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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 ). 

Smus 

Tongue � 

L.lrynx--�--r

Trachea----:=--4-­
(windpipe) 

Figure 2.1: 

Sources: 

Epiglottis 

Respiratory of Children 

Fairview Foundation (2018) 
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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 momentum 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

µm had the large tendency to deposit through impaction mechanism. Other studies by

Cheng (2014) suggested a smaller value of the particulate size (>0.5 µm) 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

>Spm
Trapped in upper airways 

1-Spm
Deep lung deposition 

-.. ----� \ < 1 pm 
f Reach pulmonary alveoli

.. • 11==1=t through diffusion 
•q • • •o 

� 
-�:: ... - :d> • .," 00 nm

Phagocitosys by AMs 

� \

Sources: Costa et al. (2016)
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Figure 2.3: Bar chart of Minute ventilation per kg body weight/day 
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Sources: Miller, et al (2002) 

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 PM10 by 10 

µglm3 PM10. The rate of people admitted to hospital were increased by 8% due to an 

increase of PM2.s by 10 µg/m3
. 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 PM2.s 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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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 

■ Palm Oil Activity

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

activity 
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Figure 3.2: 

, Sekolah Kebangsaan 
Bandar Rinching 

■ Palm Oil Activity

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 elected 

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 PM10 

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

Cr � 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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3.3.8 Sampling Procedure 

Issue Identification
�-

Purposive Sampling }
t------1

�========:t!/ 

Classification of
study location

Ethics and MOE
Approval letter -----

-

Consent Form

Do not full fill 

inclusion criteria 

■ 

Excluded 

respondents 

1, Exposure Simple Random
SamplingI Assessment 

a..-----L 

Questionnaires 

Filled in by parents or
guardians of respondent

Interview

■ 

,.. 

Air quality at primary
school

-

-

Included
respondents

� ,.. 

.. ... 

■ 

Air quality at
respondents'

house

Perform lung function test

I 

Statistical analysis

I 

Thesis writing

Figure 3.4: Sampling Method Flow Chart 
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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 PM2.s and PM10 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 PM10 in 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) 

46 

© C
OPYRIG

HT U
PM

 
UPM 



3.4.3 Measurement of PM2.s and PM10 in Respondents' House 

The concentration level of PM10 and PM2.5 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 PM10 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 5µm while the 

filter papers that were used during the measurement of PM10 are Poly Vinyl Chloride 

(PVC) filter with the pore size of 5µm. The samplings' flow rate was tandardized at 

1.7 L/min according to the NIOSH Manual of Analytical Methods (NMAM) 0600: 

Particulates Not Otherwise Regulated, Respirable. PM2.s 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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performance will be done based on American Thoracic Society (1991) classification

whether it was normal or abnormal.

Figure 3. 7: Chestgraph HI-1O5 Spirometer 

Sources: Prometheus Healthcare Website (2018) 

The calculation of force expiratory volume in one second (FEV 1), forced vital 

capacity (PVC) and FEV 1/FVC ratio was calculated using the findings from Azizi 

(1994). 

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

Lung function test 

FEV1 

PVC 

Boy 

6.2523 X 1 o-6 H2 •5388

4.1120 X 1 o-6 H2•6421

Girl 

5.7588 X 10-7 H3 •0067

6.0777 X 10-7 H3 •0112

Sources: Azizi and Henry (1994)
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Photo 1 • Anthropometric Measurement 

Photo 2: Lung function test
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