 in this sub-
group).

Discussion
The study design, a follow up to an original cross
sectional study of currently employed workers, leads
to the examination of a survivor group of potentially
healthier men and women. Because these studies
were an initial assessment of the problem, we made
no attempt to recruit leavers and we do not know how
their exclusion has influenced the results. An atten-
dance rate of nearly 90% of the currently employed
sample at these surveys encourages us to believe that
there should not be any major selection bias within
the current mill population.
Employees in each sex and ethnic group were

exposed to a considerable range of dust concentra-
tions. As a result we do not think that the relation
examined will have been biased by any unevenness of
distribution of dust concentrations. We were limited
by the lack of information on previous dust concen-
trations, so that cumulative (working lifetime)
exposures could not be calculated. Further work
would be necessary to make estimates of past
exposures to dust. An attempt to provide surrogate
information for cumulative exposures was made by
exploring the use of an index of cumulative exposure
in the current job assuming a constant dust con-
centration, and taking into account years worked
in the job, and this was found to have little
apparent influence on lung function or radiographic
appearances.
The scarcity of chest radiographic abnormalities

among this population and lack of a relation with
indices of dust exposure provide no evidence that
pulmonary fibrosis or extrinsic allergic alveolitis
occur as a result of exposure to wool mill dust. No
consistent pattern was found, however, across study
groups or indices in the associations between lung
function and current dust exposures.
The apparent mildness and inconsistency of the

effect shown may indicate that important effects of
exposure to wool dust on lung function, ifthey occur,
are rare, or altematively may be the result of in-
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accuracies in exposure estimates brought about by
lack of information on past dust concentrations.
Evidence from studies in another industry indicates
that inaccuracies in estimates of dust exposures can
cause profound underestimates of the influence of
exposure on lung function,'5 and for this reason an
attempt to reconstruct histories of exposure in this
case may be helpful.
The finding that some lung function indices are

positively associated with the number of hours
worked each week could indicate some self selection,
fitter men working longer hours than less fit men.
These uncertainties contrast with the clearly

demonstrated relations between symptoms and
current dust concentrations.' Conceivably, impor-
tant lung functional deficits, if they occur, are more
likely to be related to cumulative exposure to dust,
while symptoms of rhinitis or chronic bronchitis
could be more strongly related to current exposure to
dust.

Functional decrements apparently unassociated
with exposure to dust were found in the occupational
group consisting of dyers and scourers, who use
powdered dyestuffs and caustic soda. We are aware of
the symptomatic and immunological findings in
workers using reactive dyes.'6 It is not known to what
extent reactive dyes had been used by these workers
but at least one mill had recently changed to using
non-reactive dyes.
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