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Objective. Manufacturing industry, especially casting and forging (iron and steel) industry, comprises amajor part of the occupation
in India. However, health protection is still ignored. Therefore the present study explores the respiratory symptoms among steel
workers and subsequently measured the level of exposure to RSPM and lung functions parameters using spirometry investigation.
Method. Present study assessed the level of respiratory symptoms through questionnaire survey of 572 workers, out of which 309
workers and another control group of 74 subjects were assessed for the spirometry test. Both of the groups were statisticallymatched
for age and BMI. Students’ t-test and one-way ANOVAwere used to compare the various subgroups. Results. The results reveal that
workers are exposed to higher respirable suspended particulatematter (RSPM) levels than the limit of 5mg/m3 prescribed by Indian
factory act. The spirometric parameters such as FVC, FEV

1
, FEV

1
/FVC ratio, FEF

25−75
, PEFR, PIFR, and FIVC were significantly

lower in exposed group than in controls. In the present scenario the iron and steel SMEs of the region are verymuch lagging behind
in implementing the occupational health and safety practices. Conclusions. The majority of the workers were not wearing proper
PPEs like masks due to ergonomically bad design, and at the same time they were working 60 to 72 hrs/week, which leads to very
high level of exposure to RSPM.Therefore, the workers were under higher risk of lungs functions deterioration.

1. Introduction

A number of studies have been reported with respect to
occupational dust exposure and respiratory health. Chen et
al. [1] reported that the average respirable dust exposure was
found to decrease the forced vital capacity (FVC) and forced
expiratory volume in one second (FEV

1
) in smokingworkers.

Neaimi et al. [2] explored that a percentage of the exposed
workers reported recurrent and prolonged cough, phlegm
(25%), wheeze, and bronchitis, shortness of breath, bronchial
asthma. Ventilatory function (FVC, FEV

1
, FEV

1
/FVC, and

PEF) was significantly lower in the exposed workers com-
pared with unexposed workers. In another cross-sectional
study, the quartz stone workers exposed to approximately
100% free silica were found to have deteriorated lung function

which could be attributed mainly to respiratory disorders
along with other epidemiological factors such as sex, age,
duration of exposure, and smoking [3]. Koo et al. [4] reported
that mean values for all ventilatory indices except FVC
in foundry workers were significantly lower than those in
control subjects. The increasing exposure to silica dust is
associated with progressive deterioration in ventilatory func-
tion of an obstructive nature [4]. In another study in Hong
Kong, Law et al. [5] reported that silica dust exposure in
the construction industry is a major cause of silicosis. The
effect of occupational silica exposure on pulmonary func-
tion resulted in a consistent association between increased
pulmonary function abnormalities and estimated measures
of cumulative silica exposure within the current allowable
OSHA regulatory level [5].
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In one of the studies by Law et al. [5] they indicated that
silica dust exposure in the construction industry is the major
cause of silicosis in Hong Kong. The job processes of caisson
work and stone splitting were particularly high risk [5]. In a
cross sectional and longitudinal (seven-year) survey of work-
ers in a copper refinery was carried out from medical ques-
tionnaires, chest radiographs, and spirometry.Theprevalence
of chronic obstructive pulmonary diseases (COPD) (forced
expiratory volume in one second (FEV

1
) < 80%/predicted)

was 5%, small airway dysfunction (SAD) (maximal midexpi-
ratory flow (MMEF) < 60% predicted) was 7%, and this did
not differ from the control population [6].

Various studies reported lower FVC, FEV
1
, FEV

1
/FVC

ratio, PEFR, and PIFR [4, 7–9]. The lowering in FVC, FEV
1
,

and FEV
1
/FVC% suggests a combination of obstructive and

restrictive patterns in their lungs. The lowering in FEF25−75
also causes an airway obstruction as it gives an indication
of what is happening in the lower airways. The decrease in
PEFR, and PIFR is an indicator of restrictive lung disease.
In another study by Singhal et al. [10] have also reported a
significant reduction in expiratory and inspiratory flow rates,
that is, PEFR, PIFR, FEF25−75, and FIF

50
. Reduction in PEFR

otherwise showed a classic pattern of restrictive lung disease.
The flow rates at low volumes, that is, FEF25−75 and FIF

50
,

indicates flow rates in small airways, that is, those with inter-
nal diameters of less than 2mm. These are reduced at low
lung volumes both in restrictive and obstructive diseases.
Tiwari et al. [3] reported that lung function measurements,
even after adjusting for age, weight, and smoking habits, were
significantly lower in the silica dust exposure group than in
the control group. Mikov [11] showed that the mean FEV of
foundryworkerswas considerably lower than that of a control
group irrespective of the smoking habit.

Manufacturing industry comprises a major part of the
occupation in India. In apprehension of unemployment,
the workers have accepted the jobs with low resources
settings including health and safety consideration. The other
researchers reported the respiratory symptoms and lung
impairment among the workers exposed to the occupational
dust/gasses and chemicals. Most of these studies were car-
ried out in developed countries, whereas in Indian SMEs
especially the casting and forging industry, very limited
literature is available on occupational health and safety issues.
Therefore, it is very essential to assess the level of RSPM
exposure in these units and subsequently to investigate the
level of lung functions deterioration.

2. Material and Methods

This study included small and medium scales (SMEs) casting
and forging units located in northern India. Since, the
approachability to the management of the organization and
their willingness to participate in the study were more of
concern than randomization as work conditions of most
casting and forging units in this region are almost similar,
nonprobability convenience sampling was used to select
SMEs and subjects. The study has been conducted involving
572 workers. A standardized, self-reporting questionnaire

was used and interviews were conducted. The questionnaire
included use of protective equipments and awareness of
benefits of PPEs, respiratory symptoms, and so forth. The
questions included demographic information, occupational
history, past medical history, use of drugs, respiratory symp-
toms (cough, wheezing, breathlessness, phlegm), asthma
history, smoking habits, and allergies. The questionnaire was
pretested before it was used to assess the information. As
workers of these units were mostly illiterate or less educated,
statements of the questionnaire were translated to local
language of the state, that is, Punjabi/Hindi, and responses
were entered in questionnaire.

2.1. Subjects. The study included two groups of population,
one group of 309 male subjects (workers) from casting and
forging industries and another group of control 74 nonex-
posed male subjects. For including workers, a formal per-
mission was obtained from the managements of the casting
and forging units. These workers belonged to a common
industrial environment where casting and forging activities
were carried out, and the workers were engaged in different
work areas like moulding, molten metal pouring, grinding,
forging, punching, blanking, welding, gas cutting, and so
forth. Here again, nonprobability convenience sampling was
the criterion of selection of the subjects. The subjects of both
the groups were requested to voluntarily participate in the
study. An informal consent was taken from each volunteer.
They were educated about the test and were requested for
reporting to the laboratory. The subjects from the indus-
try were transported from their work place to institute’s
Ergonomics Laboratory. After the test, each subject was
compensated through a token money for sparing their time
and they were again transported to their respective work
places.

2.2. Data Acquisition and Protocol. The subjects of both the
groups were brought to institute’s Ergonomics laboratory for
subjects’ demographic profile (age, height, weight, and work
experience), details of alcohol intake, and spirometry test.
RMS Helios 401 Spirometer, reusable mouth piece and nose
clip were used for the test. Each subject was asked to perform
the FVC test three times after a rest of 1-2 minutes. The best
manoeuvre was selected.

2.3. Data Analysis. All statistical analyses were performed
using SPSS 16 for Windows (Statistical Products and Service
Solutions, Inc., Chicago). For testing differences between the
means, we used Student’s 𝑡-test or analysis of variance. In
all statistical tests the confidence interval (CI) was 95% and
𝑃 < 0.05 (two tailed) was considered as significant. The
ANOVA test was used for testing differences in the prevalence
of respiratory symptoms between groups.

2.4. Dust Sampling. Respirable suspended particulate matter
various sections were measured by SKC Leland Legacy pump
on 2.0𝜇m pore size PTFE (Teflon) filter at flow rate of
9.0 liters/min. The machine was attached to the worker and
as such 20 dust samples were collected in four separate
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Figure 1: Working under dust and fumes at work places.

Table 1: Distribution of workers w.r.t. various health symptoms.

Symptom Total Yes, N (%) No, N (%)
Phlegm 572 254 (44.41%) 318 (55.59%)
Wheezing 572 242 (38.46%) 330 (61.54%)
Breathless-ness 572 240 (40.21%) 332 (61.54%)
Asthma 572 50 (7.34%) 522 (92.66%)

areas in the plant over the 8-hour day work shift. Twenty
dust samples were collected. Dust concentrations and time
weighted average (8 hours) RSPM level are expressed, and the
ranges are shown inmilligrams per cubicmeter (Table 1).The
dust concentration was then derived as follows.

Calculations Used.Mass of particles found on the sample filter

𝑀
𝑠
= (𝑀
2
−𝑀
1
) , (1)

where 𝑀
𝑠
is the mass found on the sample filter, 𝑀

1
is

the weight of the clean filter before sampling, mg, 𝑀
2
is

the weight of the sample containing filter, mg, The sampled
volume is

𝑉
𝑠
= 𝑄 ×

𝑇

1000

, (2)

where 𝑉
𝑠
is the volume of the air sampled in m3, 𝑄 is the

average flow rate of air sampled, L/min, 𝑇 is the sampling
time, min, 1000 is the conversion from L to m3.

The concentration of the particulate matter in the sam-
pled air is expressed in micrograms/m3

𝐶 =

𝑀
𝑠

𝑉
𝑠

, (3)

where 𝐶 = mass concentration of particulate matter, mg/m3,
𝑀
𝑠
= mass found on the sample filter in mg, 𝑉

𝑠
= volume of

air sampled in m3.

3. Results

In case of the respiratory problems, around 49% of the
workers reported coughing, 44% reported frequent phlegm,
38% reported wheezing, and 40% reported breathlessness,
whereas asthma was reported by only 7% of the workers.
These workers were from casting/moulding, gas cutting
and welding, forging, grinding, and painting/nickel plating
sections.The percentage of respiratory symptoms reported by
workers is shown in Table 1.

3.1. Occupational Exposure with respect to RSPM. It is evident
from Table 2 that the RSPM level was very high in mould-
ing/casting and grinding sectionswhereas dust concentration
is relatively lower in machining section. The RSPM level was
above the prescribed limit of 5mg/m3 by Indian factory act.
It is pertinent to note that the workers were not using PPEs
like masks; the workers working in various sections without
proper masks are shown in Figure 1. Therefore a significant
number of workers reported for respiratory symptoms.

3.2. Lungs Functions. The exposed group of industry subjects
(workers) and control group of subjects were statistically
comparable for mean age (SD) and mean work experience
(SD) (at “𝑃”> 0.05).However theBMIs of exposed group sub-
jects were significantly lower than the BMIs of control group.
The 𝑡-test statics ofmean age (SD) andmeanwork experience
(SD) and mean BMIs (SD) of both the groups are also shown
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Table 2: RSPM level in various sections.

Name of
section/process

Initial
weight of
filter (𝑀

1
)

Final weight
of filter (𝑀

2
)

Volume of air
sampled
(liters)

𝑉
𝑠
= volume

of air (m3)
Net Wt of
dust (mg)

𝐶 = 𝑀/𝑉

(mg/m3)
Pump running
time (hrs)

RSPM in 8 hrs
(mg/m3)

Punching/blanking/trimming section
Location 1 60.5 61.8 500 0.500 1.3 2.6 0.93 22.46
Location 2 59.2 60.6 495 0.495 1.4 2.83 0.92 24.68
Location 3 56.8 57.9 541 0.541 1.1 2.03 1.001 16.24
Location 4 58.9 60.2 516 0.516 1.3 2.52 0.96 21.09
Location 5 56.8 57.8 541 0.541 1 1.85 1.001 14.76

Forging section
Location 1 60.3 61.4 453 0.453 1.1 2.43 0.84 23.16
Location 2 57.8 58.9 516 0.516 1.1 2.132 0.96 17.85
Location 3 59.2 60.5 528 0.528 1.3 2.46 0.98 20.14
Location 4 59.2 60.4 510 0.51 1.2 2.35 0.94 19.93
Location 5 57.8 58.9 516 0.516 1.1 2.13 0.96 17.84
Location 6 60.1 61.4 541 0.541 1.3 2.40 1.001 19.18

Grinding section
Location 1 60.9 63.2 450 0.450 2.3 5.11 0.83 49.06
Location 2 59.6 61.8 450 0.450 2.2 4.89 0.83 46.93
Location 3 58.7 60.4 405 0.405 1.7 4.197 0.75 44.77
Location 4 58.2 60.6 516 0.516 2.4 4.65 0.96 38.93
Location 5 57.8 59.7 450 0.450 1.9 4.22 0.83 40.53

Polishing section
Location 1 57.1 59.7 554 0.554 2.6 4.69 1.026 36.59
Location 2 58.9 62.3 550 0.550 3.4 6.18 1.018 48.55
Location 3 59.5 61.9 550 0.550 2.4 4.36 1.018 34.27
Location 4 58.9 61.4 540 0.540 2.5 4.63 1 37.04
Location 5 58.5 61.3 560 0.560 2.8 5.00 1.037 38.57

Moulding/casting section
Location 1 58.6 61.9 550 0.55 3.3 6.00 1.018 47.12
Location 2 57.7 60.2 532 0.532 2.5 4.7 0.985 38.15
Location 3 59.2 61.4 534 0.534 2.2 4.12 0.99 33.33
Location 4 58.9 61.3 580 0.580 2.4 4.14 1.074 30.82
Location 5 59.2 62.2 590 0.590 3 5.08 1.092 37.23

Broaching/marching section
Location 1 60.1 61.4 580 0.580 1.3 2.24 1.074 16.69
Location 2 58.7 60.1 590 0.590 1.4 2.37 1.092 17.37
Location 3 59.6 61.2 650 0.65 1.6 2.46 1.204 16.35
Location 4 58.6 59.4 545 0.545 0.8 1.46 1.009 11.63
Location 5 58.6 59.5 541 0.541 0.9 1.66 1.001 13.28

Tool room section
Location 1 57.3 58.2 511 0.511 0.9 1.76 0.946 14.88
Location 2 57.3 58.3 584 0.584 1 1.71 1.081 12.67
Location 3 58.6 59.5 570 0.570 0.9 1.57 1.056 11.96
Location 4 57.6 58.5 565 0.565 0.9 1.59 1.046 12.17
Location 5 56.6 57.5 554 0.554 0.9 1.62 1.025 12.67

Electroplating/painting section
Location 1 58.4 59.5 630 0.630 1.1 1.75 1.167 11.97
Location 2 58.6 59.9 620 0.620 1.3 2.096 1.148 14.60
Location 3 57.3 58.2 590 0.590 0.9 1.53 1.093 11.16
Location 4 58.6 59.2 545 0.545 0.6 1.101 1.009 8.726

Gas cutting/welding section
Location 1 58.4 60.2 630 0.630 1.8 2.85 1.167 19.59
Location 2 59.6 61.7 620 0.620 2.1 3.38 1.15 23.60
Location 3 58.5 60.1 590 0.590 1.6 2.72 1.09 19.85
Location 4 56.6 58.7 650 0.650 2.1 3.23 1.20 21.47
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Table 3: Student’s t-test statics of lung functions of exposed group v/s control group.

Parameter
Exposed group
(𝑁 = 309)
mean

Std. deviation

Control group
(𝑁 = 74) mean
Std. deviation

Mean difference “P” value

Age 31.28 (9.12) 29.36 (6.30) 1.91022 0.089
BMI 22.45 (3.30) 22.05 (2.53) .39264 0.339
FVC 3.46 (0.60) 3.82 (0.67) −.35855 0.001
FEV
1 2.72 (0.53) 3.32 (0.56) −.59251 0.001

FEV
1
/FVC ratio 78.65 (8.79) 87.25 (10.08) −8.59914 0.001

FEF
25–75 2.60 (0.99) 3.86 (1.15) −1.26551 0.001

PEFR 6.93 (1.64) 7.73 (1.66) −.80842 0.001
FIVC 2.98 (0.79) 3.37 (0.80) −.39534 0.000
PIFR 3.68 (1.40) 4.55 (1.53) −.87481 0.001

in Table 3. As the results shows that spirometric parameters
such as FVC, FEV

1
, and FEV

1
/FVC ratio, FEF25−75, PEFR,

PIFRs and FIVC are lower in exposed group than controls.
The lowering in FVC, FEV

1
, and FEV

1
/FVC% suggests a

combination of obstructive and restrictive patterns in their
lungs.This reduction in their lung functions could possibly be
associated with exposure to dust. Hence the industry workers
showed significantly lower lung function values FVC, FEV

1
,

and FEV
1
/FVC ratio, FEF25−75, PEFR, PIFR, and FIVC as

compared to the control group at 𝑃 < 0.01.

3.3. Effect of Occupation on Lung Functions. As shown in
Table 4, there is significant difference (at 𝑃 < 0.05) between
the lung function parameters (FVC, FEV

1
, FEV

1
/FVC%,

FEF25−75, PEFR, PIFR, and FIVC) of industry subjects
engaged in various sections. The values are significantly (at
𝑃 < 0.05) lower in workers working in grinding and mould-
ing sections. The lowering in FVC, FEV

1
, and FEV

1
/FVC%

suggests a combination of obstructive and restrictive patterns
in their lungs. Post hoc Tuky’s analysis for multiple com-
parisons reveals that there is insignificant difference of body
mass index (BMI) among the various subgroups of subjects
engaged in various sections including the control group sub-
jects. However, age is significantly verifying among some of
the subgroups. As far as the variation of lung functions within
the exposed group is concerned, workers of grinding section
showed significantly lower value of FVC as compared to
the control subjects; however there is insignificant difference
from the workers of other sections. Forging workers are also
found be significantly lower FVC as compared to control
subject. There is insignificant difference of FEV

1
among

the various sections within the exposed group, at the same
time it is significantly lower as compared to control subjects
for all sections except the workers of electroplating section.
Within the exposed group, the workers of moulding/casting
process are found with significantly lower FEV

1
/FVC ratio

as compared to forging section, although all other sections
are found with insignificant difference of FEV

1
/FVC ratio

among each other (at 𝑃 < 0.05). The subjects of all sections
of exposed group are having significantly lower FEV

1
/FVC

ratio and FEF25−75 as compared to control subjects. It is
also evident from the results that within the exposed group
subjects, there is insignificant difference of PEFR, FIVC,
and PIFR. However the workers of grinding and moulding
sections are having significantly lower value of PEFR, FIVC,
and PIFR as compared to control group.

Over all it is clear from the data analysis that the workers
engaged in moulding and grinding sections are found with
significantly lower values of all the lung function parameters
as compared to control group. However all sections exposed
group are found with significantly (at 𝑃 < 0.05) lower FEV

1,

FEV
1
/FVCandFEF25−75 values as compared to control group.

For this Tukey’s post hoc test showed that G9 (con-
trol subgroup) has significant difference from all the other
subgroups. As G9 subgroup includes controls and groups
G1 to G8 includes workers working in different sections of
casting and forging industry. So it is clear that the significant
difference is due to the fact that workers are exposed to
high levels of dust, high ambient air temperatures, and high
relative humidities as compared to controls.

4. Discussion

Results reveal that all the spirometric values such as FVC,
FEV
1
, FEV

1
/FVC ratio, FEF25−75, PEFR, FIVC, and PIFR

in exposed group than in the control group. Other studies
also reported lower FVC, FEV

1
, FEV

1
/FVC ratio, PEFR, and

PIFR [4, 7–9]. The lowering in FVC, FEV
1
, and FEV

1
/FVC%

suggests a combination of obstructive and restrictive patterns
in their lungs.The lowering in FEF25−75 also causes an airway
obstruction as it gives an indication of what is happening
in the lower airways. The decrease in PEFR and PIFR is an
indicator of restrictive lung disease.These results are in accor-
dance with the results given by Mustajbegovic et al. [12] and
Yanev [13]. In the present study, the reduction in lung func-
tions could possibly be associatedwith exposure to dust as the
respirable dust levels obtained were considerably higher than
the recommended levels. The workers were also exposed to
high ambient air temperatures as well as to relative humidity.
Another reason for this is that the workers working in forging



6 ISRN Public Health

Ta
bl
e
4:
Eff

ec
to

fo
cc
up

at
io
n
on

lu
ng

fu
nc
tio

ns
A
N
O
VA

sta
tic

s.

Pa
ra
m
et
er

Pu
nc
h/
bl
an
k
(2
0)

M
ea
n
(S
D
)

Fo
rg
in
g
(4
6)

M
ea
n
(S
D
)

G
rin

di
ng

(7
7)

M
ea
n
(S
D
)

M
ou

ld
in
g
(7
3)

M
ea
n
(S
D
)

To
ol
ro
om

(3
6)

M
ea
n
(S
D
)

Q
ua
lit
y
(2
2)

M
ea
n
(S
D
)

W
eld

in
g
(1
7)

M
ea
n
(S
D
)

N
ic
ke
l/c
hr
om

e
pl
at
in
g
(1
8)

M
ea
n
(S
D
)

C
on

tro
l(
74
)

M
ea
n
(S
D
)

“P
”v

al
ue

Ex
po

su
re

8.
25

(6
.3
4)

7.6
0
(5
.2
2)

6.
87

(4
.76

)
11
.6
6
(8
.11
)

11
.4
7
(5
.74

)
10
.52

(1
1.1
0)

8.
29

(8
.5
9)

6.
30

(5
.9
8)

8.
00

(5
.9
8)

0.
00

0
A
ge

29
.6
(7.
65
)

28
.6
9
(7.
38
)

29
.5
7
(8
.2
7)

34
.0
1(
8.
55
)

35
.3
0
(8
.6
0)

30
.6
3
(1
2.
10
)

29
.8
2
(9
.2
9)

30
.0
0
(1
2.
6)

29
.3
6
(6
.2
9)

0.
00
1

BM
I

21
.3
8
(2
.5
7)

21
.9
0
(2
.9
2)

22
.5
4
(4
.0
8)

22
.0
6
(2
.2
7)

23
.8
7
(3
.9
1)

23
.19

(3
.33

)
22
.5
0
(3
.6
5)

22
.4
2
(2
.3
8)

22
.0
5
(2
.53

)
0.
07
5

FV
C

3.
47

(0
.4
4)

3.
35

(0
.4
9)

3.
28

(0
.6
4)

3.
59

(0
.6
7)

3.
45

(0
.4
4)

3.
63

(0
.7
8)

3.
59

(0
.5
4)

3.
70

(0
54
)

3.
82

(0
.6
7)

0.
00

0
FE

V
1

2.
74

(.5
0)

2.
73

(0
.4
9)

2.
61

(0
.5
6)

2.
71

(0
.5
5)

2.
70

(0
.4
3)

2.
85

(0
.5
6)

2.
86

(0
.4
9)

2.
97

(0
.5
5)

3.
31

(0
.5
6)

0.
00

0
FE

V
1/F

VC
ra
tio

78
.7
3
(9
.12

)
81
.5
0
(9
.53

)
79
.37

(9
.2
3)

75
.4
6
(7.
83
)

78
.3
8
(8
.9
3)

79
.11

(9
.9
8)

79
.6
1(
5.
07
)

80
.10

(6
.5
1)

87
.2
4
(1
0.
08
)

0.
00

0
FE

F 2
5
–7
5

2.
63

(1
.15

)
2.
88

(1
.10

)
2.
53

(0
.9
9)

2.
36

(0
.9
3)

2.
57

(0
.9
9)

2.
72

(1
.0
0)

2.
70

(0
.8
0)

2.
90

(1
.11
)

3.
86

(1
.15

)
0.
00

0
PE

FR
7.3

4
(1
.7
5)

7.1
5
(1
.14

)
6.
69

(1
.7
9)

6.
45

(1
.52

)
7.1
5
(1
.5
7)

7.4
5
(1
.8
0)

7.3
8
(1
.6
5)

7.1
7
(1
.7
7)

7.7
3
(1
.6
6)

0.
00

1
FI
VC

3.
17

(.3
7)

2.
96

(0
.6
3)

2.
71

(0
.8
9)

3.
06

(0
.8
1)

3.
05

(0
.52

)
3.
25

(0
.9
4)

3.
02

(0
.8
1)

3.
07

(0
.9
6)

3.
37

(0
.7
9)

0.
00

0
PI
FR

3.
62

(1
.10

)
3.
94

(1
.2
9)

3.
22

(1
.37

)
3.
86

(1
.52

)
3.
55

(1
.18

)
4.
00

(1
.4
9)

4.
17

(1
.39

)
3.
64

(1
.4
9)

4.
55

(1
.53

)
0.
00

0



ISRN Public Health 7

and casting industry are not wearing proper protective equip-
ment.Our results are in accordancewithGomes et al. [14] and
Oxman et al. [15]. Singhal et al. [10] they have also reported
a significant reduction in expiratory and inspiratory flow
rates, that is, PEFR, PIFR, FEF25−75, and FIF

50
. Reduction in

PEFR otherwise showed a classic pattern of restrictive lung
disease. The flow rates at low volumes, that is, FEF25−75 and
FIF
50
, indicate flow rates in small airways, that is, those with

internal diameters of less than 2mm. These are reduced at
low lung volumes both in restrictive and obstructive diseases.
Tiwari et al. [3] reported that lung function measurements,
even after adjusting for age, weight, and smoking habits, were
significantly lower in the silica dust exposure group than in
the control group. Mikov [11] showed that the mean FEV, of
foundryworkerswas considerably lower than that of a control
group irrespective of the smoking habit.

4.1. Effect of Occupation on Lung Function. Lung function
parameters were also found to be associated with occu-
pation; the results revealed that almost all lung functions
parameters were lower in workers working in grinding and
moulding/casting sections were significantly lower than the
control group subjects. The lowering in FVC, FEV1, and
FEV1/FVC% ratio suggests a combination of obstructive and
restrictive patterns in their lungs. The reason for the same
attributed to significantly higher RSPM level was higher in
moulding/casting and grinding sections. The workers were
also exposed to high ambient air temperatures as well as
to relative humidities that were higher. Another reason for
this is that the workers were not wearing proper protective
equipment as reported in Singh et al. [16]. The workers
engaged in moulding/casting sections were reluctant to wear
the nose/mouth mask, as reported in subjective responses.
The reason is that the workers of moulding/casting sections
are doing heavy activities at higher metabolic rate; thus they
require fast respiration and the mask they are using causes
difficulty in breathing and make them uncomfortable.

5. Conclusions

Results reveal that all the spirometric values such as FVC,
FEV
1
, FEV

1
/FVC ratio, FEF

25−75
, PEFR, FIVC, and PIFR

were lower among the industrial workers than the controls.
Lung function parameters were also found to be associated
with occupation, all lung parameters were significantly lower
in workers engaged in grinding and moulding/casting sec-
tions as compared to control group subjects.

The workers engaged in moulding/casting sections were
reluctant to wear the nose/mouth mask. The reason is that
the workers of moulding/casting sections are doing heavy
activities at higher metabolic rate; thus they require fast
respiration and the mask they are using causes hindrance in
breathing and makes them uncomfortable. The other reason
might be the quality of masks; therefore, it is recommended
that mask of adequate quality should be provided to the
workers.

Key Points

(1) The study shows alarming signals of lung function
deterioration among the industry workers.

(2) The workers engaged in moulding/casting sections
were reluctant to wear the nose/mouth mask.

(3) The reason is that the workers of moulding/casting
sections are doing heavy activities at highermetabolic
rate; thus they require fast respiration and the mask
they are using causes hindrance in breathing and
makes them uncomfortable.

(4) The other reason might be the quality of masks;
therefore, it is recommended that masks of adequate
quality should be provided to the workers.
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