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ABSTRACT

Introduction: The industrial park in the district of Parit Raja, Batu Pahat resulted in rapid growth of the town during 
the last 20 years and has been a reason of concern that this park also has contributed greatly to the problem of air 
pollution. The aim of this study was to evaluate the association between industrial air pollution and respiratory symp-
toms in adults living in the Parit Raja. Methods: A comparative cross-sectional study was undertaken among residents 
in the district of Parit Raja, Batu Pahat, Johor, Malaysia. A total of 110 residents aged between 19 and 65 years were 
randomly selected and information on personal characteristics and respiratory symptoms was obtained through a 
validated questionnaire. The prevalence of respiratory symptoms was compared between residents recruited from 
the areas situated about 5km radius of the industrial park (exposed) and >5km radius from the industrial park (com-
parative). Results: A total of 34.5% and 25.5% of adults from the exposed group reported experiencing coughing for 
the last 3 months and chest tightness for the last 3 years. The logistic regression models showed that symptoms of 
coughing was associated with the exposed group (aOR=6.34, 95% CI=2.08-19.35), male respondents (aOR=3.18, 
95% CI=1.10-9.16) and who stay in Part Raja for more than 14 years (aOR=3.16, 95% CI=1.14-8.79). Conclusion: 
This study demonstrated that long-term air pollution exposures are consistently associated with respiratory symptoms 
in residents living in the proximity of industrial parks. Therefore, public health initiatives that aim to provide more 
conducive environment are needed, especially for residents living near industrial parks.
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INTRODUCTION

Air pollution is now one of the relevant threats to the 
stability of the ecosystem, driving climate change 
and endangering human life (1). The World Health 
Organization (WHO) estimated that approximately 
9 million deaths a year worldwide are linked with air 
pollution (2). It is known that the fossil fuel combustion, 
agriculture activities, and industrial emissions are the 
common anthropogenic (man-made) sources of air 
pollution (3). Key primary of air pollutants released 
into the atmosphere associated with anthropogenic 
activities are particulate matter (PM), black carbon (BC), 
sulfur dioxides (SO

2
), nitrogen oxides (NOX), carbon 

monoxide (CO), volatile organic compounds (VOCs) 
and polycyclic aromatic hydrocarbons (PAH) (4). The 
impacts of these harmful pollutants are so intense 

due to rampant industrialization around the world. 
Furthermore, industrialization is not only affecting the 
sustainability of economic growth, but also depleting 
the environmental quality (5). In worse situations, these 
air pollutants escalate when meteorological factors 
including rainfall, relative humidity and temperature 
provide favorable conditions (6).

Many reviews reported that the pollutants released from 
industrial activities are associated with many acute and 
chronic diseases (7,8). In particular, health effects of 
PM

10
 and PM

2.5
 exposure includes pulmonary disease, 

heart disease, chronic bronchitis, stroke, asthma, cancers 
and premature mortality (9,10). Similarly, numerous 
reviews reported that nitrogen dioxide (NO

2
) exposure 

has also been linked to cellular inflammation, bronchial 
hyperresponsiveness, and an aggravated risk of infection 
predominantly in the respiratory and cardiovascular 
systems (11–14). Additionally, human exposure to 
VOCs is ubiquitous and can occur through inhalation, 
ingestion and dermal contact. These compounds 
may reside in the vapor phase, particle phase or both 
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phases and potentially cause mutagenic, genotoxic, 
carcinogenic, and neurotoxic effects (15).

Residents living near industrial areas are exposing to 
multiple exposures of air pollution including outdoor 
and indoor environment, occupational exposure and 
traffic emissions (16). Moreover, the severity of health 
problems associated with air pollution increase relatively 
with the distance from industrial areas (17). Recently, a 
meta-analysis review reported that every 1-km resident 
living closer to the industrial areas was increased the risk 
of asthma-related medical visits at hospitals or clinics by 
69% (95% CI= 50%-91%) (18).

This study aims to discover the association of exposure 
to industrial air pollution with the respiratory symptoms 
experienced by the adult residents living in close 
proximity to an industrial area in Parit Raja, Johor, 
Malaysia. 

  
MATERIALS AND METHODS

Study site and participants
This study was performed in Parit Raja, Batu Pahat, Johor, 
Malaysia (1.8635° N, 103.1089° E). Parit Raja is a small 
town in the Batu Pahat district, Johor, that has a mixture of 
industrial zones, residential, university and commercial 
areas (Fig. 1). Parit Raja Industrial Park consists of 
diverse manufacturing enterprises, encompassing wood, 
furniture, electric, electromagnetic, textile, plastic, 
and paper production, as well as adhesive and resin 
manufacturing (19).  Industrial activity in the Parit Raja 
area started since the early 1980s, and the subsequent 
establishment of the industrial park has significantly 
contributed to the exposure of air pollutants in the 
region, affecting the air quality and public health. The 
establishment of heavy industries in the park has led 
to increased pollutant emissions and environmental 
concerns. Over the years, Parit Raja has undergone a 
transformation in economic sector, infrastructure, and 
socio-economic structure, largely influenced by the 

growth of the industrial activities (20). Participants from 
Parit Raja were recruited from the two neighboring 
areas situated about 5 km radius of the industrial park 
(exposed) and more than 5 km radius from the industrial 
park (comparative).

The sample size was calculated using Lemeshow et al. 
formula (21) after considering the 20% non-response 
rate. The purposive random sampling was carried 
out and only eligible adults aged between 19 and 65 
years, and permanent residency of Parit Raja area were 
selected for this study. A total of 150 questionnaires 
were distributed randomly in both sampling sites and 
110 were completed, for a response rate of 73.3%. In 
total, 55 adults from each study area participated in the 
study.

The questionnaire, consent form and protocol were 
approved by the Ethic Committee for Research 
Involving Human Subjects in Universiti Putra Malaysia 
(JKEUPM-2021-004), and obtained all necessary 
approvals from local authorities. Written informed 
consent was obtained from all the participants before 
their enrolment in the study.

Assessment of respiratory symptoms
The information on demographic characteristics was 
collected from face-to-face questionnaires. Also, 
information on respiratory symptoms was gathered 
by using a questionnaire, which was adapted from 
American Thoracic Society “ATS-DLD-78”. The 
standardized questionnaire has been translated and 
proved to be valid in previous studies (22,23). In this 
study, we focused on four distinct respiratory symptoms 
that were treated as outcome variables: cough, phlegm, 
and wheeze for the last 3 months as well as chest 
tightness for the last 3 years. The questionnaires were 
distributed to all randomly selected participants in both 
study areas and verified by the trained enumerators.

Statistical analysis
All statistical analyses were performed using Statistical 
Package for the Social Sciences (SPSS) version 25.0 (IBM 
Corporation, Armonk, NY, USA). Pearson Chi-square 
analysis was used to test the distribution of personal 
characteristics that are representative between both 
sampling groups. Then, we used logistic regression 
models to determine the associations between 
respiratory symptoms and group of sampling, duration 
of stay, and gender. By using the median, duration of 
stay in Parit Raja was coded as categorical variable (≤ 
13 years and > 14 years). The regression models were 
adjusted for marital status, education level, household 
income, smoking and type of residence. The regression 
models were reasonably fits well and met the model 
assumptions. Associations in the regression analysis 
were reported as adjusted odds ratios (aORs) with 95% 
confidence interval (CI). A p-value less than 0.05 was 
considered to be statistical significant.

Figure 1: Map of Parit Raja industrial park in the district of 
Batu Pahat, Johor, Malaysia
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RESULTS

A total of 55 adults from exposed and comparative 
sampling areas were recruited. Respondents were 
predominantly Malay (98.2%) and 1.8% were 
from other ethnicities. A total of 32 (58.2%) and 39 
(70.9%) respondents were female for the exposed and 
comparative group, respectively, and the average age 
for each group was 33 years. A higher response was 
observed among adults at age 26-35 years (26.4%) 
and 36-45 years (33.6%). The self-reported smoking 
prevalence was 18.2% and 10.9% for exposed and 
comparative group, respectively. Furthermore, there 
were a total of 25 (45.5%) participants from exposed 
group were stay in Parit Raja for more than 14 years. The 
majority of respondents (72.7%) from the exposed group 
lived in a terrace house while 72.7% of adults from the 
comparative group lived in individual unit (Table I). A 
greater proportion of the exposed group (45.5%) is living 
within 5.1 to 10 km radius from the industrial park.

Prevalence of respiratory symptoms
Generally, the most common symptom reported by 
the exposed group was coughing in the past 3 months 
with the prevalence value of 34.5% followed by chest 
tightness in the past 3 years (25.5%). Among the 
comparative group, about 9.1%, 7.3%, 5.5% and 7.3% 
of respondents reported cough, phlegm and wheezing 
in the past 3 months and chest tightness in the past 
3 years, respectively. Furthermore, higher odds of 
coughing in the past 3 months and chest tightness in 
the past 3 years were observed among exposed group 
compared to comparative group with the odd of 5.28 
(95% CI = 1.80-15.45) and 4.35 (95% CI = 1.33-14.24), 
respectively (Table II).

Association between respiratory symptoms, sampling 
groups, duration of stay and gender
We further analyzed the association of respiratory 
symptoms with sampling groups, duration of stay and 
gender. Based on the results of logistic regression, the 
exposed group had a significantly higher chance of 
experienced coughing for the last 3 months compared 
with the comparative group (aOR = 6.34, 95% CI = 2.08-
19.35). Further, the same model also showed that male 
respondents and who stay in Part Raja for more than 14 
years had a higher chance of experience coughing for 
the last 3 months with the adjusted odd ratio of 3.18 
(95% CI = 1.10-9.16) and 3.16 (95% CI = 1.14-8.79), 
respectively (Table III).

Moreover, the symptom of chest tightness for the last 
3 years were significantly associated with the exposed 
group (aOR = 4.20, 95% CI = 1.26-13.97). Interestingly, 
symptoms of phlegm and wheezing for the last 3 months 
were positively associated with the exposed group and 
those who stay in Part Raja for more than 14 years. Also, 
male respondents were at higher odds of having these 
two symptoms, but they were not statistically significant 

Table I: Personal characteristics of respondents for exposed and com-
parative groups (N=110)

Characteristics Exposed (N 
= 55)

Comparative 
(N = 55) p-value

n (%) n (%)

Gender

  Male 23 (41.8) 16 (29.1)
0.163

  Female 32 (58.2) 39 (70.9)

Age (years)

  19-25 23 (41.8) 14(25.5)

0.156
  26-35 11 (20.0) 18 (32.7)

  36-45 16 (29.1) 21 (38.2)

  >46 5 (7.3) 2 (3.6)

Marital Status

  Single 27 (49.1) 18 (32.7)
0.295

  Married 28 (49.1) 37 (63.6)

Education level

  Secondary 4 (7.3) 10 (18.2)
0.086

  Tertiary 51 (92.7) 45 (81.8)

Employment status

  Yes 14 (25.5) 10 (18.2)
0.356

  No 41 (74.5) 45 (81.8)

Household income

  Low 29 (52.7) 33 (60.0)

0.636  Medium 24 (43.6) 19 (34.5)

  High 2 (3.6) 3 (5.5)

Smoking

  Yes 10 (18.2) 6 (10.9)
0.279

  No 45 (81.8) 49 (89.1)

Type of residences

  Terrace 40 (72.7) 14 (25.5)

28.595  Apartment/flat 3 (5.5) 1 (1.8)

  Individual unit 12 (21.8) 40 (72.7)

Duration of stay in Parit Raja

  ≤ 13 years 30 (54.5) 25 (45.5)
0.340

  > 14 years 25 (45.5) 30 (45.5)

Distance from main road

  < 100 meters 22 (40) 15 (27.3)

0.019*
  100–500  meters 23(41.8) 22 (40.0)

  501–1000 meters 9 (16.4) 7 (12.7)

  > 1000 meters 1 (1.8) 11 (20.0)

Distance from industrial area

  < 500 meters 9 (16.4) Na

< 0.001**

  500–1000 meters 21 (38.2) Na

  1.1–5 kilometres 25 (45.5) Na

  5.1–10 kilometres Na 24 (43.6)

  > 10 kilometres Na 31 (56.4)

* p < 0.05; ** p < 0.001
Na = Not available

at a 0.05 level. The analysis also identified that distance 
from the main road and age groups were not significantly 
associated with the respiratory symptoms experienced 
by the adults (p > 0.05). 
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Industrial Estate, adults who residing <650 meter away 
from the industrial zone were found to be severely 
affected with cough, phlegm, dyspnoea, wheezing and 
chronic bronchitis (17). Air pollutants have been linked 
with respiratory tract irritation and infections (4,26). 
Coughing is one of the body’s defense mechanisms 
for removing pollutants from the respiratory tract (27). 
Therefore, a high proportion of coughs among residents 
living closer to the Parit Raja industrial park indicates 
that they are more exposed to industrial air pollutants 
than those in the comparative group.

Moreover, we found that the prevalence of both 
symptoms, coughing for the last 3 months and chest 
tightness for the last 3 years were more prominent among 
adults living near the industrial park for more than 14 
years. This finding was similar to the results observed in 
the previous study conducted by Tanyanont et al. (28) in 
Map Ta Phut Industrial Estate (MTPIE), Rayong Province, 
Thailand. They found that upper respiratory symptoms 
and wheezing were significantly more frequently 
reported among adults living within 5 km radius from 
the industrial zone and adults who lived in Map Ta Phut 
locality longer than 5 years. The association between 
long-term exposure and respiratory diseases has 
been observed in several studies (29,30). Moreover, 
many reviews summarized that long-term exposure 
to poor air quality was associated with dysfunction of 
immune system and neuroinflammation effects such 
as an abnormal increase of immunoglobulin A (IgA), 
immunoglobulin M (IgM), complement component 3 
(C3), and upregulation costimulatory molecules such 
as CD80 and CD86 (4,31). Such disorder responses 
induced by air pollutants may underlie the diverse 
pathologies of respiratory and cardiovascular diseases 
(32).

In the multivariate analysis, we also observed that the 
symptom of cough was associated with male adults. 
Overall, many studies and reviews summarized that 
female adults reported more respiratory symptoms than 
male, but this was not true for every cohort (33–35). 
Occupational exposure and smoking that male adults 
normally engage in are also the contributing factor to 
this higher outcome (36). Nevertheless, we were unable 
to evaluate these contributing factors due to the small 
number of respondents. Moreover, we also found that 
symptoms of phlegm and wheezing for the last 3 months 
were positively associated with male adults from the 
exposed group and those who stay in Parit Raja for 
more than 14 years, however those associations did not 
meet the statistical significance level thresholds. There 
are many evidences supporting long-term pollution 
exposure associated with exercitation of respiratory 
diseases and symptoms especially asthma, chronic 
obstructive pulmonary disease (COPD), phlegm, cough, 
wheezing problem, breathing problem and pre-existing 
cardiovascular disease (ischemia, arrhythmias and 
cardiac failure) (37,38). Furthermore, people living 

Table III: Association of respiratory symptoms in relation to sampling 
groups, duration of stay and gender

Variable aOR (95% CI) p-value

Cough

  Group-Exposed 6.34 (2.08-19.35) 0.002*

  Duration of stay- >14 years 3.16 (1.14-8.79) 0.027*

  Gender-Male 3.18 (1.10-9.16) 0.032*

Phlegm

  Group-Exposed 1.45 (0.38-5.54) 0.584

  Duration of stay- >14 years 2.45 (0.59-10.07) 0.214

  Gender-Male 1.61 (0.42-6.13) 0.485

  

Wheezing

  Group-Exposed 1.52 (0.36-6.90) 0.587

  Duration of stay- >14 years 2.66 (0.50-14.23) 0.253

  Gender-Male 2.71 (0.60-12.37) 0.197

Chest tightness

  Group-Exposed 4.20 (1.26-13.97) 0.019*

  Duration of stay- >14 years 1.66 (0.57-4.85) 0.357

  Gender-Male 1.93 (0.66-5.67) 0.233

* p < 0.05
aOR = Adjusted odd ratio ; CI = Confidence interval ; The regression models were adjusted for 
marital status, education level, household income, smoking and type of residence.

Table II: Prevalence of respiratory symptoms for exposed and com-
parative group

Variables
Exposed 
(N = 55)

n (%)

Comparative 
(N = 55)

n (%)
p-value OR 95% CI

Cough

  Yes 19 (34.5) 5 (9.1) < 0.001** 5.28 1.80-15.45

  No 36 (65.5) 50 (90.9)

Phlegm

  Yes 6 (10.9) 4 (7.3) 0.507 1.56 0.42-5.87

  No 49 (89.1) 51 (97.2)

Wheezing

  Yes 5 (9.1) 3 (5.5) 0.716 1.73 0.39-7.64

  No 50 (90.9) 52 (94.5)

Chest Tightness

  Yes 14 (25.5) 4 (7.3) 0.010* 4.35 1.33-14.24

  No 41 (74.5) 51 (92.7)

* p < 0.05; ** p < 0.001; OR = Odd ratio, CI = Confidence interval

DISCUSSION

This current study was carried out to assess the impacts 
of industrial air pollution exposure on four distinct 
respiratory symptoms among adults in Parit Raja 
industrial area. Our data obtained in two neighboring 
industrial areas shows that adults residing about 5 km 
radius of the industrial park (exposed group) more 
frequently reported symptoms of coughing for the last 3 
months and chest tightness for the last 3 years compared 
to the comparative group. This is consistent with the 
earlier studies conducted among adults in Eastern-
Estonia and Korea (24,25). Additionally, in the Islamabad 
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in developing countries, low- and middle-income 
countries of the South-East Asia, Central Africa and 
Western Pacific regions experiencing more burden of 
outdoor air pollution (39). Additionally, a recent report 
revealed that the concentration of PM

10
 measured 

from three monitoring stations in Parit Raja areas were 
below the 24 hours mean recommended by the World 
Health Organization (WHO) guideline (50 μg/m3) (40), 
the National Ambient Air Quality Standard by U.S. 
EPA (150 μg/m3) (41) and the new Malaysian Ambient 
Air Quality Standard 2018 Interim Target-2 (120 μg/
m3) (42,43). A number of reviews have highlighted 
that chronic exposure to the air pollutants, particularly 
PM

10
 and PM

2.5
 below the current WHO guideline is 

still associated with an increased risk of cardiovascular 
disease, respiratory disease and lung cancer (44,45).

Given the potential health risks associated with chronic 
exposure to air pollutants, even when the PM

10 
levels 

are within acceptable limits, it is crucial for local 
authorities and stakeholders in Parit Raja to take 
proactive measures to further improve air quality. This 
may include implementing stringent emission control 
policies for industries, promoting the use of cleaner 
technologies, and enhancing green spaces and urban 
planning to mitigate the impact of air pollution (46,47). 
Additionally, public awareness campaigns about the 
importance of reducing personal exposure to pollutants 
and adopting cleaner practices could be beneficial in 
safeguarding public health (48). Continuous monitoring 
and evaluation of air quality should also be a priority to 
ensure that the implemented measures remain effective 
and responsive to changing environmental conditions.

A few limitations need to be recognised. First, the nature 
of cross-sectional research design makes it impossible 
to directly determine the causality effects between 
respiratory outcomes and independent variables. 
Therefore, further investigation using longitudinal 
studies is warranted in the future to validate the patterns 
of associations observed in this study. Second, the 
stratified analysis of occupational exposure was not 
identified and cannot be differentiated clearly. Lack of 
such information may have influenced the findings since 
prolonged occupational exposure may have detrimental 
impacts on respiratory functions. Third, pollution levels 
were not estimated which may not adequately represent 
industrial exposure. Another limitation to this study is the 
lack of specific information regarding daily activity since 
individuals do not spend all their time at home. The future 
studies could include the continuous meteorological 
data collected from the nearest monitoring stations 
to elucidate the interrelationships between exposure 
to industrial air pollutants and health effects. Finally, 
it is recommended that future study should address 
the scientific exposure assessment to minimize the 
possibility of misclassification of the exposure.

CONCLUSION

Findings from this study add to the body of knowledge 
that adults living in close proximity to the industrial 
zones for a period of more than 14 years had a risk 
of respiratory symptoms manifestation including 
coughing and chest tightness. Amongst the residents, 
male adults were found to be more severely affected 
than females. Knowledge of respiratory health impacts 
due to industrial air exposure would offer a beneficial 
justification for both policy makers and authorities to 
implement community-based intervention strategies to 
minimize and prevent population exposure.
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