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ABSTRACT 

This research was conducted to observe the distribution of particle sizes, the 

concentration of nutrients, such as Total Organic Carbon (%), Total Inorganic Carbon 

(%), Total Phosphorus (mg of P/100g) and Total Nitrogen (%) and heavy metal 

concentration in sediment along the Darau river estuary. Six stations were selected 

and located near the source of nutrients. The six stations started with the upper 

stream of the estuary, the construction site, Ko-Nelayan shrimp farm, housing area, 

mixing pOint between Darau and Ukas River and control station that located 1.5 

kilometers from the river estuary. Along the Darau river estuary, the dominant type 

of sediment particles is silt (61.31%), followed by sand (37.42%) and mud (1.27%). 

Total Organic Carbon in sediment was range from 0.11%-3.33%, while the Total 

Inorganic Carbon (0.16%-4.52%), Total Phosphorus (0.22 mg of P/100g - 0.77 mg 

of P/100g) and Total Nitrogen (0.01%-0.18%). The significant different was 

observed between the sediment nutrients with Total Organic Carbon and Total 

Inorganic Carbon (F=3.141, P<0.05), Total Nitrogen (F=24.03, P<0.05) and Total 

Phosphorus (F=13.03, P<0.05) within stations. In conclusion, the sediment from 

Darau river estuary is mainly comprised of silt. While the nutrient content differs 

among the stations and related to the sources of origin along the river estuary. The 

highest percentage of heavy metal element along Darau River estuary is Iron (Fe) 

with (365.31 ppm) and lowest percentage was Arsenic (As) with (0.12 ppm). The 

sequence of heavy metal elements are as follow; Iron (Fe) > Aluminium (AI) > 

Magnesium (Mg) > Mangane (Mn) > Zinc (Zn) > Lead (Pb) > Nickel (Ni) > Copper 

(Cu) > Chromium (Cr) >Arsenic (As). 
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ABSTRAK 

Penyelidikan ini mengkaji jenis saiz partikel, kepekatan nutrisi, seperti lumlah Karbon 

Organik (%), lumlah Karbon Inorganik (%), lumlah Fosforus (mg/L daripada 

P/l00g) dan lumlah Nitrogen (%) dan tahap logam berat dida/am tanah sepanjang 

persisiran Sungai Darau. Enam stesen te/ah dipilih dan setiap satu stesen terletak 

berhampiran sumber nutrisi. Enam stesen tersebut bermula dengan hu/u sungai, 

kawasan pembinaan, lading udang Ko-Nelayan, kawasan perumahan, titik pertemuan 

diantara Sungai Darau dan Likas dan stesen kawasan dimana ianya terletak 1.5 

kiloeter dari muara sungai. Sepanjang Sungai Darau, taburan kekerapan jenis partikel 

tiJnah adalah lumpur (61.31%), di ikuti pasir (37.42%) dan lumpur (1.27%). lulat 

lumlah Karbon Organik yang terdapat di dalam tanah adalah sebanyak (0.11%-

3.33%), manakala lumlah Karbon Inorganik (0.16%-4.52%), Jumlah Fosforus (0.22 

mg dari P/l00g - 0.77 mg dari P/l00g) dan Jumlah Nitrogen (0.01%-0.18%). 

Perbezaan yang signifikan ditunjukkan diantara tanah nutrisi adalah lumlah Karbon 

Organik dan lumlah Karbon Inorganik (F=3.141, P<O.OS), lumlah Nitrogen 

(F=24.03, P<O.OS) dan Jumlah Fosforus (F=13.03, P<O.OS) bagi setiap stesen. 

Sebagai konklusi, tanah di sepanjang Sungai Darau didominasi o/eh lumpur. 

Sementara itu, kandungan nutrisi berbeza diantara setiap stesen dan saling 

berhubung kait dengan sumber asal nutrisi disepanjang muara sungai. Peratus 

tertinggi bagi logam berat di sepanjang Sungai Darau adalah Iron (Fe) dengan 

(365.31 ppm) dan peratus terrendah adalah Arsenik dengan (0.12 ppm). Susunan 

logam berat tersebut adalah seperti berikut; Iron (Fe) > Aluminium (AI) > 

Magnesium (Mg) > Mangane (Mn) > Zinc (Zn) > Lead (Pb) > Nickel (Ni) > Copper 

(eu) > Chromium (Cr) >Arsenic (As). 
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CHAPTER 1 

INTRODUCTION 

1.1 Estuary Sediment 

Sediment is a particle of organic and inorganic substance that builds up in a loose, 

unconsolidated form. The particles derive from; the weathering and erosion of rocks, 

from the activity of living organisms, from the volcanic eruption, from the chemical 

processes in the water column, and even from the atmosphere (Garrison, 2010). 

Estuaries are the meeting place of land drainage with the sea. They contain 

many differences habitats; shallow open water, salt marshes, sandy beaches, mud 

and sand flats, rocky shore, mangrove forests, sea grass beds, river deltas and tidal 

pool (Green et. al., 2000). These habitats form the most productive area on the Earth, 

creating more organic material each year than comparable areas of forest or 

farmland (Green et. al., 1997). 

The detail scope in looking the estuary sediment can be according to; 

intertidal flats, fringes and headwaters (Dyer, 1973). The intertidal flat is the area 

where the tidal currents are weaker and the water on the incoming tide gently floods 

adjacent shallow intertidal flats, except when waves resuspend it. As the water 

deepens the waves have less and less effect on the sediment. Some fine silt and 

muds may be carried out to sea on the outgoing tide through the drainage channels 

(Oyer, 1973). 

While the along the intertidal margins, the incoming tide can move turbid 

plumes (originating from intertidal flats or catchment run-off) up to small, sheltered, 

tidal creeks or side arms. If the conditions are calm then fine sediments settle out 



Green et al., 1973). These fringes are where mangroves love to grow, further 

enhancing sedimentation by slowing water movement (Dyer, 1973). 

On the other hands, the sediment carried by the streams and rivers increase 

enormously following heavy rainfall. Some of this load is discharge directly into the 

ocean, but most settles down on intertidal banks and in shallow tidal creeks. Any 

sediment deposited in channels is soon scoured and re-deposited on intertidal flats 

and around the fringes of the estuary (Green et al., 2000). 

Sediment at estuary plays a vital role in cycling the element in the 

environment. Sediment is responsible for transport the significant proportion of many 

nutrients and also contaminants. Sediment in surface water derived from the erosion 

and comprises a mineral component. An additional organic component may be added 

by biological activity within the water body (Ongley, 1992). 

Sediment also can carry pathogens, pollutants and nutrients downstream and 

excessively high sediment loads can give negative impact. Gravel and cobble-sized 

sediment are very important as habitat for benthic macro invertebrates (Ongley, 

1992). Besides, coarser sediment like silt and clay are cohesive. Their grains hold 

each other by chemical attraction and increase their resistance to erosion. 

Types of the sediment along the Darau River Estuary maybe vary due to the 

morphological of the location. Different types of sediment have different particle size. 

Furthermore, different types of sediment may content diverse types of nutrients. 

While the nutrients content may be influence by the activities surround the area and 

the in situ parameters like bottom temperature and oxygen. 

1.1.1 Total Nitrogen (TN), Total Phosphorus (TP), Total Organic carbon 

(TOC) and Total Inorganic Carbon (nC) in sediment. 

Most of the nutrients; TN, TP, TOC and TIC in sediment come from the land activities. 

For instant, the fecal input and metabolic wastes and organic carbon originating from 

the feed lead to higher organic carbon concentration at the aquaculture site (Chou et 

al., 2004). Not only that the other nutrient also being introduced by the aquaculture 
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activity. The fish farm at Greece found the amount of nitrogen element and 

phosphorus high due to the accumulation of feeding and fecal from the marine 

organism (Mantzavrakos et. aI., 2007). 

There is not only one point source of the nutrients being introduce towards 

the estuary, but also including; housing area with sewage system and also the grain 

size (Shengrui et al., 2006). Near the human settlement, the nitrogen requirement 

for decomposition of organic matter under anaerobic conditions is about one-third of 

required under aerobic conditions (William et al., 1968). This is due to lower 

energetic efficiency of anaerobic metabolism. While, for the phosphorus accumulates 

in the sediment by sedimentation of algae or other organisms and by precipitation of 

calcium phosphate (Avnimelech, 1983). 

On the other hands, the particle size particle also contributes in determination 

of the nutrients in the sediment. The TOC, TN and TP contain increasing as particle 

size decreasing (Shengrui et al., 2006). This is probably due to the clay fraction and 

the larger specific area for the fine fractions (Zhou et al., 2004). As fractions with 

different sizes had different speCific surface areas and weight, they had different 

effects on the exchange of phosphorus between sediments and the overlying water. 

Rner grain fractions had larger pollutant sorption capacity and high suspension 

potential (Shengrui et. al., 2006). Therefore, sediments with higher proportion of clay 

and silt fractions were more heavily polluted. 

1.1.2 Heavy metal 

The origin of the heavy metal in marine sediment can come from natural and 

anthropogenic resource; distribution and accumulation are influence by sediment 

texture, mineralogical compositions, reduction/oxidation state, adsorption and 

desorption process and physical transport. Moreover, metal can be absorbed from 

the water column onto fine particles surface and move thereafter towards sediment. 

On the other hands, metal may exist in several different forms, including 

soluble and exchangeable, as an amorphous material (Fe/Mn oxides) bound to 

organic matter and sulfides, or bound to mineral lattices. Determination of metal 

3 



concentration in sediment is important to fully understand about the bioavailability, 

mobility and toxicity of metals but is generally useful as an indicator of contamination 

in aquatic environments (Alessandro et al., 2006). 

Heavy metal also give it own impact towards human being. The potential 

effects of heavy metal on human health were obtained through their different 

toxicological profiles, (IRIS, 2007; RAlS, 2009 and ATSDR, 2011). The profile 

confirmed that the human may have high level of heavy metal may expose to the 

carcinogenic susceptibility of some heavy metal (Olawoyin, 2012). 

Heavy metal that induce the carcinogenic risk are Cadmium (Cd) and 

Chromium (Cr), while Copper (Cu), Magnesium (Mg) and zinc (Zn) are known to 

induce non-carcinogenic effect. Furthermore, Lead (Pb) classified as probable cancer 

causing in human body. No fact and study can confirm it to human body but the 

strong proof established in animal (USEPA, 2011a). 

Darau river estuary will be selected due to the characteristics that have; 

aquaculture activities, housing area and human settlement and mixing of two estuary. 

This Darau river estuary has such abundance factors that influence the concentration 

of nutrients and the heavy metal. 

1.2 Significance of study 

There is a few detail study done in sediment quality of Inanam river estuary and not 

covering all part of the Darau river estuary. The data collection will more concern 

about the quality level of the estuary. Thus, the data provided will assist in observer 

and monitOring the level of Darau river estuary sediments quality. 

4 



1.3 Objectives 

The objectives of the study are: 

i. To identify the types of sediment based on particle size along Darau River Estuary. 

ii. To determine the variability of Total Nitrogen (TN), Total Phosphate (TP), Total 

Organic Carbon (TOC) and Total Inorganic compound (TIC) in Darau River Estuary. 

iii. To determine the concentration of heavy metal in sediment of Darau River Estuary. 

1.4 Hypotheses 

The hypotheses of the study are: 

i. Based on the type and origin of sediment, the particle size may differ in each station 

along the Darau River Estuary. 

ii. Concentration of TN, TP, TOC and TIC in the sediment in each station will vary in 

Darau River Estuary. 

iii. There will be variation in the concentration of heavy metal along the Darau River 

Estuary. 

5 



REFERENCES 

Alan, G., S. 2001. Metal concentration in marine sediment around Scotland: A 

baseline for environment studied. Continental Shelf Research, 21: 879-897. 

Alessandro, B., Giovanni, B., Nicola. C., Angelo, D. A., Antonella, D. L., & Antonella, 

M. 2006. Heavy metal in marine sediments of Toronto Gulf (Ionian Sea, 

Southern Italy). Marine Chemistry, 99: 227-235. 

Allaby, M. 2013. A dictionary of Geology and Earth. Oxford University Press Inc, New 

York. 

Allen, T. 1992. Particle size measurement, MALVERN instrument 1-8. 

Alongi, D., M., Wattayakorn, D., Pfitzner, J., Tlrendi, F., Zagorskis, I., Brunskill, G., J., 

Davidson, J., Clough, B., F. 2001. Organic carbon accumulation and metabolic 

pathways in sediments of mangrove forests in Southern Thailand. Marine 

Geology, 179: 85-103. 

Agency for Toxic Substances and Disease Registry (ATSDR). 2011 United Stated 

Agency of Toxic Substances and Disease Registry. Retrieved on December 07 

2013 from http://www.atsdr.cdc.gov. 

Avnimelech, Y. 1983. Phosphorus and calcium carbonate solubilities in Lake Kinneret. 

limnology Oceanography. 28: 640-645. 

Azad, S., A., Estim, A., & Rathi, A., R., M. 2014. Effects of cage culture on dissolved 

inorganic nutrient and surface sediment composition in Sulaman Bay Lagoon, 

Sabah, Malaysia. Journal of Environmental Science, Computer Science and 

Engineering & Technology, 3 (2): 818-827. 

Azad, S., A., & Sakari, M. 2013. Sediment quality of Labuan Marine Park, Malaysia. 

Documentary report. Labuan Marine Park Expedition 2012. Published by 

BMRI, Universiti Malaysia Sabah, 131 pp. 

44 



Benill, M. & D. Berill. 1981. A sierra club naturalists guide: The North Atlantic coast. 

San Francisco: Sierra Club Books. 

Buccoleiri, A., Buccolieri, G., Cardellicchio, N., Atti, A., D., Leo, A., D., & Maci, A. 

2006. Heavy metal in marine sediments of Taranto Gulf (Ionian Sea, Southern 

Italy). Marine Chemistry, 99: 227-235. 

Buller, A. T. & McManus, J. 1979. Sediment sampling and analysis. Cambridge 

University Press, london. 398 pp. 

Calamano, W., Ahlf, W., & Forstner, U. 1990. Exchange of heavy metals between 

sediment components and water. In: Broekaert, J.A.C., Gucer, S., Adam, F. 

(Eds.), Metal speciation in the environment NATO ASI Series. Springer­

Verlag, Berlin, 23: 503-522. 

Chandrasekar, N., Kmaresan, S., & Vetha-Roy, D. 2003. Distribution of phosphorus 

and nitrogen in the sediment of Tambraparani estuary, South East of India. 

En: Kumar A (ed), Aquatic Ecosystem. New Delhi. 275-281. 

Chou, C. L., Haya, K., Paon, L. A. & Moffatt, J. D. 2004. A regression model using 

sediment chemistry for the evaluation of Marine Environment Impacts 

Associated with salmon aquaculture cage waste. Marine Pollution Bulletin. 49: 

465-472. 

Clarke, S., K., & Wharton, G. 2001. Sediment nutrient characteristic and aquatic 

marcophytes in lowland English rivers. The Science of the Total environment, 

226: 103-112. 

Data, D., K., Grupta, L., P., & Subramanian, V. 1999. Distribution of C, Nand P in the 

sediments of Ganges-Brahmaputra-Meghna river system in the Bengala basin. 

Organic Geochemistry, 30: 75-82. 

Drexler, J., Rsher, N., Henningsen, G., Lanno, R., McGeer, J. & Sappington, K. 2003: 

Issues paper on the Bioavailability and Bioaccumulation of metals (Draft). 

Washington: U.S. Environmental Protection Agency. 

Dyer, K. R. 1973. Estuaries: A physical introduction. John Wiley & Sons. london. 

45 



Elderfield, H. 1970. Chromium specification in seawater. Earth Planet Science Lett. 9: 

10-16. 

Environment canada. 1987. A profile of important estuaries in Atlantic Canada, 

Environmental Quality Division, Conservation and Protection, Atlantic Region. 

Dartmouth, NS. 

Fogel, M., L., Wooler, M., J., Cheeseman, B., J., Smallwood, Q., Robert, I., R., & 

Jacobson, M., M. 2008. Unusually negative nitrogen isotopic compositions of 

mangroves and liches in an oligotrophic, microbially-influenced ecosystem. 

Biogeoscience discussion, 5:937-969. 

Garrison, T. 2010. Oceanography: An Invitation of Marine Science. 5th Ed. Thomson 

Learning, california. 352 pp. 

Green, M. 0., Black, K. P. & Amos, C. L. 1997. Control of estuarine sediment 

dynamics by interaction between currents and waves at several scales. Marine 

Geology. 144: 97-116. 

Green, M. 0., Bell, R. G., Dolphin, T. J. & Swales, A. 2000. Silt sand transport in a 

deep tidal channel of a large estuary (Manukau Harbour, new Zealand). 

Marine Geology, 163: 217-240. 

Hai, T. N., & Yakupitiyage. A. 2005. The effects of the decomposition of mangrove 

leaf litter on water quality, growth and survival of black tiger shrimp (Penaeus 

monodon Fabricius, 1798). Aquaculture, 350 (3-4): 700-712. 

Hartmann, M., Muller, P., Suess, E., & Vander-Weijden, c., H. 1973. Oxidation of 

organic matter in recent marine sediments. "Meteor" Forschungsergebnisse 

Reihe. Geological Geophysical, 12: 74-86. 

Heiri, O. Lotter, A. F., & Lemcke, G. 2001. Loss on ignition as a method for 

estimating organic and carbonate content in sediments: Reproducibility and 

comparability of result. Journal of Paleolimnology, 25: 101-110. 

Holmboe, N., & Kristensen, E. 2002. Ammonium adsorption in sediments of a tropical 

mangrove forest (Thailand) and a temperate Wadden Sea area (Denmark). 

Wetland Ecology management, 10: 453-460. 

46 



Integrated Risk Information System (IRIS). 2007. United States Environmental 

Protection Agency. Retrived on December 07 2013 from 

http://cfpub.epa.qov/ncea/irislindex.cfmS. 

Isla, E., Rossi,S., Palanques, A., GiIi, J. M., Gerdes, D., & Arntz, W. 2006. 

Biochemical composition of marine sediment from the eastern Weddell Sea 

(Antartica): High nutritive value in a high benthic-biomass environment. 

Marine System, 60: 255-267. 

Jan-Ake, P., Wennerholm, M., & O'Halioran, S. 2008. Handbook for Kjeldahl 

digestion. Hilleroed, Denmark, 15-84 pp. 

Kelvin, K., P., Um., Dennis, H., M., Morgany, T., Sivasothi, N., Peter, K., L., Ng., 

Soong, B., C., Hugh, T., W., Tan., Tan, K., 5., & Tan, T., K. 2001. A guide to 

mangroves of Singapore, The ecosystem and plant diversity, 1: 1-7. 

Kennish, M., j. 2001. Practical handbook of Marine Science. 3th Ed. CRC. Press, New 

Jersey. 876 pp. 

Kristensen, E., 5., Bouillion, T., Dittmar & Marchand, C. 2008. Organic carbon 

dynamics in mangrove ecosystem: A review. Aquatic Botany, 89: 201-219. 

lanza-Espino, G., D., lo, Flores-Vergudo, F., J., Hernandez-Pulido, 5., & Penie 

Rodriguez, I. 2011. Concentration of nutrients and C:N:P ratios in surface 

sediments of a tropical coastal lagoon complex affected by agricultural runoff. 

JoumalofUciencia. 27 (2): 145-155. 

Levinton, J., S. 1995. Marine Biology: Function, Biodiversity, Ecology. New York: 

Oxford University Press. 

Marchand, C., lallier-verges, E., Baltzer, F., Alberic, P., Cossa, D., & Baillif, P. 2006. 

Heavy metal distribution in mangrove sediments along the mobile coastline of 

French Guiana. Marine Chemistry. 98 (1): 1-17. 

Martin,S., E. 2009. Human health effects on heavy metal. Center for hazardous 

Substances research, March: 1-6. 

47 



Meyer, P., A. 2003. Application of organic geochemistry to paleolimnological 

reconstruction: A summary of examples from the Laurentian Great Lakes. 

Organic Geochemistry, 34: 261-289. 

Mantzavrakos, E., Komaros, M., Lyberatos, G. & Kaspiris, P. 2007. Impacts of a 

marine fish farm in Argolikos Gulf (Greece) on the water column and the 

sediment. Desalination, 210: 110-124. 

Minagawa, M., Kuramoto, T. 2000. Stable carbon and nitrogen isotopic 

characterization of organic matter in a mangrove ecosystem on the 

Southwestern Coast of Thailand. Joumal of Oceanography, 57: 421-431. 

Niesen, T., M. 1982. The Marine Biology Coloring Book. New York: harper Collins 

Publishers. 

Olawoyin, R., Oyewole, S., A. & grayson, R., L. 2012. Potential risk effect from 

elevated levels of soil heavy metals on human health in the Niger Delta. 

Joumal of Ecotoxicity and Environmental Safety. 85: 120-130. 

Ongley, E., D. Krishnappan, B., G. Droppo, I., G. Rao, S., S. & Maguire, R., J. 1992. 

Cohesive sediment transport: Emerging issues for toxic chemical 

management. JoumalofHydrobiologia. 235: 177-187. 

Risk Assessment Infromation System (RAIS). 2009. Retrieved on December 07 2013, 

from http://rais.ornl.gov/tools/tox profiles. 

Ramachandra, T., V. Subash Chandran, M., D. Joshi, N., V, Rajinikanth, R., & 

Raushan, K. 2012. Water, soil, and sediment characterization: Sharavathi river 

baSin, Wester Ghats. Environmental Information System Center for Ecological 

Science, Indian Institute of Science, Bangalore. 46-47 pp. 

Razak, A., Zuhairi, A., Shahbudin, S., & Rosnan, Y. 2012. 2-Dimension hydrodynamic 

patterns of Pahang River Estuary, Pahang, Malaysia during Northeast and 

Southeast Monsoon. UMT 11th International Annual Symposium on 

Sustainability Science and Management, 09th 
- 11th July 2012. Terengganu, 

Malaysia. 

48 



Rivas, Z., Medina, H. L. D., Gutierrez, J., & Gutierrez, E. 2000. Nitrogen and 

phosphorus levels in sediments from tropical, Catatumbo river (Vebezuela). 

Water, air and soil pollution, 117: 27-37. 

Ruiz-Femandez, A., C., Paez-Osuna, F., Soto- Jimenez, M., Hillaire-Marcel, C., & 

Ghaleb, B. 2003. The loading history of trace metals and nutrients in Altata­

Ensena del Pabellon lagoon complex, Northwestern Mexico. Journal 

Environmental Radioactivity, 69: 120-143. 

Ruttenberg, K. C., & Goni, M. A. 1997. Phosphorus distribution, C:N:P ratios, and Z)13 

Coc in arctic, temperate and tropical coastal sediments: tools for 

characterizing bulk sedimentary organic matter. Marine Geology. 139: 23-

145. 

Shengrui, W., Xiangcan, J., Qingyun, B., Xiaoning, Z., & Fengchang, Wu. 2006. Effect 

of particle size, organic matter and ionic strength on the phosphate sorption 

in different trophic lake sediment. Journal of Hazardous Materials, 128: 95-

105. 

Shepard, F. P. 1954. Nomenclature based on sand-silt-clay ratio. Journal of 

Sedimentary Petrology, 24: 151-158. 

Simpson, S. L., Batley, G. E., Chariton, A. A., Stauber, J. L., King, C. K., Chapman, J. 

C., Hyne, R. V., Gale, S. A., Roach, A. C., & Maher, W. A., 2005. Handbook for 

sediment quality assessment. Centre for Environment Contaminants Research, 

Bangor, New South Wales, p. 24- 26. 

Siqueira, G. W., Aprile, F., Darwin, A. J., Santos, F. R. R. & Migueis, A. M. B. 2013. 

Geochemical and sedimentary flux aspects in Amazon Continental Shelf. 

Marine Science, 2: 1-7. 

Skoulikidis, N., & Amaxidis, Y. 2009. Origin and dynamics of dissolved and particulate 

nutrients in a minimally disturbed Mediterranean river with intermittement 

flow. Journal of hydrology, 373;218-229. 

Stickney, R., S. 2000. Encyclopedia of aquaculture. New York: John Wiley. 

Strickland, R. 2006. Estuary. Oceanography, December: 1- 34. 

49 



United Stated Environmental Protection Agency (U5EPA). 1992. Protecting coastal 

and wetland resource: A guide for local governments. US EPA Office of Water; 

Office of Wetlands, Oceans and Watersheds; Office of Policy, Planning and 

Evaluation. 

United Stated Environmental Protection Agency (U5EPA), 2011a. United States 

Environmental Protection Agency. Screening levels for Chemical Contaminants 

May 2008 (updated June 2011), prepared by Oak Ridge National Laboratories. 

Retrieved on December 07 2013 from 

http://www .epa .gov Iregion09/waste/sfu nd/prg/5. 

Van mooy, B., A., S., Keil, R., G., & Devol, A., H. 2002. Impact of suboxia on sinking 

particulate organic carbon: enchanced carbon flux and preferential 

degradation of amino acid via dinitrification. Geochim cosmochim. Acta, 66 

(3): 457-465. 

Varol, M. 2012. Temporal and spatial dynamic of nitrogen and phosphorus in surface 

water and sediments of a transboundary river located in the semi-arid region 

of Turkey. Catena. 100: 1-9. 

Williams, W. A., Mikkelsen, D. 5., Mueller, K. E., & Ruckman, J. E. 1968. Nitrogen 

immobilization by rice straw incorporated in lowland rice production. 

Paleolimnology Soil. 28: 49-60. 

Zhang, W. J., Wang, X. J., Xu, M. G., Huang, S. M. & Uu, H. 2010. Soil organic 

carbon dynamic under long-term fertilization in arable land of Northern China. 

Biogeosciences. 7: 409-425. 

Zhou, Y. M., Uu, r. R., & Tang, H. X. 2004. Sorption interaction of phenanthrene with 

soil and sediment of different particle size and in various CaCL2 solutions. 

Journal of Colloids Interference Science. 270: 37-46. 

50 


