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The present study was conducted to identify the spatial distribution and sources 
concentrations of heavy metal from eighteen surface sediment samples of Langat and 
Bernam rivers using multivariate techniques and pollution indices with their 
geochemical partitioning in different solid phases and to investigate factors 
influencing these partitioning on bioaccessibility of metals contamination from 
geochemical perspectives. The in vitro digestion model in fish tissue are dependent 
on pH and solid-liquid factors.  

Results indicated that the concentrations of metals in surface sediment of Langat 
River decreased in the order of Sn> Cr >Ni > Fe> Cd> Hg and for heavy metals in 
surface sediment of Bernam River decreased in the order of Sn> Cr >Ni >Fe> Cd> 
Hg.  

Pearson’s correlation indicated that effectiveness of total organic matter and cation 
exchange capacity were effecting heavy metals distribution more than grain size and 
pH. In addition, cluster analysis results had divided Bernam River into three clusters 
namely; stations of Selisek, Tanjong Malim and Bagan Tepi sungai which were 
grouped into cluster one representing considerable degree of contamination; cluster 
two represents moderately high degree of contamination at Ulu Bernam, Kampung 
Bagan, Bandar Behrang and Kampung Tanjung while cluster three represents 
moderately medium degrees of contamination at Slim River and Sabak Bernam. 

Meanwhile for the Langat river, cluster one represents considerably high degree of 
contamination at UKM, Jalan Hulu Langat and Pangsun; cluster two represents 
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considerably medium degree of contamination at Kajang, Batu Hulu Langat and 
Cheras; cluster three represents considerably low degree of contamination at Jugra, 
Banting and Jenjarom. 

The PCA showed that the main factors influencing the bioaccessibility of Hg in 
surface sediments of Langat River were the sediment TOM, F1 (EFLE) while 
mercury bioaccessibility in Bernam River were more affected by F1 (EFLE), CEC 
and TOM. The factor influencing bioaccessibility of cadmium from Langat River 
sediment were T-Cd and F3 (oxidation-organic), whereas, cadmium bioaccessibility 
in Bernam River sediment were influenced by F1 (EFLE). Tin bioaccessibility were 
influenced by CEC and pH in surface sediment of Langat River while F4 (resistance) 
was the most influencing factor for bioaccessibility of tin in surface sediment of 
Bernam River. 

The rank of biota-sediment accumulation factor (BSAF) for catfish (Arius 
maculatus) were in the descending order of Hg> Cr> Cd> Ni> Fe> Sn in Langat 
River while biota-sediment accumulation factor for catfish in Bernam River were in 
the decreasing order of Cd> Ni> Cr> Fe> Sn. Mercury was greater than one in terms 
of BSAF indicating an intensive accumulation of this metal from sediment of Langat 
River in tissues of catfish (Arius maculatus). Results showed that the bioaccessibility 
and chemicals forms of heavy metal in surface sediment were significantly 
correlated with catfish organs in Bernam and Langat Rivers.

The results of bioaccessibility of heavy metals varied significantly with different in
vitro assays in different stations along Langat and Bernam Rivers. The highest 
relative bioaccessibility of Ni (93.1%), Cr (46.9%), and Sn (23.2%) were observed in 
the IVG (gastric phase) compared with other in vitro assays of Bernam River. 
Meanwhile, the highest relative bioaccessibility of Ni (13.2%), Cr (42.3%), Sn 
(5.8%) and Hg (23.8%) were also noted in the IVG (gastric phase) of Langat River.

The results of heavy metals accumulation within the different organs are as follows 
(in descending order): muscle Cr > Ni > Hg > Cd > Fe > Sn; liver Cr > Ni > Hg > Fe 
> Sn > Cd, and kidney Cr > Ni >Hg > Sn > Cd > Fe for Langat River. While, in 
Bernam River the highest metal concentrations was mostly in muscle and the pattern 
of metal concentration in the muscle was in the decreasing order of Ni > Cr > Fe > 
Cd > Sn> Hg Meanwhile for liver, heavy metals were found in the order of Cr> Sn> 
Ni > Fe> Cd> Hg and for kidney, was found in the descending order of Sn > Cr > Fe 
> Ni > Cd> Hg.   

A human health risk assessment of these metals was performed based on total and 
bioaccessibility concentrations of tissue. The hazard quotient (HQ) of total and 
bioaccessibility of heavy metals in catfish (Arius maculatus) from Langat and 
Bernam Rivers were calculated based on risk levels and results indicated that 
consumption could posed a serious threat to human health.  



© C
O

UPM

iii 

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk ijazah Doktor Falsafah 

����������	�
����������
�	���
��������������
������������	����������
�	�����������������������
��
����
�������������	�������������
������������

Oleh 

SAFAA ABD ALZAHRA KADHUM 

Jun 2017 

Pengerusi :  Mohd Yusoff Ishak, PhD 
Fakulti :  Pengajian Alam Sekitar 

Kajian ini dijalankan untuk mengenal pasti taburan ruang dan sumber logam-logam 
berat daripada lapan belas sampel lapisan permukaan sedimen yang diambil dari 
Sungai Langat dan Sungai Bernam menggunakan teknik multivariate dan indeks 
pencemaran berdasarkan pengagihan geokimia dalam fasa pepejal yang berbeza-
beza dan untuk mengkaji faktor-faktor yang mempengaruhi taburan tersebut pada 
bioaksesibiliti pencemaran logam mengikut perspektif geokimia. Model pencernaan 
in vitro bagi tisu ikan didapati bergantung kepada faktor pH dan fasa pepejal-cecair.

Keputusan menunjukkan bahawa kepekatan logam pada lapisan permukaan sedimen 
di Sungai Langat berkurangan mengikut susunan Sn> Cr> Ni> Fe> Cd> Hg dan 
untuk logam berat di lapisan permukaan sedimen di Sungai Bernam menurun dalam 
urutan Sn> Cr> Ni> Fe> Cd> Hg. 

Korelasi Pearson menunjukkan bahawa jumlah jisim organik dan kapasiti pertukaran 
kation lebih mempengaruhi taburan logam berat berbanding dengan saiz bijirin dan 
pH. Selain itu, keputusan analisis kluster membahagikan Sungai Bernam kepada tiga 
kelompok iaitu; Stesen Selisek, Tanjong Malim dan Bagan Tepi Sungai yang 
dikelompokkan ke dalam kumpulan yang mewakili tahap pencemaran yang besar; 
Kluster Dua mewakili pencemaran tahap sederhana tinggi di Ulu Bernam, Kampung 
Bagan, Bandar Behrang dan Kampung Tanjung manakala Kluster Tiga mewakili 
tahap sederhana pertengahan berdasarkan pencemaran di Slim River dan Sabak 
Bernam. 
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Sementara untuk Sungai Langat, Kluster Satu mewakili pencemaran darjah yang 
tinggi di stesen UKM, Jalan Hulu Langat dan Pangsun; Kluster Dua mewakili tahap 
pencemaran yang sederhana di Kajang, Batu Hulu Langat dan Cheras; Kluster Tiga 
mewakili tahap pencemaran yang rendah di Jugra, Banting dan Jenjarom. 

PCA memperlihatkan bahawa faktor utama yang mempengaruhi bioaksessibiliti Hg 
di lapisan permukaan sedimen Sungai Langat ialah TOM sedimen, F1 (EFLE) 
manakala bioaksessibiliti Hg di Sungai Bernam lebih dipengaruhi oleh F1 (EFLE), 
CEC dan TOM. Faktor yang mempengaruhi bioaksessibiliti Cd dari sedimen Sungai 
Langat ialah T-Cd dan F3 (pengoksidaan-organik), manakala bioaksessibiliti Cd 
untuk sedimen Sungai Bernam dipengaruhi oleh F1 (EFLE). Bioaksessibiliti Sn di 
lapisan permukaan sedimen Sungai Langat dipengaruhi oleh CEC dan pH manakala 
F4 (rintangan) adalah faktor yang paling mempengaruhi untuk bioaksessibiliti Sn 
dalam lapisan permukaan sedimen Sungai Bernam. 

Faktor pengumpulan sedimen (BSAF) untuk Ikan Duri (Arius maculatus)
menunjukkan susunan menurun Hg> Cr> Cd> Ni> Fe> Sn di Sungai Langat 
manakala faktor pengumpulan sedimen-biota bagi Ikan Duri di Sungai Bernam 
berada dalam aturan menurun Cd> Ni> Cr> Fe> Sn. Merkuri adalah lebih besar 
daripada satu berdasarkan BSAF yang menunjukkan pengumpulan intensif logam ini 
dari sedimen Sungai Langat ke dalam tisu Ikan Duri. Keputusan menunjukkan 
bahawa bioaksessibiliti dan bentuk kimia logam-logam berat di lapisan permukaan 
sedimen berkorelasi secara signifikan dengan organ-organ Ikan Duri di Sungai 
Bernam dan Sungai Langat. 

Kajian mendapati bioaksessibiliti logam berat menunjukkan variasi berbeza dengan 
in vitro assay yang berbeza di stesen-stesen yang berlainan sepanjang Sungai Langat 
dan Sungai Bernam. Nilai tertinggi bioaksessibiliti relatif Ni (93.1%), Cr (46.9%) 
dan Sn (23.2%) ditunjukkan oleh IVG (fasa gastrik) berbanding dengan ujian in vitro
lain untuk Sungai Bernam. Sementara itu, nilai tertinggi bioaksessibiliti relatif 
tertinggi adalah pada Ni (13.2%), Cr (42.3%), Sn (5.8%) dan Hg (23.8%) yang juga 
dicatatkan dalam IVG (fasa gastrik) untuk Sungai Langat. 

Keputusan menunjukkan pengumpulan logam berat dalam organ-organ yang 
berlainan adalah seperti berikut (dalam urutan menurun): organ otot Cr> Ni> Hg> 
Cd> Fe> Sn; organ hati Cr> Ni> Hg> Fe> Sn> Cd, dan organ buah pinggang Cr> 
Ni> Hg> Sn> Cd> Fe. Namun, di Sungai Bernam, kepekatan logam tertinggi 
kebanyakannya adalah di dalam organ otot dan corak kepekatan logam dalam otot 
adalah dalam susunan menurun Ni> Cr> Fe> Cd> Sn> Hg bagi organ hati, logam 
berat didapati dalam susunan menurun Cr> Sn> Ni> Fe> Cd> Hg dan untuk organ 
buah pinggang, didapati dalam urutan menurun Sn> Cr> Fe> Ni> Cd> Hg. 

Penilaian tentang risiko terhadap kesihatan manusia oleh logam-logam ini dilakukan 
berdasarkan kepekatan keseluruhan dan bioaksessibiliti tisu. Pengiraan Hazard 
Quotient (HQ) bagi menilai tahap risiko berdasarkan jumlah kepekatan logam berat 
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dan bioaksesibiliti logam berat dalam Ikan Duri (Arius maculatus) dari Sungai 
Langat dan Sungai Bernam menunjukkan bahawa penggunaan ikan dalam diet 
tersebut boleh menimbulkan ancaman serius kepada kesihatan manusia.
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CHAPTER 1 

1 INTRODUCTION  

General

Rapid economic development and urbanization over the past few decades have 
brought progress and prosperity to various countries worldwide, including Malaysia.
However, such development and progress have also shown a downside that is of 
concern and needs to be investigated and addressed. For example, in recent years  
anthropogenic and natural activities have resulted in adverse environmental and 
ecological  effects like the extinction of various species, loss of  biodiversity, acid 
rains, global warming, climate change, hazardous waste disposal problems causing 
acute pollution of land, air and water, while  numerous and significant  eco accidents 
are also on the rise. Despite the fact that all these are a threat to the well-being of 
mankind, at present and in the future, many people seem not to have realized the 
extent of these threats, particularly, metals pollution, which affects humans directly 
through the food chain, like fish for instance (Alloway & Ayres, 1993; Hanninen et 
al., 2014).

In light of such a situation, using geochemical partitioning such as sequential 
extraction technique (SET) and in vitro digestion model are practical and effective 
ways to assess health risk of human consumption in order to improve ecological risk 
assessment and pollution control. These techniques provide substantial information 
to evaluate the relative bioavailability, which can be acquired by studying the 
solubility of sediment and heavy metals in the digestive juice of fish and to find out 
the bioavailability status, which involves the level of heavy metals mobilization from 
sediment and fish to the digestive juice, absorbed by the body and how this affects 
the circulation system (Ruby et al., 1999). 

Although direct aqua regia digestion methods have been widely used in different 
studies involving potential risk assessments, it is still a poor indicator of the actual 
hazard due to toxicity and bioaccumulation of metals, which have a relationship with 
their mobility and chemical speciation (Gu et al., 2015; Madrid et al., 2008; 
Camusso & Gasparella, 2006). Bioaccessibility of heavy metals depends mainly on 
heavy metal binding to sediment reactive surfaces and are regulated by sorption, 
complexation, and redox processes. Furthermore, individually these approaches are 
mainly regulated as a result of the wide ranging differences of soil properties, such 
as pH, organic matter, and soil texture (Pelfrene et al., 2011; Rodrigues et al., 2013). 
This connection allows the possibility of predicting the bioaccessibility of heavy 
metals from sediment into biota (Buchter et al., 1989; Ruby et al., 1999). The in 
vitro digestion approach has been commonly employed by many researchers to study 
physiological variations, digestibility, and the releasing of food components through 
simulation of gastrointestinal experimnts (Hur et al., 2011). The in vitro digestion 
approach is suitable for the determination of the bioavailability of heavy metal in 
food as it closely mirrors the physiological state of the human body. Earlier
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researches carried out used the digestion model which can be a reference for more 
investigation of the bioavailability of heavy metal in fish. However, relatively few 
researches have assessed the risk to health using the in vitro digestion approach 
output (bioavailability of heavy metal). This approach is essential and its inclusion in 
in vitro digestion studies provides an efficient and effective indicator of the presence 
of heavy metal and possible risk to human health.  To reproduce the digestion 
process in the human gastrointestinal tract simulation is carried out  in a simplified 
manner by the application of  some physiologically- based parameters that are 
affected by  physiological  conditions such as gastric pH, intestinal pH, food 
constituents, residence time, and particle size. 

 In recent years, the contamination of the surface sediments particularly of water 
ways like rivers with toxic metals has attracted much public interest. Furthermore, 
this ecosystem receives anthropogenic sources of metals owing to human activities 
such as industry, agriculture, mining, domestic sewage, boat activities, and 
construction works in the building of cities and towns.  These can pose a significant 
threat to the food chain in the aquatic environment (Martin et al., 2015). Thus, these 
wastes are known to contain heavy metals which are toxic, can bio-accumulate and 
are persistent in the environment. Sediments are essential sinks and receive various 
contaminants including pesticides and heavy metals and also have a considerable 
influence on the the way contaminants in rivers and lakes are remobilized when 
conditions are suitable. (Ikem et al., 2003; Sow et al., 2013). Sediments are 
perceived as an important recipient of heavy metals in the process of their eventual 
transportation to aquatic environments and also serve as a marker of pollution 
history (Rodríguez-Barroso et al., 2010). To successfully obtain the accumulation of 
heavy metals from natural and anthropogenic sources there is a need to apply 
normalizing methods to distinguish the two varying sources (Idris, 2008). 
Geochemical normalization techniques like the enrichment factor (EF) and geo-
accumulation index (Igeo) approaches have been typically employed for this 
purpose. Fish can accumulate large amounts of heavy metals from the surrounding 
waters and sediment and uptake by fish species to humans would be through fish 
consumption. The how mobile or available heavy metals are in contaminated 
materials is dependent on the numerous chemical and mineralogical forms that 
occur.  Sediments make suitable homes for a wide range of organisms in rivers and 
are a primary recipient of heavy metals introduced into surface waters. Therefore, it 
is necessary to look into the relationship between heavy metals levels in sediment 
and in fish tissue which can be an advantage for identifying the effects of 
anthropogenic activities on the food chain in the Langat and Bernam Rivers. 

To address this gap, the present work has investigated the geochemistry of sediment 
and to determine the spatial distribution of the elements in sediments, along the 
Langat and Bernam Rivers, taking into consideration their geochemical partitioning 
in various solid phases, which is a measure of their mobility and investigated the 
factors influencing these partitioning on bioaccessibility of metals contamination 
depending on physicochemical properties. The work also involved to improve the 
determination of different in vitro digestion models in fish tissue depending on pH 
factor and solid factors. In order to the development of more robust (validated) 
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models and more confidence in the used of these predictive models for estimating 
metals bioaccessbility for the purpose of minimizing the risk to human health. 

Problem statement

The Langat and Bernam River basin is located in an economically strategic place in 
Peninsular Malaysia that is important as an agriculture area and as the largest source 
of water supply for the states of Selangor and Perak in Peninsular Malaysia, 
especially for irrigation.  However, due to rapid urbanization within these regions 
and changes in economic policies which involved changes in land use activities, the 
rivers have been more exposed to different pollution problems such as industrial 
(palm oil mills, rubber processing, and steel works foundries) and domestic sewage, 
agrochemicals (fertilizers and herbicides) applied in agricultural activities, and sand 
mining (Santhi & Mustafa, 2013; Idrus et al., 2004; Yap & Ong, 1990), All these 
activities are significant contributors to heavy metal pollution in these rivers. 

These rivers were chosen for the current study due to their location in the heavily 
urbanized and the most developed areas in the states of Selangor and Perak, serving 
a population of approximately 1.2 million living around the Langat Basin and 2.3 
million a population of populations living around Bernam Basin (Department of 
Statistics Malaysia, 2010). In addition, it provides water for industries and 
agriculture located along its banks. The lack of pollution control compounded by the 
discharge of pollution from both industries and other economic activities directly and 
indirectly into the river definitely affects the ecosystem and human health (Mokhtar 
et al., 2009). In fact, using only the total metal content in determining potential risk 
assessments is a poor indicator of metals effect and does not give enough 
information about the release and toxicity of metals (Gu et al., 2015; Madrid et al.,
2008; Camusso & Gasparella, 2006). Thus, evaluating metal bioaccessibility by 
using in vitro digestion model would not only provide a rapid estimation of 
ecosystem quality but also allow for a realistic assessment of the potential exposure 
risk to humans and biota (Ahmed et al., 2015). Moreover, analysis of catfish (Arius 
maculates) would give a better answer to the question of bioaccessibility and 
bioavailability of hazardous metals which is a concern due to this fish being a
common local menu item as freshwater fish consumption provides an important 
source of protein requirements, besides being abundant and easy to sample.  

Therefore, to solve this problem requires an understanding of some of the important 
characteristics, speciation, and effects of bioaccessibility metals released to the 
environment in human health. 
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Research Objectives

This research was carried out to invistgate the level, distribution and bioaccessbility 
related to trace metals linked to industrial discharge and agricultural activities and to 
make an assessment of the general catregorization of some metals and besides their 
risk status in catfish (Arius maculates) and surface sediments of Langat and Bernam 
Rivers. The specific research objectives are as follows (Figure 1.1): 

1- To identify the spatial distribution and sources of heavy metals namely 
Hg, Cd, Cr, Ni, Sn and Fe concentrations in surface sediment from Langat 
and Bernam rivers by using multivariate techniques and pollution indices . 

2- To determine the bioaccessibility of heavy metals in surface sediment 
from Langat and Bernam Rivers using sequential extraction technique 
(SET) and simple bioavailability extraction test (SBET). 

3- To assess the influence of physicochemical properties and the chemical 
fractions factors of surface sediment on the bioaccessibility of heavy 
metals contaminant in Langat and Bernam Rivers 

4- To evaluate the bioaccumulation of heavy metal in different organs of 
catfish namely muscles, kidney and livers and their relationship with 
chemical fractions and bioaccessibility in surface sediment from Langat 
and Bernam Rivers. 

5- To quantify the concentrations of heavy metals in muscles of catfish in 
bioaccessible fraction obtained after an in vitro assay based on pH and 
solid-liqiud factors with estimated potential risk of heavy metals 
consumption. 

Significance of Study

Bioaccessibility and bioavailability data are of great significance in assessing the 
health risk of trace elements in sediment and fish. There was a gap in the literature 
on the bioaccessibility of trace elements in sediment and fish tissue in Langat and 
Bernam Rivers. Using sequential extraction techniques (SET) would give results in 
selective   metals that are associated with non-resistance form (anthropogenic) and 
resistance form (natural). Therefore, this technique can help to determine the origins 
of pollution from the location. Bioaccessibility data are definitely an extra tool to 
help us to better understand human health risk at polluted locations which can 
potentially act as a practical decision-support tool. Thus, it is important to investigate 
the dominant factors which may influence bioaccessibility of heavy metals from one 
region to another and then improve health risk assessment and control pollution 
through developed predicting models based on the Langat and Bernam Rivers 
locations. Using comparisons between different types of an in vitro digestion model 
(IVG and SBET) is also important by incorporating these methods for the prediction 
of the heavy metals bioaccessibility in the fish samples based on chemical fractions. 
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Multivariate technique and pollution indices analyses were conducted to better 
assess the sources of metals in surface sediment of rivers as well as to know the 
status of metals contamination. Multivariate can provide offer valuable information 
on the interaction of metals and physicochemical properties in surface sediment by 
investigating the physicochemical factors influencing the distribution and 
bioaccessibility of heavy metals. 

 Thus, this information will assist current exposure assessments regarding the health 
risks of metal contamination in the fish. Therefore, the results can be beneficial as a 
baseline data for government bodies to adopt corrective measures to address the 
issue of heavy metals pollution in the Langat and Bernam Rivers in the future. 

Research Hypothesis

This study tested the following hypothesis:

1. There are significant influencing factors of the sediment characteristics
(pH, TOM, cation exchange capacity, sand, silt and clay) and chemical
fractions on the bioaccessibility of heavy metal contamination in Langat
and Bernam Rivers.

2. There are significant correlations between the heavy metals fractions and
bioaccessibility in sediment and metals bioaccumaltion in catfish tissue of
Langat and Bernam Rivers.

3. There are significant differences in heavy metals concentrations of IVG
and SBET models in catfish (Arius maculates) tissue between locations in the
Langat and Bernam Rivers.
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