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ABSTRACT 

 

 

 

 

Suspended solids in the aqueous environment can become carrier of micro-

organic pollutants, which may lead to the accumulation and give a toxicity impact 

towards the environment and human health. A suitable methodology for pesticide 

residue analysis in suspended solid river water sample was investigated in this study 

based on ultrasonic extraction (USE) and gas chromatography (GC). Sampling was 

conducted between May 2013 and June 2014 at sampling site from the water intake 

point of Syarikat Air Johor Water Treatment Plant of Sungai Skudai. Suspended 

solid were obtained after the river water samples were filtered using reduced 

cellulose filter membrane and were extracted using USE technique. The presence of 

organochlorine pesticide (OCPs) which are aldrin, dieldrin and endrin was 

determined using gas chromatography mass selective detector (GC-MSD). However, 

the presence of OCPs was not detectable in all the water samples investigated. An 

alternative approach has been taken by analyzing the samples using liquid 

chromatography-tandem mass spectrometry (LC-MS-MS). However, the presence of 

OCPs was still not detectable.  Therefore, for quantitative analysis, three selected 

OCPs were spiked into the sample (50 µg/L) for determination of optimum condition 

for extraction in suspended solid using USE technique with regards to solvent types 

and sonication time. The limit of detection of OCPs were from 0.144 to 0.154 µg/L 

and the optimum condition for extraction of OCPs in suspended solid was by using 

ethyl acetate as extraction solvent with 30 minutes of extraction time. The recoveries 

obtained were in the range of 62.4% to 101.8% with RSDs of less than 15%. The 

green chemistry sample preparation technique and low toxicity solvents employed in 

this extraction technique are thus recommended for routine environmental 

monitoring analysis. 
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ABSTRAK 

 

 

 

 

Pepejal terampai di dalam persekitaran akueus boleh menjadi pembawa bahan 

pencemar mikro-organik, yang menyebabkan pengumpulan serta memberi kesan 

ketoksikan terhadap alam sekitar dan kesihatan manusia. Satu metodologi sesuai 

untuk analisis sisa racun perosak dalam pepejal terampai sampel air sungai telah diuji 

dalam kajian ini berdasarkan pengekstrakan ultrasonik (USE) dan kromatografi gas 

(GC). Pensampelan telah dijalankan antara bulan Mei 2013 dan Jun 2014 di tapak 

pensampelan yang terletak di Loji Rawatan Air Syarikat Air Johor Sungai Skudai. 

Pepejal terampai diperoleh selepas sampel air sungai ditapis menggunakan membran 

penapis selulosa dan pengekstrakan dijalankan menggunakan teknik USE. Kehadiran 

racun perosak organoklorin (OCPs) iaitu aldrin, dieldrin dan endrin telah ditentukan 

dengan menggunakan kromatografi gas pengesan pemilihan jisim (GC-MSD). 

Bagaimanapun, kehadiran OCPs tidak dapat dikesan dalam semua sampel air yang 

dikaji. Satu pendekatan alternatif telah diambil dengan menganalisis sampel 

menggunakan kromatografi cecair-gandingan spektrometri jisim (LC-MS-MS) 

namun kehadiran OCPs masih tidak dapat dikesan. Oleh itu, untuk analisis 

kuantitatif, tiga OCPs terpilih telah ditambah ke dalam sampel (50 µg/L) bagi 

menentukan keadaan optimum untuk pengekstrakan pepejal terampai menggunakan 

teknik USE berdasarkan jenis pelarut dan masa pengekstrakan. Had pengesanan 

adalah antara 0.144 hingga 0.154 µg/L dan keadaan optimum untuk pengekstrakan 

OCPs adalah menggunakan etil asetat sebagai pelarut organik dan 30 minit masa 

pengekstrakan. Julat perolehan semula sebanyak 62.4% hingga 101.8% dengan RSD 

kurang daripada 15% telah diperoleh. Teknik ‘Green Chemistry’ dalam penyediaan 

sampel dan penggunaan pelarut yang rendah tahap ketoksikan yang telah digunakan 

dalam teknik pengekstrakan ini disyorkan digunakan dalam analisis rutin bagi 

pemantauan alam sekitar. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Introduction 

 

 

Malaysia is a tropical country that has fertile soil for agriculture activities. As 

a developing country, agriculture is one of the sources of income that contribute to 

the national economy. There are a variety of agricultural crops and products but 

Malaysia depends on three major crops which are rice, rubber and palm oil [1]. 

Besides these three major crops contributor, cocoa, banana, coconut and pineapple 

also contribute to the national economy. In Johor, about 1.2 million hectare of land 

are used for agriculture sectors and being dominated by oil palms since Johor has 

suitable soil for oil palms compared to other main crops [1].  

 

 

The production of crops must be controlled and increase as the increasing 

demand of the world is met. Therefore, the use of chemicals is one of the alternatives 

that have been used by farmers in order to control and eliminate pests that can give 

harm and transmit disease to crop. Pesticides are often used by farmers to control the 

pest. 
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Pesticides are broadly defined by the United States’ Federal Insecticide, 

Fungicide, and Rodenticide Act (FIFRA) as a substance or mixture intended to 

prevent, destroy, repel, or mitigate any pest including insects, rodents, and weeds [2]. 

They include not only insecticides but also herbicides, fungicides, disinfectants, and 

growth regulators. Pesticides have been used in some crude form since early times, 

but the modern use of synthetic pesticides began in the early to mid twentieth 

century. Currently, there is a catalogue of over 800 pesticides formulated in 21 000 

different products that are registered with the US Environmental Protection Agency 

(EPA) for use in the United States [2].  

 

 

River is the alley of transportation and communication which is very 

important especially during the Neolithic time in Malaysia. It continues to be a very 

important source of food for societies around the world. Apart from being a rich 

source of fish, rivers indirectly aid in cultivation with its supply of water for the 

crops. In the transport process, marine and lake play an important role as a sink of 

pollutants. Rain also influences the transport and precipitation process.  

 

 

In Johor, many of the rivers have become polluted due to wastes that have 

flowed into the rivers. There are many sources that contribute to the water pollution 

such as sewage from treatment plants, manufacturing, agro-based industries and also 

animal farms [3]. As a main source of water, pollution sources from various activities 

into the river must be identified to maintain the water quality. Therefore, monitoring 

of water quality should be done seriously to save the river for our next generation. 

 

 

Water filtration techniques are widely applied in environmental analytical 

chemistry in order to study the partitioning of contaminants between the particulate 

and dissolved phases and better understand their transport, bioavailability and fate in 

the environment. Water passing through a filter (filtrate) contains compounds that are 

truly dissolved and compounds that are bound to the operationally defined 

“dissolved” organic matter (DOM) [4]. DOM, generally quantified as “dissolved” 

organic carbon (DOC), includes both organic matter that is truly dissolved in the 



3 
 

 

aqueous phase and colloidal organic matter [5]. The degree of interaction between 

the chemicals and the DOM is closely related to the molecular size, conformation 

and composition of the DOM, but is also affected by the intrinsic physicochemical 

properties of the compounds themselves [5]. 

 

 

This study focused on the adsorption of pesticides on cellulose fiber filters 

after filtration of water samples. The contaminants were focused on the chlorinated 

pesticides that has lower solubility towards water covering a broad range of 

physicochemical properties (solubility range: 0.005 to 8.0 mg/L) (Table 1) [5]. The 

sample were extracted using ultrasonic technique before analyzed using gas 

chromatography with mass selective detector (GC-MSD) and gas chromatography 

electron capture detector (GC-ECD) for quantitative study and qualitative study by 

using liquid chromatography and gas chromatography with mass spectrometry.  

 

Table 1.1: Physiochemical properties of the selected pesticides [5] 

Contaminant Log Kow Solubility (mg L
-1

) 

(25 ˚C) 

ɣ-HCH 3.72 8.000 

α-HCH 3.80 1.000 

α-Endosulfan 3.83 0.500 

Meyhoxychlor 5.08 0.045 

Aldrin 6.50 0.027 

Endrin 5.06 0.230 

Dieldrin 5.40 0.170 

HCB 5.73 0.005 

Heptachlor-endo-epoxide 4.56 0.200 

P,p’-DDD 6.02 0.050 

P,p’-DDE 6.51 0.040 

P,p’-DDT 6.91 0.005 
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1.2 Problem Statement 

 

 

Organochlorine pesticides (OCPs) have been widely used in the past by 

agriculture and industry and have led to widespread contamination throughout the 

environment. Strong lipophilic properties and long half-life time have caused the 

OCPs persistence in the environment and caused extensive concerns in the 

community. Despite the fact that the uses of OCPs in Malaysia have been banned, 

these compounds are still being detected in the environment worldwide due to their 

persistency [6]. This remains a concern, and therefore monitoring of OCPs in the 

river systems must be done in order to safeguard our water sources. 

 

 

Rivers in Malaysia generally appear to have high organic pollution loads and 

high suspended solid concentrations. OCPs has strong lipophilic properties and 

preferable to be adsorbed on the suspended solid. The monitoring of total suspended 

solids in river water as an indicator of river pollution due to sediment are done by the 

Department of Environment but there are no data about pesticide on suspended solid 

in our river water system. Due to these concerns, the monitoring of OCPs in 

suspended solid must be done in order to get a precise picture of the severity of river 

pollution in Malaysia. 

 

 

Several highly sensitive and selective analytical procedures to determine the 

levels of pesticide residues in a variety of matrices have been published [7, 8]. 

However, only very little information is available on extraction of pesticides in 

suspended solid by using ultrasonic solvent extraction (USE) has been reported in 

developing countries such as Malaysia. USE technique were used in this study due to 

its several advantages which is it consume less extraction time and solvent used, thus 

it is preferable for routine environmental analysis. Therefore, the aims of this study 

are to investigate several parameters that affect the extraction by USE technique in 

order to obtain higher recovery of the pesticide.  
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1.3 Objective of Study  

 

 

The objectives of this study are to: 

 

 

i. Qualitatively determine the presence of organochlorine pesticide 

(OCPs) which are aldrin, dieldrin and endrin in suspended solid after 

filtration of the river water samples by gas chromatography with 

mass selective detector (GC-MSD) and liquid chromatography with 

mass spectrometry (LC-MS/MS).  

ii. Optimization of extraction of aldrin, dieldrin and endrin in suspended 

solid using USE. 

iii. Application of USE technique at the optimum condition in extracting 

OCPs in suspended solid in river water of Sungai Skudai. 

 

 

 

 

1.4 Hypothesis of Study  

 

 

Application of pesticide in agriculture can affect the environment when run-

off and leaching process occur. High concentration of pesticide can be found at the 

area near to agriculture activities. OCPs have an aliphatic or aromatic cyclical 

structure, which is heavily substituted with chlorines. As a result, most OCPs are 

sparingly soluble and semi-volatile. Since OCPs have low solubility in water, they 

tend to adsorb strongly on suspended solid and sediments in the river water system. 

Thus, monitoring of OCPs in the suspended solid will give an indication of the level 

of river water pollution. 
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1.5 Scope of Study 

 

 

This study is divided into three areas which are sampling, extraction 

technique and analysis. Sampling had been carried out at Sungai Skudai using grab 

sampling technique. All water samples were stored in amber glass bottles to avoid 

contamination and degradation of analytes of interest. 

 

 

The extraction steps involve filtration of water sample using 0.45 µm 

cellulose membrane. OCPs with low solubility in water will adsorb on suspended 

solid that has been filtered through cellulose membrane. Ultrasonic technique was 

used to extract the OCPs from cellulose membrane by using different polarities of 

solvents and time of extraction.  

 

 

For qualitative study of the presence OCPs in suspended solid, GC-MSD and 

LC-MS-MS were used while for quantitative study the GC-ECD was used.  
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