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

of the requirement for the Degree of Doctor of Philosophy 
 

 

DETERMINATION OF SELECTED HEAVY METALS BY STABLE ISOTOPE 

APPROACH OF FOOD WEB ASSEMBLAGE IN INTERTIDAL MANGROVE 

ECOSYSTEM, SUNGAI PULOH, SELANGOR, MALAYSIA. 

 

By 

 

UDECHUKWU BEDE EMEKA 

 

January 2016 

 

 

Chair      :  Prof. Ahmad Ismail, PhD 

Faculty  :     Science 

 

 

The mangroves of Sungai Puloh which supports a great diversity of macro benthic 

organism and provides social benefits to the local community is becoming a major 

recipient of the anthropogenic contaminants as a result of industrialization, expansion of  

population, and urbanization. This study was conducted to evaluate the concentrations, 

contamination extent, distribution and mobility, and pollution status of heavy metals 

(Cd, Cu, Ni, Pb, Zn and Fe) in intertidal surface sediment of this mangrove area. The 

speciation profile of these heavy metals as well as the sediment total organic carbon 

(TOC) and pH were also determined. This work also elucidated the heavy metal levels 

in the food web structure and trophic dynamics of macrobenthic organisms in this area. 

Forty two surface sediment samples were collected from 14 stations representing 4 

group sites of possible different anthropogenic sources, and selected macro fauna were 

randomly collected. The four stage sequential extraction technique (SET) was employed 

to investigate the heavy metal distribution pattern, while the Risk assessment Criteria 

Code (RAC) was applied to estimate the metals bioavailability and implication to food 

chain. And the stable isotope ratio technique was used to determine the trophic 

positions, dynamics and material flow. The heavy metals concentrations were analyzed 

using atomic absorption spectrophotometer and the result were presented in µg/g, except 

for Fe in %. Interim Sediment Quality Guidelines (ISQG) and different contamination 

indices were employed to determine the quality of surface sediment. The mean values of 

analyzed metals were below both the ISQG-low and ISQG-high except for Pb 

concentration that is above ISQG-low, and Zn concentration which is above ISQG-high 

suggesting Pb and Zn may pose some environmental concern. Pollution Load Index 

(PLI) indicated deterioration and other indices revealed that the surface sediment is 

moderately polluted with Cd, Pb, and Zn. Chemical speciation depicted the non-residual 

fractions of Cd 53%, Ni 51%, and Pb 43.91% to be at the borderline for remobilization. 

Based on the RAC, Pb and Ni in Sg. Puloh ecosystem pose low risk, while Cd and Zn 

showed a higher risk to enter into the food chain. The findings of high Pb concentrations 

in fiddler crabs which are ubiquitous in this study area, and the elevated levels of Pb in 

catfish which is commercial seafood and a good source of protein to the local 

community makes Pb the most incriminating contaminant in the study area. With the 

help of stable isotope ratios of δ13C and δ15N analysis, two distinct food chains and four 

trophic positions were determined, with catfish occupying the highest trophic level. By 

using catfish as a model for trophic web system, stable isotope analysis showed that the 
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carbon source for catfish is discretely from fiddler crabs, complementing the idea that 

uca annulipes found in the stomach content is its staple food. Generally, we concluded 

that increased anthropogenic activities through industrialization and urbanization 

impact, and as well lead to heavy metal contamination in Sungai Puloh mangrove 

estuary through the release of untreated or poorly/ improperly treated effluents. And 

these heavy metals contamination are evidenced in the food web of Sg. Puloh mangrove. 

However, the seafood in Sg. Puloh is considered safe for human consumption yet, Pb is 

considered to be the element of much concern, and therefore should be strictly 

monitored.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk Ijazah Doktor Falsafah 
 

 

MENENTUKAN LOGAM BERAT YANG TERPILIH OLEH PENDEKATAN 

ISOTOP STABIL BAGI HIMPUNAN JARINGAN MAKANAN DI EKOSISTEM 

PASANG SURUT BAKAU, SUNGAI PULOH, SELANGOR, MALAYSIA. 

 

Oleh 

 

UDECHUKWU BEDE EMEKA 

 

Januari 2016 

 

 

Pengerusi :  Prof. Ahmad Ismail, PhD 

Fakulti      :  Sains 

 

 

Paya Bakau Sungai Puloh menyokong pelbagai kepelbagaian organisma bentik dan 

menyediakan keperluan sosial kepada komuniti tempatan telah menjadi penerima utama 

dalam bahan cemar anthropogenik yang merupakan hasil dari perindustrian, 

perkembangan populasi dan pembandaran. Kajian ini dijalankan untuk menilai 

kepekatan, perlanjutan bahan pencemar, taburan dan pergerakkan serta status 

pencemaran logam berat (Cd, Cu, Ni, Pb, dan Fe) di permukaan pasang surut sedimen 

yang terdapat di kawasan paya bakau ini. Profil penspesiesan logam berat dan juga 

jumlah organic karbon sedimen (TOC) dan pH telah dikenalpasti. Kajian ini juga 

menjelaskan tahap logam berat dalam rantaian makanan dan trofik dinamik organisma 

makrobentik di kawasan tersebut. Empat puluh dua sampel sedimen permukaan telah 

dikumpulkan dari 14 stesen mewakili 4 kumpulan kawasan yang keberangkalian adalah 

daripada sumber anthropogenic yang berbeza dan makrofauna yang terpilih secara 

rawak telah dikutip. Empat fasa teknik pengekstrakan berjujukan (SET) telah 

digunapakai dalam mengkaji corak taburan logam berat, sementara Kod Kriteria 

Penilaian Risiko (RAC) telah di aplikasikan untuk menganggarkan bioketersediaan dan 

kesannya terhadap rantaian makanan. Teknik nisbah isotope stabil telah digunakan 

dalam mengenalpasti posisi trofik, dinamik dan aliran bahan. Kepekatan logam berat 

dianalisa menggunakan Spektrofotometer Serapan Atom (AAS) dan hasil dapatan di 

bentangkan dalam unit µg/g kecuali Fe iaitu dalam bentuk %. Garis Panduan Kualiti 

Interim Sedimen (ISQG) dan pelbagai indeks pencemaran telah diguna pakai dalam 

menentukan kualiti sedimen permukaan. Nilai purata logam yang telah dianalisa adalah 

berada di tahap bawah kedua-dua indeks ISQG-rendah and ISQG-tinggi kecuali 

kepekatan Pb iaitu di atas bacaan ISQG-rendah dan kepekatan Zn adalah melebihi 

bacaan ISQG-tinggi mencadangkan bahawa  Pb dan Zn boleh menyebabkan kesan 

terhadap persekitaran. Indeks beban pencemaran (PLI) menunjukkan kemerosotan dan 

indekss lain mendedahkan bahawa sedimen permukaan adalah sederhana tercemar 

dengan Cd, Pb dan Zn. Penspesiesan kimia menggambarkan pecahan bukan sisa Cd 

53%, Ni 51%, dan Pb 43.91% berada di atas garsian remobilisasi. Berdasarkan RAC, Pb 

dan Ni di ekosistem Sungai Puloh terdedah kepada risiko yang rendah  manakala, Cd 

dan Zn menunjukkan risiko yang  tinggi terhadap rantaian makanan. Penemuan 

kepekatan Pb yang tinggi dalam ketam kepiting yang banyak didapati di kawasan kajian 

dan bacaan Pb yang tinggi di dalam ikan duri yang juga merupakan makanan  laut 

komersial dan juga sumber protein yang baik kepada komuniti tempatan menjadikan Pb 
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bahan pencemar yang merbahaya di kawasan ini. Dengan menggunakan analisis nisbah 

δ13C dan δ15N isotope stabil, dua rantaian makanan yang berbeza dan empat posisi trofik 

telah dikenalpasti dan ikan duri tergolong dalam posisi trofik yang tertinggi. Dengan 

menggunakan ikan duri sebagai model system jaringan trofik, seiring dengan idea “uca 

annulipes” ditemui kandungan perutnya yang merupakan makanan ruji. Secara 

keseluruhannya, peningkatan aktiviti anthropogenik melalui kesan perindustrian dan 

pembandaran dan juga merujuk kepada pencemaran logam berat di muara paya bakau 

Sungai Puloh melalui pelepasan sisa buangan yang tidak diselenggara dan dirawat 

dengan baik. Malah, pencemaran logam berat ini adalah dibuktikan di dalam jaringan 

makanan paya bakau Sungai Puloh. Walaubagaimanapun, makanan laut Sungai Puloh 

masih lagi selamat bagi pengambilan manusia dan Pb dianggap unsur yang mendapat 

banyak perhatian dan sepatutnya diawasi secara berkala.  
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TOC  Total organic carbon   

Ti  Toxic response factor for a given substance   

TTF  Trophic Transfer Factor   

TBT  Trybutyltin   

USD

A 

 United States Department of Agriculture   

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

1 

 

CHAPTER 1 

 

 

INTRODUCTION 

 
 

Elemental contamination in coastal areas arising from rapid urbanization and 

industrialization has become an increasing worldwide concern, because this 

ecosystem receives anthropogenic and industrial wastes. These wastes which are bio- 

accumulative, toxic and persistent include heavy metals. Heavy metals are 

introduced to the aquatic environment and accumulate in sediments by several 

pathways via natural and anthropogenic processes (Akoto et al. 2008). These 

processes include disposal of liquid effluents, runoffs and leachates, surface soil 

erosion, bioturbation, dredging, water drainage, atmospheric deposition, and 

indiscriminate use of heavy metal-bearing fertilizer and pesticides in agricultural 

fields (Soares et al. 1999; Yang and Rose 2005; Nouri et al. 2008).  One of the most 

affected ecosystems in coastal areas is the mangrove ecosystem.  

 

 

Mangrove ecosystem is important for wild life, fisheries and aquacultural initiatives. 

This unique ecosystem has been known as nursery areas for juvenile fishes, 

crustaceans and marine life; they also provide refuge to numerous macrobenthic 

organisms from their predators during low tide. The mangrove ecosystem as 

ecotones between terrestrial/ freshwater and marine environment (Vane et al. 2009) 

makes it a good trap zone against sea and land debris. The mangrove ecosystem is 

one of the world‘s major productive ecosystems because they are key ecological 

habitats that link terrestrial and marine environments (Vane et al. 2009). Mangroves 

are unique systems that have the potentials to stabilize shore lines, trap sediments, 

and improve shore line protection (Bosire et al. 2008). The intertidal mud flats of 

this ecosystem sustain a good diversity of marine organisms including catfish, 

mudskippers, gastropods, crabs, barnacles, rodong shell, mullet, mussels monitor 

lizard, migratory shorebirds and aquaculture products (principally fish and prawn) 

which are commonly consumed in South-East Asia (Bayen et al. 2005; Hashim et al. 

2010).  

 

 

However, today‘s mangrove ecosystem has been subjected to intense and continuous 

chemical anthropogenic inputs resulting from increased urbanization and 

industrialization. Among the major chemical contaminants from anthropogenic 

inputs are heavy metals (MacFarlane, 2002). The surface sediments of mangrove 

ecosystem have become significantly polluted with heavy metals, especially in 

coastal regions near urban areas and harbors (Loring and Rantala 1992).  A greater 

percentage of these heavy metals, which are released into aquatic systems, are 

quickly taken up by plankton (Sanders and Riedle, 1998; Wang and Guo, 2000) and 

are adsorbed to suspended particulate matter, which eventually settles down and 

becomes incorporated into bottom sediments. Heavy metals can be mobilized from 

sediment if there is a change in physicochemical properties such as acidification, 

redox potential, or organic ligand concentrations (Kelderman et al. 2000; Yuan et al. 

2004) and consequently result in trophic transfer to detritivores and other higher 

level trophic organisms in the food web. These bioaccumulative elements may 
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produce toxic effects on various biological levels (cell – tissue – organ – organism –

system), e.g. by disturbing the permeability in the cell membrane, the formation of 

hormones, or the structure and the formation of regulating proteins. The toxic effect 

could lead to limited biodiversity, reduction in food intake and impaired growth of 

mangrove organisms. In addition, the accumulation of heavy metals in sediments can 

produce harmful effects on the biota living in them (Harikumur and Nasir, 2010; 

Joksimovic et al. 2011). The determination of source and material flow of these 

contaminants especially heavy metals in the mangrove food web system has been 

elusive until the advent of stable isotope analysis of consumer tissue which has 

provided a valuable tool to assist in the interpretation of levels of contaminants in 

food webs (Kidd, 1998). Animals are related isotopically due to isotopic diet-tissue 

discriminating factor. This is primarily due to stable isotope ratios (δ
13
C and δ

15
N) 

measurement on consumers indicate both food sources and trophic information of an 

individual. In particular δ
13

C and δ
15

N have been used by some researchers to 

examine trophic dynamics in the food web system (Wada et al. 1993; Lajitha and 

Michener, 1994; Larsson et al. 2007; Whitteveen et al. 2011).  

 

 

Malaysia being one the fast developing countries in the world is threatened with 

intense anthropogenic activities, and therefore increased chemical foot print as a 

result of increasing population, industrialization and urbanization is expected in her 

coastal areas. Sungai Puloh mangrove ecosystem which supports a variety of marine 

and terrestrial life for economic purposes is situated in the state of Selangor in West 

coast of Peninsular Malaysia. As a result of its location this mangrove accumulate 

materials discharged from the nearby sea (Straits of Malacca) during tides, solid 

wastes from the nearby communities, and heavy metal contaminants through boating 

and agricultural activities, effluents and metallic anthropogenic wastes disposed 

from nearby light industries, and domestic works. In order to protect and conserve 

this fragile ecosystem, a complete understanding of mangrove environment and 

evaluation of anthropogenic inputs of various heavy metals is essential. This 

understanding could be achieved through the examination and study of sediment 

quality to reveal the pollutant variations, degradations and cycles, and their chronic 

effects on water pollution, since sediment quality has been recognized as an 

important indicator of water pollution, owing to the fact that they act as pool for 

contaminants (Santos et al. 2003). It is also of paramount importance to have 

detailed information on the potential availability of metals to biota under various 

environmental conditions, and trophic transfer mechanism. Since bioavailability and 

biological toxicity critically depends upon the chemical form in which a metal is 

available in the sediment, it is essential to determine and monitor metal speciation in 

surface sediments (Davutluoglu et al. 2010). There are no studies assessing 

anthropogenic influences on sediment chemical composition, bioavailability and 

trophic positions in the food web of intertidal Sungai Puloh mangrove which is one 

of the major productive mangrove ecosystems with great biodiversity in west 

Peninsula Malaysia.  

 

 

Therefore there is an imminent need to identify the main anthropogenic sources of 

heavy metals, material flow and trophic positions of macrobenthic organisms in this 

intertidal mangrove area, and determine the most threatening contaminant element to 

the benthic organisms. The scope of the research is to determine the concentrations, 
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sources, pollution status, and biolavailability of Cd, Cu, Pb, Ni, Zn, and Fe, in 

surface sediments, and the biological samples. Also to characterize the trophic 

positions of these biological samples viz: mudskipper- Periophthalmodon schlosseri, 

catfish  - Osteogeniosus militaris, gastropoda – Telescopium telescopium; Nerita 

nerita, bivalvia - Polymesoda coaxans,  crustacea - Penaus monodon, crab - Uca  

annulipes,  Dotilla myctiroides, zooplanktons and phytoplanktons in the food web 

structure of Sungai Puloh intertidal mangrove ecosystem. 

 

 

1.1 Aims and Objectives 

 

1. To investigate the distribution and concentration levels of selected heavy 

metals and stable isotopes in intertidal surface sediment and selected flora 

and fauna in Sungai Puloh mangrove ecosystem. 

 

2. To identify the sources of selected heavy metals found in Sungai Puloh 

mangrove ecosystem. 

 

3. To characterize the trophic levels of selected flora and fauna in Sungai Puloh 

mangrove ecosystem by using stable isotopes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

94 

 

BIBLIOGRAPHY 

 

 

Abrantes, K., & Sheaves, M. (2009). Food web structure in a near-pristine mangrove 

area of the Australian Wet Tropics. Estuarine, Coastal and Shelf Science, 

82(4), 597-607.  

Abrantes, K., & Sheaves, M. (2010). Use of a δ13C–δ15N relationship to determine 

animal trophic positions in a tropical Australian estuarine wetland. Austral 

Ecology, 35(1), 96-103.  

Abu-Hilal, A. H. (1987). Distribution of trace elements in nearshore surface 

sediments from the Jordan Gulf of Aqaba (Red Sea). Marine Pollution 

Bulletin, 18(4), 190-193.  

Agoramoorthy, G., Chen, F.-A., & Hsu, M. J. (2008). Threat of heavy metal 

pollution in halophytic and mangrove plants of Tamil Nadu, India. 

Environmental Pollution, 155(2), 320-326.  

Agrawal, P., Mittal, A., Prakash, R., Kumar, M., Singh, T., & Tripathi, S. (2010). 

Assessment of contamination of soil due to heavy metals around coal fired 

thermal power plants at Singrauli region of India. Bulletin of Environmental 

Contamination and Toxicology, 85(2), 219-223.  

Aguilar, N. M., Ishimatsu A., Ogawa, K., Huat, K.K. (2000). Aerial ventilatory 

responses of the mudskipper, Periophthalmodon schlosseri, to altered aerial 

and aquatic respiratory gas concentrations Comparative Biochemistry and 

Physiology Part A, 27(285–292).  

Agusa, T., Kunito, T., Yasunaga, G., Iwata, H., Subramanian, A., Ismail, A., Tanabe, 

S. (2005). Concentrations of trace elements in marine fish and its risk 

assessment in Malaysia. Marine Pollution Bulletin, 51(8-12), 896-911.  

Akoto, O., Bruce, T., & Darko, G. (2008). Heavy metals pollution profiles in streams 

serving the Owabi reservoir. African Journal of Environmental Science and 

Technology, 2(11), 354-359.  

Al-Aasm, I., Clarke, J., & Fryer, B. (1998). Stable isotopes and heavy metal 

distribution in Dreissena polymorpha (zebra mussels) from western basin of 

Lake Erie, Canada. Environmental Geology, 33(2-3), 122-129.  

Alagarsamy, R. (2006). Distribution and seasonal variation of trace metals in surface 

sediments of the Mandovi estuary, west coast of India. Estuarine, Coastal 

and Shelf Science, 67(1), 333-339.  

Alam, L., & Mohamed, C. A. R. (2011). Natural radionuclide of Po210 in the edible 

seafood affected by coal-fired power plant industry in Kapar coastal area of 

Malaysia. Environ. Health, 10(4).  

Alatorre, L. C., Sánchez-Carrillo, S., Miramontes-Beltrán, S., Medina, R. J., Torres-

Olave, M. E., Bravo, L. C., . . . Sánchez, E. (2016). Temporal changes of 

NDVI for qualitative environmental assessment of mangroves: Shrimp 



© C
OPYRIG

HT U
PM

95 

 

farming impact on the health decline of the arid mangroves in the Gulf of 

California (1990–2010). Journal of Arid Environments, 125, 98-109.  

Alcicek, Z., & omar Balaban, M. (2012). Quantification of the color of Whole Tiger 

Prawns (Penaeus monodon, Farbicious 1798). International Journal of food 

and nutrition science, 1(4).  

Aller, R. C. (1994). Bioturbation and remineralization of sedimentary organic 

matter: effects of redox oscillation. Chemical Geology, 114, 331–345.  

Alongi, D., Sasekumar, A., Chong, V., Pfitzner, J., Trott, L., Tirendi, F., . . . 

Brunskill, G. (2004). Sediment accumulation and organic material flux in a 

managed mangrove ecosystem: estimates of land–ocean–atmosphere 

exchange in peninsular Malaysia. Marine Geology, 208(2), 383-402.  

Alongi, D. M. (2002). Present state and future of the world's mangrove forests. 

Environmental conservation, 29(03), 331-349.  

Alongi, D. M. (2007). Mangrove forests: resilience, protection from tsunamis, and 

responses to global climate change. Estuarine and Coastal Shelf Science, 76, 

1– 13  

Alongi, D. M. (2007). Mangrove forests: resilience, protection from tsunamis, and 

responses to global climate change. Estuarine and Coastal Shelf Science, 76, 

1– 13.  

Ambak, M. A., Mansor, M. I., Mohd-Zaidi, Z. & Mazlan, A.-G. ( 2010 ). ―Fishes of 

Malaysia‖. Publisher Universiti Malaysia Terengganu. 344 pp.  

Amin, B., Ismail, A., Arshad, A., Yap, C. K., & Kamarudin, M. S. (2009). 

Anthropogenic impacts on heavy metal concentrations in the coastal 

sediments of Dumai, Indonesia. Environmental monitoring and assessment, 

148(1), 291-305.  

Amin, B., Ismail, A., & Yap, C. (2008). Distribution and speciation of Zn and Pb in 

coastal sediments of Dumai Sumatera, Indonesia. Toxicological & 

Environmental Chemistry, 90(3), 609-623.  

Asthon, E. C., Macintosh, D.J, Hogarth, P.J. (2003). A base line study of diversity 

and community ecology of crab and molluscca macrofauna in the Semantan 

Mangrove forest, Sarawak, Malaysia. Journal of Tropical Ecology, 19(127-

142).  

Babji, A., Embong, M., & Woon, W. (1979). Heavy metal contents in coastal water 

fishes of West Malaysia. Bulletin of environmental contamination and 

toxicology, 23(1), 830-836.  

Badri, M., & Aston, S. (1983). Observations on heavy metal geochemical 

associations in polluted and non-polluted estuarine sediments. Environmental 

Pollution Series B, Chemical and Physical, 6(3), 181-193.  

Barceloux, D. G., & Barceloux, D. (1999). Nickel. Clinical Toxicology, 37(2), 239-

258.  



© C
OPYRIG

HT U
PM

96 

 

Bayen, S., Wurl, O., Subramanian, K., KAE SHING WONG, K., Sivasothi, N., & 

Obbard, J. P. (2005). Heavy metal contamination in mangrove habitats of 

Singapore. Marine Pollution Bulletin, 50(12), 1732-1738.  

Bendell-Young, L., Harvey, H.H. (1991). Metal concentrations chromids in relation 

to the geochemical characteristics of surficial sediments. Archives of 

Environmental Contamination and Toxicology, 21, 202-211.  

Benson, S., Lennard, C., Maynard, P., & Roux, C. (2006). Forensic applications of 

isotope ratio mass spectrometry—a review. Forensic science international, 

157(1), 1-22.  

Berger, B., Dallinger, R. (1993). Terrestrial sails as a quantitative indicators of 

environmental pollution. Environmental Monitoring Assessessment, 25: 65-

84.  

Berntssen, M. H. G., Lundebye, A. K., Maage, A. (1999 ). Effects of elevated dietary 

copper concentrations on growth, feed utilization and nutritional status of 

Atlantic salmon (Salmo salar L.) fry. Aquaculture, 174 (1-2), 167–181.  

Birch, G. (2003). A scheme for assessing human impacts on coastal aquatic 

environments using sediments. In C. D. Woodcoffe, & R. A. Furness (Eds.). 

Coastal GIS, Wollongong University Papers in Center for Marinetime 

Pollicy,14, Austrailia. Retrieved from 

http://www.ozestuaries.org/indicators/DEF_sedement_scheme.html.  

Bosire, J. O., Dahdouh-Guebas, F., Walton, M., Crona, B., Lewis III, R. R., Field, 

C., & Koedam, N. (2008). Functionality of restored mangroves: a review. 

Aquatic Botany, 89(2), 251-259.  

Bouillon, S., Borges, A. V., Castañeda‐Moya, E., Diele, K., Dittmar, T., Duke, N. 

C., . . . Middelburg, J. J. (2008). Mangrove production and carbon sinks: a 

revision of global budget estimates. Global Biogeochemical Cycles, 22(2).  

Bouillon, S., Koedam, N., Raman, A.V., Deharis, F. (2002). Primary producers 

sustaining macro-invertebrate communities in intertidal mangrove forest. 

Oecologia, 130(441-448).  

Boutton, T. (1996). Mass spectrometry of soils: CRC Press. 

Broman, D., Lindqvist, L., & Lundbergh, I. (1991). Cadmium and zinc in< i> 

Mytilus edulis</i> L. from the Bothnian sea and the northern baltic proper. 

Environmental Pollution, 74(3), 227-244.  

Brown, B. E. (1977). Uptake of copper and lead by a metaltolerant isopod Asellus 

meridianus Rac. Freshwater Biology, 7(3), 235-244.  

Brugnoli, E., & Farquhar, G. D. (2000). Photosynthetic fractionation of carbon 

isotopes Photosynthesis (pp. 399-434): Springer. 

Bryan, G. W., Langston, W.J. (1992). Bioavailability, accumulation and effects of 

heavy metals in sediments with special reference to United Kingdom 

estuaries: a review. Environmental Pollution, 76(89-131).  

http://www.ozestuaries.org/indicators/DEF_sedement_scheme.html


© C
OPYRIG

HT U
PM

97 

 

Cabana, G., & Rasmussen, J. B. (1996). Comparison of aquatic food chains using 

nitrogen isotopes. Proceedings of the National Academy of Sciences, 93(20), 

10844-10847.  

Cabrera, F., Clemente, L., Dıaz Barrientos, E., López, R.,   Murillo, J. (1999). 

Heavy metal pollution of soils affected by the Guadiamar toxic flood. 

Science of the Total Environment, 242(1), 117-129.  

Canadian, M. O. E. (2002). Canadian Sediment Quality Guidelines for the protection 

of aquatic life: summary tables. Updated. In: Canadian environmental quality 

guidelines, 1999, Canadian Council of Ministers of Environment, Winnipeg.  

Cecil, K. M., Brubaker, C. J., Adler, C. M., Dietrich, K. N., Altaye, M., Egelhoff, J. 

C., . . . Jarvis, K. (2008). Decreased brain volume in adults with childhood 

lead exposure. PLoS medicine, 5(5), e112.  

Chakrabarty, U., Mallik, A., Mondal, D., Dutta, S., & Mandal, N. (2014 ). 

Assessment of WSSV prevalence and distribution of disease-resistant shrimp 

among the wild population of Penaeus monodon along the west coast of 

India. Journal of invertebrate pathology, 119, 12-18.  

Chapman, P. M., Allard, P. J., & Vigers, G. A. (1999). Development of sediment 

quality values for Hong Kong special administrative region: a possible model 

for other jurisdictions. Marine Pollution Bulletin, 38(3), 161-169.  

Chen, C.-W., Kao, C.-M., Chen, C.-F., & Dong, C.-D. (2007). Distribution and 

accumulation of heavy metals in the sediments of Kaohsiung Harbor, 

Taiwan. Chemosphere, 66(8), 1431-1440.  

Cheung, S. G., Chan, H.Y., Liu, C.C., Shin, P.K.S (2008). Effect of prolonged 

hypoxia on food consumption, respiration, growth and reproduction in 

marine scavenging gastropod (Nassarius festivus). Marine Pollution Bulletin, 

57, 280–286.  

Chong, V., & Sasekumar, A. (1981). Food and feeding habits of the white prawn 

Penaeus merguiensis. Mar. Ecol. Prog. Ser, 5(2), 185-191.  

Ciesielski, T., Pastukhov M.V., Szefer, P., Jenssen, B.M. (2010). Bioaccumulation 

of mercury in the pelagic food chain of the Lake Baikal. Chemosphere, 78, 

1378–1384.  

Clarke, P., & Allaway, W. (1993). The regeneration niche of the grey mangrove 

(Avicennia marina): effects of salinity, light and sediment factors on 

establishment, growth and survival in the field. Oecologia, 93(4), 548-556.  

Clayton, D. A. (1993). Mudskippers. Oceanography and Marine Biology - An 

Annual Review 31, 507–577.  

Cleveland, L. M., Minter, M. L., Cobb, K. A., Scott, A. A., & German, V. F. (2008). 

Lead Hazards for Pregnant Women and Children: Part 1: Immigrants and the 

poor shoulder most of the burden of lead exposure in this country. Part 1 of a 

two‐part article details how exposure happens, whom it affects, and the harm 

it can do. AJN The American Journal of Nursing, 108(10), 40-49.  



© C
OPYRIG

HT U
PM

98 

 

Colombini, I., Berti, R., Nocita, A., Chelazzi, L. (1996). Foraging strategy of the 

mudskipper periophthalmus sobrinus Eggert in Kenya mangrove. Journal of 

Experimental Marine Biology and Ecology, 197(219-235).  

Connell, D. W. (1990). Environmental routes leading to bioaccumulation of lipholic 

chemicals. In Connell, D.W.  Bioaccumulation of xenobiotic compounds. pp. 

60-73 Boca Raton, Florda:  CRC Press.  

Coplen, T. B., Böhlke, J. K., De Bievre, P., Ding, T., Holden, N., Hopple, J., . . . 

Revesz, K. (2002). Isotope-abundance variations of selected elements 

(IUPAC Technical Report). Pure and Applied Chemistry, 74(10), 1987-2017.  

Craft, C. B., Seneca, E.D., and Broome, S.W. (1991). Loss on ignition and Kjeldahl 

digestion for estimating organic carbon and total nitrogen in estuarine marsh 

soils: calibration with dry combustion. Estuaries, 14, 175-179.  

CSIRO. (2000 ). Huon Estuary Study: Environmental Research for Integrated 

Catchment Management and Aquaculture. Project No. 96/284, Final Report 

to the Fisheries Research and Development Corporation pp. 285.  

Cuong, D. T., Bayen, S., Wurl, O., Subramanian, K., Shing Wong, K.K., Sivasothi, 

N., Obbard, J.P. (2005). Heavy metal contamination in mangrove habitats of 

Singapore. Marine Pollution Bulletin, 50, 1732–1738.  

Dallinger, R. (1993). Strategies of metal detoxification in terrestrial invertebrates. 

Ecotoxicology of metals in invertebrates, 245-289.  

Dallinger, R., & Wieser, W. (1977). The flow of copper through a terrestrial food 

chain. Oecologia, 30(3), 253-264.  

Daskalakis, K. D., & O'Connor, T. P. (1995). Normalization and elemental sediment 

contamination in the coastal United States. Environmental Science & 

Technology, 29(2), 470-477.  

Daud, M., Wasim, M., Khalid, N., Zaidi, J. H., & Iqbal, J. (2009). Assessment of 

elemental pollution in soil of Islamabad city using instrumental neutron 

activation analysis and atomic absorption spectrometry techniques. 

Radiochimica Acta, 97(2), 117-121.  

Davidson, C. M., Thomas, R. P., McVey, S. E., Perala, R., Littlejohn, D., & Ure, A. 

M. (1994). Evaluation of sequential extraction procedure for the speciation of 

heavy metals in sediments. Analytica Chimica Acta, 291(3), 277-286.  

Davis, J. R. (2000). Nickel, cobalt, and their alloys: ASM international. 

Davutluoglu, O. I.,  eckın, G., Kalat, D. G., Yılmaz, T.,   Ersu, C. B. (2010). 

 peciation and ımplications of heavy metal content in surface sediments of 

Akyatan Lagoon–Turkey. Desalination, 260(1), 199-210.  

Dawson, T. E., Mambelli, S., Plamboeck, A. H., Templer, P. H., & Tu, K. P. (2002). 

Stable isotopes in plant ecology. Annual Review of Ecology and Systematics, 

507-559.  



© C
OPYRIG

HT U
PM

99 

 

DeNiro, M. J., Eptein S. (1981). Influence of diet on the distribution of nitrogen 

isotopes in animals. Geochimica et Cosmochimica Acta, 45, 341-351.  

Department of Fisheries Malaysia. (2009). LIST OF ANNUAL FISHERIES 

STATISTICS 2009.  

Durka, W., Schulze, E.-D., Gebauer, G., & Voerkeliust, S. (1994 ). Effects of forest 

decline on uptake and leaching of deposited nitrate determined from 
15

N and 
18

O measurements. Nature, 372(6508), 765-767  

Ehleringer, J. R., Cerling, T. E., & Helliker, B. R. (1997). C4 photosynthesis, 

atmospheric CO2, and climate. Oecologia, 112(3), 285-299.  

El-Said, G. F., & Youssef, D. H. (2012). Ecotoxicological impact assessment of 

some heavy metals and their distribution in some fractions of mangrove 

sediments from Red Sea, Egypt. Environmental Monitoring and Assessment, 

1-12.  

FAO. (1983). Compilation of legal limits for hazardous substances in fishery 

products. Food and Agriculture Organization  Fishery Circular No. 4645, 5-

100.  

Feijtel, T., Kloepper-Sams, P., den Haan, K., van Egmond, R., Comber, M., Heusel, 

R., Wierich, P., Ten Berge, W., Gard, A., de Wolf, W., Niessen, H. (1997). 

Integration of bioaccumulation in an environmental risk assessment. 

Chemosphere, 34(11), 2337–2350.  

Ferreyra, H., Romano, M., & Uhart, M. (2009). Recent and chronic exposure of wild 

ducks to lead in human-modified wetlands in Santa Fe Province, Argentina. 

Journal of wildlife diseases, 45(3), 823-827.  

Förstner, U., Wittmann, G. T., Prosi, F., & Van Lierde, J. (1979). Metal pollution in 

the aquatic environment (Vol. 2): Springer-Verlag Berlin. 

French, J. R. P., & Schloesser, D. W. (1991 ). Growth and overwinter survival of the 

Asiatic clam, Corbicula fluminea, in the St. Clair River, Michigan. 

Hydrobiologia, 219, 165-170.  

Frey, M. A., & Vermeij, G. J. (2008). Molecular phylogenies and historical 

biogeography of a circumtropical group of gastropods (Genus:< i> 

Nerita</i>): Implications for regional diversity patterns in the marine tropics. 

Molecular Phylogenetics and Evolution, 48(3), 1067-1086.  

Friedmann, A. S., Watzin, M. C., Brinck-Johnsen, T., Leiter, J. C. (1996 ). Low 

levels of dietary methylmercury inhibit growth and gonadal development in 

juvenile walleye (Stizostedion vitreum). Aquatic Toxicology, 35(3-4), 265–

278.  

Fry, B. (2007). Stable Isotope Ecology 40 - 44: Springer Science & Business Media. 

Galimov, E. (2000). Carbon isotope composition of Antarctic plants. Geochimica et 

Cosmochimica Acta, 64(10), 1737-1739.  



© C
OPYRIG

HT U
PM

100 

 

Galimov, E. (2012). The biological fractionation of isotopes 16 - 26: Academic 

Press Inc. Orlando Florida. 

Gaskell, P. N., Brooks, A. C., Maltby, L. (2007 ). Variation in the bioaccumulation 

of a sediment-sorbed hydrophobic compound by benthic macroinvertebrates: 

Patterns and mechanisms. Environmental Science & Technology, 41(5), 

1783–1789.  

Gerringa, L. (1990). Aerobic degradation of organic matter and the mobility of Cu, 

Cd, Ni, Pb, Zn, Fe and Mn in marine sediment slurries. Marine Chemistry, 

29, 355-374.  

Gerringa, L. (1991). Mobility of Cu, Cd, Ni, Pb, Zn, Fe and Mn in marine sediment 

slurries under anaerobic conditions and at 20% air saturation. Netherlands 

journal of sea research, 27(2), 145-156.  

Giller, K., McGrath, S., & Hirsch, P. (1989). Absence of nitrogen fixation in clover 

grown on soil subject to long-term contamination with heavy metals is due to 

survival of only ineffective Rhizobium. Soil Biology and Biochemistry, 

21(6), 841-848.  

Gladyshev, M. I., Gribovskaya I.V., Moskvicheva A.V., Muchkina E.Y, Chuprov 

S.M., Ivanova, E.A. (2001). Content of metals in compartments of ecosystem 

of a Siberian pond. Archive of Environmental Contamination and 

Toxicololgy, 41, 157–162.  

Gleixner, G., Danier, H.-J., Werner, R. A., & Schmidt, H.-L. (1993). Correlations 

between the 13C content of primary and secondary plant products in different 

cell compartments and that in decomposing basidiomycetes. Plant 

Physiology, 102(4), 1287-1290.  

Gleixner, G., Scrimgeour, C., Schmidt, H.-L., Viola, R. (1998 ). Stable isotope 

distribution in the major metabolites of source and sink organs of Solanum 

tuberosum L.: a powerful tool in the study of metabolic partitioning in intact 

plants Planta, 207(2), 241-245.  

Gobas, F., Morrison, H. A. (2000). Bioconcentration and biomagnification in aquatic 

environment. In R.S. Beothling, D. Mackay. Handbook of Property 

estimation methods for chemicals: Environmental Health and sciences 189-

231 Boca Raton, FL, U.S.A: Lewis Publishers.  

Goericke, R., & Fry, B. (1994). Variations of marine plankton δ13C with latitude, 

temperature, and dissolved CO2 in the world ocean. Global Biogeochemical 

Cycles, 8(1), 85-90.  

González, H., & Brügmann, L. (1991). Heavy metals in littoral deposits off Havana 

City, Cuba. Chemistry and Ecology, 5(3), 171-179.  

Gray, J. S., Wu, R.S.S., Ying, Y.O. (2002). Effects of hypoxia and organic 

enrichment on the coastal marine environment. Marine Ecology Progress 

Series, 238, 249–279.  



© C
OPYRIG

HT U
PM

101 

 

Greger, M. (2004). Metal availability, uptake, transport and accumulation in plants. 

In M.N.V. Prasad. Heavy metal stress in plants: From Biolomlecules to 

ecosystems. pp1-27 Berlin: Springer.  

Griffiths, H. (1992). Carbon isotope discrimination and the integration of carbon 

assimilation pathways in terrestrial CAM plants. Plant, Cell & Environment, 

15(9), 1051-1062.  

Hakanson, L. (1980). An ecological risk index for aquatic pollution control. A 

sedimentological approach. Water Research, 14(8), 975-1001.  

Harikumar, P., & Nasir, U. (2010). Ecotoxicological impact assessment of heavy 

metals in core sediments of a tropical estuary. Ecotoxicology and 

Environmental Safety, 73(7), 1742-1747.  

Hartnoll, R. G., Cannicci, S., Emmerson, W. D., Frantini, S., Macia, A., Mgaya, Y., 

Porri, F. (2002). Geographic trends in mangrove crab abundance in East 

Africa Wetlands Ecology and Management, 10, 203-213.  

Hashim, R., Kamali, B., Tamin, N. M., & Zakaria, R. (2010). An integrated 

approach to coastal rehabilitation: Mangrove restoration in Sungai Haji 

Dorani, Malaysia. Estuarine, Coastal and Shelf Science, 86(1), 118-124.  

Hayase, S., Ichikawa, T., & Tanaka, K. (1999). Preliminary report on stable isotope 

ratio analysis for samples from Matang mangrove brackish water ecosystem. 

Japan Agricultural Research Quarterly, 33, 215-221.  

Heap, A., Bryce, S., Ryan, D., Radke, L., Smith, C., Smith, R., Harris, P. and 

Heggie, D. (2001 Australian estuaries and coastal waterways: A geoscience 

perspective for improved and integrated resource management. A report to 

Theme 7 of the National Land and Water Resources Audit. AGSO Record 

2001/07). p. 118.  

Heaton, T. (1986). Isotopic studies of nitrogen pollution in the hydrosphere and 

atmosphere: a review. Chemical Geology: Isotope Geoscience section, 59, 

87-102.  

Hecky, R., & Hesslein, R. (1995). Contributions of benthic algae to lake food webs 

as revealed by stable isotope analysis. Journal of the North American 

Benthological Society, 631-653.  

Herberts, C., & De Frescheville, J. (1981). Occurrence of haemocyanin in the 

rhizocephalan crustacea Sacculina carcini Thompson. Comparative 

Biochemistry and Physiology Part B: Comparative Biochemistry, 70(3), 657-

659.  

Hobson, K. A., Piatt, J. F., & Pitocchelli, J. (1994). Using stable isotopes to 

determine seabird trophic relationships. Journal of Animal Ecology, 786-798.  

Hogarth, P. J. (1999). The Biology of Mangroves 15-26. New York:  Oxford 

University Press.  

Holthuis, L. B. (1980). FAO species catalogue. Volume 1-Shrimps and prawns of the 

world. An annotated catalogue of species of interest to fisheries. 



© C
OPYRIG

HT U
PM

102 

 

Hsu, M. J., Selvara, K., Agoramoorthy, G. (2006). Taiwan‘s industrial heavy metal 

pollution threatens terrestrial biota. Environmental Pollution, 143, 327-334.  

Huang, L., Tan, Y., Song, X., Huang, X., Wang, H., Zhang, S., Dong, J., Chen, R. 

(2003). The status of the ecological environment and a proposed protection 

strategy in Sanya Bay, Hainan Island, China. Marine Pollution Bulletin, 47, 

180–186.  

Ikem, A., Egiebor, N., & Nyavor, K. (2003). Trace elements in water, fish and 

sediment from Tuskegee Lake, Southeastern USA. Water, Air, and Soil 

Pollution, 149(1-4), 51-75.  

Isa, M. M., Noor, N. S. M., Yahya, K., & Nor, S. A. M. (2012). Reproductive 

biology of estuarine catfish, Arius argyropleuron (Siluriformes: Ariidae) in 

the northern part of Peninsular Malaysia. Journal of Biology, Agriculture and 

Healthcare, 2(3), 14-27.  

Isensee, A. R., P.C. Keamey, E.A. Woolson, G.E. Jones and V. P. Williams. (1973). 

Distribution of alkyl arsenicals in model ecosystem. Environmental Science 

& Technology, 52(841-844).  

Ismail, A. (1993). Heavy metal concentrations in sediments off Bintulu, Malaysia. 

Marine Pollution Bulletin, 26, 706 – 707.  

Ismail, A. (1993). Heavy metal concentrations in sediments off Bintulu, Malaysia. 

Marine Pollution Bulletin, 26(12), 706-707.  

Ismail, A., & Asmah, M. (1999). Copper, zinc, lead and cadmium in intertidal 

molluscs and sediment off Seberang Perai coastline, Malaysia. Paper 

presented at the fourth Princess Chulabhorn International Science Congress, 

Bangkok, Thailand. 

Ismail, A., Badri, M., & Noor Ramlan, M. (1993). The background levels of heavy 

metal concentration in sediments of the west coast of Peninsular Malaysia. 

Science of the Total Environment, 134, 315-323.  

Ismail, A., Badri, M.A. Ramlan, M.N. (1991). Heavy Metal Concentration in Fiddler 

crabs (Uca annulipes) and Hermt crabs (Calibanarius sp.) in coastal area of 

Northern Peninsular Malaysia. Environmental Technology, 12, 923-926.  

Ismail, A., Ramli, R. (1997). Trace metals in sediments and molluscs from an 

estuary receiving pig farms effluent. Environmental Technology, 18(509 – 

515).  

Ismail, A., & Safahieh, A. (2004). Copper and Zinc in intertidal surface sediment 

and Telescopium telescopium from Lukut River. Coastal Marine Science, 

29(2), 111-115.  

Iverson, S. J., Field, C., Don Bowen, W., & Blanchard, W. (2004). Quantitative fatty 

acid signature analysis: a new method of estimating predator diets. 

Ecological Monographs, 74(2), 211-235.  



© C
OPYRIG

HT U
PM

103 

 

Jacquet, J., Hocevar, J., Lai, S., Majluf, P., Pelletier, N., Pitcher, T., & Pauly, D. 

(2010). Conserving wild fish in a sea of market-based efforts. Oryx, 44(01), 

45-56.  

Janssen, M. P. M., Ma, W.C., Van Straalen, N.M. (1993). Biomagnification of 

metals in terrestrial ecosystems. The Science of the Total Environment, 

Supplement, 511-524. .  

Janssen, R. P. T., Peijnenburg, W.J.G.m.,Posthuma, L., van der Hoop, M.A.G.T. 

(1997). Equilibrium partitioning of heavy metals in Dutch soils.  Relationship 

between metal partition coefficients and soil characteristics. Environmental 

Toxicology and Chemistry, 16(2470-2478).  

Jardine, T. D., MacLatchy,D. L. Fairchild, W. L., Cunjak, R. A.,. Brown ,S. B. 

(2004). Rapid carbon turnover during growth of Atlantic salmon (Salmo 

salar) smolts in sea water, and evidence for reduced food consumption by 

growth-stunts. Hydrobiologia, 527, 63–75.  

Järup, L., Berglund, M., Elinder, C. G., Nordberg, G., & Vanter, M. (1998). Health 

effects of cadmium exposure–a review of the literature and a risk estimate. 

Scandinavian Journal of work, Environment & Health, 1-51.  

Joanna, B., M. Gochfeld, C. Jeitner, S. Burke, T. Stamm (2007). Metal levels in flat 

head sole (Hippogloides elassodon) and great sculpin (Myoxocephalus 

polyacnthocephalus) from adak island alaska: Potential risk to predators and 

fishermen. Environ Res, 103, 62-69.  

Joksimovic, D., Tomic, I., Stankovic, A. R., Jovic, M., & Stankovic, S. (2011). 

Trace metal concentrations in Mediterranean blue mussel and surface 

sediments and evaluation of the mussels quality and possible risks of high 

human consumption. Food Chemistry, 127(2), 632-637.  

Julin, B., Wolk, A., Johansson, J.-E., Andersson, S.-O., Andrén, O., & Åkesson, A. 

(2012). Dietary cadmium exposure and prostate cancer incidence: a 

population-based prospective cohort study. British Journal of Cancer, 

107(5), 895-900.  

Kaag, N. H. F., E. M.; Scholten, M. C.; van Straalen, N. M. (1997). Comparison of 

contaminant accumulation in three species of marine invertebrates with 

different feeding habits. Environmental Toxicology and Chemistry, 16(5), 

837–842.  

Kailola, P. J. (2000). Ariidae (sea catfishes)‖. In: Randall, A.J.E.   Lim, K.K.P. 

(eds.), ―A checklist of the fishes of the  outh China  ea‖. Raffles Bulletin of 

Zoology 8, 569-667.  

Kamaruzzaman, B.-Y., K., Zaleha, M.C. Ong, K.Y.S Willson  (2007). Copper and 

Zinc in three dominant  brackish water fish species from paka estuary, 

terengganu, Malaysia. J. Sci, 26, 65-70.  

Kamaruzzaman B.Y., M. C., Ong,  K.C.A. Jalal. (2008). Levels of Copper, Zinc, and 

Lead in fishes of Mengabang Telipot River Terengganu, Malaysia  Journal of 

Biological Science, 8(7), 1181-1186.  



© C
OPYRIG

HT U
PM

104 

 

Karamanis, D., Ioannides, K., & Stamoulis, K. (2009). Environmental assessment of 

natural radionuclides and heavy metals in waters discharged from a lignite-

fired power plant. Fuel, 88(10), 2046-2052.  

Kasprzak, K. S., Sunderman Jr, F. W., & Salnikow, K. (2003). Nickel 

carcinogenesis. Mutation Research/Fundamental and Molecular Mechanisms 

of Mutagenesis, 533(1), 67-97.  

Kehrig, H., Costa, M., Moreira, I., & Malm, O. (2002). Total and methylmercury in 

a Brazilian estuary, Rio de Janeiro. Marine Pollution Bulletin, 44(10), 1018-

1023.  

Kelderman, P., Drossaert, W., Min, Z., Galione, L., Okonkwo, L., & Clarisse, I. 

(2000). Pollution assessment of the canal sediments in the city of Delft (the 

Netherlands). Water Research, 34(3), 936-944.  

Kersten, M., & Förstner, U. (1986). Chemical fractionation of heavy metals in 

anoxic estuarine and coastal sediments. Water Science & Technology, 18(4-

5), 121-130.  

Khoon, G. W., & Eong, O. J. (1995). The use of demographic studies in mangrove 

silviculture. Hydrobiologia, 295(1-3), 255-261.  

Kidd, K. A. (1998). Use of stable isotope ratios in freshwater and marine 

biomagnification studies. Pages 357–376 in J. Rose (Ed.)Environmental 

Toxicology: Current Developments. Gordon and Breach Science Publishers, 

New York.  

Kitaya, Y., Yabuki, K., Kiyota, M., Tani, A., Hirano, T., & Aiga, I. (2002). Gas 

exchange and oxygen concentration in pneumatophores and prop roots of 

four mangrove species. Trees, 16(2-3), 155-158.  

Klerks, P., & Bartholomew, P. (1991). Cadmium accumulation and detoxification in 

a Cd-resistant population of the oligochaete Limnodrilus hoffmeisteri. 

Aquatic Toxicology, 19(2), 97-112.  

Kling, G. W., Fry, B., & O'Brien, W. J. (1992). Stable isotopes and planktonic 

trophic structure in arctic lakes. Ecology, 561-566.  

Klucas, R. V., Hanus, F. J., Russell, S. A., & Evans, H. J. (1983). Nickel: a 

micronutrient element for hydrogen-dependent growth of Rhizobium 

japonicum and for expression of urease activity in soybean leaves. 

Proceedings of the National Academy of Sciences, 80(8), 2253-2257.  

Koch, V., Wolff, M. (2002). Energy budget and ecological role of mangrove 

epibenthos in the Caete estuary. North Brazil. Marine Ecology press Series, 

228, 119-130.  

Kon, K., Hisashi, K., Prasert, T. (2009). Do mangrove root structures function to 

shelter benthic macro fauna from predators? . Journal of Experimental 

marine Biology and Ecology, 370, 1 –8.  

Koretsky, C. M., Meile, C., Van Cappellen, P. (2002 ). Quantifying bioirrigation 

using ecological parameters. Geochemical Transactions, 3, 17–30.  



© C
OPYRIG

HT U
PM

105 

 

Kosnett, M. J., Wedeen, R. P., Rothenberg, S. J., Hipkins, K. L., Materna, B. L., 

Schwartz, B. S., & Woolf, A. (2007). Recommendations for medical 

management of adult lead exposure. Environmental Health Perspectives, 

463-471.  

Krajewska, B., van Eldik, R., & Brindell, M. (2012). Temperature-and pressure-

dependent stopped-flow kinetic studies of jack bean urease. Implications for 

the catalytic mechanism. Journal of Biological Inorganic Chemistry, 17(7), 

1123-1134.  

Krauskopf, K. B., & Bird, D. K. (1995). Introduction to geochemistry: McGraw-Hill 

New York. 

Kristensen, E. (2008). Mangrove crabs as ecosystem engineers; with emphasis on 

sediment processes. Journal of Sea Research, 59, 30–43.  

Kuramoto, T., & Minagawa, M. (2001). Stable carbon and nitrogen isotopic 

characterization of organic matter in a mangrove ecosystem on the 

southwestern coast of Thailand. Journal of oceanography, 57(4), 421-431.  

Lacerda, L. D. (1997). Trace metals in mangrove plants: why such low 

concentration? In B., Kjerfve, L.D. Lacerda, H.S. Diop. Mangrove 

Ecosystem Studies in Latin America and Africa. pp.171-178 UNESCO, Pari.  

Lajtha, K., and R. H. Michener. ( (Eds.) 1994). Stable Isotopes in Ecology and 

Environmental Science. Blackwell Scientific Publications,Oxford. 316 p.  

Lal, R. (2008). Sequestration of atmospheric CO 2 in global carbon pools. Energy & 

Environmental Science, 1(1), 86-100.  

Lallier-Verges, E., Perrussel, B. P., Disnar, J.-R., & Baltzer, F. (1998). Relationships 

between environmental conditions and the diagenetic evolution of organic 

matter derived from higher plants in a modern mangrove swamp system 

(Guadeloupe, French West Indies). Organic Geochemistry, 29(5), 1663-

1686.  

Larson, H. K., Jaafar, Z., & Lim, K. K. (2008). An annotated checklist of the gobioid 

fishes of Singapore. Raffles Bull Zool, 56, 135-155.  

Larsson, P., Holmqvist, N., Stenroth, P., Berglund, O., Nyström, P., & Granéli, W. 

(2007). Heavy metals and stable isotopes in a benthic omnivore in a trophic 

gradient of lakes. Environmental science & technology, 41(17), 5973-5979.  

Larsson, P. N., H., Patrik, S., Olof, B., Nystrom, P., Wilhelm, G. ( 2007). Heavy 

Metals and Stable Isotopes in a Benthic Omnivore in a Trophic Gradient of 

Lakes. Environmental Science Technology, 41, 5973-5979.  

Layman, C. A., Winemiller, K. O., Arrington, D. A., & Jepsen, D. B. (2005). Body 

size and trophic position in a diverse tropical food web. Ecology, 86(9), 

2530-2535.  

Lee, S. Y. (1997). Potential trophic importance of the faecal material of the 

mangrove sesarmine crab Sesarma messa. Marine Ecological Progress  

Series, 159, 275-284.  



© C
OPYRIG

HT U
PM

106 

 

Lee, S. Y. (1998). Ecological role of grapsid crabs in the mangrove ecosystems: a 

review. Marine and Freshwater Research, 49(335-343).  

Lee Y. J, C., Y., Ryu, B. S. (1995). A taxonomic revision of the genus 

Periophthalmus (Pisces: Gobiidae) from Korea with description of a new 

species. Korean Journal of Ichthyology, l7(120–127).  

Lim, S. S. L. (2006). Fiddler crab burrow morphology: how do burrow dimensions 

and bioturbative activities compare in sympatric populations of Uca vocans 

(Linnaeus, 1758) and U.annulipes (H. Milne Edwards, 1837)? . Crustaceana, 

79, 525–540.  

Liu, X. J., Ni, I. H., Wang, W. X. (2002). Trophic transfer of heavy metals from 

freshwater zooplankton Daphnia magna to zebrafish Danio reiro. Water 

Research, 36 (18 ), 4563–4569.  

Long, E. R., Field, L. J., & MacDonald, D. D. (2009). Predicting toxicity in marine 

sediments with numerical sediment quality guidelines. Environmental 

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

Long, E. R., MacDonald, D. D., Smith, S. L., & Calder, F. D. (1995). Incidence of 

adverse biological effects within ranges of chemical concentrations in marine 

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

Loring, D. H., & Rantala, R. (1992). Manual for the geochemical analyses of marine 

sediments and suspended particulate matter. Earth-Science Reviews, 32(4), 

235-283.  

Environmental assessment of heavy metal and natural radioactivity in soil around a 

coal-fired power plant in China,  1845 - 1854. 

Lu, X., Liu, W., Zhao, C., & Chen, C. (2013). Environmental assessment of heavy 

metal and natural radioactivity in soil around a coal-fired power plant in 

China. Journal of Radioanalytical and Nuclear Chemistry, 295(3), 1845-

1854.  

Luoma, S. N., Rainbow, P.S. (2008 ). Metal Contamination in Aquatic 

Environments. 83-92. New York: Cambridge University Press. .  

MacDonald, D. D., Ingersoll, C., & Berger, T. (2000). Development and evaluation 

of consensus-based sediment quality guidelines for freshwater ecosystems. 

Archives of Environmental Contamination and Toxicology, 39(1), 20-31.  

MacFarlane, G. (2002). Leaf biochemical parameters in< i> Avicennia 

marina</i>(Forsk.) Vierh as potential biomarkers of heavy metal stress in 

estuarine ecosystems. Marine Pollution Bulletin, 44(3), 244-256.  

Macfarlane, G., & Burchett, M. (2001). Photosynthetic pigments and peroxidase 

activity as indicators of heavy metal stress in the Grey mangrove, Avicennia 

marina (Forsk.) Vierh. Marine Pollution Bulletin, 42(3), 233-240.  

MacFarlane, G. R., Koller, C. E., & Blomberg, S. P. (2007). Accumulation and 

partitioning of heavy metals in mangroves: a synthesis of field-based studies. 

Chemosphere, 69(9), 1454-1464.  



© C
OPYRIG

HT U
PM

107 

 

Machado, W., Silva-Filho, E.V., Oliveira, R.R., Lacerda, L.D. (2002). Trace metal 

retention in mangrove ecosystems in Guanabara Bay, SE Brazil. Marine 

Pollution Bulletin, 44, 1277–1280.  

Mansor, M. I., Mohd- hamsul,  ., Zulfigar, Y.   Tan,  . H. ( 2012). ―Reproductive 

biology, growth and mortality of soldier catfish, Osteogeneiosus militaris 

(Linnaeus, 1758) off the coastal waters of Penang‖. Journal of Applied 

Ichthyology (in press).  

Marceniuk, A. P. M., N.A. ( 2007). ― ystematics of the family Ariidae 

(Ostariophysi, Siluriformes), with a redefinition of the genera‖. Zootaxa 

1416, Magnolia Press, New Zealand 126pp.  

Marchand, C., Disnar, J.-R., Lallier-Verges, E., & Lottier, N. (2005). Early 

diagenesis of carbohydrates and lignin in mangrove sediments subject to 

variable redox conditions (French Guiana). Geochimica et Cosmochimica 

Acta, 69(1), 131-142.  

Mathews, T., & Fisher, N. S. (2009). Dominance of dietary intake of metals in 

marine elasmobranch and teleost fish. Science of the total environment, 

407(18), 5156-5161.  

Mazlan, A., & Rohaya, M. (2008). Size, growth and reproductive biology of the 

giant mudskipper, Periophthalmodon schlosseri (Pallas, 1770), in Malaysian 

waters. Journal of Applied Ichthyology, 24(3), 290-296.  

McConnaughey, T. A., Burdett, J., Whelan, J. F., & Paull, C. K. (1997). Carbon 

isotopes in biological carbonates: respiration and photosynthesis. Geochimica 

et Cosmochimica Acta, 61(3), 611-622.  

McGrath, S., Chang, A., Page, A., & Witter, E. (1994). Land application of sewage 

sludge: scientific perspectives of heavy metal loading limits in Europe and 

the United States. Environmental Reviews, 2(1), 108-118.  

McIntyre, J. K., David, A. B. (2007). Age and trophic position dominate 

bioaccumulation of mercury and organochlorines in food web of Lake 

Washington. Science of the Total Environment, 362, 571-584.  

McLean, E. (1982). Soil pH and lime requirement. Methods of soil analysis. Part 2. 

Chemical and microbiological properties(methodsofsoilan2), 199-224.  

Meij, R., & te Winkel, H. (2007). The emissions of heavy metals and persistent 

organic pollutants from modern coal-fired power stations. Atmospheric 

Environment, 41(40), 9262-9272.  

Meltem, D. M., Z.L. Gosku, A. A. Ozak. (2007). Investigation of heavy metal levels 

in economically important fish species captured from the tuzla lagoon. Food 

Chemistry, 102, 415- 421.  

Mengel, K., & Kirkby, E. (1982). Principles of Plant Nutrition 3rd edition 

International Potash Institute. Warblaufen-Bern Switzerland.  

Mfilinge, P. L., Meziane, T., Bachok, Z., Tsuchiya, M. (2005). Litter dynamics and 

particulate organic matter outwelling from a subtropical mangrove in 



© C
OPYRIG

HT U
PM

108 

 

Okinawa Island, South Japan. Estuarine of Coastal Shelf Science, 63(301–

313).  

Minagawa, M., & Wada, E. (1984). Stepwise enrichment of
15

N along food chains: 

Further evidence and the relation between δ
15

 N and animal age. Geochimica 

et Cosmochimica Acta, 48(5 ), 135-1140.  

Minagawa, M., Wada, E. (1994). Stepwise enrinchment of 
15

N along food chains: 

Further evidence and the relation between  δ
15

N and animal age. Geochimica 

et Cosmochimica Acta, 48, 1135-1140.  

Moir, J. W. (2011). Nitrogen cycling in bacteria: molecular analysis: Horizon 

Scientific Press. 

Mokhatari, M., Amad, S., Hamid, R., Preeta, K., Amir, B. (2008). Population 

ecology of fiddler crab, Uca annulipes (Decapod: Ocpodidae) in Sirik 

mangrove, Iran. Estuarine Coastal and Shelf Science, 76, 273-281.  

Mokhtar, M. B., Aris, A. Z., Munusamy, V., & Praveena, S. M. (2009). Assessment 

level of heavy metals in Penaeus monodon and Oreochromis spp. in selected 

aquaculture ponds of high densities development area. Eur J Sci Res, 30(3), 

348-360.  

Moriarty, F., Walker, C.H. (1987). Bioaccumulation in Food Chains-A Rational 

Approach. Ecotoxicology and Environmental Safety, 13, 208-202 215.  

Morillo, J., Usero, J., & Gracia, I. (2004). Heavy metal distribution in marine 

sediments from the southwest coast of Spain. Chemosphere, 55(3), 431-442.  

Morrow, H. (2001). Cadmium and cadmium alloys. Kirk-Othmer Encyclopedia of 

Chemical Technology.  

Mountouris, A., Voutsas, E., Tassios, D. (2002). Bioconcentration of heavy metals in 

aquatic environments: the importance of bioavailability. Marine Pollution 

Bulletin, 44, 1136-1141.  

Muller, G. (1969). Index of geoaccumulation in sediments of the Rhine River. 

Geojournal, 2(3), 108-118.  

Muller, G. (1981). The heavy metal pollution of the sediments of Neckars and its 

tributary: a stocktaking. Chemiker- Zeitung, 105, 157–164.  

Mumby, P. J., Edwards, A. J., Arias-González, J. E., Lindeman, K. C., Blackwell, P. 

G., Gall, A., & Renken, H. (2004). Mangroves enhance the biomass of coral 

reef fish communities in the Caribbean. Nature, 427(6974), 533-536.  

Nadelhoffer, K., & Fry, B. (1994). Nitrogen isotope studies in forest ecosystems. 

Stable isotopes in ecology and environmental science. Blackwell, Oxford, 

316.  

Naji, A., & Ismail, A. (2011). Assessment of metals contamination in Klang River 

surface sediments by using different indexes. EnvironmentAsia, 4(1), 30-38.  



© C
OPYRIG

HT U
PM

109 

 

Naji, A., Ismail, A., & Ismail, A. R. (2010). Chemical speciation and contamination 

assessment of Zn and Cd by sequential extraction in surface sediment of 

Klang River, Malaysia. Microchemical Journal, 95(2), 285-292.  

Nakamura, Y., Horinouchi, M., Shibuno, T., Tanaka, Y., Miyajima, T., Koike, I., . . . 

Sano, M. (2008). Evidence of ontogenetic migration from mangroves to coral 

reefs by black-tail snapper Lutjanus fulvus: stable isotope approach. Marine  

Ecology-Progress Series 355, 257.  

Nelson, D. W., & Sommers, L. E. (1996). Total carbon, organic carbon, and organic 

matter. Methods of Soil Analysis Part 3—Chemical 

Methods(methodsofsoilan3), 961-1010.  

Neto, J. A. B., Gingele, F. X., Leipe, T., & Brehme, I. (2006). Spatial distribution of 

heavy metals in surficial sediments from Guanabara Bay: Rio de Janeiro, 

Brazil. Environmental Geology, 49(7), 1051-1063.  

Ng, H. H. (2012 ). The Ariid Catfishes of Singapore. Nature in Singapore, 5, 211–

222.  

Ngiam, L.-S., & Lim, P.-E. (2001). Speciation patterns of heavy metals in tropical 

estuarine anoxic and oxidized sediments by different sequential extraction 

schemes. Science of the total environment, 275(1), 53-61.  

Nirel, P., & Morel, F. (1990). Pitfalls of sequential extractions. Water Research, 

24(8), 1055-1056.  

Nixon, S. W. (1995). Coastal marine eutrophication: A definition, social causes, and 

future concerns. Ophelia, 41, 199-219.  

Nord, L. G., Craig, D. A., Bobby, G. W.,  Keith, A. L.,  Yue-wern, H. (2004). Lead, 

zinc, copper, and cadmium in fish and sediments from the Big River and Flat 

River Creek of Missouri‘s Old Lead Belt. Environmental Geochemistry and 

Health, 26, 37–49.  

Nouri, J., Mahvi, A., Jahed, G., & Babaei, A. (2008). Regional distribution pattern of 

groundwater heavy metals resulting from agricultural activities. 

Environmental Geology, 55(6), 1337-1343.  

O'Leary, M. H. (1988). Carbon isotopes in photosynthesis. Bioscience, 328-336.  

Obasohan, E. E. (2007). Heavy metals concentrations in the offal, gill, muscle and 

liver of a freshwater mudfish (Parachanna Obscura) from Ogba River, 

Benin city, Nigeria. African journal of Biotechnology, 6(22 ), 2620-2627.  

Obbard, J. P. (2006). Metal speciation in coastal marine sediments from Singapore 

using a modified BCR-sequential extraction procedure. Applied 

Geochemistry, 21(8), 1335-1346.  

Overman, N. C., & Parrish, D. L. (2001). Stable isotope composition of walleye: 

15N accumulation with age and area-specific differences in δ13C. Canadian 

Journal of Fisheries and Aquatic Sciences, 58(6), 1253-1260.  



© C
OPYRIG

HT U
PM

110 

 

Patrick, L. (2006). Lead toxicity, a review of the literature. Part 1: Exposure, 

evaluation, and treatment. Alternative medicine review: a journal of clinical 

therapeutic, 11(1), 2-22.  

Pérez-Cid, B., Lavilla, I., & Bendicho, C. (1996). Analytical assessment of two 

sequential extraction schemes for metal partitioning in sewage sludges. 

Analyst, 121(10), 1479-1484.  

Perin, G., Craboledda, L., Lucchese, M., Cirillo, R., Dotta, L., Zanette, M., & Orio, 

A. (1985). Heavy metal speciation in the sediments of northern Adriatic Sea. 

A new approach for environmental toxicity determination. Heavy metals in 

the environment, 2, 454-456.  

Persson, T., Rudebeck, A., Jussy, J., Colin-Belgrand, M., Priemé, A., Dambrine, E., . 

. . Sjöberg, R. (2000). Soil nitrogen turnover—mineralisation, nitrification 

and denitrification in European forest soils Carbon and nitrogen cycling in 

European forest ecosystems (pp. 297-311): Springer. 

Peters, E. C., Gassmen, N.J., Firman, J.C., Richmond, R.H., Power, E.A. (1997). 

Ecotoxicology of tropical marine ecosystem. Environmental Toxicolology 

and Chemistry, 16, 12 – 40.  

Peters, K. E., & Moldowan, J. M. (1993). The biomarker guide: interpreting 

molecular fossils in petroleum and ancient sediments. Prentice Hall, New 

Jersey, 122–130.  

Petersen, B. J., Fry, B. (1987). Stable isotopes in ecosystem studies. Annual Review 

of Ecology and Systematics 18, 293–320.  

Pihan, F. (2001). Caractérisatìon de Mollusques Gastéropodes Terrestre en ant que 

Bioindicateurs de la Contamination Polymétallique (Al, Cr, Mn, Fe, Ni, Zn, 

Cu, Cd, et Pb), Thése de docterat de L‘Université de Metz, spécialité. 

Ecotoxicology, 450.  

Pinnegar, J.,   Polunin, N. (1999). Differential fractionation of δ13C and δ15N 

among fish tissues: implications for the study of trophic interactions. 

Functional ecology, 13(2), 225-231.  

Pinnegar, J. K., & Polunin, N. V. (2000). Contributions of stable-isotope data to 

elucidating food webs of Mediterranean rocky littoral fishes. Oecologia, 

122(3), 399-409.  

Polgar, G., & Crosa, G. (2009). Multivariate characterisation of the habitats of seven 

species of Malayan mudskippers (Gobiidae: Oxudercinae). Marine Biology, 

156(7), 1475-1486.  

Polis, G. A. (1994). Food webs trophic cascades and community structure. Austral 

Ecology, 19, 121-231.  

Polis, G. A. (1998). Ecology: Stability is woven by complex webs. Nature, 

395(6704), 744-745.  

Polis, G. A., Strong, D.R. (1996). Food web complexity and community dynamics. 

The American Naturalist, 147, 813-846.  



© C
OPYRIG

HT U
PM

111 

 

Post, D. M. (2002). Using stable isotopes to estimate trophic position: models, 

methods, and assumptions. Ecology, 83(3), 703-718.  

Post, D. M. (2002). Using stable isotopes to estimate trophic position; Models, 

methods and assumptions. Ecology, 83, 703-720.  

Preda, M., Cox, M.E (2002). Trace metal occurrence and distribution in sediments 

and mangroves, Pumicestone region, southeast Queensland, Australia. 

Environment International, 28, 433-449.  

Qiao, Y., Yang, Y., Gu, J., & Zhao, J. (2013). Distribution and geochemical 

speciation of heavy metals in sediments from coastal area suffered rapid 

urbanization, a case study of Shantou Bay, China. Marine Pollution Bulletin, 

68(1-2), 140-146.  

Qiu, X., Davis, J.W. (2004). Environmental bioavailability of hydrophobic 

organochlorines in sediments- A review. Rem Journal, 14 .(2), 55–84.  

Rahman, M. A., & Ishiga, H. (2012). Trace metal concentrations in tidal flat coastal 

sediments, Yamaguchi Prefecture, southwest Japan. Environmental 

Monitoring and Assessment, 1-17.  

Rainbow, P., & White, S. (1989). Comparative strategies of heavy metal 

accumulation by crustaceans: zinc, copper and cadmium in a decapod, an 

amphipod and a barnacle. Hydrobiologia, 174(3), 245-262.  

Rainbow, P. S. (1995). Physiology, physicochemistry and metal uptake—a 

crustacean perspective. Marine Pollution Bulletin, 31(1), 55-59.  

Ramessur, R. T. (2004). Statistical comparison and correlation of zinc and lead in 

estuarine sediments along the western coast of Mauritius. Environment 

International, 30(8), 1039-1044.  

Ranga, M. M. (2006). Animal Ecology 266-278. India: Agrobios.  

Rashed, M. (2001). Monitoring of environmental heavy metals in fish from Nasser 

Lake. Environment International, 27(1), 27-33.  

Rau, G., Takahashi, T., Des Marais, D., Repeta, D., & Martin, J. (1992). The 

relationship between δ 13 C of organic matter and [CO 2 (aq)] in ocean 

surface water: Data from a JGOFS site in the northeast Atlantic Ocean and a 

model. Geochimica et Cosmochimica Acta, 56(3), 1413-1419.  

Ray, G. L. (2005). Invasive Marine and Estuarine Animals of the Gulf of Mexico: 

DTIC Document. 

Reinfelder, J. R., Fisher, N.S., Luoma, S. N., Nicholas, T.W., Wang, W.X. (1998). 

Trace element trophic transfer in aquatic organisms: A critique of the kinetic 

model approach. The Science of the Total Environment, Supplement, 219, 

117-135.  

Rendell, P. S., Batley, G. E., & Cameron, A. J. (1980). Adsorption as a control of 

metal concentrations in sediment extracts. Environmental science & 

technology, 14(3), 314-318.  



© C
OPYRIG

HT U
PM

112 

 

Riedel, B., Zuschin, M., Haselmair, A., Stachowitsch, M. (2008). Oxygen depletion 

under glass: behavioural responses of benthic macrofauna to induced anoxia 

in the Northern Adriatic. Journal of Experimental Marine Biology and 

Ecology, 367, 17–27.  

Robertson, A. I. (1986). Leaf- burying crabs: their influence on energy flow and 

export from mixed mangrove forest (Rhizophora spp.) in northeastern 

Australia. Journal of Experimental Marine Biology and Ecology, 102: 237-

248.  

Robertson, A. I. (1998). Abundance, diet and predators of juvenile banana prawns, 

Penaeus Merguiensis, in a tropical mangrove estuary. Australian Journal of 

Marine and Fresh water Research 39, 467-478.  

Robinson, D. (2001). δ
15

N as an integrator of the nitrogen cycle. Trends in Ecology 

& Evolution, 16(3), 153-162.  

Rodelli, M., Gearing, J., Gearing, P., Marshall, N., & Sasekumar, A. (1984). Stable 

isotope ratio as a tracer of mangrove carbon in Malaysian ecosystems. 

Oecologia, 61(3), 326-333.  

Roesijadi, G., & Robinson, W. (1994). Metal regulation in aquatic animals: 

mechanisms of uptake, accumulation and release. Aquatic Toxicology, 102, 

125-133.  

 AB. (1995). An  AB Report: Review of the Agency‘s approach for developing 

sediment criteria for five metals. US Environmental Protection Agency, 

Science Advisory Board, Washington, D.C. . EPA-SAB-EPEC-95-020.  

Saha, M., Sarkar, S., & Bhattacharya, B. (2006). Interspecific variation in heavy 

metal body concentrations in biota of Sunderban mangrove wetland, 

northeast India. Environment International, 32(2), 203-207.  

Salomons, W. Forstner U (1984) Metals in the hydrocycle: Springer, Berlin 

Heidelberg New York. 

Sanders, J. G., & Riedel, G. F. (1998). Metal accumulation and impacts in 

phytoplankton. Metal Metabolism in Aquatic Environments. Chapman and 

Hall, New York, 59-76.  

Santos Bermejo, J., Beltrán, R., & Gómez Ariza, J. (2003). Spatial variations of 

heavy metals contamination in sediments from Odiel river (Southwest 

Spain). Environment International, 29(1), 69-77.  

Sasekumar, A. (1980). The present state of mangrove ecosystems in Southeast Asia 

and the impact of pollution. FAO/UNEP project: impact of pollution on the 

mangrove ecosystem and its productivity in Southeast Asia(SCS/80/WP/94b) 

Publication of the South China Sea Fisheries Development and Coordinating 

Programme, Manila.  

Sasekumar, A., Chong, V.C., Lim, K.H., Singh, H.R. (1994 ). The Fish community 

of Matang mangrove waters, Malaysia. In S. Sudara, C.R., Wilkinson, L.M., 

Chou. Proceedings of the third ASEAN: Australia symposium on living 



© C
OPYRIG

HT U
PM

113 

 

coastal resources Research papers, vol 2, (pp 457–464)  Chulalonghorn 

University, Bangkok.  

Sasekumar A., O. T. L. a. T. K. L. (1984). Predation of mangrove fauna by marine 

fishes. In: Soepadmo E., Rao A.N. and Macintosh D.J. (eds.), Proceedings of 

the Asean Symposium on Mangrove Environment, University of Malaya and 

UNESCO Kuala Lumpur.  

Sato, K., & Sada, K. (1992). Effects of emissions from a coal-fired power plant on 

surface soil trace element concentrations. Atmospheric Environment. Part A. 

General Topics, 26(2), 325-331.  

Schulz, H. D., & Zabel, M. (2006). Marine geochemistry (Vol. 2): Springer. 

Schumacher, B. A. (2002). Methods for the determination of total organic carbon 

(TOC) in soils and sediments. National ESD, ed.: EPA.  

Selvaraj, K., Ram Mohan, V., & Szefer, P. (2004). Evaluation of metal 

contamination in coastal sediments of the Bay of Bengal, India: geochemical 

and statistical approaches. Marine Pollution Bulletin, 49(3), 174-185.  

Sheela, A., Letha, J., Joseph, S., & Thomas, J. (2012). Assessment of heavy metal 

contamination in coastal lake sediments associated with urbanization: 

Southern Kerala, India. Lakes & Reservoirs: Research & Management, 

17(2), 97-112.  

Shriadah, M. (1999). Heavy metals in mangrove sediments of the United Arab 

Emirates shoreline (Arabian Gulf). Water, Air, & Soil Pollution, 116(3), 523-

534.  

Shukla, G. S., & Singhal, R. L. (1984). The present status of biological effects of 

toxic metals in the environment: lead, cadmium, and manganese. Canadian 

Journal of Physiology and Pharmacology, 62(8), 1015-1031.  

Skov, M. W., Hartnoll, R.G. (2001). Comparative suitability of binoculars 

observation, burrow counting and excavation for the quantification of the 

mangrove fiddler crab Uca annulipess (H. Milne Edwards). Hydrobiologia, 

449, 201-212.  

Smil, V. (1996). Cycles of life: civilization and the biosphere: Scientific American 

Library. 

Smith, P. N., Cobb, G. P., Godard-Codding, C., Hoff, D., McMurry, S. T., 

Rainwater, T. R., Reynolds, K. D. (2007). Contaminant exposure in 

terrestrial vertebrates. Environmental Pollution, 150( 1), 41–64.  

Soares, H., Boaventura, R., Machado, A., & Esteves da Silva, J. (1999). Sediments 

as monitors of heavy metal contamination in the Ave river basin (Portugal): 

multivariate analysis of data. Environmental Pollution, 105(3), 311-323.  

Solan, M., Wigham, B.D. (2005). Biogenic particles reworking and bacterial-

invertebrate interactions in marine sediments. In E. Kristensen, R.R. Haese, 

J.E. Kostka. Macro- and Microorganisms in Marine Sediments. Coastal and 

Estuarine Studies. 60 pp.105–124 American Geophysical Union.  



© C
OPYRIG

HT U
PM

114 

 

Stalikas, C. D., Chaidou, C. I., & Pilidis, G. A. (1997). Enrichment of PAHs and 

heavy metals in soils in the vicinity of the lignite-fired power plants of West 

Macedonia (Greece). Science of the Total Environment, 204(2), 135-146.  

Sung, C. T. B., & Talib, J. (2006). Soil and Plant Analyses: Soil Physics Analyses 

(Vol. 1). Serdang: Universiti Putra Malaysia Press  

Syers, J. K., Mackay, A. D., Brown, M. W., & Currie, L. D. (1986). Chemical and 

physical characteristics of phosphate rock materials of varying reactivity. 

Journal of the Science of Food and Agriculture, 37(11), 1057-1064.  

Szilagyi, R. K., Bryngelson, P. A., Maroney, M. J., Hedman, B., Hodgson, K. O., & 

Solomon, E. I. (2004). S K-edge X-ray absorption spectroscopic 

investigation of the Ni-containing superoxide dismutase active site: new 

structural insight into the mechanism. Journal of the American Chemical 

Society, 126(10), 3018-3019.  

Tam, N., & Wong, Y. (2000). Spatial variation of heavy metals in surface sediments 

of Hong Kong mangrove swamps. Environmental Pollution, 110(2), 195-

205.  

Tam, N., & Yao, M. (2002). Concentrations of PCBs in coastal mangrove sediments 

of Hong Kong. Marine Pollution Bulletin, 44(7), 642-651.  

Tan, L. W. H., Ng, P.K.L. (1998). A guide to Seashore Life. Singapore. The 

Singapore Science Centre: 160.  

Taylor, M. (1997). Accumulation of cadmium derived from fertilisers in New 

Zealand soils. Science of the total environment, 208(1), 123-126.  

Tessier, A., & Campbell, P. (1987). Partitioning of trace metals in sediments: 

relationships with bioavailability. Hydrobiologia, 149(1), 43-52.  

Tessier, A., Campbell, P. G., & Bisson, M. (1979). Sequential extraction procedure 

for the speciation of particulate trace metals. Analytical chemistry, 51(7), 

844-851.  

Thomas, R., Ure, A., Davidson, C., Littlejohn, D., Rauret, G., Rubio, R., & López-

Sánchez, J. (1994). Three-stage sequential extraction procedure for the 

determination of metals in river sediments. Analytica Chimica Acta, 286(3), 

423-429.  

Thyssen, J. P., Johansen, J. D., Menné, T., Nielsen, N. H., & Linneberg, A. (2009). 

Nickel allergy in Danish women before and after nickel regulation. New 

England Journal of Medicine, 360(21), 2259-2260.  

Tomlinson, D., Wilson, J., Harris, C., & Jeffrey, D. (1980). Problems in the 

assessment of heavy-metal levels in estuaries and the formation of a pollution 

index. Helgoland Marine Research, 33(1), 566-575.  

Trueman, C. N., McGill, R. A. R., Guyard,  P. H. (2005). The effect of growth rate 

on tissue-diet isotopic spacing in rapidly growing animals. An experimental 

study with Atlantic salmon (Salmo salar)  Rapid Communications in Mass 

Spectrometry, 19, 3239–3247.  



© C
OPYRIG

HT U
PM

115 

 

Tu, K., & Dawson, T. (2005). Partitioning ecosystem respiration using stable carbon 

isotope analyses of CO2. Stable Isotopes and Biosphere–Atmosphere 

Interactions: Processes and Biological Controls, 125-148.  

Turekian, K. K., & Wedepohl, K. H. (1961). Distribution of the elements in some 

major units of the earth's crust. Geological Society of America Bulletin, 

72(2), 175-192.  

Usero, J., Gamero, M., Morillo, J., & Gracia, I. (1998). Comparative study of three 

sequential extraction procedures for metals in marine sediments. 

Environment International, 24(4), 487-496.  

Vander Zanden, M.,   Rasmussen, J. B. (2001). Variation in δ15N and δ13C trophic 

fractionation: implications for aquatic food web studies. Limnology and 

Oceanography, 46(8), 2061-2066.  

Vanderklift, M. A., & Ponsard, S. (2003). Sources of variation in consumer-diet 

δ15N enrichment: a meta-analysis. Oecologia, 136(2), 169-182.  

Vane, C. H., Harrison, I., Kim, A., Moss-Hayes, V., Vickers, B., & Hong, K. (2009). 

Organic and metal contamination in surface mangrove sediments of South 

China. Marine Pollution Bulletin, 58(1), 134-144.  

Veselý, J., & Majer, V. (1996). The effect of pH and atmospheric deposition on 

concentrations of trace elements in acidified freshwaters: A statistical 

approach. Water, Air, and Soil Pollution, 88(3-4), 227-246.  

Viarengo, A., Palmero, S., Zanicchi, G., Capelli, R., Vaissiere, R., & Orunesu, M. 

(1985). Role of metallothioneins in Cu and Cd accumulation and elimination 

in the g gill and digestive gland cells of Mytilus galloprovincialis lam. 

Marine Environmental Research, 16(1), 23-36.  

Vitousek, P. M., Aber, J. D., Howarth, R. W., Likens, G. E., Matson, P. A., 

Schindler, D. W., & Tilman, D. G. (1997). Human alteration of the global 

nitrogen cycle: sources and consequences. Ecological applications, 7(3), 

737-750.  

Volbeda, A., & Hol, W. G. (1989). Crystal structure of hexameric haemocyanin from 

Panulirus interruptus refined at 3.2 Å resolution. Journal of molecular 

biology, 209(2), 249-279.  

Wada, A., Hattori, A. (1991). Nitrogen in the sea: Forms, Abundances and Rate 

Processes Frorida: CRC Press.  

Wada, E., Kabaya, Y., Kurihara, Y. (1993 ). Stable isotope structure of aquatic 

ecosystems. Journal of Biological Science, 18, 483-499.  

Wafar, S., Untawale, A.G., Wafar, M. (1997). Litter fall and energy flux in a 

mangrove ecosystem. Estuarine Coastal Shelf Science, 44, 111–124.  

Wallace, W. G., Brouwer, T. M. H., Brouwer, M., Lopez, G. R. . (2000). Alterations 

in prey capture and induction of metallothioneins in grass shrimp fed 

cadmium-contaminated prey. Environ. Toxicol. Chem.  , 19(14), 962–971.  



© C
OPYRIG

HT U
PM

116 

 

Wang, W.-X., & Guo, L. (2000). Bioavailability of colloid-bound Cd, Cr, and Zn to 

marine plankton. Marine Ecology Progress Series, 202, 41-49.  

Wang, W., Qin, Y., Song, D., & Wang, K. (2008). Column leaching of coal and its 

combustion residues, Shizuishan, China. International Journal of Coal 

Geology, 75(2), 81-87.  

Wang, W. X., Fisher, N. S. (1999). Assimilation efficiencies of chemical 

contaminants in aquatic invertebrates: a synthesis. Environmental Toxicology 

and Chemistry 18(9), 2034–2045.  

Wang, X. C., Feng, H., & Ma, H. Q. (2007). Assessment of metal contamination in 

surface sediments of Jiaozhou Bay, Qingdao, China. CLEAN–Soil, Air, 

Water, 35(1), 62-70.  

Warren, J. H., Underwood, A.J. (1986 Effects of burrowing crabs on the topography 

of mangrove swamps in New South Wales). Journal of Exprimental  Marine  

Biology and Ecology. 102, 223-235.  

Webb, M. (1987). Toxicological significance of metallothionein Metallothionein II 

(pp. 109-134): Springer. 

Werry, J., Lee, S.Y. (2005 ). Grapsid crabs mediate link between mangrove litter 

production and planktonic food chains. Marine  Ecology  Progress Series, 

293, 165–176.  

Wilson, J. M., Kok, T.W.K., Randall, D.J., Vogl, W.A., Ip, K.Y. (1999). Fine 

structure of the gill epithelium of the terrestrial mudskipper, 

Periophthalmodon schlosseri. Cell Tissue Research, 298, 345–356.  

WItteveen , B. H., Worthy, A. J. G., Wayne K.M., Hirons, A.C., Andrews III A. G., 

Russell W.M. (2011). Trophic levels of North Pacific Humpback Wales 

(Megaptera noveangliae) Through analysis of Stable Isotopes: Implication 

on Prey Resource Quality. Aquatic Mammals, 37, 101-110.  

WItteveen , B. H., Worthy, A. J. G., Wayne K.M., Hirons, A.C., Andrews III A. G., 

Russell W.M. (2011 ). Trophic levels of North Pacific Humpback Wales 

(Megaptera noveangliae) Through analysis of Stable Isotopes: Implication on 

Prey Resource Quality. Aquatic Mammals, 37, 101-110.  

Yan, Z., Li, X., Chen, J., & Tam, N. F.-Y. (2015). Combined toxicity of cadmium 

and copper in Avicennia marina seedlings and the regulation of exogenous 

jasmonic acid. Ecotoxicology and Environmental Safety, 113, 124-132.  

Yang, H., & Rose, N. (2005). Trace element pollution records in some UK lake 

sediments, their history, influence factors and regional differences. 

Environment International, 31(1), 63-75.  

Yap, C., & Cheng, W. (2009). Heavy metal concentrations in Nerita lineata: the 

potential as a biomonitor for heavy metal bioavailability and contamination 

in the tropical intertidal area. Marine Biodiversity Records, 2, e46.  



© C
OPYRIG

HT U
PM

117 

 

Yap, C., Ismail, A., Tan, S., & Omar, H. (2002). Concentrations of Cu and Pb in the 

offshore and intertidal sediments of the west coast of Peninsular Malaysia. 

Environment International, 28(6), 467-479.  

Yap, C., Ismail, A., Tan, S., & Omar, H. (2003a). Accumulation, depuration and 

distribution of cadmium and zinc in the green-lipped mussel Perna viridis 

(Linnaeus) under laboratory conditions. Hydrobiologia, 498(1-3), 151-160.  

Yap, C., & Pang, B. (2011). Assessment of Cu, Pb, and Zn contamination in 

sediment of north western Peninsular Malaysia by using sediment quality 

values and different geochemical indices. Environmental Monitoring and 

Assessment, 183(1), 23-39.  

Yap, C., Rahim-Ismail, A., Ismail, A., & Tan, S. (2005a). Analysis of heavy metal 

concentration data (Cd, Cu, Pb and Zn) in different geochemical fractions of 

the surface sediments in the Straits of Malacca by the use of correlation and 

multiple linear stepwise regression analyses. Malaysian Applied Biology, 

34(2), 51.  

Yap, C. K., Choh, M. S., Berandah, F. E., Ismail, A., & Tan, S. G. (2006a). 

Comparison of heavy metal concentrations in surface sediment of Tanjung 

Piai wetland with other sites receiving anthropogenic inputs along the 

southwestern coast of Peninsular Malaysia. Wetland Science, 4(1).  

Yap, C. K., Ismail, A., Omar, H., & Tan, S. G. (2004). Toxicities and tolerances of 

Cd, Cu, Pb and Zn in a primary producer (Isochrysis galbana) and in a 

primary consumer (Perna viridis). Environment International, 29(8), 1097-

1104.  

Yap, C. K., Ismail, A., & Tan, S. G. (2003b). Cd and Zn concentrations in the straits 

of Malacca and intertidal sediments of the west coast of Peninsular Malaysia. 

Marine Pollution Bulletin, 46(10), 1349-1353.  

Yap, C. K., Noorhaida, A., Azlan, A., Nor Azwardy, A. A,  Ismail, A., Ismail, A.R., 

Siraj, S.S., Tan. S.G. (2009). Telescopium telescopium as potential 

biomonitors of Cu Zn and Pb for the tropical intertidal area. Ecotoxicology 

and Environmental Safety, 72, 496-506.  

Yoshioka, T. (1997). Phytoplanktonic carbon isotope fractionation: equations 

accounting for CO2-concentrating mechanisms. Journal of Plankton 

Research, 19(10), 1455-1476.  

Yuan, C. G., Shi, J. B., He, B., Liu, J. F., Liang, L. N., & Jiang, G. B. (2004). 

Speciation of heavy metals in marine sediments from the East China Sea by 

ICP-MS with sequential extraction. Environment International, 30(6), 769-

783.  

Zanden, M. J. V.,   Rasmussen, J. B. (1999). Primary consumer δ13C and δ15N and 

the trophic position of aquatic consumers. Ecology, 80(4), 1395-1404.  

Zhang, J., Taichi T., Toru T., Ahyaudin, B. A. (2003). A study on the epidermal 

structure of Periophthalmodon and Periophthalmus mudskippers with 

reference to their terrestrial adaptation. Ichthyology Research, 50, 310–317  



© C
OPYRIG

HT U
PM

118 

 

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 Mudflat and Mangroves at Mai Po Marshes Nature Reserve, 

Hong Kong. Marine Pollution Bulletin, 40, 1210-1214.  

Zulkifli, S. Z., Ismail, A., Mohamat-Yusuff, F., Arai, T., & Miyazaki, N. (2010a). 

Johor Strait as a hotspot for trace elements contamination in Peninsular 

Malaysia. Bulletin of Environmental Contamination and Toxicology, 84(5), 

568-573.  

Zulkifli SZ, M.-Y. F., Ismail A, Miyazaki N. (2012b). Food preference of the giant 

mudskipper Periophthalmodon schlosseri (Teleostei: Gobiidae) Knowl 

Manag Aquat Ecosyst 405: art. no. 07., doi:10.1051/kmae/2012013.  

Zulkifli, S. Z., Mohamat-Yusuff, F., Arai, T., Ismail, A., & Miyazaki, N. (2010b). 

An assessment of selected trace elements in intertidal surface sediments 

collected from the Peninsular Malaysia. Environmental Monitoring and 

Assessment, 169(1), 457-472.  

Zulkifli, S. Z., Mohamat-Yusuff, F., & Ismail, A. (2012a). Bioaccumulation of 

selected heavy metals in soldier crabs, Dotilla myctiroides (Decapoda: 

Ocypodidae) from Bagan Lalang, Selangor, Malaysia. Acta Biol Malays, 1, 

94-100.  

Zulkifli, S. Z., Mohamat-Yusuff, F., Mukhtar, A., Ismail, A., & Miyazaki, N. (2014). 

Determination of food web in intertidal mudflat of tropical mangrove 

ecosystem using stable isotope markers: A preliminary study. Life Science 

Journal, 11(3), 427-431.  

 

 

 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 


	Blank Page
	Blank Page
	Blank Page
	Blank Page



