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ABSTRACT: Perennial indoor environmental pollution in the textile industrial area is a potential health hazard for workers engaged in this line
of work, resulting in mental aberration to severe health risks. This study was designed to investigate the indoor environmental quality of textile
industries and correlate its effect on the occupational health and well-being of the textile workers by measuring plasma oxidative stress status
in textile workers and healthy control subjects. Environmental samples were collected from 15 textile industries located in Dhaka division, and
30 volunteer textile workers and 30 volunteer office workers (control) aged 18 to 57 years participated in the study. The concentration of plasma
ascorbic acid (P-ASC), plasma malondialdehyde (P-MDA), and plasma conjugated diene (P-CD) was measured in both groups. The noise
level (78.0 ± 0.68 dB) and the formaldehyde level (141.80 ± 4.47 µg/m3) were found to be significantly higher in the indoor environmental area
compared with those in the control area (70.17 ± 0.25 dB and 108.0 ± 0.76 µg/m3, respectively). Furthermore, the daily average concentration
of suspended particulate matters (PMs), that is, PM2.5 (322.2 ± 13.46 µg/m3) and PM10 (411.0 ± 17.57 µg/m3), was also found to be significantly
higher in the indoor environmental air compared with that in the control area (78.59 ± 1.66 and 174.0 ± 2.33 µg/m3, respectively). The levels of
P-MDA (0.37 ± 0.03 nmol/L) and P-CD (14.74 ± 0.61 nmol/L) were significantly increased, whereas the level of P-ASC level (0.46 ± 0.04 mg/dL)
was markedly decreased in the textile workers compared with the healthy control subjects (0.18 ± 0.01 nmol/L of P-MDA, 10.04 ± 0.44 nmol/L
of P-CD, and 1.29 ± 0.06 mg/dL of P-ASC). The textile plants were found to have significantly elevated levels of indoor environmental pollutants
compared with those in the control area, and the textile workers were significantly exposed to oxidative stresses compared with the control subjects. The use of noise pads and high-efficiency air filters is perhaps highly instrumental to put an end to this prevailing situation. Moreover, to
overcome the oxidative stresses among workers, supplementation of antioxidant vitamins (ie, ascorbic acid and/or vitamin E) may be beneficial.
In addition, to prevent serious health-related issues, proper precautions should be taken to protect the occupational health of the textile workers.
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Introduction

Noise is considered the most widely prompted physical
harmful factor in the workplace as well as in the environment.3
It is accounted that more than 600 million people are exposed
to high sound level existing in their workplaces, among which
50 to 60 million are from Europe and North America.4,5 The
World Health Organization (WHO) has declared the optimum level of noise as 45 dB by day and 35 dB by night to maintain a healthy environment.6 Any sound level that exceeds
these levels is marked as noise which has serious impact on
human health.7-9 The harmful effect of high sound/noise has
been recognized as occupational stress particularly among
industrial workers, inducing physiological and mental aberration.7 Exposure to any kind of noise above 90 dB is recognized
as a great source of oxidative stress.10
Formaldehyde, a chemical compound which acts as a carcinogen, is found in some indoor air.11 Formaldehyde unconstrained from external sources enters body via either inhalation
or ingestion of substances.12 Long-term exposure of formaldehyde has been shown to decrease white blood cell number and
possibly lower platelet and hemoglobin counts.13

The textile industry in Bangladesh plays an increasingly
important role in the economic development of the country by
exporting apparels to the United States and European countries. Although the industry is the most important contributor
to the national reserve, it is associated with a wide range of
environmental stressors including air pollutants and noise in
the working environment. Approximately 10 million people
are engaged in the textile (including garments and others)
industry, where around 90% of workers are women and children.1 Hence, it is imperative to maintain a congenial and safe
working environment in textile industries. In the textile industry, different types of instruments and chemicals are used to
increase the product quality seemingly, which has essentially
many disadvantages. Old machineries/malfunctioned instruments often create exceedingly high level of noise and get
involved in air pollution. High levels of formaldehyde, carbon
monoxide, carbon dioxide, and suspended particulate matters
(PMs) are other common yet dangerous contaminants prevalent in their working place.2
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Particulate matter, a key component of polluted air, is estimated to kill more than 500 000 people each year.14 Worldwide,
epidemiological studies showed a consistent increase in cardiac
and respiratory morbidity and mortality from exposure to
PM.15,16 Thicker fine particles (PM10) are effectively removed
from the upper respiratory tract; however, PM less than PM10
(PM5, PM2.5, PM1.0, PM0.5, PM0.3) cannot be efficiently
removed.17,18 These ultrafine particles penetrate the respiratory
tract and get deposited on the bronchi walls. Recent data have
demonstrated that PM2.5 and PM0.1 can cross the pulmonary and
systemic circulations directly, affecting heart and blood vessels.19
Occupational exposure of these environmental pollutants,
such as noise and air pollutants including PM and formaldehyde, unevenly damages natural oxidative balance, resulting in
disproportionate amount of free radicals and reactive oxygen
species (ROS) production.20 Outnumbered ROS species result
in oxidative stress, triggering an imbalance in body’s antioxidant level.21 Plasma ascorbic acid (P-ASC), nitric oxide, plasma
conjugated diene (P-CD), and plasma malondialdehyde
(P-MDA) are some of the oxidative stress markers usually used
to assess the index of redox potential in diverse environments.18,22,23 Ascorbic acid (ASC), an antioxidant, has shown
to play a significant role in oxidative stress management caused
by ROS molecules, thereby protecting the cell against ROSinduced damage, whereas P-CD has been demonstrated as a
primary product of a free-radical-mediated attack on polyunsaturated fatty acids (PUFA).22,24 Polyunsaturated fatty acid
peroxide products often react to form MDA, a secondary product of lipid peroxidation, and are one of the frequently used
biomarkers to evaluate oxidative stress.25 Therefore, the study
aims to shed light on the state of the textile plants in Bangladesh
by monitoring the indoor environmental air quality in terms of
noise and air pollutants in the working space. As a result, 15
textile industries located in different areas of Dhaka division
were randomly selected as sample sites to evaluate the level of
pollution. Furthermore, to correlate the effect of these environmental stressors on the occupational health and well-being of
the textile workers, certain biomarkers were used to assess the
oxidative stress status in their bodies.

Material and Methods
Site selection and environmental data collection
Forty-one different locations of textile plants (working area)
and office areas (area of same textile industry was used as control area) of 15 textile industries located in various areas of
Dhaka division were randomly chosen for the collection of
environmental data such as noise level and presence of air pollutants including PM and formaldehyde in the air. Noise was
measured using a sound level meter (Pulsar Models 91),
whereas formaldehyde was measured using a formaldehyde
meter (PCE-HFX205). Moreover, particle counter (PCEPCO 1 machine) was used to measure the PMs in indoor air of
selected textile industries.

Study subjects
A total of 30 nonsmoker textile workers (sample group) with
age range between 18 and 48 years were included in the study,
who had been in the profession for the last 5 years and working
an average of 6 hours/day and 6 days per week. The control
group (from the same area) consisted of 30 healthy nonsmoker
office workers (unexposed to industrial environment), age
ranging between 19 and 57 years. The ethical committee of
Dhaka University approved this study, and all participants provided written informed consent before participation
(20150106/ERC_biosciencedu).

Blood sample collection
For biochemical analysis, blood samples were collected from
textile workers (n = 30) and healthy control subjects (n = 30).
The blood samples were collected in clean, sterile, screwcapped tubes containing k-EDTA. The whole blood samples
from each subject were centrifuged at 2000 rpm at 4°C for
10 minutes and plasma was then separated.26 The plasma samples were stored at −20°C until the day of analysis.

Estimation of oxidative stress markers
Estimation of P-ASC. To measure the concentration of P-ASC,
modified Roe and Kuether27 described method was used. In
this method, an aliquot of 0.2 mL of plasma was taken in a
5-mL test tube and 0.8 mL of 5% trichloroacetic acid (TCA)
solution was added. The mixture was then centrifuged at
3000 rpm for 10 minutes. An aliquot of 0.6 mL of supernatant
was separated and 0.25 mL of dinitrophenylhydrazine-thiourea-copper sulfate solution was added. The tube was then incubated at 60°C for 1 hour in water bath. After incubation, the
test tube was chilled in an ice cool water bath. One milliliter of
sulfuric acid was added dropwise and mixed well. The mixture
was then incubated at room temperature for 30 minutes. Then,
0.2 mL of standard ASC solution (Loba Chemie, Colaba,
India) was taken and treated according to the previously
described method. The absorbance of both samples and standards was taken at 520 nm. The P-ASC concentration was
determined using the following formula, and the result is
expressed in milligram per deciliter:
 Absorbance of the sample 
ASC(mg/dL) = 

 Absorbance of the standard 
× Standard concentration

Determination of P-MDA
The thiobarbituric acid reactive substance (TBARS) assay, an
important oxidative stress marker assay, was performed to
measure the lipid peroxidation level in the textile workers and
the healthy control subjects. The modified TBARS method
described by Satoh was used to determine the P-MDA level.28
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In this method, thiobarbituric acid (TBA) reagent was prepared with 15 g of TCA, 0.375 g of TBA, 25 mL of HCl, and
40 mg of benzotriazole (BHT) and was made to a volume of
100 mL with distilled water. Then, 2 mL of TBA reagent, 1 mL
of plasma sample (100 µL plasma + 900 µL saline), and 30 µL
of 50 mM BHT were added in a tube and the tube was kept in
incubated in boiling water bath for 15 minutes. After incubation, it was kept for 10 minutes to cool down. Then, it was centrifuged for 10 minutes at 2000 rpm, and after that the
supernatant was collected. The absorbance of the collected
supernatant was measured at 535 nm. The MDA equivalents of
the samples were calculated using an extinction coefficient of
1.56 × 105 M−1 cm−1.

Determination of P-CD
The modified Spranger et al29 described method was used in
the determination of P-CD concentration. Plasma was treated
with 3 mL of chloroform:methanol (2:1) solution followed by
vigorous mixing. The mixture was then centrifuged at 2000 rpm
for 10 minutes. The upper layer was discarded along with the
proteins, whereas the lower chloroform layer was dried under a
stream of nitrogen at 45°C. The residue obtained was dissolved
in cyclohexane (Merck, Darmstadt, Germany), and the absorbance was taken at 233 nm against a blank that contains
cyclohexane. Here, in this assay, 1 optical density (OD) represented 37.5 nmol of conjugated diene.

Statistical analysis
Statistical analyses were performed using analysis of variance
and Student t test, and data were presented as mean ± standard
error of mean (SEM). GraphPad prism version 8.0.1 was used
to perform the analyses, and the level of significance was
assumed for difference with values of P < 0.05.

25 ± 1.53 years, respectively. Of a total of 30 textile workers, 5
were female and 25 were male workers. On the contrary, among
30 control subjects, 2 individuals were women. Demographic
data of textile workers and healthy control subjects are shown
in Table 1.

Analysis of environmental pollutant data
Results of environmental pollutants such as noise and air pollutants (PM and formaldehyde) for both working area and
control area are shown in Table 2. The levels of indoor noise
(78.0 ± 0.68 dB) and formaldehyde (141.80 ± 4.47 µg/m3) in
the working area were significantly higher than those in the
control area (70.17 ± 0.25 dB and 108.0 ± 0.76 µg/m3, respectively) (Figures 1 and 2). Moreover, significant increase in the
daily average concentrations of PM2.5 and PM10 (322.2 ± 13.46
and 411.0 ± 17.57 µg/m3, respectively) was observed in the
indoor air of the working area compared with the daily average
concentration in the control area (78.59 ± 1.66 and 174.0 ± 2.33
µg/m3, respectively) (Figures 3 and 4).

Analysis of biochemical data
In this study, levels of P-MDA (0.37 ± 0.03 nmol /L) and
P-CD (14.74 ± 0.61 nmol /L) were significantly increased,
whereas the level of P-ASC (0.46 ± 0.04 mg/dL) was considerably decreased in the textile workers compared with the
healthy control subjects (0.18 ± 0.01 nmol/L of P-MDA,
10.04 ± 0.44 nmol/L of P-CD, and 1.29 ± 0.06 mg/dL of
P-ASC) (Figures 5-7).

Table 1. Demographic data of textile workers and healthy control
subjects.

Results
Analysis of demographic data

Parameters

Textile workers
(N = 30)

Healthy control
subjects
(N = 30)

A cross-sectional study was conducted with 30 healthy control
subjects and 30 textile workers of age range 19 to 57 years and
18 to 48 years, respectively (Table 1). The mean age of textile
workers and healthy control subjects was 30 ± 1.55 years and

Age range

30 ± 1.55 years
18-48 years

25 ± 1.53 years
19-57 years

Gender

Male = 25
Female = 5

Male = 28
Female = 2

Table 2. Summary of all parameters of environmental pollutants in control and working area.
Parameters

Control area (mean ± SEM)
n = 41

Noise, dB

70.17 ± 0.25

Formaldehyde, µg/m3

108.0 ± 0.76

PM2.5, µg/m3 per day

78.59 ± 1.66

PM10, µg/m3 per day

174.0 ± 2.33

P value

Reference standard
ambient value

78.0 ± 0.68

<.001

7030

141.80 ± 4.47

<.001

10012

322.2 ± 13.46

<.001

6530

411.0 ± 17.57

<.001

15030

Working area (mean ± SEM)
n = 41
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PM10 (g/m3) per day

Noise level (dB)

***P<0.001

***P<0.001

90
85
80
75
70
65

Control Area

550
400
250
100

Working Area

Figure 1. Noise level in the working area was significantly higher
compared with the control area, reflecting significant noise level in textile
plants.

700

Control Area

Working Area

Figure 4. Level of PM10 in the working area was significantly higher
compared with the control area, revealing significant PM10 level in textile
plants. PM indicates particulate matter.

200
160
120
80

***P<0.001

1.5

240

MDA content (nmol/L)

Formaldehyde content
(g/m3)

***P<0.001

Control Area

Working Area

Figure 2. Indoor formaldehyde level in the working area was significantly
higher compared with the control area, which infers significant
formaldehyde level in textile plants.

1.0

0.5

0.0

Control group

***P<0.001

550

Conjugated diene content
(nmol/L)

PM2.5 (g/m3) per day

***P<0.001

450
350
250
150
50

Control Area

Working Area

Figure 3. Level of PM2.5 in the working area was significantly higher
compared with the control area, indicating significant PM2.5 level in textile
plants. PM indicates particulate matter.

Discussion

Today, environmental pollutants severely affect human
health as important stress factors. With industrialization,
more individuals have been exposed to these pollutants,
causing various types of health problems.2 Our study
attempted to monitor the indoor environmental quality of
different textile plants and correlate its effect on the occupational health and well-being of the textile workers through
measuring plasma oxidative stress status in textile workers

Sample group

Figure 5. Effect of noise and air pollutant exposure on plasma
malondialdehyde level (nmol/L) in the sample group compared with
controls. MDA indicates malondialdehyde.

20
15
10
5
0

Control group

Sample group

Figure 6. Effect of noise and air pollutant exposure on plasma
conjugated diene level (nmol/L) in the sample group compared with
controls.

and healthy control subjects. Our study indicated that
indoor noise level (78.0 ± 0.68 dB) in the working area was
significantly higher than in the control area (70.17 ± 0.25
dB) (Figure 1). However, it has been reported that exposure
to any kind of noise above 90 dB is recognized as a great
source of oxidative stress.10 But long-time exposure (as each
textile worker included in the study was in the profession for
5 years and working an average of 6 hours/day and 6 days per
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***P<0.001

Ascorbic acid content
(mg/dL)

2.0
1.5
1.0
0.5
0.0

Control group

Sample group

Figure 7. Effect of noise and air pollutant exposure on plasma ascorbic
acid level (mg/dL) in the sample group compared with controls.

week) to these elevated level of noise may affect the health
of the textile workers. Moreover, earlier reports demonstrated that noise-induced hearing loss had occurred in textile workers as well.31,32 Epidemiological study showed that
noise is associated with increased arterial hypertension,
myocardial infarction, and brain stroke owing to increased
hormonal imbalance by oxidative stress.33 So, textile workers
may become prone to different types of oxidative damage
and noise-induced hearing loss.3
Formaldehyde, a chemical compound which works as a carcinogen, is found in the indoor and outdoor air of textile industries. Our study revealed that indoor formaldehyde level
(141.80 ± 4.47 µg/m3) in the working area was significantly
higher compared with the control area (108.0 ± 0.76 µg/m3)
(Figure 2). Moreover, it was found that the working area had a
formaldehyde level much higher than the value set by the
WHO guideline.12 A study conducted in China demonstrated
that 66 workers in the chemical industry exposed occupationally to formaldehyde were found to suffer from congestion in
the cornea, nasal membrane, and pharynx.34 So, elevated level
of formaldehyde exposure may result in acute mucus membrane irritation, leading to dry skin, dermatitis, tearing eyes,
sneezing, and coughing.35
Exposure to PM is one of the most crucial concerns in modern-day public health, as it is one of the key constituents of air
pollution, and corroboration continues to increase citing PM as
one of the most harmful pollutants.36,37 Particulate matter has
been specially linked with oxidative stress and various types of
cardiovascular conditions, including myocardial infarction,
hypertension, atherosclerosis, heart rate variability, and coronary heart disease.38-43 Our study found that the daily average
concentration of both PM2.5 (322.2 ± 13.46 µg/m3) and PM10
(411.0 ± 17.57 µg/m3) was significantly higher in the indoor
air of the working area compared with the daily average concentration in the control area (78.59 ± 1.66 and 174.0 ± 2.33µg/
m3, respectively) (Figures 3 and 4). Moreover, these levels were
far much higher than the value set by the guideline of the
Ministry of Environment and Forests, Bangladesh.30 So, our
study indicated significant level of environmental pollution

(noise, formaldehyde, and PM) in the working area compared
with the control area, because exposure of textile workers to
these environment pollutants may lead to oxidative stress and
various health complications.
So, to measure the oxidative stress status of the textile workers and the control subjects, we targeted P-MDA and P-CD, 2
biomarkers of lipid peroxidation. Lipid molecules are highly
susceptible to oxidation by ROS, and oxidation of lipoproteins
includes peroxidation of PUFA that produces high amounts of
lipid peroxidation products such as conjugated dienes.
Moreover, breakdown of these products also produces aldehydes, such as MDA.22,44 As a result, levels of both P-MDA
and P-CD are directly proportional to lipid peroxidation level,
and therefore to the oxidative stress condition.22 Previously, in
1 study that was done in Turkey, MDA levels were found to be
significantly higher in textiles workers than in controls.45 In
another cohort study, increased concentrations of P-MDA
level was found in the workers of battery manufacturing company compared with the control.46 In this study, the level of
P-MDA (0.37 ± 0.03 nmol/L) was determined to be significantly higher in textile workers compared with the control
group (0.18 ± 0.01 nmol/L) (Figure 5). Moreover, the level of
P-CD (14.74 ± 0.61 nmol /L) was also found to be significantly higher in textile workers compared with the control
group (10.04 ± 0.44 nmol/L) (Figure 6). Increased levels of
P-MDA and P-CD in textile workers may be due to the exposure to environmental pollutant, which may result in the elevated production of free radicals. If the free radicals produced
are not balanced by an antioxidant defense system, then they
may lead to various damages in tissues. So, it is possible that the
raised P-MDA and P-CD may be due to decreased antioxidant activity.47,48
Ascorbic acid, an important antioxidant, protects cells from
free radicals and ROS and thus prevents the oxidative damage
of important biomolecules.49,50 In a study on 28 male cement
workers, significantly lower P-ASC (35%) levels were observed
in cement workers than in the control population.51 Similarly,
in our study, we found significantly lower P-ASC level
(0.46 ± 0.04 mg/dL) in textile workers than in control subjects
(1.29 ± 0.06 mg/dL) (Figure 7). Deficiency of ASC is known
to cause oxidant-induced injuries to the erythrocyte membrane, showing the critical role in maintaining cell integrity.52,53
However, it was reported earlier that P-ASC showed a tendency to decrease between 3 and 24 hours after exercise; as textile workers were continually involved in physical activities
compared with control subjects, it was possible to possess a
lower level of P-ASC than the control subjects.54 So, the
increased level of P-MDA and P-CD together with the
decreased level of P-ASC in textile workers in this study supports the hypothesis that indoor environmental pollution in
the textile plants leads to a greater oxidative burden and depletion of antioxidant defense system. It was mentioned earlier
that approximately 90% of workers are women and children in
the textile industries (including garments and others) in
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Bangladesh.1 However, most of the subjects in this study were
men. This holds certain limitations, albeit the study provided
salient information shedding light on the state of the textile
plants as well as those working in it.

Conclusion

In conclusion, the present findings indicated that textile workers were exposed to significant level of indoor environmental
pollutions as evidenced by significantly higher level of noise,
formaldehyde, PM2.5, and PM10. Moreover, increased level of
P-MDA and P-CD along with lower P-ASC in textile workers compared with the control subjects supports the opinion
that environmental pollutants cause oxidative stress. To overcome oxidative stresses, the study suggests that vitamins (like
ASC and vitamin E) can be supplied to the textile workers as
a source of antioxidants.52,55 It was reported that supplementation with ASC protects against increased oxidative damage.56
Again, supplementation of ASC was found to be effective in
reducing oxidative stress among shift workers of Tehran
Shahid Tondgoyan oil refinery.57 In addition, the textile workers need to take better precautions to protect them against
serious health issues in their later life. Moreover, to get over
the indoor environmental pollutions, use of noise pads and
carpets for absorption of sounds is suggested. It is highly recommended that the textile workers use masks and earplugs
and those working in the industries with noisy machineries
use noise absorbents and lubricants. Furthermore, increased
ventilation and use of high-efficiency air filters in the textile
plants may be highly instrumental to get over this condition.
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