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ABSTRACT 

Mangroves are woody plants that grow at the interface between land and sea 

in tropical and subtropical latitudes where they exist in conditions of high 

salinity, extreme tides, strong winds, high temperature, and muddy anaerobic 

soils. The objectives of this study were to determine the selected heavy metals 

(Cu, Zn, and Pb) contamination in mangrove sediment at Selangor River, 

Kampung Kuantan, Kuala Selangor and compare heavy metals (Cu, Zn, and 

Pb) content in mangrove sediment between different plots and different 

depths. Physical properties (soil moisture and soil texture) and chemical 

properties (pH water, soil electrical conductivity, heavy metal (Cu, Zn, and Pb) 

of soil were defined by plots and depths. Data obtained were analyzed using 

the Statistical Analysis System (SAS) version 9.4 software. The results 

showed that the sediment was in class sandy clay and soil moisture in all plots 

and at all depths were higher. Mangrove area in Selangor River contained wet 

sediment. Contamination of soil by heavy metals affected by many factors, 

including soil pH and soil electrical conductivity. Element Lead (Pb) was 

analyzed using Inductively Coupled Plasma (ICP). Element Copper (Cu) and 

Zinc (Zn) were analysed using Atomic Absorption Spectrometer (AAS).  The 

contamination of sediment with Zn was higher in all plots and at all depths than 

Cu and Pb. The heavy metal of Copper (Cu), Zinc (Zn) and Lead (Pb) were 

found in all plots and at all depths. The sediment in all plots and at all depths 

were contaminated with these heavy metals because of the residential area, 

industrial, recreational activities, agriculture and fishing in Selangor River. 
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ABSTRAK 

Bakau adalah tumbuhan berkayu yang tumbuh di antara muka bumi dan laut 
di latitud tropika dan subtropika di mana mereka wujud dalam keadaan 
kemasinan yang tinggi, air pasang surut yang ekstrem, angin kencang, suhu 
tinggi, dan tanah anaerobik berlumpur. Objektif kajian ini adalah untuk 
menentukan pencemaran logam berat (Cu, Zn, dan Pb) yang terpilih di 
sedimen bakau di Sungai Selangor, Kampung Kuantan, Kuala Selangor dan 
membandingkan kandungan logam berat (Cu, Zn, dan Pb) di dalam hutan 
bakau antara plot yang berlainan dan kedalaman yang berbeza. Ciri-ciri fizikal 
(kelembapan tanah dan tekstur tanah) dan sifat-sifat kimia (pH air, 
kekonduksian elektrik tanah, logam berat (Cu, Zn, dan Pb) tanah ditakrifkan 
mengikut plot dan kedalaman. Data yang diperolehi dianalisis menggunakan 
perisian Statistical System Analysis (SAS) versi 9.4. Hasil kajian menunjukkan 
bahawa sedimen berada dalam tanah liat berpasir dan kelembapan tanah 
dengan semua plot dan pada semua kedalaman adalah tinggi. Kawasan 
bakau di Sungai Selangor mengandungi sedimen basah. Pencemaran tanah 
oleh logam berat dipengaruhi oleh banyak faktor termasuk pH tanah dan 
kekonduksian elektrik tanah (EC). Elemen Plumbum (Pb) dianalisa 
menggunakan Plasma Diguna secara Induktif (ICP). Elemen Tembaga (Cu) 
dan Zink (Zn) pula menggunakan Spektrometer Penyerapan Atom (AAS). 
Pencemaran sedimen dengan Zn adalah lebih tinggi dalam semua plot dan 
pada semua kedalaman daripada Cu dan Pb.  Logam berat Tembaga (Cu), 
Zink (Zn) dan Plumbum (Pb) didapati dalam semua plot dan pada semua 
kedalaman. Sedimen di semua plot dan pada semua kedalaman dicemari 
dengan logam berat ini kerana kawasan kediaman, perindustrian, aktiviti 
rekreasi, pertanian dan perikanan di Sungai Selangor. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 General Background  
 

Mangrove forests are distributed in the inter‐tidal region between the sea and 

the land in the tropical and subtropical regions of the world. The forests are 

typically distributed from mean sea level to highest spring tide (Alongi, 2009). 

They grow in harsh environmental settings such as high salinity, high 

temperature, extreme tides, high sedimentation and muddy anaerobic soils. 

The mangrove forests of the world is less than half of what it once was (Spiers, 

1999). Coastal habitats across the world are under heavy population and 

development pressures, and are subjected to frequent storms.  Mangroves are 

more widespread on the west coast of Peninsula Malaysia than the east coast. 

This may be due to the different wave patterns of water bodies bordering the 

east and west coasts of the peninsula. The west coast is bordered by the 

Straits of Malacca that has a limited wind fetch and is thus relatively calmer 

while the eastern side of Peninsula Malaysia is bordered by the South China 

Sea that has larger and more energetic waves (Mohd Lokman and Yaakob, 

1995). 

 

In Malaysian mangroves support variety of endangered species of wildlife such 

as proboscis monkey Nasalis larvatus, estuarine crocodile Crocodylus 

porosus, fireflies Pteroptyx tener as well as many other highly specialized 

species whose survival depends on the existence of the mangrove 

ecosystems. 
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Mangrove forests are among of the most productive and biologically important 

ecosystems of the world because they provide important and unique 

ecosystem goods and services to human society and coastal and marine 

systems. Mangrove forests play a hugely important role in coastal community 

development and in maintaining the coastal environment. The devastating 

impact of a tsunami and storm surge by decreasing their wave energies can 

be reduce with wide, elongated, dense, and mature mangrove forests growing 

along the shoreline (Osti et al., 2009). 

 

Sediments are defined as the organic and inorganic materials are found at the 

bottom of the water body. Sediment is the loose sand, clay, silt and other soil 

particles. Sediment is the amassing of residue such as rock, sand in a stream, 

lake or other marine environment (Ellison, 1999). Sediments can become 

contaminated in a number of ways. Heavy metals are including contaminated 

of sediment. Agricultural runoff may contain nutrients and pesticides. Industrial 

spills and releases, especially those that occurred before controls were in 

place, can put product into the water. Atmospheric deposition of substances 

such as mercury is another source of sediment contamination as is the 

discharge of contaminated groundwater through the sediments to the 

overlying surface water (Ellison, 1999).  

 

Although there is no clear definition of what a heavy metal is, density is in most 

cases taken to be the defining factor. Heavy metals are thus commonly defined 

as those having a specific density of more than 5 g/cm3. Heavy metals are 
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present in streams as a result of chemical leaching of bed rocks, water 

drainage and runoff from the banks, and discharge of urban and industrial 

wastewaters. Sediments have been widely used as environmental indicators 

and their ability to trace contamination sources and monitor contaminants is 

largely recognized. There are play important roles in the assessment of metal 

contamination in natural waters (Islam and Nahar, 2010). 

 
 
 
 
1.2 Problem Statement 
 
Heavy metals pollution in sediment happens because excesses of heavy 

metals. The contamination become higher because of solid and liquid wastes 

emanating from the industrial activities contain toxic chemicals such as 

chromium salts, sulphides and other substances including heavy toxic trace 

metals (Rahimah, 2012).  

 

The release of contamination into the river by human activities that can make 

effect to the Berembang trees, Sonneratia caseolaris and fireflies, Pteroptyx 

tener. In fact, there are huge area of oil palm plantation around the mangrove 

area. It will become a very serious problem to mangrove environment. Many 

activities that happen along the river at Kampung Kuantan everyday such as, 

recreational, industrial and villagers activities that may affect the heavy metal 

contamination in sediment. There also have a residential area surrounding the 

mangrove forest. The heavy metal comes from anthropogenic influences and 

source around the mangrove area such as agriculture, residential area, 

industrial and recreational activities, garbage and trashes that had been 
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thrown by the people and usage of boats. The site area and three types of 

heavy metal is chosen as there is not enough energy, time and budget to do 

in a large area and many heavy metals. Various contaminates arising from 

lithogenic and anthropogenic sources influenced estuarine and coastal areas. 

Population growth and social economic activities including industry, agriculture 

and aquaculture exacerbate pressures on the environment by producing large 

quantities of wastewater that contain metals, radionuclides, metalloids, as well 

as organic pollutants and nutrients. 

 
 
 
 
1.3 Objectives 
 
The objectives of this study were 

i. To determine the selected heavy metals (Cu, Zn, and Pb) 

contamination in mangrove sediment at Selangor River, Kampung 

Kuantan, Kuala Selangor. 

ii. To compare heavy metals (Cu, Zn, and Pb) content in mangrove 

sediment between different plots and different depths. 

. 
  

© C
OPYRIG

HT U
PM



44 
 

REFERENCES 

Alongi, D. M. (2009). The Energetics of Mangrove Forest. Townsville: Springer 
Press. 

Akpan, I. O., & Thompson, E. A. (2013). Assessment of heavy metal 
contamination of sediments along the cross river channel in Cross River 
state, Nigeria. Journal of Environmental Science, Toxicology and Food 
Technology, 2(5), 20–28. 

Allen, V. B. & Pilbeam, D. J. (2007). Handbook of Plant Nutrition. Boca Raton: 
CRC Press.  

A Rahimah - 2012 - studentsrepo.um.edu.my 

Arianto, C. I., Gandaseca, S., Rosli, N., Pazi, A. M. M., Ahmed, O.H., Hamid, 
H. A., & Majid, N. M. A. (2015). Soil carbon storage in dominant species 
of Mangrove Forest of Sarawak, Malaysia. International Journal of 
Physical Sciences, 10(6), 210-214. 

Armson, K. (1977).  Forest Soils: Properties and Processes. Toronto: 
University of Toronto Press. 

Arya, L. M., & Paris, J. F. (1981). A physic empirical model to predict the soil 
moisture characteristic from particle-size distribution and bulk density 
data. Soil Science Society of America Journal, 45(6), 1023-1030. 

Azlan, A., Aweng, E.R., Ibrahim, C.O., & Nooraidah, A. (2012). Correlation 
between Soil Organic Matter, Total Organic Matter and Water Content 
with Climate and Depths of Soil at Different Land use in Kelantan, 
Malaysia, Journal of Applied Sciences and Environmental 
Management, 16(4), 353-358. 

Badri, M, A. (1984). Identification of heavy metal toxicity levels in solid wastes 
by chemical speciation. Conservation and Recycling, 7(2-4), 257-269. 

Bouyoucos, G. J. (1962). Hydrometer Method Improved for Making Particle 
Size Analyses of Soils. Agronomy Journal, 54, 464-465. 
doi:10.2134/agronj1962.00021962005400050028x 

Burton, Jr., G.A. (1991) Assesment of freshwater sediment toxicity. 
Environmental Toxicology and Chemistry, 10, 1585-1627. 

Carlos A., Silva, R., Lacerda, L., & Rezende, C. (1990). Metals Reservoir in a 
Red Mangrove Forest. Biotropica, 22(4), 339-345. doi: 
10.2307/2388551 

Chaiyara, R., Ngoendee, M., & Kruatrachue, M. (2013). Accumulation of Cd, 

Cu, Pb, and Zn in water, sediments, and mangrove crabs (Sesarma 

mederi) in the upper Gulf of Thailand. ScienceAsia, 39, 376–383. 

http://doi.org/10.2306/scienceasia1513-1874.2013.39.376 

© C
OPYRIG

HT U
PM

http://doi.org/10.2306/scienceasia1513-1874.2013.39.376


45 

Chen, S.Y., & Lin, J.G. (2001). Bioleaching of Heavy Metals from Sediment: 
Significance of pH. Chemosphere, 44, 1093-1102. 

Covitz, H. H. (2004). Evaluation of extraction techniques for the determination 
of metals in Aquatic Sediments. Analyst, 105(1249), 1–6. 

Ellison, J. C. (1999). Impacts of Sediment Burial on Mangroves. Marine 
Pollution Bulletin, 37(8-12), 420-426. doi:DOI: 10.1016/S0025-
326X(98)00122-2 

García, R., & Báez, A. P. (2012). Atomic Absorption Spectrometry (AAS), 
Atomic Absorption Spectroscopy, Dr.Muhammad Akhyar Farrukh (Ed.), 
InTech, Available from: http://www.intechopen.com/books/atomic-
absorption-spectroscopy/atomic-absorption-spectrometry-aas. 

Greaney, K. M. (2005). An assessment of heavy metal contamination in the 
marine sediments of Las Perlas Archipelago, Gulf of Panama, M.S. 
thesis, School of Life Sciences Heriot-Watt University, Edinburgh, 
Scotland.  

Gruba, P., & Mulder, J. (2015). Tree species affect cation exchange capacity 
(CEC) and cation binding properties of organic matter in acid forest 
soils, Science of The Total Environment, 511, 655–662. 

Islam, K. N. (2010). Heavy Metal Contamination and Sediment Quality. Dhaka: 
Lambert Academic Publishing. 

Ismail, R. (2007). Distribution and Concentration of Heavy Metals and 
Polyaromatic Hydrocarbons in Surface Sediments of Kuala Sepetang, 
Perak. Serdang, Selangor. Universiti Putra Malaysia. 

Lin, G., & Sternberg, L.D. (2005). Effects of Salinity Fluctuation on 
Photosynthetic Gas Exchange and Plant Growth of the Red Mangrove 
(Rhizophora mangle L.). Journal of Experimental Botany, 44, 9-16. 

Mahmood, R., Leeper, R., & Quintanar, A. (2011). Sensitivity of planetary 
boundary layer atmosphere to historical and future changes of land 
use/land cover, vegetation fraction, and soil moisture in Western 
Kentucky, USA. Change, 78, 36–53. 

Marianna Cavallo, X. T. (2016). Effect of temporal and spatial variability on the 
classification of the Ecological Quality Status using the CARLIT Index. 
Marine Pollution Bulletin, 102 (1), 122-127.  

Marina Fomina, G. M. (2014). Biosorption: Current perspectives on concept, 
definition and application. Bioresource Technology, 160, 3-14. 

Mohd Lokman, H., & Yaakob, R. (1995), ‘Beach erosion variability during a 
northeast monsoon: The Kuala Setiu coastline, Terengganu, Malaysia’, 
Pertanika Journal of Science & Technology, 3(2), 337–348. 

© C
OPYRIG

HT U
PM

http://www.intechopen.com/books/atomic-absorption-spectroscopy/atomic-absorption-spectrometry-aas
http://www.intechopen.com/books/atomic-absorption-spectroscopy/atomic-absorption-spectrometry-aas


46 
 

Montalvo, C., Aguilar, C. A., Amador, L. E., Cerón, J. G., Cerón, R. M., 
Anguebes, F., & Cordova, A. V. (2014). Metal contents in sediments 
(Cd, Cu, Mg, Fe, Mn) as indicators of pollution of Palizada River, 
Mexico, Environment and Pollution, 3(4): 89-98. 
http://dx.doi.org/10.5539/ep. 

Moor, C., Lymberopoulou, T., & Dietrich, V. J. (2001). Determination of heavy 
metals in soils, sediments and geological materials by ICP-AES and 
ICP-MS. Microchimica Acta, 136(3-4), 123-128. 

Nazir, R., Khan, M., Masab, M., Rehman, H.U., Rauf, N., Shahab, S.A., 
Ameer, N.T., Sajed, M., Ullah, M., Rafeeq, M., & Shaheen, Z. (2015). 
Accumulation of Heavy Metals (Ni, Cu, Cd, Cr, Pb, Zn, Fe) in the soil , 
water and plants and analysis of physico-chemical parameters of soil 
and water Collected from Tanda Dam kohat. Department of Chemistry, 
89-97. 

Osti, R., Tanaka, S., & Tokioka, T. (2009). The importance of mangrove forest 
in tsunami disaster mitigation. Disasters, 33(2), 203–213. 
https://doi.org/10.1111/j.1467-7717.2008.01070.x 

Peech, M. E. (1965). Hydrogen Ion Activity. In: Black, C.A., Evans, D.D., 
White, J.L., Ensininger, L.E.and Clark, F.E (Eds). Chemical and 
microbial properties, Madison: Amer. Methods of Soil Analysis, 2, 914-
926 

Seid Mohammed, A. (2011). Heavy Metal Pollution: Source, Impact, and 
Remedies. Environmental Pollution, 20, 1-28. 

Siddique, M. D., Noor, E. A., Islam, M. D., Halim, A., Kamaruzzaman, M. D., 

Sultana, J., & Karim, D. (2014). Mapping of Site-Specific Soil Spatial 

Variability by Geostatistical Technique for Textural Fractions in a 

Terrace Soil of Bangladesh, Journal of Bioscience and Agriculture 

Research (JBAR), 1, 8–16. 

Spiers, A.G. (1999). Review of international/ continental wetland resources. 
Global review of wetland resources and priorities for wetland inventory 
(ed. by C.M. Finlayson and A.G. Spiers). Supervising Scientist Report, 
144, 63–104.  

Stott, D.E., & J.P. Martin. (1989). Organic matter decomposition and retention 
in arid soils. Arid Soil Research and Rehabilitation. 3,115-148. 

Tam, N. F. Y., & Wong, Y. S. (1993). Retention of nutrients and heavy metals 
in mangrove sediment receiving wastewater of different strengths. 
Environmental Technology, 14(8), 719-729. 
doi:10.1080/09593339309385343 

Tan, K. H. (2005). Soil Sampling, Preparation, and Analysis 2nd Edition. New 
York: CRC Press. 

© C
OPYRIG

HT U
PM

https://doi.org/10.1111/j.1467-7717.2008.01070.x


47 
 

Tromp-van Meerveld, H.J., and McDonnell, J. J. (2006). On the interrelations 
between topography, soil depth, soil moisture, transpiration rates and 
species distribution at the hillslope scale, Advances in Water 
Resources. 29, 293–310. 

Webb, K. T., Wang, C., Astatkie, T., & Langille, D. R. (2000). Spatial and 
temporal trends in soil properties at a soil quality benchmark site in 
central Nova Scotia, Canadian Journal of Soil Science, 80, 568-575. 

Zhang, W., Ye, X., Feng, H., Jing, Y., Ouyang, T., Yu, X., et al. (2007). Heavy 
metal contamination in western Xiamen Bay sediments and its vicinity, 
China. Marine Pollution Bulletin, 54(7), 974-982. 

Zotarelli, L., Dukes, M. D., and Morgan, K. T. (2010). Interpretation of soil 

moisture content to determine soil field capacity and avoid over-

irrigating sandy soils using soil moisture sensors. IFAS Publication 

AE460. Gainesville: University of Florida Cooperative Extension 

Service. http://edis.ifas.ufl.edu/ae460 

 

 

  

© C
OPYRIG

HT U
PM

http://edis.ifas.ufl.edu/ae460



