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Abstract

This study aimed to investigate air pollutant exposure at five primary schools in Terengganu,
Malaysia and to assess chromosomal damage among primary school children. The/shuely

176 children aged Hl1 years living close to.industries (the exposed group) and those living far
away from the industries (thé-comparative group). The parameters for the indoor air monitoring
included suspended particulate matter, gaseous pubutslQ and SQ), and physical variables
(temperature, selative humidity, and air velocity). Respiratory symptoms were assessed through
guestionnaires (n"= 176), and a micronucleus assay was conducted on the buccal epithelial cell:
of ©1 children. The fidings showed that the levels of air pollutants at the schools of the exposed
group were significantly higher (p < 0.05) than those of the comparative group. The highest

concentration of PM PM,s and PM, recorded at the exposed schools were 43.30, 44188,
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60.83! g m*, respectively. Cough is the most significant recurring respiratory symptom among
children with 2.52 odd ratio (p < 0.05). Children in the exposed group had an average
micronuclei frequency of 5.02 £ 3.43 per 1000 cells, while those icdimparative group.had

2.00 = 1.56. This study strongly suggests that exposure to industrial air pollutants significantly
influence micronuclei formation and increase the prevalence of respiratory symptom among
children living in proximity to the industriaarea after controlling all possible confounding
factors. This study serves as baseline data for genotoxic damage.among children in the vicinity of

industrial area in South East Asia specifically.

Keywords: Air pollutants; Chromosomal damage; ‘Respiragymptom; Children

INTRODUCTION

The evetincreasing levels,of+air ‘pollutants in many urban and industrial areas can result in
adverse health impacts onypeople especially the young, the old, and the infirmed. The young are
especially s@sceptible due tbeir still developing physique as well as immature lungs and
immune systems (Korteet al., 2017; Espositet al., 2014; Branccet al., 2014). Prolonged
exposure to high levels of air pollutants may increase the risk of developing cancer especially for
those living near to heavy industries (Tsaial., 2009; Yuaret al., 2018; Seifiet al., 2019).

Many epidemiological studies have convincingly demonstrated the deterioration of air quality in

schools in the proximity of big industrial areas, which hastéedignificant respiratory health
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impacts especially of the acute nature (Suhainal., 2017; Roviraet al., 2014; Demirekt al.,

2014; Godoiet al., 2013; Moraest al., 2010). The proximity to industrial zone has been

associated with a higher prevatenof respiratory symptoms, a high incidence of asthma attack,

and reduction in lung function as compared to the population iAnuwstrial aréas /(Loyo

Berr'oset al., 2007; Wichmanmt al., 2009; Smargiasst al., 2009; Ayunietal., 2014). On the

othe hand, epidemiological studies on chronic health effects are{scarcely documented among

susceptible population especially children. Nevertheless, some studies have shown that childrer

living in proximity to petrochemical installations in Taiwan experiencigth mortality rate due

to bone, brain, and blood cancer (ktwal., 2008; Yuetals,-2005; Pamt al., 1994).

Chronic exposure to air pollutants has been‘frequently associated with genetic defects among

children (Mielzynskesvachet al;“2013). Prolong® exposure to small or high concentrations of

air pollutants may indugé genetic'toxicity and subsequently may increase the risk of cancer. Thus,

biomarkers of genomic damage or chromosomal damage, such as micronucleus frequency, art

widely used in‘eytogenie epidemiological studies to predict the risk of cancer when exposed to

poliuted airm(Pedersest al., 2009; Mergenegt al., 2014; Sopiast al., 2017; de Oliveira Galv<o

étal., 2017; Taret al., 2017; Muhamad Dauet al., 2018). The micronucleus is rieed from

acentric chromosome fragments or whole chromosomes which have failed to migrate to spindle

poles during the anaphase stage (Fenech, 2000). The presence of a small nucleus in a dividin
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cell provides a convenient indicator of genotoxicity duechoomosomal breakage and loss,

known as chromosomal aberration. It is frequently assessed in human lymphocytes, erythrocytes

and exfoliated epithelial cells with different micronucleus frequency of similar expesure (de

Oliveira Galv<oet al., 2017; Taret al., 2017; Muhamad Dauet al., 2018). The exfaliation of

epithelial cells, such as buccal cells, is reported to be a minimally invasive method (proposed

since 1983) as compared to lymphocytes and erythrocytes in indicating and determining the level

of genetic damage due to inhalation and ingestion of xenaobiotic substances (Hobdan@008;

Thomaset al., 2011).

According to an in vivo genotoxicity study, Hatal (2013) demonstrated the increasing

inhalation dose of nitrogen dioxide, M®ignificanty induced higher micronuclei frequencies.

The mechanism involved mightibe contributed by metabolite reaction of nitrite and nitrate as it

can damage cellular DNA and result in mutation or cancer. Inhalation of highly soluble sulfur

dioxide, SQ will.be meabolized into sulphites, which can hinder DNA synthesis and induce

chromosomal“aberration. Besides that, oxidation of 8f@tabolite to sulfate may generate

abundancerof free radicals that can bind to DNA. The binding to DNA can cause crosslinking and

DNA breaks (ATSDR, 1998). Meanwhile, the inhalation of particulate matter can induce the

generation of reactive oxygen species, which break the phosphodiester backbone of DNA leading

to DNA damage (Fenedt al., 2016).
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To date, there have been limited stumly the association between industrial air pollutants

exposure and genotoxic outcome conducted among children in South East Asia. This study aims

to evaluate the impact of industrial air pollutants on potential genotoxic outcome as indicated by

the microneleus frequency among primary school children living in the vicinity ofindustries.

METHODS

Study location

Sampling was carried out from January to May 201%, at five selected schools and residential

areas in Terengganu, a state in Peninsular Malaysiagéipetrochemical complex in Kertih and

Paka lies within the district of Dungunyand Kemaman. The rapid development and economic

growth in these districts since the 1980s have been primarily due to activities related to the oll

and gas, and manufacturingdirstiies. These activities boosted the human population in these

districts with increasing numbers of immigrants moving into Terengganu to meet the job demand

here. Accordingyto the Department of Statistics, Malaysia (2010), Kemaman has a population of

161,959, while’Dungun has a population of 149,851, of which 95% are Malays.

Despite experiencing rapid economic growth, both districts are facing the threats of air

pollution due to emissions from industrial activities and the-enxaeasing vehicles on thieads.

This study was designed to assess the impact of air pollutant exposure among two groups of
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children in the two areas. The exposed group comprised children from primary schools located
about 5 km from the industries, as correspond to the previodg @Vloraeset al., 2010). They

lived nearby and attended three schools referred to as exposed school S1, S2, and S3. Th
comparative group comprised children from primary schools located in Dungtn, about 30 km
from the industries. The comparative area wapresented by two .schools referred as
comparative school C1 and C2 as shown in the map (Fig. 1). All the jselected schools were
located within 1km from the main road. Meanwhile, 73 respondenisO residences located nearb

the exposed and comparative areaenselected for homes indoor air quality assessment.

Respondent recruitment
This study involved 176 children aged between 10 and 11 years old. The number of

respondents required was ‘détermined by a sample size calculation of two population means
(Lwanga & Lemeshow, 1991) The selection of the respondents was based on stratified random
sampling as'was' used in previous studies (Awtial., 2014;Suhaimiet al., 2015). Validated
guestionnaires, adopted from Juliaal (2001) and Jalaludiet al (2014)on sociodemographic
patterns, respiratory symptoms, and home exposure assessment were randomly distributed to th
primary school children. The section of home exposure assessment comprised questions or

indoor smoking, types of materials for the walls, figacarpet usage, open burning, and window
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opening during cooking. Those children who met the inclusion and exclusion criteria (free from
history of doctor diagnosed chronic disease, radiotherapy or chemotherapy in the previous 12
months or Xrays in the pevious 3 months) were recruited for buccal cell collection to détermine

the frequency of micronuclei (MN).

Exposure Assessment

The selection of air pollutant parameters is corresponding\to Six’ criteria air pollutants in the
Air Pollutant Index (API) whib has been used since,198%in Malaysia. An indoor air assessment
was conducted in the classrooms of the five selected,schools during school hours from 8 am to 1
pm (5 h). The classrooms have a typiealdesign’with two doors, louvre windows, ceiling fans for
general ventilation, and a surface area of 8873 nf. The parameters f or the indoor air
monitoring included suspended particulate matter ;(PRM, 5, and PMo), gaseous pollutants
(NO; and SQ), and physical variables (temperature, relative humidibg air velocity). The
measurements/of \suspended particulate matter in the classrooms were carried out using
handheldyportable instrument DustTrak® DRX Aerosol Monitor 8532 (TSI Incorporated, USA).
This lightweight instrument is equipped with a scattgifaser photometer and can provide +eal
time aerosol mass readings. This device is capable of measuring aerosols concentration of multi

size fraction ranging from 0.001 to 150 mg.m
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A handheld VelociCalc™ Air Velocity Meter 9565 (TSI Incorporated, USA&Quipped
with multiple sensors, was used to monitor the air velocity, temperature, and relative humidity.
This device with 0.01 m™sresolution is capable of detecting up to 78.7 n Ehe gasé€ous
pollutants were measured using the LaMotte Nitrogen id@=and Sulfur Dioxide in-air/test kit
(LaMotte, USA), in which the air was slowly aspirated into a 10 mL{mixture of absorbing
solution at a flow rate of 0.2 and 1.0 L flifor NO, and SQ respegtively.yThe principle of
detection is colourimetric, in whicthe intensity of the resultingscolour of each gas is compared
with the LaMotte reference colour chart. The measurements were carried out for about an hour
each at three scheduled times during the school houts. All the equipment was placed at the bacl
of the classroom at the height of 0.8 m*fram.the floor to represent the breathing zone of the seatec

children. The air monitoring was‘conducted over 4 consecutive days.

Home assessments

Home assessments were conducted to determine the-emcironment expsure of the
respondents..Consent and approval were obtained from the guardians of the children prior to the
home"assessment. It involved 40 childrenOs houses located nearby the exposed schools and
homes situated nearby the comparative schools. The asa@ssment involved the collection of

PM;o using a Zefon Escort ELF Personal Air Sampling Pump (Zefon International, USA) at a
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flow rate of 1.7 L miff, equipped with a prareighed 37 mm diameter size filter paper. The filter

was dried in an oven and thplaced in a desiccator for at least 24 h prior to the measurement. It
was then placed for 24 h (at breathing zoneOs height) at the location where the respéndents spe
most of their time when at home, e.g. in the bedroom and living room. The sampledditer

then dried in a desiccator for at least a day before its final weight was taken. Theiconcentration of
PMjo was determined gravimetrically by the difference in weight of\the filter paper before and

after sampling.

Collection of Exfoliated Buccal Mucas and MN Assay

The buccal mucosa cells were taken bysgently scraping both the inner side of the cheeks with a
sterile cytology brush. The brush was then dipped into a microcentrifuge tube containing 0.1M
Phosphate Buffer solution (pH 7.5) and stored i@ iC freezer (Hollanat al., 2008). Next,
the cells were smeéared onto a glass slide followed by a fixation process with a cold solution of
1% glutaraldehydeypin 0.1 M phosphate buffer (pH 7.5) for 20 min. The slide was then stained
with7a Feulgen solutiomsing a modified procedure by Beliehal (1995) and counterstained
with 0.1% Fast Green for 20 seconds. Finally, the slide was observed under a light microscope alt

40 times magnification. The results were then expressed as frequency of Mn in 10(Rigells

Statistical analysis
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All the data were analyzed using the Statistical Package for Social Science (SPSS) Version
22.0. A normality test was performed to assess the data distribution among the exposed anc
comparative groups. The information gatheneulild then determine the selection of subsequent
statistical analysis, i.e. either parametric or -pamametric testing. The analysisycomprised
univariate, bivariate, and multivariate statistical testing in proving the relationship between air
pollutant eyosure and the occurrence of respiratory symptoms and micronuclei formation. The
univariate analysis comprised descriptive statistics for sd@megraphic information, air
pollutant concentration, and micronuclei frequency..The bivariate analysis involgad or
median comparison of the studied variables;, specifically for continuous data. Meanwhile,
categorical data such as respiratory symptoms and homes distances were assessed through cl
square analysis. In addition, it wias performed to evaluate whbthelifferences in micronuclei
frequency have a relationshig with air pollutantsO concentration. Multiple linear regression was

performed to assess the contributing factors of micronuclei frequency among the respondents.

RESULTES AND DISCUSSION
Socicdemayraphic
One hundred and severdix respondents were involved in this study. For the exposed group,

48 (47.5%) respondents were boys and another 53 (52.5%) were girls. For the comparative group

10
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there were 34 boys (45.3%) and 41 girls (54.7%). Most othiildren lived rather close to the

main road, i.e. 37 (38.9%) for the exposed group and 39(54.2%) for the comparative group.

Proximity to a road can lead to higher levels of indoor air pollutants in the house due t@ emissions

from the road vehicles being snuch closer. A study conducted in Australia found,that houses

nearby busy roads exhibited higher both indoor and outdoor air gollutants” concentration

compared to houses further away from the road (Chealg, 2010). M@st of the children in the

exposedyroup lived more than 1.5 km from the industries, i.e553.(58.9%) children. Meanwhile,

most of the children in the comparative group lived.more than 5 km from the industries, i.e. 53

(77.9%) children.

Air Quality in Indoor Environment: Schools

The monibred resultsapertaining to suspended particulate mattek, (PMzs and PMy),

gaseous pollutants*(NO SO) and physical parameters (temperature, relative humidity, air

velocity) in the classrooms are tabulated in Table 1. The classroom of exposedSdchebich

Is located,less than 5 km from the industrial zone, recorded the highestoAbentration at

43.337'g m3 as compared to other schools. Meanwhile, the average concentration of PM2.5 and

PM;o for school S1 were 44.83 and 60.B m-3, respectivel. High concentrations of fine

particles are usually contributed by outdoor infiltration of the pollutants into the indoor space

11



210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

(Almeidaet al., 2011). In addition, the outdoor pollutants easily penetrate the indoor environment
due to a greater air exclgmrate through the larger window area (Yangl., 2017). A study by
Yanget al (2017) demonstrated the high concentration of indoor particles in the classroom was
confidently contributed by the outdoor source, with 0.9217 infiltration coefficient:

Two comparative schools (C1 and C2), located over 20 km fromgthe industries, recorded
the lowest particulatenatterconcentrations, ranging from 24.75 to 35!@pm?® (Table 1). The
concentrations in the comparative schools seemed to be relatively lowéngr@mcentration of
PM,sand PMgin the Northern Iran (Pl 46.9! g m>.and RMg: 397.2! g m®) due to seasonal
differences (Mohammadyaat al., 2017). Statistical amalysis depicted a significant difference of
particulatematter concentrations betweeihe, exposed and comparative schools. As shown in
Table 2, the average concentratiohparticulate mattewas found to be higher than those
reported in the previous study) (Yang Razeidial.,, 2015). The mean particulat@atter
concentrations of/those s@is in Bandar Baru Bangi and Putrajaya, Malaysia recorded during
school hour§wete 16, 18, and!34d.m* for PMy, PMy5, and PMo, respectively.

Furthermore, indoor gas measurement demonstrated the highestdN€entration at the
exposéd school S1 (21.94 ni®), while the other schools exhibited low N@alue and under the
limit of detection. The indoor Nfconcentration recorded in this study was not exceed the

recommended value by ti¢HO Guidelinesfor Indoor Air Qualityof 200! g mi® andthe New

12



228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

Ambient Malaysia Air Quality Standard of 32@ m for 1-hour averaging timé¢DOE, 2020:;
WHO, 2006). Similarly, the Ng&oncentration in this study achieved the excellent criteria of the
IAQ Objectives for Offices and Public Places Hong Kong, as the reconecheht)
concentration is 150 g m° (EMSD, 2003). In the absence of indoor sourtes, the NO
concentration found in this study indicated the infiltration of outdoor sotrces through windows
and door openings (Wichmarnal., 2010). Moreover, the location &fl is adjacent to a high
school and it is close to the main road, which also justified\the. highcbdt@entration in the
indoor classroom (Demiredt al., 2014). In a recent studyj.a Similar concentration of WN&s
obtained (23 g mi®) from the samplingite at the ‘cl@sest roadside to the cleaner industrial city,
which was detected on working days (Azkeal.,;2018). The N@concentration rarely detected

on nonworking days, which con€luded the real culprit was from vehicle emissions (Atzkhri
2018). The highest indoor.conCentration of S@s recorded at school S3 (34§ ni®), followed

by S1 (130.93! g/fi), S27°(104.75' g m®), and C2 (78.568 g m®). Generally, the SO
concentrations.inthis study, especially at the exposed schools, were law¢neghconcentration
recordediin_Suhairmt al (2015), with a median concentration of 332157 m?, as the pollutant
source from that study was mainly generated by multisource industrial combustion such as

bitumen and steel manufacturing. The proximitythe industry strongly explained the high

13
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concentration of colourless @t the exposed area was predominantly associated with industrial
emission (lelpet al., 2019).

The physical parameters of the indoor air quality for each school are depictederlTab
The indoor temperature indicated a similar value range value from 27.50 to 33.00/iC, while the
indoor relative humidity recorded readings between 58.50% and 84.40% during the school hour.
Both parameters statistically appear to indicate no signifaiffierences between the two groups;
however, the relative humidity and temperature in the classtooms generally exceeded the
maximum comfort range value of temperature (23 10,26 jC)ralative humidity (40% to 70%)
as recommended in the DOSH guidelifBOSH,;, 2020) . In addition, the values also did not
comply with the international standard,\ ASHRAE Standard 55 as the recommended
comfortabilityOs temperature i summer ranges from 22.8 to 26.1 iC (ASHRAE, 2013).
Meanwhile, the indoorelativelumidity levds should be maintained between 30 per cent and 65
per cent for optimtm, comfort as suggested by ASHRAE. The measured indoor air velocity for
both exposediand comparative schools met the recommended air velocity in the DOSH guidelines

whigh~is between 0.F9.50 m §.
Home Assessments
The concentrations of the air pollutants observed in the haies/8) of the children in the

exposed and comparative groups are shown in Table 3. The mean concentration of the pollutant:

was observed to be higher for thepeged group, 108.39 + 94.13 m#than the comparative

14
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group, 46.15 + 41.28g m# The PM, concentrations, however, were still within the Malaysian
Ambient Air Quality Standards (150 pghfior 24-h). The higher levels of pollutants observed in
the home of the exposed group could indicate high penetration of outdoor air pollutants into
their homes through the windows and doors, which were normally left open during the daytime
for better ventilation. The result of MaiWihitney U disclosed a significanifiérence’between
the two groups, with the exposed area recording higher indogs Edcentration than the
homes in comparative area. Their values, however, were relatively lowerthansthose observed in
another study by Suhaimt al (2015). In that studythe location was'hear to heavy industries
such as metal processing plants, an oil refinery and a gas“processing plant.eVahk2015)
demonstrated the daily Ryimeasured in the 592 homes in, a peban area of Cape Town,
South Africa was 33.1 (IQR3-62.2) ug n¥, which is relatively lower than the Rymeasured in
this study. About 4 homes in this study had Jow parti¢les concentrations of less thahgiBi%5
and this might be closely related to frequent cleaning as it may reduce dust acomnuuiatie
floor and furniture surface.

The gas pollutant measurement depicted significant differences of &4@ SQ
concentration betweendhe residences in exposed and comparative areas., thadg@tration
of the exposed area,were highly detectethmse homes located in the vicinity of main road,
which is less’than 100 m. This is corresponded to anthropogenic source, ofhi@ mainly
originated from vehicle combustion and secondarily from industrial emission ¢edho 2019).
However, the indor NO, concentration in this study (20.78 + 37.84 m# were found to be
extremely lower than in the study by Suhaétnal (2015) where the obtained value was between
58.29 and 165.48g m# This could be due to the active emission ofpbyducts of hgh
temperature combustion from the nearby industry in Kemaman Industrial Area. Nevertheless,

SO, concentration in the residences of the exposed area were found to be higher than

15
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concentration measured in previous study (Suheaiml., 2015). The ManwWhitney U analysis
disclosed a significantly higher $S€oncentration in the exposed area (141.96 + 598814 as
compared to those in the comparative area (1303984).

This study also considered other variables in their homes that might have pelsiite
on the indoor air quality. This part was assessed in the questionnaires. These yariables includec
family members who smoke, types of materials for the walls, floors etc., fuels for cooking,
whether windows were opened during cooking, and whetlege tivere _carpetstin’the homes.
Generally, all the possible indoor air pollutants confounders did \not exhibit any significant

difference between the exposed and comparative groups.

Times series for particulatenatterconcentrations

The results of the-& sampling for particulate mattemin the five different schools are shown in
Fig. 3. Several observations could be amade regarding the particulate trend during the sampling
period. Relatively high concentrations weye observed during the first 15 to 20 mintkeéhen
children entered the classrooms, possibly due to a lot of movements to get to their seats and to ge
their books from the booOkshelves, as well as the daily routine of sweeping the floor clean. The
concentratiorof partieulate mattewasrelatively low prior to recess time due to lower levels of
physical activities asythe children were more engrossed in their schoolwork. This finding is
consistent to thoSe observed by Yagtgal.,, (2015) in that higher pollutants levels in the
classrooms™were contrited by the number of occupants inside and their activities, such as
walking and running, which caused the particulate matter to be churned up into the aiet(Yang
al., 2015). High levels of particulate were also observed during the break time due te the re
suspension of the particles caused by the movement of the children. This is consistent with the

trend observed in previous studies (Yang Ragtall., 2015; Ismaikt al., 2010). In addition, the

16
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active movement of the children also tendednreasethe air turbulence, leading to high

uplifting of indoor particles (Madureire al., 2015).

Comparison of reported respiratory health symptoms

The prevalence of respiratory health symptoms (cough, chest tightness, wheezing, and phlegm

among the respondenfN = 176) in the exposed and comparative groupsAuas assessed using a set

of standardised questionnaires. A significant difference in the prevalence of cough was observed

when comparing the two groups, with prevalence ratio 2,52 @béidence IntervalCl 1.13

1.56). The prevalence ratio for chest tightness andgphlegm were 1.80 (95% #H.@7%&nd

1.15 (95% CI 0.4B2.98), respectively. Children in thesexposed group with higher exposure to air

pollutants were three times more likely.tondevelop respiyasymptoms than those children in

the comparative area, as parallel withian earlier study by Suétaaini (2015). It was suggested

that their proximity to the~heavy industries could have worsened their respiratory health (Sopian

etal., 2016; Ruscorstal., 2011; Moraest al., 2010). A study by Ayursgt al., (2014) also found

significantly “high kespiratory health symptoms among children living in proximity to a

petrochemical industry with the prevalence ratio for cough, phlegm, chest tightnessemathgh

being 5.09 (95% CI 2.F11.65), 9.66 (95% CI 2.B84.46), 9.08 (95% C| 1.@95.0) and

9.07(95% CIl 1.8825.2), respectively. In addition, the incremental increase in air pollutants

levels in the air have also been convincingly associated with theokigurrence of respiratory

17
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illness among no@asthmatic children, especially forday average exposures to PMPMo, Os,

NO,, and SQ (Prietoparraet al., 2017). A recent study by Luomrgal., (2017) also observed an

association between elevated levef particulate matter and the occurrence of respiratory illness

among children resulting in incremental respiratory hospital admission. One can,thus infer that

exposure to high concentrations of air pollutants from traffic or industrial€missionsaarsien

the respiratory health among children.

Micronucleus assay

A micronucleus assay was carried out on 91 ehildren who fulfilled the inclusive criteria.

Children in the exposed group had an average micronuclei frequency of 5.02 + 3.43 per 1000

cells, whle those in the comparative group had 2.00 £ 1.56. The Méminey U analysis found

a significant difference in.thedmedian of the exposed grpup@.001). The results showed that

the exposed group had a micronuclei frequency two times higher thamal iaseline value (a

mean of 2.32)+£70.28 per 1000 cells) of a similar age group as indicated in €&ajsk{2013).

Similar findings were also observed in 74 children aged 5 to 15 years old in a highly polluted

province in Poland, with a mean microreicfrequency of 6.56 + 5.00 Mn per 1000 cells

(MielzynskaSvach et al., 2014). High exposure to biomass burning had also induced a

significant increase in micronuclei frequency among a similar age group of children with a mean

18
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of 15.7 £ 8.3 Mn per 1000 d¢gl(Sisenandet al., 2012). On the other hand, the comparative

group had a relatively low micronuclei frequency, similar to the normal value of healthy children

in a clean town in Brazil, i.e. 3 £ 4.1 per 1000 cells (Silva da 8ilah, 2015).

To date there is no specific cutff point of micronucleifrequency that cane,used as a

reference to justify the genotoxicity at the microcellular level. As such, thé genotoxicity of buccal

mucosa fficronuclei frequency) wascategorisedbased on the median ual of frequency

measured, which was 3. The values that were higher than“or equal to the rie8)awdgre

categorizedas likely present, while the values lower than.the median (< 3) cetegorizedas

unlikely present (Table 4). The ebquare analysis thecated that there was a significant positive

correlation between indoor air pollutantstand micronuclei frequency. This finding supported the

results of other studies regarding exposure to high particulate matter and high micronuclei

frequency counted onubgeal epithelial cellsTanet al., 2017; Cerettet al., 2014; Sisenandet al.,

2012) One could_thus inferthat prolonged exposure to high levels of air pollutants could induce

cumulative Chromosomal damages and increase the risk of cancer among divildgein the

vicipity ofypolldting industries.

Multiple linear regression was performed to assess the contributing factors of micronuclei

frequency among the respondents. The model contained five main indoor air pollutants (PM

PM,s, PMyy, SO, and ND,) that were monitored in this study. Statistically, there was an
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385

association between the indoor air pollutants {8Q, and NQ) and micronuclei frequency.
Based on regression analysis, we found that W&s the most significant air pollutant predicto

to induce micronuclei formatiowith the adjusted odds ratio of 6.82 (95% CI| 3b1{5.18)d@nd

R? value of 0.498, after controlling all possible confounders such as distance ofithe homes from
the roads and industries, as well as indoor exposure fromirsgnakd cdrpetslt has been
suggested that N@aused induction of micronuclei frequency or permanent DNA impairment on
human nasal epithelial cell at 0.2 m@’ after being exposed forl8 (Koehleret al., 2011). The

high exposure to air pollutants, sues PMo and SQ, had likely contributed to the high
formation of micronuclei among the respondents, with-‘adjusted odd ratio of 2.31 (95% &1 0.06
0.73) and 4.03 (95% CI 9.807.67), respectively.

Synergistic and additive effeCts of other air pollutantshsag volatile organic compounds
(VOCs), polyaromatic hydrocarbon (PAHSs), and heavy metals emitted from the industry should
be considered in thisistudy."Inhalation of metal can interfere with catalytic site of DNA synthesis
and may result/imis‘repairof DNA strand break. On the other hand, inhalation of PAHs can
inhibit- DNA_methylation and induce DNA adduct (e.g. befappyrene diol epoxide). The
failure“of the cell to repair the DNA strand break, lesion and adduct can lead to induction of
micronuclei (Fenechet al., 2016). This could be one limitation of the present study as the

measurement of other pollutants were not investigated. Apart from that, the smaller sample size
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in this study may also limit the findings. Future studies with larger sampleasideadditional

application of genotoxic biomarker are warranted to authorize the findings.

CONCLUSION

This study has shown that there were significant differences in the levels of indoor air
pollutants (especially PM PM,s, PMip, and SQ) between theschools of the exposed and
comparative groups. The indoor air pollutant concentrations, were significantly higher at the
schools located in proximity to the industrial park whenscompared to the comparative schools,
especially for PMy concentration, 69.73 $9.72 vs36100.+ 6.44 g mi® (p < 0.001). The mean
concentration of PMyat homes of the expesed and comparative groups were 108.39 + 94.11 and
46.15 + 41.29 g m®, respectivel§y. The exposure to poor air quality among the school children
increase the pwalence of respiratory health symptoms, and a higher number of micronuclei
frequency when gomparing the two groups, as the exposed group had an average micronucle
frequency of'5.02 £ 3.43 per 1000 cells, while those in the comparative group had 2.60 + 1.5
Childreniin the exposed group with higher exposure to air pollutants were three times more likely
to develop respiratory symptoms, especially cough, than those children in the comparative area.
Similarly, the greater frequency of micronuclei observethis group indicates a higher risk of

genotoxicity
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This study strongly suggests that the industrial air pollutants exposurg &) and PMo)

are significantly influenced chromosomal damage among children residing in proximity to the

industrial areaféer controlling confounding factors (e.g. demographic, secmnomic, lifestyle

factors and exposure to tobacco smoke) at both study design and statistical janalysis. The

statistical analysis showed that the micronuclei frequency was significantly &sdowith the

indoor concentration of N{adjusted odds ratio of 6.82, 95% CI| 33¥05.18), SQ (adjusted

odds ratio 4.03, 95% CI 9.807.67), and PN (adjusted odds*atio_2.31, 95% CI (B0673)

respectively. Both gaseous pollutants and particulateemeate proxy indicators of air pollutants

in the study area, as the ambient data from\continuous air quality monitoring stations and

previous local studies demonstrated the air,pollutants were dominantly polluting the environment.

It successfully fulfillel the knowledge gap as limited epidemiological studies have been

conducted on the relationship‘between industrial air pollutant and genotoxicity among children in

South East Asia./However; there are some limitations in this study such as small number of

respondents and-inability to emphasize the specific air pollutants tracer. The toxic air pollutants

such™as PAHS and benzene which were not investigated in this study may potentially give

additive and synergistic effects on the formation of micronuclei amdnlgiren. Future

Investigations on quantification of carcinogenic air pollutants at the study area are highly

desirable to understand the mixture effect of exposure to industrial air pollutants among children.
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A comprehensive air quality assessment caradigeved by active sampling with greater air

volume (i.e., low volume sampler, high volume sampler), sampling duration (up to 24 h),

determination of particulate composition (heavy metal, inorganic and organic compounds),

measurement of toxic gaseous, andrce apportionment.
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620 Table 1. Summary of indoor air pollutants concentrations in the classrooms

School Statistic Exposed School Comparative School
S1 S2 S3 Ci Cc2
PM; (! gm®  Min 25.00 16.25 20.00 14.33 14.00
Max 120.83 140.00 191.00 106.44 80.50
Avg 43.30 30.75 39.25 29.33 24.75
PMzs(! g m# Min 25.50 16.50 20.75 14.33 14400
Max 121.33 152.00 202.75 113.00 81.75
Avg 44.83 32.00 41.00 29.67 25.50
PM(lgm#  Min 28.00 17.25 22.75 14.67 14.75
Max 241.67 296.00 425.25 215.00 116.75
Avg 60.83 39.50 60.50 35.00 31.25
NO,('gm#  Min 0.01 <0.01 <001 <0.01 <0.01
Max 87.75
Avg 21.94
SO (' gmA Min 130.93 78466 340.44 <0.01 78.56
Max 130.93 130.93 340.43 78.56
Avg 130.93 10475 340.43 78.56
T (°C) Min 28400 28.50 28.94 27.50 27.80
Max 31.20 31.40 28.94 33.00 31.80
Avg 30.10 30.10 28.94 30.20 30.20
RH (%) Min 66.6 71.20 77.70 58.50 65.30
Max 724 81.70 77.70 84.40 81.00
Avg 69.4 74.80 77.70 71.60 72.20
V (msh Min 0.37 0.16 0.25 0.28 0.033
Max 0.78 0.17 0.45 0.36 0.36
Avg 0.49 0.17 0.30 0.31 0.33

621
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623 Table 2. Comparison of the indoor air pollutants concentrations between the schools of the

624 exposed and comparative schools

Variable Exposed schools Comparative schools p-value

MeanzSD Median (IQR) MeantSD Median(IQR)

PM, (! g md) 46.90+15.64 40.00(28.00) 28.50x4.47 26.00(7.75)  0.006*

PMos(lgmi#  48.82+15.89 41.00(28.00)  29.75+5.36 27(6.75) 0:005*
PMo(lgm#  69.73+19.72 77.00(35.00)  36.00£6.44 34(8.50) <01001%
NO, (! g mi#) 31.91+44.27 0.00(0.14) <0.01 <0.01 0.075
SO (! g mA) 197.59+98.93 130.93(20%)  72.01+49.9¢ 78%56(98.20) 0.002*
T (°C) 28.88+0.86  28.91(0.91)  29.06+0.98 “\29.15(1.66)  0.534
RH (%) 76.83+3.43  77.70(3.43)  75.69%5.89, 75.28(9.51)  0.484
V (m s 0.32¢0.19  0.26(0.26) 0.54+0.40° 0.33(0.61) 0.163

625 N =20, ManaWhitney U test, * significant gi«< 0.05; *¥'Significant ap < 0.00

626

627

628

629 Table 3. Comparison of'indoor air pollutants concations between the homes of the

630 respondents in thexposediand comparative groups.

Exposed AredN = 40) Comparative AregN = 33)

Variable Mean+SD Median Mean+SD Median z-value p-value

(IQR) (IQR)

PMy(' g m#A 108.39+94.11 84.22(60.79) 46.15+41.29 42.22(64.13) -2.694  0.007*

NO, (! gm#  20.78£37.81 0.00(21.94)  <0.01 <0.01 -2.930  0.003*

SO,('gm#  141.96+59.85 130.93(0.00) 6.89+30.04 0.00(0.00) -5.233 <0.001*

631 N =73, Man Whitney U test, * Significant pt< 0.05, ** Significant ap < 0.001



632 Table 4. Association of school indoor air pollutants with frequencynidronuclei (MN) among

633 primary school children in the exposed and comparative groups

Likely present Unlikely present
Variable (Mn $ 3) (Mn< 3) '2 p-value PR 95% CI

Total (%) Total (%)

High PM, 33 (78.6) 9 (21.4)

($33! g m?) 1.495
17.588 <0.001* 2.265

Low PM, 17 (34.7) 32 (65.3) 3,431

(<331 g m?)

High PM;s 36 (73.5) 13 (26.5)

($36! g m?) 1.392
14,716...<0.001* 2.204

Low PM s 14 (33.3) 28 (66.7) 3.490

(<36! g m?)

High PMyo 38 (74.5) 13 (25.5)

($51! g m?) 1.507
17.940 <0.001* 2.484

Low PMy 12 (30.0) 28(70.0) 4.094

(<51! g m?)

High SG 43(68.3) 20 (31.7)

($130! g m?) 1.406
14.650 <0.001* 2.730

Low S@ 7425.0) 21 (75.0) 5.300

(<130!'gumd)

634 N'=914 Chisquare test, * Significant at< 0.001, Significant PR at 95% CI >1

635
636

637

638
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