
FACTORS AFFECTING THE FORMA nON OF TRIHALOMETHANES DURING 

WATER CHLORINATION: A BENCH-SCALED STUDY 

LEE CHEONG HONG 

DISSERTATION SUBMITTED AS PARTIAL FULFILMENT OF THE 

REQUIREMENTS FOR THE DEGREE OF BACHELOR OF SCIENCE 

WITH HONOURS 

INDUSTRIAL CHEMISTRY PROGRAMME 

SCHOOL OF SCIENCE AND TECHNOLOGY 

UNIVERSITI MALAYSIA SABAH 

MAY, 2008 

UMS 
UNIVERSITI MALAYSIA SABAH 



PUMS 99:1 
UNIVERSITI MALAYSIA SABAH 

BORANG PENGESAHAN STATUS TESIS@ 

JUDUL: r p...'c\0 8-_ ,'1\ ~ N'( E: ?:A e,.~ ~ \::.iy\'e,.'=. N ,\)\<~f-\N "\ ~\\-\ALO M E"'t4'JA 

$.~ MASA ?t.N~~\.O"\\'\.A\~ A-\~ : i<- A ~ "S.~i""-l. -e:. t: ~ 'S "AL /.-\ 

IlAZAH : S- A ~3 Ai'\ M\J'o)~ ~A-i~\~ b~ ~G.AN \, ~ \O,Y::i \ A ~ t 1(' \NW-\ \\" \~s '1'l..\ ) 

SAYA Lt::E C\-\roNS, \-feN f<\ SESI PENGAJIAN: D~ /OG, 
(HURUF BESAR) 

mengaku membenarkan tesis (LPSMISaJjana/Doktor Falsafah) ini disimpan di Perpustakaan Un iversiti 
Malaysia Sabah dengan syarat-syarat kegunaan seperti berikut:-

l. Tesis adalah hakmilik Universiti Malaysia Sabah. 
2. Perpustakaan Universiti Malaysia Sabah dibenarkan mcmbuat salinan untuk tujuan pengajian 

sah aj a. 

3. Perpustakaan dibenarkan membuat salinan tesis ini sebagai bahan pertukaran antara institutsi 
pengajian tinggi. 

4. Sila tandakan ( / ) 

D SULIT (Mengandungi maldumat yang berdarjah keselamatan atau 
Kepentingan Malaysia seperti yang terrnaktub di dalam 

D 
AKT A RAHSIA RASMI 1972) 

TERHAD 
(Mengandungi maklumat TERHAD yang telah ditentukan 

rLJ]'RRAD 
oleh organisasilbadan di mana penyelidikan dijalankan) 

Disahkan Oleh i 

! 
j 
I 

(TAND~GAN PENULlS) (T ANDAT ANGAN PUST AKA WAN) ) 
, 

Alamat Tetap: ~! \.a,,"o,~ I 

'0~ , ~<::l~/'I'" s~~" ~ A\.l 
I 

_B~Nt)4HAi'61 4 (, [ TAIY\4N -----
StJAil , ~O\A ~AJA ,4\.00 Nama Penyelia 
\< LANG1; 

Tarikh: r~r~~ Tarikh: \.t;;; r~ rQ~ 

CAT A T AN :- ·Potong yang tidak berkenaan . 
•• Jika tesis ini SULlT atau TERHAD, sila lampirkan surat daripada pihak berkuasa 

I /organisasi berkenaan dengan menyatakan sekali sebab dan t~mpoh tesis ini perlu 
dikelaskan sebagai SULIT dan TERHAD. 

I @Tesis dimaksudkan sebagai tesis bagi ljazah Doktor Falsafah dan Sarjana secara 
pcnyelidikan atau disertai bagi pengajian secara kerja kursus dan Laporan Projek Sarjana i 
Muda (LPSM). I - - ... . .. -. 

°UMS 
UNIVERSlTI MALAYSIA SABAH 



11 

DECLARATION 

I hereby declare that this literary work was resulted from my own work except for 

statements and summaries which each of it had been stated its source. 

12 May 2008 

LEE CHEONG HONG 

HS2005-2725 

UMS 
UNIVERSITI MALAYSIA SABAH 



111 

VERIFICATION 

Name: Lee Cheong Hong 

Title: Factors Affecting the Fonnation of Trihalomethanes During Water 

Chlorination: A Bench-Scaled Study 

DR. NOUMIE SURUGAU 

PROF. MADYA DR. MARCUS JOPONY 

DR. HOW SlEW EN 

PROF. MADYA. DR SHARIFF A.K. OMANG 

May, 2008 

UMS 
UNIVERSITI MALAYSIA SABAH 



IV 

ACKNOWLEDGEMENT 

First of all, I would like to take this advantage to thanks School of Science and 

Technology, University Malaysia Sabah for giving me chance and facilities to run this 

final year project. I also would like to express my sincere gratitude to my thesis 

supervisor Dr. Noumie Surugau for her valuable advice, guidance, and continuous 

encouragement at various stages throughout the completion of dissertation, also for her 

expert guidance and for her patience. Hence, her help is highly appreciated. 

I also greatly in debt for Mr. Sani Gorudin (lab assistant) and Mr. Sarnudi (lab 

assistant) for their corporation of preparing the chemicals, glasswares and apparatuses and 

provide any helps when necessary. Their helps had simplified my lab work. I would like 

to extend my heartiest appreciation to Mr. Sim Hang Chiew (ex-director of Chemistry 

Department of Malaysia, Kuching branch) for the chromatogram of my samples analysis 

and Mr. Sarif Mohd. Ajni Bin Sarif Tawang (Pegawai Sains of Chemistry Department of 

Malaysia, Kota Kinabalu branch) for the permission and his help to process my samples 

to be analyses as soon as possible. 

Finally, I would like to thank all the SST's staffs and my fellow course mates for 

helping me throughout my work and lastly a grateful thanks to my parents for giving me 

moral and financial supports. 

UMS 
UNIVERSITI MALAYSIA SABAH 



v 

ABSTRACT 

This study aimed to evaluate the role of chlorine dose, temperature and contact time on 

the formation of THMs as a result of chlorination of swamp water. All samples were 

extracted using purge-and-trap (PAT) technique followed by determination of 

trihalomethanes by gas chromatography-electrolytic conductivity detectors (GC-ELCD). 

Pearson correlation was applied during data analysis. Concentration of trihalomethanes 

increased progressively as chlorine dose increased from 2 mg/L to 8 mg/L with strong 

relationship between them. The relationship between temperature and trihalomethanes 

was weak. The reaction rate of trihalomethanes formation increased as temperature 

increased from 4 °C to 35°C but showed a decreased at 25 DC. Increase in contact time 

from 4 hours to 12 hours showed strong relationship with trihalomethanes except 

bromodichloromethane. This result indicated that presence of trihalomethanes in water 

was exclusively due to chlorination. 
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FAKTOR MENYEBABKAN PEMBENTUKKAN TRIHALOMETANA SEMASA 

PENGKLORINAN AIR: KAJIAN BERSKALA 

A BSTRAK 

Kajian ini bertujuan untuk menilai peranan dos klorin, suhu dan tempoh tindak balas 

dalam pembentukan trihalometana semasa hasil daripada pengklorinan air paya. 

Kesemua sampel diekstrak dengan menggunakan teknik purge-and-trap (PA1) diikuti 

dengan penentuan trihalometana dengan kromatografi gas dengan penunjuk electrolytic 

conductivity (GC-ELCD). Korelasi Pearson digunakan dalam analisis data. Peningkatan 

kepekatan trihalometana adalah berkadar langsung dengan peningkatan dos klorin dari 

2 mg/L ke 8 mg/L dengan hubungan yang kuat antara mereka. Hubungan antara suhu 

dan trihalometana adalah lemah. Kadar tindak balas pembentukan trihalometana 

meningkat denagn peningkatan suhu dari 4 °C hingga 8 °C tetapi menunjuk penurunan 

pada subu 25°C. Peningkatan tempoh tindak balas dari 4 jam ke 8 jam menunjukkan 

hubungan yang kuat dengan trihalometana kecuali bromodwiklorometana. Keputusan ini 

menunjukkan bahawa kehadiran trihalometana dalam air adalah berpunca daripada 

pengklorinan. 
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CHAPTER 1 

INTRODUCTION 

1.1 Research Background 

Chlorination is a widely used method of disinfection where pathogenic or mIcro 

organisms in drinking water are deactivated by application of chlorine in order to ensure 

the residual concentration in drinking water distribution systems is harmless. In another 

word, it protects the regrowth of pathogenic or micro organism in drinking water. 

Disinfection is the most important stage in the treatment of drinking water in water 

treatment plant. Pathogenic or micro organisms are responsible for water borne diseases 

such as typhoid fever, cholera and dysentery. Chlorine is used for decades in disinfection 

as disinfection agent due to its proven effectiveness and inexpensive. Indeed, chlorination 

is used for most municipal water supply system in Malaysia for disinfection (Md Pauzi 

Abdullah et al., 2003). 

Although chlorination is cheap and effectively deactivate pathogenic or micro 

organisms, but its cause formation of disinfection by-products (DBPs) as side product. 

Among DBPs formed, trihalomethanes (THMs) are toxic and carcinogec. Four main 
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trihalomethanes that responsible for the carcinogens risk are chloroform (CHCb), 

bromodichloromethane (CHChBr), chlorodibromomethane (CHClBr2) and bromoform 

(CHBr3). Various researches are done on the THMs in drinking water by many scientists. 

Many countries have set the maximum contamination level for total trihalomethanes 

(TTHMs) in drinking water. US Environmental Protection Agency (EPA) has set 80 j..lglL 

as TTHMs concentration in drinking water. On the other hand, European Union 

Legislation has set 150 IlgiL until December 2008 and 100 IlgiL thereafter as TTHMs 

concentration (Nikolaou et at., 2004). 

During chlorination, chlorine reacted with organic matters that naturally presence 

in water and cause formation ofTHMs by addition and substitution reactions. Humic and 

fulvic acid are the organic matter, the main precursor that usually measured with non-

specific parameters like total organic carbon (TOC) or UV absorbance. Formation of 

THMs depend on few primary factors, that is raw water quality, type and concentration of 

natural organic matter (NOM), bromide ion concentration, chlorine form and dose, 

contact time, pH, alkalinity, temperature, and organic nitrogen concentration. Chlorinated 

THMs will continue to form as there is residual of chlorine in the water distribution 

system with the presence of organic matter until all the free chlorine is consumed. While 

for brominated THMs, its formation happened when presence of bromide due to 

oxidation by hypochlorous acid to yield hypobromous acid with residual hypochlorous 

acid. Its reacts with precursor organic compound which result in mixed chloro-

bromo substitution products. THMs also increase with the increase of temperature and pH. 

Formation of THMs decrease with decrease of ammonia concentration. Chlorinated and 
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brominated speciation THMs are mainly influenced by organic matter and bromide 

concentration in drinking water. For example, brominated THMs (THM-Br) increase with 

the ratio of bromide and TOC. On the other hand, formations of chloroform increase with 

TOC but decrease with bromide, while formations of CHBr3 show the opposite behavior. 

CHChBr and CHClBr2 show the similar behaviors but they increase very quickly with 

bromide and slowly with organic matter. (Solini and CollivignareUi, 2004; Zoccolillo et 

ai., 2005; Juan et al., 2006) 

The determination ofTHMs is generally performed by chromatographic methods. 

The most used method are gas chromatography (GC), followed by high performance 

liquid chromatography (HPLC) and capillary electrophoresis (CE). There are number of 

techniques have been reported for analyze THMs in water, such as direct injection, liquid-

liquid extraction (LLE), static headspace technique, dynamic headspace (HS) technique 

or purge and trap injection (PAT), solid phase micro extraction (SPME) technique and 

liquid phase micro extraction (LPME) technique (Nikolaou et ai., 2002). 

All the technique has different recoveries, detection limit and effectiveness in 

determination ofTHMs in drinking water. For direct injection, although it is an attractive 

technique, but there is problem with column stability and critical temperatures for both 

column and injector. While PAT technique showed good result, but it is more time 

consuming. On the other hand, purge and PAT have relatively high detection limits from 

0.1 to 0.04 IlgiL due to the low recoveries of analytes when cartridges are used as trap 

and this method is not specific for THMs determination. HS techniques is relatively less 
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sensitive compared LLE and headspace method only suitable to analyze sample with high 

concentration due to high detection limits from 0.05 to 0.2 Jlg/L. HS technique also have 

low recoveries (Nikolaou et at., 2002). 

The technique used in this study is purge and trap for gas chromatography-

electrolytic conductivity detectors (GC-ELCD). GC-ELCD is an element-detective 

selection method for compounds containing halogen, nitrogen and sulphur. The high 

selectivity for halogen makes the detector suitable for analysis of halogen compounds in 

complex samples matrices such as environmental sample. PAT -GC-ELCD is a technique 

with lowest detection limit, ranging from 0.01 to 3 Ilg/L and applicable concentration 

range of this method is also compound and instrument dependent and is approximately 

0.02 to 200 IlgiL (Mu et at., 1999, US EPA, 1995). 

1.2 Objectives of Study 

The objectives of this study were: 

a. to determine the extent of THMs presence in chlorinated swamp water 

b. to study the effect of chlorine dose, temperature and contact time on formation of 

trihalomethanes of chlorinated natural water by bench-scaled study 
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1.3 Scope of Study 

Due to the diversity of this field, the scope of this study was to determine THMs only, 

and not the whole variety of DBPs. Out of the so many types of THMs, only four main 

trihalomethanes were studied, namely CHCb, CHCI2Br, CHClBr2 and CHBr3. 

Compounds in these four main THMs are known as carcinogenic compounds in drinking 

water. Water samples are taken from swamp at Likas, Sabah as natural water. A bench-

scaled chlorination experiment was conducted using swamp water from Likas, Sabah in 

order to investigate the effect of different factors on the formation of THMs. These 

factors were contact time, chlorine dose and temperature. 
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