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CHAPTER 1 

INTRODUCTION 

 

 

1.1 General Introduction 

 

Fisheries Research Institute (FRI) Malaysia of Sarawak in collaboration with South 

East Asian Fisheries Center (SEAFDEC) and several universities in Malaysia have 

conducted a survey on demersal fish resources in Sarawak and Sabah waters.  This study, 

off Sarawak, is a measurement of hydrocarbons and heavy metals in surface and core 

sediments of the South China Sea as the sea off Borneo is very deep and the sediment 

structure may be different. The flowing of large rivers from Borneo mainland into the sea 

might be affecting on continental shelf (Shazili et al., 1998). Hydrocarbons are naturally 

occurring compounds which are mainly found in the sedimentary organic matter from 

marine coastal areas. Particularly in recent decades, hydrocarbons distribution and 

composition are significantly affected by human activities. Hydrocarbons can be originated 

from assemblage of substances coming from biogenic, diagenetic, petrogenic, and pyrogenic 

sources (Gao and Chen, 2008). 

  Generally, aliphatic hydrocarbons and polycyclic aromatic hydrocarbons (PAHs) 

are the major components found in crude oil which are recognized as the main pollutants in 

marine sediments. Most of alkanes are posed to be narcotic and irritant while several PAHs 

show strong toxicity, carcinogenicity, teratogenicity and mutagenicity (Ruey-an and Yu, 

2004). The existence of alkanes and PAHs in the marine environment may cause serious 

pollution to the water ecosystems and directly endanger the aquatic organisms (Zhang et al., 
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2009). Sediments can act as sensitive indicators between natural and anthropogenic variables 

(Veerasingam et al., 2010). Hydrocarbons can be found in core sediments exhibit 

anthropogenic and natural inputs as well as metamorphism processes that occurred in the 

water column and during transportation and sedimentation (Wakeham and Farrington, 

1990). Mille et al. (2007) stated that sediments are excellent sinks for contaminants such as 

hydrocarbons. This can occur when a large fraction of hydrocarbons with respective 

partitioning properties accumulates in underlying sediments and causing pollution (Colombo 

et al., 2005; Latimer and Quinn, 1996). These contaminants are usually more resistant toward 

biodegradation than other saturated biomarkers and likely to persist in atmospheric 

particulate matter, contaminated water, sediments and marine organisms (Guo et al., 2007). 

Furthermore, sediments are commonly used to identify and evaluate the major hydrocarbons 

sources and obtaining information of the events occurred in the water column (Lucia et al., 

2010). Hence, the analysis of hydrocarbons in sediments provides valuable information 

regarding the history of persistent contamination and changes in chemical contamination. 

   In this study, the hydrocarbons compositions in surface and core sediment in selected 

stations at Sarawak’s exclusive economic zone (EEZ) were determined. The study also aim 

to identify petroleum biomarkers such as hopane and sterane in surface sediments. The Gas 

Chromatography-Flame Ionization Detector (GC-FID) was used to analyze aliphatic and 

polyaromatic hydrocarbons quantitatively while Gas Chromatography-Mass Spectrometer 

(GC-MS) was used to determine petroleum biomarkers.  
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1.2  Problem Statement 

 

The EEZ is a continental shelf that is known for the exploration activities and use of 

marine resources. Sarawak EEZ is located at South China Sea (SCS) area where the area is 

associated with oil and gas exploration activities and transportation of petroleum 

hydrocarbons. Understanding the sources of hydrocarbons in marine ecosystems is crucial 

because of their potential to exhibit toxicity, carcinogenity and mutagenicity. Study 

regarding on distribution of hydrocarbons in sediments from Sarawak’s EZZ is found to be 

limited. This study is purposely to establish concentrations of hydrocarbons, biomarker, 

composition and sources of hydrocarbons.  

 

 

1.3  Objectives of the study 

 

The objectives of this study were:  

a) to determine distributions of aliphatic hydrocarbons and PAHs in surface and core 

sediments from Sarawak’s EZZ, 

b) to predict the sources of hydrocarbons in sediments of Sarawak EEZ by using several 

hydrocarbons biomarker indices and sediment quality guidelines (SQGs), 
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CHAPTER 2 

LITERATURE REVIEWS 

 

 

2.1 Exclusive Economic Zone of Malaysia 

 

The South China Sea is a marginal sea located at the Southwest of the North Pacific 

and the largest sea in the Southeast Asia with a maximum depth more than 5,000 meters 

(Shaw, 1991). Malaysia is one of the countries that have a big influence on the sea claim 

instead of China, Philippine and Vietnam (Shaw, 1991). Malaysia's EEZ was declared by 

the government of Malaysia on 25 of April 1980 (Tunku Sofiah, 1996). This establishment 

of Malaysia's EEZ was in accordance to Exclusive Economic Zone Act, 1984. This 

proclamation is necessary in order to conserve, manage and develop the marine and estuarine 

fishing and fisher activities according to the Fisheries Act, 1985 (Jamil and Hadil, 2012). 

Malaysian EEZ include of 548,800 km2, where 46% or approximately 250,000 km2 of the 

combined EEZ of Sarawak, Sabah and the Federal Territory of Labuan (Jamil and Hadil, 

2012). The EEZ of Sarawak is the largest which covered approximately 160,000 km2. There 

are 270 million people population at coastal fringes of the South China Sea that contribute 

to anthropogenic impacts such as pollution and resources exploitation and expected to be 

huge (Morton and Blackmore, 2002). 
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2.2  The Concept of Exclusive Economic Zone (EEZ) 

 

EEZ is a sea zone described by the United Nations Convention on the Law of the Sea 

(UNCLOS) where country or the state has special rights over the exploration and the use of 

marine sources (Patuzi, 2015).  An EEZ of particular state comprises 200 nautical miles from 

its coast and shall not extend beyond 200 nautical miles from the baseline which comprise 

Exclusive Fishing Zone (EFZ). The main characteristic of the EEZ is the coastal State does 

not have sovereignty in its entire territorial but only have some rights such as exploration, 

exploitation, conservation and resource management (Patuzi, 2015). The UNCLOS grants 

coastal State rights to explore and exploit natural resources. The first concept of EEZ is the 

right and duties of the coastal State towards EEZ. One of the jurisdictions by the coastal 

State is on the rise and use of the artificial installations, research activities in the sea and 

environment protection (Juda, 1986). The second concept of EEZ is conservation of the 

living sources and non-living sources. The coastal State is responsible for the permission to 

catch the living sources in its exclusive zone. The conservation includes maintaining and 

restoring of harvested species at level which can produce maximum sustainable yield like 

economic need such as coastal fishing and non-living resources include minerals and 

hydrocarbons (Patuzi, 2015).  
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2.3 Hydrocarbons Studies in Malaysia 

 

Concerns on the South China Sea such as living marine organisms and non-living 

resources has started approximately 33 years ago due to lacking of scientific information. 

Most hydrocarbons studies in Malaysia were mostly focused on rivers, estuaries and near 

shore areas but only several studies were conducted on offshore water. Several scientific 

expeditions such as Matahari Expeditions (1985–1989), SEAFDEC Expeditions and South 

China Sea Expeditions were carried out to cover important areas of the South China Sea 

including Malaysia EEZ. These expeditions provided the status on distribution of 

hydrocarbons in marine environment of Malaysia seas.  Table 2.1 shows level of 

hydrocarbons in sediments from offshore water in Malaysia that surveyed by series of 

expeditions such as Matahari in year of 1985-1989 and SEAFDEC. Matahari Expeditions 

was carried out by several researchers from University Pertanian Malaysia (now called 

Universiti Putra Malaysia) and Kagoshima University collaborated to obtain scientific 

information on South China Sea. These collaborations were undertaken on board with 

research vessel, Kagoshima Maru and explored the South China Sea (Husain et al., 1998). 

This study has discovered high concentrations of hydrocarbons in sediment from offshore 

water of Terengganu EEZ ranged between 6.43-1332.13 mg/kg, Pahang EEZ ranged 

between 10.73-85.25 mg/kg, Sarawak EEZ ranged between 2.92-1153.53 mg/kg and Sabah 

EEZ ranged between 19.84-226.42 mg/kg. The areas which were found to have high 

hydrocarbons pollution are associated with oil platform traffic in EEZ. SEAFDEC 

expedition at offshore water off Eastern Peninsular Malaysia was conducted in 1996 showed 

low concentrations of hydrocarbons from surface sediments ranged between 0.06-1.36 

mg/kg. The interest of study on hydrocarbons pollution in Malaysia was started when Law 
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et al. (1990) reported the bulk of petroleum contamination at Port Dickson in the Straits of 

Malacca (Sakari et al., 2012). Specific researches were then began in 1998 when scientists 

reported the level and sources of hydrocarbons such as aliphatic and PAHs in marine 

sediments and also in water, street dusk, mussles and aerosol (Zakaria and Mahat, 2006; 

Zakaria et al., 2000). The significant conclusion of these studies is that the origin of 

hydrocarbons pollution derives from petrogenic sources (Zakaria et al., 2002). Since then 

there are more publication on on hydrocarbons study in Malaysia. Growing interest in 

hydrocarbons studies among researchers in Malaysia have provided informations on 

hydrocarbons status in rivers and coastal environment. Most of researchers have focused 

their studies on surface and core sediments because the sediment act as excellent sink for 

marine pollutants such as organic pollutants or hydrocarbons which can be a good indicator 

for environmental pollutions (Mille et al., 2007; Medeiros et al., 2005). Table 2.2 tabulats 

values of recent and past studies of hydrocarbons concentrations in coastal areas in Malaysia. 

Generally, high level of hydrocarbons was detected in the Straits of Malacca and the South 

China Sea Off Peninsular Malaysia. Yusoff et al. (2012) reported high concentration of 

hydrocarbons (35.6-144.1 mg/kg) in the surface sediments at Bako Bay of Kuching, 

Sarawak. This finding shows that the concentrations of hydrocarbons from the South China 

Sea off Kuching Division, Sarawak were found to be higher compare to other areas in the 

world (Yusoff et al., 2012). The South China Sea can be susceptible to hydrocarbons in 

sediments due to the huge amount of oily wastewater discharged via land activities by 

neighboring countries and also enormous number of ships that pass through this sea (Law 

and Hii, 2006). Bishop (1983) suggested safe level of hydrocarbons concentration in 

sediment should be below than 100 mg/kg. The sediments at Tuaran of Sabah were found to 
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be comparatively lower and uncontaminated compare to sediments from Kuching, the Strait 

of Malacca and the Johor Strait (see Table 2.2).   

 

Table 2.1: Hydrocarbons concentrations in sediments from offshore water (South China   

Sea) surveyed during Matahari Expedition and SEAFDEC 

 
Expeditions Location Concentration (mg/kg) References  

Matahari Terengganu 6.43–1332.13 Law and Yusuf (1986) 

 Pahang 10.73–85.26 Law and Mahmood 

(1987) 

 Sarawak 2.92–1153.53 Law and Libi (1988) 

 Sabah 19.84–226.42 Law (1990) 

SEAFDEC Eastern Peninsular 

Malaysia 

0.06-1.36 Wongnapapan et al., 

(1999) 

 

 

Table 2.2: Concentrations of petroleum hydrocarbons (mg/kg) in coastal sediments from   

several locations in in Malaysia. 

 

 

Location 

 

Sediment sample 

Total hydrocarbon in 

sediment (mg/kg 

dw) 

 

References 

Papar to Tuaran, Sabah Surface  0.24 – 20.65 Ali et al. (2015) 

South China Sea off 

Kuching Division, 

Sarawak 

Surface  35.6 – 1466.1 Yusoff et al. (2012) 

Straits of Malacca Surface  52.00 – 128.00 Zakaria et al. (2007) 

Johor Strait, Johor Surface and Core 117 - 4652 Sakari et al. (2011) 

East Coast Malaysia Surface  0.26-0.59 Elias et al. (2007) 

Pulau Langkawi, Pulau 

Ketam,Tanjung Piai of 

Johor, Pulau Tioman and 

Kemaman 

Surface  18.20 – 847.40 Abdullah (1997) 

Terengganu Surface  0.80 – 20.00 Tahir et al. (1997) 

Port Dickson, Negeri 

Sembilan 

Surface  21.73 – 74.50 Law et al. (1990) 
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2.4  Significant Study of Hydrocarbons in Marine Sediments of Malaysia 

 

Malaysia is rich in biodiversity ranging from mangroves to coral reef and has more 

seas area including EEZ. Introduction of oil hydrocarbons into marine environment could 

affects via bioaccumulation on marine life such as fish, shellfish, mussels and other 

mammals (Ahmed et al., 2014). When small amount of petroleum hydrocarbons is 

introduced into marine environment, it may not pose immediate effects but would likely to 

pose side effect over long term of period (Adeniji et al., 2017). One of the biggest concerns 

when marine environment gets exposed with contaminated hydrocarbons is reduction of 

marine biodiversity. This happens when hydrocarbons pose detrimental effect on organisms 

that available in water surface, eggs or larvae of fishes, zooplankton and adult fishes to 

migrate and finally reduce the productivity of marine life (Mironov, 1968). Study conducted 

by Ahmed et al. (2014) found that fish samples from the Suez Gulf contained concentration 

of total alkanes was 987.439 ng/g in Trachurus indicus (horse mackerel), while in Sepia 

officinalis (Cuttle fish) contained 5007.2 ng/g total alkanes with relatively high amount of 

aromatic hydrocarbons. This result indicated that the contamination in fishes would likely to 

happen when fishes ingested contaminated materials and direct exposure of body with oil in 

water coloumn. Several studies on relation to hydrocarbons and fish have been conducted 

by several researchers (Ramalhosa et al., 2012; Dhanajayan and Muralidharan, 2012; 

Ramalhosa et al., 2009; Reynaud and Deschaux, 2006). Thus, hydrocarbons investigation in 

marine sediments is necessary because it provides status of petroleum contamination in the 

particular marine sediments (Floehr et al., 2015; Rahmanpoor et al., 2014; Chen et al., 2013). 

Continuous monitoring on hydrocarbons content in marine sediment could help to control 
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the concentrations of hydrocarbons in the range of baseline levels (Ahmed et al., 2014) and 

to protect marine life and human being (Chigor et al., 2013; Okoh et al., 2007). 

 This study of hydrocarbons in core sediments is important to record the accumulation 

history hydrocarbons in bottom sediments (Lorgeoux et al., 2016). Some quantitative 

monitoring studies on the level of hyrocarbons in sediment at coastal and developed areas 

have been conducted and the sources of hydrocarbons were predicted. Quantitative analysis 

of core sediments for the hydrocarbons content can be used to evaluate historical loadings 

of organic matter (Lorgeoux et al., 2016) and to provide specific data on temporal scale (Tao 

et al., 2012). Several studies on distribution of hydrocarbons in sediments have been 

conducted at the Johor Strait, Klang Estuary, Straits of Johor and Malacca by Sakari and co-

workers (Sakari et al., 2012; 2011; 2010a; 2010b). These studies have reconstructed the 

accumulation history of hydrocarbons concentrations and predicted the sources of 

hyrocarbons in the sediments. Therefore, study on vertical distribution of hydrocarbons in 

sediments showed the accumulation history which can be used as references for future study 

or for comparation with the current status of hydrocarbons contaminations in sediment. 

Furthermore, study of hydrocarbons in sediments can provide information on the natural and 

anthropogenic input of organic matters by using several diagnostic characteristics such as 

unresolved complex mixture (UCM), carbon preference index of n-alkanes and also 

occurrence of hydrocarbon biomarkers such as hopane and sterane (Zegouagh et al., 1998). 

Identifying the sources of contaminants in marine aquatic environment can provide vital 

information on origin of anthropogenic sources of hydrocarbons so that the risk done by 

human anthropogenic activities on marine sediment environments can be clearly understood 

(Yunker et al., 2002). 
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2.5 Aliphatic Hydrocarbons 

 

Aliphatic hydrocarbons can be found naturally in the form of linear, branched, cyclic, 

saturated and unsaturated. Aliphatic hydrocarbons may derive from several natural sources 

such as terrestrial plant waxes, marine phytoplankton and bacteria (Brassell et al., 1978) and 

they are also major components of petroleum products (Wang et al., 1999). The UCM of 

aliphatic hydrocarbons fractions are usually observed in marine sediments consisting of 

branched alicyclic hydrocarbons (Gough and Rowland, 1990), which have been proven to 

be toxic to sediment dwelling organisms (Scarlett et al., 2007). n-Alkanes with no alkyl 

group or substitutes comprise of odd and even carbon numbers which can be up to 64 

carbons. The biogenic sources showed domination of odd numbered carbon while even 

carbon numbers are anthropogenic sources. Odd numbered carbons, n-C15 to n-C19 alkanes 

are originated from marine biogenic sources whereas to n-C25 to n-C33 hydrocarbons are 

originated from vascular plants (Sakari et al., 2008). The n-alkanes with less than n-C20 

originated from maritime low microscopic fish such as microorganisms and green growth 

(algae). n-Alkanes can be used as molecular markers to assess hydrocarbon contamination 

and to predict their sources (Duan et al., 2010). 

 

2.5.1 Occurrence of Aliphatic Hydrocarbon in Marine Sediment 

 

Aliphatic hydrocarbons in marine sediment can be originated from biogenic and 

anthropogenic sources. Aliphatic hydrocarbons are identified in the marine environment is 

often complex in composition because of the inputs from various sources. Petroleum 

contains complex hydrocarbons with a wide range of boiling points (NRC, 1985). 
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Anthropogenic hydrocarbons originated from human activities which incorporate industries, 

urbanization, delivering, angling and oil operations while common hydrocarbon can be 

originated from biogenic sources incorporate microbes, bugs, microscopic fishes, green 

growth microbes and terrestrial plants. Anthropogenic sources are also related to large 

petroleum oil spills or its derived from degradation products in marine environment 

(Commendatore et al., 2012).  

Biogenic sources include biological process or in the early stages of diagenesis in 

recent marine sediment (Kennish, 1992).  Phytoplankton is an important producer of natural 

matters in sea marine environment. Hydrocarbons are consisted in the lipid of algae which 

approximately 3-5% comprise of saturated and unsaturated hydrocarbons. Marine green 

algae consist of n-alkanes ranged between C14 to C32 where C15 and C17 are major n-alkanes 

in marine algae growth (Youngblood et al., 1977).  

 

2.5.2 Source Identification of Hydrocarbons Using n-Alkane Molecular Marker 

 

2.5.2.1 n-Alkanes Characteristics  

 

Distribution of n-alkanes in oil sample can be used to predict the origin of the organic 

matter (Duan and Ma, 2001). Peters and Moldowan (1993) suggested that an increase in 

carbon number from n-C15 to n-C20 showed marine organic matters with biomass originated 

from algae and plankton. Guo and Fang (2012) reported that n-alkanes originated from small 

organisms such as algae, plankton and bacteria have short hydrocarbon chain with major 

peak at carbon number C15, C17 and C19. Dominant of carbon number C20 or C21 indicates n-

alkanes derived from the oil, automobile exhaust and fossil fuel combustion and with of 
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carbon number displayed in gas chromatogram peak do not shows odd even predominance 

(OEP) (Lu et al., 2002). Long carbon chains between C27-C33 are n- alkanes derived from 

terrestrial higher plants. 

 

2.5.2.2  Carbon Preference Index (CPI)  

 

Carbon Preference Index (CPI) is the predominant of odd carbon numbered over even 

carbon numbered of n-alkanes (Allan and Douglas, 1977). CPI is often used in marine 

sedimentary environment study (Sakari et al., 2012). Application of CPI was introduced by 

Farrington and Tripp (1977) and improved by others (Colombo et al., 1989; Kennicutt et al., 

1987). CPI values in marine sediment samples are vary from different site to another and 

from sample to sample (Sakari et al., 2012). This due to the different inputs of terrestrial 

plants and marine biogenic origins (Jeng, 2006).  Table 2.3 shows CPI values that accounted 

for biogenic and anthropogenic sourced of n-alkanes. Generally, sediments with n-alkanes 

derived from petroleum hydrocarbons origin possed CPI less than 1 (Maioli et al., 2011; 

Petersen et al., 2007; Eseme et al., 2006; Harb et al., 2003; Jeng and Kao, 2002). CPI close 

to 1 is n-alkanes associated with marine animals or recycled organic matter. Hydrocarbons 

originated from vascular plant have CPI value more than 3 (Van Dongen et al., 2008; Bi et 

al., 2005). 
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Table 2.3: Respective inputs of n-Alkane based on CPI ratios. 

CPI Source of n-alkane References 

Between 5–

10 

n-Alkanes derived from land plant 

originating material. 

(Commendatore 

et al., 2012; Kanzari et al., 

2014) 

Above 3 Biogenic input from vascular plant (Kennicutt et al., 1987). 

Below 1.0 Petrogenic inputs such as petroleum 

products. 

(Pendoley, 

1992) 

Close to 1.0 Related to marine microorganisms and 

recycled organic matter. 

(Kennicutt et al., 1987). 

 

 

2.5.2.3 Major Hydrocarbons  

 

Major hydrocarbon in n-alkanes profile is the highest n-alkane concentration that can 

be interpreted as evidence to identify the sources of pollution. The concentration of n-alkanes 

calculated from the peaks of gas chromatography provide enough information to conclude 

the sources of pollution (Colombo et al., 1989; Broman et al., 1987). Major hydrocarbons 

can distinguish the origin of n-alkane in sediment whether it is biogenic or petrogenic input. 

For instance, the carbon number indicates occurrence petroleum products in sediment is 

dominated by C18 (Jacquot et al., 1999) while different species of algae have odd numbered 

carbons; C15, C17, C19 and C21 and vascular plants have number carbons of C23, C25, C27, C29, 

and C31 (Simoneit, 1987; Blumer et al., 1971; Clark and Blumer 1967).  
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2.5.2.4 Low Molecular Weight to High Molecular Weight Ratio (LMW/HMW Ratio) 

 

The molecular weight of aliphatic hydrocarbons can be used as a tool for 

identification hydrocarbons in the environment. Aliphatic hydrocarbons can be classified 

into low molecular weight (LMW) and high molecular weight. LMW hydrocarbons ranged 

between C16 to C26 while HMW hydrocarbons ranged between C27 to C36. The concentration 

ratio of LMW/HMW can used to trace the origin and sources of aliphatic hydrocarbons in 

marine sediment. LMW/HMW above 2 usually indicates fresh oil input or petroleum input 

(Commendatore et al., 2000). Ratio below 1 usually indicates for degraded crude oil (Wang 

et al., 2006). 

 

2.4.2.5 Unresolved Complex Mixture (UCM) 

 

The UCM normally appears in the GC chromatogram of aliphatic hydrocarbons 

fraction which is due to the petroleum contamination in water or sediment in environmental 

samples (Volkman et al., 1992). The occurence of UCM in sediment implies the petrogenic 

input or biodegradation (Brassel and Englington, 1980). UCM appears in GC 

chromatograms peaks as the hump area or "envelop" between the solvent baseline and the 

curve defining the base of resolvable peaks.  

 

2.5.2.6 Average Chain Length (ACL) 

 

ACL is an important parameter in order to understand the effect of hydrocarbons 

input into the environment. ACL is defined as the weight average chain number of carbons 
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atom in higher plants which is ranged from C25 to C33. Jeng (2006) reported that ACL is not 

change under constant environment conditions. Petrogenic inpu tinto marine environment 

decrease ACL values. ACL usually compliments with other ratios and indices such as CPI, 

LMW/HMW and MH (Jeng, 2006).  

 

2.5.2.7 Isoprenoids (Pristane to Phytane ratio, Pri/Phy) 

 

Both pristane (2,6,10,14-tetramethyl pentadecane) and phytane (2,6,10,14- 

tetramethyl hexadecane) are originated from the phytol side chain of chlorophyll, either 

under reducing conditions (phytane) or oxidizing conditions (pristane) (Moustafa and Morsi, 

2012). In extremly weathered crude oils, pristane and phytane are become dominantly 

saturated hyrocarbons components until they biodegraded (Moustafa et al., 2004). The ratio 

of Pristane/phytane is generally used to determine depositional environment (Peters et al., 

2005). Ratio of Pristane/phytane ranged between 1-3 indicates for oxidizing depositional 

environments (Hunt, 1996) and also, ratio ranged for 1-6 indicated for biogenic 

hydrocarbons (Commendatore et al., 2000). Ratio that associates with petroleum input and 

highy reducing depositional environment is less than 1 (Broman et al., 1987). 

 

  



17 

 

2.6 Polycyclic Aromatic Hydrocarbons (PAHs) 

 

PAHs are organic compounds with fused aromatic rings. The physical and chemical 

characteristics of PAHs are depend on the number of aromatic rings attached and pattern of 

ring linkage. PAHs are lipophilic compounds in which their solubility and concentration are 

trivial in water (Nasr et al., 2010).  PAH solubility in water decreases as the molecular weight 

increases (Nikolaou et al., 2009). Because of their hydrophopic properties, PAHs tend to 

settle out from water and finally accumulated at the bottom of sediment. PAHs in 

environment aalso act as an indicator of anthropogenic pollutant and presence of PAHs can 

be are used to estimate overall environmental quality. Sveral factors such as the degree of 

toxicity, environmental and human health risk assessment and petroleum pollution are used 

to estimate environmental quality. (Bihari et al., 2006; Cachot et al., 2006; Requejo et al., 

1996). 

 

2.6.1 Sources of PAHs 

 

Three main sources of PAHs in the environment are petrogenic, pyrogenic, and 

biogenic (Page et al., 1999; Neff, 1979). Petrogenic PAHs in the environment are released 

during burning of petroleum and coal at high temperature (100-300 °C) and high pressure 

(Boehm et al., 2002; Stout et al., 2001) and also formed during crude oil maturation. 

Petrogenic PAHs usually consisted of 2 and 3 rings PAH and their constituent homolog 

bunches display a prevalence of alkylated individuals to non-alkylated parent PAH. 

Petrogenic sources of PAHs can be derived from oil spills of fresh water, oceanic, storage 

tank leaks and accumulation of small releases of gasoline, motor oil, lubricating oil and 
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others related with transportation. Pyrogenic PAHs usually have 4-to 6-rings and formed 

during incomplete burning of fossil fuel or biomass at temperatures over than 500°C with 

absence of oxygen or low oxygen. The series of incomplete burning including combustion 

of motor fuel, wood, fireplaces and combustion of fuel oils in heating system. Next PAHs 

are slso derived from biogenic process. For instance, certain plants and bacteria synthesized 

PAHs compounds during degradation of vegetative substances. Perylene is a natural PAHs 

compound that is produced via biological process.  

 

2.6.2 Physical and Chemical Properties of PAHs 

 

PAHs (also known as polynuclear aromatic hydrocarbons) are composed of two or 

more aromatic (benzene) rings which are fused together when a pair of carbon atoms is 

shared between them (Weast, 1968; Neff, 1979). The resulting structure is a molecule where 

all carbon and hydrogen atoms lie in one plane. Naphthalene with molcular wight of 128.16 

g and chemical formula C10H8, formed from two benzene rings fused together, and the lowest 

molecular weight of all PAHs. The environmentally significant PAHs are those molecules 

which contain two (e.g., naphthalene) to seven benzene rings (e.g., coronene with a chemical 

formula C24H12 and molecular weight of 300.36 g). In this range, there is a large number of 

PAHs which differ in number of aromatic rings, position at which aromatic rings are fused 

to one another, and number, chemistry, and position of substituents on the basic ring system. 

Some general uses of PAHs in industries are shown in Table 2.4. Another PAHs compounds 

are contained in asphalt for road construction and roofing tar. Moreover, PAHs are used in 

electronic, platics and liquid crystal industries. The physical and chemical characteristics of 

PAHs compounds depend on the number of aromatic rings attached and pattern of ring 
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linkage. PAHs have high melting and boiling points as shown in Table 2.5 due to low vapor 

pressure and aqueous solubility (Masih et al., 2012). Solubility of PAHs decreases as number 

of ring PAHs increases (Masih et al., 2010; Nikolaou et al., 2009). Nasr et al. (2010) reported 

that PAHs are lipophilic compounds in which their solubility and concentration are trivial in 

water. Because of hydrophopic properties of PAHs, they tend to settle out from water and 

accumulated at the bottom of sediment. This includes factors such as the degree of toxicity 

(Bihari et al., 2006; Cachot et al., 2006), petroleum pollution, environmental and human 

health risk assessments (Requejo et al., 1996). Physical and chemical characteristics of PAHs 

vary with molecular weight (see Table 2.5). PAHs are resistance to oxidation, reduction, and 

vapourization increases with increasing molecular weight (Masih et al., 2012). 

 

Table 2.4: General use of PAHs in certain industries 

PAHs General use 

Acenaphthene Used for manutacturing of pigments, dyes, pharmaceuticals, plastics and 

pesticides. 

Anthracene Used as diluent for preservative of wood and manufacturing of dyes and 

pigments. 

Fluoranthene Used for manufacturing of dyes, pigments, and agrochemicals. 

Fluorene Used for manufacuturing pesticides, pharmaceuticals, thermosets 

plastics, pigments and dyes. 

Phenanthrene Used for manufacturing of resins and pesticides. 

Pyrene Pigments synthesis. 
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Table 2.5: Physical and chemical properties of PAHs compounds 

Name Molecular 
Formula 

Structure Molecular 
Weight (g) 

Boiling 
Point 

(°C) 

Melting 
Point 

(°C) 

 

Naphthalene 

 

C10H8 

 

 

 

128.2 

 

218 

 

78.2 

 
Acenaphthylene 

 
C12H8 

 

 
152.2 

 
280 

 
91.8 

 

Acenaphthene 

 

C12H10 

 

 

154.2 

 

279 

 

93.4 

 

Fluorene 

 

C13H10 

 

 

166.2 

 

295 

 

116 

 
Phenanthrene 

 
C14H10 

 

 
178.2 

 
332 

 
101 

 

Anthracene 

C14H10 

 

 

178.2 

 

340 

 

45 

 

Fluoranthene 

 

C16H10 

 

 

202.3 

 

375 

 

110.8 

 
 

Pyrene 

 
 

C16H10 

 

 
 

202.1 

 
 

404 

 
 

148 
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           Table 2.5 continued 

 
 

Benzo(a)antharacene 

 

C18H12 

 

 

228.3 

 

438 

 

158 

 

Chrysene 

 

C18H12 

 

 

228.3 

 

448 

 

254 

 

Benzo(b)fluoranthene 

 

C20H12 

 
 

 

252.3 

 

481 

 

168 
 

 

Benzo(k)fluoranthene 

 

C20H12 

 

 

252.3 

 

480 

 

217 

 

Dibenz(a,h)anthracene 
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2.6.3 Effects of PAHs Towards Organisms 

 

PAHs are deposited into marine environment via atmospheric pathway derived from 

industrial emissions, combustions of engines and domestic heating systems. When molecular 

weight of PAHs increases, the carcinogenic effect also increases (Balcioglu, 2014). Several 

PAHs are known to be carcinogenic; benzo[a]anthracene, benzo[a]pyrene and 

dibenz[ah]anthracene (CCME, 2010; Armstrong et al., 2004; Bach et al., 2003). Lipophilic 

PAHs concentrations in sediments are commonly higher than in the water column. PAHs are 

also accumulated in marine life such as fish and shell fish which could lead to serious human 

health (Okay et al., 2003; Heintz et al., 2000; Carls et al., 1999; Takatsuki et al., 1985).  

PAHs are vital sources of pollution and might result in ecotoxilogical effects that can occur 

at all stages of biological organization, from the molecular to the ecosystem stages (Fent, 

2004; Wernersson et al., 2000). The toxicity of PAHs can be enhanced with presence of 

ultraviolet light instead of being affected by metabolisms and photo-oxidation. The degree 

of PAHs toxicity is from moderate to high acute toxicity toward aquatic life and bird (Peter, 

2003).  The adverse effects of PAHs towards these organisms are tumours, reproduction, 

development and immunity (ATSDR, 1995). 

 In human, PAHs effects will depend on the period of exposure and also depending 

on amount of concentrations of PAHs and route of exposure such as inhalation or skin 

contact. When PAHs is absorbed to the body, it will be metabolized by the liver and kidney 

and eliminated through feces and urine. The health problems that associated by PAHs 

exposure are lung cancer, low birth rates and decreased fecundity (AMAP, 1998). Exposure 

of high concentrations of PAHs resulted in symptoms such as nausea, vomiting, eye and skin 

irritation, convulsion and irritation (WHO, 2005). Long term exposure of PAHs could lead 
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to serious health problems such as liver damage, kidney problem, eye cataract and jaundice. 

Other sickness that resulted from long term exposure of PAHs are cancerous diseases such 

as skin, lung, bladder and gastro-intestinal. Specific PAHs compound, naphthalene, may 

cause breakdown of red blood cells when consumed in large amounts (SCF, 2002). Many 

people consumed PAHs from fish, shellfish and other marine products, these creatures 

exposed more PAHs with carcinogenic property. The World Health Organization (WHO) 

recommends that the intake of shellfish containing PAHs must not exceed 200 ppb (WHO, 

1991). In Malaysia the study conducted by Nasher et al. (2016) on PAHs in sea bass (giant 

sea perch) showed that the mean concentration of 18 PAHs in the sea bass was 573.66 ± 

47.56 ng/g dry weight and the calculated cancer risk for all 18 PAHs were 1.06 × 10-4, 4.55 

× 10-5, and 3.69 × 10-6. These results were within the ranged suggested by US EPA (10-6 to 

10-4). These results implied that consumption of sea bass does not pose significant pose 

exposure of PAHs towards Malaysians. The significant study of pollution in marine 

environment is a subject requiring more attention to handle. PAHs are known by their high 

toxicity, hydrophobicity and environmental stability which they can be transformed from 

marine life to final consumer the human body. Hence, their current concentrations in the 

marine environment should be studied and some efforts should be made to reduce or 

diminish them whenever possible. 
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CHAPTER 3 

MATERIALS AND METHODS 

 

 

3.1 Study Area and Field Sampling 

 

Sediment samples were collected during the M.V. SEAFDEC 2, Cruise No.50-

3/2015 expedition which is organised by Fisheries Research Institute Sarawak  from 20th 

August to 5th October 2015. The surface marine sediments were collected using Smith 

Mcintyre grab sampler, while core sediments were collected using gravity core sampler. The 

samples collected for hydrocarbons analysis were wrapped with aluminium foil. The 

samples were then stored frozen at -4 ˚C in the freezer before transported to the laboratory 

until further analysis. Figure 3.1 shows the study area and sampling locations for eleven 

surface sediments and three core sediments at Sarawak EEZ, while Table 3.1 lists the GPS 

position for all sampling sites. 
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Figure 3.1: Sampling stations of surface and core sediments at Sarawak EEZ 
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Table 3.1: GPS reading and characteristics of sampling sites at Sarawak’s EEZ 

 

Samplin

g site 

Surface sediment Core sediment   

Water 

Depth 

(m) 

 

Type of 

sediment 

 

Date of sampling 

(2015) 

Latitude Longitude Latitude Longitude Core 

Length 

(cm)  

ST01 02_17.95 N     109_52.09 E 02_17.95 

N 

109_52.09 E 12 37 Sand 2 October 

ST02 03_31.80 N 109_56.14 E 03_31.80 

N 

109_56.14 E 12 75 Mud sand 

shell 

5 October 

ST03 03_20.25 N 110_20.50 E 03_20.25 

N 

110_20.50 E 12 70 Sand shell 3 October 

ST04 4_01.95 N 113_02.02 E - - - 45 Mud 22 August 

ST05 3_37.62 N 112_32.45 E - - - 47 Mud sand 26 August 

ST06 3_36.97 N 111_12.36 E - - - 62 Sand gravel 9 September 

ST07 4_01.69 N 111_16.67 E - - - 70 Mud 8 September 

ST08 4_48.04 N 111_40.93 E - - - 65 Mud 29 August 

ST09 4_27.51 N 110_27.53 E - - - 103 Mud 17 September 

ST10 5_23.67 N 110_33.56 E - - - 161 Mud sand 18 September 

ST11 5_25.57N 111_58.85E - - - 112 Mud sand 20 August 
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3.2 Proximate and Grain Size Analysis 

 

3.2.1 Proximate Analysis  

 

Total organic matter (TOM) was determined according to procedure described by 

Commendatore and Esteves (2004) with minor changes. Sediments were dried to a constant 

weight in an oven and the percentage of moisture was obtained using weight reduction that 

occurred. Exactly 2.0 g of sediment was weighted in silica dish and dried in an oven at 105 

℃ for 48 hours. The water content was calculated according to the following Equation 3.01: 

 

             Moisture, % = [(A – B)/A] x 100%                    Equation 3.01 

where, 

A = weight of sample used (grams), 

B = weight of samples after heating (grams).  

  

Ash content or inorganic matter was obtained by heating off organic matter at 450 

℃ in muffle furnace for 5 hours. Approximately 2.0 g of sediment sample was added in 

preheated crucible. Losses of ignition of the samples were obtained by measuring the 

crucible. The ignition loss at 450 ℃ was assumed as approximately the total organic matter 

(TOM) content in sediment sample. The ash content and TOM were calculated using 

Equations 3.02 and Equations 3.03. 

 

 % Ash = [(A-B)/C)] x 100%      Equation 3.02 

where, 
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A= weight of crucible + Ash (g), 

B= weight of empty crucible (g), and 

C= weight of sample (g ) 

 

 %TOM =  [(A-B)/A] x 100%                  Equation 3.03 

where,  

A= weight of sediment after heated at 105℃ for 48 hours, 

 B= weight of sediment after heated at 550℃ for 5 hours. 

 

3.2.2   Grain Size Analysis 

  

Prior for physical sieving, 30 g of wet sediment samples were dried in the oven at 

105℃ for 12 hours. Sediment samples were manually ground with mortar and pestle after 

the drying process.  The samples were continued with sieve analysis, a procedure commonly 

used in sediment analysis to assess the particle size distribution of a granular material 

includes of sand (Sonaye & Baxi 2012). Sieving method involved a splitting process of 

sediment into several sediment fractions sizes (very Coarse, < 2 mm and < 1 mm, coarse 

sand: 500 μm, medium sand < 355 μm and silt and clay, < 50 μm). Sand fractions above > 

50 μm were determined via dry sieving. Silt and clay fractions (< 50 μm) were determined 

via wet sieving using pipette method (Salem et al., 2014).  
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3.3 Determination of Hydrocarbons in Marine Sediment of Sarawak EEZ 

 

3.3.1 Extraction and Fractionation of Hydrocarbons in Sediments 

 

 Extraction and fractionation of hydrocarbons in sediment were performed according 

to the procedure described by Yusoff et al. (2012). Briefly, approximately 10.0 g of wet 

sediment were placed in cellulose thimble and spiked with 50 µL of 50 µg/g d10-anthracene 

and 50 µL of 50 µg/g n-eicosene. Both d10-anthracene and n-eicosene serve as internal 

standards for aliphatic hydrocarbons and PAHs, respectively. A volume of 250 mL 

dichloromethane was used as an extracting solvent and approximately 0.1 g of anti-bumping 

was added in order to avoid the boiling liquid violently. The extraction process took 8 hours 

which equivalent to 16 extraction cycles. Subsequently, the extract was evaporated to 5 mL 

using a vacuum rotary evaporator. The crude extract is called geolipid.  Geolipid was then 

isolated into two fractions on a silica gel (60 mesh) glass column chromatography (1.1 cm × 

50 cm) by eluting with appropriate solvent as described in Table 3.2. 
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Table 3.2: Fractionation of geolipid on silica gel column chromatography with respective 

eluting solvents 

Silica Gel Fraction Eluting Solvent Compound Separated 

 

5% deactivated 

A1 40 mL mixture of n-hexane to 

dichloromethane (3:1; v/v) 

Mixture of aliphatic and 

PAHs 

 A2 20 mL of mixture 

dichloromethane: Methanol 

(3:1; v/v) 

Polar organic 

compounds 

 

Fully activated 

F1 20 mL of n-hexane 

 

Aliphatic hydrocarbons 

 F2 20 mL mixture of n-hexane to 

dichloromethane (3:1;v/v) 

PAHs 

 

 

Approximately 7.5 g of 5% of deactivated silica gel were mixed with n-hexane and 

packed into a glass column. Geolipid was placed at the top of the column and eluted using a 

mixture of 40 mL n-hexane:dichloromethane (3:1; v/v) and 20 mL of a mixture of 

dichloromethane:methanol (3:1; v/v) to obtain fractions A1 (hydrocarbons) and A2 (polar 

organic compounds), respectively. The A1 fraction which contained a mixture of aliphatic 

and aromatic hydrocarbons was then further fractionated on fully activated silica gel column 

chromatography into two fractions, that are F1 (aliphatic hydrocarbons) and F2 (PAHs). 

Fraction A1 was subsequently eluted using 20 mL of n-hexane followed by 20 mL mixture 

of n-hexane: dichloromethane (3:1; v/v) to obtain fractions F1 and F2, respectively. All 

fractions were then transferred into 5 mL vial and further evaporated to dryness using a 

gentle stream of nitrogen. 
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 Both F1 and F2 fractions were subjected to desulphurization treatment on an 

activated copper column. Elemental sulphur can interfere the measurement of hydrocarbons 

in the GC analysis of aliphatic fraction (Stout and Wang, 2016). Approximately 3 g of 

activated copper (~ 40 mesh) were added into a glass column chromatography (1.1 cm i.d × 

50 cm long). Both F1 and F2 fractions were eluted then separately using 20 mL of 

dichloromethane and the eluents were evaporated to dryness under a gentle stream of 

purified nitrogen. 

 

3.3.2 Gas Chromatographic Analyses 

 

           Gas chromatography (GC) is a physical separation method in where volatile mixtures 

are separated. Two types of GC analyses were employed in this study; gas chromatography-

mass spectrometer (GC-MS) and gas chromatography-flame ionization detector (GC-FID). 

Organic extracts were determined quantitatively and qualitatively by GC analyses.  

 

3.3.2.1 Gas Chromatography-Flame Ionization Detector (GC-FID) Analysis 

 

 Both aliphatic hydrocarbons fractions (F1) (core sediments) and PAHs (F2) fractions 

(surface and core sediments) were analysed on Perkin Elmer Gas Chromatograph Model 

Clarus 680 equipped with flame ionization detector. The separation was carried out using 

HP-5 fused-silica capillary column (30 m×0.25 mm i.d ×0.25 µm film thicknesses) with 

nitrogen gas as the carrier gas with the injector and detector temperatures were programmed 

at 280 oC and 300 oC, respectively. The column temperature was initially set at 50 oC for 5 

minutes, subsequently ramped to 320 oC at 6.5 oC/min and maintained at final temperature 
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for 10 minutes. Prior to GC-FID analysis, both F1 and F2 fractions were diluted with 100 

µL dichloromethane. Exactly 1 µL of samples were injected into the column in split less 

injection mode. 

 

3.3.2.2 Gas Chromatography-Mass Spectrometer (GC-MS) Analysis 

 

GC-MS analysis was performed on a Shimadzu QP5000 GC-MS equipped with 

quadrupole mass analyser. The separation was carried out on the BPX-5 capillary column 

(30 m x 0.25 mm i.d x 0.25 um film thickness) with helium gas as the carrier gas. Mass 

spectrum was recorded using linear scanning (m/z 45-450, cycle time of 1.0 second) and 

electron impact ionization (70 ev). The temperature program was set similar to GC-FID 

analysis. Aliphatic hydrocarbons (F1) of surface sediments of Sarawak EEZ were analysed 

with GC-MS. Post-run GC-MS data analysis on aliphatic hydrocarbons fraction was 

performed by selecting specific ions in full scan GC-MS data. This mass chromatographic 

analysis was carried by extracting m/z 191 and m/z 217 of full scan GC-MS data in order to 

identify terpanes and steranes, respectively. 

 

3.3.3  Quantitative and Qualitative Analysis of n-alkanes and PAHs 

 

3.3.3.1 Quantitative Analysis of n-Alkanes and PAHs 

 

Response factors (RFs) is a response of the compound of interest relative to the 

internal standard calculated through external analysis of standard solutions. Determination 

of RFs of n-alkanes and isoprenoids were calculated relative to 50 µg/mL of eicosene as 
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internal standard, while determination of RFs for PAHs were calculated relative to 50 µg/mL 

of d10-anthracene as internal standard. RFs were carried out according to Equation 3.04 

below:  

 

Response Factor (RF) = (Cstd/Astd) × (Ais/ Cis)     Equation 3.04 

where,  

Cstd - Concentration of standard, 

Astd - Peak area of standard, 

Ais - Peak area of internal standard, 

Cis - Concentration of internal standard. 

 

Concentrations of hydrocarbons in the sample were calculated using Equation 3.05 

below. 

 

Concentration of analytes = (Cis/Ais) × Ax × RFx    Equation 3.05 

where, 

Ax - Peak area for analyte x,  

Cis – Concentration of internal standard, 

Ais - Peak area for internal standard, 

RFx - Response factor for analyte x. 
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3.3.3.2 Qualitative Analysis  

 

Identification of peaks in chromatograms was made based on comparisons with mass 

spectra (MS) library in GC-MS data system and literature. Identification of hydrocarbons 

biomarkers were performed using mass chromatograms by selecting characteristic ions. 

Detection of the biomarkers for hopane and triterpene was carried out by monitoring m/z 

191 and m/z 217, respectively (Zaghden et al., 2007).  

 

3.3.4 Determination of Hydrocarbon Molecular Indices 

 

Molecular n-alkane indices were determined based on the result of concentrations of 

specific compounds (Sakari et al., 2012). Several molecular n-alkanes indices were 

employed in this study; carbon preferences index (CPI), low molecular weight to high 

molecular weight of n-alkane (LMW/HMW), average chain length (AVC), terrigenous 

aquatic ratio (TAR), isoprenoid ratio and unresolved complex mixture (UCM). 

 

3.3.4.1 Carbon Preferences Index (CPI) 

 

 CPI is calculated as the ratio of odd carbon numbered divided with even carbon 

numbered of n-alkanes (Allan and Douglas, 1977). CPI value is the primary indicator of 

biogenic or anthropogenic sources. The predominant of odd carbon numbered in sediment 

sample indicated for natural input while the predominant of even carbon numbered indicated 

for anthropogenic origin (Sakari et al., 2012).  CPI is calculated using Equation 3.06. 

 

https://www.sciencedirect.com/science/article/pii/S1687428516300267#b0005
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CPI= [ 
𝐶25+𝐶27+𝐶29+𝐶31+𝐶33

𝐶24+𝐶26+𝐶28+𝐶30+𝐶32
⁺

𝐶25+𝐶27+𝐶29+𝐶31+𝐶33

𝐶26+𝐶28+𝐶30+𝐶32+𝐶34
]× 

1

2
       Equation 3.06 

  

3.3.4.2 Average Chain Length (ACL) 

 

The effects of hydrocarbons pollution in marine sediment can be further accessed by 

determining the ACL values. ACL Jeng (2006) reported that the effect of petrogenic sources 

will decrease the ACL values in the environment. Since ACL is defined as average weight 

of carbon atoms in n-alkanes of higher plant (C25-C33), Equation 3.07 below shows ACL 

being measured. 

 

ACL= [25(nC25) + 27(nC27) + 29(nC29) + 31(nC31) + 33(nC33)]/(nC25 + nC27 + nC29 + nC31 

+ nC33).          Equation 3.07 

 

3.3.4.3 Low Molecular Weight to High Molecular Weight Ratio (LMW/HMW) 

 

 The characteristic of hydrocarbons input in nature can be determined via ratio of 

LMW/HMW of n-alkanes.  Ratio above 2 indicated for fresh oil input while around 1 

indicated for for algae, plankton and petroleum, while sedimentary bacteria, seawater, 

marine animals (Sakari et al., 2012). The ratio is calculated using Equation 3.08 below. 

 

LMW/HMW= 
𝐶16+𝐶17+𝐶18+𝐶19+𝐶20+𝐶21+𝐶22+𝐶23+𝐶24+𝐶25+𝐶26

𝐶27+𝐶28+𝐶29+𝐶30+𝐶31+𝐶32+𝐶33+𝐶34+𝐶35+𝐶36
     Equation 3.08 
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3.3.4.4 Terrigenous Aquatic Ratio (TAR)  

 

The terrigenous/aquatic ratio (TAR) can be used to evaluate the importance of 

terrigenous inputs against aquatic inputs (Mille et al., 2007). TAR is calculated as the ratio 

of the concentrations of long-chain n-alkanes to short-chain n-alkanes. TAR is calculated as 

shown in Equation 3.09 (Bourbonniere and Meyers, 1996). 

 

TAR= 
 𝐶27+𝐶29+𝐶31

𝐶15+𝐶17+𝐶19
         Equation 3.09 

     

3.3.4.5 Isoprenoid Ratios 

  

 Pristane to phytane (Pr/Phy) ratios were measured to determine sources of 

hydrocarbons (Commendatore et al., 2000). Pristine and phytane compounds were eluted 

closely with n-C17 and n-C18 into two pairs of charateristics peaks in chromatographic 

analysis.  n-C17/Pristane and n-C18/Phytane indices (n-C17/Pri, n-C18/Phy) were measured 

to determine the presence of oil and the relative biodegradation of n-alkanes (Commendatore 

et al., 2000). Sources of hydrocarbons and relative biodegradation of oil indices based from 

isoprenoid ratios are calculated as shown in Equation 3.10, Equation 3.11 and Equation 3.12. 

 

To calculate source of hydrocarbons from isoprenoid ratios, 

Isoprenoid ratio = 
𝑃𝑟

𝑃ℎ𝑦
                                                                                      Equation 3.10 

To calculate relative biodegration of crude oil from isoprenoid ratios, 

Isoprenoid ratio = 
𝑛−C17

Pristane
                                                                           Equation 3.11 

https://www.sciencedirect.com/science/article/pii/S1687428516300267#b0015
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Isoprenoid ratio = 
𝑛−C18

𝑃ℎ𝑦𝑡𝑎𝑛𝑒
                   Equation 3.12 

 

3.3.4.6 Unresolved complex mixture (UCM) 

 

Qualitative UCM was identified from GC-MS of aliphatic fraction of n-alkanes 

ranging from C15 to C32 that have both unimodal and bimodal patterns (Vaezzadeh et al., 

2015). The characteristic of petroleum origin in gas chromatograms of aliphatic fractions 

were determined (Medeiros et al., 2005). 

 

3.3.5  Environmental Evaluation Method of PAHs 

 

3.3.5.1 Sediments Quality Guidelines (SQGs) 

 

Long et al. (2006) reported that SQGs are very useful guideline for sediments 

assessments in marine environment. SQGs are divided into two target values; effects range 

low (ERL) and effects range median (ERM). Concentrations of individual PAH in studied 

sediments were compared with published ERL and ERM values (Zhang et al., 2016).  Table 

3.3 presents the toxicity guideline for individual PAH ranged for ERL and ERM. 
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Table 3.3: Toxicity guideline for individual PAH ranged for ERL and ERM 

 

Compounds 

SQGs1 (ng/g) 

 ERL ERM 

Naphthalene 
160 2,100 

Acenaphthylene 
44 640 

Acenaphthene 
16 500 

Fluorene 
19 540 

Phenanthrene 
240 1,500 

Anthracene 
853 1,100 

Fluoranthene 
600 5,100 

Pyrene 
665 2,600 

Benzo[a]antharacene 
261 1,600 

Chrysene 
384 2,800 

Benzo[b]fluoranthene 
- - 

Benzo[k]-fluoranthene 
- - 

Dibenz[a,h]anthracene 
63.4 260 

Benzo[ghi]perylene 
- - 

Note: 1SQGs values adopted from MacDonald et al. (1996) and Long et al. (1995)  

 

 

3.5 Statistical Analysis 

 

 Software IBM SPSS version 22 was used to conduct statistical tests including 

correlation analysis, principal component analysis (PCA) and cluster analysis (CA). Data of 

hydrocarbons and proximate analysis were subjected to statistical analysis in order to 

determine any significant environmental variations.  
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3.5.1 Correlation Analysis 

 

 The strength of the relationship between variables (proximate analysis) can be 

measured through correlation coefficient. In correlation analysis, significant less than 0.05 

(p<0.05) indicated that there is less than a 5% that the relationship between variables 

occurred by chance. 

 

3.5.2 Principal Component Analysis (PCA)  

 

 Concentrations of hydrocarbons together with molecular n-alkane indices, isomeric 

PAHs, proximate data, grain sizes data in surface sediments were analysed using PCA. The 

aim of using PCA on hydrocarbons in surface sediments was to determine The data in each 

sample were arranged in matrix after being standardized were subjected to PCA with 

varimax normalized rotation (Hu et al., 2009). The number of factors extracted from the 

variables was determined by a scree test, which retains only factors with eigenvalues that 

exceed one. 

 

3.5.3 Cluster Analysis (CA) 

 

 For hydrocarbons study, the cluster analysis was conducted to determine the possible 

homogeneity between samples collected from several sites. CA for hydrocarbons were 

conducted with average and centroid linkages. The data presented in the form of dendrogram 

which was a tree diagram. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

 

4.1 Grain Size Distribution and Proximate Data of Sediments 

 

   Major factors that affecting adsorption of hydrocarbons in sediment are total 

organic matter (TOM) and particle grain size (Keshavarzifard et al., 2017). Horowitz (1991) 

reported that sediments with high contain of coarse sand in sediment fraction and low TOM 

generally have lower pollutants concentrations than fine sediment fractions and high TOM. 

The distribution of particle sizes (weight and percentages) of surface sediments from 

Sarawak EEZ are shown in Table 4.1 and Table 4.2. The grain size of sediments was 

determined by using sieve with sizes 2 mm, 500 μm, 355 μm and 50 μm and referred as very 

course, coarse sand, medium sand and silt and clay, respectively. All sediments showed high 

percentages of silt and clay ranged between 59.9-93.6% and this indicated the sediments 

from Sarawak EEZ mainly composed of silt and clay. Amellal et al. (2011) stated that 

sediments were dominated with fine fraction (silt and clay) enables PAHs to have strong 

affinity and adsorption to small particles due to greater surface area to volume ratio. 

Percentage of sediment with very coarse size ranged between 4.0-9.7%. Coarse sand ranged 

between 4.2-16.4% and medium sand ranged 5.2-17.2% for all sediments. The increased of 

clay and silt fractions in surface sediments followed by a decrease of sand fractions.  

 The amount of total organic matter (TOM) in surface sediments of Sarawak EEZ 

ranged between 2.10-7.60% with the high TOM were detected in the surface sediments of 

ST05, ST09, ST01 (see Table 4.2). High amount of TOM could be derived from abundance 
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of organic matter that associated with decomposition of marine organisms and terrestrial 

input (Keshavarzifard et al., 2018). The significant correlation between TOM and silt and 

clay (r= 0.77) as shown in Table 4.3 indicated high proportion of organic matter in marine 

sediment of Sarawak EEZ. Moisture content in surface sediments of Sarawak EEZ ranged 

between 22.9-47.5%, while ash content ranged between 61.8-97.9%.  

 

Table 4.1: Percentage of particle sizes for surface sediments of Sarawak EEZ 

Percentage of particle sizes of surface sediments (%) 

Stations Very coarse Coarse sand Medium sand Silt and clay 

ST01 4.0 4.2 16.0 59.9 

ST02 4.8 6.5 9.8 62.8 

ST03 4.5 6.7 16.2 80.7 

ST04 9.3 9.5 12.8 76.7 

ST05 4.9 4.7 5.2 93.6 

ST06 5.8 4.4 7.9 89.2 

ST07 9.7 8.7 17.2 88.7 

ST08 7.7 13.3 7.8 71.1 

ST09 6.5 16.0 9.2 68.0 

ST10 7.1 16.4 9.4 66.1 

ST11 7.6 10.6 7.8 79.3 

 

Table 4.2: Proximate analysis of surface sediments of Sarawak’s EEZ 

Stations Moisture Content (%) TOM (%) Ash Content (%) 

ST01 38.17 6.56 66.23 

ST02 35.63 5.25 63.60 

ST03 33.78 5.82 65.72 

ST04 34.46 5.11 64.35 

ST05 47.51 7.60 61.85 

ST06 22.99 1.50 75.86 

ST07 32.29 4.10 64.94 

ST08 47.40 4.57 95.43 

ST09 37.70 7.02 92.98 

ST10 28.23 2.10 97.90 

ST11 45.15 5.32 94.68 
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Table 4.3: Correlation analysis of sediment fractions with TOM and Ash 

 Sand Silt and Clay TOM Ash 

Sand 1    

Silt and Clay 0.423 1   

TOM 0.597 0.770 1 0.371 

Ash 0.365 0.406 0.371 1 

 

 

4.2 Aliphatic Hydrocarbons in Marine Sediments of Sarawak’s EEZ 

 

4.2.1 Aliphatic Hydrocarbons Standard 

 

Identification of individual n-alkanes in F1 fraction in sediments from Sarawak’s 

EEZ was carried out by comparing retention times of n-alkanes in the sample with a mixture 

of n-alkanes standard ranged between n-nonane (n-C9) to n-tetracontane (n-C40). A GC-MS 

chromatogram for a mixture of n-alkanes standard is shown in Figure 4.1 and the retention 

times of individual n-alkanes in a standard mixture are tabulated in Table 4.4.  

 

 

Figure 4.1: GC-MS chromatogram for mixture of standard mixture n-alkanes  
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Table 4.4: Retention times and response factors of n-alkanes and isoprenoids in a standard 

mixture 

 

  

 

Compounds Molecular formula Retention Time Relative Response 

Factor 

n-Nonane  C9H20 8.981 3.90 

n-Decane  C10H22 11.82 3.11 

n-Undecane  C11H24 14.401 1.63 

n-Dodecane   C12H26 16.749 1.67 

n-Tridecane  C13H28 18.900 1.54 

n-Tetradecane  C14H30 20.898 1.22 

n-Pentadecane  C15H32 22.765 1.01 

n-Hexadecane  C16H34 24.525 1.14 

n-Heptadecane  C17H36 26.189 1.28 

n-Pristane  C19H40 between C17-C18 1.23 

n-Octadecane C18H38 27.772 1.46 

n-Phytane C20H42 between C18-C19 1.25 

n-Nonadecane  C19H40 29.281 1.55 

n-Eicosene- internal 

standard 

C20H40 30.706 0.72 

n-Eicosane C20H42 30.786 1.05 

n-Heneicosane  C21H44 32.099 1.56 

n-Docosane  C22H46 33.42 1.11 

n-Tricosane  C23H48 34.686 1.48 

n-Tetracosane  C24H50 35.862 1.29 

n-Pentacosane  C35H52 37.067 1.41 

n-Hexacosane  C26H54 38.158 1.25 

n-Heptacosane C27H56 39.267 1.31 

n-Octacosane  C28H58 40.311 1.28 

n-Nonacosane  C29H60 41.318 1.20 

n-Eicontane  C30H62 42.285 1.11 

n-Henetricontane C31H64 43.218 1.00 

n-Dotricontane  C32H66 44.12 0.89 

n-Tricontane  C33H68 44.996 0.81 

n-Tetratriacontane  C34H70 45.844 0.65 
n-Pentatriacontane  C35H72 46.67 0.59 

n-Hexatriacontane  C36H74 47.553 0.44 

n-Heptatriacontane  C37H76 49.656 0.51 



44 

 

4.2.2 Aliphatic Hydrocarbons in Surface Sediments of Sarawak EEZ 

  

Figures 4.2 to 4.5 show gas chromatograms of n-alkanes in surface sediment from 

Sarawak EEZ. The concentrations of n-alkanes (C9-C36) and isoprenoid hydrocarbons 

together with total aliphatic hydrocarbons (TAHs) in surface sediments of Sarawak EZZ are 

presented in Table 4.5. The TAHs in surface sediments of Sarawak EEZ ranged between 

2.8-744.4 µg/g. The highest amount of TAH with 744.3 µg/g was recorded at ST02 (Kuching 

waters). High amount of hydrocarbons input in surface sediment of ST02 with absence of 

UCM might be due to anthropogenic activities. Low TAH (2.8 µg/g) was detected at ST01 

(Kuching Waters) with the absence of UCM. Occurrence of bimodals UCM in the range of 

C14-C36 were observed for surface sediments of ST04, ST05, ST06, ST07, ST08, ST09, ST10 

and ST11. Appearance of bimodals UCMs indicated the presence between of recent and old 

pollution (Azis et al., 2016) and this characteristic is usually attributed to hydrocarbons 

derived from petroleum (Medeiros et al., 2005). Aliphatic hydrocarbons in surface sediments 

of ST04, ST08, ST09, and ST11 are dominated by HMW hydrocarbons between C27-C36. 

Whereas, aliphatic hydrocarbons in surface sediments of ST05, ST06, ST07 and ST10 were 

dominated by LMW of C16-C26 hydrocarbons. Aliphatic hydrocarbons in surface sediments 

of ST01, ST02 and ST03 as shown in Figure 4.2 shared similar n-alkanes pattern with 

dominance of even numbered n-alkanes with major hydrocarbons at C16, C18 and C22. Strong 

dominance of even number n-alkanes such as C18 indicates the occurrence of petroleum 

pollution (Jacquot et al., 1999). Domination of LMW n-alkanes were observed in surface 

sediments of ST01, ST02 and ST03. The present of lighter n-alkanes indicated that the recent 

input of petrogenic hydrocarbons from fuel waste such as gasoline and diesel (Ines et al., 

2013).  
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Figure 4.2: GC-MS chromatograms of aliphatic fraction in surface sediments of ST01, 

ST02 and ST03 
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Figure 4.3: GC-MS chromatograms of aliphatic fraction in surface sediments of ST04, 

ST05 and ST06 

 



47 

 

 

 

 

 

 

Figure 4.4: GC-MS chromatograms of aliphatic fraction in surface sediments of ST07, 

ST08 and ST09 
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Figure 4.5: GC-MS chromatograms of aliphatic fraction in surface sediments of ST10 and 

ST11                     

 

UCM 
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Table 4.5: Concentration of aliphatic hydrocarbons (µg/g) in surface sediments from Sarawak’s Exclusive Economic Zone 

n-alkanes  

&  isoprenoids 

Concentration µg/g 

ST01 ST02 ST03 ST04 ST05 ST06 ST07 ST08 ST09 ST10 ST11 

Undecane C11 - - - - 0.02 - - - - - - 

Dodacane C12 - - 1.1 - 0.03 - - - - - 0.10 

Tridecane C13 - - - - 0.05 - - - - - 0.10 

Tetradecane C14 0.10 19.7 0.8 0.01 0.01 - 0.03 - 0.1 0.03 0.01 

Pentadecane C15 - - 1.2 - 0.02 - - - - - 0.10 

Hexadecane C16 0.20 38.5 10.1 0.01 0.1 - 0.04 - 0.20 0.10 0.04 

Heptadecane C17 0.30 0.01 0.1 0.3 0.06 0.10 0.6 0.03 0.20 0.40 0.10 

Pristane 0.30 0.02 0.01 0.1 0.1 0.2 0.10 0.10 0.30 0.40 0.08 

Octadecane C18 0.30 126.7 3.7 0.2 0.2 0.3 0.50 0.10 0.30 0.20 0.20 

Phytane 0.50 55.5 0.3 0.4 0.10 0.2 0.40 0.10 0.50 0.40 0.30 

Nonadecane C19 - 2.8 0.04 0.3 1.6 0.01 0.40 1.7 - 0.50 0.60 

Eicosane C20 0.30 204.9 14.5 1.0 0.70 0.02 0.90 1.6 0.30 0.60 0.20 

Heneicosane C21 - 0.8 0.3 0.70 6.7 0.60 0.30 11.6 - 5.7 0.30 

Docosane C22 0.60 130.8 8.5 0.20 2.9 0.30 0.90 7.1 0.6 3.2 0.30 

Tricosane C23 - 0.7 0.10 0.20 2.2 0.10 0.80 2.5 0.01 0.10 0.60 

Tetracosane C24 0.30 44.5 0.20 0.30 0.05 0.04 0.04 5.3 0.30 1.0 0.60 

Pentacosane C25 0.01 59.8 0.04 0.40 0.10 0.90 0.02 7.0 0.01 0.70 0.80 

Hexacosane C26 0.20 49.4 1.8 0.50 0.20 - - 0.50 0.20 1.7 0.80 

Heptacosane C27 - 0.9 0.02 0.50 0.20 - 0.05 9.4 0.01 1.9 0.90 

Octacosane C28 0.10 23.3 0.80 0.60 0.90 1.0 0.10 11.6 0.10 1.9 0.80 

Nonacosane C29 0.01 1.2 0.20 0.60 0.50 0.70 0.04 10.8 0.01 1.5 0.70 

Eicontane C30 0.03 9.5 0.50 0.60 0.30 0.60 0.02 8.8 0.03 1.2 0.40 

Henetricontane C31 0.01 1.2 0.10 0.70 0.30 - 0.10 0.50 0.01 0.10 0.30 

Dotricontane C32 0.01 3.7 0.80 0.70 0.60 - 0.03 0.60 0.01 0.10 0.20 

Tricontane C33 - 0.50 0.10 0.80 0.20 0.01 0.05 0.60 - 0.20 0.10 

Tetratricontane C34 0.04 1.4 5.9 0.70 0.04 - 0.04 2.1 0.04 0.20 0.90 

Pentatriacontane C35 0.04 3.9 - 0.70 0.03 - 0.10 1.2 0.03 0.10 - 

Hexatriacontane C36 0.03 23.1 1.2 0.02 0.02 0.10 0.10 0.70 0.02 3.8 - 
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           Table 4.5 continue 

 
∑TAH 2.8 744.4 52.3 10.5 35.9 4.5 5.1 88.3 6.7 26.3 9.61 

∑LMW (C16-C26) 2.49 450.9 33.5 4.49 15.1 2.76 4.53 37.6 2.14 14.7 4.28 

∑HMW (C27-C36) 

 

0.24 68.9 9.54 6.01 3.14 2.39 0.59 46.3 4.47 11.0 4.75 

Note: ∑TAH- Total aliphatic hydrocarbons, ∑LMW- Total low molecular weight, ∑HMW- Total high molecular weight
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4.2.3  Sources Identification of Aliphatic Hydrocarbons Using n-Alkanes Molecular 

Marker in Surface sediments of Sarawak EEZ. 

 

Several hydrocarbon biomarkers indices were used to predict the sources of 

hydrocarbons in surface sediments of Sarawak EEZ. These include carbon preferences index 

(CPI), ratio LMW/HMW, average chain length (ACL), terrigenous/aquatic ratio (TAR), 

isoprenoid ratios and the occurrence of UCM. Table 4.6 tabulates the hydrocarbons 

biomarker indices for surface sediments from Sarawak EEZ, respectively.  

 

Table 4.6: Molecular indices of n-alkanes from surface sediments from Sarawak EEZ 

 Molecular Indices 

 

Station 

TAH 

(ug/g) 

CPI ACL LMW/ 

HMW 

TAR Pri/phy Pri/C17 Phy/C18 MH 

01 2.8 0.1 27.8 10.5 0.10 0.5 1.1 1.7 C22 

02 744.4 0.1 28.7 9.5 1.17 n.d 0.8 0.4 C22 

03 52.3 0.1 29.5 4.1 0.19 0.1 0.3 0.1 C16 

04 10.5 1.5 29.6 0.7 3.0 0.2 0.2 2.4 C20 

05 35.9 1.0 27.2 0.9 0.63 0.8 1.9 0.8 C21 

06 4.5 0.8 26.8 0.9 7.21 0.9 2.3 0.6 C28 

07 5.1 1.6 29.8 7.6 0.18 0.3 0.2 0.8 C20 

08 88.3 1.7 27.4 0.9 11.7 0.6 2.1 1.1 C28 

09 6.7 1.5 28.9 0.5 20.0 0.4 0.8 0.4 C29 

10 26.3 1.3 26.4 1.3 3.95 0.1 0.1 1.6 C21 

11 9.6 1.4 28.2 0.9 6.76 0.4 1.8 1.7 C35 

Notes: Pri – pristane; phy - phytane
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4.2.3.1 Carbon Preferences Index (CPI) and Ratios of Isoprenoid Hydrocarbons. 

 

Low CPI with value 0.1 was recorded in surface sediments of ST01, ST02 and 

ST03, while the CPI values were 0.9 and 0.8 were recorded in surface sediments of ST05 

and ST06, respectively. CPI values below 1 indicated for hydrocarbons derived from 

anthropogenic (generally petroleum) sources. CPI values significantly higher than 1 (1.0-

1.7) as observed for hydrocarbons in surface sediments of ST04, ST07, ST08, ST09, ST10 

and ST11 indicated terrigenous input (Commendatore et al., 2012). CPI values closed to 

1 are typical of petroleum sources, recycled organic matters or marine animal input, while 

CPI values above 3.0 usually are related to high vascular plant (Tolosa et al., 2004; Ou et 

al., 2003).  

In sedimentary environment, ratio of pristane/phytane above 1 reflects oxidizing 

sediment, whereas, pristane/phytane below 1 indicates highly reducing (anoxic) 

depositional environment. Ratios of C17/pristane and C18/phytane can be used to 

determine the source of n-alkanes. These ratios have been used as indicators of early 

effect of biodegradation of n-alkanes (Diez et al., 2007). Table 4.6 shows that all surface 

sediments of Sarawak EEZ have pristane/phytane < 1 which suggested petroleum inputs 

and reduced environment of sediments (Huang et al., 2017). Commendatore et al. (2012) 

have reported the ratios > 1 for both C17/pristane and C18/phytane indicated for recent 

petroleum input and slow degradation process. These have been observed in surface 

sediments of stations ST01 to ST11. However, surface sediment of ST08 has both 

C17/pristane and C18/phytane < 1 which indicated biodegradation process has been 

occurred.  
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4.2.3.2 Ratio of Low Molecular Weight to High Molecular Weight (LMW/HMW) 

 

The oil characteristics in sediment can be determined by using the ratio of 

LMW/HMW where LMW/HMW > 2 indicates fresh oil input wheareas LMW/HMW 

ratio < 1 stand for degraded oil or could be originated from organic material input, higher 

plants and sedimentary bacteria (Salem et al., 2014; Commendatore et al., 2000). Table 

4.6 shows the ratios of LMW/HMW in surface sediments of Sarawak EEZ with fresh oil 

inputs were detected in surface sediments of ST01, ST02, ST03 and ST07 with 

LMW/HMW ratio ranged between 4.1-10.5. This fresh oil input could be originated from 

shipping activities and offshore oil explorations at the EEZ area. 

   Surface sediments at stations ST06 and ST10 showed LMW/HMW ~1, which 

indicated that n-alkanes were originated from both natural and petrogenic sources (Sakari 

et al., 2012).  However, these values can be used as evidence for fresh oil input because 

surface sediments may subject for biodegradation in aerobic conditions and also contain 

high levels of odd-numbered carbon from the biogenic origin such as plankton (Gearing 

et al., 1976). The major hydrocarbon detected in surface sediment ST10 was C21 with 

dominant even numbered carbon and CPI >1 which indicated the presence of aliphatic 

hydrocarbons derived from terrestrial plant. The ratios of LMW/HMW for surface 

sediments of ST04, ST05, ST08, ST09 and ST11 ranged 0.51-0.95 which represent 

degraded oil or n-alkane derived from biogenic sources such as sedimentary bacteria, 

plants and marine animal (Kanzari et al., 2012; Sakari et al., 2012)  

 

 

  

http://www.sciencedirect.com/science/article/pii/S0025326X16308402#bb0105
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4.2.3.3 Average Chain Length (ACL) and the Terrigenous/Aquatic Ratio (TAR) 

 

The n-alkanes average chain length (ACL) is the weight-averaged number of 

carbon atoms for n-alkanes of the higher plant C25-C33. The amountof individual n-alkanes 

from higher plant sources increased with expanding carbon number in marine residue and 

this pattern is related to petrogenic hydrocarbons. The ACL would be diminished if 

petrogenic hydrocarbons were added to residue containing biogenic hydrocarbons (Jeng, 

2006). Table 4.6 shows that the ACL of C25–C33 n-alkanes for surface sediments ranged 

from 27.4-29.8. Jeng (2006) reported the average ACL of plant wax in marine sediments 

was 30.0 ± 0.4 (range 29.1–30.3). Stations ST01, ST02, ST05, ST06, ST08, ST09, ST10, 

and ST11 showed the ACL value below the range indicated the hydrocarbons input 

towards sediments were believed from anthropogenic sources.  Jeng (2006) reported that 

the ACL values for fossil fuels such as crude oils were 27.8, 27.9 and 28.4. Surface 

sediments from site ST03, ST04, ST07 the ACL values were 29.5, 29.6 and 29.8 

respectively, which indicated the n-alkanes input from biogenic sources.  

The terrigenous/aquatic ratio (TAR) can be used to evaluate the importance of 

terrigenous inputs against aquatic inputs (Mille et al., 2007). TAR is calculated as the 

ratio of the concentrations of long-chain n-alkanes to short-chain n-alkanes. Values of 

TAR ranged between 2.1 to 12.7 indicate the importance of terrigenous inputs. Increasing 

TAR leads to a decrease in the LMW/HMW ratio because of the increase in n-alkanes 

with HMW, such as C25, C27, C29, and C31. Overall, the n-alkanes between nC16 and nC36 

were found in all surface sediments. Several stations have shown high TAR ranged 3.0-

20.0 and low LMW/HMW ratio ranged 0.5-0.9 in sampling sites of ST04, ST06, ST08, 

ST09, ST10 and ST11. The presence of n-alkanes ranged between of C16-C20 was 

observed in surface sediments of stations ST04, ST06, ST08, ST09 and ST11 which 
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indicates for biogenic input of aquatic origin. Occurrence of high molecular weight of n-

alkane in higher plants was also detected in surface sediments of ST04, ST06, ST08, 

ST09, ST10 and ST11 which were supported by TAR values 3.0, 7.21. 11.7, 20.0, 3.0 and 

6.76. Low TAR values ranged from 0.10-1.17 were detected in surface sediments of 

ST01, ST02, ST03, ST05 and ST07 which indicated high input of LMW n-alkanes. Low 

TAR values in these sites may cause high LMW/HMW ratios ranged from 0.9-10.5. 

LMW of n-alkanes (C16-C26) were detected in all surface sediments. The presence of light 

hydrocarbons in surface sediment of ST01, ST02, ST03, ST05 and ST07 indicated the 

presence of oil product. The presence C20 and C24 of n-alkanes also confirmed the 

presence of petrogenic sources and supported by low CPI 0.1 in surface sediments of 

ST01, ST02 and ST03.  

  

4.2.3.4 Unresolved Complex Mixture (UCM)  

 

The presence UCM or hump in the GC chromatograms indicates the sign of 

petroleum input or the biodegraded of hydrocarbons (Mille et al., 2007; Frysinger et al., 

2003). The biodegradation process in oil typically removed small alkanes (C2 to C12) and 

aromatics. This process continued, several major compounds disappear, and 

chromatographic baseline hump become more significant. Occurrence of unimodal and 

bimodal of UCM can be spotted in GC chromatograms. Although the UCM was not 

determined quantitatively but the appearance of UCM proved the presence of degraded 

oil in the sediment (Vaezzadeh et al., 2015). Figures 4.3 to 4.4 show that surface 

sediments of ST08, ST10 and ST11 have unimodal UCM detected from C15 to C35 which 

attributed to the presence of degraded of crude oil in sediment by microorganisms 

(Farrington and Tripp, 1977; Bouloubassi and Saliot, 1993). These confirmed ratios of 
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LMW/HMW surface sediments of < 1 in ST08 and ST11, respectively and LMW/HMW 

~ 1 in surface sediment of station ST10 which also indicated for degraded oil. Gas 

chromatograms of aliphatic fraction of n-alkanes ranging from C15 to C32 have both 

unimodal and bimodal patterns characteristic of petroleum origin (Medeiros et al., 2005). 

Large bimodal UCM in gas chromatograms of aliphatic hydrocarbons were detected in 

surface sediments of ST04, ST05, ST06, ST07 and ST09. Table 4.7 shows ranged of 

carbon numbers for two humps in UCM bimodal pattern in gas chromatograms. The 

presence of UCM in gas chromatograms are supported by the ratio LMW/HMW of n-

alkanes which proved that hydrocarbons in these sampling sites have undergone 

degradation process. The gas chromatograms in surface sediments of stations ST01, ST02 

and ST03 did not showed the presence of UCM.  The UCM hump is usually absence in 

fresh oil input of hydrocarbons (Vaezzadeh et al., 2015). This have been supported by the 

ratios of LMW/HMW in surface sediments of ST01, ST02 and ST03 showed the 

existence of fresh oil input and predominance of LMW n-alkanes.  

Table 4.7: n-Alkanes ranged for bimodal in GC-FID chromatograms 

Stations UCM 1 UCM 2 

ST04 C14-C25 C26-C35 

ST05 C14-C25 C26-C35 

ST06 C15-C25 C26-C35 

ST07 C15-C25 C26-C35 

ST09 C15-C25 C26-C35 
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4.2.4 Aliphatic Hydrocarbons in Core Sediments of Sarawak EEZ 

 

Figure 4.6 shows typical gas chromatograms of aliphatic hydrocarbons in layer 

2.5-3.0 cm of core sediments from ST01, ST02 and ST03 at Sarawak EEZ. 

Concentrations of n-alkanes and isoprenoid hydrocarbons in core sediments of ST01, 

ST02 and ST03 are shown in Appendices 1, 2 and 3, respectively. Total aliphatic 

hydrocarbons (TAHs) in core sediments of Sarawak EEZ varied from 7.00-324.4 µg/g. 

Elevated concentration of TAH in core sediments for all sampling sites could be 

originated from anthropogenic activities. TAH concentrations below 50 μg/g are normally 

considered as uncontaminated (Zegouagh et al., 1998), while values above 100 μg/g are 

remarked as contaminated and presence of petroleum biomarkers (Readman et al., 2002).  

Concentration of TAH in core sediment at ST01 was below 50 µg/g from layer 5-7.5 to 

10-12.5 cm, whereas TAH detected at the upper layers (0-2.5 cm and 2.5-5 cm) were 

123.7 μg/g and 56.1 μg/g, respectively. Aliphatic hydrocarbons in core sediment of ST01 

were dominated by LMW with predominant of even numbered carbons (C16, C20, C22, 

C26) from layers 2.5 to 7.5 cm and C13 at layer 10.0-12.5 cm. TAH concentration in all 

layers of core sediment from ST02 was above 100 μg/g. The highest TAH concentration 

with 324.4 μg/g was detected at the bottom layer (10-12.5 cm). High concentrations of 

TAH in this core sediment is followed by predominance of even numbered carbons such 

as C18, C28 and C34. All layers in core sediment at ST03 showed TAH concentrations 

below than 50 μg/g with the highest concentration (46.6 μg/g) recorded at layer 5.0-7.5 

cm. The predominant of even carbon numbered C18, C26 and C28 was observed toward the 

bottom of core sediment except at the bottom of core (10.0-12.5 cm) with the predominant 

of odd numbered carbon, C29. 
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Figure 4.6: GC-FID chromatograms of aliphatic hydrocarbons in layer 2.5-5.0 cm in core 

sediments of ST01, ST02 and ST03 
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4.2.5 Sources Identification of Aliphatic Hydrocarbons Using n-Alkane Molecular 

Markers in Core Sediment of Sarawak EEZ  

 

The sources of n-alkanes in core sediments of Sarawak EEZ were investigated by 

using several n-alkane molecular markers such as carbon preferences index (CPI), ratio of 

low molecular weight to high molecular weight (LMW/HMW) and ratios of isoprenoid 

hydrocarbons. Table 4.8 shows molecular n-alkane indices used for n-alkane investigation 

in core sediments of Sarawak EEZ.  

 

4.2.5.1 Carbon Preferences Index (CPI) of n-alkane in Core Sediments  

 

CPI values ranged from 0.17-1.1 were recorded in core sediment of ST01 as shown 

in Table 4.8, while vertical pattern of CPI is shown in Figure 4.7. The upper layers (0-2.5 

cm to 5.0-7.5 cm) of core sediment of ST01 were believed to receive petrogenic inputs which 

were supported by appearance of even carbon numbered n-alkanes. The highest CPI values 

were recorded at the bottom layers (7.5-10.0 cm and 10.0- 12.5 cm) with CPI values of 1.0 

and 1.1, respectively, indicating that source of hydrocarbons may have originated from 

marine microorganisms or recycled organic matter.  

CPI values < 1 were constantly detected from above to the bottom of layers of core 

sediment of ST02 with the predominance of even numbered n-alkanes. The source of n-

alkanes in core sediment of ST02 indicated a relatively higher proportion of n-alkanes from 

anthropogenic (mostly petroleum) sources. The CPI value in sediment core of ST03 varied 

from 0.1-1.56 (see Figure 4.7). The CPI value increase from upper to downcore of sediment. 

Low CPI values (0.1) were recorded in layers 0-2.5 cm to 2.5-5.0 cm with the domination 
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of even numbered carbon over the odd numbered carbon which indicated petrogenic sources. 

The CPI values were then increased from 1.1 to 1.56 from layer 5.0-7.5 cm to 10.5-12.5 

which indicated the biogenic input. The presence of C29, n-alkane, in the bottom layer 

indicated hydrocarbons derived from terrestrial plant. CPI higher than 1 was reported in 

coastal area of Delta Nigeria (Ekpo et al., 2012) and the source of hydrocarbons was linked 

to terrigenous/biogenic sedimentary sources. 

 

 

 

 

 

 

 

Figure 4.7: Vertical trend of CPI in core sediments of ST01, ST02 and ST03. 
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Table 4.8: Concentrations of TAH (ug/g) and molecular index of alkanes in each layers of core sediment from ST01, ST02 and ST03 

Core 

Sediment 

TAH 

(ug/g) 

CPI LMW/HMW TAR ACL Pri/phy C17/Pri C18/Phy Major 

 

ST01 (cm)          

0-2.5 123.7 0.3 3.8 36.7 19.1 - 1.5 0.8 C20 

2.5-5.0 56.1 0.17 1.9 4.36 31.0 - 1.4 3.7 C34 

5.0-7.5 7.0 0.4 1.0 3.81 27.4 0.1 0.2 0.6 C26 

7.5-10.0 48.5 1.1 5.8 5.00 26.2 - 4.4 - C16 

10.0-12.5 9.45 1.0 1.4 2.69 26.1 0.5 0.6 1.0 C16 

ST02 (cm)          

0-2.5 167.9 0.1 1.0 0.10 33.5 - 0.4 1.4 C34 

2.5-5.0 122.6 0.1 1.4 0.37 29.6 - - 9.6 C28 

5.0-7.5 144.5 0.1 18.6 2.66 29.3 - 0.3 0.6 C18 

7.5-10.0 204.3 0.1 0.4 1.74 29.9 2.2 1.1 40.9 C34 

10.0-12.5 324.4 0.1 2.3 0.10 29.5 - 0.2 5.4 C18 

ST03 (cm)          

0-2.5 8.05 0.1 5.7 7.19 28.6 0.01 1.2 8.5 C18 

2.5-5.0 9.34 0.1 9.9 21.7 28.8 0.02 0.3 7.1 C18 

5.0-7.5 46.6 1.1 0.6 89.51 28.4 - - 0.2 C28 

7.5-10.0 20.9 1.3 1.5 207.8 26.9 - - - C26 

10.0-12.5 35.5 1.6 0.3 103.9 27.9 - - - C29 

    Notes: pri – pristane; phy - phytane 
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4.2.5.2 Ratio of Low Molecular Weight to High Molecular Weight (LMW/HMW) of 

n-alkanes in Core Sediments. 

 

The vertical profiles for LMW/HMW ratios of n-alkanes in core sediments of ST01, 

ST02 and ST03 are shown in Figure 4.8.  The fresh oil input was observed in core sediment 

at ST01, from upper layer toward down core of 0-2.5 cm, 2.5-5.0 cm and 5.0-7.5 cm with 

ratio of LMW/HMW 3.8, 2.0 and 2.5, respectively.  Ratio LMW/HMW with value 1 at layers 

of 7.5-10.0 cm and 10.0-12.5 cm suggested two possible sources of n-alkanes. CPI values > 

1 for both layers of 7.5-10.0 cm and 10.12.5 cm indicated biogenic input with major 

hydrocarbon in these layers 7.5-10.0 cm and 10.0-12.5 cm was C16 with predominant of 

LMW n-alkanes thus the possible sources of n-alkanes in both layers can be petrogenic and 

plankton origins. Fresh oil inputs with LMW/HMW > 2, were observed at upper layers of 0-

2.5 cm and 2.5-5.0 cm in core sediment of station ST03, whereas toward down core, layers 

from 5.0-7.5 cm to 10.0-12.5 cm, n-alkanes derived from biogenic sources as indicated by 

LMW.HMW ratio (0.3-1.5). This is supported by CPI >1 toward down core sediment of 

ST03. 
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Figure 4.8: Vertical profile of LMW/HMW of n-alkanes in core sediments at ST01, ST02 

and ST03 

 

 

4.2.5.3 Ratios of Isoprenoid Hydrocarbons in Core Sediments 

   

Due to low concentrations of pristane and phytane in the studied core sediments, only 

certain layers showed pristane/phytane ratios. Table 4.8 shows that ratios of pristane/phytane 

< 1 in core sediments of ST01 and ST03 which suggest a source of petroleum products 

(Medeiros et al., 2005). In core sediment of ST02, pristane/phytane ratios < 1 at layers 5.0-

7.5 cm and 10.0-12.5 cm indicating for petroleum input except at 7.5-10.0 cm where 

pristane/phytane > 2, the sources of hydrocarbons at this layer have received biogenic input. 

Figures 4.9 and 4.10 show vertical profiles of C17/pristane and C18/phytane, respectively. 

The vertical profiles of C17/pristane and C18/phytane in core sediment of ST01 ranged 

0.2-1.4.4 and 0.6-3.7, respectively. This indicated there was significant degradation process 

of n-alkanes have been occurred in this core sediment. Figure 4.9 shows vertical profile of 
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C17/pristane values in ST02, the values were relatively low due to significant microbial 

degradation process. C18/phytane ratios, above 1, were detected in layers 0-2.5 cm and 2.5-

5.0 cm in core sediment of ST02 due to petroleum contribution. The ratios of C17/pristane 

and C18/phytane in core sediment of ST03 were considered high and the presence of fresh 

oil input at layer 0-2.5 cm and 2.5-5.0 cm due to slow degradation process occurred in this 

core sediments (Colombo et al., 1989).  

   

Figure 4.9: Vertical profile of C17/pristane in core sediments of ST01, ST02 and ST03. 

 

 

   
Figure 4.10: Vertical profile of C18/phytane in core sediments of ST01, ST02 and ST03. 
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4.2.6 Aliphatic Hydrocarbon Biomarkers 

 

Aliphatic hydrocarbons (F1 fractions) in surface sediments from Sarawk EEZ were 

analysed by GC-MS using full scan mode by monitoring ions between m/z 45 to 450. 

However, regular hydrocarbon biomarkers such as hopane and sterane can be seen in the gas 

chromatogram.  Thus post-run data analysis was performed on GC-MS obtained by full scan 

mode using mass chromatogram analysis. Hopane and sterane were identified by extracting 

ions of m/z 191 and m/z 217, respectively. These biomarkers were detected between C24-C36 

n-alkanes and are usually masked hidden by the signal of n-alkanes and UCM. The structure 

of various hopanes and steranes can be achieved by pattern recognition of mass spectra, 

comparison of retention time with n-alkanes standard and available literature data for hopane 

and sterane fingerprints (Peters and Modowan, 1993).   

 

4.2.6.1 Pentacyclic Triterpanes 

 

Mass chromatograms of (m/z 191) for hopane were detected in all surface sediments 

of Sarawak EEZ. Figure 4.11 shows mass chromatograms of (m/z 191) in station ST06 of 

Sarawak EEZ. Terpane series such as tricyclic, tetracyclics, hopanes and other compounds 

are generally being used to detect oils and sources of rocks (Hunt, 1996). Mass 

chromatogram with m/z 191 was used to determine the presence of triterpane series in 

saturated hydrocarbons fraction in surface sediments. Mass chromatogram analysis showed 

the predominanance of homohopanes between C31 to C35 with the homologs > C30 present as 

the typically mature C-22 R/S pairs were detected in surface sediments. These homohopanes 

with the 22S and 22R configuration are derived from bacteriopolyhopanol of prokaryotic 
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cell membrane (Peters et al., 2005) and thermodynamically stable. The presence of 

trisnorneohopane (Ts) and trisnorhopane (Tm) were also observed in mass chromatograms; 

these compounds demonstrate mature crude oil and can be used to determine the origin of 

crude oil (Hu et al., 2009). The presence of hopanes series in the surface sediments have 

confirmed the petrogenic source and presence of mature oil (Gray and Becker, 2002). 

  

 
 

Figure 4.11:  Mass chromatogram of hopane series (m/z 191) in aliphatic fractions from 

surface sediments in station ST06 of Sarawak EEZ 

 

 

4.2.6.2 Sterane Fingerprinting  

 

Steranes are not common content in gasoline or diesel fuels but can be introduced 

into the environment from petroleum or lubricating oils via emissions of vehicular engines 

(Abas and Simoneit, 1996). Mass chromatograms for steranes (m/z 217) in aliphatic fraction 

were detected in all surface sediments of Sarawak EEZ. Figure 4.12 shows mass 

chromatograms for steranes (m/z 217) of aliphatic hydrocarbons in station ST04. The 
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characteristic of ‘V’ shaped pattern indicated for C27, C28 and C29 at retention times from 40-

45 minutes (Wang et al., 2006). The mass chromatograms of steranes in surface sediments 

of Sarawak EEZ were characterized by predominance of C27, C28 and C29 steranes with 

mainly the 5α,14α,17β and minor 5α,14α,17α configurations, both occurring as 20S and 20R 

epimers (Rushdi et al., 2017). This indicated oils from petroleum products were originated 

from a mixture of terrestrial and marine sources (Hunt, 1996).  

 
 

Figure 4.12:  Mass chromatograms of steranes (m/z 217) in aliphatic fraction from surface 

sediments in station ST04 of Sarawak EEZ. 
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4.2.7  Summary on Aliphatic Hydrocarbons in Marine Sediments of Sarawak EEZ 

  

 The concentration of aliphatic hydrocarbons (C11-C36) in surface sediments of 

Sarawak EEZ ranged 2.8-744.4 µg/g. The highest concentration of TAH detected in this 

study at ST02 (Kuching Waters) (ST02) with 744.4 µg/g. The sources in marine sediment 

of Sarawak EEZ were also predicted using molecular-alkanes indices. Hopane and sterane 

fingerprints together with the presence of UCM confirmed the existence of petroleum 

contamination in surface sediments of Sarawak EEZ. Aliphatic hydrocarbons in core 

sediment of Sarawak EEZ ranged 7.0-123.7, 122.6-324.4 and 8.05-46.6 ug/g at stations 

ST01, ST02 and ST03 respectively. ST02 has received more anthropogenic input from upper 

to down core of sediment. The anthropogenic sources of aliphatic hydrocarbon (AH) 

appeared in upper layers of core sediments at stations ST01 and ST03 but toward down core 

of sediments, the sources of AH were originated from biogenic sources such as sedimentary 

bacteria, animal marine and terrestrial input. 
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4.3 Polycyclic Aromatic Hydrocarbons (PAHs) in Marine Sediments of Sarawak’s   

EEZ 

 

4.3.1   Response Factor of Individual PAH in Standard Mixture 

 

The retention times of standard PAHs have been used for qualitative and quantitative 

analysis of PAHs in sediments by using d10- anthracene as an internal standard. Retention 

times of 14 mixtures of PAHs were used to compare PAHs components in surface and core 

sediments. Figure 4.13 shows a GC-FID chromatogram of standard mixture consist of 14 

PAHs. Retention times and relative response factors for 14 PAHs are listed in Table 4.9. 

 

 
 

Figure 4.13: GC-FID chromatogram of 14 PAHs in standard mixture. 
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Table 4.9: Retention times and relative response factors for 14 PAHs standard using d10 

anthracene as internal standard. 

PAH  Compound Retention time (min) Relative Response factor  

Naphthalene 16.97±0.011 1.12 ±0.16 

Acenaphthylene 19.388±0.015 0.96 ±0.29 

Acenaphthene 22.525±0.014 1.06 ±0.24 

Fluorene 23.176±0.016 0.97 ±0.25 

Phenanthrene 24.95±0.011 0.95 ±0.13 

Anthracene 28.323±0.001 1.73 ±0.13 

d10-Anthracene (Internal 

standard) 28.53±0.002 

 

1.00 ±0.00 

Fluoranthene 32.505±0.010 1.53 ±0.14 

Pyrene 33.227±0.036 1.59 ±0.13 

Benzo(a)antharacene 37.495±0.015 1.15 ±0.44 

Chrysene 37.669±0.059 1.33 ±0.26 

Benzo[b]fluoranthene 41.11±0.001 1.09 ±0.31 

Benzo[k]fluoranthene 41.223±0.088 0.84 ±0.22 

Dibenz[a,h]anthracene 45.302±0.022 0.71 ±0.27 

Benzo[ghi]perylene 45.894±0.120 1.25 ±0.19 

 

 

4.3.2 Distribution of PAHs in Marine Surface Sediment 

 

A total of 14 PAHs have been detected in surface sediment from Sarawak EEZ as 

shown in Figures 4.14-4.17. Total concentrations of PAHs ranged between 8.56-374.7 ng/g 

are tabulated in Table 4.10. The highest concentrations of PAHs was recorded in surface 

sediment of ST05 (374.7 ng/g) followed by ST06 (311.9 ng/g), ST02 (155.1 ng/g), ST09 

(139.4 ng/g), ST04 (112.6 ng/g), ST03 (102.6 ng/g) and ST11 (106.8 ng/g). Low 

concentrations PAHs were detected in surface sediments of ST07, ST10 and ST01 with 
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concentrations 8.56, 38.6 and 46.5 ng/g respectively.  Baumard et al. (1998) suggested that 

PAHs content in sediments can be divided into four degrees of pollution that are 0-100 ng/g 

as low polluted, 100-1000 ng/g as medium polluted, 1000-5000 ng/g as highly polluted, and 

> 5000 ng/g as most gravely polluted. Thus, surface sediments of ST05, ST06, ST02, ST09, 

ST04, ST03 and ST11 can be considered as moderately polluted, while ST01, ST07 and 

ST10 were considered as low polluted. The highest concentration of PAH was pyrene with 

concentrations 192.2 ng/g in surface sediment from ST05. The presence of pyrene and 

fluoranthene normally indicate pyrolytic input because these two PAHs are derived from 

condensation process of LMW PAHs at high temperature (Wang et al., 1999). Chrysene was 

detected in all surface sediments of Sarawak EEZ except at ST02 and ST05. Chrysene is 

also known as preserve biomarker in petroleum products and conservative due to its 

resistance towards weathering and bacterial degradation (Wang and Fingas, 2003).  

Distribution of low and high molecular PAHs as reported by several reserchers (Sicre 

et al., 1987; Budzinski et al., 1997) can be used as a reliable tool to discriminate the 

petrogenic and pyrogenic origin of PAH. Concentrations of total HMW of PAHs ranged 

7.33-336.7 ng/g with ST05 contained highest concentration of HMW PAHs (336.7 ng/g) 

followed by ST06, ST03 and ST09 with concnetrations of 310.1, 102.6 and 137.3 ng/g, 

respectively. Surface sediments from of stations ST02, ST04, ST07, ST10 and ST11 were 

below 100 ng/g. Sediments with dominant of heavier PAHs are associated with particulate 

matter (Abdel-Shafy and Mansour, 2016). Commendatore et al. (2012) reported that most of 

pyrogenic PAHs are introduced in marine environment through atmospheric transport and 

deposition. Total low molecular weights of PAHs ranged from 1.78-50.7 ng/g were detected 

in surface sediments of Sarawak EEZ. LMW of PAHs (38.6 ng/g) were dominant in ST01 

over the HMW. Almost all LMW of PAHs components such as acenaphthylene, 
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acenaphthene, fluorene and anthracene were detected in ST01. These PAHs in surface 

sediment of ST02 contained highest concentration of LMW (50.7 ng/g) but low 

concentration of HMW PAHs. Unlike ST01, LMW of PAHs components in ST02 contained 

of acenaphthene, fluorene and anthracene that made up high ∑LMW. The surface sediments 

of stations, ST03, ST04, ST05, ST06, ST07, ST08, ST09, ST10 and ST11 reported less than 

30 ng/g of ∑LMW. 

The compositional patterns of unsubstituted PAHs in surface sediments from 

Sarawak EEZ are presented in Figure 4.18.  PAHs of petrogenic origin are usually associated 

with 2- or 3-ring PAHs, while pyrogenic sourced PAHs associated with HMW of 4-6 ring 

PAHs (Zakaria et al., 2002; Neff, 1979). Figure 4.18 shows PAHs composition in surface 

sediments are mostly dominated by HMW PAHs with 6-64% 4-ring PAHs such as 

fluoranthene, pyrene, benzo[a]antharacene and chrysene, and 2-90% 5-ring PAHs such as 

benzo[b]fluoranthene, benzo[k]fluoranthene, dibenz[a,h]anthracene and 

benzo[ghi]perylene. Sediment tends to absorb more HMW PAHs compared to LMW PAHs 

because the latter is easily degraded (Wang et al., 2003; Jones et al., 1986). PAHs fraction 

in surface sediment of station ST01 is mostly dominated by 83% of 2 rings PAHs 

(napthalene, acenapthlylene, acenapthene and fluorene). Domination of 2- and 3-ring PAHs 

in sediments are the characteristic of petrogenic sources (Soliman et al., 2014). 3-ring PAHs 

such as phenanthrene, anthracene, fluroanthene were dominant in surface sediment of ST02 

(26%), ST04 (27%), ST05 (15%), ST07 (64%), ST09 (64%), ST10 (31%) and ST11 (25%).  

6-ring PAHs such as benzo[ghi]perylene was minor composition of PAHs in surface 

sediment of ST06 (24%), ST09 (2%) and ST10 (4%).  
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Figure 4.14: GC-FID chromatogram of PAHs in surface sediment at ST01, ST02 and 

ST03. 
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Figure 4.15: GC-FID chromatogram of PAHs in surface sediment at ST04, ST05 and 

ST06. 
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Figure 4.16: GC-FID chromatogram of PAHs in surface sediment at ST07, ST09 and 

ST10. 
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Figure 4.17: GC-FID chromatogram of PAHs in surface sediment at ST11. 

 

 

 

Figure 4.18: The percentage of compositional pattern for unsubstituted PAHs in 

surface sediments from Sarawak EEZ 
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Table 4.10:  Individual concentration (ng/g) of PAHs in surface sediments from Sarawak EEZ 

Stations 

Compounds 01 02 03 04 05 06 07 08 09 10 11 

Naphthalene 1.18 n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 

Acenaphthylene 35.2 n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 

Acenaphthene 1.14 5.48 n.d n.d n.d n.d n.d n.d n.d 1.59 n.d 

Fluorene 1.1 19.2 n.d n.d n.d n.d n.d n.d n.d n.d n.d 

Phenanthrene n.d n.d n.d 22.6 n.d n.d 0.07 n.d n.d n.d n.d 

Anthracene 0.49 26 n.d 5.63 38.0 1.78 1.14 n.d 2.17 7.59 19.2 

Fluoranthene 0.42 15.1 4.02 2.27 17.6 n.d 4.31 n.d 86.5 4.35 7.06 

Pyrene 0.54 24.5 1.19 n.d 122.9 192.2 0.07 n.d 12.9 2.79 31.0 

Benzo(a)antharacene 3.03 1.27 n.d 32.6 17.9 4.99 2.04 n.d 3.15 n.d 4.76 

Chrysene 2.62 n.d 5.37 2.10 n.d 2.36 0.10 n.d 3.08 7.29 2.56 

Benzo(b)fluoranthene 0.73 4.27 88.54 22.6 13.4 17.5 0.35 n.d 6.96 1.24 1.26 

Benzo(k)fluoranthene 0 47.6 3.49 24.8 14.9 3.76 0.46 n.d 107.0 13.7 16.4 

Dibenz(a,h)anthracene n.d n.d n.d n.d 148.2 144 n.d n.d 11.1 n.d 23.4 

Benzo(ghi)perylene n.d n.d n.d n.d 1.67 74.9 n.d n.d 2.82 n.d 1.16 

∑PAHs (ng/g)  46.5 155.1 102.6 112.6 374.7 311.9 8.56 n.d 139.4 38.6 106.8 

∑LMW.PAHs (ng/g)  38.6 50.7 n.d 28.2 38.0 1.78 1.22 n.d 2.17 9.19 19.2 

∑HMW.PAHs (ng/g)  7.33 92.7 102.6 84.4 336.7 310.1 7.34 n.d  137.3 29.4 87.6 
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4.3.3 Possible Source of PAHs in Surface Sediment from Sarawak EEZ 

 

PAHs associated with petrogenic input had LMW/HMW ratio > 1, while pyrogenic 

sources had LMW/HMW < 1 (Liu et al., 2008; Soclo et al., 2000).  Table 4.11 shows surface 

sediments of ST02, ST03, ST04, ST05, ST06, ST07, ST09, ST10 and ST11 have 

LMW/HMW ratio < 1 indicating that the PAHs input were derived from pyrogenic sources.  

Petrogenic sourced PAHs was detected in surface sediment of ST01 with LMW/HMW > 1. 

Most of PAHs in marine sediments are originated from pyrogenic or petrogenic sources. 

Pyrogenic PAHs consisted with 4, 5 and 6 rings are formed during the incomplete 

combustion of coal, fossil fuels and carbons. However, petrogenic PAHs that consisted 2 

and 3 rings PAHs are derived from crude oil and refined oil spillage (Soclo et al., 2000). 

Other significant PAHs ratios such as Phe/Ant, Flu/Pyr, Chr/BaA, Fluo/Fluo+Pyr and 

BaA/(BaA+Chr) were determined for surfaces sediment in all sampling sites. Phenanthrene 

is thermodynamically stable and its higher amount over anthracene indicates that the PAHs 

in sediment were mainly due to petrogenesis activities (Salem et al., 2014). Surface 

sediments of ST04 and ST07 showed Phe/Ant ratio 4.0 and 0.04, respectively. This ratio 

indicated for petrognic PAHs source as reported by Salem et al. (2014). Flu/Pyr ratio < 1 

indicates for petrogenic input such as oil spill and petroleum products inputs, while Flu/Pyr 

ratio > 1 indicates for pyrogenic such as fossil fuel combustion. Petrogenic input has been 

deposited in surface sediments of ST01, ST02, ST05 and ST11 with Flu/Pyr ratio 0.77, 0.63, 

0.14 and 0.23 respectively. Pyrogenic input was detected in surface sediments of ST03, 

ST07, ST09, ST10 with ratios 3.3,67, 6.7 and 1.5, respectively. Ratio of fluo/fluo+pyr > 0.5 

indicates for pyrolytic origin, while fluo/fluo+pyr < 0.5 indicates for petrogenic origin 

(Gogou et al., 1998; Budzinski et al., 1997). If the ratio of Flu/(Flu +Pyr) is between 0.4 to 
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0.5, PAHs are originated from the combustion of petroleum whereas if the ratio < 0.4  

petroleum contamination is considered (Yunker et al., 2002). The surface sediments of ST02, 

ST05 and ST11 have Flu/(Flu +Pyr) ratio < 0.5 where the source of PAHs were associated 

with petrogenic,  while the PAHs insurface sediments of ST03, ST04 and ST07 were 

pyrolytic origin.  

Furthermore, Chr/BaA ratios in all surface sediments as shown in Table 4.11 were < 

1 except ST01 which indicated pyrolytic sources (Soclo et al., 2000).  BaA/(BaA+Chr) ratio 

> 0.35 demonstrates that sediments contain a significant proportion of combustion derived 

PAHs. However, BaA/(BaA+Chr) ratio of PAHs in all sediment samples were > 0.35 which 

clearly indicating the input of PAHs were originated from pyrogenic. Hence, the sources of 

PAHs in marine surface sediments were mixture of pyrolytic, petrogenic and pyrogenic. 
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Table 4.11: Sources of PAHs in marine surfaces sediment of Sarawak EZ based on isomeric pair ratio 

 

Stations 

 

LMW/HMW 

 

 

Phe/Ant 

 

 

Fluo/Pyr 

 

 

Chr/BaA 

 

 

Fluo/Fluo+Pyr 

 

 

BaA/BaA+Chr 

ST01 5.33 - 0.77 4.84 0.44 0.54 

ST02 0.54 - 0.63 - 0.39 1.0 

ST03 0.58 - 3.3 - 0.77 - 

ST04 0.33 4.0 - 0.06 1.0 0.94 

ST05 0.11 - 0.14 - 0.13 1.0 

ST06 0.01 - - 0.47 - 0.68 

ST07 0.17 0.10 67 0.06 0.99 0.95 

ST09 0.02 - 6.7 1.0 13.9 0.51 

ST10 0.31 - 1.5 - 0.6 - 

ST11 0.22 - 0.23 0.54 0.19 0.65 

 Note: Phe/Ant: Phenanthrene/Anthracene, Fluo/Pyr: Fluoranthene/Pyrene,Chr/BaA:Chrysene/Benzo(a)antharacene, Fluo/Fluo+Pyr: 

Fluoranthene/Fluoranthene+Pyrene,   BaA/(BaA+Chr):Benzo(a)antharacene/Benzo(a)antharacene+Chrysen 
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4.3.4  Ecological Risk of PAHs in Surface Sediments of Sarawak EEZ 

  

The United States numerical sediment quality guidelines (SQGs) were used to 

evaluate the environmental risks posed by PAHs in the sediments at the Sarawak EEZ. Two 

effects were used to assess the aquatic sediment, that were effects range low (ERL) and 

effects range moderate (ERM). The ERL is the adverse effects in a biological test data base 

that require 10% of test to show impacts in the aquatic system, while the ERM is the adverse 

effects at 50% of test (MacDonald et al., 2000; Long et al., 1995). ERL values are used to 

indicate possible adverse effects of biological on aquatic life, while ERM values proposed a 

high possibility of showing detrimental biological effects on aquatic life (Long et al., 1995; 

MacDonald et al., 2000). Table 4.12 shows the comparison of PAHs concentrations with 

sediment quality guidelines. The calculated concentrations of 14 PAHs in all surface 

sediments (242.9 ng/g) were below the ERL value of 4012 ng/g. Individual concentrations 

of PAHs did not exceeded ERL (see Table 4.12) except dibenz[a,h]anthracene compound. 

This maxmimun concentration of this compound has exeeded the ERL at ST05 which 

probably may cause occasional adverse biological effect. When concentrations of PAHs 

were below ERL, adverse effect such as toxicity could be less affected on the aquatic life 

(Baniemam et al., 2017; Jiao et al., 2012). The maximum concentrations of PAHs in surface 

sediments (799.5 ng/g) also did not exceed ERM values (22690 ng/g), thus there would be 

no adverse effects of PAHs toward aquatic organisms. If individual concentrations of PAHs 

exceeded the ERM, it indicates that biological effects would occur more often (Baniemam 

et al., 2017; Jiao et al., 2012). It can be concluded that according to US SQG the PAHs 

concentrations in surface sediment from Sarawak EEZ were unlikely to cause toxicity effects 
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towards marine organism’s life. The significant study of adverse effects PAHs in aquatic 

organisms can be used as indicator of potential human health (Jiao et al., 2012). 

 

Table 4.12: Sediment quality guidelines (SQGs) for PAHs in surface sediment of Sarawak 

EEZ 

 

Compounds 

Guideline This Study 

ERL ERM Average Max 

Naphthalene 160 2,100 1.18 1.18 

Acenaphthylene 44 640 35.2 35.2 

Acenaphthene 16 500 2.74 5.48 

Fluorene 19 540 10.1 19.0 

Phenanthrene 240 1,500 11.3 22.6 

Anthracene 853 1,100 11.3 38.0 

Fluoranthene 600 5,100 15.7 86.5 

Pyrene 665 2,600 43.1 192.2 

Benzo[a]antharacene 261 1,600 8.73 32.6 

Chrysene 384 2,800 3.19 7.29 

Benzo[b]fluoranthene N/A N/A 15.7 88.5 

Benzo[k]-fluoranthene N/A N/A 15.1 47.6 

Dibenz[a,h]anthracene 63.4 260 49.3 148.2 

Benzo[ghi]perylene N/A N/A 20.1 74.9 

Total 4012 22690 242.9 799.5 

 

 

 

 

  



83 

 

4.3.5 Distribution of Polycyclic Aromatic Hydrocarbons from Other Regions 

 

Table 4.13 shows the comparison of PAHs studies in surface sediments from other 

areas. Concentrations of PAHs in surface sediments from other regions, in which the areas 

are associated with industrial, petroleum, fishing and tourism activities were reported in 

several studies. PAHs concentrations (8.56-374.7 ng/g) in surface sediments from Sarawak 

EEZ were lower than PAHs concentrations (2.6-1025.0 ng/g) in surface sediments from 

Qatar EEZ as reported by Soliman et al. (2014), coastal sediment of Klang Strait, Malaysia 

(100.3-3446.9 ng/g) reported by Sany et al. (2014) and offshore mouth area of the Volga, 

Russia (2.8-3258.0 ng/g) reported by Nemirovskaya et al. (2006). These areas are the major 

of petroleum activities such as oil and gas explorations and international shipping lanes. 

Concentrations of PAHs in surface sediments of this study also reported lower than other 

areas which known for economic activities such as fishing and shipping such as Sfax-

Kerkennah channel (Tunisia, Southern Mediterranean Sea) PAHs concentrations ranged, 

175-10769.0 ng/g, reported by Zaghden et al. (2017), Red Sea, Egypt (0.74 - 456.91 ng/g) 

reported by Salem et al. (2014) and Langkawi island, Malaysia (869 -1637 ng/g) reported by 

Nasher et al. (2014). Sediment PAH concentrations ranged from 8.56 -374.7 ng/g in marine 

sediment of Sarawak EEZ were in the ‘low-range’ of concentrations compared to other 

available data for other areas. Results obtained from the present study provide a useful 

benchmark to evaluate PAH contamination levels in sediments both temporally and spatially 

within the Sarawak EEZ. 
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Table 4.13: Distirbution of PAHs from Other Areas 

Locations PAHs concentration 

(ng/g) 

Sources 

Offshore Mouth Area of the Volga, 

Russia 

 

2.8-3258.0 

Nemirovskaya et al. 

(2006) 

Exclusive economic zone (EEZ) of Qatar, 

Arabian Gulf 

 

2.6-1025.0 

 

Soliman et al. (2014) 

Sfax-Kerkennah channel (Tunisia, 

Southern Mediterranean Sea) 

 

175-10769.0 

Zaghden et al. 

(2017) 

Red Sea, Egypt 0.74–456.91 Salem et al. (2014) 

Langkawi Island, Malaysia 869 - 1637 Nasher et al. (2013) 

Coastal Sediment of Klang Strait, 

Malaysia 

 

100.3 - 3446.9 

 

Sany et al. (2014) 

Kaohsiung Harbor of Taiwan 4425-51261 Dong et al. (2012) 

Sarawak EEZ, Malaysia 8.56-374.7 This study 
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4.3.6 Distribution of PAHs in Core Sediments from Sarawak EEZ 

 

The GC-FID chromatograms of PAHs in layer 2.5-5.0 cm of core sediments from 

ST01, ST02 and ST03 are shown in Figure 4.19.  Concentrations of PAHs in core sediments 

of ST01, ST02 and ST03 ranged 13.6-92.5, 37.2-151.2 and 24.3-72.9 ng/g, respectively. 

Vertical profiles for concentration of PAHs in core sediments are shown in Figures 4.20.  

Core sediments at ST02 and ST03 are less polluted by PAHs (0-100 ng/g) except at layer 

10-12.5 cm which was moderately polluted (100-1000 ng/g). ∑PAHs in core sediment of 

ST02 increased toward down core of sediment with layers of 0-2.5 until 5.0-7.5 cm were 

less polluted, while layers of 7.5-10.0 until 10.0-12.5 cm were layers of 7.5-10.0 until were 

moderately polluted.  

The compositions of PAHs based on their ring size in core sediments are shown in 

Figures 4.21. PAHs with LMW (2-rings) were dominant for all layers in ST01 core sediment. 

LMW PAHs have higher solubility that makes them easily deposited in aquatic environment 

and more vulnerable towards environmental conditions such as long-distance transmission 

and evaporation (Zhao et al., 2017). The PAHs with 2-rings (napthalene, acenapthlylene, 

acenapthene and fluorene) accounted for 42% - 92% of ∑PAHs. The prevelance of 2-ring 

PAHs for all layers in core sediment are the characteristic unweathered PAHs (Stogiannidis 

and Laane, 2015). The 3-rings PAHs (phenanthrene, anthracene, fluroanthene) accounted 

for 2%-5% of ∑PAHs. Although with minor percentages, 3-ring PAHs can be contributed 

to high ∑LMW PAHs. The 4-ring PAHs (fluoranthene, pyrene, benzo[a]antharacene and 

chrysene) accounted for 3%-13% of ∑PAHs, while 5-ring PAHs (benzo[b]fluoranthene, 

benzo[k]fluoranthene, dibenzo[a,h]anthracene) accounted for 3%-25% of ∑PAHs. 

Dominant of LMW PAHs may be originated from local sources or recent input sources like 
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leakage of fuel and oil from shipping activities, seawage discharge and atmospheric 

deposition this because of properties.  LMW PAHs are easily to degrade and evaporate faster 

than HMW PAHs (Hu et al., 2010; Zamora et al., 2002). In ST02, composition of the 2-ring 

PAHs accounted for 12%-77% of ∑PAHs in ST02 core sediment; 3-ring, 4-ring and 5-ring 

PAHs composed 14%, 5%-86% and 2%-86% of ∑PAHs, repectively. LMW PAHs were 

more abundant in layer 0-2.5 cm (58%), 2.5-5.0 cm (77%) and 7.5-10.0 cm (63%), while 4-

ring PAHs (86%) were dominated in layer 5.0-7.5 cm and 5-ring PAHs (86%) in were 

dominated in layer 10.0-12.5 cm. HMW PAHs (4- and 5-ring) were abundantly found at the 

bottom layer 10-12.5 cm. The ST03 core sediment contained 2%-46% of 2-ring PAHs, 1%-

4% of 3-ring PAHs, 13%-96% of 4-ring PAHs, 5%-59% of 5-ring PAHs and 2%-5% of 6-

ring PAHs. The dominant of 4-ring PAHs was observed at upper layer (0-2.5 cm) until at 

the bottom layer (10.0-12.5 cm), while percentage compositions of 2- and 3-ring PAHs 

decreased toward down core sediment. HMW PAHs, such as benzo[a]antharacene, chrysene, 

pyrene, and benzo[ghi]perylene, were minor content in refined petroleum products (Wang 

et al., 2001) and are usually present in significant quantity only in HMW fractions such as 

asphalt (Readman et al., 2002) and possibly bitumen or coal.  
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Figure 4.19: GC-FID chromatogram off PAH in layer 2.5-5.0 cm of core sediments from 

ST01, ST02 and ST03 of Sarawak EEZ. 
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Figure 4.20: Vertical profile ∑PAHs in core sediments of ST01, ST02 and ST03 
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Figure 4.21: Percentage (%) composition of PAHs based on ring number in core 

sediments of ST01, ST02 and ST03 
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4.3.7 Possible Source of PAHs in Core Sediment from Sarawak EEZ 

 

Vertical trend of LMW/HMW PAHs are shown in Figure 4.22. Appendix 4 shows 

isomeric PAHs ratios in core sediments of Sarawak EEZ. LMW/HMW PAHs ranged 0.90-

5.74 in core sediment of ST01 indicated the primary source of PAHs was petrogenic. All 

layers showed association with petrogenic origin except layer of 5.0-7.5 cm which showed 

pyrogenic origin (LMW/HMW <1).  LMW/HMW PAHs in core sediment from ST02 ranged 

0.16-2.16 indicated a mixture of petrogenic and pyrogenic input. Petrogenic inputs were 

detected in layers 0-2.5, 5.0-7.5 and 7.5-10.0 cm. Pyrogenic inputs were observed at layers 

5.0-7.5 cm and 10.0-12.5 cm which due to the dominant of 4-rings and 5-rings PAHs in 

layers 5.0-7.5 cm and 10.0-12.5 cm, respectively. the fluctuated ratios of LMW/HMW in 

core sediment ST02 indicated for a mixed sourced of PAHs although some post-depositional 

alterations within the sediment cannot be ruled out (Peter, 1999). Upper layers in core 

sediment ST02 showed petrogenic sourced of PAHs as indicated by LMW/HMW ratio >1.  

The dominant of LMW of PAHs in upper layers is might due to their exposure to petrogenic 

sources and/or to pyrogenic sources with low temperature fuel sources (Yan et al., 2009). 

Downcore of sediment ST02 was dominated by poyrogenic sourced of PAHs. This could be 

explained by the depositional character of PAHs compounds in core sediment. HMW of 

PAHs (4-6 rings) tend to deposite fast toward down core of sediment due to low solubility 

in water and this explained that the source of PAHs in bottom of the layers was pyrogenic 

due to dominant of HMW PAHs compounds. All layers in core sediment of ST03 showed 

LMW/HMW PAHs < 1 indicated pyrogenic origin. HMW PAHs with 4, 5 and 6-rings PAHs 

were found to be dominant in this core sediment and primary source of PAHs in this core 

sediment was pyrogenic source.  
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 Vertical trend of isomeric ratios PAHs, Anth/(Anth+Phe), for all core sediments are 

shown in Figures 4.23. The ratios of Anth/Anth+Phe in core sediment from ST01 indicated 

for pyrogenic sources. This suggests the source of PAHs in core sediment of ST01 were 

mixture of petrogenic and pyrogenic as agreed by ratio of LMW/HMW PAHs earlier. 

Anth/(Anth+Phe) ratios in core sediment ST02 show pyrogenic source at layers 0-2.5 cm 

and 7.5-10.0 cm with ratios 0.87 and 1.00, respectively. None of anthracene and phenantrene 

was detected in other layers. In core sediment of station ST03, Anth/(Anth+Phe) ratios 1.00 

for both layers; 0-2.5 cm and 5.0-7.0 cm which indicated for pyrogenic source. Thus, core 

sediments of stations ST01, ST02 and ST03 were mixed of pyrogenic sources according to 

Anth/(Anth+Phe) ratios.
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Figure 4.22: Vertical trend for LMW/HMW PAHs in core sediment ST01, ST02 and 

ST03 

 

Figure 4.23: Vertical trend for Anth/(Anth+Phe) ratios in core sediment ST01, ST02 

and ST03 
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Vertical trend for Fluo/(Fluo+Pyr) ratios are shown in Figures 4.24. 

Fluo/(Fluo+Pyr) ranged 0.16-0.74 in core sediment ST01. PAHs originated from 

combustion of liquid fossil fuels (petrogenic) were detected at 0-2.5 cm with ratio 0.49. 

While PAHs associated with pyrogenic source was detected at 5.0-7.5 cm with ratio 0.16 

while at layers 7.5-10.0 to 10.0-12.5 cm, PAHs were originated from combustion of 

kerosene, grass, wood and coal (pyrolytic). In core sediment ST02, Fluo/(Fluo+Pyr) ratios 

were only detected at layers 0-2.5 and 2.5-5.0 cm with ratios 0.02 and 0.83 respectively. 

Pyrogenic origin was associated in layer 0-2.5 cm while PAHs in 2.5-5.0 cm derived from 

combustion of grass, wood and coal. Fluo/(Fluo+Pyr) ratios ranged from 0.37-0.81 were 

detected in ST03. PAHs associated with combustion from kerosene, wood, coal and grass 

was detected in layer 0-2.5 cm and 10.0-12.5 cm with ratio 0.81 and 0.61, respectively. 

PAHs in layer 2.5-5.0 cm and 5.0-7.5 cm was derived from pyrogenic input with ratios 

0.37 and 0.39, respectively.  

Vertical trend for BaA/(BaA+Chr) ratios in core sediments are shown in Figure 

4.25. Diagnostic ratios of BaA/(BaA + Chry) ranged 0.21-0.48 in core sediment ST01. 

PAHs originated from pyrogenic source were detected at layers 0-2.5 cm, 2.5-5.0 cm and 

10.0-12.5 cm with ratios 0.47, 0.48 and 0.61, respectively. PAHs derived from both mixed 

sources (petroleum or combustion) were detected at 5.0-7.5 cm and 10.0-12.5 cm with 

ratios 0.21 and 0.27 respectively (Christensen and Bzdusek, 2005). While in core 

sediment ST02, BaA/(BaA + Chry) ratios ranged 0.04-1.00. Layers 0-2.5 cm, 2.5-5.0 cm 

and 5.0-7.5 cm confirmed petrogenic PAHs source with ratios 0.10,0.06 and 0.04 

respectively (Ratios BaA/BaA + Chry < 0.2) while in layer 7.5-10.0 cm PAHs was 

derived from pyrogenic with ratio higher than 0.35. At the bottom core, 10.0-12.5 cm, the 

ratio BaA/(BaA + Chry) was between 0.20-0.35 thus PAHs was derived from mixed 
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sources. In core sediment from ST03, BaA/(BaA + Chry) ratios,0.33,0.32 and 0.13 at 

layers, 0-2.5 cm, 2.5-5.0 cm and 5.0-7.5 cm respectively, showed petrogenic sourced of 

PAHs while at bottom of core, 10.0-12.5 cm, the ratio showed (1.00) for pyrogenic source 

of PAHs. This study showed that the mixed petrogenic–pyrogenic sources in core 

sediment of Sarawak EEZ as suggested by the isomeric ratios. In some cases, when PAHs 

ratios are overestimating the contribution of pyrogenic of PAHs in sediment samples due 

to co-occurance of PAHs in in petrogenic and pyrogenic sources (Wagener et al., 2010). 

   

Figure 4.24: Vertical trend for Fluo/(Fluo+Pyr) ratios in core sediment ST01, ST02 

and ST03 

 

Figure 4.25: Vertical trend for BaA/(BaA+Chr) ratios in core sediments ST01, ST02 

and ST03
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4.3.8  Principal Component Analysis (PCA) on Hydrocarbons in Surface Sediment 

from Sarawak EEZ 

 

The principal component analysis was conducted using IBM SPSS Statistic Version 

22. 11 surface samples were analysed by factor analysis. The analysis included the 

concentration of TAH for every station, molecular n-alkane indices, PAHs, isomeric ratios 

of PAHs and proximate data. The eigenvalues of the extracted factor, the differences of 

eigenvalues among factors and the proportion of total sample variance explained by the 

factor are shown in Table 4.14.  23 variables were reduced into 4 new factors upon varimax 

rotation. The number of components were determined based on eigenvalues higher than 1 

with amount of explained variance at least 70 to 80% of total variance. 

 

Figure 4.26 shows PCA score plot described the relationship between the variables 

and Table 4.15 shows the loading variables of hydrocarbons which were presented with bold 

numbers. Factor 1 covers 23.2 %, Factor 2 covers 19.4 %, Factor 3 covers 14.5 % and Factor 

4 covers 13.0 % of total variances. High loading variables were presented with bold numbers. 

Factor 1 explained the correlation between variables of LMW/HMW PAHs with Chr/BaA 

that related to sources of PAHs from Sarawak EEZ were mainly derived from combustion; 

pyrogenic and pyrolytic (Li et al., 2015). Factor 2 explained that ∑TAH showed correlation 

with both LMW and HMW of n-alkanes. Factor 3 explained ∑PAHs in surface sediments 

were correlated with HMW PAHs which were predominantly contributed by 4,5 and 6-rings 

PAHs. High rings of PAHs (4,5 and 6 rings) found in surface sediments were related to 

petroleum combustion and refined petroleum (Li et al., 2015). ∑PAHs also showed positive 

correlations with clay and silt.  Factor 4 explained the correlation between Fluo/Pyr ratios 
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with sand. From the study Fluo/Pyr ratios in surface sediments indicated for petrogenic and 

pyrolytic that showed positive correlation with sand. LMW/HMW of n-alkane showed 

negative correlation with TAR, this inverse relationship showed that the influence of TAR 

values toward LMW/HMW ratios of n-alkane in surface sediments.  

Table 4.14: Eigenvalues, percentage variance and total variance of hydrocarbons in 

surface sediments 

 

 

Figure 4.26: PCA score plot that accounting for 70% of total variance from hyrdocarbons 

data in surface sediments 

 

 

Factor Eigenvalues  

Total % of variance % of total variance 

1 5.3 23.3 23.3 

2 4.4 19.4 42.6 

3 3.3 14.5 57.2 

4 3.0 13.0 70.2 
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Table 4.15: PCA of hydrocarbons in surface sediments from Sarawak EEZ 

Parameter Factor 1 Factor 2 Factor 3 Factor 4 

∑TAH 0.052 0.981 0.067 0.031 

CPI -0.598 -0.410 -0.241 -0.188 

ACL 0.692 0.092 -0.063 0.472 

LMW/HMW 

n-alkane 

0.055 0.396 -0.063 0.640 

TAR -0.368 -0.194 -0.384 -0.619 

Pristane/phyta

ne 

0.062 -0.412 0.535 -.0571 

Pr/C17 -0.336 -0.194 -0.384 0.539 

Ph/C18 -0.060 0.062 0.041 0.423 

LMW n-alkane 0.062 0.977 0.072 0.054 

HMW n-

alkane 

 

-0.108 

 

0.911 

 

-0.176 

 

-0.155 

∑PAHs -0.096 -0.005 0.879 -0.350 

LPAH 0.576 0.553 0.343 -0.135 

HPAH -0.197 -0.124 0.849 -0.341 

LMW/HMW 

PAHs 

 

0.958 

 

-0.104 

 

-0.179 

 

-0.26 

Fluo/Pyr -0.119 -0.227 -0.034 0.672 

Chr/BaA 0.908 -0.253 -0.196 -0.145 

Fluo/ 

(Fluo+Pyr) 

-0.107 -0.194 -0301 -0.260 

BaA/(BaA+Ch

y) 

0.168 0.181 0.651 0.123 

Sand  0.417 -0.150 -0.284 0.822 

Clay and Silt -0.392 -0.367 0.770 0.251 

TOM 0.490 0.049 0.128 -0.182 

Moisture 0.192 0.086 -0.001 -0.476 

Ash -0.435 -0.187 -0.635 -0.534 

Eigenvalue 5.35 4.45 3.34 3.00 

% of total 

variance 

 

23.2 

 

19.4 

 

14.5 

 

13.0 

Cumulative% 

of variance 

 

23.2 

 

42.6 

 

57.1 

 

70.2 
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4.3.9  Cluster Analysis (CA) on Hydrocarbons in Surface Sediments of Sarawak EEZ 

Figure 4.27 shows dendrogram of hierarchical cluster analysis on hydrocarbons in 

surface sediments and Table 4.16 shows the agglomeration schedule for hydrocarbons in 

studied surface sediments from Sarawak EEZ.  Pearson correlation was used to determine 

the homogenity of samples and then by the help of between groups linkage the dendrogram 

was constructed from these distances in order to visualize the similarities or dissimilarities 

of sampling locations. The first combined cluster appear in Figure 4.27 is Stage 2 which 

combined from cluster 5 (ST05) and cluster 11 (ST11) with coefficient value 0.878. this 

combination indicated for similar source of hydrocarbons derived from biogenic origin as 

indicated by CPI > 1, degraded oil as indicated by LMW/HMW < 1 in ST05 and ST11. 

Cluster 5 and 6 showed closed relationship with coefficient value of 1.000. this relationship 

showed that ST05 and ST06 have similar source of hydrocarbons which n-alkane derived 

from degraded oil as indicated by LMW < 1, both stations also dominated by HMW of PAHs 

(4-6 rings). Close relationship showed by cluster 9 and cluster 10 with coefficient value of 

0.825. this relationship indicated the source of hydrocarbons in ST09 and ST10 were derived 

from biogenic source as indicated by CPI > 1 and high input of debris plant as indicated by 

TAR > 1 (). Close relationship showed by cluster 4 and cluster 7 with coefficient value of 

0.797.  ST04 and ST07 have similar source of hydrocarbons originated from biogenic source 

as indicated by CPI > 1 and PAHs dominated by HMW PAHs rings (4-6 rings). Another 

combined cluster is showed by cluster 1 and cluster 2 in stage 9 with coefficient value 0.501. 

This relationship suggested that hydrocarbons in surface sediment from ST01 and ST02 were 

originated from anthropogenic input as suggested by low CPI < 1 and presence of recent oil 

input as indicated by LMW/HMW > 2.  Close relationship showed by cluster 1 and cluster 

3 with coefficient value of 0.619. ST01 and ST03 showed close relationship due to source 
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of hydrocarbons originated from anthropogenic input as indicated by low CPI < 1 and 

presence of fresh oil input as indicated by LMW/HMW > 2. 

 

 

 

 

Figure 4.27: Hierarchical cluster analysis on hydrocarbons in surface sediments 
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Table 4.16: The agglomeration schedule for hydrocarbons in studied surface sediments 

from Sarawak EEZ 

 Cluster Combined  Stage Cluster First Appear  

Stage  Cluster 1 Cluster 2 Coefficient  Cluster 

1 

Cluster 

2 

Next 

Stage 

1 5 6 1.000 0 0 2 

2 5 11 0.878 1 0 5 

3 9 10 0.825 0 0 6 

4 4 7 0.797 0 0 6 

5 5 8 0.707 2 0 8 

6 4 9 0.694 4 3 8 

7 1 3 0.619 0 0 9 

8 4 5 0.527 6 5 10 

9 1 2 0.501 7 0 10 

10 1 4 0.353 9 8 0 

 



101 

 

4.3.10 Summary on PAHs in Marine Sediments of Sarawak EEZ 

 

The concentrations of PAHs in surface sediments of Sarawak EEZ ranged 8.56-374.7 

ng/g. surfaces ediments of stations ST05, ST06, ST02, ST09, ST04, ST03 and ST11 were 

moderately polluted by PAHs, while PAHs in surface sediments of stations ST01, ST07 and 

ST10 were considered as not polluted. However, ecological risk using PAHs SQGs has 

shown that the concentrations of PAHs did not exceeded both ERL and ERM, thus there 

were no adverse effects or biological effects of PAHs in sediments toward marine life in 

Sarawak EEZ. PCA result has confirmed that the main source of PAHs in surface sediment 

from Sarawak EEZ was pyrogenic due to dominant of HMW PAHs in surface sediments. 

Positive correlation between HMW (4,5 and 6 ring) of PAHs with silt and clay in PCA 

indicated that strong relatonship between PAHs with fine sediment fraction. Concentrations 

of ∑PAH in core sediment of ST01 ranged 13.6-92.5 ng/g. The dominant of LMW 2 rings 

PAHs were detected in all layers of core sediments which indicated by the presence of 

unweatered fresh petroleum input (petrogenic) in core sediment of ST01. Concentrations of 

PAHs in core sediment ST02 ranged 37.2-151.2 ng/g. LMW PAHs was dominantly in upper 

layers while HMW PAHs were mainly deposited at layers of down core sediment. The 

sources of PAHs in core sediment ST02 were derived from mixed of petrogenic and 

pyrogenic inputs with less pyrolytic inputs as indicated by isomeric ratios of PAH. PAHs 

concentrations in core sediment ST03 ranged 24.3-72.9 ng/g with dominant HMW PAHs at 

down core, while LMW compositions decreased toward down core of sediment. The main 

source of PAHs in core sediment ST03 was derived from combustion (pyrogenic), 

atmospheric depositions, as indicated by ratios isomeric ratios of PAHs.  
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CHAPTER 5 

GENERAL CONCLUSION AND RECOMMENDATIONS 

 

 

5.1 Conclusions 

 

The results of hydrocarbons study can be used as baseline data for current state of 

hydrocarbons in sediments of Sarawak EEZ, Malaysia. The concentrations of total AH in 

surface sediments of Sarawak EEZ are following the decreasing order 

ST02>ST08>ST03>ST05>ST10>ST04>ST11>ST09>ST07>ST06>ST01. Sampling sites 

of surface sediments at ST01, ST02 and ST03 which located near to Kuching waters were 

believed to receive fresh petrogenic input of AH. Whereas, sampling sites of surface 

sediments toward offshore water from ST04 to ST11, the sources of AH were originated 

from old petrogenic input with some contribution of biogenic compounds particularly from 

marine animal, sedimemtary bacteria and recycled organic materials. Hopane and sterane 

fingerprinting together with the presence of UCM confirmed the existence of petroleum 

contaminations in surface sediments from Sarawak EEZ. In core sediment of ST02, the 

source of AH was mainly from anthropogenic inputs. Meanwhile in core sediment of ST01 

and ST03, the anthropogenic sources of AH appeared in upper layers of core but toward 

down core of sediments, the sources of AH were originated from biogenic sources. The 

concentrations of total PAH in surface sediments of Sarawak EEZ are following the 

decreasing order; ST05>ST06>ST02>ST09>ST04>ST11>ST03>ST01>ST10>ST07. The 

main source of PAHs in surface sediments of Sarawak EEZ was believed from pyrogenic 

sources due to dominant of HMW PAHs.  Sources of PAHs in core sediments at ST01, ST02 
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and ST03 of Sarawak EEZ were mainly influenced by compositions of LMW and HMW of 

PAHs. The main source of PAHs in core sediment of ST01 was derived from petrogenic 

PAHs, while in core sediment at ST02 PAHs originated from mixed petrogenic and 

pyrogenic inputs. In core sediment of ST03 the source of PAHs were believed from 

combustion of pyrogenic. 

 

 

5.2 Recommendations for Future Study 

 

Based on this research, there are several recommendations are proposed. It is 

recommended to perform carbon (C14) dating analysis of core sediment. In C14 dating of 

sediment, the date of deposition is associated with C14 age thus the accurate history of AHs 

and PAHs inputs in core sediments can be determined. The presence of hopanes and sterane 

of mass chromatograms in sediments should be determined by quantitatively. Quantitative 

analysis of aliphatic hydrocarbons biomarkers (hopanes and steranes) that require the use of 

internal standards of hopanes and steranes in order to obtain more information on the sources 

of hydrocarbons in sediments. To better understand past, present, and future distribution and 

accumulation of hydrocarbons, additional samplings of sediments are required in order to 

have wide range of hydrocarbons data in sediments of Sarawak EEZ. Future monitoring on 

hydrocarbons level in sediments of Sarawak EEZ should be considered. This is to ensure 

that the level concentrations of hydrocarbons remain at the safe level.  
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APPENDICES 

 

Appendix 1: Concentrations of n-alkanes (µg/g) in core sediment of ST01 

 Layers (cm) 

Compounds 0-2.5 2.5-5.0 5.0-7.5 7.5-10.0 10.0-12.5 

Undecane C11 n.d n.d n.d n.d n.d 

Dodacane C12 n.d n.d n.d 3.34 n.d 

Tridecane C13 53.8 n.d 0.11 n.d n.d 

Tetradecane C14 39.9 2.31 0.22 0.04 0.50 

Pentadecane C15 n.d 0.01 n.d 0.07 0.01 

Hexadecane C16 0.22 8.46 1.66 0.04 2.19 

Heptadecane C17 0.52 0.01 0.002 0.01 0.01 

Pristane 0.80 0.01 0.02 0.08 0.00 

Octadecane C18 1.76 5.93 1.15 1.45 0.80 

Phytane 1.75 2.81 0.02 0.88 0.61 

Nonadecane C19 1.27 0.003 0.02 1.58 0.01 

Eicosane C20 4.15 6.15 0.88 1.04 1.02 

Heneicosane C21 0.68 0.02 n.d 0.24 0.04 

Docosane C22 0.72 3.09 0.77 0.44 1.11 

Tricosane C23 0.69 0.03 0.19 0.73 0.01 

Tetracosane C24 2.44 3.42 0.07 2.66 0.94 

Pentacosane C25 0.89 0.04 0.52 3.26 0.02 

Hexacosane C26 1.87 4.10 0.39 11.9 0.76 

Heptacosane C27 1.36 0.11 0.01 3.17 0.07 

Octacosane C28 1.81 2.80 0.38 9.22 0.41 

Nonacosane C29 1.66 0.16 0.02 1.60 0.06 

Eicontane C30 1.58 1.98 0.02 5.10 0.37 

Henetricontane 

C31 1.39 0.18 0.07 0.99 0.04 

Dotricontane C32 1.83 0.89 0.02 2.25 0.20 

Tricontane C33 0.90 0.56 0.04 0.57 0.13 

Tetratricontane 

C34 0.81 10.6 0.02 0.74 0.55 

Pentatriacontane 

C35 0.75 2.83 0.11 0.16 0.07 

Hexatriacontane 

C36 

n.d 

0.23 0.28 0.22 0.09 

⅀TAH (ng/g) 123.7 56.1 7.0 48.5 9.45 
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Appendix 2: Concentrations of n-alkanes (µg/g) in core sediment of ST02 

 

 Layers (cm) 

Compounds 0-2.5 2.5-5.0 5.0-7.5 7.5-10.0 10.0-12.5 

Undecane C11 n.d n.d n.d n.d n.d 

Dodacane C12 n.d n.d 1.95 2.89 4.69 

Tridecane C13 n.d n.d 0.06 n.d n.d 

Tetradecane C14 2.29 18.5 0.65 27.9 11.4 

Pentadecane C15 n.d n.d 0.02 0.02 13.6 

Hexadecane C16 16.3 20.0 10.9 38.2 17.6 

Heptadecane C17 0.01 n.d 0.28 0.32 0.05 

Pristane 0.03 0.31 0.08 0.37 0.33 

Octadecane C18 7.65 2.81 26.3 0.14 54.3 

Phytane 5.52 27.1 42.6 5.96 10.1 

Nonadecane C19 n.d 0.78 0.13 0.69 0.15 

Eicosane C20 3.93 1.75 32.3 1.65 53.9 

Heneicosane C21 0.01 0.22 0.95 0.32 0.26 

Docosane C22 0.45 1.99 19.6 1.62 35.1 

Tricosane C23 0.08 0.49 0.17 0.29 0.39 

Tetracosane C24 24.7 2.66 0.82 1.36 20.6 

Pentacosane C25 0.15 0.22 0.15 0.67 0.26 

Hexacosane C26 0.36 2.56 0.17 0.82 11.9 

Heptacosane C27 0.09 0.13 0.07 0.49 0.20 

Octacosane C28 4.36 36.9 0.14 0.32 20.9 

Nonacosane C29 0.18 0.15 0.07 0.94 0.48 

Eicontane C30 3.08 0.29 0.05 19.8 10.2 

Henetricontane 

C31 0.39 0.13 0.49 0.44 0.26 

Dotricontane C32 2.77 0.14 0.43 7.81 3.85 

Tricontane C33 2.94 0.36 0 1.64 0.45 

Tetratricontane 

C34 32.3 4.80 0.25 46.4 39.8 

Pentatriacontane 

C35 4.33 0.07 0 0.49 0.09 

Hexatriacontane 

C36 4.80 0.04 5.71 42.7 13.3 

Heptatriacontane  

C37 10.0 

n.d n.d n.d n.d 

Octatriacontane 

C38 12.9 

n.d n.d n.d n.d 

Nonatriacontane 

C39 28.1 

n.d n.d n.d n.d 

⅀TAH 167.9 122.6 144.5 204.3 324.4 
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Appendix 3: Concentrations of n-alkanes (µg/g) in core sediment of ST03 

 

 Layers (cm) 

Compounds 0-2.5 2.5-5.0 5.0-7.5 7.5-10.0 10.0-12.5 

Undecane C11 n.d n.d n.d n.d n.d 

Dodacane C12 n.d 0.01 0.11 n.d n.d 

Tridecane C13 n.d n.d n.d n.d 0.18 

Tetradecane C14 0.12 0.14 0.17 0.03 0.19 

Pentadecane C15 0.001 n.d n.d n.d n.d 

Hexadecane C16 0.84 1.05 n.d 0.08 n.d 

Heptadecane C17 0.005 0.001 1.71 n.d n.d 

Pristane 0.004 0.01 0.49 n.d n.d 

Octadecane C18 1.86 2.33 1.25 n.d n.d 

Phytane 0.22 0.33 0.14 0.88 0.37 

Nonadecane C19 0.001 n.d 0.32 0.02 0.14 

Eicosane C20 0.17 1.01 0.23 2.12 0.23 

Heneicosane C21 0.14 0.02 1.31 0.04 0.36 

Docosane C22 1.57 1.94 4.41 2.10 0.37 

Tricosane C23 0.01 0.01 3.00 0.80 0.38 

Tetracosane C24 0.94 0.74 5.98 2.67 1.15 

Pentacosane C25 0.01 0.02 4.43 2.16 1.84 

Hexacosane C26 0.56 0.87 6.33 3.02 3.32 

Heptacosane C27 0.02 0.01 5.02 2.31 4.40 

Octacosane C28 0.33 0.28 4.82 2.39 5.41 

Nonacosane C29 n.d 0.02 3.37 1.61 6.23 

Eicontane C30 0.09 0.26 1.88 0.14 5.77 

Henetricontane 

C31 0.03 0.04 1.09 0.06 0.04 

Dotricontane C32 0.04 0.01 0.28 0.01 0.27 

Tricontane C33 n.d n.d n.d 0.02 0.21 

Tetratricontane 

C34 0.07 0.03 0.29 0.01 0.07 

Pentatriacontane 

C35 0.01 n.d 

n.d 

0.13 2.22 

Hexatriacontane 

C36 0.42 0.17 

n.d 

0.31 0.07 

TAH 8.05 9.34 46.6 20.9 35.5 
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Appendix 4: Concentration of PAHs in Core Sediments of Sarawak EEZ 

Core 

Sediments 

Compounds 

Layers 

(cm) 

Nap Acpy Acp Flu Phe Ant Fluo Pyr BaA Chr B[b]F B[k]F Di[a,h]

Ant 

B[g]

Pyr 

⅀PAHs 

ST01                  

0-2.5  6.89 20.2 1.12 0.55 0.35 0.8 0.8 0.82 1.5 1.64 1.87 0.32 - - 37.1 

2.5-5.0  11.6 19.7 - - 0.62 - - - 0.57 0.61 0.52 0.42 - - 37.4 

5.0-7.5  1.24 17.4 5.19 0.89 0.87 0.73 1.29 6.31 0.77 2.93 2.26 16.7 1.71 - 62.7 

7.5-10.0  0.76 47.4 23.9 1.43 1.21 5.21 2.77 1.01 7.45 4.78 25.8 2.47 - - 134.1 

10.0-12.5  - 57.6 43 0.92 2.4 1.94 2.16 0.99 1.55 4.18 0.88 24.4 1.52 - 151.4 

ST02                 

0-2.5  - 8.78 18.9 - - - 0.11 4.42 0.06 5.96 1.48 7.85 0.004 0.06 47.2 

2.5-5.0  0.03 8.05 0.11 0.22 0.18 1.31 0.11 0.02 0.02 0.36 0.04 0.25 0.09 0.05 13.3 

5.0-7.5  - - - 2.46 - - 0.43 0 0.8 16.3 0.33 - - - 20.3 

7.5-10.0  - 0.19 12.6 - - 0.05 - 0.77 2.3 - 4.54 - - - 20.5 

10.0-12.5 - - - - - - 1.71 6.07 4.01 10.1 92.1 29.7 7.72 - 151.4 

ST03                 

0-2.5  - 8.01 7.32 - - 0.68 9.21 2.14 0.96 1.92 38.9 3.81 - 0.03 72.9 

2.5-5.0  - 6.75 4.87 - - - 1.02 1.75 0.12 0.26 6.92 1.41 0.92 1.18 25.2 

5.0-7.5  - 1.68 - - 0.06 - 9.56 13.4 1.69 11.8 1.62 0.39 - - 40.2 

7.5-10.0  - - 0.28 - - - - - - 9.9 0.81 0.17 0.21 0.19 11.6 

10.0-12.5  - - - - - 1.07 - 2.21 1.39 19.4 - - - - 24.3 

Note: Nap- Napthalene, Acpy-Acenaphthylene, Acp-Acenaphthene, Flu-Fluorene, Phe-Phenanthrene, Ant-Anthracene, Fluo-Fluoranthene, 

Pyr- Pyrene, B[a]A-Benzo[a]Antharacene, Chr- Chrysene, B[b]F-Benzo[b]Fluoranthene, B[k]K-Benzo(k)Fluoranthene, Di[a,h]Ant- 

Dibenz(a,h)Anthracene, B[ghi]P- Benzo(ghi)Perylene 

 

 


