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ABSTRACT

ASSOCIATION BETWEEN PM10 AND PM2.5 WITH DNA DAMAGE IN
EXFOLIATED BUCCAL MUCOSA CELL AMONG PRIMARY SCHOOL
CHIDREN LIVING NEAR PALM OIL ACTIVITY AT SEMENYIH,
SELANGOR

SYHIDATUL FARHANA OTHMAN

Introduction: The combustion of biomass material such as fibre and shell of fresh
fruit brunch will release particulate matters PMio, PMa 5, carbon monoxide, nitrogen
oxide, and sulphur dioxide which contributes to air pollution problem. Exposure of
PM; s released from combustion of biomass activity caused respiratory health among
primary school children. Objective: This research aimed to determine the association
between exposure of PM2 s and PMjo with DNA damage in exfoliated buccal mucosa
cells among primary school children living nearby palm oil combustion activity at
Semenyih. Methodology: The study was conducted at two different primary schools
where Sekolah Kebangsaan A was chosen as studied group and Sekolah Kebangsaan
B as a comparative group. Those schools were selected based on the distance of
school from palm oil factory. A total of 167 primary school children aged 9-11 years
old were randomly selected from the list name for both groups to participate in this
study. A standardized questionnaire was distributed to respondent’s parents.
Concentrations of PM2 s and PM)o were collected by using Dust Trak DRX Aerosol
Monitor Model 8534 and Escort LC Personal Sampling Pump. Measurement of
indoor and outdoor air pollutants were conducted in schools and home. Buccal
mucosa cells were collected, which then followed by micronucleus assay. Result:
Mean+SD concentration of PMiq, (104.29+58.70ug/m?) among studied group were
significantly higher compared to comparative group, (29.29+16.69 pg/m?); (p=0.07).
PM2s at homes of studied group was higher (74.29+42.57 pg/m®) compared to
comparative group with (MediantIQR) (28.57+32.11 pg/m?); (p=0.018). PM;o and
PMas of studied schools were significantly higher (105.21+46.11); (68.83+13.03)
compared to comparative schools (53.92 £12.37); (50.80 £17.45). MN frequencies of
studied group were significantly higher (MediantIQR) (4.00+£3.00) compared to
comparative group (0.50£1.00); (p=0.001). Discussion: There were significant
difference of respiratory symptoms between two groups of respondents with cough,
phlegm, wheezing and chest tightness as p=0.001. There were significant correlation
between PM,o with MN frequency of studied group and comparative group which
indicated by r= 0.562; p=0.001. Conclusion: This research indicated that the
exposure of PMjo and PM2s would increase the risk of having respiratory health
symptoms among primary school children who lived near palm oil activity area. In
the other hand, the exposure of particulate matters might induce the micronuclei
formation among affected children. Lastly, this study would contribute to the
baseline data on air quality and the health effects of primary school children based on
frequency of micronuclei and respiratory health symptoms.

Keywords: Primary school, Children, Particulate matters, Respiratory health,
Micronuclei Frequency (MN)



ABSTRAK

HUBUNG KAIT DI ANTARA PENDEDAHAN KEPADA PM:.sDAN PMio
DAN KEROSAKAN DNA DALAM SEL BUKAL MUKOSA DI KALANGAN
KANAK-KANAK SEKOLAH RENDAH BERHAMPIRAN KILANG
MINYAK KELAPA SAWIT DI SEMENYIH, SELANGOR

SYHIDATUL FARHANA OTHMAN

Pengenalan: Pembakaran bahan biomas seperti serat dan cangkerang daripada
gugusan buah segar akan mengeluarkan bahan partikel PM;q, partikel halus PM: s,
karbon monoksida, nitrogen oksida, dan sulfur dioksida yang menyumbang kepada
masalah pencemaran udara. Pendedahan terhadap PM; s yang dikeluarkan daripada
pembakaran aktiviti biomas menyebabkan masalah kesihatan pernafasan di kalangan
kanak-kanak sekolah rendah. Objektif: Tujuan penyelidikan ini adalah untuk
menentukan perkaitan antara pendedahan PM>s dan PM;y dengan kerosakan DNA
dalam sel bukal mukosa di kalangan kanak-kanak sekolah rendah yang tinggal
berdekatan kawasan aktiviti pembakaran kelapa sawit di Semenyih. Kaedah: Kajian
ini dijalankan di dua buah sekolah rendah yang mana Sekolah Kebangsaan A dipilih
sebagai kumpulan kajian dan Sekolah Kebangsaan B sebagai kumpulan
perbandingan. Sekolah-sekolah itu dipilih berdasarkan jarak sekolah dari kilang
minyak kelapa sawit. Sebanyak 167 kanak-kanak sekolah rendah berumur 9-11 tahun
dipilih secara rawak dari senarai nama bagi kedua-dua kumpulan untuk mengambil
bahagian dalam kajian ini. Soal selidik yang diseragamkan telah diedarkan kepada
ibu bapa responden. Kepekatan PM> s dan PM;y telah diukur dengan menggunakan
DRX Aerosol Dust Trak 8534 dan pam persampelan udara Escort LC. Pengukuran
bahan pencemar udara dalaman dan luaran telah dijalankan di sekolah dan di rumah.
Sel pipi diambil, dan kemudian diikuti oleh “micronucleus assay”. Keputusan:
Purata + SD kepekatan PMjo, (104.29 + 58.70pg / m®) di kalangan kumpulan kajian
adalah lebih tinggi berbanding kumpulan perbandingan, (29.29 + 16.69 ug/ m?); (p =
0.07). PM,s di rumah kumpulan kajian lebih tinggi (74.29 + 42.57 pg / m®)
berbanding kumpulan perbandingan dengan (Median + IQR) (28.57 + 32.11 pg/ m’);
(p = 0.018). PM;o dan PM; 5 bagi sekolah kajian adalah lebih tinggi (105.21 + 46.11);
(68.83 + 13.03) berbanding dengan sekolah perbandingan (53.92 + 12.37); (50.80 +
17.45). Frekuensi MN kumpulan kajian jauh lebih tinggi (Median £ IQR) (4.00 +
3.00) berbanding dengan kumpulan perbandingan (0.50 + 1.00); (p = 0.001).
Perbincangan: Terdapat perbezaan yang signifikan bagi simptom pernafasan antara
dua kumpulan responden iaitu batuk, kahak, berdesir dan sesak dada dengan nilai p =
0.001. Terdapat perkaitan yang beerti antara PM;s dengan frekuensi MN kumpulan
kajian dan kumpulan perbandingan yang dapat ditunjukkan oleh r = 0.562; p = 0.001.
Kesimpulan: Kajian ini menunjukkan bahawa pendedahan PM;y dan PM,s akan
meningkatkan risiko mengalami simptom penyakit pernafasan di kalangan kanak-
kanak sekolah rendah yang tinggal berhampiran kawasan aktiviti pembakaran bahan
biomas kelapa sawit. Sebaliknya, pendedahan terhadap partikel mungkin mendorong
pembentukan mikronuklei di kalangan kanak-kanak yang terjejas. Hasil kajian ini
akan menyumbang kepada data asas mengenai kualiti udara dan kesan kesihatan
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kanak-kanak sekolah rendah berdasarkan kekerapan mikronuklei dan peningkatan
gejala-gejala kesihatan pernafasan.

Kata kunci: Sekolah rendah, Kanak-kanak, Bahan partikulat, Kesihatan
pernafasan, Frekuensi Micronuclei (MN)
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CHAPTER 1

INTRODUCTION

1.1 Background

Air pollution has become the most significant concern, and many epidemiological
studies were carried out related to this issue. The pollutants in the ambient air can
threaten human health. It is crucial to combat pollutant emissions by evaluating the
characteristics of particulate matters at the different sources to protect both human

and the environment (Aldabe et al., 2011).

According to Environmental Protection Agency (2013), the source of particulate
matter 10 (PMo) which also known as inhalable dust can be found near roadways and
industries with diameters larger than 2.5 micrometres and smaller than 10
micrometres. Meanwhile, particulate matter 2.5 or fine particles can directly be emitted

from sources such as forest fire or form when gaseous emitted from industries and they

react with air.
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World Health Organizations stated that, the polluted environment that occurred
in term of physical, chemical and biological risk factors caused an estimated total of
12.6 million deaths recorded in the world. From the numerous deaths, 23% of total
global mortality and 26% of deaths were among young children (Landrigan et al.,

2018); Priiss-Ustiin et al., 2016).

Industrial area was an area that consists of a lot of factories. It became one of
the sources of pollutants toward population living nearby which can create air
pollution. For instance, palm oil activities also generate air pollutants instead of liquid
effluent and solid waste. Oil palm is one of the major crops that are planted in
Malaysia. The plantation of oil palm was aggressively growing from early 1875.
Malaysia also has become the second largest producer and importer of palm oil in the
world (May, 2012). According to the Malaysia Palm Oil Industry, currently, Malaysia
contributes 39% of world palm oil production and 44% of world exports. The crude
palm o1l production shows an increase of 15% reaching 19.92 million tonnes in 2017
compared to 17.32 million tonnes in the year 2016. Since it is one of the largest
economic sectors in Malaysia, palm oil mill industry employed numerous numbers of

people for working at the plantation and also palm oil mill factory.

2|Page



Since Malaysia needs to produce the oils and fats according to world demand,
every factory needs to increase its production which it will operate during the day and
night. Each palm oil will have one boiler to carry out combustion process (Rashid et
al., 2013). According to Rashid et al. (2013), approximately one ton of fresh fruit
brunch create about 14%-15% fibre and 6-7% shell to be burned as to generate energy
for the palm oil mill. Despite the excellent benefit of waste produced, the combustion
of biomass material released particulate matters which contribute to the air pollution

problem (Kun & Abdullah, 2013).

Particulate matters such as PMjo and PM s are one of the contributing factors that
can cause adverse effect toward human health especially to our respiratory system.
Respiratory and cardiovascular morbidity such as aggravation of asthma, respiratory
symptoms and an increase in hospital admissions are some of the health effects due to

exposure of particulate matter in short and long term (WHO, 2013).

1.2 Problem Statement

Air pollution has become a significant threat towards human life especially
children who lived near the palm oil industry. Particulate matters become the greatest
harmful pollutant compared with the others. Particulate matters were comprised of all
sums of solid and liquid particles which suspended in the air. It will form a complex
mixture of organic and inorganic particles such as dust, pollen and liquid droplets (US
EPA, 2003). Based on the United States Environmental Protection Agency (US EPA)
(2003), these particles were inhaled; it can cause an adverse effect on heart and lung.

The impact can be worsening depending on the duration of exposure and concentration
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of inhalable coarse particles (PMio) and fine particles (PMz.5). Since Malaysia is one
of the largest producers of palm oil, the production rate of mills will increase, and the
emission of particulate matter subsequently will elevate. These particulate matters may

enter the human body mainly through inhalation, dermal absorption and ingestion.

Particulate matter emission consists of PMjo and PM2 s, where it small enough
to penetrate the thoracic region of respiratory systems. It will become more dangerous
if it persists in the ambient air for an extended period. A susceptible group such as
elderly, pregnant women, the person who is suffering from any respiratory health
problem and children are prone to have higher chances of getting any respiratory
problems when inhaling those particulate matters. The person who had a history of
suffering respiratory problem is also faced difficulty in breathing and even worsening
their health condition. Exposure to air pollutant at early age can caused impair of lung
development, reduce lung function and increase risk of choric lung disease in
adulthood (WHO, 2018). These are due to immune system and under-develop organs
of children. Children breathe more air relative to their weight and lung surface than
the adult does. Exposure to air pollutants concentration such as particulate matters
gave an association with prevalence of respiratory health symptoms among children
living in high polluted area (Langkulsen, Jinsart, Karita, & Yano, 2006). Therefore,

children become an interest group in this study as it believed that this group were most

affected.

Based on Industrial Processes & The Environment (Handbook No.3) Crude

Palm oil Industry, (1999), palm oil mill can become a serious source of public
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complaint when the mill located close to the residential area, and the emission of air
pollutants was poorly controlled. Palm oil mill at the study location was nearly located
in the residential area as well as the schools. Thus, the activities from the palm oil mill

might become one of the contribution factors of causing respiratory problems

especially among children.

Although the palm oil mill was established first before the residential area, due
to poor control of air emission, it will affect the residential area. This will cause the
concentration level of outdoor air pollutant at the study area become a great question.
The burning of biomass material from the palm oil mill resulted in a decrease in the
quality of ambient air at the nearby location. Children who are exposed to the particular
level of PMjo and PM: s that some time would be higher than stipulated in the
regulation can show some respiratory symptoms such as chest tightness, wheezing,
coughing and phlegm. So, it is essential to find out the respiratory health status of the

children who live in the affected area, since the condition is still unknown.

From the previous study by Neri et al., (2006), the exposure of particulate
matter such as PMo and PM s can be indicated by the frequency of micronuclei (MN)
as the biomarkers of exposure. MN assay in children is increasingly used because of
its public health significance for monitoring environmental exposure such as pollution,
radiation, industrial toxicants and various medical treatments (Holland et al., 201 1). It
has also been used to assess genotoxicity associated with diseases such as leukaemia,
Down’s syndrome, genetic conditions with DNA repair deficiencies, as well as chronic

conditions such as asthma and inflammatory bowel disease (Holland, et al., 201 1).
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From this study, the concentration of PMo and PM2.s was measured, and at the
same time, the frequency of micronuclei (MN) was determined by collecting of buccal
mucosa cells from cheeks of each respondent. Therefore, the result of this study will
increase awareness among the community regarding health implication due to air
pollutant exposure. Other than that, the authorised people need to take a quick and

appropriate action to tackle this problem before it becomes worst.

1.3 Study Justification

This study is vital to carry out as the particulate matter PM, s, and PM,o pose a
threat to the health of the vulnerable group which is children. In this study, the
exposure of PMz s and PMo will be determined and its association with DNA damage
in exfoliated buccal mucosa cells among primary school children in Semenyih,
Selangor. The parents should be more aware of the exposure that their children faced
during school time. Besides, awareness among the community is hoped to be increased
through this study. Therefore, to increase the awareness and also to fill the gap on
knowledge about the health implication, the information should be widely
disseminated to the community. Other authorities such as Department of Environment
is hoping can organise conferences, workshops, talks and campaigns on the importance

of clean environment toward the industrial company as well as to the community.

From the previous study by Farah and Juliana (2016), prove that children among
the studied group are more prone to get the cough, phlegm, wheezing and chest

tightness compared to the control group. Thus, this study will be conducted to find the
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evidence that the palm oil is emitting particulate matters that are hazardous towards
the health of children and determine the genotoxicity effects from the particulates
matters. Besides, this study may create baseline data and reference for the future use

of researchers when confronting the same problems.
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1.4 Conceptual Framework

AIR POLLUTANTS
PARTICULATE MATTER 10 (PM1o)
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Figure 1: Conceptual Framework




1.5 Research Question

What is the concentration of PMjo and PM, s and its association with DNA damage in
exfoliated buccal mucosa cells among primary school children nearby palm oil activity

at Semenyih, Selangor?

1.6 Objectives

General Objectives

To study the exposure of PMjo and PM: s and its association with DNA damage in
exfoliated buccal mucosa cells among primary school children near palm oil mill at

Semenyih.

Specific Objectives

1. To compare the concentration of PMjoand PM: s exposure among exposed and
non- exposed group.

2 To compare the reported respiratory health symptoms among primary school
children of exposed group and non- exposed group.

3. To compare the frequency of micronuclei (MN) among primary school

children of exposed group and non- exposed group.
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4, To determine the association between PMjo and PMz s with respiratory health

symptoms among studied group.

5. To determine the association between exposure of PMio and PMzs with the

micronuclei (MN) frequency among exposed and non- exposed group.

1.7 Hypothesis

1. The concentration of PMio and PM2s exposure is significantly higher among
exposed than non- exposed group.

2. The reported respiratory symptoms among primary school children of exposed
group are significantly higher than non- exposed group.

3. The primary school children of exposed group having higher micronuclei (MN)
frequency than non- exposed group.

4. There is a significant association between exposure of PMjo and PM.s with
respiratory health symptoms among studied group.

5. There is a significant association between exposure of PMio and PM2s with the

micronuclei (MN) frequency among exposed and non- exposed group.
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1.8 Definition of Variables

Conceptual Definition

Particulate Matter 10 (PM1o)

Particulate matter 10 is also known as inhalable particles with aerodynamic diameter
less than 10 micrometres and smaller. According to EPA (2013), the source of
inhalable dust can be found near roadways and industries which are larger than 2.5

micrometres and smaller than 10 micrometres in diameters.

Particulate matter 2.5 (PMa.s)

Particulate matter 2.5 is also known as fine particles with aerodynamic diameter less
than 2.5 micrometres. These particles can be easily penetrated deep for a long period
of time into lung and bloodstream and led to serious health problems. These particles
are directly emitted from sources such as forest fire or they form when gaseous are
emitted from industries and they react with air. (United States Environmental

Protection Agency, 2013).

Primary school children
Primary school children are referring to children who are between the ages of 7 to 12

years old (Education in Malaysia, 2015).
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Buccal mucosa cells

The inner lining of the cheeks and lips, which is an anatomic region that includes all
the mucous membrane lining of the inner surface of the cheeks and lips, from the line
of contact of the opposing lips to the line of the attachment of mucosa to the alveolar
ridges and pterygomandibular raphe that occupies an area of 50-60cm? (Mosby’s

Medical Dictionary, 9 th Edition, 2009).

Micronuclei (MN)

Micronuclei formed after irradiation represents genetic material which will lost from

the genome of the cells. (Midander and Revesz,1980)

Operational Definition

Particulate Matter 10 (PMio)

The exposure of particulate matter 10 was measured by using personal air sampling
pump. The particulate matter can be filtered by using Poly Vinyl Chloride (PVC) filter
with the aid of Aircheck 52 personal sampling pump. The flow rate of pump is
depending on the type of cyclone (nylon or aluminium), 1.7L/min or 2.5L/min
respectively. The concentration of PM) can be determined by using published formula
such as NIOSH Manual of Analytical Method. The concentration of PMjo will be

obtained in pg/m? after calculated by using the respective formula.

Particulate matter 2.5 (PMa.s)
The exposure of particulate matter 2.5 was measured by using personal air sampling

pump. The particulate matter can be filtered by using Mixed Cellulose Ester (MCE)
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filter with the aid of Aircheck 52 personal sampling pump. The flow rate of pump is
depending on the type of cyclone (nylon or aluminium), 1.7L/min or 2.5L/min
respectively. The concentration of PM2 s can be determined by using published formula
such as NIOSH Manual of Analytical Method. The concentration of PMio will be

obtained in pg/m? after calculated by using the respective formula.

Primary school children
Primary school children who study at exposed and non-exposed area between the ages

of 9 to 11 years old were recruited in this study.

Buccal mucosa cells
The biological samples (buccal mucosa cells) were collected in the inner surface of
both cheeks by using toothbrush. This buccal mucosa collection was performed by

medical laboratory technologist.

Micronuclei frequency

The collected buccal mucosa cell will be smeared and stained and then, the slides will
be examined at 1000X magnification for microscope analysis (Ceretti et al. 2014).

Micronuclei frequency was calculated by using scoring method. (Thomas, Holland,

Bolognesi et al, 2009).
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CHAPTER 2

LITERATURE

2.1 PARTICULATE MATTER 10 (PMi0) AND PARTICULATE MATTER 2.5

(PM..s)

According to the United State Environmental Protection Agency (USEPA),
particulate matter can be classified based on their sizes such as particulate matter 10
and particulate matter 2.5. Particulate matter (PMio) is also known as inhalable
particles with aerodynamic diameters less than 10 micrometres. These particles are
emitted from a source such as construction sites, smokestacks and unpaved roads.
However, most of the particles in the atmosphere are produced from complex reactions
of chemicals which are emitted from industries, power plant and automobiles.
Particulate matter (PM2s) can also be called as fine, inhalable particles, with

aerodynamic diameters smaller than 2.5 micrometres.
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Figure 2: Size of Particulate Matter

Source: EPA, 2013

These particles can penetrate deeply into our lung and even into our
bloodstream. According to (Whyand, Hurst, Beckles, & Caplin, 2018), the penetration

of particulate matter into the thoracic regions or lower respiratory tracts can cause

asthma and respiratory morbidity.

The particulate matter released from several sources of air pollutants especially
PMs, which can penetrate profoundly into the respiratory tract, increasing
genotoxicity action and it can be transported for thousands of kilometres through the
atmosphere and it is persistent in the ambient air for a long time (Silva da Silva et al.,
2015). Based on Pierse et al. (2006), it showed that there was a significant association
between exposures to PMjo at home with the prevalence of coughing. Exposure to

particulate matters was associated with increased respiratory symptoms (Tiittanen et

al., 2006).
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Based on New Malaysia Ambient Air Quality Standard (MAAQS), the air
pollutants limit of particulate matter with the size less than 10 micron and particulate

matter (PMz.s) are 120pg/m® and 50pg/m? respectively for 24- hours.

2.1.1 MECHANISM OF PARTICLES DEPOSITION IN THE LUNG

The mechanism of particles deposition can be classified into three main mechanism
which are inertial impaction, gravitational sedimentation and Brownian diffusion

(Darquenne, 2006).

Inertial impaction

The inhaled particles will follow the complex path through respiratory tract. Inertial
impaction is the initial deposition for the particles which is larger than 5 micrometres
in diameter, it also an important deposition for the particles as small as 2 micrometres.
The impact of deposition are likely to deposited at upper respiratory tract (that extends
from the nasal and mouth cavities to the entrance of trachea) and also at the conducting

airway bifurcations (Darquenne, 2006).

Gravitational Sedimentation

This mechanism refers to the settling of particles because of the action of gravity.
Terminal settling velocity of particles is reached when the gravitational force are

equals to the opposing viscous resistive force of the air. Particles with diameter range
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between 0.5 and 5 micrometres will be deposited at the upper respiratory tract and also

at alveoli (Darquenne, 2006).

Brownian Diffusion

Deposition by Brownian diffusion is resulted from the random motions of the particles
that caused by their collision with gas molecules. The deposition by Brownian
diffusion involves particles with diameter less than 0.5 micrometres. It mainly occurs
in the acinar region of the lung and also significantly deposited in the nose, mouth and

pharyngeal airways (Darquenne, 2006).

Conducting

alrways

Figure 3: Mechanisms of deposition of inhaled particles in the respiratory tract. The
mechanisms of deposition are not restricted to the zone of the lung as shown in the

figure. For example, deposition by sedimentation can also occur in the acinus.

Source:(Darquenne, 2006)
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2.2 PARTICULATE MATTER 10 (PMio) AND PARTICULATE MATTER 2.5

(PM2s) FROM PALM OIL ACTIVITY

The production of palm oil in Malaysia is running smoothly without having
any issues of generating electrical energy. In order to produce electricity, they are
using energy efficient approach by which a million tonnes of waste comprise of fruit
bunches, fibre and palm shell act as sources of fuel. However, the combustion of waste
as a boiler fuel created a harmful emission in the industry (Kun & Abdullah, 2013).
Rashid, Ramli and Rozainee (1998) stated that the combustion from palm fibre could

release a massive amount of particles in the form of fly ash to the air.

The recent study reveals that the emissions of pollutants from the boiler give
significant health and environmental impact. Based on Hanafi, Hashim and Yusof,
(2016) they stated that particulate matters (PM), carbon monoxide (CO), nitrogen
oxide (NOX) and sulphur dioxide (SO2) are the example of pollutants emitted from
the combustion of biomass material which could pose a dangerous threat toward
human and environment. This shows that the composition of pollutants bring harmful
effect especially to the human health. Moreover, the incomplete combustion of solid
fuels also creates a problem as it releases dark smoke and the carryover of artificially

carbonised fibrous particulates (Yusoff, 2006).

According to the World Health Organization (2013), the black carbon which is
part of PMz 5, produced from incomplete combustion was identified as a contributing

factor on air quality to detrimental effects on health and also climate.
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2.3 CHILDREN AS A VULNERABLE GROUP

The exposure to air pollution in children was different from the adults. Children
are particularly vulnerable to exogenous factors such air pollution (Liu et al., 2018). A
study by Heft-Neal et al.,(2018) stated that ,children that exposed to high risk of
pollution even at low level air pollutants could affect their health for the whole time
of their life. This was because based on Pedersen et al ( 2006), they have higher levels
of physical activity and spend their time more on outdoor air which pose higher

tendency of exposure toward outdoor air pollution.

Moreover, children are more vulnerable than adults due to physiological
differences based on body size, growth, development and immaturity of organs as well
as body functions (Pedersen et al., 2006). The routes of exposure of air pollution are
significantly through inhalation. Based on (Holland et al., 2008), the first barrier for
the inhalation or ingestion is buccal cells which capable of metabolizing proximate

carcinogens to reactive products.

Risk is dependence in both present of sensitivity and also exposure. Children
of all ages pose a greater risk than adults even if they are exposed to chemical at below

level than an adult (Scheuplein, Charnley, & Doursont, 2002).

2.4 MICRONUCLEI (MN) STUDIES IN CHILDREN

Micronucleus test was an efficient cytogenetic method by providing a reliable

index of chromosomal break or loss (Fenech & Bonassi, 2011) Moreover, it was
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widely being used to investigate environmental samples and proved to be an effective

tools for the assessment of airborne particulate matter.

The formation of extra- nuclear bodies from breakage of chromosome or the
whole chromosome does not reach the spindle poles during cell division are called as
micronuclei (MN). After failure of mitotic spindle, the micronuclei will be formed,
thus it will lead to misattachments of microtubules. (Gina, Azeddine, Lukamowicz, &
Gonzalez,2011). The micronuclei can be identify based on (Thomas & Fenech, 2011).
First and foremost, it contains both main nucleus and micronucleus; micronuclei are
round or oval with similar intensity of stain as main nucleus. Next, the micronuclei
can be determined by its size, where it have 1/3- 1/16 diameter of main nucleus and

lastly it must be located in the cellular cytoplasm.

One of the benefits of this method is non-invasively toward children. The
collection of buccal cells is arguably the least invasive method available for measuring
DNA damage in humans, especially in comparison to obtaining blood samples for

lymphocyte and erythrocyte assays or tissue biopsies (Holland et al., 2008).

Studied performed by using approach of genetic monitoring and mutagenicity
have become a major tool, especially in finding the area of references. This studied
aim to establish baseline values which can be used as comparison with the studied

performed in area where there are affected from anthropic activities (Silva da Silva et

al., 2015).

Based on Thomas et al. (2009), the cells with multiple MNi was common in
person who are exposed to radiation or other genotoxic agents but rare in healthy

individuals. The MN index in rodent and/or human cells has become one of the
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standard cytogenetic endpoints and biomarkers used in genetic toxicology in vivo or
ex vivo. Besides, in human MNi can be easily assessed in erythrocytes, lymphocytes,

and exfoliated epithelial cells (e.g. oral, urothelial, nasal) to obtain a measure of

genome damage induced in vivo (Holland et al., 2008).

Based on Sisenando et al., (2012), it stated that, they found significant
evidence in which increased exposure to PM; s can generates an increased micronuclei

frequency in oral epithelial cells from school children.

Studied from Silva da Silva et al.,(2015), found that there were significant
difference between the induction of MN and passive smoking with value of p= 0.021,
where this can be conclude that children who live with smokers are at increased risk
of presenting a higher MN value through the analysis of generalised linear models with

Poisson distribution.

Particulate matter (PMio) was associated with mutagenic activities, as it
presence in gas and particulate phase. It gave a significant health impact as the
chemical was deposited in an organ that may cause in vivo induction of somatic cell
mutation and carcinogenesis (Soares et al., 2003). Based on study by Coronas (2009),
there were increased level of DNA damage was detected in the comet assay in subjects
who are working or living near an oil refinery compared with people living in area

with restricted traffic and industries.
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CHAPTER 3

METHODOLOGY

3.1 STUDY DESIGN

This study was a cross sectional comparative study. This study was aimed to determine
the association of exposure to PMoand PM; s in the ambient air with DNA damage in
exfoliated buccal mucosa cells among primary school children who lived near to the
palm oil factory while, the comparative group was among the primary school children

who lived far away from the industrial area.

3.2 STUDY LOCATION

This study was taken place at two areas where the polluted area is at Semenyih while
the comparative area is at Hulu Langat. At the polluted area, a primary school denoted
as Sekolah Kebanngsaan A was selected in this study, where it located near to the palm
oil factory. For the comparative area, Sekolah Kebangsaan B was selected where it

located far from palm oil factory. Residents who lived at the residential area located
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near palm oil factory were expected to have high risk of exposure toward PMjo and

PM: s released from palm oil activities itself.

3.3 STUDY DURATION

This study was conducted from February 2019 until June 2019. The important things
that need to be considered during data collection are the weather. This was because if
the data collected during rainy day, the data obtained was not accurate and not

represents the actual concentration of particulates in that area.

3.4 STUDY POPULATION

The study population were among primary school children who studied at Sekolah
Kebangsaan A which located within 2.7 km from the palm oil. According to
Department of Environment (2009), the zone of impact taken an area of Skm radius
from the site and it depend on the source strength and also the pollutant dilution effect.
PM: scan persist at the atmosphere for a few days and even for a few weeks. The radius
dispersion of particulate matter can travel up to hundreds to thousands kilometre. In
addition, PMo can travel in the atmosphere for less than one kilometre to hundreds
kilometre (Dalgleish et al., 2007). Meanwhile, the population for comparative group

were among primary school children who studied at Sekolah Kebangsaan B which
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located about 40km away from the palm oil area. Figure 3 and 4 showed a location of
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Figure 4 and 5: Location of Sekolah Kebangsaan A.

Source: Google maps
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3.5 SAMPLING FRAME

In this study, the sampling frame was obtained from the list name of students who

attended Sekolah Kebangsaan A (Exposed area) and Sekolah Kebangsaan B

(Comparative area).

3.6 SAMPLING UNIT

The study samples were among students at Sekolah Kebangsaan A and Sekolah
Kebangsaan B. Children who involved were given an approval from their parents or
guardian before taking parts in this study. The students that involved in this study were
fulfilled all the inclusion criteria as to meet the requirement. All the participants were
the citizen of Malaysia. Secondly, their age was between 9 years old to 11 years old.
Finally, they were not suffered from any respiratory health problems. Those who

fulfilled all of the criteria were selected in this study.

3.7 SAMPLE SIZE

Based on Lemeshow, Klar and Lawanga (1990), the sample size was calculated by

using the following formula:
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{zl_%\/ZE(l —P) + 215y P1(1 = P) + P2(1 = P?)Y?
" P —Po)?

Where,

p=(P1+P2)2

P\ = estimated proportion (larger)
P2 = estimated proportion (smaller)
P: = 0.66 (Rinne et al., 2006)

P2 = 0.45 (Rinne et al., 2006)
p=0.555

Z,-a=1.96

Zig= 0.842

. _ (1.96J/2(0.555)(1 — 0.555) + 0.842,/0.66(1 — 0.66)+ 045(1 — 0.45))’
(0.66 — 0.45)2

n=77

The sample size for each group (children in Semenyih and Hulu Langat) would be 77.

Therefore, the total number of sample size is 154.
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3.8 SAMPLING METHOD

The schools were selected using purposive sampling. The students were selected

randomly form the list name of student of each school. There were 85 respondents

represented from each exposed group and also control group, which gave a total of
1170 respondents (boy and girl). Based on the list name provided by the teachers, every

student has an equal potential to be selected in this study.

However, they were only 167 respondents who were participated in this study. The
recruitment of all respondent was based on the inclusion criteria while the respondents
who meet the exclusion criteria were not selected in this study. The inclusion and

exclusion criteria were listed below;

Inclusion criteria:

% Malaysian citizen

% Primary school children aged between 9 to 11 years old

& Do not have any reported disease related to respiratory system such as asthma,
bronchitis, emphysema and pneumonia.

& Primary school children without malignant tumours and who not undergone
radiotherapy or chemotherapy in the previous 12 months or X-rays in the

previous 3 months (Ceretti et al., 2014).
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Exclusion criteria;

& Primary school who does not get the consent from parents or guardian to

participate in this study.

3.9 INSTRUMENTATION

3.9.1 QUESTIONNAIRE

Parents answered the questionnaire so that the data regarding the history of
respiratory symptoms and disease, demographic data, as well as the frequency and
extent of the physical activity of children were obtained. The questiognaire was a
structured questionnaire and it was adapted from American Thoracic Society
(Questionnaire ATS —DCD-78C for children) and questionnaire from American
Academy of Paediatrics. The ATS-DLD-78 was based on the Medical Research
Council questionnaire with extensive question on asthma and wheezes were included.
Other than that, to avoid information bias pre-test was performed on 10% of sample

size.
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3.9.2 MEASUREMENT OF PM10 AND PM:sAT SCHOOL

Measurement of PMjo and PMa s was taken at the back of classrooms of Sekolah
Kebangsaan A and Sekolah Kebangsaan B. The measuring procedure was conducted
during school hours. The measurement of PMip and PM2s was measured using
DustTrak Aerosol Monitor Model 8534. The DustTrak was placed on the desk with
the same level of children’s breathing zone, where 1 meter above from ground and 1.5
meter away from windows and door. The measurement was taken from 7.20 am until

2.00 pm (6hours).

Measurement Points were selected at points that can avoid any disruption due to
movement and also to avoid attraction from the children. Based on ’fSI Incorporate,
the DustTrak was using scattering technology in order to determine the mass
concentration in real- time. The DustTrak monitors have laser diode which has
wavelength 780 nanometres (nm) and can limit the detection of particle until

0.Imicrometer (um).

3.9.3 MEASUREMENT OF PMio AND PM:s, AT RESPONDENTS’ HOUSE

Based on NIOSH method 0600, the concentration of PMio and PM: s was done by
using gravimetric technique. This technique was performed at the children’s house.

For this measurement, personal sampling pump by Zefon was used.
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The pump was operated for 24 hours to measure PMjo and PMz2 s in the air, and it
was placed at the same level of children’s breathing zone. Filter paper of Poly Vinyl
Chloride (PVC) was used to measure PMjo with pore size of Sum. In addition, filter
paper of Mixed Cellulose Ester Membrane (MCE) filter w'as used to measure PMa2.s
with pore size of Sum. The flow rate was set at 1.7 L/min. (NIOSH Manual of

Analytical Method, fourth edition).
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Figure 6: NIOSH Method of Particulates not Otherwise Regulated, Respirable 0600.

Source: NIOSH Method, Fourth Edition
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Source: General Introduction to Occupational Health: Occupational Hygiene

Website.

Figure 8: TSI DustTrak DRX 8534 Handled Particulate Monitors for Mass

Concentration of Aerosols and Total PM Size.

Source: TSI Website

Procedure

Preparation of Sampler before Sampling

1. The filters were weighed in an environmentally controlled area.
ii. The filters were assembled in the cassettes. The Cassettes was closed firmly to

avoid leakage around the filter. A plug was placed in each opening of the filter

cassettes.
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iii. Before used the cassettes, the cyclone’s grift cap was removed and the cyclone
interior was inspected. The interior of the cyclone will be cleaned to prevent re-
entrainment of large particles.

iv. The sampler head was assembled. The alignment of filter holder and cyclone in

the sampling head was checked in order to prevent leakage.

Sampling

i. Each personal sampling pump was calibrated to the appropriate flow rate (1.7
L/min) with a representative sampler in line.

ii. Sample was taken for 24 hours at the respondent’s house and it was placed at the
living room and children’s bedroom where the usual place for children stayed
most of their time.

iii. The top and bottom cap was removed from the filter cassette. It was equilibrated

for at least 2 hours in an environmentally controlled area or chamber.

Quality control

i. According to the procedure, each of the filter paper was weighed before it placed
inside the cassette; the weight of filter papers was then recorded.
ii. Electrostatic discharged use
iii. d on the filter papers to eliminate electrostatic bias.
iv. The microbalance was re-zeroed before all weighing. The same microbalance was

used to weight the filter papers before and after sample collection.
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v. The set of replicate field samples was exposed to the same dust environment. The
quality control samples were taken with the same equipment, procedures and
personnel used in the routine field samples.

vi. Each sampling pump was calibrated by using calibration jar before sample

collection.

Measurement

i.  Each filter, including field blanks was weighed. Beside its corresponding tare
weigh, its post-sampling was weighed and recorded. Anything remarkable about

a filter was recorded (example: visible, overloading, leakage, wet, ton, etc).

Calculation

The concentration of respirable particulate was calculated, C (pg/m?), in the air volume

sampled, V (L):

_(WZ—WI)V—(BZ—Bl). 10°

C , mg/m’

Where: W 1= tare weigh of filter before sampling (mg)
W2= Post sampling weight of sample-containing filter (mg)

B1= Mean tare weight of blank filters (mg)

B2= mean post-sampling weight of blank filter (mg)
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V= Volume as sampled at the nominal flow-rate

3.9.4 Anthropometry Measurement

Anthropometry measurement involves the measurement of height and weight

of the respondents. Each of the respondent’s height and weight was measured.

3.9.5 SECA Body Meter

SECA Body Meter was used to measure the height of the respondents. In order
to measure the height of the respondents, they were asked to stand in a straight position

and with bare footed.

3.9.6 SECA Weighing Scale

SECA Weighing Scale was used to measure the weight of the respondents in
kilogram. The respondents were required to take off their shoes so that the

measurement can be done on a flat surface area, so that the measurement was accurate.
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3.10 COLLECTION OF BIOLOGICAL SAMPLES

According to (Villarini et al., 2018), the children need to rinse their mouth
twice with natural mineral water before sample collection. The sample of buccal
mucosa cells was collected using cytobrush which has been autoclaved and it was

performed by medical laboratory technologist.

Epithelial buccal cells were gently scraped for 10 times in a circular motion by
using small-headed toothbrush in the inner surface of cheeks. Then, the head of the
brush was immediately dipped into micro-centrifuge tubes containing 0.1M phosphate
bufter solution (PBS) (pH7.5). The samples was stored at -20°C and rotated repeatedly

in order to dislodge and release the cells into the buffer.

@ Puritan
: ’ NS

Figure 9: Collection of epithelial buccal cells

Source: Puritan Medical Product Website
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The epithelial buccal cells in 0.1M phosphate buffer solution (PBS) (pH7.5)
were centrifuged and washed twice with PBS. Then the samples was smeared on the
glass slides and leaved overnight in room temperature (27°C) at the Environmental

Laboratory, Universiti Putra Malaysia, for the next processing such as staining

preparation and scoring.

3.10.1 STAINING OF BUCCAL MUCOSA SMEAR PREPARATIONS

The cell smears were stained with the Feulgen reaction according to the
following procedure, the cell were fixed with 1% gluteralaldehyde in cold 0.1M PBS
for 20 minutes and pre-treated with SN HCI for 30 minutes. After that, the cell smears
were rinsed in distilled water and put into Schiff reagent for 90min. The celi smmears
were counterstained for 20 seconds with 0.1% fast green (Fisher Scientific Co.,
Chemical Manufacturing Division, Fairlawn, NJ) and rinsed twice in distilled water.
The slides were examined at 40X magnification for microscope analysis (Ceretti et al.

2014).

3.10.2 SCORING PROCEDURE FOR MICRONUCLEATED CELLS

Slides was coded before scoring by a person who does not involved in the experiment
so that the person who scored the slides were not aware of the treatment conditions,

individuals or groups to which the cells on the slides belong. The slides were examined

_3—6-|Page



at x40 magnifications using a good quality of microscope which is Nikon Eclipse
E200. Firstly, the frequency of all various cells types was determined in a minimum
of 1,000 cells where it was the optimal way to score slides in the BMCyt assay.
According to Thomas (2009), the frequency of DNA damage biomarkers of the MN
and NBUDs was scored in a minimum of 2,000 differentiated cells. Scoring of

micronuclei frequency was performed by using formula by (Montero et al., 2006);

where, X = Micronuclei score (MN)

2000 is referring to 2000 binucleated cells analysed for presence of MN

Number of X 000
2000
¥
|
'l"
-~ S
Figure 10: Buccal mucosa cell Figure 11: Buccal mucosa cell
with micronucleus under x40 without micronucleus under
magnification x40 magnification



3.11 STATISTICAL ANALYSIS

Obtained data were analysed by using Statistical Package for Social Sciences

(SPSS) version 23. The data was analysed by using univariate and bivariate. The

significant level of this study was set at p<0.05.Mean, standard deviation, minimum

and maximum was determined by performing univariate analysis. In the other hand,

bivariate analysis was conducted in order to find the significant difference between

variables in this study. Following are the statistical analysis used based on specific

objectives:

1:

To compare the concentration of PMjoand PM, s exposure among exposed and
non- exposed group.

Statistical analysis;

Parametric: Independent T-test

Non — parametric: Man Whitney U -Test

To compare the reported respiratory health symptoms among primary school
children of exposed group and non- exposed group.

Statistical analysis:

Non — parametric: Chi-Square Test

To compare the frequency of micronuclei (MN) among primary school
children of exposed group and non- exposed group.

Statistical analysis:

Parametric: Independent T-test

Non — parametric: Man Whitney U —Test

To determine the association between PMo and PM> s with respiratory health

symptoms among studied group.
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Statistical analysis:
Non — parametric: Chi-Square Test

5. To determine the association between exposure of PMjo and PM2s with the
micronuclei (MN) frequency among exposed and non- exposed group.
Statistical analysis:
Parametric: Pearson correlation

Non — parametric: Spearman correlation

3.12 ETHICAL ISSUES

Children who participated in this study were given an approval from their
parents or guardian. Brief explanation was explained by the researcher regarding to
the research objective and procedure. All of the participant’s information in this study
was kept as private and confidential. Before the research begun, this research was
given an approval from the Ethics Committee of Faculty Medicine and Health

Sciences, Universiti Putra Malaysia, Reference number: UPM/TNCPI/RMC/1.4.18.2

(JKEUPM).
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CHAPTER 4

RESULTS

4.1 Information of Respondents

From table 4.1, there were 82 and 85 children of studied and comparative group
recruited respectively in this study. Therefore, a total of 167 respondents involved in
this study with all of them were Malay. Both studied and comparative group shows the

majority of selected respondents were among girls with 43(52.4%) and 53(62.4%;}.

Table 4.1: Total number of respondents according to studied group and comparative

group.
Group Total Gender
N=167 Boy (%) Girl (%)
Studied group 82 39 (47.6) 43 (52.4)
Comparative group 85 32 (37.6) 53 (62.4)
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Table 4.2: Education level of respondent’s parent among studied and comparative

group.
Variables Studied Comparative x? p-value
group group
N=82 N=85
Total (%) Total (%)
Father’s education
level
Primary school 3(3.7) 6 (7.1)
PMR/SRP ) 12 (14.1)
SPM 28 (34.1) 28 (32.9) 40.206 0.001*
Qualification - 18 (21.2)
STPM/Diploma 26 (31.7) 10 (11.8)
Degree/Master/PhD 24 (29.3) 11 (12.9)
Mother’s education
level
Primary school 2(2.4) 7 (8.2)
PMR/SRP 1(1.2) 1(1.2)
SPM 20 (24 36 (42.4) 28.056  0.001*
Qualification 4) 13 (15.3)
STPM/Diploma 1(1.2) 12 (14.1)
Degree/Master/PhD 25 (30.5) 16 (18.8)
33 (40.2)

*significant at p<0.05 Pearson’s Chi-Square

The highest education level obtained by parents between studied and
comparative group was SPM with 36 numbers of people came from mother’s
educational level. Chi- square test was used to analyse parent education level which

gave the significant p-value of less than 0.05.

41| Page



4.2 Respondent’s environment

Table: 4.3 Indoor Air Pollutant Source (Home)

Variables  Exposed Comparative x PR p- 95%CI
group group value
N=82 N=85
Total Total (%)
(%)
Indoor home
Smoking
Yes 23(28) 21(24.7) 0240 1.188 0.726 0.596-
No 59(72) 64 (75.3) 2.367
Fuels for
cooking
Gas 76(93) 64(76) 8.544 3958 0.005* 1.499-
Electric and 6(7) 20(24) 10.453
gas
Open
windows
during
cooking
Yes 82(100) 82(97) 2947 1.037 0.086 0.995-
No - 3(3) 1.080
Air
conditioning
system
Air 5(6.1) 4(4.6)
conditioner 3.317 - 0.190 -
Fan 58(70.7) 70(82.4)
19(23.2) 11(12.9)
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Air
conditioner
and fan
Mosquito
repellent
Yes

No

Carpets
Yes

No

Open burning
Yes

No

55(67.1)
27(32.9)

42 (51.2)
40 (48.8)

18 (22.0)
64 (78.0)

58(68.2)
27(31.8)

37 (43.5)
48 (56.5)

20 (23.5)
65 (76.5)

0.260 0.948
0990 1.362
0.059 00914

1.00

0.354

0.855

0.496-
1.814

0.741-
2.505

0.443-
1.886

*significant at p<0.05 Pearson’s Chi-Square

From Table 4.3, for studied group it shows higher number of family merbers

who are smoking in their house compared to comparative group with 23(28%: and

21(24.7%) respectively. The p-value was 0.726, (p>0.05). There was no significant

difference between two groups of respondents with indoor home smoking, (PR=1.188,

95%CI 0.596-2.367).

Majority of studied and comparative group using gas as source of fuel during

cooking, while only 31% using electric and gas. The p-value was 0.005 where p<0.05.

There was a significant difference between two groups of respondents with source of

fuels during cooking, (PR= 3.958, 95%CI 1.499-10.453).
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164 of respondents opened their window during cooking, while only 3 of them
were not. The p-value was 0.246; (p>0.05). There was no significant difference
between two groups of respondents with opening of windows during cooking, (PR=

1.037, 95%CI 0.995-1.080).

A total of 128 respondents are using fan as their air conditioning system at
home, while 30 of them using both fan and air conditioner. According to the table, the
Pearson’s Chi-Square value was 3.317.The p-value was 0.005; (p<0.05). There was a

significant difference between two groups of respondents with air conditioning system.

113 respondents were using mosquito repellent, while 54 of them were not.
The value of Pearson’s chi-square was 0.260. The p- value was 1.00; p>0.05. There
was no significant difference between two groups of respondents with mosquito

repellent, (PR= 0.848, 95%CI 0.496-1.814).

From Table 4.3 also, for studied group it shows slightly high number of
respondents who used carpets in their house compared to comparative group with 42
(51.2%) and 40(45.5%) respectively. The p-value was 0.354; (p>0.05). There was no
significant difference between two groups of respondents with carpets, (PR= 1.362,

95%CI1 0.741-2.505).
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Only 38 respondents who performing open burning at their house with 18 of
them was from studied group and 20 of them from comparative group. The p-value
was 0.855 ;( p >0.05. There was no significant difference between two groups of

respondents with open burning, (PR= 0.914, 95%CI 0.443-1.886).

Table 4.4: Background of respondent’s house

Variables Studied Comparative a p-
group group value
N=82 N= 85
Total (%) Total (%)
Distance from main road
<100 meters from house 5(6.1) 3(3.5)
>100-500 meters from house 5(6.1) 9 (10.6)
>500-1000 meters from 28 (50.9) 27 (31.8) 1.652 0.648
house
> 1000 meters from house
44 (53.7) 46 (54.1)
Distance from palm oil
factory
<500 meters
5(6.1) -
>1-1.5 km
18 (22.0) -
>1.5-3 km
18 (22.0) 6 (7.1) 40.993 0.001*
>3 km
41 (50.0) 79 (92.9)
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Distance from power

station
<500 meters
>1-1.5 km
>1.5-3 km

6 (7.3) 10(11.8) 0953  0.329

>3 km
76 (92.7) 75 (88.2)

Perception on surrounding

area
Very d
ery dusty 5(6.1) 2024) 5124 0077
Moderate dusty
59 (72.0) 52 (61.2)
Less dusty 31 (36.5)

18 (22.0)

*significant at p<0.05, Pearson Chi-square

Based on Table 4.4, there were higher number of respondent 46(54.1%) who
lived more than 1000 meters from main road in comparative group while, 44(53.7%)
of the respondent were from studied group. Only 5(6.1%) of respondent among studied
group who lived less than 500 metres from palm oil factory and most of them live more
than 3km from it. The respondents were asked about the perception of their
surrounding area whether they were dusty or not and the results showed moderate

dusty with 59(72%) and 52(61.2%) from studied and comparative group respectively.
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4.3 Respondent’s exposure

Table 4.5: PMjo and PM 2.5 concentration level between studied and comparative

schools.
Variable Studied schools Comparative t-value p-value
N=3 schools
Mean+SD N=3
Mean+SD

PMio 105.21+46.11 53.92 +12.37 2.843 0.014*
(ng/m’)

PMas 68.83+13.03 50.80 +£17.45 2.287 0.040*
(ng/m?)

Independent T-test, *significant at p<0.05

Table 4.5 showed that the concentration of PMo and PM> s of studied schools
were higher (105.21+46.11); (68.83+13.03) compared to comparative schools (53.92
+12.37); (50.80 +17.45). The data were analysed using Independent T- test because
both groups were normally distributed, p>0.05. It showed that the p value was less
than 0.05, where it indicates that there was a significant difference of mean between

studied and comparative schools.
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Table 4.6: PM;o and PM.s concentration level between studied and comparative

respondents’ house

Variable Studied group Comparative t- p-value
N=30 group value/z-
N=32 value
Mean+SD/Mediant
IQR
PMio* 104.29+58.70 29.29+16.69 3.25 0.007*
(ng/m’)
PM:.sP 74.29+42.57 28.57+32.11 -2.37 0.018*
(ng/m°)

*significant at p<0.05
*=T-test

= Mann-Whitney U Test

Based on data in Table 4.6, the normality test gave p-value of p=0.200 for
concentration of PM at studied and comparative group, while the data of PM, s at
studied group was p=0.200 and p=0.020 for comparative group. Therefore, PMo
concentrations of studied and comparative group were normally distributed.
Meanwhile, only PM, s concentration of studied group showed the data was normally
distributed but not for comparative group. From Table 4.6, the mean and standard
deviation concentration of PM)o,(104.29+58.70ug/m®) among studied group was
higher compared to comparative group, (29.29+16.69 pg/m?). The mean and standard
deviation concentration of PM> s at home of studied group was higher (74.29+42.57

pg/m’) compared to comparative group with (Median+IQR) (28.57+32.11 pg/m?). The
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data of PM, between two groups were analysed using Independent T-test since the
data from both group were normally distributed. The p- value showed significant
difference of mean between studied group and comparative group p= 0.007.
Meanwhile, PM, s data of two groups were analysed using Man — Whitney U test. The

result showed that there were significant difference of mean between both groups

(p=0.018).

4.4 Comparison of MN Frequency among respondents for studied and

comparative group

Table 4.7: MN Frequency among studied and comparative group

Variables Studied group Comparative z-value p-value
N=82 group
Median (IQR) =85
Median (IQR)
MN 4.00(3.00) 0.50(1.00) -9.473  0.001*
Frequency

N= 167, Man - Whitney U Test, *significant at p<0.05

Since the data of MN frequency for both groups were not normally distributed where
the normality value was less than 0.05, thus, non- parametric test which are Man-
Whitney U test was performed. As shown in Table 4.7, MN frequency of studied group

was higher (Median£IQR) (4.00+3.00) compared to comparative group (0.50+1.00).
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The results showed that there were significant difference of mean between studied and

comparative group (p=0.001).

4.5 Reported Respiratory Health Symptoms

Table 4.8: Reported respiratory symptoms among studied and comparative group.

Variables Studied Comparative x? p-value PR 95% CI
group group
n=82 n=85
Total (%)
Cough
24 (29.3) h2) 25.875  0.001* 34.76 4.57-
Yes
264.17
58 (70.7) 84 (98.8)
No
Phlegm
Yes 13 (15.9) 1(1.2) 11.706  0.001* 15.83  2.02-
124.01
No 69 (84.1) 84 (98.8)
Wheezing
Yes 22 (26.8) 1(1.2) 23.127  0.001* 30.80 4.04-
234.80
No 60 (73.2) 84 (98.8)
Chest
tightness
13 (15.9) 2(2.4) 9.305 0.002* 7.82 1.71-
Yes 35.84
69 (84.1) 83 (97.6)
No

aFisher Exact test
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*significant at p<0.05

Table 4.8 showed the reported respiratory symptoms among studied and
comparative group. Based on the table, most reported respiratory health symptoms
were cough 24(29.3%) comes from respondents of the studied group and only 1(1.2%)
from comparative group. There was significant difference between two groups of
respondents with cough (p=0.001) Respondents in studied group were 34 times as

likely to get cough, (PR= 34.76, 95%CI 4.57-264.17).

There were 14 respondents who experienced phlegm where 13(15.9%) of them
are respondents from studied group while only 1(1.2%) are from comparative group.
There was a significant difference between two groups of respondents with phlegm
(p<0.05). Chi square result revealed that respondents in studied group were 15 times

as likely to get phlegm, (PR=15.83, 95%CI 2.02-124.01).

28% of respondents were having wheezing where 22(26.8%) of them are
respondents from studied group while only 1(1.2%) are from comparative group.
There was a significant difference between two groups of respondents with wheezing
p<0.05). Respondents in studied group were 30 times as likely to get wheezing, (PR=

30.800, 95%CI 4.040-234.799).

28.3% of respondents were having chest tightness where 13(15.9%) of them
are respondents from studied group while only 2(2.4%) are from comparative group.
There was a significant difference between two groups of respondents with chest
tightness p<0.05). Respondents in studied group were 7 times as likely to get chest

tightness, (PR=7.819, 95%CI 1.706-35.841).
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4.6 Correlation between PMio and PM2s (Home) with MN Frequency among

studied group and comparative group.

Table 4.9: Correlation between PM )0 and PMa s (Home) with MN Frequency of studied

group and comparative group

Variables MN Frequency (N=62)
r-value p-value

PMio 0.562 0.001*

PMas -0.041 0.830

N=62, Spearman Correlation test, *Significant at p<0.05

Based on Table 4.9, there was a significant association between PM;o with MN
frequency of studied and comparative group as the p- value was less than 0.05, p=
0.001. Therefore, the correlation of PMo showed that r-value was r= 0.562, where

there was a moderate positive correlation between PMjo and MN frequency.
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4.7 Association between PM1o and PMz.s (Home) with reported respiratory health

symptoms.

Table 4.10: PM)o concentration level with respiratory symptoms

High Low x* P-value PR 95% CI-
PMio PMio
(=150pg/  (<150pg/
m?3) m?3)
=30 =32
Total (%)
Cough*
Yes 9(30) 13.1) 8267 0.005* 13.28 1.565-
No 21(70) 31(96.9) 6 112.803
Phlegm*
Yes 5(16.7) 1(3.1) 3248 0.099 6.200 0.680-
No 25(83.3) 31(96.9) 56.559
Wheezing*
Yes 8 (26.7) 3(94) 3.172 0.101 3.515 0.835-
No 22 (73.3) 29(90.6) 14.806
Chest
tightness*
Yes 5(16.7) 2(63) 1.677 0249 3.000 0.535-
No 25(83.3) 30(93.8) 16.814
*Significant at p<0.05

aFjisher Exact test
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The association between concentration of PMo at home and respiratory health
symptoms among respondents are shown in Table 4.10. The table revealed that the
association between PMz.s with cough (PR=13.286, 95%CI 1.565-112.803), phlegm
(PR=6.200, 95%C]I 0.680-56.559), wheezing (PR=3.515, 95%CI 0.835-14.806), and
chest tightness (PR=3.00, 95%CI 0.535-16.814). Statistical analysis showed that there
was a significant association between PMio with cough (p=0.005). Respondents who
exposed to high level of PMjo were 13 times as likely to get cough, (PR= 13.286,

95%CI 1.565-112.803).

Table 4.11: PM2 5 concentration level with respiratory symptoms

High Low x P-value PR 95%CI
PM,5(>75 PMas(<75

pg/m’)  pg/m?)
N=32 N=33

Total (%)
Cough*
Yes 9 (30) 2 (6.3) 5984 0.020* 6.429 1.259-
No 21(70)  30(93.8) 32.827
Phlegm?*
Yes 6 (20) 1(3.1) 4402 0.050 7.750 0.873-
No 24(80)  31(96.9) 68.768
Wheezing*
Yes 5(16.7)  2(6.3) 1.677 0249  3.000 0.535-
No 25(83.3) 30 (93.8) 16.814
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Chest

tightness?*
Yes 6 (20) 2(6.3) 4402 0.050 7.750 0.873-
No 24 (80) 30 (93.8) 68.768
*Significant at p<0.05
*Fisher Exact test

Since the dependent and independent variables were categorical data, thus,
Chi-square test was used to determine the association between it. The association
between concentration of PMa2s at home and respiratory health symptoms among
respondents are shown in Table 4.11. The table revealed that the association between
PM2s with cough (PR=6.429, 95%CI 1.259-32.827), phlegm (PR= 7.750, 95%CI
0.873-68.768), wheezing (PR=3.000, 95%CI 0.535-16.814), and chest tightness (PR=
7.750, 95%CI 0.873-68.768). Statistical analysis showed that there was significant
association between PMz s with cough (p=0.020). Respondents exposed to high level

of PMz.s were 6 times as likely to get cough, (PR=6.429, 95%CI 1.259-32.827).
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CHAPTER §

DISCUSSION

5.1 Discussion

5.1.1 Respondent’s Background

This study was a cross sectional comparative study where it involves two
groups of respondents. The studied group were among primary school children that
exposed to particulate matters (PMjo and PM,s) which are released from paim o1l
activity at Semenyih. The comparative group was among school children whe tived
at Hulu Langat. Based on sample size calculation, the number of sample required was
170; however after the distribution of questionnaire, a total of 167 respondents were
volunteered to participate in this research. All of the respondents were meet the
inclusion criteria and all of them got the approval from their parents/ guardians. There
are two school are selected in this study, one from studied area and the another one

from comparative group. All of the respondents were Malay.

Apart from 167 respondents, 82 of them were from exposed group, whereas 85
were from comparative group. The respondents were selected based on list name
provided by schools management. The aged of selected respondents were among 9-11

years old. The selected respondents must do not have any respiratory illness such as
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asthma, bronchitis, emphysema and pneumonia. In the others hand, the respondents
also must do not undergone radiotherapy or chemotherapy in the previous 12 months
or X-rays in the previous 3 months. Studied group are among those who living near to

palm oil activity, while for comparative group are among those who are living far from

palm oil activity.

5.1.2 Respondent’s Socio-demographic Information

After comparison between two groups of respondents, the median age for each
group was 10.0 years. The median weight of respondent between studied and
comparative group was 28.25kg and 27.20kg respectively. Meanwhile, the mean
height of respondents between studied and comparative group was 133.02cm and
128.39cm. The p-value when comparing mean of height showed significant difference
between studied and comparative group with p=0.008, less than 0.05. For the mean
height and median weight, the p- value was more than 0.05 where it indicates there
was no s.ignificant difference between two group; p=0.922, p=0.605 respectively.
Therefore, it can be concluded that, the availability of respondents also depend on the
permission of school management, whereby they only allowed to have only 10 years

old children who are from Standard 4 in studied group.

In this study, the highest education level obtained by parents was SPM, 42.4%
(mothers) and 32.9% (fathers) where both are from comparative group. Meanwhile,
there were 33(40.2%) mothers from studied group who obtained Degree/Master/PhD

and 28(34.1%) fathers who obtained SPM. After performing Chi-Square test, the p -
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value is 0.001, less than 0.05. It can be concluded that, there was a significant

difference between father’s and mother’s education level.

5.1.3 Respondent’s environment

As presented in Table 4.3, there were 140 of respondents using gas as sources
of fuel for cooking with 93% of them are from studied group and 76% from
comparative group. The p-value shows significant difference with p = 0.005. There
were a few factors which contribute to the production of indoor air pollutants such as
ventilation and also the source of fuel when cooking at home. This can be proven with
a study by Rojas-Bracho et al.,(2002) as the ventilation status in houses was one of the
factors that contribute to the production of indoor particulate matters concentration by
which the particles are generated from the outdoor. Particulate emission from paim o1l
refinery also catching the attention of local authorities due to the combustion process
as it caused air pollution (Abdullah et al.,2007). According to the World Health
Organisation (2008), PMz s produced from incomplete combustion was identified as a

contributing factor on air quality to detrimental effects on health and also climate.

Based on Table 4.4, only 5(6.1%) of respondent among studied group who
lived less than 500 metres from palm oil factory and most of them live more than 3km
from it. The distance of houses from factory can be the factors due to high PMo and
PM2 s at home, where half (50%) of the studied group lived less than 3km from the
factory as the house were located within zone of impact. The zone of impact taken an
area of Skm radius from the site and it depends on the source strength and also the
pollutant dilution effect (Department of Environment, 2012). Air pollutants such as
PMa 5 can persist at the atmosphere for a few days and even for a few weeks as well as

the radius dispersion of particulate matter can travel up to hundreds to thousands
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kilometre. Meanwhile, PM)o can travel in the atmosphere for less than one kilometre

to hundreds of kilometre (Dalgleish et al., 2007).

5.1.4 Respondent’s exposure (School)

Based on the results presented, the concentrations of PM o and PM3 s of studied
schools were significantly higher 105.21pug/m® compared to comparative schools
53.92pug/m>. Based on the previous study Hussin & Jalaludin (2016) , the concentration
of indoor air pollutants (PMio; 68.52 pg/m® and PM,s; 41.33ug/m?) are higher in
school which located near the palm oil factory. In the other hand, vulnerable groups
such as elderly, pregnant women and children who were residing near palm oil were
exposed to high indoor and outdoor air pollutants by the emission of air pollutants
released from the factory. One of the activities performed by the palm oil factory was
the combustion of biomass material such as fibre and shell from fresh fruit brunch as
the source of energy for the factory. Unfortunately, the burning of waste as a boiler
fuel created a harmful emission in the industry, and it released a massive amount of
particles in the form of fly ash to the air (Kun & Abdullah, 2013); (Rashid, Ramli, &

Rozainee, 1998).

5.1.5 Comparison of PMio and PM:s at Respondent’s Houses between Studied

and Comparative Area

From this study, personal air sampling was placed in respondent’s house, 30
from studied group and 32 from comparative group. Based on Table 4.6, the mean

concentration of PM,0 at home within 24-hours was 104.29g/m? for the studied group
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were higher compared to the comparative group, 29.29ug/m’. Based on study by
Gholampour et al., (2014) in urban location, found that mean in 24-hours of PMio was
85.3 ug/m’ . Previous local study by Hussin & Jalaludin (2016) revealed that the mean

concentration of PMjo in 24-hours located near palm oil mill was lower than present

study with concentration 72.45 pg/m>.

The concentration of PMjo (104.29ug/m*) was lower compared to 150.0pg/m>
in 24-hours measurement. Moreover, for the concentration of PM2s at home, the
studied group recorded higher 74.29 pg/m’ compared to the comparative group
28.57ug/m>. However, 74.29ug/m3 was lower when comparing with Ambient Air
Quality Standard Malaysia (AAQS), 75.0ug/m* within 24-hours period. As compared
to previous local study by Hussin & Jalaludin (2016) the mean concentration of PM; s
in 24-hours located near palm oil mill was lower than present study with 42.26 ng/m*

| among studied group and comparative group, 23.54 p,g/m'3.

5.1.6 Comparison of MN Frequency among ‘respondents for studied and

comparative group

MN assay in children was increasingly used because of its public health
significance for monitoring environmental exposure such as pollution, radiation,
industrial toxicants and various medical treatment (Holland et al., 2011). The MN
frequency of the studied group was higher compared to comparative group where it
increases by eight fold from median MN frequency of comparative group. However,
the mean MN frequency of this study (4.00%) was slightly lower compared to baseline

mean MN frequency (5.7%) from pooled analysis by Neri et. al (2005) among children
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aged 0- 18 years old. MN frequency of this study also lower when compared to MN
frequency (6.6%) of children with aged 5 -11 years old who exposed to air pollutant
resulted from study by (Pedersen et al., 2006). Another study by Sisenando et al.,
(2012) it stated that, they found significant evidence in which increased exposure to
PM, s, it can generate an increased micronuclei frequency in oral epithelial cells from
school children. From this study, it can be conclude that the MN frequency was still
does not exceed the baseline mean MN frequency from the pooled analysis. However,

the exposure of particulate matter would induced the formation of micronuclei.

5.1.7 Reported Respiratory Health Symptoms

Most reported respiratory health symptoms were coughing 29.3% from
respondents of the studied group followed by wheezing, phlegm and alsc chest
tightness. Meanwhile, for the comparative group, only 1.2% of the respondents were
experienced cough, phlegm, wheezing and 2.4% of the respondents had reported
having chest tightness. Respondents in studied group were 34 times as likely to get
cough, 15 times likely to get phlegm, 30 times likely to get wheezing and 7 times likely
to get chest tightness, (PR= 34.76, 95%CI 4.57-264.17); (PR= 15.83, 95%CI 2.02-
124.01); (PR= 30.800, 95%CI 4.040-234.799); (PR= 7.819, 95%CI 1.706-35.841).
These outcomes were parallel with a study by Farah and Juliana (2016) where the
reported respondents who were having a cough, phlegm, wheezing has a significant
difference (p<0.01) between studied and comparative group. This was because the
location of studied area was near to palm oil factory. Particles inhaled into our

respiratory tract can penetrate deeply into our lung and even into our bloodstream.
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According to (Whyand et al., 2018), the penetration of particulate matter into the

thoracic regions or lower respiratory tracts can cause asthma and respiratory morbidity.

5.1.8 Association between PMio and PM2s (Home) with reported respiratory

health symptoms.

This study revealed that there was significant association between PM;¢ and
PM.s with prevalence cough, p=0.005 and p=0.020 respectively. Exposure to
particulate matters can increase the prevalence of respiratory symptoms in young
children. Based on Pierse et al.(2006), it showed that there was a significant association
between exposures to PMjo at home with the prevalence of coughing. Exposure to
particulate matters also was associated with increased respiratory symptoms (Tiittanen
et al.,2006). Study by Darquenne (2006) stated that, the initial deposition for the
particles which is larger than 5 micrometres are likely to deposited at upper respiratory
tracts which are nasal and mouth cavities to the entrance of the trachea. A study
conducted in Delhi, identified that there was significantly higher prevalence of
respiratory symptoms in urban areas compared to rural area because the effect of air

pollution.

5.1.9 Correlation between PM1o and PM2.s (Home) with MN Frequency among

studied group and comparative group.

Based on Table 4.9, there was a significant association between PM;o and MN

frequency (p<0.01). Study by Soares et. al, (2003) found that micronuclei frequency
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was associated with PM;o, NO2 and CO where it comes from an automotive emission.
Particulate matter (PM)0) was associated with mutagenic activities, as it presence in
gas and particulate phase. It gave a significant health impact as the chemical was

deposited in an organ that may cause in vivo induction of somatic cell mutation and

carcinogenesis (Soares et al., 2003).

Based on study by Coronas (2009), there were increased level of DNA damage
was detected in the comet assay in subjects who are working or living riear an oil

refinery compared with people living in area with restricted traffic and industries.
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CHAPTER 6

CONCLUSION, RECOMMENDATIONS AND STUDY

LIMITATION

6.1 Conclusion

In a nut shell, findings from this study revealed that the studied group has a higher
exposure to PMio and PMzs. The exposure to high level of PMio and PM2s was a
contributing factor for the reported respiratory health symptoms and also might indice
the formation of micronuclei among affected primary school children who lived near

palm oil factory.

Based on the result presented in this study, children among studied group were
prone to get cough (29.3%), phlegm (15.9%), wheezing (26.8%) and chest tightness
(15.9%) compared to comparative group. The mean concentration of PMjo at
respondent’s house among studied group was higher compared to comparative group.
The p- value showed significant difference of mean between studied group and
comparative group (p= 0.007). Meanwhile, the mean concentration of PM, s at home
of studied group was also higher compared to comparative group. The p-value of PM2 s

was 0.018, showed that, there were significant difference of mean between both
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groups. It also can be concluded, there was a significant difference in reported
respiratory symptoms (cough, phlegm, wheezing, chest tightness), as it were
significantly higher among children in studied group than comparative group. On the
other hand, respondents in studied group who were exposed to high level of PMio were
13 times as likely to get cough and 3 times as likely to experience wheezing.
Meanwhile, respondents in studied group who were exposed to high level of PMas
were 6 times likely to experience cough and 7 times likely to get chest tightness. The
findings of this study also portrayed, there were significantly higher mean MN
frequency among studied group compared to comparative group (p<0.01).There were
also significant association between MN frequency with PMjo in studied and
comparative group (p= 0.001). Last but not least, the result showed that, there were

association between PM;o and MN frequency.

6.2 Recommendations

Further comprehensive investigation was needed as this study only provides the
preliminary results which represent the data of school and respondent’s house that
lived near palm oil factory. Moreover, the best study design suggested was prospective
cohort study, as the main factors of respiratory health symptoms and induced

formation of MN frequency can be determined.

As for the management of palm oil factory, there was a need for the palm oil
management to revise again the effectiveness of existing control measure implemented

by the factory as the emission released contains harmful air pollutants where it can
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cause serious health problem. There are a few ways that can be performed by the
management as result to reduce the impact of biomass fuel to public health community
and ambient air quality. The fabric filter baghouses can be used to control and reduce
the primary fine particulate emissions from the combustion of biomass fuels. As the
time pass by, the technologies on controlling of particulate emissions has been
revolving. The Air Pollution Control Technology Centre (APCT Centre) was a system
that assists vendors and users in demonstrating technologies for air pollution control
and it was programmed on the baghouse filtration products. The best material for filter
baghouses was believed can improve the protection of human health and the
environment. If the management of palm oil factory would consider the suggested
recommendation, the researcher believe that the concentration of PM;o and PM> s at
studied area can be reduced, therefore the number of reported respiratory symptoms
(especially cough and wheezing) and the frequency of micronuclei formation amorg

3
O

studied group can be controlled.

The parents of respondents are advised to seek for doctor’s consultation
immediately if any reported respiratory health symptoms experienced by their
children. Moreover, the parent need to monitor their children from prolong doing

outdoor activities.

Last but not least, the researcher would like to suggest the Department of
Environmental to organize a conference, talks or campaign on the alarming issues
regarding clean environment. This would create awareness among community in that

area especially parents of respondents. The information also should be widely

———
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disseminated to the community in variety of platforms such as mass media, pamphlets

and poster.

6.3 Study Limitation

Based on this research, there are some limitations that can be spotted which can be
improved for future research. First and foremost, the sample size of studied and
comparative group only involved the comparison of one to one school. Therefore, there
should be compare to more than one school to make this study are representable for
that area. Other than that, the results of this study cannot be generalised for other

ethnicity as this study only involved Malay respondents.

Next, the number of house’s respondent for dust sampling at home. The number
of respondent for dust sampling at home was insufficient because the parents only
allowed their children participated in collection of buccal mucosa sample, but not gave
a permission to do sampling at home. The instruction of sampling dust at home was

given earlier, however only a few of them agree.
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