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ABSTRACT 

 

 

 

 

Trihalomethanes (THMs) in treated water are formed when natural organic matter 

(NOM) reacts with chlorine, which is used as a disinfectant agent. Although the 

chlorination of drinking water provides many advantages, THMs remain a human health 

concern. High levels of the THMs in water leads to the possible carcinogenic effects 

which effect human health seriously. A new extraction technique named dispersive 

liquid-liquid microextraction (DLLME) was developed and applied for the 

determination of the formation of THMs in treated water. Different experimental 

conditions, for instance type and volume of disperser solvent, type and volume of 

extraction solvent, addition of salt and extraction time were investigated to obtain the 

optimum extraction conditions. In this method, the appropriate mixture of an extraction 

solvent (20.00 µL carbon disulfide) and disperser solvent (0.25 mL methanol) was 

injected in 5.00 mL aqueous sample containing the analytes to form a cloudy solution. 

The analytes were separated and enriched in a settled phase by centrifugation for 2 min 

at 4,000 rpm. Settled phase formed was determined by gas chromatography with 

electron-capture detection (GC-ECD). The repeatability and reproducibility of DLLME-

GC-ECD were found to range between 1.1% to 11.4% and 3.4% to 10.9% respectively. 

Good correlation coefficient, R
2
 more than 0.9977 were obtained for all THMs 

compound. The LODs for all THMs compound ranged from 0.011 µg/L to 0.239 µg/L, 

whereas the enrichment factor (EF) obtained were found in the range of 95 to 283. 

DLLME-GC-ECD was found to be rapid and simple method which offered better 

sensitivity and high efficiency compared to conventional method, liquid-liquid 

extraction (LLE). The method was applied for analysis of total THM formation potential 

(TTHMFP) in river water. From the monitoring conducted during rainfall season at Batu 

Pahat, Johor Malaysia, it can be concluded that TTHMFP in Malaysian river waters 

especially at Johor area are still under the limits of 80 µg/L. 
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ABSTRAK 

 

 

 

 

Trihalometana (THMs) dalam air terawat terbentuk apabila jirim organik semulajadi 

(NOM) bertindak balas dengan klorin, yang digunakan sebagai agen disinfektan. 

Walaupun pengklorinan dalam air minum membawa banyak kebaikan, ia memberi kesan 

kepada kesihatan manusia. Kandungan THMs yang tinggi di dalam air berkemungkinan 

memberi kesan karsinogenik yang mempengaruhi kesihatan manusia. Satu teknik 

pengekstrakan baru, pengekstrakan mikro cecair penyesar (DLLME) dikembangkan dan 

digunakan untuk penentuan pembentukan THMs dalam air terawat. Keadaan eksperimen 

seperti jenis dan kandungan larutan pengekstrak, jenis dan kandungan larutan penyesar, 

penambahan garam dan masa pengekstrakan dikaji untuk mendapatkan keadaan 

pengekstrakan yang optimum. Dalam kaedah ini, campuran larutan pengestrak (20.00 

µL karbon disulfida) dan larutan penyesar (0.25 mL metanol) disuntik ke dalam 5.00 mL 

sampel air yang mengandungi analit untuk membentuk larutan keruh. Analit dipisahkan 

melalui emparan selama 2 minit pada 4,000 rpm. Enapan separa pepejal yang terbentuk 

dikaji dengan kromatografi gas dengan pengesanan penangkapan-elektron (GC-ECD). 

Kebolehulangan dan perolehan semula DLLME-GC-ECD didapati antara 1.1% hingga 

11.4% dan 3.4% sehingga 10.9%. Julat kelinearan yang baik diperolehi dengan pekali 

korelasi, R
2
 melebihi 0.9977 bagi semua sebatian THM. Had pengesanan (LOD) untuk 

semua sebatian THM berkisar antara 0.011 µg/L dan 0.239 µg/L dan faktor pengkayaan 

(EF) diperolehi dalam julat 95 – 283. DLLME-GC-ECD merupakan teknik yang pantas 

dan ringkas,yang menawarkan kepekaan dan kecekapan yang tinggi berbanding kaedah 

konvensional, pengekstrakan cecair-cecair (LLE). Kaedah ini telah diaplikasikan untuk 

menganalisis kandungan keupayaan pembentukan jumlah THM (TTHMFP) dalam air 

sungai. Daripada pemantauan yang dilakukan sepanjang musim hujan, di Batu Pahat, 

Johor Malaysia, didapati TTHMFP di perairan sungai Malaysia terutamanya di kawasan 

Johor masih di tahap yang dibenarkan iaitu tidak melebihi 80 µg/L. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background of Study 

 

 

Water throughout the world contains natural organic matter (NOM), a result of 

interaction of hydrological cycle. This NOM is generally formed when plants and animal 

decompose and are broken into organic matter. Higher amounts of NOM in water affect 

the quality of water when it deals with drinking water purpose (Christy and Egeberg, 

2000). The existence of NOM in the water becomes a big issue when dealing with 

chlorination process in a water treatment plant. 

 

 

Chlorine is a commonly used disinfectant in the water treatment process in order 

to ensure the microbiological safety of the water supplied to consumer. The use of 

chlorine has been considered to be a cost-effective approach as disinfectant agent (Park 

et al., 2005 and Zhang and Minear, 2006). However, during disinfection, chlorine may 

react with NOM in the raw water, resulting in the formation of various disinfection by-

products (DBP) such as trihalomethane (THM) and haloacetic acids (HAA) (Miller and 

Uden, 1983). Trihalomethanes (THMs) can also be detected even in water that has not 

been subjected to chlorination processes, such as ground water, mineral water, snow, 

rain water, sea and river water. However, the concentrations of these compounds in 

unchlorinated water tend to be much lower than those usually found in tap water (Pavon 

et al., 2008). 
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Trihalomethanes are classified as possible human carcinogens (Category 2B) by 

the International Agency for Research on Cancer (IARC). Furthermore, it has been 

shown that skin absorption and lung inhalation is potentially significant routes of 

exposure to some disinfection by-product (DBP) in water (Gordon et al., 1998, Fatuzzi 

et al., 2001 and Xu and Weisel, 2005). Total trihalomethanes (TTHMs) is not a single 

chemical, but a class of compounds that includes chloroform (CHCl3), bromoform 

(CHBr3), bromodichloromethane (CHCl2Br) and dibromochloromethane (CHClBr2) 

(APHA, 1999). In 1979, the USEPA initiated a regulatory standard of 100 µg/L THMs 

under the “Safe Drinking Water Act” and was later on reduced to 80 µg/L (Kozani et al., 

2007).  

 

 

Due to the health risks posed by THMs, various methods have been applied for 

determination of THMs and any other volatile organic compound (VOC) in water using 

gas chromatography (GC) followed by electron capture detection (ECD) or mass 

spectrometry (MS) (Kozani et al.,2007 and Pavon et al., 2008). Numerous sample 

extraction methods have been used to monitor THM species in water namely liquid-

liquid extraction (LLE), purge and trap (P&T), direct aqueous injection (DAI) and 

headspace techniques (Pavon et al., 2008). New miniaturized extraction technique called 

headspace-solid phase microextraction (SPME) has also been employed for analysis of 

THMs in drinking water (Cho et al., 2003).  

 

 

Even though most studies reported that TTHMs were still within the permissible 

limits, the increased of THMs level was dependent upon the quality of water sources and 

treatment facilities (Hassan et al., 1996). Various levels of THMs were reported from 

different countries with chloroform as the major compound that contribute to the higher 

level of THMs (Hong et al., 2007, Abdullah et al., 2003, Cho et al., 2003, Yu and Cheng, 

1999 and Hassan et al., 1996). Fayad and Iqbal (1985) however reported that bromoform 

is a major compound of THMs found from most of the major cities of the Eastern 

Province in Saudi Arabia. Concern with the formation of THM in chlorinated water, 

development and optimization of sensitive, rapid and simple analytical methods is 
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essential for monitoring THM concentration in water supply as well as for a better 

understanding of their formation and removal in distribution systems. 

 

 

 

 

1.2 Problem Statement 

 

 

 Most municipal water supply system use chlorine as the disinfectant agent as it is 

extremely efficient and cost effective. Although the chlorination of drinking water 

provides many advantages, THMs remain a human health concern. The existence of 

DBPs in water supply may lead to potential human health risks and many of the DBPs 

have been classified as probable or possible carcinogens. High levels of THMs in water 

lead to the possible carcinogenic effects which affect human health seriously.  

 

 

A study carried out to assess THMs level in drinking water system from several 

areas in Peninsular Malaysia for the years 1999, 2000 and 2001 reported variation of 

THMs level were found with relatively high level of THMs usually found during 

rainfalls season (Abdullah et al., 2003). No study has been conducted for TTHM 

formation potential (TTHMFP) in river water. Therefore, the aim of this study was to 

detect and quantify the THMFP in river water especially from Johor area.   

 

 

 

 

1.3 Objectives of Study 

 

 

The objectives of the study are: 

 

i. To develop a rapid and simple method for analysis of TTHMFP in river water by 

using dispersive liquid-liquid microextraction (DLLME) coupled with gas 

chromatography-electron capture detection (GC-ECD). 

 

ii. To compare the newly developed method with other conventional methods in 

terms of their sensitivity, simplicity and rapid determination of THMs. 
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iii. To apply the developed technique for monitoring of TTHMFP in Malaysian river 

water. 

 

 

 

 

1.4. Scope of Research 

 

 

The scope of the research involved the determination of TTHMFP in river water 

for household use at Johor Darul Ta’zim, Malaysia by using DLLME technique. The 

optimum conditions of extraction were determined via extraction and disperser solvents 

used, extraction time and salt addition effect. LLE technique followed by GC-ECD and 

DLLME followed by GC-MS were also employed to compare the sensitivity of detector 

used in analyzing THMs. Monitoring of TTHM in untreated water was carried out 

during wet (rainfalls) season and samples were collected every fortnight. TTHMFP were 

analyzed using the developed method.  

 

 

 

 

1.5 Significance of Research 

 

 

 The most significant THMs, based on occurrence and toxicity, are chloroform, 

bromodichloromethane, dibromochloromethane and bromoform (Cho et al., 2003). This 

research is carried out to provide a useful and feasible method for determination of 

THMs in water treatment process. The amount of THMFP will therefore be well 

monitored and a proper action can be taken in the future to reduce the formation of 

THMs in treated water. 
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1.6 Summary of Thesis 

 

 

 This study was divided to two major parts: optimization and comparison of 

DLLME with conventional method and monitoring of TTHMFP in water sources for 

water treatment plant. Thesis is divided into 6 chapters where chapter 1 summarizes 

every chapter covered in this work. The objectives and the scope of this study also 

mentioned in this chapter. 

 

 

 Chapter 2 presents the introduction to NOM, as one of the important factors that 

affect the formation of THMs in water. Other factors that affecting THMs formation and 

other analytical techniques that commonly used for analysis of THMs also covered in 

this chapter. Furthermore, Chapter 2  describes the details for DLLME, the newly 

developed technique that has been applied in this work. Chapter 3 describes the 

experimental part for the analysis of THMs compound. This chapter presents chemical, 

reagents, preparations and all procedures used throughout the study. Sampling locations 

for real samples analysis are also described in detail. 

 

 

 Chapter 4 explores the optimization of several parameters in DLLME technique. 

Type and volume of extraction solvent used, type and volume of disperser solvent used, 

extraction time and effect of salt addition were explored. Comparison study of DLLME 

technique coupled with GC-ECD, DLLME technique coupled with GC-MS and 

conventional technique, liquid-liquid extraction (LLE) are also covered in this chapter. 

 

 

 Chapter 5 reports the application of DLLME for monitoring of river water in 

Batu Pahat area. The qualities of waters are recorded and monitoring was done for 3 

months during rainfall season. TTHMFP determined in the waters are also reported in 

this chapter. Lastly, Chapter 6 presents the overall findings in this study and suggestions 

for improvement to further studies.  
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