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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment
of the requirement for the degree of Doctor of Philosophy

COMPOSITION, CONCENTRATION AND DISTRIBUTION OF LINEAR
ALKYLBENZENES IN SURFACE SEDIMENTS FROM SELECTED
LOCATIONS IN MALAYSIA

By

SADEQ ABDULLAH ABDO ALKHADHER

January 2017
Chairman : Professor Mohamad Pauzi Zakaria, PhD
Faculty : Environmental Studies

Linear alkylbenzenes (LABs) are a group of organic chemical markers that primarily
constitute raw materials of linear alkylbenzene sulfonates (LAS) type detergents.
LABs are ubiquitous compounds and of high concern due to their intensive usage in
detergents around the world. The objective of this study is to investigate the
composition, concentration and distribution of LABs in surface sediment samples
from selected locations in Malaysia and to identify possible sources and
biodegradation of LABs in the sediment samples of the studied areas using the ratio
of internal (I) and external (E) isomers of LABs (I/E ratios). The correlation between
LABs concentration and total organic carbon (TOC) is also investigated. Thirty two
surface sediments were collected from developed and less developed areas around
Peninsular Malaysia, that is at Port Dickson, Muar River, Pulau Merambong, the Johor
Bahru coast, the Kim Kim River as well as Brunei Bay in Sabah and Brunei waters.
The sediment samples were analyzed using gas chromatography-mass spectrometry
(GC-MS). The compositional profiles of LABs showed that the long chain
alkylbenzenes (C13+Ci4) were higher than short chain alkylbenzenes (C11+Cio). The
C13 homolog was the most abundant type of LAB found in sediments of the studied
areas.The concentrations of LABs found ranged from 7.1 to 255.8 (ng.g' dw),
representing low to moderate levels. The results showed higher levels of LABs in the
Muar River and Kim Kim estuary than those investigated in 2004 at the same areas.
LABs found in this study are lower than those detected in other places of Southeast
Asia such as at Kolkata, India and Jakarta, Indonesia, whereas they are consistent with
the levels found in other parts of the world such as Humber, UK, and Santos Bay,
Brazil. The results also showed that LABs were strongly correlated with TOC in Port
Dickson, Muar River, Merambong and Brunei Bay in Sabah and Brunei waters and
weakly correlated in Johor Bahru coast and the Kim Kim River. The I/E ratio of LABs
was used as an indicator of LABs biodegradation in the aquatic environment. The
results from I/E ratios were from 0.6 to 4.1 and indicate that the LABs come from a
range of raw, primary to secondary treated effluents. Based on the results from the

i



LABs concentrations, it is recommended that different sites of Malaysia should be
monitored and managed to reduce the levels of LABs entering the marine
environment.
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Alkilbenzena linear (LABs) adalah sekumpulan penanda kimia organik yang
kandungan utamanya adalah alkilbenzena sulfonate linear jenis detergen (LAS). LABs
adalah sebatian yang mudah didapati dan mendapat perhatian yang serius kerana
penggunaannya yang intensif di dalam detergen. Objektif kajian ini adalah untuk
mengkaji komposisi, kepekatan dan taburan LABs di permukaan sampel sedimen dari
lokasi-lokasi terpilih di Malaysia, dan untuk mengenal pasti berkemungkinan sumber
dan biodegradasi LABs di dalam sampel sedimen di kawasan kajian menggunakan
nisbah isomer LABs dalaman dan luaran (nisbah I/E). Hubungan antara kepekatan
LABs dan jumlah karbon organic (TOC) juga dikaji. Tiga puluh dua sedimen
permukaan diambil dari kawasan membangun dan kurang membangun di sekitar
Semenanjung Malaysia, iaitu di Port Dickson, Sungai Muar, Pulau Merambong, pantai
Johor Bahru, Sungai Kim-Kim, dan juga Teluk Brunei di perairan Sabah dan Brunei.
Sampel sedimen dianalisa menggunakan gas kromatografi-spektrometer jisim (GC-
MS). Profil komposisi LABs menunjukkan bahawa alkilbenzena rantaian panjang,
(C13+C14) adalah lebih tinggi berbanding alkilbenzena rantaian pendek (Ci1+Cio).
Homolog Ci3 adalah jenis homolog LAB yang paling banyak ditemui di dalam
sedimen kawasan kajian. Kepekatan LABs yang ditemui adalah di antara 7.1 to 255.8
(ng.g"! dw) yang mewakili aras rendah dan sederhana. Keputusan kajian menunjukkan
aras LABs yang lebih tinggi di sungai Muar dan muara Kim-Kim daripada kajian 2004
yang dijalankan di kawasan yang sama. Kandungaan LABs yang ditemui di kawasan
ini adalah lebih rendah daripada kawasan-kawasan lain di Asia Tenggara seperti
Kolkata, India, dan Jakarta, Indonesia, di mana ia adalah konsisten dengan aras yang
ditemui di kawasan-kawasan seperti Humber, UK, dan Teluk Santos, Brazil.
Keputusan kajian juga menunjukkan LABs mempunyai korelasi yang kuat dengan
TOC di Port Dickson, Sungai Muar, Merambong dan Teluk Bay di periaran Sabah dan
Brunei dan korelasi yang lemah di periaran Johor Bahru dan Sungai Kim-Kim. Nisbah
I/E LABs digunakan sebagai penentu biodegradasi LABs dalam persekitan akuatik.
Keputusan pada nisbah adalah dari I/E 0.6 — 4.1 menggambarkan LABs berasal
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daripada efluen terawat mentah, primer dan sekunder. Berdasarkan keputusan-
keputusan kepekatan-kepekatan LABs, dicadangkan agar beberapa kawasan di
Malaysia perlu dipantau dan diuruskan untuk mengurangkan aras LABs yang
memasuki persekitaran marin.
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CHAPTER 1

INTRODUCTION

1.1 Background of the Study

The coastal marine system is one of the most significant habitats for organisms.
However, this system is sensitive to disturbance caused by severe anthropogenic
activities (Wei et al., 2014a). The importance of coastal waters for recreational and
aquaculture uses have been investigated (Law and Azahar, 1990). Moreover, the
coastal areas have been used as final disposal places of human wastes (Craig, 2012).

Severe water pollution can be caused by industrial facilities and building metropolitan
centers along rivers leading to discharge of industrial and domestic wastewater
especially due to improper regulation (Zahang et al., 2012). Generally, the released
effluents can be resulted in the contamination of water, sediments, and aquatic species,
in addition to detriment human health.

Linear alkylbenzenes (LABs) as one of organic compounds class are successfully
applied to trace urban wastes in coastal regions (Venturini et al., 2015; Martins et al.,
2012b).

The environment of the world was subject to various threats and risks in the past
century and a part of it has already been lost due to increasing pressure from the
uncontrolled human use of natural resources (World Bank, 2010). There has been an
increasing concern for the environment in recent decades. The pollution of coastal and
riverine ecosystem is an important part of these risks resulting from the extensive use
of synthetic detergents in domestic life, industries, and in the agricultural field during
the past few years. The rising inputs of untreated domestic waste due to rapid
population, industrialization, and urbanization has posed high health risk to the people.
Thus, it is necessary to determine the amount and kinds of domestic waste released to
the aquatic environment. One of the effective waste tracers that can be applied in the
aquatic environment is linear alkylbenzenes, (LABs) (Takada et al., 1994; Zeng et al.,
1997). Information about distribution and sources of these organic compounds let us
evaluating the ecosystem condition in the affected areas by domestic discharge (Wang
etal., 2012).

LABs are defined as a set of chemical markers that widely used to assess the source
of sewage pollution (Eganhouse, 1997). Owing of their strong attachment to
anthropogenic activities, LABs have been applied as indication of human activities on
the aquatic environment (Venkatesan et al., 2010; Martins et al., 2012b; Rinawati et
al., 2012; Wei et al., 2014a). Because of their superior biodegradability and cost-
effectiveness, the older branched alkylbenzene had totally changed by LABs to



produce LASs which have been applied in the household laundry detergents and
dishwashing uses.

LABs in relation to surfactants (LASs) are currently widely used in developing
countries and because of the greater consumption of synthetic detergents, they
replaced natural soap and non-biodegradable branched alkylbenzenes and their usage
has been rampant, resulting in great release of these compounds into the environment
and thus posing a potential threat (Eganhouse ef al., 1983a; Takad a ef al., 1985;
Eganhouse et al., 2000). LABs have both aromatic and aliphatic characteristics as a
result of their unique structure i.e. LABs have the same physical properties as other
hydrocarbon chemicals (Sherblom ez al., 1992).

Majority of LABs utilization (~98%) of LABs is as a raw materials in the
manufacturing of LASs, despite of many other usage of linear alkyl benzene (Steber
and Berger, 1995; Johnson et al., 2007).

The synthesis of alkylbenzene by Friedel-Crafts alkylation using tetra propylene was
the earliest utilization of detergent alkylates on a manufacturing level in the 1950s
(Eganhouse et al.,1983a). The tetra propylene-based alkylbenzenes, (TABs) turned
into tetra propylene benzene sulfonates (TBS) as a result of sulfonation of TAB. This
kind of alkylate is called a “hard detergent alkylate” owing to biodegradation problems
of branched TBS detergents in aquatic environments, followed by stable foaming
problems. Hence, the detergent industry turned to enhanced degradable alkylbenzenes
compounds i.e. the “soft detergent alkylate”, named LABs (Takada and Eganhouse,
1998). The predominance of LAB compounds in the environment significantly reflects
the existence of sewage pollution, regardless of their sources and fate (Tsutsumi et al.,
2002; Isobe et al., 2004; Magam et al., 2012). LABs compounds are exposed to
numerous processes and changes in regard to their isomer compositions after being
discharged from various sources into the marine environment. LABs were widely
detected in Southeast Asia due to improper sewage treatment.

Malaysia, which is situated in Southeast Asia, has been rapidly heading towards being
a developed and industrialized country since the second half of 20th century (Shahbazi
et al., 2010; Keshavarzifard et al., 2014) (Figure 1.1).
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Figure 1.1: Malaysia map in Southeast Asia
(Source: GIS centre, UKM)

While Malaysia is developing rapidly in terms of industrialization, urbanization and
motorization, it has also been increasingly experiencing extraordinary economic and
population growth in the last few decades. This has led to more risks and possible
harmful effects that could affect this country, especially from urbanization and
industrialization-related pollutants that are steadily discharged to the aquatic
ecosystem.

The concentration and sources of sewage or wastewater pollution in Malaysia differ
from one location to the other (Magam ef al., 2012). Due to the presence a lot of urban
development and wastewater treatment plants in the Western coast of Malaysia, , the
domestic waste are now being introduced through non-point sources discharge as well
as point sources such as factories. Because of less development in the Eastern coast of
Malaysia, the majority of pollution comes from urban and industrialized areas
(Shahbazi et al., 2010).

To understand the LABs contamination level in the riverine and coastal areas,
researchers frequently investigate different environmental samples for examples,
water, sediments, and particles. In Malaysia, only a few researchers have studied
LABs to investigate the sewage pollution condition (Magam et al., 2012). However,
studies on LAB levels in East Malaysia are rare. No pervious researcher has studied
Brunei Bay in Sabah for LABs concentrations. Moreover, most of the rivers studied
in this research have not been investigated for LABs levels previously. Therefore, this
study fills the data gap in the study area and shows the trends of LABs in other
locations.



1.2 Linear alkyl benzenes (LABs)

LABs are defined as a group of secondary phenyl alkanes C¢Hs-CyHon+l, n= 10-14
(Eganhouse et al., 1983a). LABs are a group of chemical markers that are
manufactured from the interaction of benzene with common mono chloro paraffins or
mono alkenes in the presence of proper catalysts. Sulfonation of LABs with SO; or
H>SO4results in formation of linear alkylbenzene sulfonates (LASs). They have been
commonly used for over 50 years with worldwide utilization as high as 18.2 million
tons in 2003 (Hauthal and Wagner, 2004).

LABs are hydrophobic chemicals and log octanol-water partition coefficient ~7-9
(Sherblom et al., 1992). Therefore, they are preferentially attached to rich organic
matters in the sewage (Murray et al., 1987; Takada, et al., 1994).

Unsulfonated residual LABs moving with LAS during LAS detergent production into
the aquatic ecosystem poses serious problems since LABs affect marine/terrestrial
ecosystems and result in huge amounts of used synthetic detergents being discharged
into the municipal and industrial wastes prior to utilization. Moreover, LABs do not
degrade easily and are preserved in the environment for a long time. The fast
population growth and development growth around the world has increased water
contamination and sped up environmental deterioration. Many previous studies
support the above facts (Ishiwatari ef al., 1983; Takada and Ishiwatari, 1985; Takada
and Ishiwatari, 1987; Eganhouse et al.,1983a; Eganhouse et al., 1983b). LABs
distribution at riverine environment (Takada and Ishiwatari, 1987), estuarine sediment
(Ishiwatari et al., 1983; Takada and Ishiwatari, 1985; Eganhouse et al., 1983a;
Eganhouse ef al., 1988; Valls et al., 1989), and pelagic fishes (Albaigés et al., 1987)
proves that they are very persistent in the environment. In this context, LABs
suggested as one of useful indicators of industrial and domestic waste (Takada and
Ishiwatari, 1987; Eganhouse et al., 1983a; Eganhouse ef al., 1988).

Since the 1960s, LASs as an anionic surfactant group have been largely used to
produce synthetic detergents (Eganhouse ef al., 1983a). Due to small amount of
LABs are attached with LAS-type detergents in addition to wide application of
detergents and subsequent discharge of LABs to the riverine and coastal areas.
Therefore, municipal wastewaters contain high amounts of LABs (Eganhouse, ef al.,
1983a; Takada and Ishiwatari, 1987).

Vivian (1986) also reported the use of LABs as molecular marker for environmental
pollution originating from municipal and industrial waste. The external isomers (of
which the benzene ring close to the end of the straight alkyl chain) are easier to degrade
than internal isomers (of which the benzene ring is near to the centre of the chain). In
addition, the LABs concentration and composition reflect its significance as well as
indicates the type of wastewater released to the aquatic ecosystem (Tsutsumi, et al.,
2002). Figure 1.2 shows the structure of LAB and LAS.
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Figure 1.2: Structures and introduction pathways of LABs into aquatic
environments (Takada and Eganhouse, 1998)

1.3 Problem Statement

Malaysia has been affected by municipal and industrial waste with land-based
pollution due to its rapid population growth and land development (Shahbazi et al.,
2010), which has caused increasing stresses in the form of accelerating environmental
deterioration and water quality pollution. Densely populated cities stretching along the
rivers and coastline areas are expected to directly and indirectly release bulky volumes
of sewage and domestic wastewater into these rivers and coastal areas. The high
discharge of poorly treated sewage to marine environment is one of the main concern
(Magam et al., 2012). As long as human population grows, the problem with sewage
pollution will continue. The amount of sewage discharged into the aquatic
environments in Asian countries would expand and add to the previous pollution in
the next years. Therefore, the question arises as to what extent Malaysia and
specifically the areas in the Western coast that have experienced a boost in population
are polluted with LABs.

Some studies also reported the accumulation of LABs in aquatic species (Tsutsumi et
al., 2002). High LABs concentration in the environment is not only affecting the
aquatic ecosystems but also acts as a detriment to human health because human on top
of food chain. Besides this, tourism, which is one of the important human activities,
can also be a potential source of water pollution in the studied areas. Consequently,
sewage contamination poses huge health risks to communities inhabiting along these
estuaries and rivers. Indirect or direct release of municipal wastewater, poorly
controlled septic tanks, and inefficient management of STPs are likely the main causes



of water-borne diseases (Isobe et al., 2004). Generally, it can be said that the use of
synthetic detergents can negatively affect the environment.

However, synthetic detergents undergo production, formulation, the usage phase, and
the discharge phase during their lifecycle. The levels of chemicals released into the
environment from production and formulation is generally low (Eganhouse et al.,
1983a), considering that there are proper installations to reduce pollutants in chemical
plants. Nonetheless, when it comes to the usage and discharge phase, the
concentrations of pollutants released into the environment can be much higher. The
biological and physicochemical properties of the chemical and the way it is used and
discharged into the environment can be used to identify the type of chemical
discharged into the marine environment. Unsulfonated residual LABs moving with
LAS during LAS detergent production into the aquatic ecosystem can pose serious
problems because LABs (a) affect marine/terrestrial ecosystem and (b) huge amounts
of used synthetic detergents are discharged into municipal and industrial wastes prior
to utilization (c) LABs do not degrade easily and are preserved in the environment
for a long time and (d) the fast population growth and development growth around
the world has increased the chances of water contamination and environmental
deterioration (Ishiwatari et al., 1983; Takada and Ishiwatari, 1985; Takada and
Ishiwatari, 1987; Eganhouse ef al., 1983a; Eganhouse ef al., 1983D).

Increasing inputs of untreated sewage especially in slum areas and locations that are
overcrowded and limited or those with no sewage treatment systems to rivers and
coastal environment will lead to increased health threats to humans and aquatic
environment (Isobe et al., 2002). The aquatic environment is exposed to the
accumulation of LABs in the sediment because of the increasing pollution level along
the coastlines and estuaries, which have in turn led to serious pollution in coastal areas.
However, there is a lack of studies on LABs distribution and transport pathways in the
sedimentary environment in Malaysia. The concentrations of LABs have not been
reported from the most of sampling stations of Peninsular Malaysia and Brunei Bay
in Sabah and Brunei waters.

1.4 Significance of the Study

Safeguarding water resources and the aquatic ecosystem is one of the most important
environmental concerns in the 21% century (World Bank, 2010). Therefore, monitoring
the natural waterways and appropriate wastewater management for emerging
pollutants has become inevitable to ensure good water quality and a healthy
ecosystem. Particulate material for example, sand, silt, clay and shell fragments in the
water column may act as sorptive materials for partitioning of organic pollutants
(Martins et al., 2010).

The concept of molecular marker has been improved and applied by organic
geochemists to trace the transport, origins, and fate of hydrophobic compounds
(Vivian, 1986). Molecular marker defined as hydrophobic compounds specific to
particular pollution sources (Eganhouse ef al., 1983a). Anthropogenic molecular



markers are released to the aquatic ecosystem via human activities. Therefore, the
information from anthropogenic markers such as LABs is highly important when it
comes to environmental contamination (Takada and Eganhouse, 1998).

LABs species have been found to be high hydrophobicity and have strong affinity to
attach to sewage particles. Therefore, the major source of LABs comes from sewage
contamination discharge to aquatic environment. Aquatic sediment is a main sink of
particulate materials (Abdullah ef al., 1999). LABs distribution in sediments could be
helpful in evaluating the alteration of pollutants derived from sewage through moving
to and residing in the sea bottom (Wang et al., 2010).

Sedimentary ecosystems are exposed to the accumulation of LABs in the sediments
because of the increasing pollution level along the coastlines and rivers (Magam et al.,
2015). The results of this study will help to identify whether or not the sediment
ecosystem in Malaysian waters is affected by sewage pollution using LABs as
chemical markers.

Control the sewage pollution in the aquatic ecosystem is carried out by the use of
LABs that are utilized as chemical marker of sewage-derived particles (Eganhouse et
al., 1988) due to octanol — water partition coefficient (Kwo) of LABs is close to Kwo
of sewage particles and they are more persistent in the environment than LAS. Heavy
loads of domestic waste are expected to be released to the aquatic ecosystems of
Malaysia due to rapid population growth, urbanization, and industrialization in the last
decade (Masood ef al., 2015). Therefore, it is of high priority to monitor wastewater
and sewage systems with the help of diagnostic ratios such as internal over external
LABs isomers ratio ( I/E ratio).

Release of inadequately treated or untreated sewage may cause danger to human health
living in the surrounding areas because sewage has various harmful chemicals as well
as viruses and pathogenic bacteria (Isobe et al., 2002).

This research is expected to gain comprehensive data on the distribution and
concentration of sewage molecular markers in the aquatic environment of selected
locations of the southern Peninsular of Malaysia (Muar, Merambong, Johor Bahru
coast, Kim Kim river and Port Dickson) and Brunei Bay. However, no comprehensive
study using LABs as chemical markers has been conducted in the areas chosen so far.

1.5 Research Questions

Sediments are the principal environmental sink for many contaminants, as many
organic contaminants introduced into the water column have affinities to sediment
particles (Abdullah et al., 1999). Because sewage particles also have strong affinity
with contaminant concentrations such as LABs.



Contaminants which deposited in sediments are present in an equilibrium state with
the water phase which may be altered by anthropogenic environmental disturbances
(Wang et al., 2010). Therefore, major questions arise i.e. what are the concentration
and distribution of LABs in sediments samples? What is compositional profile of
LABs in marine environment? What is the correlation between sediment and organic
carbons in the sediments of study areas? And finally, to what extent are LABs
biodegraded in the aquatic environment?

1.6 Research Objectives

The specific objectives of this research are:

1. To determine the composition, concentration and distribution of LABs in
surface sediment samples collected from selected locations in Malaysia
along the Port Dickson, Muar River, Merambong Island, the Kim Kim
River, the Johor Bahru coast as well as Brunei Bay using GC-MS.

ii. To investigate the correlation between LABs and total organic carbon
(TOC) in the surface sediment samples collected.
iil. To evaluate the biodegradation and sources of LABs in the sedimentary

environment using I/E ratios.

1.7 Conceptual framework of LABs in Coastal Environment

The conceptual framework of the movement of LABs in the coastal environment is
simplified in the form of flow diagram (Figure 1.3). It could be the guide to readers to
understand this research related to the goals of the research.

Figure 1.3 illustrates the study process as well as the relationship between these
research elements with each other within this study.

The conceptual framework summarizes the distribution, composition and sources of
LABs in the aquatic environment. It starts with input stage in which the sources of
LABs come from detergents and sewage discharge (Eganhouse ef al, 1983a).

LABs undergo physio - chemical processes during riverine runoff and accumulation
in suspended and sediments particles of receptors (Lue et al., 2008).

Biodegradation is a natural process that control of LABs composition and the high or
low of LABs concentration in aquatic ecosystem depends on the proximity or far
LABs thon their sources (Takada and Ishiwatari, 1987).
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Figure 1.3: Conceptual framework of LABs in coastal environment

1.8 Thesis Structure

The thesis structure is shown in Figure 1.4. The first chapter is an introduction on the
background of this study, the linear alkylbenzenes (LABs), problem statement, the
significance of this study, the research questions, and the study’s objectives.

The second chapter is the literature review. This chapter provides a comprehensive
literature review regarding distribution, source, pathways, and the fate of organic
contaminants in the environment and ecosystems.

The third chapter presents the Methodology for this study, which touches on sampling,
sample preparation, and sample analysis.

The fourth chapter outlines the results and discussion, which talk about the
concentration, distribution, and sources of the LABs in this study.



Finally, the fifth chapter presents the conclusion and recommendations for future
research.
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