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ABSTRACT

ASSOCIATION OF EXPOSURE TO PMi0 AND PM2s WITH RESPIRATORY
HEALTH SYMPTOMS AND LUNG FUNCTION STATUS AMONG
CHILDREN LIVING NEAR PALM OIL ACTIVITY IN SEMENYIH

SELANGOR

FARIS SYAHMI BIN MOHD SHAHIDIN

Introduction: The implementation of biomass fuels in palm oil boilers produced
pollutants into the air such as particulate matters (PM). PM has been related to cause
many respiratory health symptoms to human, especially children. Children were
vulnerable as their air intake is larger per kilogram body if compared to an adult.
Objective: To determine the association on exposure to PMj;o and PM,s with
respiratory health symptoms and lung function status among children that lived in 5
kilometres radius from palm oil activity. Methodology: A cross sectional study was
carried out among primary school children in Hulu Langat and Semenyih, Selangor.
86 children were selected as comparative group with the aged between 9-11 years old
randomly from two primary schools in Hulu Langat while 50 children from two
primary schools in Semenyih as studied group. A validated questionnaire from
American Thoracic Society (ATS-DLD-78-C) was used to determine respondents’
background, previous past illness and respiratory symptoms. Evaluation of PM ¢ and
PM: s were done in schools and houses of the respondents by using TSI DustTrak DRX
Aerosol Monitor Model 8534 and Escort LC Personal Sampling Pump. A Chestgraph
HI-101 Spirometer was used to obtain lung function status among children. Results:
Statistical analysis showed significant differences between exposure to PMjo and
PM2s at studied and comparative school at p<0.05. Studied group recorded higher
PMio and PM s than in comparative area. Significant differences were also showed
between the exposure of PM 1o and PM> 5 in houses for studied and comparative group.
Houses in studied area recorded higher concentrations of PM;o and PMas than in
comparative area. FVC (litre), FEV, (litre), FEV/FVC (litre), FVC%, FEV1% and
FEV1/FVC% predicted values were significantly lower among the studied group than
in the comparative group. The risk of developing lung function abnormalities increased
due to the exposure to PMjo and PMa2 s among the studied group (OR=3.58; 95% CI
1.964-7.546), (OR=7.14; 95% CI 3.246-15.698) and (OR=6.30; 95% CI 2.713-
14.602). The exposure to PMo were associated with wheezing and chest tightness in
the studied group (OR=26.00; 95% CI=3.032-222.928), (OR=9.00; 95% CI=2.048-
39.545) and the exposure to PM3 s was associated with wheezing in the studied group
(OR=4.68; 95% CI=1.258-17.417). FVC status had significant relationships with the
concentrations of PM1o (PR=1.020; 95% CI= 1.002-1.038) and FEV; among studied
children after controlling the confounder in this study (PR=1.020; 95% CI= 1.002-
1.038). Conclusion: The study concluded that the exposures to high concentrations of

PMio and PMzs increase the risk of developing lung function abnormalities and
respiratory illness among the respondents.

Keywords: PM,o, PM2 s, lung function, children, respiratory illness



ABSTRAK

HUBUNGKAIT ANTARA PENDEDAHAN TERHADAP PM10 DAN PMa2s
DENGAN SIMPTOM KESIHATAN PERNAFASAN DAN FUNGSI PARU-
PARU KANAK-KANAK YANG TINGGAL BEDEKATAN AKTIVITI
KELAPA SAWIT DI SEMENYIH, SELANGOR

FARIS SYAHMI BIN MOHD SHAHIDIN

Pengenalan: Pengunaan bahan api biomas dalam dandang kelapa sawit menghasilkan
bahan pencemar ke dalam udara seperti zarah terampai. Zarah terampai telah
menyebabkan pelbagai simptom penyakit pernafasan kepada manusia terutamanya
kanak-kanak. Kanak-kanak amat terdedah kerana pengambilan udara mereka lebih
besar per kilogram jika dibandingkan dengan orang dewasa. Objektif: Untuk
menentukan hubungkait antara pendedahan PMjo dan PM:s dengan simptom
kesihatan pernafasan dan fungsi paru-paru di kalangan kanak-kanak yang tinggal
dalam lingkungan S-kilometer dari aktiviti kelapa sawit. Kaedah: Satu kajian keratan
rentas telah dijalankan dalam kalangan kanak-kanak yang tinggal di Hulu Langat dan
Semenyih. Seramai 86 orang kanak-kanak telah dipilih sebagai kumpulan
perbandingan dan 50 orang kanak-kanak telah dipilih sebagai kumpulan kajian.
Borang soal selidik yang diadaptasikan daripada ATS-DLD-78-C telah diedarkan
kepada untuk mengenal pasti latar belakang respoden dan sejarah penyakit pernafasan.
Penilaian PMjo dan PM,s di sekolah dan di rumah responden telah dibuat
menggunakan TSI DustTrak DRX Aerosol Monitor Model 8534 dan Escort LC pam
persampelan peribadi. Fungsi paru-paru kanak-kanak telah dinilai menggunakan
Chestgraph HI-101 Spirometer. Hasil: Analisis statistik menunjukkan perbandingan
signifikan antara pendedahan PMjo dan PM2s dalam sekolah perbandingan dan
sekolah kajian pada p<0.05. Kumpulan kajian merekod PM;o dan PM2s yang lebih
tinggi berbanding kumpulan perbandingan. Pendedahan PMo dan PM2s di rumah
kumpulan perbandingan dan kumpulan kajian juga menunjukkan perbandingan
signifikan. Rumah di kumpulan kajian menunjukkan PMjo dan PM2s adalah lebih
tinggi berbanding kumpulan perbandingan. Nilai bagi FVC (liter), FEV; (liter),
FEV//FVC (liter), FVC%, FEV1% dan FEV1/FVC% adalah signifikannya lebih rendah
dalam kalangan kumpulan kajian. Risiko untuk mendapat fungsi paru-paru abnormal
meningkat dengan pendedahan kepada PMio dan PM>s dalam kalangan kumpulan
kajian (OR=3.58; 95% CI 1.964-7.546), (OR=7.14; 95% CI 3.246-15.698) dan
(OR=6.30; 95% CI 2.713-14.602). Pendedahan kepada PMo berkait kepada nafas
berbunyi dan sesak dada dalam kumpulan kajian (OR=26.00; 95% CI=3.032-
222.928), (OR=9.00; 95% CI=2.048-39.545) dan pendedahan kepada PM2s berkait
dengan nafas berbunyi dalam kumpulan kajian (OR=4.68; 95% CI=1.258-17.417).
FVC mempunyai hubungan signifikan dengan pendedahan PM;o (PR=1.020; 95% CI=
1.002-1.038) dan FEV juga mempunyai hubungan signifikan dengan pendedahan
PMio selepas mengawal factor pembauran (PR=1.020; 95% CI= 1.002-1.038).
Kesimpulan: Kajian ini mendapati pendedahan kepada PM1o dan PM.s yang tinggi
mempunyai risiko tinggi dalam pembentukan penyakit pernafasan dan fungsi paru-
paru tidak normal dalam kalangan responden.

Kata kunci: PMio, PM2 s, fungsi paru-paru, kanak-kanak, penyakit pernafasan
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CHAPTER 1

INTRODUCTION

1.1 Study Background

Palm oil was one of the most successful economical industries in Malaysia. It
was known as one of many pillars that uphold Malaysian economics. Malaysia had
achieved its best milestone as it come out as the second largest oil palm producer in
the whole wide world. It was also estimated that the annual export of Malaysia’s palm
oil for the year 2016 was at RM 64.59 billion (Kushairi, 2017). 2017 remarks the 100
years of commercial oil palm cultivation and proves Malaysia’s palm oil were capable
to compete other palm oil producer nation (MPOB, 2017). Abdul Samad (2018)
reported that 1.017 million hectares around Malaysia had successfully gained
Malaysian Sustainable Palm Oil Scheme certification (MSPO). Malaysia Sustainable
Palm Oil certificate was a national standard that full filled the needs of global demand
on concerning issues on environmental pollutions. MSPO was a Malaysian-driven

standard and focus on pertaining the principles and also criteria of sustainable palm oil

industries.

Malaysian Palm Oil Board (2017) stated that there was a decrease of 13.2% of
crude palm oil production between 2015 and 2016 from 19,961,581 tons of crude palm

oil to 17,319,177 tons of crude palm oil production. Comparison between palm oil



plantations around Malaysia had increased around 1.7% from 5,642,943 hectares in
2015 to 5,737,985 hectares in 2016. Apart from the decrease of crude palm oil
production between those two years, the export revenue for the total palm oil
production including as follow; palm oil, palm kernel oil, palm kernel cake,
oleochemicals, biodiesel, finished products and other palm products had increase
7.3%. The total revenue for palm oil industry increased from RM 60,169.49 million in

2015 to RM 64,591.82 million.

Table 1.1: Summary on the Performance of the Malaysian Oil Palm Industry, 2016

and 2015
2016 2015 Difference (%)
Planted Area 5,737,985 5,642,943 1.7
(Hectares)
Crude Palm Oil 17,319,177 19,961,581 13.2
Production
(Tonnes)
Total exports 23,294,140 25,370,294 8.2
(Tonnes)
Total revenue 64,951.82 60,169.49 7.3
(RM million)

Source: Kushairi, 2017. Overview of the Malaysian Oil Palm Industry 2016. MPOB

Palm Qil Statistics. Malaysian Palm Oil Board.



Palm oil plantation produced lot of other product other than crude palm oil.
According to Nasution et. al (2017) fresh fruit bunches (FFB) produced per year was
about 10 to 35 tons from one hectare of palm oil plantation. These palm oil plants had
a lifespan of 200 years and the economic beneficial lifespan for these plants are 20 to
25 years. Parveen et. al (2010) stated that 45 percent of yield fresh fruit bunches (FFB)
from fleshy mesocarp were harvested as palm oil and other 40 percent were harvested

from the kernel of the fresh fruit bunches (FFB).

Despite of the contribution and the financial gained from palm oil industry,
many criticized the environmental impacts from palm oil activities. The oil extraction
process produced high quantities of by-product that may rise to environmental
pollution (Rosnah, 2010). Examples of waste products are palm kemel shells, oil palm
fronds (OPF), oil palm trunks (OPT), palm pressed fibers (PPF) and empty fruit
bunches. These by products were used by palm oil factory as a biomass fuel for the
low-pressure boilers for energy production (Hussin and Jalaludin, 2016). Previous
studies had identified the gaseous emissions from the biomass combustion in palm oil
factory (Rashid, et. al, 2014). The combustion of palm fibers and palm shell in the
form of empty fruits shell emitted palm oil mill boiler fly ash (POMBFA) which will

pollute the surrounding environment.

During the palm oil production process, the fresh fruit bunch (FFB) were
transferred into palm oil mill. The palm fruits gave out two different oil as two different
products. The first products were the lauric oil obtained from the kernel of the palm

while the other products were the palm oil extracted from the fibrous mesocarp.



According to Rupani. et al (2010), the whole process of palm oil processing were seen

in Figure 1.1.

Figure 1.1: Schematic material and energy flows of the proposed integrated CPO and

PKO processes
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Based on Figure 1.1, the main contributor of the palm oil mill pollutants came
from the activity of boiler. Palm oil boiler used the excess palm shells and palm fibers
as biomass fuels. The process cremating of empty fruit bunches produced fibers

produce suspended solids that were known as palm oil mill sludges (POMS).



1.2 Problem Statement

Air pollution was one of the most concerning issue arising in developing
country. It was one of the main challenges that need to be address and far to be
neglected. Exposure of air pollution affected the health of people thus increasing the
prevalence of health disease among the community. Garcia et. all (2018) stated that
children the most vulnerable from air pollutant as the physiological characteristic of
air intake was larger per kilogram body if being compare to the physiology of an adults.
Among concern air pollutants towards children were particulate matters. Prolong
exposure of PMjo and PM: 5 caused children to exhibit respiratory symptoms such as
asthma, wheezing, dry cough at night and wheezing after doing exercise. According
to Garcia et. all (2018), the most concern were PM> s and nitrogen oxides. It was found
that there were increase in morbidity and mortality rate in individuals especially among
children population. Children that were exposed may exhibit autism, impairment in
cognitive function, and arrhythmias. Previous study showed that there was a
relationship between children exposure towards air pollutants and prevalence of

diabetes disease (Garcia et. all, 2018).

According to Ohimain et al. (2013) air pollution such as burning of biomass
fuels from the palm oil activity received much concern from the community
surrounding the palm oil activity. Complaints from the community were founded if the
palm oil activity was situated near residential areas and schools. The emission was
concerned to have contribution in the increase of respiratory problems specifically
among children that live near palm oil activity and was the source of ambient air

pollutant in the area. The byproduct of burning biomass fuel for the low-pressure boiler

5



decrease the ambient air quality due to the increase of outdoor air pollutant.
Throughout this study, the concentration of PMio and PMzs were measured and
recorded. Moreover, the lung function status of the children was evaluated with
respiratory symptoms. This study aimed to increase awareness residential community

focusing on the adverse health symptoms due to prolong exposure of ambient air

pollutant.

1.3 Study Justification

The objective of this study was to determine association on exposure of PMo
and PM2 s with respiratory health symptoms and lung function among children that
lived near palm oil activity (exposed group) and lived far from palm oil activity

(comparative group).

Through this study, it was hope that the awareness among parents of the
children lived nearby palm oil activity regarding to the ambient air pollutant will
increase. Community must be informed and participated with health information and
awareness campaign that can be done whether it was from the local authorities, health
department or residence association. Clean environment was also very important for
the development at young age. Thus, residential community must play important role

to control and voice out air pollutant exposure within residential area.



According to Hussain and Jalaludin (2016), it was shown that there was a link
between palm oil activities and its health impacts towards the children’s respiratory
system. This study was aimed to full fill the gap of knowledge and find new evidence
that the activity from the palm oil activity emits particulate matter and risk the children
that live near the palm oil activity. According to Syahirah, et al/ (2016), the emission
of particulate matter (PM)0) from the boiler of palm oil activity was found to be very
alarming as it exceeded the permissible exposure of PM o as stated in the new Clean

Air Regulation 2014.

The emphasize of this study should be directed to the palm oil activity
management. Evaluation of existing control and practices should be done not only to
comply occupational and environmental settings, but to ensure the human health
elements were considered thoroughly. The findings of this study were also to cater the
needs of abundant data in helping the government to maintain the wellbeing of every

citizen in this nation.



1.4 Conceptual Framework

Figure 1.2: Conceptual framework of the whole study.

Air Pollutant

Source of Air Pollutant:

1. Biomass burning (from palm oil activity)

Semenyih, Selangor

(Polluted Area)

Hulu Langat, Selangor

(Comparative Area)

-

Indoor Air

!
i
{
|
|
|
pe

r
1

POV T2 Sy

Direct Contact ”

e ——
< ey

Lung Function

Study of interest

Key:
D Not-study interest

Respiratory Symptom

1. Chest Pain
2. Wheezing
3. Coughing

4. Phlegm

Confounders:

1. History Respiratory
diseases

2. Age

3. 'Race

4. Gender



Based on Figure 1.2, the figure showed the conceptual framework of the study.
The air pollutants identified were PMio and PMzs. These two pollutants were
originated from palm oil activity which was the burning of the biomass fuels in the
palm oil factory. PMjo and PM2 s were released to the ambient air and would polluted
the outdoor air. The exposed area selected was in Semenyih, Selangor meanwhile the
comparative group selected was in Hulu Langat, Selangor.

The study focused on the exposure of PMjo and PM2 s towards the children that
lived within 5-kilometer radius from palm oil activity. The exposure of the particulate
matters was through inhalation. Inhalation of PMi1o and PM2s would affect the
respiratory symptoms of the children and would exhibit respiratory symptoms (Hussin
& Jalaludin, 2016). Example of the respiratory symptoms were chest pain, wheezing,
coughing and phlegm (Ratini, 2014). The respiratory symptoms data was collected by

using questionnaire (refer Figure 3.4).

Based on Figure 1.2, the lung function status was measured by Chestgraph
Spirometer (refer Figure 3.4). Lung function test was used to evaluate any respiratory
and lung symptoms through quantification of the volume of lung with its diffusing
capacities and spirometry test (Mithani, 2013). Example of lung function status were
Forced Expiratory Volume in 1 Second (FEV)), Forced Vital Capacity (FVC) and
Forced Expiratory Volume in 1 Second over Forced Vital Capacity (FEV1/FVC)

(American Thoracic Society, 2017).



1.5 Study Objectives

1.5.1 General objective

To study the exposure of PMjo and PM3 5 in the air and its association with

respiratory symptoms and lung function among children in Semenyih, Selangor.

1.5.2 Specific Objectives

1. To compare the concentration level of PM2 s and PM o between schools near palm

oil activity and comparative area.

2. To compare the concentration level of PM2 s and PMjo between the respondent’s

house near palm oil activity and comparative area.

3. To compare the respiratory health symptoms between children that live near to the

palm oil activity and children that live in comparative area.

4. To compare lung function test results between children that live near to the palm

oil activity and children that live in comparative area.

5. To determine the association between the concentration level of PM2s and PMo

with the lung function test result of children who live near palm oil activity and

children who live in comparative area.

6. To determine association between level of PM2s and PMjo and respiratory
symptoms among children who live near palm oil activity and children who live

in comparative area.

10



1.6

Study Hypotheses

. The concentration level of PM2s and PMio between schools near palm oil

activity was higher than in the schools of comparative area.

. The concentration level of PM2.s and PM o between the respondent’s house near

palm oil activity was significantly higher than in comparative area.

. The respiratory symptom between the children that live near to the palm oil

activity was significantly higher than the children that live in the comparative
area.

FVC and FEV) result of children that live near to the palm oil activity was

significantly lower than the children who lived in comparative area.

. There was a significant association between exposure of PM2s and PM;o with

the FVC and FEV) result of children who lived near palm oil activity and

children who lived in comparative area.

There was association between the concentration level of PM>s and PM;o and
respiratory symptoms among children who lived near palm oil activity and

children who lived in comparative area

11



1.7 Definition of Variables

1.7.1 Conceptual Definition

a) Respirable Particles (PM2s)

The subscript 2.5 in the PM2.5 means the size of the particulate matter was 2.5
micrometers in diameters. Therefore, any particles that had aerodynamic diameter
length of 2.5 micrometers and less was considered as PMa2s. PM2 s was a fine particle
that entered directly via inhalation through the respiratory track and may ended up in
the blood vessels. These fine particles consist of fine microscopic solids and droplets
that were inhaled and cause various respiratory health problems (EPA, 2018).

Particulate matter had different chemical characteristic depending on various origin of

the particles.

b) Inhalable Particles (PM10)

Inhalable particles had a range of aerodynamic diameter between 10
micrometers and 2.5 micrometers. (EPA, 2018). The aerodynamic diameter of PM o
penetrated the respiratory symptoms but not as deep as particulate matter with the size
of 2.5 micrometers and less. PMio were most likely to deposit in the mouth, throat or
the upper part of respiratory organ such trachea. Elhadi. ef al. (2017) stated that PMo

had being identified to cause multiple health problems such as chronic pulmonary
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disease and heart disease. These suspended solids and liquid droplets in the were also

one of the main players in the compositions of haze in some region (EPA, 2018).

c) Chest Pain

According to Hickam et al. (1990) chest pain cause discomfort to the patient
in ways that was painful, the feeling of pressure and discomfort that were coming from
the chest. Chest pain may become one of the determining indicator for cardiovascular

disease such as heart failure.

d) Wheezing

According to Henry et al. (1990), wheezing was defined as an action where
wheeze, a sound that was produced by the lung that has high-pitched profile and
produced by the obstruction of compressed or narrowed airways in the lungs. The
narrowed airways were because of the inflammation due to the body’s immune system
or many more. It is very difficult to breathe in and out due to the compression of the
airways. Wheezing was normally an indicator for asthmatic attack due to the
similarities between booth symptoms. Henry et al. (1990) explained that wheezing
caused by the obstruction from the larynx to small bronchi. This obstruction was

caused by bronchoconstriction due to the tumor and foreign body in the airways.
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e) Coughing

According to National Heart, Lung and Blood Institute (2018), coughing was

defined as sudden air expulsion from the lungs. This air expulsion was the action of
body to prevent or clear any foreign body that had entered the airways of lungs. Such
foreign body may come in the form of dust and many more. The action of cough was

one of the body self-defense system to prevent the respiratory tract from damage.

f) Phlegm

Phlegm was a mucus that produced by the action of coughing. It was also
known as the sputum produced when a person is coughing and spit out form the
respiratory airways. Phlegm was secreted by the lining tissues of the respiratory tract

in a form of thick mucus layer. (Farzan, 1990).

g) Forced Vital Capacity (FVC)

Hankinson, et al (2015) stated that Forced Vital capacity were maximal volume
of air exhaled proportional with the maximal effort forced from a point of maximal
inspiration with consideration of performance of vital capacity in a maximal forced
expiratory effort expressed in liters at body temperature and ambient pressure saturated

with water vapor.
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h) Forced Expiratory Volume in 1 Second (FEV1)

Hankinson, et al (2015) stated that forced expiratory volume in one second was
the maximal volume of air exhaled in the first second of a forced expiration from a

position of full inspiration and was expressed in liters.

1.7.2 Operational Definition

a) Respirable Particles (PMa.s)

In measuring the exposure of particulate matter with the size of 2.5
micrometers (PM2s), the TSI Dust-TRAK DRX Aerosol Monitor 8534 measured the
mass concentration of particles floating in the air by using the detection of scattered
light. The principle used by the TSI Dust-TRAK DRX Aerosol Monitor 8534 were the
photometric principles. The TSI Dust-TRAK DRX Aerosol Monitor 8534 were come
with PM; s impactor, PMo impactor and PM; impactor. The detection range for the
device were from 0.001 mg/m’ to 100 mg/m3. This device gave out real time

monitoring reading in measuring aerosol contaminants.

The ambient air was also measured by using Escort LC Personal Sampling
Pump by Zefon International Inc with Mixed Cellulose Ester (MCE) filter. The method
used for calculation used for measuring the concentration of PMa s was NIOSH Manual

of Analytical Method, fourth edition. The flow rate of the air sampling pump is also
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determined by the NMAM standard 0600, SKC Air Sampling Solutions and Experts

and based on the type of cyclone used.

b) Inhalable Particles (PMio)

In measuring the exposure of particulate matter with the size of 10 micrometers
(PMjo), the TSI Dust-TRAK DRX Aerosol Monitor 8534 measured the mass
concentration of particles floating in the air by using the detection of scattered light.
The principle used by the TSI Dust-TRAK DRX Aerosol Monitor 8534 were the
photometric principles. The TSI Dust-TRAK DRX Aerosol Monitor 8534 were come
with PM2 s impactor, PMo impactor and PM; impactor. The detection range for the
device were from 0.001 mg/m3 to 100 mg/m3. This device gave out real time

monitoring reading in measuring aerosol contaminants.

The personal air exposure was also measured by using Escort LC Personal
Sampling Pump by Zefon International Inc. with Poly Vinyl Chloride (PVC) filter.
The method used for calculation used for measuring the concentration of PMjo was

NIOSH Manual of Analytical Method, fourth edition. The flow rate of the air sampling
pump is also determined by the NMAM standard and based on the type of cyclone

used.
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c) Chest Pain

Chest pain cause discomfort to the patient in ways that was painful, the feeling
of pressure and discomfort that were coming from the chest. The assessment of chest

pain was done by using a validated questionnaire by American Thoracic Society (ATS-

DLD-78-C).

d) Wheezing

Wheezing was defined as an action where wheeze, a sound that was produced
by the lung that had high-pitched profile and produced by the obstruction of
compressed or narrowed airways in the lungs. The assessment of wheezing was done

by using a validated questionnaire by American Thoracic Society (ATS-DLD-78-C).

e) Coughing

Coughing was defined as sudden air expulsion from the lungs. This air
expulsion was the action of body to prevent or clear any foreign body that had entered
the airways of lungs. The assessment of coughing was done by using a validated

questionnaire by American Thoracic Society (ATS-DLD-78-C).
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1)) Phlegm

Phlegm was a mucus that produced by the action of coughing. It was also
known as the sputum produced when a person was coughing and spited out form the
respiratory airways. The assessment of phlegm was done by using a validated

questionnaire by American Thoracic Society (ATS-DLD-78-C).

g2 Forced Vital Capacity (FVC)

Forced Vital capacity were maximal volume of air exhaled proportional with
the maximal effort forced from a point of maximal inspiration with consideration of
performance of vital capacity in a maximal forced expiratory. The FEC was measured

by using the chest graph of Spirometer and it is measured in liters.

h) Forced Expiratory Volume in 1 Second (FEV))

The forced expiratory volume in one second was the maximal volume of air
exhaled in the first second of a forced expiration from a position of full inspiration.

The FEV) were measured by using the chest graph of Spirometer and it was measured

in liters.

18



i) Exposed Group

The exposed group was defined as respondents that live 5 kilometers radius
between the location of palm oil activity and the location of the schools. The
measurement of kilometer was done based on the data obtained from global

positioning system (GPS) through Google Maps application.

i) Non-Exposed Group

The non-exposed group was defined as respondents that lived in an area with
no palm oil activities in the radius of 5 kilometers surrounding the schools. The
measurement of kilometer was done based on the data obtained from global

positioning system (GPS) through Google Maps application.
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CHAPTER 2

LITERATURE REVIEW

2.1 Palm oil activity and the use of biomass fuels

The usage of biomass fuels in palm oil operation gave lots of advantages in
term of economic views. It was because palm oil operation gave out lots of by product
from the extraction of palm oil that was used as biomass fuels. Such by products that
were heavily used in biomass fuels were the palm fruits fibers, palm fruits shells and
empty fruit bunches. These by products were very abundant and another form of
renewable energy. The usage of biomass fuels in operating the palm decrease the
dependency of the palm oil mill to depends solely on electrical energy, thus reducing
the pollution come from the burning of coal in electricity generation plant. Despite of
the benefits gained switching from non-renewable energy towards a renewable energy,
the usage of biomass fuels in a boiler was also concerning. Kun, et al. (2013) stated
that the implementation of biomass fuels in boilers created another serious dimension

of threat to human health. It was due to the concern of the pollutant emitted from the

combustion process of the boiler.

Rashid, et al. (2013) stated that the usage of biomass fuels in the burning
process released a huge amount of particulate matter. This large emission of particulate

matter affected to the air pollution in near area. As the largest palm oil producer in the
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world, Malaysia had been one of the nation that were vulnerable to particulate
pollution from palm oil activities. Malaysia had around 417 oil palms estimated in
2009 and the numbers were increasing by time to time (Kun, Y. C,, et al, 2013). These
increased in palm oil mill activities had given a great burden to our atmosphere. This
was portrayed by the increasing of 95,042 hectares of palm oil industry from 2015 to
2016 (Kushairi, D. 2017). The particulate emission from the palm oil mill were
classified as two different type of particulates. The first type of particulates were fine
mode and coarse mode. The fine mode of particles was caused by the burning process
that undergone growth and coagulation process of particles. The course mode of
particles was caused by formation of unburn biomass fuels due to the incomplete

combustion process in the boiler.

Boilers were very important in running a palm oil mill as it was reported that
each of the palm oil mill needed at least one boiler per each operation of palm oil mill
(Hussin and Jalaludin, 2016). Most of the design of the boiler used a suspension firing
method that used fluidize bed combustion system to ensure the combustion of biomass
fuel was complete. Unfortunately, this design of conventional boilers produced a high
dust emission as high as 80%. An older design of boiler produced less dust emission
at 20% to 30% and used spreader stroke to burn the fuel in suspension structured

(Boon, Kyi, 1990).

The dust generation from the burning activity of biomass fuels combustion in
the palm oil mill’s boiler posed a significant threat to human health. Ghanbari and

Rezazadeh (2018) stated that the chimney plays an important role to ventilated air from
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inside a building or space. As the particulate matters discharged from the boilers
through chimney duct, the air pollutant affected the surrounding ambient air quality.
According to the Environment Protection Agency, the criteria for air pollutant that
were found in the ambient air quality were carbon monoxide, lead, ground-level ozone,
nitrogen dioxide, Sulphur dioxide and particulate matter. The different sizes of
particulate matter caused different effects on health symptoms. High exposure of ultra-
fine particles (PM2s) were proved to cause accelerated atherosclerosis, pulmonary
inflammation and heart failure thus led towards cardiovascular mortality (Kolluru et
al., 2018). Prolong exposure of PM)o and PM. 5 caused respiratory symptoms such as

asthma, wheezing, dry cough at night and phlegm production.

2.2  Particulate Matters and Palm Oil Activity

Particles that had aerodynamic diameter length of 2.5 micrometers and less was
considered as PM2s. PM2s was a fine particle that entered directly via inhalation
through the respiratory track and may end up in the blood vessels. These fine particles
consist of fine microscopic solids and droplets that were inhaled and caused various
respiratory health problems (EPA, 2018). The aerodynamic diameter of particulates
with 10 micrometers penetrated the respiratory system but not as deep as particulate
matter with the size of 2.5 micrometers and less. According to Rashid et al. (2014), it
was found that 26% of PMio measured from particulate emitted from the boiler were
represented as PM2 s with finer size fraction. These particulate matters were produced

from the burning of biomass fuels obtained from the byproduct of palm fruits.
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According to Rashid, et al. (1998), there were two type of boilers that were
usually used in palm oil mill. These palm oil mill boilers were fire-tube (FT) boiler
and water-tube (WT) boiler. The biomass fuels were then fed into the boilers for the
generation of steams to run the palm oil mill. If comparison was being made between
fire-tube (FT) boilers and water-tube (WT) boilers regarding the fuel consumption and
production of fly ash, the water-tube boilers were found to consume more biomass
fuels and produced more fly ash pollutant. This palm oil mill boiler fly ash (POMBFA)
was the product emitted from the boiler (Rashid, ez. al, 2014). Nevertheless, the study
showed that fire-tube boiler generated finer particulates size distributions compared to
water-tube type boiler which contributed a significant difference in particulate
emission concentration between them. According to Yusoff (2006), it was estimated
that by the year 2020, the generation of palm oil mill boiler fly ash (POMBFA) reached

to 39 million tons.

23 PM2s and PM1o

The key indicator for a polluted environment focused on the level of particulate
matters that exist in the ambient air. The level of exposure depended on how much
duration a person which exposed to the polluted air. Ambient air pollutants such as
PM: 5 and PM exist throughout the day and it was different between the exposure in
occupational settings because of the duration of a person exposed to it. World Health
Organization stated that particulate matter was one of the most widespread air pollutant
in compare with other pollutant. It was because particulate matter did not react with
other chemicals and stay suspended in the air in some manner of time. As a mixture of

solid and liquid particles, its physical and chemical properties might vary according to
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the location of the source. This was because the weather condition and climate change
area changed and affected the compositions of the particulate mixture. The common
constituents of chemicals in particulate matters included inorganic ions such as
magnesium and calcium, organic compounds, particle-bound water, metals and
polycyclic aromatic hydrocarbons (PAH). As a small mixture of liquid and solid
droplets, it was also one of the common site for biological components such as

microbial function, allergen, pollen and many more.

Particulate matters existed in different sizes and shapes. Therefore, to
differentiate between particulate matters, Environment Protective Agency (2018)
categorized particulate matter into two groups namely inhalable dust and fine dust.
The main different between these two were the size of its aerodynamic diameter. EPA
(2018) characterize inhalable dust as particulate with the size of 10 micrometres until
2.5 micrometres. Inhalable dust, also known as PM ¢, penetrated the respiratory tract.
But most of them were only able to deposits in the mouth, nose, throat and trachea due
to their size. The second categorized of particulate matters were the fine particle. Fine
particles were defined as particulate matter that had an aerodynamic diameter 2.5
micrometres and less. PM2s was the most concern particulate pollutants as it had
penetrated deeper into the alveolus and eventually into the blood vessels. According
to the study by Kim et al. (2015), exposure to different sizes of particulate matters
(PM25 and PMjo) had been proven to have a link to become major cause of health
problems towards people. Thus, a conclusion was made that the smaller the size of a

particulate, the deeper the penetration and deposition of the particulate.
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Table 2.1: Health effects exposure to airborne particulate matter
Concentration (ug/m) Health Effects

400 to 600 Alveolar macrophages, neutrophils and
Tlymphocytes in bronchoalveolar lavage
fluid

200 Increase in respiratory diseases such as
pneumonia, chronic obstructive
pulmonary disease, and asthma

150 Increase the likelihood of respiratory
symptoms and aggravation of lung
disease

120 Increase in hospital admissions of

children with respiratory disease

Increases of 20 pg/m™ of PM in same

day

8% increase of lower respiratory illness

among children

Increases of 10 pg/m™ of PM in same

day

1.9% and 3.3% respective increases in

respiratory

Source :
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2.4  Respiratory System of Children

Yong children had a smaller respiratory system than an adult. The shape of the
lungs itself changed from a shape of round in infant stage to the shape of less flattened
gradually to the shape of a normal lung in adults (Goldizen, Sly, & Knibbs, 2016). The
structure of lungs was made of microscopic air-filled sacs organs located on both
thorax (chest). The microscopic air-filled sacs of organ were known as alveoli. The
exchange of oxygen and carbon dioxide happened between the alveoli and blood
vessels in the lungs. The oxygen from the inhaled air were absorbed into the blood by
following the gradient of concentration and vice versa with the concentration of carbon
dioxide in the vein. This enable the human body to gain the needed oxygen and
excreted the carbon dioxide in the body system. Any obstruction of the trachea airways
affected the efficiency of air intake. This obstruction was in the form of inflammation

or abnormal amount of mucus layer covering the lining of the trachea (Ratini, 2014).
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Figure 2.1:  Respiratory of Children

Sources: Fairview Foundation (2018)
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2.5  Mechanism of Particle Deposition

The human lung structures consist of expanding and contracting processes of
the lung. The volume of air increased when expansion occurs and the volume of air
decrease as the lung structure contracted itself. The deposition of aerosols in the lungs
highly depended on the air flows in the respiratory system. Hussain, Madl and Khan
(2011) define particle deposition as the adherence event of particulates to the lining of
the respiratory track. There were three types of mechanism for an airborne particulate
matter deposited inside our respiratory symptoms. The three mechanisms were

diffusion, sedimentation and impaction.

The diffusion mechanism was specific for the particulates that had the range of
size smaller than 0.2 pm (Cheng, 2014). The deposition through diffusion occurred
through the collision between particulate matters and air molecules. This particulate
mostly deposited in the alveoli due to the small aerodynamic diameter. The particulate
deposition increased in volume as the size of the particles decreased along with the

flow rate (Hussain, Madl and Khan, 2011).

The second mechanism for particulate deposition were sedimentation
mechanism. According to Cheng (2014), sedimentation mechanism was one of the
most major deposition mechanisms of inhaled particles. This was because the size of
the particulate matters that followed sedimentation mechanism were from the size of

0.5 pm (Hussain, Madl and Khan, 2011) or 0.2 pm (Cheng, 2014). The mechanism
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itself used gravitational concept exerting on the particulate matters over the resistance

of the air.

The third mechanism for particulate deposition in respiratory tracts were the
impaction mechanism. This mechanism followed the rules of momenturn and inertia.
it was applied for particulate matters that had large-sized aerodynamic diameter.
According to Hussain, Madl and Khan (2011), particulate with the size larger than 1
um had the large tendency to deposit through impaction mechanism. Other studies by
Cheng (2014) suggested a smaller value of the particulate size (>0.5 um) were ones
which were likely to deposit in through this mechanism. Therefore, it was said that any
particulates that full filled both requirement would had deposited in the lungs through

these three mechanisms.

Figure 2.2:  Site of Particles Deposition and Phagocytosis of Alveolar Macrophage
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2.6 Effects of Particulate Matters on Children’s Health

Children’s environment cannot be assumed as sufficient as adults’
counterparts. This was because children had different and unique exposure that might
affected them but not to the adults. According to the World Health Organization,
children’s unique dynamic developmental physiology caused them to be more
vulnerable towards pollutants that were found in air, water, food and surrounding
environment. Children’s physiological structured were not as matured as the one found
in the adults’ body. Therefore, children were unable to process, metabolize and prevent

all these pollutants to affect their physiological development.

Previous study stated that children had a large tendency to inhaled large amount
of air comparing to the adults (Lovinsky-Desir et al., 2018). It was found that children
in the age less than 1 year’s old inhaled 600 litres of oxygen per kilogram each day.
Children with 12 year’s old were found to breathe 300 litres of oxygen per kilogram
each day. In comparison with the adults that age 24 year’s old, the oxygen intake was
around 200 litres of oxygen per kilogram each day. WHO stated that surrounding
pollutants such as particulate matter was exposed at higher doses than the adults. This

was because children were more actives than adults.
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Figure 2.3:  Bar chart of Minute ventilation per kg body weight/day
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Chen et al. (2018) stated that children were the most susceptible groups to the
airborne pollutants. It was because of the immature physiological development and
their immunity were still in development stages. These exposures caused heavily
health effects to the groups of population that were susceptible to it especially among
school children (He, et al., 2010). It was found that there was an association between
the increase in the level of outdoor pollutants and the children’s respiratory symptoms
(Pan, 2010). Xing, et al. (2015) stated that mortality cases that were associated with
respiratory cases increased with the value of 0.58 % for the increase of PMjo by 10
ug/m*® PM 0. The rate of people admitted to hospital were increased by 8% due to an
increase of PM2 s by 10 pg/m>. This was an indication as elevation of air pollutant was
associated with serious health effects. The reported health effects were respiratory tract

disease, lung function, morbidity and mortality.

The increase on concentration of PM2s was found to be associated with the
decrease of lung function test. A study in Poland by Zwozdziak et al. (2016) shows
that there was a significant reduction in the forced vital capacity (FVC) among school

children aged 13 to 14 year’s old. It was proved that the increase of PM2 s showed
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significant health effects on lung function test. A decrease in lung function tests may
derived towards the decrease of air intake in every breath, decrease in lungs exchanged
of oxygen with blood and decreased in the muscles that support breathing process
(National Library of Medicine, 2014). As children needed more oxygen demand
compared to the adults, the decrease of lung function from exposure of particulate
matters would manifest in respiratory problems and affect the physiological

development of children.

2.7 Lung Function Test

Lung function test was used to evaluate any respiratory and lungs symptoms
through the quantification of the volume of lung with its diffusing capacities and
spirometry test (Mithani, 2013). The usage of spirometry testing was widely used
around the globe due to its minimal risk towards respondents and was easy to operate.
This test also took roughly around 10 to 15 minutes for everyone. According to the US
Department of Health Services (2012), the usage of lung function test was a standard
among medical practitioner to diagnose respiratory disease. From this test, researcher
evaluated the signs and symptoms such as breath shortness and any respiratory disease

such as chronic obstructive lung disease and asthma.

The key parameters that were being measured in the lung function test were
the forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV ;).

American Thoracic Society (1995) classified respiratory disorder into two main
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category namely as restrictive disorder and obstructive disorder. Restrictive disorder
was the condition when the effort for breathing was increased due to the restriction of
lung’s expansion. Suspected caused for this disorder varied from pneumonectomy to

lung fibrosis. Most of the restrictive disorder cases were irreversible.

The second category of respiratory disorder was obstructive disorder.
According to Mitani (2013), patients that developed obstructive disorder was defined
with a reduction of airflow limits. This was because the airways inside the respiratory
symptoms were obstructed. This condition was measured by the reduced forced
expiratory volume in 1 seconds over the forced vital capacity (FEV1s/FVC). This
condition was also one of the early sign of developing asthma or chronic obstructive
pulmonary disorder. Obstructive disorder was a reversible disorder in example of

asthma cases were cured by using a bronchodilator.
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CHAPTER 3

METHODOLOGY

3.1  Study Design

This study was a comparative cross-sectional study that focussed on the
association on exposure of PM2 s and PM o with respiratory health symptoms and lung
function test among children living near palm oil activity in Semenyih, Selangor. The
study groups were chosen among primary school children that lived near the area of
palm oil activity and primary school children that lived far away from palm oil activity.
This study was focussed on the respiratory effects and lung function of respirable dust
(PM2:55) and inhalable dust (PM0) exposure towards primary school children that live
near palm oil activity and primary school children that live far away from palm oil
activities. Permission was be obtained from the Ministry of Education before the study

was be conducted.

3.2  Study Location

The study location was selected among two different areas. The first selected

area was the area that was polluted by the palm oil activity in Semenyih, Selangor. The
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comparative group were the area that was not polluted by the palm oil activity which

was in Hulu Langat, Selangor.

Based on Figure 3.1 and Figure 3.2, the primary school selected for the polluted
area were Sekolah Kebangsaan Bandar Rinching, Semenyih and Sekolah Jenis
Kebangsaan Tamil Ladang Rinching, Semenyih. From the scoping activity around the
area, there were four residential area that located near to the palm oil activity. These
schools and four residential areas were suspected to have high exposure of particulate
matter due to the palm oil activities. Both selected schools are in 3.6 kilometres and

650 metres radius from the palm oil activity.

SJK (Tamil) Ladang
- Rinching

@ Pam Oil Activity

Figure 3.1:  Distance between Sekolah Jenis Kebangsaan Tamil and palm oil

activity
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* Sekolah Kebangsaan
Bandar Rinching

B Palm Oil Activity

Figure 3.2: Distance between Sekolah Kebangsaan Bandar Rinching and palm oil

activity

Based on Figure 3.3, the comparative area was in Hulu Langat, Selangor. There
was no any palm oil activity activities and industrial areas are found near the selected
primary schools. Hulu Langat district was popular with its natural surroundings and
for its famous for Nuang Mountains. Reviewing these criteria enable Hulu Langat to
become the perfect comparative area for this study. The primary schools that were
selected for the comparative studies were Sekolah Kebangsaan Dusun Tua, Hulu
Langat and Sekolah Kebangsaan Lubuk Kelubi. The schools and the residential areas
in Hulu Langat were expected to have a lower concentration of PM2>s and PM,g

compared to the pollutant area.
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* SK Dusun Tua, Hulu Langat

\
(,},ﬁ;) SK Lubok Kelubi, Hulu Langat

Figure 3.3: Maps of comparative schools Hulu Langat District

3.3 Sampling

3.3.1 Study Population

The studied population were selected from primary school children that studies
in primary school. The children were selected from Sekolah Jenis Kebangsaan Tamil
Ladang Rinching, Semenyih and Sekolah Kebangsaan Bandar Rinching, Semenyih.
The primary school children were selected based on the age of 7 to 11 year’s old and
both genders (male and female) were selected to avoid gender bias of collected data.
The comparative population were selected from primary school children that studies
in primary school. The children were selected from Sekolah Kebangsaan Dusun Tua
and Sekolah Kebangsaan Lubuk Kelubi. The selection of the children were included
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with inclusive criteria from different classes of Standard One to Standard Five based

on the list names obtained from the administration by using fish ball method (random

sampling).

3.3.2 Sampling Frame

The list name of the students was obtained for sampling frame from the
administration of selected schools. The age of the students was set at 7 to 11 years’ old
that attended Sekolah Jenis Kebangsaan Tamil Ladang Rinching, Sekolah Kebangsaan
Bandar Rinching, Sekolah Kebangsaan Dusun Tua and Sekolah Kebangsaan Lubuk

Kelubi.

3.33 Study Unit

The study samples were selected among 70 children from both genders (male
and female) that are currently studying at selected four primary schools. The
participation from the students were needing their parental approval. Before the

children participated in this study, the children were ensured to full filling the inclusion

criteria of the study.
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3.34 Sample Size

3.3.4.1 Comparing the lung function status between exposed group and

comparative group

The sample size was calculated using the formula by Lemeshow, Klar and

Lawanga (1990):

nz[zl-a/zﬁp(1-p)+z, _aVP1(1-P,)+P,(1-P,))?
(P1-Py)?

where,

p=(P.+P;)/2

P, = estimated proportion (larger)

P, = estimated proportion (smaller)

P; = 0.904 (Hussin and Jalaludin, 2016).
P, = 0.588 (Hussin and Jalaludin, 2016).

p =0.746

Z,_a = Standard error associated with confidential interval, 95% C1=1.96

Z,_g = Standard error associated with power, 80% of power = 0.842

_ ((1.96y/2(0.746)(1-0.746)+0.842 0.904(1-0.904)+0.588(1-0.588)})?
n= (0.904—0.588)?

n=29
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* Sample size for each group (children in Semenyih and Hulu Langat) were
29. Total number of sample size were 58. The number of respondents was increased
by 20 % for the strength of analysis of the study and to consider on non-responsive
respondents, missing data and errors. Therefore, the total number of samples that were

included in this study was 70 respondents include 35 respondents for exposed group

and comparative group.

3.3.4.2 Prevalence value of primary school children with cough among

exposed and comparative group

The sample size was calculated using the formula by Lemeshow, klar and Lawanga

(1990):

(21~ a/2VZP(1-p)+2:-gVP+(1-P1)+P,(1-Pr)}
n- (PrPo)

where,

p=(P1+Pz)/2

P, = estimated proportion (larger)

P, = estimated proportion (smaller)

P, =0.53 (AN, et al, 2014)

P,=0.18 (AN, etal, 2014)

p =0.349
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Z,-a = Standard error associated with confidential interval, 95% C1=1.96

Z,-g = Standard error associated with power, 80% of power = 0.842

= {(1.96/2(0.349)(1-0.349)+0.842,/0.53(1-0.53)+0.18(1-0.18)}?
(0.53-0.18)?

n=29

»» Sample size for each group (children in Semenyih and Hulu Langat) would
be 29. Total number of sample size was 58. The number of respondents were increased
by 20 % for the strength of analysis of the study and to consider on non-responsive
respondents, missing data and errors. Therefore, the total number of samples that were
included in this study was 70 respondents include 35 respondents for exposed group

and comparative group.

3.3.4.3 Selection for sample size on this study

Based on the sample size calculations from specific objectives, the number of
children choose as respondents were 70 respondents including 35 respondents for

exposed group and comparative group according to Lemeshow, Klar and Lawanga

(1990).
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3.3.5 Sampling Method

This research applied the used of purposive sampling as its sampling methods.
The selection of the primary schools was purposively based on the location of the
schools with the location of the nearest palm oil activity. Two schools were selected
for exposed groups and comparison groups. The respondents that fitted to inclusive
criteria from different classes of Standard One to Standard Five were chosen based on
the list names obtained from the administration by using fish ball methods. The
respondents were chosen after the children get approvals from their parents before
participating in this study. The letter of approval from their parents were required
before the sampling started. All the children were needed to full fill the inclusive
criteria before participated the study. A validated questionnaire was distributed among
all the respondents. Measurement of PM2 s and PMjoin schools were taken from 8 a.m.
until 1 p.m. (6 hours) to represent duration of children in schools. Meanwhile the
measurement in the respondent’s house was taken for 24 hours to represent the
duration of children in home. The measurement of FVC and FEV of the respondents
was taken by the help of medical assistants and was taken for three times. The duration

of the measurement of FVC and FEV was around 3 to 5 minutes per respondent.
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3.3.6 Inclusion Criteria

Table 3.1: Table of Inclusion Criteria

Inclusion Criteria Items
Primary school children 1. Aged between 7 to 11 years’ old
2. Boy and girl

3. Study at selected schools

Healthy 1. Respondents were free from any

forms of respiratory disease

Nationality 1. Children with Malaysian
nationality will be selected to

participate

There were several inclusion criteria that were included in this study. The first
inclusion criteria were the respondents must be from primary school children. The
school children were selected based on the age, gender and schools. The age of the
respondents was selected between 7 to 11 years’ old and studied in selected schools
registered under Ministry of Education. The 12 years’ old children had not been
selected due to the restriction from the Ministry of Education as 12 years’ old children
will be having UPSR examination. The children selected must include both gender of
male and female. The children participating this study must also had a good health and

free from any forms of respiratory disease. The children must be picked from

Malaysian nationality.
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3.3.7 Exclusion Criteria

Table 3.2: Table of Exclusion Criteria

No Exclusion Criteria

1 Children that does not have consent and permission from

parent and guardian to participate in this study.

2 Children that have previous history of respiratory disease
and any known medical problems. It was because any
previous history could affect the growth of the children
lungs thus affecting the FVC and FEV| results. (Salvi,

2007)

Throughout the study, the exclusion criteria for the children that were selected
were no children that does not have consent and permission from their parent or
guardian can participated in this study. Children that have previous history of
respiratory disease also could not be participated in this study. According to Salvi
(2007), the children with those problems could not participated as the lung growth has

found to be impaired with the children that had been exposed. This could had affected

the reading of FVC and FEV results.

43



3.3.8 Sampling Procedure

e Issue Identification
Purposive Sampling

AN N N N N |
]

Classification of
study location

Ethics and MOE |

Approval letter e = Y _ =
— Exposure ( Simple Random \‘
Assessment r [ Sampling :

Filled in by parents or
guardians of respondent

Do not full fill
inclusion criteria
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respondents

Air quality at
respondents’
house

| Perform lung function test
Statistical analysis
1
Thesis writing

Figure 3.4: Sampling Method Flow Chart

Air quality at primary
school

44



34 Instrumentation

3.4.1 Questionnaire

Based on Figure 3.4, this study used an international validated questionnaire
that were based on the American Thoracic Society (Questionnaire ATS-DLD-78-C).
The children’s parents were needed to fill in the questionnaire that has sections of
demographic data, history of respiratory symptoms and disorder, and the physical
activity of their children. Each of the questionnaires was attached with consent letter
to explain to the parents on the methodology used throughout this study (Refer Figure
3.4). This was to ensure the parents are understand and avoid any future issues and

problems.

Respective teachers from the primary schools were given the set of
questionnaires to be distributed to the children. These questionnaires were collected in
a time frame of one week from the date of the questionnaires being distributed to the

children. A quick interview with the respondents were done to ensure the

questionnaires is fully fill by the children’s parents.

3.4.2 Measurement of PM2s and PMo in schools

Based on Figure 3.4, the evaluation of the concentration level of respirable dust
(PM2;5) and inhalable dust (PM o) are carried out outside of the classroom at all of the

schools, Sekolah Jenis Kebangsaan Tamil Ladang Rinching, Sekolah Kebangsaan
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Bandar Rinching, Sekolah Kebangsaan Dusun Tua and Sekolah Kebangsaan Lubuk
Kelubi. These measurements were taken during the school hours using TSI DustTrak
DRX Aerosol Monitor Model 8534 to ensure the timing of measurement is equivalent
to the timing exposure of the children in the school. Both PM2s and PMjo were
measured by TSI DustTrak DRX Aerosol Monitor Model 8534 and the placement of
the instrument were placed as same as the breathing zone of the children (1.0 metres
above the floor) and 1.5 metres away from the windows. The sampling points were
selected to ensure no disruption due to the movement and attraction from the children
itself. The sampling for PM2 s and PMioin schools were taken for a duration of 6 hours

in the respondent’s classrooms to represent the classrooms exposure.

Figure 3.5: DustTrak DRX Aerosol Monitor Model 8534

Sources: TSI (2018)
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3.4.3 Measurement of PM25 and PMio in Respondents’ House

The concentration level of PM;o and PM, 5 were determined by using NIOSH
Manual of Analytical Methods (NMAM) 0600: Particulates Not Otherwise Regulated,
Respirable. The measurement was taken at the children’s house by using Escort LC

Personal Sampling Pump by Zefon International Inc.

The measurement of the level of PM;o and PM2 s were done by leaving the
personal sampling pump for 24 hours to obtain the particulates exposure of the children
(Refer Figure 3.4). The filter papers that were used during the measurement of PM2:s
are Mixed Cellulose Ester Membrane (MCE) filter with the pore size of Sum while the
filter papers that were used during the measurement of PM,¢ are Poly Vinyl Chloride
(PVC) filter with the pore size of Sum. The samplings’ flow rate was standardized at
1.7 L/min according to the NIOSH Manual of Analytical Methods (NMAM) 0600:
Particulates Not Otherwise Regulated, Respirable. PM2s were measured by using

impactor recommended by SKC Inc (2018) and the flow rate used was 3.0 L/min.

Figure 3.6:  Escort LC Personal Sampling Pump

Sources: Zefon International Inc.
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3.4.3.1 Procedure of Personal Sampling Pump

3.4.3.1.1 Preparation Before Sampling

1) The filter papers were weighted in a control environment area.

2) The filter papers were assembled into the cassettes before closing it firmly
to avoid any openings from environment contamination.

3) The opening of the cassettes was closed by using the plugs provided.

4) Before the usage, the cyclones grift cap was removed and inspected. The
cyclones were discarded if they were found to be any defect in the dust
separation characteristic was altered. The interior of the cyclone was cleaned
to prevent any contamination from the re-entrainment of large particles.

5) The alignment of filter holder and cyclone in the sampling head were

assembled and checked to prevent any leakage.

3.4.3.1.2 During Sampling

1) The flow rate of 1.7 L/min were set as a standard flow rate for each personal

sampling pump.

2) The sample was taken for a duration of 24 hours in the respondents.
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3) The top and bottom plugs were removed from the filter cassette before the

sampling start. The cassette was equilibrated for 2 hours in a desiccator as

control environment.

3.4.3.1.3 Quality Control

1) The filter paper was weighted and recorded according to the procedures.

2) The filter papers were brushed by electrostatic discharged brush to avoid
interference of electrostatic elements.

3) The microbalance was re-zero before all weighing take place. All the
weighing of the filter papers was used with the same microbalance before
and after the sample is collected.

4) Replicate of field samples were exposed to the same dust environment using
the same type of equipment, routines and procedures.

5) Each sampling pump used was calibrated by using calibration jar before and

after the sampling done.

3.4.3.1.4 Measurement

The measurement of the filter papers including the field blanks were weight.

Any remarkable details regarding to filter papers such as wet, tom and leakage were

recorded.
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3.4.3.1.5 Calculation

The concentration of the respirable dust was calculated in C (pg/m?®) and air

volume sampled in V (L) using the following calculation:

C_(WZ—WI)V— (B2-B 1). 1 03

, mg/m>

Indicators:  W1= 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)

V= Volume as sampled at the nominal flow-rate

3.4.4 Anthropometry Measurement

The anthropometry measurement was an important part of the assessment to
determine the nutritional conditions of the respondents (Martinez et al. 2012). The
measurement of weight and height of the respondents were recorded in the time of the
lung function test. The height of the children was measured by using SECA 208 Body
Meter. The measurement was taken in centimetres (cm). The respondents were
required to stand in a straight position without wearing shoe or slipper (bare foot). The

weight of the children was measured by a standard weighing scale. The measurement
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was taken in kilograms (kg). The weighing scale was placed in an even surface to

ensure the measurement as accurate as possible.

3.45 Lung Function Test

The primary school children were required to undergoes lung function test by
using a spirometer to evaluate the lung function of the children. The instrument that
was used was the Chestgraph HI-101 Spirometer. The spirometer was calibrated by
using a 3L syringe injecting air into the spirometer. Each of the respondents had
personal mouthpieces and nose clip to ensure there was no contamination. Before the
assessment was conducted with the children, the researcher had showed a
demonstration on the correct technique to the children. Before the lung function test
was taken placed, the respondent was required to undergoes anthropometric
measurement. The respondents were asked to breathe through a mouthpiece attached
to the spirometer during the spirometry test. Then, they were required to inhaled as full
as possible before the forced exhalation can be done. The forced exhalation duration
took 3 seconds for the respondents or until the subjects were not able to exhale
anymore. The measurement was replicate three times to ensure the data obtained are
the best data. The data that was obtained were in the form of spirogram. The
determination of the lung function performance was compared with the value of
standard. Thorough the assessment of lung function was accompanied by medical
assistant at the field. Other required data such as name, age, sex, weight and date was

recorded before the assessment of spirometer. The assessment of lung function
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performance will be done based on American Thoracic Society (1991) classification

whether it was normal or abnormal.

Figure3.7:  Chestgraph HI-105 Spirometer

Sources: Prometheus Healthcare Website (2018)

The calculation of force expiratory volume in one second (FEV)), forced vital
capacity (FVC) and FEV,/FVC ratio was calculated using the findings from Azizi

(1994).

Table 3.3: Equation to calculate FEV1 and FVC among Children in Malaysia

Lung function test Boy Girl
FEV, 6.2523 X 106 {2588 5.7588 X 1077 H3:0067
FVC 4.1120 X 108 H2%2! 6.0777 X 107 3012

Sources: Azizi and Henry (1994)
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Table 3.4: Evaluation of Lung Function Performance

Obstructive Disease FEV1%

Normal >80

Mild 70-79

Severe 60-69

Very Severe <60
Restrictive Disease FVC %

Normal > 80<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>