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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement of the degree of Doctor of Philosophy 
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Faculty       : Environmental Studies 

Environmental pollutants such as anthropogenic hydrocarbons (AHs) are known to 

result from increased urbanization and act as indicators of anthropogenic activity. 

Hydrocarbons contamination is a great global concern due to their negative effects on 

human health and environmental consequences, such as toxic, mutagenic, carcinogenic, 

teratogenic and hepatotoxic effects. Consequently, a clear understanding and 

monitoring of distribution, sources, pathways and fate in the environment and 

ecosystems of AHs is of high importance in sediment samples collected from Kuala 

Selangor River, which is located on the west coast of Peninsular Malaysia, in order to 

determine the distributions and sources of hopanes, alkanes, polycyclic aromatic 

hydrocarbons (PAHs), and linear alkylbenzenes (LABs) in four periods. The sediment 

samples were collected from the river and its estuary during the rainy inter-monsoonal 

period, the dry inter-monsoonal period, the North-East Monsoon (NEM) period, and 

the South-West Monsoon (SWM) period because during these periods the samples are 

expected to contain varying amounts of pollutants. The collected samples were 

homogenized, freeze-dried, extracted, cleanup, fractionated and analyzed using gas 

chromatography mass spectrometry. The results of this study revealed that the 

concentrations of PAHs for the 13 sampling sites pooled over the four studied periods 

ranged from 341.33 ng g-1 dw (in the SWM period) to 651.64 ng g-1 dw (in the wet 

inter-monsoon period) with the mean value of 471.05 ng g-1 dw. In other respects, the 

outcomes of the one-way ANOVA indicated that the differences between the PAHs 

among the sampling stations were significant (p < 0.05). The diagnostic ratios of 

individual PAHs in sediments indicated both petrogenic and pyrogenic origin PAHs 

with significant dominance of pyrogenic source. The comparison of PAHs with 

Sediment Quality Guidelines (SQGs) indicates that the levels of the PAHs in the 

surface sediments of Selangor River are unlikely to cause any adverse biological 

effects to the aquatic organisms, including those that are closely associated with 

sediments. No significant correlation was found between AHs and organic carbon, 

which means that the distribution of AHs was not affected by the organic carbon 

content. In the four studied periods, the concentrations of the LABs in Selangor River 

ranged from 23.70 to 113.30 ng g-1 dw with an arithmetical mean of 54.04 ± 22.34 ng 
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g-1 dw. The average concentration of the total LABs was found to be higher in the wet 

season (65.20 ± 25.04 ng g-1 dw) than in the other seasons. The average values of the 

ratio of long-chain to short-chain LAB (L/S), C13/C12, and the ratio of Internal to 

External isomers (I/E) in the sediments of Selangor River during the four studied 

periods were 2.03 ± 1.06, 1.74 ± 0.28, and 0.6 ± 0.17, respectively, indicating inputs of 

LABs from direct wastewater discharges. The I/E ratio decreased from upstream to 

downstream of Selangor River. This indicates that the sedimentary LABs downstream 

of the river (estuary) were more degraded than those in the upstream. The 

concentrations of total alkanes (nC10-nC36) ranged from 967 to 3,711 µg g-1 dw in 

sediment samples. In addition, the results of this study indicated that the alkanes in the 

sediment samples originated from diverse sources. Fresh oil, terrestrial plants (riverine 

area), and heavy/degraded oil (estuarine area) were the predominant source of alkanes 

in sediments. The alkanes originating from higher plants were mostly predominant in 

sediments from the stations located in upper parts of the river. The levels of hopanes 

ranged from 235 to 1,044 ng g-1 dw in sediments. The C29/C30 hopanes ratios were 

similar with those of used crankcase oil and Middle East Crude Oil (MECO), 

suggesting MECO as a major source of petroleum hydrocarbons (PHCs) in the 

sediments of Selangor River. In sum, presence of selected hydrocarbons (PAHs, LABs, 

alkanes, and hopanes) in the sediments of Selangor River, Malaysia, was studied during 

four periods. The results show that the agricultural, urban, and industrial activities in 

the state of Selangor, coupled with a high population growth, have caused deterioration 

in the quality of its river water. The concentrations of the investigated hydrocarbons 

varied from sampling site to another and from one period to another. Further studies 

should be conducted to address this problem. 
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memenuhi keperluan untuk ijazah Doktor Falsafah 

TABURAN DAN SUMBER HYDROCARBON DALAM PERMUKAAN 

SEDIMEN SUNGAI SELANGOR, MALAYSIA 

Oleh 

NAJAT ABDULLAH EBRAHIM MASOOD 

Julai 2017 

Pengerusi : Normala bt. Halimoon, PhD 

Fakulti     : Pengajian Alam Sekitar  

Pencemar alam sekitar seperti antropogenik hidrokarbon (AHs), diketahui berpunca 

akibat daripada peningkatan perbandaran dan bertindak sebagai petunjuk aktiviti 

antropogenik. Pencemaran hidrokarbon menjadi kebimbangan global yang besar 

disebabkan oleh kesan negatifnya terhadap kesihatan manusia dan alam sekitar, seperti 

kesan toksik, mutagenik, karsinogenik, teratogenik dan hepatoksik. Oleh itu, 

pemahaman dan pemantauan yang jelas mengenai taburan, sumber, laluan dan nasib 

dalam alam sekitar dan ekosistem AHs adalah sangat penting di dalam sampel sedimen 

yang diambil dari Sungai Kuala Selangor, yang terletak di pantai barat Semenanjung 

Malaysia, dalam menentukan taburan dan sumber hopan, alkana,  hidrokarbon aromatik 

polisiklik (PAHs), dan alkilbenzena linear (LABs) dalam empat tempoh. Sampel 

sedimen diambil dari sungai dan muara sungai tersebut ketika tempoh peralihan 

monsun hujan, tempoh peralihan monsun kering, tempoh monsun timur laut (NEM), 

dan tempoh monsun barat daya (SWM) kerana pada waktu tersebut, sampel 

dijangkakan mengandungi pelbagai bahan pencemar. Sampel yang diambil telah 

dihomogenkan, dibekukeringkan, diekstrak, dibersihkan, difraksinasi dan dianalisa 

menggunakan kromatografi gas spektrometer jisim. Keputusan kajian ini menunjukkan 

bahawa kepekatan PAHs yang diperoleh dari 13 kawasan persampelan untuk empat 

tempoh kajian berjulat antara 341.33 ng g-1 dw (dalam tempoh SWM) hingga 651.64 

ng g-1 dw (dalam tempoh basah intermonsun) dengan nilai purata 471.05 ng g-1 dw. 

Dalam aspek lain pula, hasil daripada ANOVA sehala menunjukkan bahawa perbezaan 

PAHs antara setiap stesen persampelan adalah signifikan (p < 0.05). Nisbah diagnostik 

PAHs secara individu dalam sedimen menunjukkan kedua-dua PAHs adalah petrogenik 

dan pirogenik dengan sumber pirogenik yang paling ketara. Perbandingan PAHs 

dengan panduan kualiti sedimen (SQGs) menunjukkan paras PAHs di permukaan 

sedimen Sungai Selangor bermungkinan rendah untuk memberikan kesan biologi 

ketara pada organisma akuatik, termasuklah yang berkaitan dengan sedimen. Tiada 

hubungan signifikan antara pengagihan AHs dan karbon organik di mana, taburan AHs 

tidak terkesan dengan kandungan karbon organik. Dalam keempat-empat tempoh 

kajian, kepekatan LABs di Sungai Selangor berjulat antara 23.70 ke 113.30 ng g-1 dw 

dengan purata aritmetik 54.04 ± 22.34 ng g-1 dw. Kepekatan purata LABs didapati lebih 

tinggi pada musim hujan (65.20 ± 25.04 ng g-1 dw) berbanding musim-musim lain. 
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Nilai purata nisbah rantai panjang terhadap rantai pendek LAB (L/S), C13/C12, dan 

nisbah dalaman untuk isomer dalaman terhadap isomer luaran (I/E) dalam sedimen 

Sungai Selangor untuk keempat-empat tempoh kajian adalah 2.03 ± 1.06, 1.74 ± 0.28 

dan 0.6 ± 0.17 menunjukkan kehadiran LABs adalah berasal secara terus daripada 

pelepasan air kumbahan. Nisbah I/E menunjukkan penurunan dari hulu ke hilir Sungai 

Selangor. Ini menunjukkan bahawa sedimen LABs di kawasan hilir sungai (muara) 

lebih terurai daripada hulu sungai. Kepekatan jumlah alkana (nC10-nC36) adalah berjulat 

antara 967 ke 3,711 μg g-1 dw dalam sampel-sampel sedimen. Tambahan pula, 

keputusan kajian ini menunjukkan bahawa alkana dalam sampel sedimen berasal dari 

pelbagai sumber. Minyak segar, tumbuhan daratan (kawasan sungai) dan minyak 

berat/terurai (kawasan muara) merupakan punca utama alkana di dalam sedimen. 

Alkana yang berasal daripada tumbuh-tumbuhan komplek adalah paling ketara di 

dalam sedimen stesen yang terletak di hulu sungai. Paras hopana dalam sedimen pula 

adalah antara 235 hingga 1,044 ng g-1 dw dalam sedimen. Nisbah C29/C30 hopana 

adalah sama dengan nisbah bagi minyak crankcase dan Minyak Mentah Timur Tengah 

(MECO), mencadangkan bahawa MECO menjadi sumber utama hidrokarbon 

petroleum (PHCs) dalam sedimen Sungai Selangor. Keseluruhannya, kehadiran 

hidrokarbon terpilih (PAHs, LABs, alkana, dan hopana) dalam sedimen Sungai 

Selangor, Malaysia, telah dikaji sepanjang empat tempoh. Hasil kajian menunjukkan 

bahawa aktiviti-aktiviti pertanian, perbandaran dan perindustrian di negeri Selangor, 

ditambah pula dengan pertumbuhan penduduk yang tinggi, telah menyebabkan 

kemerosotan kualiti air sungai tersebut. Kepekatan hidrokarbon adalah berbeza di 

antara setiap lokasi dan tempoh persampelan kajian selanjutnya perlu dijalankan untuk 

menangani masalah ini. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background of the study 

 

 

The eclectic integration of the economic, social, and cultural aspects has led to a rapid 

physical growth in the urban areas of Malaysia. Due to these rapid development 

activities, several environmental problems, including pollution, have been created. As a 

matter of fact, human activities such as lodging and waste generation and improper 

discharge can harmfully contribute to the environmental degradation problems. The 

various human activities have serious environmental complications and may 

overwhelm the surroundings if there are no instantaneous precautionary steps taken by 

all stakeholders. 

 

 

Selangor is one of the 13 states of Malaysia and one of the states lying on the west 

coast of Peninsular Malaysia. Its geographical position, in the core of Peninsular 

Malaysia, has contributed to rapid development of the state. Hence, the State of 

Selangor is considered as the transportation and industrial hub of Malaysia which, in 

turn, attracts both interior migrants such as those coming from the other Malaysian 

States and exterior tourists coming from different countries (Alsalahi et al., 2014). The 

basin of Selangor River faces serious environmental degradation from urbanization, 

industrialization, and population growth. Currently, the major land-based pollution 

sources in the basin are (Ong, 2005), poorly-treated or untreated domestic sewage, 

siltation from land clearing, construction and sand mining activities, run-off from 

agricultural land, and untreated effluent from industry. In the past few decades, the 

anthropogenic activities associated with rapid industrialization and urbanization growth 

like fossil fuel combustion, discharge of domestic sewage, and incineration of 

industrial waste contributed greatly to pollution, especially in the marine and coastal 

environments in Malaysia. Among the pollutants, hydrocarbons are among the most 

threatening pollutants which have been widely studied. The Strait of Malacca is one of 

the world’s busiest supertanker routes (Zakaria et al., 2001). It is surrounded by an area 

which is rich with natural resources that include oil and natural gas. Therefore, there is 

a variety of potential sources of petroleum in these coastal areas. Moreover, the coasts 

of Malaysia are subjected to various potential sources of petroleum pollution, including 

routine and accidental oil spills from tankers, spillage of crude oils from inland and 

offshore oil fields, and run-off from urban lands.   

 

 

Because of their seriousness and being among the most widespread organic pollutants, 

the polycyclic aromatic hydrocarbons (PAHs) are given more attention than other 

pollutants. Pollution with PAHs is one of the primary environmental problems facing 

humanity at present, mainly owing to the fact that PAHs are toxic, mutagenic, and 

carcinogenic to humans and other organisms. Additionally, they are subjected to 

bioaccumulation and concentration in the aquatic food web. Furthermore, they are 
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relatively persistent in the environment. Thus, the focus of the current study is 

investigation of the concentrations and the origins of four groups of hydrocarbons, 

namely, alkanes, hopanes, linear alkylbenzenes (LABs), and PAHs in the sediments of 

Selangor River, which faces the Strait of Malacca. The results of this study give an 

indication of the magnitude of pollution of Selangor River with these pollutants and the 

distribution of these pollutants along the river. Studying the levels and distribution of 

the PAHs and LABs in the sediments is highly important as both groups of compounds 

are highly hydrophobic and have large values of the octanol-water partition co-efficient 

(Kow). As such, they are expected to partition and accumulate into the sediments and 

the lipid parts of biota. Besides, some PAHs are carcinogenic and mutagenic in nature. 

Accordingly, the identification and quantification of PAHs in sediments are significant 

in order to mark clean-up areas. 

1.2 Problem statement 

The aquatic and terrestrial ecosystems are exposed to the threat of hydrocarbon 

accumulation as a result of the increase in human activities along the coastline facing 

the Strait of Malacca. This has led to pollution of the marine and coastal environments, 

including the mangrove forests, rivers such as Selangor River. More than 80% of the 

hydrocarbons (HCs) found in the environment are produced by anthropogenic activities 

while the other 20% are released naturally through oil seeps and biogenic sources. The 

major HCs of environmental prevalence and, hence, concern are the straight chain 

alkanes, cycloalkanes, and aromatics. Relatively, the HCs are of the greatest concern, 

which is an issue that is related to the ubiquity of the PAHs in the environment. The 

PAHs are considered as one of the most important classes of micro-organic pollutants, 

produced mostly via incomplete combustion of organic materials containing carbon, 

hydrogen, and other minor elements (Bakhtiari et al., 2010). In this study, the PAHs 

were selected because they are persistent, toxic, mutagenic, and carcinogenic and 

because they have teratogenic and hepatotoxic effects (Cao et al., 2009; Karami et al., 

2012a; Masiol et al., 2012). These pollutants have worrying human health implications 

and are also of concern for potential adverse effects on a range of organisms. They 

have not only affected biological changes in, and sometimes death of, aquatic and 

terrestrial ecosystems, but also the tourism industry, which is one of the main economic 

engines of Malaysia that has experienced damages and loss. Therefore, a study on 

hydrocarbons contamination in sediments is required in order to determine the current 

level of hydrocarbons in Peninsular Malaysia especially the sediment regions located 

along the Straits of Malacca such as the chosen site, the Selangor River. 

1.3 Significance of the study 

Study on hydrocarbons in sediments will significantly provide the scientific community 

and local environmental managers with useful data on the various characteristics of 

hydrocarbons in the aquatic environment of Selangor River that can be utilized by 

decision makers in the future planning for the purpose of achievement of sustainable 

development. The current study is important for scientists, environmentalists, 

educators, and the tourism managers since it will contribute to further understanding of 

the effects of the human activities and the human by products on the ecosystems of 
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Selangor River. It is expected that the study results can help understand the current 

condition of the hydrocarbons pollution, project the future outcomes of its anticipated 

effects, and change certain human activities or impose certain regulations to save the 

aquatic and terrestrial environment. Furthermore, none of the previous studies 

employed source apportionment techniques for the identification and quantitative 

evaluation of hydrocarbons sources in Selangor River. Therefore, in view of the 

pollution condition and the importance of the investigated river as source of food and 

drinking water, the characterization of hydrocarbons and their sources by 

apportionment techniques is considered as a novel approach that can contribute 

substantially to the understanding of the primary source(s) of hydrocarbons in 

sediments. The results of this study will be compared with the proposed PAH levels of 

sediment quality guidelines in order to evaluate the biological effects of sedimentary 

PAHs to the aquatic organisms, especially the ones that are closely associated with 

sediment. Finally, a number of new findings on PAHs fate in Malaysian sediment will 

be scientifically shown through this study. 

 

 

1.4 Research questions 

 

 

Whatever the origin of contamination, benthic habitats are preferential environmental 

sink for many contaminants, since many pollutants originally introduced into the water 

column have affinities for sediment particles. Because sediments are also an important 

biological habitat, incorporation of toxicants into the food web is influenced by 

toxicant concentrations in sediments, which represent the main sink for PAHs and 

constitute PAH reservoirs. Therefore, this study was initiated to address the following 

four research questions: 

 

1. What the compositional patterns and sources of alkanes, hopanes, LABs and PAHs 

in the sediments of Selangor River in the four studied periods? 

2. Are there significant differences in hydrocarbon concentrations among the four 

periods under study? 

3. Are there significant relationships between total organic carbon (TOC) and the 

concentrations of alkanes, hopanes, LABs and PAHs in the surface sediments in the 

study area?  

4. Can LABs serve as molecular markers for identification of the sources of PAHs in 

sediments? and is there a toxic effect of PAHs on human health and ecological 

environment. 

 

 

1.5 Scope of the study 

 

 
This research has been conducted on the sediments of Selangor River to investigate the 

level of hydrocarbon pollution in these sediments. Besides, the study aimed at 

differentiating hydrocarbon contamination, linking the molecular markers to their 

sources. In other words, the purpose of this study was to apply environmental 

fingerprinting techniques in order to determine the levels, origins, and distributions of 

alkanes, hopanes, LABs and PAHs in the sediments of Selangor River in four periods. 

Therefore, this study adopts the principles of environmental forensics, including source 

http://www.nerrs.noaa.gov/doc/siteprofile/acebasin/html/glossary/glintro.htm#water column
http://www.nerrs.noaa.gov/doc/siteprofile/acebasin/html/glossary/glintro.htm#water column
http://www.nerrs.noaa.gov/doc/siteprofile/acebasin/html/glossary/glintro.htm#sediment
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apportionment of compounds in environmental samples to Anthropogenic Waste 

Indicators (AWI).  

 

 

The AWIs are indicators of man-made wastes that consist of chemical compounds 

originating from pharmaceuticals, detergent disinfectants, fragrances, antimicrobials, 

PHC, pesticides, and other waste-borne materials present in wastewater and 

agricultural and urban run-off, which are commonly referred to as AWI compounds. 

The AWIs include endocrine-disrupting compounds (EDCs) that have detrimental 

reproductive effects on fish (Brian et al., 2007) and humans (Guillette, 1995). The AWI 

can also be utilized to indicate other anthropogenic pollutants like PAHs and LABs. 

Selangor River was chosen because the river flows through the commercial, industrial, 

and residential areas facing the Strait of Malacca. Furthermore, urban and other 

development areas surround the river. 

 

 

1.6 Objectives of the study 

 

 
The main and the leading objective of this study was to analyze the degree of 

anthropogenic pollution and used of hydrocarbon markers to investigate the 

distribution of anthropogenic inputs to the sediments of Selangor River, Malaysia. 

However, under the main objective of the study, the following four sub-objectives are 

listed:  

 

1. To assess the compositional patterns and sources of alkanes, hopanes, LABs and 

PAHs in the sediments of Selangor River in four periods: the dry inter-monsoonal 

period, the wet inter-monsoonal period, the south-west (SW) monsoon, and the 

north-east (NE) monsoon periods. 

2. To compare the concentrations of the alkanes, hopanes, LABs and PAHs in different 

sampling stations during the four study periods through the use of multivariate data 

analysis.  

3. To determine the relationships between total organic carbon (TOC) and the 

concentrations of alkanes, hopanes, LABs and PAHs in the surface sediments in the 

study area.  

4. To investigate the utility of LABs as molecular marker for identification of the 

sources of PAHs in sediments and to evaluate the PAHs potent toxicity on human 

health and ecological environment. 

 

 

1.7 Organization of the thesis 

 

 

The outline presented next describes the different chapters of this thesis and assists the 

reader in understanding the flow of its chapters and main sections.  

The thesis consists of five chapters. Chapter 1 defines the background and specifies the 

purpose of this investigation.  

 

Next, Chapter 2 reviews and discusses the literature relevant to the study. It highlights 

the characteristics of alkanes, hopanes, LABs and PAHs in the light of their sources 
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and uses. The chapter also spotlights the relevant chemical and environmental 

properties of alkanes, hopanes, LABs and PAHs, as well as the main risks of human 

exposure to PAHs. It also provides international and national standards with regard to 

PAHs. Finally, this Chapter discusses trends in alkanes, hopanes, LABs and PAHs, and 

sheds some light on the shortcomings of the related research. 

Then, Chapter 3 describes the methodology and experimental procedures followed in 

the study. It describes the sampling and the data collection procedures. 

Afterwards, Chapter 4 presents a detailed analysis of the data collected and provides 

illustrations along with the discussion of the results. It also compares the results of this 

study with those of previous studies. 

Finally, Chapter 5 concludes the thesis. It presents a summary of the main research 

findings, the major conclusions, and some recommendations for future research. 



© C
OPYRIG

HT U
PM

147 

 

REFERENCES 

 

Abas, M.R.b., Simoneit, B.R.T., Elias, V., Cabral, J.A. and Cardoso, J.N., 1995. 

Composition of higher molecular weight organic matter in smoke aerosol from 

biomass combustion in Amazonia. Chemosphere, 30, 995–1015. 

Abas, M., Rahman, N.A., Omar, N.Y.M., Maah, M.J., Abu Samah, A., Oros, D.R., 

Otto, A. and Simoneit, B.R., 2004. Organic composition of aerosol particulate 

matter during a haze episode in Kuala Lumpur, Malaysia. Atmospheric 

Environment, 38, 4223-4241. 

Abdullah P. and Nainggolan, H., 1991. Phenolic water pollutants in a Malaysian River 

basin. Environmental Monitoring and Assessment, 19 (1), 423-431. 

Abdullah, A.R., Tahir, N.M., Loong, T.S., Hoque, T.M. and Sulaiman, A.H., 1999. The 

GEF/UNDP/IMO Malacca Straits Demonstration Project: Sources of 

Pollution. Marine Pollution Bulletin, 39 (1-12), 229-233. 

Abha, S. and Singh, C.S., 2012. Hydrocarbon Pollution: Effects on Living Organisms, 

Remediation of Contaminated Environments and Effects of Heavy Metals Co-

contamination on Bioremediation. In: Introduction to Enhanced Oil on 

Recovery (EOR) Processes and Bioremediation of Oil Contaminated Sites, 

Romero-Zeron, L. (Ed.). InTech Publisher, China, ISBN: 978-953-51-0629-6, 

pp, 186-206. 

Abu-Allaban, M., Gillies, J.A., Gertler, A.W., Clayton, R. and Proffitt, D., 2003. 

Tailpipe, resuspended road dust and brake-wear emission factors from on-road 

vehicles. Atmospheric Environment, 37, 5283-5293. 

Ahad, J.M.E., Ganeshram, R.S., Bryant, C.L., Cisneros-Dozal, L.M., Ascough, P.L., 

Fallick, A.E. and Slater, G.F., 2011. Sources of n-alkanes in an urbanized 

estuary: insights from molecular distributions and compound-specific stable 

and radiocarbon isotopes. Marine Chemistry, 126, 239-249. 

Ahrens, M.J. and Depree, C.V., 2004. Inhomogenous distribution of polycyclic 

aromatic hydrocarbons in different size and density fractions of contaminated 

sediment from Auckland Harbour, New Zealand: an opportunity for 

mitigation. Marine Pollution Bulletin, 48, 341-350. 

Akpor, O.B., Okolomike, U.F. Olaolu, T.D. and  Aderiye, B.I., 2014. Remediation of 

Polluted Wastewater Effluents: Hydrocarbon Removal. Trends in Applied 

Sciences Research, 9, 160-173. doi: 10.3923/tasr.2014.160.173. 

Alcock, R., Bashkin, V., Bisson, M., Brecher, R., van Bree, L., Chrast, R., Colosio, C.,  

Desqueyroux, H., Evstafjeva, E. and Feeley, M., 2003. Health Risks of 

Persistent Organic Pollutants from Long-Range Transboundary Air Pollution, 

Masaryk University, Czech Republic. World Health Organization, Europe. 

http://ascidatabase.com/author.php?author=O.B.&last=Akpor
http://ascidatabase.com/author.php?author=U.F.&last=Okolomike
http://ascidatabase.com/author.php?author=T.D.&last=Olaolu
http://ascidatabase.com/author.php?author=B.I.&last=Aderiye
http://dx.doi.org/10.3923/tasr.2014.160.173


© C
OPYRIG

HT U
PM

148 

 

Ali, M.M., Humrawali, N. and Latif, M.T., 2009. Phytosterols composition in surface 

sediment of Kuala Selangor, Selangor, Malaysia. European Journal of 

Scientific Research, 33, 187-194. 

Alkhadher, S.A.A., Zakaria, M.P., Yusoff, F.M., Kannan, N., Suratman, S., 

Keshavarzifard, M., Magam, S.M., Masood, N. and Vaezzadeh, V., 2016. 

Distribution and sources of linear alkylbenzenes (LABs) in surface sediments 

from Johor Bahru Coast and the Kim Kim River, Malaysia. Environmental 

Forensics, 17(1), 36-47. 

Al-Saad, H.T. Aziz, S., Majeed, A., Khazim, H., Abd, I.M. and Aleal, A.H., 2008. Oil 

Spill in Khor Al-Zubair: A case study. Marina Mesopotamica, 23(2), 321-332. 

Alsalahi, M.A., Latif, M.T., Ali, M.M., Magam, S.M., Wahid, N.B.A., Khan, M.F. and 

Suratman, S., 2014. Distribution of surfactants along the estuarine area of 

Selangor River, Malaysia. Marine Pollution Bulletin, 80, 344–350. 

Aronstein, B.N. and Alexander, M., 1992. Surfactants at low concentrations stimulate 

biodegradation of sorbed hydrocarbons in samples of aquifer sands and 

slurries. Environmental Toxicology and Chemistry, 11, 1227-1233. 

Arora, A., 2006. Hydrocarbons (Alkanes, Alkenes And Alkynes). Discovery Publishing 

House. ISBN: 818356142X, 9788183561426, 1-252. 

Ashley, J.T. and Baker, J.E., 1999. Hydrophobic organic contaminants in surficial 

sediments of Baltimore Harbor: Inventories and sources. Environmental 

Toxicology and Chemistry, 18, 838-849. 

ATSDR. 1995. Agency for Toxic Substances and Disease Registry, Toxicology profile 

for polycyclic aromatic hydrocarbons. U.S. Department of Health and Human 

Services. 

ATSDR. 2005. Agency for Toxic Substances and Disease Registry, Toxicology Profile 

for Polyaromatic Hydrocarbons. ATSDR’s Toxicological Profiles on CD-

ROM, CRC Press, Boca Raton, FL. 

Baek, S.O., Goldstone, M.E., Kirk, P.W.W., Lester, J.N. and Pery, R., 1991. 

Concentrations of particulate and gaseous polycyclic aromatic hydrocarbons in 

London air following a reduction in the Lead content of petrol in the United 

Kingdom. Science of the Total Environment, 11, 169-199. 

Bahry, P.S., Zakaria, M.P., Bin Abdullah, A.M., Abdullah, D.K., Sakari, M., Chandru, 

K. and Shahbazi, A., 2009. Forensic Characterization of Polycyclic Aromatic 

Hydrocarbons and Hopanes in Aerosols from Peninsular Malaysia. 

Environmental Forensics, 10(3), 240-252. 

Bai, Y.J., Li, X.Q., Liu, W.X., Tao, S., Wang, L.G. and Wang, J.F., 2008. Polycyclic 

aromatic hydrocarbon (PAH) concentrations in the dissolved, particulate, and 

sediments phases in the Luan River watershed, China. Journal of 

http://www.tandfonline.com/toc/uenf20/17/1


© C
OPYRIG

HT U
PM

149 

 

Environmental Science and Health, Part A. Toxic/Hazardous Substances and 

Environmental Engineering, 43 (4), 365-374. 

Baker, J.E. and Eisenreich, S.J., 1990. Concentrations and fluxes of polycyclic 

aromatic hydrocarbons and polychlorinated biphenyls across the air-water 

interface of Lake Superior. Environmental Science and Technology, 24, 342-

352. 

Baker, J.E., Eisenreich, S.J. and Eadie, B.J., 1991. Sediment trap fluxes and benthic 

recycling of organic carbon, polycyclic aromatic hydrocarbons, and 

polychlorobiphenyl congeners in Lake Superior. Environmental Science and 

Technology, 25, 500-509. 

Bakhtiari, A.R., Zakaria, M.P., Yaziz, M.I., Lajis, M.N.H. and Bi, X., 2009. Polycyclic 

aromatic hydrocarbons and n-alkanes in suspended particulate matter and 

sediments from the langat river, peninsular malaysia. Environment Asia, 2(2), 

1-10. 

Bakhtiari, A.R., Zakaria, M.P., Yaziz, M.I., Lajis, H., Nordin, M., Bi, X., Shafiee, M., 

Reza, M. and Sakari, M., 2010. Distribution of PAHs and n-alkancs in Klang 

River surface Sediments, Malaysia. Pertanika Journal of Science & 

Technology, 18. 

Baumard, P., Budzinski, H. and Garrigues, P., 1998. Polycyclic aromatic hydrocarbons 

in sediments and mussels of the western Mediterranean sea. Environmental 

Toxicology and Chemistry, 17, 765-776. 

Baumard, P., Budzinski, H., Garrigues, P., Dizer, H. and Hansen, P.D., 1999. 

Polycyclic aromatic hydrocarbons in recent sediments and mussels (Mytilus 

edulis) from the Western Baltic Sea: occurrence, bioavailability and seasonal 

variations. Marine Environmental Research, 47, 17-47. 

Belih, L.I., Malih, U.M., Penzina, A.A. and Smagunova, А.N., 2003. Benzo[a]pyrene 

in atmospheric exhausts of industrial Pribaikalye. Luminescence and laser 

physics. Irkutsk: Publishing house of Irkutsk State University, 45-50 (in 

russian). 

Bell, R., Green, M., Hume, T. and Gorman, R., 2000. What regulates sediments in 

estuaries? Water and Atmosphere, 8 (4), 13-16. 

Bence, A.E., Kvenvolden, K.A. and Kennicutt, M.C., 1996. Organic geochemistry, 

applied,to environmental assessments of Prince William Sound, Alaska, after 

the,Exxon Valdez oil spill--a review. Organic Geochemistry, 24 (1), 7-42. 

Blumer, M., Mullin, M.M. and Thomas, D.W., 1963. Pristane in zooplankton. Science. 

140, 974. 

Bernard, D., Pascaline, H. and Jeremie, J.J., 1996. Distribution and origin of 

hydrocarbons in sediments from lagoons with fringing mangrove 

communities. Marine Pollution Bulletin, 32 (10), 734-739. 



© C
OPYRIG

HT U
PM

150 

 

Bin Abas, M.R., Rahman, N.A., Omar, N.Y.M.J., Maah, M.J., Samah, A.A., Oros, 

D.R., Otto, A., and Simoneit, B.R.T., 2004. Organic composition of aerosol 

particulate matter during a haze episode in Kuala Lumpur, Mallaysia. 

Atmospheric Environment, 38, 4223–4241. 

Bixian, M., Jiamo, F., Gan, Z., Zheng, L. and Yushun, M. et al., 2001. Polycyclic 

aromatic hydrocarbons in sediments from the pearl river and estuary, China: 

Spatial and temporal distribution and sources. Applied Geochemistry, 16, 

1429-1445. DOI: 10.1016/S0883-2927(01)00050-6. 

Boehm, P.D., Page, D.S., Gilfillan, E.S., Bence, A.E., Burns, W.A. and Mankiewicz, 

P.J., 1998. Study of the fates and effects of the exxon valdez oil spill on 

benthic sediments in two bays in Prince William Sound, Alaska. 1. Study 

design, chemistry, and source fingerprinting. Environmental Science and 

Technology, 32, 567-576. 

Bojes, H.K. and Pope, P.G., 2009. Characterization of EPA’s 16 priority pollutant 

polycyclic aromatic hydrocarbons (PAHs) in tank bottom solids and 

associated contaminated soils at oil exploration and production sites in Texas, 

Regul. Toxicology and Pharmacology, 47, 288-295. 

Boonchan, S., Britz, M.L. and Stanley, G.A., 2000. Surfactant-enhanced 

biodegradation of high molecular weight polycyclic aromatic hydrocarbons by 

Stenotrophomonas maltophilia. Journal of Biotechnology Bioengineerin, 59, 

482-494. 

Boonyatumanond, R., Wattayakorn, G., Togo, A. and Takada, H., 2006. Distribution 

and origins of polycyclic aromatic hydrocarbons (PAHs) in riverine, estuarine, 

and marine sediments in Thailand. Marine Pollution Bulletin, 52(8), 942-956. 

Boonyatumanond, R., Murakami, M., Wattayakorn, G., Togo, A. and Takada, H., 

2007. Sources of polycyclic aromatic hydrocarbons (PAHs) in street dust in a 

tropical Asian mega-city, Bangkok, Thailand. Science of the Total 

Environment, 384, 420-432. 

Boot, C.S., Ettwein, V.J., Maslin, M.A., Weyhenmeyer, C.E. and Pancost, R.D., 2006. 

A 35,000 year record of terrigenous and marine lipids in Amazon Fan 

sediments. Organic Geochemistry, 37, 208-219. 

Bouloubassi, I. and Saliot, A., 1993. Dissolved, Particulate and Sedimentary Naturally 

Derived Polycyclic Aromatic-hydrocarbons in a Coastal Environment - 

Geochemical Significance. Marine Chemistry, 42, 127-143. 

Bouloubassi, I., Roussiez, V., Azzoug, M. and Lorre, A., 2012. Sources, dispersal 

pathways and mass budget of sedimentary polycyclic aromatic hydrocarbons 

(PAH) in the NW Mediterranean margin, Gulf of Lions. Marine Chemistry, 

142, 18-28. 

Boström, C.E., Gerde, P., Hanberg, A., Jernström, B., Johansson, C., Kyrklund, T., 

Rannug, A., Törnqvist, M., Victorin, K. and Westerholm, R., 2002. Cancer 



© C
OPYRIG

HT U
PM

151 

 

risk assessment, indicators, and guidelines for polycyclic aromatic 

hydrocarbons in the ambient air. Environmental health perspectives, 

110(Suppl 3), 451. 

Bourbonniere, R.A. and Meyers, P.A., 1996. Sedimentary geolipid records of historical 

changes in the watersheds and productivities of Lakes Ontario and Erie. 

Limnology and oceanography, 41, 352-359. 

Brändli, R.C., Bucheli, T.D., Ammann, S., Desaules, A., Keller, A., Blum, F. and A. 

Stahel, W., 2008. Critical evaluation of PAH source apportionment tools using 

data from the Swiss soil monitoring network. Journal of Environmental 

Monitoring, 10(11), 1278-1286. 

Brian, J.V., Harris, C.A., Scholze, M., Kortenkamp, A., Booy, P., Lamoree, M., Pojana, 

G., Jonkers, N., Marcomini, A. and Sumpter, J.P., 2007. Evidence of 

estrogenic mixture effects on the reproductive performance of fish. 

Environmental Science & Technology, 41(1), 337-344. 

Budzinski, H., Jones, I., Bellocq, J., Pierard, C. and Garriques, P., 1997. Evaluation of 

sediment contaminant by polycyclic aromatic hydrocarbons in the Gironde 

estuary. Marine Chemistry, 58, 85-97. 

Burns, K.A. and Yelle-Simmons, L., 1994. The Galeta Oil Spill. IV. Relationship 

Between Sediments and Organism Hydrocarbon Loads. Estuarine, Coastal 

and Shelf Science, 38 (4), 397-412. 

Bush, R.T. and McInerney, F.A., 2015. Influence of temperature and C4 abundance on 

n-alkane chain length distributions across the central USA. Organic 

Geochemistry, 79, 65-73. 

Burton Jr, G.A., 2002. Sediment quality criteria in use around the world. Limnology, 3, 

65-76. 

Cadle, S.H. and Mulawa, P.A., 1999. Composition of lightduty motor vehicle exhaust 

particulate matter in the Denver, Colorado area. Environmental Science and 

Technology, 33 (14), 2328-2339. 

Cailleaud, K., Forget-Leray, J., Peluhet, L., LeMenach, K., Souissi, S. and Budzinski, 

H., 2009. Tidal influence on the distribution of hydrophobic organic 

contaminants in the Seine Estuary and biomarker responses on the copepod 

Eurytemora affinis. Environmental Pollution, 157(1), 64-71. 

Cao, B., Nagarajan, K. and Loh, K.C., 2009. Biodegradation of aromatic compounds: 

current status and opportunities for biomolecular approaches. Applied 

Microbiology and Biotechnology, 85, 207-228. 

Caravaggio, G.A., Charland, J.P., MacDonald, P. and Graham, L., 2007. n-Alkane 

profiles of engine lubricating oil and particulate matter by molecular sieve 

extraction. Environmental Science Technology, 41, 3697-3701. 



© C
OPYRIG

HT U
PM

152 

 

Cardellicchio, N., Buccolieri, A., Giandomenico, S., Lopez, L., Pizzulli, F. and Spada, 

L., 2007. Organic pollutants (PAHs, PCBs) in sediments from the Mar Piccolo 

in Taranto (Ionian Sea, Southern Italy). Marine Pollution Bulletin, 55, 451-

458. 

Castellano, A.V., Cancio, J.L., Aleman, P.S. and Rodriguez, J.S., 2003. Polycyclic 

aromatic hydrocarbons in ambient air particles in the city of Las Palmas de 

Gran Canaria. Atmospheric Environment, 29, 475-480. 

Cavalcante, R.M. and Sousa, F.W., Nascimento, R.F., Silveira, E.R., Freire, G.S.S., 

2009. The impact of urbanization on tropical mangroves (Fortaleza, Brazil): 

Evidence from PAH distribution in sediments. Journal of Environmental 

Management, 91 (2), 328-335. 

Cerniglia, C.E., 1992. Biodegradation of polycyclic aromatic hydrocarbons. 

Biodegradation, 3 (2), 351-368. 

Chandru, K., Zakaria, M.P., Anita, S., Shahbazi, A., Sakari, M., Bahry, P.S. and 

Mohamed, C.A.R., 2008. Characterization of alkanes, hopanes, and polycyclic 

aromatic hydrocarbons (PAHs) in tar-balls collected from the East Coast of 

Peninsular Malaysia. Marine Pollution Bulletin, 56(5), 950-962. 

Chen, B., Xuan, X., Zhu, L., Wang, J., Gao, Y., Yang, K., Shen, X. and Lou, B. 2004. 

Distributions of polycyclic aromatic hydrocarbons in surface waters, 

sediments and soils of Hangzhou City, China. Water Research, 38, 3558-3568. 

Chen, S.C., Liao and C.M., 2006. Health risk assessment on human exposed to 

environmental polycyclic aromatic hydrocarbons pollution sources. Science of 

The Total Environment, 366(1), 112-123. 

Chen, J.L., Wong, Y.S. and Tam, N.F.Y., 2009. Static and dynamic sorption of 

phenanthrene in mangrove sediment slurry. Journal of Hazardous Materials, 

168(23),1422–1429. doi:10.1016/j.jhazmat.2009.03.043. 

Chen, C.W. and Chen, C.F., 2011. Distribution, origin, and potential toxicological 

significance of polycyclic aromatic hydrocarbons (PAHs) in sediments of 

Kaohsiung Harbor, Taiwan. Marine Pollution Bulletin, 63 (5-12), 417-423. 

Chen, C.W., Chen, C.F., Dong, C.D., and Tu, Y.T., 2012. Composition and source 

apportionment of PAHs in sediments at river mouths and channel in 

Kaohsiung Harbor, Taiwan. Journal of Environmental Monitoring, 14(1), 

105–115. 

Cherng, S.H., Lin, S.T. and Lee, H., 1996. Modulatory effects of polycyclic aromatic 

hydrocarbons on the mutagencity of I-nitropyrene: A structure-activity-

relationship study. Mutation Research, 367 (4), 177-185. 

Chouksey, M.K, Kadam, A.N and Zingde, M.D., 2004. Petroleum hydrocarbon 

residues in the marine environment of Bassein-Mumbai. Marine Pollution 

Bulletin, 49, 637-647. 



© C
OPYRIG

HT U
PM

153 

 

Clendening, L.D., Jury, W.A. and Ernst, F.F., 1990. A field mass balance study of 

pesticide volatilization, leaching and persistence. In Long range transport of 

pesticides. Ed. D. A. Kurtz. Lewis Publishers Inc, Michigan, USA, 47-60. 

Collins, J.F., Brown, J.P., Alexeeff, G.V. and Salmon, A.G., 1998. Potency 

equivalency factors for some polycyclic aromatic hydrocarbons and polycyclic 

aromatic hydrocarbon derivatives. Regulatory Toxicologyand Pharmacology, 

28(1), 45-54. 

Colombo, J.C., Pelletier, E., Brochu, C., Khalil, M. and Catoggio, J.A., 1989. 

Determination of hydrocarbon sources using n-alkane and polyaromatic 

hydrocarbon distribution indexes. Case study: Rio de la Plata estuary, 

Argentina. Environmental Science & Technology, 23, 888-894. 

Commendatore, M.G., Esteves, J.L. and Colombo, J.C., 2000. Hydrocarbons in coastal 

sediments of Patagonia, Argentina: levels and probable sources. Marine 

Pollution Bulletin, 40(11), 989–998. 

Conde, F.J., Ayala, J.H., Afonso, A.M. and Ganzalez, V., 2005. Emissions of 

polycyclic aromatic hydrocarbons from combustion of agriculture and 

sylvicultural debris. Atmospheric Environment, 39, 6654 – 6663. 

Connell, D.W., Wu, R.S.S., Richardson, B.J., Leung, K., Lam, P.S.K. and Connell, 

P.A., 1998. Occurrence of persistent organic contaminants and related 

substances in Hong Kong marine areas: An overview. Marine Pollution 

Bulletin, 36 (5), 376-384. 

CPCB. 2003. Central Pollution Control Board, Polycyclic Aromatic Hydrocarbons 

(PAHs) in air and their effects on human Health. Ministry of Environment and 

Forests, 42. 

Currie, T.J, Alexander, R. and Kagi, R.T., 1992. Coastal bituments from Western 

Australia-long distance transport by ocean currents. Organic Geochemistry, 

18, 595-601. 

Daka, E.R. and Ugbomeh, A.P.,  2013. Polycyclic Aromatic Hydrocarbons in Sediment 

and Tissues of the Crab Callinectes pallidus from the Azuabie Creek of the 

Upper Bonny Estuary in the Niger Delta. Research 

Journal of Applied Sciences, Engineering and Technology, 6, 2594-2600. 

Dauner, A.L.I., Hernández, E.A., MacCormack, W.P. and Martins, C.C., 2015. 

Molecular characterisation of anthropogenic sources of sedimentary organic 

matter from Potter Cove, King George Island, Antarctica. Science of the Total 

Environment, 502, 408-416. 

Delgado, T., 2000. The occurrence and regulation of PAHs in groundwater and soil. 

Smart News, 2(5), 1-3l. 



© C
OPYRIG

HT U
PM

154 

 

Delistraty, D., 1997. Toxic equivalency factor approach for risk assessment of 

polycyclic aromatic hydrocarbons. Environmental Toxicology and Chemistry, 

64, 81-108. 

De Luca, G.D., Furesi, A., Micera, G., Panzanelli, A., Piu, P.C., Pilo, M.I., Spano, N. 

and Sanna, G., 2005. Nature, distribution and origin of polycyclic aromatic 

hydrocarbons (PAHs) in the sediments of Olbia harbor (Northern Sardinia, 

Otaly). Marine pollution bulletin, 50, 1223-1232. 

Dickhut, R., Canuel, E., Gustafson, K., Liu, K., Arzayus, K., Walker, S., Edgecombe, 

G., Gaylor, M. and MacDonald, E., 2000. Automotive sources of carcinogenic 

polycyclic aromatic hydrocarbons associated with particulate matter in the 

Chesapeake Bay region. Environmental science and technology, 34 (21), 

4635-4640. 

Djozan, D.j. and Assadi, Y., 1999. Monitoring of polycyclic aromatic hydrocarbons in 

water using headspace solid-phase microextraction and capillary gas 

chromatography. Microchemical Journal, 63, 276-284. 

Dobbins, R.A., Fletcher, R.A., Benner, B.A., Hoeft, S., 2006. Polycyclic aromatic 

hydrocarbons in flames, in diesel fuels, and in diesel emissions. Combustion 

and flame, 144(4), 773-781. 

DOE. 1994. Department of Environment: A study for the assessment of the sources of 

marine pollution. Ministry of Science, Technology and the Environment. 

Doong, R.A. and Lin, Y.T., 2004. Characterization and distribution of polycyclic 

aromatic hydrocarbon contaminations in surface sediment and water from 

Gao-ping River, Taiwan. Water Research, 38(7), 1733-1744. doi:10.1016/ 

j.watres.2003.12.042. 

Dsikowitzky, L., Nordhaus, I., Jennerjahn, T.C., Khrycheva, P., Sivatharshan, Y., 

Yuwono, E. and Schwarzbauer, J., 2011. Anthropogenic organic contaminants 

in water, sediments and benthic organisms of the mangrove-fringed Segara 

Anakan Lagoon, Java, Indonesia. Marine pollution bulletin, 62 (4), 851-862. 

Dutta, T.K. and Harayama, S., 2000. Analysis of long-side-chain alkylaromatics in 

crude oil for evaluation of their fate in the environment. Environmental 

Science and Technology, 35, 102-107. 

Edlund, S., 2001. PAH as a POP. Possibilities, implications and appropriateness of 

regulating global emissions of Polycyclic Aromatic Hydrocarbons through the 

Stockholm Convention on Persistent Organic Pollutants. IIIEE Reports 2001, 

9. 

Eganhouse, R.P. and Gossett, R.W., 1991. Historical deposition and biogeochemical 

fate of polycyclic aromatic hydrocarbons in sediments near a major submarine 

wastewater outfall in southern California., Baker, R. A. (Ed.) Organic 

Substances in Sediments and Water. Lewis Publishers: Chelsea. Michigan, 2, 

191-220. 



© C
OPYRIG

HT U
PM

155 

 

Eganhouse, R.P. and Venkatesan, M.I., 1993. Chemical Oceanography and 

Geochemistry. In: M.D. Dailey, D.J. Reish, and J.W. Anderson (eds.). 

Ecology of the Southern California Bight: A Synthesis and Interpretation. 

University of California Press, Berkeley, CA., 71-189. 

Eglinton, G., and Hamilton, R. J., 1963. The distribution of alkanes. Chemical Plant 

Taxonomy, 187-217. 

El Nemr, A., El-Sadaawy, M.M., Khaled, A. and El-Sikaily, A., 2013. Distribution 

patterns and risks posed of polycyclic aromatic hydrocarbons contaminated in 

the surface sediment of the Red Sea coast (Egypt). Desalination and Water 

Treatment, 1-19. 

El Nemr, A., Moneer, A.A., Safaa Ragab, Ragab, S. and El-Sikaily, A., 2016. 

Distribution and sources of n-alkanes and polycyclic aromatic hydrocarbons in 

shellfish of the Egyptian Red Sea coast. Egyptian Journal of Aquatic 

Research, 42, 121-131. 

EQR. 2012. Environmental Quality Report, Department of Environment, Ministry of 

Natural Resources and Environment, Malaysia. 

EU. European Union. 2001. Ambient air pollution by Polycyclic Aromatic 

Hydrocarbons (PAH): Position Paper. ISBN 92- 894-2057-X. Office for 

Official Publications of the European Communities, Luxembourg. 

Eurachem, 1998. The fitness for purpose of analytical methods: A laboratory guide to 

method validation and related topics, Laboratory of the Government Chemist. 

Fang, M., Zheng, M., Wang, F., To, K.L., Jaafar, A.B. and Tong, S.L., 1999. The 

solventextractable organic compounds in the Indonesia biomass burning 

aerosols – characterization studies. Atmospheric Environment, 33, 783-795. 

Farias, C.O., Hamacher, C., Wagener, A.d.L. and Scofield, A.d.L., 2008. Origin and 

degradation of hydrocarbons in mangrove sediments (Rio de Janeiro, Brazil) 

contaminated by an oil spill. Organic Geochemistry, 39, 289-307. 

Feng, C., Xia, X., Shen, Z. and Zhou, Z., 2007. Distribution and sources of polycyclic 

aromatic hydrocarbons in Wuhan section of the Yangtze River, China. 

Environmental Monitoring and Assessment, 133, 447-58. 

Fernandez, P., Vilanova, R.M. and Grimalt, J.O., 1999. Sediment fluxes of polycyclic 

aromatic hydrocarbons in European high altitude mountain lakes, 

Environmental Science and Technology, 33, 3716-3722. 

Fowler, S.W., Readman, J.W., Oregioni, B., Villeneuve, J.P. and McKay, K., 1993. 

Petroleum hydrocarbons and trace metals in near shore Gulf sediment and 

biota before and after the 1991 war: an assessment of temporal and spatial 

trends. Marine Pollution Bulletin, 27, 171-182. 



© C
OPYRIG

HT U
PM

156 

 

Fraser, M.P., Cass, G.R. and Simoneit, B.R.T., 1999. Particulate organic compounds 

emitted from motor vehicle exhaust and in the urban atmosphere. Atmospheric 

Environment, 33, 2715-2724. 

Froehner, S., Machado, KS., Falcão, F., Monnich, C. and Bessa, M., 2011. Inputs of 

domestic and industrial sewage in upper Iguassu, Brazil, identified by 

emerging compounds. Water, Air, and Soil Pollution, 215, 251-259.  

Gaga, E.O., 2004. Investigation of Polycyclic Aromatic Hydrocarbon (PAH) 

Deposition in Ankara, Ph.D Thesis pp. 233. 

Gallon, C., Tessier, A., Gobeil, C. and Beaudin, L., 2005. Sources and chronology of 

atmospheric lead deposition to a Canadian Shield lake: inferences from Pb 

isotopes and PAH pro- files. Geochimica. Cosmochimica. Acta, 69 (13), 

3199–3210. http://dx.doi.org/10.1016/j.gca. 2005.02.028. 

Garrigues, P., Budzinski, H., Manitz, M. and Wise, S., 1995. Pyrolytic and petrogenic 

inputs in recent sediments: a definitive signature through phenanthrene and 

chrysene compound distribution. Polycyclic Aromatic Compounds, 7, 275-

284. 

Georgiadis, P. and Kyrtopoulos, S.A., 1999. Molecular epidemiological approaches to 

the study of the genotoxic effects of urban air pollution. Mutation Research, 

428 (1-2), 91-98. 

Gledhill, W., Saeger, V.W. and Trehy, M.L., 1991. An aquatic environmental safely 

assessment of linear alkylbenzene. Environmental Toxicology and Chemistry, 

10, 169-78. 

Gomes, A.D.O. and Azevedo, D.D.A., 2003. Aliphatic and aromatic hydrocarbons in 

tropical recent sediments of Campos dos Goytacazes, RJ, Brazil. Journal of 

the Brazilian Chemical Society, 14, 358-368. 

González, J., Viñas, L., Franco, M., Fumega, J., Soriano, J., Grueiro, G. Muniategui, S., 

López-Mahía, P., Prada, D. and Bayona, J., 2006. Spatial and temporal 

distribution of dissolved/dispersed aromatic hydrocarbons in seawater in the 

area affected by the< i> Prestige</i> oil spill. Marine pollution bulletin, 53(5), 

250-259. 

Gough, M. and Rowland, S., 1990. Characterization of unresolved complex mixtures of 

hydrocarbons in petroleum. Nature, 344, 648-650. 

Gough, M.A., Rhead, M.M. and Rowland, S.G., 1992. Biodegradation studies of 

unresolved complex mixtures of hydrocarbons: model UCM hydrocarbons and 

the aliphatic UCM. Organic Geochemistry, 18, 17-22. 

Grosenheider, K.E., Bloom, P.R. and Halbach, T.R., 2005. A Review of the Current 

Literature Regarding Polycyclic Aromatic Hydrocarbons in Asphalt Pavement. 

Mn/DOT Contract No. 81655. University of Minnesota, Minneapolis, MN, 

USA. 

https://www.google.com/search?espv=2&biw=1366&bih=623&q=Geochimica.+Cosmochimica.+Acta&sa=X&ved=0ahUKEwjcsbulnPfSAhXHfrwKHQ-GDIQQ7xYIFigA


© C
OPYRIG

HT U
PM

157 

 

Guillette, L.H., 1995. Endocrine-disrupting environmental contaminants and 

developmental abnormalities in embryos. Human and Ecological Risk 

Assessment, 1(2), 25-36. 

Guo, Z., Lin, T., Zhang, G., Yang, Z. and Fang, M., 2006. High-resolution depositional 

records of polycyclic aromatic hydrocarbons in the central continental shelf 

mud of the East China Sea. Environmental Science & Technology, 40, 5304-

5311. 

Guo, W., He, M.C., Yang, Z.F., Lin, C.Y., Quan, X.C. and Wang, H.Z., 2007. 

Distribution of polycyclic aromatic hydrocarbons in the water suspended 

particulate matter and sediment from Daliao River watershed, China. 

Chemosphere, 68(1), 93-104. doi:10.1016/j.chemosphere.2006. 12.072. 

Guo, W., Pei, Y., Yang, Z. and Chen, H., 2011a. Historical changes in polycyclic 

aromatic hydrocarbons (PAHs) input in Lake Baiyangdian related to regional 

socio-economic development. Journal of Hazardous Materials, 187, 441-449. 

Guo, J., Liang, Z., Liao, H., Tang, Z., Zhao, X., Wu, F., 2011b. Sedimentary record of 

polycyclic aromatic hydrocarbons in Lake Erhai, Southwest China. Journal of 

Environmental Sciences, 23 1308-1315. 

Gustafsson, Ö., Haghseta, F., Chan, C., Macfarlane, J. and Gschwend, P.M. 1997. 

Quantification of the dilute sedimentary soot phase: Implications for PAH 

speciation and bioavailability. Environmental Science & Technology, 31, 203-

209. 

Gustafsson, Ö., Long, C.M., MacFarlane, J. and Gschwend, P.M., 2001. Fate of linear 

alkylbenzenes released to the coastal environment near Boston Harbor. 

Environmental Science & Technology, 35, 2040–2048. 

Han, Y.M., Bandowe, B.A.M., Wei, C., Cao, J.J., Wilcke, W., Wang, G.H., Ni, H.Y., 

Jin, Z.D., An, Z.S. and Yan, B.Z., 2015. Stronger association of polycyclic 

aromatic hydrocarbons with soot than with char in soils and sediments. 

Chemosphere, 119, 1335-1345. 

Harji, R.R., Yvenat, A. and Bhosle, N.B., 2008. Sources of hydrocarbons in sediments 

of the Mandovi estuary and the Marmugoa harbour, west coast of India. 

Environment International, 34, 959–965. 

Haritash, a. K. and Kaushik, C.P., 2009. Biodegradation aspects of Polycyclic 

Aromatic Hydrocarbons (PAHs): A review. Journal of Hazardous Materials, 

169 (1–3), 1–15. https://doi.org/10.1016/j.jhazmat.2009.03.137. 

Harrison, R.M., Smith, D. and Luhana, L., 1996. Source apportionment of atmospheric 

polycyclic aromatic hydrocarbons collected from an urban location in 

Birmingham, UK. Environmental Science & Technology, 30, 825-832. 

Harrison, E.Z., Oakes, S.R., Hysell, M. and Hay, A., 2006. Organic chemicals in 

sewage sludges. Science of the Total Environment, 367, 481-497. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjDxKrys_nSAhXKxrwKHWQmD3UQFggpMAA&url=http%3A%2F%2Fwww.tandfonline.com%2Ftoc%2Fbher20%2Fcurrent&usg=AFQjCNG3voN7x4cH6iVV-1VWZdv7Wa-42Q&sig2=W7e6-z781WIaab0wwwNs2Q&bvm=bv.150729734,d.dGc
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjDxKrys_nSAhXKxrwKHWQmD3UQFggpMAA&url=http%3A%2F%2Fwww.tandfonline.com%2Ftoc%2Fbher20%2Fcurrent&usg=AFQjCNG3voN7x4cH6iVV-1VWZdv7Wa-42Q&sig2=W7e6-z781WIaab0wwwNs2Q&bvm=bv.150729734,d.dGc


© C
OPYRIG

HT U
PM

158 

 

Hartmann, P.C., Quinn, J., King, J.W., Tsutsumi, S. and Takada, H., 2000. 

Intercalibration of LABs in marine sediment SRM1941a and their application 

as a molecular marker in Narragansett Bay sediments. Environmental Science 

and Technology, 34, 900-906. 

Hasanati, M., Savari, A., Nikpour, Y. and Ghanemi, K., 2011. Assessment of the 

Sources of Polycyclic Aromatic Hydrocarbons in Mousa Inlet by Molecular 

Ratios. Journal of Environmental Studies, 37, 1-6. 

Haynes, D., Brodie, J., Christie, C., Devlin, M., Michalek-Wagner, K., Morris, S., 

Ramsay, M., Storrie, J., Waterhouse, J. and Yorkston, H., 2001. Great Barrier 

Reef Water Quality: Current Issues. Great Barrier Reef Marine Park Authority, 

Townsville.  

He, J., Zielinska, B. and Balasubramanian, R., 2010. Composition of semi-volatile 

organic compounds in the urban atmosphere of Singapore: influence of 

biomass burning. Atmospheric Chemistry and Physics, 10, 11401-11413. 

He, X., Pang, Y., Song, X., Chen, B., Feng, Z. and Ma, Y., 2014. Distribution, sources 

and ecological risk assessment of PAHs in surface sediments from Guan River 

Estuary, China. Marine Pollution Bulletin, 80, 52-58. 

Hedges, J.I. and Prahl, F.G., 1993. Early diagenesis: consequences for applications of 

molecular biomarkers. In: Organic Geochemistry. Springer, 237-253. 

Hegazi, A.H. and Andersson, J.T., 2007. Characterization of polycyclic aromatic sulfur 

heterocycles for source identification. In: Wang Z, Stout SA (eds) Oil spill 

environmental forensics. Fingerprinting and source identification. 

Elsevier jobs in Boston, MA, 147-168. 

Hellmann, H., 1999. PAH background levels in contaminated soils. Wasser Boden, 

51(10), 26-29. 

Hellou, J., Fermaut, M., Leonard, J. and Li, W., 2006. Defining the bioaccumulation of 

PAC in mussels: considering time, distance and effects. Polycyclic Aromatic 

Compounds, 26, 1-16. 

Henner, P., Schiavon, M., Morel, J.L. and Lichtfouse, E`., 1997. Polycyclic Aromatic 

Hydrocarbon (PAH) occurrence and remediation methods. Analusis Magazine, 

25 (9–10), 56–59. 

Hoffman, E.J., Mills, G.L., Latimer, J.S. and Quinn, J.G., 1984. Urban runoff as a 

source of polycyclic aromatic hydrocarbons to coastal waters. Environmental 

Science & Technology, 18, 580-587. 

Hong, Y., Yu, S., Yu, G., Liu, Y., Li, G. and Wang, M., 2012. Impacts of urbanization 

on surface sediment quality: evidence from polycyclic aromatic hydrocarbons 

(PAHs) and polychlorinated biphenyls (PCBs) contaminations in the Grand 

Canal of China. Environmental Science and Pollution Research, 19, 1352-

1363. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&ved=0ahUKEwiL6cS8tPnSAhWLw7wKHTtmDuYQFggrMAM&url=http%3A%2F%2Fwww.atmos-chem-phys-discuss.net%2Fdiscussion_papers.html&usg=AFQjCNGz-bVp8i9rJCk2X8Lq4niwFT__mg&sig2=6qc0Ze_ARm4pnb-OBANXIQ&bvm=bv.150729734,d.dGc


© C
OPYRIG

HT U
PM

159 

 

Howsam, M. and Jones, K.C., 1998. Sources of PAHs in the Environment. In Neilson, 

A. H. (ed.): PAHs and related compounds. Springer-Verlag, Berlin, 

Heidelberg, 137-174. 

Hu, L., Guo, Z., Feng, J., Yang, Z. and Fang, M., 2009. Distributions and sources of 

bulk OM and aliphatic hydrocarbons in the surface sediments of the Bohai 

Sea, China. Marine Chemistry, 113, 197-211. 

Huang, W., Wang, Z. and Yan, W., 2012. Distribution and sources of polycyclic 

aromatic hydrocarbons (PAHs) in sediments from Zhanjiang Bay and Leizhou 

Bay, South China. Marine Pollution Bulletin, 64, 1962-1969. 

IDPH. 2005. (Illinois Department of Public Health). Environmental health fact sheet: 

polycyclic aromatic hydrocarbons. Available at 

http://www.idph.state.il.us/envhealth/factsheets/polycyclicaromatichydrocarbo

ns.htm. 

IARC 1973. International Agency for Research on Cancer. Certain polycyclic aromatic 

hydrocarbons and heterocyclic compounds. Monograph on the evaluation of 

carcinogenic risks of the chemical to man. Vol. 3. Lyon, France: World Health 

Organization. 

ICH. 2005. Harmonized Tripartite Guideline. Validation of analytical procedures: Text 

and methodology Q2 (R1), ICH Working Group. 

IPCS. 1998. Environmental Health Criteria 198; Diazinon, Geneva, World Health 

Organization, 140 pp. 

Iqbal, J., Overton and E.B. Gisclair, D., 2008. Polycyclic aromatic hydrocarbons in 

Louisiana Rivers and coastal environments: source fingerprinting and forensic 

analysis. Environmental Forensics, 9, 63-74. 

Irwin, R., 1997. National Park Service. Environmental Contaminants Encyclopedia 

PAHs Entry, National Park Service, Colorado. 

Isobe, K.O., Zakaria, M.P., Chiem, N.H., Minh, L.Y., Prudente, M., Boonyatumanond, 

R., Saha, M., Sarkar, S. and Takada, H., 2004. Distribution of linear 

alkylbenzenes (LABs) in riverine and coastal environments in South and 

Southeast Asia. Water Research, 38, 2449-2459. 

Iwata, H., Tanabe, S., Sakai, N., Nishimura, A. and Tatsukawa, R., 1994. Distribution 

of persistent organochlorines in the oceanic air and surface sea water and the 

role of ocean on their global transport and fate. Environmental Pollution, 85, 

15-33. 

Jaffe´ , R., Mead, R., Hernandez, M.E., Peralba, M.C. and DiGuida, O.A., 2001. Origin 

and transport of sedimentary organic matter in two subtropical estuaries: a 

comparative, biomarker-based study. Org. Geochemical Journal, 32, 507-526. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0ahUKEwix5rC0oPfSAhWLUbwKHQ82BN8QFgghMAE&url=http%3A%2F%2Fwww.tandfonline.com%2Floi%2Fuenf20&usg=AFQjCNHORaa_Zt-_Gc504zuWLgj_zY_8ew&sig2=H_RVfkWrkGY4N5GwQbicmg


© C
OPYRIG

HT U
PM

160 

 

Jeng, W.-L., 2006. Higher plant n-alkane average chain length as an indicator of 

petrogenic hydrocarbon contamination in marine sediments. 

Marine Chemistry, 102(3), 242-251. 

Jennings, A.A., 2012. Worldwide regulatory guidance values for surface soil exposure 

to carcinogenic or mutagenic polycyclic aromatic hydrocarbons, Journal of 

Environmental Management, 110, 82-102. 

Jiang, J.-J., Lee, C.-L., Fang, M.-D. and Liu, J.-T., 2009. Polycyclic Aromatic 

Hydrocarbons in Coastal Sediments of Southwest Taiwan: An Appraisal of 

Diagnostic Ratios in Source Recognition. Marine Pollution Bulletin, 58, 752-

760.  

Jinot, J. and Bayad, S., 1996. Respiratory health effects of exposure to environmental 

tobacco smoke. Revolution Environmental Health, 11 (3), 89-100. 

Kakareka, S.V. and Kukharchyk, T.I., 2003. PAH emissions from open burning of 

agricultural debris. Science of the Total Environment, 308, 257-261. DOI: 

10.1016/S0048-9697(02)00650-2.  

Kannan, K., Johnson-Restrepo, B., Yohn, S.S., Giesy, J.P. and Long, D.T., 2005. 

Spatial and Temporal Distribution of Polycyclic Aromatic Hydrocarbons in 

Sediments from Michigan Inland Lakes. Environmental Science & 

Technology, 39 (13), 4700-4706. 

Kanzari, F., Syakti, A. D., Asia, L., Malleret, L., Mille, G., Jamoussi, B., Abderrabba, 

M. and Doumenq, P., 2012. Aliphatic hydrocarbons, polycyclic aromatic 

hydrocarbons, polychlorinated biphenyls, organochlorine, and 

organophosphorous pesticides in surface sediments from the Arc river and the 

Berre lagoon, France. Environmental Science and Pollution Research, 19, 

559-576. 

Kanzari, F., Syakti, A., Asia, L., Malleret, L., Piram, A., Mille, G. and Doumenq, P., 

2014. Distributions and sources of persistent organic pollutants (aliphatic 

hydrocarbons, PAHs, PCBs and pesticides) in surface sediments of an 

industrialized urban river (Huveaune), France. Science of the Total 

Environment, 478, 141-151. 

Karacik, B., Okay, O., Henkelmann, B., Bernhöft, S. and Schramm, K.-W., 2009. 

Polycyclic aromatic hydrocarbons and effects on marine organisms in the 

Istanbul Strait. Environment International, 35, 599-606. 

Karami, A., Christianus, A., Ishak, Z., Shamsuddin, Z.H., Masoumian, M. and 

Courtenay, S.C., 2012a. Use of intestinal Pseudomonas aeruginosa in fish to 

detect the environmental pollutant benzo [a] pyrene. Journal of Hazardous 

Materials, 215-216, 108–114. doi: 10.1016/j.jhazmat.2012.02.038. 

Karyab, H., Nasseri, S., Ahmadkhaniha, R., Rastkari, N., Mahvi, A. H., Nabizadeh, R. 

and Yunesian, M., 2014. Determination and Source Identification of 

https://www.google.com/search?espv=2&biw=1366&bih=662&q=Marine.+Chemistry&sa=X&ved=0ahUKEwjD_IKtn_fSAhXIfbwKHV8bBD0Q7xYIFigA


© C
OPYRIG

HT U
PM

161 

 

Polycyclic Aromatics Hydrocarbons in Karaj River, Iran. Bulletin of 

Environmental Contamination and Toxicology, 92, 50-56. 

Katsoyiannis, A., Terzi, E., Cai and Q.-Y., 2007. On the use of PAH molecular 

diagnostic ratios in sewage sludge for the understanding of the PAH sources. 

Is this use appropriate?. Chemosphere, 69, 1337-1339. 

Ke, L., Wong, T.W.Y., Wong, Y.S. and Tam, N.F.Y., 2002. Fate of polycyclic 

aromatic hydrocarbon (PAH) contamination in a mangrove swamp in Hong 

Kong following an oil spill. Marine Pollution Bulletin, 45 (1-12), 339-347. 

Ke, L., Wang, W.Q., Wong, T.W.Y., Wong, Y.S. and Tam, N.F.Y., 2003a. Removal of 

pyrene from contaminated sediments by mangrove microcosms. 

Chemosphere, 51 (1), 25-34. 

Ke, L., Yu, K.S.H., Wong, Y.S. and Tam, N.F.Y., 2005. Spatial and vertical 

distribution of polycyclic aromatic hydrocarbons in mangrove sediments. 

Science of The Total Environment, 340 (1-3), 177-187. 

Kennish, M.J., 1997. Practical handbook of estuarine and marine pollution. CRC Press, 

London, 524 pp. 

Keshavarzifard, M., Zakaria, M.P., Hwai, T.S., Mustafa, S., Vaezzadeh, V., Magam, 

S.M., Masood, N., Alkhadher, S.A. and Abootalebi-Jahromi, F., 2014. 

Baseline distributions and sources of Polycyclic Aromatic Hydrocarbons 

(PAHs) in the surface sediments from the Prai and Malacca Rivers, Peninsular 

Malaysia. Marine Pollution Bulletin, 88, 366-372. 

Keshavarzifard, M., Zakaria M.P., Hwai, T.S., Yusuff, F.M. and Mustafa, S., 2015. 

Distributions and source apportionment of sediment-associated polycyclic 

aromatic hydrocarbons (PAHs) and hopanes in rivers and estuaries of 

Peninsular Malaysia. Environmental Science and Pollution Research, DOI 

10.1007/s11356-015-4093-7. 

Khalili, N.R., Scheff, P.A. and Holsen, T.M., 1995. PAH source fingerprints for coke 

ovens, diesel and, gasoline engines, highway tunnels, and wood combustion 

emissions. Atmospheric Environment, 29, 533-542. 

Kim, G.B., Maruya, K.A., Lee, R.F., Lee, J.-H., Koh, C.-H. and Tanabe, S., 1999. 

Distribution and sources of polycyclic aromatic hydrocarbons in sediments 

from Kyeonggi Bay, Korea. Marine Pollution Bulletin, 38, 7-15. 

Klekowski Jr, E.J., Corredor, J.E., Morell, J.M. and Del Castillo, C.A., 1994. 

Petroleum pollution and mutation in mangroves. Marine Pollution Bulletin, 28 

(3), 166-169. 

Koe, L.C.C., Arellano, A.F., and McGregor, J.L., 2001. Investigating the haze transport 

from 1997 biomass burning in Southeast Asia: Its impact upon Singapore, 

Atmospheric Environment, 35, 2723– 2734. 



© C
OPYRIG

HT U
PM

162 

 

Krauss, M., Wilcke, W., Martius, C., Bandeira, A.G., Garcia, M.V B. and Amelung, 

W., 2005. Atmospheric versus biological sources of polycyclic aromatic 

hydrocarbons (PAHs) in a tropical rain forest environment. Environmental 

Pollution, 135, 143-154. 

Kumata, H., Uchida, M., Sakuma, E., Uchida, T., Fujiwara, K., Tsuzuki, M., Yoneda, 

M. and Shibata, Y., 2006. Compound class specific 14C analysis of polycyclic 

aromatic hydrocarbons associated with PM10 and PM1. 1 aerosols from 

residential areas of suburban Tokyo. Environmental Science and Technology, 

40, 3474-3480. 

Kwon, S.H., Kim, Y.P. and Lee, J.Y., 2013. Impact of Dust Storms on the Organic 

Composition in the Ambient Aerosol. Aerosol and Air Quality Research, 13, 

97-106. doi: 10.4209/aaqr.2012.04.0105. 

Larsen, III R.K. and Baker, J.E., 2003. Source apportionment of polycyclic aromatic 

hydrocarbons in the urban atmosphere: a comparison of three methods. 

Environmental Science and Technology, 37, 1873-81. 

Latimer, J.S., Hoffman, E.J., Hoffman, G., Fasching, J.L. and Quinn, J.G., 1990. 

Sources of petroleum hydrocarbons in urban runoff. Water, Air, and Soil 

Pollution, 52, 1-21. 

LBNL. 2004. Lawrence Berkeley National Laboratory. Constraining Uncertainties 

about the Sources and Magnitude of Ambient Air Exposures to Polycyclic 

Aromatic Hydrocarbons (PAHs): the State of Minnesota as a Case Study. 

Paper LBNL-54473. University of California, Berkeley, CA, USA. 

Leal-Granadillo, I.A., Alonso, J.I. and Sanz-Medel., A., 2000. Determination of n-

alkanes and polycyclic aromatic hydrocarbons in atmospheric particulate and 

vapour phases in Oviedo, Spain, by GC-MS. Journal of environmental 

monitoring, 2(3), 218-222. 

Le Dréau, Y., Jacquot, F., Doumenq, P., Guiliano, M., Bertrand, J. C. and Mille, G., 

1997. Hydrocarbon balance of a site which had been highly and chronically 

contaminated by petroleum wastes of a refinery (from 1956 to 1992). Marine 

Pollution Bulletin, 34(6), 456-468. 

Leong, K.H., Benjamin Tan, L.L. and Mustafa, A.M., 2007. Contamination levels of 

selected organochlorine and organophosphate pesticides in the Selangor River, 

Malaysia between 2002 and 2003. Chemosphere, 66, 1153-1159. 

doi:10.1016/j.chemosphere.2006.06.009. 

Levendis, Y.A., Atal, A. and Carlson, J.B., 1998. On the correlation of CO and PAH 

emissions from the combustion of pulverized coal and waste tires. 

Environmental Science and Technology, 32(23), 3767-3777. 

Li, M., 2003. Ambient concentrations and measurement precision of molecular markers 

in fine particles from Philadelphia, PA. Drexel Thesis and Dissertations. 



© C
OPYRIG

HT U
PM

163 

 

Li, C.-H., Zhou, H.-W. and Wong, Y.-S. and Tam, N.F.-Y., 2009. Vertical distribution 

and anaerobic biodegradation of polycyclic aromatic hydrocarbons in 

mangrove sediments in Hong Kong, South China. Science of The Total 

Environment 407, (21), 5772-5779. 

Li, W., Peng, Y. and Bai, Z., 2010. Distributions and Sources of n-alkanes in PM2.5 at 

Urban, Industrial and Coastal Sites in Tianjin, China. 

Journal of Environmental Sciences, 22, 1551-1557. 

Liang, Y., Tse, M., Young, L. and Wong, M., 2007. Distribution patterns of polycyclic 

aromatic hydrocarbons (PAHs) in the sediments and fish at Mai Po Marshes 

Nature Reserve, Hong Kong. Water Research, 41, 1303-1311. 

Lipiatou, E. and Saliot, A., 1991. Fluxes and transport of anthropogenic and natural 

polycyclic aromatic hydrocarbons in the western Mediterranean Sea. Marine 

Chemistry, 32, 51-71. 

Liu, S., Tao, S., Liu, W., Liu, Y., Dou, H., Zhao, J., Wang, L., Wang, J., Tian, Z. and 

Gao, Y., 2007. Atmospheric polycyclic aromatic hydrocarbons in North 

China: a winter-time study. Environmental Science & Technology, 41, 8256-

8261. 

Liu, S., Tao, S., Liu, W., Dou, H., Liu, Y., Zhao, J. and Gao, Y., 2008a. Seasonal and 

spatial occurrence and distribution of atmospheric polycyclic aromatic 

hydrocarbons (PAHs) in rural and urban areas of the North Chinese Plain. 

Environmental Pollution, 156(3), 651-656. 

Liu, Y., Chen, L., Jianfu, Z., Qinghui, H., Zhiliang, Z. and Hongwen, G., 2008b. 

Distribution and Sources of Polycyclic Aromatic Hydrocarbons in Surface 

Sediments of Rivers and an Estuary in Shanghai, China. Environmental 

Pollution, 154, 298-305. 

Liu, A., Lang, Y., Xue, L. and Liu, J., 2009. Ecological risk analysis of polycyclic 

aromatic hydrocarbons (PAHs) in surface sediments from Laizhou Bay. 

Environmental Monitoring and Assessment, 159, 429-436. 

Liu, L.Y., Wang, J.Z., Wei, G.L., Guan, Y.F. and Zeng, E.Y., 2012. Polycyclic 

aromatic hydrocarbons (PAHs) in continental shelf sediment of China: 

implications for anthropogenic influences on the coastal marine environment. 

Environmental Pollution, 167, 155-162. 

Liu, L.Y., Wang, J.Z., Wong, C.S., Qiu, J.W. and Zeng, E.Y., 2013. Application of 

multiple geochemical markers to investigate organic pollution in a dynamic 

coastal zone. Environmental Toxicology and Chemistry, 32, 312–319. 

Llamas, A., Al-Lal, A.-M., García-Martínez, M.-J., Ortega, M.F., Llamas, J.F., 

Lapuerta, M. and Canoira L., 2017. Polycyclic Aromatic Hydrocarbons 

(PAHs) produced in the combustion of fatty acid alkyl esters from different 

feedstocks: Quantification, statistical analysis and mechanisms of formation. 

Science of the Total Environment, 586, 446-456. 



© C
OPYRIG

HT U
PM

164 

 

Long, E., Macdonald, D., Smith, S. and Calder, F., 1995. Incidence of adverse 

biological effects within ranges of chemical concentrations in marine and 

estuarine sediments. Environmental Management, 19 (1), 81-97. 

Long, E.R., Field, L.J. and MacDonald, D.D., 1998. Predicting toxicity in marine 

sediments with numerical Sediment quality guidelines. Environmental 

Toxicology and Chemistry, 17 (4), 714-727. 

Long, E.R. and MacDonald, D.D., 1998. Recommended Uses of Empirically Derived, 

Sediment quality guidelines for Marine and Estuarine Ecosystems. 

Humanband Ecological Risk Assessment: An International Journal, 4 (5), 

1019-1039. 

Long, E.R., MacDonald, D.D., Severn, C.G. and Hong, C.B., 2000. Classifying 

probabilities of acute toxicity in marine sediments with empirically derived 

Sediment quality guidelines. Environmental Toxicology and Chemistry, 19 

(10), 2598-2601. 

Lourenço, R.A., Araujo Júnior, M.A.G., Meireles Júnior, R.O., Macena, L.F., de A. 

Lima, E.F. and Carneiro, M.E.R., 2013. Aliphatic and polycyclic aromatic 

hydrocarbons and trace elements as indicators of contamination status near oil 

and gas platforms in the Sergipe– Alagoas Basin (Southwest Atlantic Ocean). 

Continental Shelf Research, 71, 37-44. 

Luellen, D.R. and Shea, D., 2003. Semipermeable membrane devices accumulate 

conserved ratios of sterane and hopane petroleum biomarkers. Chemosphere, 

53, 705-713. 

Lukman, M., Balzer, W. and Jose, C., 2006. Polycyclic Aromatic Hydrocarbon (PAHs) 

pollution in coastal sediment from Riau Province, Indonesia. Extended 

Abstract. Proceeding. 

Lundstedt, S., Haglund, P. and Orberg, L., 2003. Degradation and formation of 

polycyclic aromatic compounds during bioslurry treatment of an aged 

gasworks soil. Journal of Environmental Toxicological Chemistry, 22, 1413-

1420. 

Luo, X.-J., Chen, S.-J., Ni, H.-G., Yu, M. and Mai, B.-X., 2008. Tracing sewage 

pollution in the Pearl River Delta and its adjacent coastal area of South China 

Sea using linear alkylbenzenes (LABs). Marine Pollution Bulletin, 56, 158-62. 

Ma, X., Ran, Y., Gong, J. and Zou, M., 2007. Concentrations and inventories of 

polycyclic aromatic hydrocarbons and organochlorine pesticides in watershed 

soil in the Pearl River Delta, China. Environmental Monitoring and 

Assessment, 145, 453-64. 

Macdonald, D.D., Carr, R.S., Calder, F.D., Long, E.R. and Ingersoll, C.G., 1996. 

Development and evaluation of Sediment quality guidelines for Florida coastal 

waters. Ecotoxicology, 5 (4), 253-278. 



© C
OPYRIG

HT U
PM

165 

 

MacDonald, D.D., Ingersoll, C.G. and Berger, T.A., 2000. Development and 

Evaluation of Consensus-Based Sediment quality guidelines for Freshwater 

Ecosystems. Archives of Environmental Contamination and Toxicology, 39 

(1), 20-31. 

Mackay, D., Shiu, W.Y. and Ma, K.C., 1992. Illustrated Handbook of Physical-

Chemical Properties and Environmental Fate for Organic Chemicals. Chelsea, 

Michigan: Lewis Publishers. 

Magam, S.M., Zakaria, M.P., Halimoon, N., Masood, N. and Alsalahi, M.A., 2012. 

Distribution of linear alkylbenzenes (LABs) in sediments of Sarawak and 

Sembulan Rivers Malaysia. Environment Asia, 5(1), 48-55. 

Magam, S.M., Zakaria, M.P., Halimoon, N., Aris, A.Z., Kannan, N., Masood, N., 

Mustafa, S.,  Alkhadher, S.A., Keshavarzifard, M., Vaezzadeh, V., Sani, M. 

and Latif, M.T., 2015. Evaluation of distribution and sources of sewage 

molecular marker (LABs) in selected rivers and estuaries of Peninsular 

Malaysia. Environmental Science and Pollution Research, 23(6), 5693-5704. 

doi 10.1007/s11356-015-5804-9. 

Magi, E., Bianco, R., Ianni, C. and Di Carro, M., 2002. Distribution of polycyclic 

aromatic hydrocarbons in the sediments of the Adriatic Sea. Environmental 

Pollution, 119, 91-98. 

Mahler, B.J., Van Metre, P.C., Bashara, T.J., Wilson, J.T. and Johns, D.A., 2005. 

Parking lot sealcoat: An Unrecognized Source of Urban Polycyclic Aromatic 

Hydrocarbons. Environmental Science and Technology, 39 (15), 5560-66. 

Mahro, B., Schaefer, G. and Kästner, M., 1994. Pathways of microbial degradation of 

polycyclic aromatic hydrocarbons in soil. in: Hinchee RE, Leeson A, Semprini 

L, Ong SK (Eds.), Bioremediation of Chlorinated and Polycyclic Aromatic 

Hydrocarbon Compounds CRC Press, Florida, 203-217. 

Mandalakis, M., Gustafsson, O., Reddy, C.M. and Xu, L., 2004. Radiocarbon 

apportionment of fossil versus biofuel combustion sources of polycyclic 

aromatic hydrocarbons in the Stockholm metropolitan area. Environmental 

Science and Technology, 38, 5344-5349. 

Manoli, E. and Samara, C., 1999. Polycyclic Aromatic Hydrocarbons in Natural 

Waters: Sources, Occurrence and Analysis. Trends in Analytical Chemistry, 

18, 417-428. 

Manoli, E., Samara, C., Konstantinou, I. and Albanis, T., 2000. Polycyclic aromatic 

hydrocarbons in the bulk precipitation and surface waters of Northern Greece. 

Chemosphere, 41, 1845-1855. 

Marr, L.C., Kirchstetter, T.W., Harley, R.A., Miguel, A.H., Hering, S.V and 

Hammond, S.K., 1999. Characterization of polycyclic aromatic hydrocarbons 

in motor vehicle fuels and exhaust emissions. Environmental Science and 

Technology, 33, 3091-3099. 



© C
OPYRIG

HT U
PM

166 

 

Martins, C.C., Ferreira, J.A., Taniguchi, S., Mahiques, M.M., Bícego, M.C. and 

Montone, R.C., 2008. Spatial distribution of sedimentary linear alkylbenzenes 

and faecal steroids of Santos Bay and adjoining continental shelf, SW 

Atlantic, Brazil: origin and fate of sewage contamination in the shallow 

coastal environment. Marine Pollution Bulletin, 56, 1353-1376. 

Martins, C.C., Bıcego, M.C., Mahiques, M.M., Figueira, R.C.L., Tessler, M.G. and 

Montone, R.C., 2010. Depositional history of sedimentary linear 

alkylbenzenes (LABs) in a large South American industrial coastal area 

(Santos Estuary, Southeastern Brazil). Environmental Pollution, 158, 3355-

3364. 

Martins, C.C., Aguiar, S.N., Bícego, M.C. and Montone, R.C., 2012. Sewage organic 

markers in surface sediments around the Brazilian Antarctic station: results 

from the 2009/10 austral summer and historical tendencies. Marine Pollution 

Bulletin, 64, 2867-2870. 

Maruya, K.A., Risebrough, R.W. and Horne, A.J., 1996. Partitioning of polynuclear 

aromatic hydrocarbons between sediments from San Fransisco Bay and their 

porewater. Environmental Science and Technology, 30, 2942-2947. 

Masiol, M., Hofer, A., Squizzato, S., Piazza, R., Rampazzo, G. and Pavoni, B., 2012. 

Carcinogenic and mutagenic risk associated to airborne particle-phase 

polycyclic aromatic hydrocarbons: A source apportionment. Atmospheric 

Environment, 60, 375-382. 

Masood, N., Zakaria, M.P., Ali, M.M., Magam, S.M., Alkhadher, S.A., Keshavarzifard, 

M., Vaezzadeh, V. and Hussein, M.A., 2014. Distribution of Petroleum 

Hydrocarbons in Surface Sediments from Selected Locations in Kuala 

Selangor River, Malaysia. A.Z. Aris et al. (eds.), From Sources to Solution. 

Springer, 351–356. doi:10.1007/978-981-4560-70-2_64, 351–356. 

Masood, N., Zakaria, M.P., Halimoon, N., Aris, A.Z., Magam, S.M., Kannan, N., 

Mustafa, S., Ali, M.M., Keshavarzifard, M., Vaezzadeh, V., Alkhadher, S.A. 

and Al-Odaini, N.A., 2016. Anthropogenic waste indicators (AWI) 

particularly PAHs and LABs in Malaysian sediments: application of aquatic 

environment for identifying anthropogenic pollution. Marine Pollution 

Bulletin, 102, 160-175. 

Masoud, M.S., Mahmoud, Th.H. and Abdel-halim, A.M., 2001. Chemical studies of 

El-Mex Bay, Alexandria. Proceeding of the Second Conference and 

Exhibition for Life and Environment, 3-5 April, Alexandria, 339-60. 

Massara Paletto, V., Commendatore, M.G. and Esteves, J.L., 2008. Hydrocarbon levels 

in sediments and bivalve mollusks from Bahía Nueva (Patagonia, Argentina): 

An assessment of probable origin and bioaccumulation factors. Marine 

Pollution Bulletin, 56(12), 2100-2105. 



© C
OPYRIG

HT U
PM

167 

 

Mastral, A.M. and Callen, M.S., 2000. A review on polycyclic aromatic hydrocarbon 

(PAH) emissions from energy generation. Environmental Science and 

Technology, 34, 3051-3057. 

Mazurek, M.A. and Simoneit, B.R.T., 1984. Characterization of biogenic and 

petroleum-drived organic matter in aerosols over remote, rural, and urban 

area. In: Identification and analysis of organic pollutants in air. Keith, L.H. 

(Ed.). Ann Arbor Science Woburn, MA, 353-370. 

McCarthy, B., 2003. Polycyclic aromatic hydrocarbons (PAHs) in urban runoff. The 

GEI MGP Reporter, 1-3. 

McCready, S., Slee, D.J., Birch, G.F. and Taylor, S.E., 2000. The Distribution of 

Polycyclic Aromatic Hydrocarbons in Surficial Sediments of Sydney Harbour, 

Australia. Marine Pollution Bulletin, 40 (11), 999-1006. 

Medeiros, P.M. and Bícego, M.C., 2004. Investigation of natural and anthropogenic 

hydrocarbon inputs in sediments using geochemical markers. II. São 

Sebastião, SP e Brazil. Marine Pollution Bulletin, 49, 761-769. 

Medeiros, P.M., Bícego, M.C., Castelao, R.M., Del Rosso, C., Fillmann, G. and 

Zamboni, A.J., 2005. Natural and anthropogenic hydrocarbon inputs to 

sediments of Patos Lagoon Estuary, Brazil. Environment International, 31, 77-

87. 

Mehta, K.V., 2010. Physicochemical characteristics and statistical study of 

groundwater of some places of vadgam taluka in banaskantha district of 

Gujarat State (India). Journal of Chemical and Pharmaceutical Research, 

2(4), 663-670. 

Menzie, C.A., Potocki, B.B. and Santodonato, J., 1992. Exposure to carcinogenic 

PAHs in the environment. Environmental Science and Technology, 26, 1278-

83. 

Mersch-Sundermann, V., Mochayedi, S. and Kevekordes, S., 1992. Genotoxicity of 

polycyclic aromatic hydrocarbons in Escherichia coli PQ37. Mutation 

Research, 278, 1-9. 

Meyers, P.A., and Ishiwatari, R., 1993. Lacustrine organic geochemistry—an overview 

of indicators of organic matter sources and diagenesis in lake sediments. 

Organic Geochemistry, 20(7), 867-900. 

Meyers, P.A. and Ishiwatari, R., 1995. Organic matter accumulation records in lake 

sediments. In: Physics and chemistry of lakes. Lerman, A., Imboden, D.M., 

Gat, J.R.  (Eds.). Springer, Berlin, 279-328. 

Meyers, P.A., 2003. Applications of organic geochemistry to paleolimnological 

reconstructions: a summary of examples from the Laurentian Great Lakes. 

Organic Geochemistry, 34(2), 261-289. 



© C
OPYRIG

HT U
PM

168 

 

Mai, B.X., Fu, J.M., Sheng, G.Y., Kang, Y.H., Lin, Z., Zhang, G., Min, Y.S. and Zeng, 

E.Y., 2002. Chlorinated and polycyclic aromatic hydrocarbons in riverine and 

esturine sediments from Pearl River Delta China. Environmental Pollution, 

117, 457-474. 

Minai-Tehrani, D., Minoui, S. and Herfatmanesh, A., 2009. Effect of salinity on 

biodegradation of polycyclic aromatic hydrocarbons (PAHs) of heavy crude 

oil in soil. Bulletin of Environmental Contamination and Toxicology, 82(2), 

179-184. doi:10.1007/s00128-008-9548-9. 

Mirsadeghi, S.A., 2010. Bioaccumulation and Hzard Assessment of Polycyclic 

Aromatic Hydrocarbons in Cockle (Anadara Granosa L.) From Selected 

Intertidal Mudflats of Peninsular Malaysia. PhD Thesis, Universiti Putra 

Malaysia. 

Mirsadeghi, S.A., Zakaria, M.P., Yap, C.K. and Shahbazi, A., 2011. Risk assessment 

for the daily intake of polycyclic aromatic hydrocarbons from the ingestion of 

cockle (Anadara granosa) and exposure to contaminated water and sediments 

along the west coast of Peninsular Malaysia. 

Journal of Environmental Sciences, 23, 336-345. 

Mirsadeghi, S.A., Zakaria, M.P., Yap, C.K. and Gobas, F., 2013. Evaluation of the 

potential bioaccumulation ability of the blood cockle (Anadara granosa) for 

assessment of environmental matrices of mudflats. Science of The Total 

Environment, 454, 584-597. 

Mitchell, P.K.K., Mills, G., Fisher–Niwa, G. and Eason-Landcare, C., 1998. Technical 

paper No. 37 Toxic. 

Mohamed, I.B. and Mohamed, A.E., 2010. Distribution of polycyclic aromatic 

hydrocarbons in drinking water in Egypt. Desalination, 251, 34-40. 

doi:10.1016/j.desal.2009.09.148. 

Mohammad, N.A., Mastura, S.S.A. and Akhir, J.M., 2007. Land use evaluation for 

Kuala Selangor, Malaysia using remote sensing and GIS technologies. 

GEOGRAFIA OnlineTM Malaysia Journal of Society and Space,3 (1-18) © 

2007, ISSN 2180-2491. 

Monza, L.B., Loewy, R.M., Savini, M.C. and Pechen de d’Angelo, A.M., 2013. 

Sources and distribution of aliphatic and polyaromatic hydrocarbons in 

sediments from the Neuquen River, Argentine Patagonia. Journal of 

Environmental Science and Health, Part A, 48(4), 370-379. 

MOOPAM, 1999. Manual of Oceanographic Observation and Pollutant Analyses 

Methods. 3rd edition. Regional Organization for Protection of the Marine 

Environment (ROPME), Kuwait. 

Morillo, E., Romero, A., Maqueda, C., Madrid, L., Ajmone-Marsan, F., Grcman, H., 

Davidson, C.M., Hursthouse, A.S. and Villaverde, J., 2007. Soil pollution by 



© C
OPYRIG

HT U
PM

169 

 

PAHs in urban soils: a comparison of three European cities. Environmental 

Monitoring and Assessment, 9(9),1001-1008. 

Morrison, R.T. and Boyd, R.N., 1992. Organic Chemistry (6th ed.). New Jersey: 

Prentice Hall, ISBN 0-13-643669-2. 

Mostafa, A.R., Wade, T.L., Sweet, S.T., Al-Alimi, A.K.A. and Barakat, A.O., 2009. 

Distribution and characteristics of polycyclic aromatic hydrocarbons (PAHs) 

in sediments of Hadhramout coastal area, Gulf of Aden, Yemen. Journal of 

Marine Systems, 78, 1-8. 

Motelay-Massei, A., Garban, B., Tiphagne-Larcher, K., Chevreuil, M. and Ollivon, D., 

2006. Mass balance for polycyclic aromatic hydrocarbons in the urban 

watershed of Le Havre (France): transport and fate of PAHs from the 

atmosphere to the outlet. Water Research, 40, 1995-2006. 

Mukherjee, P. and Viswanathan, S., 2001. Contributions to CO concentrations from 

biomass burning and traffic during haze episodes in Singapore, Atmospheric 

Environment, 35, 715–725. 

Nadal, M., Schuhmacher, M. and Domingo, J.L., 2004. Levels of PAHs in soil and 

vegetation samples from Tarragona County, Spain. Environmental Pollution, 

132(1), 1-11. 

Nash, R.G. and Hill, B.D., 1990. Modelling pesticide volatilization and soil decline 

under controlled conditions. In Long range transport of pesticides. ed. D. A. 

Kurtz. Lewis Publishers, Inc., Michigan, USA. 17-28. 

Nasher, E., Yook Heng, L. Zakaria, Z. and Surif, S., 2013. Concentrations and sources 

of polycyclic aromatic hydrocarbons in the seawater around Langkawi Island, 

Malaysia, Journal of Chemistry, Article ID 975781, 10 pages. 

Neff, J.M., 1985. Polycyclic Aromatic Hydrocarbons. In Fundamentals of Aquatic 

Toxicology, G. M. Rand and S. R. Petrocelli (Eds.). New York: Hemisphere 

Publishing Corporation, 416-454. 

Nelson, E., 2001. The miseries of passive smoking. Human Exposure Toxicology, 20, 

61-83. 

Neser, G., Kontas, A., Unsalan, D., Altay, O., Darilmaz, E., Uluturhan, E., 

Kucuksezgin, F., Tekogul, N. and Yercan, F., 2012. Polycyclic aromatic and 

aliphatic hydrocarbons pollution at the coast of Aliaga (Turkey) ship recycling 

zone. Marine Pollution Bulletin, 64, 1055-1059. 

Nicholls, P. and Ellis, J., 2002. Fringing habitats in estuaries: the sediments-mangrove 

connection. Water and Atmosphere, 10(4), 24-25. 

Nozar, S.L.M., Ismail, W.R. and Zakaria, M.P., 2014. Distribution, Sources 

Identification, and Ecological Risk of PAHs and PCBs in Coastal Surface 



© C
OPYRIG

HT U
PM

170 

 

Sediments from the Northern Persian Gulf. Human and Ecological Risk 

Assessment: An International Journal, 20, 1507-1520. 

NRC. 2003. National Research Council, Oil in the Sea III: Inputs, Fates, and Effects. 

National Academies Press, Washington, D.C., p. 280. 

NTP. 2005. National Toxicology Program. Report on Carcinogens, eleventh ed., Public 

Health Service, US. Department of Health and Human Services, Washington, 

D.C. 

Ni, H.G., Lu, F.H., Wang, J.Z., Guan, Y.F. and Zeng, E.Y., 2008. Linear alkylbenzenes 

in riverine runoff of the Pearl River Delta (China) and their application as 

anthropogenic molecular markers in coastal environments. Environmental 

Pollution, 154, 348-355. 

Ni, H.G., Shen, R.L., Zeng, H. and Zeng, E.Y., 2009. Fate of linear alkylbenzenes and 

benzothiazoles of anthropogenic origin and their potential as environmental 

molecular markers in the Pearl River Delta, South China. Environmental 

Pollution, 157, 3502-3507. 

Nielsen, T., Jorgensen, H.E., Larsen, J.C. and Poulsen, M., 1996. City air pollution of 

polycyclic aromatic hydrocarbons and other mutagens: occurrence, sources 

and health effects. Science of the Total Environment, 189(190), 41-49. 

Nisbet, I.C.T. and LaGoy, P.K., 1992. Toxic equivalency factors (TEFs) for polycyclic 

aromatic hydrocarbons (PAHs). Regulatory Toxicology and Pharmacology, 

16(3), 290-300. 

Notar, M., Leskovšek, H. and Faganeli, J., 2001. Composition, distribution and sources 

of polycyclic aromatic hydrocarbons in sediments of the Gulf of Trieste, 

Northern Adriatic Sea. Marine Pollution Bulletin, 42, 36-44. 

NPI. 2004. National Pollution Inventory, Polycyclic aromatic hydrocarbons. Available 

at http://www.npi.gov.au/database/substance-info/profiles/74.html. 

Nylund, L., Heikkila, P., Hameila, M., Pyy, L., Linnainmaa, K. and Sorsa, M., 1992. 

Genotoxic e€ ects and chemical composition of four creosotes. Mutation 

Research, 265, 223-236. 

Oen, A.M.P., Cornelissen, G. and Breedveld, G.D., 2006. Relation between PAH and 

black carbon contents in size fractions of Norwegian harbor sediments. 

Environmental Pollution, 141, 370-380. 

Ogogo, N.K., 2013. Characterisation and source apportionment of polycyclic aromatic 

hydrocarbons in the sediments of Brisbane River. Master thesis. Queensland 

University of Technology.  

Okuda, T., Kumata, H., Zakaria, M. P., Naraoka, H., Ishiwatari, R. and Takada, H., 

2002. Source identification of Malaysian atmospheric polycyclic aromatic 

http://www.nap.edu/


© C
OPYRIG

HT U
PM

171 

 

hydrocarbons nearby forest fires using molecular and isotopic compositions. 

Atmospheric Environment, 36, 611-618. 

Omar, N.-Y.-M.-J., Abas, M.-R.-B., Ketuly, K.-A. and Tahir, N.-Md., 2002. 

Concentrations of PAHs in atmospheric particles (PM-10) and road side soil 

particles collected in Kuala Lumpur, Malaysia. Atmospheric Environment, 36, 

247-254.  

Omar, N.-Y.-M.-J., Mon, T.-C., Rahman, N.-A. and Abas, M.-R.-B., 2006. 

Distributions and health risks of polycyclic aromatic hydrocarbons (PAHs) in 

atmospheric aerosols of Kuala Lumpur, Malaysia. Science of the Total 

Environment, 369, 76-81. 

O’Neill, P., 1997. Chemia srodowiska (Chemistry of the Environment). Warsaw, PL: 

Wydawnictwo Naukowe PWN. 

Ong, D.J., 2005. Land Use in the Selangor River: A Study on the Application and 

Strategy for Integrated River Basin Management, WWF Malaysia, Petaling 

Jaya. 

Onuska, F.I., 1989. Analysis of Polycyclic Aromatic Hydrocarbons in Environmental 

Samples: In Analysis of Trace Organics in the Aquatic Environment, B. K. 

Afghan and A. S. Y. Chau (Eds.). Boca Raton: CRC Press, 205-241, 

Oros, D.R., Ross, J.R., Spies, R.B. and Mumley, T., 2007. Polycyclic aromatic 

hydrocarbon (PAH) contamination in San Francisco Bay: a 10-year 

retrospective of monitoring in an urbanized estuary. Environmental Research, 

105, 101-118. 

OSPAR Commission. 2001. Draft OSPAR background document on Polycyclic 

Aromatic Hydrocarbons (PAH). 

Ouyang, Y., Zhang, J.E. and Ou, L.-T., 2006. Temporal and spatial distributions of 

sediment total organic carbon in an estuary river. Journal of Environmental 

Quality, 35, 93-100. 

Oyo-Ita, O.E., Ekpo, B.O. and Orosa, D.R., 2010. Distributions and sources of aliphatic 

hydrocarbons and ketones in surface sediments from the Cross River estuary, 

S.E. Niger Delta, Nigeria. Journal of Applied Sciences in Environmental 

Sanitation, 5 (1), 1-11. 

Page, D.S., Boehm, .PD., Douglas, G.S., Bence, A.E., Burns, W.A. and Mankiewicz, 

P.J., 1996. The natural petroleum hydrocarbon background in subtidal 

sediments of Prince William Sound, Alaska, USA. Environmental 

Toxicology and Chemistry, 15, 1266-1281. 

Page, D.S., P.D. Boehm, G.S. Douglas and A.E. Bence., 1995. Identification of 

Hydrocarbon Sources in the Benthic Sediments of Prince William Sound and 

the Gulf of Alaska Following the Exxon Valdez Oil Spill. In Exxon Valdez 

Oil Spill: Fate and Effects in Alaskan Waters ASTM Special Technical 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Ouyang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16391280
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=16391280
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ou%20LT%5BAuthor%5D&cauthor=true&cauthor_uid=16391280


© C
OPYRIG

HT U
PM

172 

 

Publication # 1219 (P. G. Wells, J. N. Butler and J. S. Hughes, ed.), American 

Society for Testing and Materials, Philadelphia, PA, 41-83. 

Peng, C., Chen, W., Liao, X., Wang, M., Ouyang, Z., Jiao, W. and Bai, Y., 2011. 

Polycyclic aromatic hydrocarbons in urban soils of Beijing: Status, sources, 

distribution and potential risk. Environmental Pollution, 159, 802-808. 

Patel, V. and Shah, K., 2013. Petroleum Hydrocarbon Pollution and its Biodegradation. 

International Journal of Chemtech Applications, 2 (3), 63-80. 

Pavlova, A., and Papazova, D., 2003. Oil-spill identification by gas chromatography-

mass spectrometry. Journal of chromatographic science,  41, 271-273. 

Pendoley, K., 1992. Hydrocarbons in Rowley Shelf (Western Australia) oysters and 

sediments. Marine Pollution Bulletin, 24, 210-215. 

Pereira, W.E., Hostettler, F.D., Luoma, S.N., Van Geen, A., Fuller, C.C. and Anima, 

R.J., 1999. Sedimentary record of anthropogenic and biogenic polycyclic 

aromatic hydrocarbons in San Francisco Bay, California. Marine Chemistry, 

64, 99-113. 

Perez, S., Marinel, La Farré , M., Garcia, M.J. and Barceló , D., 2001. Occurrence of 

polycyclic aromatic hydrocarbons in sewage sludge and their contribution to 

its toxicity in the ToxAlert® 100 bioassay, Chemosphere, 45(6-7), 705-712. 

Pérez-Fernández, B., Viñas, L., Franco, M.A. and Bargiela, J., 2015. PAHs in the Ría 

de Arousa (NW Spain): A consideration of PAHs sources and abundance. 

Marine Pollution Bulletin, 95, 155-165. 

Peters, K.E. and Moldowan, J.M., 1993. The Biomarker Guide: Interpreting molecular 

fossils in petroleum and ancient sediments; Prentice Hall, Englewood Cliffs, 

New Jersey, 363p. 

Peters, C.A., Knightes, C.D., Brown, D.G., 1999. Long-term composition dynamics of 

PAH-containing NAPLs and implications for risk assessment. Environmental 

Science & Technology, 33, 4499-4507. 

Peters, K.E., Walters, C.C. and Moldowan, J.M., 2005. The biomarker guide: 

biomarkers and isotopes in the environment and human history, Cambridge 

University Press. 

Phelps, H.L., 2000. DC AES Contaminated Anacostia Estuary Sediments: A 

Biomonitoring Approach, Final Technical Report District of Columbia Water 

Resources Research Center, Washington, DC. 

Philips, D.H., 1996. DNA adducts in human tissues: biomarkers of exposure to 

carcinogens in tobacco smoke. Environmental Health Perspectives, 104 (3), 

453-458. 



© C
OPYRIG

HT U
PM

173 

 

Phillips, D.H., 1999. Polycyclic aromatic hydrocarbons in the diet. Mutation Research, 

443(1-2), 139-47. 

Phuleria, H.C., Sheesley, R.J., Schauer, J.J., Fine, P.M. and Sioutas, C., 2007. Roadside 

measurements of size-segregated particulate organic compounds near gasoline 

and diesel-dominated freeways in Los Angeles, CA. Atmospheric 

Environment, 41 (22), 4653-4671. 

Piccardo, M., Coradeghini, R. and Valerio, F., 2001. Polycyclic aromatic hydrocarbon 

pollution in native and caged mussels. Marine Pollution Bulletin, 42, 951-956. 

Poynter, J.G. and Eglinton, G., 1990. Molecular composition of three sediments from 

hole 717C: the Bengal Fan. In: Cochran, J.R., Stow, D.A.V., et al. (Eds.), . In: 

Proceedings of the Ocean Drilling Program Scientific Results, 116, 155-161. 

Prabhukumar, G. and Pagilla, K., 2010. Polycyclic aromatic hydrocarbons in urban 

runoff– sources, sinks and treatment: A review. Department of Civil, 

Architectural and Environment Engineering, Institute of technology, Chicago, 

IL 2010. 

Prahl, F.G., Ertel, J.R., Goni, M.A., Sparrow, M.A. and Eversmeyer, B., 1994, 

Terrestrial organic carbon contributions to sediments on the Washington 

margin, Geochimica et Cosmochimica Acta, 58, 3035-3048. 

Prince, R.C., Elmendorf, D.L., Lute, J.R., Hsu, C.S., Halth, C.E., Senlus, J.D., Dechert, 

G.J., Douglas, G.S. and Butler, E.L., 1994. 17a(H),21a(H)-Hopane as a 

conservative internal marker for estimating the biodegradation of cruce oil. 

Environmental Science and Technology, 142-145. 

Qian, Y., Wade, T.L. and Sericano, J.L., 2001. Sources and bioavailability of 

polynuclear aromatic hydrocarbons in Galveston Bay, Texas. Estuaries, 24, 

817-827. 

Qiao, M., Wang, C., Huang, S., Wang, D. and Wang, Z., 2006. Composition, sources, 

and potential toxicological significance of PAHs in the surface sediments of 

the Meiliang Bay, Taihu Lake, China. Environment International, 32, 28-33. 

Raymundo, C.C. and Preston, M.R., 1992. The distribution of linear alkylbenzenes in 

coastal and estuarine sediments of western North Sea. Marine Pollution 

Bulletin, 24, 138-146. 

Raza, M., Zakaria, M.P. and Hashim, N.R., 2011. Hydrocarbon Contamination in 

Mangrove Sediment of Linggi River: A Pilot Study. in: Zakaria MP, 

Mohamed MI, Kasmin S (Eds.), Contemporary Environmental Quality 

Management in Malaysia and Selected Countries. Universiti Putra Malaysia 

Press, Serdang, 25-33. 

Raza, M., Zakaria, M.P., Hashim, N.R., Yim, U.H., Kannan, N. and Ha, S.Y. (2013). 

Composition and source identification of polycyclic aromatic hydrocarbons in 



© C
OPYRIG

HT U
PM

174 

 

mangrove sediments of Peninsular Malaysia: indication of anthropogenic 

input. Environmental Earth Sciences, 70(6), 2425-2436. 

Ravindra, K., Sokhi, R. and Grieken, R.V., 2008. Atmospheric polycyclic aromatic 

hydrocarbons: Source attribution, emission factors and regulation. 

Atmospheric Environment, 42, 2895-2921. 

Readman, J.W., Fillmann, G., Tolosa, I., Bartocci, J., Villeneuve, J.-P., Catinni, C. and 

Mee, L.D., 2002. Petroleum and PAH contamination of the Black Sea. Marine 

Pollution Bulletin, 44(1), 48-62. 

Reeves, W.R., Barhoumi, R., Burghardt, R.C., Lemke, S.L., Mayura, K., McDonald, 

T.J., Phillips, T.D. and Donnelly, K.C., 2001. Evaluation of methods for 

predicting the toxicity of polycyclic aromatic hydrocarbon mixtures. 

Environmental Science and Technology, 35, 1630-1636. 

Revill, A.T., Carr, M.R. and Rowland, S.J., 1992. Use of oxidative degradation 

followed by capillary gas chromatographymass spectrometry and multi 

dimensional scaling analysis to fingerprint unresolved complex mixtures of 

hydrocarbons. Journal of Chromatography, 589, 281-86. 

Retnam, A., Zakaria, M.P., Juahir, H., Aris, A.Z., Zali, M.A. and Kasim, M.F., 2013. 

Chemometric techniques in distribution, characterisation and source 

apportionment of polycyclic aromatic hydrocarbons (PAHS) in aquaculture 

sediments in Malaysia. Marine Pollution Bulletin, 69(1), 55-66. 

Rieley, G., Collier, R.J., Jones, D.M. and Eglinton, G., 1991. The biogeochemistry of 

Ellesmere Lake, UK I: source correlation of leaf wax inputs to the sedimentary 

record. Organic Geochemistry, 17, 901-912. 

Rinawati, K.T., Koike, H., Kurumisawa, R., Ito, M., Sakurai, S., Togo, A., Saha, M., 

Arifin, Z. and Takada, H., 2012. Distribution, source identification, and 

historical trends of organic micro pollutants in coastal sediment in Jakarta Bay 

Indonesia. Journal of Hazardous Materials, 2017–218, 208-216. 

Rockne, K.J., Shor, L.M., Young, L.Y., Taghon, G.L. and Kosson, D.S., 2002. 

Distribution sequestration and release of PAHs in weathered sediment: the role 

of sediment structure and organic carbon properties. Environmental Science 

and Technology, 36, 2636-2644. 

Rogge, W.F., Hildemann, L.M., Mazurek, M.A., Cass, G.R. and Simoneit, B.R.T., 

1993. Sources of fine organic aerosol. 2. Noncatalyst and catalyst-equipped 

automobiles and heavy-duty diesel trucks. Environmental Science and 

Technology, 27, 636-651. 

Safari, M., Zakaria, M.P., Mohamed, C.A.R., Lajis, N.H., Chandru, K., Bahry, P.S. and 

Anita, S., 2010. The history of petroleum pollution in Malaysia; urgent need 

for integrated prevention approach. Environment Asia, 3, 131-142. 



© C
OPYRIG

HT U
PM

175 

 

Saha, M., Togo, A., Mizukawa, K., Murakami, M., Takada, H., Zakaria, M.P., Chiem, 

N.H., Tuyen, B.C., Prudente, M. and Boonyatumanond, R., 2009. Sources of 

sedimentary PAHs in tropical Asian waters: Differentiation between pyrogenic 

and petrogenic sources by alkyl homolog abundance. Marine Pollution 

Bulletin, 58, 189-200. 

Sakari, M., Zakaria, M.P., Junos, M.B.M., Annuar, N.A., Yun, H.Y., Heng, Y.S., Syed 

Zainuddin, S.M.H. and Chai, K.L., 2008a. Spatial distribution of petroleum 

hydrocarbon in sediments of major rivers from east coast of peninsular 

Malaysia. Estuarine and Coastal Marine Science, 31(1), 9-18. 

Sakari, M., Zakaria, M.P., Lajis, N.H., Mohamed, C.A.R., Bahry, P.S. and Anita, S., 

2008b. Characterization, distribution, sources and origins of aliphatic 

hydrocarbons from surface sediment of Prai Strait, Penang, Malaysia: A 

widespread anthropogenic input. Environment Asia, 2, 1-14. 

Sakari, M., Zakaria, M.P., Mohamed, C.A.R., Lajis, N.H., Chandru, K., Bahry, P.S., 

Mokhtar, M.B. and Shahbazi, A., 2010. Urban vs. Marine based oil pollution 

in the strait of Johor, Malaysia: a century record. Soil Sediment Contam, 19, 

644-666. 

Sakari, M. and Zakaria, M.P., Mohamed, C.A.R., Lajis, N.H., Abdullah, M.H., 

Shahbazi, A., 2011. Polycyclic Aromatic Hydrocarbons and Hopane in 

Malacca Coastal Water: 130 Years of Evidence for Their Land-Based Sources. 

Environmental Forensics, 12, 63-78. 

Sakari, M. and Zakaria, M.P., 2013. Distribution, Characterization and Origins of 

Polycyclic Aromatic Hydrocarbons (PAHs) in Surficial Sediment of Penang, 

Malaysia: The Presence of Fresh and Toxic Substances. World Applied 

Sciences Journal, 23. 

Sanger, D.M., Holland, A.F. and Scott, G.I., 1999. Tidal creek and salt marsh 

sediments in South Carolina coastal estuaries: II. Distribution of organic 

contaminants. Archives of Environmental Contamination and Toxicology, 37, 

458-71. 

Savinov, V.M., Savinova, T.N., Matishov, G.G., Dahle, S. and Næs, K., 2003. 

Polycyclic aromatic hydrocarbons (PAHs) and organochlorines (OCs) in 

bottom sediments of the Guba Pechenga, Barents Sea, Russia. Science of 

The Total Environment, 306 (1–3), 39-56. doi:10.1016/S0048-9697(02)00483-

7. 

Sawidis, T. and Bellos, D., 2005. Chemical pollution monitoring of the River Pinios 

(Thessalia-Greece). Journal of Environmental Management, 76, 282-292. 

Schoellhamer, D.H., William, H.M. and Ashish, J.M., 2000. Influence of salinity, 

bottom topography, and tides on locations of estuarine turbidity maxima in 

northern San Francisco Bay. Proceedings in Marine Science, Elsevier, 343-

357. 



© C
OPYRIG

HT U
PM

176 

 

Schumacher, B.A., 2002. Methods for the determination of total organic carbon (TOC) 

in soils and sediments. Ecological Risk Assessment Support Center, 1-23. 

Schwarzenbach, R.P., Gschwend, P.M. and Imboden, D.M., 2003. Environmental 

Organic Chemistry. (2nd edition). New York: John Wiley. 

Shahbazi, A., 2009. Green-Lipped Mussels (Perna Viridis) as Biomarkers of Petroleum 

Hydrocarbon Contamination in Selected Coastal Waters of Peninsular 

Malaysia. PhD Thesis, Universiti Putra Malaysia. 

Shahbazi, A., Zakaria, M.P., Yap, C.K., Surif, S., Bakhtiari, A.R., Chandru, K., Bahry, 

P.S. and Sakari, M., 2010a. Spatial distribution and sources of polycyclic 

aromatic hydrocarbons (PAHs) in green mussels (Perna viridis) from coastal 

areas of Peninsular Malaysia: implications for source identification of 

perylene. Int. Journal Environmental Toxicology and Chemistry, 90, 14-30. 

Shahbazi, A., Zakaria, M.P., Yap, C.K., Tan, S.G., Surif, S., Mohamed, C.A.R., Sakari, 

M., Bakhtiari, A.R., Bahry, P.S. and Chandru, K., 2010b. Use of different 

tissues of Perna viridis as biomonitors of polycyclic aromatic hydrocarbons 

(PAHs) in the coastal waters of Peninsular Malaysia. Environmental 

Forensics, 11, 248-263. 

Shaw, M., Tibbetts, I.R. and Mueller, J.F., 2004. Monitoring PAHs in the Brisbane 

River and Moreton Bay, Australia, using semipermeable membrane devices 

and EROD activity in yellowfin bream, Acanthopagrus australis. 

Chemosphere, 56, 237-246. 

Sherblom, P.M., Gschwend, P.M. and Eganhouse, R.P., 1992. Aqueous solubilities, 

vapor pressures, and 1-octanol-water partition coefficients for C9-C14 linear 

alkylbenzenes. Journal of Chemical & Engineering Data, 37, 394-399. 

Shi, Z., Tao, S., Pan, B., Fan, W., He, X. C. and Zuo, Q., 2005. Contamination of rivers 

in Tianjin, China by polycyclic aromatic hydrocarbons. Environmental 

Pollution, 134(1), 97-111. doi:10.1016/j.envpol.2004.07.014. 

Short, J.W., Irvine, G.V., Mann, D.H., Maselko, J.M., Pella, J.J., Lindeberg, M.R., 

Payne, J.R., Driskell, W.B. and Rice, S.D., 2007. Slightly weathered Exxon 

Valdez oil persists in gulf of Alaska beach sediments after 16 years. 

Environmental Science and Technology, 41, 1245-1250. 

Silva, T.R., Lopes, S.R.P., Spörl, G., Knoppers, B.A. and Azevedo, D.A., 2012. Source 

characterization using molecular distribution and stable carbon isotopic 

composition of n-alkanes in sediment cores from the tropical Mundaú–

Manguaba estuarine–lagoon system, Brazil. Organic Geochemistry, 53, 25-33. 

Silliman, J.E., Meyers, P.A., Eadie, B.J. and Val Klump, J., 2001. A hypothesis for the 

origin of perylene based on its low abundance in sediments of Green Bay, 

Wisconsin. Chemical Geology, 177, 309-322. 



© C
OPYRIG

HT U
PM

177 

 

Simcik, M.F., Eisenreich, S.J., Golden, K.A., Liu, S.P., Lipiatou, E., Swackhamer, D.L. 

and Long, D.T., 1996. Atmospheric loading of polycyclic aromatic 

hydrocarbons to Lake Michigan as recorded in the sediments. Environmental 

Science and Technology, 30, 3039-3046. 

Simoneit, B.R.T., 1982. Some applications of computerized GC-MS to the 

determination of biogenic and anthropogenic organic matter in the 

environment. Intern. Environmental Toxicology and Chemistry, 12, 177-193. 

Simoneit, B.R.T., Sheng, G., Chen, X., Fu, J., Zhang, H. and Xu, Y., 1991. Molecular 

marker study of extractable organic matter in aerosols from the urban areas of 

China. Atmospheric Environment, 25A, 2111-2129. 

Simoneit, B.R.T., 2002. Biomass burning—a review of organic tracers for smoke from 

incomplete combustion. Applied Geochemistry, 17(3), 129-162. 

Simpson, C.D., Harrington, C.F., Cullen, W.R., Bright, D.A. and Reimer, K.J., 1998. 

Polycyclic aromatic hydrocarbon contamination in marine sediments near 

Kitimat, British Columbia. Environmental Science & Technology, 32, 3266-

3272. 

Singh, S.N., Kumari, B. and Mishra, S., 2012. Microbial degradation of alkanes. In 

Microbial Degradation of Xenobiotics, Springer, 439-469.  

Skupinska, K., Misiewicz, I. and Kasprzycka-Guttman, T., 2004. Polycyclic aromatic 

hydrocarbons: physiochemical properties, environmental appearance and 

impact on living organisms. Acta Poloniae Pharmaceutica, 61(3), 233-40. 

Soclo, H.H., Garrigues, P. and Ewald, M., 2000. Origin of Polycyclic Aromatic 

Hydrocarbons (PAHs) in Coastal Marine Sediments: Case Studies in Cotonou 

(Benin) and Aquitaine (France) Areas. Marine Pollution Bulletin, 40 (5), 387-

396. 

Solomons, Graham T.W., 1996. Organic chemistry. 6th ed. New York : John Wiley and 

Sons, xxvii, 121. ISBN 0-471- 01342-0. 

Sosrowidjojo, I.B., Alexander, R. and Kagi, P., 1994. The biomarker composition of 

some crude oils from Sumatra. Organic Geochemistry, 21, 303-312. 

Sprovieri, M., Feo, M.L., Prevedello, L., Manta, D.S., Sammartino, S. and Tamburrino, 

S., 2007. Heavy metals, polycyclic aromatic hydrocarbons and polychlorinated 

biphenyls in surface sediments of the Naples harbour (southern Italy). 

Chemosphere, 67, 998-1009. 

Srogi, K., 2007. Human exposure to polycyclic aromatic hydrocarbons (PAHs) from 

coke plant. Air Protection Waste Problem, 2, 45-51. 

Suhaila, J., Deni, S.M., Zin, WZ.W. and Jemain, A.A., 2010. Trends in Peninsular 

Malaysia rainfall data during the southwest monsoon and northeast monsoon 

seasons: 1975-2004. Sains Malaysia, 39, 533-542. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwiBwLrpzfjSAhUIWLwKHV60AxgQFgglMAI&url=http%3A%2F%2Fjournals.indexcopernicus.com%2FActa%2BPoloniae%2BPharmaceutica%2B-%2BDrug%2BResearch%2Cp3483%2C3.html&usg=AFQjCNGdLzeIYtZYD216_xCdt7qL81PiXA&sig2=5-PmBPNz3kJBhst4HnRW0w


© C
OPYRIG

HT U
PM

178 

 

Sullivan, J.B., Krieger and G.R., eds., 2001. Clinical environmental health and toxic 

exposures. 2nd ed. Philadelphia, PA: Lippincott Williams and Wilkins, p. 

1241. 

Sun, J. H., Wang, G. L., Chai, Y., Zhang, G., Li, J. and Feng, J., 2009. Distribution of 

polycyclic aromatic hydrocarbons (PAHs) in Henan Reach of the Yellow 

River, Middle China. Ecotoxicology and Environmental Safety, 72(5), 1614-

1624. https://doi.org/10.1016/j.ecoenv.2008.05.010. 

Stout, S.A. and Uhler, A.D., 2003. Distinguishing “background” hydrocarbons from 

contamination using chemical fingerprinting. Environmental Claims Journal, 

15(2), 241-259. 

Stout, S.A., Uhler, A.D. and Emsbo-Mattingly, S.D., 2004. Comparative evaluation of 

background anthropogenic hydrocarbons in sur ficial sediments from nine 

urban waterway. Environmental Science and Technology, 38 (11), 2987-2994. 

Tahir, N.M., Fadzil, M.F., Ariffin, J., Maarop, H. and Wood, A.K.H.J., 2011. Sources 

of polycylic aromatic hydrocarbons in mangrove sediments of pulau cik wan 

dagang, kemaman. Journal of Sustainability and Science Management, 6(1), 

98–106. 

Takada, H. and Ishiwatari, R., 1990. Biodegradation experiments of linear 

alkylbenzenes (LABs): isomeric composition of C12 LABs as an indicator of 

the degree of LAB degradation in the aquatic environment. Environmental 

Science and Technology, 24(1), 86-91. 

Takada, H., Onda, T. and Ogura, N., 1990. Determination of polycyclic aromatic 

hydrocarbons in urban street dusts and their source materials by capillary gas 

chromatography. Environmental Science and Technology, 24, 1179-1186. 

Takada, H., Onda, T., Harada, M. and Ogura, N., 1991. Distribution and sources of 

polycyclic aromatic hydrocarbons (PAHs) in street dust from the Tokyo 

Metropolitan area. Science of the Total Environment, 107, 45-69. 

Takada, H., Ishiwatari, R. and Ogura, N., 1992. Distribution of linear alkylbenzenes 

(LABs) and linear alkylbenzenesulphonates (LAS) in Tokyo Bay sediments. 

Estuarine Coastal and Shelf Science, 35 (2), 141-156. 

Takada, H., Farrlngton, J.W., Bothner, M.H., Johnson, C.G. and Tripp, B.W., 1994. 

Transport of sludge-derived organic pollutants to deep-sea sediments at Deep 

Water Dump Site 106. Environmental Science and Technology, 28, 1062-

1072. 

Takada, H., Satoh, F., Bothner, M.H., Tripp, B.W., Johnson, C.G. and Farrington, J.W., 

1997. Anthropogenic Molecular Markers: Tools To Identify the Sources and 

Transport Pathways of Pollutants. American Chemical Society, 671, 178-195. 

http://pubs.acs.org/author/Takada%2C+Hideshige
http://pubs.acs.org/author/Satoh%2C+Futoshi
http://pubs.acs.org/author/Bothner%2C+Michael+H.
http://pubs.acs.org/author/Tripp%2C+Bruce+W.
http://pubs.acs.org/author/Johnson%2C+Carl+G.
http://pubs.acs.org/author/Farrington%2C+John+W.


© C
OPYRIG

HT U
PM

179 

 

Takada, H. and Eganhouse, RP., 1998. Molecular markers of anthropogenic waste. In: 

Meyers, RA. (Ed.), Encyclopedia of Environmental Analysis and 

Remediation. Wiley, New York, 2883-2940. 

Tam, N.F.Y., Ke, L., Wang, X.H. and Wong, Y.S., 2001. Contamination of polycyclic 

aromatic hydrocarbons in surface sediments of mangrove swamps. 

Environmental Pollution, 114 (2), 255-263. 

Tanner, B.R., Uhle, M.E., Mora, C.I., Kelley, J.T., Schuneman, P.J., Lane, C.S. and 

Allen, E.S., 2010. Comparison of bulk and compound-specific δ13C analyses 

and determination of carbon sources to salt marsh sediments using n-alkane 

distributions (Maine, USA). Estuarine Coastal and Shelf Science, 86, 283-

291. 

Thia-Eng, C., Gorre, I.R.L., Adrian Ross, S., Bernad, S.R., Gervacio, B. and Corazon 

Ebarvia, M., 2000. The Malacca Straits. Marine Pollution Bulletin, 41 (1-6), 

160-178. 

Tsymbalyuk, K.K., Den’ga, Y.M., Berlinsky, N.A. and Antonovich, V.P., 2011. 

Determination of 16 priority polycyclic aromatic hydrocarbons in bottom 

sediments of the Danube estuarine coast by GC/MS, Geo-Eco-Marina 

17/2011, 67-72. 

Tiwari, M., Sahu, S., Bhangare, R., Ajmal, P. and Pandit, G., 2012. Estimation of 

polycyclic aromatic hydrocarbons associated with size segregated combustion 

aerosols generated from household fuels. Microchemical Journal. 

Tolosa, I., De Mora, S., Sheikholeslami, M.R., Villeneuve, J.P., Bartocci, J. and 

Cattini, C., 2004. Aliphatic and aromatic hydrocarbons in coastal Caspian Sea 

sediments. Marine Pollution Bulletin, 48(1), 44-60. 

Tran, K., Yu, C.C. and Zeng, E.Y., 1997. Organic pollutants in the coastal environment 

off San Diego, California. 2. Petrogenic and biogenic sources of aliphatic 

hydrocarbons. Environmental Toxicology and Chemistry, 16, 189-195. 

 

Tsai, P., Hoenicke, R., Yee, D., Bamford, H. A. and Baker, J. E., 2002. Atmospheric 

concentrations and fluxes of organic compounds in the northern San Francisco 

Estuary. Environmental Science and Technology, 36, 4741-4747. 

Tsutsumi, S., Yamaguchi, Y., Nishida, I., Akiyama, K.-I., Zakaria, M.P. and Takada, 

H., 2002. Alkylbenzenes in mussels from South and South East Asian coasts 

as a molecular tool to assess sewage impact. Marine Pollution Bulletin, 45, 

325-331. 

USEPA. 1993. Provisional Guidance for Quantitative Risk Assessment of Polycyclic 

Aromatic Hydrocarbons, EPA/600/R-93/089. Washington, DC: Office of 

Research and Development, US Environment Protection Agency. 

USEPA. 2003. Integrated Risk Information System (IRIS). US Environmental 

Protection Agency. <http://www.epa.gov/iris/> (10.07.12). 



© C
OPYRIG

HT U
PM

180 

 

USEPA. 2007. Method 8270D. Semivolatile Organic Compound by Gas 

Chromatography/Mass Spectrometry (GCMS) Revision 4, February 2007. 

Vaezzadeh, V., Zakaria, M.P., Mustafa, S., Ibrahim, Z.Z., Shau-Hwai, A.T., 

Keshavarzifard, M., Magam, S.M. and Masood, N., 2014. Distribution of 

Polycyclic Aromatic Hydrocarbons (PAHs) in Sediment from Muar River and 

Pulau Merambong, Peninsular Malaysia. A.Z. Aris et al. (eds.), From Sources 

to Solution, 451-455. 

Vaezzadeh, V., Zakaria, M.P., Mustafa, S., Ibrahim, Z.Z., Shau-Hwai, A.T., 

Keshavarzifard, M., Magam, S.M. and Alkhadher, S.A.A., 2015a. Source type 

evaluation of polycyclic aromatic hydrocarbons (PAHs) in surface sediments 

from the Muar River and Pulau Merambong, Peninsular Malaysia. 

Environmental Forensic, 16, 135-142. 

Vaezzadeh, V., Zakaria, M.P., Shau-Hwai, A.T., Ibrahim, Z.Z., Mustafa, S., Jahromi, 

F. A., Masood, N., Magam, S.M. and Alkhadher, S.A.A., 2015b. Forensic 

investigation of aliphatic hydrocarbons in the sediments from selected 

mangrove ecosystems in the west coast of Peninsular Malaysia. Marine 

Pollution Bulletin, 100, 311–320. 

Van Brummelen, T.C., Van Gestel, C.A.M. and Verweij, R.A., 1996. Long-Term 

toxicity of five polycyclic aromatic hydrocarbons for the terrestial isopods 

Oniscus Asellus and Porcellio Scaber. Environmental Toxicology and 

Chemistry, 15, 1199-1210. 

Van Metre, P.C., Mahler, B.J. and Furlong, E.T., 2000. Urban sprawl leaves its PAH 

signature. Environmental Science and Technology, 34, 4064-4070. 

Van Schooten, F.-J., 1996. Coal tar therapy: is it carcinogenic? Drug Safety, 6, 374-7. 

Vane, C.H., Harrison, I. and Kim, A.W., 2007. Polycyclic aromatic hydrocarbons 

(PAHs) and polychlorinated biphenyls (PCBs) in sediments from the Mersey 

Estuary, U.K. Science of The Total Environment, 374, 112-126. 

Veyrand, B., Sirot, V., Durand, S., Pollono, C., Marchand, P. and Dervilly-Pinel, G., 

2013. Human dietary exposure to polycyclic aromatic hydrocarbons: results of 

the second French Total Diet Study. Environment International, 54, 11-17. 

Viguri, J., Verde, J. and Irabien, A., 2002. Environmental assessment of polycyclic 

aromatic hydrocarbons (PAHs) in surface sediments of the Santander Bay, 

Northern Spain. Chemosphere, 48, 157-165. doi:10.1016/S0045-

6535(02)00105-4. 

Viñas, L., Angeles Franco, M., Antonio Soriano, J., José González, J., Pon, J. and 

Albaigés, J., 2010. "Sources and distribution of polycyclic aromatic 

hydrocarbons in sediments from the Spanish northern continental shelf. 

Assessment of spatial and temporal trends. Environmental Pollution, 158 (5), 

1551-1560. 

https://www.researchgate.net/profile/Fatemeh_Abootalebi_Jahromi


© C
OPYRIG

HT U
PM

181 

 

Volkman, J.K., Holdsworth, D.G., Neill, G.P. and Bavor Jr, H.J., 1992. Identification 

of natural, anthropogenic and petroleum hydrocarbons in aquatic sediments. 

Science of the Total Environment, 112(2), 203-219. 

Volkman, J.K., Revill, A.T., Murray, A.P., 1997. Applications of biomarkers for 

identifying sources of natural and pollutant hydrocarbons in aquatic 

environments. In: ACS Symposium Series, 1997. Washington, DC: American 

Chemical Society, 110-132. 

Wagrowski, D.M. and Hites, R.A., 1997. Polycyclic aromatic hydrocarbon 

accumulation in urban, suburban, and rural vegetation. Environmental Science 

and Technology, 3, 279-282. 

Wakeham, S.G., 1996. Aliphatic and polycyclic aromatic hydrocarbons in Black Sea 

sediments. Marine Chemistry, 53, 187-205. 

Wang, Z., Fingas, M. and Sergy, G., 1994. Study of 22-year-old Arrow oil samples 

using biomarker compounds by GC/MS. Environmental Science and 

Technology, 28, 1733-1746. 

Wang, Z. and Fingas, M., 1999. Identification of the Source(s) of Unknown Spilled 

Oils. Environment Canada Arctic and Marine Oil Spill Program Technical 

Seminar (AMOP) Proceedings, Volume: 22. DOI: 10.7901/2169-3358-1999-

1-211. 

Wang, X.-C., Zhang, Y.-X. and Chen, R.F., 2001. Distribution and partitioning of 

polycyclic aromatic hydrocarbons (PAHs) in different size fractions in 

sediments from Boston Harbor, United States. Marine Pollution Bulletin, 42, 

1139-1149. 

Wang, Y., Field, R.D. and Roswintiarti, O., 2004. Trends in atmospheric haze induced 

by peat fires in Sumatra Island, Indonesia and El Niño phenomenon from 1973 

to 2003. Geophysical Research Letters, 31 (4), L04103. 

Wang, Z., Stout, S.A. and Fingas, M., 2006. Forensic fingerprinting of biomarkers for 

oil spill characterization and source identification. Environmental Forensics, 

7(2), 105-146. 

Wang, Z. and Stout, S.A., 2007. Oil Spill Environmental Forensics. Fingerprint and 

Source Identification. Academic Press, Waltham. ISBN: 9780123695239. 

Wang, Z., Yang, C., Fingas, M., Hollebone, B., Yim, U.H. and Oh, J.R., 2007. 

Petroleum biomarker fingerprinting for oil spill characterization and source 

identification. In Oil Spill Environmental Forensics, ed. Wang, Z. and Stout, 

S.A. London: Academic Press, 73-14. 

Wang, Z. and Brown, C., 2009. Chemical fingerprinting of petroleum hydrocarbons. 

In: Mudge SM (ed) Methods in environmental forensics. CRC Press, Boca 

Raton, FL, 43-112. 



© C
OPYRIG

HT U
PM

182 

 

Wang, H.-S., Liang, P., Kang, Y., Shao, D.-D., Zheng, G.J., Wu, S.-C., Wong, C.K.C. 

and Wong, M.H., 2010. Enrichment of polycyclic aromatic hydrocarbons 

(PAHs) in mariculture sediments of Hong Kong. Environmental Pollution, 

158, 3298-3308. 

Wang, C., Sun, H., Chang, Y., Song, Z. and Qin, X., 2011. Polycyclic aromatic 

hydrocarbons distribution in sediments associated with gas hydrate and oil 

seepage from the Gulf of Mexico. Marine Pollution Bulletin, 62, 2714-2723. 

Wang, Y., Li, X., Li, B.H., Shen, Z.Y., Feng, C.H. and Chen, Y.X., 2012. 

Characterization, sources, and potential risk assessment of PAHs in surface 

sediments from nearshore and farther shore zones of the Yangtze estuary, 

China. Environmental Science Pollution Research, 19, 4148-4158. 

Wang, J.-Z., Zhang, K. and Liang, B., 2012c. Tracing urban sewage pollution in 

Chaohu Lake (China) using linear alkylbenzenes (LABs) as a molecular 

marker. Science of Total Environment, 414, 356-363. 

Wang, C., Li, F., Shi, H., Jin, Z., Sun, X., Zhang, F., Wu, F. and Kan, S., 2013. The 

significant role of inorganic matters in preservation and stability of soil 

organic carbon in the Baoji and Luochuan loess/paleosol profiles, Central 

China. CATENA, 109, 186-194. 

Wang, J.-Z., Chen, T.-H., Zhu, C.-Z. and Peng, S.-C., 2014. Trace organic pollutants in 

sediments from Huaihe River, China: Evaluation of sources and ecological 

risk. Journal of Hydrology, 512, 463-469. 

Waples, D.W. and Machihara, T., 1991. Biomarkers for geologists. Tulsa, Oklahoma: 

American Association of Petroleum Geologists, 91-99. 

Wei, G.L., Liu, L.Y., Bao, L.J. and Zeng, E.Y., 2014a. Tracking anthropogenic 

influences on the continental shelf of China with sedimentary linear 

alkylbenzenes (LABs). Marine Pollution Bulletin, 80: 80–87. 

Wei, G.L., Bao, L.J., Guo, L.C., He, Z.C., Wu, F.C. and Zeng, E.Y., 2014b. Utility of 

soil linear alkylbenzenes to assess regional anthropogenic influences with 

special reference to atmospheric transport. Science of Total Environment, 487, 

528–536. doi:10.1016/j.scitotenv.2014.04.067. 

Weinstein, J.E., Crawford, K.D., Garner, T.R. and Flemming, A.J., 2010. Screening-

level ecological and human health risk assessment of polycyclic aromatic 

hydrocarbons in stormwater detention pond sediments of Coastal South 

Carolina, USA. Journal of Hazardous Materials, 178(1-3), 906-916. 

doi:10.1016/j.jhazmat.2010.02.024. 

Westerholm, R., Almén, J., Li, H., Rannug, U. and Rosén, Å., 1992. Exhaust emissions 

from gasoline-fuelled light duty vehicles operated in diferent driving 

conditions: a chemical and biological characterization. Atmospheric 

Environment, 26B(1), 79-90. 

http://www.sciencedirect.com/science/article/pii/S0341816213000817
http://www.sciencedirect.com/science/article/pii/S0341816213000817
http://www.sciencedirect.com/science/article/pii/S0341816213000817
http://www.sciencedirect.com/science/article/pii/S0341816213000817
http://www.sciencedirect.com/science/article/pii/S0341816213000817
http://www.sciencedirect.com/science/article/pii/S0341816213000817
http://www.sciencedirect.com/science/article/pii/S0341816213000817
http://www.sciencedirect.com/science/journal/03418162
http://www.sciencedirect.com/science/journal/03418162/109/supp/C


© C
OPYRIG

HT U
PM

183 

 

Wilcke, W., Amelung, W., Martius, C., Garcia, M.V.B. and Zech, W., 2000. Biological 

sources of polycyclic aromatic hydrocarbons (PAHs) in the Amazonian rain 

forest. Journal of Plant Nutrition and Soil Science, 163(1), 27-30. 

Wild, S.R., and Jones, K.C., 1995.  Polynuclear aromatic hydrocarbons in the United 

Kingdom environment: a preliminary source inventory and budget. 

Environmental Pollution, 88(1), 91-108. 

Witt, G., 1995. Polycyclic aromatic hydrocarbons in water and sediment of the Baltic 

Sea. Marine Pollution Bulletin,  31, 237-248. 

Witt, G. and Trost, E., 1999. Polycyclic aromatic hydrocarbons (PAHs) in sediments of 

the Baltic Sea and of the German coastal waters. Chemosphere, 38(7), 1603–

1614. 

Woodhead, R.J., Law, R.J. and Matthiessen, P., 1999. Polycyclic aromatic 

hydrocarbons in surface sediments around England and Wales, and their 

possible biological significance. Marine Pollution Bulletin, 83(9): 773-790. 

Xu, J., Yu, Y., Wang, P., Guo, W., Dai, S. and Sun, H., 2007. Polycyclic aromatic 

hydrocarbons in the surface sediments from Yellow River, China. 

Chemosphere, 67: 1408-1414. 

Yang, H.-H. and Chen, C.-M., 2004. Emission inventory and sources of polycyclic 

aromatic hydrocarbons in the atmosphere at a suburban area in Taiwan. 

Chemosphere, 56, 879-887. 

Yang, H-H., Jung, R-C., Wang, Y-F. and Hsieh, L-T., 2005. Polycyclic aromatic 

hydrocarbons emission from joss paper furnaces. Atmospheric Environment, 

39, 3305-3312. 

Yang, Y. and T. Hofmann., 2009. Aqueous accelerated solvent extraction of native 

polycyclic aromatic hydrocarbons (PAHs) from carbonaceous river floodplain 

soils. Environmental Pollution, 157(10), 2604-2609. 

Yang, H-H., Chien, S-M., Lo, M-Y., Lan, J.C-W., Lu, W-C. and Ku, Y-Y., 2007a. 

Effects of biodiesel on emissions of regulated air pollutants and polycyclic 

aromatic hydrocarbons under engine durability testing. Atmospheric 

Environment, 41, 7232-7240. 

Yang, C.R., Lin, T.C. and Chang, F.H., 2007b. Particle size distribution and PAH 

concentrations of incense smoke in a combustion chamber. Environmental 

Pollution, 145(2), 606-615. 

Ye, B., Zhang, Z. and Mao, T., 2006. Pollution sources identification of polycyclic 

aromatic hydrocarbons of soils in Tianjin area, China. Chemosphere, 64:525-

34. 



© C
OPYRIG

HT U
PM

184 

 

Yim, U.H., Hong, S.H., Shim, W.J., Oh, J.R. and Chang, M., 2005. Spatio-temporal 

distribution and characteristics of PAHs in sediments from Masan Bay, Korea. 

Marine Pollution Bulletin, 50 (3), 319-326. 

Youngblood, W.W. and Blumer, M., 1975. Polycyclic aromatic hydrocarbons in the 

environment: homologous series in soils and recent marine sediments. 

Geochimica et Cosmochimica Acta, 39, 1303-1314. 

Yunker, M.B., Macdonald, R.W., Vingarzan, R., Mitchell, R.H., Goyette, D. and 

Sylvestre, S., 2002. PAHs in the Fraser River basin: a critical appraisal of 

PAH ratios as indicators of PAH source and composition. Organic 

Geochemistry, 33 (4), 489-515. 

Zaghden, H., Kallel, M., Louati, A., Elleuch, B., Oudot, J. and Saliot, A., 2005. 

Hydrocarbons in surface sediments from the Sfax coastal zone (Tunisia), 

Mediterranean Sea. Marine Pollution Bulletin, 50 1287-1294. 

Zakaria, M. P., Horinouchi, A. I., Tsutsumi, S., Takada, H., Tanabe, S. and Ismail, A. 

2000. Oil pollution in the Straits of Malacca, Malaysia: Application of 

molecular markers for source identification. Environmental Science and 

Technology, 34(7), 1189-1196. 

Zakaria, M.P., Okuda, T. and Takada, H., 2001. Polycyclic aromatic hydrocarbon 

(PAHs) and hopanes in stranded tar-balls on the coasts of Peninsular 

Malaysia: applications of biomarkers for identifying sources of oil pollution. 

Marine Pollution Bulletin, 42, 1357-1366. 

Zakaria, M. P., Takada, H., Tsutsumi, S., Ohno, K., Yamada, J., Kouno, E. and 

Kumata, H., 2002. Distribution of polycyclic aromatic hydrocarbons (PAHs) 

in rivers and estuaries in Malaysia: a widespread input of petrogenic PAHs. 

Environmental Science & Technology, 36(9), 1907–1918. 

Zakaria, M.P., Geik, K.H., Lee, W.Y. and Hayet, R., 2005. Landfill leachate as a 

source of polycyclic aromatic hydrocarbons (PAHs) to Malaysian waters. 

Estuarine and Coastal Marine Science, 29, 116-123. 

Zakaria, M.P. and Mahat, A.A., 2006. Distribution of polycyclic aromatic hydrocarbon 

(PAHs) in sediments in the Langat Estuary. Coastal Marine Science, 30, 387-

395. 

Zemo, D.A., 2009. Use of parent polycyclic aromatic hydrocarbon (PAH) proportions 

to attribute PAH sources in sediments: a case study from the Pacific 

Northwest. Environment Forensics, 10(3), 229-239. 

Zeng, E.Y. and Vista, C.L., 1997. Organic pollutants in the coastal environment off San 

Diego, California. 1. Source identification and assessment by compositional 

indices of polycyclic aromatic hydrocarbons. Environmental Toxicology and 

Chemistry, 16, 179-188. 



© C
OPYRIG

HT U
PM

185 

 

Zhang, J., Chai, L., Yuan, D. and Chen, M., 2004. Distribution and sources of 

polynuclear aromatic hydrocarbons in mangrove superficial sediments of Deep 

bay, China. Marine Pollution Bulletin, 49, 479–486. 

Zhang, H., Y. Luo, M. Wong, Q. Zhao, and G. Zhang. 2006. Distributions and 

concentrations of PAHs in Hong Kong soils. Environmental Pollution, 141(1), 

107-114. 

Zhang, Y. and Tao, S., 2009. Global atmospheric emission inventory of polycyclic 

aromatic hydrocarbons (PAHs) for 2004. Atmospheric Environment, 43, 812-

819. doi:10.1016/j. atmosenv.2008.10.050. 

Zhang, K., Wang, J.Z., Liang, B., Shen, R.L. and Zeng, E.Y., 2012.  Assessment of 

aquatic wastewater pollution in a highly industrialized zone with sediment 

linear alkylbenzenes. Environmental Toxicology and Chemistry, 31, 724-730. 

Zhao, H., Yin, C., Chen, M., Wang, W., Chris, J. and Shan, B., 2009. Size distribution 

and diffuse pollution impacts of PAHs in street dust in urban streams in the 

Yangtze River Delta. Journal of Environmental Sciences, 21(2), 162–167. 

Zhao, X., Ding, J. and You  H., 2014. Spatial distribution and temporal trends of 

polycyclic aromatic hydrocarbons (PAHs) in water and sediment from 

Songhua River, China. Environmental Geochemistry and Health, 36, 131-143. 

doi:10.1007/s10653-013-9524-0. 

Zheng, G.J., Lam, M.H.W., Lam, P.K.S., Richardson, B.J., Man, B.K.W., Li, A.M.Y., 

2000. Concentrations of Persistent Organic Pollutants in Surface Sediments of 

the Mudfat and Mangroves at Mai Po Marshes Nature Reserve, Hong Kong. 

Marine Pollution Bulletin, 40 (12), 1210-1214. 

Zheng, G.J., Man, B.K.W., Lam, J.C.W., Lam, M.H.W. and Lam, P.K.S., 2002. 

Distribution and sources of polycyclic aromatic hydrocarbons in the sediments 

of a sub-tropical coastal wetland. Water Research, 36 (6), 1457-1468. 

Zhou, J.L. and Maskaoui, K., 2003. Distribution of polycyclic aromatic hydrocarbons 

in water and surface sediments from Daya Bay, China. Environmental 

Pollution, 121, 269-281. 

Zhu Y., Liu H., Cheng H., Xi Z., Liu X. and Xu X., 2005. The distribution and source 

apportionment of aliphatic hydrocarbons in soils from the outskirts of Beijing. 

Organic Geochemistry, 36, 475-483. 

Zielinska, B., Sagebiel, J., Arnott, W.P., Rogers, C.F., Kelly, K.E., Wagner, D.A., 

Lighty, J.S., Sarofim, A.F. and Palmer, G., 2004. Phase and size distribution 

of polycyclic aromatic hydrocarbons in diesel and gasoline vehicle emissions. 

Environmental Science and Technology, 38, 2557-2567. 

Zmirou, D., Masdet, P., Boudet, C., Dor, F. and Dechenaux, J., 2000. Personal 

exposure to atmospheric polycyclic aromatic hydrocarbons in a general adult 



© C
OPYRIG

HT U
PM

186 

 

population and lung cancer risk assessment. Journal of Occupational 

Environmental Medicine, 42, 121-126. 

Zuydam, C.S.V., 2007. Determination of polycyclic aromatic hydrocarbons (PAHs) 

resulting from wood storage and wood treatment facilities for electricity 

transmission in Swaziland, M.Sc. Thesis, University of South Africa, 112P. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	Blank Page
	Blank Page
	Blank Page
	Blank Page



