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This paper aims to determine the relationship between carbonmonoxide levels with vehicles, including types and mo-
tions of vehicles in a school traffic environment. Children are more vulnerable as they spend most of their time in
school and their still-developing respiratory system makes them more susceptible to air pollution compared to adults.
The researchwas carried out by directmeasurement of carbonmonoxide usingMultiRAE Lite PGM-6208 and counting
of vehicles manually using tally counter with different traffic flow scenarios, type of vehicles, school days, locations
and in schools. From the findings, it is found that the measurements of carbon monoxide exposures were significantly
greater in town schools compared to rural area; weekdays recorded much higher carbon dioxide levels compared to
weekends; moving vehicles had stronger effects compared to idle vehicles; and light-duty vehicles (LDV) had highest
among other types of vehicles. The results show a large impact of traffic management and transport mode on carbon
monoxide exposures to school children in the schools.
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1. Introduction

The research described in this paper forms to assess the impact of traffic
management and transport mode on the exposures of outdoor carbon mon-
oxide towards school children in a school traffic environment. There have
been many studies covering school children and a variety of air pollutants
but lesser literature is foundwhen it comes to carbonmonoxide specifically.
The study applies a framework using the effects of vehicles flows, types,
speeds, period, and location exposures, to link these with the atmospheric
dispersion and spatial distribution of the pollutant concentrations, as it
rarely been discussed and not well understood. Carbon monoxide (CO)
was chosen for this study as over 90% of emissions in urban areas are
from CO and road traffic, and other literatures demonstrated the impor-
tance of CO exposure in commuting journeys and transport mode in daily
exposures, compared to other air pollutants such as NOx, SOx, benzene,
the CO found to be significantly higher exposures [1]. Motor vehicle emis-
sions are a common cause of anthropogenic carbonmonoxide (CO). The in-
complete combustion of gasoline in engine cylinders is the main source of
CO from vehicles. The fuel-oxidation process, which basically means com-
bustion, is the conversion of the fuel to lower-molecular-weight intermedi-
ate hydrocarbons, including olefins and aromatics, and their conversion to
aldehydes and ketones, then to CO, and finally to CO2. The reactions at the
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beginning are faster than the final conversion of CO to CO2. Incomplete
conversion of fuel carbon to CO2 results in part from insufficient oxygen
in the combustion mixture which is known as fuel-rick conditions, and in-
sufficient time to oxidise fuel carbon fully to CO2. CO emissions by diesel
vehicles areminimal,mainly due to excess air used in the diesel combustion
cycle [2].

According to [3], CO is a gas that is colourless, odourless and tasteless
owing to its existence, rendering it an invisible hazard. It is the product of
incomplete hydrocarbon combustion. The interaction of CO for
haemoglobin molecules is about 240 times greater than that of oxygen,
resulting in the production of carboxyhaemoglobin by removing the mini-
mal oxygen [4,5]. When CO is inhaled, tissue hypoxia mainly affects
areas of high blood flow and need for oxygen [6]. CO sensitivity with myo-
globin is also 60 times greater than that of oxygen which causes heart fail-
ure and hypotension [7]. The toxic effect is the product of linking CO to
cytochrome oxidase and inhibiting the transport chain of electrons [8].
COHb lesser than 1% in the body usually comes from endogenous produc-
tion and anything as small as 1–9% in the body can cause chest pain and de-
creased exercise duration with ischemic heart disease [9].

In most cities, motor vehicles generally flock to schools in the morning
to drop school students off and also in the afternoon to fetch them back
from schools. Ambient CO trends usually show a bimodal diurnal pattern,
ongo, Bunkyo-ku, Tokyo, 113-8654, Japan.
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with the highest concentrations typically occurring during commuting
hours of the weekdays which is 7 to 9 in the morning and 4 to 6 in the eve-
ning [10]. The question arises on the kind of effects that will occur in such
school traffic environments on the level of CO and also the health risk of the
students who are put into such environment. Accumulation of outdoor CO
may possibly be a cause to higher concentration of CO in indoor environ-
ment of schools. The spatial variability in the concentration of traffic-
related pollutants in Huddersfield in terms of I/O context and their assess-
ment results showed that there was a strong correlation between the con-
centrations of indoor and outdoor air pollutants [11]. Despite the
enormous variety of these studies in terms of conditions and performance,
most of them have been able to show a certain degree of association be-
tween indoor and outdoor air, with such a relationship obviously relying
on a wide number of factors such as indoor pollutant production, outdoor
pollutant concentration, air exchange rate, outdoor pollutant penetration
capacity [12–14]. In many developing countries, where outdoor particle
pollution is increasing, the impact of outdoor particles on the indoor envi-
ronment is particularly important [15].

Various school microenvironments such as classrooms and sports field
or courts are where school students spend most of their time on. Approxi-
mately, the average of school student spends about 6 to 8 h in a school. Ev-
idences indicate that residential areas and vehicle traffics in near vicinities
can be especially harmful to children due to the many air pollutants. School
children within a proximity of 30 to 300 m from a main roadway showed
increase in artificial stiffness [16], thickened carotid intima-media [17], re-
duced academic performance [18], increased absenteeism [19] an increase
in clinical asthma symptoms [20] because of exposure to polluted air. Pro-
duction of CO can come from natural sources and also anthropogenic ones.
The human actually produces CO but at extremely small levels [21]. De-
spite that,man-made sources such as burning of fossil fuels, industrial activ-
ities, and motor vehicles are the main contributors of CO release in the air
[22]. If one is exposed to CO, health effects can range from acute to chronic
health problems such as asthma, sensory irritation and dysfunctional ner-
vous system [23]. Hence, exposure of school children in school traffic to
CO can be hazardous. Hypothetically in a school traffic environment, the
congestion caused by parents' vehicle emissions and school buses emissions
during certain hours of the daymay cause an increase in COwhich in return
may cause adverse health effects to school children in the vicinity.

According to a report by the US National Academy of Sciences [24],
four key differences between children and adults are identified in the ori-
gins of children vulnerability to environmental pollutants. Firstly, children
breathemore air, drinkmorewater, and eatmore food than adults each day
on a per-kilogram body-weight basis and therefore have proportionately
greater exposures to environmental pollutants. Secondly, children's meta-
bolic pathways are immature and therefore children are unable to rapidly
detoxify and excrete many toxic pollutants. Next, children's exquisitely del-
icate developmental processes are easily disrupted [25]. There exist win-
dows of vulnerability in early human development that have no
counterpart in adult life. Exposure to even very lowdoses of toxic chemicals
or other environmental hazards during these sensitive periods can increase
risk of disease in childhood and across the life span [26]. Lastly, children
have more future years than adults to develop diseases of long latency
that may be triggered by harmful exposures in early life [27]. School stu-
dents are still considered as children, thus more vulnerable than adults.
The lack of knowledge on CO may cause parents or school transports to
be oblivious to the possible harm of concentrated vehicle emission in a
school environment where developing children spend most of their time.
Also, urban areas are known to be more populated than suburban or rural
areas, hence city school children might also be more susceptible. School
children from schools that are situated nearby tomajor roads and highways
are also more vulnerable to deleterious effects of these toxics due to their
not fully-developed pulmonary systems [28]. Thus, there is a need to deter-
mine if emissions from school traffic can be one of themain sources of CO in
a school environment. There is lack of regulation or control on school traf-
fics at the moment. The aim of this study is to provide an insight of school
traffic affecting the concentration of CO exposure.
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2. Experiments

Themonitoring equipment used tomonitor continuous concentration of
COwas MultiRAE Lite PGM-6208. A study in Nigeria used a similar type of
monitor [29]. During the sampling measurement, it was carried out in an
outdoor space at the school entrance. Themeasuring instrumentwas placed
1 m above ground level, a level which children usually inhale. A tripod was
used as a support to keep the instrument in place. It is vital to ensure there is
no disturbance of tall buildings from the sampling point to avoid blocking
of air mass dispersion. Upon positioning it on ground, the instrument was
warmed up by switching on 30 min before the beginning of sampling
time. Any measurements taken before the sampling timeframe were omit-
ted. This equipment is calibrated first before being used to avoid any prob-
lems in reading. The calibration process for MultiRAE Lite PGM-6208 can
be done in a program mode that involves two processes which are fresh
air calibration and span gas calibration. In the calibration process, the cali-
bration adapterwas installed to avoid any organic and inorganic substances
from the environment to disturb the reading when the measurement is
being carried out. Calibration was done to avoid any unnecessary error
prior to sampling. The concentration of CO was measured in the unit of
ppm (parts per million). The CO measured is an average of 10 min.

In the meantime, the number of motor vehicles in the school traffic was
measured throughout the sampling period. Motor vehicles involved in this
measurementwere only limited to those that use fuel such as petrol and die-
sel which includes lorry, buses, cars and motorcycles. Vehicles that do not
use fuels such as bicycles are omitted from the measurement. Both idle
and passing motor vehicles were measured. Number of vehicles was calcu-
lated for a 10-minute timeframe hence, there will be 6 readings per hour
and a total of 48 readings within one sampling timeframe. A tally counter
was used to aid in measuring the number of motor vehicles. Types of vehi-
cles such as motorcycle, light-duty vehicles (LDV) and heavy-duty vehicles
(HDV) and, motions such as moving and idle vehicles were also measured
for transport mode factors of air pollution (Fig. 1).

The measurement of CO levels at school traffics were done at 2-
selected schools as case studies which are SJKCST and SKCAC and an-
other school in rural area for comparison, SKS. Selections were done de-
pending on the significance of the locations and the distances from the
centre of the city. Two schools were chosen to represent urban areas
with heavier school traffic and one controlled school is chosen to repre-
sent rural area with lesser school traffic as a comparison. The schools are
required to not be nearby any major roadways, highways or industrial
areas to avoid and reduce other sources of CO that may affect the data
and also to prevent the occurrence of extreme data. Measurements
taken at the controlled primary school helped to establish a baseline
data. The baseline data is used to compare the significant differences be-
tween an urban and rural school. The whole sampling was carried out
for over 2-weeks, where in each school, the drop off or pick up point
were selected as the measurement point of sampling. Weekday that rep-
resents the typical school traffic flow and weekend scenario was chosen
as the controlled factor to represent the absence of a typical school traf-
fic. The sampling duration were set at a period of 8 h every day, starting
from 6.00 am until 2.00 pm. The time range was chosen to represent an
average school time from before the student is dropped off at school
until a student ends school and is fetched either by someone personally
or by school transportations. The measurement was obtained at every
10-minute average throughout the fixed 8-hour duration. Correlation
analysis was performed in this study, to determine the influence factors
from each variable towards CO emissions.

3. Results and discussions

3.1. Carbon monoxide concentrations in school traffic environments

Overall from the results it shows that the total average concentrations of
CO at all studied schools for both weekday and weekend are recorded at
0.111 ± 0.019 ppm. During school days, the average concentration of CO



Fig. 1. Locations of selected schools for monitoring.
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in SKCAC had the highest with 0.192 ± 0.034 ppm, followed by SJKCST
0.183 ± 0.020 ppm, both from urban schools, and SKS in rural with
0.133 ± 0.104 ppm. Meanwhile, during weekend, average concentration
of CO in SJKCST and SKCAC both recorded at 0.015 ± 0.004 ppm and
SKS at 0.1333 ± 0.110 ppm respectively. When comparing between both
days, weekday had higher CO levels at total average of 0.170 ±
0.071 ppm compared to weekend at 0.053 ± 0.006 ppm. The weather on
the weekday also happened to be less hot but humid with 31.14 ±
4.53 °C, 67.50 ± 13.31%, whereas it was sunnier and less humid on the
weekend with temperature of 31.94 ± 5.89 °C and humidity 67.06 ±
16.82% were observed. Light-duty vehicles (LDV) had highest with total
average of 9 ± 4 numbers compared with other types of vehicles, heavy
Table 1
CO levels in all schools on weekday and weekend, number of vehicles and meteorologi

School Motorcycle LDV HDV

Idle Moving Idle Moving Idle

SJKCST (non-schooling) 0 ± 0 0 ± 0 4 ± 2 0 ± 0 1 ± 0
SJKCST (schooling) 1 ± 0 0 ± 0 16 ± 10 9 ± 4 6 ± 4
SKCAC (non-schooling) 0 ± 0 0 ± 0 1 ± 0 1 ± 0 0 ± 0
SKCAC (schooling) 1 ± 0 0 ± 0 18 ± 14 2 ± 1 5 ± 3
SKS (non-schooling) 2 ± 0 0 ± 0 7 ± 3 0 ± 0 4 ± 2
SKS (schooling) 2 ± 0 1 ± 0 8 ± 5 4 ± 2 4 ± 2
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duty vehicles (HDV) 3 ± 2 and followed by motorcycle 1 ± 0. Findings
of the research summarized in Table 1.
3.2. Relationship of carbon monoxide levels with total number of vehicles

Bivariate correlation was undertaken to determine on how CO is being
affected by the amount of vehicles. From the Table 2 it can be seen SJKCST
has the most significant strong positive relationship exists on both days
with r-values of 0.8444 (p < 0.01) on weekday and 0.8455 (p < 0.01)
on weekend compare to the other schools. In addition, all having positive
relationship which means the number of vehicles increases, the CO
cal factors.

Total vehicles CO (ppm) Meteorological factors

Temp (C°) RH (%)

0 ± 0 4 ± 2 0.015 ± 0.004 27.46 ± 2.14 79.77 ± 9.49
3 ± 2 31 ± 21 0.183 ± 0.020 30.88 ± 2.72 69.94 ± 11.45
0 ± 0 2 ± 1 0.015 ± 0.004 34.82 ± 5.65 60.06 ± 14.79
1 ± 0 24 ± 18 0.192 ± 0.034 30.775 ± 5.50 67.77 ± 15.74
0 ± 0 13 ± 5 0.1333 ± 0.110 33.53 ± 6.13 61.33 ± 17.42
2 ± 1 18 ± 11 0.133 ± 0.104 31.76 ± 4.92 64.79 ± 12.08



Table 2
Bivariate correlation between concentration of CO and total vehicles.

School Day r-Value

SJKCST (urban) Weekday 0.8444 (p < 0.01)
Weekend 0.8455 (p < 0.01)

SKCAC (urban) Weekday 0.6358 (p < .01)
Weekend 0.6567 (p < .01)

SKS (rural) Weekday 0.6714 (p < .01)
Weekend 0.4936 (p < .01)

Table 4
Bivariate correlation between motion of vehicles and CO levels.

School Day Motion r-Value

SJKCST (urban) Weekday Moving 0.8579 (p < 0.01)
Idle 0.6094 (p < 0.01)

Weekend Moving 0.8404 (p < 0.01)
Idle 0.3914 (p < 0.01)

SKCAC (urban) Weekday Moving 0.6470 (p < 0.01)
Idle 0.2532 (p < 0.05)

Weekend Moving 0.5642 (p < 0.01)
Idle 0.5302 (p < 0.01)

SKS (rural) Weekday Moving 0.5781 (p < 0.01)
Idle 0.5797 (p < 0.01)

Weekend Moving 0.5257 (p < 0.01)
Idle 0.4201 (p < 0.01)
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concentration will also increase. The strength shows how much of the CO
actually amplifies in those studies areas [30].

3.3. Relationship of carbon monoxide levels with types of vehicles

LDV in this context refers to petrol-powered vehicles while HDV refers
to diesel-powered vehicles as both emit different levels of CO. From
Table 3, overall it can be seen that LDVs have the highest correlation in
each schools and school days with r-values ranging from 0.4 to 0.8. The ve-
hicles are highly correlated in SJKCST with CO emission. LDV and HDV
when correlated independently with CO emissions, produced r-values of
0.81 and 0.77 respectively on both days. However, the motorcycle seems
to have very weak relationship (r = 0.1758) on weekday and no relation-
ship (r = 0.0458) on weekend. CO correlation to types of vehicles showed
positive relationships with LDVs being the main contributor, although the
impact varies as some show strong relationship while others show moder-
ate levels. The possibility of HDVs and motorcycles having less number
and significance correlation lesser compared to LDVs. The amount of CO
produced in exhaust of a diesel engine of HDV is typically lower than that
of petrol engine found in LDV [31], which also further explains why LDVs
are the main contributor of CO in this study. According to [32], production
of CO from gasoline engine is 28 times higher than diesel engine, showing
how LDVs leads to higher CO levels than HDVs. Diesel engines produce low
CO rates when consumed the fuel in excess air even at full load, at which
stage the amount of fuel pumped per cycle stays around 50% stoichiometric
lean [33].

3.4. Relationship of carbon monoxide levels with motion of vehicles

For motion of vehicles, moving vehicles had a stronger relationship
compared to idle ones with r-values ranged from 0.5 to 0.9 both on week-
day andweekend. The rest of the schools on both sample days showedmod-
erate levels of positive relationship between concentration of CO and
motion of vehicles. This shows there is almost equal chance for both mov-
ing and non-moving vehicles to affect the CO levels in the study sites. But
in a general, the moving vehicles contribute better from the scatterplots
Table 3
Bivariate correlation between CO concentration and types of vehicles.

School Day Vehicle type r-Value

SJKCST (urban) Weekday Motorcycle 0.1758 (p > 0.05)
LDV 0.8188 (p < 0.01)
HDV 0.7787 (p < 0.01)

Weekend Motorcycle 0.0458 (p > 0.05)
LDV 0.8100 (p < 0.01)
HDV 0.7765 (p < 0.01)

SKCAC (urban) Weekday Motorcycle 0.4186 (p < 0.01)
LDV 0.6642 (p < 0.01)
HDV 0.4305 (p < 0.01)

Weekend Motorcycle 0.0693 (p > 0.05)
LDV 0.6116 (p < 0.01)
HDV 0.4669 (p < 0.01)

SKS (rural) Weekday Motorcycle 0.4211 (p < 0.01)
LDV 0.6897 (p < 0.01)
HDV 0.3271 (p < 0.05)

Weekend Motorcycle 0.2865 (p < 0.05)
LDV 0.4290 (p < 0.01)
HDV 0.2500 (p < 0.05)
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of Table 4. The positive polarity shows that CO may have tendency to in-
crease if the vehicle numbers increase, which is similar to previous correla-
tions of vehicle numbers. The results however do not depict the other
typical literatures results. Typically, vehicles that queue up at an intersec-
tion spend more time in idle driving mode, producing more pollutants per
unit time, hence resulting in higher concentrations of the pollutant in the
ambient air [34]. The reason for stronger moving vehicle correlation to
CO is because there are higher numbers of moving vehicles.

4. Conclusions

In conclusion, it can be seen that the traffic flow outside the schools im-
pacts the outdoor carbon monoxide levels of the roadside. There is a strong
correlation between vehicles and CO levels, r-values ranging from 0.5 to
0.8. LDVs had the highest correlation with CO among other types of vehi-
cles, with r-values ranging from 0.4 to 0.8. As for vehicle motion, moving
vehicles had a stronger relationship compared to idle ones, r-values ranging
from 0.5 to 0.9. All three schools showed no significant differences despite
being in urban or rural areas. However, weekday and weekend showed
highly significant differences as weekday recorded much higher CO levels.
As for public health and safety of the school traffic area, the highest CO con-
centration of 1-hour average and 8-hour average in this study are below the
permissible limit set by the WHO standards. In addition, the results from
this research is very important as it could can help to improve on regula-
tions of traffic in or near school areas to control the formation of CO
where school students become the main receptors of the air pollution.
This study can help to further formulate interventions and policies for a
healthier environment especially in the school buildings. Public awareness
can also be created on the relationship between congested school traffic and
health risk. Understanding CO sources and associated risk to public health
can aid in developing more targeted management strategies for specific
sources in order to minimise their release into the urban environment.

However, there were certain limitations in this study such as the lack of
data on associated meteorological factor which are wind speed and direc-
tion. Also, the indoor CO levels were not studied, hence lack of comprehen-
sion between the indoor and outdoor relationship here. These factorsmight
further help to understand the complex relationship of the environment
studied.
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