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ABSTRACT

In this study, marine water quality together with land use effect on Johor
Straits along Kampung Pasir Putih was investigated. Changes in land use and
increased discharge of domestic, agricultural and industrial waste into the coastal
water have severely affected the water condition and threatened fishing and green
mussel aquaculture activity. According to fisherman there are no more fish caught in
the vicinity and only crabs and mussels survive. Sampling was conducted on 26"
April 2015, 27" September 2015, 15" October 2015, 1% November 2015 and 23™
November 2015. Six sampling stations were identified for marine water quality
analysis based on in-situ and laboratory analysis. Dissolved oxygen (DO)
concentration was between 0.43 to 6.71 mg/L. The nitrogen concentrations studied
were between 0.01 to 0.22 mg/L for NOs, 0.02 to 0.33 mg/L for NH3-N, and 0.02 to
0.31 mg/L for TN. The phosphorus concentrations were between 0.02 to 0.31 mg/L
for PO4> and 0.17 to 0.89 mg/L for TP. Heavy metals concentration in marine water
along Kampung Pasir Putih (in mg/L) were between 0.08 to 0.33 for Ni, 0.01 to 0.09
for Zn, 0.04 to 0.19 for Cd, and 0.21 to 1.39 for Pb. Based on the selected parameters
conducted, Kampung Pasir Putih is classified as Class 3 according to Malaysia
Marine Water Quality Standard (MMWQS).
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ABSTRAK

Dalam kajian ini, kesan guna tanah ke atas kualiti air laut di Selat Tebrau
khususnya di kawasan Kampung Pasir Putih telah dikaji. Perubahan guna tanah dan
peningkatan pelepasan sisa domestik, pertanian dan perindustrian ke dalam air laut
telah menyebabkan keadaan kualiti air di kawasan kajian terjejas serta mengancam
aktiviti perikanan dan akuakultur kupang. Menurut nelayan di kawasan kajian, hanya
ketam dan kupang yang hidup di kawasan kajian, tiada spesis ikan yang boleh
ditemui. Persampelan telah dijalankan pada 26 April 2015, 27 September 2015, 15
Oktober 2015, 1 November 2015 dan 23 November 2015. Enam stesen persampelan
telah dikenal pasti untuk menganalisa kajian kualiti air laut berdasarkan analisis in-
situ dan makmal. Kepekatan oksigen terlarut (DO) adalah di antara 0.43-6.71 mg/L.
Kajian kepekatan nitrogen adalah di antara 0.01-0.22 mg/L untuk NOs", 0.02-0.33
mg/L untuk NHgs, dan 0.02-0.31 mg/L untuk TN. Kepekatan fosforus adalah di antara
0.02-0.31 mg/L untuk PO4> dan 0.17-0.89 mg/L untuk TP. Kepekatan logam dalam
air laut di sepanjang Kampung Pasir Putih adalah di antara 0.08-0.33 mg/L untuk Ni,
0.01-0.09 mg/L untuk Zn, 0.04-0.19 mg/L untuk Cd, dan 0.21-1.39 mg/L untuk Pb.
Berdasarkan parameter kualiti air laut yang diuji, Kampung Pasir Putih
diklasifikasikan sebagai Kelas 3 mengikut Piawaian Kualiti Air Laut Malaysia
(MMWQS).
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Green mussel, Perna viridis, is native to the Indo-Pacific region and
currently they are being extensively cultured in many Asian countries; largely
because of their value as a cheap source of animal protein for human consumption
(Nicholson and Lam 2005). Besides being consumed as a protein rich food, they are
also used as bio-monitoring agent for heavy metal contamination in various Asian
countries (Monirith et al. 2003). Straits of Johor is the largest producer of green
mussels in Malaysia, however its production has dwindle. It has been reported that
by of what Datuk Seri Ismail Sabri Yaakob, The Minister of Rural and Regional
Development said, the mussels’ productivity level in the state has declined over the
years from 20,000 tonnes in year 2000 to 2,100 tonnes in year 2014 (Utusan Online,
22 Mac 2015). One of the factors contributing to the reduction could be due to
pollution at the aquaculture area.

P.viridis feeds on plankton and other microscopic creatures, which are free-
floating in seawater. Thus, it removes large quantities of seston from seawater
column and can be used for controlling phytoplankton abundance in coastal water

(Chayarat, 2014). Green mussel is a remarkable species in terms of its ability to



reach very high biomass levels, to with stand environmental fluctuations, and to
concentrate a variety of organic and inorganic environmental pollutants (Rajagopal,
2006).

Johor Straits is a narrow strait that separates Malaysia from Singapore by a
causeway. It is also an important area for fishing and aquaculture activities (Ng,
2013). Furthermore, the existence of mangrove, sea grass, corals and mudflat
ecosystems also make Johor Straits important (Zulkifli et al., 2010). Oil pollution has
been identified as the major contributor to the pollution of the water in the Straits of
Johor (Ng, 2013). Shipping activities involving tankers and other vessels can easily
be found in the Strait of Johor, while land-based industrial and urban sources have

been recognised as the sources of pollutants for the strait (Abdullah et al., 1996).

Most of the coastal areas of the world have been reported to be damaged from
pollution, significantly affecting commercial coastal and marine fisheries. Therefore,
control of aquatic pollution has been identified as an immediate need for sustained
management and conservation of the existing fisheries and aquatic resources (Zain,
2015). Increased nutrient loading due to human activity has caused eutrophication of
coastal ecosystems throughout the world. Eutrophication has become a widespread
matter of concern especially in coastal and inland waters during the last 50 years.
Eutrophication is one of the leading causes of pollution in ocean. Excess nutrient
inputs can stimulate algal blooms leading to decreases in light penetration and
hypolimnion oxygen levels, decreases in ocean aesthetics and shifts to algal taxa (i.e.
cyanobacteria) that are associated with objectionable taste and odor events (Saadoun
et al., 2001; Smith, 2003).

Coastal eutrophication is a societal concern because anthropogenic nutrient
enrichment can stimulate algal production and biomass accumulation, leading to
events of anoxia and large-scale mortalities of fish and shellfish (James, 1999).
Eutrophication has been defined as “the enrichment of water by nutrients, especially

nitrogen, phosphorus and organic matter, causing an increased growth of algae and



higher forms of plant life to produce an unacceptable deviation in structure, function
and stability of organisms present in the water and to the quality of water concerned,

compared to reference conditions” (Andersen et al., 2006)

1.2 Problem Statement

Anthropogenic activities increase as human population grows rapidly. The
increase of anthropogenic activities has always caused pollution in coastal waters
(Giarratano et al., 2010). Human activities commonly affect the distribution,
quantity, and chemical quality of water. The range in human activities that affect the

interaction of ocean water is broad.

Over the years, changes in land use and increase discharge of domestic,
agricultural and industrial waste into the coastal water has severely impaired the
water condition and threatened the profitable green mussel aquaculture activity. The
growths of green mussels in certain parts of Johor Straits have been affected with
reduction of cultivation and production due to pollution, development and land use
activities. Therefore, it is essential to study the causes that affect the reduction in
production of mussels.

In Malaysia, Johor is the largest state producing P.viridis and produces
approximately 92% of total mussel’s production. The National Fisheries Institute of
Malaysia has identified a large area in Johor Straits estuaries starting from the
Singapore-Malaysia second link to Danga Bay as a suitable area for the expansion of
mussels and caged-fish industry (Adnan, 2009). P.viridis thrive in esturine or coastal
water which are rich with plankton, warm water in range of 26 to 32°C with high
salinity around 27-33 ppt (Power, 2004). Hence, the study of the environmental

factors as well as the quality of the water along the study area is needed.



Kampung Pasir Putih coastal area serves as very important natural resources
for the people living around the area. Due to rapid development and urbanization
process around the area especially the industrial development there, the water quality
of the coastal water on the study area has significantly been affected. Water pollution
is obvious since it could be easily judged by the look of the sea. The residents around
the area especially the fisherman also complained that Kampung Pasir Putih coastal
water is being polluted by the land use surrounding the area. Therefore, it is
important to study the level of pollution in the coastal water of Kampung Pasir Putih

and determine the sources of pollutant that contribute to the pollution level.

1.3 Objectives

The aim of the study is to determine marine water quality in the study area.

The main purpose this study was conducted is to achieve the objective as follows:-

a) To study the nitrogen cycle and heavy metal concentration in Kampung Pasir
Putih coastal area.

b) To determine the environmental factors and land use that could affect Perna
viridis distribution in the Straits of Johor.

c) To identify sources of pollution to green mussels aquaculture at Kampung Pasir
Putih.

1.4 Scope of The Study

The scope of this study is to study the nitrogen cycle and heavy metals

concentration in the coastal water to determine the classes of water based on



Malaysia Marine Water Quality Standard (MMWQS), and the sources of pollution to
the green mussels aquaculture area. The study area is located at Kampung Pasir
Putih, where marine water quality monitoring was conducted from April to
November 2015.

In this study, six sampling points were selected along the study area. The
scope of this study focuses on physical, nutrients, heavy metals and biological
parameters including dissolved oxygen (DO), pH and temperature, salinity, nitrate
(NOs"), ammonia (NHs-N), total nitrogen (TN), dissolved phosphorus (PO4*), total
phosphorus (TP), chlorophyll-a, nickel (Ni), cadmium (Cd), lead (Pb) and zinc (Zn).
This study was conducted to determine the marine water quality by taking coastal
water samples and the sample was analyzed using two methods experimentally in

laboratory and in-situ. Sources of pollution were also identified along the study area.

1.5  Significance of the Study

Effects of land use changes are very significant contributor to the changes in
water quality water in The Straits of Johor. This is because the replacement of the
existing land use to other development land use which is mostly urban area will
create large interference in term of pollutants such as organics, pesticides and
chemical residues which lead to polluted coastal. Therefore, it is important to study
the correlation between the land use changes due to the development and its impact
on water quality as well as green mussel along Kampung Pasir Putih. The correlation
can be used to monitor the water quality along the Straits of Johor which also may
lead to other effects in environmental aspects and disturb the aquatic ecosystem.
Green mussels are economically important seafood for Malaysian where it may lead
to million in revenues in domestic consumption or exports. Among others, the main
importance of this study is to ensure that sustainability of the environment is still

maintained and controlled along with the development.



REFERENCES

Abdullah, A. R., Woon, W. C., & Bakar, R. A. (1996). Distribution of Oil and
Grease and Petroleum Hydrocarbons in the Straits of Johor, Peninsular Malaysia.

Bulletin of Environmental Contamination and Toxicology, 57, 155-162.

Adnan, N. (2009), Effects of landuse Changes to Water Quality and Green Mussels
(Perna Viridis) Due to Development along Danga-Pendas Coastal Area, Faculty
of Civil Engineering, Universiti Teknologi Malaysia.

Alkarkhi, A., Ismail, N., Ahmed, A. & Easa, A. 2009. Analysis of heavy metal
concentrations in sediments of selected estuaries of Malaysia — a statistical
assessment. Environ. Monit. Assess. 153, 179-185.

Andersen, T., Schartau, A.K.L. & Paasche, E. 1991. Quantifying external and
internal nitrogen and phosphorus, as well as nitrogen and phosphorus supplied
through remineralization, in coastal marine plankton by means of a dilution

technique. Marine Ecology Progress Series 69: 67-80.

Azman, S., Benedict Chan Wei Chiang, Ismail, R., Jaafar, J., Mohd Said, M. | and
Salmiati (2012). Effect of Land Use on Coastal Water and Perna viridis at Johor
Straits, Malaysia. International Journal of Environmentaal Science and

Development, Vol. 3, No. 3.

Bayen, S., Thomas, G.O., Hian, K.L. & Obbard, J.P. 2003. Organochlorine pesticides
and heavy metals in green mussel, Perna viridis in Singapore. Water Air Soil
Pollut. 155:103-116.



64

Boyd, C. E. (1990). Water Quality in Ponds for Aquaculture. Birmingham, Ala.:

Auburn University Press.

Chayarat T., Sandhya Babel (2014). Simulation of “Net” Nutrients Removal by
Green Mussels (Perna viridis) in Estuarine and Coastal Areas, World Academy
of Science, Engineering and Technology, International Journal of Biological,

Biomolecular, Agricultural, Food and Biotechnological Engineering VVol:8, No:1.

Chia, L. S. and Kirkman H, “Overview of Land-Based Sources and Activities
Affecting the Marine Environment in the East Asian Seas,” UNEP/GPA
Coordination Office & EAS/RCU, Regional Seas Report and Studies Series, p.
74, 2000.

Chou, L. “Marine environmental issues of Southeast Asia: state and development,”

Hydrobiologia, vol. 285, no. 1-3, pp. 139-150, 1994.

Dali, F.M., Juahir, H., Aris, A.Z., Toriman, M.E., Lim, A.P., Looi, L.J., Syed Sagoff,
S.B. & Mohd Kusin, F. 2014. Assessment of water quality using environmetric
techniques at Johor River. From Sources to Solution pp. 403- 407.

Diez, R. (2015), the difference between chlorophyll A & B and photosynthesis

overview.

Department of Environment, Malaysia Environmental Quality Report 2009.

Kuala Lumpur: Department of Environment, 2010, pp. 56-59.

Dojlido, J., and. Best, G. A. 1993. Chemistry of Water and Water Pollution. West
Sussex: Ellis Horwood Limited.

Dupont S, Dorey N, Thorndyke M (2010) What meta-analysis can tell us about
vulnerability of marine biodiversity to ocean acidification? Estuar Coast Shelf
Sci 89: 182-185. doi: 10.1016/j.ecss.2010.06.013



65

Dragun, Z., Roje, V., Mikac, N. & Raspor, B. 2009. Preliminary assessment of total
dissolved trace metal concentrations in Sava River water. Environmental
Monitoring and Assessment 159: 99-110.

Eugene Ng, Y. J.,, Yap, C. K., Zakaria, M. P. and Tan, S. G. (2003), Science &
Technology: Assessment of Heavy Metal Pollution in the Straits of Johore by

Using Transplanted Caged Mussel, Perna Veridis.

Feely RA, Doney SC, Cooley SR (2009) Ocean acidification: Present conditions and
future changes in a high-CO.world. Oceanography 22: 36-47. doi:
10.5670/0ceanog.2009.95

Furnas, M. J. (1992). The behavior of nutrients in tropical aquatic ecosystems. p. 29-
68. In:Connell, D.W. and D.W. Hawker (eds.). Pollution in Tropical Aquatic
Systems. CRC Press Inc., London, U.K.

Giarratano, E., Duarte, C. A., & Amin, O. A. (2010). Biomarkers and heavy metal
bioaccumulation in mussels transplanted to coastal waters of the Beagle Channel.

Ecotoxicology and Environmental Safety.

Hadibarata, T., Abdullah, F., Mohd Yusoff, A.R., Ismail, R., Azman, S. & Adnan, N.
2012. Correlation study between land use, water quality, and heavy metals (Cd,
Pb, and Zn) content in water and green lipped mussels Perna viridis (Linnaeus.)
at the Johor Strait. Water Air Soil Pollut. 223:3125-3136.

Hamid, A. G. “Judicial application of international law in Malaysia: Acritical
analysis”, Asia-Pacific Year book of International Humanitarian Law, vol.1,
2005, pp.196-214.

Hamid, A. G. “Malaysia’s commitments under international conventions and the

need for a harmonized legal regime regulating marine pollution,” MLJ, vol.6,

2007, pp.124-148.



66

Hangzo, P. K. K. And Alistair D. B. Cook (2014) The Rise of Iskandar Malaysia:
Implications for Singapore’s marine and coastaal environment, Centre for non-
traditional security (NTS) Studies, S. Rajaratnam School of International Studies
(RSIS), Singapore, No. IN14-01, February.

Hassan, N. H. (2014, Mac 22). Kerajaan Bantu Penternak Kupang. Utusan Online.

Idriss, A. A. and Ahmad, A. K. 2012. Concentration of selected heavy metals in
water of the Juru River, Penang, Malaysia. African Journal of Biotechnology
11(33), 8234-8240.

Jack, R. P. E. (2006). Nutrient Standards For lowa Lakes: An Overview. lowa

Department of Natural Resources. June 2006.

James E. C. (1999) The Relative Importance of Light and Nutrient limitation of
Phytoplankton Growth: A Simple Index of Coastal Ecosystem Sensitivity to
Nutrient Enrichment, United State Geological Survey, MS496,345 Middlefield
Rd., Menlo Park, CA 94025, USA.

Jinhui, J. H. and Wenyan, X. (2015). Investigation of point source and non-point
source pollution for Panjiakou Reservoir in North China by modelling approach.

Water quality Research Journal of Canada.

Juen, L. L., Aris, A. Z., MD. Yusoff, F. (2014) Metal Concentration (Co, Ni, Pb, Zn)
in the Estuarine and Coastal Waters from Western Parts of Johor Straits, Malayan
Nature Journal 2014, 66(1and2), 94-107.

Jothy, A. (1976), Report on Marine Pollution Problems in Malaysia, International
Workshop on Marine Pollution in East Asian Waters, Universiti Sainsa, Penang,
Malaysia, 7-13 April, 1976.

Klontz, G.W. 1993. Epidemiology. In: Stoskopf, M.K. (ed.) Fish Medicine. W.B.
Saunders, Philadelphia, US. pp. 210-213.



67

Landner, L. and Reuther, R. (2004). Metals in society and in the Environment. A
Critical Review of Current Knowledge on Fluxes, Speciation, Bioavailability and
Risk for Adverse Effects of Copper, Chromium Nikel and Zinc. Vol 8. Boston,
London. Kluwer Academic Publisher; 142-339.

Lawson, T. B. (1995). Fundamental of Aquaculture Engineering. New York:
Chapman and Hall.

Lim, W.Y., Aris, A.Z. & Zakaria, M.P. 2012. Spatial variability of metals in surface
water and sediment in Langat River and geochemical factors that influence their
water-sediment interactions. The Scientific World Journal 2012, 1-14. doi:
10.1100/2012/652150

Lloyd, R. 1992. Pollution and Freshwater Fish. West Byfleet: Fishing News Books.

Looi, L.J., Aris, A.Z.,, Wan Johari, W.L., Md. Yusoff, F. & Zailina, H. 2013.
Baseline metals pollution profile of tropical estuaries and coastal waters of the
Straits 101 of Malacca 74(1):471-476.

Mazlan, A. G. (2005). “On the current status of coastal marine biodiversity in

Malaysia,” Indian Journal of Marine Sciences, vol. 34(1), 2005, pp. 76-87.

Mesner, N. and Geiger, J. (2005). Understanding Your Watershed: pH. Utah State
University.

Metcalf and Eddy. Inc. (2004). Wastewater Engineering Treatment, Disposal and
Reuse. 3" Ed. New York:McGraw-Hill Publishing Co. Ltd.

Mohd Said, M.1., Sabri, S., Azman, S. & Muda K. 2013. Arsenic, cadmium and
copper in Gastropod Strombus canarium in Western Part of Johor Straits. World
Applied Sciences Journal 23(6):734-739.

Monirith 1., Ueno D., Takahashi S., Nakata H., Sudaryanto A., Subramanian A. and
Karuppiah S. 2003 Asia-Pacific mussel watch: monitoring contamination of
persistent organochlorine compounds in coastal waters of Asian countries. Mar.
Poll. Bull. 46, 281-300.



68

Mueller, David K. and Helsel, Dennis R. 1999. Nutrients in the Nation's Waters--Too
Much of a Good Thing? U.S. Geological Survey Circular 1136. National Water-
Quality Assessment Program. http://water.usgs.gov/nawaga/circ-1136.html

Mustapha, A., Aris, A.Z., Ramli, M.F. & Juahir, H. 2012. Spatial-temporal variation
of surface water quality in the downstream region of the Jakara River,
northwestern Nigeria: A statistical approach. Journal of Environmental Science
and Health, Part A: Toxic/ Hazardous Substances and Environmental
Engineering 47, 1551-1560.

Mustafa, M. and Ariffin, M. (2011). Protection of Marine Biodiversity from
Pollution: Legal Strategies in Malaysia, International Journal of Bioscience,

Biochemistry and Bioinformatics, Vol. 1, No. 4, November 2011.

Mustafa, M. (2011). Environmental Law in Malaysia. The Netherlands: Kluwer Law
International, 2011, pp. 53-57.

National Introduced Marine Pest Information System NIMPIS (2000). Perna Viridis

Species Summary.

National Oceanic and Atmospheric Administration (NOAA), ‘Nonpoint source
pollution’, NOAA Ocean Service Education, 2009, accessed 15 January 2014,

http://oceanservice.noaa.gov/education/tutorial pollution/04nonpointsource.html

Nasir, M.F.M., Samsudin, M.S., Mohamad, I., Awaludain, M.R.A., Mansor, M.A.,
Juahir, H. & Ramli, N. 2011. River water quality monitoring using combined
principle component analysis (PCA) and multiple linear regressions (MLR): a

case study at Klang River, Malaysia. World Applied Sciences Journal 14, 73-82.

Nicholson S. and Lam P. K. S. 2005 Pollution monitoring in Southeast Asia using
biomarkers in the Mytilid mussel Perna viridis (Mytilidae: Bivalvia). Environ.
Int. 31, 121-132.

Nurhidayah, H. (2007). Assessment on Water Quality and Biodiversity Within
Sungai Batu Pahat, B. Eng. Thesis, Universiti Teknologi Malaysia.


http://water.usgs.gov/nawqa/circ-1136.html
http://oceanservice.noaa.gov/education/tutorial_pollution/04nonpointsource.html

69

Power, A. J., Walker, R. L., Payne, K., and Hurley, D. (2004). First occurance of the
nonindigenous green mussel, Perna viridis in coastal Georgia, United States.
Journal of Shellfish Research 23: 741 — 744.

Praveena, S.M. & Aris, A.Z. 2012. A baseline study of tropical coastal water quality
in Port Dickson, Straits of Malacca, Malaysia. Marine Pollution Bulletin 67(1-
2):196-199.

Rajagopal, S. V. P. Venugopalan, G. van der Velde, and H.A. Jenner, “Greening of
the coasts; a review of the Perna viridis success story,” Aquatic Ecology, vol. 40,
pp. 273-297, 2006.

Saadoun, I. M. K., Schrader, K. K. and Belvins, W. T. (2001) Environmental and
Nutritional Factors Affecting Geosmin Synthesis by Anabaena sp. Water Res.,
35, 1209-1218.

Saraee, K.R.E., Abdi, M.R., Naghavi, K., Saion, E., Shafaei, M.A. & Soltani, N.
2011. Distribution of heavy metals in surface sediments from South China Sea
ecosystem, Malaysia. Environ. Monit. Assess. 183: 545-554.

Sax, N. L. (1974). Industrial Pollution. New York: Van Nostrand Reinhold
Company.

SeaWeb, ‘Nonpoint source pollution and coastal environments’, SeaWeb, n.d.,
accessed 15 January 2014,

http://www.seaweb.org/resources/briefings/nonpointsource.php

Shah, M. F., ‘Johor’s Asian Rotterdam’, The Star Online, 15 April 2012,
http://www.thestar.com.my/News/Nation/2012/04/15/JohorsAsianRotterdam.aspx

Shazili, N.A.M., Yunus, K., Ahmad, A.S., Abdullah, N. & Rashid, M.K.A. 2006.
Heavy metal pollution status in Malaysian aquatic environment. Aquatic
Ecosystem Health & Management 9(2):137-145.


http://www.seaweb.org/resources/briefings/nonpointsource.php
http://www.thestar.com.my/News/Nation/2012/04/15/JohorsAsianRotterdam.aspx

70

Smith, V. H. (2003) Eutrophication of Freshwater and Coastal Marine Ecosystems: a
global problem. Environ. Sci. Pollut. Res. Int., 10, 126-139.

Svobodova, Z., R. L., J. M&chov4, and B. Vykusova. 1993. Water Quality and Fish
Health. EIFAC Technical Paper no. 54. Rome: FAO.

Uwate, T. D. and Morel, F. M. M. (1984). Photo-reductive dissolution of colloidal

iron oxides in natural waters. Environ. Sci. Technol. 860-868

Vesilind, P. Aarne, Peirce, J. Jeffrey, Weiner, Ruth F. (1988). Environmental

Pollution and Control, Butterworth-Heinemann

Vnavi, A. P. T. (2005). Pollution status of the Sungai Skudai river system through
heavy metals. Msc Thesis. Universiti Teknologi Malaysia.

World Health Organization. 1989. Evaluation of Certain Food Additives and
Contaminants: Thirty-third Report of the Joint FAO/WHO Committee on Food

Additives. Technical Report Series no. 776. Geneva.

Yap, C.K., Chee, M.W., Shamarina, S., Edward, F.B., Chew, W. and Tan, S.G. 2011.
Assessment of surface water quality in the Malaysian coastal waters by using
multivariate analyses. Sains Malaysiana 40(10):1053-1064.

Zain, M. A. M. (2015). Effect of Industrial Development on Water Quality of Sungai
Laloh in Pasir Gudang, Faculty of Civil Engineering, Universiti Teknologi

Malaysia.

Zulkifli, S. Z., Ismail, A., Mohamat-Yusuff, F., Arai, T., & Miyazaki, N. (2010).
Johor Strait as a Hotspot for Trace Elements Contamination in Peninsular

Malaysia. Bulletin of Environmental Contamination and Toxicology.



	MufidatulImanYusofMFKA2016ABS
	MufidatulImanYusofMFKA2016TOC
	MufidatulImanYusofMFKA2016CHAP1
	MufidatulImanYusofMFKA2016REF



