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Abstract

There is an increase in proportion of workers suffering from occupational diseases. In occupational respiratory
diseases, pulmonary function tests are the most important and widely used diagnostic tool. Limited studies
have been conducted to evaluate the effect of wool dust on pulmonary function parameters. Hence, the
present study was undertaken to evaluate the pulmonary function parameters in workers of woolen industry.
This study was done on 150 subjects of either gender who were divided into two groups of 75 each. Group
I comprised of healthy subjects who served as controls and group II included workers of woolen industry.
The values of lung function parameters i.e. volumes and flow rates in these workers were found to be lower
than the healthy controls. The significant reduction in percentage predicted values of FEV

1
 (82 vs 59), FVC

(79 vs 63) and MVV (77 vs 64) in workers
 
as compared to healthy

 
controls indicates obstructive pattern of

respiratory abnormality. In male workers, percentage predicted FEV
1
% was significantly lower. The values

of all other parameters were lower in female workers. There was a significant decrease in FEV
1
 and FVC

with increase in age in group I and this negative correlation was statistically significant. The decrease in
respiratory volumes and flow rates was more with increase in duration of exposure to wool dust. It can be
concluded that wool dust present in environment of woolen industry affected the pulmonary function parameters
of the workers leading to obstructive pattern of respiratory changes.
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Introduction

The industrial population is exposed to various types
of pollutants present in their working environment
leading to occupational diseases (1, 2). A large
extent of the workers engaged in these environments

are exposed to trace metals, gases, wool dust and
cotton dust which can lead to unhealthy manifestations
on the vital systems of the body. Respiratory system
suffers the most due to its direct communication
with the external environment (3). There is increased
prevalence of respiratory diseases in these workers.
Occupational diseases affecting respiratory system
include chronic bronchitis, emphysema and bronchial
asthma. The type of work and duration of exposure
influences respiratory morbidity among these workers
(4). In India, the total work force in industries was
six million in 1986. However, due to tremendous
mushrooming of industr ies the workforce has
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in woolen industry. All these subjects were in the
age range of 18-60 years and working in same shift
i.e. morning shift. Subjects who were smokers or on
any medication, who were suffering from respiratory
disorders before joining factory or suffering from
cardiac diseases or who had chest deformity or who
have undergone recent eye, abdominal or thoracic
surgical procedures or who had history of syncope
associated with forced exhalation were excluded from
the study. The study was approved by institutional
ethics committee.

Study procedure

Subjects who fulfilled the inclusion criteria were
enrolled into the study after they signed a written
informed consent. All the subjects were examined
and their vitals were recorded. Height, weight and
body surface area (BSA) affect the lung function
parameters hence, these were measured (15). Body
height was noted in standing upright position without
shoes in centimeters (cms). Body weight was
measured in kilograms (Kgs) and then body surface
area (BSA) was calculated (1).

Pulmonary function parameters were measured using
sp i rometry  w i th  the he lp  o f  a  computer ized
autospirometer (Helios 701: Chandigarh). It had an
inbuilt printer which gave print outs containing
subject’s information and calculated values of all
parameters. The handset is designed in such a way
that it is easy to be used by persons of all ages. All
the subjects were thoroughly acquainted with the
apparatus and were explained the maneuvers to
perform the tests as per standard guidelines (16).
All the subjects were instructed not to have a heavy
meal before the test. The subjects were also
explained that they might have some temporary
shortness of breath or light headedness after these
tests involving rapid and forced breathing. The
subjects were instructed to loosen any tight clothing.
The tests were carried out in standing posture. A
nose clip was attached to the subject and a clean
mouth piece was inserted into the breathing tube. It
was made sure that there was no air leakage around
the mouth piece and nose. Subject was asked to
inspire maximally and to put in his best efforts during
expirations as well.

increased to 62 million now (5).

Pulmonary function tests are essential to assess
the pulmonary function status and respiratory
efficiency in these workers. These tests have
assumed a key role in epidemiological studies
investigating the incidence, natural history and
causality of occupational respiratory diseases (6). In
occupational respiratory diseases, spirometry is one
of the most important diagnostic pulmonary function
tests .  Spi rometry  appears to  be s imple and
inexpensive method to measure disorders of
respiratory tract (7). Typical changes in major
pulmonary function parameters like FEV

1
, FVC,

FEV
1
% and PEFR can indicate the type of respiratory

pathology and the extent  of  sever i ty  (8,  9) .
Percentage predicted value of these parameters is
considered to be better indicator of respiratory
disorders (10, 11). Periodic testing and re-testing of
workers can detect pulmonary disease in its earliest
stages when corrective measures are more likely to
be beneficial (4). The limited number of studies
conducted in workers of woolen industry in India and
other countries have commented on few parameters
only and not commented appropriately on the effect
of duration of exposure and various others aspects.
These studies reported mild and inconsistent effects
on lung volumes in workers of woolen industry. Most
of these studies commented mainly on the existence
of respiratory symptoms and few lung volumes or
capacities in workers exposed to airborne wool dust.
There is less data on predicted and percentage
predicted pulmonary function parameters in workers
of woolen industry. Although these studies reported
the ef fect  of  durat ion of  exposure and dust
concentration on some lung volumes, these studies
in their  l imitat ions mentioned inaccuracies in
calculating above factors (12-14). Hence, this study
was planned to evaluate the changes in pulmonary
function parameters in workers of woolen industry.

Materials and Methods

The study was conducted in 150 subjects in the
department of Physiology. Subjects were divided into
2 groups consisting of 75 subjects in each group.
Group I included healthy subjects who served as
control group and group II included workers working
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In the procedure 1, subjects were asked to inspire
maximally from end expiratory position, then to place
mouthpiece firmly in mouth, expire as hard, deep,
rapid and completely as possible and then remove
mouth piece. The parameters recorded automatically
by autospirometer included: Forced vital capacity-
FVC(L); Forced expiratory volumes over fixed time
intervals ( in seconds)-FEV

0.5
,  FEV

1
,  FEV

3
(L) ;

Maximum mid expiratory flow rate-FEF
25-75% 

(L/sec);
Mean forced expiratory flow rate between 0.2 to 1.2
l i tres of volume change-FEF

0.2-1.2
(L/sec); Peak

expiratory flow rate-PEFR (L/sec); Forced expiratory
flow after 25% of the FVC has been expired-
FEF

25%
(L/sec); Forced expiratory flow after 50% of

the FVC has been expired-FEF
50%

(L/sec); Forced
expiratory flow after 75% of the FVC has been
expired-FEF

75% 
(L/sec); Forced expiratory volume

(timed) to forced vital capacity ratio expressed as
percentage i.e. FEV0.5%, FEV1.0% and FEV3.0% (7).

After rest of 5 minutes, subject was asked to breathe
as rapidly and deeply as possible in and from the
mouth piece for 15 seconds (procedure 2). This
provided measurement of maximum voluntary
ventilation (MVV) (6, 7, 15). The decrease in MVV is
an indicator of increase in airway resistance. Apart
from the absolute values of these parameters
measures, predicted and percentage predicted values
were derived for FEV

1
, FVC, FEV

1
% and FEF

25-75%
,

FEF
0.2-1.2, 

PEFR and MVV using regression equation
for Indian subjects. The regression equation developed
for eastern Indian region was used as it is reported
to give results similar to north Indians. However, this
equation has been used in males only, so we used
it for male subjects in our study (17). As we could
not find appropriate regression equation for north
Indian females, we used equation available for south
Indians females (11, 18). However, for FEF

0.2-1.2 
and

MVV, predicted values were calculated for male
subjects only as no corresponding appropriate
equation was available for females. This was followed
by calculation of percentage predictive values for
these parameters .  The FEV

1
/FVC ra t io  was

calculated, which is considered to be gold standard
for diagnosing obstructive disorders (17).

Statistical analysis was done by using independent
“t” tests for comparison of pulmonary function

parameters. ANOVA followed by Posthoc test for
multiple comparisons was applied for comparing
various pulmonary function parameters within the
groups. Comparison of various lung function variables
with duration of exposure in years in group II subjects
was also done. Subgroup analysis was done for
various age groups and gender using factorial
ANOVA. P<0.05 was considered as statistically
significant. Pearson’s correlation coefficient was used
for assessing relationship between anthropometric
parameters  and var ious  pu lmonary  func t ion
parameters.

Results

The demographic profile of subjects was comparable
in both groups (Table I). Males comprised 89% of
the subjects in group I and 87% in group II. Forty
seven (47%) of subjects in group I and 46% of
subjects in group II were in the age group of 18-30
years. Table II shows various lung volumes and
capacities recorded by autospirometery. The values
of FEV

1, 
FEV

1
 % and FVC in group II was lower than

that of group I and it was statistically significant.
Similarly FEV

0.5, 
FEV

3, 
FEF

0.2-1.2, 
FEV

0.5
%, FEV

3
% and

MVV
 
were significantly lower in group II than in group

I. The mean values of PEFR, FEF
25-75%, 

FEF
50%, 

FEF
75%

were also lower in group II than in group I, however
the difference was not statistically significant.

 
The

values of all the parameters in females were lower
as compared to males in both the groups. There
was a significant reduction in percentage predicted
FEV

1,
 FVC and MVV in workers (group II) as

compared to group I (Table III). There was decrease

TABLE I : Demographic profile of subjects in both groups.

Parameters Group I (Control) Group II

Age (years)
Mean±SEM 33.48±1.244 33.76 ± 1.213
18–30 35 (47%) 34 (46%)
>30–40 17 (23%) 22 (29%)
>40–50 17 (23%) 15 (20%)
>50 6 (8%) 4 (5%)
Sex (M:F) 67:8 (89%:11%) 65:10 (87%:13%)
Height (cm) Mean±SEM 169.15±1.072 167.48 ± 0.967
Weight (kg) Mean±SEM 68.15±1.553 65.96 ± 1.192
BSA (kg/cm2) Mean±SEM 1.73±0.040 1.69 ± 0.018

Sex (M=Male and F=Female); Figures in the brackets
indicate the percentage; No significant difference in profile.
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in percentage predicted FEV
1
%, FEF

25-75% 
and PEFR,

but it was not statistically significant. Gender based
comparison shows significant decrease in percentage
predicted FEV

1
% in males in group I.

Table IV shows changes in parameters with duration
of exposure in years in group II subjects. As there
was an increase in the duration of exposure in years
there was gradual decline in values of all the
parameters. FVC in group A (duration of exposure 1-
5 years) was found to be 2.35±0.063 L which
decreased gradual ly as durat ion of exposure
increased to more than 20 years (2.31±202 L) in

group E. However, difference between the categories
was not statistically significant. Similarly FEV

0.5
,

FEV
1
,  FEV

3
,

 
FEF

25-75%
,  PEFR, FEF

25%
,  FEF

50%
,

FEV
0.5

%, FEV
1
% and FEV

1
% were also found to be

decreased as the duration of exposure increased,
however  the d i f ference was not  s ta t is t ica l ly
significant. Difference in the value of FEF

75%
 was

found to be statistically significant in subjects with
exposure for 1-5 years (group B) when compared
with groups having duration of exposure as >10-15
years and >20 years. MVV also showed a gradual
decline with a value of 86.80±5.52 L/min in group A
to 68.77±10.30 L/min in group E.

TABLE II : Lung volumes and capacities in both groups (mean±SEM).

Variables Group-I (Control) Group-II

Total (Male: Female) Total (Male: Female)

FVC (L) 3.25±0.081 (3.11±0.083 : 2.26±0.120#) 2.32±0.047* (2.37±0.046 : 1.95±0.140#)
FEV0.5 (L) 2.02±0.053 (2.068±0.055 : 1.49±0.100#) 1.48±0.039* (1.56±0.040 : 1.25±0.075)
FEV1 (L) 2.66±0.071 (2.7±0.074 : 1.94±0.114#) 1.85±0.042* (1.90±0.042 : 1.52±0.084)
FEV3 (L) 2.93±0.078 (3.02±0.080 : 2.17±0.101#) 2.20±0.046* (2.25±0.046 : 1.83±0.093#)
FEF25-75% (L/sec) 3.16±0.135 (3.22±0.150 : 2.64±0.283) 3.04±0.119 (3.13±0.127 : 2.40±0.295)
FEF0.2-1.2 (L/sec) 5.38±0.193 (5.55±0.0201 : 3.90±0.426) 4.51±0.175* (4.72±0.183 : 3.12±0.282#)
PEFR (L/sec) 7.21±0.225 (7.38±.0240 : 5.84±0.402#) 6.78±0.235 (6.96±0.260 : 5.56±0.296)
FEF25% (L/sec) 5.76±0.177 (5.89±0.187 : 4.67±0.381#) 5.22±0.177 (5.39±0.194 : 4.14±0.246)
FEF50% (L/sec) 3.68±0.160 (3.75±0.175 : 3.06±0.248) 3.45±0.134 (3.55±0.145 : 2.78±0.293#)
FEF75% (L/sec) 1.68±0.088 (1.71±0.093 : 1.39±0.250) 1.60±0.085 (1.60±0.091 : 1.30±0.184)
FEV0.5% 67.74±1.049 (67.34±1.078 : 66.00±3.937) 64.94±1.213* (66.00±1.275 : 64.48±3.926)
FEV1% 87.76±1.05 (88.49±1.114 : 86.00±3.148) 79.35±0.828* (80.00±0.782 : 78.00±3.706)
FEV3% 97.66±0.8113 (97.84±0.850 : 96.21±2.792) 95.54±0.348* (95.00±0.106 : 94.00±2.522)
MVV (L/min) 101.69±3.329 (105.25±3.463 : 71.81±2.955#) 83.19±2.752* (85.54±2.991 : 67.89±7.852#)

*P<0.05 as compared to group I; # P<0.05 as compared to males; SEM-standard error of mean.

TABLE III : Various derived pulmonary function parameters in both groups.

Parameters Groups Predicted % predicted

FVC (L) I 3.90±0.077 (4.04: 2.66) 79.18±1.66 (77.76: 91.16)
II 3.77±0.055 (3.88: 3.05) 62.76±1.23* (62.12#: 66.92#)

FEV1 (L) I 3.30±0.077 (3.43: 2.22) 82.01±1.85 (80.77: 92.47)
II 3.17±0.055 (3.27: 2.51) 58.75±1.46* (56.60#: 72.77)

FEV1% I 84.82±0.46 (84.73: 85.5) 103.60±1.52 (103.80: 101.94)
II 83.98±0.38 (84.17: 82.71) 94.37±2.19 (91.88#: 110.56)

FEF 
25-75% 

(L/Sec) I 4.31±1.02 (4.48: 2.91) 74.22±2.87 (72.30: 95)
II 4.15±0.76 (4.30: 3.21) 73.98±3.09 (73.02: 80.03)

FEF0.2-1.2 (L/sec) I 6.40±0.09 (6.65) 85.54±1.59 (85.39)
II 6.40±0.092 (6.40) 73.79±2.69* (73.79)

PEFR (L/sec) I 9.21±0.198 (9.75: 4.74) 79.80±2.86 (74.66: 123.90)
II 9.06±0.191 (9.66: 5.16) 77.23±2.73 (71.64: 113.59)

MVV (L/min) I 136.41±2.30 (136.42) 77.10±2.12 (77.09)
II 133.12±1.810 (133.07) 64.16±1.81* (64.16#)

*P<0.05 as compared to group I; #P<0.05 as compared to group I.
Values represent mean±SEM for group, Male:Female mean in brackets.
Predicted values for FEF0.2-1.2 (L/sec) and MVV (L/min) is calculated only for males.
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There was negative correlation of age with FEV
1
 and

FVC i.e. there was significant decrease in FEV
1
 and

FVC with increase in age in control group (Table V).
However, this correlation was not there in group II
consisting of workers. The negative correlation
between age and other flow rates was significant in
both groups. Height had similar negative correlation
with these parameters.  BSA and weight  had
significant positive correlation with FEV

1 
and FVC in

group I.

Discussion

The demographic profile of subjects in both the groups
was comparable. The height, weight and BSA were
also found to be comparable in both the groups.
Mean age of subjects (33.5 years) was similar to
mean age (34 years) in other studies in industry
workers (19). In Indian scenario, it was expected to
have more number of male workers as compared to
female workers (2). Therefore, in the present study

TABLE V : Correlation of parameters with anthropometric variables.

Age Height BSA Weight
Parameters

Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2

FVC –0.39** 0.06 –0.58** –0.09 0.37** 0.25* 0.29* –0.08

FEV
1

–0.46** 0.21 –0.51** –0.05 0.34** –0.12 0.34** –0.19

FEV1/FVC –0.15 –0.10 –0.11 –0.02 –0.08 –0.28* 0.059 –0.22

FEV0.5(L) –0.52** 0.034 0.40** –0.13 0.28* 0.14 0.27* –0.09

FEV
3
(L) –0.46** –0.17 0.43** 0.01 0.33** 0.10 0.35** 0.03

FEF25%–75% (L/sec) –0.41** –0.40** 0.25* –0.11 0.20 0.17 0.24* –0.17

FEF0.2–1.2 (L/sec) –0.23* –0.42** 0.30** –0.16 0.18 0.17 0.22* –0.12

PEFR (L/sec) –0.30** –0.24* 0.12 –0.09 0.14 0.15 0.14 –0.09

FEF25% (L/sec) –0.35** –0.30* 0.25* –0.11 0.23 0.09 0.26* –0.08

FEF50% (L/sec) –0.38** –0.60** 0.21 –0.08 0.21 0.15 0.22 –0.32**

FEF
75%

 (L/sec) –0.43** –0.49** 0.19 –0.14 0.13 –0.03 0.18 –0.33**

MVV (L/min) –0.42** –0.29* 0.41** –0.14 0.26* 0.20* 0.23* –0.23*

Values represent ‘r’ value of Pearson’s correlation coefficient.
*P<0.05 significant correlation; **P<0.001 highly significant correlation.

TABLE IV : Comparison of various variables with duration of exposure in Group II.

Exposure (years)
Variables

Group A(1–5 ) Group B(>5–10 ) Group C (>10–15) Group D(>15–20) Group E(>20)

FVC (L) 2.35±0.063 2.34±0.089 2.33±0.173 2.32±0.113 2.31±0.202
FEV0.5(L) 1.52±0.048 1.50±0.036 1.48±0.341 1.41±0.021 1.39±0.021
FEV1(L) 1.86±0.38 1.83±0.076 1.81±0.234 1.72±0.026 1.67±0.068
FEV3(L) 2.20±0.088 2.20±0.065 2.15±0.041 2.12±0.034 2.10±0.0123
FEF25-75% (L/sec) 3.39±0.202 2.95±0.199 2.51±0.265 2.12±0.353 2.02±0.430
FEF0.2-1.2 (L/sec) 4.90±0.254 4.42±0.265 3.96±0.572 3.02±0.589 2.98±0.807
PEFR (L/sec) 7.21±0.420 6.78±0.411 5.93±0.813 5.62±0.513 5.16±0.745
FEF25% (L/sec) 5.31±0.313 5.16±0.271 4.89±0.441 4.21±0.555 4.05±0.814
FEF50% (L/sec) 3.87±0.225 3.31±0.209 2.92±0.286 2.72±0.476 2.20±0.479
FEF75% (L/sec) 2.16±0.167 1.68±0.135 1.37±0.132* 1.22±0.143 1.1±0.252*
FEV0.5 % 67.12±0.047 65.13±0.031 64.91±0.031 61.02±0.348 60.12±0.048
FEV1 % 80.34±0.728 79.21±0.042 78.12±0.348 74.25±0.032 72.28±0.041
FEV3 % 95.21±0.042 95.11±0.032 92.32±0.028 91.18±0.019 90.53±0.014
MVV(L/min) 86.80±5.524 82.09±3.846 80.02±8.125 74.53±6.477 68.77±10.303

*P<0.05 as compared to group A and C.
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there was predominance of male workers (87%) as
compared to female workers (13%).

In our study FEV1, FEV1% and FVC were significantly
lower in workers as compared to controls. In an earlier
study on ginning factory workers, these parameters
had lower values in workers (10). FVC and FEV

1
%

are very important variables in distinguishing restrictive
and obstructive lung diseases. A reduced FEV

1
% is

considered to be the hallmark of obstructive disorder.
FEV

1
 is 80% of the FVC in normal healthy adults.

Patients with obstructive lung disease have low flow
rates as a result of high airway resistance therefore,
their FEV1% is low. Patients with restrictive lung
disease have a reduced FVC but are able to achieve
relatively high flow rates therefore, their FEV1%
exceeds 80%. In our study FEV

1
% was 79% and

88% in workers and controls, indicating obstructive
pulmonary abnormalities in workers. Similar findings
were reported in a study done on workers in stone
factory where FEV

1
% was significantly lower in

exposed group than in control group (20). In another
study done on ginning (cotton) factory workers,
FEV

1
% reduced significantly in workers as compared

to control group (10). In our study, this decrease
was progressively more as the duration of exposure
increased. This indicates that in workers of cotton
wool industry the respiratory obstructive changes
progress with increase in duration of exposure. The
other pulmonary flow rates in this study i.e. expiratory
flow rates at higher lung volumes (PEFR) and lower
lung volumes (FEF

25%-75%
)

 
were lower in workers than

in controls, but not significantly. Hence, these factors
do not provide information on the site of obstruction
in our study (11). The importance of percentage
predictive values of pulmonary function parameters
is more in classifying and diagnosing the type of
respiratory disorder than the absolute values alone.
The percentage predicted values compare the
measured values in relation to a reference value for
that specific population using anthropometric indices.
In our study, the percentage predicted values of FEV

1
,

FVC
 
and MVV were significantly reduced in workers.

The percentage pred ic ted  FEV
1%

 decreased
significantly in male workers as compared to healthy
males. The values less than 80% are considered to
be indicative of obstructive type of respiratory
disorders (7, 16). This is further substantiated by

the significant reduction in MVV in workers. MVV
demonstrates all mechanical factors of breathing.
Decrease in the value of MVV indicates increase in
airway resistance, reduced compliance or decreased
respiratory muscle force (6, 7, 16).

Hence, the findings of the present study indicate
obstructive pattern of lung disease. Obstructive
diseases are characterized by reduction in ventilation
due to increase airflow resistance as a result of
blockage of airways by mucosal plugs, narrowing of
airway lumen by hypertrophied or inflamed mucosa,
bronchoconstrict ion, loss of elastic recoil and
impairment of expiratory flow. All these effects can
occur due to inhalation of wool dust leading to
obstructive pattern of disease (21). In an earlier
study, various flow rates were reduced in carpet
workers and this reduction was higher in wool yarn
dyers. It indicates that maximum peripheral airway
obstruction occurs in wool yarn dyers (22).

Gender wise distribution of various variables shows
lesser values in female as compared to male subjects.
These findings may be explained by the fact that
there is greater development of musculo-skeletal
system of the thoraco-abdominal compartments as
well as that of the pulmonary tissue in men. The
parameters like height, weight and body surface area
of all subjects were comparable yet the lesser values
in females in the present study could be due to
differences in the outdoor and occupational habits.
Another factor could also be the possible effects of
repeated pregnancies in these women. The latter
would impair the force of contraction of the abdominal
muscles which might restrict the maximal expiratory
effort. Another reason for lesser value in females
could also be their involvement in cooking thereby
getting exposed to indoor air pollution as well. These
females are from lower socioeconomic strata and
commonly used wood as fuel which yields high
quantity of pollutant (23).  In our study, we used
regression equation which is used for south Indian
females. Hence, the results should be interpreted
with caution.

Not only the type of pollutant but also the duration
of exposure to specific pollutant also affects the lung
function variables. There was decline in all the
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parameters as the duration of exposure to wool dust
increased but this decline was not found to be
statistically significant except for FEF75%. This decline
in FEF

75%
 value was significant as duration of

exposure increased from 1-5 years to more than 20
years. In a study done on carpet workers, period of
occupational exposure was found to be directly
related with effects on various respiratory parameters.
FEF25%, FEF50%, FEF75% were reduced in all the groups
of carpet workers that is in weavers, wool yarn dyers
etc (22). There is a direct correlation between the
occupational period and the pulmonary abnormalities
suggesting that ventilatory impairments are related
with duration and nature of the exposure as well.
The reason of decline in all the variables with increase
in duration of exposure can be due to increase in
irritation of upper respiratory tract mucosa due to
prolonged exposure to wool dust result ing in
hypertrophy of mucosal lining. It results in increased
secretion of mucus and formation of mucosal plugs
leading to obstruction in exhaled air. However,
increasing age in itself can decrease the lung
volumes and capacities (11). Textile workers exposed
to wool dust for greater than 10 years had similar
reduction of ventilatory capacity as those with shorter
exposure (24).

Differences in various parameters have been attributed
to anthropometric differences also. BSA has been
considered to be an independent variable for deriving
spirometric predictions (15). In our study, there was
a decrease in FEV1 and FVC as age increases. The
same negative correlation was observed as height
increases. Similar association has been reported in
earlier studies in healthy volunteers. However, BSA
and weight had positive correlation with these
parameters in healthy controls (11). This pattern of
correlation was found only in control group and not
in workers. This indicates that the disease process
affects these correlations in workers.

Thus, all pulmonary function parameters in workers
in the present study showed reduction in their
values as compared to controls. This indicates
that wool dust at work place accelerated decline in
lung functions. There was also a decrease in the
variables as duration of exposure to wool dust
increased. Hence, it can be concluded from the
results of this study that exposure to wool dust
during wool product ion in woolen industry is
harmful for the health of the workers. Hence,
preventive steps can be suggested to these workers
and industry.

References

1. Chattopadhayay BP, Kundu S, Mahata A, Alam SKJ. A
study to assess the respiratory impairments among the
male bidi workers in unorganized sectors. Ind J Occup
Environ Med 2006; 10: 69–73.

2. Occupational health: A manual for primary health care
workers.  World Health Organisat ion, Regional of f ice
for Eastern Mediterranean, Cairo, 2001. Available at
h t t p : / /www.who . i n t / occupa t i ona l_hea l t h / r eg ions /en /
oehemhealthcareworkers.pdf (Accessed on January 24,
2013).

3. Gupta P, Jagawat S, Sharma CS. A study of ventilatory
lung functions and cognitive responses in electroplaters.
Ind J Occup Environ Med 1999; 3: 115–117.

4. Keshavchandran C, Rastogi RK, Mathur N, Bihari V, Singh
A. A study of the prevalence of respiratory morbidity and
ventilatory obstruction in beauty parlour workers. Ind J
Occup Environ Med 2006; 10: 28–31.

5. Jaiswal A, Patro BK, Pandav SC. Occupational health and
safety: Role of academic institutions. Ind J Occup Environ
Med 2006; 10: 97–101.

6. Mckayray T, Horvath EP. Pulmonary function testing in
industry. In: Occupational medicine. Carl, Zenz, Broose
O, Dickerson, Edward P, Horvarth JR (eds). 1st ed. London:
Mosby;1994, pp. 229.

7. Wagner NL, Beckett WS, Steinberg R. Using spirometry
results in occupational medicine and research: Common
errors and good pract ice in stat is t ical  analysis and
reporting. Ind J Occup Environ Med 2006; 10: 5–9.

8. Hansen EF, Rasmussen FV, Hardt F, Kamstrup O. Lung
function and respiratory health of long-term fiber-exposed
stonewool factory workers. Am J Respir Crit Care Med
1999; 160: 466–472.

9. Seaton A. Functions of the lung. In: Crofton and Dougla’s
respiratory diseases. Seaton A, Seaton D, Leitch AG
(eds). 5th ed. Oxford: Blackwell; 2000, pp. 43.

10. Jannet JV, Jeyanthi GP. Biochemical profile of ginning
factory women laborers in Tirupur, India. Indian J Occup
Environ Med 2007; 11: 65–70.

11. Vijayan VK, Kuppu Rao KV, Venkatesan P, Sankara K.
Reference valves and prediction equations for maximal
expiratory flow rates in non-smoking normal subjects in
Madras. Indian J Physiol Pharmacol 1993; 37: 291–297.

12. Love RG, Smith T, Jones CO, Gurr D, Soutar CA, Seaton
A. Respiratory symptoms in wool texti le workers. An
epidemiological  s tudy of  respi ratory heal th in  West
Yorkshire wool text i le mil ls. Centre for Occupational
Medicine, World Health Organisation, 1986. Available at



Indian J Physiol Pharmacol 2014; 58(2) Pulmonary Function Parameters in Workers 127

h t t p : / / w w w . i o m - w o r l d . o r g / p u b s / I O M _ T M 8 6 0 4 . p d f
(Accessed on January 24, 2013).

13. Love RG, Muirhead M, Coll ins HPR, Soutar CA. The
characteristics of respiratory i l l  health of wool texti le
workers. Bri J Ind Med 1991; 48: 221–228.

14. Kumar S, Kochar SK, Sabir M, Saksena HC. Pulmonary
disorders in wool workers of Bikaner, Rajasthan. Lung
India 1992; 10: 65–81.

15. L im TK.  Measur ing  ven t i l a to ry  func t ion- the  FVC
manoeuvre. Singapore Med J 1990; 31: 521–522.

16. Brusasco V, Crapo R, Viegi G. ATS/ERS task force:
standardisation of lung function testing. Eur Respir J 2005;
26: 319–338.

17. Chatterjee S, Nag SK, Dey SK. Spirometry standards for
non-smokers and smokers of India. Jap J Physiol 1988;
38: 283–298.

18. Vijayan VK, Kuppurao KV, Venkatesan P, Sankaran K,
Prabhakar R. Pulmonary function in healthy young adult
Indians in Madras. Thorax 1990; 45: 611–615.

19. Noor H, Sansi W, Othman Z, Mohamad F. Effects of spice

dust on lung functions and respiratory symptoms in spice
factory worker in Selangor. Pertanika J Trop Agric Sci
2000; 23: 61–66.

20. Hansen EF, Rasmussen FV, Hardt F, Kamstrup O. Lung
function and respiratory health of long-term fiber-exposed
stonewool factory workers. Am J Respir Crit Care Med
1999; 160: 466–472.

21. Seaton A. Functions of the lung. In: Crofton and Dougla’s
respiratory diseases. Seaton A, Seaton D, Leitch AG
(eds). 5th ed. Oxford: Blackwell; 2000, pp. 43.

22. Rastogi SK, Ahmad I, Pangtey BS, Mathur N. Effects of
occupational exposure on respiratory system in carpet
workers. Ind J Occup Environ Med 2003; 7: 19–26.

23. Tiwari RR, Sharma YK, Saiyed HN. Peak expiratory flow:
A study among silica exposed workers, India. Ind J Occup
Environ Med 2004; 8: 7–10.

24. Zuskin E, Mustajbegovic J, Schachter EN, Kanceljak B,
Cvar JG, Srebocan VS. Respiratory symptoms and lung
function in wool textile workers. Am J Ind Med 1995; 27:
845–857.


