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Abstract: Children are sensitive to air pollution and spend long hours in and around their schools,
so the school day has an important impact on their overall exposure. This study of Kuala Lumpur,
Selangor and its surroundings assesses exposure to PM; 5 and NO,, from travel, play and study
over a typical school day. Most Malaysian children in urban areas are driven to school, so they
probably experience peak NO; concentrations in the drop-off and pick-up zones. Cyclists are likely to
receive the greatest school travel exposure during their commute, but typically, the largest cumulative
exposure occurs in classrooms through the long school day. Indoor concentrations tend to be high, as
classrooms are well ventilated with ambient air. Exposure to PMj; 5 is relatively evenly spread across
Selangor, but NO; exposure tends to be higher in areas with a high population density and heavy
traffic. Despite this, ambient PM; 5 may be more critical and exceed guidelines as it is a particular
problem during periods of widespread biomass burning. A thoughtful adjustment to school approach
roads, design of playgrounds and building layout and maintenance may help minimise exposure.
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Saroj Jayasinghe and Franz The respiratory health of school children is a growing concern, so exposure to pollu-
W. Gatzweiler tants during their education is especially important, particularly when parents perceive
that there are key issues related to safe travel to school [1-3]. The local environment sur-
rounding schools has recently been reviewed by [4]. Additionally, the walk to school [5-7]
and other travel modes represent further routes to exposure, along with the presence of
high pollutant concentrations in areas where students are dropped off or picked up [8].
The classroom has often been the focus of research, as here, students accumulate
exposure over long periods of time [9-15]. Some reduction in exposure is possible through
careful building design, perhaps with the use of air conditioning [16,17], or the careful
layout and placement of school buildings and the diversion of nearby traffic [18]. Much
less is written about school playgrounds and roads that border schools [19,20], although
there has long been a focus on air pollution in playgrounds and parks [21,22].
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levels of traffic-related air pollution (or TRAP) that exceed the WHO'’s guidance limit values.
The school day, as is common in tropical countries, begins early, but in some schools, a
cohort attends in the afternoon (13:30/18:00), and some school children have extra classes
in the afternoon and co-curricular activities. The school morning starts at 07:30, with a
break at 10:00/10:30. Children are often dropped off by parents, but because the school
day ends at 13:30, students are frequently transported by a van or bus to a transit house
to await their parents. Some children may use public transport, or walk or ride bicycles,
which provides exercise and empowers children, but roads typically lack footpaths [30]
or cycle lanes. This discourages children from making their own way to school. Parents
worry about security, and as yet, solutions such as walking buses [31] are uncommon.

This research examines the balance of exposure of children in Kuala Lumpur and its
surroundings over a typical school day. This is relevant as approaches to reducing exposure
to air pollution have focused on the choice of travel mode, play, sports, the ventilation of
classrooms, and traffic regulation close to schools.

2. Materials and Methods

This study used a range of scholarly publications linked to the exposure of students to
air pollution. Reports from Malaysian Institute of Road Safety Research (MIROS) provided
details of student travel to school [32]. It further used available pollutant measurements
(see http://apims.doe.gov.my/public_v2/api_table.html, accessed on 2 January 2022) from
monitoring sites maintained by the Department of Environment Malaysia (Figure 1). Data
from 2019 were used to avoid the effects of COVID-19 lockdowns, and the subsequent
years, 2020 and 2021, were not used. The haze period (8 October 2019/26 October 2019),
while discussed, was usually removed from the record to avoid bias.
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Figure 1. (a) Map of peninsular Malaysia, with Kuala Lumpur as a red dot. (b) Map showing the
State of Selangor with schools from the MIROS report (MIROS 2020), monitoring sites and districts
of the State and the two Federal Territories of Kuala Lumpur (red) and of Putrajaya (red-brown).
The monitoring sites are coded: Putrajaya (Pu), Petaling Jaya (Pe), Shah Alam (SA), Banting (Ba),
Klang (KI), Cheras (Ch), Batu Muda (BM), and Kuala Selangor (KS). Note: red colours are population
densities > 1400 km~2, orange > 1000 km 2 and green > 200 km 2.

Additionally, we measured PM; 5 concentrations in the drop-off and pick-up zones
of schools with a DustTrak™ II Aerosol Monitor (Model 8532, TSI Inc., Shoreview, MN,
USA). The instrument was set at a height of 0.8 m (breathing zone for the children) on
the pavement; 2 m away from the point where cars and vans stopped for students and
collected data 06:30/13:30 at 1 min resolution. The monitor was reset before and after
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each monitoring session according to the manufacturer’s instructions, with the monitor
calibrated against the manufacturer’s high efficiency filter. The concentration range for this
instrument ranges between 0.001 and 150 mg m 3.

The distribution of pollutant concentrations was often skewed, which can make the
choice of statistical tests complicated. In this study, we often used medians and lower and
upper quartiles (Q; and Q3) to describe the central tendency and dispersion, frequently
choosing box and whisker plots. Where sample numbers were large (>200), despite the
skewed concentration data, parametric statistical tests were sometimes used, as the central
limit should make parametric methods, such as ANOVA, valid. ANOVA used an online
calculator, Astatsa (https:/ /astatsa.com/, accessed on 2 January 2022), which provided post
hoc multiple comparisons using Scheffé’s method.

3. Results

This section first examines the various exposure environments, and attempts to assess
their likely importance from the literature, along with some measurements from the school
entrance. The second part estimates the exposure of children during various periods
throughout the school day.

3.1. Exposure Environments
3.1.1. Travel to and from School

There is a general belief that travel-to-school commuting results in a high proportion
of the daily pollutant dose (e.g., [5]). The relevance of the school commute has been
reviewed by Ma et al. [33]. Parental fears that walking to school exposes children to
air pollutants can seem a little perverse given the potential increase in exposure to air
pollutants that arises through parents’ choice of private transport for the trip to school.
There is additional exposure in busy drop-off and pick-up zones. Specific studies show
that some locations on the route to school can have high concentrations: bus stops [34] and
pedestrian crossings [35]. However, travel is not necessarily the dominant contributor to
daily exposure [18,36,37]. High respiratory rates and enhanced levels of physical activity
during walking and cycling lead to the rapid inhalation of air pollutants.

The careful choice of route to school can reduce (10-30%) exposure to primary traffic
pollutants (nitrogen oxides, NOx and carbon monoxide CO) [6], though the difference
is insignificant for secondary pollutants (particulate matter, PM; 5 and PMjy and ntogen
dioxide, NO;). A study in Manchester [7] found that walking along alternative routes,
which are 2 min longer than faster routes, typically resulted in a 5 ug m? reduction in NO,
exposure. The choice of cycling routes is also important [38]. Hatzopoulou et al. [39] argue
that the number of diesel vehicles, strong sources of soot, were an important control of
personal exposure to black carbon (BC), though the use of separated cycling lanes had less
impact on exposure to BC. Cycle lanes are likely to have only subtle effects on exposure.

There has been special interest in the health benefits of active modes of transport
to school, such as walking and cycling [40]. The choice to walk to school has been a
matter of some interest. Socio-economic effects lead to disadvantaged children counter-
intuitively walking to school less often [41]. Given parental fears about security, walking
buses have been popular in some places. These may be seen as a way of lowering pollutant
emissions [42] and may provide healthy routes [43]. Such schemes have health benefits [44],
though they additionally encourage road safety awareness, acceptance of walking, and
provide a space for conversation.

In Malaysia, students do not typically walk to school [45], even when living less than
a kilometre away [30], in spite of the fact that the benefits of a pleasant walk to school
are recognised. Primary concerns are the risk from traffic; this is understandable given
the lack of footpaths in Malaysia [46]. A separate survey revealed that the fear of crime
against children suggests that the safe distance for walking in public areas may be as little
as 100 m [1].
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3.1.2. Drop-Off and Pick-Up Zones

Increased exposure arises in congested pick-up and drop-off zones [8,43,47]. The places
where students arrive by motor vehicles can be polluted because of idling vehicles [48,49],
although anti-idling campaigns may help (e.g., [50]). The dwell times for children in these
places are typically brief, so drop-off and pick-up zones contribute only a small proportion
to daily exposure [8]. Despite parental frustration with driving children to school [51], they
are reassured by confirming their safe arrival (e.g., [52]). Vanwolleghem et al. [53] suggest
implementing drop-off spots as a way to promote walking to school. They suggest that
these are associated with green spaces, quiet roads, separation from traffic [54], and safe
crossings [55,56]. Many suggestions that relate to improving traffic safety could also reduce
pollutants exposure.

There are some measurements of pollutants in the drop-off and pick-up zones. Moni-
toring during drop-off shows that, although pollutant concentrations increased, the periods
of enhanced pollution were shorter than during pick-up [19]. Cars queuing during drop-off
hours intensify the concentration of PM; 5 by ~3 times [54]. Our PM; 5 measurements
(Figure 2) made at a school in Bangi (Hulu Langat District), from four school days (2 Jan-
uary 2019 and 2 January 2020), showed a sharp peak at drop-off time. Higher concentrations
arise during morning traffic, but there is a gradual improvement. In the early afternoon,
some students can be delayed by play or conversations, so pollution at pick-up has a lower
and broader peak; not unlike the observations from the United Kingdom [19]. As parents
are still at work, vehicle numbers decline a little in the afternoon (Figure 2b), but buses are
more frequent. The observations at the school entrance (tallied on a check sheet) suggest
that most children come by vehicle (Figure 2b), but the number walking and cycling is
likely to be underestimated, as these children may leave the school through minor gates.
The results align with those of the MIROS questionnaire [32].
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Figure 2. (a) Four-day averaged PM, 5 concentration at a school drop-off zone smoothed with a
five-point moving average with the standard deviation bound by the shaded area with local times on
x-axis. (b) Student travel mode counts for 06:30/08:00 (orange) and 12:30/13:30 (blue) averaged for
two schools.

3.1.3. Classrooms

There are many studies of indoor pollution in schools. Fisk [57] recently reviewed
research, with a special focus on ventilation, and notes that in: “hot and humid climates,
increased ventilation rates in schools can increase time periods with an elevated indoor
humidity, increasing the risk of indoor mould growth ... and even with low ventilation
rates, indoor humidity is often elevated”. In Malaysia, dampness in school buildings has
been linked to observations that students had elevated FeNO levels (fractional exhaled
nitric oxide), indicating ongoing lower airway inflammation [58,59]. Indoor materials
such as chalk dust and cotton fibres [60] add to indoor particles, along with bioaerosols
and pesticides.
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Malaysia has been well served by studies of air pollution in the classroom [28,61-63],
with Thailand [64,65] and Indonesia [66] also representing tropical climates, where schools
are often highly ventilated. Abidin et al. [28] suggest that particulate matter was of-
ten from agricultural or non-vehicle sources. Concentrations of PM;5 in Malaysian
schools [28,61-63,67] suggest a median level of 22.6 pg m =3 (Q; = 18.9 and Q3 = 24.325 pug m~3).
Traffic-related NO, was linked to the frequency of asthma symptoms among Malaysian
children [28]. The concentrations found in schools (23 ppb in urban schools and 6.7 ppb in
semi urban schools) bracket the recent WHO 24-h 2021 guideline of 13 ppb.

3.1.4. School Grounds

Children spend perhaps an hour each day on school grounds. They are likely to
be rather active here, so it is unfortunate there are few studies of air pollution in this
environment. School grounds are sometimes seen as a surrogate for outdoor air [68],
and subject to both traffic and long-range transport sources [21]. Pollutants on soccer
fields near busy roads were higher during recess, but exposure was difficult to define [20].
Concentrations in the playground were comparable to the main road during morning
hours [54] with coarse particles arising from the resuspension of dust [54,69].

3.2. Exposure Estimates
3.2.1. Concentrations of PM; 5 and NO,

Air pollution in Malaysia is measured by the Department of Environment. We used
hourly data for PM; 5 and NO, and 2019 from sites at: Putrajaya, Petaling Jaya, Shah Alam,
Banting, Klang, Cheras, Batu Muda, and Kuala Selangor (NO, was not available at this last
site). There is an annual cycle to PM; 5 concentrations, as shown in Figure 3a, though the
extreme values in September result from widespread biomass burning. Such events are
key drivers to the annual cycle in the Klang Valley [70]. Overall, the annual variation of
NO; is small (Figure 3b), but the monthly concentrations are regionally more variable than
for P le 5.
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Figure 3. Annual cycle of hourly pollutant concentrations during 2019. (a) PM; 5 from the 8 sites and
(b) NO, from 7 sites (Kuala Selangor absent). They are presented in the order Putrajaya, Petaling
Jaya, Shah Alam, Banting, Klang, Cheras, Batu Muda, and Kuala Selangor, with sites distinguished
by alternate shading. (c) Smoothed temporal pattern of traffic congestion as a percentage in urban
Kuala Lumpur https://www.tomtom.com/en_gb/traffic-index/kuala-lumpur-traffic/, accessed
on 27 November 2021. (d) The weekly cycle of PM; 5 (dark shade) and NO; (lighter orange shade)
averaged over all the sites. (e) The diurnal cycle (as local times) averaged over the sites for PM; 5
and NO,.
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In subsequent analyses of variation in PM; 5, we have avoided the period of biomass
haze 8 October 2019/26 October 2019, when local particulate concentrations were high, to
focus on local emissions. Traffic congestion [71] follows a clearly weekly cycle in Kuala
Lumpur (Figure 3c), which indicates a clear diurnal cycle (vertical axis) on weekdays,
with a peak around 08:00, and a much stronger peak in the early evening, that grows
more prominent as the week progresses (horizontal axis). Sunday and Saturday show
less congestion. Traffic congestion only partially matches the weekly cycle of pollutant
concentrations (Figure 3d), as both PM; 5 and NO; reveal less noticeable changes on a
seven-day cycle. This hints that there is a broader range of sources than traffic alone
(e.g., industry agriculture and the secondary production of particles). The late evening
peak may be due to a change in the meteorology at night, as wind speeds are low at night,
limiting pollutant dispersion [72].

The amplitude of the diurnal cycle is not very high, especially for PM; 5 (Figure 3e),
but it shows slight peaks late in the morning and at night. The pattern persists even on
weekends. The cycle for NO; is more noticeable, so daily changes in sources cause a greater
variability. Overall daily emissions cause a late morning peak in pollutant levels; a time
which coincides with the morning break, when children are likely to be playing outdoors.

On-road and roadside measurements of air pollution are not common in Malaysia, as
the Department of Environment stations are essentially urban background sites. Some data
are available for roadside environments from other countries in Southeast Asia [38,73,74].
The roadside values in Kuala Lumpur have been estimated here on the basis of data
from Hong Kong [75], which has three roadside stations and 12 urban stations. Data
from 2019 show the average roadside PM, 5 concentration to be 25.0 & 1.7 ug m 3 and
193 +1.97 ug m 3 at the urban sites, making the ratio 1.3. The concentrations for NO; are
42.4 4 0.81 ppb and 21.7 &+ 4.06 ppb, yielding a roadside:urban ratio of 1.95 (i.e., ~2). These
observations are consistent with the values from Singapore (PMj5~40 ug m~2) [38], Thai-
land (highly polluted areas 82-143 g m~3) [74] and Vietnam (NO, 15-40 ppb) [73]. The
roadside concentrations estimated here were used to calculate exposure during school travel.
This was reasonable for walking, cycling and travelling by motorbike, but also an approxi-
mation for cars, as the indoor-outdoor ratio is close to one in a well ventilated vehicle [76].

The concentrations of pollutants at critical hours of the school day when the students
are outdoors: arriving (08:00), at play (11:00) and leaving (14:00), are shown in Figure 4.
There is a tendency for the concentrations of both PM; 5 and NO, to decline through the
morning. We can also see greater intersite variability for NO,, as noted earlier. An ANOVA
(DoF = 7) suggests that there is little significant difference between the PM, 5 from the
sites at 11:00 (omnibus p~0.003) and 14:00 (omnibus p~0.6), and there were no significant
differences between pairs using Scheffé’s comparison, though early morning in Shah Alam
and Klang was distinctive from the other sites (p < 0.01). Given the range of particulate
sources and the possibility of secondary production, homogeneity is to be expected. The
ANOVA (DoF = 6) for the NO; confirms the high intersite variability at all three periods
(omnibus p < 0.0001 for all three periods). Pairwise, the sites were statistically distinctive,
with few exceptions.

Exposure needs to consider daily concentration profiles, but this is difficult with
fixed point monitors. However, averaged across a large population of school children, the
representation will improve. We have adopted the values shown in Table 1. As the PM; 5
concentrations are evenly spread across the region, these are chosen in the same way as
the various exposure periods (Table 1). The PM; 5 concentrations estimated for classrooms
agree reasonably well with earlier Malaysian studies [28,61-63,67] that suggest median
levels of 22.6 pg m—3 (Q1 = 18.9 and Q3 = 24.3 ug m~3) and indoor—outdoor ratios close to
unity. Concentrations of NO, measured in Malaysian classrooms were 23 ppb in the urban
setting and 6.7 ppb for semi-urban schools [28].
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Figure 4. The concentrations of (a) PM; 5 and (b) NO, at the sites for the hourly averages ending at
08:00 (orange), 11:00 (yellow), and 14:00 (blue). Note: The sites are coded Putrajaya (Pu), Petaling Jaya
(Pe), Shah Alam (SA), Banting (Ba), Klang (K1), Cheras (Ch), Batu Muda (BM), and Kuala Selangor
(KS); the last for PM; 5 only. The boxes define Q; and Q3, the line denotes the median, the X is the
mean, and the whiskers run to the points that lie within 1.5 times the interquartile range above and
below Qp and Q3.

Table 1. Pollutant concentrations (from hourly averages from 2019 data) adopted for various activities
related to school at sites around Kuala Lumpur.

Travel Drop-Off Break Pick-Up Travel Class
Time ~07:30 ~07:30 10:30-11:00 ~13:30 ~13:30 07:30-13:30
Duration/min 10-202 5 30 10 10202 300b
Time of pollution 07:00t0 08:00  07:00 to 08:00  10:00 to 11:00  13:00 to 14:00  13:00 to 14:00  07:00 to 14:00
measurement
PM,5/pug m~3 38 76 27 68 34 28
NO,/ppb €

Putrajaya 16 32 9 8 4 8
Petaling Jaya 41 81 30 37 19 26
Shah Alam 36 73 20 18 9 17
Banting 24 48 12 11 5 10
Klang 39 79 21 25 12 21
Cheras 33 66 20 17 9 17
Batu Muda 31 61 17 24 12 17

Notes: 2, walk, 10 min; bike, 10 min; vehicle, 15 min estimated from MIROS Report No. 305 (MIROS, 2020).

b, Children walking and on bicycles have less time travelling than those travelling by car, so their classroom times
were adjusted by 25 min to bring total exposure to the same time length; ¢, occasional missing data for NO, at
08:00 means that averages of 07:00 and 09:00 were taken for the travel-to and drop-off columns.

The school grounds and classroom values are taken in the same way as hourly outdoor
concentrations. This seems reasonable given that classrooms are well ventilated, but
typically not air-conditioned. Roadside concentrations, as noted above, were estimated
as 1.3 and 2 times the background values for PM,5 and NO,. Drop-off and pick-up
concentrations were set at twice the roadside values, and are in reasonable agreement with
the few available measurements (Figure 2).

3.2.2. Student Exposure during the School Day

Given that children undertake different activities in their school day, ventilation
rates (Ryg/m> min~!) vary. These are available from Exposure Factors Handbook of United
States [77]. The lowest was associated with sitting (0.0073 m> min~!), taken as typical
of the classroom, along with standing (0.0085 m® min~') in the drop-off and pick-up
zones, during play (0.0179 m® min~!). Travel by vehicle assumes a 3:1 mix of car-bus
(0.00789 m>® min—!) and motorcycle (0.01 m3 min~!) or walking (0.0178 m3 min—1), with
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cycling (0.035 m® min~!) being the highest. These ventilation rates allow an inhaled dose
(D1/ ng) during daily activities to be estimated [78] according to Equation (1) [79]:

DI = RVE c At (1)
where c is the pollutant concentration (ng m~3) and At is the duration of exposure (min).
This was estimated for each transport mode from Determination of the Exposure and Travel
Mode to School [32], although these self-reported values may be subject to bias. However, a
walk or cycle ride lasting 10 min and 15 min respectively by vehicle seemed reasonable.

The school day exposure of schoolchildren to PM; 5 and NO; in the Kuala Lumpur
area with different travel choices is shown in Figure 5. Students who walk and cycle have
slightly higher exposure to both PM; 5 and NO; during travel, even though we allowed
them to avoid exposure in the drop-off and pick-up areas. Cyclists have the highest
exposure, which is the result of high ventilation rates.
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Figure 5. Daily inhalation dose (ug) for (a) PM; 5 and (b) NO; for exposure related to school. Note:
hatched shading denotes afternoon exposure. (c) vehicular NO, exposure as a function of population
density for the site locations in Putrajaya (Pu), Petaling Jaya (Pe), Shah Alam (SA), Banting (Ba),
Klang (K1), Cheras (Ch), and Batu Muda (BM).

The daily inhalation dose of NO,, among students using vehicles for the school trip,
varies across the region, but has a loose relationship with population density (Figure 5c).
This aligns with the emission estimates for Kuala Lumpur made using road network
density and traffic volume [29]. Petaling Jaya has the highest inhalation dose for NO,,
but Klang (KI) is higher than expected. It is a busy port area, so traffic emissions may be
disproportionately large for the relatively low population density: 842,146 people in 627 km?.

The calculations suggest that the school day inhalation dose of PM; 5 among Malaysian
children is about a third that of Guangzhou residents (350 & 75 pg) [80], and comparable
with a person taking an outdoor trip in Singapore [38]. Evaluating air pollutant inhaled
doses in relation to daily activities can serve as a reference point for a better understanding
of the time and spatial pattern of pollution risks in a given area. It also helps formulate
temporal-spatial prevention and control measures, as well as recommendations for individ-
ual risk avoidance [80]. Genetic and synergism factors complicate assessment response to
exposure, and in the tropics, special considerations might relate to increase breathing rate
when humidity and temperature are high [38].
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4. Discussion
4.1. Relative Exposure

Our study suggests that, in Malaysia, about 10% of the school day exposure came from
motorised travel to school, though perhaps another 5% could be added from exposure in
the drop-off and pick-up zones. The travel contribution is highest for cyclists. Nevertheless,
classroom exposure dominates in Malaysia, which may seem surprising given concerns
that transport is most relevant to exposure. However, research in Malaysia has, perhaps
correctly, focussed on classroom studies rather than on travel.

High exposure may be confused with high concentrations, so caution is needed when
interpreting the data. Lim et al. [81] argue that high exposure tends to be greatest in the
places where one spends the most time. However, roadside concentrations can readily
exceed guideline values, so concerns about travel are not without justification. Our study
reveals that there were no hourly NO, exceedances for the USEPA hourly guideline value
of 100 ppb. However, almost 200 h from the eight sites exceeded 50 ppb (i.e., a roadside
exceedance, as this would notionally be 100 ppb under our roadside estimates).

Particulate matter is a special problem for Malaysia, given episodes of biomass derived
haze where PMj, 5 loadings are high. Although traffic generates particulate matter, travel
does not always present the greatest risk. There is no hourly guidance value for PM; 5, but
we nevertheless noted some 400 exceedances of the Malaysian 35 ug m 3 24-h guideline
value across the eight sites, even when excluding the haze period.

Despite the relatively low impact of school travel on the daily dose, there has been
increasing international concern over travel exposure. This is certainly a worthy area for
study, as concentrations are high, and the kerbs of busy roads experience sharp peaks
in NOx concentrations, although it falls away rapidly with distance on busy streets [82].
Additionally, there is a possibility of exposure to more recently released pollutants, e.g.,
ROS and black carbon [83].

4.2. Research Needs

There are studies of school trips from various parts of the world, but few from the
tropics, though there is no particular reason why it might be different, given the great
homogeneity of the urban experience in the contemporary world. However, what is
noticeable in Malaysia is the lack of roadside measurements, despite a few from other
Southeast Asian countries [38,73,74], so further work might be useful. There are few studies
of the drop-off and pick-up zones, so again, more measurements would be of value. It
would be useful to resolve the effect of the number of vehicles, types of vehicles, student
wait times, parent behaviour, congestion, engines running in queues, air conditioning in
cars, etc.

Classroom studies [62] are widely available, though it can be argued that research
is needed on the long-term effects of exposure to indoor pollutants. There are likely
associations between home exposure and questions of ethnicity, which may relate to
environmental health disparities [58,59]. A key issue is the lack of understanding of the
health effects of the rather unique collection particles at school that defines its indoor
environment, as so little is known about the toxicity of indoor particles [84].

Playgrounds have been poorly studied, so these recreation areas represent a key gap in
understanding exposure, given the high inhalation rates during play. In particular, pollutant
exposure in school playgrounds deserves more attention during design. Air pollution and
park layout have received some attention, with interest in controlling exposure through the
distribution of occupants [85] and design features [86]. Suspended dust in playgrounds
has been mentioned by researchers [54,69], and although the health impact is not known, it
looks to be a relevant area of research.

4.3. Potential for Change

Cycling proved to have the highest travel exposure for school children, but the activity
comes with positive benefits, such as exercise and the development of independence, so
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it is worthy of encouragement. Bicycle proficiency programs in classroom environments
have attempted to increase cycling trips, while an individualized marketing strategy in
Perth (Australia) resulted in positive changes towards more active travel behaviour [87]. It
is also likely that training could help cyclists choose safer and less polluted routes.

Travelling to school by car still dominates Malaysia, where there is a fear that children
might be kidnapped that pressures parents to drive them to school. A few public interest
groups worry that children do not exercise enough when they do not walk or cycle. Risks
certainly arise because of the lack of footpaths along many school routes, suggesting these
could be “greened” and improved [88]. It is effective to provide drop-off spots to promote
walking to school [53].

In terms of the classroom environment, detailed investigations of indoor air quality and
the better maintenance of school classroom ventilation systems have been suggested [67],
while there are also immediate measures (e.g., routine classroom cleaning, student zoning,
and the installation of solid and vegetation barriers) [65]. The thoughtful redesign of school
buildings and the grounds can be expensive, but over the longer term, whenever changes
are planned, they are important considerations in reducing environmental exposure.

5. Conclusions

In Kuala Lumpur, most children are driven to and from school, and although this
represents a better route to lower exposure than walking or cycling, it may not give students
the best exercise or sense of independence. Pollutant levels are likely to be high in congested
drop-off and pick-up areas where children can experience peak NO, concentrations, but
the length of exposure may be just ten minutes or so. Pollution and respiratory activities
are high outdoors when children are at play, so exposure can accumulate more rapidly.
However, cumulative exposure in well ventilated classrooms dominates the school day.
Studies of the classroom environment are frequent in Malaysia, but less has been done on
travel and playground exposure, where it is important to assess the importance of these
brief periods of exercise. Measurements of pollutant concentrations at the roadside are
uncommon, so may require further measurements. There are additionally opportunities to
consider layouts of schools that minimise exposure and enhance safety.
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