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Abstract of thesis presented to the Senate of Univcrsiti Putra Malaysia in fulfillment
of the requirement for the degree of Doctor of Philosophy

FORENSIC AND CHEl\10l\lETRIC APPROACHES IN
DISTRIBUTION, CHARACTERIZATION AND HEALTH RISK

ASSESSMENT OF POLYCYCLIC HYDROCARBONS IN SELECTED
AQUACULTURE FARMS IN PENINSULAR MALAYSIA

By

ANANTHY AlP RETNAl\l

June 2013

Chairman: Mohamad Pauzi bin Zakaria, PhD

Faculty: Environmental Studies

This is a pioneering study and report on polycyclic aromatic hydrocarbons (PAHs) in

aquaculture ecosystem in Malaysia. In this study the occurrence of PAHs in

sediments, oysters, fish and fish feed were examined and the health risk assessment

was conducted. Samples were collected from selected aquaculture farms in

Peninsular Malaysia from January 20 10 to November 20 II inclusive of remote and

polluted areas. The results revealed the average concentration of total PAHs in

sediment ranged from 20 to 184 L oysters 121 to 519, fish 22 to 228 and fish feed

150 to 366 ng/g dry weight. The levels of PAHs reflect human activities, with higher

concentrations observed in industrial zones. pOI1 areas and urban settlements.

Application of forensic and chcmomctric techniques on sample data revealed that the

sediments collected from aquaculture farms and periphery were dominated by

pyrogenic sources from vehicle emission (54°0) and biomass burning (9°0) while
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petrogenic sources coming from petroleum oil (37%). The profile of PAHs obtained

from fish and oyster farm sediments differ significantly (p < 0.(5) implying

additional pollution sources into fish limn. Enrichment of organic carbons, nitrogen

and PAHs in fish farms revealed an average of 2R.7%,4.65% and 156% respectively.

Enrichment of TOe is statistically significant to the enrichment of total PAHs,

carcinogenic PAHs and 4-6 ring PAHs but not 2-3 ring PAHs. The compound

benzot ajpyrcne was detected in all samples. This study found that accnaphthylcnc,

fluoranthene and dibenzotahjanthracenc concentrations were higher than the

permissible levels in interim sediment quality guidelines. This might be harmful to

aquatic animals and to human who consume them. The body burden of PAHs in

oysters fall within moderate range and is comparable to other studies in bivalves.

Temporal variation due to spawning was evident in oysters at Pulau Betong Batu

Lintang and Pasir Panjang. PAHs in edible fish tissues range between low to

moderate. Normalization of total PAHs with lipid content drew a meaningful result

compared to dry weight normalization. Strong signi ficant correlation was observed

between lipid normalized total PAHs and total toxicity equivalence concentrations (p

< 0.05 vs. p > 0.05). Fish Iced samples were dominated by high molecular weight

PAHs. The profile of PAHs in fish feed were similar regardless of locations, types

and lipid content. PAHs concentrations were found to be higher or in par with other

studies worldwide. Cluster analysis and discriminant analysis implied that fish ICed

was the main source of PAHs in edible fish tissue. Non-cancer risk assessment of

PAHs in sediment, oyster and fish showed that the values were below the concern

levels published by USEPA. Cancer risk due to consumption of red snapper from

Jclutong and sea bass lrorn Jclutong and Gclang Putah is higher than the safe levels

recommended for all groups of population under study. Overall PAHs from
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vehicular emission dominated aquaculture sediment. The consumption of cultured

scabass and red snapper from Jclutong and scabass from Gclang Patah are not safe

for all group of populations.
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PENGAGIHAN. PENCIRIAN DAN RISIKO KESIIL\TAN III1)ROKARBON

POLlSIKLlK PADA LADAl'IG AKUAKliLTliR TERPILIH III
SEi\IENAN.JLJNG :\L~LAYSL\

Oleh

ANANTHY AlP RETNAM

.Jun 2013

Pcngcrusi: Mohamad Pauzi bin Zakaria, PhD

Fakulti: Pcngajian Alarn Sekitar

Ini merupakan satu kajian dan laporan perintis mcngenai PAHs di dalam ckosistcm

akuakultur di Malaysia. Di dalam kajian ini kchadiran PAHs pada mcndapan, tirarn,

ikan dan makanan ikan tclah diuji dan risiko telah ditentukan. Sampel-sampel tclah

dikumpul daripada ladang akuakultur yang terpilih di Scmcnanjung Malaysia

bermula dari Januari 20 I0 schingga November 2011 merangkumi kawasan tcrpcncil

dan kawasan tercemar. Kesemua sarnpel-sampel tcrscbut telah di hornogcn, dibcku

kering, di ekstrak, dibersihkan, dibahagikan kepada pccahan kccil dan dianalisa

menggunakan krornatografi gas - spcktromctri jisim. Daripada kcputusan analisa ia

mcnunjukkan purata jumlah kcpckatan PAHs eli dalarn mendapan bcrjulat eli antara

20 sehingga IX41, tirarn 121 schingga 519. ikan 22 schingga 218 dan makanan ibn

150 schingga 366 ng/g berat kering. Paras kandungan PAHs selaras dcngan aktiviti

manusia dcngan kepekatan yang tinggi tclah dipcrolchi di ka\\asan pcrindustrian,
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perlabuhan dan kawasan bandar. Aplikasi Iorensik dan kemomctrik tclah

rncnunjukkan mcndapan yang dikumpul daripada kawasan akuakultur tclah

didominasi oleh sumber pirogcnik seperti pelepasan asap kendcraan (54%) dan

pernbakaran biojisim (9%) manakala sumber petrogenik pula hadir daripada minyak

petroleum (37%). Profil PAHs yang diperolehi daripada mendapan ladang ibn dan

ladang tiram mcmberikan perbezaan yang penting (p <0.05) mcncadangkan ada

tambahan surnber kc dalam ladang ikan. Pcningkatan jumlah karbon organik,

nitrogen clan PAHs tclah ditcntukan pada ladang ibn dengan purata mastng-

masingnya sebanyak 28.7%, 4.65% dan 156%. Pcningkatan TOe menjadi

penyumbang penting kepada pcningkatan jumlah PAHs, karsinogcnik PAHs dan 4-6

cincin PAHs tctapi tidak kepada 2-3 cincin PAHs. Bcnza(a)pyrcne tclah dikcsan di

dalam kesemua sampel. Kepekatan accnaphtylcne, t1uoranthcnc dan

dibcnza(ah)antracene tclah dikesan pada paras tinggi jib dibandingkan dcngan garis

pancluan kualiti mcndapan interim. la mungkin menbahayaknn haiwan akuatik dan

juga kcpada manusia yang mcrnakannya. lsi tiram yang mcngandungi PAHs bcrada

pada julat sederhana jib dibandingkan dengan kajian lain yang melibatkan siput

lokan. Perubahan PAHs mcngikut masa telah dikcsan pada tiram dari Pulau Bctong,

Batu Lintang clan Pasir Panjang. Kandungan PAHs didalam tisu ikan yang bolch

dimakan berada pacla julat rendah ke scderhana. NOllnalisasi nilai jumlah PAHs

dcngan kandungan lipid memberikan kcputusan yang penting jib dibandingkan

dengan nOllnalisasi nilai bera! kering. Hubungan yang kukuh dan penting dipcrolehi

di antara nOllnalisasi nilai lipid dengan jumlah PAHs dan jumlah kcracunan sctara

kcpckatan (p < 0.05 vs P > (l.05). Makanan ikan didominasikan olch PAHs yang

mcmiliki bcrat molckul tinggi. Prolil PAHs di dalam makanan ikan adalah S<lma pad a

scmua lokasL jcnis dan kandungan lipid. Paras kcpckatan PAHs didapati tinggi
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ataupun seiara dcngan kajian lain yang dilakukan scluruh dunia. Analisa kclornpok

dan analisa diskriminasi menunjukkan makanan ikan sebagai sumbcr utama PAHs di

dalam tisu ikan yang bolch di makan. Risiko penyakit kanscr setclah mcmakan ik an

merah dari .lclutong dan siakap dari .lelutong dan Gelang Parah adalah tinggi

claripada tahap yang sclamat bagi kcsemua kumpulan. Kcsimpulannya mcdapan

akuakulturc didorninasi olch PAHs dari pelepasan asap kenderaan. Pcmakanan ikan

siakap dan merah dari Jclutong dan siakap dari Gelang Patah tidak sclarnat untuk

scmua kumpulan pcnduduk.
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CHAPTER I

INTRODUCTION

1.1 Background of study

Cancer has been recognized as the major health problem for urban human population

worldwide. It is a growing affliction problem in Malaysia. Cancer stands as fourth

leading cause of death in Malaysia with estimated 30 000 cases annually with an

incidences ratio of 150 in 100 000 population having cancer (Lim, 2(02). Cancer

has become a national concern these past few decades due to rapid industrialization

and urbanization of the country. Pollution is an associated problem with

development of a country. The major concern is micro chemicals especially

persistent orgamc pollutants (POPs) like halogenated pesticides, dioxin, flame

retardants (PCBs, PBDEs) and polycyclic aromatic hydrocarbons (PAHs). These

chemicals are categorized as known, probable and possible human carcinogens by

United States Environmental Protection Agency (USEPA) in Integrated Risk

Management System (IRIS) (USEPA, 2003b). PAHs having highly carcinogenic

potencies linked to causing cancer to human. The PAHs exposure has been linked to

elevated levels of DNA adducts formation, mutations and cancer in animals and

human (European Commission, 2002).

PAHs enter into human through many routes. Excluding smokers and occupational

exposure, dietary intake has been reported as an important route of PAHs to human

(Moon ct al., 20 I0; European Commission, 20(2). PAH in the environment,

contaminates vegetables, fruits and animals cultivated in polluted areas. Marine

organisms in particular are known to accumulate these pollutants in concentration
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higher than the surroundings. Although seafood comprise of only about IO(X) of

human diet but has proven to be one of the major route of contamination into human

(Binelli and Provini, 2003). In recent years this is reflected by growing research

interest in this field (Darilmaz and Kucuksczgin, 2012; Kelly et al.. 20 I L Mirsadeghi

et al., 2011; Moon et al., 2010; Ling ct al., 2009; Nghia et al., 2009; EFSA, 2008;

Padula ct al., 2008; Cheung et al., 2007; Moreau ct al., 2007; Kong et al., 2005;

Binelli and Provini, 2004).

The exponential increase in human population has placed serious demand for food

supply. This compounded by higher living standard and need for quality protein has

increased the demand for fish and seafood. The global consumption of fish and

seafood has generally increased during recent decades by 31.5<% from 2004 to 2009

(Martinez-Porchas and Martinez-Cordova, 2012; Verbeke ct al., 20(7). However the

production of captured fisheries has been fully exploited or over-exploited in most

part of the world (Russell et al., 2(11). The unsustainable fishing habits with

depleting wild fish and seafood stocks and increasing customer demands has forced

aquaculture as a practical alternative. Aquaculture is the most rapidly growing food

production sector in the world with 8.3% per year, compared to fisheries less than

2% and livestock 2.9% (Martinez-Porchas and Martinez-Cordova, 2012; Sather ct

al., 2006). The annual aquaculture production increased from 4 million metric

tonnes in 1980 to 60 million metric tonncs (Martinez-Porches and Martinez-Cordova.

2012; Verbeke ct al., 20(7).

2
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In Malaysia, the tremendous increase in aquaculture production in the past 30 years

(87%) (Food and Agricultural Organization, 2012a), is seen as a viable approach in

securing fish and seafood and less stress on wild stocks. Despite the benefits,

aquaculture is unfavourable because of environmental degradation that follows.

Aquaculture introduces non-native species to the particular marine environment and

the operation of aquaculture farms has impacted the cultured organisms and the

marine habitat at or near the farms. Enrichment of nutrients and organic matters

from the feed and feces cause the change of physical and chemical characteristics of

seabed (Carroll et al., 2003). The changes include decrease of dissolved oxygen

demand, production of methane and hydrogen sulfide gas and increase of bacterial

production. Introduction of unintentional micro pollutants from aquaculture

activities such as heavy metals and persistent organic pollutants (POPs) have been

and/or are being investigated. The contamination caused by aquaculture said to

reduce the natural population along side the detrimental downstream activity of trash

fish and fish oil production also seen as unsustainable practice (Martincz-Porchas

and Martinez-Cordova, 2012).

1.2 Problem statement

The Malaysian coastal areas are rich in natural resources and away from natural

disasters, deemed ideal for aquaculture activities. Aquaculture industry showed a

tremendous expansion over the 30 years in Malaysia. The cultivated organisms

include bivalves such as mussels. cockles and oysters, finfish such as scabass,

snappers and groupers to seaweeds. Malaysia is one of the largest producer of

cultivated scabass in South East Asia (Alongi ct al., 20(3). Mariculturc activities in

Malaysia mostly focused in brackish and coastal zones. The coastal water of

3
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Peninsular Malaysia especially west coast is experiencing micro chemical pollution

including PAHs. The west coast of Peninsular Malaysia is densely populated with

58.62% of the nation's population residing here despite having only 20.46% of the

total land area (Omar, 2012). Numerous industrial zones and pOI1s are also located

along this stretch. Adding to this pollution stress, The Straits of Malacca is known as

one ofthe busiest trade route between Middle East and Far East accommodating over

100 000 oil tankers and cargo vessels carrying 3.23 million barrels of crude oil every

day.

Recent studies demonstrated occurrence of extensive petroleum hydrocarbons

pollution in Malaysia (Sakari ct al., 2008a; Zakaria ct al., 2002; Zakaria et al., 20(1)

and it is unique compared to other industrial countries which reported pyrogenic as

the main source of PAHs (Liu et al., 2009; Larsen and Baker, 2003; Harrison et al.,

1996). Petrogenic sources with lower molecular weight PAHs (2-3 rings) are more

water soluble and readily bioavailablc !{)J" aquatic animals. Higher level of

petrogcnic PAHs also were found to be accumulated in various organisms (Baumard

et al., 1998a). Therefore the bioaccumulation of PAHs from sediments is greater for

seafood animals. Extensive studies on PAHs in variety of environments have been

reported (Mirsadeghi et al., 2011; Bakhtiari et al., 2009; Tahir et al., 2006b; Omar ct

al., 2002; Zakaria et al., 2002) but studies on PAHs in aquaculture remained scarce.

Generally aquaculture sites arc located too ncar to potential sources of PAHs such as

towns and oil tankers route especially along the Straits of Malacca. With cities,

towns and industrial sites located in close vicinities to river mouth and coastal water,

4
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there is potentially high risk of PAHs pollution into the aquaculture sites.

Furthennorc the aquaculture sites arc located at protected areas with less water

circulations and less dilution enhancing bioaccumulation of PAHs in seafood

animals. The high human activities at the aquaculture areas such as boating, seafood

harvesting and cage cleaning resuspend and remobilize the sedimentary PAHs into

water column with large amount of suspended particles. Therefore the PAHs

poll ution source for seafood animals can be f)'0111these suspended particles. The

PAHs distribution in particles and sediments are partially reduced in the lower

molecular weight PAHs enhancing exposure to high molecular weight compounds

(Baumard et al., 1998a). Furthermore, in Malaysia the concentration of sedimentary

PAHs is not regulated. Regulation is important in term of pollution control and to

minimize the risk to human exposure. However, the effect of PAHs pollution on

aquaculture has not been investigated to date.

Fish and seafood enjoy a good reputation as a cheap, nutritious and healthy food. It

contains minerals. vitamin and protein which play essential role in human health.

One of the most significant benefits is omcga-Lfatty acid which has been associated

with health benefits due to its cardin-protective effects (Verbeke et al., 2(07).

However, the levels of contaminants in fish and seafood together with poor

management of fisheries are of particular interest because of the potential risk to

humans who consume them. Many studies focused on PAHs contamination in wild

captured fish and shell fish (Mirsadcghi ct al., 20 I L Shahbazi et al., 20 I0; Sim ct al.,

20 I0). Very few studies focused on contamination in cultured organisms which

meant for human consumption, all on heavy metals (Najiah ct al., 2008; Yap ct al.,

2004) and none on PAHs. Pollutants have been introduced directly into the marine
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environment as a result of aquaculture activities. Heavy metals such as cooper

through antifoulants, pesticides, antibiotics and anesthetics though medication,

compounded by unintended micro chemical contaminations such as PCBs, dioxins,

pesticides and PAHs through fish feed and fish oils are detrimental pollutants

(Tsapakis et al., 2010; Loutly ct al., 2007; Easton et al., 2002). POPs are able to

accumulate in fish by feeding cultured fish with fishery products and by-products

that can potentially increase the concentration of POPs in fish. Furthermore the

unconsumed feed and feces from fish will be available for consumption of benthic

organisms underneath the farms which will be eaten by higher trophic predators

(Russell et al., 2011). To date to best of our knowledge, there is no available data on

the levels and profile of PAHs in fish feed used in aquaculture in Malaysia. In fact

from worldwide perspective, only a handful reports available in providing

information of levels and profile of PAHs in fish feed (Tsapakis et al., 20 I0; Loutfy

et al., 2007; Easton et al., 20(2). The primary focus of this study is on contamination

of PAHs in cultivated organism namely oysters and fish. Only limited data available

in the risk assessment of PAHs to human (Mirsadeghi et al., 2011; Sim et al., 20 I0).

This study also serves as a preliminary report on human health risk assessment of

daily intake ofPAHs due to ingestion of cultivated fish and shellfish in Malaysia.

The environmental impact of the aquaculture especially mariculture is well

documented in temperate region. Aquaculture has been documented as the point

source for micro organic chemical PAHs contamination of coastal marine sediments

(Tsapakis et al., 2(10). However limited information is available in tropical region

like Malaysia (Gao et al., 2005; Wu, 1995). Furthermore in temperate ecosystem the

use of commercial feed has been well assimilated and the environmental impact has
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been well described. This is not the case for tropical and subtropical zone where

trash fish is still the desirable choice mainly due to cheap cost. The environmental

impact of trash fish especially organic enrichment is expected to be severe compared

to commercial feed owing to the local environmental conditions (Gao et al., 2005;

Wu, 1995). The enrichment of organic matters and PAHs in aquaculture cages has

not been studied in Malaysia tropical climate so far.

1.3 Significance of study

Marine aquaculture is concentrated at coastal areas which arc abundant not only with

in natural resources but also pollution because they are hotspot for human activities.

The organisms cultivated here being exposed to many types and loads of pollutions

from water and sediments surrounding the fa11115.The organisms being cultivated arc

100% used as source of food by local and international consumers. As such there is

concern in terms of safety for human health. Likewise, aquaculture activities arc

also known to cause pollution to the environment (Martincz-Porchas and Martinez-

Cordova, 2012; Tsapakis ct al., 20 10; Cole et al., 2009; Carroll et al., 20(3).

The extend of pollution depends on the physical, chemical and biological

characteristics of local environment and the management practices such as feeding

habits and fish stocking (Gao ct al., 2005; Carroll ct al., 2(03). Obviously

aquaculture add to environmental stress along with pollution from land-based

aquaculture and run-ofT from other land-based industries (McKinnon ct al., 2(10). In

northern Europe, guidelines, monitoring procedures and environmental quality

standards lor salmon fanning are established. In Norway, a national standard for

monitoring of fish farms was established containing criteria for nutrient impacts,
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organic matter, micro pollutants, fecal bacteria, and water quality for various coastal

uses (Carroll et al., 20(3). In Malaysia, currently there is no guideline or practices

for monitoring of environmental effects of aquaculture activities even though some

form of monitoring of micro pollutants such as trace metals and pesticides is

ongoing. There is also no guideline or standards for safe levels of PAHs in edible

biota, sediment and water.

This study can be deemed as a pioneering scientific investigation into the extend of

PAHs pollution in aquaculture ceo-system. This study correlates enrichment of

PAils in fish farms in Malaysia, caused by loading of organic matters. The results of

this study can be used as a benchmark for future policy guidelines when determining

quality criteria for the aquaculture activities in Malaysia. This refers to concerns

regarding sedimentation related to intensive aquatic animal culture. This study is

further enhanced by investigating the health risk associated with the consumption of

contaminated fish and seafood by humans. It has far-reaching benefits for the

protection of ecosystem health, environmental conservation of ecologically sensitive

areas and for future protection of human health.
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1.4 Objectives of study

The overall aim of this study is to evaluate the status and trends of PAHs

contamination in aquaculture farms and the risk of consuming selected cultured

seafood by the population. The specific objectives or this study arc:

I. To determine the distribution, characterization and source apportionment

ofPAHs in sediments and biota (fish, oysters and fish feed) lrom selected

aquaculture farms in Peninsular Malaysia.

2. To determine the enrichment oftotal organic carbons, nitrogen and PAHs

in sediment of selected fish farms.

3. To evaluate the relationship between the PAHs levels in the sediments

with the biota, level of bioaccumulation and contributing sources in

selected aquaculture farms.

4. To assess the cancer and noncanccr risk of the PAHs 111 aquaculture

products for human health.

1.5 Study hypothesis

This study initiated to address a few hypotheses as listed below:

I. There are significant correlations between the PAHs level in the sediment

with the biota.

2. There are significant differences 111 PAHs level 111 sediments and fish

between locations.

3. There are significant differences in PAHs level in oyster between location

and time.
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This thesis has been divided into 5 chapters. Chapter 2 is about review of literatures

related to this research topic. Chapter 3 describes the material and method covering

sampling, analytical procedure and quality control. The extraction, cleanup and

instrumental analysis of target PAHs analytes were elaborated. Methods for

determination of total organic carbons, lipid contents and statistical methods also

have been described. Detail explanation on human health risk assessment due to

exposure to PAHs introduced in this chapter. Chapter 4 is about results and

discussion. This chapter is divided into four parts, Part I explores the status of

PAHs contamination in surface sediment of aquaculture limns. The spatial

distribution and trends were described with help of forensic and robust chcmornctric

methods. Source identification and source apportionment of PAHs in aquaculture

sediments were discussed. The enrichment of organic matters and PAHs were

identified due to fish farm activities were discussed in part II. The spatial and

temporal trends of PAHs in oysters and edible tissue of fish and the source of

contamination were discussed in part III. Meanwhile part IV is dedicated to human

health risk assessment due to exposure of PAils in sediment and consumption of

contaminated oyster and fish from aquaculture farms. Each matrix was discussed

separately to see the potential risk of exposure to PAHs. Chapter 5 is conclusion

made from this study and recommendation and future direction of this research

(Figure 1.1).
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Chapter 1
Introduction

Problem statement, objectives and study hypothesis

Chapter 2
Literature Review

Sources and fate of PAils, aquaculture status, effect of aquaculture on
environment, availability of PAils in food and adverse effect on organisms

~
Chapter 3

Matcr'ial and Methods
Sampling points, samples (sediment, fish and oyster), analytical procedure, data

analysis and risk assessment procedure

Chapter 4
Results and Discussion

I
! t t 1

Part I Part II Part III Part IV
Spatial Enrichment of Spatial and Toxicity, risk

assessment, organic carbons, temporal assessment and
characterization nutrients and assessment of consumption of

and source PAils in fish PAils in PAils by
apportionment of farms surface cultured human

PAIls in sediments organisms
aquaculture

surface sediments

I I I
Chapter 5

Summary, Conclusion and Recommendation for Future Research
Summary of the research findings, conclusion drawn and recommendation for

further study from findings of this study

Figure 1.1. Flowchart of the thesis outline
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