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ABSTRACT

Introduction Air pollution and air quality are growing concerns among urban citizens of
Southeast Asia, especially the University students who devote most of their days
to the vicinity of campus. However, there is limited data available on the extent
of the problem, as well as an understanding of the knowledge of and perceptions
of people who may be exposed to poor air quality.

Methods This focused study evaluated University students’ opinions, perceptions, and
behavioral responses to local air quality in the Iskandar Puteri, Johor region of
Malaysia using an online questionnaire, and measurements of NO,, SO,
formaldehyde, and particulate matter levels in the area using diffusion tubes. All
air quality parameters were within the standards recommended by the local
environmental authority, however, NO; levels exceeded the recommended World
Health Organization (WHO) standards at all sites.

Results Questionnaire findings indicate that students most commonly suffered from
respiratory diseases, and were very concerned about air pollution and its impacts.
Respondents perceived the situation to be worse in the afternoons and weekends,
corroborated by the PM2.5 readings in the area. Preferred preventive measures
included wearing masks and limiting active time outdoors.

Conclusions  The evidence from this study highlighted the need to improve air quality in
Iskandar Puteri as the NO, level exceeded international standards for human
health at all study sites. This could be supported by educational programs for
industry, limitations on traffic emissions, and general awareness of air quality
issues present locally.
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INTRODUCTION

Malaysia is one of the most urbanized countries in
Southeast Asia' and currently undergoing rapid
development resulting in major changes to land use,
and growth in motorization and industrialization.? In
the southern Peninsular Malaysia, Iskandar Puteri
has been identified as a conurbation for prime
development that will contribute to regional
population and economic growth due to its strategic
location, close to Singapore. To achieve this vision,
The Comprehensive Development Plan II (2014 —
2025) Iskandar Malaysia was introduced with
blueprints for a long-term urbanization project to
develop the region.?

Construction, industrialization and
population mobility are associated with higher air
pollution, and this has been previously demonstrated
in the Klang Valley, Selangor, Malaysia, where the
area’s high volume of traffic and high density of
industrialization frequently results in poor air
quality.* Poor air quality presents a serious threat
to human health and welfare.® According to World
Health Organization (WHO), ambient air pollution
accounts for an estimated 4.2 million deaths per year
leading to acute and chronic respiratory diseases,
heart disease, lung cancer and stroke; Southeast Asia
is among the most heavily burdened region by this
phenomenon.” Malaysia frequently experiences
transboundary haze episodes, defined as a complex
process with high levels of fine particulate matter
smaller than PM2.5% Between August and
November in South East Asia, these are often caused
by seasonal forest fires often originating in
Indonesia; previous studies have shown that these
disrupt breathing and wellbeing of the urban
population living in Southern Malaysia and
Indonesia with people avoiding going outside and
undertaking outdoor exercise through fear of
adverse health effects™!? especially those affecting
the respiratory system.!! Despite the evidence
correlating air pollution to various negative effects,
the issue tends to be overlooked by the general
public in Malaysia because it is norm at a particular
time of year and seems to be forgotten about after
the haze episodes has subsided.* During the
COVID-19 pandemic, there were fewer forest fires
creating haze in Southern Malaysia, but air pollution
was still evident from construction and traffic.

Educity, Iskandar is a complex, housing
university students, surrounded by areas of
residential (Eco Botanic City, Nusa Sentral),
commercial (Medini), and industrial (Nusa
Cemerlang) establishments. University students are
potentially vulnerable to inconsistent air quality due
to their unique time-activity pattern that includes
attending lectures on campus and various outdoor
activities.'? Due to the high temperatures in the day
times, students frequently spend evenings outdoors.
Student accommodation contains air conditioning
units, but outdoors there is little provision for
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ensuring good air quality. The impact of air
pollution on health and behaviors of students has not
been investigated to date in this area. An area that is
undergoing increasing development through
construction and will continue to do so over the next
10-20 years. Anecdotal complaints of respiratory
difficulties highlighted concerns from students on
air quality issues. Previous studies around
educational establishments conducted in Malaysia
on air pollution have mainly focused on quantifying
the severity and sources of pollutants,'? but there has
been less research on social attitudes and awareness
or behaviors. Various factors such as age, gender,
education background, lifestyle may affect an
individual’s thoughts on air quality. The majority of
respondents in one Malaysian study of graduates
who had completed tertiary education, found no
significant correlation between education level and
awareness of air quality issues,'* but in another study
conducted in Kuala Lumpur, respondents who
regularly practiced outdoor sports showed more
concern towards air quality than a control group who
did not participate in outdoor sports.” Contrary to
these results, studies conducted in other low and
middle-income countries such as in China'® and in
India'® where university students and medical
students were recruited as respondents, respectively,
indicated high awareness towards air pollution and
the adverse health impacts. The limited studies
conducted and the inconsistency in findings,
highlights the need for more comprehensive studies
in Malaysia to understand perception of different
groups towards air quality in the regions of rapid
urbanization.

This study therefore aimed to evaluate
perceptions towards local outdoor air quality, related
health impacts and behavioral responses among
university students in Educity, Iskandar Puteri,
Johor.

METHODS

Following ethical approval (Newcastle University
Ethics Committee, reference: 16196/2021), higher
education students living in Educity, Iskandar were
invited to participate in the study via social media
platforms and electronic messaging groups among
students in each of three campuses (Newcastle
University Medicine Malaysia, Southampton
University Malaysia and Reading University
Malaysia). Participants were included on the basis of
being enrolled at a University in Educity and living
in Iskandar Puteri. Respondents that did not fully
complete the electronic questionnaire were excluded
from this study. A link to complete an ArcGIS
Survey123® questionnaire was given to participants,
which comprised questions on basic demographics,
time spent outside during weekdays/weekends
measures to evaluate air quality and combat the
effects of poor air quality on health. Data was
collected for one month during November 2021.
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Diffusion tubes were used to measure
nitrogen dioxide (NO) and sulphur dioxide (SO.)
levels (Gradko International Limited, Hampshire,
United Kingdom). They were set up according to the
manufacturer’s protocol and placed at 35 locations
within Educity and the wider Iskandar Puteri area.
The tubes were then collected and sent to the
manufacturer’s accredited laboratory for analysis of
NO; and SO, using UV spectrophotometry and ion
chromatography, respectively. Measurements of
weekday and Saturday through to Sunday 11:59pm,
particulate matter (PM2.5 and PMI10), carbon
dioxide (CO,) and formaldehyde (HCHO) were also
taken using Temptop® M2000C second generation
air quality monitor (Elitech Limited, London,
United Kingdom) every three hours at each
sampling location for one week during the
monitoring period.

Descriptive statistics, Pearson correlation
coefficients, Chi square and Fishers exact Tests
were used for data analysis of questionnaire
responses and air quality measures were undertaken
using SPSS (IBM® SPSS 27®) statistical software.
Results were considered significant when p value <
0.050, and very significant when p value < 0.005.
Mapping of air quality data was undertaken using
Esri ArcGIS® Mapping Software.

RESULTS

Air Quality Measurements
Table 1a shows the results of average air quality
measurements on weekdays and weekends in a 24-
hour period. Sampling locations were identified
based on buildings/infrastructure/industry and road
networks in the study area. An industrial estate
adjacent to the educational establishments and retail
area had the highest daily total particulate matter
(5147.8 + 2070.0 particles’/L on weekdays and
6049.9 + 4041.1 particles/L on weekends). At all
study sites, the level of PM2.5 was alarmingly close
to the standard recommended by the 2021 WHO Air
Quality Guidelines’ of 15 ug/m® in a 24-hours
period. For PM10, the recommended standard was a
maximum PM10 of 45 ug/m? in a 24-hours period.
From the results (Table la), none of the sites
selected for this study exceeded the PMI10
recommended levels.

On weekdays and weekends, recordings
from the industrial estate for PM2.5 (11.38 + 3.47
pg/m? and 11.52 + 7.18 respectively) and PM10
(15.45 £ 7.10 pg/m? and 15.47 £ 9.27) suggesting
that PM10 values were within acceptable limits, but
PM2.5 was relatively higher than other locations.
The retail area had the higher PM2.5 (9.42 + 3.41
pg/m?) and PM10 (13.52 & 7.28 pg/m?) readings on
weekends than weekdays, as did Educity situated
adjacent to it. For CO,, residential zones had the
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highest readings (1269.93 + 221.10 ppm) on
weekdays, while the industrial area had the highest
readings (1700.28 £ 1527.70 ppm) on weekends.
During weekdays, residential areas had the highest
formaldehyde readings (0.1011 + 0.1209 mg/m?),
and educational establishments had higher readings
during the weekends (0.1239 = 0.1993 mg/m?®)
(Table 1a). From the analysis of SO, diffusion over
four weeks, surprisingly, the highest values were
recorded at educational establishments (4.98
pg/m?), followed a retail area (3.335 + 1.135 ug/m?),
and then the industrial area which recorded a value
of 2.47 pg/m* Samples from other diffusion
locations showed values below the threshold
reporting limit. All SO, levels fell well below the
maximum WHO air quality guideline maximum of
40 ug/m® in 24 hours. Measurement of NO»
diffusion tubes showed NO: at its highest level in an
industrial estate (33.02 + 4.05 pg/m?), followed by
the highway (32.44 = 9.90 ug/m®), retail outlet
(31.83 + 3.35 pg/m®), education establishments
(28.31 + 3.10 pg/m?) and residential areas (26.34 =
2.40 pg/m?®). Since the WHO air quality guidelines
suggest a maximum 25 ug/m?, NO; levels exceeded
the maximum values defined by WHO at all these
sites.”

In this study, air temperature did not vary
through the course of the study more than 1 °C per
day and there were no significant correlations
between individual air quality measures.

When asked whether they were concerned
about air pollution in Iskandar Puteri, 52.7% of
students expressed concern, 15.0% were neutral in
their response and 32.2% were less concerned (Fig.
1). The courses students were studying (medicine,
engineering and Dbusiness/management) were
recorded along with year of study, but results
showed that concerns were not significantly related
to university course (p = 0.328). The students in this
study felt that the biggest pollutants were coming
from construction work (49.1%) and traffic
emissions (36.4%). Fewer students were concerned
about the factory industry (8.9%), pollen (5.0%) and
wood or forest fire burning (5.1%).

When asked at what time of day, students
felt the air quality was poorest, they felt that air
pollution was most evident in the afternoon (39.3%).
While 43% students didn’t know what time of year
the air pollution was most problematic, 25.2% felt it
was the same all the time. Interestingly, 67.8%
students felt that the smell of the air was the feature
that alerted them most to poor air quality. Other
attributes such as stinging eyes (8.4%), shortness of
breath (7.0%), cough (6.1%) and headache (1.9%)
featured less commonly among the respondents

(Fig. 1).
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Table 1a Daily trends (mean + SD) of PM2.5, PM 10, CO, and HCHO at selected locations surrounding university

campuses and Iskandar Puteri. Pearson test on values between weekday and weekend
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Table 1b Pearson correlation test on air quality data at selected locations; moderate correlation was marked with

*: p <0.050, **: p <0.005.
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Table 2 Demographic of questionnaire respondents.

Frequency (n) Percentage (%)
Respondents 214 100
Age
18-21 102 47.7
21-24 69 322
25-28 16 7.5
29-32 8 3.7
33-36 2 0.9
36 -39 2 0.9
> 40 15 7.0
Gender
Female 146 68.2
Male 68 31.8
History of Asthma or allergy with
respiratory symptoms.
Yes 42 19.6
No 172 80.4
Students
Medical students Medicine Malaysia
(NUMed) 169 79.0
Management/Business 32 15.0
Engineering 13 6.1

In total, 214 students voluntarily completed
the questionnaire; 68.2% respondents were female
(n = 146). In this study, 47.7% students were in the
18 — 21 years old age group and 32.2% were in the
25 — 28 years old age group (Table 2).

When students were asked who they felt
were the most vulnerable to air quality issues, 36.4%
felt that everyone was equally vulnerable, 33.6% felt
that those with pre-existing chest problems were
most vulnerable, followed by the elderly (11.2%)
(Fig. 1).

In terms of behavioral adaptations to poor
air quality, 29.9% students said they avoided the
area they felt had poor air quality if they could;
33.6% would stay indoors and 25.7% would wear a
mask (Table 3). The behavioral change was not
significantly related to the amount of time spent
outdoor during weekdays (p = 0.586) and weekends
(p = 0.462). In this study, 19.6% respondents (n =
42) said that they had pre-existing respiratory
disease such as asthma. When asked about spending
time outside, 50.4% students said they spent 1 — 3
hours outdoors and 14.5% spent 3 — 4 hours’
outdoors on weekdays. At the weekends however,
there was less time spent outside and 29.0% spent 1
— 2 hours versus 25.2% spending 2 — 3 hours.

In this study, there were significant
differences between those with pre-existing
respiratory disease and those without with regards to
concern about air pollution (p < 0.001) (Table 4),
time of the day that they felt had worse air pollution
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(» =0.039), time of the year with most noticeable air
pollution (p =0.002), as well as how they recognized
poor air quality (p =0.001). Those with a respiratory
disease felt that shortness of breath was an important
indicator (23.8%) compared to stinging eyes which
was the second highest indicator for those without
respiratory disease (9.3%). A significant amount of
those with respiratory disease (p = 0.021) felt that
they were the most vulnerable to the effects of
declined air quality. In terms of behavioral
adaptations, there were significant differences in
adaptations between non-respiratory  disease
students and those with respiratory disease as the
majority of those without respiratory disease felt
they would avoid the area, but the majority of the
respiratory-diseased would wear a mask (35.7%) or
stay indoors (23.8%).

There were significant differences in the
amount of time students spent outside in this study
with 66.3% of medical students (n = 162) spending
less than 3 hours per weekday outdoors, and 33.1%
spent more than 3 hours per weekday outdoors. The
students from the management University (n = 32)
spent a similar amount of time on weekdays
outdoors (65.7% less than 3 hours, 34.4% more than
3 hours). However, engineering students (n = 13),
spent more time per weekday outdoors with 77.0%
spending more than 3 hours’ outdoors on weekdays
and 23.1% less than 3 hours (p = 0.006). This
difference was also significant with time spent
outside at the weekend (p < 0.001).
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b) Wood and Plantation

| Burning (5%)

Pollen {1%)

Factories / Industry (9%}

d)

Smokers (1%)

lliness (8%)
' Children (9%)

c) Worsening asthma/COPD
Fatigue (2%) Cough (6%)
(7%) Headache (2%)
Stinging Shortness Of
Eyes Breath (7%)
(8%)
e) Alter Exercise Location (2%)

Avoid Strenuous Exercise (5%)

¢

Nothing/Not Important {1%}

Don’t Know
(2%}

Figure 1 Responses on concerns and awareness towards air quality and related questions. a) Concern towards air

quality in Educity. b) Perceived greatest air pollutants.

c) Feature that indicates decline in air quality. d) Perceived

most vulnerable group of people towards bad air quality. €) Action in response to decline in air quality.

Table 3 Perception towards daily and annual air quality, and daily time spent outdoor by the respondents.

Frequency (n)  Percentage (%)

Time of The Day with Worst Air Quality

Afternoon 84 39.3
Don’t know 52 243
Morning 47 22.0
Same all day 23 10.7
Night 8 3.7
Time of The Year with Worst Air Quality

Don’t know 92 43.0
Same throughout the year 54 25.2
October — December 38 17.8
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July — September 18 8.4
April — June 7 33
January — March 5 2.3
Outdoor Time Per Weekday (hours)

>5 28 13.1
4-5 18 8.4
3-4 31 14.5
2-3 54 25.2
1-2 54 25.2
0-1 28 13.1
0 1 0.5
Daily Outdoor Time Per Weekend (hours)

>5 24 11.2
4-5 17 7.9
3-4 28 13.1
2-3 54 25.2
1-2 62 29.0
0-1 26 12.1
0 3 1.4

Table 4 Comparison of responses between respondents with pre-existing respiratory disease and respondents
without pre-existing respiratory disease. *: p < 0.050; **: p < 0.005.

With Respiratory Wlt.hout
Disease Respiratory Statistics df  p-value
Disease

n % n %
Age x?=23.104 6 <0.005
18-21 14 333 88 51.2
21-24 13 31.0 56 32.6
25-28 10 23.8 6 3.5
29-32 2 4.8 6 3.5
33-36 1 2.4 1 0.6
36 -39 0 0.0 2 1.2
> 40 2 4.8 13 7.6
Concern towards air pollution x?=29.196 9 <0.005
Concerned 35 83.3 78 453
Neutral 2 4.8 30 17.4
Less Concerned 5 11.9 64 37.2
Perceived greatest air pollutant x?=3.167 4 0.530
Construction work 18 429 87 50.6
Factories/Industry 2 4.8 17 9.9
Pollen 0 0.0 1 0.6
Traffic and vehicle emissions 19 45.2 59 343
Wood and plantation burning 3 7.1 8 4.7
Tim@ of the day with worst air 2=10.116 4 <0.05
quality
Morning 15 35.7 32 18.6
Afternoon 15 35.7 69 40.1
Night 2 4.8 6 3.5
Same all day 6 14.3 17 9.9
Don’t know 4 9.5 48 27.9

Time of the year with worst air

: x2=19.177 5 <0.005
quality
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January — March
April — June

July — September
October — December
Same all year

Don’t know

Feature of worse air quality
Cough

Headache

Shortness of breath

Smell of air

Stinging eyes

Tired all the time

Worsening  asthma/  chronic
obstructive pulmonary disease
(COPD)

Perceived most vulnerable people
People with illness

Children

Elderly

Everyone equally

People with pre-existing chest
problems

Smokers

Action in response to air quality
Alter exercise location

Avoid strenuous exercise
Avoid the area

Stay indoors

Wear a mask

Nothing / not important to self
Don’t know

Time spent outdoors per weekday
0

0-1

1-2

vV AW
[T Y

w |

Time spent outdoors per day on
weekend

— O\ = O
[ee} (o)}

S W

SO~ =0 3~
wm O

N O

N = WO == O

W= A== =
S N

24
24
0.0
38.1
14.3
429

7.1
0.0
23.8
47.6
4.8
9.5

7.1

9.5

14.3
214
16.7

38.1
0.0

24
16.7
21.4
23.8
35.7
0.0
0.0

0.0
23.8
28.6
21.4
7.1
24
16.7

24
16.7
38.1
23.8
9.5
24
7.1

4
6

18
22
48
74

10

125
16
10

14
13
15
71

56

55
62
40

18
42
45
28
17
21

19
46
44
24
16
21

2.33
3.49
10.47
12.79
2791
43.02

5.8
23
2.9
72.7
9.3
5.8

1.2

8.1
7.6
8.7
413
32.6
1.7

23
23
32.0
36.0
233
1.7
23

0.6

10.5
24.4
26.2
16.3
9.9

12.2

1.2

11.0
26.7
25.6
14.0
9.3

12.2

x*=31.949

x*=13.309

x?=20.013

x?=10.086

x*=6.093

<0.005

<0.05

<0.005

0.121

0.413
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DISCUSSION

This cross-sectional study undertaken over weeks
has provided an insight into air quality in Iskandar.
It is by no means a comprehensive detailed study of
the area but has allowed comparisons to be made
between student perception and objective measures
of air quality. A more in-depth qualitative study on
perceptions of air quality is currently underway.

While the majority of students who
completed questionnaires in this study were
undergraduates, there was a general level concern
about air quality from both undergraduate and
postgraduate students in Iskandar. The data was
collected following the COVID-19 pandemic and as
such, students may have had a level of concern about
air quality that they might not have exhibited prior
to the pandemic. Previous study demonstrated
higher concerns towards local air quality among
people with experience of large scaled air pollution
and the COVID-19 pandemic.'’

Particulate matter was more problematic on
weekdays in general and highest levels were present
in the industrial estate immediately behind the
educational institutions, where manufacturing
industry such as chemical and wood chip factories
are located. At the weekends when the factories
were closed, particulate matter was higher in the
mixed area of commercial and residential of many
students, likely related to traffic caused by increased
numbers of people visiting the area, as suggested by
similar studies in busy urban commercial areas.'®!
Although both particulate levels did not exceed local
standards as recommended by the Department of
Environment,?° low level of particulate matter in the
air would cause irritated responses in human body,
therefore it was important to be attentive to such
pollutants. While levels of SO, were higher in
educational establishments and residential areas, no
apparent direct sources of SO, were found in these
areas. Levels of NO, were also found in industrial
and adjacent retail areas. Deteriorated air quality had
become a concerning environmental consequences
of rapid urbanization and industrialization.?'?> Both
NO; and SO, are common by-products of industrial
waste, combustion of fossil fuel, mainly by vehicles,
and construction. All these sources of pollution are
present in Iskandar, a region that is rapidly
developing with both mature establishments and
construction sites within close distance to one
another. While construction work more or less
ceased during the pandemic, production has been
rapidly upscale after the pandemic, resulting in
greater environmental pollution than had likely
existed pre-pandemi.>>?*

With construction work and vehicle
emission most perceived as the biggest source of
pollutants, students seemed to have relatively good
knowledge about the potential causes of air pollution
locally. Most respondents relied on smell of the air
to inform them of air quality, which was an easy and
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straightforward method, but were limited by its
subjectivity? and could potentially be inaccurate.

While vulnerability to poor air quality was
considered to be a universal issue affecting all age
groups,’®?’ some students felt that the elderly was
more at risk. Those with pre-existing respiratory
illness were concerned for themselves and other
respiratory illness sufferers rather than the general
population or elderly, similar to previous studies
where perceptions of air quality strongly correlated
with respiratory diseases.”®?? At the time of the data
collection, public health education initiatives in
relation to COVID-19 were common to warn the
population of the vulnerabilities of those with pre-
existing respiratory illnesses, and the elderly,
towards triggers for respiratory illness, as these
groups of people were at higher risks of
environment-induced ~ health  conditions.’*3!
Interestingly, protection measures for those with
pre-existing respiratory disease differed from those
without, with respiratory disease sufferers preferring
to wear masks as a primary prevention strategy
rather than avoiding an area. Since the pandemic,
mask wearing has become a common strategy for
avoiding viral illness, but the benefits of mask
wearing to prevent respiratory illness caused by
pollutants, depending on the type of mask, may not
be ideal.?>33 Instead, avoiding polluted areas maybe
a more effective strategy.

It is not surprising that the warm climate in
Iskandar significantly affected students’ outdoors
activity pattern.** The unique weather pattern in
Malaysia might affect the level of ozone pollution.®
and particulate pollution,3*3 costing the population
more risks of environmental hazards such as air
pollution.

CONCLUSION

This study showed that the residents of universities
in this study were generally concerned about air
pollution in the local area, with good awareness of
the health consequences and preventative measures.
Health conditions including respiratory
diseases/chest problems significantly affected
respondents’ perceptions towards air pollution
issues. Respondents also demonstrated adequate
knowledge regarding the sources of air pollutants, as
supported by the local air quality readings collected
during the study period. Among the air parameters,
it is important to recognize that NO, levels exceeded
international health standard at all sites, increasing
the risk of eye, nose and respiratory track irritation.
With the continuing and possibly increasing
regional development and construction work post
pandemic, the situation is likely to get worse without
further monitoring and action. In future studies,
measuring indoor air quality may be of benefit as it
is not known to what extent outside air quality is
impacting on people in their workplaces and homes
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despite use of air conditioning units particularly
during heavy pollution periods.
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