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Abstract: A study has been conducted at selected locations along the Straits of Malacca on twelve aquaculture
fish samples to determine the level of hydrocarbon pollution in the fishes. The homogenized fish tissues were
extracted using soxhlet, fractionated and analyzed by using GCMS. Hopanes and PAHs were detected and were
found in the range of 57.59 to 9610.31 ng/g (dry weight). Ratios C /C and C -C /C  have been used for29 30 31 35 30

recognizing the sources of oil pollution. Two samples were identified as Sumatera originated while the source
for other samples cannot be determined. Additionally, ratio MP/P was used to determine the anthropogenic
PAHs sources where six stations were found to be polluted by petrogenic sources while the other six stations
were from pyrogenic sources. The MP/P ratio shows strong positive correlation with total PAHs with an r2

value of 0.79. Further analysis is needed in order to identify the sources of oil pollution in ten fish samples with
unidentified oil sources.
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INTRODUCTION supertanker routes in the world transporting crude oil

Aquaculture is defined as the farming of aquatic one of the hectic shipping lanes in the world.
organisms  in closed or semi closed environmental that Oil pollutions such as oil spills have severe impacts
can be fully or partially controlled by man. According to on aquaculture fisheries in Malaysia. Such spills put
the Food and Agriculture Organization (FAO) 2003, pressures on marine habitats, causing the spilled oil to
aquaculture was developed in the past decade due to the bioaccumulate in mollusk, mussels, fish and other
world’s growing population resulting in an increase in fish mammals [2]. These aquatic organisms would ingest
consumption. Seymour and Bergheim, [1] stated that there hydrocarbons through the food chain for a period of time
are several environmental concerns regarding aquaculture thus bio-accumulate hydrocarbons in their tissues. Since
field such as (i) the organic enrichment content and solid hydrocarbons are found to be carcinogenic, eventually
waste in the water, (ii) excessive use of chemicals for this will pose severe health problems to humans should
example antibiotics, (iii) introduction of pathogens and they consume organisms polluted by hydrocarbons.
(iv) introduction of new genetic strains of cultured fish. Hydrocarbons are the simplest organic compounds,

Rapid industrial growth has brought about an containing solely of carbons and hydrogen. Some
increase in environmental pollution along Malaysian hydrocarbons are harmful to the environment because
coastal environment for decades and may cause some they are mutagenic, carcinogenic and have high ability to
defects in aquaculture industry. Malaysian coasts are persist in the environment for a long period of time.
subjected to various threats from petroleum pollution Polycyclic aromatic hydrocarbons (PAHs) are example of
including routine and accidental oil spills from tankers, hydrocarbon pollutants. Polycyclic aromatic
spillage of crude oils from inland and offshore oil fields hydrocarbons are chemical compounds that consist of
and run-off from land-based human activities. Strait of two or more fuse aromatic rings. PAHs has two types of
Malacca is one of the busiest Malaysian coastal ways. It anthropogenic sources which are petrogenic and
has a strategic location and served as one of the busiest pyrogenic. Petrogenic sources such as crude oil, asphalt

from the Middle East to Northeast Asian countries and
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and gasoline are introduced to the environment through MATERILAS AND METHODS
accidental oil spills, discharge from routine tanker
operation, as well as municipal and urban run-off. On the Study Area: This study is mainly focused along the
other hand, pyrogenic sources are incomplete combustion Straits  of  Malacca which located facing the western
of organic matter, biomass burning and mobile sources coast of Peninsular Malaysia (Figure 1). Seven important
released to environmental in the form of exhaust and solid points were choose for aquaculture fish sample
residue [3]. Hopanes are common constituents of crude oil collections which from Teluk Bahang, Pulau Jerejak,
and they are very resistant to chemical, photochemical Penang Port, Batu Maung, Sungai Udang, Pulau Ketam
and microbial biodegradation as well as weathering and Kukup (Table 1). The aquaculture fish farming in
processes [3]. Hopanes play an important role in Malaysia  is  mainly  developed  in  these  study  areas. 
geochemical investigations and is used as diagnostic
biomarker indicators which are very useful in
identification of origin in oil spill analysis, oil waste
analysis and analysis of airborne particulates [4].

Fish are ideal for this study because they are at the
top of the food web in the aquatic ecosystem; hence they
accumulate a large fraction of persistent organic
pollutants present in the environment [5].
Bioconcentration from water via gills, skin and ingestion
of contaminated food are potential routes for persistent
organic  pollutants  to  accumulate in fish tissue; where
the routes depends mainly on feeding preference, general
behaviour and trophic level [6-8].

Since previous studies did not focus on petroleum
hydrocarbons contamination in aquaculture fish, thus it
is important to know the degree of contamination in
Malaysian coastal environment. Study on Malaysian
aquaculture fish could possibly reveal the truth that
petroleum residues are present in our daily life through
food chain via biological processes. The aims of this
study are (i) to determine the level of contamination of
hopanes and PAHs in aquaculture fish tissue, (ii) to
determine the anthropogenic sources of PAHs, (iii) to
identify the sources of oil pollution which contained in Fig. 1: Map of Peninsular Malaysia and sampling
aquaculture fish tissue using hopane ratios. location located along Straits of Malacca

Table 1: Location of the sampling point and activity nearby

Samples Code Sampling location GPS location Activity(s) nearby

F01TB1 Teluk Bahang, Penang 5°27'51.27 N 100°12'14.13 E Small village and near to fishing port
F02BM1 Batu Maung, Penang 5°16'52.03 N 100°17'33.55 E Tourisms
F03PK2 Pulau Ketam, Selangor 3°01'14.15 N 101°16'34.93 E Tourisms and port
F04PK2 Pulau Ketam, Selangor 3°01'03.73 N 101°16'24.10 E Tourisms and port
F05PK2 Pulau Ketam, Selangor 3°00'54.39 N 101°16'24.87 E Tourisms and port
F06SU1 Sungai Udang, Nibong Tebal 5°10'34.17 N 100°23'28.17 E Aquaculture farming 
F07SU1 Sungai Udang, Nibong Tebal 5°10'34.54 N 100°23'22.60 E Aquaculture farming 
F08PP3 Penang Port, Penang 5°23'47.41 N 100°20'10.54 E Penang Port and Fishing Port
F09PJ3 Pulau Jerejak, Penang 5°18'57.08 N 100°18'29.80 E Tourisms and industry area
F10PJ3 Pulau Jerejak, Penang 5°18'23.76 N 100°18'52.05 E Ship Reparation Factory
F11KK2 Kukup, Johor 1°19'28.7 N 103°26'25.68 E Eco-tourisms and jetty
F12KK4 Kukup, Johor 1°19'28.7 N 103°26'25.68 E Eco-tourisms and jetty
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Table 2: Description of fish sample

Sample Code Common Name Scientific Name Length (cm) Width (cm) Dry Weight (%)

F01TB1 Red Fish Lutjanus erythropterus 34.0 10.4 53.3
F02BM1 Red Fish Lutjanus erythropterus 30.3 10.0 75.0
F03PK2 Grouper Epinephelus areolatus 34.3 8.2 73.8
F04PK2 Grouper Epinephelus areolatus 32.1 8.5 76.8
F05PK2 Grouper Epinephelus areolatus 33.4 8.0 81.1
F06SU1 Red Fish Lutjanus erythropterus 27.6 9.2 76.0
F07SU1 Red Fish Lutjanus erythropterus 31.5 10.5 61.5
F08PP3 Tiger Grouper Mycteroperca tigris 33.1 10.0 63.9
F09PJ3 Tiger Grouper Mycteroperca tigris 33.9 10.5 72.5
F10PJ3 Tiger Grouper Mycteroperca tigris 29.7 8.7 71.2
F11KK2 Grouper Epinephelus areolatus 35.1 11.2 57.1
F12KK4 Pomfret Pampus argentius 27.1 10.3 59.9

The yields of aquaculture fish farming from those seven hexane in sequence and dried in an oven at 60°C for two
points are the main sources for the food industry as well hours in order to remove any organic contaminants.
as export product to foreign countries such as Hong Organic solvents (methanol, acetone, hexane and
Kong and Taiwan. Due to the geographical structure, dichloromethane (DCM) were distilled before used.
Straits of Malacca serves as the busiest routes of the Deionized water filtered through the Millipore-Q system
supertankers in the world; where it has high potential for was used in all experiments. Authentic standards for
oil spill and leakage. Besides active aquaculture farming hopanes and PAHs were purchased from Wako Pure
and many petroleum-based activities, the places also Chemical (Japan), Chiron (Norway) and Sigma (US),
famous for fishing, tourism and recreational activities respectively.
(Table 1). The  flesh fish tissue samples were cut into pieces

Sample Collection: Twelve fish samples were collected 8000-10000  rpm  for  10  minutes (NISSEI AM-7, Japan).
from Pulau Jerejak, Teluk Pahang, Sungai Udang, Pulau 20 grams homogenize flesh tissue sample was dried with
Ketam and Kukup in September 2009. In this study, we sodium sulphate anhydrous and extracted with a soxhlet
just focused on fish sample as PAHs tend to accumulate extractor using DCM for 9 hours. The extracts of the
in fish lipid compared to water sample. These locations sample were purified and fractionated by the method
were choosen because the aquaculture farms there were described elsewhere [3]. Fifty ìl of 10 ppm deuterated
set up near anthropogenic activities such as ports, PAHs surrogate internal standards (SIS; naphthalene-d ,
industrial areas and tourisms hotspots. The map of the anthracene-d , chrysene-d  and perylene-d ) were
Peninsular Malaysia with the location of sampling points spiked into the concentrated extracts prior the clean up
is shown on Figure 1. The selected aquaculture fish procedures. The extracts were purified using 5% H O
species are based on its popularity and demand in the deactivated silica gel column (0.9 cm i.d. × 9 cm height)
Malaysian market. The fish species selected for this study and rinse with 20 ml DCM/hexane (1:3, v/v) to get
is red fish (Lutjanus Erythropterus), five samples; grouper hydrocarbons fraction. The extract with hydrocarbons
(Epinephelus Areolatus and Mycteroperca Tigris), six fraction were then fractionated by fully activated silica gel
samples; and promfret (Pampus Argentius), one sample. column chromatography (0.47 cm i.d. × 18 cm height) to
The fish are caught freshly from the farm; immediately get PAHs and hopanes fractions. Hopanes fraction was
placed into the aluminum container to prevent any cross eluted with 4 mL of hexane and fraction PAHs with 3 to 7
contamination, placed in zip-locked bag and transported benzene  rings were eluted with 14 mL of DCM/hexane
to the laboratory using cooler box with ice. The samples (1:3, v/v). The fractions were then evaporated to
were stored at 4°C in a freezer until further analysis. The approximately 1 mL using a rotary evaporator followed by
description of fish samples were recorded in Table 2. gentle stream of pure nitrogen gas.

Chemical Analysis: Glassware used for the experiment chromatography mass spectrometry (GCMS) Shimadzu
were rinsed with distilled water, methanol, acetone and 17A QP5050A with a 30 m BPX-5 fused silica capillary

and  homogenized using a laboratory homogenizer at
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PAHs and hopanes were analyzed by using gas
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column of 0.25 mm i.d. and 0.25 ìm film thickness using Triterpanes were dissolved in iso-octane and then
helium as carrier gas. The mass spectrometer was injected into the GCMS. The temperature program was
operated in electron impact mode (70 eV) and selected ion employed at 70°C for 2 min; heated to 150°C at 30°C/min
monitoring  (SIM)  mode  was  employed  for analyses. then to 310°C at 5°C/min; and held for 6 min. Triterpanes
The  injection port was maintained at 310°C and the were monitored at m/z = 191. The hopanes standard
sample was injected in the splitless mode with a purge 1 mixtures contains 17 (H),21 (H)-norhopane (C29 17 ),
min  after  injection.  PAH  fractions  were dissolved in 17 (H)-22,29,30-trisnorhopane (Tm), 17 (H),21 (H)-
iso-octane  containing  an  internal  injection standard hopane (C30 17 ), 17 (H),21 (H)-hopane (C30 17 ).
(IIS; p-Terphenyl-d ) before GC injection. The column14

temperature was held at 70°C for 2 min, programmed at RESULT AND DISCUSSION
30°C/min to 150°C and then 4°C/min to 310°C and held for
10 min. PAHs were monitored at m/z = 128 (naphthalene), Level Concentration of Hopanes and PAHs: Hopanes and
m/z = 184 (dibenzothiophene), m/z = 178 (phenanthrene, PAHs were analyzed in all aquaculture fish samples and
anthracene), m/z = 192 (3-methylphenanthrene, 2- detected even in low concentration. However, the
methylphenanthrene, 9-methylphenanthrene, 1- concentration of hydrocarbons compound varies
methylphenanthrene), m/z = 202 (fluoranthene, pyrene), according to the sampling sites. Table 3 shows the
m/z = 216 (1-methylpyrene), m/z = 228 (chrysene, concentration of Hopanes and PAHs. This result is
benz[a]anthracene), m/z = 252 (benzo[k]fluoranthene, presented by graph bar in Figure 2 for better
benz[e]acephenanthrene, benzo[e]pyrene, benzo[a] understanding.
pyrene) and m/z = 278 (dibenz[a,h]anthracene). For For  hopane compounds, total concentration in all
identification of each retention time of PAHs compounds, fish samples lie between 57.59 to 789.44 µg/g dry weight.
individual PAHs standard were injected to GCMS before Hopanes were most abundance at Kukup 2 (F12KK4)
sample were analysed. which is 789.44 µg/g and minimal concentration was

Three-points internal calibration curves were built observed at Sungai Udang 2 (F07SU2) with the value
with correlation coefficients for calibration curves must be 57.59 µg/g. Kukup is very near to the Singapore Port and
higher than 0.993. A series of standards across a range of it is a major pathway for the ferry and ship. Due to the
concentrations near the expected concentrations near to busy condition of the route, the waste of the crude oil or
the expected concentration of analyte in the unknown petroleum product either from land base or sea base are
were prepared. The concentrations of the standards must more prone to be introduced into the marine environment.
lie within the working range of technique that used. Kukup is a tourism spot and received a lots of tourist
Calibration curve is a general method for determining the visit  from country nearby annually such as Singapore
concentration of a substance in an unknown sample by and Indonesia owing to their famous seafood and village
comparing the unknown to a set of standards samples of cultural activities. Hence, high consumption of diesel is
known concentration. The recovery of the IS used was needed to support the fishery activities and tourism in
within the accepted range, i.e. 40-120%. Kukup. The  rapid  and active growth of the tourism and

Table 3: Result for aquaculture fish sample

Penang Selangor Johor
------------------------------------------------------------------------------------------------------------------------------------- --------------------------
F01TB1 F02BM1 F08PP3 F09PL3 F10PJ3 F06SU1 F07SU1 F03PK2 F04PK2 F05PK2 F11KK2 F12KK4

hopanes(ng/g-dry) 351.59 242.42 582.26 76.53 249.16 79.17 57.60 324.26 200.36 51.50 525.75 789.44a

C /C 0.11 0.10 0.23 0.22 0.12 0.13 0.13 0.11 0.24 0.15 0.18 0.3129 30
b

C -C / C 5.43 1.72 1.11 5.72 2.79 2.81 3.77 2.80 4.63 5.49 10.11 1.3031 35 30
c

PAHs (ng/g-dry) 5136.74 851.88 1511.67 3117.39 1286.36 130.26 2579.98 6872.61 6730.78 9610.31 3720.55 7574.34d

MP/P 0.33 0.03 0.14 1.51 0.09 0.03 1.81 4.47 3.97 6.15 0.02 7.65e

a Hopanes(ng/g-dry)=Sum of pentacyclic triterpanes; bC29/C30= Ratio of 17 ,21 (H)-C30 norhopane to 17 ,21 (H)-hopane; c C31-C35/ C30= Ratio of
sum 17 ,21 (H)-C31 homohopane to 17 ,21 (H)-C35 homohopane relative to 17 ,21 (H)-hopane; d PAHs = sum concentration of dibenzothiophene
(DBT), phenanthrene (Phe), anthracene (Ant), 3-methylphenanthrene (3-MPhe), 2-methylphenanthrene (2-MPhe), 2-methylanthracene (2-MAnt), 9-
methylphenanthrene (9-MPhe), 1-methylphenanthrene (1-MPhe), fluoranthene (Fluo), pyrene (Pyr), 1-methylpyrene (1-MPyr), Chrysene (Chry), Benzo (a)
antharene (BaAnt), Benzo (k) fluoranthene (BkAnt), Benzo (e) acephenanthrylene (BeAcep), Benzo (e) pyrene (BePyr), Benzo (a) pyrene (BaPyr), Dibenzo (a,h)
anthracene (DBahAnt);e MP/P =Ratio of the sum of 3,2,9, 1-methylphenanthrene (MPhe) to phenanthrene (Phe)
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Fig. 2: Total Concentration of Hopanes and PAHs in dry weight basis

fishery   activity   contributes   high   volume   of   crude Sample F06SU1 which was from Sungai Udang,
oil  and  petroleum  products  into  the marine environment Nibong Tebal contained lowest total PAHs concentration
in  Kukup.  The  leakage  of  diesel  from  the  fishing  boat 130.26 ng/g, could be explained by lack of human
or tourism boat may become possible sources for activities found in that area or less shipping activities or
relatively high concentration of hopanes in fish samples oil spillage accident.
there. Ship repairing and factory maintenance are also Besides, there are many other factors, which would
contribute to the discharge of the crude oil directly into influence the bioaccumulation of hopanes and PAHs in
the sea and the polluted product for example diesel the tissue of fish sample. Some of these factors are
residue  from petroleum has been improperly disposed physicochemical parameters and biotic factors. The
into the sea and causes bioaccumulation in fish tissues at differences in lipid concentration and sizes of the fish
the study site. sample will also have an effect on the bioaccumulation of

The concentration of total hopanes mainly depends hopanes and PAHs.
on the activities in the surrounding area. It had been
proven by the fish sample F11KK2 and F12KK4 that were Identification of Source Oil Pollution by Ratio of C /C
collected from Kukup which contained high concentration and C -C / C : Hopanes are a series of triterpane
of total hopanes due to the surrounding activities. In hydrocarbons common constituents of crude oils which
contrast, sample F07SU1 and F06SU1 that were collected is used to investigate the origin and nature of oils.
from Sg. Udang at Nibong Tebal contained low Hopanes consists of homologs ranging from C  to C
concentration of total hopanes, indicating low with stereo isomers can be utilized for source
hydrocarbons input into the marine ecosystem at Sg. identification [10]. A cross-plot diagram was plotted by
Udang. Sg. Udang is mainly developed for fish ratio of 17 ,21 (H)-C31 homohopane to 17 ,21 (H)-C35
aquaculture activities and far from any petroleum-based homohopane relative to 17 ,21 (H)-hopane against the
activities. Thus, it may explain the low concentration of C /C  ratio, ratio of 17 ,21 (H)-C30 norhopane to
hopanes detected in that particular area. 17 ,21 (H)-hopane.  The cross- plot diagram (Figure 3)

In terms of PAHs, the lowest concentration was has been established by Zakaria et al. (2001); Anita, 2009
detected in sample F06SU1 while the highest (Unpublished data) and Chandru et al. (2008) as reference
concentration was in samples F05PK2 with 130.26 and material in order to identify the origin region of oils.
9610.31 ng/g dry weights, respectively. Locations which Hence, this method can be applied to all types of matrix
are far away from anthropogenic sources showed lowest which have been contaminated with oil and the origin
PAHs of concentration [9]. Therefore, the sample F05PK2 region of oils can be identified by comparing the reference
from Pulau Ketam which has the highest total PAHs materials with present study.
concentration would probably due to human activities The ratio of C /C  and C -C / C is very
originating from nearby city, Kuala Lumpur and Port important   indicator   for   the   sources  identification.
Klang. With  both ratios,  we  can recognize the crude oil comes

29 30

31 35 30

27 35

29 30

29 30 31 35 30
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Fig. 3: The cross-plot of ratio of C -C /C  (Ratio of sum 17 ,21 (H)-C  homohopane to 17 ,21 (H)-C  homohopane31 35 30 31 35

relative to 17 ,21 (H)-hopane) against C /C  ratio (ratio of 17 ,21 (H)-C  norhopane to 17 ,21 (H)-hopane)29 30 30

of fish sample for present study to identified the origin category of crude oil as indicate in triangle

Fig. 4: MP/P ratios for the aquaculture fish samples. The drifted line is the boundary for petrogenic and pyrogenic
sources (i.e. ratio >1.0, the source of PAHs is petrogenic, ratio < 1.0 source of PAHs is pyrogenic)

from Middle East, Sumatera, USA, Norway or East close proximity of Sumatran oil fields to the study sites;
Malaysia. The combined ratio of selected pair of the Sumatran  oil  signature may have been transported
pentacyclic triterpanes, especially the C /C  ratio is by ocean currents. Besides that, the leakage of crude oil29 30

apparently independent of weathering effect and from the ship and boat during the transportation by
abundance in the most cases. Thus, it is extremely useful supertanker or fishing activities might be the source of the
in the identification and matching of crude oil sources. crude oil that originated from Sumatran crude oil that was

Data for South East Asian Crude Oil (SEACO) and has found in the aquaculture fish.
Middle  East  Crude Oil (MECO) was obtained from For the samples that were unidentified in any
Zakaria et al. (2001) and Chandru et al. (2008). The category, crude oil from worldwide should be analyzed
characteristics of the reference oil of SEACO and MECO and further research on hopanes analysis is needed to
were distinguished by using the C /C ratio and C - identify the origin of crude oil in these samples.29 30 31

C /C  ratio. By using the C /C vs C -C /C  cross-35 30 29 30 31 35 30

plot diagram, the origins of the sources of 2 samples out Source of PAHs in Aquaculture Fish: Anthropogenic
of 12 samples were identified while the other 10 samples PAHs sources are divide into 2 types, petrogenic and
were unidentified. pyrogenic  sources.  Environmental  forensic  technique

The identified samples were F08PP3 and F12KK4 as diagnostic ratio for selected PAH  group,  or  pair of
which collected from Penang Port and Kukup, the  same  molecular  mass,  are  frequently used to
respectively and found to be originated and exposed to provide information about PAH origin and source.
the Sumatran crude oil. The C /C  ratios of those 2 Methylphenanthrene over phenanthrene is one of the29 30

samples were 0.23 and 0.3, respectively. C -C / C  ratio diagnostic ratios worldwide used. Methylphenanthrenes31 35 30

for 2 samples above were 1.11 and 1.30 respectively. This over phenanthrene is proposed to quantitatively express
clearly indicates that the fish samples have been expose the abundance of alkyl homologues [13]. If the MP/P ratio
to the crude oil that origin from Sumatera possibly due to is  less  than  1  means  the  origin  of  PAHs  is  pyrogenic
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PAHs while if the MP/P ratio is more than 1 means the lubricating oil from the motor vehicles in the surrounding
origin of PAHs is petrogenic PAHs. of the study area or high temperature combustion of fossil

MP/P  ratios  for  aquaculture  fish  samples (Figure fuels from motor vehicles exhaust near to locations [3].
4) have values ranging from 0.03 to 7.65. F03PK2, F04PK2, In conclusion, anthropogenic sources of PAHs in
F05PK2, F07SU1, F09PJ3 and F12KK4 show MP/P ratio aquaculture  fish samples collected from Straits of
that exceeded one indicating all these fish samples were Malacca were  determined  using  diagnostic  ratio and
heavily impacted by petrogenic sources of PAHs. the  origin of oil pollution can be identified by using
Petrogenic PAHs come from petroleum products. In other cross-plot diagram. Both methods are worldwide and
words, the locations of these six samples are polluted by establish used. Hopanes and  PAHs  are  detected  even
petroleum product which could be due to oil spills at the in low concentrations. Since fish were at the highest
location of these six samples. Petrogenic PAHs are most tropic level. They have high potential to accumulate
probably introduced to Pulau Ketam via transportation hydrocarbons pollutants such as hopanes and PAHs [5].
activities. Pulau Ketam is a tourism spot and oil spillage Hopanes and PAHs compounds were dominance at
due to transportation activities might occur. This finding Kukup and Pulau Ketam respectively.
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