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ABSTRACT

Benzene, toluene, ethylbenzene and xylene (BTEX) are compounds that are harmful to health and it exists in the
public transportation environment including the railway transportation. This study was conducted to determine the
concentration of BTEX in the train and the platform of a railway service provider. Air sampling was conducted to compare
the concentrations of BTEX in the train and platform by using activated charcoal sorbent tubes for one hour at Sentul-
Klang route during peak hours. Analysis of air samples was done by using Gas Chromatography-Flame Ionization Detector
(GC-FID). In addition, questionnaires were distributed to 254 respondents by cluster sampling on weekdays to examine
passengers’ perception on the indoor air quality (IAQ) of trains and platforms. The results indicated that 70.5% of
passengers are aged 21-30 years, 11.8% aged 31-40 years, 10.6% aged 51 years and over, 5.5% aged 41-50 years and 1.6%
aged 20 years and less. Majority of the passengers perceived the density of passengers on trains as dense (63.0%) and
platform as less dense (49.2%). Passengers mostly feel that ventilation (57.9%), wind quality (66.9%) and IAQ (57.9%) are
acceptable in the train. In the platform, passengers mostly choose an acceptable answer to the perception of ventilation
(64.6%), air quality (63.0%) and IAQ (70.5%). There were no significant differences in comparison of IAQ in the train and
platform by passengers’ age range (p > 0.05). There is a significant correlation between IAQ and passenger density,
ventilation, odor and air quality in the train (p < 0.01). However, a significant correlation was only found between IAQ and
ventilation and air quality in the platform (p < 0.01) and no significant correlation was found between IAQ and the
passenger density on the platform (p > 0.01). Although the overall passengers’ perception of IAQ in the train and platform
are acceptable, improvement is required especially regarding to indoor air quality services so that a better indoor
environment can be achieved.
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INTRODUCTION regarding to each these aspects which are density,
Public transport is a common routine for residents ventilation and wind quality in the train and the platform.

to move from one location to another. Thus, more time is

spent by residents which cause a high volume of METHODOLOGY

passengers during peak hours in the public transport.

Consequently, the indoor air quality of public transport Study design

should be emphasized since users are often exposed to the

presence of pollutants that are harmful to health in public

transport [11]. Recently, many studies have been

conducted regarding public transport user exposure to

volatile organic compounds (VOCs) specializing

parameter of benzene, toluene, ethylbenzene and xylene

Cross-sectional study was chosen, whereby the
measurement has been done at a particular time among
train passengers.

Selection of sampling locations at field

[5, 7, 19]. The assessments on the indoor air quality in air- Selected sampling locations are categorized as an
conditioned rail systems have also been carried out [6, 7, }lrb'an route which 1s'K1ang-Se'ntul as shown n F 1gu're-1. _It
30] to create an internal environment that is healthy and indicates the sampling location that be utilized in this
safe. study.

This study was conducted to measure the
concentration of benzene, toluene, ethylbenzene and
xylene (BTEX) in the train and the platform, to identify
the percentage of passenger perception on indoor air
quality (IAQ in the train and the platform, to compare the
perception of IAQ trains and platforms in the age range of
passengers, and to study the correlation between the
passenger IAQ perception with the perception that
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Figure-1. Sampling location.

Sampling point selection in the field

Sampling points chosen are on the platform and
in the train [25]. For platform, measurements were carried
out in the central platform and 1.5m above the floor [16].
As for the measurement of the train, the study was
conducted by moving the passenger holding the adsorbent
samplers placed at the height of 1m in the passenger
breathing zone [34]. The adsorbent during sampling
should be noted in terms of the breathing zone of the
passengers in either position of standing or sitting to
represent the exposure of the highest BTEX inhaled by the
passengers.

Time and duration of sampling in the field

For both sampling points, sampling conducted on
weekdays bilaterally during its operational period.
Sampling was conducted during peak hours of 7:00 to 9:00
or 17:00 to 19:00 [26] due to the concentration of BTEX is
significant during peak hours. In fact, trains are randomly
selected without specific criteria. The sampling was
carried out for about an hour [35].

Methods of air sampling and analysis in laboratories

Prior to sampling, the sampling pump was
calibrated individually. Then, the ends of the sorbent tube
were removed and connected to the individual sampling
pump. The flow rate was set at 0.2L/min. The sorbent tube
was covered with a plastic cover and packed for transport.
The sampler was kept at 5°C until it was analyzed.

Analysis of air samples was performed at NIOSH
Industrial Hygiene Analytical Laboratory in Bangi. Prior
to the analysis, sample preparation was done by using
NIOSH method 1501, Issue 3 [30]. The front sorbent tubes
with glass fiber were placed in a vial and back tube was
placed in separate vials. About 1.0mL of carbon disulfide
was added to each vial. It allowed at least 30 minutes of
occasional agitation to occur. Then, Gas Chromatography-
Flame Ionization Detector (GC-FID) was used to analyze
the samples.

Questionnaire

This research utilizes the MM-40 questionnaire
which was adapted from the Department of Occupational
Safety and Health (DOSH). However, this questionnaire
has been modified to evaluate passengers’ perceptions of
the quality of indoor air train and platforms. This form
contains the perception of passengers on passenger
density, aeration, odor, air quality and indoor air quality in
the platform and the train. The pilot study was conducted
before the questionnaire was distributed to 25 people on a
weekday commuter. A number of pilot study sample size
was determined by taking 10% of the actual sample size of
the study [24]. Reliability analysis was done by acquiring
a Cronbach alpha greater than 0.7 [36].

The distribution of the questionnaire was done in
cluster sampling of 254 respondents. The questionnaires
were distributed to passengers who are waiting for the
train on the platform of central stations of both routes from
January 2014 until April 2014.

Ethical issues

Ethical considerations were approved by the
Research Ethics Committee UKM with project code NN-
037-2014.

Statistical analysis

Data were analyzed by using the software
Statistical Package for the Social Sciences (SPSS) version
21. The independent t-test is selected to compare the mean
concentration of BTEX in the train and the platform. For
the survey, the data collected was not normal. Therefore,
nonparametric tests were applied. Kruskal-Wallis test was
used to compare the median perception of indoor air
quality in the age range of passengers on trains and
platforms, whereas Spearman correlation was utilized to
determine the relationship between indoor air quality and
passenger density, ventilation and quality of wind in the
train and the platform.
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RESULTS AND DICUSSIONS

BTEX concentration evaluation in train and platform

The main sources for the presence of BTEX in
public transportation are fuel emissions from vehicles [5,
25, 40]. In general, BTEX compounds could not be
detected by GC-FID for both locations. Based on these
observations, the location of commuter services was found
to be quite far from the traffic congestion source.
Therefore, the lack of presence of BTEX on the train and
the platform has contributed to the very small
concentration of BTEX in this study. In [5] indicated that
BTEX concentrations were higher in public transportation
such as taxis and buses in the path of a motor vehicle
against the concentration of BTEX in the train. This is due
to the road transport, which is very vulnerable, and almost
continuously expose to BTEX emissions from the engines
and vehicles’ exhaust. Additionally, train in the current
study uses electrical energy to move [15]. Therefore, self-
contamination by fuel and exhaust emissions leaks into the
cabin of the train is not the case [25]. This reinforces that
the train itself is not a strong source of BTEX production
in its microenvironment. In [32] also found that BTEX
resulting from vehicle emissions is weak in the train as it
is far away from traffic sources.

On ground track also influences the presence of
BTEX in the microenvironment. For example, a study
comparing levels of BTEX in the underground railroad
and the ground route by [25] found higher levels of TEX
in the underground train from TEX levels in above ground
train route. It is proven that the source of increased levels
of TEX is the environment subway train itself. At the
subway environment, the flow of outside air into the
underground passage is difficult compared to the route on
the ground. Thus, the environment subway has potential to
collect more pollutants such as BTEX in it, whereas the
environment on the ground rail allows outside air to flow
easily into the vicinity of the train.

The concentrations of contaminants such as
BTEX can be reduced by promoting the infiltration of
outside air moving into the indoor environment [37].
Therefore, the inflow of outside air through the thawing is
fundamental to controlling indoor air pollution [10].

Changes in locations pressure, humidity and
ambient temperatures during the sampling may interfere
with the pump flow rate and efficiency of absorption of
adsorbents, thus affecting the readings obtained for BTEX
concentrations. According to the [29], adsorption by using
activated charcoal tubes, pumps and techniques extraction
calibration laboratory should be carefully measured to
obtain the right concentration of BTEX. In [3, 4, 9] found
that the above factors affect the sampler and the adsorption
capacity of sorbent tubes during the sampling process. In
addition, factors such as the limitations of GC-FID
instrument which leads to the concentration of BTEX were
not detected in this study. The GC-FID that was used in
this study has a limit of detection (LOD = 0.7ug/Ml) for

BTEX. Hence, it is not able to detect very small
concentrations in the environment that is less polluted like
the train.

Survey of passengers’ perception regarding indoor air
quality (IAQ) train and platform

In addition to evaluate of the concentration of
BTEX in indoor air, the study on the perception of the
quality of indoor air passenger trains is conducted to
determine more tangible and accurate feedback to ensure
that improvement by the service providers can be done in
the future.

Age passengers

Based on the available age categories of
passengers, the highest category that uses the commuter
train service are passengers aged 21 to 30 years (70.5%) as
shown in Table-1. This is where most of this age group is
consisting of staff and students. Young people are
physically stronger to mobile and it causes them to prefer
the use of public transport rather than people who are
much older. This is supported by the studies conducted by
[1], which found that more than 26% of consumers aged
18 to 34 years are using public transport as the method of
travelling to work or study in contrast to other users’ age.

In fact, the absence of a private vehicle driver's
license is also a factor affecting the majority of users to
use public transport like train. In [1] also found that
consumers aged between 18 to 24 years prefer to use
public transport due to the absence of a driver's license and
not having the knowledge of how to drive. Moreover, even
if they have a driver's license, but the absence of a self-
own motor vehicle also contributes to the cause.

Table-1. Frequency and percentage of the age group of

passengers.
Age Frequency (n) Percentage (%)
<20 4 1.6
21-30 179 70.5
31-40 30 11.8
41-50 14 55
>51 27 10.6
Total n 254 100

Density of passengers in train and platform

Based on Table-2, passengers feel the density in
the train is very high (63.0%) as the density of passengers
is depending on the current state of operation of the
railroad system. This can be seen when there is a delay in
the train timetable to pick up and drop off passengers
which can cause an increase in passengers in the train.
Thus, the imbalance between capacity and demand rail
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ridership occurs can contribute to a reduction in the level
of passenger comfort. The same thing has happened in the
study of [6]. In addition, most of the passengers said the
platform density is less dense (49.2%). This is caused by
an area of the platform that is relatively broad from the
train area.

Table-2. Frequency and percentage of passenger density
perception by location.

ISSN 1819-6608

Table-3. Frequency and percentage of ventilation
perception by location.

Perceptions Train, n (%) Platform, n (%)

Less dense 74 (29.1) 125 (49.2)
Dense 160 (63.0) 119 (46.9)

Overladen 20 (7.9) 10 (3.9)
Total n 254 (100) 254 (100)

Congestion in train microenvironment services
can increase the rate of heat released per individual. In the
space of a compact passenger, the heat released by a
discharge to other passengers can cause an internal
environment of space to be hot and uncomfortable. Thus,
congestion can increase the level of thermal strain on
passengers, blocking mechanisms of heat loss and
psychological distress to passengers [28, 38, 14]. This
coincided with an incident in which the density is very
compact among passenger on the train, and the platform
causing many train passengers experiencing shortness of
breathing and loss of consciousness [13].

Ventilation

Most of the passengers stated that ventilation in
both locations is acceptable, namely 57.9% and 64.6% in
the train and on the platform respectively (Table-3). It
appears that the situation in the train is equipped with
central air-conditioning and the platform is equipped with
a wall fan. Both types of ventilation are able to provide a
more comfortable environment by providing a fresh
outdoor air into the indoor air. In [21] mentioned that
system Heating, Ventilation and Air Conditioning
(HVAC) are capable to dilute the pollutants contained in
the indoor air, bringing out the confined air out, promoting
the circulation of air in the indoor environment and the
ability to control temperature and humidity levels in
indoor environments. Thus, mechanical ventilation is a
very practical step to provide a comfortable environment
in rail transport.

Perceptions Train, n (%) Platform, n (%)
Very stufty 8(3.1) 10 (3.9)
Stuffy 43 (16.9) 54 (21.3)
Acceptable 147 (57.9) 164 (64.6)
Fresh 50 (19.7) 20(7.9)
Very fresh 624 6((2.4)
Total n 254 (100) 254 (100)
Quality of wind

Table-4 shows that most of the passengers feel
that the quality of the wind is acceptable, in the train or on
the platform. The result indicated the reading percentage
of 66.9% and 63.0% respectively. This is caused by
natural occurring wind infiltration into indoor air. The
purpose of natural wind infiltration is similar to the
mechanical ventilation system to provide a comfortable
environment of odor, heat and other contaminants.
However, the mechanical ventilation system uses natural
wind as the main driving force to further increase the air
cycle round into the indoor environment and to provide
comfortable conditions for passengers. In conclusion, the
use of natural air can improve the air quality in
microenvironment [27].

Table-4. Frequency and percentage of wind quality
perceptions by location.

Perceptions Train, n (%) Platform, n (%)
Very strong 4(1.6) 2 (0.8)
Strong 41 (16.1) 26 (10.2)
Acceptable 170 (66.9) 160 (63.0)
Weak 33 (13.0) 60 (23.6)
Very weak 6(24) 6(224)
Total n 254 (100) 254 (100)

Indoor air quality

The majority of the passengers stated that IAQ in
the train and the platform is acceptable as shown in Table-
5; with the percentage are 57.9% and 70.5% respectively.
This may be due to the train environment that is much
more comfortable compared to the study by [6] in which
the passenger is not satisfied with the IAQ train in China
due to environmental temperature in the hot train,
unpleasant odor, lack of moisture and the quantity of fresh
air which is minimum. IAQ could be improved by
increasing the thermal comfort and air flow, provide
adequate ventilation indoor environment and encourages
the use of HVAC capable of controlling humidity of
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indoor environments. Moreover, the use of coaches must
also follow the right schedule. For example, a coach which
is lacking in capacity (3 carriages) to accommodate the
large number of passengers needs to be avoided especially
during peak hours. This will cause passengers on board to
feel uncomfortable with the train indoor environment.

Table-5. Frequency and percentage of indoor air quality
perception by location.

Perceptions Train, n (%) Platform, n (%)
Very stuffy 5(2.0) 9(3.5)
Stuffy 37 (14.6) 43 (16.9)
Acceptable 147 (57.9) 177 (70.5)
Fresh 60 (23.6) 19 (7.5)
Very fresh 5(2.0) 4(1.6)
Total n 254 (100) 254 (100)

Comparison between perceptions on IAQ with age
range

Based on Table-6 and Table-7, there are no
significant difference between the perception of IAQ in
train (p > 0.05) and the platform (p > 0.05) with
passengers’ age range of both locations. It is stated that the
perception of IAQ is similar among all ranges of age [12,
18]. However, the study by [22, 23, 33] found that the age
factor is related to the level of perception. The study by
[17] stated that young people are more concerned about
environmental issues than older people who are more
stressed on health and safety.

Table-6. Comparison of train IAQ perception between
passengers’ age range.

Passengers’ Mean
Age Range n Rank P-Value
<20 4 93.00
21-30 179 125.82
31-40 30 123.42
. 0.510
Train 41-50 14 146.39
1AQ >51 27 | 13850
Total 254

Table-7. Comparison of the platform IAQ perception
between passengers’ age range.

Passengers’ i Mean P-

age range rank value
<20 4 114.25
21-30 179 127.78
31-40 30 128.75

0.546
Platform 41-50 14 148.21
IAQ > 51 27 | 115.46

Total 254

Correlation of IAQ with passenger density,
ventilation and air quality

For TAQ in train, there are correlation between
TAQ with density of passenger (ry = -0.23, p < 0.01),
ventilation (ry = 0:57, p < 0.01) and quality of wind (r; = -
0.28, p < 0.01). Meanwhile, for IAQ of the platform, IAQ
only has correlation with ventilation (ry = 0.49, p < 0.01)
and quality of the wind (r;, = -0.45, p < 0.01).

IAQ train and platform will be improved with
adequate ventilation. The increased level of comfort
among passenger will increase the number of passengers,
thus causing them to be satisfied with the overall
perception of the environment [20]. Whereby, the
complete mechanism of heat release can be utilized with
no mass transfer between passengers to other passengers.
However, in [34] could not unlock how air temperature
affects air quality despite the impact of density with
temperature of the internal environment.

The presence of unpleasant odors has made
passengers feel uncomfortable to breathe. In [39]
concluded that less chemical pollutants emitted could
improve the indoor environment satisfaction. Wind
infiltration can dilute other indoor air pollutants, thus it
can improve indoor air quality especially as ozone,
nitrogen dioxide and suspended particulates are being
reduced [2].

IAQ platform is not correlated with the density of
passengers (rs = -0.08, p > 0.01), since the space platform
is wider than in the train. Thus, passengers can travel from
one place to another if they are not comfortable compared
to moving in a train which has limited space. However,
IAQ train correlated with the density of passengers
because of the smaller space of a train [15].

CONCLUSIONS

For the first objective of this study, it is found
that there were low concentrations of BTEX indicated in
the train and the platform at the time of sampling. This
coincides with the first hypothesis that the concentration
of BTEX in the commuter train service is low. In addition,
for the second objective, which is to identify the
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percentage of passenger, perception of the TAQ train and
platform, passengers will express the perception of being
satisfied with the indoor air quality in trains and platforms
surrounding. In fact, for the objective of the third study, it
is found that there is no difference between the perception
of indoor air quality in trains and platforms with the age
range of passengers. For the fourth objective of the study,
there was a significant correlation between the perception
of train indoor air quality with passenger density,
ventilation, and air quality. For the perception of the
indoor air quality platform, significant correlation was
only found with the perception of ventilation and air
quality. Overall, these hypotheses for the study of
passengers’ IAQ perception regarding to train and the
platform are not rejected except for the hypothesis of the
indoor air quality perception with the age range of
passengers. However, improvement of train service
management should be continued to improve indoor air
quality commuter to ensure a healthier and safer
environment. For example, such improvements can be in
the form of providing flexible ventilation systems
according to passenger density. Ventilation rates need to
be increased during peak hours. Thus, this may allow the
train’s management to save and optimize the energy
consumption according to the needs.
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