International Journal of Earth, Energy and Environmental Sciences
ISSN: 2517-942X
Vol:6, No:9, 2012

Ecological Risk Assessment of Poly Aromatic
Hydrocarbons in the North Port, Malaysia

Belin Tavakoly SanyAishahSalleh,Abdul Halim Sulaiman GhazaletMonazam Tehrani

Abstract—The pollution of sediments sampled from the North Numerous sources can impart thBifHs signature to the

Port by polycyclic aromatic hydrocarbons (PAHs) vimgestigated.

Concentrations of PAHs estimated in the port sedimeanged from
199 to 2851.2 pg/kg dw. The highest concentratias found which
is closed to the Berth line, this locations affelctey intensive

shipping activities and Land based runoff and theye dominated
by the high molecular weight PAHs (4-6- rings). Reu
identification showed that PAHs originated mostlyorfi the

pyrogenic source either from the combustion of ifdegls, grass,

wood and coal (majority of the samples). EcologiRsk Assessment
on the port sediments presented that slightly asvezcological
effects to biological community are expected touncat the vicinity

of the stations 1 and 4. Thus PAHSs are not consitlas pollutants of
concern in the North Port.

Keywords—PAHs, North Port, Ecological Risk,
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|. INTRODUCTION
N recent years, many researchers have focused

ecological risk assessment to understand and préuic
relationship between stressors and ecological tsfieca way
that is useful for environmental decision makinghisT
assessment includes chemical, physical
monitoring in water and sediment (U.S. EPA, 199249re
studies have been done on ecological
according to chemical analysis to evaluate heahius and
sensitivity of the marine environment which is piea to
qguantify and qualify contaminates and their advef$ects in
the environment. In general, it is applied as toatlassify the

marine environmentsuch as pyrogenic which includes
combustion of fossil fuels and biomass burningeffiaces,
controlled burning) and petrogenic which includedurned
fossil fuels (crude oil and its refined productgjimarily by
street surface runoff, accidental spills and interal
discharge by shipsThus, Source identification of petroleum
contamination is essential to prevent pollutionrginto the
marine environment [2]Northport is busiest port in the West
Coast of Peninsular Malaysia where constructedurmtion
to development activities. Now, ocean-going shiptereinto
this port from Far East and Middle East to uploati a
download of goods.The main objectives of this regeare;
The objectives of the present study are the folhgwito
estimate concentration of Poly Aromatic Hydrocarbon
(PAHS) in surface sediment to distinguish vulnesagtiations
and to evaluate ecologic risk to assess adversdiial
effects. With regard to the importance of the Npatth as an
international shipping route, and ecological habitd is
necessary to evaluate environmental propertiesrieroto
control pollution occurrence and protect living angsms.

and bidbgic

Il. MATERIAL AND METHODS

risk assessmenA. Study area

This port is well developed along mangrove forest a
Klang Strait. In this research study area is ref&td as narrow
strait between mangrove forest and coastline, siagions
were selected from three transects parallel tetizstline with

toxicity level of contaminates based on the chemicahree different distances in this project [5] (§ég 1), and one

assessment and individual bioassay (bioaccumulatind
toxicity)[1] [2].

stations was selected 21 kilometer far from portcastrol
points. Surface sediment samples were collectedtitwes in

In recent decades, among many risk assessmenta@mem year From November 2009 until October 2010. Petefab

and coastal contamination, petroleum pollution dirae is of
interest to many research institutions. Petroleampounds
are classified into three main categories whichluidiog
aliphatic hydrocarbons, polycyclic aromatic hydndeans
(PAHs) and biomarkers[3, 4]. An important categay
petroleum pollution is groups of chemical compouirdsude
of two or more fused benzene rings called polycyatomatic
hydrocarbons (PAHSs) that are carcinogenic, mutagemnid
toxic.
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sampler was used to collect samples from surfadensat
and 10 cm sediment samples were chosen for lalgrato
analysis.
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B. Sampling and Experimental analysis This factor describes the sediment toxicity rangenan-

Sediment grain size was determined using a mulioxic (PELg < 0.1), slightly toxic (0.1< PELg > 0,5
wavelength particle size analyzer (model LS 13 32pyd moderately toxic (0.5< PELq > 1.5) and heavily tot?ELq >
results were divided into sand ( >g#), silt (2um <size < 64 1.5) [19]. Statistical analyses were performed giditicrosoft
um) and clay (<qum) fractions for the determination of heavyExcel and SPSS 17 software to estimate statistests on
metals in the contaminated soil [6, 7]. Total oigacarbon Monitoring and bioassays data.
(TOC) was measured in surface sedimenubing a Perkin-
Elmer 2400 carbon—hydrogen—nitrogen—sulfur (CHNS) .
elemental analyzer at a ¥8Dcombustion temperature [B]. S ) )

Authentic standard 16 PAHs naphthalene (Naph), A Spatial distribution of PAHsin sediments
acenaphthylene (Acy), acenaphthene(Ace), fluoriRkial, In the North Port, Concgntratlon of PAHs was ranfjecth
phenanthrene (Phen), anthracene(Ant), fluoranthérie), 199 to 2851.2 pg/kg dw W|_th an average concenmaifcsg7.7
pyrene (Pyr), benzeJanthracene (BaA), chrysene (Chry),H9/kg dw (Table.l). The highest concentration ofHzAwas
benzop] fluoranthene (BbF), benzdfluoranthene(BkF), _esUmqted in station 4 an_d lowest concentration olzerved
benzoplpyrene (BaP), indeno[1,2&f] pyrene (lcdP), In Station _2. PAHs with hlghe_r concentratlon_mostt;_served
dibenzop,hjanthracene  (DahA) and bengb[perylene N the stations close to coastline such as stailland 4 in front
(BghiP)). These standards were purchased from Supelco atd the_contamer terminal. PAHs concentration we_:;eg;ally
concentration 2,000g/ L in hexane (Bellefonte, PA, USA). In lower in others remotes station. PAHs concentrasbawed
addition, anthracene-d10 was applied prior to GC-M8D _|n3|gn|f|cant correlation with percentage of T@@q fine
injection as an internal standard to estimate plssiariations 9rained (p< 0.05, r = 0.17 and r = 0.20) sedimaensurface
of the instrument. Organic solvents such as hexane Sediment of North Port. Kruskal Wallis analysis
dichloromethane SupraSolv were provided from therdde (nonparametric test) showed that there are theifisignt
Company, and the specific cartridges for the sqiase differences (p< 0.05, df= 5, sig=0.003) betweenceoiration
extraction (SPE) alumina (5 g, 25 ml) were fromemational of PAHs at all of stations, and PAHs concgntratwlstatlons
Sorbent TechnologyThe extraction and fractionated of thel and 4 are not homogenous to others stations.
samples using the Soxhlet method was based onWh&4s High temperature combustion process is main soutzes
test methodsQuantification and qualification of6 USEPA €mit the high molecular weight PAHs (HMWPAH) witho#
priority PAHs were performed based on the modified methofore rings in natural resources. Thus, concentratibhigh

of USEPA 8270by a capillary gas chromatograph (GC;molecular weight PAHSHa, Pyr, BaA, Chy, BbF, BKF , BaP, InP,
Varian CP-3800J10]. DibA , BghiP ) are typically estimated to assess combustion

value [2]. Concentration of high molecular weighAH%
represented from 27.5% to 97.04 % of the total PAHs
Q_ncentration with a mean value of 87.59% (Table 2)
oreover, the combustion PAHs showed a signifigaottion
of the total PAHs concentrations in stations 4 ffiont of
container terminal) and 1 which can reflect receput of
PAHSs in these stations. Concentration of some higlkecular
weight PAHs such as BaA, Chy, BbF, BkF , BaP, Imié@ a
DibA are known as toxic PAHs because of their agehic

RESULT AND DISCUSSION

C. Sourceidentification and ecological risk assessment

PAH isomer ratios, such as anthracene/anthracen
phenanthrene (Ant/(Ant + Phy) and fluoranthenedféunthene
+ pyrene (Flu/(Flu + Pyr)), have been used as rdisti
chemical tracers to infer possible anthropogenigreses of
PAH from the natural source [2, 11]. Based on thHeHP
isomer pair ratio measurements compiledvioypker in 2002:

Flu/(Flu + Pyr) < 0.4 implies petroleum, 0.4-0.5pimas
petroleum combustion, and >0.5 implies combustibeoal
and biomass; Ant/(Ant + Phe) ratio <0.10 are seen
petroleum input or diagenetic sources, whereasegalw0.1

and carcinogenic effect on human being healthbéwidgical
communities[20]. Concentrations of toxic PAHs ircea
67.3% of the total PAHs concentration and rangecthf®% to
96.23%. These concentrations represented the highkses

are characteristic of combustion processes. themsed
quality guidelines (SQGs) that are applied to asdesicity
risk [12]. This method indicates that the relatitpsbetween

in the station 4 whereas station 3 was signifigaoliserved in
the lowest concentration of toxic PAHSs.

the concentrations of contaminants in sediment &snand TABLE |
adverse biological effects is based on the speviices of CONCENTRATION OFPAHS (uG/KG DW) IN SURFACE SEDIMENTS OFWEST
. PORT
effect range low (TEL) and eﬁegt range medium (PEL " Sation code T > 3 7 3 5
The TEL value has been estimated as the concemtrafi
contaminants with a relatively low effect on bialca Nap ND 13 17 0.4 0.82 4
communities, and PEL is a concentration of contams with Acy ND ND ND ND ND - ND
. . . . Ace 21 ND 8.1 ND 033 043
high toxic effects. _Occasmnal toxic (_eﬁects argepted to Fir 34.2 9.7 118. 11 168 573
occur from contaminates Concentrations between B&EH Phn 475 13.3 89 10 126 362
PEL occasional toxin effect are expected [13-16]. Ant 100 127 588 598 125 319
The overall toxicity of heavy metals and PAHs was Fa ND ND 427 125 10 26
estimated by PEL quotients (PELq's). The PELq fatcthe gg’; gi‘g 3113% %259 6227 h?;s' 137{9-8
average of the ratios between the heavy metal corat®n in Chy ND ND ND 50 ND ND
the sediment sample and the related PEL valuel@]7, BbF ND ND ND 852.8 11 ND
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BkF 47.6 ND ND ND ND 476 TABLE I
BaP ND ND ND 1495.8 ND ND CoMPARISON OFMEAN CONCENTRATION OFPAHSWITH SPECIFIC
DibA ND ND ND 190.2 ND ND VALUE IN SEDIMENT QUALITY GUIDELINE
Bghip ND ND ND ND ND ND —
Inp ND 77.4 ND 998 ND 423 '"g'mgaj : r'\l/c'j?\‘j‘i'gjg; TEL PEL
YPAHs 128 199 381.4 28512 259.2 415 PAHSIn this
YPAHcympuse | 11958 1628 1056  2767.8  206.6  279. stuldy :
> PAHS, oy 613 315 ND 2755 11 221. Nap 137 346 391
Ant/Ant+Phn 0.68 0.49 0.4 0.86 0.49 0.51 Acy 0 5.87 128
Fla/Fla+Pyr ND ND 0.4 0.51 005 045 Ace 182 6.71 88.9
TOC (%) 12.49 10.13  17.04 1141  10.08 147 Flr 396 21.2 144
ND= below the method detection limit; Nap = napleha; Acy = Phn 3476 86.7 544
acenaphthylene; Ace = acenaphthene; FIr = fluor@mt = phenanthrene;
Ant = anthracene; Fla = fluoranthene; Pyr = pyrenBaA = Ant 46.95 46.9 245
benzo(a)anthracene; Chy = chrysene; BbF = benzo¢bdhthene; BkF = Fla 15.2 113 1494
benzo(k)fluoranthene;BaP=benzo(a)pyrene;
InP=indeno[1,2,3,(c,d)]pyrene;DibA=dibenzo(a,h)aatene; Pyr 1525 153 1398
BghiP= benzo(g,h,i)perylene BeA 148.4 74.8 693
. . Ch 8.33 108 846
B. Origin of PAHsin the North Port Y
. . . BbF 143.9 - -
Pyrogenic and petrogenic sources are typically
distinguished based on the mixed ratios of PAHSs Tésult BkF 15.86 } :
presented a mixed pattern of combustion and peitmole BaP 249.3 88.8 763
sources in all of stations. At same stations 4 hananly DibA 31.7 - -
ongmat_ed _ from combus_tlon, while petroleum-derived Bghip 0 622 135
contamination cannot be ignored (Table.l). In gehethe
results showed that anthropogenic sources of PAHs a P 3658 - -

derived by a mixed sources of pyrogenic and petricge
pollution in all stations with high frequent frorormbustion of
fossil flues and biomass burning which can be oatgd Land
based runoff combustion of fossil fuels. Minor amtsu of
PAHs derived from petrogenic source can be relabedil
spill and ship discharges.

Results estimated from the ecological risk assessmok
PAHSs in surface sediments of the North Port arersarized
in table 3. These results were arranged based en
concentration of fifteen PAHs determined in teristes. Most
of the PAHs except of BaP and DibA showed HQ <Alin
. . stations while BaP and DibA significantly showed HQin at

C. Ecological risk assessment station 4 which are highlighted in table 3. In gehethe

The comparison of contamination levels with sedimenesults of risk assessment revealed thi@ PAHS likely cause
quality guidelines revealed that concentrationsN&fP, Ace, to slight adverse effect on biological communifiestationsl
Acy, Phn, Fla, Chy, Bghip and total PAHs were bekbwir and 4, because these stations showed 0.1 <HQ<n@.5ha
respective values TEL values, indicating that sa@liverse rest of stations showed rare adverse ecologicat&fiwith the
biological effects are probably to occur for thesenpounds PAHs exposure in surface sediment (HQ< 0.1) (Talje
at all stations. Concentration of Fir (in statioch8 and 6), According to the above discussion, it may be cahetuthat
Ant( stations 1,3, and 4), Pyr (in stations 1 apeu®d BeA (1 PAHs, are not main pollutants gotential concern in the
and 6) showedhe occasionally adverse biological effectiNorth Port and only station land 4 can be consitiere
(>TEL and< PEL) at same time, only Bap was higher PElyulnerable station.
value in stations 4 (Table II).

Apart from this, the lowest safety value do notinked for
some PAHs with high molecular weight such as indeno
benzo[K]fluoranthene, [1,2,3-c,d]pyrene, benzo[jfanthene
and benzo[g,h,i]perylene that is to mean, the exitsthese
PAHs will cause toxic effects to marine environmgk@]. In
North Port, benzo[k]fluoranthene, benzo[b]fluoraarih,
benzo[g,h,i]perylene and indeno[1,2,3-c,d]pyreneeren
estimated at some stations which can cause miid &ffects
but will not cause serious biological effects ie gedimentary
environment in this port .

th
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TABLEIII
EcoLoGIC RISk VALUE
Sations | Nap Acy Ace Flu Phy Aut Fla. Pyr BeA Chy BbF BkF BaP DibA Bghip risk
1 ND ND 002 023 008 036 ND 041 08 ND ND ND ND ND ND 011
2 ND ND ND 007 002 005 ND 009 005 ND ND ND ND ND ND 0.02
3 ND ND 006 08 016 024 003 004 000 ND ND ND ND ND ND 0.09
4 ND ND ND 001 002 024 001 001 010 006 045 ND 196 141 ND 0.28
5 ND ND ND 012 002 005 001 014 ND ND 0.01 ND ND ND ND 0.02
6 0.01 ND ND 040 007 015 002 002 0.26 ND ND ND ND ND ND 0.06
IV. CONCLUSION o o )
[11] Wang, C,, et al., Sources and distribution of aliphatic and polycyclic

Ecologica assessment of PAHs compounds in this study at
Highlighted via two main problems: the first problem was
related to the scarcity of information on the PAHs
concentrations in sediments of port, and therefore no
background and updated database was available. The second
problem was related to the biological effects and guidelines, as
no SQGs were available to coastal water of Malaysia. In spite
of these limitations, the adopted approach in the present study
highlighted that no adverse biological effects are associated
with the exposure to PAHs levels in the North Port and only
areas around terminal container (station 4) are moderately
polluted. Source anaysis showed that PAHs are derived with
high frequent from combustion of fossil fuels/petroleum
(gasoline, crude oil, and coal) with minor amounts of PAHs
derived from direct petroleum input. Pyrolytic input appears
be a main source of PAHs in North Port sediment and
petrogenic sources are also apparent for PAHSs, from ail spill,
tanker operation and shipping activities.
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