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ABSTRACT 

 

This study aimed to determine the composition, source apportionment and health risk 
assessment (HRA) of indoor particulate matter (PM2.5) in selected Malaysia training 
institutes. PM2.5 samples were collected from lecture halls, laboratories and lecturer offices 
in Institut Latihan Kementerian Kesihatan Malaysia Sungai Buloh (SB) and Institut Latihan 
Kementerian Kesihatan Malaysia Sultan Azlan Shah (SAS). Sampling were conducted 
over a period of eight hours sampling for five consecutive days with a total number of 30 
samples. The samples were collected on 47 mm micro fiber glass filter paper (0.2 µm pore 
size, Whatman) using low volume air sampler (LVS) at 5 L min-1 flow rate. The 
composition of PM2.5 for water-soluble ionic species (WSIS) and trace metals were 
determined using ion chromatography (IC) and inductively coupled plasma-mass 
spectrometry (ICP-MS), respectively. Source apportionment of PM2.5 was determined 
using the combination of Principal Component Analysis and Multiple Linear Regression 
(PCA-MLR) receptor model. HRA was conducted to evaluate the potential health hazard 
to adolescent and adult groups in the institutes. The result showed that the mean of PM2.5 
at SB (51.39 ± 29.95 µg m-3) was higher than SAS (45.83 ± 20.47 µg m-3). However, most 
of WSIS and trace metals were found higher at SAS compared to SB. PCA-MLR results 
identified four factors, where the main sources of PM2.5 in SB and SAS were biomass 
burning (48%) and building material / crustal origin (81%), respectively. The adult group 
has higher hazard index (HI) and incremental lifetime carcinogenic risk (ILCR) values than 
adolescent group for both institutes. In conclusion, these two institutes have moderate level 
of air quality, but they have the potential to develop adverse health effects. As an 
implication, this study has provided a holistic view of indoor air quality, hence the effective 
control strategies need to be implemented to enhance indoor air quality for the comfort of 
all building occupants. 
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KOMPOSISI, PENCIRIAN SUMBER DAN PENILAIAN RISIKO KESIHATAN 
KE ATAS ZARAHAN TERAMPAI (PM2.5) DALAMAN DI  

INSTITUSI LATIHAN MALAYSIA TERPILIH 
 

 

ABSTRAK 

 

Kajian ini bertujuan untuk menentukan komposisi, pembahagian sumber dan penilaian 
risiko kesihatan (HRA) bahan zarah dalaman (PM2.5) di institusi latihan terpilih di 
Malaysia. Sampel PM2.5 dikumpulkan dari dewan kuliah, makmal dan pejabat pensyarah 
di Institut Latihan Kementerian Kesihatan Malaysia Sungai Buloh (SB) dan Institut Latihan 
Kementerian Kesihatan Malaysia Sultan Azlan Shah (SAS). Persampelan dilakukan dalam 
jangka masa lapan jam selama lima hari berturut-turut dengan jumlah 30 sampel. Sampel 
dikumpulkan pada kertas turas bergentian mikro kaca 47 mm (saiz liang 0.2 µm, Whatman) 
menggunakan pensampel udara berisipadu rendah (LVS) dengan kadar aliran 5 L min-1. 
Komposisi PM2.5 bagi spesies ionik larut air (WSIS) dan logam surih masing-masing 
ditentukan menggunakan kromatografi ion (IC) dan plasma gandingan aruhan-
spektrometer jisim (ICP-MS). Pembahagian sumber PM2.5 ditentukan dengan 
menggunakan gabungan model reseptor Analisis Komponen Utama dan Regresi Linear 
Berganda (PCA-MLR). HRA dijalankan untuk menilai potensi bahaya kesihatan kepada 
kumpulan remaja dan dewasa di institusi tersebut. Hasil kajian menunjukkan purata PM2.5 
di SB (51.39 ± 29.95 µg m-3) adalah lebih tinggi daripada SAS (45.83 ± 20.47 µg m-3). 
Walau bagaimanapun, kebanyakan WSIS dan logam surih didapati lebih tinggi di SAS 
berbanding SB. Hasil PCA-MLR mengenal pasti empat faktor, di mana sumber utama 
PM2.5 di SB dan SAS masing-masing adalah pembakaran biomas (48%) dan bahan binaan 
/ kerak asal (81%). Kumpulan dewasa mempunyai nilai indeks bahaya (HI) dan 
peningkatan risiko karsinogenik seumur hidup (ILCR) yang lebih tinggi berbanding 
kumpulan remaja bagi kedua-dua institusi tersebut. Kesimpulannya, kedua-dua institusi ini 
mempunyai tahap kualiti udara yang sederhana, tetapi mereka mungkin terdedah kepada 
kesan buruk terhadap kesihatan. Sebagai implikasi, kajian ini dapat memberikan gambaran 
holistik terhadap kualiti udara dalaman, oleh itu strategi kawalan yang efektif perlu 
dilaksanakan untuk meningkatkan kualiti udara dalaman bagi keselesaan semua penghuni 
bangunan. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Overview 

 

This chapter provides the important basic information and the concept of this research. 

This chapter explain about the background of the research, the problem statement, 

research objectives, the significance of the study, thesis outline for each chapter and 

describe the conceptual framework of the study. 
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1.2 Research Background 

 

Indoor air quality (IAQ) always been topic of discussion in the 21st century. This is 

mainly due to most of people spend a longer time in indoor environment and have been 

exposed to indoor pollutants that will cause health problems (Saraga, Pateraki, 

Papadopoulos, Vasilakos, & Maggos, 2011). IAQ refers to the nature of the conditioned 

(heat/cool) air that circulates throughout space or area where peoples work and live. 

IAQ is the one of the important components in environment workplace that will be 

important for international codes of practices (NIOSH, 2015). The selected indoor air 

quality parameters and their acceptable limits is proposed by the Industrial Code of 

Practise on Indoor Air Quality (ICOP) (2010) that was published by the Department of 

Occupational Safety and Health, Malaysia (DOSH). Each IAQ parameter shall be 

ensured to comply with acceptable limits in order to maintain a good IAQ. 

 

Poor IAQ may cause sick building syndrome (SBS) which affects occupant’s 

health and well-being. SBS may also contributes to reduced productivity and 

absenteeism in the workplace as well (S. K. Wang et al., 2017). These problems seem 

to be related to the new building that has inadequate ventilation and a very effective 

barrier against the infiltration of air along with materials containing solvents, adhesives 

and other chemicals which were released into the indoor air. They are also associated 

with older buildings that have issues with moisture and mold related (Straus, 2009). 

Other factors such as indoor temperatures, relative humidity, and ventilation levels can 

also affect how individuals respond to the indoor environment (NIOSH, 2010). 
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Academic buildings are important for lecturers and students, and it is slightly 

different than those commercial buildings in terms of the types of usage and the 

activities performed by occupants. The density of occupants in academic building are 

higher than offices as an academic building was fully occupied during the academic 

semester (Clements-Croome et al., 2008). The students and lecturer movement in and 

out of the building will lead the outdoor dust brought into the classroom. Improper 

ventilation system with poor maintenance will brings in small particulate matter into 

indoor environment (Braniš, Řezáčová, & Domasová, 2005). School and university 

students will stay longer in the internal environments compared with individuals at 

work (Ashmore & Dimitroulopoulou, 2009; Chithra & Shiva Nagendra, 2012; Raysoni 

et al., 2013). A poor IAQ in a university building can affect productivity as well as the 

health problems to occupants (Zhong et al., 2014) and has a correlation with student’s 

performance as well (Mohai, Kweon, Lee, & Ard, 2011). 

 

Air pollutants are absorbed into the indoor particulate matter and will settle as 

indoor dust (Latif et al., 2014). Indoor air pollutants may come from various sources 

depending on the activity of the occupants, the building location, internal sources such 

as interior building emission and external sources, e.g., fuel combustion (Mohamad, 

Latif, & Khan, 2016; Yang Razali et al., 2015). External contaminants have been 

recognized as a major source of indoor pollutants through air, water and soil penetration 

(Srivastava & Jain, 2007). The production of air pollutants in indoor and outdoor 

sources can directly affect the environment and health. Many previous epidemiological 

studies have suggested the association between the inhalation of air pollutants and 

increased mortality and morbidity (J.L. et al., 2011). 
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1.3 Problem Statement 

 

As a result of changes in the life and work habits, people now live in industrialized 

countries and spent more than 90% of the time in the building in their daily life 

(Hermann Fromme, 2012). It was shown that the number of airborne particles in the 

indoor environment can change accordingly to space but also in terms of time. In 

addition to the current situation where the outside air is close to indoor air (e.g. location 

close to heavily traffic roads or in rural areas), the current climatic conditions, the 

structure of the building and types of ventilation system used are important (Hermann 

Fromme, 2012). 

 

Particulate matter poses more danger to human health than other common air 

pollutants (such as formaldehyde, carbon monoxide and ozone) (WHO 2013). The main 

pollutant in airborne particle is fine particulate matter (PM2.5), which has an 

aerodynamic diameter of less than 2.5μm and may penetrate deep into human lungs. 

PM2.5 can also run a variety of components such as heavy metals, bacteria, viruses and 

volatile organic compounds, due to its high penetration capability (Cao et al., 2011). In 

addition, PM2.5 can result in greater harmfulness due to its smaller size (Wei Huang et 

al., 2012). For a modern office building, in which the particles do not have strong 

internal resources such as cleaning, indoor PM2.5 may be the major source of indoor 

particle (Matson, 2005). Several studies determining the levels of PM in classroom, 

especially in Europe and Asia, have shown the high levels for both PM2.5 and PM10 

(Almeida et al., 2011; Borgini et al., 2011; D. D. Massey, Kulshrestha, & Taneja, 2013).  
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Furthermore, several studies explained the particulate matter that consists of 

heavy metal or other indoor pollutants can enter the body directly via inhalation, oral 

ingestion and dermal contact exposure pathways (Sun, Jing, Chang, Chen, & Zeng, 

2015; Wei, Gao, Wang, Zhou, & Lu, 2015). The composition of heavy metal such as 

Fe, As and Pb in indoor particulate matter can result in cancer and cardio injury                   

(Massey et al., 2013). Besides that, the biological components of the environment such 

as microbial compound and allergens have also been emphasized because of their 

potential to cause health problems as particulate matter (Kim, Kabir, & Kabir, 2015). 

 

 The health problems of air pollution from both the indoor and outdoor 

environment have been concerned due to the risk of high exposure even at low 

concentrations of air pollutants. Estimated more than two million deaths to occur 

globally every year because of lungs and respiratory system failure due to air pollution. 

From these deaths, about 2.1 million are caused by PM2.5 (Shah et al., 2013). Failure to 

take prompt and efficient action on the poor IAQ problems can have tremendous bad 

effects on human health. Furthermore, previous study has been conducted by 

Environmental Protection Agency (EPA) which stated that indoor air pollution is 

among the top five of the environmental health risks (WHO 2009). Many studies proved 

that indoor air contains a higher levels of pollutants compared with outdoor air (Abdul-

Wahab, 2006; Diapouli, Chaloulakou, Mihalopoulos, & Spyrellis, 2008; Gioda, 

Fuentes-Mattei, & Jimenez-Velez, 2011). Some studies suggested that indoor air 

pollutants exposure can be associated with adverse health effects such as respiratory, 

allergies and cardiovascular diseases, skin irritation and cancer (D. Massey, 

Kulshrestha, Masih, & Taneja, 2012; Sloan et al., 2012; Young et al., 2011). Mohd 
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Talib Latif et al. (2009) have shown that indoor dust contains a quantity of heavy metals 

that can potentially cause health problems to building occupants. With that, the health 

risk assessment has been conducted in previous research to determine the potential risks 

associated with toxic contaminants exposures (USEPA, 2016).  

 

Hu et al. (2012) found that internal activities have the potential health risks that 

could be linked with airborne composition which can be obtained from food and 

beverages, arising from skin contact and particulate inhalation. Therefore, the health 

risks associated with composition of heavy metal in indoor particulate matter need to 

be assessed especially for PM2.5. The Occupational Safety and Health Committee of 

both institutes has received complaints about poor indoor air quality from students and 

staff. They complained about a lack of energy at the workplace which can be correlated 

with the physical conditions in working environment. Therefore, this study aims to 

measure the comfort parameter and determine the chemical composition of PM2.5 in 

indoor environment and identify its possible sources to provide holistic view of current 

status of indoor air quality so that the authorities can come up with strategies to enhance 

building occupants’ comfort. Besides that, health risk assessment (HRA) also will be 

conducted to know in detail the health risks that associated with PM2.5 in Institusi 

Latihan Kementerian Kesihatan Malaysia Sungai Buloh (ILKKM SB) and Institusi 

Latihan Kementerian Kesihatan Malaysia Sultan Azlan Shah (ILKKM SAS).  
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1.4 Research Objectives 

 

This study aimed to conduct a comprehensive assessment of PM2.5 chemical 

compositions, its possible sources and the health risk to the selected exposed population 

groups. The specific objectives of this study are as follows; 

 

i. to determine the mass concentrations and composition of PM2.5 in ILKKM Sungai  

   Buloh and ILKKM Sultan Azlan Shah. 

 

ii. to identify and apportion the possible sources that contributes to the PM2.5  

    concentration and composition. 

 

iii. to estimate the target population health risks due to metal exposures to PM2.5 based 

     on carcinogenic and non-carcinogenic risks. 

 

 

1.5 Significance of the Study 

 

Indoor air quality always been topic of discussion in Malaysia lately and research on 

indoor air and its affect to human health is a new field. Due to limitation of scientific 

data monitoring on indoor environment conducted in Malaysia, there will be difficult 

to find significant health risk associate with the office environment and learning 

institutions. Traditionally, buildings in Malaysia were wooden buildings with good 

natural ventilation but nowadays concrete buildings dominate. Some buildings have air 
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conditioning units (A/C), which are not always cleaned, with possible additional fungal 

growth. The high temperature and high humidity may increase microbial growth. 

 

Ambient particulate matter (PM) presents a special challenge, and it has not 

even been established conclusively which of its characteristics are the most significant 

in relation to health. Apportioning indoor exposure to the two components essential for 

exposure control, including PM of outdoor origin (which has penetrated indoors) and 

PM generated by indoor sources, is a complexity with which many studies have 

struggled. Since the role of internal particle generated is not fully recognized as well as 

to conduct the epidemiological assessment is a challenge, a better method exposure or 

risk assessment is still required, along with a serious focus on the control of exposure  

(Morawska et al., 2013). 

 

Exposure is a vital element of risk assessment, a process which is initiated upon 

identification of a hazard, and evidence that exposure constitutes risk to human health 

which health risk assessment is required to link the hazard with the risk to the exposed 

population in a quantitative way, and thus provide the basis for risk management. Other 

than that, there is lack of data on the indoor environment in higher learning institutions 

in Malaysia as well. Thus, this illustrates the more need indoor air quality studies in 

Malaysia higher learning institutions which may increase the knowledge on the health 

significance of chemical element presence in indoor particulate matter in indoor. 

Hopefully, this research would provide the better understanding to the authorities to 

come out with the effective control strategies for indoor air quality enhancement.  
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1.6 Conceptual Framework of the Study 

 

This study involves quantitative approach which include on site sampling, laboratory 

analysis and health risk assessment. This study was divided into four main results which 

are the comfort parameter assessment, chemical composition, source apportionment 

and health risk assessment. Figure 1.1 summarized the simplified conceptual 

framework design that has been applied in this study. 
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Figure 1.1. Conceptual framework design for the study 
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1.7 Chapter Summary 

 

This chapter presents an overview of the research including the background of the study 

and problem statements that points out the main motivation to carry out throughout this 

study, research objectives describes the main aims to be achieved in the end of this 

study, the significance of the study as well as the framework of the research. 

 

 




