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ABSTRACT

Objective: To assess levels of traffic-related air pollution (PM, s, PM3, and ozone (O3)) along designated walking
area at three rush hours within university campus. Method: Particulates and gaseous concentrations (PM, s,
PM3, and ozone (Os)) were measured on two walking routes in a designed circuit (Route 1 and Route 2) in a
university campus. Route 1 (R1) is located within academic area and Route 2 (R2) is located nearby residential
colleges. All measurements were made in separated days at different traffic peaks (morning, afternoon and
evening). Researcher carried handheld instruments including Dust Trak Il to measure PMo. Aeroqual S500 and
SidePak were used to measure Osand PM, 5 levels respectively were fitted at the side pockets of researcher’s
backpack. Vehicles traffic count were conducted simultaneously during the sampling exercises along the desig-
nated walking circuit at R1 and R2 respectively. Result: Maximum average of PM,5 (51.2 + 12.1 ug/m3) and
PMyo (94.7 + 27.7 pg/m®) were recorded during morning commute at R1. In contrast, both levels of PM,s and
PMyo were recorded highest during evening commute within R2. Mean O3 showed highest levels during after-
noon and evening for R1 and R2 respectively. Traffic count showed the highest number of vehicles using R1
during morning rush hour (N=234) compared to R2 (N=164). This study found higher traffic volumes were sig-
nificantly associated with increased of PM,y concentrations (r = 0.65, p<0.05) at R2. Strong correlations were
observed between PM, s and PM,, concentrations observed at both sampling routes (r >0.8). Conclusion: The
findings should encourage the university management to reduce the use of vehicles around campus areas and
promote walking as alternative to reduce emissions of traffic-related air pollutants. Therefore, of these will high-
light the needs to improve pedestrian facility in the campus areas.
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chronic respiratory disease such as asthma and

1. Introduction chronic obstructive pulmonary disease (COPD) re-
sulted from rapid urbanization that affected the air

Globally it has been reported that three million quality (Sylla, Faye, Fall, & Tal-dia, 2017). More peo-
deaths occur every year from exposure to air pollution ple are moving to urban areas and caused more usage
(WHO, 2016). It is estimated about 4.2 million deaths of vehicles, therefore the urban population may expose
occurred in low or middle income countries due to the to high levels of traffic related air pollution. Apart from
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number of vehicles, route chosen, street canyon,
presence of trees, vehicles that emitted diesels and
high-rise building could prevent the process of diluting
the exhaust emission from on-road to roadside. Mete-
orological factors such as wind speed, temperature
and relative humidity also influences the distribution of
the pollution (Qiu et al., 2017).

Pollutants such as particulate matter (PM) and
ozone (O3) are some of the components of pollutants
that are emitted from the vehicles. PM are particles
and droplets that existed in the air and having various
size and characteristics. In local study conducted at
residential areas in urban Kuala Lumpur found 28% of
PM,o concentrations were from vehicle emissions
source (Khan et al., 2015). These particles could im-
pact the respiratory system as it can enter the lungs
and bloodstream (Fung, 2016). Ozone (O,) is second-
ary pollutant which formed from chemical reaction of
nitrogen dioxide (NO,), volatile organic compounds
(VOCs) with the presence of lights.

Tao et al. (2014) found PM,q were statistically sig-
nificant with hospital admission for respiratory disease.
Their study reported that an increase of pollutants by
10 ug/m3 could cause about 0.2 — 1.1% higher respir-
atory admission to hospital. Arbex et al. (2012) had
observed that one day lag could result in 11.6% in-
creased of patients being hospitalized when they ex-
posed to 10 ug/m3 increased of PM. Long-term expo-
sure to the pollutants could result in hospital admission
for respiratory disease (Samoli et al., 2016; Tao, Mi,
Zhou, Wang, & Xie, 2014). Exposure to traffic-related
air pollution is suggests contribute to higher risk of
having respiratory tract disease compared to other
types of pollution (Q. Liu et al., 2017). Short-term ex-
posure to traffic pollution could cause people to expe-
rience symptoms such as difficulties of breathing,
chest pain and inflammation of the respiratory airways.

Currently, there are limited number of studies re-
ported the exposure of traffic-related air pollution
(TRAP) among active travelers compared to vehicles
users. Active travel is defined as activities that involved
physical activity moving from one place to another such
as walking and cycling. This activity is widely known to
give a lot of benefit not only to the person but also to the
environment in which will reduce number of vehicles on
the road and increase the air quality. Few countries in
the Europe and United States are promoting their citi-
zens to do active travel, nonetheless it is important to
study their exposure to the air pollution especially pol-
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lutants emitted from traffic vehicles (Mueller et al.,
2015).

Apart from exposure to high levels of TRAP, so-
cio-demographics of the respondents also could affect
their response to the pollution. Although exposed to
same levels of pollution, male and female would re-
sponse differently as female were found to be more
susceptible to the exposure of TRAP (Yin et al., 2017)
and developed Chronic Obstructive Pulmonary Dis-
ease (COPD) (Tao et al., 2014). Younger people also
have higher tendency to develop respiratory-related
problems compared to adults.

Commuting near roadside may allow people to have
high exposure to pollution. According to Hankey (2014),
commuting by active traveling caused people to have
highest exposure to air pollution as compared to vehi-
cles users. W.-T. Liu et al. (2015) reported that pedes-
trians were exposed about 4.7 times higher of PM3, and
2.2 times higher of PM,s concentration when com-
pared to bus passengers, car drivers and subway users.
Nyhan, McNabola, & Misstear (2013) found higher
concentrations of particulates being exposed to active
commuters such as pedestrian and cyclists. Therefore,
it is important to provide a baseline data of TRAP ex-
posures among pedestrian in order to characterize the
exposure to these pollutants.

University areas have unique features of landscape
and roadsides. The load of vehicles should be com-
paratively low within the campus areas. However, a
study conducted in one of university located in the
central Kuala Lumpur found the use of motor vehicles
in the campus may resulted in air quality and noise
pollution (Kong et al. 2009). Recent study conducted in
university areas had found high levels of benzene
concentrations in three campuses located in Bucharest
(Popescu and Popescu, 2017). However, little is known
about the levels of traffic related air pollutants nearby
the roadsides across university campuses. This is
important to promote sustainable green campus in
connection with transportation mode taken by the staff
and student.

In short, our aim is to determine levels of traf-
fic-related air pollution (PM,5, PM, and ozone (O3))
along different walking areas in university campus ar-
eas. This study simulated measured levels of TRAP
being exposed to active commuter in three rush hour
periods; morning, afternoon and evening. We also
included traffic count measurements at main roadside
along designated walking areas.
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2. Materials and Method

2.1. Study design and location

Sampling campaign was observed between January
and March 2018, involving mobile measurements
conducted by a researcher carried a set of air moni-
toring instruments and walk on the pavement nearby
roadsides. The use of portable and handheld sensors
to conduct mobile monitoring study is commonly ex-
ploited for personal monitoring studies at the vicinity of
roadsides. Similar studies were done in different places
carrying the monitors along designated sampling route
(Cattaneo et al., 2010; Steinle et al., 2015; Wu, Reis,
Lin, Beverland, & Heal, 2015).

Measurements took place in University campus
areas located in Serdang in state of Selangor and ap-
proximately 28 km southeast from central Kuala
Lumpur, Malaysia. The university is chosen due to its
location nearby main roadsides whereby the traffic flow
can be heavily congested during peak hours, therefore
might resulted in high levels of traffic emissions. The
study areas included two walking routes located nearby
academic zone at Route (R1) and student residential
areas at Route 2 (R2). Both routes are located in
one-way roadsides which connected the main entrance
to academic zone and exit at R2, similarly to R1 that
connected the main entrance to residential college and
exit gate from residential college to the main roadside
at Jalan Universiti 1. An overview of walking route can
be found in Figure 1.

For each site, researcher carried all sampling
equipment and walked in clockwise circuit for three
different sampling rush hours; morning (0730-0830),
noon (1300-1400) and evening (1700-1800). Re-
searcher started walking from traffic count point and
ended the walk at the same point. The circuit walking
route for R1 has approximately 1.8 km and for R2 is
about 1.4 km. For R1, walking route comprised of Jalan
Alpha, Jalan Universiti 1, Persiaran Tulang Daing,
Lorong Asam Jawa and Persiaran Asam Jawa. Sam-
pling was conducted along R2 which included Per-
siaran Tulang Daing, Jalan Sapucaya, Persiaran Asam
Jawa and Lorong Asam Jawa 1. All measurements
were conducted on separate days for each walking
route R1 and R2.
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Figure 1 : Map showing sampling route on circuit
walking Route 1 (R1 - red dots) and Route 2 (R2 -
yellow dots) along university campus areas in Serdang,
Malaysia.

2.2. Instrumentation and methods

2.2.1. TRAP Measurement

Mass concentration of PM,5, PM;; and O3 were
measured using DustTrak (Model 8532, TSI Incorpo-
rated, USA), SidePak (Model AM520, TSI Incorporated,
USA) and Aeroqual (Model S500, Aeroqual Ltd, New
Zealand). Background measurement were taken 30
minutes before actual measurements were observed.
All instruments were placed in a backpack and carried
by the researcher along the designated sampling
routes (Figure 1). The bagpack was adapted to carry
SidePak and Aeroqual and fitted at both side pockets.
The Dustrak was carried by the researcher. The data
were logged at 1-min interval for each measurement
period. All instruments were calibrated before each
sampling exercise. All monitoring was conducted dur-
ing sunny days.

60



Eliani Ezani et al., / Asia Pacific Environmental and Occupational Health Journal (ISSN 2462 -2214), Vol 4 (3): 58 — 65, 2018

2.2.2.  Traffic count

Traffic count was manually performed simultane-
ously by another researcher at Jalan Sapucaya for R1
and Jalan Alpha for R2 using traffic count sheet
adopted from Zheng and Mike (2012). This is to assess
relationship between traffic volumes and traffic related
air pollutant measurements of PM,o, PM, s and ozone.
The type of vehicles was divided in three categories
such as light, medium and heavy type of vehicles
(Zheng & Mike, 2012). Light vehicles consist of mo-
torcycle, medium for cars and taxis while heavy cate-
gory comprised of buses and good vehicles.

3. Results

3.1. Measurement of Traffic Related Air Pollutants

Measurement of PM, s, PMy, and O3 for each sam-
pling route (R1 and R2) with traffic count at different
rush hour were shown in Table 1 (a) and (b). These

included sampling trips for R1 and 17 sampling trips for
R2. Highest traffic count was observed at R1 with
maximum traffic volumes was during morning traffic
count (N=235). This observation followed with highest
particulates concentrations measured along the sam-
pling route R1 including PM,s (51.2 pg/m® and PMy,
(94.7 pg/m®).

O; levels were found highest during afternoon
measurements at R1 sampling route. This suggests
many vehicles used R1 as the main road to enter and
exit student’s residential areas during morning rush
hour. In contrast, most of particle concentrations
(PM,5 and PMy) were found highest during evening
commute on sampling route R2. Similar observation
was made for O3 levels which recorded 203.6 ug/m3.
There were moderate levels of PM,s, PM;y and O3
observed during afternoon sampling for both sampling
routes.

Table 1 (a) Levels of PM, s, PMyy, and O3 with Motor Vehicles Traffic Count (TC) at Route 1 During Peak Hour

(am, noon and pm)

RUSH HOUR n TC PM, 5 (ug/m®) PM; (Hg/m®) 05 (ng/m®)

AM 7 235 51.2+12.1 94.7 + 27.7 30.9+7.9
NOON 6 166 31.1+8.0 53.5 + 16.6 200.3 + 124.2
PM 5 182 26.1+13.9 48.6 + 21.1 134.2 +51.2

Table 1 (b) Levels of PM, 5, PM;g and Os with Motor Vehicles Traffic Count (TC) at Route 2 During Peak Hour

(am, noon and pm)

RUSH HOUR n TC PM, 5 (ug/m®) PM, (Hg/m®) 05 (ng/m®)

AM 166 495+ 11.8 88.5 + 20.6 345+4.4
NOON 6 143 36.5+9.1 715+ 16.4 157.6 +52.4
PM 5 164 58.7+9.7 103.5 +13.8 203.6 + 63.4

3.2 Vehicles Traffic Count and TRAP Concentra-
tions

To further explore relationships between traffic
count and TRAP concentrations at two sampling routes,
correlation analysis was shown in Table 2. We ob-
served significant high correlation of traffic count and
PMyg levels (r = 0.65) at sampling route R1. This indi-
cate levels of PMj;, were dominated from vehicle
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emissions nearby student’s residential areas. Moderate
correlations were observed for both PM,s and PMyq
with traffic counts at sampling route R2. We found
negative associations measured for Oz and traffic count
at R1. This suggests vehicle emissions did not influ-
ence the levels of O3 within R1.
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Table 2 Relationship between Vehicles Count and
Pollutants Concentration at Route 1 (R1) and
Route 2 (R2)

Pollutant Lev-

Traffic counts

els R1 R2
PMzs 0.62" 0.49"
PMio 0.65 0.48"
Oz -0.33 0.07

“p-value significant at 0.05 level using Pearson correlation

3.3. Relationships between airborne particulates
and O;

Particulates concentrations (PMo and PM, 5) were
correlated with O; measured at both sampling routes.
As shown in Table 3, the correlation coefficient be-
tween PM, 5 concentrations and PM,;q was r=0.94 and
r=0.85 for sampling route 1 and 2 respectively. This
suggests particle mass concentrations of PM,s may
originated from coarse particle PMy,. There is weak
association between particles mass concentrations and
O3 measurements observed at two sampling routes.

Table 3 Correlation coefficients between PM, s, PMyq
and Oz measured at sampling route 1 and 2

Route 1 PMaio O3
PMazs 0.94 -0.32
PMao 1 -0.33
Route 2 PMyo Os
PMzs 0.85 0.27
PMio 1 0.32

3.4 Example of TRAP Profiles at 1-min Resolution

Figure 2 shown below are example from dataset
collected from measurements of PM,5, PMg and Og
during walking at Route 1 in February 2018. These
profiles illustrating the individual temporal exposure
during commuting at designated sampling routes. The
increase of O3 concentrations was observed from few
peaks of 1-min trends during walking at Route 1 in
different rush hours of morning (am), afternoon (noon)
and evening (pm).

The Oz measurement peaks was fluctuate during
the course of monitoring. This may suggest the
Aeroqual used by the researcher appear to show drift in
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detection of O3 gaseous. The short-term increase of
PMy, levels were observed during morning walk can be
explained as the results of higher volume of vehicles
especially few buses entered the student’s residential
areas along R1 to fetch students and move through
Jalan Universiti to the academic zones. Measurements
of PMy, and PM,5s coincided during all rush hours
commutes. For instance, the trends of PMyy; and PM, 5
levels showed similar increased during afternoon walk
between 13:42 and 13.44 pm.
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Figure 2 Profiles of PM, 5 (¢), PMyo (®) and O3 () from
1-min temporal resolutions at Route 1 in the morning
(AM), afternoon (noon) and evening (PM)
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4. Discussion

This study recorded real-time traffic related air pol-
lutants (PM, s, PM3, and O3) for two different sampling
routes in university areas at three rush hour periods
(morning, afternoon and evening). All measured par-
ticulates levels showed that both sampling routes were
influenced by the traffic volumes resided within the
peak hours particularly PM;q. Our study found PMy, has
significant correlation with traffic count (r=0.65) at busy
roadside within sampling route 1. This in line with
findings from traffic count study conducted in Jordan.
Their study found PMjq concentrations were highly
correlated with traffic count at highly polluted area
(r=0.71) (Alnawaiseh, Hashim, & Md Isa, 2015).

Another study conducted by Buonanno, Fuoco, and
Stabile (2011) showed PM;, dominates the exposure
concentrations within their sampling routes during
walking on the streets located in the Central Italy. Their
study also stated that emission of pollutants such as
PM,s and PM,, would increase when the vehicles
move in higher speed which made the particles to
easily resuspended from road surface. However, in our
study the speed limit within the campus area is 35 km/h,
therefore the high number of traffic volumes is sug-
gested to contribute to high levels of PM,q observed
during sampling exercises (maximum R1 = 94.7 ug/m3,
maximum R2 = 103.5 ug/m?’). Nonetheless, no signifi-
cant correlation was found between traffic count and O3
at both study location. O3 levels measured were found
low in the morning and increased in the afternoon.
This in line with study by Leong, Muttamara, &
Laortanakul (2002) which found low values of Os in the
morning. The concentration increased as the UV light
intensity increased which it could each highest peak
during afternoon rush hour and eventually reduce in
late evening. Other factors that affect the dispersion of
this pollutants such as presence of NO, and VOCs and
meteorological parameters including wind speed and
temperature.

Averaged concentrations of PM,5, PMj, and O3
measured at both sampling routes were found higher
than standard set by WHO and Malaysia Ambient Air
Quality Standard (MAAQS). Our study will be useful
guidance for the university management to set policy of
controlling traffic flows within the campus areas. This
will reflect to the exposure of TRAP to pedestrian es-
pecially to students who are actively commute from
their residential areas to the academic zones during
peak hours. W.-T. Liu et al. (2015) reported that pe-
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destrian was highly exposed to TRAP compared to
other vehicles users. It is estimated that active walkers
were 21 times greater exposed to PM,s inhalation
doses compared to the driver if using the same route
(Chaney et al., 2017). The use of conventional diesel
buses within the university campus should also be
revised. This is because diesel bus emitted highest
source of PM,q and soot (Zuurbier et al., 2010). This
might be of interest if findings from this study may be
considered by the university management to propose
the use of electric shuttle buses.

We acknowledge several limitations in our study.
Other meteorological factors such as wind speeds and
ambient temperature were not included. Cheng and Li
(2010) suggested that high wind speed may influence
the increased of PM, s and PM,q in which formed under
resuspension of airborne particulates under dispersion
state. The individual’s total exposure should be taken
into account in the future study. This will demonstrate a
complete heterogeneity of spatial and activities for
active commuters such as pedestrian and cyclist daily
exposure to traffic-related air pollution. The use of
geospatial system using geo-coded will provide com-
prehensive snapshot of individual or general population
total exposure. Additional TRAP metric such as black
carbon (BC) and nitrogen dioxide (NO,) should be in-
cluded in the future study. BC and NO, has been found
to be consistent indicator for diesel exhaust emissions
(Ezani et al., 2018), therefore of these will better
characterize the exposure to TRAP.

5. Conclusion

This study highlights the important influence of traffic
volumes on variations in traffic-related air pollutants
concentrations such as PM, s, PM;o and Os. In conclu-
sion, pedestrian was exposed to high levels of traffic
pollution during commuting around campus area. Air-
borne particulates air pollutants were found dominant in
both academic zones and residential college within
university campus areas. University management
should also take into consideration to limit the number
of vehicles coming into or out from campus areas and
promote active commutes to the university staff and
students. However, the pedestrian facility within the
campus should also be improved by the university
management.
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